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Bacteria that contaminate milk include thermoduric bacteria that can survive pas-
teurisation and subsequently grow in the pasteurised milk or contaminate product. 
Elimination of thermodurics at milking is not feasible. Therefore, knowledge of their 
source and strategies for their reduction are important. The major sources of thermo-
durics in milk are contamination of the teat skin from soil and bedding, and subsequent 
contamination from deposits that can build up on milking equipment surfaces. Hygiene 
at milking can reduce the number of bacteria contaminating milk. Teat preparation at 
milking and a recommended plant cleaning procedure are critical to the prevention of 
the contamination of milk with thermoduric bacteria.
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Introduction
Milk quality is greatly influenced by the 
microbial load of the milk. When asepti-
cally drawn, milk is sterile; however, it is 
contaminated during and after secretion 
and during the normal processes of pro-
duction and processing. Infection of the 
mammary gland, udder and teat surfaces, 
milking equipment and storage tanks all 
have the potential to contaminate milk. 
Milk is a nutritious medium that can 

support the growth of a large selection 
of bacterial contaminants. Bacteria are 
capable of utilising the proteins, fats, car-
bohydrates and vitamins in milk for their 
growth and metabolism. The total bacteria 
count (TBC) (alternatively known as total 
viable count [TVC]) measures the amount 
of bacterial contamination in milk. In 
general, as long as the TBC of the milk 
is less than 100,000 colony forming units 
(cfu)/ml, it is within the regulatory limit. 
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However, good quality milk has a TBC of 
<10,000 cfu/ml. Most of these bacteria are 
killed by pasteurisation; however, some 
bacteria can survive pasteurisation and are 
called thermodurics. Depending on their 
physiological characteristics, thermodurics 
are divided into different categories:

Thermophilic thermodurics: thermo-
philes have an optimum growth tempera-
ture of 50–55 °C, but can grow in the 
range of 40–60 °C. If present in milk, they 
can grow during the pre-heating stages of 
processing (Murphy et al. 1999) and the 
numbers can be increased after process-
ing. Therefore, initial numbers in milk 
need to be low.  

Mesophilic thermodurics: mesophiles have 
an optimum temperature of about 30 °C 
although they can grow in the range 5 to 
50 °C. Therefore, they can grow during poor 
refrigeration conditions on-farm or during 
processing. These sporeforming and non-
sporeforming bacteria include, for exam-
ple, strains of Bacillus, Microbacterium, 
Micrococcus, Enterococcus, Streptococcus 
and Arthrobacter. Spore forming bacteria 
have the ability to form spores when sub-
jected to harsh environments (i.e. high 
temperatures, extreme pH values or nutri-
ent lacking environments). The original 
cell makes a copy of its chromosome and 
surrounds it with a tough wall forming a 
dormant dehydrated resistant spore. When 
conditions become favourable the spore 

can rehydrate and resume metabolism. By 
these means, spore forming bacteria have 
the ability to withstand pasteurisation dur-
ing milk processing. Growth tempera-
ture range for thermophilic, mesophilic 
and psychrophilic bacteria is presented in 
Table 1.

Psychrotrophic thermodurics: psychro-
philes can grow at temperatures from 
freezing to 25 °C. A sub-group within this 
group are psychrotrophs that can grow at 
or below 7 °C. Mesophilic bacteria that can 
grow at refrigeration temperatures are also 
called psychrotrophs. Most psychrotrophs 
are not heat resistant, e.g. Pseudomonas 
spp., and are in milk due to post-pas-
teurisation contamination. Psychrotrophic 
thermodurics have the ability to withstand 
pasteurisation and subsequently grow at 
refrigeration temperatures, in on-farm 
bulk tank milk or in product. In addition 
to being spore-forming bacteria, they can 
produce proteolytic enzymes that degrade 
protein and fat in milk. 

Due to their ability to withstand pasteuri-
sation, thermoduric bacteria can limit the 
shelf life of pasteurised milk (Te Giffel et 
al. 1997). Late blowing of cheese and ‘bitty 
cream’ in milk are issues associated with 
thermoduric contamination (Stone and 
Rowlands 1952). Additionally, some ther-
modurics are food borne pathogens, thus 
their numbers in dairy products must be 
minimised. Testing for thermoduric bacteria 

Table 1. Growth temperature ranges for thermophilic, mesophilic and psychrophilic bacteria

Bacterial group Parameter  Growth temperature

Thermophilic ‘heat loving’ Minimum  40 °C
Maximum  60 °C
Optimum  50–55 °C

Mesophilic ‘medium temperature’ Minimum  5 °C
Maximum  50 °C
Optimum  30–37 °C

Psychrophilic ‘cold loving’ Minimum  0 °C  or less
Maximum  25 °C
Optimum  20 °C



 GLEESON ET AL.: THERMODURIC BACTERIA IN BULK-TANK MILK 219

involves pasteurising milk samples in the 
laboratory by heating for 30 min at 62.8 °C, 
after which a conventional TBC method 
such as standard plate count or petrifilm 
aerobic count is used to enumerate the 
surviving bacteria (Frank and Yousef 2004). 

Major bacterial groups of concern to 
the dairy industry are the Bacillus cereus 
group, the sulphite-reducing clostridia 
(SRC) and psychrotrophic thermodurics. 

Bacillus cereus group of bacteria
B. cereus is a Gram positive, rod-shaped, 
spore-forming motile bacterium with perit-
richous flagella (Christiansson 2011) which 
can grow in aerobic or faculatively anaero-
bic conditions and can survive pasteurisa-
tion (Granum 2005). It is a member of 
the Bacillus cereus group which, in addi-
tion to B. cereus, comprises five other 
very closely related species, B. thuringi-
ensis, B. mycoides, B. weihenstephanensis, 
B.  pseudomycoides and B. anthracis that are 
very difficult to distinguish (Table 2; Tallent 
et al. 2012a). B. cereus group bacteria can 
be isolated on selective mannitol egg yolk 
polymyxin agar (MYP). The colonies are 
pink (mannitol negative) with a zone of 
precipitate (lecithinase positive) (Mossel, 
Koopman and Jongerius 1967). Traditional 
biochemical tests for the identification of B. 
cereus (sensu  stricto) are Voges-Proskauer 
(positive), nitrate reduction (positive), glu-
cose fermentation (positive) and catalase 
(positive) (Table 2). The optimum tem-
perature for growth of B. cereus group is 
30–37 °C although they have the ability to 
grow at temperatures in the range 4.5 to 50 
°C (Claus and Berkley 1986). 

Spores of the B. cereus group are suf-
ficiently heat resistant to survive high 
temperature short time (HTST) pasteuri-
sation. Instead of destroying the spores, 
the heat treatment can trigger spores to 
germinate and subsequently grow in the 

pasteurised product (Griffiths and Phillips 
1990). Species within the B. cereus group 
are foodborne pathogens capable of caus-
ing foodborne illness. Diarrhoeal disease 
occurs when ingested food containing 105-

107 cells of B. cereus (sensu stricto) pro-
duce enterotoxin in the small intestine 
(Granum 2005). An emetic disease occurs 
when food containing pre-formed toxin is 
ingested.

The occurrence of B. cereus group 
species in raw milk and consequently in 
pasteurised products, particularly dried 
products, is almost inevitable. Of 92 infant 
milk formula (IMF) samples examined in 
a German study, 54% were positive for 
B. cereus group (Becker et al. 1994). While 
there was a high percentage of positive 
samples the counts were relatively low 
(0.3–10 cfu/g). Similarly, 59 of 100 IMF 
samples from Ireland were positive for 
B. cereus group but again counts were low 
(Haughton, Garvey and Rowan 2010). 
When stored under unfavourable con-
ditions after reconstitution (>25  °C for 
14h), B. cereus (sensu stricto) became the 
dominant organism and has antagonistic 
properties towards other groups of bac-
teria (Haughton et al. 2010). Reports on 
illness from contaminated IMF are rare. 
Nevertheless, strict caution to prevent 
contamination is warranted due to the 
high susceptibility of the target consumers.

Various agars can be used to isolate 
B. cereus group bacteria, all of which 
contain egg yolk and rely on the produc-
tion of lecithinase by B. cereus colonies 
for identification (Tallent et al. 2012b). 
Further identification to species level 
requires the use of traditional biochemi-
cal tests (Table 2) or molecular methods.

Sulphite-reducing clostridia
Sulphite-reducing clostridia (SRC) are 
Gram positive anaerobic spore-forming 
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bacteria (Donnelly and Busta 1981). 
Similar to B. cereus, SRC describes a 
group of bacteria consisting of 12–14 dif-
ferent species that are difficult to dis-
tinguish to species level. The spores are 
highly resistant to extreme chemical and 
physical conditions and are ubiquitous in 
nature where they can germinate when 
conditions are favourable (Aureli and 
Franciosa 2002). Growth temperatures for 
each species can vary from 3.3 °C to 80 °C 
(Aureli and Franciosa 2002). The ability 
of organisms in this group to reduce sul-
phite to sulphide and form black colonies 
on selective agar is a fundamental basis 
for their identification and thus they are 
referred to as sulphite-reducing clostridia 
(Angelotti et al. 1962; Weenk, Fitzmaurice 
and Mossel 1991; Aureli and Franciosa 
2002). Clostridium perfringens is one of the 
key SRC species and is commonly found in 
faeces (of both humans and animals) and 
is widely distributed in soil, dust, vegeta-
tion and raw foods. Characteristics of both 
C. perfringens and B. cereus are outlined in 
Table 3. On the farm, silage can be a major 
source of this and other Clostridia since 
the silage making process provides the 
bacteria with an anaerobic environment 
in which they can grow. Spores ingested 
by cows eating contaminated silage are 
excreted in the faeces which can con-
taminate raw milk at milking (Aureli and 
Franciosa 2002). A heat labile cytotoxic 
enterotoxin can be produced by C. per-
fringens. The toxin disrupts the membrane 
of epithelial cells resulting in diarrhoea, 
cramps, nausea and vomiting which fol-
low shortly after ingestion of numbers in 
excess of 108 cells (Andersson, Ronner 
and Granum 1995; Aureli and Franciosa 
2002). Because of their potential toxicity 
to infants, it has been recommended that 
spore counts in infant foods are minimised 
(Aureli and Franciosa 2002). The detec-
tion of sulphite-reducing Clostridia, as the 
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name suggests rely on Clostridia spp. to 
reduce sulphite in iron sulphite agar base 
to form ferrous sulphide which results in 
the formation of black colonies. Polymyxin 
is added to the agar to select for Clostridia 
spp. The growth of sulphite-reducing 
Clostridia requires anaerobic incubation 
at 30–37 °C for up to three days (Aureli 
and Franciosa 2002). 

Regulations
As B. cereus in milk can be toxin-produc-
ing, the European Union (EC, 1771/2007) 
has set a threshold for B. cereus spores in 
dried infant formulae intended for infants 
below 6 months of age. For product to 
be considered satisfactory and within the 
threshold levels, five samples are anal-
ysed and four samples must be below 50 
cfu/g while the remaining sample can be 
between 50 and 500 cfu/g. In order to 
achieve this target level, the specifications 
for B. cereus in raw milk are frequently set 
at <10 cfu/ml. In order to achieve these 
specifications, it is necessary to under-
stand the sources of these bacteria and the 
control measures that can facilitate their 
reduction.

Table 3. Characteristics of Clostridium perfringens and Bacillus cereus group

Clostridium perfringens  Bacillus cereus group

Relevance Foodborne intoxications  Foodborne intoxications, spoil 
pasteurised dairy products

Number of species 12 to 14  6
Growth conditions Anaerobic  Anaerobic and facultatively 

anaerobic
Growth in milk Yes  Yes
Temperature range for growth 12–60 °C  4–55 °C
Optimum temperature 43–47 °C  30–37 °C 
Example of industry specification for spore 
concentrations in bulk tank milk

< 5 spores/mL  < 10 spores/mL

Origin of spores in bulk tank milk Environment – exterior 
of teats (soil, faeces, 
silage, milking/
processing equipment)

 Environment – exterior of 
teats (soil, faeces, silage, 
milking/processing equipment)

Ideally, thermoduric counts should be 
below 100 to 200 cfu/ml and counts below 
10 cfu/ml indicate excellent equipment 
hygiene (Reinemann et al. 2003). While 
in the past a limited number of processors 
in Ireland tested for thermoduric bacte-
ria, more have been obliged to include it 
as part of the payment schemes in order 
to comply with customer requirements. 
Those that conduct this analysis carry out 
approximately two tests per month and 
have set a penalty threshold for thermo-
duric counts in raw milk at 1000 cells/mL.

Sources of thermoduric bacteria 
in raw milk

Contamination of bulk tank milk by micro-
organisms occurs during and after milking 
(Figure 1). Thermoduric bacteria in milk 
can arise from soil, bedding, feed, dust, 
all of which contaminate cow’s teats, from 
which raw milk can be contaminated. 
Additionally, contamination can occur 
from deposits on milking equipment. 

Contamination from teat skin 
Teat skin is considered the major source 
of thermoduric spores in raw milk and 
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subsequent attachment to surfaces and 
growth are responsible for the major-
ity of the spore contamination in bulk-
tank milk (McKinnon and Pettipher 1983; 
McKinnon, Rowlands and Bramley 1990; 
Christiansson, Bertilsson and Svensson 
1999). Dirt attached to teats rinses off 
during milking and spores present in the 
rinsed off dirt contaminate the milk. The 
concentration of spores transmitted to 
milk depends on the amount of dirt on 
teats and the spore concentration in the 
dirt. Predictive models have been used to 
quantitatively identify factors that have the 
greatest effect on spore concentrations in 
bulk tank milk. Using such models, Vissers 
et al. (2007) estimated that when teats 
were contaminated with soil, 33% of tank 
milk will contain >1000 spores/L, whereas 
when feed is the main source of contami-
nation, this figure is only 2%. Therefore, 
cleaning of teats prior to milking can 
reduce the spore count of milk. Different 
teat-cleaning methods have been evalu-
ated to determine their effect on the pres-
ence of spores in milk. The most effective 
method (showing a reduction of 96%) was 

when a moist washable towel followed by 
drying with a dry paper towel for a total 
of 20 s was used (Magnusson et al. 2006). 
That study also showed that cleaning was 
independent of the contamination source 
(soil, manure, sawdust) or type of spore. 
Significant reductions in TBC, thermo-
duric bacteria, enterocci and coliforms 
were shown with full teat preparation as 
compared to no teat preparation (Murphy 
et al. 2005). Furthermore, teat preparation 
involving the use of disinfectant wipes 
or teat disinfection followed by drying 
with individual paper towels have also 
been shown to reduce Staphylococcus, 
Streptococcus and coliform numbers on 
teat skin prior to milking (Gleeson et al. 
2009). However, teat washing using an 
iodine solution was shown to be ineffective 
in reducing bacterial populations of the 
teat unless followed by thorough drying 
(Zarkower and Schenchenzuber 1977). 
This highlights the importance of drying in 
any teat preparation procedure. A recent 
survey of over 400 farms in Ireland showed 
that only 2% of farms wash and dry cow’s 
teats during the summer months with this 

Farm environment

Feeds

Faeces Bedding

Soil

Dirt on 
teats

Milking
equipment

Raw 
milk

1

2

Figure 1. Sources and route of microbial contamination into milk.
Microorganism and spores are transmitted to milk (1) via the exterior of cows’ 
teats, and (2) via surfaces of the milking equipment. 
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figure increasing to only 7% during the 
winter months (Kelly et al. 2009). This 
demonstrates an opportunity for reduc-
ing the contamination of Irish milk with 
spore-forming bacteria.

It has been demonstrated that during 
the grazing season, the spore concentra-
tion in bulk tank milk can be directly 
related to the contamination of teats with 
soil (Christiansson et al. 1999). High water 
content of soil and dirty access roadways 
were considered the most important fac-
tors associated with high spore concentra-
tions. It was also suggested that increased 
soil consumption occurs during wet weath-
er (Herlin and Anderson 1996) due to 
increased levels of soil present on grazed 
grass. Spores in the subsequent faeces can 
contribute to some extent to the spores in 
milk via contamination of teats from cows 
lying on pasture. In addition to dirty teats 
and soil, the concentration of spores in 
animal feed is a source of contamination 
during the housing period. Poor qual-
ity silage with spore counts of 4.5 log10 
cfu/g was considered a likely source of 
teat contamination (Slaghuis et al. 1997). 
Reductions in spore counts of 60% were 
feasible indoors by ensuring that the spore 
concentration of feed was less than 3 log10 
cfu/g and the pH of the ration is less than 
5.0 (Vissers et al. 2007). Cubicle bedding 
was also considered as a source of milk 
contamination with B. cereus (Davies and 
Wilkinson 1973). High B. cereus counts 
were shown to be present in the upper lay-
ers of sawdust used for bedding cows whilst 
indoors, which was in direct contact with 
cow’s udders (Magnusson et al. 2007). The 
addition of some cubicle bedding materials 
such as hydrated lime can lower bacterial 
counts on cubicle beds (Hogan et al. 1989).

In addition, the standard of hygiene 
of dairy facilities may affect the levels of 
bacteria found in milk. In Ireland 57% of 
milking facilities surveyed were considered 

unsatisfactory in terms of cleanliness 
(Kelly et al. 2009). Improved dairy and 
parlour hygiene, the fitting of individual 
feed hopper covers and keeping the bulk 
milk tank lid closed during the milking 
process would minimise the possibility of 
dust getting into raw milk.

Contamination from milking equipment
Inadequate cleaning and maintenance of 
milking equipment can promote biofilm 
formation on stainless steel surfaces. 
B. cereus biofilms may develop in stor-
age and piping systems that are partially 
filled or where residual liquid remains 
after a production cycle (Wijman et al. 
2007), where they facilitate the growth 
and multiplication of thermoduric spores 
which can be released into milk. Biofilms 
allow greater resistance of bacteria to 
temperature and sanitation (Frank and 
Koffi 1990). The inclusion of regular 
acid cleaning of the milking equipment 
(Elmoslemany et al. 2010) to remove min-
eral deposits and the inclusion of pre-
milking plant disinfection (with sodium 
hypochlorite or peracetic acid) have both 
been shown to minimise the levels of ther-
moduric bacteria in raw milk (Gleeson, 
O’Brien and Jordan 2013). A number 
of effective cleaning procedures suitable 
for milking systems in Ireland have been 
developed (Gleeson 2013). Sodium hypo-
chlorite has been previously shown to be 
effective for the cleaning and disinfection 
of milking equipment (Reinemann et al. 
2003), but issues with chlorine residues 
may result from inappropriate use (Ryan 
et al. 2012). Peracetic acid contains envi-
ronmentally acceptable breakdown prod-
ucts and is effective against bacteria and 
spores (Watkinson 2008). 

The level of water hardness was shown 
to have an impact on equipment hygiene 
(Elmoslemany et al. 2009). Levels of water 
hardness expressed as calcium carbonate 
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(CaCO3) can vary from soft (<60 µg/mL) to 
very hard water (>200 µg/mL) (Watkinson 
2008). Hard water has increased mag-
nesium and calcium levels which have 
a negative effect on disinfectant efficacy 
and result in mineral deposits on surfaces 
and the likelihood of biofilm formation. 
In addition to regular plant descaling, the 
installation of water softeners provides 
an effective method for improving water 
quality and should be considered where 
water hardness levels are >200 µg/mL 
(Watkinson 2008).

Automatic cleaning of milk liners 
between individual cow milkings can also 
minimise the levels of bacteria (mesophillic 
Staphylococcus, Streptococcus and coli-
form) on liners (Gleeson, O’Callaghan 
and O’Brien 2010), thus reducing the 
possibility of bacterial contamination of 
milk. Only 40% of Irish dairy farmers use 
heated water, which was shown to have 
significantly positive effect on total bacte-
rial counts in the milking parlour (Kelly 
et al. 2009). The effectiveness of cleaning 
agents improves as water temperature 
was increased (Reinemann et al. 2003), 
and lower wash water temperature can be 
associated with more variability in farm 
milk bacterial levels (Bava et al. 2009). 
However, Palmer and O’Shea (1973) 
concluded that cold circulation cleaning 
systems compared favourably with con-
ventional circulation cleaning when alka-
line powder products (76%) were used 
with extended surface contact time (rins-
ing delayed until just before the next milk-
ing) and the pH of the working solution 
was >10. However, hot water provides 
greater microbial kill than chemical clean-
ing with cold water. A rise in temperature 
of 10 °C increased the reaction rates of 
chemicals by between two and eight times 
(Watkinson 2008). For effective cleaning 
an initial cycle water temperature of 70° C 
and an end of cycle temperature of 50° C 

is recommended for CIP cleaning with liq-
uid detergent-steriliser solutions (Gleeson 
2013).

Furthermore, water quality can also 
play a role in increasing the spore content 
of raw milk (Cook and Sandemann 2000), 
while the use of filter socks is a recom-
mended practice during milking, it is only 
effective in removing large debris from the 
milk and is ineffective in removing bacte-
ria from the milk (Chambers 2002). 

The rate of bacterial growth in milk is 
dependent on the initial microbial load 
and the temperature at which the milk is 
stored. Ideally, this should be less than 
4  °C (Chambers 2002). During the milk 
cooling period some microorganisms may 
multiply (Holm et al. 2004), especially fast 
growing psychrotrophic bacteria that re-
produce in the temperature range of 4 to 
7  °C. The inclusion of a plate cooler has 
been demonstrated to minimize thermo-
duric bacteria levels in milk (Elmoslemany 
et al. 2010). Therefore, rapid cooling of 
milk within the processor regulated tem-
perature (2–4  °C) using efficient plate 
coolers (Murphy, Upton and O’Mahony 
2013) may prevent further psychrotrophic 
bacteria growth. Ideally the cooling of 
milk to this required temperature should 
be completed within a half hour of the 
completion of each milking session.

Strategies for control of spores in milk
The dairy industry depends mainly on pas-
teurisation to reduce the bacterial count of 
milk. However, spore forming bacteria can 
withstand pasteurisation, so the most effec-
tive method for reduction of the spore count 
in milk is increased hygiene at milking. 

From the many research studies under-
taken, teat preparation is considered 
a key preventative factor in reducing 
thermoduric numbers in milk. Bacterial 
numbers both on teats and in milk are 
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minimised when teats are washed and 
dried with individual paper towels or 
disinfected and dried with individual 
paper towels prior to milking. Particular 
attention should be paid to teat prepa-
ration whilst cows are indoors, during 
periods of wet weather and extremely dry 
weather as soil levels which are high in 
thermoduric bacteria are more likely to 
be present on teats. Drying of teats prior 
to cluster attachment is considered criti-
cal. To help maintain a clean udder and 
prevent teats becoming soiled between 
milkings, cow’s tails should be clipped 
at least three times a year i.e. at calving, 
mid summer and at housing. The col-
lecting yard and holding yard should be 
washed down after each milking and the 
cow platform and milking cluster should 
be washed regularly during the milking 
process. However, in-parlour cleaning 
should not be conducted whilst cows are 
still present on the platform or the clus-
ter is still attached to a cow. 

Following a recommended plant clean-
ing procedure is critical to the prevention 
of an environment that will facilitate milk 
contamination with thermoduric bacteria. 
In addition to regular plant descaling, the 
installation of water softeners provides an 
effective method for improving water qual-
ity. As some thermoduric bacteria will mul-
tiply at temperatures above 4 °C, cooling 
of milk should be completed within a half 
hour of the completion of milking. Other 
control factors such as automatic cluster 
cleaning between individual cow milkings, 
the addition of peracetic acid as a pre-
milking plant rinse and replacing cracked 
rubberware will also contribute in to mini-
mising thermoduric bacteria levels in milk. 

Acknowledgements
This work was supported by The Dairy Levy Research 
Trust. 

References
Ande rsson, A., Ronner, U. and Granum, P.E. 1995. 

What problems does the food industry have with 
the spore-forming pathogens Bacillus cereus and 
Clostridium perfringens?. International Journal of 
Food Microbiology 28: 145–155.

Herl in, A.H. and Andersson, I. 1996. “Soil 
Ingestion in Farm Animals. A Review”. No. 
105. Department of Agricultural Biosystems and 
Technology. Swedish University of Agricultural 
Sciences, Lund, Sweden, 39 pages.

Angelotti, R., Hall, H.E., Foter, M.J. and Lewis, K.H. 
1962. Quantitation of Clostridium perfringens in 
foods. Applied Microbiology 10: 193–199.

Aure li, P. and Franciosa, G. 2002. Clostridium spp. 
In: “Encyclopaedia of Dairy Sciences” (eds. 
H. Roginski, J.W. Fuquay and P.F. Fox), London, 
United Kingdom, 1: 456–463.

Bava, L., Zucali, M., Brasca, M., Zanini, L. and 
Sandrucci, A. 2009. Efficiency of cleaning pro-
cedure of milking equipment and bacterial qual-
ity of milk. Italian Journal of Animal Science 8: 
387–389.

Becker, H., Schaller, G., von Wiese, W. and Terplan, 
G. 1994. Bacillus cereus in infant foods and 
dried milk products. International Journal of Food 
Microbiology 23: 1–15.

Claus, D. and Berkeley, R.C.W. 1986. Genus Bacillus 
Cohn, 1872. In: “Bergey’s Manual of Systematic 
Bacteriology” (eds. Sneath, P.H.A., Mair, N.S., 
Sharpe, M.E. and Holt. J.G.), The Williams & 
Wilkins Co., Baltimore, 2, 1105–1139.

Chambers, J.V. 2002. The microbiology of raw milk. 
In: “Dairy Microbiology Handbook” (Third edi-
tion), (eds. Robinson, I.K), John Wiley and Sons, 
Inc., New York, USA, ISBN 0-471-38596-4, pages 
39–90.

Christiansson, A., Bertilsson, J. and Svensson, B. 
1999. Bacillus cereus spores in raw milk: Factors 
affecting the contamination of milk during the 
grazing period. Journal of Dairy Science 82: 305–
314.

Christiansson, A. 2011. Pathogens in milk: Bacillus 
cereus. In: “Encyclopaedia of Dairy Sciences” 
(Second Edition), (eds. W.F. John), Academic 
Press, London, United Kingdom, pages 24–30.

Cook, G.M. and Sandeman, R.M. 2000. Sources and 
characterisation of spore-forming bacteria in raw 
milk. Australian Journal of Dairy Technology 55: 
119–126.

Davies, F.L. and Wilkinson, G. 1973. Bacillus in milk 
and dairy products. In: “The Microbiological 
Safety of Food” (eds. B.C. Hobbs and J.H.B. 
Christian), Academic Press, London, United 
Kingdom, pages 57–67.



226     IRISH JOURNAL OF AGRICULTURAL AND FOOD RESEARCH, VOL. 52, NO. 2, 2013

Donn elly, L.S. and Busta, F.F. 1981. Anaerobic 
sporeforming microorganisms in dairy products. 
Journal of Dairy Science 64: 161–166.

Elmoslemany, A.M., Keefe, G.P., Dohoo, I.R., 
Wichtel, J.J. and Stryhn, H. 2010. The associa-
tion between bulk tank milk analysis for raw milk 
quality and on-farm management. Preventative 
Veterinary Medicine 95: 32–40.

Elmoslemany, A.M., Keefe, G.P., Dohoo, I.R. and 
Jayarao, B.M. 2009. Risk factors for bacterio-
logical quality of bulk tank milk in Prince Edward 
Island dairy herds. Part 2: Bacteria count-specific 
risk factors. American Dairy Science Association 
92: 2644–2652.

Frank, J.F. and Koffi, R.A. 1990. Surface-adherent 
growth of Listeria monocytogenes is associated 
with increased resistance to surfactant sanitizers 
and heat. Journal of Food Protection 53: 550–554.

Frank, J.F. and Yousef, A.E. 2004. Tests for groups 
of microorganisms. In: “Standard Methods for 
the Examination of Dairy Products” (eds. Wehr, 
H.M. and Frank, J.H.), American Public Health 
Association, Washington DC, USA, pages 
227–247.

Gleeson, D., O’Brien, B., Flynn, J., O’Callaghan, 
E. and Galli, F. 2009. Effect of pre-milking teat 
preparation procedures on the microbial count on 
teats prior to cluster application. Irish Veterinary 
Journal 62: 461–467.

Gleeson, D., O’Callaghan, E. and O’Brien, B. 2010. 
Effect of individual cluster flushing between milk-
ings on the bacterial count on liners. Proceedings 
of the 5th IDF Mastitis Conference, 21–24th March, 
Christchurch, New Zealand, page 719.

Gleeson, 2013. Milking equipment cleaning guide. 
Available online: http://www.agresearch.teagasc.
ie/moorepark/milkquality [accessed 24 September 
2013].

Gleeson, D.  O’Brien, B. and Jordan, K. 2013. The 
effect of using nonchlorine products for clean-
ing and sanitising milking equipment on bacte-
rial numbers and residues in milk. International 
Journal of Dairy Technology 66: 182–188.

Granum, P.E. 2005. Bacillus cereus. In: “Foodborne 
Pathogens: Microbiology and Molecular Biology” 
(eds. P, Fratamico, A. Bhunia and J. Smith), 
Caister Academic Press, Norfolk, United 
Kingdom, pages 409–420.

Griffiths, M.W. and J.D. Phillips. 1990. Incidence, 
source and some properties of psychrotrophic 
Bacillus found in raw and pasteurised milk. 
International Journal of Dairy Technology 43: 
62–66.

Haughton, P., Garvey, M. and Rowan, N. 2010. 
Emergence of Bacillus cereus as a dominant 

organism in Irish retailed powdered infant for-
mulae (PIF) when reconstituted and stored under 
abuse conditions. Journal of Food Safety 30: 814–
831.

Holm, C., Jepsen, L., Larsen, M. and Jespersen, L. 
2004. Predominant microflora of downgraded 
Danish bulk tank milk. Journal of Dairy Science 
87: 1151–1157.

Hogan, J.S., Smith, K.L., Todhunter, D.A., 
Schoenberger, P.S., Hueston, W.D., Pritchard, 
D.E., Bowman, G.L., Heider, L.E and Brokett, 
B.L. 1989. Bacterial counts in bedding materials 
used on nine commercial dairies. Journal of Dairy 
Science 72: 250–258.

Kelly, P.T., O’ Sullivan, K., Berry, D.P., More, S.J., 
Meaney, W.J., O’ Callaghan, E.J. and O’Brien, B. 
2009. Farm management factors associated with 
bulk tank total bacterial count in Irish dairy herds 
during 2006/07. Irish Veterinary Journal 62: 36–42.

Magnusson, M., Christiansson, A., Svensson, B. and 
Kolstrup, C. 2006. Effect of different premilking 
manual teat-cleaning methods on bacterial spores 
in milk. Journal of Dairy Science 89: 3866–3875.

Magnusson, M., Svensson, B., Kolstrup, C. and 
Christiansson, A. 2007. Bacillus cereus in free-stall 
bedding. Journal of Dairy Science 90: 5473–5482.

McKinnon, C.H. and Pettipher, G.L. 1983. A sur-
vey of sources of heat-resistant bacteria in milk 
with particular reference to psychrotrophic spore-
forming bacteria. Journal of Dairy Research 50: 
163–170.

McKinnon, C.H., Rowlands, G.J. and Bramley, A.J. 
1990. The effect of udder preparation before 
milking and contamination from the milking 
plants on bacterial numbers in bulk milk of 
eight dairy herds. Journal of Dairy Research 57: 
307–318.

Mos sel, D., Koopman, M. and Jongerius, E. 1967. 
Enumeration of Bacillus cereus in foods. Applied 
Microbiology 15: 650–653.

Murphy, P.M., Freyne, T., Gleeson, D., O’Callaghan, 
E. and O’Brien, B. 2005. Impact of pre-milk-
ing teat preparation practices on milk qual-
ity. Proceedings ICAR, Technical series No 10, 
Physiological and technical aspects of machine 
milking, Nitra, Slovak Republic, 26–28 April, pages 
279–280.

Murphy, S.C. 2010. Basic Dairy Bacteriology, 
Extension Handout (eds. Carey. N.R. Cornell 
University, Department of Food Science, 
Stocking Hall, Ithaca, NY 14853, pages 10. http://
foodscience.cornell.edu/cals/foodsci/extension/
upload/CU-DFScience-Notes-Bacteria-General-
Dairy-Micro-06-10.pdf. [accessed 24 September 
2013].



 GLEESON ET AL.: THERMODURIC BACTERIA IN BULK-TANK MILK 227

Murphy, M., Upton, J. and O’Mahony, M.J. 2013. 
Rapid milk cooling control with varying water 
and energy consumption. Biosystems Engineering 
116: 15–22. 

Murphy, P.M., Lynch, D. and Kelly, P.M. 1999. Grow th 
of thermophilic spore forming bacilli in milk during 
the manufacture of low heat powders. International 
Journal of Dairy Technology 52: 45–50.

Palmer, J. and O’Shea, J. 1973. Cold circulation 
cleaning of milking machines. Irish Journal of 
Agricultural Research 12: 175–185.

Reinemann, D.J., Wolters, G.M., Billon, P., Lind, O. 
and Rasmussen, M.D. 2003. Review of practices 
for cleaning and sanitation of milking machines. 
International Dairy Federation Bulletin 381: 32–50.

Ryan, S., Gleeson, D., Jordan, K., Furey, A. and 
O’Brien, B. 2012. Evaluation of trichlorometh-
ane formation from chlorine based cleaning and 
disinfection agents in cow’s milk. International 
Journal of Dairy Technology 65: 498–502. 

Slaghuis, B., Te Giffel, M.C., Beumer, R.R. and 
André, G. 1997. Effect of pasturing on the inci-
dence of Bacillus cereus spores in raw milk. 
International Dairy Journal 7: 201–205.

Stone, M.J. and Rowlands, A. 1952. ‘Broken’ or 
‘bitty’ cream in raw and pasteurized milk. Journal 
of Dairy Research 19: 51–62.

Tallent, S.M., Roodehamel, E.J., Harmon, S.M. 
and Bennett, R.W. 2012a. Available online: 
http://www.fda.gov/Food/FoodScienceResearch/
LaboratoryMethods/ucm070875.htm [accessed 
14 November 2013].

Tallent, S.M., Kotewicz, K.M., Strain, E.A. and 
Bennett, R.W. 2012b. Efficient isolation and 

identification of Bacillus cereus group. Journal of 
AOAC International 95: 446–451.

Te Giffel, M.T. 1997. “Isolation, identification and 
characterization of Bacillus cereus from the dairy 
environment”. Thesis, Landbouwuniversiteit, 
Wageningen. ISBN 90-5485-694-7.

Vissers, M.M., Te Giffel, M.C., Driehuis, F., De Jong, 
P. and Lankveld, G.J.M. 2007. Predictive model-
ling of Bacillus cereus spores in farm tank milk 
during grazing and housing periods. Journal of 
Dairy Science 90: 281–292. 

Watkinson, W.J. 2008. Chemistry of detergents and 
disinfectants. In: “Cleaning in place: Dairy Food 
and Beverage Operations” (Third edition), (eds. 
A.Y. Tamime), Society of Dairy Technology. 
ISBN-13:978-1-4051-5503-8, pages 56–80.

Wijman, J.G., de Leeuw, P.P., Moezelaar, R., 
Zwietering, M.H. and Abee, T. 2007. Air-liquid 
interface biofilms of Bacillus cereus: Formation, 
sporulation, and dispersion. Applied and 
Environmental Microbiology 73: 1481–1488.

Weenk , G., Fitzmaurice, E. and Mossel, D. 1991. 
Selective enumeration of spores of Clostridium 
species in dried foods. Journal of Applied 
Microbiology 70: 135–143.

Zarkower, A. and Scheuchenzuber, W.J. 1977. Teat 
apex microflora: Influence of washing and dip-
ping procedures. Cornell Veterinary Journal 67: 
404–412.

Received 26 September 2013


