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and engineers
at INRA are warking on
food safety

e expect from foods

that they will provide
health, well-being and pleasure.
And today, we feel that an
8 absence of any chemical or
v f microbiological risks will be
’ ensured. However, several
recent crises or alerts (BSE,
dioxin, listeriosis) have shattered
the confidence of our fellow citizens. Because micro-
biological and chemical safety remains the prime
demand from consumers. Risk prevention is an
essential concern of professionals in the food indus-
try. Any accident can result in economic loss and a
major deterioration in brand image. Such prevention
is based on the strict monitoring of procedures
throughout the production chain, and on the exis-
tence of permanent controls performed by inde-
pendent organisations. Nevertheless, technologi-
cal innovations, the import of new raw materials,
changes to distribution and consumption practices,
and an increase in the number of high-risk con-
sumers (the elderly, those who are immunode-
pressed or allergic) are constantly contributing to the
emergence of new dangers. At INRA, the major
challenge is to anticipate these risks in the food
industry, and to develop methods for their prevention
and detection in partnership with technical centres
and industrialists.

Xavier Leverve
Scientific Director, Human Nutrition
and Food Safety
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Research on pathogenic bacteria sometimes requires stringent
safety measures.

© Philippe Velge - Inra

FRANCE (source: Institut national de veille sanitaire, 2006)
* Between 2001 and 2003, the 1656 cases

of collective food poisoning notified affected
22,113 people and caused 11 deaths.

+ 60% of these cases of food poisoning were due
to Salmonella and 65% occurred in the context

of institutional catering.

WORLD (source: World Health Organization)

* 2,1 millions adults and 3 million children

die because they have consumed contaminated
water or food.

+ In the USA, in 1994, an outbreak of salmonella
infection due to contaminated ice cream affected
224,000 people.

* In 1988, in China, 300,000 people were
affected by hepatitis A after consuming
contaminated clams.



he mission of the Agence Frangaise de

Sécurité Sanitaire des Aliments (French
Food Safety Agency, or AFSSA) is to evaluate
health and nutritional benefits and risks, to rec-
ommend measures for health protection, to carry
out and commission research at a national level,
to ensure surveillance, watch and alerts and to
provide training and information. These numer-
ous and specific responsibilities have led us to
develop a network of different actors, of which
INRAis a crucial member.
In particular, our collaboration with INRA has
resulted in the initiation of two Joint Research
Units and the funding of joint programmes,
including thesis grants.
AFSSAis an operational agency and must retain
its independence from any commercial inter-
ests. On this demanding and unique position
depends consumer protection and a clearer
understanding of the interests of the economic
sector itself.
The Agency has twelve laboratories and sever-
al entities which work in partnership with the
leading specialists in France and elsewhere. In
direct contact with public and private sector risk
managers, as well as with consumers who can
call upon it through their associations, the AFSSA
identifies the needs for the knowledge or skills
necessary to identify, characterise and evalu-
ate risks and emerging phenomena, as well as
ensuring implementation of its guidelines.
To evaluate risks and benefits, the AFSSA calls
upon expert groups, including numerous INRA
scientists. From these foundations, the agency
can mobilise and initiate research at a national
level. Legislation has given it the mission of
coordinating (within its area of competence) all
international scientific studies. This mission has
seen new impetus with the creation of a
European network of similar organisations, led
by the European Food Safety Authority.

Pascale Briand
Director General of the AFSSA

GLOSSARY

Spore: When the environment because unfavou-
rable to their survival, some bacteria form spores
which contain the genome and some of the cyto-
plasm in a highly resistant envelope.

Biofilm: Some micro-organisms, when binding to
surfaces or interfaces exposed to humid, non-sterile
environments, synthesise bacterial films (a few micro-
metres or millimetres thick) that are difficult to "clean”.

The different infectious agents:

Bacteria are natural hosts in the human digestive

"The knowledge acquired
serves to anticipate risks"

Research at INRA on food safety is organised
around three objectives. The first consists in
determining why a micro-organism present in the
food chain should or should not present a danger to
man. Pathogenic bacteria are often similar to bacte-
rial flora which are neutral or beneficial to man, from
which they probably originate. What functions have
they acquired which render them harmful to
humans? What are "high-risk genes" and how do
they occur during evolution? In collaboration with
partners such as AFSSA or the industrial companies
concerned, our research is generating more effec-
tive, practical methods for in situ detection.

The second area of work concerns the microbial
ecosystems where pathogens circulate. Very numer-
ous micro-organisms, usually inoffensive and often
beneficial, surround us and colonise plants, ani-
mals and their derived foods (processed fruits and
vegetables, meat or dairy products). By occupying
the terrain, they often act as a barrier against
pathogens and very certainly constitute our most
faithful allies; these micro-organisms permit the con-
servation of sauerkraut, cheese and sausages, and
it is also their presence in our digestive tract which
educates our immune system and constitutes a bar-
rier against pathogens. Which species comprise
these populations? Can they be used as natural
allies to enable the efficient storage of foods? The

esearch on food safety is dependent on our

knowledge of pathogenic microbial agents.
Identifying these micro-organisms supposes the
availability of appropriate "biological materials". For
this reason, in 1984, INRA initiated the collection
of microbial resources: bacteria, fungi and yeasts.
These collections are divided between four Biological
Resource Centres (BRC) which authenticate,
acquire, supply and conserve micro-organisms
according to strictly limited quality parameters. Each
BRC benefits from archive facilities and laboratories
for biomolecular analyses which necessitate a
remarkable level of security.

tract but some strains can be pathogenic. The prin-
cipal families which include infectious strains or spe-
cies are: Bacillus, Clostridium, Escherichia,
Campylobacter, Listeria, Salmonella, Staphy-
lococceus, etc.

Parasites include Trichinella spiralis and Toxoplasma
gondii. Parasitic diseases mainly affect developing
countries.

Viruses, including that of hepatitis A, are frequently
transmitted via raw and contaminated shellfish, fruits

use of genomic data and recent developments in
microscopic imaging have enabled new approach-
es to these questions.

Athird area concerns the risks posed by residues of
chemical contaminants in foods. Food toxicology is
a complex affair. The compounds are ingested in a
trace state in the form of mixtures. The effects of con-
tamination which accumulate as we consume food
are not immediate and the body reacts differently,
which also triggers indirect effects. INRA is seeking
to establish the relationship between exposure to and
tissue concentrations of such residues (which vary
depending on the chemical families considered),
the frequency of exposure, interactions between
residues and foods and each individual.

The knowledge acquired in these three research
areas will serve not only to understand our "enemies"
but also to model their behaviour in new situations,
so that we can better anticipate the risks which we
might encounter. It also provides a basis for risk
analysis approaches which integrate the exposure of
consumers and are being applied in partnership
with AFSSA teams.

Claude Gaillardin , Head, Microbiology and the Food Chain
Department.

BIOLOGICAL RESOURCE CENTRES

The BRC in Tours — which is currently being validat-
ed — will be specifically dedicated to food safety,
storing some 300 strains each of Brucella and
Escherichia coli, and studying the biodiversity and
molecular markers of pathogenic bacteria such as
Salmonella, E. coli, Mycobacterium, Staphylococcus,
Brucella and Listeria.

The three other INRA BRC conserve filamentous
fungi (Marseilles), yeasts of technological interest
(lle-de-France) and lactic acid bacteria of agrifood
interest (Rennes).

Jean De Rycke, Director, Research Unit for the Study
of Animal Infectious Diseases and Public Health.

and vegetables.

Prions are the agents for transmissible spongiform
encephalopathies (TSE).

Natural toxins are produced by bacteria or moulds
(mycotoxins) developing on foods.



THE GENOME AND ECOLOGY
OF FOOD-BORNE BACTERIA

hat are the genetic and environmental fac-

tors that affect the development of patho-
genic bacteria in foods? To find out, we are charac-
terising the bacteria in dairy products and studying
the factors which favour their establishment in dif-
ferent biotopes, from milk to the consumer's intes-
tine.
We are seeking to characterise the specific genes
which allow their adaptation to different industrial (or
hospital) environments.
Some bacteria are beneficial (e.g. Lactobacillus
lactis), while others are undesirable because they
impair the quality of products or even contaminate
them, such as certain enterococci, streptococci and
staphylococci. Laboratory studies are focusing on
these micro-organisms. For example, we have
observed that oxygen levels and temperature exert
differing effects on the metabolism of various food
or pathogenic bacteria. Thus by acting on the com-
petition between bacteria we can control undesirable
colonisations.
The experimental cheese production workshop
attached to our laboratory has allowed us to mon-
itor the dynamics between bacteria under real con-
ditions. In addition, this is the only French cheese
workshop equipped to study bacterial pathogens.
In collaboration with the AFSSA, our studies have
shown that low temperatures favour the growth of
Listeria, which may increase the health risk. Also,
some peptides or fatty acids favour the growth of a
particular strain rather than another. This work has
encouraged us to study the substrates present in
food products so as to reinforce or limit their
availability, the aim being to ensure the safety of
foods.

from a presentation by Alexandra Gruss,
Director, Lactic Acid and Opportunistic Bacteria Unit,
Jouy-en-Josas Research Centre..

Thierry Benezech

Team Leader, Hygiene of Agrifood
Industry Equipment, Lille Research
Centre.

n the agrifood industry, cleaning operations are
designed to remove all organic matter and soiling
which remain on industrial surfaces, thanks to the
action of fluids with thermal, mechanical or chemical
effects. However, some micro-organisms have a
considerable resistance to cleaning procedures.

THE SPECIFICITIES

OF FOOD TOXICOLOGY

Jean-Pierre Cravedi
Director, Joint Research Unit

N ormally, in toxicology, the
effects of toxic substan-
ces are measured according to a dose/symptom
gradient. A different approach is necessary in food
toxicology; the doses considered being tiny and
contamination being chronic and linked to the diet.
Research must therefore be based on epidemiolog-
ical studies which link a pathology with the con-
sumption of a particular food. Toxicogenomics
enables a correlation between a chemical sub-
stance and the regulation of one or more genes. As
for metabolomics, it can establish the metabolic
signature of a toxic substance. These recent
approaches have opened new paths for research,
notably concerning the problem of "traces" with
long-term effects.

We benefit from internationally-acknowledged know-
how on the fate of pollutants, mycotoxins, veterinary
drugs and pesticides. This includes not only the
bioavailability of these substances and their tissue
distribution, but also the pathways for their bio-
transformation and elimination kinetics. We are
also studying other, less well-known contaminants
such as brominated compounds (flame retardants)
or plastics.

As well as mixtures of contaminants, one of the
problems of food toxicology resides in the duration
of exposure, which means that it is necessary to
define more sensitive windows of exposure: for
example, the perinatal period. Another difficulty
results from the indirect effects of contamination. An
organ usually defends itself by eliminating toxic
substances, but in some cases, the body itself can
render a substance toxic. This is the case with the
aromatic hydrocarbons produced during cooking
on a barbecue which, once ingested, produce car-
cinogenic entities.

Bacteria are known to adhere strongly to surfaces,
creating biofilms made up of living or dead cells
protected in a gangue. These bacteria pose a pro-
blem for industry because they colonise the areas
least accessible to cleaning.

A compromise between ensuring hygiene and the
functionality of equipment is that much more difficult
when integrated food processing chains (which are
increasingly modular and compact), comprise a
series of elbows and connections between differ-
ent machines. This makes it even more difficult to
ensure access to internal surfaces and the action of
cleaning fluids.

Philippe Verger

Director, Research Unit

for the Methodologies of Food Risk
Analysis, Paris Research Centre.

®
ﬁ_g‘ ur research unit,
Mét@risk, is working on
the methodologies of analysing food risks, whether
they are chemical or microbiological. We are deve-
loping decision-making tools for the public sector,
and evaluating the efficacy of management instru-
ments and communication on risk. These studies
focus on integrating heterogeneous data, and we
have produced a software program for chronic and
acute risk assessment. We can now model the
impact on human health of constituents in foods
according to a risk/benefit analysis. It thus beco-
mes possible to determine what percentage of the
population is at risk from a particular agent, and to
characterise this high-risk population.
For example, we have recently obtained the prelim-
inary results of a study on exposure to methylmercury
linked to the consumption of tuna fish. This fatty fish
is a source of proteins of excellent quality, as well as
of iodine, selenium, vitamins A and D and polyunsat-
urated fatty acids; its consumption is recommended
by nutritionists. However, as it is situated at the sum-
mit of the food chain in our oceans, the tuna is one
of the fish most severely contaminated by methyl-
mercury, a toxic compound which spreads through-
out the body (notably in the brain) and can damage
the nervous system of a foetus. A study of tuna con-
sumption in France has shown that 4.4% of women
of childbearing age consume large quantities of tuna
fish and are thus theoretically exposed to a
methylmercury overdose. These results corroborate
AFSSA recommendations. We have measured the
impact of communication campaigns regarding the
risk related to tuna consumption: they caused a drop
in consumption, particularly of tinned tuna, and differ-
ing degrees of vulnerability of industrial sectors,
depending on their structure.

Our work focuses on microbial risks, starting from
both ends of the problem. Firstly, we are studying the
adhesion properties of spore-forming bacteria
(notably Bacillus cereus) and the mechanisms for the
development of biofilms which are resistant to
hygiene procedures. And secondly, we are studying
the mechanisms involved in the elimination of conta-
minants, so that we can model cleaning processes
and thus characterise the consequences of design
choices with respect to industrial food production
chains. To carry out this work, we benefit from an 800
mG pilot workshop where we can test our hypothe-
ses in a real situation, and a class |l laboratory.
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Microbiology
marie.brossier@grignon.inra.fr

studying the biology of Bacillus cereus, its
mechanisms of adaptation to cold and the forma-

tion of biofilms. The sequencing of Bacillus cells. claude gaillardin@grignon.inra.fr
cereus enables identification of the fraction of the Food processing

genome which is at the origin of gene transfer Valorisation laurence.prevosto@avignon.inra.fr
between strains. Bacillus cereus federates consi- INRA holds some ten patents and licensing Paul.Colonna@nantes.inra.fr
derable research at INRA. It is a model bacte- contracts, particularly concerning methods Human diet and nutrition

rium whose capacity for evolution has rendered for the detection of pathogens and contaminants. claire.gaudout@bordeaux.inra.fr

it a precious "laboratory animal". The study of alimh@clermont.inra.fr

Bacillus cereus has thus made it possible to
develop forecasting models for microbial food
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