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_____________________________________________________ 
Abstract 
Biofilms have a dynamic and complex architecture that is now being recognized as having significance in 
many environments. The formation of biofilms depends on the substrate properties, nutrient availability 
and flow hydrodynamics (Bryers, 2000). The aim of this article is to investigate the cells attachment of 
Bacillus to stainless steel. Bacillus species readily attached and grew on stainless steel surfaces, forming 
mature biofilms in 6 h on a surface inoculated with the bacteria. The objective of this study was to 
investigate if biofilm formation occurs and examines the most important aspects involved in bacterial 
attachment to a surface. 
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1. Introduction 

Biofilm is a dynamic and complex 
environment. In general, biofilm formation 
involves attachment, colonization, and 
growth of microorganisms. Different 
nutrients in aquatic environments absorbed 
on surfaces to form conditioning film with 
different physicochemical properties. 
Physicochemical properties of a surface 
determine how bacteria attach. Biofilm 
forms when bacteria adhere to conditioned 
surfaces in aquatic environments and 
release an exopolysaccharide, glue-like 
substance that can anchor them to all kinds 
of material. A biofilm can be formed by a 
single bacterial species. 

In recent years, Bacillus subtilis, a spore-
forming Gram positive bacterium, has 
become a model organism for the study of 
biofilm formation (Branda et al., 2001). 

Stainless steel, although susceptible to 
bacterial attachment, is the most frequently 
used material for construction of vessels, 
piping, valves, and various types of 
equipment used in the food processing 
industry.  

 

  

The hygienic status of surfaces, instruments 
and equipment in the food industry 
essentially affects the quality of the 
products processed. If the cleaning and 
sanitation processes are inadequate, the 
above-mentioned sources cause 
contamination, and the biofilm formed 
around the microbes provides a protective 
layer against sanitizers and disinfectants. 
 
2. Materials and methods 
 
Test organism. The microorganism tested 
was Bacillus subtilis. B. subtilis was 
cultivated aerobically at 30˚C on nutrient 
agar for 1 day. 

Material tested. The metal surface used in 
these tests was stainless steel (W4301 – 
Cr.Ni 18.10). The metal slides (8cm x 8cm) 
were immersed in acetone for 30 minutes 
and after that immersed in NaOH solution 
(1%) for 1 h.  

The metal slides were rinsed with distillated 
water and sterilized at 121˚C, for 35 
minutes. 
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This material was used because it has 
characteristics close to those used in food 
industry; without negatively influence cells 
viability and that permits microorganisms 
recovery by cultivation. 

Samples inoculation and biofilm formation. 
Sterile milk containing Bacillus subtilis 
cells was used for samples inoculation, 
being uniformly assign to entire coupons 
test surface. It was used 1 cm3 for each 
coupon. Inoculation was aseptically made. 
The stainless steel coupons were 
maintained at constant temperature for 3, 6, 
12, 24, 48 and 120 contact hours for 
biofilm formation. 

Microbial cultivation. The bacteria were 
scraped from each test surfaces (8cm x 
8cm) with a cotton-tipped swab, which was 
transferred into a jar containing 50 ml of 
sterile physiological serum. The test tube 
containing the swab was stirred for 2 
minutes to release the cells into the serum. 
The samples were diluted. The bacteria 
were cultivated on plates of Plate Count 
Agar for 48-72 h at 30°C. 

Data analysis. Colony Forming Units was 
noted with N. For every type of samples 
the tests were made three times, obtaining a 
medium value for the colonies in Petri 
dishes. 

Bacterial adhesion. In parallel it has been 
made 3 separate samples, to identify the 
bacterial adhesion. After inoculation with 
bacteria suspension, coupons were 
immersed in 10 ml of culture medium on 
sterile Petri plates. Viable counts were 
performed for initial culture. After 
incubation for 9 h and 24 h at 30°C, the 
treatments were terminated by removing 
unattached bacteria and washing the 
stainless steel three times with sterile 
physiological serum. Attachment was 
assessed for each coupon by viable count 
of bacteria dislodged from surface by 15 
minutes contact with 5 ml sterile 
physiological serum followed by scraping 
for 30 second to remove adhered bacteria. 
Viable count for the final 24 h culture was 
also performed. 

 3. Results and Discussions 
 
Biofilm formation can occur in a succession 
of steps like: conditioning, attraction, 
attachment, maturation and detachment.  
With each step biofilm becomes more and 
more firmly attached with the surfaces. 
The data obtain were presented in the 
Figure 1 and describe biofilm formation at 
20±1°C on stainless steel after 3, 6, 12, 24, 
48 and 120 contact hours. 

The first step in biofilm formation 
represents the formation of a conditioning 
layer and was assured by assigning 1 cm3 
milk inoculated with Bacillus subtilis, on 
test coupons surfaces. The conditioning step 
may begin within seconds of exposure to 
the surface. Characteristic for this step is the 
fact that bacteria in their planktonic form 
move around and hit the surfaces, 
substances and other organisms.  

Initial adhesion of microorganism on tested 
surfaces as shown in figure 1 it is obtained 
in 3-6 hour interval, when almost 80% of 
coupon test surfaces were colonized. 
Population adhered on stainless steel 
surfaces obtained a maximum in biofilm 
development after 9 hours, followed by a 
short period of constant growth. 

Within 9 to 24 hours, bacteria in the 
growing biofilm become firmly attached to 
the surface and to each other. That is 
possible because of the polysaccharide 
material that entraps the cells. The biofilm 
environment is now a rich layer of nutrients 
that is capable to growth rapidly. The 
biofilm become more established and 
thicker, being capable to block disinfectants 
from penetrating.  

Cells detachment was seen after 12 hours, 
but was transitory and the surfaces was 
completely colonized immediately after 
that, been characterized by a reversible step. 
After 24 hours, number of cells was 
amplified.  

The biofilm development may be explained 
by surface recolonisation, being the 
irreversible step of attachment.  
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After a biofilm becomes established on a 
surface, the cells in the biofilm continue to 
grow, producing extracellular polymeric 
substances and developing the biofilm 
matrix.  

This continued growth leads to a thicker 
and more detectable biofilm. At this point, 
the deposition becomes massive enough 
that it is visible and easily collected.  

The of biofilm development it is shown in 
Figure 2, which presents the percentages of 
surface colonized by Bacillus subtilis  

 

 biofilm at the time intervals studied, 
considering a maximum in biofilm 
maturation step (120h). 

In Table 1 it is presented the bacteria ability 
to adhere and to produce biofilms on 
stainless steel coupons during incubation at 
30°C for 9 h and 24 h. 

The initial culture level used to form 
biofilms was higher than for cells exposed 
to culture for 9 h and with an efficiency of 
0.3% of cells attached. After 24 h exposure, 
the cells appeared to adhere more readily to 
stainless steel and, during this treatment, the 
cell attached with an efficiency of 0.8%.  

 

 
 

 
Figure 1 Biofilm formation and growth at 20±1°C on stainless steel  

surfaces after 3, 6, 12, 24, 48 and 120 hours 

 
Figure 2 Percentages of surfaces colonized by Bacillus subtilis biofilm 
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Table 1 Attachment of Bacillus subtilis to stainless steel during incubation at 30°C for 9 h and 24 h. 
Treatment CFU/cm2

Initial culture used to form biofilm 5 x 107 (± 0.27) 
Attached to stainless steel 9 h exposure 6.7 x 104 (± 0.45) 
Attached to stainless steel 24 h exposure 4 x 105 (± 0.37) 

 
4. Conclusions 

These experiments demonstrated that 
Bacillus subtilis can form biofilms on 
stainless steel surfaces. 

The aim of this study was to investigate the 
ability of bacteria to adhere and to form 
biofilm and to identify the steps of biofilm 
development. 

The understanding of bacterial attachment 
to solid surfaces such as stainless steel may 
help in the future development of surfaces 
with no or reduced attachment, or in 
developing an effective sanitation 
programme and thus reducing the potential 
contamination of processed products by 
spoilage or pathogenic bacteria. 
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