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Abstract 
Antimicrobial resistance (AMR) and emergence of multidrug resistant (MDR) in Staphylococcus aureus, 

is a major public health concern worldwide. S. aureus causes life-threatening diseases due to production 

of biofilm, a mechanism responsible for spread of multidrug resistance. Humans are infected with 

resistant foodborne bacteria via the food chain from reservoir animals. The aim of current study was to 

analyze the effect of chitosan coated iron oxide nanoparticles (IONP) on biofilm formation. To quantify 

biofilm production the Crystal Violet (CV) assay and Microtitre test assay (MTA) was used. Biofilm 

analysis by CV assay showed inhibition when incubated with Chitosan-coated nanoparticles. Biofilm 

inhibition was range from 66.17-99.25%, 68.63-98.86%, 91.41-97.66% at concentration of 500mg/mL, 

1mg/mL and 4mg/mL respectively. Results indicate that chitosan coated IONP were effective in 

restraining biofilm formation, have potential to be developed as therapeutic agent where antibiotics are 

non-effective or in combination with antibiotics and against antibiotics resistant strains.   
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Introduction 

Microbial biofilms are an omnipresent component in many environments supporting life. 

Biofilm formation is growing and emerging concern being a great threat to human and animal 

health. Bacterial biofilms are able to survive the host immune response and antimicrobial 

therapy by slowing their growth, reducing metabolism and penetration of antimicrobial into 

the biofilm structure [1]. S. aureus, a ubiquitous microflora and community-acquired pathogen 
[2]. Biofilm is characteristic prevalent virulent factor involved in development of clinical 

infection and antimicrobial resistance. S. aureus is most relevant species due to virulence 

factors such as slime, required for biofilm formation [3]. S. aureus is a notorious pathogen due 

to its antibiotic resistance and phenotypic adaptability facilitated by development of biofilms. 

S. aureus biofilms challenge conventional anti-infective approaches and most notably 

antibiotic therapy [4]. 

Food poisoning is one of the most common food borne diseases worldwide mostly caused due 

to Staphylococci [5]. Biofilms a aggregated structured communities of bacteria referred as 

extracellular polymeric substances (EPS) composed of protein, DNA and polysaccharide. S. 

aureus is a highly clonal species and clonality has been shown to affect biofilm production [6]. 

Multicellular surface adherent biofilms formed by Staphylococcus aureus enables them to 

survive in various sources of stress, including antibiotics, nutrient limitations, heat shock, and 

immune responses [7]. 

S. aureus is the main cause of clinical mastitis and high somatic cell counts that reduce the 

quality of milk submitted to processing plants. Mostly reported cases of Mastitis are caused by 

biofilm-forming strains of S. aureus [8]. Staphylococci aureus have been attach to the contact 

surfaces in both milk and meat processing industries, form biofilms and survive on them. Their 

attachment to food contact surfaces in food processing plants pose a risk of contamination in 

milk and meat products [9]. The biofilm form of bacteria is much more resistant to 

disinfectants, antibiotics, and phagocytosis as compare to its free-floating planktonic 

counterpart which leads to potential economic losses and health problems [10]. The emergence 

of resistance against antimicrobial agents has led to the development of more efficient agents 

and new techniques for treatment of various microbial infections [11]. 
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At the present, use of metals in the form of nanoparticles as 

antimicrobial agents has attained noticeable attention [12]. 

Nanoparticles possess increased surface areas and interactions 

with biological targets (such as bacteria) compared with 

traditional, micron particles. The nanoparticles are taken up 

by the phagocytes and considered as potential delivery 

systems in the treatment of bovine mastitis [13].  

United States Food and Drug Administration has been 

approved the use of Chitosan as a drug carrier and 

bioengineering material and has good biocompatibility. Being 

deacetylated chitin the chitosan, poly-β (1 → 4) 2 amino 2 

deoxy D glucose, is obtained from the outer shell of 

crustaceans. The chitosan provides various and distinctive 

physiological and biological properties due to its positive 

charge. Chitosan has great potential application in a wide 

range of industries including agricultural, food, cosmetic, and 

pharmaceutical [14]. The chitosan-coated iron oxide 

nanoparticles inhibit S. aureus biofilm formation of by 

decreasing biofilm biomass and number of live bacteria [2]. 

Magnetic iron oxide NPs is the primary choice for biological 

and biomedical approaches because of biocompatibility, super 

paramagnetic behavior, and chemical stability [15]. 

Treatment of biofilm-associated infections is challenging, 

require the development of new therapeutic strategies. As the 

research focus on Nanoparticle biofilm interactions is still in 

its early stages. Hence, this study was carried out to examine 

the effect of nanoparticles on antibiofilm formation potential 

of S. aureus isolates from milk and meat samples which may 

enter the food chain and pose potential public health hazards. 

 

Materials and Methods 

A total of 15 samples comprising milk (n=6) from cattle 

suspected with Mastitis from Clinics, Madras Veterinary 

College, Chennai and meat (n=9; Chicken (3), Goat (1) and 

Sheep (5)) were collected aseptically from local vendors in 

sterile container, labeled and transported to laboratory for 

analysis. 

 

Isolation and Identification of S. aureus 

The milk sample (0.5 ml) and meat samples were 

homogenized and inoculated in Nutrient broth and incubated 

at 37°C for 24 hrs. A loopful of enriched inoculum was 

streaked on Mannitol Salt Agar for selective isolation of 

S.aureus. Bacterial isolates which produced yellow colonies 

with yellow zone were presumed as S. aureus. The 

morphology was confirmed microscopically by Gram 

staining. The biochemical test was performed to confirm the 

isolates phenotypically. The tentative S. aureus isolates were 

subjected to species specific PCR by using SAS2 primer [16].  

 

Molecular characterization by Polymerase chain reaction 

(PCR) 

DNA was extracted from S. aureus isolates using Qiagen 

DNA isolation kit. The isolates were subjected to genotypic 

confirmation and identification by PCR with published 

primers (Table 1). 

 
Table 1: Details about Primer and PCR cycling condition 

 

Gene Amplicon size (BP) Initial denaturation Denaturation Annealing Extension Final Extension 

SAS2-F 
894 94°C for 5 min 

30 cycles 
72 °C10 min 

SAS2-R 94 °C 30 s 56 °C30 s 72 °C45s 

 

Detection of biofilm production by Congo red agar method 

S. aureus isolates were further analyzed for biofilm 

production on Congo red medium. The medium composed of 

Brain heart Infusion Broth (3.7/L), Agar (10g/L) and Congo 

red dye (0.8g/L) and sucrose (5gm/L) were autoclaved at 

121°C for 15 minutes. The sucrose was added to autoclaved 

BHI agar at 55 °C using syringe filter. Congo red agar plates 

were inoculated with S. aureus isolates and incubated at 37°C 

for 24 to 48 hrs. Black colonies with a dry crystalline 

consistency indicated as positive biofilm formation while 

non-biofilm producing colonies remained smooth, and ranged 

from pink to bright red. 

 

Microtitre test assay (MTA) 

(MTA) was used to test biofilm formation in vitro. Standard 

laboratory strain of Staphylococcus aureus was chosen as 

reference in this study. In sterile 96-well “Flat-Bottom” plates 

Trypticase Soy Broth (200 μL) and bacterial suspension (20 

μL) was inoculated and incubated at 37 °C for 24 hrs. The 

supernatant was then discarded and the wells were washed 

three times with sterile distilled water (240 μL) and air-dried 

at room temperature. The culture was fixed with methanol 

(240 μL) for 15 min. The liquid phase was poured off and the 

wells were air-dried. Then, 1% crystal violet (200 μL) was 

added to the wells for 5 min to stain the biofilm and washed 

three times with distilled water, the plate was inverted and air-

dried. To resolubilise the stain from the biofilm glacial acetic 

acid (240 μL) was added. Absorbance (570nm) was measured 

using microplate spectrophotometer reader (BioTek) to 

indicate the amount of biofilm that formed on the microtitre 

plate surface. Un-inoculated wells containing Trypticase Soy 

Broth served as blanks. Blank-corrected absorbance values for 

the S. aureus isolates were used for reporting biofilm 

production. 

 

Preparation of nanoparticles  

The nanoparticles were synthesized according to standard 

procedure with necessary modifications [2]. The synthesized 

nanoparticles were characterized by Zeta potential and 

particle size analysis. 

 

Biofilm formation analysis with crystal violet staining 

The inhibition of biofilm growth was analyzed using crystal 

violet (CV) staining method to study the effect of chitosan-

coated iron oxide nanoparticles. 100 μL S. aureus cells at a 

concentration of 5 × 108 CFU/mL were seeded in 96-well 

microplate in triplicate. Bacterial cells were cocultured with 

Brain Heart Infusion broth (100 μL) supplemented with 

chitosan-coated iron oxide nanoparticles added with different 

concentrations (500 mg/ml, 1 mg/ml, 4 mg/ml). Biofilm 

biomass was quantified by the addition of 100 μL of 95% 

ethanol to each CV-stained microplate well, and the 

absorbance (OD-600) was determined using microplate 

spectrophotometer reader (BioTek). S. aureus without 

nanoparticles was set as 100%. Tandard laboratory strain of 

Staphylococcus aureus was chosen as reference in this study. 

The relative percentage of biomass for the other samples was 

calculated relative to that of the control and blank. All 

samples were incubated together in the same plate and under 

the same conditions. 

http://www.entomoljournal.com/
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Results and Discussion 

Isolation and identification of Staphylococcus aureus  

A total of 15 isolates from milk (n=6) of mastitis cases and 

meat (n=9) were subjected to confirmation of S. aureus by 

phenotypic and genotypic characterization. 

Morphological colony character on selective Mannitol Salt 

Agar (MSA), Gram staining and microscopical examination 

was performed. All isolates grown on MSA were mannitol 

fermenters with yellow colonies and presumed to be S. 

aureus. Out of 15 isolates five tentative isolates (milk sample 

(3), chicken meat (1) and goat meat (1) sample) were 

confirmed as S.aureus isolates using selective Mannitol Salt 

Agar medium by phenotypic colony characters and Gram`s 

staining. 

The S. aureus isolates were subjected to genotyping 

confirmation revealed single band amplicon of expected size 

(894 bp) and confirmed that four (milk (3) and chicken meat 

(1)) isolates as Staphylococcus aureus. The confirmed S. 

aureus isolates were further used to study the effect of 

Chitosan coated iron oxide nanoparticle. 

 

Biofilm formation study of S. aureus isolates 

Biofilm characteristics of S. aureus were tested 

phenotypically for biofilm formation using Congo Red 

Method and Microtitre Assays method. 

 

Congo red agar plate method 

The results of biofilm production by S. aureus using Congo 

red agar method showed black colonies with a dry crystalline 

consistency confirmed as positive for biofilm formation.  

 

Biofilm formation by microtitre test assay (MTA) 

The MTA showed that most of the isolates produced biofilm 

in 96 well plates. The biofilm assay by MTA showed mean 

OD value of ˃0.120 for biofilm producing and ˂0.120 as non 

biofilm producing bacteria. The biofilm mean OD range 

varies from 0.3 to 0.8. All isolates showed high biofilm 

formation activity by MTA assay (Table 2). 

 
Table 2: Classification of bacterial adherence by MTA method 

 

Mean OD values Biofilm formation No. of isolates 

<0.120 None/weak 0 

0.120-0.240 Moderate 0 

≥0.240 High 4 

 

Nanoparticle characterization 

The size and Zeta potential of the iron oxide nanoparticles 

was recorded in Horiba SZ 100 Nanopartika. The size of 

nanoparticle was found to be 4.8 - 6.4 nm. The average zeta 

potential was reported as 53.6 mV. 

 

Biofilm formation analysis with crystal violet staining 

The effectiveness of chitosan coated iron oxide nanoparticles 

to inhibit biofilm production was studies by crystal violate 

staining assay. The nanoparticles with different concentration 

were co cultured with bacterial suspension and studied by 

CV-stained microplate well. The absorbance was determined 

with a plate reader. 

The average of all samples reading at different concentration 

was taken and percentage of Biofilm inhibition was calculated 

by following formula. 

 

Biofilm inhibition (%) = 100-(AT-AB)/(AC-AB) 

 

AT-Absorbance value of test sample 

AB-Absorbance value of blank 

AC-Absorbance value of control 

 

Chitosan-coated iron oxide nanoparticles were able to inhibit 

biofilm formation by S. aureus at different concentrations 

compared to the control. Most of the samples showed biofilm 

growth inhibition at concentration of 500mg/mL and 4 

mg/mL. Biofilm inhibition was range from 66.17-99.25%, 

68.63-98.86%, 91.41-97.66% at concentration of 500mg/mL, 

1mg/mL and 4mg/mL respectively. These results suggest that 

chitosan-coated iron oxide nanoparticles are effective in 

restraining bacterial colonization in biofilm (Figure 1). 

Antimicrobial resistance (AMR) is currently estimated to 

cause more than 700,000 annual deaths worldwide, with 10 

million annual deaths by 2050. The economic importance and 

public health risk of AMR are enormous [4]. Multiple 

Antimicrobial resistance (AMR) strains can be transported 

from animals to humans by food chain represents public 

health hazard due to the foodborne outbreaks. MDR bacteria 

due to biofilm formation potential in food animal products 

such as meat and milk indicating unregulated antibiotic use. 

Mastitis, which is caused mainly by pathogenic 

microorganisms, is one of the most important diseases of 

dairy cattle S. aureus biofilms impose resistance to host 

immune mechanisms and antimicrobial therapy with a 

reduced treatment efficacy and resistance development. 

The antibacterial effect of nanoparticles showed that chitosan 

nanoparticles and copper-loaded nanoparticles could inhibit 

the growth of various bacteria [17] in accordance with our 

findings. The reduction in bacterial adhesion after chitosan 

treatment was lower than that of the control responsible for 

bacterial death and biofilm viability [18]. The inhibitory effect 

of nanoparticles on the existing biofilm was due to the 

presence of water channels throughout the biofilm. The 

presence of biofilm water channels (pores) for nutrient 

transportation, nanoparticles may diffuse through the pores 

and play an antibacterial function in the biofilm [19].  

The smaller size of chitosan-coated iron oxide nanoparticles 

had an antibacterial effect contributed to their antibacterial 

effect compared to chitosan nanoparticles [2]. Bare iron oxide 

nanoparticles have been reported to exert toxic effects [20]. 

The adhesion of nanoparticles to negatively charged bacteria 

increases due to the positively charged surface of the 

chitosan-coated nanoparticles [21]. Therefore in this study 

chitosan coated nanoparticles were used to increase 

effectiveness against biofilm formation.  

Chitosan nanoparticles formed restriction at higher 

concentrations (2 and 4 mg/mL) and chitosan-coated iron 

oxide nanoparticles are effective in restraining bacterial 

colonization in biofilm in accordance with our result [2]. 

Maximum inhibition except one isolate from meat was 

observed from this study due to strong biofilm production 

activity compared to other isolates. In lower concentrations 

(0.2 and 0.5 mg/ml), chitosan-coated iron oxide nanoparticles 

showed better restriction [2]. The findings in our study showed 

biofilm growth inhibition at concentration of 500mg/mL and 

4 mg/mL. Chitosan coated Fe3O4 NPs were effective against 

antimicrobial agents and may be developed as a microbial 

resistant coating for biomedical devices [11]. Chitosan 

presented a strong antimicrobial activity not only on 

planktonic but also on preformed biofilms from chronic 

bovine mastitis that was independent of the antibiotic

http://www.entomoljournal.com/
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resistance pattern [22]. The results showed that using Nano 

formulation with chitosan surface modification were effective 

against antimicrobial resistant foodborne bacteria. 

 

 
 

Fig 1: Percentage inhibition of biofilm bacterial growth by chitosan-

coated iron oxide 

 

Conclusion 

Humans are at a risk of being infected with resistant 

foodborne bacteria via the food chain from reservoir animals. 

This study showed higher activity at lower concentration of 

chitosan coated iron oxide nanoparticles which target 

antibiofilm activity of strongly adapting microorganism by 

biofilm formation. Good effects were found against biofilm 

formation using this Nano formulation. Antibiotics is the most 

common therapy for the treatment of bovine mastitis but 

increasing occurrence of resistance and presence of antibiotics 

residues in the milk is emerging problem. NPs are linked with 

toxicity and biodegradation capability but surface is modified 

with chitosan increases its physiological and biological 

properties with great potential applications. NPs coated with 

chitosan biomolecules have enhanced their biocompatibility 

gaining them approval by authorities such as the US Food and 

Drug Administration. This result about nanoformulation has 

potential to be developed as therapeutic agent in the cases 

where antibiotics are not effective or in combination with 

antibiotics and against antibiotics resistant strains. 
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