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ABSTRACT

Background: Essential oils are volatile compounds characterized by a strong odor, and
are generally biosynthesized by aromatic plants as secondary metabolites. This paper
aims to extract the essential oils of Lippia javanica and Lantana camara, and to evaluate
their antibacterial, and antifungal activities.

Methods: The aerial parts of Lippia javanica and Lantana camara were subjected to
hydrodistillation to produce the essential oil. The antimicrobial potential was
characterized against six microorganisms, signifying three Gram-negative bacteria
(Escherichia coli, Klebsiella pneumoniae and Pseudomonas aeruginosa), two Gram-
positive bacteria (Staphylococcus aureus and Streptococcus pneumoniae) and one fungus
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(Candida albicans) by the disc diffusion method to determine the inhibition zone (in
mm) and dilution method to determine the minimal inhibitory concentration (MIC) and
the minimum bactericidal concentration (MBC).

Results: Essential oil extraction was carried out with an average yield of 0.21% for
Lippia javanica, and 0.11% for Lantana camara. The evaluation of the antimicrobial
activity showed that Lippia javanica essential oil had a moderate inhibitory activity on
Klebsiella pneumoniae, and Streptococcus pneumoniae (MIC: 0.76 mg/mL), on Escherichia
coli, Staphylococcus aureus, and Pseudomonas aeruginosa (1.50 mg/mL). The Lantana
camara essential oil showed weak inhibitory activity against all strains tested. By
diffusion disk method, it was found that Klebsiella pneumoniae was the most sensitive on
Lippia javanica essential oil with an inhibition diameter, which evolved from 7 mm to 24
mm; followed by Pseudomonas aeruginosa (21 mm), Escherichia coli (19 mm) and
Streptococcus pneumoniae (13 mm) at 15 pL. By means of dilution method, the Lantana
camara essential oil showed a low activity against Escherichia coli (MIC: 1.64 mg/mL),
Klebsiella pneumonia (MIC: 1.64 mg/mL), Staphylococcus aureus (MIC: 3.28 mg/mL),
Pseudomonas aeruginosa (MIC: 3.28 mg/mL), and Candida albicans (MIC: 3.28 mg/mL)
but by disc diffusion method, this oil was slightly inhibitory activity on Escherichia coli
(10 mm at 15 pL). For the antifungal activity, the Lantana camara essential oil, and
Germicide were inactive on Candida albicans when tested by the disk method.
Conclusion: The essential oil of Lippia javanica showed moderate antibacterial and
antifungal activities, while the essential oil of Lantana camara showed low activity. The
activities of essential oils studied were less than that of the gentamicin and more than
the activity of Germicide, with two positive controls used.

Keywords: Antibacterial, Antifungal, Essential oil, Lippia javanica, Lantana camara.

1. Introduction the cosmetics, agro-food, and
pharmaceutical industries [3, 4]. Some
plant extracts, including essential oils,
are used for their strong bactericidal,
virucidal, fungicidal, insecticidal,
antidiabetic, antioxidant, and anticancer
actions. They are also used in alimentary
and cosmetic domains [5-8].

Different aromatic plants, mainly
characterized by their odorous chemical
substances, are used for their antiseptic
and therapeutic activity in traditional
medicine [9,10]. The history of
aromatherapy was born and, with the
advances in science, new active
ingredients and pharmacological
properties made it possible to make
aromatic and medicinal plants as
authentic drugs [11]. Thus, essential oils,
currently used as food flavorings, are also
known to possess antimicrobial and
antifungal activities. These biological

Many pathogenic microorganisms are
the subject of extensive research in the
therapeutic and pharmaceutical fields.
With current technology development,
the nature of the virus, fungus, or
bacteria that men are the host is well
known but the measures taken once
infected are not well controlled. Some
bacterial species are adapted so well to
antibiotics that they are fewer and less
sensitive [1, 2] and sometimes they
become either multidrug resistance or
multiresistant or extensively drug-
resistant. Hence, the need for new
solutions is required; in this case,
medicinal and aromatic plants are among
the main solutions.

Indeed, plants are a huge source of
complex bioactive chemical substances
exploited in several industries such as
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activities are the topic of many
publications worldwide [1, 12-14].

Lippia javanica is a wild medicinal
plant found in South and tropical Africa.
It is a very robust and multi-branched
woody shrub that can reach 1 to 2 m [15,
16]. The Lippia javanica leaves are used
in traditional medicine in the treatment
of malaria, cough, flu, colds, fever, and
diarrhea. These leaves are also used in
the treatment of asthma, yellow fever,
chronic  coughs, and respiratory
infections. Skin disorders such as
abrasions, bites, and scabies can be
treated with leaves of Lippia javanica.
The decoction of its leaves mixed with
Eucalyptus grandis leaves is used to treat
respiratory infections. Malaria is also
treated by the mixing of Lippia javanica
leaves and Artemisia afra leaves [17, 18].

Lantana camara is a flowering
ornamental plant belonging to the family
Verbenaceae. It is also used as a
medicinal plant in the traditional
medicinal system and recent scientific
studies have emphasized the possible use
of Lantana camara in modern medicine.
Lantana camara leaves are used as an
antipyretic, antispasmodic agent, and in
the treatment of malaria. Its leaves are
also used to treat rheumatism, cough,
fever, measles, and asthma, but also
poultry pox [19]. In recent history, this
plant is reported for various medicinal
properties especially hepatoprotective
effect, antibacterial activity, cytotoxic
activity, antifertility activity, antifungal

activity, antiurolithiatic activity, anti-
inflammatory  activity, = antimotility
activity, antidiabetic activity, larvicidal
activity, antioxidant activity and wound
healing activity. Different parts of L.
camara contain essential oils, phenolic
compounds, flavonoids, carbohydrates,
proteins, alkaloids, iridoid glycosides,
phenylethanoid, oligosaccharides,
quinones, saponins, steroids, triterpenes,
sesquiterpenoids and tannin as major
phytochemical groups [20].

Thus, this work aimed to compare the
antibacterial activity of essential oils of
Lippia javanica and Lantana camara,
harvested in the Haut-Katanga province
(DRC) on Escherichia coli, Pseudomonas
aeruginosa,  Klebsiella ~ pneumoniae,
Streptococcus pneumoniae, and
Staphylococcus aureus and the antifungal
activity of these oils on Candida albicans.

2. Material and Methods
2.1. Plant material

Samples of Lippia javanica and
Lantana camara were collected during
the dry season in August 2017. Only the
aerial parts, i.e. leaves, flowers and fruit,
were collected in the early morning.
Lippia javanica was harvested in the
Kashamata locality, on the termitary
along the Kafubu River, by Kisimba
Kibuye Emile, a botanist from the
Geography Department of Lubumbashi
University.  Lantana  camara  was
harvested in the Shindaika Street of
Ruashi commune (Fig. 1).
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Figure 1. Areas where samples were collected in Haut-Katanga (DR Congo)

2.2. Active substances used

The essential oils tested were
extracted from L. javanica and L. camara
leaves by hydrodistillation in the lab of
the Chemistry department of the
University of Lubumbashi (DR Congo).
They were stored at 4 °C in the
refrigerator (Liebherr Comfort), after
extraction. For comparison purposes,
two  references, gentamicin (an
antibiotic) and Germicide (Commercial
product) were used. Indeed, Germicide is
a surface disinfectant manufactured by
Microscientific Industry Corporation
(Canada). It can Kkill Staphylococcus
aureus, Pseudomonas aeruginosa, and
human immunodeficiency virus (HIV-1)
at 20 °C in only 3 minutes of contact.

2.3. Test microorganisms

Five pathogenic bacteria were used to
evaluate the antibacterial activity of
essential oils the synthetic Germicide.
These include Gram-negative bacteria:
Escherichia coli (ATCC25922), Klebsiella
pneumoniae (ATCC13883) and
Pseudomonas aeruginosa (ATCC27853)
and Gram-positive bacteria:
Staphylococcus aureus (ATCC25923) and

Streptococcus pneumoniae (ATCC49619).
Candida albicans (ATCC10231), a
filamentous fungus, was used for the
evaluation of the antifungal activity of
these essential oils.

2.4. Extraction of essential oil

The fresh aerial plant material of each
sample (1000-1200 g) was cut into small
pieces and hydrodistilled using the
Clevenger apparatus for 6 h. The
Clevenger-type apparatus consists of a
power regulator, the heating mantle with
a round bottom flask containing water
and aromatic leaves, the apparatus,
which returns the hydrosol to the still
and maintains the essential oil phase and
the condenser. The essential oil was
transferred into a stoppered tube and
stored in a refrigerator at 4 °C [21-24].

2.5. Assessment of antimicrobial
activity by disc diffusion method

The antimicrobial screening of the
essential oil was evaluated using the agar
disc diffusion method. A sterile saline
solution was inoculated with an 18-24 h
growth culture of bacterial and candida
strains, and then adjusted
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approximatively to 10% colony-forming
units (CFU)/mL for bacteria and 1x103
cells/mL for fungi. The suspension was
spread on Petri dishes containing
Mueller-Hinton Agar. Then, sterile discs
(6 mm in diameter), impregnated with 5-
10-15 upl of the essential oil or the
Germicide, were placed on the surface of
Petri dishes separately inoculated with
different tested strains. An antibiotic,
gentamicin, was used as the positive
control. Before incubation, all plates
were stored in the dark at 4 °C for 2 h, to

allow the diffusion of the oil from disc to
medium without microbial growth. Then,
the plates were incubated at 28-37 °C for
24 h. The antibacterial and antifungal
activities were determined by measuring
the diameter of the inhibition zone (mm),
formed around the disc [25]. A scale for
measuring the antimicrobial oils was
issued by Ela et al. [26] and Meena and
Sethi [27], dividing the zone of the
microbial growth inhibition zones into 4
classes (Table 1).

Table 1. Classification of antibacterial activity according to inhibition diameter [26, 27].

Diameter Classification
@ > 28 mm of the inhibition zone Heavily inhibitory
28 mm > @ > 16 mm of the inhibition zone Moderately inhibitory
16 mm > @ > 10 mm of the inhibition zone Slightly inhibitory

@ < 10 mm zone of inhibition

Non- inhibitory

2.6. Assessment of antimicrobial
activity by dilution method

The minimal inhibitory concentration
(MIC) of the essential oil was determined
by a modified broth dilution method. The
essential oil was diluted to give five
different concentrations (12.08, 6.04,
3.02, 1.51 to 0.76 mg/mL for Lippia
javanica and 13.14, 6.57, 3.28, 1.62 to
0.82 mg/mL for Lantana camara) in the
nutrient broth. Twin80, 0.01% was
added to the medium to allow the
solubility of essential oils. Using a
standard micropipette, 0.05 mL of the 18
hours old bacterial broth (10® CFU/mL)
culture was introduced into each of the
test tubes with different concentrations

of essential oil. A set of tubes containing
only the growth medium plus each of the
test bacteria was set up separately to
serve as controls. All tubes were
incubated at 27+2 °C for 30 h. The MIC
was the lowest concentration of essential
oil that prevented bacterial growth. The
same test was repeated with the
antibiotic (gentamicin) and Germicide to
serve as a positive control [22]. Minimum
bactericidal concentration (MBC) was
determined by seeding the inoculum of
each test tube in Petri dishes containing
the same culture medium and incubated
for 24 h at 30 °C [28]. The activities of the
essential oil can thus be divided into 4
classes according to their MIC (Table 2).

Table 2. Classification of essential oils according to their minimal inhibitory
concentration (MIC) [29].

MIC Classification
MIC less than 0.1 mg/mL Very strongly inhibitory
MIC between 0.1 - 0.5 mg/mL Highly inhibitory
MIC between 0.6 - 1.5 mg/mL Moderately inhibitory
MIC greater than or equal to 1.6 mg/mL Low inhibitory
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3. Results
3.1. Extractions of essential oils

The fresh aerial plant material of each
sample (1000-1200 g) was subjected to
hydrodistillation using the Clevenger

apparatus for 6 h. The essential oil was
transferred into a stoppered tube, dried
over anhydrous NazSO4 and stored in a
refrigerator at 4°C. Each essential oil was
weighed to determine the extraction
yield (Table 3; Fig. 2).

Table 3. Volume, density and yield of Lippia javanica and Lantana camara essential oils

extracted
Species Vegetat()illcle gaterlal Ol(liz(:lllltl;le Density Yield (%)
Lippia javanica 1000 2.7 0.806 0.21+0.024
Lantana camara 1200 1.5 0.876 0.11+0.014
3
2.5
2
15
1
0.5
0 ) mesesm
Oil volume (in ml) Density Yield (%)

ElLippia javanica

H Lantana camara

Figure 2. Volume, density, and extraction yield of of Lippia javanica and Lantana camara
essential oils

From 1000 g of fresh leaves of Lippia
javanica (Table 3; Fig. 2), 2.7 mL of
essential oils was obtained. This volume
represents an extraction yield of 0.21 *
0.024%. On the other hand, from 1200g
of fresh Lantana camara leaves, 1.5 mL of
essential oil was obtained, representing
an extraction yield of 0.11 + 0.014%.
Besides, the essential oil of Lantana
camara was denser (d=0.876) than that
of Lippia javanica (d=0.806).

3.2. Assessment of antimicrobial
activity by dilution method

The antibacterial and antifungal
activities of essential oils of Lippia
javanica and Lantana camara, carried out

by the dilution method, were evaluated
against Gram-negative bacteria
(Escherichia coli, Klebsiella pneumoniae
and Pseudomonas aeruginosa), Gram-
positive bacteria (Staphylococcus aureus
and Streptococcus pneumoniae) and a
fungus (Candida albicans). Moreover, the
Germicide, a commercial antibacterial
product, was used as a positive control.
For each active product, the MIC, the
MBC and the MBC/MIC ratio were
determined to identify the bactericidal
effect when the MBC/MIC ratio was equal
to 1 or 2 and the bacteriostatic effect
when the MBC/MIC ratio was superior to
2 [29]. The results obtained are shown in
Table 4 and Figure 3 below.
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Table 4. Minimal inhibitory concentration (MIC) and Minimal bactericidal concentration
(MBC) of Lippia javanica and Lantana camara essential oils tested and Germicide.

Lippia javanica Lantana camara Germicide
MlCI‘O!:)lal MIC MBC MBC/ MIC MBC MBC/ MIC MBC MBC/
strain (mg/ (mg/ e @mg/ (mg/ e mg/ (mg/ yyc
mL) mlL) mL) mL) mL) mL)
Escherichia 1.5 3.02 2a 1.64 6.57 4b 7.08 0 0Oc
coli
Klebsiella 0.76  6.04 8b 1.64 3.28 22 7.08 0 0Oc
pneumoniae
Staphylococc  1.50  3.02 22 3.28 6.57 2a 14.15 0 0Oc
us aureus
Pseudomona 150  3.02 22 3.28 6.57 22 1.77 0 0Oc
s aeruginosa
Streptococcu  0.76  6.04 8b 6.57 3.28 0.52 3.54 0 0Oc
s
pneumoniae
Candida 3.02 0 Oc 3.28 0 Oc 7.08 0 0Oc
albicans

Where:  Bactericidal Effect (a),
Bacteriostatic Effect (b), Undetermined
Effect (c).

16

14

MIC (mg/mL)
)

S55555555559554559

455555555555 ;
055550550
8080 0000055000000006000000000000506005549

6545 600008GH00000RALE00000LAEREMAAELEEECELLE

JESIs RS
§4538458050000055005 s

I .. " ‘
Fﬂ 3 e bo4
- = [eed o b= o).

2
0 3@ m%_

E. Coli Kleb. Pneumoniae  staph. Areus pseud. Aeruginosa Strept. candida albicans
Pneumoniae

Germs tested

FIL. Javanica EL. Camara HEGermicide

Figure 3. Comparison of of Lippia javanica and Lantana camara essential oils Minimal
inhibitory concentration (MIC)

From the Table 5 and the figure 4, it undetermined. Indeed, this reference
appears that antibacterial and antifungal product showed minimal inhibitory
activities of the positive control, concentration (MIC) varying between
Germicidal, were completely 1.77 mg/mL on Pseudomonas aeruginosa
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and 14.15 mg/mL on Staphylococcus
aureus. Its antimicrobial activity is very
low compared with the essential oils
studied.

Moreover, the essential oil of Lippia
javanica showed a bactericidal effect on
Escherichia coli, Staphylococcus aureus
and Pseudomonas aeruginosa with a MIC
of 1.50 mg/mL and an MBC of 3.02
mg/mL while it showed a bacteriostatic
effect on Klebsiella pneumoniae and
Streptococcus pneumoniae with a MIC of
0.76 mg/mL and an MBC of 6.04 mg/mL.
The effect of this oil has not been
determined on Candida albicans (MIC:
3.02 mg/mL; MBC: 0 mg/mL).

The Lantana camara essential oil
showed a bactericidal effect on all the
germs tested except on Escherichia coli
(MIC: 1.64 mg/mL; MBC: 6.57 mg/mL)
and on Candida albicans (MIC: 3.28
mg/mL; MBC: 0 mg/mL) on which the

effect was bacteriostatic and

indeterminate, respectively.

3.4. Assessment of antimicrobial by
disc diffusion method

The disc diffusion method (Table 5;
Fig. 4) was also used to evaluate the
antimicrobial and antifungal activities of
essential oils of Lippia javanica and
Lantana  camara.  Germicide  and
gentamicin were also used as the positive
control. Each disc was soaked with 5-10-
15 pL of essential oil and/or Germicide.
Gentamicin was wused too at the
concentration of 15 pupg/mL. After
incubation of Petri dishes at 28-37 °C for
24 h, the inhibition zone (in mm) was
measured. Moreover, according to the
classification of the inhibition zone of
essential oil [23, 24] (Table 1), the
inhibitory power of each active substance
was determined. All findings are shown
in Table 5 and Fig. 4 below.

Table 5. Inhibition zone (in mm) of products tested during the assessment of
antimicrobial by disc diffusion method

Microbial Lippia javanica Lantana camara Germicide Gentamicin
strain 5 10 15 5 10 15 5 10 15 15 pg/mL
uL uL uL uL uL uL uL uL uL HE
Escherichia ¢ 11 19 3 6 10 2 5 8 20
coli
Klebsiella 7 15 24 2 5 9 3 6 9 14
pneumoniae
Staphylococcus 0 0 0 0 0 0 0 0 0 27
aureus
Pseudomonas o= 45 59 5 5 9 2 5 g 19
aeruginosa
Streptococcus 4 g 43 9 9 9 0 0 0 0
pneumoniae
Candida 4 7 12 0 0 0 0 0 0 0
albicans

With the data in table 5 above, it was
draws the graph in Fig. 4 below.
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Figure 4. Evolution of inhibition zone of products tested (in mm)

It was found that Staphylococcus sensitive germ to Lippia javanica

aureus (Table 5; Fig. 4) was the most
sensitive to gentamicin, because of the
large inhibition zone (27 mm) followed
by  Escherichia  coli (20 mm),
Pseudomonas aeruginosa (19 mm), and K.
pneumoniae (14 ~mm). Moreover,
Streptococcus pneumoniae and Candida
albicans were found to be resistant to
gentamicin with zero as an inhibition
zone. Germicide, a second positive
control, was inactive on Pseudomonas
aeruginosa, Streptococcus pneumoniae
and Candida albicans in the range of
concentration used. Also, a weak
antimicrobial activity was observed on
Klebsiella pneumoniae (3 mm at 5 pL, 6
mm at 10 pL and 9 mm at 15 pL),
followed by Escherichia coli and
Pseudomonas aeruginosa (2 mm at 5 pL, 5
mm at 10 pL and 8 mm at 15 pL). By
comparing the results of the two positive
controls, gentamicin showed the greatest
antibacterial activity compared with
Germicide but both were inactive on
Candida albicans.

The same tests done with essential oils
show that K. pneumoniae was the most

essential oil with an inhibition zone
which has evolved from 7 mm (5 uL), 15
mm (10 pL), and then to 24 mm (15 pL).
It is followed by Pseudomonas aeruginosa
(21 mm at 15 uL), Escherichia coli (19
mm at 15 pL), and Streptococcus
pneumoniae (13 mm at 15 pL). Lantana
camara essential oil was active on
Escherichia coli, which is the most
sensitive germ strains to this essential
oil; its inhibition zone increased from 3
mm (5 puL), 6 mm (10 pL) to 10 mm (15
uL), followed by Klebsiella pneumoniae
and Pseudomonas aeruginosa (9 mm at
15 pL). While evaluating the antifungal
activity of essential oils, it was observed
that Lantana camara was inactive on
Candida albicans, contrary to Lippia
javanica essential oil that showed a
slightly inhibitory effect (12 mm at 15
uL) on Candida albicans.

The comparison of results obtained
(15 pL of Essential oil) by the dilution
method and diffusion method shows
some similarities of antimicrobial activity
of essential oils obtained by the two
methods (Table 6).
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Table 6. Comparison of the results obtained by diffusion and dilution methods

Lippia javanica Lantana camara Germicide
. . . MIC MIC MIC
Microbial strain IZ (mm IZ (mm IZ (mm
mg/mi) 0" (mg/miy) M) (ng/myy ' mm)
Dilution Disk Dilution Disk Dilution Disk
Escherichia coli 1.50 19 1.64 10 7.08 8
Kiebsiella 0.76 24 1.64 9 7.08 9
phneumoniae
Staphylococcus 1.50 0 3.28 0 1415 0
aureus
Pseudomonas 1.50 21 3.28 9 1.77 8
aeruginosa
Streptococcus 0.76 13 6.57 0 3.54 0
pheumoniae
Candida albicans 3.02 12 3.28 0 7.08 0
[Z: Inhibition zone
While comparing results obtained with presented respectively a moderate

15 pL the essential oil (Table 6), it
appears that the Lippia javanica essential
oil showed moderately inhibitory activity
on Klebsiella pneumoniae (24 mm; 0.76
mg/mL), Pseudomonas aeruginosa (21
mm; 1.50 mg/mL) and Escherichia coli
(19 mm; 1.50 mg/mL). It has a slightly
inhibitory activity on Streptococcus
pneumoniae (13 mm, 1.50 mg/mL) and
Candida albicans (12 mm, 3.02 mg/mL).
This oil was inactive on Staphylococcus
aureus. Moreover, the Lantana camara
essential oil showed a slightly inhibitory
activity only on Escherichia coli (10 mm,
1.64 mg/mL) and it was inactive on

Klebsiella  pneumoniae, Pseudomonas
aeruginosa, Streptococcus pneumoniae,
Staphylococcus aureus, and Candida
albicans.

The Lippia javanica essential oil
showed a moderate inhibitory activity on
Escherichia coli, Klebsiella pneumoniae,
Pseudomonas aeruginosa with two
methods used but its activity was
moderate on Staphylococcus aureus by
the dilution method, and it was inactive
on the same germ by the disc diffusion
method. Moreover, this essential oil
showed slightly inhibitory activity on
Streptococcus pneumoniae and Candida
albicans by disc diffusion method but it

activity against Streptococcus pneumoniae
and was inactive against Candida albicans
by the dilution method.

Therefore, the Lantana camara
essential oil and Germicide were inactive
on all strains tested by both methods
except its activity on Escherichia coli
which was slightly by the disc diffusion
method.

4. Discussion

Several works have been conducted
towards the extraction of essential oil
from Lantana camara. Deena and Thoppil
[30] extracted the essential oil with a
yield of 0.23% from Lantana camara
collected in, Calicut (India). This yield is
different from that obtained in the
present study (0.11%). It appears that the
extraction yield of this study (Table 3) is
in agreement with the extraction yield of
0.1% obtained by Tesch et al. on Lantana
camara collected from Tachira State
(Venezuela)[31] and the yield 0.12%
obtained by Costa et al. [32]. It is also
close to that obtained by hydrodistillation
(0.2%) of the air-dried leaves of Lantana
camara from the Botanical Garden of the
University of Ibadan (Nigeria). Besides, in
this study, the essential oil of Lippia
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javanica was obtained with a yield of
0.21%. In contrast, Chagonda et al
extracted the essential oil of Lippia
javanica collected from two sites near
Bulawayo, Western Zimbabwe with the
yield ranging between 1.1 and 1.4% [33,
34]. The differences in essential oil
content in the two species can be justified
by seasonal variations, developmental
stage of collected plant material, methods
of harvest, processing of plant materials
and extraction methods, and
environmental conditions [33, 34].

MIC values (Table 4) were interpreted
using the classification adapted by
Aligiannis [35] and Duarte et al. [36],
showing that the essential oil with MIC
values greater than 0.5 mg/mL is highly
inhibitory, and those with MIC values
greater than 1.6 mg/mL are weakly
inhibitory [29]. Gibbons [37] and Rios &
Recio [38], as proposed by Van Vuuren
[39], interpreted that any natural product
with MIC values below 1.0 mg/mL has a
remarkable antimicrobial activity and if
the MIC is less than 0.1 mg/mlL, it is very
interesting. Van Vuuren [39] proposed,
after an extensive review of essential oil,
the essential oil with a MIC value less
than or equal to 2 mg/mL could be
considered to have interesting biological
activity. In agreement with those
classifications (Table 2), it appears that
the Lippia javanica essential oil showed a
moderate inhibitory  activity = on
Escherichia coli, Klebsiella pneumoniae,
Pseudomonas aeruginosa but its activity
was moderate on Staphylococcus aureus.
Moreover, this essential oil showed
slightly inhibitory activity on
Streptococcus pneumoniae and Candida
albicans by disc diffusion method but it
presented respectively a moderate
activity against Streptococcus pneumoniae
and no activity against Candida albicans.
Therewith, for the Lantana camara
essential oil, its activity on Escherichia
coli was slightly active by the disc

diffusion method but with the dilution
method, it was inactive.

Costa et al. [32] showed that Lantana
camara essential oil exhibited inhibitory
activity on Escherichia coli (MIC: 512
ug/mL) and Staphylococcus aureus (MIC:
256 pg/mL). Another study made by the
disc diffusion method showed that the
Lantana camara essential oil exhibited
significant antibacterial activity against
Escherichia coli (109 mm) and
Staphylococcus aureus (12.2 mm) but a
weak inhibitory power on Klebsiella
pneumoniae (6.3 mm) and Pseudomonas
aeruginosa (8.5 mm) using discs soaked
with 10 pL of essential oil [14]. This oil
also showed an antistaphylococcus
aureus activity with an MBC of 200
ug/mL in the study done by Kurade et al.
[40] and a MIC of 400 pg/mL in that of
Tesch et al. [31] while it has been inactive
on Escherichia coli [31, 40]. Besides, the
essential oil of Lippia javanica has shown
inhibitory activity with the strongest
bacteriostatic  effect observed for
Klebsiella pneumoniae [10]. This Lippia
javanica essential oil exhibited an
inhibition power against Escherichia coli
(16 mm) and Staphylococcus aureus (18
mm) [41].

The antifungal activity of L. camara
essential oil on Candida albicans was also
reported with an inhibition zone of 14
mm by the diffusion method and a MIC of
10 mg/1 for the dilution method [42]. This
could be justified by the high
concentration used in this study. Indeed,
in the method of dilution, Lantana
camara essential oil in this study
revealed a low MIC compared to the MIC
found by Sonibare and Effiong [42]
whereas any activity was revealed for
this oil using the disk method on Candida
albicans in the present study.

Manenzhe et al. [41] found that Lippia
javanica essential oil had a visible
antimicrobial activity at 1% dilution of
this essential oil on Escherichia coli and S.
aureus. They also found that Lippia
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javanica essential oil had a remarkable
activity on Candida albicans. Also, Lippia
javanica essential o0il demonstrated
significant bacteriostatic activity against
K. pneumoniae according to the study
conducted by Viljoen et al. [15]. These
results are in agreement with the results
obtained in the present study, which
clearly show that Lippia javanica
essential oil has very remarkable
antimicrobial effects on Escherichia coli,
S. aureus, and Klebsiella pneumoniae.

The essential oils and Germicide tested
gave high MICs on Candida albicans (3.02
mg/mL for the Lippia javanica essential
oil, 3.29 mg/mL for the Lantana camara
essential oil, and 7.08 mg/mL for the
Germicide. After the analysis of results, it
was found that the Germicide tested
simply inhibited the growth of the germs
without having a lethal effect. It meant
that the Germicide should only be used as
a concentrated product to kill the germs,
while essential oils even diluted can kill
these germs, except Candida albicans for
essential oils tested and Streptococcus
pneumoniae for Lantana camara in the
concentration range studied.

The in vitro evidence indicates that
essential oils can act as antibacterial
agents against a wide spectrum of
pathogenic bacterial strains. Thus, the
essential oils could possibly be used as an
alternative to antibiotics [5]. Thus, when
comparing the MBC/MIC ratio (Table 4),
it allows to define if the natural substance
test has the bactericidal effect (MBC/MIC
= 1 or 2) or the bacteriostatic effect
(MBC/MIC> 2)[43]. Indeed, the Lippia
javanica  essential oil exhibits a
bactericidal effect on Escherichia coli, S.
aureus and a bacteriostatic effect on
Klebsiella pneumoniae and Streptococcus
pneumoniae. However, the L. camara
essential oil shows a bactericidal effect on
all strains tested except Escherichia coli
but the Germicide effect, on the different
strains, was undefined.

However, comparing the efficacy of
essential oils through different
publications remains difficult to establish.
This difficulty resides in the experimental
parameters, in particular, the method
used to evaluate the antimicrobial
activity, the choice and the physiological
conditions of the microorganisms, the
exposure period of the microorganism to
the essential oil, the dose and the
emulsifier used. These parameters are
different from one study to another. To
these, the phytochemical divergence of
the same species should be added, which
is generally justified by the fact that the
chemical composition of a plant species
depends on the harvest, the nature of the
soil and all other physical and biological
characteristics of the ecosystem [44, 45].

5. Conclusion

This study shows that Lippia javanica
essential oil showed that it had antifungal
activity on Candida albicans, and Lantana
camara essential oil has a slight
antibacterial activity on Escherichia coli,
K.  pneumoniae  and  Pseudomonas
aeruginosa compared with the positive
controls used.

The essential oils studied show that
they have a potential antibacterial and
antifungal, that is why the next step will
be oriented to the tests of the oils studied
on the microbiological sanitation of the
air and the assessment of the bio-
insecticidal effect.
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