Nimis P. L., Vignes Lebbe R. (eds.)
Tools for Identifying Biodiversity: Progress and Problems — pp. 145-150.
ISBN 978-88-8303-295-0. EUT, 2010.

ARIES: an expert system
supporting legislative tasks.
|dentifying animal materials

using the Linnaeus |l software

Leo W.D. van Raamsdonk

Abstract — Bovine Spongiform Encephalopathy (BSE, Mad cow disease)
is generally considered to be caused by recycling animal by-products as
ingredient in animal, especially ruminant, feed. Feed bans were enforced to
minimize the risk on infections, and monitoring programs are effectuated for
controlling the ban. The only official detection method is visual (microscopic)
examination of the presence of primarily bone fragments, but muscle fibres,
hairs, feather filaments, and fish bones are targeted as well. An expert system
is developed called ARIES (Animal Remains Identification and Evaluation
System) with identification tools for those fragments. ARIES provides
information on procedures, legislation and background documentation,
and descriptions of prohibited materials as well as of a range of confusing
particles. The system allows documentation of the results of evaluations for
future reference and is considered a good platform for training and education.

Index Terms — ARIES, BSE, identification, Linnaeus Il software, mad cow
disease.

2
1 INTRODUCTION

t is generally supposed that the most likely route of infection of cattle
with Bovine Spongiform Encephalopathy (BSE, mad cow disease) is by
means of feeds containing low levels of processed animal proteins (PAPSs).
Because of this likely route of infection, feed bans were enforced, primarily for
ruminant feeds, but later on extended to all feeds for farmed animals. The goal
of legislation is the enforcement of the “species-to-species” ban which prohibits
only the feeding of animal specific proteins to its own species [1]. However,
such a species-to-species ban needs to be supported by species-specific
identification methods.
In the European Union microscopic evaluation is currently the only accepted
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method for the detection and characterization of PAPs in feeds [2], [3]. This
method is predominantly focused on the presence and characteristics of
bone fragments, although other structures, e.g. muscle fibres, may provide
circumstantial evidence of the respective animal types. Recent developments
are the identification of bone fragments at the level of classes (mammal vs. bird
vs. fish), supported by image analysis of bone characteristics [4].

Identification of bone fragments is based on a series of characteristics,
ranging from the shape and transparency of the bone fragments, to histological
differences between the different species groups. Information on as much
characteristics as possible should be collected when a few bone particles are
detected in a feed sample in order to get an acceptable reliability of a presumed
identification. Nevertheless, in many cases it is impossible to get a 100%
match between all collected information and the profile of one of the targeted
species. Consequently, uncertainty analysis is one of the necessary aspects of
a scientifically sound evaluation of microscopic analyses.

2 ExperT sysTem ARIES

2.1 DEVELOPMENT

An expert system has been developed to document every aspect of the
detection and identification of prohibited animal materials in feed. The software
package Linnaeus Il (ETI, Amsterdam, [5]) has been chosen as platform. A first
stand-alone version of the expert system was released in 2004 with the name
ARIES (Animal Remains Identification and Evaluation System), as a product of
an EU funded project (“STRATFEED?”, [6]). ARIES provides a series of modules,
including an Introduction, full documentation on protocol and methods, an
overview of prohibited and confusing materials (e.g. plant hairs, minerals of
animal origin), several identification trees and matching procedures, a glossary,
an overview of legislation and extensive documentation from literature and
internet links [7].

Aversion 2.0 has been developed as a web-based application in the framework
of the EU funded project “SAFEED-PAP” [8]. The release of ARIES v2.0 was
achieved in 2010 [9].

2.2 VALIDATION OF THE USE oF ARIES

ARIES has been used in a validation study of the microscopic method for the
detection of animal proteins in feed according to the official method [10]. In this
study, 25 laboratories investigated a set of 24 blind samples, partly adulterated
with several types of animal proteins in seven different treatments including a
control (blank). Thirteen of these laboratories used ARIES for support of their
detection and identification of the materials, twelve did not. All participants were
asked to report the presence of fish meal, material of terrestrial animals, and if
the latter was present, to indicate whether it was mammalian or avian material.
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In all cases a “presence”, “absence” or “no result” could be reported. The results
were summarised in accuracy values: the number of correct results divided by
the total number of reports (excluding the number of no results).

This presentation will focus on the results for the proper detection of mammalian
material in the appropriate treatments and the presence of confusing ingredients
(fish meal). Therefore, the results for four different treatments (sample types)
were shown:

1. blank feed

2. feed with 5% of fish meal

3. feed with 0.1% of MBM and 5% of fish
4. feed with 0,1 % of MBM

The overall scores for these treatments and parameters, not stratified for the
use of ARIES, are presented in Tab. 1. The detection at the highest classification
level (fish material, and terrestrial animal material) poses in general no problem.
The detection of terrestrial animal material in the presence of fish material
(0.768) should be improved.

A considerable number of laboratories felt insecure for the identification of
specifically mammalian material, as is shown by the high number of “no results”
in Tab. 1.

n AC
Material terrestrial mammalian fish
blank 100 | 0.908 (2) 0.933 (7) 0.880 (0)
fish 5% 100 | 0.857 (2) 0.919 (10) 0.990 (1)
MBM 0.1% + fish5% | 100 | 0.768 (1) 0.639 (27) 0.970 (0)
MBM 0,1 % 75 | 0.987 (0) 0.896 (27) 0.920 (0)

Tab. 1 — Basic results expressed in accuracy for the detection of different types of
animal proteins in four differently contaminated feeds. Number of “No results” in
brackets. n: total number of observations.

AC with ARIES AC without ARIES
Material n mammalian n mammalian
blank 52 | 0935 (2) 48 | 0930 (5)
fish 5% 52 | 0.891 (2 48 | 0.950 (8)
MBM0.1% + fish5% | 52 | 0.702 (4) 48 | 0520 (23)
MBM 0.1 % 39 | 0857 (4) 36 | 1.0 (23

Tab. 2 — Basic results expressed in accuracy for the detection of mammalian material
in four differently contaminated feeds split for the use of the ARIES system. Number of
“No results” in brackets. n: total number of observations.
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AC’ with ARIES AC’ without ARIES
Material n mammalian n mammalian
blank 52 0.896 48 0.833
fish 5% 52 0.854 48 0.792
MBM 0.1% + fish 5% 52 0.647 48 0.271
MBM 0.1 % 39 0.769 36 0.361

Tab. 3 — Recalculated results expressed in adjusted accuracy for the detection of
mammalian material in four differently contaminated feeds divided in two groups of
users and non-users of the ARIES system. n: total number of observations.

There is no significant difference in the performance of the laboratories that
used or did not use ARIES for the detection of terrestrial animal material in
general, and of fish material. However, for the identification of mammalian
material low numbers of “no result” were reported for the group of ARIES users
compared to the non-users (Tab. 2). The ARIES users apparently made use
of the system as a sufficient source of expertise that allowed them to draw a
(correct) conclusion in most cases.

The accuracy values for non-users are biased by the high number of “no
results”. Therefore corrected accuracy values were calculated (Tab. 3). From
these values it can be concluded that ARIES offers a considerable support to
the detection and identification of mammalian material.

2.3 EvALUATION

The participants of the validation study showed, by means of investigating a
training sample set prior to the proper study, to have a sufficient level of expertise
for the type of material that was included in the validation study. This starting
situation explains why there is no significant difference between the group of
users and of non-users for the detection of terrestrial animal proteins in general,
and of fish meal. It should be emphasized, however, that ARIES provides a
much larger range of data and information than the subset that was necessary
for performing well in the validation study. As an example, unintentional
contamination of feeds by rodents can be identified by using the information on
different hair types as included in ARIES.

2.4 APPLICATION

A European network of more than 100 official control laboratories monitors
the ban on animal materials in animal feed. The backbone to this monitoring is
provided by an EU network of National Reference Laboratories, one for each
Member State, coordinated by the European Union Reference Laboratory.
Approximately 50 of these laboratories applied for a subscription to the stand-
alone version 1.0. ARIES is used frequently because it offers assistance in the
application of the methodology and the identification of the findings. The system
allows documentation of the results of the evaluation for future reference and is
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considered a good platform for training and education.
3 DiscussIoN

The application of an expert system for support of the detection of prohibited
animal proteins in feed is an advantage in several ways:

»  Support of daily routine analyses by providing procedural information as
well as the evaluation of observations..

» Aformalised evaluation of observations as documentation for later reference.

» Training system and a platform for knowledge transition.

In the case of ARIES, the system is designed to be helpful for the experienced
scientists, as well as for training and e-learning of less experienced microscopists.

The development of new information was necessary for a new version 2.0.
The project SAFEED-PAP [8] provided a sufficient amount of data for a principle
improvement and fine tuning. The choice to develop a web application allows to
update the system whenever new information needs to included. A web based
application also implies that a sustainable support should be maintained. It is
the intention to give users access to ARIES 2.0 with a username and password
based on a reasonable annual fee. In this way maintenance can be assured
without having a commercial exploitation.

The performance of the microscopic method as illustrated by the accuracy
indices of Tab. 1 reflect the situation in 2004. After that, improvements have
been achieved, and in a period of five years an accuracy of 0.98 was established
in a blind test for European laboratories for the detection of 0.1% of MBM in
the presence of 5% of fish material [3], [11]. ARIES includes descriptions of
prohibited materials and a range of confusing plant materials in order to minimise
false positive detections. By providing this information, ARIES is one of the tools
for maintaining this high level of performance.
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