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Abstract

Abstract

Bacteria attached to the surfaces are more resistant to disinfectants than
free-living cells, thus biofilm has been a serious problem in many areas, such as food,
environmental and biomedical, etc., and has posed many problems, like food spoilage,
public health concerns, as well as energy and instrumental wastage. Stainless steel is
one of the most commonly used materials in food industry and daily life, However,
the biofilms on stainless steel surfaces have brought serious problems, and the
biofilms on surfaces are difficult to thoroughly remove. Exploiting effective strategies
to control biofilm formation and development on stainless steel is therefore an urgent
need.

Nafion membrane is superselective, thermal stable and biocompatible which has
been widely used for water electrolyzes biosensors, as well as fuel cells. Nafion has
also been used to improve antifouling properties. The sulfonic acid groups at the side
chains of Nafion would dissociate the hydrogen ion in solution, and the remaining
polymers are negatively charged, thus making the coating surfaces to reduce bacterial
adhesion. Stainless steel discs were coating with Nafion by dipping, and then the
surface properties were characterized by Contact Angle Measurement, roughness
tester, Phase Shift MicroXAM-3D and 3D-LSM. The anti-biofilm ability of modified
surfaces was tested using Gram negative bacteria E.coli and Gram positive bacteria
B.subtilis as representative bacteria. The results showed that significant reduction in
adherent bacteria was observed on the Nafion coated stainless steel discs for both
E.coli and B.subtilis.

Sodium p-Styrene Sulfonate also has sulfonic acid groups, the toxic effects of
Sodium p-Styrene Sulfonate solution on E.coli growth were tested, and the results
showed that Sodium p-Styrene Sulfonate solution would inhibit the growth of E.coli.
And then Sodium p-Styrene Sulfonate was grafted on stainless steel surfaces by

Click-Reaction, the properties of the grafted surfaces were characterized by



Abstract

ATR-FTIR, Contact Angle Measurement, and 3D-LSM. The anti-biofilm ability of
grafted surfaces was studied in this work, and E.coli was used as representative
bacteria. It has been shown that the grafted stainless steel surfaces would inhibit
E.coli cells adhere on the surface. And the reusing grafted stainless steel surfaces
retained anti-biofilm ability.

The formation of biofilm is a complex process, and it is the result of
synthesized factors of mass, momentum and energy exchange. Lacking of
high-quality quantitative parameters inhibits the researches on biofilm development
and control. Thus developing effective and simple on-line monitoring methods to
provide more data for biofilm research is important. Keithley which can record
voltage data was employed in this work, and the voltage data recorded during biofilm
formation was compared with the fluorescence intensity of DAPI colored biofilm. The
results showed that the voltage and the fluorescence intensity increasing during
biofilm formation, which meant that the changing of voltage of stainless steel during

biofilm formation represented the number of bacteria adhering on the surface.

Key words: Nafion; Sodium p-Styrene Sulfonate; Click-Reaction; Biofilm;

Antibiofilm
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