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ABSTRACT
Visual examination of visually recognisable substances, including microscopy, focus on targets or
contaminants such as particles of animal origin, plant seeds, spore bodies of moulds, sclerotia,
packaging material, microplastic and ‘Besatz’ (everything that differs from the norm). The two
principal results are counts (numbers) and weights for macroscopic methods, or presence/
absence for microscopic methods. The level of detection equals at least the size of one unit,
usually with a weight exceeding 1mg, which is in the range of parts per million (ppm). These
parameters do not follow a normal distribution but Poisson (counts), lognormal (weights) or
binomial (Booleans) distributions, with effect on the interpretation of validation parameters. As
for other domains, examination methods for visual monitoring need to be properly validated
and quality control during actual application is needed. In most cases procedures for validation
of visual methods are based on principles adopted from other domains, such as chemical ana-
lysis. A series of examples from publications show inconsistent or not correct implementations
of these validation procedures, which stress the need for dedicated validation procedures.
Identification of legal ingredients and composition analysis in the domain of visual examination
relies on the expertise of the laboratory staff, therefore validation of a method usually includes
the validation of the expert. In the view of these specific circumstances, a Guidance for quality
assurance and control of visual methods has been developed, which are being presented and
discussed in this paper. The general framework of the Guidance is adopted from ISO standards
(17023, 17043, 13528). Part 1 of the Guidance includes the general background, theory and prin-
ciples. Part 2 presents the actual validation procedures with experimental designs and equations
for calculating the relevant parameters, and can be used as blueprint for a SOP in a quality
management system. An EURL and NRL network for physical hazards is strongly recommended.
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Introduction

In certain cases, the visual examination of plant
parts, seeds, and of hyphal bodies of moulds is
needed for guarding feed and food safety. A his-
torical but still relevant example is the presence
in cereals of ergot sclerotia, hyphen bodies of the
mould Claviceps, with well documented health
consequences. Some of the first documented
cases of food poisoning caused by infested plant
particles are the consumption of bread from cere-
als infested by ergot sclerotia. Historically docu-
mented cases originate from north Norway (Alm
2003) and from New England (the Salem witch-
craft trials; Woolf 2000) from the 17th century.
After an outbreak in France (Pont St. Esprit;
Scott 2009; Lorenz and Hoseney 1979) in 1951,
increased attention was given to the visual exam-
ination of ergot sclerotia. A survey of the moni-
toring efforts for plant seeds and ergot sclerotia
was carried out in 2007. A total of twelve labora-
tories in eight member states of the European
Union reported to have detected ergot sclerotia
in samples of cereals, making it the most fre-
quently found undesirable substance of botanic
origin. The frequency of occurrence ranged from
a few samples to a share of 25–50% positive sam-
ples (van Raamsdonk 2007; van Raamsdonk et al.
2009). An increase in occurrence was reported
for Germany (Krska and Crews 2008).

Cases of feed and food adulteration other than
mould bodies relate to visual examination as well.
Leaves of groundsel (Senecio vulgaris), containing
pyrrolizidine alkaloids, were found in rucola let-
tuce from Germany at several occasions.1 The
presence of weed seeds identified as charmac
(Heliotropium popovii) in wheat in Afghanistan
caused liver damage with approximately 7800
people affected and about 1600 casualties in the
years 1974–1976. This was one incidence in a ser-
ies of comparable cases (Kakar et al. 2010). Such
cases can be prevented by applying visual inspec-
tion of the raw materials before processing. A
specific case is the monitoring of Ambrosia seeds,
which is an item in Directive 2002/32/EC. The
presence of these seeds needs to be controlled
since the full grown plants cause serious symp-
toms of hay fever, due to the extensive produc-
tion of pollen. Legal limits are included in the

mentioned Directive for the option to monitor
Ambrosia seeds in combination with the monitor-
ing of other weed seeds. These monitoring activ-
ities appeared to be successful (Frick et al. 2011).
Another well documented example of visual
examination is the continuing inspection of com-
pound feeds for the presence of processed animal
by-products (Liu et al. 2011), for the eradication
of bovine spongiform encephalopathy and some
other zoonotic diseases.

Particles causing physical hazards were
detected by visual examination in several types of
food stuff, for example in instant coffee in
Canada (2010), United Kingdom (2020), and in
Germany (2021),2 and in chocolate bars (2016) in
55 countries.3 In general, physical particles caus-
ing a hazard principally different from chemical
and microbiological hazards in feed and food are
typically subjected to visual examination. This
applies especially to former food products
intended as feed ingredients, which in a series of
cases have to be unpacked before further process-
ing in the context of circular bioeconomy
(Regulation (EC) 767/2009; van Raamsdonk, Rijk,
et al. 2011; Amato et al. 2017). Another issue is
the detection and identification of unintentional
contamination with microplastic. The necessary
method development for detection of microplas-
tic in feed and food products and procedures for
quality control appear to be complicated (van
Raamsdonk et al. 2020).

Besides the presence of undesired substances,
the composition of feed and food materials and
of products can be established by means of visual
examination. A range of different feed and food
ingredients, herbs, and spices have been described
for visual identification, including specific con-
stituents such as starch and pollen grains (Hahn
and Michaelsen 1996; Seidemann 1966; Sawyer
1981, 1988; Gassner and Hohmann En
Deutschmann 1989; Hohmann 2006; Rahfeld
2009). Besides transparency and information for
consumers by providing correct label declara-
tions, the control of composition serves several
aims. A known and verified composition sup-
ports traceability (Regulation (EC) 178/2002). A
most important aspect is the option to identify
the presence of a prohibited chemical substance
in one of the ingredients or fractions, which
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enhances the probability to find the source
upstream in the feed or food production chain.

Visual inspection for monitoring potential haz-
ards for food and feed safety is part of a cocktail
of domains including chemical, microbiological,
and molecular biology analyses (FAO and WHO
2019). Yet, in contrast to the examination meth-
ods in these other domains, the validation of
methods for visual examination is currently not
supported by the presence of a Standard or
Guidance. This situation resulted in a range of
peculiar situations in validation studies or profi-
ciency testing, which stresses the essential and
urgent need to install a set of validation proce-
dures for examination of visually recognisable
substances. This paper is intended to evaluate the
current situation, will discuss the specific situ-
ation and background of visual examination
methods, and will present solutions for valid-
ation. This paper will introduce the first version
of a Guidance document including the dedicated
theory for validation of methods to detect and
identify visually recognisable substances accom-
panied with a set of validation procedures
and strategies.

Legal framework

There is a range of different aims and require-
ments for visual monitoring in European legisla-
tion. The most prominent one is the set of
restrictions on the use of animal by-products in
feed (Regulation (EC) 999/2001). There is an
extensive structure of prohibitions and relaxa-
tions which makes monitoring complicated (van
Raamsdonk et al. 2019). Microscopy detection
acts as part of a monitoring strategy together
with PCR (Regulation (EC) 152/2009, Annex VI).
Current targets are terrestrial vertebrate animals
and fish; insects will be added as third target
from 2022.

Undesirable substances subjected to visual
monitoring are listed in Directive 2002/32/EC.
These include ergot sclerotia, a set of named
weed seeds and any seed containing alkaloids.
This last category might well represent 20% of all
existing seed plants (Frohne and Pf€ander 2005;
EFSA 2012). A specific category of undesirable
substances are the remnants of packaging

materials in products from the agri-food industry
(Regulation (EC) 767/2009, Annex III). These
products include a range of industrial by-prod-
ucts from the oil and starch production, such as
soya expellers, rape seed expellers, and brans and
middlings from a range of cereals. These trad-
itional ingredients of compound feed are usually
not packed. In contrast, former food products
from retail such as bakery by-products need
unpacking. The share of these products in the
range of feed ingredients will increase in the
framework of circular agronomy. Other situations
include the contamination of products with plant
parts. Fodder can contain plants producing pyr-
rolizidine alkaloids, e.g. ragworts (EFSA 2007,
2011). A range of plant parts can be detected
visually, which is an option for monitoring early
in the production chain (FAO and WHO 2019).
The detection of adulteration of saffron (ISO
3632-2:2010) and of honey (Directive 2001/110/
EC) are examples in the area of fraud prevention.

Declaration of composition of a compound
feed is required as part of the label information
(Regulation (EC) 767/2009, preamble 17). The
composition should mention the feed materials
in order of decreasing share, and if requested
additional information on composition should be
made available with uncertainty limits of þ/-
15% (Regulation (EC) 767/2009, Article 17).
Monitoring of the identity or composition of lots
or batches for trade purposes serves fraud
enforcement (Regulation (EU) 2017/625) and
customs for the organisation of common markets
for agricultural products (Regulation (EU)
1308/2013).

Evaluation of examples of validation and
implementation of visual methods for
examination of undesirable substances

During the past years several notable situations
have been encountered in the process of method
validation and implementation of visual methods,
which need further evaluation. In general, the
scope of a series of standards for method valid-
ation does not provide a very strict description of
the included and excluded types of methods for
which the validation is intended. This situation
results in the use of the performance parameters
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included in those standards for the validation of
visual methods without verification of their
applicability. An example is a publication on val-
idation of five undesirable substances in whole
kernel matrices, each at two levels of contamin-
ation (Marchis et al. 2021). Nine out of 10 valid-
ation experiments resulted in exact identical
values (two decimal precision) for repeatability
and reproducibility. The usual limits for chemical
analysis, 80–110%, have been applied as criteria
for recovery (Marchis et al. 2021). The deviation
for recovery has been shown to be larger for vis-
ual examination of large particles, targeting a low
number of units per sample, in the ppm range.
This deviation was also noted in CEN Standard
15587:2018 (CEN 2018) on inspection of whole
kernel cereal material by presenting equations for
acceptable limits, comparable to the Horwitz
equation (Horwitz 1995; Horwitz and Albert
2006). A graphical representation of these equa-
tions for three types of undesirable substances for
two parameters each is presented in Figure 1.
The Horwitz equation is also included for

comparison. The peculiar situation is that the
acceptable deviation according to CEN
15587:2018 decreases towards lower contamin-
ation levels, whereas the Horwitz equation, gener-
ally accepted in the chemical domain, shows the
logical situation of an increasing deviation
towards these lower levels.

Conformity and proper application are part of
a correct implementation of analytical methods.
This was exemplified by the 2014 version of the
proficiency test for animal proteins organised
under the auspices of the International
Association of Feedingstuff Analysis section
Feedingstuff Microscopy (indicated by the origin-
ally German acronym IAG); van Raamsdonk
et al. 2014). This PT included a sample of 30 g of
matrix material (compound feed) with exactly 30
bone fragments with the same size as the average
particles of that compound feed. The usual pro-
cedure is to take 10 g of matrix material, extract
the heavy fraction, and examine a variable part of
the resulting sediment (Regulation (EC) 152/2009
(EC 2009) and amendments). The part of the

Figure 1. Relation between relative standard deviations for repeatability (RSDr) and for reproducibility (RSDR) and the fraction of
damaged grains in whole kernel cereals for three types: broken grains, sprouted grains and miscellaneous damage. Based on equa-
tions from CEN 15587:2018. The relationship between the Besatz fraction and RSDR calculated from the Horwitz equation is given
for comparison.
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sediment examined by the participants represents
several (but a variable number) of grams of the
original sample material. Based on all informa-
tion collected from the participants and depend-
ing on the results of an applicable Poisson
distribution, low numbers of bone fragments
were to be expected as results. The situation
occurred that several reported counts were in
excess of the reasonable limits, up to a count
exceeding 30 particles. An additional survey
among the participants revealed the application
of extra grinding for homogenization by some
participants (van Raamsdonk et al. 2014).
Grinding is by principle intended to fragment
particles with the logical result of a higher num-
ber (Berk 2018). For methods using a numerical
threshold to decide between absence or presence
of an undesirable substance, such as the detection
of animal by-products, pre-treatments resulting
in a higher number of particles would increase
the probability of a positive finding. It has to be
concluded that methods should be precise in
describing the steps for sample pre-treatment,
and a method should be implemented without
additional steps which are excluded from the
method description.

Validation of methods for visual examination
is a matter of concern for specific situations. The
method for detection of processed animal pro-
teins (Regulation (EC) 152/2009 (EC 2009) and
amendments) is based on a wide scope and
includes specific detection methods, which can
optionally be applied. The detection of substances
such as milk powder, blood products and lactose
crystals have never been validated and proficiency
tests revealed that the performance for detection
of these specific materials is challenging (Veys
et al. 2016; Fumi�ere et al., 2017; Veys et al., 2022;
van der Borg, Smits, Hedemann, et al. 2022). The
mentioned specific detection methods, such as
Alizarin Red staining for bone fragments, and
tetramethylbenzidine staining for the detection of
blood plasma are intended to support a better
identification of these fragments and particles.
However, both specific detection methods show
issues with specificity and sensitivity (van
Raamsdonk, Scholtens, et al. 2011; van
Raamsdonk et al. 2017). At the same time, these
additional methods are optional, and the annual

proficiency test of the obligatory method for
detection of the legally defined processed animal
proteins (PAPs), organised by the European Union
Reference Laboratory (EURL) for animal proteins,
unequivocally reveals good performance for the
primary substances, such as detection of bone frag-
ments or muscle fibres (latest version: Veys et al.
2022). The same picture is also shown in the
annual proficiency tests of IAG section
Feedingstuff Microscopy (latest version with histor-
ical overview: van der Borg, Smits, Hedemann,
et al. 2022). This situation of good performance of
visual examination applies to other undesirable
substances as well. For example, a proficiency test
co-organised by the EURL for mycotoxins and
plant toxins and IAG section Feedingstuff
Microscopy revealed a good performance for the
detection of ergot sclerotia (Peereboom et al. 2021).

The overall conclusion is that visual examin-
ation will have a good performance for well-
established methods, provided that procedures
for validation are properly implemented. The
main issue is that visual examination methods
cannot be validated and evaluated based on
standards common for analytical chemistry.

Specific characteristics of visual
examination methods

The principle of visual examination methods is the
detection and identification of a low number of
large units of a visually recognisable substance,
either undesirable or naturally part of the sample
matrix. Macroscopic detection, targeting at units
larger than approximately 1mm, allows physical
extraction of the units from the sample material,
followed by counting and weighing. Examples are
weed seeds and ergot sclerotia. In contrast, micro-
scopic detection at magnifications between 100�
and 400x allow only counting of the targeted par-
ticles. Usually, as for processed animal proteins,
these counts are translated to absence or presence
of the targeted substance (Boolean result).

Another set of methods focus on the identifi-
cation of a single material, either macroscopic or
microscopic, based on sets of characteristics.
Different feed ingredients such as soya expeller
or rape seed expeller can easily be distinguished,
whereas wheat bran and wheat middlings are
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more difficult to classify. Mixtures, such as com-
pound feeds, can be evaluated for their contribu-
ting ingredients, including relative shares based
on an estimation model developed by IAG sec-
tion Feedingstuff Microscopy (Figure 2).

In all cases the identification of an undesirable
substance or of a legally applied ingredient relies
heavily on the expertise of the laboratory staff.
There is, up to now, no artificial intelligence-
based application which can detect and identify
these materials. Therefore, the circumstances for
the actual examination such as the preparation of
slides and the settings of the microscope, apart
from the treatment procedures as exemplified in
the previous section, should not be harmonised
but should match the expertise of each individual
member of the laboratory staff. Validation of a
method for visual examination usually includes
the validation of the expert as well.

In the important category of methods for
detecting undesirable substances larger than
approximately 1mm, visual examination is aim-
ing at the detection of a small number of large
units. With lower numbers of units, frequently in
the range of ten or less, the inhomogeneity will
increase substantially. Therefore, homogenous
batches intended as basis for validation experi-
ments cannot be achieved for macroscopic ana-
lysis with particles exceeding approximately 1mm
(for example whole grain cereals), and duplicate
sample analysis is therefore impossible.
Laboratory samples for macroscopic examination
have usually the size of 250–500 g, which are fully
investigated. The level of detection equals at least
the size of one unit, usually with a weight exceed-
ing 1mg, which is in the range of parts per mil-
lion (ppm) when recalculated to the
contamination level per kg. In the size range
smaller than approximately 1mm (microscopic

analysis in strict sense) options for producing
homogeneous batches do exist. Step-wise dilution
is a procedure frequently applied in proficiency
testing for producing comparable samples. This
procedure starts with a 50/50% mixture of matrix
and undesirable substance and matrix material is
added and thoroughly mixed in each subsequent
step to achieve homogeneous material at contam-
ination levels of 25%, 12.5%, 6.25% etc. The two
principal results are counts (numbers) and
weights for macroscopic methods, or presence/
absence for microscopic methods. These results
do not follow a normal distribution but Poisson
(counts), lognormal (weights) or binomial
(Booleans) distributions apply.

Let us assume the examination of a sample of
2 kg of a granular matrix contaminated with a
weed seed as undesirable substance. This situ-
ation mimics the necessary amount as indicated
in Regulation (EU) 691/2013, amending
Regulation (EC) 152/2009. A total amount of 2 kg
will take a considerable time for examination.
Therefore, the sample will be divided in four por-
tions of 500 g each and the monitoring will start
with the examination of one portion. An evalu-
ation of the probability to find one or more seeds
in that one portion at low contamination levels
will show the effect of unavoidable

Table 1. Probability to find zero, one or more than one seeds
in one out of four portions of a sample containing N seeds
calculated from a binomial distribution.

N seeds

Probability P(n) to find n seeds
in one out of four portions

P(0)
(%)

P(1)
(%)

P(2)
(%)

P(3)
(%)

P(4)
(%)

P(5)
(%)

P(6)
(%)

1 75.0 25.0
2 56.3 37.5 6.3
3 42.2 42.2 14.1 1.6
4 31.6 42.2 21.1 4.7 0.4
5 23.7 39.6 26.4 8.8 1.5 0.1
6 17.8 35.6 29.7 13.2 3.3 0.4 0.0

Figure 2. (a) Macroscopic analysis (result: count, weight), (b): microscopic analysis (result: Boolean presence/absence), (c) identifica-
tion (result: identity), (d): composition (result: identities and share of the ingredients).
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inhomogeneity. Probabilities have been calculated
using a binomial distribution, and are shown in
Table 1. If only one seed is present in the total
sample the probability to choose the particular por-
tion containing the seed is 25%, and a probability
to examine one of the three clean portions is 75%.
The probability to choose a clean portion when 6
seeds are present drops to 17.8%. In the case of
Ambrosia seeds, 6 seeds in 2 kg of material repre-
sent approximately 25% of the legal limit and at
that level there is still a considerable probability to
report this sample as negative, in the meaning of
absence of this undesirable substance. Alternative
calculations for testing even distributions show that
the probability of one seed in each of the four por-
tions is only 0.4%, which appears to be equal to
the probability of all four seeds in one portion
(Table 1). This inhomogeneity, which is an intrin-
sic characteristic of a situation with low numbers
of large units, will contribute largely to the issue of
measurement uncertainty.

Measurement uncertainty is a major parameter
for method performance (ISO 17025:2017).
Typical upper confidence limits are dependent of
the level of contamination and have been derived
from sets of chemical analyses. Several Standards
provide documentation on measurement uncer-
tainty or are fully dedicated to this parameter
(Pocklington 1990 (IUPAC); Thompson et al.
2002 (IUPAC); AOAC. 2002; Codex Alimentarius
2004; Ellison and Williams 2012 (Eurachem
QUAM:2012); Bettencourt da Silva and Williams
2015 (Eurachem STMU:2015)). The most com-
prehensive guidance is Eurachem QUAM:2012. A
parameter comparable to measurement uncer-
tainty would only apply to macroscopic visual
examination (Figure 2(a)). However, in the view
of unavoidable inhomogeneity of units, measure-
ment uncertainty as principal parameter cannot
be transferred to visual examination with the
same confidence limits and interpretation.
Moreover, the macroscopic detection of undesir-
able substances results in two descriptors of the
sample, either derived from the number of units
and from the distribution in weight of these
units. Weed seeds usually have a biologically
determined diversity in their individual weight,
which is reasonably limited to a factor 2 between
the lightest and heaviest seeds for a given species.

Sclerotia of the species belonging to the genus
Claviceps have no size and weight limit and dif-
ferences of a factor 50 in weight between sclerotia
in the same sample have been found (van
Raamsdonk and van der Voet 2022). This situation
imposes two parameters for describing uncertainty
and these two parameters are indicated as count
dispersal and weight uncertainty for avoiding con-
fusion with the traditional, analytical chemistry,
interpretation. In a wider context, options for hom-
ogenisation depend also on other factors than the
unit sizes of the undesirable substance and of the
ingredients of the matrix. Semi-fluid samples could
provide a better probability for homogenization.
Preliminary results of a Wageningen Food Safety
Research (WFSR) validation study of a method to
detect packaging material in candy syrup, a molas-
ses replacer, show a much smaller inhomogeneity
(van Raamsdonk, Smits, van der Borg 2022).
Candy syrups combine a large range of unit sizes,
up to single fibres of paper and carton, a relatively
large number of particles, even at low contamin-
ation levels, and easy mixing due to the semi-fluid
nature. The matrix can be diluted to dissolve the
sugars and subsequent sieving will concentrate the
remnants of packaging materials. This example
reveals that the currently known level of inhomo-
geneity for weed seeds and ergot sclerotia cannot
be extrapolated to other situations.

To summarise, the effect of a target present in
few large units is a level of inhomogeneity,
exceeding considerably the situation found in
analytical chemistry. These units can be individu-
ally handled for weighing and identification.
There is a wide range of homogeneity situations
between the myriad of molecules at one side and
those few large units at the other side of the
spectrum. Particles smaller than approximately
1mm cannot be handled physically, and the only
options are counting and microscopic identifica-
tion. Particles in the nano range, for instance
nano plastic, have a size beyond the limits of
optical detection with visual light.

Strategies for the application of
quality parameters

Implementation of examination methods for feed
and food quality and safety should follow
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intralaboratory guidelines including validation
(ISO 17025:2017) and interlaboratory proficiency
testing (ISO 17043:2010). This fully applies to vis-
ual examination methods as well. The translation
to specific situations will not follow the path as
common for chemical detection methods.
Examples of some of these differences will be
derived for visual methods in the next section.

Macroscopic analysis: particles larger
than 1mm

Due to the discussed inhomogeneity, batch material
cannot be reliably produced in a range of situa-
tions. Grinding for homogenisation, as mentioned
in Regulation (EC) 152/2009 (Annex II), is not
applicable to any granular matrix for visual exam-
ination. The alternative option for validation stud-
ies and for proficiency testing is to spike the
samples individually, each with their unique num-
ber and weight of the particles. The usual intention
is to produce samples with comparable numbers
and weights of spiked material per experiment or
per sample type. This means that exclusively in a
numerical sense, an average spike level s can be
calculated per experiment. However, the results of
the examinations cannot be compared to that aver-
age level, since each individual spike amount si
from a set of i comparable but non-identical sam-
ples might show a small, but known and relevant
deviation from that average.

The analysis of the entire sample is one option
for sample examination to achieve a reliable and
representative result in terms of the number and
weights of the units found. Remaining factors in
weight uncertainty would be air moisture and
wearing of the particles, since inhomogeneity is
avoided by examining the entire amount of
spiked sample material. Subsampling, which
might be a common procedure in practice in
analytical chemistry, would introduce the already
discussed inhomogeneity.

Recovery/trueness

For methods in the domain of analytical chemis-
try, the recovery of a contaminant from a set of
samples i, each representing a homogeneous
batch of material can be calculated as:

R ¼ y
s
�100, (1)

which can be rewritten as:

R ¼
Pn

1 yið Þ=n
s

�100, (2)

with y ¼ Pn
1 yið Þ=n as average of the recovered

amounts y over n samples. Instead of comparing
this value with the level of the original batch s,
every result yi will be compared to the spike level
si of the same sample i:

R ¼
Pn

1 yi=si
� �
n

�100, (3)

which is numerically equal to Equation (2). This
alternative calculation provides a measure for devi-
ation from the hypothetical true value s specified
for the situation of visual examination methods.

Repeatability and reproducibility

Subsampling for producing duplicate samples is a
necessary action for collecting data to calculate
repeatability and reproducibility. As demon-
strated, this will result in differences among these
samples due to inhomogeneity, and an alternative
strategy has been developed. A sample as
described for recovery will be analysed.
Subsequently, the selected units of the undesir-
able substance will be reintroduced in the matrix
material, stored for a couple of days, up to a
week, and examined again. The two examinations
can be expected to produce identical results, since
they both apply to the same material.
Examinations with a time interval are typically
indicated as results obtained under reproducibil-
ity circumstances and in the absence of true
duplicates a value for repeatability cannot
be calculated.

Repeatability standard deviation for methods
detecting chemical compounds is usually calcu-
lated from two duplicate results as:

sr ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiPn

1
yi1�yi2ð Þ2

�
2n

s
: (4)

Repeatability can be considered part of repro-
ducibility (Currie 1995; AOAC 2002) and sr can
thus be included as factor in the calculation of
the reproducibility standard deviation:
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sRw ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiPn

1
yi3�uið Þ2

�
2n

 !
þ 1
4
�sr

2

vuut , (5)

with yi3 as the result of the third examination
under reproducibility circumstances and ui as
average value of sample i for the first two
examinations.

In the situation of only two results for sample
i the reproducibility standard deviation for visual
examination can be calculated as:

sRw ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiPn

1
yi3�yi1ð Þ2

�
2n

s
: (6)

The background of this calculation differs
from that in Equation (5) by the absence of the
term representing a part of the repeatability
standard deviation.

WFSR has examined for the years 2016–2020
the full material of regular monitoring samples of
bird feed for weed seeds (Ambrosia, Datura) and
cereals for ergot sclerotia by dividing the samples
in four subsamples of approximately 500 g. The
results showed relative standard deviations up to
173% in the case of one seed in four subsamples.
The results have been used to calculate analytical
thresholds for assuring that a result below that
threshold is a true indication of the contamination
level of the total sample below the related legal
limit with 95% probability. These analytical
thresholds appear to be dependent of three factors:
the diversity in weight of the units, the level of the
legal limit, and the number of subsamples initially
examined out of four subsamples. Thresholds are
fixed at higher contamination levels after examin-
ation of two subsamples instead of only one (van
Raamsdonk and van der Voet 2022).

Microscopic analysis: particles smaller
than 1mm

Homogeneous batch material can be produced
for matrices with particles smaller than approxi-
mately 1mm. Still, samples need to be homoge-
nised by stirring prior for taken the test aliquots,
which are typically of the size of 2 or 10 g, and
several microscopic slides are to be examined.
The current implementation of microscopic
detection of an undesirable substance is based on

the transformation of a count to a Boolean (pres-
ence/absence), which applies in particular to the
detection of animal by-products. After a work-
shop in Denmark in 1998 gathering microscopic
experts (Anonymous 1998) with the intention to
provide supporting documentation for the newly
released Directive 98/88 (EC 2008), a set of three
proficiency tests was organised. The results were
reported as estimated contamination levels
(Engling et al. 2000). Parameters for presenting
the frequencies of correct results (accuracy), and
of sensitivity and specificity were proposed by
Langton et al. (2002), which are modified ver-
sions of the class of similarity coefficients (Sneath
and Sokal 1973). These parameters were used
soon after their publication in interlaboratory
studies (van Raamsdonk et al. 2003; Gizzi et al.
2004). The relationship between a count and a
contamination level has proven to be weak (Veys
et al. 2007).

Accuracy (correctness)

The basic results of the examination of a set of
identical samples are numbers of true or false
results, either positive or negative. The following
equations are designed to calculate the statistics
sensitivity and specificity:

SE ¼ TP
TP þ FN

, (7)

and

SP ¼ TN
FP þ TN

, (8)

with TP ¼ number of true positives, FN ¼ false
negatives, TN ¼ true negatives and FP ¼ false
positives. These parameters show values of 1 or
100% for sets of results without errors. The fre-
quency of correct positives (correct indication of
presence of the target; TP) is an indication of the
sensitivity of the method. When measured at dif-
ferent contamination levels, the lowest level with
a value at or higher than an a priori fixed thresh-
old is an indication of the sensitivity in terms of
numbers/kg or mg/kg. Thresholds can be fixed at
0.9 (90%) or 0.95 (95%) for indicating a probabil-
ity of 0.9 or 0.95 to obtain correct positives at
that contamination level. Specificity will be based
on the results of the examination of blanks. It is
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an indication of the probability of correct nega-
tive results (TN), which cannot directly be trans-
lated to a limit of detection. Different types of
samples will result in different values for sensitiv-
ity. For example, a sensitivity value can be calcu-
lated for terrestrial animal material in compound
feed in the absence of fish meal using data
obtained from samples exclusively containing a
known level of terrestrial animal material.
Additionally, a performance parameter can be
calculated for the correct detection of terrestrial
animal material in the presence of fish meal,
based on a second set of samples, containing
material of both terrestrial animals and fish.

The total frequency of correct results at any level,
blank and one or more contamination levels, can
be calculated by combining the obtained results:

CS ¼ TP þ TN
TP þ FP þ FN þ TN

, (9)

with fractions as defined for Equations (7) and
(8) and the sum TPþ FPþ FNþTN equalling
the total number of examined samples. This qual-
ity parameter is the general indicator for the per-
formance in a validation study or of a participant
in a proficiency test. It is usually indicated as
accuracy and has been used in all relevant profi-
ciency tests in the past since the introduction
in 2003.

Note that the usually applied term accuracy is
replaced by ‘correctness’ (CS) for avoiding confu-
sion. Accuracy is, besides precision, one of the
two major categories of quality parameters
according to some guidelines (Thompson et al.
2002; AOAC 2016, Annex B, Figure A1). The
group of accuracy parameters indicates a relation
of the test result with the true value and could
include trueness or bias, decision limit, detection
limit, selectivity among others. Another option
for terminology is trueness and precision as
parameters for accuracy as container term (ISO
3534-1:2006; Regulation (EU) 2021/808). AOAC
(2002) recommends avoiding the term accuracy
for the existence of multiple definitions.

Precision

Repeatability and reproducibility as common
parameters for indicating the precision of a

method are based on the numerical difference
among results of duplicate analyses. In the situ-
ation of Booleans the frequency of different
results between duplicates can still be used as
basis for an indication of precision. The analogue
parameters accordance and concordance have
been developed to calculate repeatability and
reproducibility, respectively, for Boolean results
(Langton et al. 2002; van der Voet and van
Raamsdonk 2004).

Identification

The procedures for establishing a composition of
a mixture (e.g. compound feed) or an identity of
a feed or food ingredient are primarily based on
the expertise of the laboratory staff or his/her
capability to explore relevant sources of informa-
tion. Basically, the detection of undesired sub-
stances, either microscopically or
macroscopically, is also based on the knowledge
of how to distinguish these substances from
mimicking materials. It is essential to define a
priori the diversity which should positively be
identified as the intended target (inclusivity list)
or which should be identified as not belonging to
the intended target (exclusivity list). Most deci-
sion support systems aiding in the process of
identification and developed by WFSR are based
on libraries consisting of both types of materials.

The validity of a combination of a procedure
and the expertise of laboratory staff can be estab-
lished by examining samples with known iden-
tity, but examined as blind samples by the staff.
This approach will produce pairs of results, one
correct a-priori identity and one confirming or
deviating a-posteriori result. All cases where the
a-posteriori results equal the (a-priori) identity
confirm the correct application of the procedure.
This approach can only be applied in a situation
where documented samples are readily available.
Alternatively, sets of undocumented samples can
be examined twice. This alternative approach will
only produce information on correct replication
of identities regardless of the trueness of the
identity itself. Information can be collected in a
situation of two examiners for both sets of sam-
ples, or one examiner with a (large) time interval
between the two examinations of each sample. In
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both cases pairs of result are available.
Accordance is no option for evaluating these
pairs, since the results are not established under
repeatability circumstances. Concordance can be
applied for evaluation or another type of param-
eter such as the Kappa coefficient (Stehman 1997;
McHugh 2012).

Guidance documents

The principles as summarised in this paper are
laid down in a Guidance document consisting of
two parts. Part 1 presents and discusses the gen-
eral principles of visual examination and part 2
presents the actual experimental designs of valid-
ation studies and the evaluation of the results.
The general principles include the relationship of
the intended quality assurance parameters with
ISO 17025:2017, the different types of methods
and the relevant parameters for each type, guid-
ance for method development, structuring quality
control in practice and principles for the evalu-
ation of proficiency tests related to ISO
17043:2010. The second part can be used as
Standard Operational Procedure in quality assur-
ance systems. The total of the two parts is cur-
rently available as a WFSR report (van
Raamsdonk, Frick, et al. 2022).

Outreach

Basically, analytical methods are being adopted
from four domains for monitoring safety hazards
in food and feed: analytical chemistry, microbiol-
ogy, biology and physics. The Guidance docu-
ment explains the position of visual inspection,
which covers parts of biology and is the predom-
inant approach for physical hazards.

The general knowledge of biological structures
necessary for interpreting the identity of bio-
logical units can be made available by microscop-
ists for laboratory staff in other domains. For
example, under a suspicion of one ingredient in a
compound feed carrying a chemical contamin-
ation, visual examination can provide separate
portions of all or of selected ingredients for indi-
vidual chemical analysis. This would result in
effective traceability of contaminants and of
ingredients. The domain of physical hazards

needs increasing attention in the scope of further
development of circular agronomy. It is desirable
to revalue former food products by using them as
feed ingredients. A lot of former food products
need unpacking, and bakery by-products and
candy syrup are examples of residual streams
already utilised. Other residual streams will fol-
low. Another perspective is the increasing issue
of microplastics in environment and cosmetics,
which will result in increasing levels of micropar-
ticles in feed and food. Recent results show the
presence of microplastic in blood (Leslie et al.
2022). At the same time, results of toxicological
studies of microparticles are very limited, and
examination methods for detection of physical
particles in plant and animal products intended
as feed and food ingredient are urgently needed
(van Raamsdonk et al. 2020). A network of an
EURL accompanied with National Reference
Laboratories (NRLs) for physical hazards in the
European Union is strongly recommended. The
establishment of procedures for quality assurance
and control would facilitate these and other
initiatives.

The process of developing the Guidance for
validation of visual examination methods had
several side effects. A range of factors has been
found and discussed for the development of new
visual examination methods. The inventory of the
areas of applicability revealed that visual moni-
toring will provide a major contribution to the
current aims of a circular production of feed and
food. Examples are the reuse of animal by-prod-
ucts and of former food products in the feed pro-
duction chain.

Notes

1. Germany, 2009. http://www.dlr-rheinpfalz.rlp.de/Internet/
global/themen.nsf/0/057DC13B95E94737C1257611004D0
4FF/$FILE/Kreuzkraut_in_Rucola.pdf; http://www.spiegel.
de/wirtschaft/service/giftpflanze-im-rucola-gestruepp-des-
grauens-a-643634.html. Germany, 2016 http://www.cvuas.
de/pub/beitrag.asp?subid=1&Thema_ID=5&ID=2354.

2. Canada, 2010. https://www.foodsafetynews.com/2010/
05/nescafe-espresso-recalled-for-glass-fragments/.
Ireland, 2010: https://www.independent.ie/irish-news/
nestle-recalls-products-after-glass-found-in-jars-
26657257.html. Germany, 2021: https://www.foodsafety
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news.com/2021/11/warning-after-counterfeit-nestle-
coffee-found-in-germany/.

3. https://www.theguardian.com/lifeandstyle/2016/feb/23/
mars-chocolate-product-recalls-snickers-milky-way-
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