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Abstract

In a previous project a process risk model for E. coli O157 in beef trim production was
developed. This model utilised existing data from MLA projects and the wider literature and
placed them into a risk context which could be used as a research tool to better understand risks
and identify areas requiring further investigation. The model formed a useful predictive tool that
helped in answering questions about the likelihood of contamination of beef trim with E. coli
0157 under various scenarios without having to undertake expensive microbiological studies.
Subsequently, this has helped MLA and the industry to stay ahead of the game rather than just
reacting/responding to food safety concerns.
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Executive summary

In a previous project a process risk model for E. coli O157 in beef trim production was
developed. This model utilised existing data from MLA projects and the wider literature and
placed them into a risk context which could be used as a research tool to better understand risks
and identify areas requiring further investigation. This project’s objectives were to:

e assist MLA identify, prioritise and fill data gaps;

e maintain and update the model as new data becomes available; and
e use the model to answer questions in relation to contamination of beef trim with E. coli O157.

The model formed a useful predictive tool that helped MLA and the Australian beef industry
answer questions about the likelihood of contamination of beef trim with E. coli O157 under
various scenarios without having to undertake expensive microbiological studies. In particular,
the model was used to assess the increased likelihood of detecting E. coli positive lots of beef
trim under more stringent export certification requirements.

In addition, as part of this project, sampling requirements were fine-tuned for a project intensively
investigating the spread and concentration of E. coli O157 in lots that had tested positive under
the export testing requirements.

Subsequently, maintenance of the process risk model has helped MLA and the Australian beef
industry to take an innovative and proactive role in relation to E. coli O157.
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1 Background

Previously a process risk model was developed to utilise existing data from MLA projects and the
wider literature and place it into a risk context which could be used as a research tool to better
understand risks and identify areas requiring further investigation. The model allowed for analysis
of data in a descriptive and mathematical manner and was a useful predictive tool that helped
ensure MLA and the industry stayed "ahead of the play" rather than just "reacting/responding" to
food safety concerns.

The maintenance and further development of the existing risk model was important to MLA for a
number of reasons. Firstly, using data collected for a pathogen known to currently pose a food
safety problem, the model can be used to predict prevalence and concentration of those
pathogens where little data exists. In addition, the model can be used to identify particular steps
throughout the processing chain that present significant risk, thus providing direction as to which
areas require further investigation and data collection. Finally, the outputs from the model can be
used to assess sampling requirements by different countries and thereby assist the Australian
beef industry defend its testing practices.

Since the model proved useful, MLA contracted the South Australian Research and Development
Institute to maintain the model for a period of three years and assist MLA and the Australian beef
industry in using the model and interpreting its outputs.

2 Project Objectives

e Document and explain the model to maintain transparency and accessibility to MLA and
MLA's scientific risk management panel.

¢ Identify parts of the existing model which may need improvement/updating.

o |dentify areas within existing data where there may be incomplete data and a need for
additional collection.

e Specify the data requirements and allow for data obtained from a wide range of different
projects within the program to be fed into the model for evaluation.

e Contribute to the development of experimental and survey design for projects related to
the model.

e |dentify areas within the processing chain which may be more important from a risk
viewpoint and therefore require a greater degree of investigation/knowledge.

e Assist in the development of recommendations for complete risk assessments, when
required.

e Assist in the development of risk management options, based on outcomes from the use
of the process risk model.

¢ Interact with MLA's scientific risk management panel, as required.
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3 Success in Achieving Objectives

The successes in achieving the project objectives have been detailed in a number of milestone
reports over the past three years. The following is a brief summary.

A detailed user guide that documents the model.

The model updated to utilise national faecal prevalence estimates, rather than within and
between herd prevalence.

Probability of lot acceptance/rejection estimated under two testing scenarios: the current
approach of sampling and testing five 5 g pieces of meat versus a proposed approach of
testing five 65 g samples (surface slices) of meat.

The ratio of E. coli O157 to generic E. coli in faeces used to estimate E. coli 0157
concentration in trim. This included the data from the 2004 baseline study (Phillips et al.
2006).

Probability of lot acceptance/rejection calculated under various sampling protocols using the
Habraken et al. (1986) approach to assist industry negotiate export testing requirements with
the US.

Probability of lot acceptance/rejection determined when lots of beef trim, tested and
subsequently released into commerce is re-tested, e.g. by the US FSIS.

Effect of lot size on the probability of lot acceptance/rejection assessed in response to a
poster abstract for the 2008 IAFP conference (poster later withdrawn). In the abstract it was
claimed that probability of detecting increased dramatically when the lot size was reduced.

Assisted MLA develop sampling and testing requirements for US destined lots of beef trim
that had tested positive for E. coli O175, to gain a better understanding of the spread and
concentration of E. coli O157 in the cartons of beef trim.

Data from sampling and testing positive lots of beef trim analysed. This project is on-going at
the time of writing and the present draft report for this project is attached in Appendix 1.
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5 Appendix 1 - Positive Lot Sampling for E. coli O157

5.1 Introduction

Export beef processing establishments undertake sampling and testing of beef trim for E. coli
0157 on a routine basis. Each lot of beef trim produced consists of at most 700 cartons. The
protocol agreed with the US Food Safety Inspection Service (FSIS) involves random selection of
12 cartons from each lot. From each carton fives samples of 5{10 g each are selected and
combined, yielding a total of 60 samples with a weight of at least 375 g (Anonymous, 2008). Lots
which test positive for E. coli O157 are required to be disposed of under AQIS approved
arrangements.

While establishments have detected E. coli O157 in their lots, little is know about the magnitude
of lot contamination. That is, little is know about how widespread and acute contamination is
throughout the lot, though they are believed to be low. To obtain more information about these
data gaps Meat and Livestock Australia (MLA) commissioned Food Science Australia (FSA) to
undertake intensive sampling of positive lots of beef trim for E. coli O157. The lots that were
sampled were identified by meat processing establishments as having tested positive.

This report details the analysis of the results obtained by FSA.

5.2 Methodology

The sampling and testing methodology employed is detailed in the relevant MLA reports
prepared by FSA. In brief, the twelve cartons which had previously sampled and tested positive
for E. coli O157 were shipped to FSA and then thawed under controlled conditions. For each
carton the following pieces of information were collected prior to microbiological sampling:
* number of pieces in each carton;
*weight of pieces in each

carton;
* number of pieces in each carton that included an external surface of a

carcase;
*an estimate of those external surface

areas.

In the remainder of this document the term external piece will be used to denote pieces with
external surface area.

5.2.1 Microbiological Testing

From each carton, 75 samples, each weighing approximately 5 g, were taken from those external
pieces. Samples were individually enriched in 50 ml of E. coli O157 MP broth and then 10 ml
subsamples of the enrichment were combined into composites of five. These were further
enriched and then tested for E. coli O157. On a positive composite result, the individual samples
that had gone into the composite were separately tested for E. coli O157.

This approach is in principal equivalent to testing all samples individually | the advantage is a
reduction in the number of samples that need to be tested and hence considerable cost savings
can be achieved.

5.2.2 Estimation of Concentration

Since E. coli O157 was expected to be present at very low levels, the microbiological
methodology relied on enrichment, followed by presence/absence testing. Subsequently,
estimates of concentration are notimmediately available.
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5.3 RESULTS

However, the following approach, which is equivalent to the MPN approach, was used to
estimate the concentration of E. coli O157 in each carton.

Assume that the concentration of E. coli O157 in the carton is A organisms per gram.

The number, X, of E. coli O157 organisms in a 1 g sample has then a Poisson distribution,
Po(X), and similarly, the number of E. coli O157 organisms in a 5 g sample has a Po(5})
distribution.

Therefore, the probability that a sample is negative equals the probability that there are zero E.
coli 0157 in the 5 g sample. This is given by

E—/\-[l(_—i:':,\l s
1) =P(.\’=(])=()+:(,\

and hence the probability of a single positive 5 g sample is given by P™ =1 — P~

Here however, 75 samples are removed from each carton. We therefore assume that each of the
5 g samples has the same probability of being positive and that samples are independent’. The
number, Y, of samples testing positive is then binomially distributed, B(F .1 = 75), and the
probability of observing y positive samples is given by

PI{}’- —y) = (i-))[P_J_HH _ P—JT.-?—_!,: _ (H‘)[l . t_}—?ﬁ,'k}_r;{(:.—?':!k}T.’i—_r.r )
mn mn

Solving Equation (1) for A yields the maximum likelihood estimate A\, which is also known as the
most probable number or MPN.

The same calculations can be performed if samples are based on a per cm? instead of a per g
basis - the only thing that is required is the area represented by each 5 g sample.

The results for each lot that was intensively tested by FSA are presented in this section.

5.3.1 LotA

This lot consisted of 560 consecutive cartons of beef trim, derived from 226 cows and 5 other
animals (downgrade male carcases and bulls).

The following is a summary of the number of piece in the 12 cartons that were sent to FSA for
further testing.

carton
i 2 3 4 & & T 8 9 10 11 12
128 41 11 7 9 98 B B8 16 & 84 14

5.3.1.1 Weight
The total weight of beef trim pieces in each carton is summarised below.

R

> wel <- with(Pieces.lot, tapply(weight, carton, FUN = sum})
> wel

' This may not necessarily be the case if many samples are removed from large external pieces.
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Figure 1: Histogram of the weight of beef trim pieces — (a} original scale and (b) log,, transformed.

1 2 3 < 5 6 7 8 9 10 11 12
26966 26913 27079 26881 27006 26902 27097 26624 26811 26991 26814 26948

The following is a summary of the weight and log;; weight of the pieces across the sampled cartons
in Lot A. Histograms of these are shown in Figure 1.

> with(Pieces.lot, summary(weight))

Min. 1st Qu. Median Mean 3rd Qu. Max.
8.0 64.5 153.0 674.4 611.0 8215.0

> with(Pieces.lot, summary(logl0(weight)))

Min. 1st Qu. Median Mean 3rd Qu. Max.
0.9031 1.8100 2.1850 2.3100 2.7860 3.9150

The histogram of log10 of weight in Figure 1(b) shows a right-skewed distribution, which is not
too far from a Normal distribution. This was investigated with the normal quantile-quantile plot
(Figure 2) which shows departures from normality, as points do not lie closely enough to a
straight line. Nevertheless, from a practical perspective, the distribution of log10 weight may
reasonable be approximated by a Normal distribution with mean 2.31 log10 g and standard
deviation 0.66 log10 g.

5.3.1.2 External Surface Area

In Lot A there were 479 pieces, of which 327 were external pieces. The total external surface
area (cm2) in each carton is given below.
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sum))

> scl <- with(Pieces.lot, tapply(surface, carton, FUN
> scl

1 2 3 4 5 6 7 8 9 10
12492.0 8850.0 5028.0 6939.0 5837.0 10178.0 12103.0 6017.0 7959.0 4440.0

40

log10 Weight
1.5 20 25 3.0 35

10

T — T T T T T
-3 -2 -1 0 1

o
w

Nommal quantiles

Figure 2: Normal Q-(Q) plot of the log,; weight of beef trim pieces.

11 12
11057.5 B8616.0

A summary of the external surface area of the pieces in Lot A and their log10 values is given
below and histograms of the external surface area and the log1o of external surface area are
shown in Figure 3.

> with(Pieces.lot.ext, summary(surface))

Min. 1st Qu. Median Mean 3rd Qu. Max.
3.0 64.0 132.0 304.3 415.0 2460.0

> with(Pieces.lot.ext, summary(logl((surface)))

Min. 1st Qu. Median Mean 3rd Qu. Max.
0.4771 1.8060 2.1210 2.1830 2.6180 3.3910

Given the shape of the histogram of the log1o of the external surface area in Figure 3(b), a
normal distribution for external surface area does not appear reasonable for this lot - there is
some indication that the distribution may even be bimodal.

For external pieces, the relationship between weight and external surface area was investigated.
The scatter plot of the log1o transformation of these two variables is shown in Figure 4.

A linear regression model appears to fit the data well and the model summary is given below.
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Call:
lm(formula = loglO(surface) ™ loglO(weight), data = Pieces.lot.ext)

Residuals:
Min 1) Median 30 Max
-0.72729 -0.10982 0.01480 0.12801 0.56583

Coefficients:
Estimate Std. Error t wvalue Bri>|t|)
(Intercept) 0.27908 0.04391 6.356 0.000000000699
logiO(weight) 0.75421 0.01684 44 783 < 2e-186
o L _
20 < -
40 o .
18 o — -
w L]
il = B .
B b -
B E 10 - -
£ = -
104 = 7 i
a4 - n{ == |
0 00 we W@ w0 2w 1 2 : :
Surface Area (cm) logy, Swface Area {c,mz:
(a) (b)
Figure 3: Histogram of external surface area of external pieces (a) original scale and (b) logq

transformed.
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Figure 4: Scatter plot of the log,; external surface area versus log,, weight for beef trim pieces with
an external surface area.

Figure 5: Diagram of location of cartons in the lot, numbered from left to right and top to bottom.
Each square represents a carton in the lot — sampled cartons are presented in green and cartons that
tested positive are presented as red (top row and left column are include to make counting easier).

Regidual standard error: 0.1877 on 325 degrees of freedom
Multiple R-squared: 0.8605, Adjusted R-squared: 0.8601
F-gtatistic: 2006 on 1 and 325 DF, p-value: < 2.2e-16
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The output from the regression model indicates that the estimated line is
logo(External Surface Area) = 0.28 4+ 0.75 log;o( Weight) ,

or on the original scale
. o - . 'I—.:"
External Surface Area = 1072 x “"L‘lgllt[]' .

Since the linear model was fitted on the log scale, the results can also be presented as
percentage changes. This means that a 1% increase in Weight is associated with a 0.75%
increase in external surface area.

In relation to the summary of total external surface area in each carton, presented at the
beginning of this section, this model seems to result in reasonable estimates of the total surface
area in a carton.

This can be seen from the following summary which presents the sum of the estimated surface
area (from the weight) for all external pieces.

1 2 3 = 5 5] 7 2] g 10 11 12
9209 8030 7047 6341 6362 8842 8104 6392 TB18 6003 10218 Te&Te

5.3.1.3 Contamination
This lot resulted in a total of 0 positive E. coli O157 tests. An overview of the cartons in the lot,
including those that were sampled, is given in Figure 5.

Using the MPN calculations presented in Section 2.2 this indicates that the concentration in each
carton is less than 0.0027 organism per g (95% CI upper bound: 0.0118). On a carton basis this
would yield less than 73 organisms (95% Cl upper bound: 321).

Performing the same MPN calculations on a per cm2 basis, assuming an external surface area
of 10 cm2 per sample, results in concentration estimate of less than 0.0013 organism per cm2
(95% CI upper bound: 0.0059). Larger surface areas per sample would result in even lower
concentration estimates.

Combined with total surface area per carton, as summarised earlier, this would indicate less than
17 organisms? per carton on average.

As stated earlier, there were 560 cartons in this lot. However, none of the 12 cartons tested

positive during the intensive investigation, despite previously having resulted in a positive test

result using the BioControl VIP 8 hour test. This subsequently leaves the following possible

conclusions:

* Initial Screening test resulted in a false positive and this lot was truly negative for E. coli
0157;

» The concentration (and prevalence) of E. coli O157 in the lot is so low that it was detected by

chance on the initial screening test, but not on the subsequent testing.

* The concentration of E. coli O157 in the lot is very low and the carton prevalence is less than

0.265,% assuming that contamination and sampling occur completely randomly.

53.2 LotB

This lot consisted of 12 cartons of veal trim, derived from 200 calves.
The following is a summary of the number of piece in the 12 cartons in Lot B.

2 Using the maximum total surface area per carton
® The upper bound for the 95% con_dence interval, based on the Binomial distribution with n = 12
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carton
1 2 3 4 5 6 7T 8 0910 11 12
28 14 18 30 11 16 44 41 24 35 25 26

5.3.2.1 Weight
The total weight of beef trim pieces in each carton is summarised below.

> wcl <- with(Pieces.lot, tapply(weight, carton, FUN = sum))
> wel

1 2 3 4 5 6 7 8 9 10 11 12
27362 27117 26983 27331 27264 26950 27110 27109 27193 27379 27469 27226

The following is a summary of the weight and log10 weight of the pieces across the sampled
cartons in Lot B. Histograms of these are shown in Figure 6.

> with(Pieces.lot, summary(weight))

Min. 1st Qu. Median Mean 3rd Qu. Max.
10.0 56.5 205.0 1046.0 2088.0 3721.0

> with(Pieces.lot, summary(logl0O(weight)))

Min. 1st Qu. Median Mean 3rd Qu. Max.
1.000 1.752 2.469 2.533 3.320 3.571

Both histograms show a bimodal distribution. In particular, the distribution of weight shows a
large proportion of very small pieces.

20 - o

Percent of Total
Pencent of Totsl
1
T

T T T T T T T T T
a 1000 2000 3000 4000 1 2 3 4

Weight (g) logy, Weight (g}
(a) (b)

Figure 6: Histogram of the weight of beef trim pieces — (a) original scale and (b) log,, transformed.
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5.3.2.2 External Surface Area
In Lot B there were 312 pieces, of which 209 were external pieces. The total external surface
area (cm2) in each carton is given below.

> scl <- with(Pieces.lot, tapply(surface, carton, FUN = sum))
> scl

1 2 3 4 & 6 T 5] 9 10 11 12
11493 8100 11335 8862 8115 8928 7225 8287 7157 B8040 09024 B886h

A summary of the external surface area of the pieces in Lot B and their log1o values is given
below and histograms of the external surface area and the log1o of surface area are shown in
Figure 7.

> with(Pieces.lot.ext, summary(surface))

Min. 1st Qu. Median Mean 3rd Qu. Max.
21.0 147.0 480.0 504.5 729.0 2403.0

> with(Pieces.lot.ext, summary(loglQ(surface)))

Min. 1st Qu. Median Mean 3rd Qu. Max.
1.322 2.167 2.681 2.529 2.863 3.381

Given the shape of the histogram of the log10 of the external surface area in Figure 7(b), a
normal distribution for external surface area does not appear reasonable for this lot | there is
again some indication that the distributions may be bimodal, which is not surprising in light of the
distribution of the weight of pieces. This is most likely due to the very small pieces having little or
no external surface area.

As above, the relationship between weight and external surface area was investigated for
external pieces. The scatter plot of the log10 transformation of these two variables is shown in
Figure 8.

A linear regression model _ts the data well and the model summary is given below.
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| m—

Figure 9: Diagram of location of cartons in the lot, numbered from left to right and top to bottom.
Each square represents a carton in the lot sampled cartons are presented in green and cartons that
tested positive are presented as red (top row and left column are include to make counting easier).

Call:
Im(formula = loglO(surface) ™ logiO(weight), data = Pieces.lot.ext)

Residuals:
Min 1Q Median 3Q Max
-0.406559 -0.089634 0.004135 0.101052 0.530348

Coefficients:

Estimate Std. Error t value Pr(>1tl)
(Intercept) 0.27731 0.05216 5.316 0.000000273
logiO(weight) 0.76098 0.01731 43.965 < 2e-16

Residual standard error: 0.1428 on 207 degrees of freedom
Multiple R-squared: 0.9033, Adjusted R-squared: 0.9028
F-statistic: 1933 on 1 and 207 DF, p-value: < 2.2e-16

The output from the regression model indicates that the estimated linear line is
log;o(External Surface Area) = 0.28 + 0.76 log,o(Weight) ,

or on the original scale
n v 98 7T s 1 76
External Surface Area = 10°2® x Weight"™ .

This model is similar to that estimated for Lots 1 and 2, but with a slightly higher intercept term.
Since the linear model was fitted on the log scale, the results can also be presented as
percentage changes. This means that a 1% increase in Weight is associated with a 0.76%
increase in external surface area.

In relation to the summary of total external surface area in each carton, presented at the
beginning of this section, this model seems to result in reasonable estimates of the total surface
area in a carton. This can be seen from the following summary which presents the sum of the
estimated surface area (from the weight) for all external pieces.

1 2 3 4 5 6 T 8 g 10 11 12
8401 8202 8047 8523 7921 8606 B14L B397 7934 B334 8449 8203

5.3.2.3 Contamination
This lot resulted in a total of 23 positive E. coli O157 tests - the number of positive samples per
carton is summarised below.

1 2 3 4 5 6 7 8 9101112

0O 5 0 8 0 07T 3 0000
An overview of the cartons in the lot, including those that were sampled, is given in Figure 9.
Using the MPN calculations presented in Section 2.2 gives the per g and per cm2 based results
shown in Table 1.
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Table 1: MPN calculations on per g and per cm? basis for the number of positive samples per carton
observed in Lot B

+ve MPN Upper 95 MPN  Upper 95

(per g) (per g) (per cm?) (per cm?)
3 0.008 0.021 0.004 0.011
5 0.014 0.030 0.007 0.015
7 0.020 0.038 0.010 0.019
8 0.023 0.042 0.011 0.021

As stated earlier, there were 12 cartons in this lot, and 4 of the 12 cartons tested positive during
the intensive investigation after previously having tested positive with the BioControl VIP test with
unknown incubation time. This indicates that a substantial proportion of the lot, and potentially
the whole lot, was contaminated. This is also substantiated by observing that cartons early and
late in this lot tested positive for E. coli O157 (Figure 9).

5.3.3 LotC

This lot consisted of 24 cartons of veal trim, derived from 273 bobby calves.
The following is a summary of the number of piece in the 12 cartons sampled in Lot C.

carton
1 2 3 4 5 6 7 8 910 11 12
15 17 16 9 10 16 15 15 14 15 16 18

5.3.3.1 Weight
The total weight of beef trim pieces in each carton is summarised below.

> wcl <- with(Pieces.lot, tapply(weight, cartom, FUN = sum)})
> wel

1 2 3 4 5 6 T 8 9 10 11 12
2T15T7 27180 26947 27383 26974 27059 27258 27233 27032 27047 26616 27188

The following is a summary of the weight and log10 weight of the pieces across the sampled
cartons in Lot C. Histograms of these are shown in Figure 10.

> with(Pieces.lot, summary(weight))

Min. i1st Qu. Median Mean 3rd Qu. Max.
17.0 7.5 2490.0 1847.0 3245.0 LBBB.O

> with(Pieces.lot, summary(loglO(weight)))

Min. 1st Qu. Median Mean 3rd Qu. Max.
1.230 1.760  3.396 2.776  3.511 3.770

Both histograms show bimodal distributions similar to Lot B . In particular, the distribution of
weight shows a large proportion of very small pieces.
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Figure 10: Histogram of the weight of beef trim pieces — (a) original scale and (b) log,, transformed.

5.3.3.2 External Surface Area

In Lot C there were 176 pieces, of which 126 were external pieces. The total external surface
area (cm2) in each carton is given below.

> scl <- with(Pieces.lot, tapply(surface, carton, FUN = sum)})
> scl

1 2 3 4 5 ] T 8 g 10 1 12
064 6463 8569 7138 T3T1 7322 TOTT TO48 8166 6472 8627 7980

A summary of the external surface area of the pieces in Lot C and their log10 values is given
below and histograms of the external surface area and the log10 of surface area are shown in
Figure 11.

> with(Pieces.lot.ext, summary(surface))

Min. 1st Qu. Median Mean 3rd Qu. Max.
36.0 483.0 765.0 724.6 986.0 1450.0

> with(Pieces.lot.ext, summary(loglQO(surface)))

Min. 1st Qu. Median Mean 3rd Qu. Max.
1.556 2.684 2.884 2.740 2.904 3.161

Given the shape of the histogram of the log1o of the external surface area in Figure 11(a), a
normal distribution for external surface area does not appear reasonable for this lot | there is
again some indication that the distributions may be bimodal. This is most likely due to the very
small pieces having little or no external surface area.
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As above, the relationship between weight and external surface area was investigated for
external pieces. The scatter plot of the log1o transformation of these two variables is shown in
Figure 12.

A linear regression model fits the data well and the model summary is given below.

20 4 S - —
40 -
15 o -
n m ] r
5 — 5
5 = M1 : _
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Figure 11: Histogram of external surface area of external pileces (a) original scale and (b) log,,
transformed.
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Figure 12: Scatter plot of the log,, external surface area versus log,, weight for beef trim pieces with
an external surface area.
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et L LS

Figure 13: Diagram of location of cartons in the lot, numbered from left to right and top to bottom.
Each square represents a carton in the lot — sampled cartons are presented in green and cartons that
tested positive are presented as red (top row and left column are include to make counting easier).

Call:
Im(formula = loglO(surface) = logiO(weight), data = Pieces.lot.ext)

Residuals:
Min 1Q Median 3Q Max
-0.420146 -0.080324 0.002785 0.078161 0.368491

Coefficients:

Estimate Std. Error t value Pr(>ltl)
(Intercept) 0.3574 0.0666 5.366 0.000000381
log10(weight) 0.7355 0.0203 36.226 < 2e-16

Residual standard error: 0.1179 on 124 degrees of freedom
Multiple R-squared: 0.9137, Adjusted R-squared: 0.913
F-statistic: 1312 on 1 and 124 DF, p-value: < 2.2e-16

The output from the regression model indicates that the estimated linear line is
logo(External Surface Area) = 0.36 + 0.74 log,o(Weight) ,

or on the original scale
External Surface Area = 10%%¢ x \\’eighto‘ o

This model is similar to that estimated for Lot A. Since the linear model was fitted on the log
scale, the results can also be presented as percentage changes. This means that a 1% increase
in Weight is associated with a 0.74% increase in external surface area.

In relation to the summary of total external surface area in each carton, presented at the
beginning of this section, this model seems to result in reasonable estimates of the total surface
area in a carton.

This can be seen from the following summary which presents the sum of the estimated surface
area (from the weight) for all external pieces.

1 2 3 4 5 & 7 a8 S 10 11 12
T629 Th37 T4b4 73Th T191 7353 7380 7384 T2b0 7374 6953 7383

5.3.3.3 Contamination

This lot resulted in a total of 3 positive E. coli 0157 tests - the number of positive samples per
carton is summarised below.

i 2 3 4 5 6 7 8 910 11 12

o o011 0 0 0 0 0 0 0 20

An overview of the cartons in the lot, including those that were sampled, is given in Figure 13.

Using the MPN calculations presented in Section 2.2 gives the per g and per cm2 based results
shown in Table 2.
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Table 2: MPN calculations on per g and per ecm? basis for the number of positive samples per carton
observed in Lot C

+ve MPN Upper 95 MPN  Upper 95
(per g) (per g) (per cm?) (per cm?)
1 0.003 0.012 0.001 0.006
0.005 0.017 0.003 0.008

(S}

As stated earlier, there were 24 cartons in this lot, and 2 of the 12 cartons tested positive during
the intensive investigation after previously having tested positive with the BioControl VIP test with
unknown incubation time.

Consequently, a 95% confidence interval for the number of positive cartons in the lot is (2, 10),
indicating that a substantial proportion of this lot was contaminated. Interestingly, the cartons
confirmed as positive in this lot were the first two cartons in this lot (Figure 13). However, it is
presently not clear whether these cartons were produced consecutively or whether other animals
(not calves) were processed / boned throughout the production of this lot. This may need further
clarification.

5.34 LotD

This lot consisted of 528 consecutive cartons of beef trim, derived from 432 carcases. From
these cartons, 19 cartons were included in the original sampling | some samples had been
sourced across two cartons.*

The following is a summary of the number of piece in the 19 cartons that were sent to FSA for
further testing. Where two cartons had been used for the initial sampling, those two carton were
also used for intensive sampling, with 37 and 38 samples drawn from the two cartons.

carton
1 2 3 4 5 6 7T 8 9 10 11 12 13 14 15 16 17 18 19
69 93 100 59 87 45 21 17 27 166 50 43 62 192 52 89 53 117 101

5.3.4.1 Weight
The total weight of beef trim pieces in each carton is summarised below.

> wcl <- with(Pieces.lot, tapply(weight, carton, FUN = sum))
> wcl

1 2 3 4 5 6 7 8 9 10 11 12 13 14
27332 27038 26959 27708 26990 26967 26906 27027 27105 27147 27168 27171 26967 26601
15 16 17 18 19
26882 26912 27070 26904 26818

The following is a summary of the weight and log10 weight of the pieces across the sampled
cartons in Lot D. Histograms of these are shown in Figure 14.

* Random selection was based on time of production | there were several instances where 2 cartons were
produced in the same time interval (Figure 18).

Page 24 of 41



A.MFS.0093 - Maintenance and further development of process risk models

> with(Pieces.lot, summary(weight))
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Figure 14: Histogram of the weight of beef trim pieces — (a) original scale and (b) log,, transformed.
Min. i1st Qu. Median Mean 3rd Qu. Max.

3.0 B4.5 171.0 366.0 450.0 3608.0
> with(Pieces.lot, summary(loglQ(weight)))

Min. 1st Qu. Median Mean 3rd Qu. Max.
0.4771 1.7360 2.2330 2.1730 2.6530 3.5570

The histogram of log1o of weight in Figure 14(b) shows a right-skewed distribution, which is not
too far from a Normal distribution. This was investigated with the normal quantile-quantile plot
(Figure 15) which shows departures from normality, as points do not lie closely enough to a
straight line. Nevertheless, from a practical perspective, the distribution of log10 weight may
reasonable be approximated by a Normal distribution with mean 2.17 log10 g and standard
deviation 0.64 l1og10 g.

5.3.4.2 External Surface Area
In Lot D there were 1443 pieces, of which 1212 were external pieces. The total external surface
area (cm2) in each carton is given below.

> scl <- with(Pieces.lot, tapply(surface, carton, FUN = sum))
> scl

1 2 3 4 5 6 (4 8 9 10 11 12 13 14
12308 12108 10052 9904 9320 8729 6972 5626 6918 8443 6754 8985 7847 11676
15 16 17 18 19
9614 10707 8089 7897 10039
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A summary of the external surface area of the pieces in Lot D and their log10 values is given
below and histograms of the external surface area and the log10 of external surface area are
shown in Figure 16.

> with(Pieces.lot.ext, summary(surface))

3.0 35

25

log10 Weight
20

Nomal quantiles

Figure 15: Normal Q-Q) plot of the log,, weight of beef trim pieces.

Min. 1st Qu. Median Mean 3rd Qu. Max.
3.0 32.0 91.0 141.9 204.0 1015.0

> with(Pieces.lot.ext, summary(loglO(surface)))

Min. 1st Qu. Median Mean 3rd Qu. Max.
0.4771 1.5050 1.9590 1.8950 2.3100 3.0060

Given the shape of the histogram of the log10 of the external surface area in Figure 16(b), a
normal distribution for external surface area does not appear reasonable for this lot|the
distribution appears left skewed.

For external pieces, the relationship between weight and external surface area was investigated.
The scatter plot of the log10 transformation of these two variables is shown in Figure 17. From
this graph it appears to show more variability at the low end, i.e., small pieces.

A linear regression model appears to fit the data reasonably well - however there appears to be a
problem with distribution of the residuals which are not normally distributed, but instead appear to
reflect the observations made for the distribution of log10 external surface area. This should
however not affect the estimation of the regression parameters, but the variance estimates and
therefore any inferences that are to be drawn from the model.

The model summary is given below.
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Call:
In{formula

Residuals:
Min

loglO(surface) ~ loglD(weigh

10  Median 30Q

t), data

Max

-1.03014 -0.12280 0.03386 0.14853 0.68369

Coefficients:
Estimate S3td. Error t wvalue
(Intercept) 0.11928 0.02487 4,798
loglO(weight) ©0.78035 0.01056 73.892
30+ -
-
& 20 L
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Figure 16: Histogram of external surface area of external pieces
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Figure 17: Scatter plot of the log,, external surface area versus log,;, weight for beef trim pieces with
an external surface area.
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Figure 18: Diagram of location of cartons in the lot, numbered from left to right and top to bottom.
Each square represents a carton in the lot — sampled cartons are presented in green and cartons that
tested positive are presented as red (top row and left column are include to make counting easier).

Residual standard error: 0.2227 on 1210 degrees of freedom
Multiple R-squared: 0.81886, Adjusted R-squared: 0.8184
F-statistic: 5460 on 1 and 1210 DF, p-value: < 2.2e-16

The output from the regression model indicates that the estimated line is

logp(External Surface Area) = 0.12 + 0.78logy(Weight) ,

or on the original scale
External Surface Area = 10%12 x Weight®™ .
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The slope of the log1o-linear model is similar to those estimated for the previous lots while the
interceptis considerably lower.

Since the linear model was fitted on the log scale, the results can also be presented as
percentage changes. This means that a 1% increase in Weight is associated with a 0.78%
increase in external surface area.

In relation to the summary of total external surface area in each carton, presented at the
beginning of this section, this model seems to result in reasonable estimates of the total surface
area in a carton.

This can be seen from the following summary which presents the sum of the estimated surface
area (from the weight) for all external pieces.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
9135 9199 8915 8364 9007 8028 6626 6815 7044 8393 7516 8069 7568 9446 8101 9059 7995
18 19
8326 8748

5.3.4.3 Contamination

This lot resulted in a total of 0 positive E. coli O157 tests. An overview of the lot is given in Figure
18.

Using the MPN calculations presented in Section 2.2° this indicates that the concentration in
each carton is less than 0.0055 organism per g (95% CI upper bound: 0.0241). On a carton basis
this would yield less than 149 organisms (95% CI| upper bound: 655).

Performing the same MPN calculations on a per cm2 basis, assuming an external surface area
of 10 cm2 per sample, results in concentration estimate of less than 0.0027 organism per cm2
(95% CI upper bound: 0.012). Larger surface areas per sample would result in even lower
concentration estimates.

Combined with total surface area per carton, as summarised earlier, this would indicate less than
34 organisms® per carton on average.

As stated earlier, there were 528 cartons in this lot. However, none of the 19 cartons tested
positive during the intensive investigation, despite previously having resulted in a positive test
result using 15-22h PCR based screening test using DuPont BAX MP. This subsequently leaves
the following possible conclusions:

e Initial Screening test resulted in a false positive and this lot was truly negative for E. coli
0O157- given that the screening test was undertaken by Symbio Alliance, who have
experience in this type of testing, this outcome appears unlikely;

e The concentration (and prevalence) of E. coli O157 in the lot is so low that it was detected
by chance on the initial screening test, but not on the subsequent testing.

e The concentration of E. coli O157 in the lot is very low and the carton prevalence is less
than 0.176" assuming that contamination and sampling occur completely randomly.

5.3.5 LotE

This lot consisted of 399 cartons of bull trimming, derived from 113 bulls.

® The assumption here is that only 37 samples were drawn from each carton | this is true for 7 cartons. The
remaining cartons had more samples drawn | 38 or 75 | which will result in a lower MPN. Consequently,
this assumption results in a conservative approach

¢ Using the maximum total surface area per carton.

" The upper bound for the 95% con_dence interval, based on the Binomial distribution with n = 19.
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The following is a summary of the number of piece in the 12 cartons in Lot E. Compared to some
of the previous lots it is immediately obvious that there are fewer pieces per carton.
carton

12 3 4 5 6 7 8 810 11 12
15 26 20 45 13 37 23 12 12 25 26 25

5.3.5.1 Weight
The total weight of beef trim pieces in each carton is summarised below.

> wcl <- with(Pieces.lot, tapply(weight, carton, FUN = sum))
> wcl

1 2 3 = 5 & 7 8 9 10 11 12
27303 27016 27160 27041 27118 26854 26956 26872 26981 26890 26002 27247

The following is a summary of the weight and log10 weight of the pieces across the sampled
cartons in Lot E. Histograms of these are shown in Figure 19.
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Weight (g) ogy Weight (g)
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Figure 19: Histogram of the weight of beef trim pieces — (a) original scale and (b) log,, transformed.

> with(Pieces.lot, summary{weight))

Min. 1st Qu. Median Mean 3rd Qu. Max.
18.0 126.0 584.5 1167.0 1940.0 G&OB2.0

> with(Pieces.lot, summary(loglO{weight)))

Min. 1st Qu. Median Mean 3rd Qu. Max.
1.266  2.100 2.767 2.6809 3.290 3.704
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The histogram of weight is highly right skewed while the histogram of log1o weight indicates a
distribution which could be bimodal. A normal approximation is clearly not applicable to either.

5.3.5.2 External Surface Area
In Lot E there were 278 pieces, of which 215 were external pieces. The total external surface
area (cm2) in each carton is given below.

> scl <- with(Pieces.lot, tapply(surface, carton, FUN = sum))
> s8cl

1 2 3 4 5 &8 T 8 8 10 11 12
5230 5419 4365 7562 bE34 B3b4 T136 83b3 B462 7894 9761 B263

A summary of the external surface area of the pieces in Lot E and their log1o values is given
below and histograms of the external surface area and the log1o of surface area are shown in
Figure 20.

> with(Pieces.lot.ext, summary(surface))

Min. 1st Qu. Median Mean 3rd Qu. Max.
10 84 319 402 656 1596

> with(Pieces.lot.ext, summary(loglO(surface)))

20+ o
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Figure 20: Histogram of external surface area of external pieces (a) original seale and (b) log,,
transformed.

Min. 1st Qu. Median Mean 3rd Qu. Max.
1.000 1.924 2.504 2367 2.817 3.203

Neither histogram in Figure 20 shows a distribution which could reasonably be approximated by
a Normal distribution.
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The relationship between weight and external surface area was again investigated for external

pieces.
The scatter plot of the log10 transformation of these two variables is shown in Figure 21.
A linear regression model _ts the data reasonably well | the model summary is given below.

Call:
In(formula = loglO(surface) ™ loglO(weight), data = Pieces.lot.ext)

Residuals:
Min 1Q Median 30 Max
-0.82513 -0.10958 0.02539 0.15225 0.51297

Coefficients:

Estimate 5td. Error t wvalue Pr(>|t|)
(Intercept) —0.09820 0.07957 -1.234 0.219
loglO(weight) 0.85057 0.02697 31.534 <2e-16

Residual standard error: 0.2188 on 213 degrees of freedom

Multiple R-squared: 0.8236, Adjusted R-squared: 0.8228
F-statistic: 994.4 on 1 and 213 DF, p-value: < 2.2e-16

The output from the regression model indicates that the estimated linear line is

logo(External Surface Area) = —0.1 4 0.85log;o( Weight) .

or on the original scale
External Surface Area = 107"! x Weight"® .

3.0 1

25 4

20 1

log., Surface Area (cm?)

T T T
15 20 25 30 35

logio Weight (g)

Figure 21: Scatter plot of the log,, external surface area versus log,, weight for beef trim pieces with
an external surface area.
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This model is quite different to the previous models | the intercept is essentially zero and the
slope is larger than those previously observed. These observations are consistent with this lot
having larger pieces with little surface area, compared to previous lots. This may be due to the
nature of the carcases coming from bulls rather than cows.

Since the linear model was _tted on the log scale, the results can also be presented as
percentage changes. This means that a 1% increase in Weight is associated with a 0.85%
increase in external surface area.

In relation to the summary of total external surface area in each carton, presented at the
beginning of this section, this model seems to result in reasonable estimates of the total surface
area in a carton.

This can be seen from the following summary which presents the sum of the estimated surface
area (from the weight) for all external pieces.

1 2 3 4 E 6 T 8 g 10 11 12
6730 6459 L5BTE 6638 6505 T013 6687 6474 6515 6760 6935 T098

5.3.5.3 Contamination
This lot resulted in a total of 20 positive E. coli O157 tests | the number of positive samples per
carton is summarised below.

1 2 3 4 5 6 7 8 910 11 12

08 0 4 4 001 0 1 11
An overview of the lot is given in Figure 22. Currently still awaiting information about the location
of cartons in the lot assumed at present that cartons were consecutive, starting with 7601. From
the location of the cartons within this lot it is fairly clear that cartons were not randomly sampled.
It appears that, at best, a random starting point was selected and that consecutive cartons
(except were the operator couldn't keep up with production) were sampled as they came of the

productionline.
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:—:-_H._H:H:H:

Figure 22: Diagram of location of cartons in the lot, numbered from left to right and top to bottom.
Each square represents a carton in the lot sampled cartons are presented in green and cartons that
tested positive are presented as red (top row and left column are include to make counting easier).

Table 3: MPN calculations on per g and per cm? basis for the number of positive samples per carton
observed in Lot E

+ve MPN Upper 95 MPN  Upper 95

(per g) {per g) (per em?) (per em?2)

1 0.003 0.012 0.001 0.006
1 0.011 0.025 0.005 0.013
8 0.023 0.042 0.011 0.021

Using the MPN calculations presented in Section 2.2 gives the per g and per cm2 based results
shown in Table 3.

As stated earlier, there were 12 cartons in this lot, and 7 of the 12 cartons tested positive during
the intensive investigation after previously having tested positive with the an undisclosed
screening test.

Since the 12 cartons were produced over a 10 minute period, it is unlikely that they represent a
random sample of the whole lot. This make it difficult to determine how widespread the
contamination was in this lot.

5.3.6 All Lots Combined

In this section the information from all lots (excluding the two lots of veal trim) is combined to get
an overall picture of lots that are positive for E. coli O157. The results in this section are of
particular interest in relation to the process model that has been developed for E. coli O157 in the
production beef trim.

A summary of the pieces of beef trim in each carton is given below. From the Quantile-Quantile
Plot in Figure 23 it can be seen that the number of pieces per carton could reasonably be model
by a Poisson distribution with mean A =51 pieces per carton®.

Min. 1st (Qu. Median Mean 3rd Qu. Max.
T7.00 16.50 41.00 E1.186 T6.50 192.00

® Most points fall within the “confidence envelopes' which are indicated by the dashed lines.
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Figure 23: Poisson (-C) plot of the number of beef trim pieces in a carton.

5.3.6.1 Weight
A summary of the total weight of beef trim pieces in a carton is given below. This indicates that in
general cartons contain close to the 27.2 kg of beef trim.

> wcl <- as.vector(with(Pieces.lot, tapply(weight, list(lot, plant.carton),
+ FUN = sum)))
> summary(wcl[!is.na(wcl)])

Min. 1st Qu. Median Mean 3rd Qu. Max.
26600 26900 26970 27000 27090 27710

The following is a summary of the weight and log1o weight of the pieces across all sampled
cartons. Histograms of these are shown in Figure 24.

> with(Pieces.lot, summary(weight))

Min. 1st Qu. Median Mean 3rd Qu. Max.
3.0 65.0 183.0 827.7 582.0 8215.0

> with(Pieces.lot, summary(loglO(weight)))

Min. 1st Qu. Median Mean 3rd Qu. Max.
0.4771 1.8130 2.2620 2.2680 2.7650 3.9150

While the histogram of weight in Figure 24(a) shows a right-skewed distribution, the histogram of
log1o weight in Figure 24(b) shows a symmetrical distribution, which is not too far from a Normal
distribution. This was investigated with the normal quantile-quantile plot (Figure 25) which shows
departures from normality near the extremes (high and low). This indicates that extreme log10
weights (high and low) are observed less often than expected from normally distribution data.
Nevertheless, from a practical perspective, the distribution of log10 weight may reasonable be
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approximated by a Normal distribution with mean 2.27 log1o g and standard deviation 0.66 log1o
g.
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Figure 24: Histogram of the weight of beef trim pieces — (a) original scale and (b) log,, transformed.
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Figure 25: Normal Q-Q) plot of the log,, weight of beef trim pieces.
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Figure 26: Histogram of external surface area of external pleces (a) original scale and (b) log,,

transformed.

5.3.6.2 External Surface Area
Across all lots there were 2200 pieces, of which 1754 were external pieces. A summary of the
total external surface area (cm2) per carton is given below.

Min. 1st Qu. Mediam Mean 3rd Qu. Max.
4365 6928 8353 8324 9832 12480

A summary of the proportion of pieces per carton with external surface area, irrespective of the
amount, is presented below.

Min. 1st Qu. Median Mean 3rd Qu. Max.
0.5078 Q.7700 0.8605 0.8272 0.9287 1.0000

Summaries of the external surface area of the pieces across all lots and their log10 values are
given below and histograms of the external surface area and the log10 of external surface area
are shown in Figure 26.

> with(Pieces.lot.ext, summary(surface))

Min. 1st Qu. Mediam Mean 3rd Qu. Max.
3.00 42.25 108.00 204.10 257.50 2460.00

> with(Pieces.lot.ext, summary(loglO{surface)))

Min. 1st Qu. Mediam Mean 3rd Qu. Max.
0.4771 1.6260 2.0330 2.0070 2.4110 3.3910
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Given the shape of the histogram of the l1og10 of the external surface area in Figure 26(b), a
normal distribution for external surface area could be a reasonable approximation. The Normal
Q-Q plot is shown in Figure 27, which, as for weight, indicates that very small and very large
surface areas
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Figure 27: Normal Q-(Q) plot of the log;, external surface are of external beef trim pieces.
=10

occur less frequently than would be expected from normally distributed data. Nevertheless, from
practical perspective, the distribution of log10 external surface area may reasonable be
approximated by a Normal distribution with mean 2.01 log10 g and standard deviation 0.55 log10
g. For external pieces, the relationship between weight and external surface area was again
investigated.

The scatter plot of the log10 transformation of these two variables is shown in Figure 28.

In general, the linear regression model appears to fit the data reasonably well | the same residual
problems are observed as for Lot 4, which obviously influenced the fit. Again, it can be expected
that this would not affect the fit too much, but the inference that might be drawn. The model
summary is given below.
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Call:
Im(formula = loglO(surface) ™ loglO(weight), data = Pieces.lot.ext)

3.0 4

254

204

log,, Surface Area {cn?)

05 e -

log,, Weight (g)

Figure 28: Scatter plot of the log,, external surface area versus log,, weight for beef trim pieces with
an external surface area.
Residuals:
Min 10 Median {n| Max
-1.04614 -0.11627 0.02756 0.14821 0.66887

Coefficients:

Estimate Std. Error t wvalue Pri=|t|)
(Intercept) 0.123841 0.020404 6.069 0.00000000157
loglO(weight) 0.785026 0.008217 095,542 < 2e-16

Residual standard error: 0.2213 on 1752 degrees of freedom
Multiple R-squared: 0.839, Adjusted R-squared: 0.838%9
F-statistic: 9128 on 1 and 1752 DF, p-value: < 2.2e-16

The output from the regression model indicates that the estimated line is
logp(External Surface Area) = 0.12 4 0.79log;( Weight) ,

or on the original scale
External Surface Area = 10712 x ".-“.-"eight'}''?':r .

Since the linear model was fitted on the log scale, the results can also be presented as
percentage changes. This means that a 1% increase in Weight is associated with a 0.79%
increase in external surface area.

In relation to the summary of total external surface area in each carton, presented at the
beginning of this section, this model seems to result in reasonable estimates of the total surface
area in a carton.
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This can be seen from the following summary which presents the sum of the estimated surface
area (from the weight) for all external pieces (each row represents the lot in the leftmost column
and cartons are presented by columns).

1 2 3 4 5 6 T 8 10 11 12 13 14 15 16
A 7825 6990 6310 5757 5T63 TH28 6874 b78T 6892 5473 8688 6803 NA NA NA NA
D 9502 9562 9262 8710 9363 8368 6933 T133 7364 8712 T839 8413 7800 9803 B440 9418
E 6733 6521 5858 6899 6426 T333 6728 6400 6451 6974 7117 7294 NA NA NA NA
17 18 19
A NA NA NA
D 8331 86b6 9099
E N&A NA NA

5.3.6.3 Contamination
This lot resulted in a total of 20 positive E. coli O157 tests - the number of positive samples per
carton and lotis summarised below.

1234567891011 12 13 14 15 16 17 18 19
AQOOQOOQOOOOO O O ONANADNANANALTNATNA
poooOOQOOQOQO O OCOCOCOOOOOO
E0OB80440010 1 1 1 NANANANANANANA

Using the MPN calculations presented in Section 2.2 gives the per g and per cm2 based results
shown in Table 4.

There were 43 cartons tested across all lots, and 7 of these tested positive during the intensive
investigation. It should be noted that all positive cartons originated from a Lot E - all cartons
sampled

Table 4: MPN calculations on per g and per em? basis for the number of positive samples per carton
observed in all Lots.

+ve MPN Upper 95 MPN  Upper 95
(per g) (per g) (per cm?) (per cm?)
0.003 0.012 0.001 0.006
0.011 0.025 0.005 0.013
0.023 0.042 0.011 0.021

o0 W =

were produced over a 10 minute period. Consequently, it could be considered appropriate to
ignoring this lot, which would result in a very conservative prevalence estimate of zero positive
cartons out of 12 tested, i.e., 26.5%,° while a more aggressive estimate would be 1 positive out
of 528 cartons produced (size of the smaller Iot), i.e., 1.1%."°

In the past, the approach by Habraken et al. (1986) has been used to estimate the probability of
accepting / rejecting lots under the current sampling scheme. This was done without specific
information on the proportion of a lot that is contaminated nor the concentration of contamination
in that part of the lot. However, the results from this project now allow us to undertake those
calculations in a more \educated" way.

® The upper bound for the 95% con_dence interval, based on the Binomial distribution with n = 31.

'% The upper bound for the 95% con_dence interval, based on the Binomial distribution with n = 528 and
having observed 1 positive cartons | one from the smaller lot. That is after all why the lot was included in
this intensive testing
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As a worst case scenario, assume that the concentration (MPN per g) is given by the upper 95%
confidence bound for 8 positives samples per carton (Table 4) and that the prevalence is as
estimated above. Then under the two prevalence scenarios, we could expect that 0.017% and
0.416% of lots would be rejected, when five 6.5 g samples are removed from each of 12 cartons
(60 samples of 375 g total weight).
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