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Figure 2.18. Thermal death time curves for three strains of Yersinia enterocolitica.  Legend for 

strains: ○ = Aus 3; □ = Aus31; ∆ = C1017 [after Lovett et al. (1982)].  
 

Kushal and Anand (1999) compared the heat resistance of a standard strain of Y. enterocolitica, 
MTCC-861 and of two isolates of Y. enterocolitica in whole and skim milk.  Inoculation levels 
were in the range 1-8 x 106 per mL.  Heating was carried out in sealed tubes immersed in water at 
62.8oC for 30 minutes.  No survivors were detected in whole or skim milk.   
 
Pagan et al. (1999) examined factors affecting the heat resistance of Y. enterocolitica.  For example, 
growth temperature in the range of 4 to 20oC did not influence the heat resistance of the organism at 
54-66oC at pH 7 in phosphate citrate buffer.  However, when Y. enterocolitica was grown at 37oC, 
the D62 C value increased from 0.04 to 0.17 minutes.  This increase was consistent at all heating 
temperatures tested (54-66oC).  Interactions between growth temperature and pH and composition 
of the heating medium were also demonstrated.  Hayashidani et al. (2005) found in their study of 
heat resistance among several strains of pathogenic Y. enterocolitica that different strains of Y. 
enterocolitica behaved differently on their heat resistance upon variation of growth temperature. 
One type was growth temperature-dependent including strain O:3, O:5,27 and O:8. Their D60 C -
values were larger when they were grown at 37oC than at 7 or 25oC. Another type was growth 
temperature-independent, such as O:9 that had similar D60 C -values when it was grown at 7, 25 and 
37oC. 
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Summary 
Although there is evidence that strains of Y. enterocolitica vary widely in their heat resistance, there 
is also ample evidence to indicate that even the most heat resistant of them would not survive 
commercial batch or HTST pasteurisation, with a wide margin of safety.  Strains from Australia 
reported to be capable of surviving pasteurisation in a 1979 study were found to be destroyed by 
pasteurisation in later studies.  Growth temperature of the Y. enterocolitica cultures before heat 
treatment and, to a lesser extent, environmental factors such as pH and composition of the heating 
medium can have a marked effect on heat resistance. There exist two types of Y. enterocolitica. The 
heat resistance of one type is dependent on the growth temperature, and that of the another type is 
independent of growth temperature. 
 
Thermisation at 62oC for 15 seconds would have some impact on population levels, but the 
available data indicates that the extent of the impact might vary widely.  Different studies indicate 
different levels of impact, ranging from <1-20D kill, with a range of about 1-5D being most likely.  
The strain of Y. enterocolitica and the growth temperature before heat treatment have a significant 
influence on heat resistance.   
 

2.4. Summary and discussion of published data on thermal death times of 
relevance to milk pasteurisation and thermisation and of identified gaps in 
knowledge 

The main findings from the foregoing review of the published data on the heat resistance of the 
pathogens nominated for evaluation during the present study have been summarised in Table 2.16.  
The summary deals with two issues:  
• Methods used to determine heat resistance of each pathogen, and  
• Ability of the pathogens to survive/not survive commercial heat treatments.   
 
In addition, the numbers of heat resistance studies conducted on milk from the five animal species 
covered by this review and on different types of milk have also been summarised, and comments 
made on the findings of the available comparative studies (refer Table 2.17).  Some summary data 
is also provided on the numbers of studies reporting confidence limits for heat resistance data.  
 
Methods used to determine heat resistance of the pathogens   
As highlighted throughout this report and as further discussed below, the method of determining 
heat resistance is a major factor in determining (i) its reliability and (ii) its relevance to commercial 
pasteurisation practice.  It is considered important therefore to list the methods that have been used 
to determine heat resistance of each pathogen, as the methodology needs to be considered when 
assessing the veracity of any conclusions about the ability of an organism to survive/not survive 
commercial heat treatments.  Many different techniques and types of equipment have been used to 
measure heat resistance, ranging from very simple to sophisticated and from micro scale to 
commercial scale.  However, for preparation of the summary set out in Table 2.16, each method 
was allocated to one of six broad categories. 
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With regard to the methodology for determining the heat resistance of pathogenic 
microorganisms in the context of milk pasteurisation, Stabel et al. (2001) outlined the relative 
merits of the three general types of methodology that have been widely used, as follows: 

(a) Batch heating in an open vial (as in the widely-used Franklin method), tube or 
flask.  The microbial suspension is partially immersed in a heating bath.   

(b) Batch heating in closed systems.  The microbial suspension is fully enclosed in a sealed 
capillary tube, screw cap bottle or similar and fully immersed in a heating bath.   

(c) Continuous flow heating.  The microbial suspension is continuously fed into a heat 
exchanger, comprised of heating, holding and cooling sections.   

 
According to Stabel et al., it is almost impossible not to contaminate parts of the holding 
vessel that are not fully immersed during pipetting and mixing operations with method type 
(a).  This invariably leads to contamination of the bulk liquid with some surviving cells.  The 
result is that the thermal death curve frequently shows tailing, apparently indicating that a 
fraction of the population is insensitive to heat.  For this reason, Stabel et al. were firmly of 
the opinion that this type of methodology should never be used for the estimation of D values. 
 
Stabel et al. further noted that method types (b) and (c) do not suffer from the drawbacks 
outlined above for method types (a).  However, batch heating (b) and continuous heating (c) 
differ in important ways, particularly speed of heat transfer and the impact of laminar (ie non-
turbulent) vs. turbulent flow during the holding (residence) period.  Some authors have argued 
that batch heating in closed vials or tubes can only be used to estimate D values when the heat 
treatment is applied for periods of one minute or longer; batch heating for shorter periods, i.e. 
those measured in seconds, may not yield reliable data.   
 
Important components of the heat treatment during commercial pasteurisation, both batch and 
continuous, are the come-up period before and the cool-down period after the holding period.  
According to Stabel et al., the residence time profile in a typical HTST pasteuriser is as 
follows:  regeneration section, incoming raw milk, 12 seconds; heating section, 5 seconds; 
holding tube, 15 seconds at 72oC; regeneration section, outgoing pasteurised milk, 12 
seconds; and cooling section, 5 seconds.   
 
It is perhaps ironical that, in order to estimate reliable D values, some of the researchers cited 
in Section 2.3 above reported that they had gone to great lengths to avoid, or to otherwise 
correct for, the impact of come-up period and cool-down periods on the survivor curves.   
 
Another important feature of commercial HTST systems is turbulent flow, though even the 
degree of turbulence can vary between plants.  Most of the laboratory scale equipment 
designed to simulate HTST pasteurisation even lacks this feature.  In addition, 
homogenisation of milk for liquid milk products may also have an impact of the survival of 
pathogens during commercial pasteurisation, particularly where clumping of the organism 
might be an issue. 
 
Thus, from a commercial perspective, it is the overall impact of the integrated heating profile, 
plus any other relevant inputs during processing such as homogenisation, on the survival/ 
destruction of any pathogens that may be present in the raw milk on any given day is what 
really counts.  Thus, when interpreting the data summarised in Table 2.16 and outlined in 
detail in Section 2.3, it is recommended that the greatest weight be given to the results of heat 
resistance studies carried out using either pilot plant- or commercial-scale HTST 
pasteurisation equipment, particularly modern equipment that complies with current 
recognised standards for HTST equipment.  This should be particularly so in any cases where 
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doubts about the ability of an organism to survive pasteurisation have arisen from earlier 
studies, e.g. M. paratuberculosis.  However, that is not to say heat resistance data obtained 
using laboratory methods should be ignored; rather, the particular methodology used to obtain 
the data should be established and the data interpreted accordingly.  Confidence limits are an 
importance adjunct to kinetic data but in many cases have not been reported (see below).  The 
method used to measure heat resistance is less critical in cases where the organism is not 
particularly heat resistant.  
 
Ability of the organisms to survive/not survive commercial heat treatments 
For summarising the data on heat resistance of the pathogens, three commercial heat 
treatments were used as reference points: (i) HTST pasteurisation (72oC for 15 sec); (ii) Batch 
(holder) pasteurisation (63oC for 30 min); and (iii) Thermisation, arbitrarily defined as 62oC 
for 15 sec.   
 
Heat resistance studies conducted using either pilot plant- and/or or commercial-scale HTST 
pasteurisation equipment have been reported for 12 of the 18 vegetative forms of the 
pathogenic species listed in Table 2.16.  These were: B. abortus, C. jejuni, C. coli, C. burnetii, 
Pathogenic E. coli (0157:H7), L. monocytogenes, M. tuberculosis, M. bovis, M. 
paratuberculosis, Salmonella, S. pyogenes and Y. enterocolitica.  Excluding M. 
paratuberculosis, there is ample evidence to demonstrate that each of these species is 
destroyed by both batch (63oC for 30 minutes) and HTST (72oC for 15 seconds) 
pasteurisation, with a reasonable margin of safety.  However, it must be noted that even the 
most recent data for several of these organisms is quite dated (see below).  
 
In the case of M. paratuberculosis, there appears to be ample evidence that this organism is 
destroyed by batch pasteurisation.  However, studies on the ability of M. paratuberculosis to 
survive heating at 72oC for 15 seconds, even with pilot scale HTST equipment, have given 
conflicting results.  However, the more credible studies have shown that a minimum log10 
reduction of M. paratuberculosis during HTST pasteurisation of at least 4D is obtained, and 
that given the numbers of the organism likely to be present in the raw milk, that this in fact 
provides a reasonable margin of safety for the consumer.  More generally, population 
reductions in the order of 6-7D have been reported.   
 
A fundamental question with respect to M. paratuberculosis, as yet unanswered, is whether 
the organisms is in fact a human pathogen, or whether its postulated association with Crohn’s 
disease is just serendipitous, rather than causal.  
 
Of the remaining six species, the available data on their heat resistance, if any, indicates the 
following: 

• Bacillus cereus.  Although there is limited data available specifically on the heat 
resistance of the vegetative form of this organism, and none using commercial HTST 
equipment, it is generally accepted that the vegetative cells are readily destroyed by both 
batch and HTST pasteurisation.  However, this is to some extent academic, as there is 
more than ample evidence to indicate that the spores of B. cereus are very heat resistant 
and readily survive any heat treatments in the normal pasteurisation range.  The 
pasteurisation heat treatment is sufficient to heat activate the fast-germinating spores of 
B. cereus, but not the slow-germinating spores.  Similarly, pasteurisation inactivates 
diarrhoeagenic toxins produced by B. cereus, but not the emetic toxin.   

• Brucella melitensis.  No definitive data on the heat resistance of the organism (which is 
not endemic in Australia) were located.  However general statements from authoritive 
sources indicate that the organism is destroyed by pasteurisation.   
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• Enterobacter sakazakii.  Although the data is somewhat variable, and data using 
commercial HTST equipment is lacking, the consensus view is that the heat resistance of 
this organism falls within the safety margins of commercial pasteurisation.  Its presence 
in pasteurised milk products has been found to be due to re-contamination of the 
pasteurised product after the pasteurisation step.     

• Staphylococcus aureus.  Although this organism has relatively high heat resistance for a 
mesophilic non-sporing bacterium, and despite the fact that data using commercial HTST 
equipment is lacking, there is ample evidence from laboratory studies that it is destroyed 
by both batch and HTST pasteurisation heat treatments with a wide margin of safety.  
However, the thermal stability of the enterotoxins produced by S. aureus greatly exceeds 
that of its vegetative cells, and readily survives pasteurisation by a wide margin.   

• Streptococcus agalactiae.  Only one report on the heat resistance of S. agalactiae was 
located.  This indicated - under relatively crude experimental conditions - that the 
organism was inactivated at unspecified population levels in cream by batch 
pasteurisation.  That this is the extent of the data on the heat resistance of this organism 
is quite remarkable, given that it is a common cause of bovine mastitis and can be 
transmitted to humans, especially women, who drink raw milk. 

• Streptococcus zooepidemicus.  Not a single report on the heat resistance of S. 
zooepidemicus was located.  This is also remarkable, in view of the fact that human 
infection with this organism can usually be traced to an animal source, including 
ingestion of unpasteurised milk and cheese.  Consumption of raw milk was shown to be 
the source of a severe infection with this organism in South-East Queensland. 

 
Thermisation at 62oC for 15 seconds could be relied upon to give at best only partial kill of 
the pathogens.  For 8 of the 18 species reviewed, thermisation would have no or little impact 
on the number of viable organisms.  For 7 of the 18 species reviewed, thermisation might give 
a partial kill, depending upon a range of factors such as the heat resistance of the particular 
strains present, their numbers, the composition of the milk, the physiological state and age of 
the bacterial cells being heated and the particular D values used as the reference.  For the 
remaining three species (B. cereus vegetative cells, S. agalactiae and S. zooepidemicus), no 
data were available on which to base an assessment.   
 
This summation of the effectiveness of thermisation in reducing the populations of the 
pathogenic bacteria present in raw milk is consistent with the views of Pearce (2004), who 
noted that thermisation does not give sufficient heat stress to significantly reduce the titre of 
the more resistant vegetative bacterial pathogens.  Pearce further noted that a thermisation 
treatment in the range 63-65oC for 10-15 seconds gives a 3-4 log reduction in the numbers of 
the psychrotrophic spoilage bacteria; it was for this purpose that thermisation was originally 
introduced.  
 
Effectiveness of thermisation will always be improved by increasing the heating temperature, 
even just by a few degrees.  However, for most organisms, the outcome would still be short of 
a complete kill.  As demonstrated by Stabel et al. (2001) and Lund et al. (2002), it is always 
more efficient to increase the temperature of heating (which has an exponential influence on 
the log10 reduction) than the time of heating (which has a linear influence).  There are 
sufficient data provided for some of the organisms reviewed in Section 2.3 of the report to 
calculate D values for a range of alternative thermisation temperatures.   
 
Identified gaps in the data on the heat resistance of the pathogens of interest include: 
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• Definitive evidence on whether it is valid to classify M. paratuberculosis as a human 
pathogen; and  

• Quantitative heat resistance data for Brucella melitensis, Streptococcus agalactiae and 
Streptococcus zooepidemicus in milk. 

 
Standardised methodology for the determination of heat resistance would be ideal, but 
probably almost impossible to achieve on an international basis.  The next best option for an 
organisation like FSANZ is to establish and publicise its minimum requirements for the type 
of data that is acceptable for use in submissions on risk assessment studies.  For example:  
milk to be used as the heating medium;  confidence limits to be provided for kinetic data;  
preference to be given to data generated using commercial pasteurisation equipment where 
possible;  and heat resistance data to be based on strains of test organisms known to occur in 
raw milk.   
 
Numbers of heat resistance studies conducted on milk from different animal species and 
on different types of milk 
The numbers of heat resistance studies cited in this report, categorised according to animal 
source and type of milk as the heating medium for each pathogen, together with comments on 
the findings of any comparative studies that have been reported, are summarised in Table 
2.17.  Numbers of studies included in composite data sets have been taken into account where 
appropriate.  Assumptions about the number of studies used to compile the composite data 
had to be made in a few cases.  
 
Approximately 265 studies on heat resistance have been reviewed in this study, either directly 
or via composite data compiled by other reviewers.  Of these studies 94.7% were conducted 
using cows’ milk as the heating medium (97.7% if the studies using substances other than 
milk as the heating medium are excluded from the data set).  This is perhaps not a surprising 
result, given the commercial volumes of milk produced by each of the animal species world-
wide.   
 
Of the 94.7% of the studies conducted on cows’ on milk, whole milk accounted for 
approximately 85.6%, skim milk 6.4%, flavoured milk 0.4% and cream 2.3%.  Of the 
remaining 5.3% of studies, goat milk accounted for approximately 1.1%, sheep, buffalo and 
camel milk each 0.4% and non-milk heating media 3.0%.   
 
Relatively few studies incorporating direct comparisons between the heat resistance of a 
particular organism in milks from different animal species or in milks of different 
compositions have been reported.  In most of these cases, the measured heat resistance has 
reflected the protective effect of fat and/or total solids content of the milk, i.e. the higher the 
fat and/or total solids content, the higher the heat resistance.  However, the effects generally 
have not been dramatic and there were some exceptions.  In two cases, no differences in the 
heat resistance of the target organism in whole milk and skim milk were observed.  In another 
case, it was established that factors other than the higher fat content of sheep’s milk 
contributed to the greater heat resistance of the target organism in milk from this species 
compared with that in milk from cows or goats.  
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The total number of heat resistance studies conducted on each of the pathogenic species 
covered by this study is also of interest (refer Table 2.16).  By far the greatest numbers of 
studies have been conducted on M. paratuberculosis / bovis; however, as noted elsewhere in 
this report, the vast majority of these were conducted during the first half of the last century.  
Many of these studies were reported to be of poor quality, at least by today’s standards.  In 
more recent times, e.g. the past 20 years, L. monocytogenes and M. paratuberculosis have 
accounted for the majority of the heat resistance studies.   
 
Numbers of studies reporting confidence limits for heat resistance data  
Of the 91 papers directly reviewed during this study, only about 10% reported confidence 
limits for thermal death time curves and/or D values.  These limits add considerable rigour to 
a data set, particularly when calculating margins of safety for a heat treatment.  However, it is 
appreciated that while it is desirable to determine heat resistance of pathogens using 
commercial pasteurisation equipment, it is difficult to obtain the data required to calculate 
confidence limits in these cases unless the equipment has been specially modified.   
 

2.5. Epidemiological data on disease outbreaks linked to consumption of 
pasteurised milk  

There is a substantial body of mainly anecdotal evidence of the public health benefits of milk 
pasteurisation particularly during the first half of the last century, which largely drove the 
eventual acceptance of the process as a mandated public health measure in many countries 
(refer Section 2.1 of this report).   
 
OzFoodNet has no documented reports of any outbreaks of gastrointestinal illness in Australia 
between 2000 and 2004 due to the consumption of pasteurised milk.  However, there have 
been several outbreaks of enteric infection in Australia in recent years due to the consumption 
of unpasteurised milk (Mr Russell Stafford5, pers. comm., 2005). 
 
An outbreak involving 50 cases of cryptosporidiosis amongst school children in the UK in 
1995 was traced to the consumption of ‘pasteurised’ milk from a local farm.  Upon 
investigation, however, it was established that the farm’s pasteurisation equipment was faulty 
and that, as a consequence, the children had in fact consumed inadequately pasteurised milk5.  
 
It should be noted that the data from OzFoodNet only relates to reported cases of 
gastrointestinal illness.  For example, outbreaks of gastrointestinal illness due to ingestion of 
Bacillus cereus in a food might not be detected, as pathology laboratories do not routinely test 
stool samples from patients with symptoms of gastrointestinal illness for this organism5.    
 
More detailed information supplied by Mr Stafford is provided at Attachment 2 to this report.  
 
The detection of pathogenic microorganisms in packages of commercially–pasteurised milk is 
alone insufficient evidence that the organisms are resistant to the pasteurisation heat 
treatment.  There are well-documented cases (refer above and Section 2.3 of this report) in 
which it has been shown that the presence of pathogens in pasteurised milk has been due to 
inadequate pasteurisation (eg faulty equipment or poor process control) or to re-contamination 
of the milk after the pasteurisation step in the processing line (eg ineffective sanitising of the 
equipment).  Further investigation of the circumstances surrounding such incidents is always 
necessary.   

                                                   
5  Mr Russell Stafford, State Foodborne Disease Epidemiologist, OzFoodNet, Queensland Health Public 

Health Unit, Level 1, Queensland Health Scientific Services, 39 Kessels Rd, Coopers Plains, Qld 4108. 
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3. Current industry practices in Australia in terms of the time and 
temperature combinations used for the pasteurisation and 
thermisation of milk 

 
Background 
In addition to the review of the effectiveness of traditional milk pasteurisation methods the 
study required information on current industry practice in Australia with respect to methods 
employed for the pasteurisation of milk, in particular the time/temperature combinations used 
and their relationship to minimum regulatory standards. 

 
Survey questionnaire 
To obtain this information, a short questionnaire was sent to all dairy companies/plants in 
Australia engaged in the pasteurisation of raw milk.   
 
The survey applied only to the ‘traditional thermal methods’ for the pasteurisation of milk, i.e. 
the HTST process as defined in Clause 1(1)(a) of Standard 1.6.2 of the Australia New Zealand 
Food Standards Code and the batch process where use of this process was permitted by the 
State regulatory agency.  Hence other pasteurisation processes involving heat, e.g. ESL or 
UHT of liquid milks or the heat treatment of cream used for the manufacture of butter, were 
outside the scope of the survey.  Other points about the scope of the survey were: 

• It applied to milk from all of the commercial species used in Australia, i.e. cow, goat, 
sheep, buffalo and possibly camel.  

• It applied to the pasteurisation of raw milk used for the production of liquid milk and 
milk products and of milk used in the production of any cream and cream products, 
fermented milks, yoghurt, dried, condensed and evaporated milks, ice cream and cheese, 
as defined in Standard 1.6.2.  Information on the pasteurisation of raw cream for the 
fresh/table cream market was also sought.   

• It did not apply to re-pasteurisation of dairy products, e.g. an ice cream mix based 
entirely on reconstituted milk powder, rather than on raw milk.   

 
Respondents were asked to list each product group separately in a table, showing the species 
of animal, method of pasteurisation (i.e. HTST, batch, etc), the time-temperature combination 
used on a regular basis and an estimate of the average throughput on a weekly basis over the 
past year or so.  If the time–temperature combination used for HTST deliberately exceeded 
that specified in Standard 1.6.2 (i.e. minimum of 72oC for a minimum of 15 seconds) by more 
than an arbitrary 0.5oC or three seconds, respondents were asked to show the time and 
temperatures used and explain why that particular treatment is used.   
 
Information was also sought on the following: 

• Use of the provisions of Standard 1.6.2 that permit milk used for the production of  
cheese to be heat treated by being held at a temperature of no less than 62°C for a period 
of no less than 15 seconds, provided the cheese or cheese product is stored at a 
temperature of no less than 2°C for a period of 90 days from the date of manufacture;   
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• Whether the company has been given approval by any regulatory agency to use a 
process, or a combination of processes, for the destruction of pathogenic organisms in 
milk as an alternative to traditional thermal pasteurisation. 

 
Concurrently, respondents were asked to provide information about a list of processes that 
might in the future provide methods for the destruction of pathogenic organisms in milk, as 
alternatives to traditional thermal pasteurization.  The results of this survey will be published 
in a subsequent report. 

 
A copy of the questionnaire is provided at Attachment 3.  A copy of a letter of introduction 
and support from Mr Deon Mahoney, Principal Microbiologist and Section Manager, Risk 
Assessment Microbiology, FSANZ, was included with the questionnaire when it was sent out.   
 
Conduct of the survey 
Distribution of the questionnaire to every dairy processor in Australia within the scope of the 
survey presented the reviewers with some logistical difficulties.  Ideally, the reviewers would 
have mailed a questionnaire directly to every relevant dairy processor, with a reply paid 
envelope to encourage a quick and more complete response.  Also, the reviewers would have 
been able to follow-up directly.   
 
As anticipated, the only sources of a complete and current list of dairy processors accredited 
to pasteurise milk were the State regulatory agencies responsible for dairy food safety.  
However, confidentiality arrangements and privacy law prohibits them from releasing these 
details.  To circumvent these restrictions, each of the relevant State agencies, i.e. Safe Food 
Queensland, New South Wales Food Authority, Dairy Safe Food Victoria, Tasmanian Dairy 
Industry Authority, Dairy Authority of South Australia and the Dairy Safety Branch of the 
Western Australia Department of Health, agreed to distribute the questionnaire on behalf of 
the reviewers.  The alternative would have been for the reviewers to assemble an ad hoc list 
from various sources, including personal knowledge (largely limited to the main dairy 
companies), a listing of dairy product suppliers on the Dairy Australia website (many of 
whom are not in the business of pasteurising raw milk), a search of the Yellow Pages and 
‘asking around’.  However, it was considered that, particularly given the relatively short time 
frame for the study, the latter approach might not identify all of the relevant processors, 
particularly the smaller and newer ones and those processing milk other than cows’ milk. 
Hence it was decided to accept the offers of the State dairy regulatory agencies to distribute 
the questionnaire.   
 
The questionnaire was distributed by the State dairy regulatory agencies over a period of 
about two weeks, commencing on 4 March 2005.  The dairy processors in the ACT and the 
Northern Territory were contacted directly.  
 
While distributing the questionnaire through the State agencies solved the problem of getting 
the questionnaire to every relevant dairy processor, it led to two consequent issues: managing 
the return of the questionnaire and follow-up of non-responders.  Four of the agencies, New 
South Wales Food Authority, Tasmanian Dairy Industry Authority, Dairy Authority of South 
Australia and the Dairy Safety Branch of the Western Australia Department of Health, offered 
to receive the completed questionnaires and to follow-up on those who had not responded by 
a nominated date.  However, Safe Food Queensland and Dairy Safe Food Victoria advised 
that while they were happy to distribute the questionnaire, they did not have the resources to 
receive the completed questionnaire or to follow-up non-responders.   
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In the case of Queensland, the reviewers were able to compile a complete list of relevant 
processors from public sources and industry contacts.  Non-responders were contacted 
directly by phone and, in the case of some of the smaller processors, the questionnaire was 
completed via a telephone interview.   
 
In the case of Victoria, little direct follow-up was conducted.  However, this was done in the 
knowledge that a good set of recent data on the pasteurisation times and temperatures used by 
Victorian dairy processors were available from Dairy Food Safety Victoria (DFSV; see 
below).  Other contributing factors to the lack of follow-up in Victoria were difficulties in 
compiling a complete list of the relevant processors in that State in the time available and 
limited time to conduct follow-up relative to other priorities within the project.   
 
Response to the survey 
The approximate numbers of questionnaires sent out and the number of responses are 
summarised in Table 3.1.  Numbers have been expressed on a per plant basis.  In some States, 
questionnaires were sent to every plant, while in others, e.g. Queensland, they were sent to the 
main office for each company only.  Some companies with multiple sites responded on a ‘one 
combined national response’ basis, while others chose to respond separately for each site.  In 
several States, including New South Wales, Victoria and Tasmania, responses indicated that 
some of the questionnaires had been sent to companies which, it was subsequently 
established, fell outside the scope of the survey, i.e. numbers of questionnaires sent out are 
overstated in some cases, but by how many is not known, as it is likely that most of those who 
considered themselves not eligible simply would have not responded to the questionnaire.  
Another point to note is that some plants process milk from more than one type of animal, e.g. 
cow and goat.   
 
For convenience, responses covering the Northern Territory have been included with 
Queensland in Table 3.1, and similarly the ACT with New South Wales.  
 
On a State basis, response rate ranged from 20% in Victoria (though about 90% for Victoria if 
the DFSV survey data are taken into account – see below) to 77% in Queensland.  Nationally, 
the response rate was at least 44%, though this increases to approximately 71% if the DFSV 
data are included.   
 
On a type of animal basis, response rate ranged from nil for ‘buffalo milk only’ plants to 
100% for ‘cow + buffalo milk’ plants.  For the categories with more meaningful numbers, the 
range was from 38% for ‘goat milk only’ to 73% for ‘cow + goat milk’ plants.  In total, the 
survey generated 159 rows of data (refer Table 3.2). 
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Despite what appears to be a low response rate in some areas, the responses nevertheless 
provide a well-represented stratified sample of the dairy processors in Australia involved in 
the pasteurisation of raw milk.  All States, different animal species and all sizes of plants are 
all well-represented in the sample.  There is also reasonable consistency in the data. 
 
It must be noted that some companies, both large and small, advised that they were unable to 
provide any information at all, because of company confidentiality policy.  It is likely that 
some of the other non-responders had similar policies.   
 
It was established that no plants were pasteurizing camel milk in Australia as at March 2005.  
A camel farm near Alice Springs has investigated the matter, but has not yet commenced milk 
production on a commercial basis.   
 
Survey results – method of pasteurisation and heating times and temperatures  
The information on the times and temperatures of the pasteurisation heat treatment relative to 
type of animal, end product and method of pasteurisation, together with the reasons for using 
times longer than 18 seconds or temperatures higher than 72.5oC if using the HTST process, is 
set out in Table 3.2.   
 
Each of the 159 rows of data in Table 3.2 represents data from a single plant or a group of 
plants using the same time and temperature combination.  The data was sorted in sequence, 
firstly by (a) species of animal, then by (b) method of pasteurisation, (c) type of product, (d) 
temperature of heat treatment and (e) time of heat treatment.  For confidentiality reasons, 
information on specific product type, e.g. cheese variety, and on product throughputs have 
been excluded from this report.   
 
Data gathered during the survey conducted as a component of this study were not subjected to 
on-site audit.  However, the respondents were contacted by telephone if their data was outside 
the expected range.  
 
Subsets of the time and temperature combinations from Table 3.2 are also shown as scatter 
diagrams in Figures 3.1 - 3.10.  Each subset represents an appropriate (animal species x 
method of pasteurisation x end product) combination, as follows: 
• Figure 3.1:  Cows’ milk x HTST pasteurisation x liquid milk products.  
• Figure 3.2:  Cows’ milk x HTST pasteurisation x cheese.  
• Figure 3.3:  Cows’ milk x HTST pasteurisation x frozen milk products.  
• Figure 3.4:  Cows’ milk x HTST pasteurisation x yoghurt, sweetened condensed milk, 

concentrated milk and fermented milk. 
• Figure 3.5:  Cows’ milk x HTST pasteurisation x table cream.  
• Figure 3.6:  Cows’ milk x batch pasteurisation x all products.  
• Figure 3.7:  Cows’ milk x batch pasteurisation x all products, for data sets where the 

holding time was <5 minutes only.  
• Figure 3.8:  Goat milk x HTST pasteurisation x all products.  
• Figure 3.9:  Goat, sheep and buffalo milk x batch pasteurisation x all products.  

• Figure 3.10:  Goat, sheep and buffalo milk x batch pasteurisation x all products, for data 
sets where the holding time was <5 minutes only.  

 
Where time or temperature of heat treatment had been reported as a range, the lowest value of 
the range was used to generate the charts shown in Figures 3.1 - 3.10.   
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Figure 3.1. Temperatures and times of holding used by Australian dairy manufacturers for 

the HTST pasteurisation of raw cows’ milk used for the production of fresh liquid 
products  (including whole milk, reduced fat milks, modified milks and flavoured 
milks).  N = 37.   
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Figure 3.2. Temperatures and times of holding used by Australian dairy manufacturers for 

the HTST pasteurisation of raw cows’ milk used for the manufacture of all types 
of cheese.   N = 48. 
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Figure 3.3. Temperatures and times of holding used by Australian dairy manufacturers for 

the HTST pasteurisation of raw cows’ milk for the manufacture of milk ice, 
frozen yoghurt, ice cream and soft serve mix.  N = 7.   
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Figure 3.4. Temperatures and times of holding used by Australian dairy manufacturers for 
the HTST pasteurisation of raw cows’ milk used for the manufacture of yoghurt, 
sweetened condensed milk, milk concentrate and fermented milks.  N = 5.   
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Figure 3.5. Temperatures and times of holding used by Australian dairy manufacturers for 

the HTST pasteurisation of raw cream from cows’ milk for the table cream 
market.     N = 16.  Data for heat treatments in the ESL range have not been 
included in the chart. 
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Figure 3.6. Temperatures and times of holding used by Australian dairy manufacturers for 

the batch pasteurisation of raw cows’ milk used for the manufacture of products 
as indicated.  N = 31.   
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Figure 3.7. Temperatures and times of holding used by Australian dairy manufacturers for 

the batch pasteurisation of raw cows’ milk used for the manufacture of products 
as indicated, showing data points where holding time was less than five minutes 
only.  N =7.   
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Figure 3.8. Temperatures and times of holding used by Australian dairy manufacturers for 
the HTST pasteurisation of raw goat milk used for the manufacture of products as 
indicated.  N = 6.   
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Figure 3.9. Temperatures and times of holding used by Australian dairy manufacturers for 

the batch pasteurisation of raw goat, sheep and buffalo milk used for the 
manufacture of products as indicated.  N =18.   
Note 1.  Data points with holding times <5 min are in an expanded format in Figure 3.10. 
Note 2.  Refer to Table 3.2 for further details on some of the heat treatments. 
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Figure 3.10. Temperatures and times of holding  used by Australian dairy manufacturers for 

the batch pasteurisation of raw goat and sheep used for the manufacture of 
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products as indicated, showing data points where holding time was less than five 
minutes only.  N =9.   
Note.  Refer to Table 3.2 for further details on some of the heat treatments. 

 

In some cases, designation of the pasteurising process as ‘batch’ or ‘HTST’ was a source of 
some confusion among some of the respondents.  This was particularly so in the case of 
yoghurt manufacture, in which case some of the manufacturers, especially the larger ones, use 
various ‘hybrid’ systems that incorporate both continuous flow heat exchangers and jacketed 
holding vats to heat treat the yoghurt milk.  In a few cases, pasteurizing processes that had 
been designated as ‘HTST’ or ‘HTLT’ (high-temperature long-hold) by the respondents were 
arbitrarily re-designated as ‘batch’ for the purposes of this study.  
 
To aid clearer presentation of the data, minor adjustments were made in a few cases to the 
values in the charts where points based on the reported values were superimposed one upon 
another.  Thus, if the actual values as reported are required, they should be taken from Table 
3.2, not from the scatter diagrams.   
 
The main points from an analysis of the data presented in Table 3.2 and in Figures 3.1 – 3.10 
are as follows: 

• Batch pasteurisation is widely used, particularly by the smaller processors, many of 
whom are processing the milk in on-farm situations. 

• Temperatures and times of heat treatment for batch pasteurisation covered a wide range, 
from 62 to 95oC and from 15 seconds to 30 minutes.   

As discussed in Section 2.1, the recognised standard for batch pasteurisation is 63oC for 
30 minutes; however some processors reported using 62oC for 30 minutes, a heat 
treatment that Coxiella burnetii can survive if present in large numbers (see Section 
3.3.4).  The reasons for using 62oC were not entirely clear, but may have been related to 
historically-accepted practice in some States or perhaps to the interpretation of rounding 
when converting temperatures from oF to oC.   

Also of concern was that several processors reported using what is essentially a HTST 
treatment, e.g. 72oC for 15 seconds and similar, under batch conditions.  However, it was 
beyond the scope of this study to determine if an adequate level of process control was in 
place to ensure that every particle of milk received the minimum heat treatment in these 
cases. 

• Several processors of goat and sheep milk for cheese manufacture indicated that they 
needed to use the very minimum of legal heat treatments to make a satisfactory product; 
excessive heat treatment of the milk results in a weak curd. 

• In many - though certainly not all - cases, HTST treatment of milk for cheese 
manufacture was as close to the standard of 72oC for 15 seconds as the pasteurizing 
equipment would reliably allow.  Cheeses manufactured with milk so treated include the 
hard varieties, e.g. Parmesan, and the semi-hard varieties, e.g. Cheddar, for which 
excessive heating has a deleterious effect on the cheesemaking process and on the 
physical properties of the cheese.  In contrast, at the other end of the heat treatment scale, 
cheese varieties such as cream cheese and Ricotta (the latter of which can be 
manufactured from cheese whey only or a mixture of whey and milk) require a more 
severe heat treatment to precipitate the whey proteins as an integral part of the process.  
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Only one processor reported using the permitted ‘thermisation option’ for the heat 
treatment of milk for cheese production (see below). 

• HTST treatment of milk for liquid milk products, at least by the large processors and 
some of the smaller ones, was mostly in the range 74-78oC for 15-30 seconds as a 
precaution against the presence of any pathogens that might be resistant to pasteurisation, 
notably M. paratuberculosis.  Elevation of temperatures and lengthening of holding 
times for the HTST pasteurisation of milk for the liquid milk market in Australia was 
recommended by the Australian Dairy Industry Council in about the year 2000 as a 
precautionary measure, pending more definitive data on whether or not M. 
paratuberculosis was in fact able to survive a minimum heat treatment of 72oC for 15 
seconds.  

• It was of interest that some processors of liquid milk products reported that they had 
been advised to use elevated temperature and longer times for HTST treatment as a 
precaution against the presence of any M. paratuberculosis organisms that ‘might be 
resistant to heat treatment at 72oC for 15 seconds’, even though they were located in 
regions which, according to Animal Health Australia, are free of Johne’s disease in 
cattle, the common source of M. paratuberculosis in raw milk. 

• A wide range of time and temperature combinations for HTST treatment of table cream 
was reported, with the majority in the range 75-80oC for 20-30 seconds, which is broadly 
consistent with internationally-recognised heat treatments for the pasteurisation of 
cream6 (ie for cream with 10-20% fat, 65oC for 15 seconds and for cream with >20% fat, 
80oC for 15 seconds).   

• HTST treatments of yoghurt milks (some of which would contain added milk solids) 
were in the range 76-87oC for 22-60 seconds.  The primary purpose of applying a 
reasonably severe heat treatment for yoghurt milk is to precipitate the whey proteins, 
thereby increasing viscosity and thickening the product.  

• HTST treatments for ice cream mixes and similar were all in the range 78-85oC for 13-45 
seconds.  Apart from food safety considerations, it is understood heat treatments of this 
order are required to activate the stabilizers in the mixes.  

• A number of processors, particularly those in the small and medium size categories, 
reported that design of their pasteurisers and operational considerations largely dictated 
the times and temperatures of heating that they could use in practice.  For example, some 
processors reported that their operating temperatures fluctuated by ±1oC, with the result 
that to operate the pasteuriser safely and without risk of activating flow diversion, the 
minimum operating temperature that could be used in practice was about 74oC.  Other 
examples reported included limitations in heating capacity of the equipment, 
homogeniser capacity lower than the rated capacity of the pasteuriser and other 
‘mismatches’ of capacity of equipment in the pasteurising line, each of which generally 
had the effect of extending the holding time.  

 
Use of thermisation for production of extra hard grating cheese 
Standard 1.6.2 of the Australia New Zealand Food Standards Code permits milk used for the 
production of cheese to be heat treated by being held at a temperature of no less than 62°C for 
a period of no less than 15 seconds, provided the cheese or cheese product is stored at a 
                                                   
6  Bogh-Sorensen T (1992). Cream pasteurisation technology. In Bulletin of the International Dairy 

Federation No. 297/1992, Monograph on the pasteurisation of cream. Chapter 7. International Dairy 
Federation, Brussels. pp 32-39. 
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temperature of no less than 2°C for a period of 90 days from the date of manufacture.  This 
heat treatment is termed ‘thermisation’ by some writers, but not by others.   
 
Only one processor reported that they were using the thermisation option (in this case, 65°C 
for 20 seconds) for production of cheese (in this case, Gruyere, not a hard grating cheese), as 
permitted by Standard 1.6.2.   
 
Three processors specifically reported that they were manufacturing extra hard grating cheese, 
but none was using the thermisation option as permitted by Standard 1.6.2.  Instead they were 
using conventional HTST treatment, i.e. 72.5oC for 15 seconds, 73.4oC for 15 seconds and 
74oC for 24 seconds.  One processor reported that they had sought approval, unsuccessfully, 
from the State regulatory agency to use the thermisation option for extra hard grating cheese.   
 
From comments received from various sources, the reviewer gained the impression that the 
interpretation and application of Clause 2 of Standard 1.6.2., Australia New Zealand Food 
Standard Code, which deals with the processing of cheese and cheese products, has been the 
subject of some confusion and frustration.  
 
Approved uses of any other processes for the destruction of pathogenic organisms in milk 
other than traditional pasteurisation 
Respondents were asked whether their company has been given approval by any regulatory 
agency to use a process, or a combination of processes, for the destruction of pathogenic 
organisms in milk as an alternative to traditional thermal pasteurisation.  Responses indicated 
that there had been no such approvals granted, at least among the respondents.  Some 
respondents reported, for example, that they had been granted approval to use heat treatments 
in the ESL/UHT range for bulk starter milk.  However these treatments still fall within the 
broad definition of pasteurisation. 
 
DFSV survey data on pasteurisation times and temperatures used in Victoria 
Dairy Food Safety Victoria undertook a comprehensive survey of the design and operation of 
pasteurisers used for the processing of milk in Victoria during February and March 2004 
(Hempenstall, 2004).  The survey covered all pasteurising plants, both batch and continuous, 
used for heat treatment of cows’ milk only in that State.  Some of the survey questionnaires 
were completed independently by respondents, while others were completed via interview 
(Chris Hempenstall – DFSV, pers. comm.).  
 
Questions on the survey form related to the times and temperatures used for pasteurisation 
and the capacity of the pasteurisation equipment.  Of the 14 manufacturers who were using 
batch pasteurisation equipment, 10 (71%) provided information on their pasteurisation times 
and temperatures (Chris Hempenstall - DFSV, pers. comm.).  The temperatures and times of 
holding used by the 10 respondents are shown in Table 3.3 and in Figure 3.11 as a scatter 
diagram.  The capacity of the equipment is shown in Table 3.4.   
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Table 3.3. Temperatures and times of holding used by 10 Victorian dairy manufacturers for 
batch pasteurisation of cows’ milk.  Source: Chris Hempenstall -DFSV, pers. comm.  Data 
current as at February-March 2004. 

Temperature of milk during the holding period (oC) Time of holding (minutes) 
62.5 30 
63.0 30 
63.0 30 
63.5 34 
65.0 30 
65.1 10 
66.0 22 
68.0 17 
76.5 20 
80.0 5 
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Table 3.4. Capacity of batch pasteurisers used for cows’ milk by 10 Victorian dairy 
manufacturers. Source: Chris Hempenstall -DFSV, pers. comm.  Data current as at February-
March 2004. 

Capacity of batch pasteurisers (L) No. of units 
<100 1 

100-500 3 
500-1000 4 

>1000 2 
 
The temperatures and times used for batch pasteurisation in Victoria, as shown in Table 3.3 
and Figure 3.11, are within the expected range.  
 
A total of 59 dairy manufacturers were using 73 continuous flow heat exchangers for 
pasteurisation of milk and milk products in Victoria as at February March 2004 (Hempenstall, 
2004).  Of these plants, approximately seven were used for UHT and 66 for HTST.  For the 
latter category, 61 sets of data on time and temperature of heating were obtained, representing 
a response rate of at least 92%.  These data are shown in tabular form in Table 3.5 and as a 
scatter diagram in Figure 3.12.  The capacity of the equipment, expressed in terms of average 
operating flow rate, is shown in Table 3.6.   
 
Table 3.5. Time and temperature of heating for each of 61 continuous flow HTST heat 

exchangers used to pasteurise milk in Victoria.  Source: Chris Hempenstall -DFSV, 
pers. comm.  Data current as at February-March 2004. 

 
Temperature 

of milk 
during the 

holding 
period  (oC) 

Time of 
holding 

(seconds) 

Temperature 
of milk during 

the holding 
period  (oC) 

Time of 
holding 

(seconds) 

Temperature 
of milk during 

the holding 
period  (oC) 

Time of 
holding 

(seconds) 

72 15 75 21 79.5 30 
72 18 75 21 80 20 
73 15 75 22 80 25 
73 15 75 25 80 30 
73 15 76 15 81 15 
73 16 76 16 81 17 
73 16.49 76 17.53 81 17 
73 18 76 18 81 18 
73 20 76 18 81 20 
74 15 76 18 82 18 
74 16 77 15 82 25 
74 17 77 22 82 30 
74 18 77 24 83 15 
74 19 77 25.36 84 15 
74 20 77 28.02 84 15 
74 30 78 17 85 15 

74.5 18 78 19 85 30 
74.5 18 78 28 86 15 
74.5 30 78.9 28 86 15 
75 15 79 32 86 15 

→ → 86 15 
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Figure 3.11. Temperatures and times of holding used by Victorian dairy manufacturers for 

batch pasteurisation of milk.  N = 10.  (Source: Chris Hempenstall -DFSV, pers. comm.  
Data current as at February-March 2004.) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.12. Temperatures and times of holding used by Victorian dairy manufacturers for 

HTST pasteurisation of milk. N = 61.  (Source: Chris Hempenstall -DFSV, pers. comm.  
Data current as at February-March 2004.) 
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Table 3.6. Flow rate capacity of 61 continuous flow HTST heat exchangers used to 
pasteurise milk in Victoria.  Source: Chris Hempenstall -DFSV, pers. comm.  Data current 
as at February-March 2004. 

 
Average operating flow rate (litres/hr) No. of units 

500-2000 7 
>2000-5000 9 

>5000-10,000 17 
>10,000-20,000 14 
>20,000-50,000 7 
>30,000-60,000 7 

 

It is understood that a few of the data sets shown in Table 3.5 and in Figure 3.12 apply to 
pasteurisers that are used for re-pasteurisation of milk products, e.g. ice cream mix based on 
reconstituted dried milk (Chris Hempenstall - DFSV, pers. comm.).  As far as the reviewers 
are aware, re-pasteurisation of reconstituted milk does not requires any special consideration 
per se.  However, many of the products based on milk powder, or to which milk powder is 
added to boost the milk solids content, will have a higher solids content than a standard raw 
milk and this would need to be taken into account when selecting a heat treatment that will 
ensure effective pasteurisation.   
 
Data provided by the manufacturers of milk powder are not included in Table 3.5 or Figure 
3.12.  They reported that they were pasteurising milk for this purpose within a range from 
116oC for 3.1 seconds to 121oC for 1.8 seconds.  Milk is superheated by direct steam injection 
before it is passed through an evaporator before drying. 
 
The data presented in Table 3.5 and Figure 3.12 showed that the minimum heat treatment for 
HTST pasteurisation as per Standard 1.6.2, i.e. 72oC for 15 seconds, was being achieved in all 
cases.  Temperatures ranged from 72-86oC and times from 15-32 seconds with many different 
combinations within those ranges.  Several manufacturers were using temperatures from the 
upper end of the temperature range, e.g. 86oC, in combination with times from the lower end 
of the time range. e.g. 15 seconds. 
 
Summary and discussion of survey data on industry pasteurisation practices 
A specified component of the study was to report on current industry practice in Australia 
with respect to methods employed for the pasteurisation of milk, in particular the time/ 
temperature combinations used and their relationship to minimum regulatory standards.   
 
To obtain this information, a short questionnaire was sent to all dairy companies/plants in 
Australia engaged in the pasteurisation of raw milk.  The Government agency in each State 
responsible for regulating food safety in the dairy industry assisted with distribution of the 
questionnaire and, in some cases, also with collection of the completed questionnaires and 
follow-up of non-responders.  
 
Information was sought from industry on the pasteurisation of raw milk from all of the animal 
species currently used for commercial milk production in Australia, i.e. cow, goat, sheep and 
buffalo.  The pasteurisation of raw milk used for the production of liquid milk and milk 
products and of raw milk used in the production of any cream and cream products, fermented 
milks, yoghurt, dried, condensed and evaporated milks, ice cream and cheese, as defined in 
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Standard 1.6.2, were both within the scope of the study.  Information on the pasteurisation of 
raw cream for the fresh table cream market was also sought.  Respondents were also asked to 
provide information on method of pasteurisation and type of product being manufactured, and 
to comment on why each particular heat treatment, if different from the Standard, was being 
used. 
 
Completed questionnaires from 71 companies, representing 87 processing sites, were 
received.  With a total of 159 individual data sets provided, the responses provided a good 
stratified sample of the dairy processors in Australia involved in the pasteurisation of raw 
milk.  All States, different animal species and all sizes of plants were all well-represented in 
the sample.  There was also reasonable consistency in the data.   
 
Additional information on pasteurisation times and temperatures from a comprehensive 
survey of the design and operation of pasteurisers used for the processing of milk in Victoria 
undertaken by Dairy Food Safety Victoria (DFSV) during February and March 2004 
(Hempenstall, 2004) was made available to the reviewers and is summarised in the report.  
The DFSV survey covered all pasteurising plants, both batch and continuous, used for heat 
treatment of cows’ milk in Victoria.  The DFSV data covers 10 (71%) of the 14 manufacturers 
who were using batch pasteurisation equipment in that State at that time and, similarly, 61 
(92%) of the 66 manufacturers who were using HTST pasteurisation.   
 
From the Australia-wide survey conducted during this study, it is clear that batch 
pasteurisation is widely used in Australia, particularly by the smaller processors, many of 
whom are processing the milk in on-farm situations.  However, batch pasteurisation would 
account for only a very small percentage of all milk pasteurised in Australia.  Temperatures 
and times of heat treatment for batch pasteurisation covered a wide range, from 62 to 90oC 
and from 15 seconds to 30 minutes.  Some processors reported using heat treatments with a 
temperature slightly lower than in the recommended standard for batch pasteurisation, 63oC 
for 30 minutes.  Also, several processors reported that they were using what is essentially a 
HTST treatment, i.e. 72oC for 15 seconds or similar, under batch conditions.  
 
For technological reasons, cheese variety has a major influence on the heat treatment applied 
to milk used for manufacture of cheese.  For example, HTST pasteurisation of milk for the 
manufacture of the hard and semi-hard varieties of cheese is conducted as close to the 
standard of 72oC for 15 seconds as the pasteurizing equipment will reliably allow.  In contrast, 
at the other end of the heat treatment scale, cheese varieties such as cream cheese and Ricotta 
require a more severe heat treatment. 
 
Several processors of goat and sheep milk for cheese manufacture indicated that they needed 
to use the very minimum of legal heat treatments to make a satisfactory product.  
 
HTST treatment of milk for liquid milk products, at least by the large processors and some of 
the smaller ones, was mostly in the range 74-78oC for 15-30 seconds.  The peak dairy industry 
organisation in Australia recommended in 2000 that the times and temperatures for HTST 
pasteurisation of milk for the liquid milk trade be increased as a precaution against the 
presence in the raw milk of any pathogens that might be resistant to pasteurisation, notably M. 
paratuberculosis.  Whether use of this enhanced heat treatment is still warranted in the light 
of more recent studies on the heat resistance of this organism that have been conducted using 
commercial HTST equipment (refer Section 2.3.8 of this report), particularly in areas of 
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Australia where Johne’s disease in cattle is reported to be not endemic, is a matter of 
conjecture.  
 
Heat treatments applied to yoghurt milk, ice cream mixes and cream were generally within in 
the expected range.    
 
A number of processors, particularly those in the small and medium size categories, reported 
that design of their pasteurisers and operational considerations largely dictated the times and 
temperatures of heating that they could use in practice.   
 
The DFSV survey showed that the minimum heat treatment for HTST pasteurisation as per 
Standard 1.6.2, i.e. 72oC for 15 seconds, was being achieved by all respondents to that survey.  
Temperatures ranged from 72-86oC and times from 15-32 seconds with many different 
combinations within those ranges. 
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4. General discussion and conclusions – pasteurisation and 
thermisation 

 
History of pasteurisation 
Pasteurisation of milk is now taken for granted.  However an understanding of the history of 
milk pasteurisation, which is long and highlighted by periods of considerable controversy, is 
an essential prerequisite to a scientific evaluation of the process.   
 
Recommendations on the heating of milk in the home before it was fed to infants were 
recorded as early as 1824, 40 years before Pasteur’s first experiments.  In 1911, the National 
Milk Standards Committee in the United States was the first professional body to recommend 
a minimum time-temperature combination for the pasteurisation of milk:  62.8oC (145oF) for 
30 minutes (now known as the batch or holder method).  This heat treatment was slightly 
above what many people at the time considered to be adequate exposure for the destruction of 
Mycobacterium tuberculosis, one of the main milk-borne pathogens of concern in that era.   
 
However, it was not until after further research and investigation of the capabilities of the 
available commercial equipment, that the ‘holding method’ of milk pasteurisation was first 
officially and legally recognised as an adequate method of pasteurisation in the United States 
where, in 1924, the first Pasteurised Milk Ordinance was published.  In the Ordinance, 
pasteurisation was defined as ‘a heating process of not less than 142oF (61.1oC) for 30 
minutes in approved equipment’.  However, it is noteworthy that a temperature 3oF lower than 
that which had been recommend earlier, in 1911, was officially adopted.  
 
Following further studies on the thermal destruction of M. tuberculosis and other pathogens, a 
High Temperature Short Time (HTST) pasteurisation standard - 161oF (71.7oC) for 15 
seconds - was included in the1933 edition of the U.S. Public Health Service Milk Ordinance 
and Code.  The effect of HTST treatment on the creaming ability of milk was also taken into 
account in setting the standard.   
 
In the late 1930s, it became apparent that Coxiella burnetii, the causal agent of Q Fever, was 
more heat resistant than M. tuberculosis/bovis.  Studies reported in 1956 showed that if C. 
burnetii cells were present in raw milk in large numbers, some might survive 143oF (61.7oC) 
for 30 minutes.  These studies resulted in a recommendation by the U.S. Public Health 
Service to increase the standard for the ‘holding method’ of pasteurisation to 145oF (62.8oC) 
for 30 minutes.  It was also suggested that at least an additional 5oF (2.8oC) be added to the 
holding temperature for products with a fat content higher than whole milk or with added 
sugar. 
 
Apart from some rounding of numbers to take account of Fahrenheit-Celsius conversions, the 
above standards for pasteurisation have remained unchanged to the present day.  According to 
the International Dairy Federation, the minimum time-temperature combinations now 
recognised world-wide are 63oC for 30 minutes or 72oC for 15 seconds.   
 
The phosphatase test has been widely used in quality control and food safety programs as an 
indicator of the efficiency of the milk pasteurisation process.  Alkaline phosphatase is an 
enzyme that is naturally present in raw milk and which, by coincidence, is inactivated when 
heated at 71.7oC for 15 seconds.   
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Thermisation is a loosely-defined sub-pasteurisation heat treatment applied to raw milk, 
typically in the range 62-65oC for 10-20 seconds, first introduced in the late 1950s.  There are 
two schools of thought on its application: 

• To extend the storage life of the raw milk before normal pasteurisation, by controlling 
the psychrotrophic bacteria at an early stage.  In this case, the milk is cooled to 
refrigerated storage temperatures immediately following the thermisation treatment, 
pending pasteurisation at a later date, i.e. it is not intended to be a replacement for 
pasteurisation. 

• To allow ‘cheesemaking to proceed with the positive bacteriological effect of 
pasteurisation, but without its disadvantages for cheese ripening and whey protein 
degradation’.  In this case, the milk is not subjected to later pasteurisation and would 
usually be cooled directly to the cheesemaking temperature only.  Some have argued that 
the application of a sub-pasteurisation heat treatment for this purpose is not 
‘thermisation’.  

 
As clearly demonstrated by this evaluation, thermisation cannot be relied upon to destroy any 
pathogenic bacteria that might be present in the raw milk.  
 
Typical minimum time–temperature combinations used for the pasteurisation of table cream 
are as follows: 

• Holding (batch) method:    65oC for 30 minutes; 
• HTST method for cream with 10-20% fat: 75oC for 15 seconds; and 
• HTST method for cream with >20% fat: 80oC for 15 seconds.  
 
 
Requirements for pasteurisation - Australia New Zealand Food Standards Code 
Standard 1.6.2 of the Australia New Zealand Food Standards Code specifies that, for the 
pasteurisation of milk in Australia, the minimum heat treatment is no less than 72oC for no 
less than 15 seconds, or any other time and temperature combination of equal or greater lethal 
effect.  Batch pasteurisation of milk is covered by the latter provision.  Sub-pasteurisation 
heat treatment of milk for the manufacture of certain types of cheese is permitted under 
specified conditions.   
 
Methods for determination of heat resistance and interpretation of the data 
Many different techniques and types of equipment have been used to measure heat resistance 
of milk-borne pathogens, ranging from the very simple to the very sophisticated and from 
micro scale to commercial scale.  However, there is ample evidence to indicate that the 
method used to determine heat resistance is a major factor in determining (i) the reliability of 
the heat resistance data generated, and (ii) its relevance to commercial pasteurisation practice.  
Hence methodology should always be considered when assessing the veracity of any 
conclusions about the ability of an organism to survive/not survive commercial heat 
treatments.    
 
From a commercial perspective, it is the overall impact of the integrated heating profile, plus 
any other relevant system inputs, on the survival/destruction of any pathogens that may be 
present in the raw milk on any given day is what really counts.  Other system inputs during 
commercial processing include turbulent flow and, in some cases, homogenization.  Thus 
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greatest weight should be given to the results of heat resistance studies carried out using 
actual HTST pasteurisation equipment, be it either pilot plant- or commercial-scale.  
 
Ability of the nominated bacterial pathogens to survive pasteurisation 
Heat resistance studies conducted using either pilot plant- and/or or commercial-scale HTST 
pasteurisation equipment, together with additional data from studies using various laboratory 
techniques, have confirmed that the vegetative forms of 11 of the 18 pathogenic species 
nominated for review are destroyed by both batch (63oC for 30 minutes) and HTST (72oC for 
15 seconds) pasteurisation, with a reasonable margin of safety.  These species are: 
 
• Brucella abortus • Campylobacter jejuni 
• Campylobacter coli • Coxiella burnetii 
• Pathogenic Escherichia coli (0157:H7) • Listeria monocytogenes 
• Mycobacterium tuberculosis • Mycobacterium bovis 
• Salmonella enterica serotypes • Streptococcus pyogenes 
• Yersinia enterocolitica  

 
However, it must be noted that the most recent heat resistance data for several of the above 
pathogens is now quite dated (see below under ‘Identified Gaps in the Data’).  In addition, the 
available data for Streptococcus pyogenes is of poor quality. 
 
The situation with respect to each of the remaining seven organisms nominated for study is as 
follows: 

• Mycobacterium paratuberculosis. The heat resistance of this organism has been subject 
to extensive study during the past decade using various laboratory techniques and pilot 
scale HTST equipment.  For a number of reasons, obtaining definitive heat resistance 
data for this organism has proved to be difficult.  While there appears to be ample 
evidence that this organism is destroyed by batch pasteurisation, studies on the ability of 
M. paratuberculosis to survive heating at 72oC for 15 seconds, even with pilot scale 
HTST equipment, have given conflicting results.  However, the more recent, well-
controlled studies have shown that a minimum 4-log10 reduction is obtained during 
HTST pasteurisation.  In view of the numbers of M. paratuberculosis likely to be present 
in the raw milk, this level of kill in fact provides a reasonable margin of safety for the 
consumer.  More generally, however, population reductions in the order of 6-7D have 
been reported.  The fact that it is necessary for operational reasons to operate HTST 
equipment at temperatures slightly higher than 72oC - apart from any decision to use 
higher temperatures for other reasons - provides an additional margin of safety.  

A fundamental question with respect to M. paratuberculosis, which as yet remains 
unanswered, is whether the organism is in fact a human pathogen, or whether its 
postulated association with Crohn’s disease is just serendipitous, rather than causal.  If 
studies eventually establish that there is no causal connection between M. 
paratuberculosis and Crohn’s disease, any concerns that this organism might be able to 
survive HTST pasteurisation will prove to have been unfounded.  Consideration of this 
issue was beyond the scope of the present review. 

• Bacillus cereus.  Although there is limited data available specifically on the heat 
resistance of the vegetative form of this organism, and none using commercial HTST 
equipment, it is generally accepted that the vegetative cells are readily destroyed by both 
batch and HTST pasteurisation.  However, this is to some extent academic, as there is 
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more than ample evidence to indicate that the spores of Bacillus cereus are very heat 
resistant and readily survive any heat treatments in the normal pasteurisation range.  The 
pasteurisation heat treatment is sufficient to heat activate the fast-germinating spores of 
B. cereus, but not the slow-germinating spores.  Similarly, pasteurisation inactivates 
diarrhoeagenic toxins produced by B. cereus, but not the emetic toxin.   

• Brucella melitensis.  No definitive data on the heat resistance of the organism (which is 
not endemic in Australia) were located.  However general statements from authoritive 
sources indicate that the organism is destroyed by pasteurisation.   

• Enterobacter sakazakii.  Although the data is somewhat variable, and data using 
commercial HTST equipment is lacking, the consensus view is that the heat resistance of 
this organism falls within the safety margins of commercial pasteurisation.  Its presence 
in pasteurised milk products has been found to be due to re-contamination of the 
pasteurised product after the pasteurisation step.     

• Staphylococcus aureus.  Although this organism has relatively high heat resistance for a 
mesophilic non-sporing bacterium, and despite the fact that data using commercial HTST 
equipment is lacking, there is ample evidence from laboratory studies that it is destroyed 
by both batch and HTST pasteurisation heat treatments with a wide margin of safety.  
However, the thermal stability of the enterotoxins produced by S. aureus greatly exceeds 
that of its vegetative cells, and readily survives pasteurisation by a wide margin.   

• Streptococcus agalactiae.  Only one report on the heat resistance of S. agalactiae was 
located.  This indicated - under relatively crude experimental conditions - that the 
organism was inactivated at unspecified population levels in cream by batch 
pasteurisation.  That this is the extent of the data on the heat resistance of this organism 
is quite remarkable, given that it is a common cause of bovine mastitis and can be 
transmitted to humans, especially women, who drink raw milk.  

• Streptococcus zooepidemicus.  Not a single report on the heat resistance of S. 
zooepidemicus was located.  This is also remarkable, in view of the fact that human 
infection with this organism can usually be traced to an animal source, including 
ingestion of unpasteurised milk and cheese.  Consumption of raw milk was shown to be 
the source of a severe human infection with this organism in South-East Queensland 
about 12 years ago. 

 
Approximately 95% of the 265 studies on heat resistance reviewed during this study, either 
directly or via composite data compiled by other reviewers, were conducted using cows’ milk 
as the heating medium.  Limited numbers of studies comparing heat resistance in milk from 
the different animal species or in different formulations of cows’ milk have been reported.  In 
most of these cases, the measured heat resistance has reflected the protective effect of fat 
and/or total solids content of the milk, i.e. the higher the fat and/or total solids content, the 
higher the heat resistance.  However, the effects generally have not been dramatic and there 
were some exceptions. 
 
Of the 91 papers directly reviewed during this study, only about 10% reported confidence 
limits for thermal death time curves and/or D values.  These limits add considerable rigour to 
a data set, particularly when calculating margins of safety for a heat treatment.   
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Ability of the nominated bacterial pathogens to survive thermisation 
Thermisation at 62oC for 15 seconds is generally insufficient to destroy any of the bacterial 
pathogens likely to be present in raw milk with a reasonable margin of safety.  For 8 of the 18 
species reviewed, thermisation would have no or little impact on the number of viable 
organisms (see Table 2.16). For 7 of the 18 species reviewed (see Table 2.16), thermisation 
might give a partial kill, depending upon a range of influencing factors, such as the heat 
resistance and numbers of the particular strains present in the milk (and, for predictive 
purposes, the particular D values chosen from the literature for calculation of expected kill).  
For the remaining three species (B. cereus, vegetative cells; S. agalactiae and S. 
zooepidemicus), no data were available on which to base an assessment of impact of 
thermisation on them.   
 
Epidemiological data on disease outbreaks linked to consumption of pasteurised milk  
There is a substantial body of mainly anecdotal evidence of the public health benefits of milk 
pasteurisation particularly during the first half of the last century, which largely drove the 
eventual acceptance of the process as a mandated public health measure in many countries 
(refer Section 2.1 of this report).   
 
OzFoodNet has no documented reports of any outbreaks of gastrointestinal illness in Australia 
between 2000 and 2004 due to the consumption of pasteurised milk.  However, there have 
been several outbreaks of enteric infection in Australia in recent years due to the consumption 
of unpasteurised milk (Mr Russell Stafford7, pers. comm., 2005).   
 
An outbreak involving 50 cases of cryptosporidiosis amongst school children in the UK in 
1995 was traced to the consumption of ‘pasteurised’ milk from a local farm.  Upon 
investigation, however, it was established that the farm’s pasteurisation equipment was faulty 
and that, as a consequence, the children had in fact consumed inadequately pasteurised milk5.  
 
It should be noted that the data from OzFoodNet only relates to reported cases of 
gastrointestinal illness.  For example, outbreaks of gastrointestinal illness due to ingestion of 
Bacillus cereus in a food might not be detected, as pathology laboratories do not routinely test 
stool samples from patients with symptoms of gastrointestinal illness for this organism5.    
 
More detailed information supplied by Mr Stafford is provided at Attachment 2 to this report.  
 
The detection of pathogenic microorganisms in packages of commercially–pasteurised milk is 
alone insufficient evidence that the organisms are resistant to the pasteurisation heat 
treatment.  There are well-documented cases (refer above and Section 3.3 of this report) in 
which it has been shown that the presence of pathogens in pasteurised milk has been due to 
inadequate pasteurisation (eg faulty equipment or poor process control) or to re-contamination 
of the milk after the pasteurisation step in the processing line (eg ineffective sanitising of the 
equipment).  Further investigation of the circumstances surrounding such incidents is always 
necessary.   
 
Times and temperatures used by industry for the pasteurisation of milk in Australia    
From the Australia-wide industry survey conducted during this study and additional data from 
a survey of the Victorian dairy industry by Dairy Food Safety Victoria in 2004, it was clear 
that batch pasteurisation is widely used in Australia.  However, as the batch method is mainly 
                                                   
7 State Foodborne Disease Epidemiologist, OzFoodNet, Queensland Health Public Health Unit, Level 1, 
Queensland Health Scientific Services, 39 Kessels Rd, Coopers Plains, Qld 4108. 
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used by the smaller processors, it would account for only a very small percentage of all milk 
pasteurised in Australia.  Temperatures and times of heat treatment for batch pasteurisation 
covered a wide range, from 62 to 90oC and from 15 seconds to 30 minutes.  Type of product 
being manufactured was a major influence on the temperature-time combination used.   
 
Of concern was that several processors reported using what is essentially a HTST treatment, 
e.g. 72oC for 15 seconds and similar, under batch conditions.  
 
All of the temperatures and times for the pasteurisation of milk by the HTST method reported 
during the industry surveys showed that the minimum heat treatment for HTST pasteurisation 
as specified in the Australia New Zealand Food Standards Code, i.e. 72oC for 15 seconds, was 
being achieved by all respondents to the surveys.  Beyond that, however, temperatures ranged 
from 72-86oC and times from 15-50 seconds, with many different combinations within those 
ranges.  As with batch pasteurisation, type of product was again a major influence on the 
heating regime used, with the time and temperatures reported generally being within the 
expected range for the type of product.   
 
Of particular note is that HTST treatment of milk for liquid milk products, at least by most of 
the large processors and some of the smaller ones, was mostly in the range 74-78oC for 15-30 
seconds.  This reflects a recommendation by the peak Australian dairy industry organisation 
in 2000 that the times and temperatures for HTST pasteurisation of milk for the liquid milk 
trade be increased as a precaution against the presence in the raw milk of any M. 
paratuberculosis organisms that might be resistant to minimum pasteurisation treatment of 
72oC for 15 seconds.  Whether use of this enhanced heat treatment is still warranted in the 
light of more recent studies on the heat resistance of this organism that have been conducted 
using commercial HTST equipment (refer Section 3.3.8 of this report), particularly in areas of 
Australia where Johne’s disease in cattle is reported to be not endemic, is a matter for 
conjecture.  
 
Some processors, particularly those in the small and medium size categories, reported that 
design of their pasteurisers and operational considerations largely dictated the limits on the 
times and temperatures of heating that they could use in practice.   
 
Dairy industry knowledge of and interest in alternative processes for the destruction of 
pathogenic organisms in milk 
From the Australia-wide industry survey conducted during this study, it was established that, 
on average, 22% of respondents had ‘some knowledge’ of each of 10 nominated alternative 
processes that have potential application for the destruction of pathogenic organisms in milk.  
This can be regarded as a relatively high number, given the fact that some of the processes are 
still in the early stages of development, are quite ‘high tech’ or have not been well publicised 
in the industry at large.   
 
There is real industry interest in the application of alternative technologies, for a range of 
reasons, some purely economic (eg reduced costs), some technological (eg making a better 
cheese) and some philosophical (eg keeping milk in its natural state).  Conversely, some 
respondents also had concerns about the alternative technologies, e.g. technical feasibility, 
effects on manufacturing process and product quality, capital and operating costs, food safety 
and operator safety.   
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In the context of this review, a number of the respondents did recognise that validation of an 
alternative process in terms of food safety outcomes was a prerequisite to the commercial 
application of that process.  How this might be done is addressed in Appendix 1 to this report.    
 
Identified gaps in the data on heat resistance of pathogens 
The main gaps in data and knowledge - with respect to traditional pasteurisation - identified 
during this study include: 

• Definitive evidence on whether it is, or is not, valid to classify M. paratuberculosis as a 
human pathogen; and  

• Quantitative heat resistance data for Brucella melitensis, Streptococcus agalactiae and 
Streptococcus zooepidemicus in milk. 

 
In addition, it must be noted that: 

• Heat resistance data obtained using commercial HTST pasteurisation equipment appears 
to be lacking for the vegetative cells of several of the pathogenic species covered in this 
review, e.g. Bacillus cereus, Enterobacter sakazakii and Staphylococcus aureus; 

• The available data for Streptococcus pyogenes is of particularly poor quality; and  

• The most recent heat resistance data obtained by any method that is available for some of 
the pathogens is quite dated, e.g. M. tuberculosis (1927), C. burnetii (1956 & 1961), M. 
bovis (1960), S. agalactiae (1974) and S. pyogenes (1976).   

 
While the available data are not necessarily in dispute, it would nevertheless be reassuring to 
have more current data for every pathogen of concern; especially data obtained using modern 
commercial HTST equipment that complies with current design and operational standards.    

 
Standardised protocols and methodologies for the determination of heat resistance appear to 
be lacking.  Sadly, studies using methodologies known to give unreliable results, e.g. open 
tubes, are still being reported in the literature.  Realistically, however, it would probably be 
almost impossible to achieve general adherence to such a protocol, particularly on an 
international basis, even if one did indeed exist.  The next best option for an organisation like 
FSANZ is to establish and publicise its minimum requirements for the type of data that is 
acceptable for use in submissions on risk assessment studies.  For example:  milk to be used 
as the heating medium;  confidence limits to be provided for kinetic data;  preference to be 
given to data generated using commercial pasteurisation equipment where possible;  and heat 
resistance data to be based on strains of test organisms known to occur in raw milk.   
 
Overall conclusions with respect to traditional pasteurisation treatments  
It is concluded that consumers of pasteurised milk and dairy products in Australia can be 
assured that pasteurisation continues to be a very effective public health measure.  Three 
complementary observations allow this conclusion to be drawn: 

(a) Ample heat resistance data to indicate that the vegetative cells of the most significant 
milk-borne pathogens are destroyed by pasteurisation, with a reasonable margin of safety 
[though it is recognised that there are still some gaps in the data for some organisms and 
that there are other forms (eg spores) or products (eg toxins) of some species that can 
withstand pasteurisation]; 

(b) With a small number of exceptions, (which are related more to process control or the 
interpretation of what constitutes an equivalent treatment, rather than significant 
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deficiencies in the actual times and temperatures used), pasteurisation of milk and liquid 
milk products in Australia meets the minimum time and temperature standards 
prescribed in the Australia New Zealand Food Standards Code, or recognised 
equivalents; in many cases, the product is heated to a temperature and/or a time often 
well in excess of the prescribed minimums; and 

(c) Lack of epidemiological data indicating that pasteurised milk products have been 
implicated in any outbreaks of gastrointestinal illness in Australia in recent years 
whereas, in contrast, such outbreaks continue to be associated with consumption of raw 
milk, both in Australia and in other countries.  
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ATTACHMENT 1: Extract from standard 1.6.2, processing requirements 
(Australia only) of the Australia New Zealand Food 
Standards Code 

 
 

Clause 1.  Processing of milk and liquid milk products  
(1) Milk must be pasteurised by -  

(a)  heating to a temperature of no less than 72°C and retaining at such 
temperature for no less than 15 seconds and immediately shock cooling to a 
temperature of 4.5°C; or  

(b)  heating using any other time and temperature combination of equal or 
greater lethal effect on bacteria;  

unless an applicable law of a State or Territory otherwise expressly provides.  

(2) Liquid milk products must be heated using a combination of time and temperature of 
equal or greater lethal effect on the bacteria in liquid milk than would be achieved by 
pasteurisation or otherwise produced and processed in accordance with any applicable 
law of a State or Territory.  

 

Editorial note:  
For the purposes of Clause 1 of this Standard (refer above), milk and liquid milk products includes 
milk and liquid milk products used in the production of any cream and cream products, fermented 
milks, yoghurt, dried, condensed and evaporated milks, butter and ice cream.  

 
Clause 2.  Processing of cheese and cheese products  
(1) Cheese and cheese products must be manufactured -  

(a) from milk and milk products that have been heat treated -  

(i)  by being held at a temperature of no less than 72°C for a period of 
no less than 15 seconds, or by using a time and temperature 
combination providing an equivalent level of bacteria reduction; or  

(ii)  by being held at a temperature of no less than 62°C for a period of 
no less than 15 seconds, and the cheese or cheese product stored at 
a temperature of no less than 2°C for a period of 90 days from the 
date of manufacture; or  

(b) such that -  

(i)  the curd is heated to a temperature of no less than 48°C; and  

(ii)  the cheese or cheese product has a moisture content of less than 
36%, after being stored at a temperature of no less than 10°C for a 
period of no less than 6 months from the date of manufacture; or  

(c)  in accordance with clause 3 of Standard 2.5.4.  
 

Editorial notes:  
1.  Cheese under paragraph 2(1)(b) is generally known as ‘extra hard grating cheese’ – see the  
     Codex International Standard for Extra Hard Grating Cheese (CODEX STAN C-35-1978).  
2.  Clause 3 of Standard 2.5.4 refers to the production of Gruyere, Sbrinz or Emmental cheese 
     according to the specific provisions of the Ordinance on Quality Assurance in the Dairy  
     Industry of the Swiss Federal Council of 18 October 1995.  
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ATTACHMENT 2: Outbreaks of enteric infection associated with the 
consumption of pasteurised and unpasteurised milk in 
Australia and overseas 

 
 

Notes prepared by Russell Stafford8 
OzFoodNet (Qld) 

March 2005 
 
1. Introduction 
OzFoodNet was established in 2000 to conduct enhanced surveillance of foodborne disease.  
OzFoodNet has the responsibility of collating national data on all gastrointestinal outbreaks 
due to foodborne or other modes of transmission.  These data are summarised to provide 
information on common causes of outbreaks and contribute to the development of policy on 
food safety. 
 
 
2. Outbreaks of enteric infection associated with consumption of pasteurised milk in 

Australia (2000-2004) 
OzFoodNet has no documented reports of any outbreaks of enteric infection in Australia 
between 2000 and 2004 due to the consumption of pasteurised milk. 
 
 
3. Outbreaks of enteric infection associated with consumption of pasteurised milk in 

other countries 
There was a reported outbreak of 50 cases of cryptosporidiosis in the UK in 1995 among 
school children who drank pasteurised milk supplied to the school by a local farm.  The 
investigation identified a faulty pasteuriser at the farm during the same period as the outbreak 
and it was suspected that the illness among children was caused by inadequately pasteurised 
milk (Gellietlie et al., 1997). 
 
 
4. Outbreaks of enteric infection associated with consumption of unpasteurised milk 

in Australia 
There have been several outbreaks of enteric infection in Australia in recent years due to the 
consumption of unpasteurised milk.  These include: 

• Two outbreaks of campylobacteriosis were recorded in Victoria among school students 
visiting farms. One occurred in 2000 involving approximately 25 cases. The other 
occurred in November 2003 involving 13 cases. Based on the epidemiological 
information, it was suspected that both outbreaks were associated with the consumption 
of unpasteurised milk. However, no microbiological testing was done to confirm the 
source of infection. 

• An outbreak in Queensland (2001) of 8 cases (all children) of Cryptosporidium 
infection linked to the consumption of commercially-obtained unpasteurised cow’s 
milk. Cryptosporidium oocysts were detected in milk samples (Harper et al., 2002). 

• One outbreak of Campylobacter infection occurred in South Australia during 2000 (total 
of 12 cases) associated with unpasteurised milk purchased from a farm; and 

                                                   
8 State Foodborne Disease Epidemiologist, OzFoodNet, Queensland Health Public Health Unit, Level 1, 
Queensland Health Scientific Services, 39 Kessels Rd, Coopers Plains, Qld 4108. 



Scientific Evaluation of Milk Pasteurisation: Attachment 2 
 

 

138

• An outbreak of 12 cases of Salmonella Typhimurium phage type 44 infection in South 
Australia in 1999 associated with unpasteurised milk purchased from a farm. 

 
While the sale of unpasteurised cows’ milk is now prohibited in all states and territories, this 
does not prevent people drinking samples of this product in organised settings such as farm 
visits by school students. 
 
 
5. Overseas outbreaks of enteric infection associated with consumption of 

unpasteurised milk 
There have been numerous reports in the literature of outbreaks of salmonellosis and more 
commonly Campylobacter infection associated with consumption of unpasteurised milk.  
There have also been outbreaks caused by Listeria monocytogenes and E. coli O157.  These 
include: 
 
United Kingdom: 

• 1983-84:  Twenty-seven outbreaks of disease – associated with consumption of raw 
milk – Salmonella, Campylobacter and Yersinia; 

• 1992-94:  Three different Campylobacter outbreaks linked to consumption of raw milk 
(72, 22, and 23 cases respectively); and 

• 1996:  One E coli O157 outbreak – 9 cases – drinking raw cow’s milk. 
 
USA:  

• 1981-1990:  Twenty outbreaks of Campylobacter associated with drinking raw milk.  
Attack rate was 45% i.e. 458 of 1013 persons who drank milk were infected; 

• 1983:  One Campylobacter outbreak – 6 cases – raw goat milk; 
• 1992-1993:  One E coli O157 – 16 cases – drinking raw cow’s milk; 
• 1997:  One Salmonella typhimurium outbreak – 54 cases – cheese made from raw milk; 
• 2001:  One Listeria outbreak – 3 cases – cheese made from raw milk; and  
• 2003:  One Campylobacter outbreak – 13 cases – drinking raw cow’s milk. 
 
A bibliography of the published reports on the above outbreaks is included in Section 9 of this 
Note.  
 
 
6. Potential problems for dairy manufacturers due to Bacillus cereus (and 

Clostridium perfringens) 
Clinical pathology laboratories in Australia do not routinely test for Bacillus cereus or 
Clostridium perfringens toxins nor conduct routine culture for these organisms.  Therefore, a 
small outbreak of gastroenteritis in the community caused by these potential foodborne 
pathogens may go undetected if these outbreaks are not reported to public health authorities 
by doctors or the public.  Laboratory confirmation for these infections requires specialised 
testing by a NATA-accredited public health reference laboratory.  (Larger outbreaks should 
eventually be reported to health authorities.) 
 
There are two types of clinical illness that may be caused by B. cereus gastrointestinal 
infection.  One is an emetic illness with a short incubation period characterised by vomiting 
while the second syndrome has a longer incubation period and is characterised by diarrhoea.  
Both are caused by different toxins.  The emetic illness is caused by the ingestion of pre-
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formed toxin in the foods while the diarrhoeal illness is caused by the ingestion of cells and 
spores followed by production of toxin in vivo (Andersson et al., 1995). 
 
Reference [3] contains more information on this topic. 
 
7. Comments  
Persons who consume unpasteurised milk are at increased risk of infection due to several 
different enteric pathogens capable of causing severe illness and potentially death.  This was 
demonstrated with the recent Cryptosporidium outbreak in the Sunshine Coast in which three 
children required hospitalisation. The International Journal of Infectious Diseases recently 
reported two cases of Haemolytic Uraemic Syndrome (HUS) due to E. coli O26 in two young 
children in Europe in which transmission through unpasteurised cow’s milk was positively 
identified.  
 
Outbreaks associated with consumption of unpasteurised milk are uncommon in Australia 
because the sale of raw cow’s milk to the public is illegal.  If the proportion of persons 
consuming raw milk were to increase, then we could expect to see more outbreaks of disease 
occurring because of this practice.  A study of raw milk associated outbreaks in USA between 
1973 and 1992 identified 46 outbreaks of illness; 40/46 (87%) occurred in states where the 
sale of raw milk was legal. 
 
 
8. References 
1. Gellietlie R, Stuart J, Soltanpoor N, Armstrong R and Nichols G (1997). Cryptosporidiosis associated 

with school milk.  Lancet, 1997, 1005-1006,  
2. Harper CM, Cowell NA, Adams BC, Langley AJ and Wohlsen TD (2002).  Outbreak of cryptosporidium 

linked to drinking unpasteurised milk.  Commun. Dis. Intell. 26, 449-450. 
3. Andersson A, Ronner U and Granum PE (1995). What problems does the food industry have with the 

spore-forming pathogens Bacillus cereus and Clostridium perfringens?  Int. J. Food Microbiol. 28, 145-
155  

 
Other reports of outbreaks of foodborne illness associated with consumption of 
unpasteurised milk: 
Allerberger F and Guggenbichler JP (1989). Listeriosis in Austria--report of an outbreak in 1986. Acta Microbiol 

Hung. 36(2-3): 149-152. 

Anon. (1986). Communicable disease associated with milk and dairy products in England and Wales: 1983-
1984. J. Infect. 12(3): 265-272. 

Barrett NJ (1986). Communicable disease associated with milk and dairy products in England and Wales. J. 
Infect. 12(3): 265-272. 

Bielaszewska M, Janda J, Blahova K, Minarikova H, Jikova E, Karn MA, Laubova J, Sikulova J, Preston MA, 
Khakhria R, Karch H, Klazarova H and Nye O  (1997). Human Escherichia coli O157:H7 infection 
associated with the consumption of unpasteurised goat’s milk. Epidemiol. Infect. 119(3): 299-305. 

Boggs JD, Whitwam RM, Hale LM, Briscoe RP, Kahn SE, MacCormack JN, Maillard J-M, Grayson SC, 
Sigmon KS, Reardon JW and Saah JR (2001).Outbreak of Listeriosis associated with homemade 
Mexican-style cheese--North Carolina, October 2000-January 2001. JAMA 286(6): 664-665. 

Clark A, Morton S, Wright P, Corkish J, Bolton FJ and Russell J (1997). A community outbreak of Vero 
cytotoxin producing Escherichia coli O157 infection linked to a small farm dairy. Commun. Dis. Rep., 
CDR Rev. 7(13): R206-211. 

Desenclos JC, Bouvet P, Benz-Lemoine E, Grimont F, Desqueyroux H, Rebiere I and Grimont PA (1996). Large 
outbreak of Salmonella enterica serotype Paratyphi B infection caused by a goats’ milk cheese, France, 
1993: a case finding and epidemiological study. Brit. Med. J. 312(7023): 67-68. 



Scientific Evaluation of Milk Pasteurisation: Attachment 2 
 

 

140

Evans MR, Roberts RJ, Riberio CD, Gardner D and Kembrey D (1996). A milk-borne Campylobacter outbreak 
following an education farm visit. Epidemiol. Infect. 117(3): 457-462. 

Fishbein DB and Raoult D (1992). A cluster of Coxiella burnetii infections associated with exposure to 
vaccinated goats and their unpasteurized dairy products. Am. J. Trop. Med. Hyg. 47(1): 35-40. 

Francis AJ, Nimmo GR, Efstratiou A, Galanis V and Nuttall N (1993). Investigation of milk-borne 
Streptococcus zooepidemicus infection associated with glomerulonephritis in Australia. J. Infect. 27(3): 
317-323. 

Harris NV, Kimball TJ, Bennett P, Johnson Y, Wakely D and Nolan CM (1987). Campylobacter jejuni enteritis 
associated with raw goat’s milk. Am. J. Epidemiol. 126(2): 179-186. 

Headrick ML, Korangy S, Bean NH, Angulo FJ, Altekruse SF, Potter ME and Klontz KC (1998). The 
epidemiology of raw milk associated foodborne disease outbreaks reported in the United States, 1973 
through 1992. Am. J. Public Health. 88(8): 1219-1221. 

Holt J, Propes D, Patterson C, Nicholson L, Bundesen M, Salehi E, Di Orio M, Kirchner C, Tedrick R, Duffy R 
and Mazurek J (2003). Multi-state outbreak of Salmonella serotype Typhimurium infections associated 
with drinking unpasteurized milk -Illinois, Indiana, Ohio, and Tennessee, 2002-2003. Morb. Mortal. 
Wkly Rep. 52(26): 613-615. 

Kalman M, Szollosi E, Czermann B, Zimanyi M, Szekeres S and Kalman M (2000). Milk-borne Campylobacter 
infection in Hungary. J. Food Prot. 63(10): 1426-1429. 

Keene WE, Hedberg K, Herriott DE, Hancock DD, McKay RW, Bar TJ and Fleming DW (1997) A prolonged 
outbreak of Escherichia coli O157:h7 infections caused by commercially distributed raw milk. J. Infect. 
Dis. 176(3): 815-818. 

Klein BS, Vergeront JM, Blaser MJ, Edmonds P, Brenner DJ, Janssen D and Davis JP (1986) Campylobacter 
infection associated with raw milk. An outbreak of gastroenteritis due to Campylobacter jejuni and 
thermotolerant Campylobacter fetus subsp fetus. JAMA 255(3): 361-364. 

Korlath JA, Osterholm MT, Judy LA, Forfang JC and Robinson RA (1985). A point-source outbreak of 
campylobacteriosis associated with consumption of raw milk. J. Infect. Dis. 152(3): 592-596. 

Kornblatt AN, Barrett T, Morris GK and Tosh FE (1985). Epidemiologic and laboratory investigation of an 
outbreak of Campylobacter enteritis associated with raw milk. Am. J. Epidemiol. 122(5): 884-889. 

Morgan D, Gunneberg C, Gunnell D, Healing TD, Lamerton S, Soltanpoor N, Lewis DA and White DG (1994). 
An outbreak of Campylobacter infection associated with the consumption of unpasteurised milk at a 
large festival in England. Eur. J. Epidemiol. 10(5): 581-585. 

Osterholm MT, MacDonald KL, White KE, Wells JG, Spika JS, Potter ME, Forfang JC, Sorenson RM, Milloy 
PT and Blake PA. (1986). An outbreak of a newly recognized chronic diarrhea syndrome associated 
with raw milk consumption. JAMA 256(4): 484-490. 

Peterson MC (2003). Campylobacter jejuni enteritis associated with consumption of raw milk. J. Environ. Health 
65(9): 20-1, 24, 26. 

Shanson DC, Gazzard BG, Midgley J, Dixey J, Gibson GL, Stevenson J, Finch RG and Cheesbrough J (1983). 
Streptobacillus moniliformis isolated from blood in four cases of Haverhill fever. Lancet 2(8341):92-94. 

Tacket CO, Dominguez LB, Fisher HJ and Cohen ML (1985). An outbreak of multiple-drug-resistant Salmonella 
enteritis from raw milk. JAMA 253(14): 2058-2060. 

Taylor DN, Porter BW, Williams CA, Miller HG, Bopp CA and Blake PA (1982). Campylobacter enteritis: a 
large outbreak traced to commercial raw milk. West. J. Med. 137(5): 365-369. 

Villar RG, Macek MD, Simons S, Hayes PS, Goldoft MJ, Lewis JH, Rowan LL, PS, Goldoft MJ, Lewis JH, 
Rowan LL, Hursh D, Patnode M and Mead PS (1999). Investigation of multidrug-resistant Salmonella 
serotype Typhimurium DT104 infections linked to raw-milk cheese in Washington State. JAMA 
281(19): 1811-1816. 

Wood RC, MacDonald KL and Osterholm MT (1992). Campylobacter enteritis outbreaks associated with 
drinking raw milk during youth activities. A 10-year review of outbreaks in the United States. JAMA 
268(22): 3228-3238. 



Scientific Evaluation of Milk Pasteurisation: Attachment 3 
 

 

141

ATTACHMENT 3: Copy of proforma industry questionnaire and 
covering letters 

 

HARLEY JUFFS & ASSOCIATES PTY LTD 
ABN 17 074 101 812 

Consultants in Food Technology, Food Safety, Research & Development and Strategic Reviews 
Servicing Food, Agriculture and Fisheries 

 
 Telephone:  +61 7 3263 2930 
PO Box 2273 Mobile:       0407 15 1303 
Chermside Centre  Qld  4032 Facsimile:  +61 7 3263 7410 
Australia Email:  hjuffs@gil.com.au 
 
 
4 March 2005 
 
Attention:  The Manager  
 

Survey of processing methods and heat treatments used for the pasteurisation of milk by the 
traditional thermal processes in Australia and of interest in alternative methods 

 
As outlined in the attached copy of a letter dated 25 February 2005 under the signature of Deon Mahoney, 
Principal Microbiologist, Food Standards Australia New Zealand (FSANZ), we have been engaged by 
FSANZ to conduct a study titled ‘Scientific Evaluation of Pasteurisation and Alternative Processes for 
Pathogen Reduction in Milk and Milk Products’.  The purpose of the study, which is part of the process 
for development of a Primary Production and Processing (PPP) Standard for Dairy, is also summarised 
in the attached letter.   

We seek your assistance with two specific aspects of our study: 
• Determining current industry practice in Australia with respect to methods employed for 

the pasteurisation of milk, in particular the time/temperature combinations used and their 
relationship to minimum regulatory standards; and 

• Dairy industry interest in the uptake of alternative processes and methods, including 
thermisation, for the destruction of pathogenic organisms in milk intended for human 
consumption or further processing into dairy products.  

Attached is a short questionnaire related to the above aspects of our study.  An edited extract from 
Standard 1.6.2 of the Australia New Zealand Food Standards Code, which sets out the minimum 
requirements for the pasteurisation of milk, is attached to the questionnaire for your information and 
reference.  

You will greatly assist us by answering the questions and returning the completed document to us by 
mail or fax, using the contact details above.  If you would prefer an electronic copy of the 
questionnaire, please let me know.   

It would be appreciated if the completed questionnaire was returned to us by Thursday 24 March.  
FSANZ has stipulated that our interim report is to be submitted to them by 15 April.   

Please note that information supplied will not be reported at the individual plant or company level.  
All data will be aggregated into common data sets at the national industry level for reporting 
purposes. 

Please contact me if you have queries about the study or the questionnaire. 

Many thanks 
 
Harley Juffs 
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Commercial - in - confidence 
 

Questionnaire – Milk Pasteurisation and Alternative Methods 
 
Part A.  Company information  
 
Dairy company/enterprise:  ……………………………….………………….………………. 
 
Plant(s) covered by this response:  ………………………..………………………………….. 
 
…………………………………………………………………………………………………. 
 
Contact details for follow-up if required:   

Name ……………………………………………..……………………………………. 

Phone ……………………………………………………………….………………….  

Email …………………………………………………………………………………..   
 
 

 
Part B.  Application of the traditional thermal process for the pasteurisation of milk in 
the above plants on a commercial basis 
 
Explanatory notes 

1. The survey applies only to the ‘traditional thermal methods’ for the pasteurisation of 
milk, i.e. the HTST process as defined in Clause 1(1)(a) of Standard 1.6.2 of the 
Australia New Zealand Food Standards Code (refer Extract attached) and the batch 
process where use of this process is permitted by the State regulatory agency.  The 
survey does not apply to other pasteurisation processes involving heat, e.g. ESL or 
UHT of liquid milks or the heat treatment of cream used for the manufacture of butter. 

2. The survey applies to milk from all of the commercial species used in Australia, i.e. 
cow, goat, sheep, buffalo and camel. 

3. The survey applies to the pasteurisation of raw milk used for the production of liquid 
milk and milk products and of milk used in the production of any cream and cream 
products, fermented milks, yoghurt, dried, condensed and evaporated milks, ice cream 
and cheese (refer extract of Standard 1.6.2 attached).  It does not apply to re-
pasteurisation of dairy products, e.g. an ice cream mix based on milk powder rather 
than raw milk.  Pasteurisation of table cream should however be included in your 
response.  

4. Please list each product group separately in Table 1 below, showing the species of 
animal, method of pasteurisation (ie HTST, batch, etc), the time-temperature 
combination used on a regular basis and an estimate of the average throughput on a 
weekly basis over the past year or so.  If the time–temperature combination used for 
HTST deliberately exceeds that that specified in Standard 1.6.2 (minimum of 72oC for 
a minimum of 15 seconds) by more than 0.5oC or three seconds, please show the time 
and temperatures used and explain why that particular treatment is used.  If different 
treatments are used for batches of the same product to meet market requirements or for 
other reasons, please list separately.  
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Part C.  Use of thermisation for production of extra hard grating cheese 
 
Standard 1.6.2 of the Australia New Zealand Food Standards Code permits milk used for the 
production of extra hard grating cheese to be heat treated by being held at a temperature of no 
less than 62°C for a period of no less than 15 seconds, provided the cheese or cheese product 
is stored at a temperature of no less than 2°C for a period of 90 days from the date of 
manufacture.  This heat treatment is termed thermisation.   
 
Does your company manufacture extra hard grating cheese?    Yes……..   No….….   
 
If No, proceed to Part D. 
 
If Yes, please record the heat treatments applied to the milk used in the manufacture of the 
product in the table below.  If more than one time –temperature combination is used, please 
list separately. 

Treatment temperature   
(oC) 

Holding time 
(secs) 

Estimated average weekly 
throughput of milk during the 

past year (L) 
   
   

 
Part D.  Approved use of any other processes for the destruction of pathogenic 
organisms in milk  
 
Has your company been given approval by any regulatory agency to use a process, or a 
combination of processes, for the destruction of pathogenic organisms in milk as an 
alternative to traditional thermal pasteurisation?     Yes……..   No….….   
 
If No, proceed to Part E. 
 
If Yes, please outline process: ………………………………………..…………………………  

………………………………………………………………………………………………..…: 

Type of product:………………………………………………………………………………… 
 
Regulatory agency granting approval: ………………………….………………………………  
 
Part E.  Knowledge of and interest in alternative processes that have potential 
application for the destruction of pathogenic organisms in milk 
 
A number of processes that might in the future provide methods for the destruction of 
pathogenic organisms in milk, as alternatives to traditional thermal pasteurisation, are 
presently undergoing development.  The main processes under development are listed in 
Table 2 below. 

Please include the following information about each process in the table: 
• Whether or not you have some knowledge of the process, however limited that 

knowledge might be? 
• Whether the process might be of interest to your company, and why? 
• Whether you have any concerns about the process from the perspective of your 

company, and why (eg doubts about effectiveness from a food safety viewpoint, cost, 
technological reasons)? 



Sc
ie

nt
ifi

c 
E

va
lu

at
io

n 
of

 M
ilk

 P
as

te
ur

is
at

io
n:

 A
tta

ch
m

en
t 3

 
  

14
6 

T
ab

le
 2

. 
Y

ou
r 

kn
ow

le
dg

e 
of

 a
lte

rn
at

iv
e 

pr
oc

es
se

s 
fo

r 
th

e 
de

st
ru

ct
io

n 
of

 p
at

ho
ge

ni
c 

or
ga

ni
sm

s 
in

 m
ilk

 a
nd

 y
ou

r 
vi

ew
s 

on
 th

ei
r 

po
ss

ib
le

 f
ut

ur
e 

ap
pl

ic
at

io
n 

w
ith

in
 y

ou
r 

co
m

pa
ny

. 
 

Is
 th

e 
pr

oc
es

s o
f a

ny
 in

te
re

st
 to

 y
ou

r 
co

m
pa

ny
? 

D
o 

yo
u 

ha
ve

 a
ny

 c
on

ce
rn

s a
bo

ut
 th

e 
pr

oc
es

s f
ro

m
 th

e 
pe

rs
pe

ct
iv

e 
of

 y
ou

r 
co

m
pa

ny
? 

Po
ss

ib
le

 a
lte

rn
at

iv
e 

pr
oc

es
s 

D
o 

yo
u 

ha
ve

 so
m

e 
kn

ow
le

dg
e 

of
 th

e 
pr

oc
es

s (
Y

es
/N

o)
? 

Y
es

/N
o 

If
 y

es
, e

xp
la

in
 w

hy
? 

Y
es

/N
o 

If
 y

es
, p

le
as

e 
co

m
m

en
t?

 

H
ig

h 
pr

es
su

re
  

  

 
 

 
 

Pu
ls

ed
 e

le
ct

ric
 fi

el
d 

te
ch

no
lo

gy
 

  

 
 

 
 

U
ltr

as
on

ic
at

io
n 

  

 
 

 
 

M
ic

ro
fil

tra
tio

n 
  

 
 

 
 

H
ig

h 
in

te
ns

ity
 li

gh
t –

 U
V

 o
r 

w
hi

te
 

  

 
 

 
 

O
hm

ic
 h

ea
tin

g 
 

  

 
 

 
 

M
ic

ro
w

av
e 

he
at

in
g 

  

 
 

 
 

O
th

er
 h

ea
tin

g,
 e

.g
. 

ra
di

of
re

qu
en

cy
, i

nd
uc

tio
n,

 
el

ec
tri

c 
tu

be
 (A

ct
ijo

ul
e®

)  

 
 

 
 

 

H
yd

ro
ge

n 
pe

ro
xi

de
 

 
 

 
 

 

Pe
ro

xi
de

 / 
La

ct
o-

pe
ro

xi
da

se
 

sy
st

em
 

  

 
 

 
 

O
th

er
 –

 p
le

as
e 

sp
ec

ify
 

 
 

 
 

 

 




