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Chemical sanitizers to control biofilms formed by two
Pseudomonas species on stainless steel surface

Sanificantes quimicos no controle de biofilmes formados por duas espécies de

Pseudomonas em superficie de ago inoxiddvel
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Abstract

The biofilm formation of Pseudomonas aeruginosa and Pseudomonas fluorescens on AISI 304 stainless steel in the presence of reconstituted
skim milk under different temperatures was conducted, and the potential of three chemical sanitizers in removing the mono-species biofilms
formed was compared. Pseudomonas aeruginosa cultivated in skim milk at 28 °C presented better growth rate (10.4 log CFU.mL™") when
compared with 3.7 and 4.2 log CFU.mL™" for P. aeruginosa and P. fluorescens cultivated at 7 °C, respectively. Pseudomonas aeruginosa formed
biofilm when cultivated at 28 °C. However, only the adhesion of P. aeruginosa and P. fluorescens was observed when incubated at 7 °C. The
sodium dichloroisocyanurate was the most efficient sanitizer in the reduction of the adhered P. aeruginosa cells at 7 and 28 °C and those on
the biofilm, respectively. The hydrogen peroxide was more effective in the reduction of adhered cells of P. fluorescens at 7 °C.
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Resumo

A capacidade de adesdo e formagédo de biofilme por Pseudomonas aeruginosa e Pseudomonas fluorescens em ago inoxidavel AISI 304, na
presenca de leite desnatado resconstituido sobre diferentes temperaturas foi conduzido e o potencial de trés sanificantes quimicos na
remogao de biofilmes monoespécies foi comparado. Pseudomonas aeruginosa cultivada em leite desnatado a 28 °C apresentou melhor
crescimento (10,4 log UFC.mL") quando comparado com 3,7 and 4,2 log UFC.mL"! para P. aeruginosa e P. fluorescens cultivadas a
7 °C, respectivamente. Pseudomonas aeruginosa formou biofilme quando cultivada a 28 °C. Contudo foi observado somente adesdo de
P. aeruginosa e P. fluorescens quando incubada a 7 °C. O dicloroisocianurato de sddio foi o sanificante mais eficiente na redu¢ao de células
aderidas e em biofilme de P. aeruginosa a 7 e 28 °C, respectivamente. O perdxido de hidrogénio foi o mais eficiente na redugéo de células

aderidas de P. fluorescens a 7 °C.

Palavras-chave: biofilme; P. aeruginosa; P. fluorescens; sanificantes quimicos.

1 Introduction

The species of the genus Pseudomonas are defined based on
several physiological characteristics. They present rather simple
nutritional characteristics and grow chemiorganotrophyically
in neutral pH at moderate temperatures around 28 °C. One of
the most prominent properties of this genus is the use of a great
variety of organic compounds as carbon source and as electron
donors for energy generation (MADIGAN; MARTINKO;
PARKER, 1997). These bacteria can synthesize a large number
of different enzymes, such as proteases and lipases. Many have
the capacity of excreting water-soluble pigments that diffuse in
the environment (TORTORA; FUNKE; CASE, 2005).

In the dairy food industry, the psychotropic Pseudomonas
are the most frequently bacteria associated with deterioration
of raw milk stored at refrigerated temperature; P. fluorescens
is especially being important as a biofilm-forming bacterium

capable of contaminating milk previously processed (KIVES;
ORGAZ; SANJOSE, 2006).

Ubiquitous in nature, the Pseudomonas can be found in
the most diverse stages of fluid milk processing (DOGAN;
BOOR, 2003), and they can multiply rapidly thus avoiding
competition with the food microbiota since they are favored
for producing siderophores rendering iron unavailable for the
other microorganisms (SANTOS, 1998).

Studies carried out by O Toole and Kolter (1998) show
that biofilms are easily formed on abiotic surfaces by the strain
of P. fluorescens WCS365. For this to occur, before biofilm
formation, the cells must synthesize proteins, which play a major
role as extracytoplasmatic (adhesions) interacting with the
abiotic surface and osmolarity of the medium directly interfering
in the capacity of biofilm forming by this strain.
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Pseudomonas spp. is the most common psychrotrophic
bacteria causing deterioration in fresh milk containing
only 10% of this genus in its microbiota. However, during a
prolonged refrigerated process, the Pseudomonas become the
predominant microbiota in raw milk since these bacteria have
a short production time under refrigeration temperatures
compared with other milk microbiota bacteria. Its rapid
growth ability combined with refrigeration temperatures
provides the Pseudomonas with a great capacity of producing
exopolysaccharides, which facilitate biofilm formation (READ;
COSTERTON, 1987). Once it is formed, i.e., in its mature
form, this biofilm becomes the reservoir of these bacteria
easily resisting chemical sanitizers (WANG; JAYARAO, 2001).
Different pseudomonas have been isolated from raw milk, with
P. fluorescens being prevalent and able to reach around 84% of
the number of bacteria found in this product. Wang and Jayarao
(2001) obtained various isolates of P. fluorescens from milk in
bulk milk tank, out of which 80, 90, and 81% were proteolytic at
7,22,and 32 °Cand 7, 44, and 7%, were lipolytic at the respective
temperatures. Dogan and Boor (2003) isolated 338 Peudomonas
from pasteurized raw milk from 4 different raw milk processing
plants, and most were identified as P. fluorescens and P. putida
originating from different sources of contamination.

Studies show that operation conditions affect the adhesive
strength of P fluorescens biofilms. Biofilm adhesive strength can
be affected by biofilm age, nutrient concentration, planktonic
cell concentration, pH, surface roughness, and flow velocity. It
increases with flow velocity increase making the biofilm more
compact (CHEN; ZHANG; BOTT, 2005) and, consequently,
harder to be eliminated.

Pseudomonas aeruginosa is ubiquitous and capable of
surviving in hostile environments. It also forms biofilm surfaces
due to glycocalyx formation, and its major constituent is
alginate (SHIRTLIFF; MADER; CAMPER, 2002). Due to the
production of flagellum as a motility mediator, P. aeruginosa
is capable of forming cell monolayers on abiotic and biotic
surfaces after 4 hours of contact. This bacterium is capable of
moving in liquids through flagellum, and its motility is due to
the presence of pili IV. Although not very common among the
pseudomones isolated from raw milk, P. aeruginosa was isolated
by Erskine et al. (2002) from milk of cows suspected of being
infected with mastitis. Biofilms of P. aeruginosa have been
reported as extremely resistant to sanitizing agents, and were
considered very important when present in the dairy industry
(KUDA; YANO; KUDA, 2007).

The use of appropriate and efficient physical or chemical
sanitizers in industrial equipment to maintain food quality
can prevent biofilm formation and/or reduce microorganism
contamination. However, since biofilm elimination on surfaces
is a demanding and difficult task, the hygienization process must
be analyzed as a whole, optimizing the results and minimizing
the costs.

This study aimed to compare biofilm adhesion and
formation capacity by Pseudomonas aeruginosa ATCC 27853
and Pseudomonas fluorescens ATCC 13525 on AISI 304 stainless
steel, in skim milk reconstituted under different temperatures
determining its potentiality of removing the biofilms formed by
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using the chemical sanitizers hydrogen peroxide (H,O,), sodium
dichloroisocianurate, and peracetic acid and determining the
most efficient one in removing mono-species biofilms.

2 Materials and methods

The present study was developed at the Laboratory of
Food Microbiology of the Department of Food Science and at
the Laboratory of Electronic Microscopy and Ultra-Structural
Analysis (LME) of Microscopy of the Universidade Federal de
Lavras (UFLA), MG. 10°.cm ?was the number ofadhered cells
considered as biofilm in this study (RONNER; WONG, 1993).

2.1 Standard microorganisms

The bacteria used in this work were Pseudomonas aeruginosa
ATCC 27853 and Pseudomonas fluorescens ATCC 13525.

The number of cells/mL of each culture was quantified
using a standard curve. The bacterial cultures were standardized
around 10° UFC.mL"".

2.2 Dimension and hygienization of coupons

Bacterial adhesion was carried out on 1 mm thick,
10 x 20 mm AISI 304 stainless steel coupons.

The coupons were cleaned individually with 100% acetone,
washed by immersion in 3% neutral detergent for 1 hour, rinsed
with sterilized distilled water, and dried and cleaned with 70%
alcohol (v/v). After hygienization, the coupons were washed
again with sterile distilled water, oven-dried for 2 hours at
60 °C, and autoclaved at 121 °C for 15 minutes (ROSSONI;
GAYLARDE, 2000).

2.3 Adhesion of the bacterial cells

Mono growth of each bacterium was conducted in Petri
dishes (140 mm diameter) containing around 20 stainless
steel coupons. They were immersed in 60 mL of reconstituted
skim milk and inoculated with 10° UFC.mL™" of the culture.
P. fluorescens cultivations were incubated at 4 and 7 °C and
P aeruginosa cultivations at 7 and 28 °C, under 50 rpm
agitation. The coupons were removed at intervals of 48 hours
and washed with peptonated water in plates containing sterile
reconstituted skim milk. This procedure was carried out five
times aiming at complete biofilm formation after 10 incubation
days (JOSEPH et al., 2001 with adaptations).

The entire experiment was carried out in three repetitions
and the analyses in triplicate.

2.4 Evaluation of biotransfer potential and
determination of sessile cells

Viable planktonic and sessile cells were quantified after
10 days of incubation by inoculating aliquots of adequate
dilutions in Petri dishes containing TSA (Trypticase Soy Agar).
The surface spreading technique was applied, and the plates
were incubated at 28 °C for 24 hours. Biotransfer potential
(enumeration of planktonic cells) was evaluated by removing
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1 mL of milk and plating the adequate dilutions. For the removal
of the viable cells from the biofilm, the smear technique was
applied using standardized and sterilized swabs.

2.5 Sanitization

To test biofilm cell sensitivity, the sanitizers hydrogen
peroxide (5% v/v), sodium dichloroisocianurate (200 mg.L™ p/v),
and peracetic acid (0.2% v/v) were used.

After being removed from each Petri dish, the coupons
were immersed in tubes containing 30 mL of the each sanitizer
solution and gently stirred for 1 minute at ambient temperature.
The coupons were rinsed in 0.1% (v/v) peptonated water. On
the coupon surface, where biofilm adhesion or formation had
occurred, the smear technique with swabs was applied, which
were submitted to vortex for 2 minutes in 0.1% (p/v) peptonated
water (MARQUES etal., 2007, with adaptation). Serial dilution
and plating of adequate TSA aliquots were then carried out to
determine the number of viable cells. The plates were incubated
at 28 °C for 24 hours, and the plate standard count was carried
out and expressed in CFU.cm™.

2.6 Coupon analysis by scanning electron microscopy
The samples were prepared according to Alves (2004).

Electromicrographies from the microorganisms adhered
to the stainless steel surface were obtained before and after the
use of sanitizers using the scanning electron microscope EVO
040 Leo (ALVES, 2004).

2.7 Statistical analysis

The experiment was arranged in a completely randomized
design with 3 repetitions. The variable response value was
transformed by log (x + 1) to meet the presupposition of
normality.

3 Results and discussion

The concentration of planktonic cells was determined
every 48 hours during the 240 hours cultivation. No significant
difference was found between the CFU.mL™ numbers obtained
during the different periods of quantification. However, when
comparing the concentrations of the initial inoculum of
10° CFU.mL™" of each strain, there was a reduction in the number
of CFU.mL™" under the cultivation conditions used for both
strains, except for P. aeruginosa cultivated at 28 °C. It was clear
that biotransfer potential of microorganisms to milk occurred
since there was growth of the strains used in the sterilized
milk substituted every 48 hours.Thus, the CFU detected came
from cells detached from the stainless steel coupons, which
were washed for the removal of the non-adhered cells before
being replaced for new cultivation. This fact was related to
Aeromonas hydrophila and Staphylococcus aureus (BOARI etal.,
2009) and Listeria monocytogenes (OLIVEIRA et al., 2010).

The final mean concentration of P. aeruginosa in milk
was 10.4 and 3.7 log CFU.mL"}, when cultivated at 28 and
7 °C, respectively, showing that at its optimum cultivation
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temperature, greater cell adherence occurred and, consequently,
greater bio-transfer, as observed in Figure 1 and by scanning
electromicrography (Figure 2 and 3). Pseudomonas aeruginosa
is a mesophyllic bacterium, which is mainly related with human
and animal diseases, with optimum growth temperature at 37 °C
and consequent cell concentration drop at 7 °C thus showing
little adaptation at low temperatures. Pseudomonas aeruginosa
has been isolated from milk stored in raw milk cooling tanks
(4 to 7 °C), but under these storage conditions, its growth was
not favored (ALATOSSAVA; ALATOSSAVA, 2006). Similarly
to P. aeruginosa, no significant difference was observed in the
number of CFUmL™ for P. fluorescens during the 240 hours
of cultivation with a reduction in the number of CFU.mL™
of P. fluorescens when cultivated at 7 °C obtaining 4.2 and
log CFU.mL™" and no bacterium growth at 4 °C. Although it is
widely known that P. fluorescens develops well from 0 °C, the
strain studied did not adapt well to the conditions provided
at 4 and 7 °C. It must be pointed out that it was isolated from
pre-filtration water tanks. Broeze, Solomon and Pope (1978)
reported that P. fluorescens ATCC 13525, which was used in this
experiment, has a lag phase of 4 hours and generation time of
9 hours when grown in nutrient liquid and incubated at 5 °C; a
fact that justifies the low concentration of cells obtained at 7 °C
since the incubation cycle for each growth cycle was 48 hours
and the initial inoculum was constituted by the cells adhered
on the stainless steel coupon.

The growth of bacteria of the genus Pseudomonas in milk
has been reported to cause organoleptic alterations in the
product. P, fluorescens is the most common bacteria associated
to such alterations. However, due to its low adaptation to the
growing conditions and decrease in the number of viable cells,
no alterations were observed in the organoleptic characteristics
of milk. Not only did the strain used in this experiment fail to
deteriorate milk at low temperatures, but also the P. fluorescens
strain isolated from the bulk milk tank was not capable of
promoting proteolysis detectable in litmus milk when incubated
at 2 and 5 °C. This activity was detected only after 14 days of
growth after observation at the beginning of its multiplication
after 4 days of incubation (JUFES, 1976). The production of
extra-cellular lipases by 2D strain P, fluorescens, as the protease of
other bacterium isolates, was also influenced by the incubation
temperature. Studies showed that when the bacterium is
cultivated from 10 to 30 °C the highest lipolysis occurs at 20 °C

Log UFC.cm™
O =W Ul

P aeruginosa P. aeruginosa P. fluorescens P. fluorescens

7°C 28 °C 4°C 7°C
Figure 1. Mean values of biofilm adhesion and formation by
Pseudomonas spp. transformed by log (x + 1), at different temperatures
after 10 days of incubation.
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Figure 2. Scanning electronic electromicography of biofilm formation by P. aeruginosa grown in skim milk reconstituted at 7 °C in stainless steel

at:a) 2,b) 4, ¢) 6, d) 8, and e) 10 days of incubation.

after 24 hours cultivation (MAKHZOUM; KNAPP; OWUSU,
1995). On the other hand, P. aeruginosa, at both temperatures
caused milk to turn yellowish and have an unpleasant odor,
which is likely due to the production of lipases and proteases that
promote milk alteration at a concentration above 6 log CFU.mL"!
(CHAMPAGNE et al., 1994).

Based on the fact that bacteria and other microorganisms
have a natural tendency to adhere to surfaces as a survival
mechanism, with bacterial colonization of solid surfaces being
described as a basic and natural strategy in a wide range of
environments (CAPPELLO; GUGLIELMINO, 2006), one can
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say that the planktonic cells, detected in milk after the removal
of the inoculum-added milk following 48 hours cultivation,
originated from those that remained adhered to the stainless
steel coupon. Bacteria adhesion to the surface depends on
microbiological, physical, chemical, and material-related
parameters. Hence, surface topography has been extensively
studied since hidden microorganisms may not be properly
hygienized and can later contaminate or re-contaminate food
products during processing (HILBERT et al., 2003). Scanning
electronic electromicrography of the stainless steel coupons used
in this experiment showed that these coupons present many
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imperfections (Figure 2, 3 and 4) facilitating cell adherence
even under inadequate conditions of growth.

Pseudomonas aeruginosa formed biofilm on stainless steel
when cultivated in skim milk reconstituted at 28 °C, the optimum
temperature for its growth. However, this bacterium was not
capable of forming biofilm when cultivated at 7 °C after 240 hours
of cultivation, with only an adhesion of 3.9 log CFU.cm™
(Figure 1). This fact must be considered according to Andrade,
Bridgeman and Zottola (1998) and Ronner and Wong (1993), but
based on Wirtanen, Husmark and Mattila-Sandholm (1996), one
can say that P. aeruginosa formed biofilm under these conditions.

10 pm

Considering that the concentration of the adhered cells/cm?
must be of 10° (RONNER; WONG, 1993), P, fluorescens did not
form biofilm either when cultivated at 7 °C since the UFC.cm™
concentration was 2.6 log.

Evaluating the cultivation time influence on the
two temperatures studied for P. aeruginosa, no significant
difference was found (p > 0.05) in the number oflog CFU.cm2,
a fact also observed for P. fluorescens at 7 °C. However, an
analysis based on scanning electronic micrography reveals
differences between cultivation time and the temperatures
studied for P. aeuruginosa at both temperatures and P. fluorescens

10 pm

10 pm

10 pm

Figure 3. Scanning electronic electromicography of adhesion of P. aeruginosa cultivated in skim milk reconstituted at 28 °C in stainless steel at:

a) 2,b) 4, ¢) 6,d) 8, and e) 10 days of incubation.
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at 7 °C (Figure 2, 3, and 4). Although still fully discussed,
scanning electronic microscopy has been widely used on
biofilm studies, especially Environmental Scanning Electronic
Microscopy (ESEM), with the capacity to preserve some of the
structures associated with biological samples which remain
in their hydrated and viable state (KUMAR; ANAND, 1998).
In order to study the P. fluorescens adhesion, the scanning
electronic microscopy was used for Careli et al. (2009). They
observed that the microtopography characteristics of different

10 um

surfaces (marble, granite, stainless steel, polyvinyl chloride,
polyurethane, and silicone-coated cloth) were important for
P, fluorescens adhesion.

Some of the advantages of biofilm formation are the capacity
of the polymeric matrix of capturing and concentrating a large
number of environmental nutrients, such as carbon, nitrogen,
and phosphate; the capacity of resisting removal strategies,
such as microbial agents, release of host phagocytes, oxygen
radicals, and protease defense; and the ability of dispersing

10 pm

Figure 4. Scanning electronic electromicography of adhesion of P. fluorescens when cultivated in skim milk reconstituted at 7 °C in stainless steel

at:a) 2,b) 4, ¢) 6,d) 8, and e) 10 days of incubation.

Ciénc. Tecnol. Aliment., Campinas, 32(1): 142-150, jan.-mar. 2012

147



Control biofilms formed by two Pseudomonas species

through deadhesion; the micro-colonies are able to detach under
mechanic fluid or by genetic response (SHIRTLIFF; MADER;
CAMPER, 2002).

Once the adhesion capacity of the cells of the
two pseudomonas strains is analyzed, their resistance against
sanitizers must be evaluated. Figures 5 and 6 show the effect of
the sanitizing agents sodium dichloroisocianurate, hydrogen
peroxide, and peracetic acid on the cells of P. aeruginosa adhered
to stainless steel when cultivated at 7 and 28 °C, respectively.

No significant effect (p > 0.05) was found in the reduction
of the number of cells adhered or on P. aeruginosa biofilm by
the sanitizers used. However, one must bear in mind that the
adhered cells were exposed to the sanitizing agents for only
1 minute. Several experiments show that, even under exposure
to antimicrobial agents for over 10 minutes, the eradication of
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Figure 5. Mean values of log UFC.cm™? of P. aeruginosa after
10 incubation days in skim milk at 7 °C submitted to sanitizer treatment
for 1 minute.
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Figure 6. Mean values of log UFC.cm™ of P. aeruginosa after 10 days
of incubation in skim milk at 28 °C submitted to sanitizer treatment
for 1 minute.
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a mature biofilm cannot be obtained. Chambless, Hurd and
Stewart (2006) showed that due to the slow penetration of
antimicrobial agents, the biofilm has a good protection up to
15 hours of exposure to the antimicrobial agent; around 50 hours
of exposure are necessary for the biofilm to be eradicated.
Therefore, the short time of biofilm exposure to the sanitizer can
show the same efficiency of the sanitizers exposed for 1 minute
only since there was a reduction of 1.3; 1.2, and 0.9 log cycles in
the cells adhered at 7 °C by the exposure to solutions of sodium
dichloroisocianurate, peracetic acid, and hydrogen peroxide,
respectively.

Similarly, when the biofilm formed by P. aeruginosa at
28 °C was treated by the sanitizers, there were reductions of 2.4;
1.0, and 1.6 log cycles of CFU.cm™ by the solutions of sodium
dichloroisocinate, peracetic acid, and hydrogen peroxide,
respectively. Although P. aeruginosa produces catalase, being
capable of eliminating hydrogen peroxide, there are reports that
the capacity of penetration of hydrogen peroxide into the biofilm
of P. aeruginosa is small due to reaction-diffusion interactions
(STEWART et al., 2000).

The antibacterial activity of chlorine-based compounds
is formed when chlorine or the hypochlorite components
are added to the water and hypocholorus acid. The effect of
hypochlorite is based on the penetration of chemicals into the
cell and chemical reactions in the cellular protoplasm. The
bactericidal effect of chloride is based on the oxidative activity
in systems of essential cell enzymes (WIRTANEN et al., 2001).
Microbial biofilms present great resistance to active chlorine;
thus, for a significant reduction in the number of bacteria in the
film to occur, a concentration of 1000 ppm is necessary, while
for the planktonic cells, 10 ppm is necessary (NORWOOD;
GILMOUR, 2000). In spite of that, active chlorine is frequently
required as the first option against biofilm formation since,
besides killing the microorganisms, it is also known for
removing expolysacharides from the surface making adherence
of new bacteria difficult (MEYER, 2003). The results obtained by
Rossoni and Gaylarde (2000) corroborate the results obtained
in this study. These authors verified greater reductions in the
number of stainless steel-adhered cells of E. coli, S. aureus and
P, fluorescens, using hypochlorite at 100 or 200 ppm.

Differently from P. aeruginosa, the adhered cells of
P, fluorescens were more affected by hydrogen peroxide than by
sodium dichloroisocianurate. Although no significant difference
was found between the sanitizers studied, there was a reduction
inlog cycles of 0.4; 1.4, and 0.7 for sodium dichloroisocianurate,
hydrogen peroxide, and peracetic acid, respectively (Figure 7).

It is believed that due to the high hydrogen peroxide
diffusion inside the cell and to the low population density, the
endogenous catalase was not sufficiently active to protect the
individual cells (BRUL; COOTE, 1999).

The hydrogen peroxide effect is based on the production of
free radicals that affect the polysaccharides and glycol-proteins
in the biofilm. Wirtanen et al. (2001) showed that the peroxide-
based sanitizers were effective permeabilizers.

According to Chapman (2003), an additional survival
mechanism of oxidant-exposed cells is the phenotypic tolerance
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Figure 7. Mean values of log UFC.cm™ of P, fluorescens 7 °C according
to the chemical sanitizer used to control it.

obtained in the biofilm cell cultivation. The antioxidant
protection provided by biofilm cell growth is due to the oxidant
reactivity with the biofilm components, including extra-cellular
polymeric substances and the cell itself. Therefore, the oxidant is
consumed before reacting with the deepest cells in the biofilm
due to the reaction mechanism of kinetics diffusion. On the
other hand, the diffusion reduction mechanism is not sufficient
to protect thinner biofilms, which may allow the induction of
other defense mechanisms by the cell such as the oxR, which
repairs the damage caused by oxygen radicals.

Recent studies have shown that, after adhesion or external
stress, such as osmotic or thermal shock or disinfection, stressed
bacteria are capable of remaining in a non-cultivatable but viable
state. Bacteria can remain dormant; thus their physiological
state may preserve their virulence. Dormant bacteria cannot be
detected by cultivation, but even so they can be very dangerous
(FUSTER-VALLS et al., 2008).

4 Conclusions

Biofilm formation on stainless steel occurred only
by P. aeruginosa when incubated at 28 °C and adhesion of
P aeruginosa and P. fluorescens when incubated at 7 °C.

The sanitizer sodium dichloroisocianurate was the most
efficient in reducing adhesion and biofilm by P. aeruginosa at 7
and 28 °C, respectively. On the other hand, hydrogen peroxide
was the most effective in reducing P, fluorescens adhesion at 7 °C.
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