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Antimicrobial activity of essential oils of Lippia 

multiflora, Eugenia caryophyllata, Mentha piperita and 
Zingiber officinale on five oral-dental microorganisms 
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Dossa, JD Gbenou, F Toukourou and L Baba-Moussa 
 
Abstract 
The present study aimed to determine the chemical composition, the Minimal Inhibitory Concentrations 
(MIC) and the Minimal Bactericidal Concentrations (MBC) of the essential oils extracted from Lippia 
multiflora, Eugenia caryophyllata, Mentha piperita and Zingiber officinale harvested in Benin on five 
oral-dental germs. It also assessed the influence of different emulsifiers (tweens) on the antimicrobial 
potential of the four oils on the same microorganisms. Using a Clevenger type machine, the essential oils 
were extracted by hydrodistillation and their chemical composition was determined by chromatography. 
The antimicrobial activity of the oils was evaluated by the microdilution method in ELISA microplates. 
At the end of the study, tween 60 was revealed to be better than the others (20, 40 and 80), because it 
allows a better diffusion of the oils in both liquid and solid media. The MIC of the essential oils ranged 
from 0.078 to 5 mg/ml, while their MBC varied from 0.078 to 10 mg/ml. The lowest MIC and MBC 
were recorded with Micrococcus luteus and the highest with Pseudomonas aeruginosa. The chemical 
screening of these extracts revealed the presence of many compounds including linalol, 1,8-cineole and 
myrtenol in Lippia multiflora; eugenol and eugenyle acetate in Eugenia caryophyllata; menthone and 
menthol in Mentha piperita; and camphene, beta phellandrene, ar-curcumene and alpha zingiberene in 
Zingiber officinale. 
 
Keywords: Essential oil, medicinal plants, antimicrobial activity, mouthwash, tween 
 
1. Introduction 
Since the ancient times, humans used to appreciate the soothing and analgesic virtues of 
plants. Throughout centuries, human traditions have found ways to develop their use. Up to 
date, two third of the pharmacopeia still rely on their curative properties [1]. Traditional 
medicine occupies an important place despite the progress of modern medicine. The world 
trade of medicinal plants is currently estimated at more than US dollar 60 billion per year [2].  
Furthermore, since 1977, the World Health Organization (WHO) launched an active program 
for the promotion and development of traditional medicine based on the use of medicinal 
plants [3]. Therefore, the use of a multitude of plants of various properties is being promoted. A 
number of such plants were subjected to thorough scientific research and their therapeutic 
properties were proven. However, very little is known about some of these plants, while others 
still remain completely unknown.  
The declaration of Abuja (Nigeria) in April 2001 made traditional medicine research a priority 
for Africa. This resulted into a high number of studies on medicinal plants across the 
continent. About 75% of the African population and more than 80% of Beninese use medicinal 
plants in the treatments of their ailments [4, 5]. With the current techniques of identification and 
characterization of organic molecules, over 25 to 50% of medicines prescribed nowadays 
contain bioactive molecules of medicinal plants as active principles [6, 7]. In Africa in general 
and in Benin particularly, the assessment of active principles of therapeutic plants has 
increased these last years. The valorisation of natural plant resources has become a 
preoccupation of paramount importance for the research of new medicinal molecules [8]. These 
plants are used as decoctions, some are macerated or infused but they can also be used in the 
form of essential oils. These essential oils are easy to use and mostly very effective [9].  
Currently, for economic reasons or because of the scarcity of natural resources the medical 
industry synthesizes an important amount of essential oils. A number of substances are thus 
extracted by hydrodistillation and solvent based extractions [10]. Several methods are employed 
to assess their antimicrobial properties in Benin, however none of them was conducted on the 
effectiveness or the influence of the emulsifiers used in the detection of the antimicrobial 
activity of these extracts.
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The present study intended to analyse the influence of the 
emulsifiers used in the assessment of the antimicrobial 
properties of selected medicinal plants. Therefore, the 
essential oils of these plants were extracted followed by an 
analysis of their chemical composition. Thereafter, the in vitro 
bacteriostatic and bactericidal activities of the plants were 
evaluated on five germs of clinical importance. 
 
2. Material and Methods 
2.1 Material  
2.1.1 Plant material 
The plant material is constituted of essential oils of the 
following medicinal plants: Lippia multiflora Moldenke 
(Verbenaceae), Eugenia caryophyllata (Myrtaceae), Mentha 
piperita L (Lamiaceae) and Zingiber officinale Rosc 
(Zingiberaceae).  
The leaves of Lippia multiflora and floral buds of Eugenia 
caryophyllata were harvested from Sèto-Gbowèlè in the 
Department of Atlantic. The leaves of Mentha piperita were 
bought in the market garden of Cadjehoun in the Department 
of Littoral, whereas the rhizomes of Zingiber officinale were 
bought in the market of Adjarra in the Department of Ouémé. 
This collection took place in January and February 2016. 
 
2.1.2 Microorganisms 
Five ATCC (American Type Culture Collection) and IP 
(Institute Pasteur of Strasbourg) reference strains were used in 
this study (Micrococcus luteus; Staphylococcus aureus ATCC 
29213; Proteus mirabilis ATCC 24974; Pseudomonas 
aeruginosa ATCC 27853; Candida albicans IP 4872). They 
were obtained from the Laboratory of Biology and Molecular 
Typing in Microbiology of the Faculty of Sciences and 
Techniques of the University of Abomey-Calavi (Benin) and 
from the National Laboratory of Quality Control of the 
Ministry of Health in Benin. They were then kept in Muller 
Hinton broth with glycerol (10%) at -20 °C. 
 
2.2 Methods  
2.2.1 Extraction of essential oils 
Essential oils were extracted by hydrodistillation in a 
Clevenger type machine [11] as described by Verma et al. 
(2010) [12]. The obtained essential oils were weighed and the 
yield of each extraction was calculated according to the 
formula described by Wan et al. (1998) and Mazari et al. 
(2010) [13, 14]. 

2.2.2 In vitro assessment of the antibacterial and 
antifungal activities of the essential oils 
The technique of microdilution using 96 wells microplates 
was employed to analyse the susceptibly of Micrococcus 
luteus; Staphylococcus aureus ATCC 29213; Proteus 
mirabilis ATCC 24974; Pseudomonas aeruginosa ATCC 
27853 and Candida albicans IP 4872 to the different essential 
oils. 
 
2.2.3 Minimal Inhibitory and bactericidal concentrations 
of the oils  
The Minimal Inhibitory Concentration (MIC) is the smallest 
concentration for which there is no visible growth for naked 
eyes, whereas Minimal Bactericidal Concentration (MBC) is 
the smallest concentration for which there is a maximum of 
0.01% of germs. They were determined by the microdilution 
method described by Ayadi et al. (2003) [15]. 
 
2.2.4 Chromatographic analysis of essential oils 
The chromatographic analyses of the volatile extracts were 
performed in an electronic gas chromatograph of pressure 
coupled with a mass spectrophotometer in accordance with 
the methods described by Bencheqroun et al. (2012) [16]. 
 
3. Results 
3.1 Data treatment  
A datasheet was conceived in Epi-Data version 3.1 software 
and included the different microorganisms, the different types 
of tweens, all the essential oils and the different 
concentrations recorded at each test. All the collected data 
were then entered in the form and and the final analysis was 
carried out in EPI-INFO (version 7.0) and IBM SPSS (version 
20) softwares. Tables and figures were made in Microsoft 
Excel (version 2007). A quantitative analysis method was 
used to compare the different recorded concentrations and 
presented as tendency curves. 
 

Table 1: Yield of extraction of essential oils 
 

Plant species Family Yield (%) 
Lippia multiflora Verbenaceae 2.9 

Eugenia caryophyllata Myrtaceae 15.7 
Mentha piperita Lamiaceae 0.6 

Zingiber officinale Zingiberaceae 1.2 
 
The highest yield of essential oils was obtained with Eugenia 
caryophyllata (15.7%) and the lowest (1.2%) with Zingiber 
officinale. 

 
Table 2: Main chemical compounds of the four analysed essential oils 

 

Essential oïl Main compound Total (%) 
Lippia multiflora Linalol 45.10%, 1,8- cineole 25.40%, Myrtenol 10.40%, α-terpineol 8.20%, α-pinène 5.90% 95.00 

Eugenia caryophyllata Eugenol 85.90 %, Eugenyle acetate 10.20%, beta-caryophyllene 1.98% 98.08 
Mentha piperita Menthone 38.50%, menthol 52.09 %, menthyle acetate 3.21%, 1,8-cineole 2.87% 96.67 

Zingiber officinale Camphene 15.62%, beta phellandrene 8.11%, ar-curcumene 11.85%, alpha zingiberene 30.62%, 1,8-
cineole 5.56%, gamma bulgarene 8.26%, beta bisabolene 7.19%, beta sesquiphellandrene 9.02% 96.23 

This table shows that most of the major identified constituents are oxygenated compounds. 
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3.2 Influence of different Tweens on the antimicrobial activity of the essential oils 
 

 
 

Fig 1: Evolution of the MIC and MBC of studied essential oils based on different types of tweens used at 5% on Pseudomonas aeruginosa

This figure shows that the curves of MIC and MBC decreased 
from tween 20 to tween 40 and between tween 40 and tween 
60. From tween 60, the curves remained stable up to tween 
80. This shows that the MIC and MBC values decreased from 
tween 20 to tween 60, then become constant from tween 60 to 
tween 80 on P. aeruginosa except for the MBC (2.5 mg/ml) 

of the essential oil of Lippia multiflora obtained with tween 
40 that remained constant for tweens 60 and 80. The absence 
of curves for the MIC and MBC values of the essential oil of 
Zingiber officinale shows its inactivity on P. aeruginosa for 
all different types of tweens used.  

 

 
 

Fig 2: Evolution of the MIC and MBC of studied essential oils based on different types of tweens used at 5% on Proteus mirabilis 
 

The analysis of this figure shows that the curves of MIC and 
MBC decreased from tween 20 to tween 40 and tween 40 to 
tween 60. However, the curves remained constant from tween 
60 to tween 80. This means that the values of MIC and MBC 
decreased from tween 20 to tween 60, and became constant 
from tween 60 to tween 80 on P. mirabilis except for the MIC 

(0.625 mg/ml) and CMB (0.625 mg/ml) of  the oil essential 
of Eugenia caryophyllata recorded with tween 40 that 
remained steady between tweens 60 and 80. The absence of 
curves for MIC and MBC values of the essential oil of 
Zingiber officinale, translates its inactivity on P. mirabilis 
regardless of the tweens used.  

 

 
 

Fig 3: Evolution of the MIC and MBC of studied essential oils based on different types of tweens used at 5% on Micrococcus luteus. 
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For M. luteus, findings reveal that regardless of the essential 
oil mixed with the tween, the obtained curves of MIC and 
MBC decreased from tween 20 to tween 40 and tween 40 to 
tween 60. However, from tween 60 the curves remained 

constant up to tween 80. This shows that the values of MIC 
and MBC decreased from tween 20 to 60 and constant 
between tween 60 and 80. 
 

 

 
 

Fig 4: Evolution of the MIC and MBC of studied essential oils based on different types of tweens used at 5% on Staphylococcus aureus 
 

When used on S. aureus, the essential oils mixed with the 
different tweens generated MIC and MBC curves that 
decreased from tween 20 to tween 40 and from tween 40 to 
tween 60. From tween 60 to tween 80, the curves remained 
constant. This shows that the values of MIC and MBC 

decreased from tween 20 to tween 60, but stayed constant 
between tween 60 and 80 on S. aureus. Figure 4 also reveals 
that the MBC value (0.625 mg/ml) of the essential oil of 
Lippia multiflora remained invariant for the different types of 
tweens.  

 

 
 

Fig 5: Evolution of the MIC and MBC of studied essential oils based on different types of tweens used at 5% on Candida albicans 
 

The analysis of figure 5 shows that the curves of MIC and 
MBC values decreased from tween 20 to tween 40 and from 
tween 40 to tween 60, but remained constant between tween 
60 and tween 80. This means that the MIC and MBC values 

decreased from tween 20 to tween 60, but stayed steady 
between tween 60 and tween 80 on C. albicans. The absence 
of MIC and MBC curves for Zingiber officinale shows that 
this extract does not have any effect on the studied yeast. 

 
Table 3: Effect of the different tweens at 5% on the germs 

 

GERM 
Type of tween Pseudomonas aeruginosa Proteus mirabilis Micrococcus luteus Staphylococcus aureus Candida albicans 

Tween20 ND ND ND ND ND 
Tween40 ND ND ND ND ND 
Tween60 ND ND ND ND ND 
Tween80 ND ND 1/2 ND ND

ND : Not Determined 
 

The half value (1/2) corresponding to a concentration of 10 
mg/ml recorded with tween80 on M. luteus, shows its 
influence on the antimicrobial activity of this plant. 
 

3.3 Antimicrobial power of the essential oils 
Table IV shows the MBC/MIC ratio of each essential oil on 
the studied germs. This ratio is used to determine the 

bactericidal or bacteriostatic activity of the tested oils. When 
the ratio is lower than or equal to 4, the oil is considered 
bactericidal but when it is higher than 4, the oil is reported 
bacteriostatic. 
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Table IV: MBC/MIC ratios obtained with tween 60 
 

Plant species 
MBC/MIC 

P. aeruginosa P. mirabilis M. luteus S. aureus C. albicans 
Lippia multiflora 2 1 2 8 1 

Eugenia caryophyllata 1 1 1 4 1 
Mentha piperita 1 2 2 1 1 

Zingiber officinale ND ND 1 2 ND 
 

The analysis of this table reveals that with tween 60, all 
essential oils have a bactericidal power on the germs except 
for Lippia multiflora that had a bacteriostatic activity on S. 
aureus. Zingiber officinale was inactive on P. aeruginosa, P. 
mirabilis and C. albicans. 
 
4. Discussion 
The present study revealed that the highest yield of essential 
oils extraction was obtained with Eugenia caryophyllata 
(15.7%) and the lowest (1.2%) with Zingiber officinale.  
The antimicrobial activity of the essential oils of Lippia 
multiflora, Eugenia caryophyllata, Mentha piperita and 
Zingiber officinale was evaluated in vitro on two Gram+ 
bacteria (M. luteus, S. aureus), two Gram- bacteria (P. 
aeruginosa, P. mirabilis) and one yeast (C. albicans). It came 
out that the Gram- bacteria were more resistant to the tested 
oils than the Gram+ bacteria. The architectural structure of the 
cellular membrane of Gram+ bacteria is less complex than the 
one of Gram- bacteria. This structural difference makes them 
more sensitive to the essential oils and other antimicrobial 
substances [17]. M. luteus was the most susceptible 
microorganism to the tested oils. The high sensitivity of 
Gram+bacteria to the compounds of essential oils was 
previously reported by other authors [17-19]. P. aeruginosa was 
the most resistant germ of the study. This resistance of P. 
aeruginosa was also reported in many other studies [20-22]. The 
resistance of Gram- bacteria can be attributed to their 
hydrophilic external membrane that can block the penetration 
of hydrophobic compounds in the targeted membrane [23]. 
Moreover, the study revealed for all the essential oils mixed 
with tweens that the curve of MIC values decreased from 
tween 20 to tween 40 and from tween 40 to tween 60. 
However, between tween 60 and tween 80 the curves 
remained constant. This explains that MIC values decreased 
from tween 20 to tween 60 but stayed constant between tween 
60 and tween 80 on all the five tested microbes. Similar 
observations were recorded for the MBC values.  
The MIC values obtained with tweens 20 and 40 at 5% varied 
from 0.156 to 5 mg/ml, whereas the use of tween 60 in the 
same conditions induced MIC values that ranged from 0.078 
to 1.25 mg/ml on the same microorganisms. It can therefore 
be concluded that the performances of the oils vary according 
to the type of tween used. Previous studies demonstrated that 
the nature and the concentration of an emulsifier can influence 
the antimicrobial activity of an essential oil [16]. The results of 
tweens 20 and 40 at 5% produced very high MIC and MBC 
values. This could be due to their amphiphilic structure that 
prevents them from diffusing at the interface of the 
hydrophilic and hydrophobic phases of the essential oils. 
Besides, the amphiphilic structure of tweens 60 and 80 allows 
their adequate dispersion at the interface of the hydrophilic 
and hydrophobic phases of the essential oils leading to the 
formation of molecular films [24]. This results into a good 
diffusion of the oils in the liquid and solid media [25-27].  
Furthermore, the study revealed that tween 80 inhibited the 
growth of M. luteus at half dilution (1/2). The use of this 

tween could have a synergic action with some essential oils 
and thus bias the actual antimicrobial activity of the essential 
oils. The study also demonstrated that tween 60 presents the 
best characteristics. These differences could be due to the 
influence of the type of tween used. They can also be 
explained by the fact that the tested essential oils do not have 
the same chemical composition. The chromatographic 
analysis of the essential oils showed the diversity and the 
complexity of their chemical composition. Some are rich in 
linalol, 1,8-cineole and myrtenol (Lippia multiflora); eugenol, 
eugenyle acetate (Eugenia caryophyllata); and others in 
menthone, menthol (Mentha piperita); camphene, beta 
phellandrene, ar-curcumene and alpha zingiberene (Zingiber 
officinale).  
In this study, the essential oils of Eugenia caryophyllata rich 
in eugenol, Lippia multiflora rich in linalol, 1,8-cinéole and 
Mentha piperita rich in menthone and 1,8-cineole were the 
most active oils. The antimicrobial activity of these 
compounds was reported by several other authors [28-31]. 
Similarly, Knobloch et al. (1989) and Deena et al (2000) 
demonstrated that 1,8-cineole is very active on S. aureus [32, 

33]. The essential oil of Eugenia caryophyllata, very effective 
on the tested germs, is at 85.90% constituted of eugenol. This 
result confirms those of Oussalah et al. (2007) that proved 
that essential oils can count more than sixty different 
compounds with over 85% of the main compound [34]. 
Although the essential oil of Zingiber officinale contains 
many major compounds, it had no antimicrobial activity on P. 
aeruginosa, P. mirabilis and C. albicans. Nevertheless, it was 
very active on S. aureus and Mr. luteus. These observed 
differences show that the antimicrobial activity of a plant 
depends on the nature of its components and the 
microorganisms on which it is used.  
 
5. Conclusion 
The results generated by the present study revealed that the 
antimicrobial activity of essential oils can be influenced by 
the type of emulsifier used. Out of the four tested emulsifiers, 
tween 60 showed the best characteristics and tween 80 
although presenting good results seems to have a synergic 
action with the essential oils. With tween 60, all 
microorganisms were susceptible to the four oils. The 
essential oils of Eugenia caryophyllata, Lippia multiflora and 
Mentha piperita were the most effective oils. 
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