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efficiency. Microbial adhesion and subsequent biofilm 
formation occur in many fields of industrial and medical 
applications (Flemming, 2002; Von Eiff et al., 2005). 
About 99% of all bacteria in natural environments reside 
in biofilms that consist of microorganisms adhering to a 
surfaces with the aid of extracellular polymeric sub-
stances produced by the micro-organisms themselves 
(Jung et al., 2013). Bacteria adhering in dairy plant are 
resistant to the cleaning process with 200 ppm of chlorine 
for 30 min and contaminate subsequent batches of 
cheese (Somers et al., 2001). The production of exopoly-
saccharides increases when a bacterium adherent to a 
surface and is influenced by time and type of carbo-
hydrate present in the food (Jung et al., 2013). It should 
be considered that milk is a complex substrate for 
microorganisms, the formation of biofilms is rapid since 
for instance, Gram negative bacteria easily multiply in 
milk residues after improper cleaning of milk equipment. 
Various factors affect the bacterial adhesion process and 
the formation of biofilms, including genotypic, thermo-
dynamic and environmental factors (Renier et al., 2010). 
The genetic makeup of the organism, including the 
presence of flagella and fimbria, determines its ability to 
produce exopolysaccharides that assist in adhesion 
(Folson, 2006). Hydrophobicity and electric charge play 
an important role in the process of bacterial adhesion 
(Boks et al., 2008). Time, temperature, pH, the presence 
of alcoholic substances and the flow of cleaning solutions 
on the surfaces also actively participate in the process. 
The established biofilm matrices enable incorporation of 
pathogens like Listeria monocytogenes, which can cause 
a continuous contamination of food processing plants or 
another plant (Blackman and Frank, 1996). This micro-
organism is frequently found in raw milk and non-
pasteurized raw milk products and as part of a biofilm 
community in milk meters and bulk milk tanks (Weiler et 
al., 2013). In a study performed to evaluate the adhe-
rence capacity of Escherichia coli O157: H7 stainless 
steel and high density polyethylene, researchers found 
that even at 4 or 12°C, this micro-organism can adhere 
and multiply on the surface of both surfaces studied 
(Dourou et al., 2011). In an experiment to induce the 
formation of biofilm FCM 40 of Salmonella in various 
materials used in the poultry industry in India, it was 
observed that after incubation at 28°C/48 h in tryptone 
broth inoculated with this bacteria, the biofilm had scores 
of 1.20 x 107, 4.96 x 106 and 2.23 x 105 CFU/cm2 in high 
density polyethylene, concrete and stainless steel, 
respectively (Joseph et al., 2001). These authors also 
assert that this micro-organism cell in biofilms are more 
resistant to the action of chlorine to the planktonic cells 
and high density polyethylene was not possible to 
inactivate all the cells even with a 100 ppm treatment of 
Cl2 for 25 min. Various micro-organisms have been 
studied with respect to their ability to form biofilm on 
surfaces in food processing, including Staphylococcus 
aureus,  Yersinia  enterocolitica,  Listeria monocytogenes 

 
 
 
 
and Campylobacter jejuni (Weiler et al., 2013; Furukawa 
et al., 2010). The objective of this study was to assess 
the adherence of bacteria in stainless steel and its resis-
tance to removal by the flow of food in a milk circulation 
model system. 
 
 
MATERIALS AND METHODS 
 
Microorganisms and culture media  
 
The microorganisms used in this study were Pseudomonas 
aeruginosa ATCC 15442, Bacillus cereus NCTC11145 and 
Enterococcus faecium. The culture media used was Lactobacilli 
MRS broth for B. cereus and E. faecium and nutrient broth for P. 
aeruginosa. 
 
 
Activation and inoculation of the microorganisms 
 
The microorganisms were activated in 10 mL of culture media and 
then incubated at 36°C for 12 h. After this period, the cultures were 
subcultured in the same media and incubated at 35°C for 10 h. 
After activation, 400 mL of sterilized milk was inoculated (121°C/15 
min) with P. aeruginosa, B. cereus or E. faecium, alternatively. The 
cultures were inoculated to obtain approximately 1.0 x 106 CFU/mL. 
The count of microorganisms was done using a pour-plate 
technique with standard plate count agar (PCA) to verify the 
number of bacteria in the milk. In the specific case of B. cereus, the 
plating was made for total cell count and spores count. To count 
spores, the suspension composed of milk and B. cereus was 
heated at 70°C/30 min with subsequent plating. 
 
 
Description of equipment and experimental model 
 
To determine the ability of the three bacterial cultures to adhere to 
steel surfaces, we used a stainless steel milk processing circuit 
(Figure 1), which constituted a ¾-inch-diameter (internal) pipe with 
a total length of 5.8 m. The milk circulated through the pipe from a 
tank of 25 L that served as a reservoir. At specific points in the pipe 
test coupons of 90° (Elbow), T-coupons and cylindrical-shaped 
coupons made of a stainless steel were installed. The internal 
surface area of the test coupons was as follows: 108.06 cm2 for the 
T-shaped coupons, 52.74 cm2 for the 90° (Elbow) coupons and 
84.69 cm2 for the cylindrical coupons. 

To allow for adhesion, the stainless steel test coupons were 
removed from the equipment, filled with inoculated milk and closed 
with cap. The quantities used were 27 mL of milk in the  elbow 
coupon (1A and 1B), 57 mL in the T  (3A and 3B) and 49 mL in the 
cylindrical coupon (2A and 2B) followed by incubation at 18°C for 
12 h. After this period, milk samples from the coupons were plated 
as described previously and the remainder discarded. Sterile milk 
was added to the test coupons, maintained inside for two minutes 
and then discarded to remove planktonic cells and/or spores that 
had reversibly adhered. The test coupons 1A, 2A and 3A were filled 
with a 2% sodium citrate solution (20 mL in the elbow coupon, 30 
mL in the cylindrical coupon and 40 mL in the T-shaped coupon) 
and washed with manual agitation for 15 min. The wash solution 
was then plated to determine the number of bacteria that adhered 
to the test coupons before milk circulation. The sodium citrate 
solution was discarded and the three coupons (1A, 2A and 4A) 
were treated for five minutes with a sodium hypochlorite solution at 
pH 7.5 containing 300 mg/L of free residual chlorine. The coupons 
were then washed three times in distilled water and subsequently  
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