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Probability that no contamination is found

Pyefective n=1 n=2 n=5 n=30
1- Pyer = (1- Pger)?= (1- Pyer)>= (1- Pye)>°=
0.00 1.00 1.00 1.00 1.00
0.01 0.99 0.98 0.95 0.74
0.05 0.95 0.90 0.77 0.21
0.10 0.90 0.81 0.59 0.04
0.15 0.85 0.72 0.44 0.01
0.20 0.80 0.64 0.33 0.00
0.25 0.75 0.56 0.24 0.00
0.30 0.70 0.49 0.17 0.00

1 % defectives of 100,000 products, means 1,000 products

Paccept =(1- Pdefective)n




Probability of accepting a lot, c=0
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samples probability
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0.8 times lower !
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Probability to accept a batch
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proportion defective products in a batch

MISCONCEPTION
Using a realistic sampling scheme, it is possible to test for absence of
a pathogen in a batch of food.



MISCONCEPTION

Current sampling plans assume that microorganisms follow the
binomial distribution.
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If C+0 Paccept — banmlal(k =qn, Pdefective)



Heterogeneous
high-level
contamination

MISCONCEPTION
Current sampling plans assume that microorganisms are
homogeneously distributed in a batch.
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OC curve: Operating Characteristic
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Paccept(C: n, Pdefective) = binomial(k < ¢
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Mean concentration
(log,, CFU/g)

n=n,P = Pdefective)

n=5



n=10; o = 1.2 (brown), 1.0 (blue), 0.8 ( purple), 0.6 (red ), 0.4
(orange), and 0.2 ( yellow) log,, CFU/g.

—
=

20+

o
o

—
n
I
o
=]

=
=

Probability distribution
o
|
o

)

Probability of accepting a batch
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n=10; o = 1.2 (brown), 1.0 (blue), 0.8 ( purple), 0.6 (red ), 0.4
(orange), and 0.2 ( yellow) log,, CFU/g.
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l-:ugm({f') = log,,C+0.5-In10- r:rlzﬂgmc



Pﬂ’fzmrr =1- P&fj‘j‘f}ﬂ([}, I}rfﬂs)

Heterogeneous
low-level

contamination

P defective = ] I-'D concentration P ;i.-:rm*]d 1Ug C

L

= f | Prormat(log C, pliogc., Ologc) + (1 — Poisson(0, fens)|d log C



n=60;, c = 1.2 (brown), 1.0 (blue), 0.8 ( purple), 0.6 (red ), 0.4
(orange), and 0.2 ( yellow) log,, CFU/g.
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Three statistical phenomena are relevant:

1. the actual spatial distribution of microorganism in the food
batch,

2. the statistical process of taking a sample unit and it being
defective

3. the acceptance of the lot based on n sample units, of which ¢
are accepted to be positive and P .r.tive

For example

1. organism lognormally distributed in product

2. taking one sample is a Poisson process
P yefective IS @ POisson-lognormal distribution of contaminant in
the sample unit

3. Pyccepe Of @ lot based on Pyrociive, M S@aMple units, and c is a binomial

process
P,ccept 1S then a Binomial(Poisson(LogNormal)) distribution !
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http://www.icmsf.org

Operating characteristic curve for proportion
defective, with n=10 and c=0

Probability density function (PDF) for log counts.
Distribution mean = -2.25 and sigma = 0.80

Operating characteristic curve scaled to relate log
arithmetic mean count to m

-1.51 log cfu/g

-2.25 log cfulg
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—=— Paccept Pd —— Prob. acceptance M awesses alternative |
INPUTS P(accept) ALTERMATIVE n AND ¢ P(accept)
Batch acceptance for Pd mean -2.251 Computed 5.00 % mean -2.25 Computed 0.91 %
P(accept) sigma 0.80 Desired 5% sigma 0.80 Target, left 5.00 %
Pd A 20 % 107 % m A -1.40 m A -0.98
259¢ 5000 h Find mean that gives N
actualPd % Yo n | 10 desired P(accept) n | 30 For any value of n and
c 0 c 0 c imputed find the m
that gives the same
amount 25 g Find n that gives amount 96 g P(accept) as the
desired P(accept) model on the left
Sandbox: for your own calculations or etter (less)
Preject 95.00
Means and median Implied Acceptance level
Arithmetic Geometric=median Percentile z-score  Concentration at this percentile
0.0307  cfulg 0.0056  cfuig 99.9 3.10 0.23
one cfu in 32.6 grams one cfu in 177.7 grams

This sampling plan would provide 95 % confidence that a lot of food containing a median concentration of 1 organism in 177.7 g and an average concentration of 1 organism in 32.6 g
(and having a standard deviation of 0.80 log cfu/g), would be rejected (i.e. more than 0 out of 10 samples of 25 grams giving detection of the organism)




Conclusions

Control of safety is only to
a very limited extend
supported by end-product
testing

Distributions can be
relevant for performance
of sampling plans

As function of the
arithmetic mean the effect
of the spread is limited

Tools exist !

see http://www.icmsf.org
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