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Abstract: The study was designed to evaluate the anti-biofilm activity of fractions of plant 
extracts of Ocimum sanctum, Punica granatum and Solanum nigrum against Methicillin resistant 
Staphylococcus aureus SBF18, a biofilm forming bacteria recovered from bovine mastitis. 
Ethanolic extracts of O. sanctum and S. nigrum leaves and P. granatum peels were prepared, re-
suspended in water and partitioned in succession with hexane, ethyl acetate and butanol. The 
ability of each fraction to limit the Staphylococcal biofilm was assayed using microtiter plate 
assay. Growth curve analysis was performed to study the impact of most active fractions on 
S.aureus SBF18. The minimum biofilm-inhibitory concentrations (MBICs) of active partitions 
were determined. The efficacies on disruption of preformed biofilms of active partitions were also 
evaluated. The butanol extractions of O. sanctum and S. nigrum and methanol partition fractions 
of P. granatum were the most active.  The overall yields of active fractions were between 1.128% 
and 18.24%.  Bacteriostatic activity of the active fractions from O. sanctum and S. nigrum were 
observed. However, the active fractions from P. granatum showed a limited impact on growth. 
The minimum inhibitory concentration (MBIC50 and MBIC90) values for active fractions were 
ranged from 32 to256 μg/ml and the minimum biofilm eradication concentrations (MBECs) were 
between 32 and 256 μg/ml. Our investigations of these three plants have demonstrated significant 
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activity towards the inhibition of biofilm formation and disruption of preformed biofilm of bovine 
mastitis MRSA isolate. These results contribute towards confirmation of this natural therapy and 
form the groundwork for future studies in the search for novel biofilm inhibiting drugs. 

Keywords: MRSA, bovine mastitis, Ocimum sanctum, Punica granatum, Solanum nigrum, anti-
biofilm activity, MBIC, MBEC 

Introduction 
Bovine mastitis is a major economic problem in the dairy industry worldwide, with a wide variety 
of microorganisms and Staphylococcus aureus remains one of the most significant organisms 
associated with clinical and sub-clinical bovine mastitis worldwide. Staphylococcal infections 
respond poorly to therapy with available antimicrobial agents, whether given parenterally or via 
the intramammary route. Biofilms are related to pathogenicity, and it has been proposed that 
Staphylococcus biofilms are major causes of recurrent and chronic mastitis in dairy cattle [1]. 
Numerous authors stated that bacteria in a biofilm are more resistant to antibiotics than in their 
planktonic form [2, 3].  

The World Health Organization estimates that up to 80% of the world's population still relies 
mainly on herbal medicine for primary health care, especially in developing nations and rainforest 
countries. Plants used in traditional medicine have the potential to provide pharmacologically 
active natural products which can be used to treat various ailments. This could be achieved by 
taking advantage of information available from traditional medicine and/or ethnobotanical 
knowledge [4]. The plant species - O. sanctum, P. granatum and S. nigrum are amongst the plants 
used in Indian traditional medicines [5-7].  

This study was undertaken to investigate the in vitro anti-biofilm activities of the plant extracts, 
O. sanctum, P. granatum and S. nigrum, against an MRSA isolate of bovine mastitis. 

Materials and Methods 
Bacteria and Growth Conditions 
Methicillin resistant S. aureus SBF18, a strong biofilm producer used in this study was recovered 
from bovine mastitis. Biofilm forming ability and methicillin resistance was confirmed by 
phenotypic methods [8 – 10].  For all assays, the strains were grown in BHI agar plates or TSB 
for overnight at 37°C. McFarland Standard of 0.5 units was used to prepare inoculum for MIC 
and biofilm assays. For biofilm assays, bacterial strains were grown in TSB supplemented with 
1% glucose and 1.5% NaCl.   

Plant Materials tested 
Fresh leaves of the healthy plants namely, O. sanctum and S. nigrum were collected from the local 
area. Wild variety of P. granatum fruits was collected and their peels were separated from the 
seeds. The plant materials were identified by competent botanical expert. The air dried plant 
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materials were ground into a fine powder and stored in the dark at room temperature in closed 
containers until required. 

Extraction and Fractionation of Plant Materials 
Plant extraction and bioassay guided fractionation of plant materials were performed as described 
in [11] with some modifications.  Briefly, the powdered plant materials were extracted with 95% 
ethanol at room temperature for 3 days with agitation. Filtered extracts were combined, gradually 
concentrated and eventually dried at room temperature and re-suspended in water and partitioned 
in succession with hexane, ethyl acetate and butanol. The anti-biofilm activity of each partition 
was assessed based on the ability to limit the biofilm formation in a microtiter plate assay (as 
described below). The most active partition for each plant (butanol partition for O. sanctum and S. 
nigrum; ethyl acetate partition for P. granatum) was subjected to column chromatography using 
silica gel (0.015–0.040 μm) and fractions were collected after eluting successfully with mixtures 
of methanol:dichloroethane (30:70, 40:60, 50:50, 60:40, 70:30, 80:20, 90:10) followed by 100% 
Methanol and 100% water. Fractions were dried, weighed. Stock concentrations of 10 mg/ml of 
the plant extracts were prepared in the excipient, DMSO, filter sterilized (0.2 μm) and stored in 
the dark for further studies.    

Assay of Biofilm 
The primary biofilm assays, used as a guide during bioassay fractionation, were undertaken using 
a microtiter plate assay as described previously [12, 13] with some modifications.   Briefly, in 96-
well polystyrene tissue culture plates containing TSB broth, with final concentrations of each 
plant extract of 50μg/ml, 100μg/ml and 200μg/ml. Aliquots of bacterial suspension (10μl) were 
inoculated in tissue culture plate wells. The bacterial culture without plant extract was used as 
growth control, the bacterial culture with excipient as the solvent control and the medium alone 
with plant extract as the blank control. Following incubation at 37°C for 24 hours, culture 
supernatants from each well were decanted and planktonic cells were removed by washing three 
times with PBS buffer. Cells in biofilm were fixed with methanol during 15 min, air dried and 
stained with 1% crystal violet. Biofilm formation was quantified by measuring the absorbance at 
595 nm. 

Growth Curve Analysis 
The impact of the most promising fractions (OSBE of O. sanctum, SNBE of S. nigrum, PGME of 
P. granatum) on growth of S.aureus SBF18was determined by taking aliquots for plate counts at 
various time points following inoculation to determine the number of CFU/ml in the growth 
media [14]. 

 

 

 



58  BHAVANI.T.M.B AND SIVASUBRAMANIAN.M 
 

INDIAN JOURNAL OF APPLIED MICROBIOLOGY                                      Vol. 17 No. 2 Jul.-Dec.  2014 

Assay of Biofilm Inhibition  
A two-fold serial dilution of extracts were prepared in 96-well polystyrene tissue culture plates 
containing TSB broth with final concentrations of plant extracts ranging from 0 to 512 μg/ml. The 
appropriate controls were included as above. The staining methods were the same as described 
above. The minimum biofilm-inhibiting concentration (MBIC), the lowest concentration of 
extract in which biofilm formation was limited to a level >90% (for MBIC90) or >50% (for 
MBIC50) by comparing with the untreated parent control strain determined as described (12, 13). 
To assess the biofilm prevention ability of plant extracts, the percentage of biofilm inhibition was 
calculated using the following equation: 

Effect of Plant Extracts on Biofilm Adherence 
To test the effects of plant extracts on preformed biofilms, biofilms were developed using the 
static microtiter plate model established by [15]. At 24 hours post-inoculation, planktonic cells 
and TSB were aspirated and fresh TSB was added with the appropriate dilutions of test extracts. 
Plates were then incubated for 24 hours at 37°C.  After removal of the supernatants, the biofilms 
were washed twice and then re-suspended in 100μl of PBS. The suspensions were vortexed well, 
and the numbers of CFU on BHI agar were counted. The  minimum biofilm eradication 
concentration (MBEC) value  represented  the  lowest  dilution  at  which  bacteria  failed  to  re-
grow. 

Statistical analysis 
All the experiments were conducted in triplicates unless stated otherwise and statistical analysis 
of the data was performed by analysis of variance (ANOVA), using Microsoft Office Excel, 2010 
Package. Aprobability value of difference p ≤ 0.05 was considered to denote a statistically 
significance 

Results 
Ethanolic extraction and bioassay guided fractionation of plant materials were performed. The 
activity of each fraction was assessed based on the ability to limit biofilm formation in microtiter 
plate assay using the methicillin resistant S. aureus SBF18, a biofilm positive isolate recovered 
from bovine mastitis.  The butanol extractions of     O. sanctum and S. nigrum (OSBE and SNBE) 
and ethyl acetate extracts of P. granatum (PGEAE) were showed the greatest degree of biofilm 
inhibition against the tested strains (Fig. 1 - 3). Further partitioning of these active fractions with 
methanol: dichloroethane was performed and the activity of each fraction was checked by biofilm 
assay.  

 

 

Biofilm inhibition (%) = [(OD growth control - OD test sample)/OD growth control] × 100 
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OSE - Ethanol extract from O. sanctum, OSHE - Hexane partition from OSE, OSEAE - Ethyl 

acetate partition from OSE, OSBE - Butanol partition from OSE, OSME - Methanol partitions 
from OBE 

Figure 1. Biofilm inhibition ability of fractions from O. sanctum extracts 

 
SNE - Ethanol extract from S. nigrum, SNHE - Hexane partition from SNE , SNEAE - Ethyl 

acetate partition from SNE, SNBE- Butanol partition from SNE, SNME - Methanol partition from 
SBE 

Figure 2. Biofilm inhibition ability of fractions from S. nigrum extracts 
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PGE - Ethanol extract from P. granatum, PGHE - Hexane partition from PGE, PGEAE - Ethyl 
acetate partition from PGE, PGBE - Butanol partition from PGE, PGME - Active fractions of 

Methanol partition from PGEAE 

Figure 3. Biofilm inhibition ability of fractions from P. granatum extracts 

For P. granatum, the fractions ranging from 50:50, 60:40, 70:30 of methanol: dichloroethane 
fractionations showed better activity and were pooled (PGME) for further studies. For O. sanctum 
and S. nigrum, the activity in all methanol: dichloroethane was decreased compared to the crude 
butanol extracts (data not shown). The overall yield of PGME and PGEAE was 1.128% and 
18.24% of dry peels weight respectively and 14.68% and 16.45% of dry leaves weight for OSBE 
and SNBE fractions respectively.  

The growth curve studies on these active fractions were performed. The OSBE and SNBE 
fractions inhibited the growth of test strain, whereas PGME did not show any when compared to 
non-treated controls (Fig. 4). The MBICs of active fractions were determined (Table 1). The 
MBIC50 values ranges between 32 to 128μg/ml and the MBICs90 were between 32 and 256μg/ml. 
All the active fractions tested were showed potential biofilm disruption activity against preformed 
S. aureus SBF18 biofilm on microtiter plate. The PGME fraction was very efficient in biofilm 
eradication followed by SNBE fraction. The total number of viable cells adherent to microtiter 
wells after exposed to PGME during colonization was significantly reduced by comparison to the 
untreated control (P <0.05).   
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Figure 4 Influence of active fractions against growth of S. aureus SBF18 

 
Table 1. Anti-biofilm efficacy of active fractions against S. aureus SBF18 from bovine mastitis 

Active Fractions  
Anti-biofilm Activity (μg/ml) 

aMBIC50 bMBIC90 cMBEC 
OSBE 128 256 >512 
SNBE 64 256 256 

PGEAE 64 128 512 
PGME 32 64 32 

a– MBICs of active plant extract fraction that showed 50% inhibition on the biofilm formation 
b– MBICs of active plant extract fraction that showed 90% inhibition on the biofilm formation 

c– Minimum biofilm eradication concentration, the lowest value at which bacterial failed to re-grow from biofilm 

Discussion 
Biofilm forming ability of S. aureus in bovine mastitis plays a major role in their persistent 
resistance to antibiotics and there is an urgent need for alternative antimicrobial agents. The 
herbal medicine practices could be an effective approach for tackling problems like mastitis. With 
the traditional knowledge in the background, potential plants can be prospected to reach the active 
fraction or molecule(s), which can be further formulated.   

In this study an in-vitro anti-biofilm efficacy of plants, O. sanctum, P. granatum and S. nigrum 
were assessed on S. aureus SBF18. Several Previous studies demonstrated antimicrobial 
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properties of these plants [16-18]. However, to our knowledge this is the first report of the anti-
biofilm activity of these plants against methicillin resistant S. aureus of bovine mastitis. Butanol 
fractions of O. sanctum and S. nigrum leaves showed better biofilm limiting activity in our study. 
The eugenol, a phenolic compound present in the O. sanctum leaves may be attributed to their 
antibacterial properties (5) and for S. nigrum, compound level identification of active compounds 
yet to be reported.  

Among the three plants we have chosen for study, the methanol fractions obtained from P. 
granatum showed greatest efficiency of ant-biofilm activity. There are various studies on 
antimicrobial and anti-biofilm activities of P. granatum have been reported [19-22]. A recent 
study in P. granatum reported the presence of component, ellagic acid (2,3,7,8-tetrahydroxy-
chromeno[5,4,3-cde]chromene-5,10-dione) in the methanol fraction responsible for their anti-
biofilm activity [23].  Although the PGME fraction showed significant anti-biofilm activity, it did 
not inhibit the growth of bacteria. This indicating that the biofilm limiting ability of PGME 
fraction may be related to mechanism unrelated to inhibition of growth of bacteria and requires 
further phytochemical studies.  

The results of this study demonstrated that the plants tested here exhibited a promising anti-
biofilm effect on MRSA of bovine mastitis, indicating their potential value to treat mastitis 
infections caused by S. aureus. We recommend further phyto-chemical investigations of these 
natural products from the above tested plants for anti-biofilm activity in MRSA.  
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