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2.1. Bacillus cereus group
2.1.1. Taxonomy
The Bacillus cereus group, also known as B. cereus sensu lato (s.l.), consists of seven closely related species,
namely B. cereus sensu stricto (s.s.), an opportunistic human pathogen associated with food poisoning syndromes
(emetic and diarrhoeal) and spoilage of dairy products (Drobniewski, 1993; Helgason et al., 2000; Rajkovic et

al., 2008); Bacillus thuringiensis, an entomopathogen used as a biopesticide (Aronson and Shai, 2001); Bacillus
anthracis, the etiologic agent of anthrax (Mock and Fouet, 2001); Bacillus mycoides and Bacillus pseudomycoides,
characterised by rhizoidal growth on agar plates (Nakamura, 1998); Bacillus weihenstephanensis, a psychrotolerant
(Lechner et al., 1998); and Bacillus cytotoxicus, a moderate thermo-tolerant associated to food poisoning
(Guinebretière et al., 2013) (Fig. 2). Ecological population of the B. cereus group is so closely related that they
cannot be distinguished by 16S rRNA gene sequencing. Based on molecular data from fluorescent amplified
fragment length polymorphism patterns, ribosomal gene sequences, partial panC (pantothenate synthetase)
gene sequence, ‘psychrotolerant’ DNA sequence signatures and growth temperature, the B. cereus group has
been divided into seven phylogenetic groups (Table 1). While all the mesophilic rhizoidal colony-forming
strains of B. mycoides and B. pseudomycoides are clustered in group I, all the psychrotolerant strains of B.

mycoides, B. cereus s.s. and B. thuringinesis along with B. weihenstephanensis are placed in group VI. Bacillus
cereus s.s. and B. thuringinesis are highly polyphyletic, being spread over group II, III, IV, V and VI. The
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Table 1. Genetic diversity of the Bacillus cereus groupa
Group

Growth
temperature
(°C)

Presence of psychrotolerant
sequence signatureb

rrs

cspA

I

10-43

C

-

0

7-40

B

-

21

B. cereus s.s.
B. thuringiensis

III

15-45

C

-

33

B. cereus s.s.
B. thuringiensis
B. anthracis

IV

10-45

D

-

22

B. cereus s.s.
B. thuringiensis

V

8-40

B

-

12

B. cereus s.s.
B. thuringiensis

VI

5-37

A

A

0

20-50

-

-

50

II

VII

% of strains associated with
food poisoning

Species

B. mycoides
B. pseudomycoides

B. mycoides
B. cereus s.s.
B. thuringiensis
B. weihenstephanensis
B. cytotoxicus

a

Based on Guinebretière et al. (2008, 2013).
A, 100% positive carrying the signature in abundance; B, a high number of strains carrying the signature in abundance; C, a low number of strains
with the signature in low amount; D, a low number of strains with a significant amount of the signature; -, absence of the signature.
b

strains of B. anthracis are clustered in group III. The moderate thermotolerant B. cytotoxicus belongs to group VII
(Guinebretière et al., 2008, 2013). The ‘B. cereus group’ is an informal, however, widely used term describing a
genetically highly homogeneous subdivision of the genus Bacillus and caters a dilemma from taxonomic viewpoint
(Stenfors Arnesen et al., 2008). Genome sequencing data (gene content as well as synteny) have shown that B.

anthracis, B. cereus and B. thuringiensis are closely related (Rasko et al., 2004); their 16S rRNA gene sequences
share >99% similarity (Ash et al., 1991). The distinguishing features among the species are encoded by highly
mobile genes located on plasmids (van der Auwera et al., 2007). It has been proposed that these three species
should form one species (Helgason et al., 2000), but no consensus on this matter has been reached. This equivocal
taxonomic state of the B. cereus group poses difficulties encountered with species definition within bacterial
systematic, in particular in the genomic era (Stenfors Arnsen et al., 2008). Although the B. cereus group could
genetically be considered one species, a strong argument for retaining the current nomenclature is the principle that
“medical organisms with defined clinical symptoms may continue to bear names that may not necessarily agree with
their genomic relatedness so as to avoid unnecessary confusion among microbiologists and nonmicrobiologists”
(Stackebrandt et al., 2002).
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2.1.2. Functional morphology of cells

Bacillus cereus group members are large (1.0-1.2 µm x 3.0-5.0 µm), rod-shaped, motile (excepting B. anthracis),
endospore-forming, aerobe-to-facultative, gram positive bacteria which grow on common agar media to large
colonies (3-8 mm dia) with a flat, greyish and ‘ground-glass’ appearance, often with irregular borders. In
selective culture media, such as mannitol-egg yolk-polymyxin (MYP) agar, polymyxin-pyruvate-egg yolk-mannitolbromothymol blue agar (PEMBA) and Bacara medium, B. cereus colonies are pink, peacock blue and orangepink, respectively, surrounded by a halo or precipitation zone (Tallent et al., 2012). Bacillus mycoides and B.

pseudomycoides exhibit rhizoidal growth on solid media. On blood agar, except B. anthracis strains, the colonies
are surrounded by zones of β-haemolysis (Kramer and Gilbert, 1989). Bacillus thuringiensis produces intracellular
parasporal toxin crystals during sporulation (Vachon et al., 2012). Spores are ellipsoidal, centrally or paracentrally
placed and with net negative charge. The hydrophobic nature of B. cereus spores and presence of appendages
(1-30 in number of 0.45-3.8 µm x 13.6 nm) on the surface result in firm adhesion to food processing surfaces,
like stainless steel (Tauveron et al., 2006; Ankolekar and Lebbé, 2010). Adhered cells and spores can act as
initiation stage for the formation of biofilm which can be a source of recurrent contamination and reduced shelflife of the product (Ryu and Beuchat, 2005). Generally, heat treatments like pasteurisation fail to effectively kill
the heat-resistant endospores, limiting the possibilities of extending the shelf-life of pasteurised products.
Heat resistance of B. cereus spores is dependent on strain and sporulation medium, and the D100
ranges from 0.075 to 2.26 min when suspended in buffer. Faille et al. (2001) found that the spores of B. cereus
CUETM 98/4, isolated from a milk product, were found to be highly resistant to heat (D100 3.32 min in whole
milk). Four of the 23 dairy silo spore isolates showed extremely high D75 value (>40 min in hot alkali, pH >13)
(Shaheen et al., 2010). Heat-resistant spores can survive pasteurisation, be present in the milk, and will be able
to germinate and grow during storage, thus limiting the keeping quality of pasteurised milk. Germination is the
process whereby spores change from a dormant state to a metabolically active state. Heat, chemicals and a
decrease in pH to 2-3 can activate spores (Ghosh and Setlow, 2009). In dairy industry, heat is the most likely
mechanism of spore activation, because of the extensive use of heat as a preservation technology. Following
activation, germination of Bacillus spores can be triggered by an interaction of specific nutrients, like L-alanine
and inosine, with germinant receptors located in the inner membrane. The B. cereus group expresses a core
group of five germinant receptors, GerR, GerL, GerK, GerS and GerI which recognise specific germinant as a
signal of conditions suitable for growth (van der Voort et al., 2010). Subsequent activation of a transporter
mediates transport of Ca-dipicolinate out of the spore with concomitant influx of water. Adhered spores show
identical germination properties when compared to spores in suspension. Thus, an additional germination step
using L-alanine/inosine-like germinant mixtures in cleaning-in-place (CIP) regime can be an effective measure to
reduce the number of adhered spores (Hornstra et al., 2007).
2.1.3. Ecology
Members of the B. cereus group are found in various habitats in the environment. The natural reservoir for B.

cereus consists of decaying organic matter, fresh and marine waters, vegetables, fomites and the intestinal
flora of different animals, from which soil and food products may become contaminated, leading to a transient
colonisation of the human intestine. Because of adhesive nature of its endospores, B. cereus is frequently
present in food production environments. This character enables the bacterium to spread to all kinds of foods,
such as milk and dairy products, vegetables, rice and rice dishes, meat and meat products, soups and spices
(te Giffel et al.,1996; Organji et al., 2015). Bacillus thuringiensis is ubiquitous in soil and also found on the
phylloplane and in insects. Less is known on the ecology of other members of the B. cereus group (B.

mycoides, B. weihenstephanensis and B. pseudomycoides), but they have been isolated from a wide variety of
environmental niches, such as soils, sludge, arthropods, earthworm and rhizospheres (Jensen et al., 2003).

Bacillus anthracis shares the same ecological niche as B. cereus and B. thuringiensis, and can grow and persist
outside the host, in rhizosphere of plants (Saile and Koehler, 2006).
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2.1.4. Toxigenicity

Bacillus cereus-mediated food poisoning is highly under-reported due to its generally mild, short duration and selflimiting symptoms which do not motivate the patient to seek medical attention. Most of the B. cereus
strains isolated from different food products and raw
materials

are

multidrug-resistant

(Banerjee

and

Sarkar, 2004; Roy et al., 2007). Examples of
outbreaks and incidences are in several publications
(Table 2).There are two distinct symptoms of emesis
and diarrhoea, caused by very different types of
toxins produced by B. cereus (Table 3). The rapid on
set of the emetic disease caused by B. cereus,
generally within 5 h after consumption of the meal,
indicates that this is due a toxin preformed in the
food.

Table 3. Characteristics of food poisoning caused and toxins produced by Bacillus cereus
Characteristics
Emetic syndrome
Primary cause
Preformed toxin in food

Diarrhoeal Syndrome
Ingestion of cells and spores and toxin production
in small intestine

Foods mostly involved

Starch-rich foods: rice, pasta, potato, pastry and noodles

Symptoms

Nausea, vomiting, malaise and in some cases fatal liver
failure

Incubation time

≤5 h

8-16 h

Period of illness

6-24 h

12-24 h

Infective dose

0.02-1.83 µg kg-1 body weight (5-8 log cells g-1 implicated
food)
Cereulide

5-8 log cfu g-1

Toxin associated
Heat sensitivity of toxin
Genes

Extremely stable (even 121 °C for 90 min)
Cereulide synthetase (Ces) gene cluster
(cesHPTABCD genes)
cesA (10 kb) and cesB (8 kb): structural genes
cesP: 4′-phosphopantetheinyl transferase
cesT: a thioesterase
cesC and cesD: ABC transporter

Genetic regulation

By Spo0A and AbrB

Proteinaceous foods: milk and dairy products,
meat products, pudding, soups, sauces and
vegetables
Watery diarrhoea and abdominal pain

Haemolysin BL (Hbl), nonhaemolytic enterotoxin
(Nhe) and cytotoxin K (CytK)
Labile
Hbl complex (hblCDA operon)
hblC: L2 (46 kDa)
hblD: L1 (38 kDa)
hblA: B (37 kDa)
Nhe complex (nheABC operon)
nheA: NheA (41 kDa)
nheB: NheB (40 kDa)
nheC: NheC (36 kDa)
cytK: CytK (34 kDa)
By PlcR

Mode of action

Acts as K-ionophore to inhibit fatty acid oxidation in
Hbl shows haemolytic, cytotoxic, dermonecrotic
mitochondria
and vascular permeability activity
Binds to serotonin 5-hydroxytryptamine 3 (5-HT3)
Nhe is pore-forming toxin, structurally similar to
receptors, stimulates vagus afferent resulting in
Hbl
vomiting
CytK is dermonecrotic, cytotoxic and haemolytic
Brain oedema and fulminate liver failure due to inhibition of
mitochondrial fatty-acid oxidation
Inhibit the natural killer cells (T cells) of the human immune
system
Based on Granum and Lund (1997), Fagerlund et al. (2004), Ehling-Schulz et al. (2006) and Stenfors Arnesen et al. (2008)

Cereulide, the emetic toxin, is a cyclic 1.2 kDa dodecadepsipeptide [D-O-Leu-D-Ala-L-O-Val-L-Val]3 resembling
valinomycin (Agata et al., 1995). t is produced by a nonribosomal peptide synthetase, encoded by the 24 kb
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cereulide synthetase (ces) gene cluster which is located on pCER270, a 270 kb pXO1-like megaplasmid (EhlingSchulz et al., 2004, 2005, 2006). Emetic toxin is not inactivated during food processing or gastrointestinal
passage due to its high resistance against heat treatments, pH extremes and proteolytic degradation (Rajkovic

et al., 2008). The mechanism by which cereulide causes emesis in humans has not been definitely determined;
however, animal model study has shown that 5-hydroxytryptamine 3 (a receptor), released from the stomach
into the duodenum, binds with cereulide to stimulate vagus afferent causing vomiting (Agata et al., 1995). Gene
cluster for cereulide production (ces) is mainly present in B. cereus isolates and some rare strains of B.

weihenstephanensis (Thorsen et al., 2006). Diarrhoeal syndrome is characterised by abdominal pain with watery
diarrhoea, developed 8-16 h after ingestion of the contaminated food. The syndrome has been linked to two
enterotoxin complexes, haemolysin BL (Hbl) and nonhaemolytic enterotoxin (Nhe), and a single protein, cytotoxin
K (CytK) (Beecher and Macmillan, 1991; Beecher et al., 1995; Lund and Granum, 1996; Lund et al., 2000;
Granum et al., 2014).
Hbl complex consists of three proteins, L2, L1 and B, encoded by the hbl operon. The optimal ratio of
components L2, L1 and B for maximal toxicity is 1 : 1 : 1. The Hbl components independently bind to the cell
membrane and after association and pore formation, osmotic cell lysis occurs (Beecher and Wong, 1997).
Prevalence of hbl gene is rare in emetic strains and B. anthracis.
Nhe complex is the most important toxin in food poisoning. It is composed of NheA (cytolytic protein),
NheB and NheC (binding proteins), encoded by the nhe operon (Lindbäck et al., 2010). All the three components
are required for biological activity; maximal toxic effects are exerted by NheA, NheB and NheC in the ratio 10 :
10 : 1. The cytotoxic activity of Nhe on epithelial cells has been shown to be due to colloid osmotic lysis following
pore formation in the plasma membrane. Nhe operon is ubiquitously found among B. cereus group members.
CytK, a β-barrel pore-forming protein, is cytotoxic due to its pore-forming ability in the cell membranes.
This heptamer toxin is secreted in a soluble form, which is eventually converted into a transmembrane pore by
the assembly of an oligomeric β-barrel, with the hydrophobic residues facing the lipids and the hydrophilic
residues facing the lumen of the channel. Toxin occurs in two forms that have 89% amino acid sequence
homology, CytK-1 and CytK-2 (Fagerlund et al., 2004). Gene cytK-1 is specific to B. cytotoxicus (Guinebretière

et al., 2010)
The enterotoxic potential of different phylogenetic groups of B. cereus has implications for health risk.
Food poisoning risk is highest for group III (containing B. cereus III, B. thuringensis III and B. anthracis-like
strains). The risk remains high for groups VII, IV and II, and decreases with group V. Bacillus weihenstephanensis
and B. mycoides strains belonging to group VI are safest, representing a low level of risk (Guinebretière et al.,
2010).
2.2. Role of the group in dairy production chain
2.2.1. The dairy production chain
A dairy chain involves milk production, transport, processing, packaging and storage; with each activity the
product increases in value (Fig. 3). The dairy chain starts at raw milk production and ends when consumers
utilise products that are created in the value chain. Indian dairy sector has a three-tier structure which consists
of village cooperative society formed by milk producers, a district cooperative milk producers union owned by
dairy cooperative societies and the state federation formed by cooperative milk producer’s in a state. The union
buys all the societies milk, then processes and markets fluid milk and products. The state federation is responsible
for marketing the milk and products of member unions (NDDB, 2015) (Fig. 4).
2.2.2. Sources of contamination

Presence of B. cereus in the dairy environment is inevitable as it is ubiquitously present in soil, on grass, dairy
cattle feed and dung, etc. Soil, feed (through excretion of spores in faeces) and bedding material are the major
source of contamination of raw milk with B. cereus (Fig. 5). The concentration of B. cereus spores in raw milk
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Fig. 5. Contamination routes of Bacillus cereus in dairy production chain (based on Heyndrickx, 2011)

is higher in summer than in winter (Bartoszewicz et al., 2008). Their main contamination route to milk during the
grazing season (summer) is via cow’s udder contaminated by soil and faeces (Christiansson et al., 1999; Vissers
et al., 2007). In the housing period of cows, feed is the only source of spores; udder becomes contaminated
mainly through the bedding material that is contaminated with faeces. Milking equipment can also be a source of
contamination for raw milk (Christiansson et al., 1997). Bacillus cereus occurs in low numbers (2-3 log cfu l-1) in
farm-collected milk (Svensson et al., 2004, 2006; Bartoszewicz et al., 2008). However, higher levels of B. cereus
contamination (up to 5 log cfu ml-1) in pasteurised milk (Table 4) have been reported (te Giffel et al., 1996;
Larsen and Jørgensen, 1997). Studies by global typing methods, such as fatty acid profiling, biochemical

typing, RAPD-PCR and rep-PCR fingerprinting of the B. cereus isolates, have shown that the distribution of
genotypes in the dairy and its products differed from that in raw milk (te Giffel et al., 1997; Svensson et al.,
2004; Bartoszewicz et al., 2008). Thus, the farms are not the sole source of B. cereus in milk. In addition, it is
likely that ‘in-house’ microbiota present in silo tanks, pasteurisers and filling machines could contribute to postpasteurisation contamination of milk (Svensson et al., 2004). Contamination of milk with B. cereus by postpasteurisation surface exposures can be demonstrated by using automated ribotyping. In a study, seven
ribotypes were identified, demonstrating the genetic variability of the B. cereus group, isolated from pasteurised
milk and different surfaces. Surfaces responsible for major contamination of pasteurised milk were pasteurised
milk storage tank, packaging machine, levelling tank and the package-forming tube surfaces. Most of the isolates
belonged to the same ribogroup (RIBO1222-73-S4), and they were found on four surfaces and also in the milk,
indicating the role of the equipment surfaces as reservoirs for milk (re)contamination (Salustiano et al., 2009).
2.2.3. Toxigenicity and spoilage
In dairy industry, sporeformers are important contaminants because they can significantly affect product safety
and quality. The occurrence of emetic and diarrhoeal toxin-producing strains of B. cereus in dairy production
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chain has been extensively reported. Majority of the strains isolated from dairy products are cytotoxic and PCR
positive for nhe and hbl (Anderson Borge et al., 2001). Growth temperature affects toxin production in B.

cereus group species in a strain-dependent manner. In an investigation of food poisoning potential of B. cereus
strains from Norwegian dairies, while some of the 39 strains were moderately or highly cytotoxic when grown at
25 °C or 32 °C, none of those were highly toxic at human body temperature, i.e. 37 °C. Hence, those strains
should be considered to pose a minor risk with regard to diarrhoeal food poisoning (Stenfors Arnesen et al.,
2007). The occurrence of emetic toxin-producing strains in milk and other sources at the farms is rare (1.9%)
(Svensson et al., 2006). Toxin profile of B. cereus group from the silo tanks is dominated by strains with the
toxin profile ‘C’ (nhe+, hbl+, cytK- and ces-) and ‘F’ (nhe+, hbl- , cytK- and ces-) (Svensson et al., 2004; EhlingSchulz et al., 2006).
Members of the B. cereus group and Bacillus subtilis group are the most important spoilage microorganisms
in dairy environment (Lücking et al., 2013). They produce various extracellular enzymes such as protease,
lipase and amylase significantly which contribute to the reduction of shelf-life of processed milk and dairy
products by degrading milk components and additives (Table 5). The presence of protease can lead to bitter

flavour, clotting and gelation of milk (Chen et al., 2003; Datta and Deeth, 2003). The proteolytic changes
caused by Bacillus spp. significantly increase the concentration of free tyrosine (Nabrdalik et al., 2010), which
can increase in milk up to 2.13 mg ml-1 in comparison with their initial level of ca 0.65 mg ml-1 (Janštová et al.,
2006). On the other hand, lipases have been responsible for dairy defects such as bitty cream and also
contribute to unpleasant flavour such as rancid, butyric, buttery, unclean and soapy in milk and dairy products
(Furtado, 2005). Lipolysis is known to contribute both desirable and undesirable flavours to dairy products,
initially through hydrolysis of milk triacylglycerols. Short-chain fatty acids, such as butyric acid, caproic acid and
caprylic acid, give sharp and tangy flavour. Medium-chain fatty acids, such as capric acid and lauric acid, tend to
impart a soapy taste, while long-chain fatty acids, such as myristic acid, palmitic acid and stearic acid contribute
little to flavour. Unsaturated fatty acids, released during lipolysis, are susceptible to oxidation and the concomitant
formation of aldehydes and ketones which give rise to off-flavour. Other unpleasant flavours, such as
rancid, butyric, bitter, unclean, soapy and astringency in milk and dairy products have also been attributed to
lipolysis. Production of protease by B. cereus induces proteolysis in sterilised milk (Murugan and Villi, 2009).
Proteolytic and lipolytic changes, caused by the occurrence of Bacillus spp. in sterilised milk, can cause reduction
of total protein from 34.6 g l-1 to 29.5-32.9 g l-1 and casein ratio reduction by 7.3% (Janštová et al., 2004).

Bacillus cereus isolates from different dairy products are able to produce protease and lipase (Lücking et al.,
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2013). These enzymes are sufficiently thermostable and remain active after pasteurisation and may cause
defects in the final dairy products (Chen et al., 2004).
2.2.4. Biofilm
In milk storage and dairy processing operations, besides being present in the raw material, bacteria are associated
with surfaces (Mittelman, 1998). The attachment of bacteria with subsequent development of biofilms in milk
processing environments is a potential source of contamination of finished products that may shorten the shelflife or facilitate transmission of diseases (Lindsay et al., 2006; Brooks and Flint, 2008). Thus, biofilm formation in
dairy processing environment can lead to serious hygiene problems and economic loss due to spoilage of dairy
products and equipment impairment (Bremer et al., 2006). Formation of bacterial biofilms within food processing
plants is a concern to processors, as bacteria within biofilms are more difficult to be eliminated than planktonic
cells, and can act as a source of recurrent contamination to plant, product and personnel. Biofilm renders its
inhabitants resistant to antimicrobial agents and cleaning (Srey et al., 2013). Other undesirable conditions
associated with biofilms include reduced flow through blocked tubes, reduced plan run times, corrosion of
stainless steel and reduced heat transfer through plate heat exchangers (Parkar et al., 2004).
Biofilm is a sessile microbial community adhered to a solid surface surrounded by a matrix which
includes extracellular polymeric substances (EPS). Dairy biofilms are predominated by bacterial EPS and milk
residues, mostly proteins and calcium phosphate (Flint et al., 1997; Mittelman, 1998). The biofilm formation is a
stepwise and dynamic process consisting of initial attachment, irreversible attachment, and formation of
microclonies, maturation and dispersion (Fig. 6).

Fig. 6. Processes governing biofilm formation (based on Breyers and Ratner, 2004)

2.2.4.1. Attachment of planktonic cells to a solid surface
Attachment of microorganisms to surfaces and subsequent biofilm development are complex processes, and
affected by the surface properties of attachment site and cell. Bacillus cereus forms a considerably higher
amount of biofilm on stainless steel compared to polystyrene in terms of total biomass and number of cells
attached (Hayrapetyan et al., 2015). The observation triggered them to study the impact of iron, which is the
main component in stainless steel, on biofilm formation. Although iron does not promote initial attachment of
cells to the surface, its role in surface-associated behaviour, such as cell–cell interaction, is more likely than cell–
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substratum interaction or production of matrix components in biofilm. Attachment occurs more readily on
surfaces that are rougher, more hydrophobic and coated by surface conditioning films (Simões et al., 2008). In
dairy operations, the conditioning film mainly consists of organic milk components. The cell surface properties,
particularly cell surface hydrophobicity and presence of extracellular filamentous appendages may influence the
rate and extent of microbial attachment (Donlan, 2002; Klavenes et al., 2002). Among the various physiological
stages of B. cereus, spores have the greatest biofilm formation potential (Pagedar and Singh, 2012). CalY and
TasA, coded by gene calY and operon sipW-tasA, respectively, cooperate to assemble robust and stable fibres
with amyloid properties and are important for B. cereus biofilm assembly (Caro-Astorga et al., 2015). Adhesion of
B. cereus to stainless steel surface increases with the increase in temperature, pH and time (Peña et al., 2014).
In the attachment stage of biofilm formation, single bacterial cells are transported to surfaces and
reversible bonds are formed between the cell wall and the substratum. Forces influencing the reversible adhesion
process are the van der Walls forces, electrostatic forces and hydrophobic interactions. During this stage,
bacteria still can be removed merely by rinsing. Next stage is a shift from a weak interaction of the bacteria with
the surface to irreversible attachment to permanent bonding with the presence of EPS (Sauer et al., 2002).
2.2.4.2. Formation of microcolony
The irreversibly attached bacterial cells grow and divide leading to the formation of microcolonies which are
discrete matrix-enclosed communities of bacterial cells that may include cells of one or many species. During this
period, attached cells produce EPS which helps in the anchorage of the cells to the surface and to stabilise the
colony from the fluctuations of the environment. EPS protects biofilm microorganisms against adverse conditions.
The EPS matrix delays or prevents antimicrobials from reaching target microorganisms within the biofilm by
diffusion limitation and/or chemical interaction with the extracellular proteins and polysaccharides. Moreover,
within the EPS matrix the molecules required for cell–cell communication and community behaviour may
accumulate at concentrations, high enough for the recruitment of planktonic cells from the surrounding
environment (Sutherland, 2001).
2.2.4.3. Biofilm maturation
In the maturation step, biofilm develops into an organised structure which can be flat or mushroom-shaped
(Chmielewski and Frank, 2003). The cell growth in the periphery is rapid and in the interiors is slow. Portion of
mushroom may break off and repopulate other sites. The microorganisms within the biofilm grow in the matrixenclosed microcolonies interspersed within highly permeable water channels (Davey and O’Toole, 2000). Most
metabolically active bacteria remain at the top layers of the biofilm matrix near water channels which allow the
dispersion and exchange of dissolved organics, metals cations and metabolites. Nutrients become trapped and
concentrated in the biofilm matrix and move throughout the matrix by diffusion, which results in a stratified
habitat that selects for different microbial species.
2.2.4.4. Biofilm dispersal
As the biofilm ages, attached cells revert into their planktonic form (Sauer et al., 2002). Increased fluid shear,
endogenous enzymatic degradation, or release of EPS or surface-binding proteins is the possible cause of biofilm
detachment (Stoodley et al., 2002). Starvation is considered as a reason of detachment and search for a
nutrient-rich environment (O’Toole et al., 2000). Biofilm sloughing may also occur when there is an imbalance or
fluctuation of nutrients. Low-carbon availability can cause increased EPS production which leads to detachment
(Kim and Frank, 1995).
2.2.4.5. Biofilm hazard and control strategies
The ability of B. cereus spores to adhere and act as an initiation stage for biofilm formation on food processing
plants is well known (Faille et al., 2001; Peng et al., 2001). The strong adhesion properties of B. cereus spores
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have been attributed to the hydrophobic character of the exosporium, which varies from species to species and
to the presence of appendages on the surface of the spores (Tauveron et al., 2006). BclA is the major
glycoprotein of the B. cereus exosporium and plays an important role in spore interaction with materials,
probably by providing a larger contact surface with stainless steel (Lequette et al., 2011).Thicker biofilms of B.

cereus develop at the air-liquid interface, compared to submerged systems. This suggests that B. cereus
biofilms may develop particularly in industrial storage and piping systems that are partly filled during operation or
where residual liquid has remained after a production cycle (Wijman et al., 2007). While for most of Bacillus
strains negative effects of whole milk on biofilm formation have been observed (Flint et al., 1997; Wong, 1998),
the study of Shaheen et al. (2010) illustrated that B. cereus was capable of forming biofilms in whole milk but
not in water-diluted milk. Bacillus cereus biofilm formation is enhanced under low nutrient conditions and dependent
on biosurfactant production, which can be directly or indirectly repressed by PlcR a pleiotropic regulator which
controls the expression of a variety of genes, many of which encode potential virulence factors, including
enterotoxins, haemolysins, phospholipases C and proteases (Hsueh et al., 2006).
Process
biofilms are common in dairy industry where adsingle species predominates due to reduction of
c
competition as a result of heat treatment of milk; 12.4% of microbiota growing in biofilms in a commercial dairy
plant is B. cereus (Sharma and Anand, 2002). Biofilm formation even at lower temperatures can be a matter of
concern. Presence of B. cereus biofilm in dairy processing line and raw milk chilling tankers can be a source of
contamination. From various in vitro model studies it is evident that B. cereus biofilms are present even on
internal surfaces of the tankers; cell count in the biofilm developed on the surface of stainless steel tanks can
reach up to 8 log cfu cm-2, if inadequately cleaned tanker is left to stand empty at room temperature (Teh et

al., 2012). Thus, the presence of biofilm on internal surfaces of chilling tanks can lead to recurrent contamination
and spoilage of fresh lot of milk collected into tank.
In dairy, like any other food industry, an effective cleaning and sanitation program is part of the
process to eliminate microorganisms. CIP procedures are usually employed in milk processing lines (Table 6).

g

h

In dairy industry, CIP systems generally involve the sequential use of caustic (sodium hydroxide) and acid
(nitric acid) wash steps, selected for their ability to remove organic (proteins and fat) and inorganic (calcium and
other minerals) fouling layers. The most common and aggressive caustic cleaner is sodium hydroxide (NaOH),
which is typically used in 10-50 g l-1 concentrations for plate-type and tubular heat exchangers, and other heavily
soiled surfaces and 10-20 g l-1 for general use (Flint et al., 1997). The primary role of the caustic (alkali) wash
step is the removal of proteins and carbohydrates (Chisti, 1999). To enhance cleaning effectiveness, caustic
detergents and caustic additives have been developed, which contain surfactants, emulsifying agents, chelating
compounds and complexing agents (Bremer et al., 2006).Traditionally, chlorine (sodium hypochlorite)-based
sanitisers have been used, however, a wide variety of sanitisers including quaternary ammonium compounds,
anionic acids, iodophores and chlorine-based compounds are currently in use or being evaluated or use in CIP
systems (Parkar et al., 2004; Bremer et al., 2006). The combined effects of the biocide, benzyldimethyldodecyl
ammonium chloride (BDMDAC) with a series of increasing Reynolds number of agitation promotes B. cereus
biofilm removal from stainless steel surface (Lemos et al., 2015).
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Different studies simulating CIP regimes in dairy industry showed varied results. A CIP regime against
dairy biofilms (water rinse -10 g NaOH l-1 at 70 °C for 10 min - water rinse – 8 ml HNO3 l-1 at 70 °C for 10 min water rinse) followed by exposure to either chlorine or combinations of nisin, lauricidin and the lactoperoxidase
system for defined exposure periods was inefficient in the total biofilm control (maximum log reduction of 2)
(Dufour et al., 2004). The additional antimicrobial treatment resulted in a maximum log reduction of 2.8, verified
2 h after chlorine exposure. The standard CIP regime (water rinse - 10 g NaOH l-1 at 65 °C for 10 min - 10 ml
HNO3 l-1 for 10 min - water rinse), commonly followed in dairy industry, is inefficient to remove bacteria attached
to surfaces, as only removal of 2 log reduction in bacterial numbers can be achieved (Bremer et al., 2006). The
germination response of B. cereus adhered spores can be an additional strategy to improve commonly used
CIP regime (water rinse - 10 g NaOH l-1 at 65 °C for 10 min - 10 ml HNO3 l-1 for 10 min - water rinse) in dairy
industry (Hornstra et al., 2007). Implementation of a germination-inducing step in CIP helps to reduce the
number of spores attached to processing equipment surfaces and additional 3 to 4 log unit removal of cells can
be achieved. Thus, optimisation of existing CIP regimes is important to achieve maximum biofilm removal. Use
of higher concentration of NaOH (20 g l-1) and HNO3 (18 ml l-1) at a high temperature (75 °C) can enhance
biofilm removal (Parker et al., 2004). CIP regimes, commonly used in dairy industry, showed a varied effectiveness
in eliminating biofilms. This may be due to the resistance of biofilms to the chemical and physical treatments
applied during cleaning and sanitising procedures in the food industry (Chmielewski and Frank, 2003). Therefore,
the use of enzyme treatments to break down EPS in biofilms is a possible alternative when standard cleaning
agents do not give satisfactory results in removing biofilms. Cleaning regime should break-up or dissolve the EPS
matrix associated with biofilm, so that disinfectants can gain access to bacterial cells (Simões et al., 2006,
2010). Proteases and polysaccharidases can be used as potential agents for biofilm removal (Meyer, 2003).
Proteases in commercially available detergents are already used to clean, for example, ultrafiltration units,
contact lenses, medical apparatus and laundry. The combination of proteolytic enzymes with surfactants increase
the wettability of biofilms formed by a thermophilic Bacillus sp. and, therefore, enhanced cleaning efficiency can
be achieved (Parkar et al., 2004; Lequette et al., 2010). An use of biomimetic superhydrophobic surfaces
formed via the self-assembly of paraffin and fluorinated wax crystals inhibited biofilm formation by B. cereus. 3D
crystalline wax surfaces form a heterogeneous surface that combines wax and air pockets, reducing the
contact area between a bacterial cell and the surface and thereby interrupting bacterial adhesion, thus preventing
the initial step of biofilm formation (Pechook et al., 2015).
Hazard analysis and critical control point (HACCP) in dairy processing lines is required to minimise the
initial load of B. cereus in finished products (Fig. 7). Examination of raw milk from sensorial, physicochemical and
microbiological points of view at the reception,
pasteurisation, temperature of pasteurised
milk storage tank, maintenance of aseptic
conditions during packaging and storage
temperature of the packaged products are
the critical control points (CCPs) in dairy
industry (Tamime, 2009). For each step,
critical control limit should be set and
monitored. The maximum levels of B. cereus
spores in raw milk and finished dairy products
should be 103 l-1 and 100 g-1, respectively
(EU, 2005).

Fig. 7. Flow diagram and critical control points
(CCPs) for pasteurised milk. The text within a box
indicates CCP (based on ANZDAC, 2011)

