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Have you ever done a really
thorough clean of a produc-
tion area only for it to fail

the swab test and yield some bacte-
riological nasties like Listeria mono-
cytogenes? If so, then you have
probably encountered biofilms with-
out realising it.
Biofilms are becoming one of the
buzzwords of the food industry. In
this article we will consider what
biofilms are, the risks they present
and how we can manage or elimi-
nate those risks.
A biofilm can be defined as a
microbially derived sessile commu-
nity which is characterised by cells
that are irreversibly attached to a
substratum, interface or each other.
These cells are embedded in an
extracellular polymeric matrix and as
they are irreversibly attached to sur-
faces, they cannot be removed by
rinsing.
In a food environment on metal or
plastic surfaces, floors or inside
equipment, bacteria will survive bet-
ter in biofilms than in a free state.
Biofilms and their associated bac-
terial populations are associated
with post process contamination
and cross contamination.

Early development

In the early stages of biofilm forma-
tion bacteria, organic molecules,
such as proteins, and inorganic mol-
ecules, are absorbed on to surfaces
to form an initial or conditioning
film.
This film alters the free energy,
electrostatic charge and hydropho-
bicity of the surface. Other sub-
stances and bacteria are added to
this to produce the biofilm.
Biofilms are heterogeneous and
comprise of bacterial colonies in a
supporting matrix. Typically, a
biofilm is 15% bacterial cells and

85% matrix. Interspersed in the
matrix are water channels which can
carry dissolved oxygen, nutrients
and chemicals, such as sanitisers, to
the bacterial clusters.

Delay phenomenon

When sanitisers are used they take
longer to kill bacteria in a biofilm
because the sanitiser needs time to
travel through these channels to get
to the bacteria and act. This longer
kill time is solely due to this delay
phenomenon and not because the
bacteria in a biofilm are intrinsically
different or resistant.
Bacteriologically, biofilms can host
single or multispecies bacterial com-
munities.
Multispecies biofilms tend to be
thicker and take 10 or more days to
form. Changes in the environment
within the biofilm, for example nutri-
ent or oxygen availability or pH, can
preferentially favour the growth of
one of the bacteria in the biofilm.
In addition, clusters of bacteria or
individual bacteria can become
detached and can be taken to
another location, for example by the
flow in a pipe or the movement of a
conveyor, and seed a new biofilm.
The formation of a biofilm is
shown in Fig. 1. Bacterial growth in a
biofilm is abnormal because cell divi-
sion is impeded by the surrounding
matrix.
However, as biofilms grow bacte-
ria are redistributed away from the
substratum which, in effect, leaves
them closer to the exposed surface.
Interestingly, bacterial cells in a
biofilm have the ability to exchange
genetic components at an increased
rate and this may facilitate the acqui-
sition of new genes for virulence and
environmental survival.
This phenomenon may well be
part of the explanation of ‘house

strains of listeria’ that are seen in
many production plants and which
are notoriously difficult to get rid of.
Bacterial cells in a biofilm often
appear to be more resistant to sani-
tisers for the reason previously cited
and they can be more resistant to
UV light.
When it comes to sanitisers, pH-
adjusted chlorine is more effective at
reducing Listeria monocytogenes
and Flovobacterium Spp than unad-
justed solutions and cell death
increases with increased chlorine
concentration and/or exposure
time.
When biofilms are on a surface
that contains microscopical ‘pores’
such as a conveyor belt the situation
often arises of a poor bacterial kill
because the sanitiser can not get
into these ‘pores’.
The most effective caustic acid
method in the laboratory for remov-
ing a spore former, such as Flavo-
thermus Spp, from stainless steel is
2% sodium hydroxide at 75°C for 30
minutes followed by a water rinse
and then 1.8% nitric acid at 75°C for
30 minutes followed by a water
rinse.
How practical this is in many food
plants is another issue. However, if
chemical concentrations or temper-
atures are reduced, bacterial survival
increases.
Recent research with Serratia
marescens from disinfecting foot
dips in a dairy showed the strains to
be capable of forming biofilms on

stainless steel but to be resistant to
Tego and benzalkonium chloride but
sensitive to peracetic acid and
hypochlorite.

Food safe surfaces

So, what about surfaces in food
plants? Stainless steel is a good
material to use but exposure to
physical and chemical cleaning
adversely affects its surface and this
can provide microscopical bacterial
havens and favour biofilm produc-
tion.
In addition, spray cleaning, when
compared to brush cleaning, leaves
more fatty acid type material on the
surface but removes more proteina-
ceous material. Thus, the cleaning
process can influence the ‘food
source’ left on a surface and this, in
turn, can influence the bacterial flora
on that surface.
The ‘cement’ in biofilms is a mix-
ture of polysaccharides known as
exopolysaccharides which are pro-
duced by the bacteria in the biofilm.
Exopolysaccharides vary from bacte-
ria to bacteria and many are polyan-
ionic.
The molecular chains of exopoly-
saccharides are linked to each other
by a variety of methods but electro-
static forces and hydrogen bonds
are the most common.
Exopolysaccharides are capable of
binding large amounts of water and

Table 1. Ability of Gram negative bacteria isolated from a fresh veg-
etable processing plant to produce biofilms (J. App. Microbiol. 96 177-
184).

Property Number of isolates

Ability to produce PQS (2-Heptyl-3-hydroxy-4-quinolone) 0
Ability to produce AI-2 (an autoinducer) 26
Ability to produce AHL (N-acyl-homoserine lactones) 5
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Fig. 1. The formation of a biofilm.
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contribute significantly to the
biofilm’s stability and its ability to
withstand shearing forces – they
contribute to its ability to adhere to
a surface and remain in situ.
In addition, it is felt that bacteria in
the film ‘communicate’ with each
other by releasing specific chemicals.
As a population of bacteria
increases in numbers the concentra-
tion of these chemicals in their
micro-environment increases and at
a certain concentration specific
genes in the bacteria are turned on
or off.
Recent work isolated 68 types of
Gram negative bacteria from a fresh
vegetable processing plant and the
ability of these to form biofilms is
summarised in Table 1.
Of particular interest to the food
sector are Listeria monocytogenes
biofilms. Many Listeria monocyto-
genes biofilms also contain other
bacteria that are attached to the
surface and protected by extracellu-
lar polymers.
For effective cleaning the chemi-
cal(s) used must be able to dissolve

these extracellular polymers and/or
penetrate them to reach the bacte-
ria before they can inactivate them.
Many failures in cleaning related to
Listeria Spp arise from a failure of
these mechanisms. 
In essence, ineffective cleaning
allows the growth of biofilms.
Effective cleaning removes the pro-
tective organic matrix of the biofilm,
thereby allowing the sanitisers to
work.
The ability to remove the biofilm is
further complicated by its interac-
tion with the chemical components
of food (carbohydrate, fats, protein,
salts and even spices).
Cleaning is the main way to con-
trol biofilms but, unfortunately,
many of the cleaning compounds
used in the food sector are not pri-
marily designed to remove biofilms.
The effectiveness of certain sub-
stances against Listeria monocyto-
genes and biofilms is shown in Table
2. At the end of the day, controlling
Listeria monocytogenes and biofilms
comes down to the standard of
cleaning and the choice of chemicals
that are used.                                   n
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Chemical Conc. Time Result
(ppm) (minutes)

Chlorine 100 2 4 log cfu per cm2 reduction
in Lm biofilms on stainless

steel surfaces

200 >2 >4 log cfu per cm2 reduction
in Lm biofilms on stainless

steel surfaces

60 1 Reduction in Lm by >6 logs in
presence of tryptic soy broth.

<2 log reduction in
presence of milk

Chlorine dioxide 5 10 4 log cfu per cm2 reduction
of Lm on stainless steel but
<1 log reduction on polyester

conveyor

Sodium 200 10 >4 log reduction of Lm
hypochlorite biofilm on stainless steel in

presence of fat and protein soiling

Acidified 150 10 >6 log reduction of Lm
sodium biofilm on stainless steel in
hypochlorite presence of fat and protein soiling

Iodine 25 10 4 log cfu per cm2 reduction
of Lm on stainless steel surfaces

Peroxygen 105 10 4 log cfu per cm2 reduction
of Lm biofilms on stainless steel

Peracetic acid 2.0mL/L 10 >6 log reduction of Lm
biofilm on stainless steel in

presence of fat and protein soiling

Quaternary 200 10 >5 log reduction of Lm biofilm
ammonium on stainless steel in presence of soil

Orthophosphoric 200 0.5-20 2-3 log reduction of Lm
acid and on stainless steel surface after

400 30 seconds and 4 log reduction
after 20 minutes

Table 2. The effectiveness of some chemicals against Listeria monocy-
togenes (Lm) and biofilms.


