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Conclusion: It is concluded that three days (72 hours) are required for obtaining effective biofilm formation in both MHB and TSB 
at 370C at OD 0.05 and OD 0.1. 

Results: It was found that 3 and 5 days of incubation are critical for biofilm formation as indicated by the OD values of 0.55 - 0.06 
and 0.70 - 0.39 in MHB and TSB respectively at OD 0.05. Similar results were noted for OD 0.1 in both media MHB and TSB while TSB 
showing slightly better results for biofilm formation.

Methods: The main procedure involved was fixing the bacterial film with 95% ethanol, staining with 0.1% crystal violet, releasing 
the bound dye with 33% glacial acetic acid, and measuring the optical density (OD) of the solution at 590 nm by using a microplate 
reader.

Objective: The purpose of the present study was to assess the effects of media, optical density, and incubation time on biofilm forma-
tion by Staphylococcus epidermidis.

Introduction

Staphylococcus epidermidis (S. epidermidis) is a Gram-positive, predominantly human skin flora, considered as the normal human flora 
[1,2]. Recently it has been discovered that S. epidermidis, previously considered non-pathogenic, is one of the major pathogens in noso-
comial infections [3,4]. Additionally, S. epidermidis is a major cause of infections especially in prosthetic joint implants i.e., medical device 
associated infections [5]. The absence of non-invasive treatment options for joint pathology, surgical interventions become necessary for 
joint infections including replacement surgery [6]. It has been argued that the ability of S. epidermidis to form a strong adherence to im-
planted biomedical devices is considered its strong virulence factor [5]. Genomic characterization of the species revealed a well-equipped 
ability to protect itself under hard conditions in its natural habitat [2,4]. Furthermore, S. epidermidis has a very powerful osmoprotection 
system with eight sodium ion/proton exchangers and six transport systems under severe salt concentrations [2]. From the medical care 
and food safety and hygiene point of view, the bacteria’s ability to form a biofilm on plastic surfaces is considered a major virulence factor 
via quorum sensing mechanism [4,7,8]. Quorum sensing (QS) refer to the differential expression of genes that help in establishing inter-
cellular communication among the bacteria leading to better resistance against antibiotics [8]. Biofilm formation is a complex process 
comprising of two steps i.e. adhesion and aggregation. First step is the adhesion to the extracellular polysaccharide modified or coated by 
the host, while the second step involves the aggregation of multilayered bacterial cells [3,4,7,9,10].
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A difference in osmotic pressure of the media will have its impact on the growth and biofilm formation. Therefore the effect of media on 
biofilm formation has been investigated in this model study. A comparison of Mueller Hinton broth (MHB) and Tryptic Soya broth (TSB) 
has been experimented to understand biofilm formation pattern by S. epidermidis. Mueller Hinton broth (MHB) with beef infusion and 
casein acid hydrolysate provide nitrogenous compounds, carbon, sulphur, and other essential nutrients. Starchacts to provide protective 
colloid against toxic substances present in the medium. Starch hydrolysis yields dextrose, which serves as a source of energy [11]. MHB 
formulation was originally developed as a simple, transparent agar medium for the cultivation of many pathogenic bacteria [12]. MHB 
is now also widely used for biofilm formation by S. pyogenes and Pseudomonas aeruginosa [13]. MHB is recommended to be diluted for 
antimicrobial susceptibility testing of all species; most commonly encountered aerobic and facultative anaerobic bacteria. While Tryptic 
Soya broth (TSB) is recommended as a general purpose medium for the isolation and cultivation of a wide variety of bacteria [5,14,15]. 
Soyabean casein digest medium is recommended by various pharmacopeias as a sterility testing and as a microbial limit testing medium 
[16,17]. The combination of pancreatic digest of casein and papain digest of soybean meal makes the medium nutritious by providing 
amino acids and long-chain peptides for the growth of microorganisms [17,18]. Dextrose and dibasic potassium phosphate serve as the 
carbohydrate source and the buffer, respectively in the medium. Sodium chloride maintains the osmotic balance of the medium.

Based on the above-mentioned properties of both the media, biofilm formation has been compared in Mueller-Hinton Broth (MHB) 
and Tryptic Soy Broth (TSB) with the following hypothesis. 

•	 H1: Effect of media has no significant effect on biofilm formation.

•	 H2: Incubation time (days) has no significant effect on biofilm formation.

•	 H3: Interaction of media and incubation time has no significant effect on biofilm formation.

Materials and Methods 

Bacterial growth 

A Gram-positive S. epidermidis was used for biofilms formation obtained from the microbiology laboratory of the Faculty of Medicine 
in University Sultan Zainal Abidin. S. epidermidis inoculums were prepared by selecting two morphologically identical colonies from the 
stock culture followed by suspending them into 5 mL of sterile MHB and TSB into sterilized bottles. The inoculums were incubated at 37°C 
for 24 hours [1,9,19]. 

Biofilm Assay

A 2 ml of the inoculum was removed aseptically from the universal bottle and poured into a micro-cuvette (Fisher Scientific, UK). The 
turbidity of the bacteria was measured in optical densities at the 600nm with a spectrophotometer and adjusted to OD 0.05 and 0.1 after 
24 hours incubation in MHB and TSB. Subsequently, S. epidermidis (OD 0.05 and OD 0.1) biofilms were prepared by transferring 100 µl of 
adjusted inoculums into sterile 96 wells plates (Fisher Scientific, UK). The sterile broth was used as a negative control. The plates were 
incubated at 37°C for 3, 5 and 7 days. After the incubation period, the media were removed by slightly tapping the plates. The wells were 
washed three times with sterile water to remove free-floating planktonic bacteria then were drained off by inverting to allow air dry. The 
plates were stained with 150 µl 0.2% (w/v) crystal violet dye for detecting the biofilms. The stained wells were washed three times with 
Phosphate buffered saline (PBS). After washing, 150 µl of 90% ethanol was used to detach the biofilms from the wells. The solubilized bio-
film formations were measured by microplate reader at the wavelength of 590 nm [18,20]. The experiments were performed in triplicate. 

Biofilm analysis 

In order to classify biofilm formation into various categories, three standard deviations above the mean OD of the negative control 
(ODc) was considered to the cut-off value [18]. The following criteria were used to classify the different adherent strength: OD ≤ ODC = 
non-adherent, ODC < OD ≤ (2 × ODC) = weakly adherent; (2 × ODC) < OD ≤ (4 × ODC) = moderately adherent and (4 × ODC) < OD = strongly 
adherent [18,21,22].
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Statistical analysis

All the trials were conducted in triplicate to calculate the mean and standard deviations of the data collected. An in-depth statistical 
analysis was followed up by the Two Way ANOVA for determining the factors effective in biofilm formation using Graph Pad Prism 7.04 
Software [18,23]. The incubation periods (days/hours) and optical densities were also compared; the mean difference was considered 
significant at p < 0.05.

Results and Discussion

It was found that higher OD values were recorded for TSB (OD 0.1) during the first three days of incubation more than in MHB (OD 
0.1) (Figure 1). TSB (OD 0.05 and OD 0.1) was found to be more effective than MHB (OD 0.05 and OD 0.1) under similar conditions of tem-
perature and initial turbidity [21]. It was noticed that after the fifth day of incubation OD values decreased markedly in both of the media. 

Figure 1: Biofilm formation by S. epidermidis in MHB and TSB media.

Further, it was noticed that OD 0.05 and 0.1, in both MHB and TSB, had similar biofilm formation progress (Figure 1) with day 3 and 
day 5 being strongly adherent ((4 × ODC) < OD) (Table 1). However, it was also observed that TSB is more effective at OD 0.05 and 0.1 than 
MHB. It has been reported that the cell membrane of the bacteria grown in TSB is bit more fluid than MHB [24]. This may have an effect 
on biofilm formation pattern in both the media. 

Biofilm characterization

Based upon the OD values, biofilm was characterized into various categories such as strongly adherent, weakly adherent and no adher-
ence (Table 1). It was found that there was a strong adherence at three days of incubation at both OD 0.05 and 0.10 for both media (MHB 
and TSB).

Times (day) Control MHB 0.05 MHB 0.1 TSB 0.05 TSB 0.1
Day 3 0.05 0.76 SA 1.11 SA 0.83 SA 1.07 SA
Day 5 0.05 0.53 SA 0.67 SA 0.56 SA 0.64 SA
Day 7 0.05 0.05 WA 0.06 WA 0.05 WA 0.06 SA

Table 1: Characterization of biofilms based upon OD values. 
Note: OD ≤ ODC = Non-Adherent, ODC < OD ≤ (2 × ODC) = Weakly Adherent (WA); (2 × ODC) < OD ≤ (4 × ODC) = Moderately Adherent (MA)  

and (4 × ODC) < OD = Strongly Adherent (SA).
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To further explore the relationship, if any, between OD values and incubation time, Two Way ANOVA with repeated measures was per-
formed (Table 2). It was found that OD has a non-significant effect on biofilm formation (P = 0.2167, P > 0.05). Therefore, null hypothesis 
H1 is accepted. However, the days of incubation had a significant effect on biofilm formation (P < 0.05); reject the second hypothesis. It was 
also confirmed that the interaction of media type and days of incubation had no significant effect on biofilm formation (H3).

Factors SS DF MS F (DFn, DFd) P value
Interaction 0.1226 2 0.06128 F (2,4) = 3.181 P = 0.1490

Time 0.5074 2 0.2537 F (2,4) = 13.17 P = 0.0174*
Media 0.1689 1 0.1689 F (1, 2) = 3.175 P = 0.2167

Residual 0.07704 4 0.01926

Table 2: Two Way ANOVA for determining critical factors in biofilm formation. 
SS: Sum of Squares; DF: Degree of Freedom; MS: Mean Square; F (DFn, DFd): F Distribution; *P < 0.05 considered significant.

Turkey’s multiple comparison tests were also performed to check the significance of time (days) on biofilm formation in both media. 
It was found that the time (days) had a significant effect (P < 0.05) on biofilm formation (Table 1) under both 0.05 and 0.10 OD. To further 
explore the critical time for biofilm formation Turkey’s multiple comparisons were performed (Table 2).

Turkey’s Multiple Comparison Mean 1 Mean 2 Mean Diff. SE of diff. Adjusted P Values
Day 3 vs. Day 5 0.5531 0.3075 0.2456 0.09814 0.1357
Day 3 vs. Day 7 0.5531 0.04948 0.5036 0.09814 *0.0149
Day 5 vs. Day 7 0.3075 0.04948 0.258 0.09814 0.1196

Table 3: Two way ANOVA with Turkey’s multiple comparison tests.

*: Significant.

It was noticed that three-five days (72 - 120 hours) of incubation at 37°C is the ideal time for biofilm formation in MHB and TSB for S. 
epidermidis. Incubation time has been critical as found in other similar studies [5]. 

Conclusion

It can be concluded that Staphylococcus epidermidis performed little better in TSB than in MHB under a similar condition of time and 
OD. Further, it was also found that incubation time of 72 hours (three days) is optimum for biofilm formation. Initial OD 0.05 and 0.1 has 
little effect on biofilm formation pattern. However, these are very preliminary qualitative findings which need to be further quantified and 
biochemically analyzed. 
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