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The adhesion of bacteria to stainless steel surfaces enhances corrosion of material, 
decreases the performance of plants and presents significant health hazard in food-
processing and medical industry. Bacterial adhesion is a complex biological process 
governed by many factors, including material surface characteristics, such as roughness, 
topography, chemical composition and surface free energy. A better understanding of the 
mechanism of bacterial adhesion and its correlation to surface characteristics of material 
would make it possible to reduce bacterial adhesion. 

Samples were exposed to suspension of bacteria and the non-adhering bacteria 
were removed by rinsing the substrate with sterile phosphate buffered saline (PBS) 
(Fig. 4). Samples were then prepared for Scanning Electron Microscope (SEM) 
observations regarding the number and distribution of adhered cells. 

Stainless steel (SS) discs ɸ 15 x 1.5 mm 
were polished with different grinding 
papers to obtain various degrees of surface 
roughness and topography (Table 1). 

INTRODUCTION 

BACTERIAL ADHESION 
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Figure 2. AFM three-dimensional surface plots of different stainless 
steel surface finishes: a) AIZV, b) A100, c) A320, d) A800, e) A1200 and 
f) APOL. 

OBJECTIVES 

The aim of our research was to examine the adhesion of Escherichia coli DH5 
alpha to austenitic stainless steel (AISI 316L). Using different surface 
treatments of austenitic stainless steel we have tried to produce surfaces that 
are most resistant to bacteria attachment and consequently biofilm 
formation. Six surface finishes with different surface roughness and 
topography were compared. 

SURFACE CHARACTERIZATION 

Figure 1. a) Atomic force microscopy (AFM) surface roughness measurements (Ra and Rq)  and b) surface free energy 
(γP - polar component, γD - dispersion component and γ - sum of both). 
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The topography: Sample AIZV has a network of subsurface crevices between 
grain boundaries due to the steel production process (Fig. 2a). A100 – A1200 
samples have long linear grooves, whereas the APOL sample has the 
smoothest surface which corresponds to a mirror finish (Fig. 2b-2f). 

Surface chemistry: Fe and Cr- 
oxides with small proportion 
of Fe, Cr and Ni metal are 
predominantly present on 
the surface (Fig. 3). 

Figure 3. X-ray photoelectron spectroscopy 
(XPS) results of surface chemistry of the AIZV 
in at %. 
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 Adhesion: The number and 
distribution of the attached bacteria 
depends on the surface roughness 
with a minimum at Ra 0.08 µm 
(A800), both rougher and smoother 
surfaces resulted in increased 
adhesion (Fig. 5).  

Figure 4. Sheme of adhesion experiment. 

Figure 5. Number of adhered cells depending on surface 
roughness (roughness decreases from A100 to APOL). 

1. Microtopography of SS discs with different surface finishes considerably differs. 
2. Surface treatments (grinding and polishing) have small effect on surface energy and surface chemistry of SS discs. 
3. Surface roughness affects the adhesion of Escherichia coli with a minimum at Ra 0.08 µm. Rougher or smoother surfaces have 

more bacteria attached. The smoothest sample APOL has the most attached bacteria on the surface. 
4. Bacteria prefer surface irregularities over the smooth surface and they attach close to already attached bacteria and form clusters. 

On the rougher samples with 
grooves, cracks and scratches 
the bacteria prefer surface 
irregularities over smooth 
surface. (Fig. 6a, 6b). Bacteria 
also show tendency to clump 
together and to form clusters 
(Fig. 6b, 6c). 
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Figure 6. FE-SEM images of attached E. coli to stainless steel sampls: a) A100, b) AIZV and c) APOL. 
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CONCLUSIONS 

Corresponding author: matej.hocevar@imt.si 

e f 

a b 

c d 

7,1 

51,9 

3,7 

35,7 

1,7 

Fe metal

Fe oxide

Cr metal

Cr oxide

Ni metal

Surface roughness (Ra and Rq): Different surface finishes correspond to different 
roughness values Ra ranging from 0.4 – 0.002 µm (Fig. 1a).  

Contact angle measurements and surface free energy (γ) calculations show that all 
surface finishes have similar surface free energy ranging between 42 – 47 mJ/m2 

(Fig. 1b). 

Surface finish Treatmen 

AIZV as received 

A100 100 SiC grit paper 

A800 800 SiC grit paper 

A1200 1200 SiC grit paper 

APOL polished with diamond paste 

Table 1. Six different surface finishes with 
corresponding treatment.  


