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Abstract

Slaughter establishments in Australia that export meat to the USA are required by the controlling authority, the Australian

Quarantine and Inspection Service (AQIS), to test carcases under the Escherichia coli and Salmonella monitoring (ESAM)

program and to use statistical process control techniques to ensure meat is produced hygienically. However, analysing the

ESAM database for E. coli using standard statistical techniques proved difficult because of inter-plant variability and because

the vast majority of results were below the limits of detection. As well, it is likely that, in slaughter and dressing, higher than

normal microbiological counts can often be random events, for which there is neither logical explanation nor obvious

management reaction.

One approach to statistical process control is to set performance criteria so that a high proportion of establishments are likely

to pass, while prompting individual plants to improve the process if they cannot meet the criteria.

A spreadsheet-based tool was developed in Visual Basick in order to interrogate the ESAM database and to identify

those plants with microbiological performance significantly different from the norm. The present paper describes how

performance criteria for cattle, sheep, pigs and goats and for sub-categories within a species (e.g. sheep/lambs, cows/bulls)

were established.
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1. Introduction

Slaughter establishments in Australia which pro-

duce meat for export to USA are required to monitor

bacterial numbers on carcases according to the Path-

ogen Reduction—HACCP Final Rule (FSIS, 1996).
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Australian plants are required by the controlling au-

thority, the Australian Quarantine and Inspection Ser-

vice (AQIS), to test carcases under the Escherichia

coli and Salmonella monitoring (ESAM) program

(AQIS Carcase Microbiological Monitoring Program

(ESAM) Consolidated Manual Meat Notice 2000/09)

that is accepted by FSIS as meeting the requirements

of their Rule. The ESAM database contains microbi-

ological data for all species processed in export estab-

lishments. Explicit within the Final Rule is the

requirement to use statistical process control techni-

ques to ensure meat is produced hygienically. How-

ever, for two reasons it was not possible to analyse the

ESAM database for E. coli using standard statistical

techniques. Firstly, because of inter-plant variability

caused by individual and geographical differences and

non-normality of the data and secondly, for some

species the vast majority of results were below the

limits of detection. Table 1 indicates, during 2000,

prevalence of E. coli on cattle carcases was 4.3% and

8.1% for steers/heifers and cows/bulls, respectively,

and 19.9% and 32.5%, respectively, on lamb and

sheep carcases.

One approach to statistical process control is to

set performance criteria which prompt individual

plants to investigate with a view to improving the

process in the event that the criteria cannot be met.

However, it is likely that, in the slaughter and dress-

ing of meat animals, higher than normal microbio-

logical counts can often be random events, for which

there is neither logical explanation nor obvious man-

agement reaction. The reasons for contamination

events are numerous and multi factorial making

identification extremely difficult if not impossible.

Accordingly, in the Australian context it was consid-

ered desirable to set realistic performance criteria for

each species.
Table 1

Prevalence and concentration of E. coli on Australian export beef carcase

Steers/heifers Cow

Number tested 14399 7093

Number (%) positive 626 (4.3) 573

Median Not detected Not d

80th percentile Not detected Not d

95th percentile Not detected 0.2a

98th percentile 0.2 0.8

a Count (per cm2).
Preliminary investigations indicated that setting

criteria so that 80% of establishments were likely

to pass would prove onerous in terms of corrective

actions and revalidations required because experience

indicated that the cause of marginally high results

were often inexplicable. Accordingly, a 95% level

was selected because it was considered that this level

would be likely to identify plants with realisable

opportunities for improvement and would offer an

incentive for them to improve performance. The

present paper describes how performance criteria

for each species and for sub-categories within a

species were established. A spreadsheet-based tool

was developed in Visual Basick in order to

observe the effect of different criteria on the ability

of the criteria to identify those plants with microbi-

ological performance significantly different from the

norm. The tool allows the ESAM database to be

interrogated using different sampling regimes.

Using this approach it was possible to select various

performance criteria and determine how the industry

or an individual plant would perform.
2. Analysis of data

Data for an 18-month period between January 2000

and June 2001 were analysed according to species

and, in some cases, according to process i.e. skin-on

or skin-off goat carcases. Data were analysed using

the VB tool in MicrosoftR Excel and performance

criteria assigned based on subjective assessment.

Briefly, a program, written in Visual Basic, was

developed that integrated a plant’s ESAM data

according to specified sampling criteria i.e. the num-

ber of samples in a window, the number of positives

allowed in a window and the maximum count
s (2000)

s/bulls Lambs Sheep

8427 11125

(8.1) 1682 (19.9) 3613 (32.5)

etected Not detected Not detected

etected Not detected 1a

2.5 6

29 21



Table 2

Performance of individual plants slaughtering steers and heifers (Jan

2000 to Jun 2001) as assessed against the performance criteria

n =15; c =3; m =0; M =20; Pass rate=94.6%

Plant no.a Number of

samples

Positives:

number (%)

Fails M Fails c

949 375 88 (23.5) 0 18

8948 231 36 (15.6) 1 3

897 344 41 (11.9) 0 4

793 908 79 (8.7) 0 8

987 150 13 (8.7) 0 1

7363 777 67 (8.6) 0 9

853 280 21 (7.5) 0 2

720 487 30 (6.2) 0 2

768 371 22 (5.9) 2 0

8432 755 43 (5.7) 2 4

953 488 27 (5.5) 2 0

1511 199 11 (5.5) 0 0

841 577 27 (4.7) 1 0

677 526 22 (4.2) 1 2

833 769 27 (3.5) 0 0

960 412 14 (3.4) 0 0

740 270 8 (3.0) 0 0

650 520 14 (2.7) 0 0

796 858 22 (2.6) 0 0

649 358 9 (2.5) 1 0

756 127 3 (2.4) 0 0

752 768 18 (2.3) 1 0

888 227 5 (2.2) 0 0

652 1299 28 (2.2) 2 0

8395 330 7 (2.1) 0 0

728 1057 21 (2.0) 0 0

8949 762 15 (2.0) 0 0

7627 634 11 (1.7) 0 0

762 2876 44 (1.5) 0 0

1295 280 4 (1.4) 0 0
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allowed. The program then calculates the number of

times a plant would have failed, over the sampling

period, a specified set of criteria for these values.

Performance was based on test results falling into

one of three classes: acceptable (where results fell

below a level of contamination considered acceptable,

bmQ), unacceptable (falling above a limit of accept-

ability, bMQ) and marginally acceptable (falling be-

tween bmQ and bMQ on a number of occasions not

exceeding that defined by bcQ). Sampling was clus-

tered into bwindowsQ. The number of samples in a

window of consecutive results (bnQ) was set at 15, and
bcQ was designated as the number of results in any

window greater than bmQ but not exceeding bMQ. A
moving window of 15 consecutive results was used to

allow continuous evaluation of ESAM data. After

each failure, the window was bresetQ and a new win-

dow started.

Values for bcQ, bmQ and bMQ were adjusted so that

each species, processing type (e.g. goats processed

with skin on or off) or swabbing technique (swabbing

of freshly slaughtered or of chilled carcases) resulted

in as close as possible to a 95% industry wide chance

of passing the performance criteria. In most cases the

value for bmQ was set at the level of detection of the

method used for enumeration of E. coli, however, for

those species where the prevalence of E. coli was

high, the value of bmQ for E. coli was changed from

not detected to some higher value. The spreadsheet

tool allowed results for individual establishments to

be assessed separately.

765 1309 18 (1.4) 0 0

7089 110 1 (0.9) 0 0

722 601 4 (0.7) 0 0

910 988 5 (0.5) 1 0

1692 176 0 (0) 0 0

8858 101 0 (0) 0 0

Totals 21300 561 (2.6) 14 53

a The plant number is a coded number assigned by AQIS as par

of the ESAM program and bears no relationship to published

establishment numbers.
3. Results and discussion

3.1. Beef cattle

In Table 2 is presented, as an example, a typical

output from the VB tool: interrogation of E. coli

results from testing steers and heifers at 36 establish-

ments and arranging in descending order of preva-

lence. The analysis has identified the number of

occasions on which each plant would have not com-

plied with the performance criteria: n =15, c =3,

m =not detected, M =20 cfu/cm2. Over the 18-month

period under review, plants bfailedQ bMQ on 14 occa-

sions and bcQ on 53 occasions and met the criteria for

94.6% of windows; 19 plants failed neither criterion,
:

t

11 plants failed on three or less occasions while 6

plants failed on between 4 and 18 occasions.

By setting performance criteria to give as close as

possible to a 95% pass rate it is clear that most (30/36)

plants would not be required to review their process

except at the normal frequency required by the au-

thorities. On the other hand, a small number of plants

would have been required to review their slaughter



Table 4

Performance of individual plants hot swabbing cattle carcases (Jan

2000 to Jun 2001), as assessed against the performance criteria

n =15; c =7; m =0; M =50; Pass rate=94.2%

Plant no.a Number of

samples

Positives:

number (%)

Fails M Fails c

8126 363 114 (31.4) 0 3

8860 357 85 (23.8) 2 2

1864 465 98 (21.1) 0 0

7264 923 145 (15.7) 0 0

a The plant number is a coded number assigned by AQIS as par

of the ESAM program and bears no relationship to published

establishment numbers.

Table 5

Suggested performance criteria and resulting pass rates for E. coli

counts (per cm2) on species processed at establishments exporting
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and dressing processes more frequently to ascertain

the cause of repeated contamination with E. coli and

to institute corrective action.

During the course of the analysis it became appar-

ent that a small number of plants were detecting E.

coli at consistently higher rates than other plants in the

study. Further investigation revealed that these plants

were all hot-boning i.e. the carcase is boned without

delay (no chilling) after slaughter and dressing (Table

3). Of necessity, hot-boning plants undertake micro-

biological testing of the hot carcase which leads to a

greater recovery of E. coli than occurs from carcases

which have been chilled overnight. The same phe-

nomenon has been noted by Hathaway et al., (1999)

in New Zealand, where a large proportion of beef

carcases are hot-boned. Lower recovery of E. coli,

post-chill may reflect the fact that the cells may have

become attached to the carcases surface and/or under-

gone inactivation during chilling, and during the dry-

ing process which accompanies it (Ware et al., 1999).

Accordingly, performance criteria based on: n =15,

c =7, m =not detected, M =50 cfu/cm2 was applied

for hot-boned carcases, which led to a pass rate of

94% (Table 4).

3.2. Species other than cattle

Using the same process of attempting to set per-

formance criteria as close as possible to a 95% like-

lihood of passing, it was possible to set three-class

sampling plans for all species and categories in the

Australian meat export sector (Table 5).

For some species e.g. calves, sheep and goats, the

prevalence of E. coli necessitated a value for bcQ
which approached that of bnQ based on a 95% chance

of passing a window. The efficacy of sampling plans

that have high values for bcQ is not easily communi-

cated to stakeholders i.e. allowing 13 positive samples
Table 3

Prevalence of E. coli removed by sponging chilled and freshly-

slaughtered (hot-boned) carcases

Chill status Number of

samples

Positives:

number (%)

Steer/heifer Chilled 21452 809 (3.8)

Cow/bull Chilled 8883 385 (4.3)

Steer/heifer/

cow/bull

Freshly-slaughtered 2108 465 (22.1)

product and sampled under the ESAM program

Species (category) n c m M Pass rate (%)

Steer/heifer 15 3 0 20 94.6

Cow/bull 15 3 0 20 95.9

Hot swabbed cattle 15 7 0 50 94.2

Calves 15 7 5 300 93.8

Sheep 15 5 3 500 94.2

Lamb 15 5 1 100 94.1

Goats (skin-off) 15 5 3 250 93.9

Goats (skin-on) 15 7 5 500 94.6

Pig (skin-on) 15 5 1 100 95.9
:

t

in a window of only 15 samples appears to be too

relaxed. In these cases, to reduce the number of

positive samples allowed in a window, the minimum

acceptable level of E. coli (bmQ) was raised from

bdetectedQ to a level between 1 and 5 cfu/cm2.

3.3. Potential risk from bhighQ E. coli counts

A number of sample types frequently had dhighT
counts of E. coli (for example, greater than 500 cfu/

cm2 for ovine carcases). The significance of these

counts is uncertain. Any relationship between E.

coli numbers and the presence of pathogenic bacteria

such as Salmonella or Enterohaemorrhagic E. coli has

not been clearly defined. It is likely however that the

E. coli count on carcases has some bearing on the

potential risk to human health. An upper limit (M) is

not available based on an understanding of public

health impact, although quantitative risk assessments

might provide a means of establishing an acceptable
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level of E. coli on carcases. A de facto level of b100

E. coli per cm2 has been adopted by the Australian

food authority (Food Standards Australia New Zeal-

and Standard 1.6.1) for raw meat used as an ingredient

in the manufacture of uncooked fermented meat pro-

ducts. This is a high risk application of raw meat and

presumably, less stringent requirements could well

apply to other uses.
4. Conclusions

The spreadsheet-based Visual Basic tool devel-

oped as part of this study enables national baseline

data to be analysed to set meaningful performance

criteria. Using the tool slaughter classes can be

assessed based on the number of windows passed or

failed during the period of interest. This is not a

statistical technique and does not identify plants or

regions with significantly different results, although

the performance of individual plants can be assessed.

This approach allows proposed criteria to be assessed
based on the impact they will have on individual

plants and on the industry as a whole. This assessment

is based on data collected by AQIS over an 18-month

period in 2000–2001 and may not reflect the current

situation. Therefore it is important that performance

criteria be reassessed on a regular basis to see how

industry is performing over time. The Visual Basic

program developed here will allow this to be carried

out easily and economically.
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