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Abstract: To control bacterial infections, we proposed evaluating the antibacterial activities and modes of action 

of Aeollanthus heliotropioides essential oil and its hydroethanolic extract. Solvent extracts and essential oil were 

obtained from the aromatic plant's aerial parts by hydroethanolic maceration and hydro-distillation. The analyses 

of the chemical composition were performed using gas chromatography coupled with mass spectrometry. The 

microdilution method evaluated the in vitro antibacterial potential of the essential oil and solvent extracts. The 

Inhibition of biofilms formation was carried out using a colorimetric biofilm microdilution assay with crystal violet 

as a dye. The effect of extract and essential oil on the release of nucleic acids was performed using a 

spectrophotometric method. The time-kill kinetic assay was assessed for hydroethanolic extracts and essential oil. 

The extraction yield was 0.1%, and the major compounds identified in the essential oil were linalool (43.47%) and 

cis-α-farnesene (42.67%). The phytochemical screening revealed flavonoids, saponins, phenols, triterpenes, 

catechin tannins, and quinones. Minimum Inhibitory Concentrations (MICs) ranged from 2.08 mg/mL to 10 

mg/mL. Concerning the modes of action, the essential oil showed its bactericidal effect at 2 hours. The reduction 

of Escherichia coli biofilms formation was found at 0.21 mg/mL. The essential oil treatments resulted in a release 

of nucleic acids at a concentration of 2.1 mg/mL. These results justify using the essential oil and hydroethanolic 

extracts of Aeollanthus heliotropioides as a potential source of molecules with antibacterial activity. 

 

Keywords: Aeollanthus heliotropioides; essential oil; hydroethanolic extract; antibacterial activity; modes of 

action. 

 

1. Introduction 
 

Infectious diseases result from the interaction between 

infectious agents, the host, and environmental      

factors 1. The emergence of pathogens remains a 

major public health problem, with around 10 million 

deaths each year, mainly affecting tropical       

countries 2,3. Among these infectious diseases, those 

of bacterial origin account for 90%. These infections 

remain one of the major causes of mortality and 

morbidity in developing countries, with the 

emergence of resistance appears as the primary cause 

of antibacterial treatment failure 4. 

Despite the endeavors involved to fight bacterial 

infections, bacteria continue to manifest many 

resistance mechanisms 5. Biofilm formation is a 

resistance feature developed by bacteria to avoid or 

diminish the efficacy of antimicrobial treatments 6. 

Biofilms are sets of microbial communities that 

constitute a complex three-dimensional structure, 

bathing inside a matrix and helping microorganisms 

strengthen their pathogenicity. This matrix is made of 

polysaccharides, proteins, and other organic 

components 7. There are other cell features of bacteria 

to bypass the effect of antimicrobials, among which 

are cell walls and cell membranes. They represent  

ideal cidal targets because they lead to bacteria 

disruption, which considerably affects the cell 

viability. On the other hand, the cell wall synthesis is 

conserved across bacterial pathogen generations, and 
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it is absent from mammalian cells 8–10. All these 

considerations have initiated the search for new anti-

infectious agents from different sources 11. 

The use of medicinal plants represents a potent 

alternative. The World Health Organization (WHO) 

also recognized the importance of medicinal plants by 

stating that 80% of the world's population depends on 

traditional medicine for primary health – care 12. 

Many studies are being done on traditional medicine 

plants to search for new secondary metabolites with 

activity against infectious agents. It is worth noting 

that plants are a rich source of bioactive compounds, 

including potent antimicrobial activities 13. Moreover, 

some local treatments with aromatic plants are used in 

some cases to face microbial infections 14,15. 

Aeollanthus heliotropioides (A. heliotropioides) Oliv 

from the Lamiaceae family, with the synonym 

Aeollanthus Suaveolens Mart. ex Spreng is a 

traditional condiment used to season roasted fish and 

meat. The therapeutic properties of A. heliotropioides 

such as antimicrobial and antioxidant have been 

demonstrated 16–18. However, antibacterial modes of 

action on this plant are not well studied. This work 

aimed to evaluate the antibacterial activities and 

modes of action of A. heliotropioides hydroethanolic 

extracts and its essential oil. The modes of action were 

focused on the cell membrane and biofilms formation. 

 

2. Experimental 
 

Fresh flowers, stems, and leaves of A. heliotropioides 

were collected from Mfoundi market, Yaoundé, 

Cameroon. The identification was made at the 

National Herbarium of Cameroon (HNC) by 

comparing the previous sample under the Herbarium 

collection-number 42756HNC. The bacterial strains 

used for the susceptibility tests were Escherichia coli 

ATCC25502, Salmonella enterica NR 4311, 

Klebsiella pneumoniae NR4119, Staphylococcus 

aureus NR 46375, and Salmonella typhi, an isolate 

from Laboratory of Phytobiochemistry, University of 

Yaoundé I, Cameroon. 

 

2.1. Extraction of the essential oil 

The collected plant parts were successively submitted 

to a 4 hours hydro-distillation using a Clevenger type 

apparatus. For each part, essential oils were separately 

collected by decantation, dried under an anhydrous 

sodium sulphate column, and stored at 4°C 19. 

 

2.2. Hydro-ethanolic extracts preparation 

Secondary metabolites extraction was successively 

performed on A. heliotropioides stems, leaves, and 

fresh flowers. The plant dry powder (200 g) was 

macerated in 30/70 water/ethanol (1000 mL) at room 

temperature for 72 hours. Organic solvents were 

subsequently evaporated from filtrates using a rotary 

evaporator (Büchi 011, Flawil Switzerland) and 

lyophilized. Each plant powder was extracted 

separately two times. The extraction yields were 

calculated according to the following equation: 

Extraction yield (%) =
Extract (g)

Vegetal material(g)
× 100 

2.3. Phytochemical screening of plant extracts 

Plant extracts were submitted to a qualitative 

chemical analysis to identify secondary metabolites 

responsible for the antibacterial activity. These 

secondary metabolites include flavonoids, tannins, 

alkaloids, glucosides, saponins, triterpenes, 

anthocyanins, and phenols. Chemical tests were 

performed using colorimetric methods according to 

the protocols previously described 20–23. Stock 

solutions of hydroethanolic extract were prepared at a 

concentration of 5 mg/mL. Then, each extract solution 

was used for the corresponding colorimetric assay to 

be performed. 

 

2.4. Analysis of the chemical composition of the 

essential oil 

The chemical composition analyses were performed 

using Gas chromatography (GC)-mass spectrometry 

(MS) analysis. GC-MS analyses were performed 

using a Hewlett Packard apparatus equipped with an 

HP1 fused silica column (length 30 m; film thickness 

0.25 mm) and interfaced with a quadruple detector 

(Model 5970). The column temperature was 

programmed from 508°C to 2008°C at 58°C/min; 

injector temperature was 2208°C. Helium was used as 

carrier gas at a flow rate of 0.6 mL.min-1; the mass 

spectrometer was operated at 70 eV. Two microliters 

of diluted samples (10/100, v/ v, in methylene 

chloride) were injected manually in the split mode 

(1/100). Identifying individual compounds was based 

on comparing their relative retention times and their 

mass spectra of peaks with those obtained from 

authentic samples on libraries and published data 24. 

 

2.5. Determination of Minimum Inhibitory 

Concentrations (MIC) and Minimum Bactericidal 

Concentrations (MBC) 

The inhibitory parameters were determined using the 

96-wells microtitre plate format. The experiments 

were assessed according to the Clinical Laboratory 

Standards Institute (CLSI) M7-A9 microdilution 

method 25. Volumes of 196 µL and 100 μL of sterile 

Mueller Hinton Broth were introduced in the first 12 

wells and in the plate's remaining wells. Then, 4 µL 

diluted extracts in Muller Hinton Broth (MHB) were 

introduced in the plate's previous 12 wells, and series 

of dilutions were performed ranging from 0.156-10 

mg/mL for the plant extracts and from 0.031-2 mg/mL 

for ciprofloxacin. After that, 100 μL of the bacterial 

inoculum standardized at 5x105 cells/mL as final 

concentration were added to each well containing the 

test substances except for the blank column for 

sterility control. The negative control was constituted 

of MHB and the inoculum. After an incubation of             

24 h at 37°C, 10 µL of resazurin (0.1 mg/mL) was 
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used for results revelation. The lowest concentration 

without any color change was considered as the MIC. 

For Minimum Bactericidal Concentrations (MBC), 25 

µL from MIC wells were transferred in 175 µL. After 

48 h of incubation at 37°C, MBC was revealed as 

previously described using resazurin. All the 

experiments were performed in triplicate.  

 

2.5.1. Inhibition of bacterial biofilms formation 

A series of sub-inhibitory concentrations of plant 

extracts were tested against bacterial biofilms 

formation. A microtitre plate biofilm assay as 

described in previous works 19,26 with some 

modifications was used. An amount of 100 μL from 

overnight cultures of bacteria was added into 100 μL 

of fresh MHB supplemented with 6% glucose and 

cultivated in the presence or absence of plant extracts. 

Microtitre plates were then incubated for 48 h at 37°C. 

The wells containing MHB + cells served as control. 

After incubation, the wells were washed with distilled 

water to remove planktonic cells. The remaining 

sessile cells were subsequently stained with 0.1% 

crystal violet solution for 20 min at room temperature. 

The wells were washed once again to remove crystal 

violet. The plates were dried at room temperature for 

2 h followed by 250 μL of 33% glacial acetic acid into 

the wells. After 20 min, the optical density (OD) of 

each well was measured at 590 nm (96 wells 

microtitre plate reader TECAN Infinite M200). The 

obtained ODs at 590 nm was plotted against the 

corresponding extract concentrations. 

 

2.5.2. Membrane impairment: effect on nucleic 

acids release 

The impact of active extracts on the membrane was 

carried out according to the protocol described by 

Tang 27. Bacterial cells were washed and suspended in 

10 mM PBS (pH 7.4). Extract solutions were prepared 

at inhibitory concentrations of MIC, 2 MIC, and           

4 MIC and introduced to a 10mM PBS solution 

containing bacteria cells at a concentration of         

5.105 UFC / mL. The preparation was incubated, and 

ODs were read at different periods (0 h, 4 h, 8 h, and 

12 h). The control assay was constituted of bacteria 

cells and the 10mM PBS solution. After each 

incubation period, the mixture was centrifuged at 

10 000 rpm, and the absorbance of the supernatant 

was determined using a spectrophotometer reader at 

260 nm. The loss of nucleotides served as an indicator 

of significant damages to cell membranes. 

 

2.6. Time kill kinetic assay 

To determine the required time for antimicrobial 

extracts to inhibit the cells growth, a time-kill kinetic 

test (tkk) was performed according to the previous 

studies with some modifications 28. The culture 

medium was introduced into eppendorfs. Active 

antimicrobial substances and ciprofloxacin were 

added to the MHB medium to obtain subinhibitory 

concentrations (MIC/6, MIC/8, and MIC/10). The 

obtained solutions were homogenized, and a bacterial 

suspension was inoculated to reach a bacterial charge 

of 5x105 UFC / mL. The preparation was incubated at 

37°C. After 24 h, at specific periods (0 h; 2 h; 5 h;         

8 h, 11 h, 24 h), ODs were read using a microtitre plate 

reader (TECAN Infinite M200) at 630 nm. The tkk 

curves were drawn as ODs versus incubation time 

units. 

 

2.7. Statistical analysis 

All experiments were performed in triplicate. The 

results were statistically analyzed by ANOVA and 

least sensitive difference (LSD) with Fisher test at 5% 

threshold probability factor using STAGRAPHICS 

plus 5.0 software for Windows.  

 

3. Results and discussion 
 

3.1. Extraction yields of the essential oil and 

solvent extracts 

The extraction yield of the essential oil was 0.1%. The 

oil was in the form of a clear yellow liquid with a 

coconut odor.  

These results corroborate other reports 16, which 

obtained a yield substantially close (0.07%). 

However, there is a difference with the results from 

other studies with a yield of 1.3% 29. The variation 

observed in the extraction yield could be due to many 

factors, including the effect of the climate variation, 

the nature of the geographical site, the quality of the 

soil, and the harvesting period, which could impact 

the quality and amount of the volatile fraction. 

 

3.2. Chemical analysis 

3.2.1. GC-MS of the essential oil 

The chemical composition of A. heliotropioides 

essential oil (Table 1) revealed linalool (43.47%) and 

cis-α-farnesene (42.67%) as major compounds. The 

presence of monoterpenes and sesquiterpenes were 

also identified in a proportion of 44.95% and 55.05%, 

respectively.  

 

3.2.2. Phytochemical screening of stem, leaf, and 

flower hydroethanolic extracts 

Secondary metabolites that were qualitatively 

identified are listed in Table 2. 

From the above Table 2, flower extracts have shown 

great diversity in secondary metabolites. Flavonoids, 

saponins, triterpenes, catechin tannins, and quinones 

were identified. Concerning leaf extracts, the same 

metabolites as of flower extracts were also identified 

except for quinones. But, only flavonoids and 

saponins were identified in stem extracts. 

The essential oil analysis by GC/MC highlighted 

linalool (43.47%) and cis-α-farnesene (42.67%) as 

major compounds. These compounds were the same 

as those obtained in the review; 38.5% for linalool and 

25.1% for cis-α-farnesene 16 then  34.9% and 29.1% 

for linalool and farnesene 29. This difference could be 

explained by the geographical origin of the plant, the 

organ used for the extraction (leaf, stems, or  
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flowers...), the environmental factors, and the  extraction process applied to the plant 30. 

 

Table 1. Chemical composition of A. heliotropioides essential oil. 

Kovats Index Compound name Area (%) 

Monoterpenes  44.5 

Hydrocarbonated monoterpenes   

813 α- pinene 1.48 

Oxygenated monoterpenes   

870 Linalol 43.47 

Sesquiterpenes  55.05 

Hydrocarbonated sesquiterpenes   

1011 β-caryophyllene 9.32 

1017 cis-α-bergamotene 0.51 

1021 cis-α-farnesene 42.67 

1032 β-copaene 2.55 

 
 

Table 2. Phytochemical composition of the crude extracts obtained from the stems, leaves, and flowers of A. 

heliotropioides. 

 Stem extract Leaf extract Flower extract 

Flavonoids + + + 

Saponins + + + 

Phenols - + + 

Triterpenes - + + 

Catechin tannins - + + 

Quinones - - + 

Alkaloids - - - 

Glucosides - - - 

Anthocyanins - - - 

Presence + absence – 

 
 

Table 3. MIC and MBC values of plant extracts. 

Legend (a: Bacterial strains; b: E. coli; c: S. aureus; d: S. enterica; e: S. thyphii; f: K. pneumonia; g: No determined; 
h: stems extract; i: leaves extract; j: flowers extracts; k: Essential oil; ratio: MBC/MIC). 

 

 

 

 

 

 

Sa Plant extracts - MIC and MBC (mg/mL)  

E1h E2i E3j E4k 

MIC 

 

MBC 

   

ratio MIC 

 

MBC 

   

ratio MIC 

 

MBC 

   

ratio MIC 

 

MBC 

   

ratio 

ECb 10 ˃10 - 10 ˃10 - 2,08 10 4,80 2,08 10 4,80 

Sc3 10 ˃10 - 10 ˃10 - 2,08 10 4,80 4,16 10 2,40 

SEd 10 ˃10 - 10 ˃10 - 2,08 10 4,80 4,16 10 2,40 

STe ˃10 ˃10 - ˃10 ˃10 - 5 10 2 2,5 10 4 

KPf ˃10 ˃10 - 5 ˃10 - 2,5 10 4 2,5 10 4 
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3.3. Antimicrobial activity 

3.3.1. Hydroethanolic extracts and essential oil 

inhibitory concentrations 

The results obtained gave MIC values ranging from 

2.08-10 mg/mL. Flower extracts and EO exhibited the 

highest activity up to 2.08 mg/mL. The most 

susceptible strain was E. coli inhibited at 2.08 mg/mL 

by flowers solvent extract, and EO. S. aureus and S. 

enterica were both inhibited at 4.18 mg/mL by the 

plant extracts. The less susceptible bacterium was S. 

thyphii with a MIC at 5 mg/mL. The other extracts 

showed an activity at a concentration greater than            

10 mg/mL or equal to 10 mg/mL (Table 3).  

The flowers extract bactericidal on S. typhii with an 

MBC/MIC ratio of 2, while EO exhibited a 

bactericidal effect on S. aureus with an MBC/MIC 

lower than 4. 

Each extract and the EO's antibacterial activity is 

characterized by MIC values ranging from 2.08-10 

mg/mL on the bacterial strains. The chemical content 

of plant extracts was responsible for the observed 

activity. The phytochemical screening showed that 

the leaf and flower extracts have almost the same 

composition. The presence of flavonoids, saponins, 

triterpenes, catechins, and tannins was identified in 

both extracts. Its greater diversity could explain the 

highest activity of flower extracts in secondary 

metabolites than the other extracts. These secondary 

metabolites could act synergistically and exhibit a 

potent antibacterial action of the extract 19. The 

essential oil has also shown better antibacterial 

activity on E. coli, S. aureus, K. pneumoniae, and 

Salmonella than the one obtained by some 

researchers. They got 1.25 mg/mL for E. coli and       

10 mg/mL for S. aureus, Klebsiella sp.. In addition, 

Some authors obtained MICs of 50, 100, and                

50 mg/mL respectively for E. coli, S. aureus, and 

Salmonella sp. 17,29. These differences in MIC 

concentrations could be due to monoterpenes and 

sesquiterpenes that are in a high proportion in EO. 

Terpenes compounds could cause more damage to the 

bacterium's cell membrane and, after that affecting 

equilibrium and ionic homeostasis 31. In the same 

way, previous studies indicate that this hydrophilic 

surface is a barrier that prevents the entry of 

antibiotics into the cell 32. 

The above MIC results highlighted E. coli as the most 

susceptible bacterial strain. Thus, all the antibacterial 

modes of action were performed against its 

pathogenic features. 

 

3.3.2. Inhibition of biofilm formation 

The Inhibition of E. coli biofilms formation is 

reported below in Figure 1.

 

 

E3: flowers extracts; E4: essential oil; CN: growth control 

Figure 1. Inhibition of E. coli biofilms by flower extracts and EO at sub-inhibitory concentrations 

 

Figure 1 shows the decrease of E. coli biofilm 

formation when treated with flower extracts and EO 

compared to the growth control. Indeed, it is observed 

that EO has led to a reduction in the amount of 

biofilms. The biofilms reduction is expressed by a 

decrease of optical densities from 0.15, 0.13 to 0.12 at 

0.2 mg/mL, 0.25 mg/mL and 0.33 mg/mL 

respectively. The flower extracts did not influence the 

amount of biofilms formed as they remained 

substantially close to the control. 

The inhibition of E. coli biofilms formation by EO and 

flower extracts has shown that, just like the growth  

 

 

control, the flower extract cannot prevent the 

formation of biofilms. In comparison to the EO, it was 

able to reduce the biofilms formed. In our knowledge, 

no studies have been made with the essential oil of A. 

heliotropioides on the Inhibition of the formation of 

bacterial biofilms. However, some studies have 

shown that the peppermint essential oil of Lamiaceae 

family prevents E. coli-forming biofilms 33. This 

could be related to the fact that some natural 

substances could act through the destruction of 

biofilms, mainly by targeting bacterial adhesins, 

which are antigens expressed during the initial 

adhesion of the biofilm 34. 
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3.3.3. Time kill Inhibition of E. coli by EO and flower extracts is 

shown in Figure 2. 

 

  

E3: flower extracts; E4: essential oil; CN: growth control; C: ciprofloxacin 

Figure 2. Inhibition of E. coli growth by flower extracts and EO as a function of time at supra inhibitory and 

inhibitory concentrations (2MIC and MIC) 

 

The above graphs represent the inhibition effect of 

flower (E3), and essential oil (E4) extracts on E. coli 

at the supra-inhibitory (2MIC) and inhibitory (MIC) 

concentrations as a function of time. Indeed, a 

decrease in bacterial load of more than 5 log10 from 

2h up to 24h in the presence of essential oils was 

observed. Also, there was a significant difference 

between the negative control and the tested extracts 

(P-value<5%). 

The evaluation of mortality kinetics allowed tracking 

bacterial mortality over time. The results revealed that  

EO and ciprofloxacin caused a decrease in bacterial 

load until 0 Log10 after 2 h. This suggests that EO 

may have a bactericidal effect such as ciprofloxacin, 

the reference medicine used as a control. This 

observation agrees with the review that showed that 

ciprofloxacin is bactericidal (capable of causing a 

cidal effect of 99.9% on bacteria) on gram-negative 

bacilli in a short time after contact with cells 35. 

 

3.3.4. release of nucleic acids 

The release of nucleic acids by the action of active 

extracts is shown in Figure 3 below.  

 

Figure 3. Release of nucleic acids by EO and flowers extract at supra-inhibitory and inhibitory 

concentrations 
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The results exhibited the relationship between EO and 

the flower extract effects on releasing bacterial 

cellular content. The obtained data also highlighted 

the necessary duration to breakdown the bacterial 

membrane. The membrane lysis is expressed by the 

release of cellular content in the bacterial solution. 

The presence of cytoplasmic content is characterized 

by a change with the solution absorbance in the 

presence of EO and flower extracts (OD 0.4 to 1.2 and 

0.02 to 0.48 respectively) successively at different 

times (0-12 h) and different inhibitory concentrations 

(4 MIC, 2 MIC, MIC) after the contact with E. coli. 

From the 8th hour, an increase of the absorbance 

showing the release of the nucleic acids up to 1.18 at 

t=12h for EO and 0.48 for the flower extracts was 

observed. There is also a significant difference 

between the effect of the oil compared to that of the 

negative control (P-value<5%). 

Nucleic acids were present in the cytoplasm, and their 

presence in the extracellular medium is an indicator of 

membrane damage. The results obtained showed that 

from t=8h, the release of nucleic acids becomes 

substantial for EO. In addition, the increase in 

absorbance was higher for EO compared to the flower 

extracts. These results indicate that EO and flower 

extracts could enter the bacterial cytoplasm by 

affecting the membrane's integrity and causing 

leakage of nucleic acids, hence cell death. Some 

researchers have shown that EOs penetrate through 

the cytoplasmic membrane to manifest their 

antimicrobial potential 36. However, according to 

Figure 3, flower extracts did not exhibit activity on the 

release of nucleic acids. The results suggest that 

flower extracts may have another antibacterial mode 

of action. 

 

4. Conclusion 
 

The results obtained in this study highlight that A.  

heliotropioides exhibits antibacterial activity against 

E. coli ATCC25502, S. enterica NR 4311, K. 

pneumoniae NR4119, S. aureus NR 46375, and 

Salmonella typhi; with a 2 h cidal effect specially on 

E. coli. Moreover, the two extracts have similar 

minimum inhibitory concentrations. However, EOs 

are potent on membrane leakage and biofilms 

formation inhibition, while flower extracts may target 

another cell site. These results suggest that A. 

heliotropioides could serve as a source of antibacterial 

biomolecules. 
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