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ABSTRACT 

Microbial biofilms cause a variety of microbial infections on human health, such as urinary tract infections, catheter infections, middle-ear 

infections, formation of dental plaques, gingivitis, coating contact lenses. In the present study, the high yielding biofilm strains have been isolated 

from the soil and characterized. Microtitre plate assay was used to confirm the biofilm producing ability of these bacteria. The antibiofilm 

compounds from different plant sources have been identified. The parameters that influence the biofilm formation were studied. The growth 

profiles of the isolated strains were monitored in different carbon and nitrogen sources and biofilm production at different pH and temperatures 

were screened. It was observed that the biofilm formation by these bacteria was growth dependent. The leaf extract of Pongamia pinnata showed 

significant antibiofilm activity.  
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INTRODUCTION 

The biofilm is an extracellular matrix that surrounds microbial cells 

and is comprised of biological polymers such as exopolysaccharide 

(EPS), protein, and DNA 1. The role of the biofilm is to attach to 

abiotic surfaces, the epithelia of multicellular organisms, and 

interfaces such as that between air and water 2. Surface adhesion of 

bacteria is an essential step and is required for the bacteria to 

arrange themselves favourably in their environment 3. Some 

bacterial biofilms have been reported to have useful effects on food 

chains, sewage treatment plants, to eliminate petroleum 

oil/hydrocarbon spillage from the oceans 4. Moreover, they have 

been found to cause a wide variety of microbial infections in the 

body, such as urinary tract infections, catheter infections, middle-ear 

infections, formation of dental plaques, gingivitis, coating contact 

lenses 5. The formation of biofilms depends on physical factors, such 

as composition of the nutrient media, pH, and biological factors. 

Most of the bacterial biofilm formation is growth dependent. Hence, 

it is important to know the biofilm formation is growth dependent or 

growth independent 6. The regular use and un-proper use of 

antibiotics may be lead to drug resistance and will make the drugs 

ineffective against common microbial infections 7. The main factor 

contributing to microbial resistance is the biofilm formation by the 

microbes that allow them to withstand extreme environmental 

conditions and antimicrobial agents. The biofilm forming bacteria 

are resistant to antimicrobial agents due to the lack of penetration of 

antimicrobial agents 8. 

In recent years, the much of the research have been focused to 

identify alternative medicines to treat the infections caused by the 

drug resistant organisms. Various chemicals have been tested for 

their antibiofilm activities. Unfortunately, those chemicals cannot be 

used as drug molecules to treat the diseases associated with the 

biofilm 9. The alternative to the chemical antibiofilm agents is 

natural source 10. Plant derived molecules have been found potential 

applications in pharmaceutical industry. Plant extracts and other 

biologically active compounds isolated from leaves, stems, and roots 

have gained interest in the antibiofilm activity11. In the present 

study, two soil bacterial isolates were isolated and identified as 

biofilm producing strains. Both the isolates were named as sample 

17 and sample 19. The isolates are being characterized by 

biochemical and molecular techniques further. The biofilm 

producing ability and antibiofilm activity of plant extracts against 

sample 17 have been reported. The microbial strains have been 

characterized in terms of their biofilm formation ability, growth and 

pH profiles 12. Different physical parameters that affect the biofilm 

formation were studied and various plant extracts have been 

investigated for their antibiofilm activity 13. 

MATERIALS AND METHODS 

Microorganisms and Biofilm assay 

The isolate (Sample 17) was grown in nutrient broth (Hi media, 

Mumbai). The biofilm producing ability of the microbes was tested 

by staining the heat fixed cells with crystal violet. The slides were 

observed under the microscope (Olympus). The biofilm was further 

assessed by using the crystal violet (CV) assay done in microtitre 

plate 14. The procedure involved washing the plates after incubation, 

three times with sterile distilled water to remove loosely associated 

cells. The plates were air-dried and then oven-dried at 60°C for 45 

min. Following drying, the wells were stained with 100 μL of 1% 

crystal violet and incubated at room temperature for 15 min after 

which the plates were washed 5 times with sterile distilled water to 

remove unabsorbed stain. 

EPS extraction 

The biofilm was quantitatively estimated in terms of the quantity 

produced by the microbe. The EPS was extracted according to 

Smitinont et al 15. The overnight culture of sample 17 was taken into 

vials and centrifuged at 10,000 rpm for 20 min at 4°C to remove 

bacterial cells. The obtained supernatant was collected into a fresh 

vial and precipitated with two volumes of absolute chilled ethanol 

by incubating the mixture at 4°C for overnight. The precipitated EPS 

was collected by centrifugation at 10,000 rpm for 20 min at 4°C and 

the supernatant was decanted. The pellet containing EPS was dried 

at room temperature. The total carbohydrate content in the EPS was 

estimated by phenol-sulphuric acid method 16.  

Study of the effect of nutrients on biofilm formation:       

Different growth media (MRS broth, Czapek-dox broth, Saborouds 

broth, Nutrient broth, Mannitol broth) were used to understand the 

biofilm was nutrient dependent or not. A loopful of the culture broth 

of sample 17 was inoculated into 50 mL of each of the different 

media selected. The conical flasks were then incubated for 7 days at 

37°C. For every 24 h sample was collected from each of the five 

different inoculated medium, O.D was measured at 540 nm and the 

EPS was estimated by phenol-sulphuric acid method 17. 

Study of the effect of pH on biofilm formation 

Nutrient broth (50 mL) with different pH (7, 8, 9 & 10) were 

inoculated with sample 17 and incubated for 7 days at 30°C. For 

every 24 h sample was collected from each of the medium, O.D was 

measured at 540 nm and the EPS was estimated by phenol-sulphuric 

acid method 17. 
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Optimization of temperature 

Nutrient broth (50 mL) was prepared (4 flasks) and inoculated with 

sample 17. The conical flasks were incubated at different 

temperatures (25°C, 30°C, 37°C, 45°C), the sample from each flask 

was collected, O.D was measured for 7 days. For every 24 h sample 

was collected from each of the medium and observed O.D at 540nm 

and the EPS was estimated by phenol-sulphuric acid method 17. 

Investigation of the antibiofilm activity of plant extracts 

Plant material 

Leaves of plants (Coriandrum sativum, Mentha avensis, Pongamia 

pinnata, Azadiractha indica, Aloe vera, Eucalyptus globulus) were 

obtained and were air-dried at room temperature and then ground 

with a grinder into fine powders which were stored into airtight 

containers at room temperature. The list of studied plants is given in 

Table 4.  

Preparation of plant extract 

Powdered plant material (1.0 g) was separately extracted with 

Methanol, 0.1 N HCl, and 0.1 N NaOH (10 mL). Supernatants were 

filtered through a funnel with glass wool and concentrated to 

dryness at controlled temperature (60 ± 2°C). Extracts of 

Coriandrum sativum, Mentha avensis, Pongamia pinnata, Azadiractha 

indica, Aloe vera and Eucalyptus globulus have been tested for their 

antibiofilm activities. Total phenolic content of the extracts was 

measured by Folin-Ciocalteu method 18,19. 

Study of the effect of plant extracts on EPS formation 

The effect of plant extracts on the formation of biofilm was 

qualitatively estimated by a method described by Xiao et al 20. (40 μL 

of exponentially growing cells were dispensed in 96-well cell culture 

plates. Plant extracts of different concentrations were added to the 

wells and incubated for 24 h at 37°C. The concentrations of extracts 

were ranged from 27 to 73 μg/mL. The medium without extracts 

was used as the non-treated control. It was observed that only 

methanolic extracts showed significant antibiofilm activity. After 

incubation, media and unattached cells were decanted and washed 

with Phosphate Buffer Saline (PBS). Then the plate was air dried and 

stained with 0.1% (w/v) Crystal Violet (Sigma-Aldrich, Germany). In 

order to estimate the biofilm quantitatively, the overnight grown 

cultures of sample 17 was inoculated into test tubes containing 10 

mL of MRS broth and incubated for 24 h for biofilm development. 

After 24 h of incubation the plant extract (0.1 mL) was added and 

the tubes were incubated for next 24 h. The biofilm formation was 

expressed in terms of EPS which was estimated by Phenol-Sulphuric 

acid method 17.  

RESULTS AND DISCUSSION 

Isolation of microorganisms and Biofilm Assay 

Microorganisms were isolated from soil and independent colonies 

were obtained by serial dilution of soil sample. The numbers were 
given to each colony. The biofilm producing ability of the isolated 

colonies was tested. Colony number 17 (Sample 17) was found to be 
high biofilm producing strain. The microtitre plate (crystal violet) 

assay indicating the effect of extracts on biofilm formation. The more 

concentrated the stain, the greater the biofilm. 

Isolation and Estimation of the EPS 

The high biofilm yielding strain was grown in different nutrient 

media and the EPS was isolated and estimated in different time 

intervals. It was observed that the biofilm production by the microbe 

was increased with time till 72 h and the increment in the yield of 

EPS was not significant after 72 h. This indicated that the biofilm 

formation was growth dependent as the organism entered into the 

stationary phase in 60- 66 h. It was also observed that the EPS 

production was high in MRS medium when compared to the other 

media (Table 1).  

 

Table 1: Biofilm formation by sample 17 in different nutrient media 

Medium used EPS concentration (µg/mL) in different time intervals § 

24 h 48 h 72 h 

MRS 6.2 18.4 26 

Czapek-dox 1.9 3.6 4.0 

Saborouds 4.3 13.3 17.6 

Nutrient Broth 5.7 17.6 23 

Mannitol Broth 2.0 3.7 4.2 

§Average of three values 

 

Fig. 1 Microtitre plate assay of biofilm formation for sample 17. (N.B- Nutrient broth; MRS-de Man Rogosa and Sharpe; SAB-Saborouds; CZ-

Czapek-dox; MB-Mannitol; B.P-Beef peptone)
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The EPS formation is maximum in MRS medium which was evident 

from microtitre plate assay (Fig. 1). The maximum growth of the 

isolate was observed in MRS medium which confirmed the biofilm 

formation was growth dependent. Hence, MRS medium was used for 

further studies of the bi ofilm formation.  

Effect of pH on EPS production by sample 17 

To understand whether the EPS formation was pH dependent or not, 

the organism was grown in different pH conditions. The results 

clearly showed (Table 2) that there was no significant difference on 

EPS production was observed at pH-7, pH-8 and pH -9 and pH-10 

showed similar significant effect on EPS. There was no effect 

observed at pH-3, pH-4, pH -5 & pH-6. EPS production was 

maximum at 72 h and there was significant change observed 

between 24 h and 48 h of EPS production. 

Effect of Temperature on EPS production  

The biofilm production is temperature dependent. Bacillus cereus 
produces EPS at 37°C, B. licheniformis produces at 35°C 21. This study 
was aimed to understand whether the biofilm production by the 
isolated microorganism was temperature dependent or not. The 
results showed that the EPS production was significant at 37°C and 
there was no significant EPS production was observed at 30°C. It 
was also noted that the isolated microorganism did not grow at 25°C 
& 45°C. EPS production is maximum during 72 h. There was a mild 
change observed between 24 h and 48 h. But there was significant 
change in EPS production was observed during 24 h and 72 h (Table 
3). From these results, it was concluded that the isolated organism 
produced the EPS at stationary phase and the optimum temperature 
required for the EPS production was 37°C. The isolated organism 
cannot grow at 25°C and 45°C. The growth of the organism and EPS 
production were growth dependent. 

 

Table 2: EPS production at different pH ranges incubated for 3 days at 37°c 

S. No. Day EPS concentration (µg/mL) at different pH (MRS Medium) 

3 4 5 6 7 8 9 10 

1. Day 1 No Growth 5.1 6.3 6.9 6.9 

2. Day 2 15 17.2 19 20 

3. Day 3 21 24 27 29 

§ Average of three values 

Table 3: EPS production at different temperatures incubated for 3 days 

S. No. Day EPS concentration at different temperatures in MRS Medium  (µg/mL)  

25°C 30°C 37°C 45°C 

1. Day 1 No Growth 5.4 8.9 No Growth 

2. Day 2 14.7 16.6 

3. Day 3 20.3 26 

§ Average of three values 

Table 4: The effect of plant extracts (Methanolic) on biofilm (EPS) formation by sample 17 at 37oC 

S. No.   Plant source Concentrations used 

(µg/mL)  

EPS concentrations for sample 17§ (µg/mL) 

1.  Coriandrum sativum  27.0 7.7 

2.  Mentha avensis  69.1 7.9 

3.   Pongamia pinnata  61.5 5.1 

4.   Azadiractha indica  73.0 7.2 

5.   Aloe vera  51.0 7.7 

6.   Eucalyptus globulus  66.7 7.6 

7.  Control (without plant extract) Nil 5.8 

§ Average of three values 

Effect of plant extracts on EPS formation of sample 17 

Some of the polyphenolic compounds isolated from plants have been 

shown to have anticaries activity. This activity may be due to growth 

inhibition against oral bacteria 22. In the present study, out of the 6 

extracts used, extract from Pongamia pinnata significantly shown 

antibiofilm activity. Coriandrum sativum, Mentha avensis, 

Azadiractha indica, Aloe vera and Eucalyptus globulus did not show 

any effect on the EPS production (Table 4). It was clearly indicated 

that there was tubes incubated with Pongamia pinnata showed 

reduction in EPS production. There is no report on antibiofilm 

activity of Pongamia pinnata. The antimicrobial activity of Pongamia 

pinnata extract may be due the presence of phenolics, alkaloids, 

flavonoids, terpenoids and polyacetylenes. Shan et al 23 reported that 

the antimicrobial activity of the plant extract is majorly attributed to 

the presence of phenolic compounds. It would be very interesting to 

investigate the type of phenolic compounds responsible for the 

antibiofilm activity of Pongamia pinnata extract and this would be 

future scope of our study.  

CONCLUSION 

The natural products have been used as alternative medicines to 

conventional therapy and have gained interest in the researchers. 

This may be due to the perception that herbal products may be safe 

and have been used for many years as traditional medicines. 

Currently, researchers are focused on the therapeutic and 

pharmacological effects of natural products of plant origin. The 

antimicrobial compounds from plant source have increasing 

attention in recent years. Although there are many reports available 

on the antimicrobial properties of plants extracts, there are very few 

reports are available on the antibiofilm activities of plant extracts. 

Hence, the present study aimed to find the antibiofilm activities of 

different plant extracts.  
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