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ABSTRACT: Bacteria in biofilms are innately more resistant to existing antimicrobial agents 

owing to protective covering of exopolysaccharides around microbial colonies. The eradication of 

biofilm is difficult thereby accentuating the need to develop alternative interventions. The present 

study is concerned with the development and characterization of selenium nanoparticles (SeNPs) 

prepared by probiotics against biofilms. The nanoparticles were characterized by TEM. The 

antimicrobial study showed that the generated nanoparticles were more effective against biofilm 

forming micro-organisms. As biofilms are generally composed of extracellular proteins, and 

polysaccharides;SeNPs also reduced the protein as well as carbohydrates content crucial to biofilm 

formation and antimicrobial resistance. 
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1.INTRODUCTION 

A biofilm, sometimes referred to as slime, is a polymeric mixture generally composed of 

extracellular DNA, proteins, and polysaccharides [1]. Bacterial polysaccharides are a major 

component of the extracellular polymeric substance or matrix of biofilms, and mediate most of the 

cell-to-cell and cell-to-surface interactions required for biofilm formation and stabilization [2]. Cell 

communication in bacteria occur through the process called quorum sensing.Biofilm formation 

protects and enables single-cell organisms to assume a multicellular lifestyle, in which “group 

behavior” facilitates survival in adverse environments [3]. Biofilms usually consist of a mixed 
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bacterial population, but they may also consist of a single bacterial species [4].Traditional antibiotic 

resistance of free-living bacteria usually involves inactivation of the antibiotic, modification of 

targets, and exclusion of the antibiotic [5]. Resistance to antibiotics in both stationary phase cells 

and biofilms may be due to the presence of persister cells which are mechanistically distinct from 

multidrug resistance [6].Biofilm forming organisms have an inherent resistance to antibiotics, 

disinfectants and germicides. Unlike planktonic populations, bacterial cells embedded in biofilms 

exhibit intrinsic resistance to antibiotics due to several specific defense mechanisms conferred by 

the biofilm environment, including the inactivation of anti-microbial agents by exopolysachharide 

(EPS), over expression of stress-responsive genes, oxygen gradients within the biofilm matrix and 

differentiation of a subpopulation of biofilm cells into resistant dormant cells. It is now well 

documented that biofilms are notoriously difficult to eradicate [7,8,9].  The intrinsic resistance of 

bacterial cells within biofilms to conventional anti-microbials has motivated new approaches for 

elimination of biofilms.The use of nanoparticles can be considered as a new approach among the 

various methods for the prevention and elimination of biofilms [10]. Nanotechnology may provide 

the answer to penetrate such biofilms and reduce biofilm formation.  Zinc, Silver, copper 

nanoparticles etc. are effective against the biofilm as they were able to penetrate inside the cell 

.There are various chemical and physical methods to synthesize nanoparticles  but these  routes for  

synthesis of particles are tedious and may be associated with environmental toxicity or  biological 

hazards. The use of natural  materials like plant extracts, bacteria, fungi and enzymes for the 

synthesis of  nanoparticles offer  numerous benefits as refraining use of toxic chemicals for the 

synthesis .The growing need to develop clean, non-toxic and ecofriendly procedures for synthesis 

of nanoparticles has resulted in researchers looking at biological systems for inspiration.To meet the 

increasing demands for commercial nanoparticles new eco-friendly “green”methods of synthesis, 

were discovered [11]. Numerous endeavours have been made to synthesize nanoparticles employing 

natural resources[12-16].In this study selenium nanoparticles wereprepared bybioreduction of 

selenium through Probiotics and were tested for their antibiofilm activity against biofilm forming 

microorganisms. Elemental selenium prepared employing Probiotics are least toxic of all selenium 

form [17]. 

2. MATERIALS AND METHODS 

Commercially availableSporolac manufactured by Uni Sankyo Ltd. containing around 150 million 

spores ofLactobacillus sporogenesin 1g sachet was used in the study, Sodium selenite, Nutrient 

Broth, Nutrient agar, MRS broth, YEPD agar, YEPD broth, Trypticase soy broth manufactured by 

HiMedia. All the reagents of standard grade were used in the study. 

Micro organisms 

For evaluating the antimicrobial activity of selenium nanoparticles different microbial strains 
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employed were Escherichia coli (MTCC 118), Staphylococcus aureus (MTCC 96), 2488), 

Klebsiella (MTCC109), Bacillus subtilis (MTCC 121) and Candida albicans (MTCC 183). 

Methods for detection of biofilm  

Tube method: 

10 ml of Tryptic soy broth with 1% glucose was inoculated with a loop full of test organism from 

overnight culture on nutrient agar individually. Broths were incubated at 37 ͦ c for 24 hours. The 

cultures were decanted and tubes were washed with phosphate buffer saline pH7.3.The tubes were 

dried and stained with 0.1% crystal violet. Excess stain was washed with deionized water. Tubes 

were dried in inverted position and observed for biofilm formation. Biofilm Production was 

considered positive when a visible film lined the wall and bottom of the tube. Ring formation at the 

liquid interface was not indicative of biofilm formation. Tubes were examined for biofilm 

formation[18]. 

Congo Red Agar Method (CRA): 

Prepared 250 gm nutrient agar medium andCongo red stain as concentrated aqueous solution 

separately, mixed and autoclaved at 121˚ C for 15 minutes.  Plates were inoculated with test 

organism and incubated at 37 ͦ C for 24 to 48 hours aerobically. Black colonies with a dry crystalline 

consistency indicated biofilm production; weak producers usually remained pink, though occasional 

darkening at the center of colonies was observed [19]. 

Tissue culture plate method (TCP): 

Isolates from fresh agar plates were inoculated on trypticase soy broth with 1% glucose (TSB media 

and incubated for 18 hours at 37°C and then diluted 1 in 100 with fresh medium. Individual wells 

of sterile polystyrene, 96 wells- flat bottom tissue culture plates were filled with 0.2 ml aliquots of 

the diluted cultures and only broth served as control to check the sterility and non-specific binding 

of the media. The tissue culture plates were incubated   for 24 hours at 37°C.After incubation, the 

content from each well was gently removed by tapping the plates. The plates were gently submerged 

into PBS solution (pH 7.2). Shook out the PBS and repeated the process two to three times. Added 

125µl of 0.1% solution of crystal violet in water to each well of the microtiter plate and incubated 

the plate at room temperature for 10-15 minutes the plate was rinsed 3-4 times with water to rid the 

plate of all excess cells and dye. Turned the micro titer plates upside down and dried for a few hours 

or overnight.125µl of 30% acetic acid was added in water to each well of the tissue culture plate to 

solubilize the crystal violet. The plates were incubated for 10-15 minutes at room temperature. 

Transferred 125µl of solubilized crystal violet to a flat bottomed microtiter dish and quantified the 

absorbance in a plate reader at 550 nm using 30% acetic acid in water as the blank [20]. 
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Preparation of selenium nanoparticles 

Strain  

Lactobacillus (SPOROLAC) 

Culture media: 

The commercially available media MRS broth was suitable for the lactic acid bacteria 

(PROBIOTICS) 

Production and Recovery of Purified Nano-Selenium [17] 

Dissolved the MRS, 5.5grams in 100 ml distilled water andautoclaved it. After cooling down to 

25˚C added 30 mg sodium selenite as selenium source  and 1gm  Lactobacillus acidophillus to 100 

ml of selenite containing MRS solution in  shaking incubator for 36-48 hours at 37 ˚ C (optimum 

temperature for lactic acid bacteria full reproduction cycle). At the end of the fermentation process 

the culture medium become red, because of the produced elemental selenium. The medium was 

centrifuged at 8000 rpm for 10-15 minutes, supernatant was discarded and pellet was washed thrice 

in distilled water. The formation mechanism of elemental selenium is mainly intracellular in lactic 

acid bacteria.  To digest their very resistant cell wall, added hydrochloric acid (37% HCl) to the 

nanoselenium sample.This acidic hydrolysis took five days at room temperature. The acid was 

removed by centrifugation (6000 rpm for 10-15 minutes) and washing with distilled water until its 

pH returned to neutral.  The samples were ultrasonicated for 10-15 minutes in order to disintegrate 

the cohesive selenium spheres. As a last step use vacuum filtration was employed to get rid of the 

rest of the bacterial cell wall.SeNPswere characterized by TEM. 

Zone of inhibition assay by Disk diffusion Method [21]Media was prepared,autoclaved and 

poured into Petri dish aseptically. Each of the bacterial culture was diluted to match 0.5 McFarland 

turbidity.100µl of each bacterial strain was spread onto the plate containing nutrient agar. 30 µl of 

nanoparticle dispersed in distilled water dispensed onto the stack of discs(Whatman filter paper) 

was gently pressed to agar using a flame sterilized foreceps. Plates were incubated overnight in an 

incubator.Zone of inhibition was observed. 

Biofilm inhibition: 

Biofilm was grown in a microtiter plate by using the method of tissue culture plates where the culture 

and the nanoparticles samples were added as shown in table A. The cultures added were matched 

with 0.5 McFarland solution.  
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A1 A2 A3 A4 A5 A6 

B1 B2 B3 B4 B5 B6 

C1  

100µl MHB 

10 µl NPs 

50 µl PA 

90µl PBS 

C2 

100µl MHB 

10 µl NPs 

50 µl EC 

90µl PBS 

C3 

100µl MHB 

10 µl NPs 

50 µl SA 

90µl PBS 

C4 

100µl MHB 

10 µl NPs 

50 µl CA 

90µl PBS 

C5 

100µl MHB 

10 µl NPs 

50 µl BS 

90µl PBS 

C6 

100µl MHB 

10 µl NPs 

50 µl KP 

90µl PBS 

D1 

100µl MHB 

20 µl NPs 

50 µl PA 

80µl PBS 

D2 

100µl MHB 

20 µl NPs 

50 µl EC 

80µl PBS 

D3 

100µl MHB 

20 µl NPs 

50 µl SA 

80µl PBS 

 

D4 

100µl MHB 

20 µl NPs 

50 µl CA 

80µl PBS 

 

D5 

100µl MHB 

20 µl NPs 

50 µl BS 

80µl PBS 

 

D5 

100µl MHB 

20 µl NPs 

50 µl KP 

80µl PBS 

E1 

100µl MHB 

30 µl NPs 

50 µl PA 

70µl PBS 

E1 

100µl MHB 

30 µl NPs 

50 µl EC 

70µl PBS 

E1 

100µl MHB 

30 µl NPs 

50 µl SA 

70µl PBS 

E1 

100µl MHB 

30 µl NPs 

50 µl CA 

70µl PBS 

E1 

100µl MHB 

30 µl NPs 

50 µl BS 

70µl PBS 

E1 

100µl MHB 

30 µl NPs 

50 µl KP 

70µl PBS 

Table A- Depiction of different incubation mixtures in tissue culture plate for assessment of bilfilm 

scavenging activity [Row A1-A6 = blank  containing MHB ( 100µl)+ PBS(150µl); Row B1-B6 = 

standard containing MHB(100µl)+culture(50µl)+PBS(100µl)] (MHB= Muller Hilton Broth; NPs= 

selenium nanoparticles with varying concentration in each column; PBS= Phosphate Buffer 

Solution; PA= Psuedomonas aeruginosa; EC= Escherichia coli; SA= Staphylococcus aureus; CA= 

Candida albicans; BS= Bacillus subtilis; KP=Klebsiellapuenomina). 

The formula used for the determination of the biofilm inhibition was: 𝐵𝑖𝑜𝑓𝑖𝑙𝑚𝑖𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 % =

[(𝑂. 𝐷. 𝑜𝑓𝑐𝑜𝑛𝑡𝑟𝑜𝑙 − 𝑂. 𝐷. 𝑜𝑓𝑡𝑒𝑠𝑡) ÷ 𝑂. 𝐷. 𝑜𝑓𝑐𝑜𝑛𝑡𝑟𝑜𝑙] × 100 

3. RESULTS AND DISCUSSION 

The Congo red method provides a reliable interpretation for biofilm depiction and its nature. As 

shown in fig 1(c),1(d) and1(f),Klebsiella, Bacillus,Staphylococcus produced black colonies which 

is the indicative of strong biofilm whereas Fig1(a),1(b)and 1(e) C.albicans,P.aeruginosa and E.coli  

produce dark red colony which indicate moderate biofilms. 
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Fig1(a)Candida albicans        Fig1 (b)  Pseudomonas aeruginosa 

 

Fig1(c)Klebsiella      Fig1(d)Bacillussubtilis 

 

Fig1(e)E.coli                 Fig1 (f)Staphylococcus aureus 

Fig1 (a-f)Biofilm formation in different microbes. 
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Test tube method 

In this method tubes were stained with crystal violet (0.1%). 

Biofilm formation was considered positive when a visible thick film lined the wall and the bottom 

of the tube. As depicted in the figures all the organisms were forming blue ring on the walls and 

bottom of the respective tubes when cultured in TSB. 

Dark blue ring depict –Strong biofilm 

Light blue ring depict – moderate biofilm 

No ring depict - biofilm not formed  

As shown in fig. 2 the blue ring depicts biofilm formation 

 

Fig 2 Depiction of blue color ring indicates biofilm formation. 

Characterization of Selenium nanoparticles by Transmission Electron Microscopy (TEM) 

Nanoparticulate selenium was synthesized employing Lactobacillusand characterized by 

Transmission Electron Microscopy.  The nanoparticles ranged in sizes of 11-23 nm as depicted by 

electron micrograph (Fig 3) 

 

Fig 3 Electon micrograph of selenium nanoparticles 

 

http://www.rjlbpcs.com/


Kaur et al  RJLBPCS 2018             www.rjlbpcs.com      Life Science Informatics Publications 

© 2018 Life Science Informatics Publication All rights reserved 

Peer review under responsibility of Life Science Informatics Publications 

2018 May - June RJLBPCS 4(3) Page No.298 

 

 

Antimicrobial Activity of Selenium Nanoparticles against planktonic microorganisms (Zone 

of Inhibition Assay)   

Selenium nanoparticles at a concentration of 30 µg/ml (as determined as MIC for the same) were 

analyzed for their antimicrobial activity against test organisms in planktonic form (free living 

microbes). As depicted in Fig 4(a-f)nanoparticulate selenium exhibited a strong antimicrobial 

potential as shown by zone of clearance using disc diffusion method.   

 

Fig 4 (a)Staphylococcus              Fig 4(b)Candida 

 

  Fig 4(c)Klebsiella             Fig 4 (d)E.coli 

 

  Fig 4(e )Bacillus     Fig 4(f)Psuedomonas 

Activity of nanoparticles against biofilm: 

Activity of selenium nanoparticles were determined by using ampicillin as control where the biofilm 

for test microbes was established in the 96-well ELISA plates for test organisms in the arrangement 

depicted in table A. The biofilm were incubated for 24 hours before their absorbance was measured 

at 540 nm. The variation of inhibition between different micro-organism is depicted in Table 1 
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where the concentration of selenium nanoparticles is at 30µg/ml (MIC). Ampicillin, a broad 

spectrum antibiotic was employed at its MIC. 

Table 1: Percentage Biofilm inhibition of different micro-organisms emloyingSeNps as 

compared to ampicillin. 

Microorganism  % inhibition  for SeNPs % inhibition for ampicillin 

E.coli 48.19% ± 0.29 38.88%±0.61 

Klebsiella 48.51%  ± 0.25 46.55%±0.29 

Pseudomonas 22.474% ± 0.61 38.88%±0.24 

Staphylococcus 35.29% ± 0.24 45.54%±0.29 

Bacillus 46.4% ± 0.15 62.65%±0.67 

Candida 68.28% ± 0.66 27.09%±0.15 

Evaluation of biochemical composition of biofilm matrix: 

Biofilms are group of micro-organisms in which microbes produce an extracellular polymeric 

substances (EPS) such as proteins (<1-2%) including enzymes), DNA (<1%), polysaccharides (1-

2%) and RNA (<1%), and in addition to these components, water (up to 97%) is the major part of 

biofilm which is responsible for the flow of nutrients inside biofilm matrix. Therefore in the present 

studies, the protein and carbohydrate content was evaluated upon incubation of sessile microbes 

with SeNps as a measure of biofilm disruption. 

Carohydrate content estimation: 

The carbohydrate content of biofilm matrix before and after incubation with nanoparticles in the 

biofilm is calculated by DNSA(3,5-Dinitrosalicyclic acid) and is depicted in the Table 2.  

Table 2: Reduction of carbohydrate content in biofilm upon incubation with SeNPs nanoparticles 

Micro organism Carbohydrate content 

before NP action 

(mg/ml) 

Carbohydrate 

content after NP 

action (mg/ml) 

Escherichia coli 0.77 + 0.01 0.64 +0.02 

Bacillus subtilis 0.78 + 0.02 0.70 +0.10 

Staphylococcus aureus 1.27+ 0.02 0.73 +0.06 

Pseudomonas aeruginosa 0.79 + 0.03 0.56 + 0.05 

Klebsiellapuenominae 1.37+0.02 0.66 + 0.04 

Candida albicans 2.54+0.04 1.34+ 0.03  

Protein content estimation: 

Due to the action of nanoparticles on the biofilms, protein content decreased accordingly in biofilm 

formed by the microorganism. The protein content of the biofilm was then determined by biuret 

method (Table 3). 
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Table 3: Reduction of protein content in biofilm upon incubation with SeNPs nanoparticles 

Micro organism Protein content before 

NP action (mg/ml) 

Protein content after 

NP action (mg/ml) 

Escherichia coli 0.66 +0.02 0.54 + 0.02 

Bacillus subtilis 0.68 + 0.03 0.60 + 0.04 

Staphylococcus aureus 0.87 + 0.04 0.63 + 0.05 

Pseudomonas aeruginosa 0.79 + 0.03 0.56 0.03 

Klebsiellapneumoniae 0.77 + 0.10 0.66 + 0,03 

Candida albicans 1.54 + 0.20 1.04 + 0.05 

Nanotechnology is an interesting emerging field having multidisciplinary approaches. The chemical 

methods of production are too costly to be implemented in industrial scale and the stability of the 

nanoparticles produced is also an unanswered question .The organic synthesis of nanoparticles open 

a window into the production of low cost and efficient nanoparticle production of stable 

encapsulated nanoparticles [22].In modern clinical microbiology, the establishment of bacterial 

biofilms is often considered a pathogenic trait due to quorum sensing. In order to cure these biofilms 

produced in the invasive devices, the biological method of nanoparticles formation [23] can be used 

as they provide a better alternative to chemical and physical methods.The study was designed to 

develop nanoselenium as a strategy to overcome resistance to antimicrobials in microbes, which are 

becoming a threat to a growing world. In the current study the focus on was on the green chemistry 

route used for selenium nanoparticles synthesis. It includes the bioreduction of selenium through 

probiotics and testing for their antibiofilm activity. The bacterial and candidal biofilms were 

characterized by various methods. Congo red method is a simple and reliable method for 

determining the potential for biofilm production. In this method the cultures were grown in the 

nutrient agar with concentrated Congo red with 1% glucose for increasing the growth of the 

microorganism. The biofilm produced was differentiated by the color formed by the colonies. Congo 

red (CR) in alkaline 80% ethyl alcohol solution saturated with NaCl stains amyloid selectively. CR 

is a linear and amphiphilic molecule. Its hydrophilic part includes two amino groups and a negatively 

charged sulphate groupand its hydrophobic part consists of a biphenyl group along with diazo groups. 

CR has striking spectrophotometric properties. Congo red is absorbed by hydrogen bonding between 

hydroxyl groups of the polysaccharide chains and the amino groups of the dye. Black coloration is 

due to the presence of curlie fibers which helps the formation of exo polysaccharides as curlie has 

the property to bind with congo red. The curlie fiber has the capability to produce slime. As shown 

in Fig 1(c), 1(d) and1(f) Klebsiella, Bacillus, Staphylococcus  produced black colonies which is the 

indicative of strong biofilm whereas Fig1(a),1(b)and 1(e) C.albicans.  P.aeruginosa and E.coli 
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produce dark red colony which indicate moderate biofilm formation. Vasanthi et al [20] reported 

that Staphyloccus aureus, Klebsiella species and Pseudomonas species form moderate to high 

biofilm.The difference found in the color of colonies could be explained by the use of various types 

of media for culturing of microorganisms as composition varies from media to media. It could be 

also be due to the different Mcfarland standards used for the inoculation of the respective 

microorganisms. Another difference may also be observed due the varying concentration of glucose 

added to the culture medium for the growth of the microorganisms. Another method used for the 

detection of biofilm was the tube method in which formation of biofilm ring was detected by staining 

with 0.1% crystal violet.  As depicted in the Fig 2 all the organisms were depicting a blue ring 

formation on the walls and bottom of the respective tubes when cultured in TSB broth. Crystal violet 

is not as specific and binds indistinctly to bacteria, thus showing biofilm formation without taking 

into account the characteristics which the bacteria are using to form it. Tissue culture plate method 

or microtiter plate method was used to quantitatively detect the biofilm producing organisms. The 

tissue culture plates were incubated for 1 24 hours at 37°C containing isolates in trypticase soy broth 

with 1% glucose (TSBglu) media. After incubation, the content from each well was gently removed 

by tapping the plates and stained with crystal violet (0.1% w/v). Adherent cells usually form biofilm 

and Optical density (OD) of stained adherent bacteria was determined with a micro ELISA auto 

reader at wavelength of 540 nm. These OD values were considered as an index of bacteria adhering 

to surface and forming biofilms. These results are nearly identical as reported by Rewatkar and 

Wadher [24] for Staphylococcus aureus and Pseudomonas aeroginosa. Using the biological 

production method, selenium nanoparticles were produced using probiotics i.e. Lactobacillus 

acidophilus which was cultured with sodium selenium at the conc. of 20 mg/l in MRS broth. As the 

selenium got reduced in the elemental form, the color changed into red color [17]. ForTransmission 

electron microscopy samples were prepared by drop coating selenium nanoparticles solution on to 

carbon coated copper TEM grids. The films on the TEM grids were allowed to stand for 2 minutes. 

The extra solution was removed using blotting paper and the grids were dried prior to measurement. 

TEM micrographs were obtained on Hitachi (H-7500) with accelerating voltage of 120kV.TEM 

images of the prepared selenium nanoparticles showed a uniform distribution and spherical 

morphology. The depicted nanospheres in the TEM images were ranging in size from 11- 40 nm in 

diameter which characterizes its morphology. Figure shows selenium nanoparticles at the range of 

11 nm to 35 nm on scale, respectively. The present study was similar to that of reported by Visha et 

al [23].The difference in the reported sizes of nanoparticles could be explained by the variation in 

the strain used as bacterial proteins play a major role in controlling the size and shape of 

nanoparticles .In the present study it was found that SeNPs was effective against  biofilm forming 

microorganism like E.coli, Staphylococcus aureus, Psuedomonas aeruginosa, Klebsiella, Bacillus 
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subtilis and  Candida albicans .The extracellular matrix is an intermediate environment for biofilm 

bacteria that stabilizes the three dimensional biofilm structures and mediates bacterial adhesion [2]. 

The composition of the matrix directly affects the biofilm architecture. The extracellular matrix is 

composed of cytoplasmic proteins that are recycled as components of the extracellular matrix   

during biofilm formation. This parameter focused on the investigation of potential of SeNPS to 

reduce the protein and carbohydrate content of the extracellular matrix. The estimation of protein 

content was performed by biuret method and carbohydrates by DNSA method. The protein and 

carbohydrate content reduction by SeNPs was found to be in all microorganisms respectively. The 

small size of nanoparticles alone [25]or combined with antibiotic activity of metals[26] has been 

employed by other researchers as well for the disruption of extracellular matrix in microbial biofilms. 

Therefore, SeNPs can act as an alternate for inhibiting the formation of biofilms. It was also found 

that SeNPs also reduces the protein as well as carbohydrates content present in the extracellular 

matrix of biofilms. 

4. CONCLUSION 

It has been concluded from the present study that selenium nanoparticles that are generated by the 

aid of Probiotics could effectively eradicate preformed biofilm and inhibit the biofilm formation, 

regardless of Gram-positive and Gram-negative pathogenic bacteria.  SeNPs are also able to 

reduce protein as well as carbohydrates content of the biofilm matrix .SeNPs are of least toxic of  

all forms. In the present study, it was found out that even very small conc. Of SeNPs were effective 

against biofilm forming micro-organism. 
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