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TRACKING AND TRACING IN THE MEAT AREA*

Schwiigele F., Andrée Sabine

ADbstract: At pan-European level there is a need for traceability systems that gives information on origin, processing,
retailing and final destination of foodstuffs. Such systems shall enhance consumer confidence in food, enable the regulatory
authorities to identify and to withdraw health hazardous and non-consumable foodstuffs from the market. Animal feed is an
element in this “‘food-to-farm” approach to public health. Such feedstuffs are preliminary elements of some foods for human
consumption, and hence are an inherent element of the food chain.

A harmonised pan-European food traceability protocol would greatly assist authorities in detecting fraud as well as
dangerous substances. The food chain comprises a range of sequential and parallel stages bridging the full spectrum from
primary production to the consumable foodstuffs. EU legislation on traceability and the technologies needed to implement this
system for poultry and poultry products are the focus of this paper.
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Pracenje i sledljivost u oblasti proizvodnje mesa

S a d r % a j: Postoji potreba na evropskom nivou za uvodenje sistema sledljivosti koji pruza informacije o poreklu,
preradi, maloprodaji i konacnom odredistu namirnica. Ovakvi sistemi bi pojacali poverenje potrosaca u hranu, omogucili
nadleznima da identifikuju i odstrane sa trZista namirnice koje su neupotrebljive i Stetne po zdravlje. Hrana za Zivotinje je
takode jedan od elemenata u ovom ,,0d njive do trpeze * pristupu javnom zdravlju. Ona je preliminarni element odredene vrste
hrane za ljudsku upotrebu i kao takva je inherentni element lanca ishrane.

Harmonizovani, panevropski protokol za sledljivost hrane bi mnogo pomogao nadleznima u otkrivanju prevara, kao
i opasnih supstancija. Lanac ishrane obuhvata niz sekvencijalnih i paralelnih nivoa koji povezuju ceo spektar pocevsi od
primarne proizvodnje do namirnica namenjenih ishrani. U fokusu ovog rada je zakonodavstvo EU o sledljivosti i tehnologijama
neophodnim kako bi se ovaj sistem implementirao u oblasti uzgoja Zivine i Zivinskih proizvoda.

Kljuéne redi: sledljivost, pracenje, hrana, hrana za Zivotinje, meso, proizvodi od mesa, Zivina, Zivinsko meso.

1. Introduction

Until the end of the year 2004 food and feed
business operators had to conform to the traceability
directives demanded by their customers along the
entire chain. Large retailers in Europe like Aldi,
Lidl, Real, Metro, and Marks and Spencer were very
rigorous in their criteria for traceability. But, from
1 January 2005, the new EU regulations mandate
that all food and feed business operators be legally
bound to have traceability systems, even when their
customers do not require it.

The General Food Law, i.e. Regulation (EC)
178 (2002) of the European Parliament and the
Council published on 28 January 2002:

i) outlines the general principles and requi-

rements of food law,

i) establishes the European Food Safety Au-

thority and

iii) provides procedures in matter of food safety,
i.e. among other things the implementation
of traceability systems in the food and feed
supply chains in Europe.

Article 18 of the regulation referring to tra-
ceability is effective since 1 January 2005. The fol-
lowing describes the details of the EU legislation on
traceability and summarises possibilities for tracing
and tracking of poultry and poultry products.

2. European legislation on traceability

Article 18 of Regulation (EC) 178 (2002) refers
to traceability and consists of five major points:

1. The traceability of food, feed, food-produc-
ing animals, and any other substance intended to
be, or expected to be, incorporated into a food or
feed shall be established at all stages of production,
processing and distribution.

*Plenary paper on International 55" Meat Industry Conference held from June 15-17" 2009 on Tara mauntain
*Plenarno predavanje na Medunarodnom 55. savetovanju industrije mesa, odrzanom 15-17 juna 2009. na Tari

AUTHORS: Fredi Schwégele, fredi.schwaegele@mri.bund.de, Sabine Andrée, Max Rubner-Institut, Federal Research Institute for Nutrition
and Food — Location Kulmbach, Analysis Division, E.-C.-Baumann-Strasse 20, D-95326 Kulmbach, Germany

tehnologija mesa 50 (2009) 1-2, 11-20

11



Schwdgele F., Andrée Sabine

2. Food and feed business operators shall be
able to identify any person from whom they have
been supplied with a food, a feed, a food-producing
animal, or any substance intended to be, or expected
to be, incorporated into a food or feed. To this end,
such operators shall have in place systems and pro-
cedures, which allow for this information to be made
available to the competent authorities on demand.

3. Food and feed business operators shall have
in place systems and procedures to identify the
other businesses to which their products have been
supplied. This information shall be made available
to the competent authorities on demand.

4. Food or feed which is placed on the market
or is likely to be placed on the market in the Commu-
nity shall be adequately labelled or identified to faci-
litate its traceability, through relevant documenta-
tion or information in accordance with the relevant
requirements of more specific provisions.

5. Provisions for the purpose of applying the
requirements of this Article in respect of specific
sectors may be adopted in accordance with the pro-
cedure laid down in Article 58, paragraph 2, referring
to Committee and Mediation Procedures.

In particular, Article 58, paragraph 2 of the
above Regulation (EC) 178 (2002) says: Where

will immediately initiate procedures to withdraw
the food/feed in question from the market where
the food/feed has left the immediate control of that
initial food/feed business operator and inform the
competent authorities thereof.

2.1 Traceability along the full supply chain

The General Food Law covers the entire supply
chain [Regulation (EC) 178 (2002), Article 18,
paragraph 1]. In order to be able to trace products
and retrieve related information, producers must
collect information and keep track of products dur-
ing all stages of production (primary production,
processing, distribution, retailing, and consumpti-
on). Therefore, traceability can be divided into two
key functions, tracking and tracing (Fig. 1). Tracking
can be defined as the ability to follow the path of
an item as it moves downstream through the supply
chain from the beginning to the end. Tracing is the
ability to identify the origin of an item or group
of items, through records, upstream in the supply
chain (Schwégele, 2005). Methodologies for the
analyses of the food and feed materials combined
with information technology systems are essential to
deliver a working tracking and tracing system.

Tracking = Provision of Information Downstream

| Tracking |

Primary
Producer

Processing
Company

Distributor

Retail Consumer

Tracing

Tracing = Provision of Information Upstream

Figure 1. Tracking and tracing along the food chain
Slika 1. Pracenje i sledljivost u lancu ishrane

reference is made to this paragraph, the procedure
laid down in Article 5 of Decision (EC) 468 (1999)
dealing with regulatory measures shall apply, in
compliance with Articles 7 and 8 thereof.

Articles 19 and 20 of Regulation (EC) 178
(2002) cover the responsibilities of food and feed
business operators respectively and state that, if an
operator considers, or has reason to believe that a
food/feed which they have imported, produced, pro-
cessed, manufactured or distributed is not in compli-
ance with the food/feed safety requirement, they

Previously it was sufficient for a processor to
be able to identify the source of an ingredient; now
the processor is obliged to ensure that the food pro-
ducts meet the requirements of the Food Law. This
implies that the source of all ingredients can be trac-
ed and a processor must therefore be able to prove
that his supplier can provide full traceability.

If any problem is suspected, tracking must
go as far as the consumer. Traceability applies to
everything that contributes to food safety, including
packaging, closures, seals, jars, etc. Traceability also
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covers everything that happens to the products befo-
re, during and after the manufacturing, packaging,
and distribution. This involves ingredients, proces-
ses, test and test results, environment (temperature,
time, humidity), resources used (people, machines,
knives), transport methods, timescales, etc.

2.2 Implications for food processors

A number of implications exist for food pro-
cessors, which they will ignore on their peril: more
data will have to be recorded on different levels.
Who will do this and how will this be done? Data
have to be kept for extended periods of time. The-
refore, storage and accessibility have to be taken into
consideration. Gathered data have to be linked for
traceability and have to be highly accurate, as a data
error could result in a whole consignment of products
being recalled unnecessarily or even lead to a factory
shutdown. Data have to be collected and stored
quickly. Food processors cannot afford to let data

enquiries through highly integrated traceable data
will be required. Food processors must have tho-
roughly tested proven, infallible systems.

3. Tracking and tracing in the meat area

There are several technologies available that
can detect certain characteristics of (or elements in)
foodstuffs derived from animal tissue. Some of these
technologies can be used to make definite inferences
regarding the foodstuft’s origin or history, while
others can only be used to confirm the presence of
specific components.

With respect to tracking and tracing along the
full supply chain, for instance in the case of poultry
and poultry products (Fig. 2.), the following aspects
are of importance. They shall, if possible, give infor-
mation on poultry species, origin, authenticity, age,
composition and production systems (including
feed).

10.0 chill storage
11.0 retail

whole animals
parts
processed products
| precooked dishes

| combustion

1.0 fresh laid eggs

T waste from slaughter poultry meat (products)
9.0 transport

meat-and-bone meal
producer <

'
7.0 transport

3.0. transport
fryer hatching eggs
mash fledgelings
compolun(ti feed 6.0 fattening 4.0. hatchery
plan (Broiler)
T 5.0. transport

| straight feeding stuff |

processing
cutting 2.0. handling
8.0 slaughter within brood
stock facility

According to: Geflugelmast in Deutschland; Georg von Bittner und Hans-Wilhelm Windhorst;
WeiRe Reihe; Band 24; 2005
Figure 2. Generic poultry production chain (according to: von Bittner, Windhorst, 2005)
Slika 2. Opsta Sema lanca Zivinske proizvodnje (prema Fon Bittner, Windhorst, 2005)

3.1. Species identification — protein, fatty acids and

collecting affect their production costs. All of this DNA based methods

has to be achieved at the lowest cost possible. Food

processors cannot rely on paper records, systems
that are not linked together or manual data entry.
Automated data logging is the only possible option.
Food processors will need integrated traceability
data through production, storage, selling and quali-
ty control. Systems designed to provide instant trace

It is necessary to have reliable methods, which
allow a fast and unequivocal identification of poultry
species. Potential analytical targets proved to be pro-
teins, DNA or lipids.
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3.1.1 Protein based methods

Proteins (enzymes, myoglobin, etc.) have been
widely used as animal species markers. Applicable
techniques include separation of water-soluble pro-
teins by starch, polyacrylamide and agarose gel
electrophoresis (Cowie, 1968; Mackie, 1980) or
isoelectric focusing (IEF) (Hofimann, 1986; Jemmi
and Schlosser, 1993). Highly resolved water-so-
luble protein patterns can be used to differentiate
genetically close-related animal species (Hofmann
and Bliichel, 1986). However, the mentioned gel
electrophoretical methods proved to be not practical
and reliable for species identification in composed
poultry products consisting of mixtures of different
poultry species (Hofmann, 1997).

Immunological techniques like Western-Blot-
ting (Schwdgele, 2001) and a specific type of enzy-
me immuno assay (EIA), the so called “enzyme
linked immuno sorbent assay” (ELISA) (Schwdgele,
2001) performed on the solid surface of microwell
plates are using suitable target proteins for analysis.
A qualitative detection of animal species is possible
and the limit of detection depends upon their content
in meat products (pork < 1 %; poultry (in general)
and beef < 2%; sheep <5 %).

Proteomics can be used to try to differentiate
species, breeds, and varieties by their specific pro-
tein pattern (Meketowa, Abbas-Hawks, Vorhees and
Hadfield, 2003).

3.1.2 Lipid based methods

Lipid components and fatty acids can serve as
target substances for animal species identification.
The percentage of the composition between saturat-
ed, monounsaturated and polyunsaturated fatty acids
is a possible animal species marker, which can be
determined by means of gas chromatography (GC)
or gas chromatography coupled with mass spectros-
copy (GC-MS). However, analytical practice shows
that this method is tainted with large variations
leading to less reliable results in single species
identification and furthermore in composed meat
products consisting of mixtures of different animal
species. (Honikel, Gempel and Schwdgele, 2002).

3.1.3 DNA based methods

In recent years, DNA analytical techniques
have been applied to food research and food control.
The first DNA tests for species identification in
foods were performed using specific DNA probes
in hybridisation assays (Chikuni, Ozutsumi, Koishi-
kawa and Kato, 1990; Wintero, Thomsen and Davi-
es, 1990). Polymerase Chain Reaction (PCR) has
been developed into a key technology for species

identification in foods and feeds (Saiki, Gelfand,
Stoffel, Scharf, Higuchi, Horn, Mullis, and Erlich,
1988). PCR-RFLP (restriction fragment length poly-
morphism) has been used for the species identificati-
on of food relevant animals and plants (Meyer,
Hofelein, Liithy and Candrian (1995); Verkaar,
Boutaga, Nijman and Lenstra, 2001).

Random amplified polymorphic DNA-PCR
(RAPD-PCR) as well as assays based on single
strand conformation pattern (SSCP) were developed
for species and variety-specific identification of
different animals and plants (Kaemmer, Afza, Wei-
sing, Kahl and Novak, 1992; Rehbein et al., 1999;
Weder, 2002). Many species-specific PCR systems
have been described for animal and plant species
(Behrens, Unthan, Brinkmann, Buchholz and Latus,
1999; Kingombe, Liithi, Schlosser, Howald, Kuhn
and Jemmi, 2001; Altmann, Binke and Schwdgele,
2004). Even in foods that have been produced un-
der severe processing conditions (e.g. sterilisation)
DNA techniques are effective. The limit of detection
is usually < 0.1 %, but is dependent upon the PCR
method (Schwdgele, 2003). Recently a PCR method
was developed for authentification of the most
common poultry species in very complex samples
with high sensitivity (Stirtzel, Andrée, Seu3-Baum
& Schwigele, 2007; Fig. 3).

Species identification and quantification can
also be performed using real time PCR (Wurz, Bluth,
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Figure 3. Detection of guinea fowl in commercially
available meat-products using the primer system for
guinea fowl; 1: marker pBR322, 2; quail terrine, 3:
pheasant terrine, 4: guinea fowl terrine, 5: goose a
I’Orange, 6: muscovy duck savoury, 7: turkey-
-Gelbwurst, 8: poultry-wiener, 9: pig, 10: NTC
Slika 3. Detekcija prisustva gvinejske peradi u
komercijalnim proizvodima od mesa koris¢enjem
prajmer sistema za gvinejsku perad: 1: marker
pBR322, 2; prepelica; 3. fazan; 4. gvinejska perad;
5. guske; 6. Moskovi patka; 7. ¢urka Gelbwurst;
8. zivinska kobasica; 9. svinja; 10. NTC
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Zeltz, Pfeifer and Willmund R., 1999). In general,
these techniques are more developed and reliable for
the quantification of genetically modified organisms
(Pdpping, 2001) than for natural animal or plant
species (Binke, Altmann, Fischer, Miiller and Schwd-
gele, 2004; Binke, Altmann and Schwdgele, 2003).

DNA sequence information can be used for
species identification. The development of modern
molecular biological techniques, including various
sequencing techniques, has led to a large number of
DNA sequences. Unfortunately, not all of them are
available in the various DNA databases. For species
identification, the mitochondrial DNA (mtDNA)
is the most widely used target molecule. The main
reason to use mtDNA for this kind of analysis is the
availability of numerous sequences in databases and
the high genetic variability of mtDNA, which allows
sophisticated primer design for sequencing. DNA
sequencing is theoretically the most informative and
precise technique but requires samples consisting
only of a single species. Sequencing allows species
identification without reference material, if the ge-
nerated sequence is available in a database. The
technique also has been named FINS (Forensically
Informative Nucleotide Sequencing; Bartlett and
Davidson, 1992).

3.2 Authenticity, geographical origin and detection
of fraud

To ensure authenticity as well as geographical
origin and to detect fraud in the area of meat and
meat products the above-mentioned electrophoretic,
chromatographic, and molecular biological methods
combined with other chemical and physical proce
dures can be very effectively applied to traceability
as noted below.

1) Protected Designation of Origin (PDO)
PDO covers the term used to describe
foodstuffs, which are produced, processed,
and prepared in a given geographical area
using recognized methodology (Dinde de
Bresse; Parma ham, Jamon de Terual).

ii) Protected Geographical Indication (PGI)
This geographical link must cover at least
one of the stages of production, processing
or preparation. Furthermore the product can
benefit from a good reputation (Canard a
foie gras du Sud-Ouest; Pollo y Capo6n del
Prat; Schwarzwilder Schinken; Niirnberger
Bratwiirste; Thiiringer Rostbratwiirste).

iii) Certificate of Specific Character (CSC)
CSC means recognition of all member states
of the EU that a foodstuff possesses specific
characteristics, which distinguish it clearly

from similar products in the same category
(Miinchner WeiBwiirste; Salami Milanese).

3.2.1 NMR and MS based methods

Authentication strategies involving the use of
multi-isotopic parameters ( 2H, 1*C, 1°N, #0, *S and
¥7Sr) facilitated by increasingly rapid measurement
procedures present a complex analytical challenge
because of many compounding factors, such as im-
ported feed, origin of animal tissue, and metabolic
turnover of tissue-specific substances.

Stable isotope analyses are considered an ex-
cellent tool for origin assessment. The ratio *C/"*C
gives straightforward responses concerning the
primary photosynthetic metabolism of feed plants
(O’Leary, 1981), and the ratios of the stable isoto-
pes of oxygen ('*0O/'®0) and hydrogen (*H/'H) are
good indicators of environmental conditions e.g.
H,0 (Ziegler, Osmond, Stichler and Trimborn,
1976) and enables the tracing of the origin of ani-
mal material. The two main techniques used to
determine the isotope ratios of natural products are
isotope ratio mass spectrometry (IRMS) and site-
-specific natural isotope fractionation from nuclear
magnetic resonance (SNIF-NMR). NMR has the
advantage over IRMS in that the natural abundance
of ?H isotopomers may be precisely identified in
compounds and accurately quantified by SNIF-
-NMR (Martin and Martin, 1991), whereas IRMS
only gives a mean value of the deuterium content of
a given chemical species.

Both, low and high resolution NMR can be used
for the detection of plant species and genetically
modified plant or animal material in food, but
specific marker components must be isolated prior
to analysis.

The geographic origin of a foodstuff can affect
its composition and associated food-borne risks
to the “food-to-farm” chain. Also, less expensive
ingredients or components of dubious geographical
origin may be fraudulently included for monetary
gain. A need exists to develop a protocol enabling a
foodstuff’s geographic origin to be assessed. Techni-
ques can be used to “fingerprint” the geographic ori-
gins of certain plant and animal materials and these
methodologies can form part of a suite of traceability
tests (Polychroniadou and Vafopoulou, 1985). Geo-
graphical effects arise due to differences in the
geological origin of the soils, soil pH, anthropogenic
contaminants, atmospheric and climatic differences
and the interaction among certain trace elements.
Zoonoses risks can vary considerably from one
country to another (e.g. HSN1 risk in China >>
Germany). Trace element analysis by inductively
coupled plasma mass spectroscopy (ICP-MS) has
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been used to determine the geographic origin of
soils and plants (Anderson, Magnuson, Tschirgi and
Smith, 1999). Trace element signatures can be used
to identify the geographical provenance of a sample
because organisms accumulate in their tissues, from
the water, food and air, the elements available from
the environment where they live. Differences in the
isotope distributions of these trace elements among
different geographical locations give different “si-
gnatures” of isotopes in the organic tissues.

GC-MS and liquid chromatography in combi-
nation with mass spectroscopy (LC-MS) have been
successfully applied to the analysis of organic conta-
minants (PCBs, Dioxins, etc) in the origin of various
feed and food materials.

3.2.2 Infrared spectroscopy

Both near infrared (NIR) and mid infrared
(MIR) spectroscopy can be used for analysis of
the main components of foods as well as animal
feeds inclusive minerals and vitamins. Pires, Lemos
and Kessler (2001) demonstrated the potential of
NIR to measure the concentration of 11 vitamin
levels in poultry feeds. Garnsworthy, Wiseman and
Fegeros (2000) reported the application of NIR to
the prediction of chemical, nutritive, and agronomic
characteristics of wheat.

3.3 Traceability of production process and storage

To determine the “history of meat and meat
products” with respect to the production proces-
ses and changes occurring during storage, a num-
ber of technologies (DNA based methods; electro-
phoresis including capillary electrophoresis CE;
immunological methods; high pressure liquid chro-
matography HPLC including HPLC-MS; lipid bas-
ed methods GC, GC-MS, and GCxGC-MS; IR and
NMR spectroscopy; Electron Microscopy can be
used.

One of the most important but widely unresolv-
ed issues in food traceability is to quantify the degree
of batch mixing associated with a given blend of raw
materials. There is a need for considerable research
designed to address this issue.

The reliable use of “tracer substances” has to
be investigated since they can be used to augment
details concerning batch mixing (e.g. detection of
enzyme activities and proteomics serving as indi-
cators for the degree of sterilisation.). Tracers can be
endogenous (i.e. compounds present in the food due
to its make up or processing history) or purposely
added to facilitate detection. However, adding tra-
cers needs to be carefully considered as the tracer
must not be harmful to the end users and must comp-

ly with all legislative requirements. For example,
endogenous tracers can be used for fermented, Hun-
garian style salami, where possible tracer techniques
include testing for lipid degradation, lactic acid or
volatile components that occur during the ripening
process. In addition, holistic (i.e. measuring nearly
all compounds) analysis of all compounds in food
(metabolites and proteins) and multivariate statistics
can be used to characterise food. Characteristic
metabolite profiles of foodstuffs can be obtained
by holistic analytical methods (GC-MS, LC-MS,
and NMR). Bioinformatics can be used to deve-
lop models and identify clusters of compounds
correlating with certain production methods (organic
processing, conservation, etc) and ingredients. This
would allow the identification of new (endogenous)
markers for the production methods, origin and
others. If methods and tools developed especially
for metabolite analysis are available, other natural
tracers, such as specific isotopes, are not necessary
for this purpose. The same strategy could be applied
to proteins using techniques and tools developed for
proteomics.

In many cases it is possible to infer the degree
of sterilisation through certain indicators, such as the
degree of protein degradation or the degradation of a
marker added to the material prior to the sterilisation
step. The addition of tracers is a very powerful ad-
junct to normal traceability techniques.

Isaksson, Ellekjaer and Hildrum (1989) and
Ellekjaer and Isaksson (1992) concluded that NIR
could be used for determination of heat treatments in
the temperature range 50 to 85° C with an associated
prediction error of 2.0 to 2.1 K. Thyholt, Enersen
and Isaksson, (1998) described the use of NIR refie-
ctance spectroscopy to determine endpoint tempera-
ture in previously heated meat.

Despite the high costs and consumer concerns,
the number and quantity of foods being irradiated is
increasing steadily. Currently about 250,000 tons of
food are irradiated annually. In the USA and Europe
it is a requirement that irradiated food products must
be labelled. However, monitoring programs are in
place in only a few European countries.

One of the significant challenges to identify
irradiated food products is the different techniques
necessary to cover the entire spectrum of products.
Typical methods used include immunological me-
thods, comet assay, photon-stimulated luminescen-
ce, thermoluminescence, and electron spin resonan-
ce. However, only a limited number of laboratories
worldwide have the necessary capability for the
reliable determination of food irradiation.
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3.4 Cross contamination or carry over in food and
feed

In several food production facilities, ingredients
or raw materials are used that are known to have
allergenic properties in human, e.g. egg and milk
proteins. Subsequent processing of products using
the machines or transport facilities previously used
for allergen containing products, may lead to cross
contamination of allergens to products not intended
to contain these allergens. Manufacturers of food
products should therefore have a high awareness
of the risks of cross-contamination of allergenic
proteins during the production process of their
products. Knowledge of threshold levels for sen-
sitive patients, the use of specific ingredients, cle-
aning strategies, etc. is helpful to reduce unwanted
contamination with allergens. This information can
be used to identify (within a given level of tolerance)
the critical control points during processing and
the aspects to be monitored for the most effective
tracking information to be generated.

The same considerations apply to the manu-
facture of animal feeds formulated to contain anti-
biotics, coccidiostats and similar components. The
use of veterinary drugs within the European Union
is regulated by means of the Council Regulation
(EEC) No. 2377/90. The prohibition of the use of
growth promoting substances, such as hormones or
B-agonists, is established with Council Directives
No. 96/22/EC and 2003/74/EC. Since January, 1*
2006 according to Regulation (EC) No. 1831/2003
the use of antibiotic growth promoting substances
as additives for use in animal nutrition is forbidden.
However certain substances with coccidiostatic
and histomonostatic effects are still considered as
feed additives according to Regulation (EC) No.
1831/2003. If feed-mixing facilities are used to make
feed with and without veterinary drug pre-mixes
or feed additives, cross contamination is a distinct
possibility and appropriate controls are essential.

3.5 Application of biosensors

Immunosensors, based on the antibody antigen
recognition, are rapid, simple and sensitive methods
that have been developed for the measurement of
a wide range of target compounds such as bacteria
(Yersinia pestis), alpha-toxin, ricin, brevetoxin, oka-
daic acid (Vaughan, Geary, Pravda and Guilbault,
2003), pesticides such as atrazine (Schipper, Ra-
uchalles, Kooyman, Hock and Greve, 1998) and ve-
terinary drug residues (Baxter, O’ Connor, Haughey,
Crooks and Elliott, 1999). These techniques offer
considerable potential for traceability within the full
poultry chain.

The aim of immunosensors is to develop a sy-
stem capable of performing a single point determina-
tion without calibration between each measurement.
Various transduction systems, based on potentiome-
try (Khomutov, Zherdev, Dzantievan and Reshetilov,
1994), electrochemiluminescence (Marquette, Cou-
let and Blum, 1999) and chemiluminescence (Sam-
sonova, Baxter, Crooks, Small and Elliott, 2001)
have been used successfully.

Biosensors basically have two components,
biological or sensor molecules and a signal trans-
ducer. The biological component consists of an an-
tigen or antibody. The transducer detects the change
in one or more physicochemical properties of the
biological molecule. Increasing attention is being
paid to the development of immunobiosensors,
especially to assay clinical samples. This technology
uses novel biosensor techniques which can combine
very specific antibody—antigen interaction with very
sensitive signal transduction to enable faster, more
sensitive and reliable techniques, which can also be
applied to routine monitoring and quality control
protocols in the food chain.

The most commonly used biosensors are the
piezo electric (PZ) crystal, where the PZ crystal
oscillator can be used as a microbalance to detect a
change in mass of the crystal due to the formation of
antigen—antibody complex, thus permitting it to be
utilized as an immunobiosensor. Immunoelectrode
and optic fibre biosensors have been used for the
detection of Ivermectin in animal carcasses (Sam-
sonova, Baxter, Crooks, Small and Elliott, 2001).

3.6. Tracking technology

Electronic data management (Automatic Iden-
tification and Data Capture [AIDC]) plays an im-
portant role in improving operational efficiency and
accuracy of information handling in the “food to
farm” chain. Since there are no industry standards
for handling electronic data through out the com-
plete food chain, the use of the European Article
Numbering Association codes (EAN-UCC, 2002)
is proposed to improve data tracking. For successful
operation of this technology, the environment in
which it operates must be relatively clean and this is
not always achievable on the farm.

Technologies such as RFID (Radio Frequency
IDentification) overcome this problem by using radio
signals instead of line of sight for identification, and
can be integrated into a prototype recording system.
However, product identifiers (tags) are not currently
in widespread use, and are expensive in comparison
to the barcode. Matrix codes are 2D, but information
is stored by blanking out areas of a defined array,
rather than in bars. These codes are generally only
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used in specialist applications, including the marking
of very small components. Scanners can operate
with a 90% success rate where contamination levels
are kept below 10% and barcodes are kept clean and
undamaged. The performance of the laser scanner is
such thatany level of contamination will substantially
reduce read success rate. Studies undertaken by
Watts, Miller and Godwin (2003) indicate that the
RFID achieve successful reads over 98% of the time,
with unprotected and reused tags.

In electronic tracking and tracing systems,
EAN-UCC (2002) is universally accepted as an
identification and communication system that faci-
litates efficient global commerce and improves the
effectiveness of recording and exchanging informa-
tion between supply chain participants. The system
uniquely identifies products, locations, services and
assets and also includes a series of standard data
structures known as Application Identifiers (Als),
which allow secondary information about a product
such as batch, expiry and lot number to be encoded.

The EAN-UCC (2002) system consists of 3
components:

i) Identification Numbers - used to identify a
product, location, logistic unit, service or
asset.

ii) Data Carriers - the barcodes or radio frequen-
cy tags used to represent these numbers. The
data carriers vary according to the level of
information required or the space available.
For space-constrained products, the use of
reduced space symbology (RSS) barcode is
ideal. For traceability purposes, an EAN 128
barcode is used to encode the identification
and supplementary information relating to
an item.

iii) Electronic Messages - the means of conne-
cting the physical flow of goods with the
electronic flow of information. These tec-
hnologies have been used in meat traceabili-
ty, providing a robust tracking system for
most elements of the meat chain (Harmonis-
ed Electronic Data Interchange, HEDI).
Such electronic tracking systems play a key
role in food labelling.

3.7 Computer modelling and risk assessment

Computer modelling can be a powerful tool
to estimate the contamination and transmission
pathways for pathogens and food contaminants. It
can also help to assess the reliability and accuracy of
a decision tree, composed of a suite of test pathways.
Many epidemiological parameters have been esti-
mated using models where direct measurement is

almost impossible. Risk assessment modelling can
be used to help manage food chain risk and make
policy decisions regarding the safety of the food
chain from food-to-farm. Any food traceability
system requires associated risk assessment models
in order to evaluate the potential health risks to
humans and animals (Greiner, Mueller-Graf, Hiller,
Schrader, Gervelmeyer, Ellerbroek and Appel, 2007,
Serratosa, Ribo, Correia and Pittman, 2007). Stark,
Boyd and Mousing (2002) illustrated how available
information can be organised systematically within a
risk model and a quantitative decision support can be
provided quickly making optimal use of all available
information. Risk assessment methodologies are
being used increasingly to quantitatively assess risks
to human health imposed by the food chain.

4. Conclusions

Regulation (EC) 178 (2002):

1) stipulates that the delivery of safe food and
animal feed belongs to specific food and
feed producers,

ii) specifies that foodstuffs, animal feed and
feed ingredients must be traceable,

iii) includes clear procedures for developing
food law and dealing with emergencies,

iv) gives the European Commission new
powers to take emergency measures when
national authorities are unable to contain an
emerging food risk,

v) establishes the “Standing Committee on the
Food Chain and Animal Health, in the place
of three Standing Committees”, bringing
together Member States representatives
with important roles in decision-making on
food safety issues.

In the area of poultry and poultry products
there is a need for fast and reliable systems to
enable traceability along the full chain to provide
safe and high quality food for the consumer with
respect to origin and processing. Traceability cannot
only be considered as a request of the legislation
addressed to the food business operators (primary
production, processing, distribution, retailing, and
consumption); moreover it has to be their very
own interest in terms of product liability to find
practicable ways to implement the new regulation.
Within the 5" and 6™ framework program, the
European Commission has funded various research
and development projects such as [MOLSPEC-ID
(2004); ENOSEFOODMICRODETECT (2003);
QUALITYLOWINPUTFOOD (2005); ENTRANS-
FOOD (2003); XChain (2006)] dealing with tracea-
bility along the food chain.
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