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Introduction Fig. 1.  [a] Setup used for the plasma-polymerization process; [d] Scheme of plasma-polymerization process.
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Food industry problems

o Persistent microbial colonies in the form of biofilm attached to food contact tools, 
surfaces and equipment cause cross-contamination of food products.

o Listeriosis is a food-borne disease with a case fatality of 15.6%. It has shown an 
increasing trend of confirmed cases in the EU/EAA in recent years.

o Conventional cleaning and disinfection compounds do not eliminate bacterial biofilms 
completely, which can generate bacterial resistance or tolerance phenomena. Intensive 
use of these compouinds also poses health and environmental risks.

Previous work

o Single-strain biofilm production by Listeria monocytogenes was reduced by 90%.

o Low roughness and strong hydrophilicity reduce the initial atachment of L. 
monocytogenes.

Objectives

o To confirm the effectiveness of the best coating from previous work at reducing multiple-
strain biofim production by L. monocytogenes, including strains isolated from food 
industries.

o To determine that the anti-biofilm effectiveness is durable when the surface of the 
coating is cleaned with two commonly used disinfectants of different chemical natures: 
(1) acid and (2) alkaline.
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Fig. 2.  Sequence that was followed for coating, cleaning and analyzing the SS disks and plates.
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Methods Fig. 3. [a] Evolution of the WCA of the uncoated SS and coating AP10+AA6 with 5 cleaning cycles using sodium hypochlorite (0.05%) and peracetic 
acid (0.5%). [b] WCA of coating AP10+AA6 and polar carbon-oxygen species cocentration (C-O, C=O and O-C=O) in the C1s region of its XPS spectrum.
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After 5 cleaning cycles

[a] [b]o AISI 316 SS plates (Figure 1) were coated using an Atmospheric-Pressure Plasma Jet (APPJ) 
system with (1) a base coating of (3-aminopropyl)triethoxysilane (APTES) and (2) a 
functional coating of  acrylic acid (AA). 

o The uncoated SS and the coatings were subjected to 5 cleaning cycles (Figure 2) with 
solutions of sodium hypochlorite (NaOCl, 0.05%) and peracetic acid (C2H4O3, 0.5%).

o Uncoated and coated AISI 316 SS disks were also used for studying the evolution of the 
wettabillity of the surfaces by measuring their water contact angle (WCA) before 
cleaning and after each cleaning cycle (Figure 3[a]). Also, their surface chemistry after the 
5 cleaning cycles was analyzed by X-Ray Photoelectron Spectroscopy (XPS) (Figure 3[b]).

o To study the anti-biofilm effect of the coatings as-deposited (without cleaning) and after 5 
cleaning cycles, biofilm formation by a three-strain cocktail of L. monocytogenes 
(CECT911, ULE1264 and ULE1265) was quantified by crystal violet (CV) staining after 
incubation at 12 ⁰C for 6 days (Figure 4). In all the cases, control plates without coating 
were included.

Results & Discussion
o Although the cleaning solutions induced some degree of hydrophilicity on the uncoated 

SS, for each solution the surface of coating AP10+AA6 was always more hydrophilic (i.e., 
exhibited a lower WCA) than that of the uncoated SS. Also, after 5 cleaning cycles with 
either of the two cleaning solutions, the coating still showed anti-biofilm effectiveness 
(biofilm production <100%). This suggest that the coating preserved its effectiveness at 
preventing bacterial adhesion to a certain degree during subsequent cleaning cycles. 

o More remarkably, the coating always kept a strong hydrophilic character (WCA < 20º) 
when it was cleaned with sodium hypochlorite (0.05%). Also, after 5 cleaning cycles with 
this solution, a higher concentration of polar carbon-oxygen groups was kept than after 
cleaning with peracetic acid (0.5%), and the biofilm production on coating AP10+AA6 
was still substantially lower (28%) than on the uncoated SS. Therefore, an acceptable 
degree of anti-biofilm capacity was maintained, which suggest that coating AP10+AA6 
and the cleaning solution of sodium hypochlorite (0.05%) are compatible.

o Since this study resembled the conditions prevailing in food processing environments  by 
employing an incubation  temperature of 12 ⁰C and a bacterial cocktail containing two L. 
monocytogenes strains from food industries, the findings of this study are promising for 
enabling the industrial implementation of coating AP10+AA6.

o To better understand how the coating is affected by repeated cleaning, morphological 
characterization of the coating after cleaning (e.g., by SEM or AFM) will be necessary. 
Also, in order to ascertain the safety of the coating, its toxicity will be evaluated in future 
work. After 5 cleaning cycles
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Fig. 4. Optical densities (595 nm) in the crystal violet assays and relative biofilm productions of the uncoated SS substrate and coating AP10+AA6.
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