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Abstract

In Australian export-registered abattoirs microbiological monitoring is carried out within the E. coli and Salmonella Monitoring (ESAM)
program. During the calendar year 2003, the ESAM database indicated a national prevalence of Escherichia coli of around 3.0% for steers/heifers
and 7.1% for cows/bulls. An investigation was carried out to attempt to elucidate why some establishments had E. coli prevalence markedly
higher or markedly lower than the national average. The investigation was based on a questionnaire completed by fifteen export establishments
which provided data on livestock, processing, operator training and management. The responses were verified by site visits and then evaluated for
their relationship with ESAM data on E. coli in two stages. In stage 1, E. coli prevalence for each abattoir was plotted against each variable
recorded by the questionnaire; no single variable was a reasonable predictor for prevalence of E. coli on carcases. In stage 2, variables influencing
contamination were grouped under two categories: contamination on incoming livestock (Problem variables) together with the ability of the
plant's process to deal with such contamination (Process variables). The analysis prompted two main conclusions. Firstly, plants with a large
incoming problem with livestock (long haul, high tag score and proportion of cows/bulls slaughtered) plus “poor” processes had higher than
average E. coli prevalence. Secondly, plants with hot water decontamination systems had low E. coli prevalence even when there was a substantial
incoming problem with livestock, such as a relatively high proportion of cows/bulls.
© 2006 Elsevier B.V. All rights reserved.
Keywords: ESAM; Survey; Process score; Problem score; Escherichia coli
1. Introduction

The Australian red meat industry is composed of approxi-
mately 25 million cattle and 120 million sheep. Australia is the
world's largest exporter of beef (23% of total world exports) and
the second largest exporter of sheep meats (42% of total world
exports). The industry is based on a mix of Bos taurus and Bos
indicus, the latter largely confined to northern, tropical and sub-
tropical regions of Queensland. In a typical year around 8million
cattle are slaughtered of which around 70% are sourced from
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pasture, though the proportion coming from feedlots is trending
upwards. The main dairy region in south-eastern Australia is the
source of culled cows and bulls. In total, each year Australia
exports around 1.4 million tonnes of beef to more than 50
countries from around 40 plants registered with the Australian
Quarantine and Inspection Service (AQIS).

Microbiological testing is an important verification tool for
the Australian meat industry which collects systematic data on
Salmonella and Escherichia coli through testing performed by
export meat slaughter establishments as part of the E. coli and
Salmonella Monitoring (ESAM) program (Anonymous,
2003a). In this program carcases are sponged at sites defined
by the USA Pathogen Reduction Final Rule (Anonymous, 1996)
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and the results maintained on a database administered by
AQIS. In a typical year the database accrues around 21,000
test results for bovines and 13,000 for ovines. As the database
has been operating for more than seven years a great deal of
information has been gathered. For example, for beef carcases
during calendar year 2003, the ESAM database indicates a
prevalence of E. coli around 3.0% for steers/heifers (13,600
tests) and 7.1% for cows/bulls (7250 tests) and of Salmonella
0.3% (2700 tests).

An examination of several years of ESAM data indicated that
a group of establishments generally have E. coli above the
national average (prevalence 10–15%) while others are gen-
erally below (0–3%). Since all Australian export plants are
required to meet the Australian Standard for production and
transportation of meat and meat products for human consump-
tion (Anonymous, 2003a) and the Export Meat Orders, and are
supervised by the same controlling authority, this disparity in
prevalence of E. coli was of some interest.

In Australia no systematic studies have been undertaken to
identify and catalogue the variables that may influence the micro-
biological quality of beef carcases and the technical conformance
of establishments with regard to carcase sampling and testing
under the ESAM program. A number of export beef abattoirs
agreed to participate in a study to attempt to redress this lack of
information. In all, fifteen export establishments were visited and
data on livestock, processing, operator training and management
were gathered through the use of a detailed questionnaire. The
data were evaluated for their relationship with ESAM data on E.
coli and the results of that evaluation form the basis for the present
report.

2. Methodology

2.1. Development of the questionnaire

The questionnaire was in the form of a checklist and allowed
information to be collated for variables that might affect the
microbiological quality of carcases; this included the process of
Table 1
Estimation of degree of contamination (Problem score) of livestock entering each p

Plant %
feedlot

Length of transport Tag scor

Medium haul Long haul 3

1 10% 0.15 0 0.2
2 95% 0 0.3 0.27
3 95% 0.7 0 0
4 33% 0.8 0.1 0
5 85% 0 0 0.25
6 30% 0.2 0 0.33
7 25% 0.15 0.05 0
8 3% 0.03 0 0.05
9 15% 0.8 0.2 0
10 5% 0 0 0
11 2% 0 0 0
12 72% 0 0 0
13 90% 0 0 0.09
14 5% 0.2 0.2 0.06
15 70% 0 0 0.1
collecting samples for analysis. Variables identified as impor-
tant in determining microbiological quality were grouped into
five main areas of red meat production: livestock origin,
transport, plant personnel, slaughter operations and carcase
washing/chilling. Under each of these headings a series of
questions was developed to capture information specific to
individual operations. The questionnaire is available from the
corresponding author on request.

2.2. Participating abattoirs

Fifteen beef abattoirs in Australia (around 35% of those reg-
istered to export) agreed to participate in the project. To ensure
confidentiality each abattoir was assigned arbitrarily a unique
number from 1 to 15. Participating abattoirs ranged greatly in
slaughter volume (from 250 to more than 2000 head/day) and
were located in every State ofAustralia. Because ESAMsampling
is based on slaughter volume, data available for calendar year
2003 varied between 137 and 2670 tests at the smallest and largest
plants, respectively. Production monitored in the present survey
accounted for 44% of the export kill.

2.3. Conduct of the investigation

Questionnaires were sent to abattoirs prior to the visit to
allow staff to consider the questions relating to their area of
control. During early 2004 researchers visited each plant and
completed the questionnaires on-site as well as undertaking an
inspection of the operation to confirm, as far as possible, the
veracity of answers to the questionnaire. The questions aimed to
capture predominant operational characteristics of each plant for
the whole of 2003.

2.4. Data analysis

The data consisted of 64 potential explanatory variables
(survey answers) with 15 observations (abattoirs). Potential
response variables, E. coli prevalence and concentration, were
lant

e Average
haul

Average
tag

Problem
score

4 5

0.2 0.35 1.19 10.54 1.25
0.1 0.1 2.00 2.66 5.04
0 0 2.24 1.00 2.13
0 0 1.89 1.00 0.62
0.25 0 1.00 4.39 3.73
0 0 1.26 4.63 1.75
0 0 1.16 1.00 0.29
0 0 1.03 1.26 0.04
0 0 2.05 1.00 0.31
0 0 1.00 1.00 0.05
0 0 1.00 1.00 0.02
0.02 0 1.00 1.15 0.83
0 0.01 1.00 1.31 1.17
0.06 0.2 1.42 3.07 0.22
0 0 1.00 1.58 1.11
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Table 2
Estimation of the process effectiveness (Process score) of each plant

Plant Spear
cut

Double
knife

Hide-pull
down

Hide-on area
separate

Evisceration Automatic
washing

Complete
carcase wash

Decontamination
step

Process
score

1 1 1 1 1 1 2 1 0.1 0.2
2 1 1 1 1 1 1 2 1 2
3 1 1 2 2 1 2 1 1 8
4 1 1 1 1 1 1 1 1 1
5 1 1 1 1 2 2 2 0.5 4
6 1 1 1 2 1 2 1 1 4
7 2 2 1 2 1 1 2 0.1 1.6
8 1 2 1 2 2 2 1 1 16
9 2 2 1 1 1 2 1 1 8
10 1 2 2 2 2 2 1 1 32
11 1 2 2 2 2 1 1 1 16
12 1 2 1 2 2 2 2 1 32
13 1 2 1 2 1 2 1 1 8
14 1 1 1 2 2 1 1 1 4
15 1 1 1 1 1 1 1 0.1 0.1

265A. Kiermeier et al. / International Journal of Food Microbiology 111 (2006) 263–269
calculated for each abattoir from ESAM results compiled during
2003.

Expert consultation was used to assign a numeric value to each
nominal variable based on an estimate of the effect of the variable
on the microbiological quality of the carcase. If a variable was
considered to have no or little effect it was assigned a value of one.
If a variable was believed to contribute to a reduction in bacterial
load on carcases a value of less than one was assigned e.g. hot
water decontamination was assigned a value of 0.1. If a variable
was thought to increase themicrobiological load e.g. animals with
a high tag score, it was assigned a value greater than one.

The survey results were compared with prevalence of E.
coli, calculated from all of 2003 ESAM data, at each plant in
two stages. Firstly, E. coli prevalence was plotted against the
response to each individual question, utilizing scatter plots for
continuous variables and box plots for nominal variables.
Secondly, data were combined into two new summary
variables: those describing the likelihood of contamination
on livestock to give a “Problem score” and those associated
with processing to give a “Process score” (Tables 1 and 2).

At the basis of the Problem score is the degree to which
cattle entering the stock yards are visibly contaminated with
soil and/or faeces. In developing criteria for calculating a
Problem score the expert panel identified three major
elements which were likely to contribute to hide contami-
nation. Firstly, whether cattle were raised on pasture or in
feedlots, with the latter considered more likely to result in
more highly contaminated hides, particularly on the belly
and rump. At each establishment staff were able to give a
ratio of pasture:feedlot cattle slaughtered. The second
element was the distance livestock were required to be
transported (haul) with the expert panel considering that the
longer the haul the more likely were livestock to be soiled.
Thirdly, staff at each establishment were able to provide an
estimate of the proportion of livestock in each of five
categories of visible contamination (tag) by comparison with
photographs illustrating varying levels of soiling; Tag 1 was
associated with clean cattle and Tag 5 with extremely dirty
cattle.
The problem score was obtained by multiplying the
“average haul”, “average tag” and proportion of livestock
sourced from feedlot, as opposed to grass-fed (Table 1).
The average haul was calculated as the average of the
non-zero elements of medium (12–48 hours) and long haul
(greater than 48 hours), which in turn were calculated as
follows:
Ave medium haul =
 if proportion medium haul is zero

(0.5 * proportion medium haul) otherwise
10
Ave long haul =
 if proportion long haul is zero

(proportion long haul) otherwise
The average haul was set to 1 when the proportion of medium
and long haul equalled zero.

Similarly, average tag was calculated as the average of the
non-zero elements of Tags 3, 4 and 5 which were calculated as
follows:
Tag 3 =
 0 if proportion Tag 3 is zero

10(2 * proportion Tag 3) otherwise
Tag 4 =
 0 if proportion Tag 4 is zero
10(3 * proportion Tag 4) otherwise
Tag 5 =
 0 if proportion Tag 5 is zero
10(4 * proportion Tag 5) otherwise
The average tag was set to 1 when the proportion of Tag 3, Tag
4, and Tag 5 equalled zero.

The Process score was calculated as the product of the process
variables given in Table 2. In identifying key elements of a
“superior” process the expert panel relied, where possible, on
information from the literature to substantiate their choices and
weightings. For example, there is a wealth of literature on the
effect of carcase treatments such as spraying with organic acid or
with hot water. However, many studies, while they establish
varying reduction in carcase contamination have been based on
experimental studies, rather than on measuring routine in-plant
effectiveness. In addition, a number of supposed good



Fig. 2. Comparison between tag scores for cattle slaughtered in Eastern Australia
and tag scores for North American cattle (Source: Anonymous, 2003b).

Fig. 1. Plot of E. coli prevalence versus Problem and Process scores — plant
numbers are indicated in the plot.
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manufacturing practices were included for which no scientific
information is available. For example, spear cutting, where the
hide is incised “outwards” to prevent contamination along the cut,
is generally considered superior to incising from the outside.
Similarly, a 2-knife rotation system where each operator on the
slaughter and dressing floor is issued with two knives is
generally considered a good hygienic practice. While one knife
is in use the other, after cleaning under running water, is
immersed in a water “steriliser” bath at no cooler than 82 °C.
The alternative system uses a single knife which is washed
under running water then dipped into 82 °C water. Downward
hide pullers remove the hide from the hindquarters by pulling it
downwards over the head while upward hide pullers take the
hide upwards and away from the carcase; the former is
considered superior in limiting airborne contamination around
the freshly dehided carcase. By extension, because of possible
aerosol effects which could spread contamination from the
hide-pulling area it was considered advantageous if all
subsequent operations were carried out with adequate spatial
separation. During evisceration, viscera may be removed either
onto a moving belt or into a wheelbarrow; the former system is
considered superior because the viscera table undergoes
automatic cleaning and sanitising between bodies. Similarly,
each carcase passing through a wash cabinet with automatic
delivery of water at constant pressure is considered superior to
manual washing. In addition, washing of the entire surface of
carcase side is considered superior to washing the brisket only.
Finally, installation of a decontamination cabinet supplying a
hot water or cold organic acid wash to the carcase was
considered part of a superior processing system.

The weightings for most variables were based on a 2:1 ratio,
with 1 indicating good practice; an exception was the decon-
tamination step, for which a ratio of 10:5:1 for no step:acid wash:
hot water wash was used, respectively. This ratio was based on
an estimation of the logarithmic inactivation of E. coli with the
expert panel adopting a 1 log reduction of E. coli as its basis.
This was a purposefully conservative estimation as many studies
e.g. Retzlaff et al. (2004) point to >1 log reduction of E. coli
using inoculation studies and various temperature:time decon-
tamination regimes.

Both scores were plotted against E. coli prevalence (Fig. 1).
Data were stored and manipulated in a Microsoft Excel
spreadsheet and graphs were plotted in R (R Core Development
Team, 2005).

3. Results and discussion

In stage 1, E. coli prevalence for each abattoir was plotted
against each variable recorded by the questionnaire. Visual
inspection of these plots indicated that no single variable was a
reasonable predictor for prevalence of E. coli on carcases.

In stage 2, variables influencing contamination were grouped
under two categories: contamination on incoming livestock
(Problem variables) together with the ability of the plant's
process to deal with such contamination (Process variables). The
Problem score for each plant is presented in Table 1 from which
it can be seen that some plants were more likely to inherit an
incoming problem with livestock, the greatest problem being
about 250 times that of the least problem. Plants with a low
problem score tended to bring pasture-fed stock from local farms
compared with those with high scores which sourced more stock
from feedlots and from distant (up to 2000 km) locations and
which had high tag scores on entry to the plant's holding yards.

A pilot survey of tag scores in Australia (Fig. 2) suggests that
Australian cattle presented for slaughter are much cleaner than
their North American counterparts. Moreover, there appears to
be less variation in tag scores in Australian cattle than in the
North American industry (Anonymous, 2003b).

Whether the dirtiness of the hide is related to the level of
microbiological contamination of the carcase is a matter of
contention. In Canada Van Donkersgoed et al. (1997) studied the
relationship at two abattoirs in Alberta between January and June,
thereby spanning winter, spring and summer conditions. Tag
scores were noted on lots of cattle and compared with APC,
coliform and E. coli counts taken at four sites on the carcase



Table 3
Summary data for incoming contamination and effectiveness of the process

Plant Problem
score

Process
score

E. coli
prevalence (%)

Proportion of cows/bulls
slaughtered (%)

1 1.25 0.2 0.2 37.3
2 5.04 2 9.0 3.7
3 2.13 8 1.6 5.0
4 0.62 1 0.5 75.6
5 3.73 4 8.7 0.0
6 1.75 4 6.6 24.0
7 0.29 1.6 0.4 20.8
8 0.04 16 4.3 55.7
9 0.31 8 0.4 0.0
10 0.05 32 7.3 100.0
11 0.02 16 11.2 76.3
12 0.83 32 0.0 2.6
13 1.17 8 14.6 56.2
14 0.22 4 14.4 62.0
15 1.11 0.1 2.8 0.0
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immediately after the hide had been pulled. There were no signi-
ficant differences on counts between “clean” and “dirty” cattle.

By contrast, other studies in New Zealand (Bell, 1997),
Republic of Ireland (McEvoy et al., 2000), Northern Ireland
(Murray et al., 2001) and Great Britain (Alegre and Buncic,
2004) do link the degree of hide contamination with microbial
status of the carcase. In Australia, Fegan et al. (2005) followed
100 animals from holding yards to chillers, monitoring E. coli
O157 on the hides, faeces and carcases on each animal. The
animals came from four lots and the prevalence and
concentration of E. coli O157 varied between lots. Lot 4 cattle
were the most highly contaminated and yielded the only (six)
carcases which had O157. The authors cite their findings as
confirming the work of Elder et al. (2000) and Arthur et al.
(2004) that “a relationship has been demonstrated between the
prevalence of E. coli O157 on hides and contamination of pre-
evisceration carcases.”

Many studies, both for cattle and sheep, demonstrate the
influence of whether the hide is dry or wet on carcase conta-
mination (summarised by Gill (2004)). In Australia, washing of
animals has been considered desirable to reduce the likelihood of
contaminating carcases with pathogens during slaughter and
dressing and, to our knowledge, all abattoirs in the present survey
wash cattle before slaughter and/or require feedlots to wash them
prior to delivery. However there is little if any evidence of the
benefit of washing. In a trial on B. indicus cattle in SE Queen-
sland, Eustace and Vogler (1998) found that washing was asso-
ciated with slightly increased viable counts and no effect on the
prevalence of coliforms or E. coli.

Of less contention is the influence of the distance over which
cattle are transported on the degree of contamination of the hide.
Table 4
ESAM data for prevalence of E. coli on Australian export beef carcases (2000–200

Steers/heifers

2000 2001 2002

Number tested 14,399 14,370 14,536
Positives (%) 4.3 3.2 3.3
In the UK, Davies et al. (2000) found that feed type, coat length
and journey distance and time were the principal factors that
affected the hide dirtiness scores. Of relevance in the present
study is the long distance (sometimes over 2000 km) over which
cattle, particularly British breeds such as Angus, are transported.

Calculation of the Process score (Table 2) indicates that the
least effective processes had a score 320 times that of the best
processes. Expert opinion was used to identify “superior” pro-
cess steps, to attribute a weighting to each and to alternative,
“less superior” techniques. In summary, plants were considered
to have effective processing systems if they used spear cuts to
incise the hide, employed a 2-knife system, had a downward
hide puller, removed viscera onto a moving viscera table (as
opposed to a barrow) and had a hot water carcase decontam-
ination intervention step.

Both Problem and Process scores are summarised in Table 3,
together with the prevalence of E. coli as determined for each
plant during 2003. In Fig. 1 prevalence of E. coli is presented
according to Problem and Process scores in which a low Problem
score is equated with low incoming contamination and a low
Process score with an effective process. Based on Fig. 1, plants
can be arranged into three categories. Plants in Category 1 (Plants
1, 3, 4, 7, 9, and 15) received stock which was not greatly
contaminated, had an effective process and had low E. coli
prevalence. Category 2 plants (2, 5 and 6) had processes which,
while they had many desirable features, were apparently not
adequate to deal with high incoming contamination. Category 3
plants (8, 10, 11, 13 and 14) all received stock with relatively low
contamination levels but had, at first sight, higher than average E.
coli prevalence. However, their process were in general classed as
less effective than Category 1 plants. In contrast to these plants,
Plant 12, despite a process which was judged the most ineffective,
reported no isolations of E. coli from its ESAM program during
2003. While this plant received livestock with a low Problem
score the non-detection of E. coli in 227 tests makes it an outlier.

Among Category 1 establishments further investigation
indicated that Plants 1, 7 and 15 used hot water decontamination
as an intervention step at the end of the slaughter and dressing
process. By contrast, Plants 3, 4 and 9 also achieved lower than
average prevalence of E. coli but without a decontamination
intervention step.

WhileCategory 2 plants (2, 5 and 6) had processeswhich scored
well they also had Problem scoreswhichwere among the highest in
the survey group due either to widespread sourcing of cattle (up to
2000 km) and/or high tag scores. At each plant the process was
unable to attain the national average — this included one plant
(Plant 5) at which a lactic acid wash cabinet was used. Gill and
Landers (2003) found that 2% lactic acid was ineffective as a pre-
evisceration spray at two plants due to inconsistency of application
3)

Cows/bulls

2003 2000 2001 2002 2003

13,600 7093 6924 7255 7250
3.0 8.1 6.1 6.7 7.1
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at some sites of the carcase. The same authors also established that
pasteurising the surface of the finished carcase in hotwater or steam
was a reliable means of effecting a significant microbiological
reduction and three plants with lowE. coli prevalence (1, 7 and 15)
in the present study used such an intervention.

Several Category 3 plants were located in south-eastern Aus-
tralia, which is also Australia's primary dairy region. Accordingly,
further investigation was undertaken to determine the proportion
of cows and bulls slaughtered, since the latter consistently have a
higher prevalence of E. coli than do steers/heifers (Table 4). From
Table 3 it can be seen that the prevalence of cows/bulls slaughtered
at plants in Category 3 varied from 55 to 100%. At two plants (13
and 14) prevalence of E. coli was close to, or lower than the
national average of 7.1% while at three plants (13, 14 and 11) E.
coli was 14.6%, 14.4% and 11.2%, respectively.

The traditionally higher prevalence of E. coli on cow/bulls
carcases compared with steer/heifer carcases is considered to be
due to the larger size of cows and bull and to the added com-
plication of removing the udder. However, one plant (Plant 4)
achieved a very low E. coli prevalence (0.5%) without a decon-
tamination cabinet even when 75% of stock slaughtered were
cows/bulls. This finding mirrors that of Gill et al. (1998) who
found that at three Canadian plants which processed both cows
and steers there was no significant difference between Total,
coliform and E. coli counts between the two categories. From the
foregoing there seems no reason why carcases from cows and
bulls should not have similar microbiological status to those of
steers and heifers, especially in those plants which process a high
proportion of the former category and which should be properly
set up to accommodate differences in size of the animals.

A primary reason for undertaking the present study was that,
while the ESAM database and national baseline studies indicate
that the Australian beef industry, as a whole, achieves a
satisfactory level of hygiene (Vanderlinde et al., 1998; Phillips
et al., 2001, 2006) between plant variation exists and if its source
could be adduced it would improve product consistency. One
way of identifying the cause of variability is via the approach of
Gill and co-workers in Canada who have amassed a large body
of data on hygienic aspects of beef slaughter and dressing (Gill et
al., 1996, 1998; Gill and McGinnis, 1999) These researchers
concluded that large differences in microbiological status of
carcases centred around the way unit operations were arranged
on the slaughter and dressing floor. For example, at one plant,
Gill and McGinnis (1999) recommended a series of apparently
simple changes to the hindquarter skinning process: begin
skinning by cutting a strip of skin from navel to crotch; cut 3 cm
rather than 1 cm from the anus; trim fat along the opening
incision; confine operators to making opening cuts, rather than
extending the work. When one plant implemented some (second
and fourth) recommendations, a reduction in E. coli of the order
of 1 log unit was achieved.

Clearly, a similar study of the approximately 40 plants which
comprise the Australian beef export industrymight be expected to
yield similar outcomes to that established by Canadian research-
ers. However such a study would be resource-intensive and the
opportunity to interrogate an already-existing database of almost
100,000 E. coli tests offered a cost-effective alternative. It was
hoped the study might reveal associations between “good” or
“bad” processing regimes, as measured by the E. coli prevalence
at each plant. For example what are the effects of geographical
differences between the subtropical/tropical north and temperate
south-east; of line speed (30–210 head/h); or of the level of
training of line operators, which ranged between 15 and 100%. In
the event, no one variable or small group of variables was able to
adequately explain the variation in E. coli prevalence. Other
statistical approaches, such as multiple linear regression models,
are not appropriate due to the large number of potential ex-
planatory variables compared to the few number of observations
(15 plants).

Hence the approach used in the present study from which, in
summary, two major statements emerge. Firstly, plants with a
large incoming problem with livestock (long haul, high tag score
and proportion of cows/bulls slaughtered) plus “poor” processes
had higher than average E. coli prevalence. Secondly, plants with
hot water decontamination systems had low E. coli prevalence
even when there was a substantial incoming livestock score and a
relatively high proportion of cows/bulls. However, while plants
with hot water decontamination cabinets all had lower than
average prevalence of E. coli, some achieved similar prevalence
without hot water decontamination, and in one case (Plant 4)
achieved 75% of stock slaughtered were cows/bulls. It was
noteworthy, though, that livestock entering this plant generally
had a low Problem score. It could be hypothesized that controlling
levels of faeces-based organisms on carcases processed from
highly contaminated stock can only be achieved by combining an
effective process linked with a hot water decontamination step.

In general, the Australian industry has eschewed installation of
hot water decontamination cabinets, evolving its national micro-
biological profile via a stable workforce trained to undertake
Standard Operating Procedures (SOPs) within a documented
quality assurance system. However, an increase in the proportion
of feedlot cattle being slaughtered, together with the continued
need to transport livestock from distant locations, is stimulating
discussion, industry-wide, on the need for intervention either pre-
slaughter via a dedicated cattle wash system, or post-slaughter via
a hot water decontamination cabinet. In reaching a decision on
such interventions the present study underlines the need for
careful microbiological process monitoring at the plant level in
order to validate their effectiveness.

Acknowledgments

This investigation was funded by Meat and Livestock
Australia (MLA) under project number PRMS.048b. The
authors would like to thank Ian Jenson (MLA) for initiating
this work and for helpful discussions. Participating abattoirs are
thanked for their help in completing the surveys.

References

Alegre, J., Buncic, S., 2004. Potential for use of hide–carcass microbial counts
relationship as an indicator of process hygiene performance at cattle
abattoirs. Food Protection Trends 24, 814–820.

Anonymous, 1996. Pathogen reduction: hazard analysis and critical control
point (HACCP) systems; final rule. Federal Register 61, 38806–38989.



269A. Kiermeier et al. / International Journal of Food Microbiology 111 (2006) 263–269
Anonymous, 2003a. AQIS Notice Number MEAT 2003/6. Download 21/11/05
from http://www.daff.gov.au/corporate_docs/publications/word/quarantine/
mid/2003_06.doc.

Anonymous, 2003b. Pilot study on the use and usefulness of tag scores at
Australian cattle abattoirs. Report (PRMS.042) Prepared by NSWAgriculture
for Meat and Livestock Australia, North Sydney 2059, Australia.

Arthur, T., Bosilevac, J., Nou, X., Shackelford, S., Wheeler, T., Kent, M., Jaroni,
D., Pauling, B., Allen, D., Koohmarie, M., 2004. Escherichia coli O157
prevalence and enumeration of aerobic bacteria, Enterobacteriaceae and
Escherichia coliO157 at various steps in commercial beef processing plants.
Journal of Food Protection 67, 658–665.

Bell, R., 1997. Distribution and sources of microbial contamination on beef
carcasses. Journal of Applied Microbiology 82, 292–300.

Davies, M., Hadley, P., Stosic, P., Webster, S., 2000. Production factors that
influence the hygienic condition of finished beef cattle. The Veterinary Record
146, 179–183.

Elder, R., Keen, J., Siragusa, G., Barkocy-Gallagher, G., Koohmaraie, M.,
Laegreid, W., 2000. Correlation of enterohaemorrhagic Escherichia coli
0157 prevalence in feces, hides, and carcasses of beef cattle during
processing. PNAS 97, 2999–3003.

Eustace, I., Vogler, T., 1998. Pre-slaughter holding/cleaning techniques. Report
(Project MSQS.002) to Meat Research Corporation of Australia.

Fegan, N., Higgs, G., Vanderlinde, P., Desmarchelier, P., 2005. An investigation
of Escherichia coli O157 contamination of cattle during slaughter at an
abattoir. Journal of Food Protection 68, 451–457.

Gill, C., 2004. Visible contamination on animals and carcasses and the
microbiological condition of meat. Journal of Food Protection 67, 413–419.

Gill, C., Landers, C., 2003. Microbiological effects of carcass decontaminating
treatments at four beef packing plants. Meat Science 1005–1011.

Gill, C., McGinnis, J., 1999. Improvement of the hygienic performance of the
hindquarters skinning operations at a beef packing plant. International
Journal of Food Microbiology 51, 123–132.
Gill, C., McGinnis, J., Badoni, M., 1996. Assessment of the hygienic charac-
teristics of a beef carcass dressing process. Journal of Food Protection 59,
136–140.

Gill, C., Deslandes, B., Rahn, K., Houde, A., Bryant, J., 1998. Evaluation of the
hygienic performances of the processes for beef carcass dressing at 10
packing plants. Journal of Applied Microbiology 84, 1050–1058.

McEvoy, J., Doherty, A., Finnerty, M., Sheridan, J., McGuire, L., Blair, I.,
McDowell, D., Harrington, D., 2000. The relationship between hide
cleanliness and bacterial numbers on beef carcasses at a commercial
abattoir. Letters in Applied Microbiology 30, 390–395.

Murray, K., Gilmour, A., Madden, R., 2001. Microbiological quality of chilled
beef carcasses in Northern Ireland: a baseline survey. Journal of Food
Protection 64, 498–502.

Phillips, D., Sumner, J., Alexander, J., Dutton, K., 2001. Microbiological quality
of Australian beef. Journal of Food Protection 64, 692–696.

Phillips, D., Jordan, D., Morris, S., Jenson, I., Sumner, J., 2006. A national
survey of the microbiological quality of beef carcasses and frozen boneless
beef in Australia. Journal of Food Protection 69 (5), 1113–1117.

R Core Development Team, 2005. R: A Language and Environment for
Statistical Computing, R Foundation for Statistical Computing, Vienna,
Austria, ISBN 3-900051-07-0, http://www.R-project.org.

Retzlaff, D., Phebus, R., Nutsch, A., Riemann, J., Kastner, C., Marsden, J.,
2004. Effectiveness of a laboratory-scale vertical tower static chamber steam
pasteurisation unit against Escherichia coli O157:H7, Salmonella typhimur-
ium and Listeria innocua on prerigor beef tissue. Journal of Food Protection
67, 1630–1633.

Vanderlinde, P., Shay, B., Murray, J., 1998.Microbiological quality of Australian
beef carcass meat and frozen bulk packed beef. Journal of Food Protection
61, 437–443.

VanDonkersgoed, J., Jericho, K., Grogan, H., Thorlakson, B., 1997. Preslaughter
hide status of cattle and the microbiology of carcases. Journal of Food
Protection 60, 1502–1508.

http://www.daff.gov.au/corporate_docs/publications/word/quarantine/mid/2003_06.doc
http://www.daff.gov.au/corporate_docs/publications/word/quarantine/mid/2003_06.doc
http://www.R-roject.org

	Use of routine beef carcase Escherichia coli monitoring data �to investigate the relationship b.....
	Introduction
	Methodology
	Development of the questionnaire
	Participating abattoirs
	Conduct of the investigation
	Data analysis

	Results and discussion
	Acknowledgments
	References


