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Extended Abstract

Microbes prefer attaching on solid surfaces rather than being in the liquid phase and
therefore most of the microbial food contamination is related to biofilm formation.
Biofilms are multi-layered cell clusters embedded in organic polymer matrices, which
protect the microbial cells from environmental stresses, as well as from antibiotic and
disinfectant attacks. It is also important to remember that as much as 96-98 % of a
biofilm consists of water, which means that only 2-4 % of the total biofilm volume
is detectable on dry surfaces. Microbes that inhabit contact and environmental sites
in food processing are mostly harmful, because microbial communities of either
spoilage microbes or pathogens in the wrong places lead to contamination of firstly
the process surfaces and secondly the products produced in the process. A biofilm
consists of microbial cell clusters with a network of internal channels or voids, which
allows nutrients and oxygen to be transported from the bulk liquid to the cells, in the
extracellular polysaccharide and glycoprotein matrix. Recent research has provided
molecular insights into biofilm formation, the adhesion, which is influenced by the
surrounding environment, involves complex interactions between the microbes and
the substrate. Both laboratory studies with biofilms and hygiene surveys on surfaces
in the industry have shown that surface-attached pathogens are more resistant to
disinfectants containing e.g. chlorine or quaternary ammonium compounds, which
are approved for use in food premises, than the planktonic cells are. Furthermore,
these biofilms stick to and grow on commonly used materials e.g. elastomers and
stainless steel. In the following subsections there are more examples of biofilm
formation capability of the main foodborne pathogens of both Gram-negative and
Gram-positive bacteria as well as of yeasts.

The cleanliness of surfaces, training of personnel and good manufacturing and design
practices are the most important tools in combating biofilm problems in the food
industry. Improper cleaning and disinfection procedures of food contact surfaces
are contributing to many foodborne illness episodes. The elimination of biofilms
is a difficult and demanding task and therefore cleaning and disinfection should be
performed often enough so that mature biofilms are not formed in the food processing
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equipment, on the processing lines and on other surfaces in the processing facilities
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so that safe products with an acceptable shelf-life and quality can be produced. An
efficient cleaning procedure consists of a sequence of detergent and disinfectant
applications at effective concentrations and correct temperatures and periods as well
as of water rinses. The basic task of the detergents is to reduce the interfacial tensions
of soils so that the soil including microbes in the biofilms becomes miscible in water.
A prolonged exposure of the surfaces to the detergent makes the removal more
efficient. Used cleaning solutions should only be re-used for prewashing, because
the old cleaning solutions in the main cleaning phase can contaminate the equipment
surfaces and thus destroy the cleaning result. The cleaning efficacy is also affected
by the accessibility to and type of equipment cleaned. After cleaning the disinfectants
kill the few microbes left on the surfaces. Residues of disinfectants must not be left on
the process surfaces; they must be rinsed of the surfaces with water of potable quality.
There is a photobacterial test, a luminescence inhibition method based on Vibrio
fischeri, can be used, to test that the rinsing of surfaces has been proper. Finally the
equipment and process lines should be left to dry in well ventilated areas, microbes
do not grow on dry, clean surfaces.

In the food industry, the first step is to identify the biofilm problems in a particular
process or site. Practical methods for assessing microbes and organic soil on
processing surfaces are needed to establish the optimal cleaning frequency of the
equipment and verify the efficiency of cleaning procedures. It is also important
to use the best possible methods for isolation and detection of the biofilm for
further characterisation in the laboratory. Methods for studying biofilm formation
include microbiological, chemical, microscopy and molecular biological methods.
The chemical methods used in the assessment of biofilm formation are indirect
methods based on the utilisation or production of specific compounds, e.g. organic
carbon, oxygen, polysaccharides and proteins, or on the biofilm microbial activity,
e.g. living cells and adenosine 5’-triphosphate (ATP) content. Important tools in
modern biotechnology-related research are based on microscopy techniques. Many
different fluorochromes can be and have been used for the staining of microbes in
food samples, biofilms and environmental samples. The three, major techniques
applied in the molecular detection and identification of bacteria are the polymerase
chain reaction (PCR), sequencing and the hybridisation technique. Next generation
sequencing technologies (NGS) allow investigation in deeper layers of the microbial
communities, whereas basic PCR technique is used for finding selected pathogens.

In testing the surface hygiene in food processing areas aerobic bacteria, yeasts,
moulds and coliforms as indicators should be used. Specific microbes e.g. Listeria
monocytogenes, Salmonella spp., Staphylococcus aureus and Escherichia coli can be
added according to the microbial risks of the products produced. Hygiene samples
are normally taken after cleaning, just before processing activities in the shifts begin,
which means that at least the contact surfaces should be at a good hygienic level. The
limits for the various scales of e.g. loose, normal and strict hygiene depending on the
production activities in the area can be set independently for the various levels (good,
adequate and poor hygiene) of each scale. Note that when the limits for the various
scales are set the spoilage sensitivity of product should be kept in mind. The more
prone the product is to spoilage the stricter limits should be used. The main focus of
hygiene control should of course be on the food contact surfaces, but environmental
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surfaces can also be part of the contamination routes e.g. through cross contamination.
The initial levels can be based on either own survey results or values taken from
literature. Information on aerobic bacteria is especially needed, when products with
long self-life are produced. The microbes found on environmental surfaces can have
an impact on the product quality especially on products produced in open or semi-
Open processes.

Training is needed to refresh the personnel about food safety and hygiene issues
in the food processing. An important issue in risk assessment at the manufacturing
level is that more quantitative and systematic procedures should be used and it
should be based on scientific knowledge. Thus microbiological and chemical issues
will be especially important for the safe production of feed, food and packaging
material in the future. The hygienic design of process hygiene line features including
cleaning systems must be improved using e.g. techniques based on e.g. 3D-printing,
ultrasonics, dry-ice, ozone treatments and UVC-irradiation as well as combinations
of these and other techniques. The efficacy of disinfectants used in food processing
and in hand hygiene rubs can be improved by using compounds from essential oils.

Literature list

Bryers J, ed. Biofilms II: Process analysis and applications. New York: John Wiley-Liss Inc; 2000.

Characklis WG. Fouling biofilm development: a process analysis, Biotechnol. Bioeng. 1981; 23:1923~
60.

Costerton JW, Marrie TJ, Cheng K-J. Phenomena of bacterial adhesion. In: Savage DC, Fletcher M. eds.
Bacterial adhesion. New York: Plenum Press; 1985, 3-43.

Eur-Lex [homepage on internet]. Brussels, Belgium: European Union. [read in July 2015].
http://eur-lex.europa.eu/.

European Food Safety Authority and European Centre for Disease Prevention and Control (EFSA and
ECDC). The European Union summary report on trends and sources of zoonoses, zoonotic
agents and food-borne outbreaks in 2013. EFSA J. 2015; 13(1):3991.

Lelieveld HLM, Holah J, Napper D, eds. Hygiene in food processing, Principles and practices. 2. ed.
Cambridge: Woodhead Publishing Limited; 2014.

Salo S. Evaluating hygiene and cleaning efficiency of food process surfaces based on experimental data
and modelling [PhD thesis]. Kgs. Lyngby: BioCentrum-DTU; 2006.

Wirtanen G, Raulio M, Salo S. Management of biofilm risk. In: Motarjemi Y, ed. Encyclopedia of food
safety, vol. 4: Food safety management. Amsterdam: Elsevier Inc.; 2014, 240-243.

Wirtanen G, Salo S. Biofilms risks. In: Lelieveld H, Holah J, Gabri¢ D, eds. Handbook of hygiene in the
food industry. 2. ed. Amsterdam: Elsevier Science. Accepted for publication 2015.

Wirtanen G, Salo S. Cleaning and disinfection. In: Ninios T, Lundén J, Korkeala H, Fredriksson-Aho-
maa M, eds. Meat inspection and control in the slaughterhouse. Oxford: John Wiley & Sons,
Ltd; 2014, 453-471.

Wirtanen G, Salo S. Disinfection in food processing — efficacy testing of disinfectants. Rev. Environ.
Sci. Bio/Technol. 2003; 2:293-306.

267



