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Abstract
Bacteria use different types of motilities in order to colonize and adapt to new environments. These 
motilities also play an important role in the formation of biofilm, allowing bacteria to develop resistance 
to antibiotics and host’s immune systems. The objective of this study was to evaluate the ability of 
essential oils of Lippia multiflora flowers to inhibit biofilm formation and motility in Pseudomonas 
aeruginosa PAO1. The capacity of essential oil of Lippia multiflora flowers to inhibit biofilm formation 
in Pseudomonas aeruginosa was evaluated spectrophotometrically by using the crystal violet method. 
The property of the essential oil to inhibit different types of motilities such as swimming, swarming and 
twitching was further evaluated by measuring the diameters of bacterial migration on liquid or semi-
liquid Luria Bertani agar medium. The essential oil exhibited good anti-biofilm activity in Pseudomonas 
aeruginosa. At a concentration of 1%, essential oil presented a degree of biofilm inhibition similar to 
that of salicylic acid used as a reference (P > 0.05). In addition, the essential oil significantly inhibited 
swarming, twitching and swimming in Pseudomonas aeruginosa compared to the control (P < 0.001). 
The inhibition of biofilm formation as well as that of bacterial motility increases with the concentration 
of the essential oil. The essential oil of Lippia multiflora flowers possesses an anti-bacterial potential 
to fight against multi-resistant bacteria.
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INTRODUCTION

 The emergence of multi-resistant bacteria 
to the conventional antibiotic therapy is a global 
public health problem.1 This bacterial resistance 
could find its origin in the formation of biofilm. 
The eradication of a bacterial biofilm poses serious 
medical problems. Indeed, the biofilm is a bacterial 
population adhered to a surface and coated with 
an exopolysaccharide matrix, thus limiting the 
access of antibiotics and biocides to the cytoplasm 
of the bacteria.2 
 Pseudomonas aeruginosa is naturally 
resistant to numerous antibiotics, due to the 
low permeability of its cellular envelope and 
the presence of numerous efflux pumps which 
reject drugs that enter in small quantities out 
of the cell.3 This bacterial resistance increases 
with the formation of biofilm.4 Previous studies 
have shown that the formation of this bacterial 
biofilm needs a cell aggregation mechanism that 
requires bacterial mobilities, and not just a simple 
bacterial colonial growth5 This bacterial mobility 
involves several types of motilities including 
swarming, swimming and twitching, allowing the 
bacteria to escape from unfavorable conditions 
and to exploit new resources or opportunities.6 
The swarming is a multicellular semi-solid surface 
movement powered by rotating helical flagella.7 
Unlike swarming, the swimming is an individual 
movement in liquid powered by rotating flagella.8 
Twitching is a type of bacterial motility that 
uses type IV pili to extend and adhere to the 
solid surface, then retract, dragging the bacteria 
along.9 Inhibition of bacterial biofilm formation 
and motilities in P. aeruginosa can therefore help 
prevent infections caused by this bacterium and 
improve the effectiveness of antibiotic treatments. 
Previous work has shown that certain synthetic 
compounds such as furanone derivatives can 
inhibit biofilm formation in P. aeruginosa but 
become ineffective face to the development of 
resistance of P. aeruginosa such as the genetic 
recombination (development of resistance genes), 
the enzymatic deactivation of the antibiofilm 
compounds (lactamases) and the virulence factors 
production (elastase, rhamnolipids, pyocyanin) .10 
It is therefore necessary to conduct research on 
other antibacterial compounds, preferably from 

plants, which will effectively combat bacterial 
resistance. 
 Lippia multiflora Moldenke is a woody 
aromatic shrub growing naturally in tropical 
ecologies (Figure 1).11 Lippia multiflora offers a 
diversity of uses in pharmacopoeia and medicine. 
Indeed, infusions of its flowers are traditionally 
used for the treatment of malaria, diabetes, 
fevers, gastrointestinal disorders, coughs and 
hypertension.12,13 In addition to its medical 
potential, the essential oil of L. multiflora 
provides cosmetic and pesticide adjuvants.14 
The antibacterial properties of the essential 
oil of L. multiflora flowers demonstrated in 
previous studies were limited to its bactericidal 
properties.15–17 However, its ability to inhibit the 
formation of biofilm and the bacterial motility 
remains virtually unassessed. This present study 
aims to evaluate the capacity of the essential oil of 
L. multiflora flowers to inhibit P. aeruginosa PAO1 
biofilm formation and motilities.

MATERIALS AND METHODS

Chemicals
 Luria Bertani (LB) agar, salicylic acid, 
crystal violet, acetic acid and dimethlsulfoxide 
were purchased by Sigma–Aldrich (St. Louis, 
USA). Methanol was purchased by Prolabo (Paris, 
France). All chemicals were analytical grade. 

Plant collection
 The flowers were harvested during 
the flowering of the plant in September 2022 
at Loumbila (12° 31’5.39’’N; -1° 22’ 8.39’’W), a 
locality situated at 25 km of the Ouagadougou city. 
A sample of leafy and flowering stem was collected 
and transported to the plant biology and ecology 
laboratory of the University of Joseph KI-ZERBO, 
Burkina Faso for identification of the plant by  
Pr Amado Ouיdraogo, a full professor in plant 
biology and ecology. A herbarium has been 
deposited under the identification code IC-0922.
 
Extraction
 The essential oil of L. multiflora flowers 
was obtained by the standard hydrodistillation. 200 
g of plant material are subjected to hydrodistillation 
for 4 hours using a clevenger apparatus (LG-
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6655-100; USA). The essential oil obtained was 
separated from the water by decantation and 
stored in a sealed bottle and kept at 4°C until its 
use for the different antibacterial assays.

Anti-biofilm assay
 The anti-biofilm activity of the essential oil 
was assessed by using the crystal violet method.18 
This method is commonly used to quantify the 
biofilm formation due to its high sensibility and 
its simplicity of used unlike the utilization of the 
microscopy that remains purely qualitative. This 
method is based on the ability of the crystal violet 
to bind to components of the extracellular matrix 
of bacterial biofilms whose the intensity of the 
coloration is proportional to the quantity of the 
biofilm biomass.
 P. aeruginosa was grown in 96-well 
microplate wells containing a Luria Bertani (LB) 
agar growth medium and treated with two non-
bactericidal and non-bacteriostatic concentrations 
of L. multiflora essential oil (0.7% and 1%). The 
wells were washed with distilled water to eliminate 
non-adherent bacteria. The adherent bacteria 
were fixed with methanol for 15 minutes. The 
wells were stained with 0.1% (m/v) crystal violet 
for 30 minutes at room temperature. Excess dye 
was removed by washing with distilled water. The 
crystal violet linked to the biofilms was solubilized 
with acetic acid 33%. The optical density of the 

solution was measured at 590 nm using an ELISA 
microplate reader (BioTek Instruments, USA). The 
experiment was carried out in sixplicate and the 
results were expressed as percentage of inhibition 
of biofilm formation compared to a control without 
essential oil (DMSO 1%). Salicylic acid was used as 
reference compound.

Anti-motility assay
 Swarming, twitching and swimming 
motilities assays were performed using the same 
Luria Bertani (LB) agar medium with different 
proportions of agar as described previously.19 The 
swarming medium was constituted by 8 g/L of LB 
and 0.5% of agar to form a semi-solid medium. The 
swimming and twitching media was constituted 
by a LB broth with 0.3 and 1% agar respectively 
to form a liquid medium. Bacterial culture were 
used to inoculate the swarming, twitching and 
swimming plates containing two non-bactericidal 
and non-bacteriostatic concentrations of essential 
oil of L. multiflora flowers (0.7% and 1%) and the 
plates were incubated overnight at 37°C. Plates 
inoculated with bacteria without essential oil 
were used as control. The areas of the bacterial 
migration were photographed using Photoshop 
CS3 Extended (Adobe) and the diameters of 
swimming, swarming and twitching motilities were 
measured. The experiments were performed in 
sixplicate. 

Figure 1. Lippia multiflora; A : whole plant, B : floral bouquet
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Statistical analysis
 The experiments were carried out in 
sixplicate and data were expressed as means 
values ± S.E.M. Analysis of variance (Newman 
keuls post-tests) was done to test significance and  
p < 0.05 was considered statistically significant.

RESULTS

Anti-biofilm activity of essential oil
 Considering the Figure 2, the essential oil 
of L. multiflora flowers exhibited good inhibitory 
activities on the biofilm formation of P. aeruginosa. 
The inhibitory activity of the biofilm formation 
increases when the concentration used of 
the essential oil is high. The essential oil at 
the concentration 1% presented a degree of 
biofilm inhibition similar to that of salicylic acid 
used as a reference (P > 0.05) and known as an 
inhibitor pure compound of the formation of 
biofilm in P. aeruginosa. This finding suggested 
that the essential oil at a concentration 1% is a 
potent inhibitor of the formation of biofilm in P. 
aeruginosa. 

Anti-motilities activities of essential oil
 The property of the L. multiflora essential 
oil to inhibit P. aeruginosa motility was evaluated 
by measuring the ability of the essential oil to trap 
the swimming, swarming and twitching motilities. 

L. multiflora essential oil inhibited significantly 
the swarming (Figure 3), twitching (Figure 4) and 
swimming (Figure 5) motilities compared to the 
control (P < 0.001). When the inoculated bacteria 
were untreated with the essential oil, the diameter 

Figure 3. Effect of essential oil of Lippia multiflora on Pseudomonas aeruginosa swarming motility. A:  histogram 
of inhibition diameters; B: Photo of bacterial swarming. Data are expressed as the means±S.E.M, n=6.  
***P < 0.001 versus the control (ANOVA followed by Newman Keul’s test) ; EO: Essential Oil

Figure 2. Effect of essential oil of Lippia multiflora on 
Pseudomonas aeruginosa biofilm formation. Data are 
expressed as the means ±S.E.M, n = 6. ns: no significant 
; ***P < 0.001 versus the corresponding salicylic acid  
(ANOVA followed by Newman Keul’s test) 
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of bacterial migration was beyond 60 mm for 
swarming, 70 mm for swimming and 8 mm for 
twitching. However, when the inoculated bacteria 
were treated with the essential oil, the diameter of 
the bacterial migration was significantly reduced, 
below 10 mm for swarming, 20 mm for swimming 

and 1 mm for twitching. The essential oil at the 
concentration of 1% showed the highest swarming 
and swimming inhibitory activity compared to the 
essential oil at 0.7% while the twitching inhibitory 
activity did not vary depending on the essential oil 
concentration.

Figure 5. Effect of essential oil of Lippia multiflora on Pseudomonas aeruginosa swimming motility. A: Histogram 
of inhibitory diameters; B: Photo of bacterial swimming. Data are expressed as the means±S.E.M, n=6.  
***P < 0.001 versus the control (ANOVA followed by Newman Keul’s test); EO: Essential Oil

Figure 4. Effect of essential oil of Lippia multiflora on Pseudomonas aeruginosa twitching motility. A: Histogram of 
inhibitory diameters; B: Photo of bacterial twitching. Data are expressed as the means±S.E.M, n=6. ***P < 0.001 
versus the control (ANOVA followed by Newman Keul’s test) ; EO: Essential Oil
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DISCUSSION

 The formation of biofilms plays an 
important role in several types of infections 
which remain difficult to treat.20 This sessile 
lifestyle, unlike planktonic cells (living in a 
liquid environment) found in a context of acute 
infection, allows better adaptation to situations 
of nutritional stress, biocides and persistence 
of the immune reaction.21 In this study, the 
essential oil of L. multiflora flowers exhibited 
good inhibitory activities against P. aeruginosa 
biofilm formation. This inhibition of the biofilm 
formation by the essential oil could be explained 
by several properties of the essential oil such as 
the prevention of the initial adhesion of bacteria, 
the inhibition of the interbacterial communication 
(quorum sensing), the inhibition of the N-acetyl-
glucosamine polymer synthesis that constitutes the 
biofilm matrix or its degradation.22 Indeed, natural 
compounds from plants such as cis-2-decenoic 
acid are capable of inhibiting the development 
of the biofilm and inducing its dispersion in many 
gram+, gram- bacteria and in yeasts.23 Likewise, 
compounds from the coumarin family (esculetin), 
flavonoids (fisetin) and tannins (ellagic acid) 
have the capacity to inhibit the bacterial biofilm 
formation.24-26 Other studies have shown that 
essential oils are capable of inhibiting adhesin, 
a protein used by bacteria to adhere to surfaces, 
which is the basis for the formation of biofilms. 
Biofilm formation in P. aeruginosa is under the 
control of a mechanism called quorum sensing. 
Quorum sensing (QS) is a mechanism for acquiring 
information on cell density allowing bacteria to 
coordinate and modulate the expression of certain 
genes regulating several bacterial behaviors such 
as sporulation, production of virulence factors, 
biofilm formation and motility.27 The inhibitory 
activity of the biofilm formation of the essential 
oil demonstrated in this study could be the result 
of an inhibition of the bacterial quorum sensing, 
in particular the inhibition of the Las and RhL 
genes involved in the regulation of the quorum 
sensing.28 Although most of these antibiofilm 
products do not kill bacteria, they can make them 
more susceptible to the action of antibiotics or to 
the host’s immune defense.29 The formation of 
the bacterial biofilm (sessile form) requires prior 

movement of bacteria (planktonic form) according 
to several mechanisms called swimming, swarming 
and twitching. In this study the essential oil of 
L. multiflora flowers inhibited significantly the 
swarming, swimming and twitching motilities 
in P. aeruginosa. Swimming requires a motor 
flagellum while swarming requires the presence 
of a functional flagellum and the production of a 
surfactant.7,8 In P. aeruginosa, a surface-wetting 
surfactant composed of 3-(3-hydroxyalkanoyloxy) 
alkanoic acid (HAA) and rhamnolipids (mono- and 
di-rhamnolipids) promotes this type of motility.30 
The essential oil of L. multiflora could prevent the 
production of the surfactant and rhamnolipids 
by the bacteria or quench the production of ATP 
which supplies the flagellum with energy, thus 
inhibiting bacterial motility. As for twitching type 
motility, it is due to type IV pili which are polar 
surface appendages present on the surface of 
bacteria. The movement by this type of motility 
involves the active extension and retraction of 
type IV pili located on either side of the poles of 
the bacterial cell.9 The involvement of type IV pili 
has been reported for several phenomena such 
as the formation of biofilms and fruiting bodies.31 
Twitching-type motility generally involves a 
close cell-cell interaction which generates the 
formation of cellular “rafts”, thus allowing radial 
movement outwards from the center of the colony. 
Studies have shown that the movement of the 
flagellum and these pili requires a large amount 
of chemical energy.32 The essential oil could inhibit 
the production of ATP by the bacterial cells, thus 
preventing the extension and retraction of the pili 
which conditions this type of motility.

CONCLUSION

 The essential oil of L. multiflora flowers 
has shown good anti-biofilms and anti-motilities 
activities. Biofilms and motilities are virulence 
factors of bacteria and such processes increase the 
severity of infections and pathogenicity. Therefore 
inhibiting biofilms and motilities are suitable 
strategies to combat multiresistant pathogens. 
Essential oil of L. multiflora could be an adjuvant 
to help with the increasingly threatening antibiotic 
resistance or to reduce adverse effects.
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