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Abstract

Biofilms are aggregates of microorganisms present in a self-produced matrix of extracellular polymeric substance (EPS)

adhered to a surface. Formation of a biofilm in the environment on farms and in dairy plants comprises several stages:
attachment, growth (development), and detachment. Generally, biofilms are harmful to humans and need to be controlled.
Stainless steel (SS) surfaces that are untreated or are scratched comprise substrata that are especially vulnerable to biofilm

formation; therefore, SS surfaces should be polished and sanitized. Various approaches are available for the destruction of

biofilms; cleaning-in-place (CIP) is the method mainly used in dairy plants. Further study on optimum detergents, cleaning

conditions, and methods for this purpose is needed.
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Fig. 1. (Left) Van der Waals and electrostatic forces originate from
the entire body of a micro-organism. (Right) A specific
bond between stereochemical groups on the microbial cell
and substratum (reproduced from Busscher et al., 1997).
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Fig. 2. Biofilm formation. Courtesy of the Center for Biofilm
Engineering, Montana State University, Bozeman.
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Fig. 3. Biofilm formation in 3 steps. Courtesy of the Center for
Biofilm Engineering, Montana State University, Bozeman.
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Fig. 5. Four stages of dental plaque biofilm growth (reproduced
from Chandki et al, 2011).
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Fig. 6. Biofilm formation in 9 stages (reproduced from Simdes et
al., 2010).
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Table 1. Pathogenic microorganisms detected in raw milk
Microorganism Disease
Pathogenic Escherichia coli Gastroenteritis, other complications involve Haemolytic uraemic syndrome
(eg EHEC, STEC) (HUS) and Thrombotic thrombocytopenic purpura (TTP)
) Salmonella Gastroenteritis, typhoid fever
Enterobacteriaceae Shigella Dysentery
Tersinia enterocolitica Gastroenteritis

Cronobacter sakazakii

Meningitis in premature infants

Vivrionaceae and Campylobacter jejuni Gastroenteritis
Campylobacter Aeromonas hydrophila Gastroenteritis
Pseudomonas aeruginosa Gastroenteritis

Other Gram-negatives

Brucella spp.

Brucellosis (Bang's Disease)

Gram-positive
sporeformers

Bacillus cereus
Bacillus anthracis
Clostridium perfringens

Clostridium botulinum

Gastroenteritis
Anthrax
Gastroenteritis
Botulism

Gram-positive cocci

Staphylococcus aureus
Streptococcus agalactiae
Streptococcus pyogenes

Streptococcus zooepidemicus

Emetic intoxication
Sore throat
Scarlet fever/sore throat

Pharyngitis, nephritic sequelae

Miscellaneous
Gram-positives

Listeria monocytogenes
Corynebacterium spp.
Mycobacterium bovis
Mycobacterium tuberculosis

Mycobacterium paratuberculosis

Listeriosis (various manifestations)
Diphtheria
Tuberculosis

Tuberculosis

Johne's disease (ruminants), Crohn's disease (unproven in humans)

Rickettsia Coxiella burnetii Q fever
Enteroviruses, including polioviruses and .. .
L . Enteric infection
Coxsackie virus, Rotaviruses
Viral . . . .
Foot and mouth disease virus Foot-and-mouth disease (not a hyman disease)
Hepatitis virus Hepatitis virus
Fungi Mould (and associated aflatoxins) Mycotoxicoses
Cryptosporidium parvum Cryptosporidiosis
) Entamoeba histolytica Amoebiasis
Protozoan parasites o
Giardia lamblia Giardiasis
Toxoplasma gondii Toxoplasmosis

Adapted from Boor, 1997. Reproduced from Food Authority, NSW, Australia
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Table 2. Microbiological hazards in dairy products

Pathogens

Significance in dairy products

Pathogenic Escherichia coli

Pathogenic strains of E. coli can be found in cattle and may enter milk through faecal contamination. Is
destroyed by pasteurisation.

Salmonella

Salmonella is occasionally present in raw milk but is destroyed by pasteurisation. Can contaminate products
after pasteurisation, with non-airy ingredients a source of contamination. Frequently isolated in milk powder.

Tersinia enterocolitica

Y. enterocolitica is destroyed by pasteurisation and its presence in heat treated milk products is due to
environmental contamination after heat treatment. Y. enterocolitica is able to grow in dairy products held at
refrigeration temperatures and therefore may be considered as a hazard in prolonged shelf life products.

Campylobacter spp.

Campylobacter spp. is destroyed by pasteurisation and its presence in milk products is due to environmental
contamination after heat treatment. Not normally able to grow in foods.

Bacillus cereus

Vegetative cells of B. cereus do not survive pasteurisation, however spores will survive. B. sereus is rapidly
outgrown by psychrotrophic bacteria at refrigeration temperatures. However, in the absence of a competitive
microflora, growth to levels of concern is possible.

Clostridium botulinum

Vegetative cells of C. botulinum do not survive pasteurisation, however spores will survive. Will only grow
under anaerobic conditions.

Staphylococcus aureus

May enter raw milk through udder infection. S. aureus is destroyed by pasteurisation, however toxins are heat
stable. S. aureus does not grow well at refregeration temperatures or compete with starter cultures.

Listeria monocytogenes

L. monocytogenes is destroyed by pasteurisation. Its presence in dairy products is due to post-pasteurisation
contamination. Can grow in milk products at refregeration temperatures.

Cronobacter sakazakii
(formerly Enterobacter sakazakii)

C. sakazakii will not survive pasteurisation. Recontamination of powdered infant formula during manufacture
is a risk. C. sakazakii cannot grow in a dry substrate, but it can survive for long periods of time and is a
potential hazard when the powder is reconstituted and held at favourable temperatures. contamination and
subsequent growth may occur during reconstitution and preparation.

Adapted from FSANZ, 2006. Reproduced from Food Authority, NSW, Australia

Table 3. Overview of biofilm problem areas at dairy farms and dairy processing plants

Type of bacteria'

Sampling points Materials

A S B LAB E L
Bance tank Steel - - - + - + -
Aging tank Steel - - + - - - .
Feeding unit * - - - n + .
Conveyer belt of packaging machine Rubber + - - - + + -
Floor drain * - - - - R +
Doormat * - + - - +
Ultrafiltration membranes Steel - - - - + - -
Silo, welded joints Steel + - + + _ _ *
Valves Steel - - - - + _ *
Air separators, inside Steel + - - *
Tank truck, valve, gaskets Rubber + - + + - _ *
Tank truck, air separator Steel + - - - - + *
Tank truck, air separator, gasket Rubber - - + + - + *
Bulk tank outlet on farm Steel * - * * * *
Rubber lines Rubber * - * * * *
Shot milking tube Rubber + - + - + + -

1 P: Pseudomonas, A: Aeromonas, S: Staphylococcus, B: Bacillus, E: Enterobacteriaceae, L: Listeria
Wirtanen (2004), Teixeira et al. (2005), Agarwal et al. (2006), Gunduz and Tuncel (2006). Reproduced from Marchand et al. (2012)
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Fig. 8. Comparison of numbers of S. epidermidis cells on stainless
steel plate of varying surface roughness before and after
whirlpool water rinsing (2,000 rpm, 15 min). Each value
is a mean of three tests in duplicate (reproduced from
Ortega et al., 2008).
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Table 4. Effect of surface treatments on the distribution and pre-
valence of bacterial contamination on stainless steel

Surface treatment Dispersed cells' Clump'
Untreated control® 1,867 25
Sandblasted 1,534" 167
Sanded 1,217%** 12*
Electropolished 118%** OF**

Reproduced from Arnold and Bailey (2000)

' Mean values are triplicate measurements from each of two trial.
% Untreateted control was type 304 stainless steel with a 2B mill finish.
Values within a column that are different from finish 2B:

“P<0.10, *P<0.05, ***P<0.001

Fig. 9. Scanning electrtron micrographs of stainless steel surfaces
after exposure to bacterial populations from the poultry
processing environment (magnification = 1,000x). Untreated
stainless steel type 304, 2B shows attachment and accu-
mulation of bacterial cells from broiler carcase rinse. a)
Bacteria accumulated less on surfaces that were b) sand-
blasted, or c¢) sanded. Under the same conditions electro-
polished stainless steel d) showed the least bacterial attach-
ment (reproduced from Arnold & Bailey, 2000).
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Fig. 10. Principle of the centralized CIP system. Reproduced from
www.tetrapak.com. A: Milk treatment, B: Tank garden,
C: Silo tanks, D: Filling machines, 1: Tank for alkaline
detergent, 2: Tank for acid detergent

Table 5. Variables important in cell attachment, biofilm formation and development

Adhesion surface

Bulk fluid

Cell

Flow velocity

Texture or roughness pH
Hydrophobicity Temperature
Charge Cations

Conditioning film
Nutrient availability

Presence of antimicrobial products

Cell surface hydrophobicity
Extracellular appendages
Extracellular polymeric substances
Signaling molecules

Based on Donlan (2002). Reproduced from Simdes et al. (2010)
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Table 6. Examples of dairy CIP programs

CIP wash steps for circuits with pasteurizers and other equipment with heated surfaces (UHT, and others)

1. Rinsing with warm water for about 10 min.
2. Circulation of an alkaline detergent solution (0.5~1.5%) for about 30 min at 75°C.
3. Rinsing out alkaline detergent with warm water for about 5 min.
4. Circulation of (nitric) acid solution(0.5~1.0%) for about 20 min at 70°C.
5. Postrinsing with cold water.
6. Gradual cooling with cold water for about 8 min.
CIP wash steps for circuits with pipe systems, tanks, and other process equipment with no heated surfaces
1. Rinsing with warm water for about 3 min.
2. Circulation of a 0.5~1.5% alkaline detergent at 75°C for about 10 min.
3. Rinsing with warm water for about 10 min.
4. Disinfection with hot water 90~95C for 5 min.
5. Gradual cooling with cold tap water for about 10 (normally no cooling for tanks).

Adapted from Bylund (1995). Reproduced from Marchand (2012)
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Fig. 11. Effect of alkali/acid sequence upon a 1 um ceramic mem-
brane cleaned using 0.3 wt% nitric acid and 0.2 wt%
sodium hydroxide at 50°C with a TMP of 0.5 bar and
a CFV of 1.6 ms™! (reproduced from Bird et al., 1995).
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Fig. 12. Efficiency of simple and formulated cleaning chemicals for
the removal of WPC deposits from a 0.1 pm ceramic
membrane at 50°C with a TMP of 0.5 bar and a CFV
of 1.6 ms™' (reproduced from Bird et al., 1995).
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