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Problems in the poultry food
supply chain

* Poultry (including chicken, turkey, ducks, geese) is a safe
food product, but in certain conditions it may acquire bacteria
along the processing chain

« Bacteria may come from the animal themselves, or they may
be added during processing due to scarce hygiene, or
accidentally

« Scald water and rubber fingers for defeathering can be
source of cross-contamination; evisceration is also a source
of carcass contamination for release of intestinal bacteria;
finally chiller water and ice can harbour psychrotrophic
spoilage bacteria

* Poultry processing decreases the contamination of carcasses
by psychrotrophic spoilage bacteria, but cross-contamination
can occur during treatments

» Spoilage begins after 5-7 days of refrigerated storage




Microbiological aspects

e Bacteria present on poultry can be divided into two
groups:

— pathogenic (those capable of producing disease In
humans upon ingestion):

« Campylobacter spp, Clostridium spp, Listeria
monocytogenes, Salmonella spp, Staphylococcus aureus,
Escherichia coli VTEC and Yersinia are considered to be the

most important pathogenic contaminants in association with
poultry farming

— non-pathogenic (those not previously associated with a
recognized disease). Among this spoilage bacteria group,

» Acinetobacter spp., Pseudomonas spp., Brochothrix
thermosphacta, Lactic acid bacteria, Moraxella spp. and
Psychrobacter spp. are of great concern because of their
spoilage capabilities.




European legislation

There is a comprehensive legislation on the
themes of food safety and application of the
HACCP system, which includes Regulations
(EC) 852/04, 853/04, 854/04, 882/04, 183/05,
2073/2005 and Directive 2002/99

In particular, Regulation 2073/2005, as amended
by Regulation 1441/2007, concerns the
microbiological criteria for foodstuffs

An important issue of the legislation is the
attribution to food operators of the responsibility
In deciding the sampling and testing frequency
as part of an autonomous HACCP procedure

European legislation is characterised by the
application of the precautionary principle



Criteria

« The Regulation makes a distinction among food
safety criteria and process hygiene criteria.

— Food safety criteria define the acceptability of a product
or batch placed on the market

— Process hygiene criteria indicate the acceptable
functioning of the production process.
» Reference methods are associated with each
microbiological criterion

* Use of alternative methods is allowed as long as
results are equivalent, the method is validated, it
has been authorised by competent authorities




Legislation requirements

* Food safety criteria.

— Salmonella has to be tested In:

* Minced meat and meat preparations made from poultry
meat intended to be eaten cooked (ISO 6579)

* Meat products made from poultry meat intended to be
eaten cooked (ISO 6579)

— Listeria has to be tested in ready-to-eat foods (ISO
11290)
* Process hygiene criteria.

— Salmonella has to be tested in poultry carcasses of
broilers and turkeys.

— E. coli has to be tested in meat preparations (ISO
16649).




Poultry and contaminants

 EFSA recognises the following main agents of
food-borne zoonoses

— Salmonella, Campylobacter, Listeria monocytogenes,
VTEC Escherichia coli, Yersinia, Trichinella,
Echinococcus, Toxoplasma and Cysticercus.

e Poultry meat is considered the main cause of
salmonellosis and campylobacteriosis, the most
commonly reported zoonoses in Europe

o Salmonella outbreaks due to poultry meat have
decreased in 2005-2007 (mainly typhimurium, 3.7%
of cases), but outbreaks from Campylobacter are
Increasing (40% of cases)




Distribution of the questionnaire
on poultry microbiological control
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Questions

Which bacteria are currently analysed in
companies (legislation/voluntary)

Which bacteria are routinely analysed to
comply with legislation requirements

Which analytical methods are currently
used for detection and typing

Which bacterial species would be of
additional interest

Interest in new methods based on DNA
analysis, and requirements



Microorganisms analysed
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Yeasts
Moulds / Aspergillus
Bordetella avium

Riemerella anatipestifer

Ornithobacterium rhinotracheale

Streptpcoccus spp
Enterococci

Bacillus cereus

Lactic acid bacteria

Aerobics Mesophyls

Clostridia / C. perfringens
Coliforms
Enterobacteriaceae

Pseudomonas / P. aeruginosa

Staphylococcus aureus

Escherichia coli
Campylobacter

Listeria /L.monocytogenes

Salmonella spp.
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Which bacteria

Salmonella spp, Listeria/L. monocytogenes,
Campylobacter, Escherichia coli and Staphylococcus
aureus are the bacteria of highest interest to
companies.

Sporadic analysis can be performed concerning
Pseudomonas, Enterococci and other micro-
organisms, such as moulds and yeasts.

Some companies raised the issue of flock control in
live animals for detection of pathogenic bacteria before
slaughter.

All companies perform several additional controls
besides those of the EC regulation, which may refer to
National requirements (eg Netherlands) or to voluntary
monitoring



Which methods

« For the main pathogens of interest, currently available tests
are based on
— (i) microbiological methods with growth and biochemical
characterisation
— (i) immunological analyses
— (i) DNA analyses with PCR, Real-Time PCR, melting analysis,
arrays, PNA and several other technigues.
« Official methods (ISO) only concern microbiological assays.
Other essays have been validated but have not yet reached
the official standard status.

* The scientific literature proposes several dozens of
approaches and tests, with different degrees of reliability.




DNA-based methods

Approximately 25% of companies reported the
utilisation of tests based on DNA analysis

DNA based tests are currently performed mainly
In analytical laboratories or in big companies with
their own laboratories

In general, laboratories perform DNA analyses
without using commercial tests. It is felt that
commercial tests, which do not disclose the target
sequences, do not give enough confidence.

Preference is given to tests adapted from scientific
literature and EC consortia for testing and
validation.



Companies wish list

« Companies expressed an interest for PCR-based
tests to detect:
— 1- Salmonella
— 2- Campylobacter
— 3- Listeria
— 4- Staphylococcus
* A general requirement was for rapid tests able to

give results in 2-4 hours, or at least in the same
day

* Another general requirement expressed by
companies was the simplicity in preparation of the
sample




Companies requirements

 Most companies would be willing to have additional tests for
bacteria they are not able to analyse. The highest number of
reguests concerns typing and quantification of
Campylobacter, which is seen as possible future legislation
requirement, due to the recent publications of EFSA. In this
case, PCR-based methods are the only feasible option.

« All companies have underlined how the innovative tests
shoud be characterised by cost-effectiveness, rapidity and
simplicity. In most cases, interest for DNA based analyses is
high.

« Concerning small companies which do not perform analyses
on their own but rely on certified laboratories, the response
comes from certified laboratories from Italy: the requirement
Is for tests for Salmonella, Listeria, Campylobacter and
Staphylococcus.




Conclusions from the survey

e CHILL-ON should work on developing and
Implementing DNA-based methods for identifying
the main bacteria of interest with increased
speed and reliability as compared to
conventional tests

 These should be coupled to more efficient
sampling strategies, improvement of DNA
extraction techniques, and choice of critical
points in the supply chain




How DNA enters into food

 DNA is present in all living organisms

 \WWhenever an organism Is used as
food or as ingredient in food products,
its DNA will remain in the food

 DNA is broken down by nucleases In

the Intestine into small fragments and
nucleotides

e |tIs a source of molecules useful for
the human body




DNA In food

 As a normal component of all foods, DNA Is
not alien per se. It depends on the context

— If the food contains an ingredient which should
not be present, as adulteration or fraud: eg cow
milk used instead of goat milk, or pork in
kosher/halal foods

— If the food contains a component which is not
stated on the label: eg allergenic material or
GMOs

— If the food contains an organism which should
not be present according to safety measures: eg
a pathogenic microorganism







Food genomics

 Food genomics is the identification and
classification of parts of genetic information
belonging to animals, plants and
microorganisms used In preparation or
production of food

|t has the purpose of ascertaining if the
composition or the preparation of the food
product is in agreement with a technical
specification (PDO, PGI), with a label or
with a whole procedure (traceabillity)



The DNA molecule

 DNA is present in most biological

t

Issues, whereas proteins and other

components may be tissue-specific

t

"he DNA molecule iIs more stable
nan other molecules

"he DNA molecules number can be

AMPLIFIED with enzymatic means
starting from very low quantities



|Isolation of DNA from food

The first prerequisite for successful traceability with food
genomics is the availability of DNA of good quality and in fair
amounts

The amount of DNA present in foodstuffs and its quality
depend of course upon the raw matter involved, the treatment
they have undergone, the length of time elapsed from the
beginning of the processes

These and several other factors may seriously damage the
DNA molecules, denature them, provoke chemical
modification and decrease the quantity and dimensions

This is why methods for extracting and purifying DNA from
food matrices need to be developed and tailored on a case by
case basis



First, extract DNA

DNA is only one of the many components and molecules
present in food. In order to be analysed, it has to be purified
as much as possible from all other molecules

Several methods are available, which exploit the differential
solubility of biological molecules in buffers and solvents
(organic compounds, ethanol)

Companies and firms commercialise kits and tools for DNA
extraction from different matrixes

Many extraction methods leave in the final solution small
molecules which can INHIBIT the following analytical steps:
polysaccharides, proteins, phenolic compounds, secondary
metabolites

The final result is an aqueous solution of DNA molecules



Magnetic particles

e University of Kent in the CHILL-ON
project prepared magnetite and silica-
magnetite nanoparticles, which can be
added during DNA extraction to purify
nucleic acids from food material



DNA analysis

* Inrecenttimes, the most widely used method for
analysing DNA is the Polymerase Chain Reaction,
PCR

It amplifies the number of DNA molecules by
exploiting the mechanism of DNA replication

— Qualitative PCR allows the identification of a specific
seqguence, or of more sequences at one time

— Quantitative PCR allows the estimation of the number of
molecules of one specific target, or of more targets at one
time

— Sequencing after PCR allows the determination of the
sequence of the amplicons for unambiguous detection



How PCR works
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Starting from few target DNA molecules, we can obtain
many copies of a DNA fragment, which can be made
visible on gel electrophoresis as a single band.






Some examples of PCR amplifications

Vibrio alginolyticum Salmonella enterica Pseudomonas fluorescens
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Salmonella enterica

Primers SA4

Amplicon length: 69
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Enumeration of bacteria

Correlation between plate count and RT PCR for cfu estimates

Campylobacter jejuni Pseudomonas putida



Simultaneous detection

Salmonella enterica — Listeria monocytogenes (primers SA4 —LIST2)



DNA microarrays

In microarrays, the amplified nucleic acids are hybridised on a chip
covered with several nucleic acids. The specific pattern of hybridisation
in different points on the glass surface gives information for the
identification of pathogens present in the sample.

The advantage of the
microarray approach is
the simultaneous
analysis of several
targets in one
experiment, in which
the hybridisation to
specific probes
confirms the identity of
the amplified product
and therefore enables
recognition of the
contaminant.



Future evolution

* A search in the ISO standards tells us
that DNA analysis is validated and
proposed for detection of:

— GMOs

— Food-borne pathogens

e Other applications will become
available with time, especially If
microdevices and biosensors will be
Implemented



What is traceabllity?

“Traceabllity” means the abillity to trace
and follow a food, feed, food-producing
animal or substance through all stages of
production and distribution

(Regulation EC/178/2002 laying down the general principles and
requirements of food law, establishing the European Food Safety
Authority and laying down procedures in matters of food safety)



Role of analysis in internal
traceabillity

e Traceability has always been based on paper
documentation

e Analytical procedures may contribute to controls
and tests which confirm or deny the claims of the
paper documentation (in some cases, specific tests
are prescribed by law)

« But they are especially important in INTERNAL
traceabillity, the linking up of all inputs and outputs
In one step of the chain






European research

« Since the 5th Framework Programme,
the European Commission has funded
projects which try to link traceability and
analytical procedures based on DNA
analysis

 The new frontier is to integrate the
results from analytical procedures with
the classical traceability aspects,
Implementing systems which can
acquire, store and transmit the data
together with the information already
stored
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