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ABSTRACT 
 
Background and Objectives: Adhesion and colonization are prerequisites for the establishment of bacterial pathogenesis. 
The biofilm development of Pseudomonas aeruginosa was assessed on adhesive surfaces like dialysis membrane, stainless 
steel, glass and polystyrene. 
Materials and Methods: Microtiter plate biofilm assay was performed to assess the effect of nutrient medium and growth 
parameters of P. aeruginosa. Further, its growth on adhesive surfaces namely hydrophilic (dialysis membrane) and hydro-
phobic (polystyrene plate, square glass and stainless steel coupon) was assessed. The exopolysaccharide (EPS) was quanti-
fied using ruthenium red microplate assay and microscopic analysis was used to observe P. aeruginosa biofilm architecture. 
The anti-biofilm activity of herbal extracts on mature P. aeruginosa was performed. 
Results: The formation of large scale biofilms on dialysis membrane for 72 h was proved to be the best surface. In mi-
croscopic studies, very few exopolysaccaride fibrils, indicating a rather loose matrix was observed at 48 h. Further, thick 
exopolysaccaride, indicated higher adhesive properties at 72 h which is evident from ruthenium red staining. Among the 
plant extract used, Justicia wynaadensis leaf and Aristolochia indica (Eswari) root extract showed significant reduction of 
anti-biofilm activity of 0.178 OD and 0.192 OD in inhibiting mature biofilms at 0.225 OD respectively, suggesting the pos-
sible use of these extracts as efficient anti-adhesive and biofilm-disrupting agents with potential applications in controlling 
biofilms on surfaces. 
Conclusion:  Our study facilitates better understanding in the development of P. aeruginosa biofilms on different food pro-
cessing and clinical surfaces ultimately taking care of food safety and hygiene.
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INTRODUCTION

The study of microbial development has shown 
that microorganisms are capable of complex differ-
entiation and behaviors. Almost all bacterial species, 
under appropriate conditions, are able to adhere to 
various biotic (Plant and animal tissues) and abiot-
ic (wooden log, plastic, glass, metal) surfaces (1),  
finally getting transformed from free-floating bacte-
ria to sessile (non-motile) population of cells grow-
ing on a surface surrounded with an extracellular 
polysaccharide matrix called Biofilm (2). They are 
of major concern for clinicians in the treatment of 
infectious diseases because of their resistance to a 
wide range of antibiotics (3). In certain chronic bac-
terial diseases they are characterized by resistance 
to chemotherapy and resistance to clearance by hu-
moral or cellular host defense mechanisms. Thus the 
above factors lead to serious hygienic problems in 
individuals and economic losses in food and medici-
nal industries (4).  

One such opportunistic pathogen is Pseudomonas 
aeruginosa, a Gram-negative, rod shaped bacterium 
which is a natural habitant of soil environments and 
water reservoirs. This is because of their ability to 
colonize multiple environmental niches by using 
natural compounds as energy sources (5). More-
over, they have the large cascade of genes devoted 
to command and control systems such as transcrip-
tional regulators which modulate biochemical abil-
ities of this organism in changing environmental 
conditions and thus contribute to its resistance to 
antibiotics. It also encodes outer membrane proteins 
which are important in cell surface related proper-
ties such as adhesion and motility (6). Pseudomonas 
species are ubiquitous spoilage organisms found in  
food processing environments including drains and 
floors, on fruits, vegetables, meat surfaces and in 
low acid dairy products (4). In these industries they  
cause a reduction in the flow with consequent losses 
of capacity and product. In addition, biofilms formed 
on the metal surfaces offers a cross contamination, 
for these reasons food contact surfaces must be san-
itized (7). 

In order to improve the microbiological safety of 
food and hygiene, understanding the biofilm for-
mation is utmost importance, in order to develop 
effective combative agents to be tested and discov-
ered. In these lines of studies, we investigated the 
optimization of growth parameters (with different 

media supplements, temperature, incubation time 
and adhesive surfaces) for development of mature in 
vitro P. aeruginosa biofilms. In this study, all the pa-
rameters are designed with an intension to mimic the 
conditions which are widely used in food industries, 
so as to closely relate to the practical applications.  
Further, with a known fact of P. aeruginosa bio-
film resistant to antimicrobial agents (8), we have 
also screened the anti-biofilm efficiency against P. 
aeruginosa biofilm of medicinal important herbal 
extracts (folklore literature) namely, Aristolochia 
indica (Eswari) root, Justicia wynaadensis (Mad-
dhu thoppu) leaf, Gymnema sylvestre (Gurmar) leaf 
and Piper nigrum (White pepper) seeds of which till 
date as far our knowledge, the anti-biofilm activity 
of P. aeruginosa has not been investigated. The re-
sults of this study are known to facilitate in better  
understanding the development of P. aeruginosa 
biofilm on different food processing surfaces and 
associated pathogenesis, in order to improve the mi-
crobiological safety of food and hygiene, which will 
help in developing combating strategies and also on 
discovery of potent anti-biofilm drug targets (an-
ti-quromones).

   
MATERIALS AND METHODS

 
  Microorganism, media and culture conditions.  
P. aeruginosa was collected from Microbial Type 
Culture Collection (MTCC) with the strain No. 
MTTC 6642. All microbiological medium were 
purchased from Himedia Pvt India Ltd, Mumbai 
and chemicals and solvents (analytical grade) were 
purchased from Merck (Merck Pvt India Ltd, Ban-
galore). For each experiment, the frozen stocks of 
strain were sub cultured on tryptic soy agar (TSA) 
for 24 h at 37 °C. The isolated colony was inoculated 
into tryptic soy broth (TSB) and incubated for 24 h 
at 37 °C in a shaker incubator (Genei, Bangalore). 
The cultures were centrifuged (6000 rpm at 4 °C for 
10 min) and the pellets were washed twice in phos-
phate-buffered saline (PBS) and centrifuged (6000 
rpm at 4 °C for 10 min). The cell suspensions were 
then standardized to an optical density (OD) 600 nm 
= 0.5 using a spectrophotometer (UV Spec 1800 Shi-
madzu, Japan). 

Effect of nutrient medium on planktonic growth 
of P. aeruginosa. To study the effect of nutrients on 
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the planktonic cell growth, an overnight pre-culture 
of the strain was prepared in 5 mL TSB incubated 
at 37 °C in an orbital shaker incubator at 190 rpm. 
The overnight pre-culture was centrifuged and the 
TSB media was decanted and the cells were re-sus-
pended in 5 mL of PBS (1X) until the next transfer 
to the respective medium. The following medium 
namely Nutrient broth (NB), Brain Heart Infusion 
(BHI) broth and tryptic soy broth (TSB) were used 
individually and each were also supplemented with 
0.5% glucose (Glu), 1% glucose and with 0.6% yeast 
extract (YE). The following is the sequence of differ-
ent composition used for the study, NB, NB + 0.5% 
Glu, NB + 1.0% Glu, NB + 0.5% Glu + 0.6% YE, NB 
+ 1.0% Glu + 0.6% YE, NB + 0.6% YE. BHI, BHI + 
0.5% Glu, BHI + 1.0% Glu, BHI + 0.5% Glu + 0.6% 
YE, BHI + 1.0% Glu + 0.6% YE, BHI + 0.6% YE. 
TSB, TSB + 0.5% Glu, TSB + 1.0% Glu, TSB + 0.5% 
Glu + 0.6% YE, TSB + 1.0% Glu + 0.6% YE, TSB 
+ 0.6% YE. The optical density (OD) was measured 
per every hour at 600 nm using a spectrophotometer 
and un-inoculated respective medium were used as 
the blank (1). 

Cultivation of P. aeruginosa biofilms. An over-
night resuspended pre-culture was diluted 5000 folds 
(approximately 5 X 106 cfu/mL) with TSB + 1% Glu 
+ 0.6% YE, which proved to be the best medium in 
planktonic conditions. Two hundred microlitres each 
of the suspension were added to eight wells of 96-
well sterile polystyrene tissue culture (flat bottom) 
microtiter plates (Tarson, Bangalore) four wells with 
medium only served as blank. To determine the in-
cubation duration, 2 set of plates were incubated for 
seven different time intervals (8 h, 16 h, 24 h, 48 
h, 72 h, 96 h and 120 h) out of which 72 h proved 
to establish a mature biofilm. Further, this incuba-
tion time of 72 h was considered and another 2 set 
of plates were incubated at 5 different temperatures 
(4 °C, 18 °C, 25 °C, 30 °C and 37 °C) to determine 
the impact of temperature over biofilm formation. 
The optical density was read at 600 nm to determine 
growth cell density (CD) and biofilm strength (BS) at 
595 nm using crystal violet staining, the exopolysac-
charide (EPS) formed at different temperatures were 
quantified using ruthenium red staining at OD 450 
nm using microplate reader (Systronics, Bangalore). 
Un-inoculated respective media were included as a 
control for both the experiments. The experiment 
was performed in duplicates in three independent 

sets. The mean + standard deviation of the three sets 
were considered (1). 

Effect of adhesive surface on P. aeruginosa bio-
films. Two major kinds of adhesive surfaces were 
mainly used namely hydrophilic (dialysis membrane) 
and hydrophobic (polystyrene plate, square glass and 
stainless steel coupon) which would mimic industrial 
food processing and medical surfaces (1).

Preparation of hydrophilic test surface. Dialy-
sis membranes NadirR of 38 mm (Himedia Pvt India 
Ltd, Mumbai) were cut with the help of the fabricated 
tool into 7-8 cm diameter (the membrane should fit 
into 1 cm less than Petri plate diameter used). The 
dialysis membranes were activated using 2% Sodium 
bicarbonate and 1mM EDTA for 3 h at 60 °C. Upon 
activation the membranes were repeatedly washed 
using distilled water for at least 8-10 times (until the 
activation solution is drained off). The membranes 
were stored in Petri plates containing sterile distilled 
water at 4 °C until the next use. The membranes were 
sterilized by immersing them in 70% ethanol for 
about 1 h and dried in a laminar air flow hood before 
it was placed on the solid nutrient medium (TSA + 
1.0% Glu + 0.6% YE) (1).

Preparation of hydrophobic test surface. Poly-
styrene 96 well sterile tissue culture microtiter plates, 
square glass of 3 cm x 3 cm x 0.15 mm (Length x 
Breadth x Thickness) and circular stainless steel cou-
pons of 5 cm diameter with 1.5 mm thickness were 
used to test the biofilms on the hydrophobic surfaces. 
All the surfaces were sterilized by incubating with 
70% ethanol for 30 min. The ethanol was aseptically 
removed by pipetting and was air dried for 30 min at 
37 °C. These sterilized materials were further used 
for the analyses (1).

Development of P. aeruginosa biofilms on dif-
ferent adsorbing surfaces. P. aeruginosa were sub-
jected to growth on two different adsorbing surface 
to check the ability of adherence on different inert 
support, namely a hydrophilic (dialysis membranes) 
and a hydrophobic (polystyrene plate, square glass 
and steel coupon) surfaces using liquid (TSB + 1% 
Glu + 0.6% YE) and solid medium (TSA + 1% Glu 
+ 0.6% YE) for development of mature biofilm at  
30 °C for 72 h. For all surfaces the activation/ster-
ilization steps were followed as described above. 
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The surfaces were laid for 12 h on the solid medium 
and were left at room temperature a process called 
as setting. Later 5000 times diluted (approximately 
5 X 106 cfu/mL) sample was then inoculated on the 
respective surfaces under both solid and liquid con-
ditions and the plates were incubated in an upright 
position for 72 h for 30 °C, which was proven to be 
best incubation time and temperature in this study. 
Upon incubation the dialysis membranes were fixed 
and processed for SEM studies. On the other hand 
polystyrene surface, square glass and steel coupon 
were then processed for crystal violet and ruthenium 
red staining to determine biofilm strength and EPS 
produced (1).

Microtiter plate biofilm assay. P. aeruginosa 
pre-culture was prepared as described above. The as-
say method was adapted with the slight modification 
(9).  The hydrophobic surfaces were sterilized. The 
pre-culture was diluted to 5000 times (approximately 
5 X 106 cfu/mL) using respective freshly prepared 
media and vortexed for 5 seconds. For polystyrene 
surface, 200 μL of this dilution was then used to in-
oculate eight separate wells of a pre-sterilized poly-
styrene microtiter plate and eight wells of respec-
tive media were included as a control. To minimize 
evaporative loss and edge effects, the outermost rows 
and columns of each plate were filled with 150 μL of 
sterile water. The edges of the plate were then sealed 
with parafilm, and the plates were incubated for 
72 h at different temperatures as mentioned above.  
Upon incubation the medium was decanted and unat-
tached cells were removed by rinsing 3 times in 250 
μL of 1 X PBS. Plates were then dried in an inverted 
position for 30 min at 42 °C. In case of square glass 
and steel coupon, inoculation was done as explained 
above; upon incubation unattached cells were re-
moved by rinsing 3 times with 250 µL of isotonic 
PBS and dried for 30 min at 42 °C. Biofilm formed 
on these surfaces were scarped out (1cm x 1cm area) 
with the help of sterile blade and collected in a ster-
ilized microfuge tubes. Biofilms were stained by 
adding 100 μL of aqueous 1% crystal violet solution 
to each well and were further incubated for 30 min 
at room temperature. Unbound dye was removed by 
rinsing 3 times in 250 μL of sterile water. The crys-
tal violet was solubilized by adding 220 μL of 95% 
ethanol as de-staining solution and incubated at 4 
°C for 45 min. The contents of each well (100 μL) 
were then transferred to a fresh sterile polystyrene 

microtiter plate and the optical density was read at 
595 nm using a microplate reader. The readings were 
recorded and the graph is plotted. For comparable 
results, the experiment was performed in triplicates 
and the same was repeated for different medium and 
on different temperatures in three independent ex-
periments, for the statistical correlation and interpre-
tation of the results (1).

Quantification of exopolysaccharide (EPS) by 
ruthenium red microplate assay. An overnight cul-
ture was prepared as described above. Cells (200 μL) 
were then transferred to seven wells of a pre-steril-
ized polystyrene microtiter plate and 100 μL of ster-
ile medium was added to the outer well of each row 
of the microtiter plate as a blank. The plates were 
incubated for 72 h at different temperatures (4 °C, 18 
°C, 25 °C, 30 °C and 37 °C); unattached cells were 
removed aseptically by pipetting and decanting. In 
case of square glass and steel coupon, inoculation 
was done as explained above. Briefly, an aqueous 
solution of ruthenium red (0.1 %, 200 μL) was added 
to each well of the plate and biofilms were stained for 
45 min at room temperature. The liquid from each 
well was then carefully transferred to a fresh poly-
styrene microplate and the optical density was mea-
sured at 450 nm using microplate reader. The amount 
of dye bound by the biofilm in each well was deter-
mined by subtracting the OD 450 of the well from the 
average of the blank wells (1).

Compound microscopy (CM). A widely accepted 
method for the preservation and preparation of bio-
logical samples for microscopy was used to observe 
P. aeruginosa biofilm architecture (10) with some 
modifications. Biofilms were cultivated on dialysis 
membrane as described above. After incubation the 
membranes were processed for CM. Upon removal 
from the culture, membranes were rinsed by gentle 
repeated immersion in 15-20 mL sterile PBS for 15 
- 30 s. Membranes were then placed in petriplates 
with 6.25 % glutaraldehyde in Sorenson buffer, pH 
7.4 and fixed at 4 °C overnight. The fixing solution 
was drained and membranes were rinsed in excess 
of buffer. Images were captured at low 5x and high 
100x magnification to observe biofilm before and  
after treatment with plant extracts. 

Anti-biofilm activity of mature P. aeruginosa 
using herbal extracts: Selection and preparation 
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of plant material. Four herbs of commercial im-
portance were collected during June-July 2012 from 
in and around Mysore District, Karnataka, India.  
The herbs were identified using expertise botanist 
from DOS in Botany, University of Mysore, Mysore, 
Karnataka and the same is deposited as the vouch-
er specimen. These herbs were selected on the ba-
sis of their commercial importance as most of them 
are used in herb drug preparation in Ayurveda, due 
to their health benefits. The herbs used and their 
commercial importance are presented in Table 1. 
The fresh samples were initially washed, air-dried 
at room temperature and ground to a fine powder 
(approximately 60 mesh size) in a blender. Dichloro-
methane/methanol (CH2CI2/MeOH, 1:1) extracts of 
the powdered herbs were prepared and were estimat-
ed for total phenolic content (11). Briefly, the total 
phenolic content of each of the herbal extracts was 
determined colorimetrically using the Folin–Ciocal-
teu method, a sample aliquot of 100 μL was added to 
900 μL of water, 5 mL of 0.2 N Folin Ciocalteu re-
agent and 4 mL of saturated sodium carbonate solu-
tion (100 g/L). The absorbance was measured at 765 
nm after incubation for 2 h at room temperature. The 
total phenolic content was expressed as gallic acid 
equivalent (GAE) in milligrams per gram sample.

Minimum inhibitory concentrations. To confirm 
the antimicrobial activity of the selected herbs, the 
extracts were initially tested on planktonic P. aeru-
ginosa culture using the modified p-iodonitrotetra-
zolium violet (INT) microplate, minimum inhibitory 
concentration (MIC) assay (12). The extracts were 
dissolved in sterile water and tested using the same 
range of concentrations (0.05–10 mg/mL). The pos-
itive control for P. aeruginosa was ciprofloxacin. 
The negative control was distilled water. The MIC 
procedure was carried out by aliquoting one hundred 
microlitres (100 μL) of sterile distilled water into all 
the wells of the microtitre plate. The prepared ex-
tracts were then pipetted into the first well in each 
column in triplicate. Serial dilutions were performed 
in decreasing concentrations down the columns. Fol-
lowing the serial dilutions, 100 μL of the standard 
culture (1.0×106 cfu/mL) was added to all the wells. 
The plates were sealed with sterile adhesive tape 
and incubated at 37 °C for 24 h for P. aeruginosa.  
Following incubation, the MIC assay was deter-
mined. To visualize the bacterial growth, 40 μL 
of INT (0.04 mg/mL) was added to each well and 
the plates incubated at room temperature for 6 h. 
The plates were then examined for colour changes 
and the MIC was indicated by the first clear well  

Table 1. A brief description of the selected herbs for this study.

Sl. 
No
1.

2.
3.

4.

Name of the herb & 
family

Aristolochia indica & 
Aristolochiaceae

Justicia wynaadensis
Gymnema sylvestre & 

Asclepiadaceae

Piper nigrum & Pip-
eraceae

Compounds isolated from previous 
studies

Ishwarane, Aristolochene, 
Ishwarol, Sesquiterpene, Aristolochine al-
kine, Isoaristolochic acid, Allatonine, Aris-
tolide, Cephadione and Aristolindiquinone

Crystalline alkaloids and flavonoids 
Triterpene saponins, Gymnemic acids and 
Gymnemasaponins, Flavones, Anthraqui-

nones, Hentri-acontane, pentatriacontane, α 
and β-chlorophylls, Phytin, Resins, d-quer-

citol, Tartaric acid, Formic acid, Butyric 
acid, Lupeol, β-Amyrin related glycosides 

and Stigmasterol.
Volatile oil, Crystalline alkaloids, Piperine, 
Piperidine, Piperettine. Resin, Piperitine, 
Piperolein A, Piperolein B, Piperanin and 

Trichostachine

Commercial importance

Antibacterial, Antifungal, Antidot, Antiox-
idant, Antispermatogenic, Anti-oestrogenic 

and Potent abortifacient

Antibacterial, Antifungal and Antioxidant
Antibacterial, antifungal, Antioxidant, An-
tidiabetes, Anti effect on digestion, Urinary 

tract problems, Obesity, Hypoglycemia, 
Allergies, Anemia, Cholesterol, Hyperactiv-

ity, Antisweetener and Anti-inflammatory 
activities

Antibacterial, Antifungal, Antioxidant, Ar-
omatic stimulant, Stomachic in dyspepsia 
and Flatulence, Antiperiodic in malarial 

fever, Paraplegia and Arthritics, Anti-aller-
gic, Phellandrene, Wisanine, dipentene and 

Sesquiterpenes
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(lowest concentration having no microbial growth) in 
a column.

Inhibition of biofilm formation. To prevent ini-
tial cell attachment, 100 μL of plant extracts were 
aliquoted into wells of a 96 well microtitre plate.  
Standardized cultures (1.0×106 cfu/mL) of P. aeru-
ginosa was then added (100 μL) into the wells and 
incubated for 4 h at 30 °C without shaking. The final 
concentrations of the extracts ranging from 10 to 40 
mg/mL were used, while ciprofloxacin at a concen-
tration of 0.0025 mg/mL (MIC value) was used as 
the positive control for P. aeruginosa. Distilled water 
was used as the negative control. Following incuba-
tion, the biofilm biomass was assayed using above 
mentioned crystal violet (CV) staining assay and 
percentage inhibition determined using the follow-
ing equation (9).

Inhibition of preformed biofilms. To test the abil-
ity of the extracts to prevent biofilm development, 
biofilms were pre-formed in 96 well microtitre plates 
by aliquoting 100 μL of standardized P. aeruginosa 
(1.0×106 cfu/mL) into the wells and incubated for 4 h 
at 37 °C. Following incubation, 100 μL of each of the 
plant extract that showed some degree of inhibiting 
cell attachment was added to a final concentration 
of 10 to 40 mg/mL in the wells. Ciprofloxacin at a  
concentration of 0.0025 mg/mL (MIC value) was 
used as the positive controls. Distilled water was 
used as the negative control. The plates were further  
incubated for 72 h at 30 °C. Following incubation 
with the extracts, the crystal violet assay was per-
formed to assay for biofilm biomass as described 
above.

Statistical analysis. All experiments were car-
ried out in triplicates and repeated in three indepen-
dent sets of experiments. Data were shown as mean 
+ standard deviation (SD). SPSS 10.0.5 version for 
windows (SPSS software Inc., USA) computer pro-
gramme was used for statistical analysis. The signif-
icance of differences in biofilm formation was as-
sessed by ANOVA, followed by Post hoc comparison 
test. Correlations between quantitative properties 
were evaluated by calculating the Duncan and Dun-
nett’s coefficient. Statistical significance value set at 

P<0.05, n=3.

 
RESULTS

Growth of P. aeruginosa in different media with 
respect to time and temperature. The bacterial 
growth at 37 °C was monitored for 8 h in media with 
different composition, as described above. The TSB 
+ 1.0% Glu + 0.6% YE yielded a significant growth in 
bacterial counts, hence were selected for our further 
experiments (Fig. 1). P. aeruginosa with TSB + 1.0% 
Glu + 0.6% YE was incubated at different tempera-
ture (4 °C, 18 °C, 25 °C, 30 °C, 37 °C) and monitored 
for 8 h, It was observed that, growth was slow at 25 
°C, optimal at 30-37 °C, and there was no growth 
was noted at 4 °C (Fig. 2A). In further experiment, 
it was observed that P. aeruginosa, grew rapidly and 
multiplied depending on the nutritional supplement 
and reached stationary phase at 72 h (Fig. 2B). 

Biofilm formation with respect to adhesive ca-
pacity on different surfaces. Biofilm formation of 
P. aeruginosa on steel surface, glass, polystyrene, 
with TSB + 1% Glu + 0.6% YE, TSB + 1% Glu + 
0.6% YE + agar as a medium was quantified after in-
cubation for 72 h at 30 °C respectively. Fig. 3. shows 
EPS strength (OD 450 nm) and biofilm strength (OD 
595 nm) on Dialysis membrane on Broth (DMB) and 
agar (DMA), polystyrene on broth surfaces (PSB) 
and agar (PSA), glass on broth (GB), glass on agar 
surfaces (GA), steel on broth (SB) and steel on agar 
surfaces (SA) respectively after incubation period of 
72 h. After incubation time both the number of ad-
herent cell (OD 595 nm) and EPS strength (OD 450 
nm) were highest on polystyrene when compared to 
glass and steel surfaces, which had high biofilm for-
mation. 

Microscopic analysis of P. aeruginosa biofilm 
grown on cellulose dialysis membrane. In order 
to see the dependency of incubation time on biofilm 
formation on hydrophilic surface, mainly dialysis 
membrane were used. The medium were maintained 
in solid condition by supplementing 15% per litre of 
the TSB + 1% Glu + 0.6% YE (TSA), which would 
mimic industrial surfaces, sheets of cellulose dialysis 
membrane, which were inoculated with highly dilut-
ed bacterial suspensions and incubated on TSA for 
72 h at a temperature of 30 °C. The membranes were 
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inspected by compound microscopy for bacterial 
growth and extracellular polymer formation which is 
been depicted in Fig. 4. 

Analysis of antibiofilm activity by plant ex-
tracts. The extracts were prepared and tested for an-
tibacterial activity, Justicia wynaadensis leaf (MIC 
5.2 mg/mL) and Aristolochia indica (Eswari) root 

(MIC 8.7 mg/mL) extracts showed significant anti-
bacterial activity against P. aeruginosa than com-
pared to White piper nigrum (Pepper) and Gymne-
mas sylvestre (Gurmar) leaf both more than 10 mg/
mL respectively and hence considered practically in-
significant. Further, when tested Justicia wynaaden-
sis leaves extract showed best anti-biofilm activity, 
when compared to other extracts (Fig. 5) with 0.225 

Fig. 1. Growth curve of P. aeruginosa placktonic culture in TSB, TSB + 0.5% 
Glu, TSB + 1.0% Glu, TSB + 0.5% Glu + 0.6 YE, TSB + 1.0% Glu + 0.6% 
YE, TSB + 0.6% YE  as a medium at 37 °C. Values represent mean ± SD (n=6).
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Fig. 2. (2A) Assessment of P. aeruginosa biofilm at different incubation periods; 
(2B) Evaluation of Cell density and Biofilm strength at different temperatures; 
(2C) Exopolysaccaride formed at different temperatures. Values represent mean 
± SD (n=6).
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Fig. 4. Compound Microscopy (CM) of P. aeruginosa biofilm formed on cellulose dialysis mem-
branes (DM) on TSB supplemented with 1% glucose and 0.6% yeast extract grown at 30°C with 
magnification of 5 x and 100 x before (A, B) and after treatment (C, D) with J. wynaadensis 
respectively.

Fig. 3. Biofilm strength and EPS strength on Dialysis membrane on Broth (DMB) and 
agar (DMA), polystyrene on broth surfaces (PSB) and agar (PSA), glass on broth (GB), 
glass on agar surfaces (GA), steel on broth (SB) and steel on agar surfaces (SA) respec-
tively after incubation period of 72 h. Values represent mean ± SD (n=6).
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OD for mature biofilms reduced to 0.178 OD by J. 
wynaadensis and 0.192 OD by A. indica respectively.

 
DISCUSSION

   Pseudomonas aeruginosa is a notorious opportunis-
tic, nosocomial and metabolic versatility pathogenic 
bacterium and is responsible for serious health compli-
cations. P. aeruginosa can colonize on various surfac-
es by forming a biofilm in which bacterial cells stick 
together and are embedded within a self-produced  
extracellular polysaccharide matrix (2, 3). Biofilm 
cells of P. aeruginosa are reported to be more resis-
tant to antibiotics and biocides than planktonic cells, 
which often cause difficulties in eradicating them from 
individuals infected with the bacterium (4). A means 
to control biofilm growth to more effectively treat P. 
aeruginosa infections is thus needed, which requires 
the better understanding of the growth patterns of the 
bacterium in free-floating and sessile form. Accord-
ing to the United States Pharmacopeial Convention,  
Tryptic Soy broth yields good growth of P. aerugino-
sa. It contains enzymatic digest of casein, enzymatic 
digest of soybean meal, sodium chloride, di-potassium 
phosphate and dextrose. In addition, composition like 
glucose and yeast extract induces the excellent growth 
of the bacterium. The results from physic-chemical 

parameters indicate that, TSB + 1.0% Glu + 0.6% 
YE yielded a significant growth in vitro, as these me-
sophiles have been adapted to thrive in temperature 
close to that of their host, depending on nutrient sup-
plement they grow robustly. It is usually observed that 
mesophilic bacterium prefer to grow at normal human 
body temperature, thus facilitating pathogenesis (1). 
  Depending on the suitable surface, previous re-
ports (13), observed a less number of cells in smooth 
steel and polystyrene surfaces, however they did find 
rougher matt had 1.4 times more microorganism than 
smooth surface, because rough surface have more 
surface area and provide more shielding from smooth 
surface promoting growth of the bacterium. A number 
of workers have examined the adherence of Pseudo-
monas species to substrata, such as polystyrene (14), 
glass (15) and stainless steel (16). It is usually found 
that bacteria prefer to attach to low-energy hydro-
phobic surfaces such as polystyrene rather than to 
high-energy, hydrophilic surfaces such as glass. Ad-
hesion and colonization are prerequisites for the es-
tablishment of bacterial pathogenesis. The prevention 
of adhesion is an attractive target for the development 
of new therapies in the prevention of infection. Bacte-
ria have developed a multiplicity of adhesion mecha-
nisms, but our ability to rationally design effective an-
ti-adhesives is critically affected by the limitations of 
our knowledge of the bacterial function in relation to 
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Fig. 5.  Graphical representation of Antibiofilm activity by Justicia wynaadensis 
leaf, Aristolochia indica (Eswari) root extract and other extracts compared to 
normal biofilm growth. Values represent mean ± SD (n=6).
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different surfaces. The potential for the future devel-
opment of phytochemical-based anti-adhesives have 
to be demonstrated by a significant number of in vi-
tro and in vivo studies. At 30 °C multi-layered aggre-
gates of bacteria connected by a loose mesh of fibrils 
were observed. Micrograph shows an overview of a 
homogenous film of P. aeruginosa biofilm at magni-
fication (100 x). There was a significant difference in 
the architecture of the aggregates during adhesion to 
the membrane before and after treatment of the plant 
extracts. Similar observations have been described in 
previous studies (1, 17). 
   Further, to test the antibacterial and antibiofilm ef-
ficacy, the extracts of Justicia wynaadensis leaf, Aris-
tolochia indica (Eswari) root, White piper nigrum 
(Pepper) seed and Gymnemas sylvestre (Gurmar) leaf 
were prepared. Justicia wynaadensis leaf extract ex-
hibited significant activity indicating, P. aeruginosa 
biofilms can be combated with naturally available 
plant extracts which will probably affect the bacte-
rial cell membrane or/both exopolymeric substances 
as depicted in Fig. 5, thus exemplifying the fact that 
the pathogenesis and associated biofilm formation can 
be minimized (bacteriostatic) and/or avoided (bacte-
ricidal) with phytochemical principles. However, our 
results correspond many similar studies on P. aeru-
ginosa biofilms (18-21), suggesting the difficultly 
in completely inhibiting the biofilms formation than 
compared to planktonic forms of the same strains/
species, hence making the study more complicated 
and repeated microbial relapse makes the problem 
much worse. In summary, our data confirms that the 
P. aeruginosa is very well developed in Tryptic Soy 
broth with glucose and yeast extract as an additional 
constituent with incubation period 72 h at 30 - 37 °C. 
Further, P. aeruginosa is developed in food processing 
equipments like steel, glass and polystyrene (similar 
properties like plastic). Our study most importantly 
shows that, dense biofilms were formed in hydrophil-
ic cellulose dialysis membrane which is helpful to 
analyze the biofilms formation. Anti-biofilm activity 
against P. aeruginosa is potentially inhibited by Justi-
cia wynaadensis followed by Aristolochia indica ex-
tracts. Finally to conclude, our study helps in better 
understanding of P. aeruginosa biofilm formation and 
associated pathogenesis, which can be helpful in un-
derstanding the development on food processing sur-
faces. Further, the plant extract will be explored for 
purified molecules which can exhibit anti-quromone 
activity (20, 21), so as to be used as a potent sanitizer 

against the P. aeruginosa infection and other similar 
related organisms, ultimately taking care of food safe-
ty and hygiene.
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