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Original Article
Inhibition of Biofilms by Extracts From Vernonia adoensis 
in Pseudomonas aeruginosa and Staphylococcus aureus

Background: Bacteria that form biofilms have become a leading cause of increased 
morbidity and mortality in healthcare settings, as they are responsible for over 65% of 
nosocomial infections. Biofilms are a major cause of drug resistance in bacteria. Pseudomonas 
aeruginosa and Staphylococcus aureus are opportunistic pathogens that cause numerous 
infections and are known for their ability to produce biofilms. Vernonia adoensis is an African 
ethnomedicinal plant commonly used to treat various disease conditions and has been shown 
to have antibacterial activity. 

Objectives: This study aimed to investigate the effects V. adoensis extract on biofilms formed 
by P. aeruginosa and S. aureus and to determine the phytochemicals present in the extract. 

Methods: The effect of the extract on the biofilms of P. aeruginosa and S. aureus was 
determined on 96-microwell plates using crystal violet. The phytochemical constituents of the 
extract were determined using ultra-performance liquid chromatography-mass spectroscopy 
(UPLC-MS). 

Results: The extract disrupted the biofilms of the bacteria. At 100 µg/mL, the extract inhibited 
the formation of P. aeruginosa and S. aureus biofilms by 93% and 17%, respectively. 
V. adoensis was more potent in decreasing the attachment efficiency of the biofilm of P. 
aeruginosa as it caused the detachment of 84% of the biofilm in the presence of safety data 
sheets (SDS), but only 17% of the biofilm of S. aureus. Five compounds (kaempferol, quinic 
acid, caffeic acid, rhamnetin I, and luteolin were identified using UPLC-MS. Some of these 
compounds have demonstrated antimicrobial activity. 

Conclusion: V. adoensis contains bioactive components that may be exploited as lead 
compounds for the development of new antimicrobial agents with antibiofilm activity.
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Introduction

n increase in microbial infections has in-
creased morbidity and mortality in health-
care settings [1]. The rise of antibiotic 
resistance in bacteria is reported to cause 
an increase in nosocomial infections each 
year [2]. Biofilms are estimated to be re-

sponsible for more than 65% of nosocomial infections 
and 80% of all microbial infections [3, 4]. A biofilm is an 
assemblage of surface-associated microbial cells that are 
enclosed in an extracellular polymeric substance matrix 
[5]. Biofilm-related infections are difficult to eradicate as 
there is an increase in antimicrobial tolerance in biofilms 
compared to planktonic cells [6, 7]. The ability of cells in 
a biofilm to exert higher resistance to antimicrobials can 
be attributed to inactivation and reduction of penetration 
of active antibiotic compounds into the inner layers of 
the biofilms and persister cells. The increased resistance 
of cells in biofilm form can also be attributed to the slow 
growth rate of cells in biofilms and their altered metabo-
lism, oxygen gradients, and extracellular biofilm matrix 
[4]. Pseudomonas aeruginosa and Staphylococcus au-
reus are among the most common pathogens found in 
biofilms in a healthcare setting [7]. These two bacterial 
species have been significantly identified in nosocomial 
infections, which have become more rampant and dead-
ly [8]. P. aeruginosa and S. aureus are characterized by 
potential drug resistance mechanisms, and of major con-
cern is their ability to form biofilms [9]. Antibiotic treat-
ment of biofilm-related infections often provided relief 
from the symptoms of the infection but may not neces-
sarily cure the infection, mainly due to the biofilms that 
act as reservoirs for disease recurrence [10]. Biofilms 
can have important negative effects on human health, for 
example, P. aeruginosa forms biofilms in the lungs of 
patients with cystic fibrosis, leading to chronic inflam-
mation and lung tissue damage [7]. The biofilms of P. 
aeruginosa also cause the persistence of chronic wound 
infections [11]. Biofilms of S. aureus are responsible for 
S. aureus-related implant infections [12].

Although biofilms often resist to conventional antibi-
otic therapy, there are promising alternatives consider-
ing the reported efficacy of various plant metabolites 
against bacteria in biofilms. Phytochemicals from me-
dicinal plants that show antimicrobial activities have the 
potential to be alternative antimicrobial agents, as their 
structures differ from those of the more studied microbi-
al sources [13, 14]. Therefore, their mode of action may 
very likely differ [15]. Vernonia adoensis is a commonly 
used African ethnomedicinal plant that has been proven 
to have antimicrobial activity [16, 17]. Screening active 

compounds from some Vernonia species has led to the 
discovery of new lead compounds which have efficient 
protection and treatment roles, including anticancer [18], 
antiplasmodial [19] and antibacterial [20] activity. Pri-
mary phytochemical screening of V. adoensis collected 
from Kenya has shown some important pharmacological 
phytochemicals, such as phenols, saponnins, flavonoids, 
glycosides, tannins, alkaloids, and terpenoids [21]. The 
composition of phytochemical components varies with 
geographical location and harvesting conditions [22, 
23]. Therefore, the current study aimed to determine 
the possible chemical components of phytoconstituents 
from V. adoensis leaves collected from Zimbabwe using 
gas chromatography–mass spectrometry (GC-MS) and 
ultra-performance liquid chromatography-mass spec-
troscopy (UPLC-MS) techniques, and to evaluate the 
antibiofilm activity of the phytochemicals. 

Materials and Methods

Plant material collection

V. adoensis was collected in Centenary, (Geograph-
ic coordinates, Latitude: 16º43’22’’ S, Longitude: 
31º06’52’’ E, elevation above sea level: 1156 m) Masho-
naland Central Province of Zimbabwe. Plant collection 
was performed in March 2018. Authentication and clas-
sification of the plant were performed by a taxonomist 
from the National Herbarium and Botanic Garden (Ha-
rare, Zimbabwe). Herbarium samples C1 E7, were kept 
at the National Herbarium and Botanic Garden (Harare, 
Zimbabwe) and the Department of Biochemistry, Uni-
versity of Zimbabwe.

Preparation of acetone extract

The leaf acetone extract of V. adoensis has been re-
ported to have an inhibitory effect on the growth of both 
P. aeruginosa and S. aureus [17]; therefore, the acetone 
extract was used to evaluate the effect of V. adoensis on 
biofilms of S. aureus and P. aeruginosa. The extract was 
prepared using Mozirandi et al. 2019 [20].

V. adoensis leaves were washed under running tap 
water and dried in the oven at 40 oC. The dried leaves 
were pounded in a clean mortar and further ground in a 
two-speed blender (Cole Parmer Instrument CO., Ver-
non Hills, USA) to obtain a fine powder to which 10 mL 
of acetone (Sigma-Aldrich, Taufkirchen, Germany) was 
added to each 1 g of plant material to extract phytochem-
icals by maceration [24]. The extract was then filtered 
using Whatman’s no one filter paper (Sigma-Aldrich, 
Taufkirchen, Germany). The filtrate was concentrated to 
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dryness by evaporation at room temperature in a fume 
hood with air stream. The dry extract was stored at 4 ºC 
for further use. 

Bacteria and culture conditions

S. aureus (ATCC 9144) and P. aeruginosa (ATCC 
27853), obtained from the Division of Microbiology, 
Department of Biological Sciences, University of Bo-
tswana were separately inoculated in TSB supplemented 
with 1% glucose and cultured overnight at 37 ºC in a 
shaking incubator at 120 rpm (SI300 Incubated shaker, 
Jeiotech, Korea). Cells were centrifuged at 3500 rpm for 
4 min on a Hettich Rotofix 32 centrifuge (Tuttlingen, 
Germany). The pellet was then suspended in fresh media 
and a 0.5 McFarland Standard was used to create inocu-
lum densities of 5×108 CFU/mL. 

Effect of the extract on biofilm formation

Evaluation of the effect of the extract on biofilm forma-
tion was performed on a 96-well polystyrene microtiter 
plate. To determine the effect of the extract on the for-
mation of biofilms of P. aeruginosa and S. aureus, we 
followed the method of Mozirandi et al. 2019 [20]. The 
extract was serially diluted to give a final concentration 
range of 100-0.4 µg/mL in the wells. A 100 µL volume 
of numerically standardized inoculum was dispensed 
into each of 6 wells of the 96 well plate (Greiner 96-well 
plates, Sigma-Aldrich, Germany) containing an equal 
volume of variable concentrations of the extract. Some 
wells of the plate contained 200 µL of uninoculated me-
dium only, to serve as sterility controls. Wells that had 
uninoculated medium and extract were also included 
to correct for background staining. In some wells in the 
plate, each bacterial strain (200 µL) was also inoculated 
without a plant extract and was considered a positive 
control for biofilm formation. The plate was incubated 
for 72 hours at 37 °C in a nonshaking Lab Doctor Mini In-
cubator (MID SCI, USA). After incubation the contents 
of each well were decanted into a discard container, and 
the plate was washed three times with sterile phosphate-
buffered saline (pH=7.2) to remove free-floating non-
adherent cells. The plates were then inverted and blotted 
on an absorbent paper towel and allowed to air dry in a 
sterile environment for 15 minutes [25]. The remaining 
attached bacteria were heat-fixed by heating the plate at 
60 °C for 1 hour. The adherent biofilm layer formed in 
each microtiter plate well was quantified using crystal 
violet staining. To stain the adherent bacteria, 200 µL of 
0.1% crystal violet stain was added to each well and the 
plate was covered and incubated at room temperature for 
20 minutes. After incubation, excess stain was rinsed off 

by decantation. To remove the unbound dye, the plate 
was washed three times with distilled water and left to 
air dry overnight at room temperature. Each of the wells 
of the plate was filled with 200 µL of 95% ethanol to 
solubilize the biofilm-associated crystal violet dye from 
the cells. Optical density (OD) of the stained adherent 
bacteria was determined with an absorbance microplate 
reader using EL×800 Tecan Genios-Pro microplate read-
er (Grödig, Austria) at wavelength of 590 nm.

The percentage inhibition of biofilm formation was 
calculated using the formula in Equation 1: 

1. % Biofilm inhibition=[(AB-EF)÷AB]×100 [26]

where AB is the optical density of the growth control 
and EF is the optical density of the sample.

Determination of the effect of the extract on ma-
ture biofilm

The ability of the extract to disrupt the mature biofilm 
of P. aeruginosa and S. aureus was evaluated using the 
methods of 2019 [20]. P. aeruginosa and S. aureus cells 
were cultured overnight and numerically standardized as 
above to inoculum densities of 5×108 CFU/mL. A vol-
ume of 100 µL of standardized cells was added to each 
of 6 wells of a 96-well polystyrene plate (Greiner 96-
well plates, Sigma-Aldrich) and the plate was incubated 
for 72 hours at 37 °C in a non-shaking Lab Doctor Mini 
Incubator (MID SCI, USA). Cells were incubated in the 
absence of extracts to allow the formation of biofilms. 
After incubation, the contents of the wells were aspirat-
ed and non-adherent cells gently removed by washing 
the plate 3 times with buffered phosphate saline. Serial 
dilution of the extracts was prepared in a range of 0.4-
100 µg/mL and added to the wells with the preformed 
biofilm. After the different concentrations of extracts 
had been added to the preformed biofilm, the plate was 
then incubated for 24 hours at 37 °C without shaking in 
the Lab Doctor Mini Incubator (MID SCI, USA). Some 
wells of the plate contained 200 µL of uninoculated 
medium only, to serve as sterility controls. Wells with 
uninoculated medium and extract were also included to 
correct for background staining. 

Disruption of the biofilm structure was determined by 
crystal violet staining, as described above. To stain the 
adherent bacteria, 200 µL of 0.1% crystal violet stain 
was added to each well, and the plate was covered and 
incubated at room temperature for 20 minutes. After 
incubation, excess stain was rinsed off by decantation. 
To remove the unbound dye, the plate was washed three 
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times with distilled water and left to air dry overnight at 
room temperature. Each well of the plate was filled with 
200 µL of 95% ethanol to solubilise the biofilm associ-
ated crystal violet dye from the cells. OD of the stained 
adherent bacteria was determined using an EL×800 
Tecan Genios-Pro microplate reader (Grödig, Austria) 
at a wavelength of 590 nm and was proportional to the 
biofilm that had not been disrupted by the extract. These 
values were then used to determine the amount of bio-
film that the different concentrations of the extract used 
had actually destroyed. 

Inhibition of metabolic activity on bacteria in bio-
films

The effect of acetone extract from V. adoensis on the 
metabolic activity of preformed biofilms of P. aerugino-
sa and S. aureus was measured as described by [27] with 
modifications. Numerically standardized P. aeruginosa 
and S. aureus cells with a volume of 100 µL were added 
to each well of a 96-well microplate and incubated for 72 
hours at 37 °C in a non-shaking incubator in the absence 
of extract to allow for biofilm formation as described 
above. Preformed biofilms were washed twice with 
sterile phosphate-buffered saline (PBS) and 100 µL of 
each extract concentration ranging from 100 to 0.4 µg/
mL was added into the wells. The plates were incubated 
without shaking for 24 hours at 37 °C. After incubation, 
50 µL of iodonitrotetrazolium (TTC, Merck, Germany) 
solution was added. The plate was further incubated 
at 37 °C for 5 hours. The absorbance of the plate was 
read with a microplate reader at 492 nm (Stat Fax 2100, 
Awareness Technology, Inc., Ramsey, Minnesota, USA). 
The control wells were the same as those described in 
the inhibition of biofilm formation assay. The inhibition 
of biofilm metabolic activity in the presence of differ-
ent extract concentrations was calculated employing the 
formula described in Equation 1.

Effects of extracts on detachment of biofilms

The effect of the extracts on the detachment of P. ae-
ruginosa and S. aureus biofilm cells was evaluated us-
ing the method of Davies et al. with adaptations [28]. 
P. aeruginosa and S. aureus cells were cultured over-
night, and the cells were standardized as previously 
described to create inoculum densities of 5×108 CFU/
mL. The standardized cells were incubated at 37 °C for 
72 hours without agitation in the presence and absence 
of extract to allow for biofilm formation. The process 
of allowing biofilm formation by the cells was done as 
described in the inhibition of biofilm formation assay. 
However, to evaluate the effect of the extract on biofilm 

detachment, the step of decanting the well contents was 
preceded by the addition of 3 µL of sodium dodecyl sul-
phate (safety data sheets [SDS]; 10%) to each well, and 
the mixture was incubated for 30 minutes. After incuba-
tion the suspended culture was then discarded and the 
plate was washed twice with PBS. To stain the adherent 
bacteria, 200 µL of 0.1% crystal violet stain was added 
to each well and the plate was covered and incubated 
at room temperature for 20 minutes. After incubation, 
excess stain was rinsed off by decantation. To remove 
the unbound dye, the plate was washed three times with 
distilled water and left to air dry overnight at room tem-
perature. Each well of the plate was filled with 200 µL of 
95% ethanol to solubilise the biofilm associated crystal 
violet dye from the cells. OD of the stained adherent bac-
teria was determined using an EL×800 Tecan Genios-
Pro microplate reader (Grödig, Austria) at wavelength 
of 590 nm and was proportional to the biofilm that re-
mained attached to the plate following exposure to SDS 
and different concentrations of V. adoensis. These values 
were used to determine the amount of biofilm that had 
detached from the plate by combining V. adoensis leaf 
extract and SDS (10%). 

UPLC-MS analysis of the acetone extract of V. 
adoensis

Analysis of some nonvolatile phytochemicals in the ac-
etone extract of V. adoensis was performed by UPLC-MS 
and was performed according to the method of a previous 
study [29]. A Waters Acquity UPLC system from Waters 
Corporation (Milford, MA, USA) with an Acquity BEH 
C18 column (2.1 mm × 100 mm, particle size 1.7 μm) 
incorporating a binary pump, vacuum degasser, autosam-
pler, column oven, and Micromass Xevo tandem quad-
rupole mass spectrometric detector (QTOF Xevo G2; 
Waters micromass, Manchester, UK) equipped with ESI 
(negative) probe. Gradient elution was used in the UPLC-
MS analysis. A constant flow rate of 0.1 mL/min was 
used throughout the analysis at injection volumes of 10 
μL. Gradient parameters were adjusted by systematically 
changing the percentage organic modifier at initial condi-
tions, or the isocratic hold period at initial conditions, and/
or gradient steepness. Mobile phase A was 7.5% formic 
acid in water, and mobile phase B was acetonitrile. The 
gradient started with 1% B, isocratically for 1 min fol-
lowed by a linear increase to 28% at 22 min, 40% at 22.5 
min, and 100% at 23 min. Column clean-up was done for 
1 min at 100% B then followed by re-equilibration for 4 
min at a total run time of 29 min. Electrospray mass spec-
tra data were recorded on a negative ionisation mode for 
a mass range of 100 m/z to 1500 m/z at a collision energy 
of 50 V. Low injection volumes were used to provide re-
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sponses for the main constituents within the linear range. 
The instrument was operated in negative ionization mode. 
Calibration of the instrument was done using a sodium 
formate solution. Data were acquired in resolution mode 
and mass spectrometry (MS)/MS scanning mode and pro-
cessed using MassLynx software, version 4.1 (Waters). 
For MS/MS experiments, the trap collision energy was 
set to obtain sufficient fragmentation for selected precur-
sor ions (30/45 V). The eluent was split 3:1 prior to intro-
duction into the ionization chamber. The injection volume 
was 10 μL, and UV–vis spectra were acquired over 220–
400 nm at 20 Hz. The accurate mass and composition for 
the precursor and fragment ions were determined using 
MassLynx software, version 4.1 (Waters) incorporated 
with the instrument. Using a non-targeted approach, gra-
dient parameters were utilized by systematically adjusting 
solvents to determine as many compounds as possible. 
Using fragmentation data and available databases such as 
KNApSAcK metabolite database [30] and MOTO data-
base [31] possible compounds that may be found in the V. 
adoensis extracts were proposed.

Statistical analyses 

Graphical and statistical analyses were performed us-
ing GraphPad Prism software, version 5. Data were 
expressed as Mean±SD. Statistically significant differ-
ences between various means of controls and tests were 
analyzed using one-way analysis of variance (ANOVA) 
using Dunnett’s multiple comparison post-test with a P 
of 0.05.

Results 

Effect of extract on biofilm formation

The effect on biofilm formation by P. aeruginosa and 
S. aureus was studied after 72 hours of exposure of the 
test strains to different concentrations of V. adoensis ac-
etone extract. The results show that all the tested concen-
trations of the extract had a concentration-dependent in-
hibitory effect on biofilm formation by S. aureus (Figure 
1A) and P. aeruginosa (Figure 1B). However, no con-
centration of the extract was observed that completely 
inhibited formation of biofilm by both test strains. The 
most susceptible bacteria were P. aeruginosa, in which 
the highest concentration (100 µg/mL) of extract in-
hibited the formation of biofilm of the bacteria by 93% 
while S. aureus biofilm formation was inhibited by 17% 
(Figures 1A and 1B). 

Effect of extract on mature biofilm

P. aeruginosa and S. aureus were allowed to form bio-
films for 72 hours in the absence of V. adoensis acetone 
extract after which the extract was then incorporated and 
its effect evaluated after 24-hr. incubation. The results 
showed that as the concentration of the extract increased, 
an increased disruption of preformed biofilm of P. ae-
ruginosa was observed. Although no concentration of 
the extract was observed which managed to destroy the 
biofilm structure of P. aeruginosa, a total of 77% of bio-
film of the bacteria was disrupted after exposure to the 
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Figure 1. Effect of V. adoensis on biofilm formation
Note: Percentage inhibition of formation of biofilms by bacterial cells upon treatment/incubation with different concentrations 
of acetone extract from leaves of V. adoensis in which (A) represents inhibition of formation of S. aureus biofilm while (B) repre-
sents inhibition of formation of biofilm of P. aeruginosa. The error bars indicate the SD from mean (n=4).
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highest (100 µg/mL) concentration of the extract (Figure 
2B). The results of this study also showed that none of 
the concentrations of V. adoensis used in this study dis-
rupted preformed biofilms of S. aureus (Figure 2A).

Inhibition of metabolic activity on bacteria in bio-
films

V. adoensis acetone extract was added to a 72-hr mature 
biofilm of S. aureus and P. aeruginosa and incubated for 

24 hours to evaluate its effect on the metabolic activity 
of the respective bacteria in the biofilm structure. The 
results showed that the extract has an inhibitory effect 
on the metabolic activity of the bacteria in biofilms of 
both S. aureus and P. aeruginosa (Figures 3A and 3B). V. 
adoensis extract inhibited the metabolic activity of cells 
in biofilm of P. aeruginosa by 69% (Figure 3B) and the 
metabolic activity of cells in S. aureus biofilm was inhib-
ited by 51% (Figure 3A). 
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Figure 2. Effect of V. adoensis on preformed biofilms
Note: Different concentrations of V. adoensis acetone extract were added to a 72 h. Preformed biofilm structure of the test 
bacteria, and the plate was further incubated for 24 hrs. (A) represents the percentage of biofilm structure of S. aureus that 
was destroyed on exposure to different concentration of the extract while (B) is the amount of biofilm of P. aeruginosa that was 
disrupted upon 24 h incubation with V. adoensis extract. Error bars indicate the standard deviation (SD) from the mean (n=4). 
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Figure 3. Effect of V. adoensis on metabolic activity of biofilm cells
Note: Percentage inhibition of metabolic activity of cells in biofilms of (A): S. aureus and (B): P. aeruginosa after their 72 hr. 
Preformed biofilms were exposed to different concentrations of V. adoensis acetone extract for 24 hours. The error bars indicate 
the SD from mean (n=4).

Mozirandi W, et al. Antibiofilm Activity of Vernonia adoensis. PBR. 2025; 11(3):215-226.

http://pbr.mazums.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en
http://pbr.mazums.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en


221

 September 2025. Volume 11. Number 3

Effect of extract on the detachment of biofilm cells

To evaluate the effect of V. adoensis on attachment of 
biofilm cells, we quantified the amount of biofilm after 
treatment with SDS in biofilms formed in the presence 
and absence of different concentrations of V. adoensis 
acetone extract. Unexposed cells represented detached 
biofilm that had been formed from cells that had neither 
been exposed to the extract nor SDS, while detached 
biofilm at 0.0 concentration is from the biofilm detached 
by SDS after it had been formed in the absence of the ex-
tract. The results showed that more biofilm was detached 

from both treated and untreated biofilms (no extract i.e. 0 
µg/mL) relative to biofilm detached in cells not exposed 
to the surfactant (cells only). Therefore, SDS caused de-
tachment of biofilms formed both in the presence and 
absence of the extract (Figure 4). However, the detach-
ment efficiency of SDS for biofilm cells of P. aeruginosa 
biofilm formed in the presence of V. adoensis extract was 
higher than that for biofilm cells formed in the absence 
of the extract. Less than 43% of biofilm was detached 
from P. aeruginosa non-treated biofilm while there was 
significant detachment of biofilm formed in the presence 
of the extract starting from 6.3 µg/mL (Figure 4B). This 

Table 1. Compounds identified in the extract of V. adoensis by UPLC-MS

Peak Rt (min) [M-H]- Proposed Formula Error (ppm) MS/MS Fragmentation Proposed Compounds

1 18.84 285.0438 C12H13O6S 1.8 101.0232 Kaempferol

2 19.96 191.0549 C7H11O6 -3.7 191, 135, 179 Quinic acid

3 19.93 179.0335 C9H7O4 -5.0 135, 101, 44 Caffeic acid

4 23.19 315.0488 C16H12O7 2.5 179.0335 (100) Rhamnetin I

5 24.34 101.0234 C4H5O3 -4.9 -

6 24.34 99.0078 C4H3O3 -4.0 -

7 24.34 299.0557 C16H11O6 0.3 285, 284 (100), 269, 119, 
101, 99 -

8 24.34 285.0397 C15H10O6 -0.7 284, 269, 119, 101, 99 Luteolin
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Figure 4. Effect of V. adoensis on attachment of biofilms
Note: Biofilms were allowed to form in the presence and absence of the extract, and SDS (10%) was added to each well, and the 
mixture was incubated for 30 minutes. After incubation, the suspended culture was then discarded, and the plate was washed. 
The biofilm which remained attached to the plate were stained with crystal violet and quantified at 590 nm. The absorbance 
values of crystal violet were directly proportional to the amount of biofilm that remained attached to the plate. 4A represents 
the biofilm mass that was detached from S. aureus biofilm while 4B is biofilm mass detached from P. aeruginosa biofilm after 
exposure to the extract. The error bars indicate the SD from mean (n=4). 
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result suggested that P. aeruginosa biofilms formed in 
the presence of higher concentrations of V. adoensis (6.3-
100 µg/mL) were more loosely attached to the surface 
than the biofilm formed in the absence of the extract 
(i.e. at 0 µg/mL). At lower concentrations of the extract 
(0.8-1.6 µg/mL), no significant difference was observed 
in the detached cells from the untreated and treated bio-
films of P. aeruginosa. This shows that lower concentra-
tions of V. adoensis do not affect attachment of biofilms 
to the plate.

The results also showed that the V. adoensis extract did 
not enhance the detachment of biofilms of S. aureus by 
the surfactant; only 17% of biofilm was detached from 
treated biofilm, relative to 36% detached from biofilm 
formed in the absence of the extract (Figure 4A).

UPLC-MS analysis

UPLC-MS analysis of V. adoensis identified several 
phytochemicals represented in the chromatogram (Fig-
ure 5). The phytochemicals were tentatively character-
ized and identified in Table 1 presents ESI-MS/MS data 
and fragmentations. Tentatively identified compounds 
from V. adoensis included kaempferol, quinic acid, caf-
feic acid, rhamnetin I, and luteolin. Selected structures of 
these phytochemicals are assigned (Figure 6).

Discussion

This study aimed to investigate the effects of V. adoen-
sis leaf extracts on S. aureus and P. aeruginosa biofilms 
and determine the phytochemical composition of the 
extract by UPLC-MS. The leaf extract displayed anti-
biofilm potential against formation of biofilms by both 
P. aeruginosa and S. aureus. Since bacterial resistance 
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Figure 5. UPLC–MS chromatogram of crude acetone extracts V. adoensis
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to antibiotics and their survival are associated with their 
ability to form biofilms [32], extracts that have the po-
tential to decrease biofilm formation would be useful 
and can be used in conjunction with the antibiotics to 
decrease bacterial resistance. The results of this study are 
similar to other studies which have also been done and 
shown that extracts are capable of inhibiting formation 
of biofilms by bacteria [33, 14].

When biofilm-forming pathogens such as P. aerugi-
nosa and S. aureus form biofilms in patients, despite the 
aggressive use of antibiotics, colonization is often a life-
long problem leading to chronic diseases [7]. Therefore, 
preventing the pathogen’s transition from the planktonic 
state to the biofilm growth mode is the most important 
step for combating biofilm-associated pathogens, as the 
ability of pathogens to resist antibiotics is significantly 
enhanced 10 to 1000 times once they form biofilms [32]

Clinically, biofilm inhibitors can be used directly to re-
duce virulence factors from the infectious bacteria [3] or 
to treat biofilm along with conventional antibiotic [33]. 

The extract used in this study has shown the ability to 
destruct mature biofilms of P. aeruginosa; therefore, it 
may be useful in destruction or reduction of preformed 
biofilms of the bacteria. The weakening or destruction 
of the mature biomass can be followed by washout or 
subsequent biocidal inactivation of the detached bio-
mass [34]. Weakening or destroying the mature bio-
film will render cells susceptible to antibiotics. It was 
observed that all the tested concentrations of the extract 
significantly inhibited metabolic activity on bacteria in 
preformed biofilms for all tested strains. Plants contain 
various secondary metabolites, some of which have been 
found to exert a range of biological activities [35, 36]. 
The antibiofilm activity produced by the extracts could 
be due to the presence of individual phytochemicals that 
are active against S. aureus and P. aeruginosa biofilm 
or could be the result of the synergistic effect of two or 
more phytochemicals contained in the extract. 

Analysis of plant extracts helps to determine whether 
the plant species contains any individual compound or 
group of compounds, which may substantiate its cur-
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rent commercial and traditional use as herbal medicine. 
Further phytochemical analysis also helps to deter-
mine the most appropriate methods of extracting these 
compounds. Chromatographic techniques contribute 
significantly to natural products, especially regarding 
identification, separation, and characterization of bioac-
tive compounds from plant sources [37]. In this study, 
UPLC-MS was used and UPLC- MS can identify semi-
polar metabolites with advantages of high precision and 
short time consumed. 

In this study, UPLC-MS analysis of crude acetone ex-
tract of V. adoensis revealed the presence of more than 
five phytochemicals, most of which had been shown to 
possess some pharmacological properties. For instance, 
kaempferol, one of the compounds identified in the 
study, has been shown to exhibit good antioxidant activ-
ity [38, 39], anti-inflammatory [40] and anticancer activ-
ity [41]. Kaempferol had also been previously identified 
from Arum palaestinum (Araceae) leaves in a similar 
study by Abu-reidar [42]. Another compound identified 
by UPLC-MS was quinic acid which has been shown 
to have potent anti-herpes activity [43]. Quinic acid has 
also been previously identified in a similar study [42]. 
UPLC-MS also identified the presence of caffeic acid in 
V. adoensis leaves and this phytocompound has been re-
ported to be a potential anti-inflammatory and anticancer 
agent [44, 45]. A similar study identified caffeic acid in 
plant species (Hyptis suaveolens and Boerhavia diffusa 
leaves) [29]. Some compounds identified in the extract 
by UPLC-MS including rhamnetin and luteon have also 
been shown to possess biological activity. Rhamnetin 
was shown to have anti-inflammatory as well as free rad-
ical scavenging activity [46, 47]. Luteon has been shown 
to possess anti-inflammatory [48] and anticancer activi-
ties [49]. Similar studies had also identified rhamnetin in 
betula [50] while Luteolin was identified from burdock, 
Arctium lappa L leaves [51]. The phytochemical profiles 
may be used as a pharmacognostical tool for the identi-
fication of the plants and as a starting point in the con-
struction of chromatographic fingerprints which can be 
useful for evaluating the quality of herbal medicines [52, 
53]. The observed antibiofilm activity of the extract can 
be attributed to the different phytochemical constituents 
that have been found to present in it. 

Conclusion

Leaf extracts from V. adoensis have antibiofilm activ-
ity on P. aeruginosa and S. aureus biofilms. The phy-
tochemicals identified in V. adoensis extracts may play 
major roles in the reported biological activities and 
pharmacological properties of the plant and could lead 

to novel drugs with potent antibiofilm activity. Further 
follow-up studies are required in the future in order to 
elucidate the underlying mechanism of the antibiofilm 
activity of the extract. 
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