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A me stessa...
“chi fa da se, fa per tre”



L’'UOMO DI SCIENZA
La scienza e rigore imprescindibile.
La razionalita sovraintende guardinga,
la conoscenza accresce nel tempo,
la saggezza e la meta lontana.

Non ci sono vie di fuga,
I confini sono marcati.

La scienza e inevitabilmente scienza.
L'uomo e fantasia inaudita.
La debolezza schierata lo attende,
la paura paralizza I'azione,
la felicita sprigiona energia.

Non esiste logica nella vita,
la passione elude ogni limite.

L’'uomo e inevitabilmente uomo.
E poi c’e... 'uomo di scienza.

V.P.



Index

INDEX

1. LITERATURE REVIEW...... et 1

1.1. FOOD SAFETY LEGISLATION.......coooiiii, 3
1.1.1.THE NEW EUROPEAN FOOD REGULATION ....cituiiiitieiiieeeie e et e e et e e et e e e e e e eaaaeeebeeeeanaeeaaneeeens 4
1.1.2.INSTITUTIONAL REORGANIZATION ..iuuiiituieiiieeiieeeit e ee et e e ete e et eeesa e e e st e e et ee et e eaneaetnaaeennnnns 4
1.1.3.WTO FRAMEWORK : SPSAND TBT AGREEMENTS ...ccuuuiiiiiiiiiieieeeettieeeeesstaseesessneseeersrnnsaeeenes 6
1.1.4.STANDARDIZATION AGENCIES  ..tuuiiiiittiieetittiaeeeeettiaeeeeeasteeeesaasaeesestanaesestanaesestanaaesesrnsaearees 7
1.1.5.THE NEW ROLE OF CONSUMER ....uucciittiteetittieeeeettiaeeeesasteseesassanseessstanaesestanaesestanaeeessnnaaeesees 7
1.1.6.MICROBIOLOGICAL HAZARDS  ..uuuiiiiittiieetittiseeeestteeeesasteseesaataaesestanaesestanaesestansaeeeernnsaeeeens 8

1.2. FOODBORNE PATHOGENS OF INTEREST ... 10
1.2.1.FOODBORNE PATHOGENS: COMMON CHARACTERISTICS AND CONTROL STRATEGIES ON F ARM
............................................................................................................................................... 11

1.3. CLOSTRIDIUM SPP. IN FOODSTUFFS...........cccoi, 13
1.3.1. CLOSTRIDIUM PERFRINGENS AS MICROBIOLOGICAL HAZARD  ....ccuuiiiiieeeiieeeieeeeieee e e 13

1.4. SALMONELLA SPP. AND FOOD SAFETY ... 21
L. 4.1 WHAT IS SALMONELLAT «.citttiiieeiette i e et ettt e e e e et eeeees s maeaseeeeesaaeeeesastaseeeastanseeseetanseeeeennnes 23

1.5. FOOD PATHOGENS INTERVENTION AND REDUCTION

STRATEGIES ...ttt eeeteeeseessssssssssssssssssssssssssssssssssssssssssssssssssssnens 26
1.5 1. BACTERIOCINS ...ttt et e et ettt e et e et e e e et e e e et e e et e e et e e eaa e e et e sstneeesansesnnneaetnnaeennnaes 27
L1.5.2.0RGANIC ACIDS ...etttuiieeiittieeeetettie s e e st e e e e e ettt e eaeeaetta e esettaneetestaneesestaneeeestanaeeeessnnnaaeseenen 29
I TG B8 ST =1 - o | PP 33

2. OBIECTIVES ..o otieetetettieieietetesesesesssssssssssssssssssssssssssssssssessrsssrrrsssrerrenes 38

3. EVALUATION OF ANTIMICROBIAL ACTIVITY OF SEVERAL
ORGANIC ACIDS AND FLAVORS AGAINST CLOSTRIDIUM

PERFRINGENS AND SALMONELLA TYPHIMURIUM.................... 39
G I AN @] i T = U 5 ) PR 39
3.2.MATERIALS AND METHOD ...itttuuieeiitiiieetetiutaeeeestaneesestsnaaesesssstnnseesastaneesestanaesestnneeeesrnnnness 39
G TR TN 1T =P 42

3.4 DISCUSSION. .. eeeieeiee ittt ettt et e e e e e e e e e e b e b b et b e e e e e ettt et e e e e e e e e e e e ee s s e aa e b br e s e e e et e eeeeeeeeeeens 53



Index

4. ROLE OF SEVERAL ASSOCIATION OF ORGANIC ACIDS AND
NATURE-IDENTICAL COMPOUNDS IN SWINE BATH-CULTURE

TECNIQUES. ... .o e e 57
NV o] = TS WU ) 2 57
4. 2. MATERIALS AND METHOD ..uiiiutiiiiueiettieeite e eeeeeeteeeea e e st eeest e s saa e s et e esaneeeanessanserrneeennnseres 57
G T 4 =3 1T 60
I 11T 01 [ | N 65

5. ANTICLOSTRIDIAL MICROENCAPSULATED BLEND OF
ORGANIC ACIDS AND NATURAL IDENTICAL FLAVOURS IN A

BROILERS CHALLENGE STUDY. ..., 67
LT AN V@] i T = U 5 ) USRI 67
5. 2. MATERIALS AND METHOD ...uuiituiiiii it e ettt e e ete e et eeeat e e eee e e et a e e et e eaa e e st e eetnaastaneeetnaerennnnns 67
SRR =11 U | = TS PSP 69
LT I 111U 11 L | N P 70

6. PEDIOCIN A IMPROVES GROWTH PERFORMANCE OF
BROILERS CHALLENGED WITH CLOSTRIDIUM PERFRINGENS

..................................................................................................................... 72
L AN [ T o =S 10T 0 2 72
6.2.MATERIALS AND METHOD ...uiiitttieeeeiettiieesestiteesestanaesseaannaseessstaseesestnnseessstaneessernaeeeesnnnns 72
IR =1 U] I = T OSSP UPSPRPPPN 76
5.4 . DISCUSSION. ...uuiitee et ee et e e e et e et e et e e e et e e et e e et e e et e s et e e et e e et e saan e sannaeestnaeesnessnnaassnnns 79
7. CONCLUSIONS......ooeeeieiieeteteeieeseseseesseseeesssseesesesssseesesssesesersrsssrrrsesrsrenees 83
o T ot o o A O s PP 85
0. ACKNOWLEDGMENTS.....ootieiiieiiiiieeeeieeeseeeseesessssesesssssssssssssssssssssssseees 98



Literature Review

1. LITERATURE REVIEW

In Europe, the 1990s was the decade in which thed“oow disease” (BSE) scandal hit
the European food sector, the implementation of Shgle European Market began,
and thus a time where new issues about the integrahd harmonisation of procedures
in food production, processing and regulation emeérgrhe BSE case resulted in a
collapse of public confidence in the organisatidtrvandling food safety. The crisis
helped put food safety at the top of the politiagenda in Europe. As a result food
regulation underwent serious reorganisation in Buhr{is, 2009; Holm and Halkier,
2009).

European food safety regulation before the 199G@sHde®n described as fragmented,
reflecting a food market made up of national markatwhich national governments
have used food safety regulation as a competiteefor domestic markets (Berhauer
and Carduff, 2006). National regulations mirrorfeliént national food cultures and the
aspects of food they prioritise and focus on. Ispomse to the BSE scandal the EU
Commission prepared a White Paper on Food Safetghwstated: “The European
Union needs to re-establish public confidence snfaiod supply, its food science, its
food law and its food controls” (EU Commission, @D0The changes on the agenda
were not only within the food producing sector, lalgo in the legal and regulatory
framework, in the division of responsibility betweesocial actors, in the public
authorities in charge of food control, and in tleaduct of the science lying behind the
regulation of food safety (Giorgi and Lindner, 206®Im and Halkier, 2009).
Knowledge derived through scientific research lessilted in the development and use
of new technologies that have had a profound impadbod animal agriculture. These
advances have increased the efficiency of food ymtioh and providing significant
quantities of high-quality food. The bottom linehisw enhance food production as well
as animal health and ensure public health and isabla agriculture (Oliveet al,
2009).

More than 200 known disease are transmitted thrdogd by a variety of agents,
including fungi, viruses, parasites, and bactefi@aodborne illness is a major factor
contributing to morbility and mortality in worldwed Many zoonotic and nonzoonotic
source of microbial pathogens could breach the &addty barrier. Food safety begins
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with soil, plant, or animal, and continues withimetplant or animal through various
stages of production and processing (Oleeal, 2009).

There has been a surge of research activity irtttogans reduction strategies that were
mainly inspired by the HACCP initiative. All food-gressing plants were required to
have an HACCP system in place that include thatwald trace foodborne pathogens
back to the production unit. The food productioit needs a system to detect the origin
of the contamination as well as effective meastweseduce microbial contamination
(Oliver et al, 2009).

Food can become contaminated by a variety of factmonotic or nonzoonotic, direct
or indirect. Farm-associated pathogenic bacteeadaectly or indirectly associated as
risk factors in the entire commercial food chaimirAal activity on the farm, manure
management, and effluent discharge influence hatwpulations in farm soil as well
as associated pathogenic flora. New technologiesedoice bacterial contamination
based on prebiotics or probiotics for competitixelesion seem promising. New tools
for pathogen detection and pathogen modelling hotohsiderable promise for

influencing research and measurable out comesonh $afety (Wiedmann, 2003).
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1.1. FOOD SAFETY LEGISLATION

The EU Commission’s White Paper on Food Safety @288ates that the essential role
of the Internal Market “is to offer to consumersvele range of safe and high quality
products coming from all Member States” (EU Comioiss 2000). As the food
production chain is becoming increasingly complée health of consumers can only
be adequately protected if every link in this chaifas strong as the others”. Restoring
public confidence thus involved all parts of the@dosector. That is, a farm to table
policy was required. Five key principles guided tbemmission’s suggestions: clear
definitions of the roles and responsibilities a@fksholders in the food chain; traceability
of feed and food and their ingredients; transparexidood policy; risk analysis as the
foundation on which food safety policy is based;d athe application of the
precautionary principle in risk management decsidrast but not least, the need to
involve individual consumers actively in food s&feblicy, and in the handling of food
safety, was underlined (Holm and Halkier, 2009). atempt was made, then, to
encourage and direct societal actors to take pathé strategies for handling the
problem of food safety. In this respect, the new fabd policy is an example of the
alleged shift in political management, from therigiste” approach towards a more
regulatory approach (Majone, 1994).

The EU system has been described as the “Regul8tatg par excellence” (Knill and
Lenschow, 2004). It adopts a mode of governancewhiilds on regulatory capacities
already existing within regulated sectors, suchtles in-house control systems in
modern food industry, thus blurring borders betweeblic and private authority. It
changes top-down authoritative control by deceisirag regulatory processes, allowing
access to and spreading responsibility across eacnand social actors such as food
manufacturers, food retailers and consumers. Thig form of governance allows
governmental centres of command and control todpaced by semi-autonomous
agencies such as the new risk assessment agenckegrope, which often operate
outside the hierarchical control of the central adstrations (Majone, 1994). In this
manner power is thought to be delegated from pditis to experts. This offers a
solution to the problem of lack of expertise am@uicy-makers (Holm and Halkier,
2009).

The new EU initiatives in relation to food safetglipy were deeply inspired by the

changes in the United Kingdom.
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1.1.1. The New European Food Regulation

The White Paper on Food Safety lays down the keciples for governing food law in
the EU — these principles were translated into tawough the General Food Law,
Regulation EC 178/2002.

In January 2002 the new European Food Regulation adopted (Regulation (EC)
178/2002). Thereby a framework was provided to ensucoherent approach in the
development of food legislation in order to enstine free movement of food and feed
in the EU. The regulation aims at ensuring a heytel of protection of human life and
health. It covers all stages of food/feed productamd distribution and was to be
implemented by all member states no later than ZP@ifvin et al, 2009). The primary
responsibility for ensuring the safety of food sestith the food business. The
regulation establishes in EU law that risk asseasmesk management and risk
communication provide the basis for food law. Tgarency of legislation and effective
public consultation are seen as essential elemehtbuilding greater consumer
confidence. In all countries it is now official po} that principles for food safety
inspection have changed. The adoption of HACCPcpies which are suggested in the
regulation implies that post-factum product conislsubstituted by process control.
Part of the EU regulation was the establishmentneiv organisations and new

institutional division of responsibilities. (Holrmd Halkier, 2009).

1.1.2. Institutional Reorganization

The new risk policy was therefore to cover the wh@dod production chain from
plough to plate and to separate responsibility fisk analysis from that of risk
management. An independent authority - the Europeaad Safety Authority (EFSA) -
was set up in 2002 with main responsibility forkrassessment of all categories of
potential food hazard (Holm and Halkier, 2009; ktedt al, 2009).

The EFSA was established in 2002 as an autonongrrgg following the decision in
the framework of the European food safety law tpasate the two tasks of risk
management and scientific risk assessment. EFSAdeer the task of carrying out and
coordinating risk assessment and communicatioruedfean level. The scientific work
of EFSA is carried out by 10 panels. Each of theefmmay initiate a study on their
own or upon request by one of the risk managekéeanber State level or the European

Commission. The European Commission will almostagisvask the EFSA to carry out
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a scientific assessment when confronted with aesigfior an authorization of a product
or company (Giorgi and Lindner, 2009).

Risk management was placed in the General Dirdetda Health and Consumer
Protection (DG Sanco) which became responsibleef®uring food safety through
farm-to-table measures. A Standing committee onFb@ed Chain and Animal Health
and a Rapid Alert System for Food and Feed (RASWHE set up. Under the RASFF
system, members, such as national food controbaitits of the European Union (EU)
member states, are obliged to notify any measwgarding to food safety, such as
recalls of food and feed products and arrestmentingforted consignments not
complying with food legislations. The introductiohRASFF has further formalized as
procedure of centralized reporting that existedoteefRASFF (Giorgi and Lindner,
2009; Kleteret al, 2009).

All countries reduced the number of organisaticgsponsible for food safety and to
clarify the division of responsibilities. In mosbuntries new organisations were built
with an overall responsibility for food safety féhe whole food chain. A clear
separation between consumer and producer intenestsa priority. The new EU risk
policy was therefore based on the separation @etlsteps: assessment, management
and communication. This was attempted by placirgk rassessment at the new
independent European Food Safety Authority and lagipg risk management and
communication at the General Directorate for Healtld Consumer Protection (DG
Sanco) in collaboration with food control systenismember states. EFSA was set up
independently from government in an attempt to orestconfidence in scientific
expertise, to re-establish neutrality of ‘scieneed thus to create an independence
lacking to the “government scientist” (Walesal., 2006). Integral to the new EU risk
policy was the intention to separate responsibibiylegislation from that of inspection.
In the EU, legislation is the responsibility of tl&ouncil of Ministers, whereas
responsibility for enforcement lies with DG Sanktwlm and Halkier, 2009).

The European Commission publishes weekly overvienis RASFF alert and
information notification on its website. In addiioit publishes annual reports of the
notifications. These annual reports provide an\aeer of the numbers of notifications
and categories of food products and hazards tlegt plertained to. Some members of
the RASFF network, including the Italian, Germamd aSwedish authorities, also
publish updates and reviews of the data reportealiglh RASFF, sometimes with a

particular focus on their national situation.
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Numerous projects were sponsored by the Europeanntssion, such as SAFE
FOOD. This is the acronym of an integrated progpzinsored mainly by the European
Commission as part of it's the Sixth Framework Paog for Research and Technology
Development. This project aims to develop and aoreie methods for risk assessment
and risk analysis of food safety. SAFE FOOD consitvarious work packages
addressing specific topics within the field, inalhugl the use of advanced analytical
methods for detecting changes in crops caused hguétgral practices; the use of
advanced statistical methods to estimate cumuldtivean exposure to multiple food
contaminants and natural toxicants; consumer pgocepf food safety management;
institutional arrangements for implementing foodesa policies; and the development
of a new risk analysis model for food safety (Kiettal, 2009).

1.1.3. WTO framework: SPS and TBT agreements

The EU scope is to provide the highest level oftgmtion of human health and to
facilitate both national and international foodd®a At international level, a risk
analysis approach is fundamental for the implememtaof the World Trade
Organisation (WTO) Sanitary and Phytosanitary Agreet (SPS Agreement) (WTO,
1995). At European level, Regulation (EC) No.178200JEU, 2002) sets the general
principles and requirements of food safety law udahg the need of a risk analysis
approach, and it also establishes the European Batety Authority (EFSA) (Binnis,
2009; Hugas and Tsigarida, 2008).

The international food policy regime as it relatestrade is defined by two WTO-
agreements: the Agreement on the application otasgrand phytosanitary measures
(hereinafter referred to as the SPS agreement)henagreement on technical barriers to
trade (hereinafter referred to as the TBT agreen{@ibrgi and Lindner, 2009).

When adopting sanitary and phytosanitary (SPS) ameaseach country is entitled to
establish an own appropriate level of protectiorgar the condition that this is ‘applied
only to the extent necessary to protect human, @anomplant life or health’, is based on
scientific principles (SPS, Article 2.2), and dasst discriminate between members
(SPS, Article 2.3), that is, it is not used for teaing domestic markets from
international importers. The obligation to base S®&asures on scientific principles
obliges members to either base their measurestemational standards (SPS, Article

3), or on scientific risk assessment (Articles 5.2, and 5.3).
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If a member chooses to base its SPS measure onattmal standards, guidelines and
recommendations, the SPS agreement recommends dtaerdard-setting reference

organizations, also called the ‘three sister orgm@ions’: in the case of human health
this is the Codex Alimentarius Commission (CAC)the case of animal health it is the

World Organization for Animal Health (OIE); and the case of plant health it is the

International Plant Protection Convention (IPPClopating the standards of the WTO

reference organizations is not obligatory (Giongi &indner, 2009).

TBT measures cover technical regulations, standard] conformity assessment

producers. The TBT agreement covers all techniegulations, standards and

conformity assessment procedures except when thesesanitary or phytosanitary

measures.

Whereas the TBT agreement attends to labels estiellifor reasons other than those
intended to protect human, animal or plant hedlté,SPS Agreement attends to labels
intended to protect human, animal or plant he&iiorgi and Lindner, 2009).

1.1.4. Standardization agencies

Standards institutes exist in most countries ardirarcharge of elaborating technical
standards and guidelines in various sectors. Todagt national standards institutes
operate in a coordinated way within the internaldramework established by ISO and
CEN. The European Committee for StandardizationNCdievelops technical standards
(EN standards) for analytical methods used forbdistaing levels of contamination, or
methods applied in sampling and analysis.

At the international level, the International Stardization Organization (ISO) brings
together standards institutes from 157 countriesfeither government or industry. It is
set up as a non-governmental organization and slaomoccupy “a special position

between the public and private sectors”(Giorgi aimdiner, 2009).

1.1.5. The new role of consumer

The outcome of the BSE crisis was thus increasemtifyrto consumer interests and
protection of consumer health. Thus ‘the consurhecame a central food policy actor
(Marvin et al, 2009). Traceability and labelling was seen asoafor consumer control
over all steps of the food chain, that is, as anse#d direct control by consumers on

market actors.
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Consumers were not to be protected from marketssxoat seen as an omnipresent and
unpredictable figure that needed to be taken inbmant. Further, focus was now on the
consumer as an individual market actor and not member of a political organisation
(Halkier and Holm, 2008). Even though the interestsl concerns of consumers are
framed in different manners by various actors m ¢buntries (Halkieet al.,2007) the
shift towards a clear priority of consumer protectiand consumer interests can be
found in several countries. Securing the credipiht the food production chain is the
first proposed objective of the new agency for Feaahlity and Safety proposed in
2000. In some countries this new prioritising ohsomer interests also show in new
policies regarding the workings of the administratsystem, incorporating consumer
organisations as ‘concerned parties’ in legislapvecesses and public administration.
In the new regulation consumers were no longer sseweak individuals in need of
protection, but were called upon as competent awgpendent actors able to and
responsible for making relevant choices in the fowdket. In order for consumers to be
able to live up to this, full information about fh@roducts was necessary. This was the
aim of legislation about labelling and traceability most countries the development
towards the Single European Market and the needdtional economies to adapt to it
Is an important driver behind regulatory and insitinal change. Thus references to the
new demands of traceability are frequently madallicountries, when discussions are
raised about the need to adjust national food obpbtlicies to the EU system and adopt
the principles of HACCP. It is thus clear that tbegulatory changes following the new
EU food policies in some countries are carried ugto on the initiative of private
market actors, while in others, the state and tbblip authorities have acted as

vanguard of the necessary reforms.

1.1.6. Microbiological hazards

Following the recommendations of the EFSA Committee Veterinary Measures
(SCVPH), and using the Codex Principles for thealdsghment and application of
microbiological criteria (1997), a new legislationmas enacted in 2006. This is
Regulation 2073/2005/EC on microbiological criterfar foodstuffs. Regulation

2073/2005/EC distinguishes between “food safetyeca” and “process hygiene
criteria”. The food safety criterion is mandatomydadefines “the acceptability of a
product or a batch of foodstuffs applicable to piid ready to be placed on the

market”. The process hygiene criterion applieshe production process and is not
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mandatory. The expectation, of course, is thatrgthe mandatory nature of food safety
criteria and assuming an adequate number of cantpobcess hygiene criteria will be
established by default. The Annex to Regulation3PJ05/EC specifies for several
food categories a set of relevant criteria suchthes microbiological limits, the
analytical reference method, the sampling desighthe frequency of sampling. In the
majority of cases, the analytical reference metietids on ISO or EN standards (Giorgi
and Lindner, 2009).

Various types of microbiological hazards have beeported through the RASFF
system, including bacteria, moulds, and virusest&a constitute the largest group of
microbiological hazards, with more than a hundrgaecdic microbe species,
subspecies, and strains. The most important prodatdgories are seafood, meat,
poultry, spice and condiment, animal feed, andydpnoducts. As regards bacteria,
Salmonella and its subspecies are the most nume®aisnonella typhimurium
including the phage types DT104, DT108, and U30&nhg occur in meat and poultry;
while Salmonella enteritidisnainly is reported as microbiological contaminasicof

egg products (Kletest al, 2009).
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1.2. FOODBORNE PATHOGENS OF INTEREST

Many foodborne pathogens can have habitats in fwoducing animals and in the farm
environment. These pathogens can enter meat akdonadiucts during slaughter or at
milking, or can contaminate raw vegetables wher isofertilized with improperly
composted animal manure (McEwen and Fedorka-Cra@2)2 There is evidence to
support the concept that significant increase m iticidence of foodborne iliness is
related to changes in animal husbandry practicds@the handling and processing of
food of animal origin (Committee on the Review bétUse of Scientific Criteria and
Performance Standard for Safe Food, National Rels€amuncil, 2003)

Specific groups of disease-causing microorganisencansistently associated with the
food-producing animal environmental.

The results on the occurrence of zoonoses, zooagénts, antimicrobial resistance and
foodborne outbreaks that were reported from the Man$tates and analysed by EFSA
show that in 2005 the two most commonly reporteohntic diseases in the European
Union were campylobacteriosis and salmonellosiggédiand Tsigarida, 2008).

From the standpoint of preharvest food safety megal and human health in particular,
Salmonella spp., E. coli, Campylobacter jejuni and Listeria monocytogenesare
important foodborne pathogens affecting public thedlhese pathogens are the leading
causes of foodborne morbidity and mortality, anelythre carried by cattle, poultry, and
swine and are found in their associated farm enuiments. Epidemiological data
suggest that other pathogens, includirgtaphylococcus aureusClostridium
perfringens and Bacillus cereusare important pathogens that have origins on farms
(Oliver et al, 2009).

All these bacteria are the major pathogens of anorigin transmitted through food,
and they are found in animal feces; therefore, ammation of carcasses and food
products by animal feces is likely to be a printipade by which foodborne pathogens
reach the consumer. Cattle, sheep, swine, chickhiurkeys are principal reservoirs,
but wild birds and various mammals that are commdarm environments can be also
a source of these pathogens (D’Aoeisal, 2008; Menget al, 2008; Nachamkin, 2008;
Swaminathanet al, 2008). The contamination cycle in food-produciagimals is
through ingestion of feed and water that can betatomated by feces. The use of
nontreated manure as fertilizer, the spread ofysland the use of recycled wastewater
disseminate these pathogens even more. Stresseaniomals caused by poor

10
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management, types and quantities of feeds increaseeptibility to infection and
shedding of foodborne pathogens (Ceayl, 1998).

1.2.1. Foodborne pathogens: common characteristicand control strategies on

farm

Several epidemiological characteristics are comtodnodborne pathogens of interest:

Foodborne pathogens are shed in feces and gaestatl secretions or
excretions of healthy animals. Shedding is sporadtis caused by reinfection
from sources in the environment.

Cattle, swine, and poultry are believed to be themary reservoirs, but birds
and various mammals that are common in farm enmsors were also
identified as reservoirs.

The contamination cycle is as follows: infectiorcoxs initially by ingestion of
contaminated feeds and water, followed by sheddfrfgod pathogens in feces
that, in turn, contaminate feeds and animal drigkiwater, causing new
infections and reinfection of convalescent animals.

Stress caused by poor management and by the typeguantities of animal
feedstuffs increases their susceptibility to infact and the shedding of
foodborne pathogens.

Feeds and water contaminated with feces and semsetr excretions from
animals are the vehicles for additional contamoratin the environment,
including other mammals, birds, and insects. The afsnontreated manure as
fertilizer and the spread of slurry and recycledsteavater further disseminate

contamination.

The model in which the presence of pathogens dependngestion of contaminated

feed, followed by amplification in animal hosts afetal dissemination in the farm

environment. Colonization of the gastrointestinglct and amplification oE. coli

0157:H7,SalmonellaC. jejuni andL. monocytogeneappear to be required stages in

the cell cycles. Shedding of foodborne pathogendeoes and distribution in the

environment where food-producing animals live letid animal reinfection and

persistence of the pathogen on the farm (Oligteal, 2009).

11
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Production units are major reservoirs for foodbgrathogens, that can reach the human
population by direct contact, ingestion of raw @mninated food, or contamination
during the processing of milk.

By breaking the infection-reinfection cycle, itpsssible to reduce foodborne pathogen
shedding and therefore the spread of foodborneopgatts among food-producing
animals and in the farm environment.

From a management point of view, it is practicatdefocus on selected groups of
pathogens. However, many of the pathogens are deymatic for the animal
harbouring or shedding them. Previous experienceaithogen reduction strategies,
pathogen eradication strategies, or both amplyifiesstthat postharvest packing or
processing in itself is not adequate to reduceigieof food safety consistently. Many
experts now believe that pathogen reduction and ERGtrategies have resulted in
noticeable changes in food safety risk reductions limperative that even if human
pathogens cannot be completely eliminated prehirtlesir intended reduction is a

logical end point that could reduce morbidity andrtality (Olivier et al, 2009).

12
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1.3. CLOSTRIDIUM SPP. IN FOODSTUFFS

Anaerobic spore-forming bacteria spoil a wide raofjeoods including dairy products,
meat and poultry products, fresh and canned fauits vegetables, typically producing
gas and/or putrid odours. A few of those speciescease iliness.

The species of the genGostridiummost commonly involved in food-borne illness are
Clostridium perfringensandC. botulinum Intoxication due te&C. perfringenss usually
brief, self-limiting, and is rarely fatal. Howevdhe neurotoxins o€. botulinumare
among the most toxic naturally-occurring substanaed cause severe food-borne
illness, sometimes fatal, with symptoms contindmgseveral months.

Clostridia occur commonly in soil, dust, the aqoaanvironment and in the intestines of
animals. Consequentl. perfringensandC. botulinumcan be present in a wide range
of foods. Good Agricultural Practices and Good Hyge Practices contribute to
reducing numbers of clostridia by minimising contaation with soil and animal faeces
(Songer, 1996; Garcia and Heredia, 2009).

C. perfringends commonly present in foods and ingredients, dooafly at hundreds
per gram.C. botulinumis present less frequently, normally at a few spgrer kg.
Spores of bothC. perfringensand C. botulinumcan be eliminated from foods by

heating.

1.3.1. Clostridium perfringens as microbiological hazard

Clostridium perfringensnay be the most widely occurring pathogenic baateand is
certain the most important cause of clostridiakantdisease in animal and potentially
lethal foodborne diseases in humans, including femdoning and necrotic enteritis in
the 1940’s, since when outbreaks have been repg¢8edger, 1996; EFSA, 2005;
Garcia and Heredia, 2009). Some types of C. pgdria (mainly type A) are
consistently recovered both from the intestinalctgaof animals and from the
environment, while others (types B, C, D, and [)lass common in the intestinal tracts
of animals and can occasionally be found in theirenment in areas where disease
produced by these organism is enzootic (Songe)199

C. perfringensis a gram-positive, spore forming, anaerobic bacte and natural
inhabitant of soil and the intestinal tracts of e animals, including humans. The

ubiquitous nature of this bacterium and its sponekes it a frequent problem for the
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food industry and establishments where large ansoohtood are prepared because it
grows well on meat and poultry products (Garcia bededia, 2009; Goldeet al,
2009; EFSA, 2005).

This bacterium could be controlled properly follog safety rules such as adequate
heating and cooling of food during processing.

The genu<lostridiumconsists of a diverse group of bacteria that asble to grow in
the presence of oxygen and have the ability to fbwat-resistant endospores. This
bacterium is the most prolific toxin-producing siesc within the clostridial group
(Songer, 1996; Garcia and Heredia, 2009).

Food poisoning fronC. perfringensgives rise to abdominal pain, nausea and acute
diarrhoea 8-24 h after the ingestion of large numlod the organism, a proportion of
which survive the acid conditions of the stomache Tliness is usually brief and full
recovery within 24-48 h is normal. However, deatbasionally occurs in the elderly or
otherwise debilitated patients (Songer, 1996; EFEN5; Garcia and Heredia, 2009).
C. perfringens foogboisoning is not a reportable disease; howevdharnJnited States,
the Center for Disease Control and Prevention (C&Tijnates that 250,000 case<of
perfringenstype A food poisoning occur annually (Garcia aredddlia, 2009; Goldeet

al., 2009).

The symptoms of the disease are caused by an tniexcC. perfringensis grouped
into 5 types A-E according to the exotoxins (sadubhtigens) produced. Types A, C
and D are pathogens for humans, types B, C, D gnan& possibly A also, affect
animals. The enterotoxin produced by types A and distinct from the exotoxins and
is responsible for the acute diarrhoea that ipteedominant symptom &. perfringens
food poisoning (Songer, 1996; EFSA, 2005; Garcthraredia, 2009).

The beta-toxin of type C appears to be the necraiitor in the disease enteritis
necroticans jejunitis ("pig-bel”). Type A straingearesponsible for gas gangrene
(myonecrosis), necrotizing colitis, peripheral pyee septicaemia as well as food
poisoning. The enterotoxin involved in food-poisanihave been reviewed (Songer,
1996; EFSA, 2005; Garcia and Heredia, 2009).

The disease-causing enterotoxin @f. perfringens (CPE) is produced during
sporulation. To cause disease vegetative cell€.gberfringeneshave to be ingested
with the food. The vegetative cells that survive Htidity of the stomach sporulate in
the intestinal lumen. During lysis of the mothelix#o release the spores, CPE is also

released. Subsequently, the CPE is converted tora mctive toxin by trypsin and
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chymotrypsin, after which it binds to receptorsgem on the brush-border membrane
of the intestinal epithelial cells (Songer, 19963A, 2005). The bound CPE inserts
into the cell membrane and pores are producednthies the cells permeable for ions
and small molecules. As a consequence a reversi@labtransport of water is induced
(Songer, 1996; EFSA, 2005).

It is important to recognise that not &ll. perfringensare able to produce the
enterotoxin that causes foodborne disease. Fooebitimess is caused when food
becomes contaminated with large numbers of vegetatcterial cells (>f0CFU/qg) of

C. perfringenstype A isolated that carry thepe gene (EFSA, 2005; Garcia and
Heredia, 2009; Goldeet al, 2009).

C. perfringensis ubiquitous and widely distributed in soil, dusegetation and raw
foods. It is part of the normal flora of the infast tract of man and animals. Although
the clostridia are anaerobé&s, perfringensis one of the less fastidious species and is
able to grow under conditions that are not striathaerobic (Songer, 1996). The spores
exhibit a range of resistance to heating, and spofesome strains readily survive
cooking.

C. perfringenstype A food poisoning usually results from eitl@proper cooling or
temperature maintenance of food, preparation ofl faoday or more in advance, or
inadequate reheating of food. Althou@h perfringensspores are the main source of
concern in food products, vegetative cells may siccelly cause health problems in
nonheat-treated foods or by recontamination of-treated foods (Garcia and Heredia,
2009; Golderet al, 2009). To limit the growth o€. perfringenson meat and poultry
products, the Food Safety Inspection Service (FiGblished a final rule that
establishment a performance standarddoperfringensduring production of RTE/PC
food (Golderet al, 2009).

C. perfringenscan be detected in a wide range of foods as 4 @scontamination by
soil or with fecal matter e.g. meat, poultry, fislegetables, dairy products, dehydrated
foods such as soups and gravies, spices, milktigelaasta, flour, soy protein and
animal feeds.

Animal carcasses and cuts of meat can become covad withC. perfringendrom
contact with soil or animal feces, or during slaieging and processing. Many
organisms that compete witi. perfringensare killed when meat and poultry are
cooked, butC. perfringensspores are difficult to eliminate (Garcia and e 2009;
Goldenet al, 2009).

15



Literature Review

lliness occurs after ingestion of large numbersrdérotoxin-producing vegetative cells
of C. perfringens some of which survive the acid conditions of #$temach and
subsequently form spores in the large intestinéhesame time producing enterotoxin.
From reported and investigated outbreaks, apprdaeimalG vegetative cells per
serving are necessary to cause diarrhoea. Thisoadew hours after consuming food,
usually cooked meat or gravy, in which multiplicatiof C. perfringenshas occurred
and vegetative cells are present. The illness camymasts only ca 12-24 h, and the
symptoms are usually not serious enough to comspliysician — hence the recorded
number of outbreaks may be an underestimate.

C. perfringenshas the capacity to grow in protein-rich foodsdre temperatures above
12°C. Not all strains of. perfringenshave the capacity to produce enterotoxin. Cooked
meat and poultry are the foods most commonly irelun C. perfringensfood
poisoning outbreaks. Fish and fish products ardyamplicated.

C. perfringensrequires more than a dozen amino acids and seveaahins for its
growth, both of which are typically present in meHte leading food vehicles for this
bacterium in the United States are meats, notaddy &and poultry, and meat-containing
products, such as gravies, stews, and Mexican f@eddy-to-eat and partially cooked
(RTE/PC) meat and poultry products were the foduw@risk assessment, too (Garcia
and Heredia, 2009; Goldex al, 2009).

C. perfringenstype A food poisoning usually results from eitlproper cooling or
temperature maintenance of food, preparation ofl faoday or more in advance, or
inadequate reheating of food (Garcia and Heredi@92Golderet al, 2009). Almost
all outbreaks are the result of cooling slowly hotding without refrigeration, allowing
multiplication of C. perfringens numbers reaching a0’ cells/g, implying an
infective dose of the order of 4Ovegetative cells of enterotoxin-producir®.
perfringens(EFSA, 2005).

Occasionally illness has been caused by pea sapga@d on a catering (food service)
scale. Even after slow cooling and multiplicatioh ©. perfringensthat survives
cooking; thorough re-heating will inactivate thege&tive cells and prevent illness. In
the Netherlands, pea soup is traditionally compasiedut vegetables (peas, celery,
leek, and carrots) and pork meat. It has a neptdallt is usually produced in winter
and often in large quantities e.g. at sporting &/éBFSA, 2005).

Although C. perfringensspores are the main source of concern in food ymtsd

vegetative cells may occasionally cause healthlpnab in nonheat-treated foods or by
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recontamination of heat-treated foods (Garcia aacktHa, 2009; Goldeat al, 2009).

To limit the growth ofC. perfringenson meat and poultry products, the Food Safety
Inspection Service (FSIS) published a final rulattlestablishment a performance
standard foC. perfringengduring production of RTE/PC food (Goldenal, 2009)

Risk factors

C. perfringensposses several attributes that have contributgdfisiantly to its ability

to cause foodborne illness. First of all, It hasudanquitous distribution in the natural
environment and it is present in most raw food pobdnaterials, including vegetables
and meat products. Therefore, its presence in ni@oy products must be accepted.,
giving it ample opportunity to contaminate food.€padl, it has the ability to form heat-
resistant spores. In second tinde,perfringenshas the ability to grow quickly in foods,
allowing the bacteria to reach the high levels ttie necessary for food poisoning.
Finally, C. perfringends capable of producing an intestinally activeeeotioxin (CPE)
that is responsible for the characteristic gastesitinal symptoms o€. perfringens
food poisoning (Songer, 1996; Garcia and Heredi@9p

The extent of multiplication oC. perfringensin food is determined mainly by the
storage temperature. In additio@, perfringensrequires a protein-rich substrate for
growth, explaining why foods associated w@h perfringensoutbreaks are limited to
meat and poultry products, gravy, casseroles aadspap, usually after temperature-
abuse after cooking. Low numbers©f perfringensspores often survive cooking and
multiply to food- poisoning levels during slow co@ and unrefrigerated storage of
prepared foods. Larger quantities of food, largetgoof meat, and large containers of
pea soup are difficult to cool quickly. Hence caglrate and temperature of storage are
risk factors.

Herbs, spices and seasonings may cor@aiperfringensn numbers varying from <100
- 500/g (Songer, 1996; EFSA, 2005; Garcia and Har@009). Use of herbs and spices
is considered by some to be a risk factor. Howethagte is no evidence that adding
even substantial amounts of herbs and spices teddoods is a real risk factor for C.
perfringens-induced disease. Herbs and spicesinogaC. perfringenswill only cause
disease if the cooked food in question is not ab@dequately or left-overs are not
reheated sufficiently (70-72°C throughout) andheréfore only a temperature-related
risk factor (EFSA, 2005).
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Initial contamination of food

The initial contamination of foods witl. perfringensis difficult to control. While
Good Agricultural Practices (GAP) can help to relnambers of infectious pathogens
such as salmonellae, the only means of reducingitial load of bacterial spores is to
minimise contamination of raw foods by soil and d&yimal faeces. Good Hygienic
Practices (GHP) in the manufacturing environmentnimise chances of
recontamination. There is some evidence Gaperfringenscan reside in pipelines and
contaminate product, resulting in spoilage of tredpct (EFSA, 2005).

BecauseC. perfringensoccurs so commonly in the environment, many foodk he
contaminated. Experience has demonstrated thabdfsfare handled properly during all
stages of distribution, retailing and consumer uke, likelihood of multiplication of
clostridia is very low. Heating food to 68-70°C I&ilvegetative cells but not spores
(Songer, 1996; EFSA, 2005; Garcia and Heredia, ;2808lenet al, 2009).

Growth limitation ofC. perfringensn the food chain

There are numerous publications illustrating thganance of rate of chilling and
holding temperatures on growth Gf perfringengSonger, 1996; EFSA, 2005; Garcia
and Heredia, 2009; Goldest al, 2009). The optimum temperature for growth@f
perfringensis 43-47°C. Growth does not occur below 10-12°Cstueat and poultry
products receive a cook much lower than the sterdi process for low-acid canned
foods, and spores @. perfringenssurvive. If the product then cools slowly, survigin
spores germinate and multiply rapidly. After hegtimeat and poultry products should
be cooled from 55°C to below 15°C as quickly as@sonably possible. US regulations
serve as a guide, requiring the product’s inteteaiperature not to remain between
54.4°C and 26.7°C for more than 1.5 h or betweefi°@5and 4.4°C for more than 5 h
(FSIS, 1999).

However, study oC. perfringenan commercially cooked products during chilling and
refrigerated storage concluded that the aboveimfilfegimes are more severe than
necessary to maintain safe product (EFSA, 2005¢&wdt al, 2009).

Inactivation of clostridia in the food chain

Heating is the most reliable method of inactivatingcterial spores. The rate of
inactivation of spores is dependent on the tempezadf heating, spores dying more

rapidly as temperature rises. The heat resistahsparves is also affected by properties
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of food (pH, water activity, fat content). Sporag anore heat resistant at loy and
neutral pH values. Spores are more heat sensitik@vapH values (below ca pH 4.5);
hence canned fruits are made safe and shelf-stathleut refrigeration by much lower
heat processes than those applied to low acid daiooes. (EFSA, 2005).

Until 20-25 years ago inactivation of microbes @od processing used heating. Today
many novel processes are being explored e.g. higlroktatic pressure, pulsed
electrical fields, irradiation used alone, or imdmnation with heat (EFSA, 2005).
Several chemical and physical stresses can in&éetiwegetative cells o€lostridium
spp. and a proportion of their spores. Conditionghe food (pH, @& fat content) may
influence their effectiveness.

For many centuries the curing of meat and fishreied upon curing salts to control
the growth ofC. perfringensConcerns that sodium nitrite in meat productshinigsult
in the formation of carcinogenic N-nitrosamines aiber nitrosated products led to
extensive research, mainly in North America andogar to tryto find alternatives to
sodium nitrite and sodium nitrate. Some anti-cldst activity was identified in
potassium sorbate and certain polyphosphates, grasahntioxidants, nisiand sodium
lactate when used in combination with other condgi(EFSA, 2005).

Cured meat producers have minimised the risk ah&dion of nitrosamines by reducing

the amount of nitrite used, and eliminating nitfaten most cured products.

If contamination is on farm?

Epidemiological data suggest th@t perfringensis an important pathogen that has
origins on farms. So, contamination of carcassean@her important point to control
(Oliver et al, 2009). Reduce presence©f perfringenson farm means to prevent and
reduce contamination of carcasses.

There are many reports about different ways of rofinig the number ofC.
perfringens In most cases antibiotics or ionophores antichals were used. Due to the
development of antibiotic resistance, concern alibat effect of growth promoting
antibiotics in animal feed on public health, an@ tpproaching ban of nutritional
antibiotics from feed in the EU, we need altermativethods to control the proliferation
of C. perfringens in the digestive tract of animatsparticular of poultry (Mitsclet al,
2004).

C. perfringensproliferation is associated to an enteric diseaseoultry known as

necrotic enteritis, that can be costly to both ds®nomy and animal welfare. The
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disease is also of significance in preharvest feaféty as the use of dietary antibiotics
has been considered a potential link to the emergen antibiotic-resistant strains of

zoonotic microorganism in food animals ial, 2009).
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1.4. SALMONELLA SPP. AND FOOD SAFETY

Foodborne salmonellosis is responsible for over @&ths and 1,4 million illnesses in
US annually (Dunkleet al, 2009). In 1999, 22% of all culture-confirmed Satrella
infected individuals were hospitalized. Salmonélae also been commonly associated
with foods such as raw meat poultry, eggs, and/gawducts and cause a large fraction
of the food-related deaths in the US annually. imoge, the number of human cases
was reported to be greater than 100,000 in 199thdrpast few years, the incidence of
salmonellosis has shown a significant decreasesadarope and in the US since 1996.
Approximately 60% of human cases reported to th&€@D2001 were caused by four
serotypes includings. TyphimuriumS. Enteritidis S. Newport and S. Heidelberg
(EFSA, 2007; Callawagt al, 2008; Dunkleyet al, 2009).

Salmonellosis remained the second most frequenhag® with 176,395 reported
human cases despite a fall of 9.5 % to an incideate of 38.2 compared to 2004.
Salmonellawas most often reported from Member States fahfieroiler and pig meat
where proportions of positive samples were deteaipdto 18%. The reported
proportions of positive findings in bovine meat weenerally lower than 2%. In table
eggs, findings of positiv€almonellasamples ranged from 0% to 6%, but over the past
5 years an overall decreasing trend was observednimal populationsSalmonella
was most frequently detected in poultry flocks.tiealarly, the results of the mandatory
control programme foBalmonellain breeding flocksGallus gallug at European level
indicated that 6% of the parent-breeding flocks l&ying hens and 5% of parent-
breeding flocks for broiler were infected wigalmonella(EFSA, 2007; Hugas and
Tsigarida, 2008).

Salmonellaspp. have been linked with illness among many anapecies and humans,
and are one of the most commonly reported causelBupfan foodborne disease.
Salmonelldive in the intestinal tract of various animal sjgscand therefore represent a
major reservoir for human foodborne disease.

Studies have shown th&almonellanfection may be present on farms in the absence of
clinical disease. Healthy animals can become car@md shedsalmonellafor long
periods. Humans become infected primarily througkaf contamination of food
products or water; however, direct contact witreatéd animals is another source of
contamination, especially for farm families. Manfytbe >2,500Salmonella enterica
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serotypes are isolated frequently from clinicalijected animalsSalmonella enterica
serovarsTyphimurium Enteritidis, Javiang Hadar, Kentucky and Anatumare among
these serotypes, ai@himonella Typhimuriur®T 104 is of particular concern to public
health agencies because of its multiple antibiatststance genes.

Because fecal shedding &almonellais one of the principal modes of on-farm
contamination, the question of how fecal sheddiag be reduced is very relevant to
human health. Research has demonstrated that imdwétSalmonellafecal shedding
in poultry and swine production units is possibleough the modification of
management practices. Several control points tbatdcbe important for on-farm
reduction of Salmonellainclude the presence of carrier animals, the exgo®i
neonates to feces from sick animals, environmdrygiene, the use of recycled water,
contaminated feeds, the use of contaminated watenrigate forage crops, the
spreading of nontreated manure, and infected laindsrodents (EFSA, 2007; Olivet
al., 2009).

In 1980, WHO formulated three lines of defencethfa control ofSalmonellavhich are
still valid and may be used for other zoonotic dagefhe first line focuses on the
control of Salmonellain the food producing animal; the second line oH®@W/
recommendations refers to the prevention or redmcif contamination of the
carcasses; the third line of defence concentratethe prevention of contamination
during the final preparation of the food by indysind consumer (Hugas and Tsigarida,
2008).

Salmonellaare pathogens but can frequently live in animals dransient member of
the intestinal microbial population without causidigease. Thus, reliance on animal
looking sick is not an effective indicator 8almonellacolonization. Food animals are
the primary vector for transmitting salmonella tntans. Chickens, turkeys, and eggs
can all be infected witBalmonellaThe intestinal tracts of finishing and breedingne

as well as that of beef and dairy cattle can canfalmonella Further outbreaks of
salmonellosis have been linked to improper pastation of dairy products or
improperly cooked ground beef. Other routes of expe of humans t&almonella
include water runoff from farms or swine efflueagbons, and direct animal or fecal
contact (Callawat al, 2008).

Thus,Salmonellaare relatively widespread in the environment aittliwwfood animals,
and attempts to understand and control this pathogest be equally broad based.

BecauseSalmonellacan live undetected in food animals but still pasesk to human
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consumers, control strategies must be tailored pgeciBc animal species yet be
applicable to large numbers of animals (Callaveyal, 2008; Martin-Pelaeet al,
2008).

1.4.1. What isSalmonella?

Salmonellaare gram-negative bacteria comprising 2 specidasubspecies; the most
important of which isSalmonellaentericainfection in humans causes severe illness and
can be an intracellular pathogeBalmonella entericacauses illness in humans by
passing from the intestinal tract into the epitln@lj where it causes inflammation and
systemically releases an enterotoxin and a potedotexin. Salmonellaexists in a
typical fecal-oral life cycle, although it can @read through the nasal cavity to the gut.
Salmonella entericacomprises over 2,500 known serovars that are pattio to
humans or animals. Aalmonellaserotype would commonly be known simply as
Salmonella Typhimurium rather than asS. enterica entericalyphimurium Some
serotypes, such a/phimurium can be utilitarian and infect many species ofrets,
including man (Callawagt al, 2008).

Adaptation allowsSalmonellato exist as a pathogen in a suitable host enviemtjror

as a transient member of the gastrointestinal @djoum in a less-than-ideal host
environment. Some serotypes can live in food arsméthout causing illness; however,
when host animals and their carried serotypesa@mswned by humans, then foodborne
illness can result.

Although Salmonellaserotype influences the extent and outcome of huithaess,
elimination or treatment strategies are not diffiéfgetween serotypes.

Although the relative importance of serotype hasrnbeverstated in regard to the
development of pathogen reduction strategies, \geeois still critical information to
understand the spread $&lmonellathrough the food chain. In USA, over the past 5
years, the number &almonellapositive samples in ground beef has decreasedhand
percentage of positive samples from broilers haseased. This increase in broilers has
led to the 2006 implementation of &&lmonellaattack plan” by USDA Food Safety
and Inspection Service that focuses on an increasetpling frequency in “dirty”
plants (Callawat al, 2008).

Seasonality of fecal shedding is critical to untierding the flow oSalmonellahrough
the food chain. There is a correlation between dingdin animals and human

outbreaks. Shedding by food animals can approach diging the winter months and
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reaches its peak in summer and early fall espgcialicattle and swine, and human
outbreaks also peak during this period (EFSA, 2@Altawayet al, 2008).

Although a physical correlation to temperature &sxig must be noted that the internal
temperature is not the sole source of the obseseadonality. Other potential factors
for seasonality of pathogen shedding include tldyfmrmones and melatonin level as
reported by Edringtost al. (2006, 2007).

Salmonellan farm environments

Salmonellaspp. can be found widely on farms of many typesluding those for beef
and dairy cattle, swine farrowing and finishing ifides, and poultry farms. The
Salmonellasolates came from all materials examined on dne$.

lliness from salmonellosis in the bovine is seeedpminantly in young calves,
although occasionally it seen in adult cattle ali.\v&almonellahave been isolated from
the feces of healthy dairy cattle, where the pathogmay exist as a normal member of
the gastrointestinal population or as a transieamirer of gastrointestinal microbial
population. Cattle can carry many different seret/pfSalmonella

Swine can be asymptomatic reservoirs of foodborathqgenic bacteria that are
transmissible to humans via consumption of contateih pork products or through the
environment (Callawagt al, 2008).

Salmonellainfections in porcines damage both health and ymtidty. Intestinal
infection results in the destruction or turnover tbe intestinal mucosa, inducing
inflammatory diarrhoea. Furthermore, antibioticisesce inSalmonellaspecies found
in farm animals can lead to increased morbility aradtality, due to reduced efficacy of
therapeutic antibiotics. Economic losses associidtdSalmonellaare not only due to
infection in farm animals but also through entrioithe human food chain, where they
can cause zoonotic infections in humans (Martid®zdt al, 2008)

Foodborne pathogenic bacteria suchSasmonellacan persist in the environment or
within a herd at subclinical levels for years. Tihest commorSalmonellaserotypes
isolated from swine includderby, Typhimurium and Infantis (Si et al, 2006;
Callawayet al, 2008).

Salmonellainfection of farm animals is from multiple souraed also has the capacity
to cause asymptomatic infections, thereby incrgasiissemination. Feeding
management strategies are capable to exerting somteol on Salmonellainfection
(Martin-Peldezt al, 2008)
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Pigs may become colonized wiBalmonellaby ingesting contaminated feces. Placing
swine in Salmonellacontaminated pens for a large period before slaugtan also
result in the colonization of pigs immediately befentry into the food chain (Callaway
et al, 2008).

Salmonellais found commonly in chickens and turkeys, anspiteads easily from bird
to bird through a fecal-oral route within poultrguses.Salmonellaalso can be spread
via other reservoirs thus, the need for stringeasdrurity and pest control plans on
most poultry farms.

SalmonellaTyphimuriuman Enteritidis are the human illness-causing sesownost
commonly associated with poultry meat and eggsh Bah cause iliness in poultry and
are isolated from clinically ill birds, but are épgently present as an asymptomatic
infection, allowing them to enter the food chairtheut triggering a simple detection
tripwire (Van Immerseeét al, 2006; EFSA, 2007; Callawast al, 2008; Dunkleyet
al., 2009).

Salmonellais a serious threat to broiler and egg productbmih as a direct food safety
threat in poultry meat and eggs and via verticahgmission to a new generation of
infected broilers or layers. BecauSalmonellacan survive in the gut of birds or invade
host tissues, it can be transmitted to consumeosigih various routes. For exampge,
Enteritidis can invade the ovaries and be direetlgapsulated in eggs, or it can live in
the intestinal tract and enter eggs through crackbe shell as the egg intersects the
intestinal tract in addition to being transmittédough poultry meat. Fertilized eggs can
be infected wittSalmonellavia semen. Thus, when an infected egg is hat¢hed;hick
can already contain Salmonella, which can then greasl quickly to “clean” birds
through contact, as well as through the common+&ed routes (Callawagt al, 2008;
Dunkleyet al, 2009).

There has been a great deal of research aimedlatstanding what effect stresses have
on populations oSalmonellaespecially dietary and transportation stressafig@ayet

al., 2008). Colonization of the gastrointestinal tragt pathogenic microorganisms is
linked to environmental factors of the digesta dhdrefore, the composition and

amount of ingested feed can influence colonizatidartin-Peldezt al, 2008).
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1.5. FOOD PATHOGENS INTERVENTION AND REDUCTION
STRATEGIES

The ability of foodborne pathogens from food anen& be widely disseminated
through the food chain, further emphasizing thednteereduce foodborne pathogenic
bacteria in the live animal before they contact aontonsumers (Greathead, 2003;
Burt, 2004; Diez-Gonzales, 2007; Oliwtral, 2009).

With the growing industrialization of the productiand transport of food, human
illnesses from indirect contact have become inanghsnoted.

Some of the most promising improvements aimed dtaecing food safety have
focused on the development of interventions thatkvad the live-animal level. Live-
animal, or on-farm, intervention strategies canldmsely grouped into 2 categories:
procommensal strategies or directly antipathogenatesiies (Diez-Gonzales, 2007,
Oliver et al, 2009).

Procommensal strategies use a native (or introjuo@drobial ecosystem against
pathogens by capitalizing on competition for nuitée and environmental niches.
Directly antipathogenic strategies, on the othendhaspecifically kill (or inhibit)
pathogens via a variety of mechanisms.

A procommensal strategy is defined as the estabbsi of a nonpathogenic microbial
intestinal population that reduces, excludes, dis kpathogenic bacteria, including
foodborne pathogens. Simply put, procommensal egfies promote the growth of
groups of bacteria that are competitive with, oereantagonistic to, the pathogens of
interest. Procommensal strategies used in food asimclude probiotics, which are
microbial cultures that are fed to animals to namta constant flow of commensal
organisms through the gut environment; competiteseclusion, defined as the
establishment of a microbial population in a ndo@d animal gut; and prebiotics.
Antipathogenic strategies are the most straighthodwof the intervention strategies
because they directly attack the pathogen of isteddowever, because foodborne
pathogenic bacteria typically do not have any ualpwoperties within the gut of food
animals, they are difficult to target directly wailt significant “collateral damage” on
the rest of the microbial population. However, aietg of antipathogen strategies can
be used to address pathogen populations in fooohads including antibiotics and

bacteriocins, organic acids, and essential oiM@Iet al, 2009).
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Numerous nutritional additives are either alreadyse or have been proposed as means
to reduce or eliminate pathogens or as a meamagmve growth and feed conversion
(Joerger, 2003; Diez-Gonzales, 2007).

The primary mode of action of growth promoting festtlitives arises from stabilizing
feed hygiene (e.g., through organic acids), andheuere from beneficially affecting
the ecosystem of gastrointestinal microbiota thhoegntrolling potential pathogens.
This applies especially to critical phases of amais’ production cycle characterized
by high susceptibility to digestive disorders, sushthe weaning phase of piglets or
early in life of poultry. Due to a more stabilizéatestinal health, animals are less
exposed to microbial toxins and other undesiredraobial metabolites, such as
ammonia and biogenic amines. Consequently, grondghpting feed additives relieve
the host animals from immune defence stress duriigal situations and increases the
intestinal availability of essential nutrients fabsorption, thereby helping animals to
grow better within the framework of their genetmgntial (Windisclet al, 2008).

1.5.1. Bacteriocins

Bacteria have many complex mechanisms to resigtiatits, and the widespread use
of antibiotics in both human medicine and animaladture has led to the widespread
dissemination of antimicrobial resistance genescaBse of concerns about the
dissemination of antimicrobial resistance, it kely that prophylactic use of medically
important antibiotics as growth promotants in fgodducing animals will become
completely prohibited (Joerger, 2003; Diez-Gonz&€87; Oliveret al, 2009).

Some bacteria produce proteinaceous compounds, rkrasvbacteriocins, lethal to
bacteria other than the producing strain, that idmbit the growth of foodborne
pathogenic bacteria, includin@. botulinum Bacillus spp., E. faecalis E. coli
Salmonella and Listeria (Carolissen-Mackayet al, 1997; Joerger, 2003; Diez-
Gonzales, 2007; Oliveat al, 2009)

As with any antimicrobial compound, the issue @fisance also has to be considered
for bacteriocins. Although the mechanism of actidmot known for all bacteriocins,
most of the low molecular weight bacteriocins appteainteract with the bacterial
membrane. Resistance is therefore usually thetre$udthanges in the membrane of
bacteria targeted by a bacteriocin, but inactivabyg degradation has been observed for
nisin. Until recently, development of resistancebtcteriocins was not considered as

affecting resistance to currently used antibiofizserger, 2003; Oliveat al, 2009).
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Compared to antibiotics, most bacteriocins aretivaly specific and can only affect a
limited number of bacterial species. Bacteriocihkotic acid bacteria can be inhibitory
to many Gram-positive organisms, but they havke |lgffect on Gram-negative species
due to the protective effect of the outer membrakeong the different types of
bacteriocins, colicins probably have the greatpstiicity because many of them only
affect strains within the same species. The spagifof bacteriocins can be particularly
advantageous for applications in which a singletdsad strain or species is targeted
without disrupting other microbial populations. the case of pathogens as target
organisms that colonize the gastrointestinal todgioultry, cattle and swine, the use of
bacteriocin-producing strains would have little eeff on most beneficial intestinal
bacteria (Joerger, 2003; Diez-Gonzales, 2007; ©éval, 2009).

In contrast to the currently used antibiotics, baotins are often considered more
natural because they are thought to have beenmresmany of the foods eaten since
ancient times. The bacteriocin nisin actually h&AS (generally recognized as safe)
status (Joerger, 2003; Olivet al, 2009). Nisin and other bacteriocins produced by
lactic acid bacteria have received a great deattehtion because they are produced by
bacteria largely considered beneficial to humartheand to food production (Joerger,
2003).

One of the potential benefits of using bacterodmdivestock is the stimulation of
animal productivity. However, due to the specifioitf bacteriocins it is very unlikely
that their growth enhancement would be similarhe éffect of antibiotics. In recent
years, several reports have indicated that rummadroorganisms are capable of
producing a variety of bacteriocins and some o$¢herganisms have been isolated for
an eventual application to manipulate the rumeeZBsonzales, 2007).

The application of bacteriocin-producing bactenaifnprovements in productivity has
not been limited to cattle, as several researchave explored the use of probiotic
strains capable of producing bacteriocins to ireeethe growth rate of swine. In
poultry, the use of bacteriocin has been mainlgdted for the contrdbalmonella The
potential improvement of productivity in animals dareted by the utilization of
bacteriocin could be based on the inhibition ofcepe groups of organisms (Joerger,
2003; Diez-Gonzales, 2007).

The utilization of bacteriocin-producing bactergaapre-harvest food safety strategy is
considered as one of the most viable interventimnsreducing the gastrointestinal

colonization of livestock by foodborne pathogenie3e bacteria can easily be
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administered to animals by mixing dried or wet crds with feed or drinking water,
and depending on the ability of the particular pobobs strain to colonize the
gastrointestinal tract they could be fed sporadlicat continuously. The feeding of
bacteriocin-producing bacteria can have a direéecefon reducing the existing
populations of foodborne pathogens suclsalsnonellaand Escherichiacoli O157:H7,
and long-term colonization with bacteriocin-prodwgibacteria would prevent further
re-introduction of the pathogenic bacteria (Diezn&ales, 2007).

Despite the enormous potential of bacteriocin-pouy bacteria to increase animal
productivity and to reduce the likelihood of foodbe disease, there are relatively few
studies that have investigated the factors influentheir applicability (Diez-Gonzales,
2007).

The administration of bacteriocin-producing baeterather than the bacteriocins
themselves might be a more cost-effective approdch, significant progress in
developing suitable producer strains will have ¢ontade before such an approach will
be feasible. Few studies have addressed the fadtaabériocins in the intestinal tract,
but some data suggest that some of the low moleadight bacteriocins can survive at
least some of the intestinal environments and pbssbuld be administered with feed
(Joerger, 2003; Diez-Gonzales, 2007).

For uses involving purified bacteriocins, cost d&fe tcompounds can become a
significant barrier. Production of all but the shaat bacteriocins is currently only
imaginable by culture of natural or genetically imegred producer organisms (Joerger,
2003).

1.5.2. Organic acids

Man has used fermentations as a method of fooewa&son for more than 6000 years,
but now it appears that fermentation acids alsehalue as feed or drinking water
additives. Commercial preparations appear to erehdigestibility and diet palatability,
thus improving feed conversion and growth of ansnahcluding pigs and poultry
(Partanen and Mroz, 1999; Canile¢ al, 2001; Hismiogullariet al, 2008; Van
Immerseekt al, 2009). Some acid mixtures prevent mould growthemd, and claims
of increased egg production have been made. Pathoayerol has also been reported,
but the peer-reviewed scientific literature has tfinitive studies (Canibet al, 2001,
Van Immerseeékt al, 2009). Until recently, the use of short-chairtyfatcids (SCFA),

medium-chain fatty acids (MCFA) and other orgarias was largely based on their
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antimicrobial activity outside the intestinal tra(fPartanen and Mroz, 1999; Van
Immerseekt al, 2009).

Finally, organic acids (OA) acts as protectorshe gut, through very different ways,
including mucosal growth, intestinal barrier fuctistregthening, anti-oxidant and anti-

inflammatory capacities, and anti-bacterial prapsr{Lalleset al, 2009).

Bacterial metabolism of OA

Bacteria can use organic acids as both carbon aedyye sources. IrE. coli, the
hydrophobic long-chain fatty acids (LCFAY»@12) are transported across the cell
membrane by carrier mechanisms, in which the faditef membrane proteins) and the
fadD proteins (inner membrane) are involved. Fadiries LCFA to the periplasmatic
space and fadD is an acyl- CoA synthetase. Oncadi#leCoA molecules are formed
inside the cell, degradation occurs through theibaiion pathway, yielding multiple
acetyl-CoA molecules. Degradation of LCFA havingad number of carbon atoms
also yields propionyl-CoA as an end product. Wheti€FA (C6 to C10) can be
transported by carrier proteins or are able touddffreely across the cell membrane in
undissociated form is less clear, but also the fpdidein and the b-oxidation pathway
are used for metabolization. The LCFA and MCFA alo be used for incorporation in
the membrane as phospholipids. SCKACA) presumably cross the outer membrane
mainly through diffusion in the undissociated for®nce inside the cell, they can be
converted to their CoA thioester forms. Butyricdais converted to butyryl-CoA by the
acetoacetyl-CoA transferase system (AtoAD systennyerted to acetoacetyl- CoA by
the fadB/E system, and then further breakdown &y&€oA is performed by the atoB
gene product (Van Immerseet al, 2009). Thus as an example, butyric acid is
converted to two molecules of acetyl-CoA. Propioaaid, either taken up from the
environment or generated as an endproduct of dagoadof LCFA with an odd
number of carbon atoms is metabolizedSeimonellaandE. coli in the methylcitrate
cycle. Propionyl-CoA reacts with oxaloacetate tonfo2-methyicitrate, which is
converted through a series of reactions, to sutiaad pyruvate. These products can
be used in the citric acid cycle. Although it i®tight that acetate can diffuse across the
cell membrane, an acetate permease (ActP) wastetectE. coli. In E. coli and
Salmonella acetate is converted to acetyl-CoA by eithery@g@bA synthetase or the
sequential action of acetate kinase and phosplsatcaetylase. Acetyl-CoA, generated

by either the b-oxidation pathway, by butyric abréakdown or by acetate conversion,
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can be used for oxidation in the citric acid cyated for replenishing intermediates of
the citric acid cycle via the glyoxylate shunt (Mammerseekt al, 2009).
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Figure 1.1. Chemical structures of main organic acids withimicrobial activity.

Meccanism of antimicrobial activity of OA

Fermentative bacteria produce organic acids whegeixis not available as a terminal
electron acceptor, but they differ greatly in tiees of acids that they produce. Because
the oxidation of one molecule must be coupled ®réduction of another, anaerobic
bacteria often produce several acids (Partanenvaod, 1999; Van Immerseet al,
2009). The simplest fermentation is conversion afjas to lactate, and many
lactobacilli, streptococci, lactococci and entexmohave a scheme that is virtually
homolactic when sugar is plentiful.

However, when sugars are scarce, all of these fim@ee capable of switching to a
fermentation that produces acetate, formate andnethso ATP production can be
enhanced.

Bacteria capable of utilizing fatty acids are foundstagnant anaerobic environments,
but these bacteria grow very slowly, and fermewtaéinvironments are typically acidic.
Fermentation acids are inhibitory when the pH 8 lt some bacteria are much more
resistant than others.

Traditionally, microbial growth inhibition by organacids was explained by the ability
of these acids to pass across the cell membrassgaate in the more alkaline interior
and acidify the cell cytoplasm (Canibeal, 2001; Van Immerseei al, 2009).
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Organic acids were compared with synthetic uncoapieat could remain membrane
associated, and shuttle protons in a cyclic matmelissipate the proton-motive force.
The problem with this analogy is the fact that oigeacid anions are charged and not

lipid permeable (Hismiogullagt al, 2008; Van Immerseeit al, 2009).

Why are some bacteria so much more sensitive ttiers?

For many years it was assumed that bacteria maeda slightly alkaline intracellular
pH, but this assumption was largely based on wathk l&boratory cultures dE. coli. It

iIs now clear that many fermentative bacteria h&eeability to let their intracellular pH
decline when the extracellular pH becomes highigiacThis decline in intracellular
pH necessitates a metabolism that can tolerateex IpH, but the strategy appears to be
highly adaptive. When intracellular pH remains higie pH gradient across the cell
membrane can become very large. The protons canreed back out of the cell, but
the pH gradient causes a logarithmic accumulatioime fermentation acid anions. By
letting intracellular pH decrease, the bacteriura Aanuch smaller pH gradient across
the cell membrane and is protected from anion actation (Canibeet al, 2001; Mroz,
2003; Van Immersedt al, 2009).

Fermentation acid anion accumulation was at leagtart an osmotic stress. Recent
work with C. sporogenesa silage and food contaminant, indicated thatdumulated
lactate anion at acidic pH values in accordancé wie pH gradient across the cell
membrane, but lactate anion accumulation causedcandary effect. When lactate
anion increased, the cells lost intracellular ghate, and the fermentation scheme of
amino acid deamination is dependent on glutamatesaminase.

The lower the external pH, the more undissociatedknacid will be available (based
upon pk, values) to cross the membrane and affect intgohll To overcome the
lowering of internal pH, several amino acid decasid@ses can be induced; these
elevate the internal pH by consuming a proton dudecarboxylation and they then
exchange the decarboxulation end-product for a sigvstrate via a membrane-bound
antiporter (Bearsoet al, 1997). One example is lysine decarboxylase (CaxdApled
with the lysine-cadaverine antiporter (CadB) & Typhimurium The CadA
decarboxylates intracellular lysine to cadaverind eonsumes a proton in the process.
Cadaverine is then exchanged for fresh lysine filmensurrounding environment via the
CadB antiporter (Par&t al, 1996).
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The final result was a virtually complete inhibiticof ammonia production (Van
Immerseelet al, 2009). The antimicrobial activity of organic agidn other bacterial
species has not been correlated with intracellpithregulation, but bacteria that could
be classified as neutrophils seem to be more semiian those that are acid tolerant.
The anion model of organic acid toxicity explainsybacteria differ in their sensitivity
to organic acids, but it does not provide informaton the antibacterial effect of one
acid versus another.

Factors such as chain length, side chain compasip&a values and hydrophobicity

could affect the antimicrobial activity (Van Immegdet al, 2009).

1.5.3. Essential oll

An essential oil is a mixture of fragrant, volatdempounds, named after the aromatic
characteristics of plant materials from which tlvay be isolated. The term “essential”
was adapted from the theory of “quinta essentiatppsed by Paracelsus who believed
that this quintessence was the effective elemera medical preparation (Greathead,
2003; Leeet al, 2004).

Essential oils are very complex mixtures of comptsuand their chemical compositions
and concentrations of individual compounds arealde. Because of the large variation
in composition, the biological effects, if any, e$sential oil may differ (Greathead,
2003; Burt, 2004; Leet al, 2004).

Essential oil basically consist of two classes a@mpounds, the terpenes and
phenylpropenes. Depending on the number of 5-caoldding blocks, terpenes can be
sub-divided into mono-, sesqui-, and di-terpenagther derivates of terpenes are
typified by the presence or absence of a ring gireacdouble bond, addition of oxygen
or stereochemistry. Terpenes and phenylpropenesyatkesized by the mevalonic and
shikimic pathway, respectively (Greathead, 2003 ¢teal, 2004).

Essential oil, however, are a relatively new clafsteed additives and we are still rather
limited in knowledge regarding modes of their actemd aspects of their application.
Essential oils can be used as phytogenic feed iaelsliincorporated into diets to
improve productivity of livestock through amelidmat of feed properties, promotion of
the animals’ production performance, as well asromimg quality of food derived from
those animals (Greathead, 2003; ketal, 2004; Windisctet al, 2008).
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Use of feed additives is usually subject to rest@cregulations. In general, they are
considered as products applied by the farmer tdthyeanimals for a nutritional
purpose on a permanent basis in contrast to vatgrarugs.

In the European Union, for example, feed additimesd to demonstrate identity and
traceability of the entire commercial product, edfty of the claimed nutritional effects
including absence of possible interactions witheotieed additives, as well as safety to
the animal, to the user, to the consumer of anthealed products, and to the
environment. Problems with feed additive legacy nthgrefore, arise especially with
phytogenic feed additives addressed to explicitthedaims or in case of plant derived
substances suspected to modulate metabolism (Whnelisal, 2008).
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Antioxidative properties are well described forezdsal oil (Greathead, 2003; Letal,
2004; Windischet al, 2008). Among a variety of plants bearing antiaxick
constituents, the volatile oils from the mint pkrtave been attracting the greatest
interest, especially products from rosemary. ltsioaidative activity arises from
phenolic terpenes. Othémbiatae species with significant antioxidative properte®
thyme and oregano, which contain large amountshef monoterpenes thymol and
carvacrol (Windisclet al, 2008).

The antioxidant property of many phytogenic compmsumay be assumed to contribute
to protection of feed lipids from oxidative damades antioxidants usually added to
diets (Greathead, 2003; Leeal, 2004; Windisclet al, 2008). The principal potential
of feed additives containing herbal phenolic comqusufromLabiataeplant family to
improve oxidative stability of animal derived pratisl has been demonstrated for
poultry meat, pork, rabbit meal, and eggs (Windistal, 2008).

Phytogenic feed additives are often claimed to owuerflavor and palatability of feed,
thus, enhancing production performance (Greath2@@3; Leeet al, 2004; Windisch
et al, 2008). However, the number of studies havingetedhe specific effect of
phytogenic products on palatability by applyinghaice feeding design is quite limited.
They show dose-related depressions of palatalmlipigs fed essential oils from fennel
and caraway, as well as from thyme and oreganosh@h the other hand, there are
numerous reports on an improved feed intake thrgoigytogenic feed additives in
swine (Windischet al, 2008).

A wide range of spices, herbs, and their extraoctskmown from medicine to exert
beneficial actions within the digestive tract: siiation of digestive secretions, bile, and
mucus, and enhanced enzyme activity are proposduk toore mode of nutritional
action (Greathead, 2003; Lext al, 2004; Windischet al, 2008). Phytogenic feed
additives were also reported to stimulate intebtaegretion of mucus in broilers, an
effect which was assumed to impair adhesion of qgghs and thus to contribute to
stabilizing the microbial eubiosis in the gut of tinimals.

Herbs and spices are well known to exert antimiedolactionsin vitro against
important pathogens (Windise&ht al, 2008). The active substances are largely the same
as mentioned previously for antioxidative propestieith phenolic compounds being
the principle active components (Greathead, 2003:t,B2004; Leeet al, 2004;
Windischet al, 2008). The antimicrobial mode of action is coesadl to arise mainly

from the potential of the hydrophobic essentiak do intrude into the bacterial cell
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membrane, disintegrate membrane structures, argk ¢an leakage (Greathead, 2003;
Lee et al, 2004; Windischet al, 2008). Microbiological analysis of minimum
inhibitory concentrations (MIC) of plant extract®rin spices and herbs, as well as of
pure active substances, revealed levels that cemadity exceeded the dietary doses
when used as phytogenic feed additives (Rairtal, 2004; Windischet al, 2008).
Another implication of antimicrobial action of plogenic feed additives may in be
improving the microbial hygiene of carcasses. lagdkere are isolated reports on the
beneficial effects of essential oils from oregano microbial load of total viable
bacteria, as well as of specific pathogens (e.glmaenella) on broiler carcasses
(Windischet al, 2008).

Several are the effects of essential oil as grqwtimoters. Data on swine vary widely
from depressions in production performance to imeneents similar to those observed
with common growth promoters, such as antibiotizganic acids, and probiotics. For
poultry, the majority of experimental results iratie reduced feed intake at largely
unchanged weight gain or final body weight, leadiagan improved feed conversion
when feeding phytogenic compounds (Greathead, 2088gt al, 2004; Windischet
al., 2008). Of course, the wide variation in biologieffects induced by phytogenics
reflects the experimental approaches to test sliiyabf these substances for use as
growth promoting feed additives to swine and pgulind includes also failures in
selecting proper plants, active components, andageibus dietary doses. Recent studies
with swine and poultry indicated stabilizing effectf phytogenic feed additives on the
ecosystem of gastrointestinal microbiota. Thesectdf are also typical for organic
acids, which are known to exert a major part ofrthmlogical efficacy mainly through
stabilizing the microbial eubiosis in the gastrestinal tract. Morphological changes in
gastrointestinal tissues due to phytogenic feeditimdd may provide further
information on possible benefits on the digestireett (Greathead, 2003; Burt, 2004;
Lee et al, 2004; Windischet al, 2008); however, the literature available does not
provide a consistent picture. Available reportsvglmcreased, unchanged, and reduced
villi length and crypt depth in the jejunum andamolfor broilers and pigs treated with
phytogenic feed additives.

Improved digestive capacity in the small intestinay be considered an indirect side
effect of feed additives stabilizing the microbelibiosis in the gut. An improved
prececal digestive capacity reduces the flux ahtartable matter into the hind gut and,

thus, lessens the post-ileal microbial growth dmel éxcretion of bacterial matter in
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feces, respectively. Because bacterial proteirhé dominant fraction of total fecal
protein, an improved prececal digestive capacity mesult indirectly in an increased
apparent digestibility of dietary protein (Greattiea003; Leeet al, 2004; Windisclet
al., 2008).

Besides efficacy, application of phytogenic feedliades to livestock also has to be
safe to the animal, the user, the consumer of tiv@ad product, and the environment
(Greathead, 2003; Lest al, 2004; Windisclet al, 2008). Regarding exposed animals,
adverse health effects cannot generally be excludedse of an accidental overdose.
For the user, the handling of pure formulationssoth feed additives usually needs
protective measures because they are potentiatiting and can cause allergic contact
dermatitis (Burt, 2004; Windisckt al, 2008). With respect to consumer safety, the
phytogenic feed additives cannot be relieved frateination of possible undesired
residues in products derived from animals fed thpyeducts (Windisclet al, 2008).
Phytogenic feed additives are claimed to exertoaitative, antimicrobial, and growth
promoting effects in livestock, actions which aeetplly associated with an enhanced
feed consumption supposedly due to an improvedaialdy of the diet (Greathead,
2003; Burt, 2004; Leet al, 2004; Windisctet al, 2008). Whereas available results do
not support a specific amelioration of palatabjlitye antioxidative efficacy of some
phytogenic compounds to protect quality of feedwatl as that of food derived from
animals fed those substances cannot be ruled ath. rdsépect to antimicrobial action,
some observationsn vivo support the assumption for the general potential o
phytogenic feed additives to contribute to a fimatluction of intestinal pathogen
pressure. When compared with antimicrobial feeditasdd and organic acids, the
phytogenic substances currently used in practieens® similarly modulate relevant
gastrointestinal variables, such as microbial cpl@ounts, fermentation products,
digestibility of nutrients, gut tissue morpholognd reactions of the gut associated
lymphatic system. In addition, phytogenic produptay stimulate intestinal mucus
production, which may further contribute to relidbm pathogen pressure through
inhibition of adherence to the mucosa (Windistlal, 2008).
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2. OBJECTIVES

In the contest of improving food safety, as reqliiby the European Authority and

consumer, the attention was focused on microbiolgirisk in food animal.

Clostridium perfringensindSalmonellaspp. were the major causes of human infection.

In particular, to prevent microbiological risk isagessary decrease slaughterhouse cross-

contamination. To obtain this result, the studiem ®e focused on the control of

pathogens presence in farm and reduction of intddract colonization of swine and

poultry.

In this scenario the objectives of this work were:

to screen the antimicrobial power of different angaacids and flavours against
foodborne pathogens, which represent a threat tio &oimal productivity and
human health, to find possible synergisms amongetltompounds;

to evaluate the role of such compounds and thessipte synergistic effect
against pathogens in amvitro system which simulate intestinal environment;
to evaluate natural compounds vivo as feed additives to control pathogens

infections.

To reach these objectives 3 groups of experimeats panned:

determination of the Minimal Inhibitory Concentati (MIC). Study was
planned to assess the MIC of organic acids andfiess againsClostridium
perfringensand Salmonella Typhimuriumand find the presence of synergistic
effects.

Intestinal fermentation. The study was to evaluat role of association of
organic acids and flavours to contr8almonella Typhimuriuninfection and
modulate fermentation parameters in an vitro system (batch -culture
techniques) that simulate swine intestinal envirentn

In vivo studies. In the first study it was evaluate thie f microencapsulated
blend of organic acids and flavours to contéddstridium perfringensnfection
in broilers; the second study was to evaluate ffexteof a bacteriocin and its
producer strairPediococcus pentosacets reduceC. perfringensinfection in
broilers.
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3. EVALUATION OF ANTIMICROBIAL ACTIVITY OF SEVERAL
ORGANIC ACIDS AND FLAVORS AGAINST CLOSTRIDIUM
PERFRINGENS AND SALMONELLA TYPHIMURIUM

3.1. Aim of the study

The antibacterial strength of such substances eamldiermined by broth dilution
method and optical density measurement (Smith-Raémal, 1998), and the minimal
inhibitory concentration (MIC) of a substance cae Hefined as the minimal
concentration of such substance inhibiting visigpfewth of test organism used at a
given infectious dose after a given amount of ti(karapinar and Aktug, 1987;
Onawunmi, 1989; Hammaet al, 1999; Delaquigt al, 2002).

Aim of the study was to evaluate of the capacitysa@ine organic acids and flavors to
control the growth oC. perfringensandS. Typhimuriumand the possible combination
effect of a given organic acid and a given flawwimiprove their individual antibacterial
activities when combined at different concentragidring 24 h of incubation, in order
to study their possible use in animal husbandryetuce microbial infections and

microbial carcass contamination at slaughter.

3.2. Materials and method

Bacterial strains and growth conditions

The bacterial strains used to test the substantethis study wereClostridium
perfringensATCC 13124 andsalmonella enterica subs. enterica, serov. Typhumur
H2665 DT104.

C. perfringenswas stored in Cooked Meat (CM broth, Difco Laborigs, Division of
Becton Dickinson and Company, Sparks, MD, USA)oatm temperature. Clostridium
working seeds were obtained by inoculating {llO®f stock culture in 10 mL of
Reinforced Clostridial Medium (RCM) broth (Oxoid &pBansingstoke, UK) and
incubated at 37°C in anaerobic conditions throwgh subsequent incubations of 24h.
S. Typhimuriunwas stored at —20°C in Brain Hart Infusion (BHibth with glycerol
20% (v/v). The strain was revitalized by inoculatioa BHI and incubation at 37 °C in
aerobic conditions through two subsequent incuhatad 24h.
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Chemical substances
Organic acids and flavours objects of the studyewttrymol (Fluka), carvacrol (Fluka),
vanillin (Fluka), limonene (Fluka), and lactic aqijgluka), all purchased by Sigma-
Aldrich Chemie Gmbh, Steinheim, Germany, cinnantayde, benzoic acid, citric acid,
fumaric acid, and DL-malic acid (Sigma-Aldrich Corption, St. Louis, MO, USA).
The molecules were diluited in RCM broth for perfringengests and in BHI broth for
S. Typhimuriumtests as described below (EP 1391155B1, Vetagrd Staly)
Broth dilution method
Stock solutions of each acid were prepared by Hissp it in deionized water,
correction to pH 6.5 followed by sterilization ugia filter with a membrane pore size
of 0.22um (Millipore Corporation, Bedford, MA, USA).
Organic acid working solutions were prepared byaséwvo-fold dilutions of each stock
solution with RCM or BHI broth (pH 6.5) in order tdtain the lowest concentrations to
be tested depending on the type of acid.
Flavor stock solutions were obtained by dissoluimgm in ethanol< 5%, v/v) (Merck,
Darmstadt, Germany) in order to reach 7.28 mM.tiAdl solutions were adjusted to pH
6.5 and sterilized by filtration (pore diameter@2n). Working broth solutions of each
flavor were prepared by diluting them with RCM o Bbroth at pH 6.5 (flavor stock
solution: RCM or BHI broth = 3: 1). Further conaextions were obtained in the same
way until 1.96 mM was reached. Final concentratitested in 96-wells microtiter
plates were:

» flavors (carvacrol, thymol, vanillin, cinnamaldeleydand limonene) at: 1.82,

1.46, 0.98, 0.73, 0.49 mM;

* malic acid and lactic acid at: 500, 250, 125, 631525, 15.63 mM;

» citric acid and benzoic acid at: 250, 125, 62.528115.63, 7.82 mM;

» fumaric acid at: 125, 62.5, 31.25, 15.63, 7.8213rM
Each flavor was tested alone and in combinationh waéiach organic acid at
concentrations previously indicated.
MIC determination in microtiter plates.
Clostridium and Salmonellainhibition study was performed with 4GCFU/well: each
well (96-wells microtiter plates) was filled withOQ pl of bacterial inoculum (10
CFU/ml) and with 10Qul of each solution. The negative control wells &eroculated
in the same way with 100 of a 1¢ CFU/mlI culture and 10l of RCM or BHI broth
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(pH 6.5) without the addition of any substance.lEsugbstance was tested two times per
plate.

A blank control with ethanol 5% (v/v) was assessedrder to verify that the highest
concentration of ethanol used to dissolve flavoess wot inhibiting the growth of
bacteria.

C. perfringensplates were incubated at 37 °C in anaerobic cmmdif while S.
Typhimuriumplates were incubated at 37°C in aerobic conditi@ptical density (OD)
as bacteria growth index was measured after 24h ingubation using a
spectrophotometer (Tecan Spectra Classic, TecampQuinol, Switzerland) at lambda)(
=630 nm.

Broth turbidity at 10 CFU/mL could not be observed; increasing of ttitpidvas
considered as a positive indicator of bacterialnghoafter 24h of incubation. For each
bacterial strains the growth response was plotgainat each concentration of the
compounds. The minimal inhibitory concentrationsI@y were determined as the
lowest concentration of the substance tested wtnchpletely inhibited the increase of
turbidity of bacterial cultures after 24h of inctiba.

To evaluate the effect of the combinations, thetioaal inhibitory concentration (FIC
index) was calculated for each substance in eagtbic@tion (Ohraret al, 2005). The

following formulas were used to calculate the Fi@dx:

YFIC =FIC A+ FICB,

were FIC A was the ratio between the MIC of substaf in combination and MIC of
substance A alone, and FIC B was the ratio betwkeerMIC of the substance B in
combination and MIC of substance B alone. Synergg defined as aFIC< 0.5; an
additive effect was defined when 0.5%FIC< 2. Indifference was defined as
2<3 FIC<4, and antagonism was defined gsFC>4.

Statistical analyses

The experiment was made in duplicate. leach bacterial strain, OD data were
analyzed for each tested compound by One-way ANQWA differences among means
of groups were obtained using Newman-Keuls t-tested on the variances derived
from ANOVA (GraphPad Prism 4.0; GraphPad Softweé®an Diego, CA, USA).

Differences were considered statistically significat P<0.05.

41



Minimal Inhibitory Concentration

3.3. Results

Clostridium perfringens

As described in table 3.1, MIC of carvacrol wass1dM, even if at 0.98 mM carvacrol
reducedC. perfringensgrowth of 84%. For organic acids were determind@ Malue
only for citric, benzoic and malic acid, 62.5 mM5land 250 mM, respectively. For all
the other acids MIC was not determined becauséitifeest concentrations tested were
not effective in inhibitingClostridiumgrowth. As showed citric acid was more effective
against C. perfringens Lactic acid showed to have inhibitory effect aighh
concentration during the 24h duration of the st(fy 3.1).

The MIC of combination showed that, even if anydaalone did not inhibitC.
perfringens the same acid in combination with carvacrol hadaatibacterial activity,
reducing bacteria growth.. Carvacrol at 0.98 mMedad of 1.46 mM, in association
with fumaric acid at 125 mM. completely inhibit€d perfringens

As described by FIC index, there was an additifeceéfbetween carvacrol and citric,
malic or benzoic acid.

C. perfringens 24h
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doses of carvacrol (Cr) and/or lactic acid (L), mM

Figure 3.1. Absorbance 4=630 nm) values of C. perfringens growth after Zfhincubation. Column
bars indicate mean £ SD. Each column is the meawofvalues. Cr= carvacrol; L= lactic acid.
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Table 3.1. Antibacterial effect of carvacrol and organic dsialone or in combination, against“10
CFU/mI of C. perfringens after 24h of incubationlQWalues are expressed as mM. (n=2). NI= Not
Inhibitory.

. MIC
MIC Carvacrol MIC Citric Carvacrol + Citric FIC
0.98 +7.82 0.8
1.46 62.5 0.73+31.25 1.0
0.49 + 31.25 0.8
. MIC
MIC Carvacrol MIC Malic Carvacrol + Malic FIC
0.98 + 31.25 0.8
1.46 250
0.73 + 125 1.0
. MIC
MIC Carvacrol  MIC Benzoic . FIC
Carvacrol + Benzoic
0.98 + 62.5 1.2
1.46 125
0.73 +62.5 1.0
. MIC
MIC Carvacrol MIC Fumaric . FIC
Carvacrol + Fumaric
1.46 NI 0.98 + 125 -
MIC Carvacrol MIC Lactic MIC FIC
Carvacrol + Lactic
1.46 NI NI -

MIC of thymol (tab. 3.2) was not determined becaileehighest concentrations tested
were not effective in inhibitin@lostridium growth, but at 1.82 and 1.46 mM reduced
clostridia growth of 80%. For organic acid MIC vaesuwere determined for malic
(500mM) and benzoic (125 mM). When acids were aasst with thymol MIC values
were reducedC. perfringensgrowth was inhibited by malic acid and thymol in
combination at 125 and 0.98 mM, or at 250 and @uR8, or at 250 and 0.49 mM,
respectively, whereas thymol at 0.98 mM, 0.73 a® 0nM did not decrease optical
density values. MIC of benzoic acid and thymol ambination was 62.5 and 0.98 mM,
respectively. For citric acid MIC was not deterndriecause the highest concentration
tested was not effective in inhibitir@ostridiumgrowth, but when used in association
with thymol clostridia growth was inhibited at 126d 0.98 mM, or 250 and 0.73 mM,
for citric acid and thymol, respectively. MIC ofrfiaric or lactic acid with thymol was
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not determined, even if figure 3.2 showed a reduactif growth when thymol was used
in association at 1.82 mM, 1.46 or 0.98 mM.

Table 3.2. Antibacterial effect of thymol and organic acalene or in combination, against 1GFU/ml
of C. perfringens after 24h of incubation. MIC veduare expressed as mM. (n=2). NI= Not Inhibitory.

MIC

MIC Thymol MIC Citric Thymol + Citric FIC
0.98 + 125
NI NI 0.73 + 250 -
0.73 +50
. MIC
MIC Thymol MIC Malic Thymol + Malic FIC
0.98 + 125
NI 500 0.73 + 250 -
0.49 + 250
. MIC
MIC Thymol MIC Benzoic Thymol + Benzoic FIC
NI 125 0.98 + 62.5 -
MIC Thymol  MIC Fumaric Mic FIC
Thymol + Fumaric
NI NI NI -
. MIC
MIC Thymol MIC Lactic Thymol + Lactic FIC
NI NI NI -
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Figure 3.2. Absorbance A=630 nm) values of C. perfringens growth after Zfhincubation. Column
bars indicate mean + SD. Each column is the meawofvalues. T= thymol, F= fumaric acid; L= lactic
acid.

MIC of cinnamaldehyde (tab. 3.3) was 1.46 mM. Foyamic acid MIC values were
determined for citric (31.25 mM), malic (250 mM)dahenzoic (125 mM). When acids
were associated with cinnamaldehyde MIC values wettacedC. perfringensggrowth
was inhibited by benzoic acid and cinnamaldehydeambination at 31.25 and 0.73
mM, respectively, whereas cinnamaldehyde at 0.73dmvhot decrease optical density
values. MIC of lactic acid and cinnamaldehyde imbmation was 250 and 1.82 mM,
or 500 and 1.46 mM, respectively. When citric awids used in association with
cinnamaldehyde clostridia growth was reduced by @5%82 and 0.73 mM, or by 69%
15.63 and 0.49 mM, for citric acid and cinnamald#hyrespectively. MIC of fumaric
acid with cinnamaldehyde was not determined, batesea growth was reduced at 62.5
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and 0.98 mM, or 15.63

and 0.98 mM for fumaric a@dd cinnamaldehyde,

respectively. Even if for lactic acid MIC was noétdrmined because the highest

concentration tested was not effective in inhilgti@lostridium growth, figure 3.3

showed a reduction of growth when cinnamaldehydg weed in association at 1.82 or

1.46 mM, and for all combination with lactic acid5®0 mM.

Table 3.3. Antibacterial effect of thymol and organic acalene or in combination, against 1GFU/ml
of C. perfringens after 24h of incubation. MIC veduare expressed as mM. (n=2). NI= Not Inhibitory.

: " MIC
MIC Cinnamaldehyde MIC Citric Cinnamaldehyde + Citric FIC
1.46 31.25 NI -
. . MIC
MIC Cinnamaldehyde MIC Malic Cinnamaldehyde + Malic FIC
1.46 250 NI -
. . MIC
MIC Cinnamaldehyde MIC Benzoic Cinnamaldehyde + Benzoic FIC
NI 125 0.73 +31.25 -
. . MIC
MIC Cinnamaldehyde MIC Fumaric Cinnamaldehyde+ Fumaric FIC
1.46 NI NI -
. . MIC
MIC Cinnamaldehyde MIC Lactic Cinnamaldehyde + Lactic FIC
1.82 + 250
NI NI -
1.46 + 500
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Figure 3.3. Absorbance =630 nm) values of C. perfringens growth after Zfhincubation. Column
bars indicate mean + SD. Each column is the meawofvalues. Cn= cinnamaldehyde; L= lactic acid.
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MIC of vanillin (tab. 3.4) was not determined besauhe highest concentration tested

did not inhibit clostridia growth. For organic adwiC values were determined for citric
(62.50 mM), malic (250 mM) and benzoic (125 mM). &dhacids were associated with

vanillin the effects on inhibition of clostridia wee not significant. Only lactic acid in

combination with vanillin at 250 or 500 mM (fig.4}.showed an inhibition of bacteria
growth of 80%.

Table 3.4. Antibacterial effect of thymol and organic acalene or in combination, against 1GFU/ml
of C. perfringens after 24h of incubation. MIC veduare expressed as mM. (n=R).= Not Inhibitory.

1.59

1.0

abs, 630 nm

0.59

MIC

MIC Vanillin MIC Citric vanillin + Citric FIC
NI 62.50 NI -
. . MIC
MIC Vanillin MIC Malic vanillin + Malic FIC
NI 250 NI -
- . MIC
MIC Vanillin MIC Benzoic Vanillin + Benzoic FIC
NI 125 0.73+31.25 -
MIC Vanillin MIC Fumaric _ MIC FIC
Vanillin + Fumaric
NI NI NI -
. . MIC
MIC Vanillin MIC Lactic Vanillin + Lactic FIC
NI NI NI -
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Figure 3.4. Absorbance A=630 nm) values of C. perfringens growth after Zfhincubation. Column
bars indicate mean + SD. Each column is the meawofvalues. V= vanillin; L= lactic acid.
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MIC of limonene and organic acids were not detesdinbecause the highest
concentration tested not inhibit€l perfringensgrowth. There were no differences in
bacteria growth between the several concentratodrisnonene tested. Only benzoic
acid in association with limonene showed a dosexdéent reduction of bacteria

growth probably because of benzoic acid inhibiteffect (fig. 3.5).

C. perfringens 24h
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Figure 3.5. Absorbance 4=630 nm) values of C. perfringens growth after Zfhincubation. Column
bars indicate mean + SD. Each column is the meawofvalues. L= limonene; B= benzoic acid.

S. Typhmurium
MIC of carvacrol (tab. 3.5) was not determined lbseathe highest concentrations

tested were not effective in inhibitir®almonellagrowth, but alone was responsible for
a reduction of 60% in bacteria growth comparedatiol. For organic acid MIC value
was determined only for benzoic at 62.5 mM. Whervaaol was associated with
organic acid,Salmonellagrowth was inhibited as showed in table 3. In ¢heases
Salmonellawas inhibited at low acids concentration, whilevearol concentration in
association was high: two MIC of citric acid arahacrol in combination was 7.82
and 1.82 mM, or 7.82 and 1.46 mM, respectively; BH€ of malic acid and carvacrol
in combination was 15.63 and 1.82 mM, respectivéfC of fumaric acid and
carvacrol in combination was 3.91 and 1.82 mM, eefipely. Citric and malic acids

showed &almonellagrowth inhibition dose- dependent (fig. 3.6).
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Table 3.5. Antibacterial effect of carvacrol and organic asiélone or in combination, against .0
CFU/ml of S. Typhimurium after 24h of incubationQWalues are expressed as mM. (n=2). ND= Not

Inhibitory.

. MIC
MIC Carvacrol MIC Citric Carvacrol + Citric FIC
1.82 +7.82
1.46 + 7.82
NI NI 0.98 + 125 -
1.46 + 25
0.98 + 50
. MIC
MIC Carvacrol MIC Malic Carvacrol + Malic FIC
1.82 + 15.63
1.46 + 62.5
NI NI 0.98 + 250 -
0.73 + 500
0.49 + 500
. MIC
MIC Carvacrol MIC Benzoic . FIC
Carvacrol + Benzoic
1.46 + 31.25
NI 62.5
0.98 + 31.25
. MIC
MIC Carvacrol MIC Fumaric . FIC
Carvacrol + Fumaric
NI NI 1.82 +3.91 -
MIC Carvacrol MIC Lactic MIC FIC

Carvacrol + Lactic
NI NI 1.46 + 500 -
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S. Typhimurium 24h
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Figure 3.6. Absorbance A=630 nm) values of C. perfringens growth after Zfhincubation. Column
bars indicate mean = SD. Each column is the meatwofvalues. Cr= carvacrol; C= citric acid; M=
malic acid.

As showed in table 3.6, MIC of thymol was 1.46 nfr organic acids, only MIC of
benzoic acid was determined at 62.5 mM. MIC of lménzacid and thymol in
combination was 31.25 and 0.98 mM, respectively.tiis case FIC index was
calculated and showed an additive effect betwedstancesSalmonellagrowth was
inhibited by combination of high acids concentratamd low thymol concentration: one
MIC of malic acid and thymol in combination was 5@td 0.49 mM, respectively; MIC
of lactic acid and thymol in combination was 500 &98 mM, respectively.

Even if citric acid alone did not determined anilmion of bacteria, when used in
association with thymol bacteria growth was intabitat low concentration: MIC of
citric acid and thymol in combination was 31.25 @88 mM, or 62.5 and 0.73 mM,
respectively. Citric and malic acids showedSalmonellagrowth inhibition dose-
dependent (fig. 3.7).
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Table 3.6. Antibacterial effect of thymol and organic aciderg or in combination, against 1@CFU/mI
of S. Typhimurium after 24h of incubation. MIC \edware expressed as mM. (n=2). ND= Not Inhibitory.

MIC

MIC Thymol MIC Citric Thymol + Citric FIC
0.98 + 31.25
0.73+62.5
1.46 NI -
0.73 +50
0.49 + 50
. MIC
MIC Thymol MIC Malic Thymol + Malic FIC
0.98 + 125
1.46 NI 0.73 + 250 -
0.49 + 500
. MIC
MIC Thymol MIC Benzoic Thymol + Benzoic FIC
1.46 62.5 0.98 + 31.25 1.2
. MIC
MIC Thymol MIC Fumaric Thymol + Fumaric FIC
1.46 NI NI -
. MIC
MIC Thymol MIC Lactic Thymol + Lactic FIC
1.46 NI 0.98 + 500 -
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Figure 3.7. Absorbance 4=630 nm) values of C. perfringens growth after Zfhincubation. Column
bars indicate mean + SD. Each column is the meatwofvalues T= thymol; C= citric acid; M= malic
acid..

MIC of cinnamaldehyde was not determined becausehiphest concentration tested
not inhibitedSalmonellagrowth. For organic acids, MIC was determinednfaic (500
mM) and benzoic acids (125 mM). When cinnamaldehydes associated with organic

acids,Salmonellagrowth was inhibited as showed in table 3.7.

52



Minimal Inhibitory Concentration

Table 3.7. Antibacterial effect of thymol and organic acidere or in combination, against 1@CFU/mI
of S. Typhimurium after 24h of incubation. MIC \eduare expressed as mM. (n=2). ND= Not
Determined.

MIC

MIC Cinnamaldehyde MIC Citric Cinnamaldehyde + Citric FIC
1.82 + 31.25
1.46 + 7.82
NI NI -
0.98 + 31.25
0.73 + 125
MIC Cinnamaldehyde  MIC Malic MIC FIC
Cinnamaldehyde + Malic
1.82 + 15.63
1.46 + 125
NI 500 -
0.98 + 250
0.73 + 250
MIC Cinnamaldehyde MIC Benzoic MIC FIC
Cinnamaldehyde + Benzoic
1.82 + 62.50
NI 125 -
0.73 + 62.50
MIC Cinnamaldehyde MIC Fumaric . MIC . FIC
Cinnamaldehyde + Fumaric
1.82+7.82
NI NI
1.46 + 125 -
MIC Cinnamaldehyde MIC Lactic . MIC . FIC
Cinnamaldehyde + Lactic
1.82 +31.25
NI NI -
1.46 + 250

MIC of vanillin was not determined because the Bgihconcentration tested not
inhibited Salmonellagrowth. For organic acids, MIC was determined rmalic (500
mM) and benzoic acids (125 mM). When vanillin wasaciated with organic acids,
Salmonellagrowth not showed a significant reduction.

The same results were founded for limonene aloné a@ombination with organic

acids.

3.4. Discussion

MIC at 24h were determined in experiments where &4 flavours were tested in
combination againstClostridium perfringens and Salmonella Typhimurium In
particular, it was also possible to determine thkC Mf substances that, when tested

singularly, induced only a partial reduction in @tb but not complete inhibition.
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Substances that showed a MIC value when testedlanhg showed a reduction of the
MIC value when tested in combination.

At considered concentrations of OA or flavours,wsbd a MIC value higher than the
MIC value detected when the same substance wasdtestcombination with organic
acids or flavours, respectively.

Carvacrol showed a higher inhibition Gf perfringenghan thymol. Carvacrol showed
a lower inhibition ofSalmonellahan thymol.

When carvacrol was tested in combination with Oldes tesult was a higher inhibition
of C. perfringensandSalmonellahan the inhibition induced by thymol in combinatio
with the same organic acid.

Several studies reported bactericidal activity t#np extracts and organic acids on
spoiling bacteria, moulds, and on pathogens su& asireusSalmonellaspp.,E. coli,
Listeria monocytogenedurt and Reinders, 2003; Le¢ al, 2004; Burtet al, 2005;
Pefialveret al, 2005; Gutierrezt al, 2008), but few authors studied antimicrobial
activity of natural substances agai@stperfringens

Several studies disagree with the effects of flascagainst gram-positive or gram-
negative bacteria. Same authors demonstrated tfiatedt structural and chemical
composition of the cells wall of gram-positive k& results more sensitive to
antimicrobials action than gram-negative bactehbkgdido and Varra, 1985; Lis-
Balchin, 2003). From data of 8i al. (2006) appears that flavours have a gram-negative
bacteria specifically as target.

In these MIC experiment carvacrol had a strongnaintobial activity against botk.
perfringensand Salmonella Data were confirmed by authors that obtained stx@e
carvacrol antimicrobial activity against both grawsitive and gram-negative bacterial
pathogens (Dorman and Deans, 2000; Lamddeait, 2001; Pefalvest al, 2005).

The hydrophobic constituents of essential oilscagable of accessing to the periplasm
of gram-negative bacteria through the porin prateh outer membrane (Helandetr
al., 1998). Carvacrol and thymol can disrupt the oantembrane of bacteria, causing
the release of membrane-associated material frencéh to the external medium and
an increased permeability of the nucleus. It isutha that membrane perforation or
binding is the main mode of action of such compau(@hapiro and Guggenheim,
1995; Strauss and Hayler, 2001). Structural featsteeh as the aromatic ring, or the

presence of hydroxylic group (e.g. thymol and carvB alter polarity and topography
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of a molecule, therefore changing the affinity tfedent binding sites in the bacteria
(Siet al, 2006).

Even if carvacrol and thymol differ in the chemicttucture only by the position of
hydroxyl group, in the present study they showefarent antimicrobial action.
Ulteeet al. (2002) hypothesized that the hydroxyl group ardptesence of a system of
delocalized electrons are important for the antiob@l activity of phenolic
compounds, such as carvacrol and thymol. Such tcpar structure would allow
compounds to act as proton exchanger, thereby ireglube gradient across the
cytoplasmic membrane. The resulting collapse optiaton motrice force and depletion
of the ATP pool lead eventually to cell death. Tgresence of free hydroxylic group
play an important role on antimicrobial activity cdrvacrol and thymol (Ben Arfat
al., 2006). Other authors focused on the importangeosition of the hydroxyl group.
Lépez et al. (2007) demonstrated the difference in activitywsstn carvacrol and
thymol againstS. choleraesujsand the position of the hydroxyl group seems to
influence their activity against gram-negative laet

Cinnamaldehyde showed an antimicrobial activity wlassociated with organic acids.
Although cinnamaldehyde is known to be inhibitieegrowth ofE. coli O157:H7 and
S. typhimuriumat similar concentrations to carvacrol and thyntadlid not disintegrate
the outer membrane or deplete the intracellular Agid®l. The carbonyl group is
thought to bind to proteins, preventing the actadramino acid decarboxylases i
aerogenegBurt, 2004)

Vanillin and limonene did not showed a significaritibacterial effect alone or in
combination with organic acids.

Organic acids resulted less effective than flavoiirdested at the same molar
concentration. The mode of action of organic agdzimarly associated to the fact that
undissociated organic acid can penetrate the haatell wall and disrupt the normal
physiology of bacteria pH sensitive (Gauthier, 200%fter the undissociated acid
passed through the bacterial cell wall, it dissesabecause of the inner cell pH,
releasing Fl and anion COO The internal pH decreases and because pH sensitiv
bacteria do not tolerate large variation of cytspiec pH values, a specific mechanism
(H*-ATPase pump) acts to bring the pH inside the biacte a physiological level. This
phenomenon requires energy and it can stop thetlgroftvthe bacteria or even Kkills
them. A lower internal pH involves others mecharssnnhibition of glycolysis,

prevention of active transport, interference witgnal transduction (Lambert and
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Stratford, 1999; Gauthier, 2002). The anionic p&rtthe acid is trapped inside the
bacteria because it can not diffuse freely throtlgh cell wall, and its accumulation
becomes toxic (Roeet al, 1998). Different bacteria showed different levels
sensitivity to different organic acids under speaiircumstances.

The present study let us to conclude thatitheitro results of inhibition effect of a
flavour, in particular carvacrol or thymol, and @mganic acid in combination could be a

promising strategy to redu€z perfringensandSalmonellacontamination.
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4. ROLE OF SEVERAL ASSOCIATION OF ORGANIC ACIDS AND
NATURE-IDENTICAL COMPOUNDS IN SWINE BATH-CULTURE
TECNIQUES

4.1. Aim of the study
Purpose of this part of the study was to screemdlgeof citric and sorbic acids, thymol
and carvacrol in modulating the intestinal micradl@f pigs in ann vitro fermentation
system (bath-culture techniques), which simulate thtestinal environment and
microflora. In particular, the study focalized ohetantimicrobial effects of these
substances againStTyphimurium
A two step procedure was applied:

1. digestion of the feed through enzymatic reactions;

2. fermentation of digested diet with intestinal confe substances under

investigations, an&. Typhimurium

4.2. Materials and method

Digestion

A commercial standard diet for pigs was digestedvitro to simulate gastric and
pancreatic digestion as described by Verveakeal. (1989).this was a stepwise
procedure with an incubation of feed (25 g; pagtisize<l mm) in 500 mL of pepsin
solution (0.2% pepsin w/v, HCI 0.075 N; P7000 frpwrcine gastric mucosa; Sigma
Chemical, St. Louis, MO, USA) in a shaking bat8atC for 4 h. at the end of the 4h
incubation, the solution was adjusted to pH 7.5hwiaOH 0.1 N. in the second step,
500 mL of a pancreatin-NaHGOmixture solution (10g/L w/v pancreatin of 1M
NaHCGQ;; P1500 from porcine pancreas; Sigma ChemicallL&iis, MO, USA) was
added and the mixture was reincubated for 4 h &€ 3@ simulate pancreatic digestion.
Composition of the phosphate buffer solution watolisws: 26.2 mM NaHPO4, 46.7
mM NaHCQ, 3.3 mM NacCl, 3.1 mM KCI, 1.3 mM Mggl0.7 mM Cad (Martillotti

et al, 1987). After enzymatic digestion, the preparatias centrifuged (3,000 x g, 10
min, 4°C), washed twice with distilled water, rettdnged (3,000 x g, 5 min, 4°C), and
dried at 60°C overnight. The digested diet was usedhe substrate in the vitro

fermentation studies.
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Batch Culture Fermentations
Within 20 min after slaughter of pigs (six animals) months old, live weight
approximately 160 kg) cecal content were colleaad kept in a sealed nylon bag at
39°C during transfer to the laboratory. Cecal conteas diluited with buffer (1:3) and
filtered through six layers of cheese cloth. Thierfed liquid was used as inoculum. The
buffer composition (McDougall, 1948) was as follows
9.8 g NaHCQ@ + 0.57 g KCI + 0.079 g CagbH,O + 9.3 g NaHPO,*12H,0O + 0.67 g
NaCl + 0.12 MgS®@7 H,O in 1 L of distilled water. Buffer pH was then asljed to pH
6.7 by adding 3N HCI. The buffer solution kept &G and flushed with COfor 20
minutes before use. The inoculum was dispensedfiveal0 mL glass syringes (5 mL
of inoculum in each syringe) and five 50 mL vesgplgviously flushed with C§ 25
mL of inoculum in each vessel) per treatment, dairig 20 and 100 mg of pre-digested
diet, respectively. Syringes and vessels were deald incubated at 39°C for 24 h.
Two experiments were performed to evaluate themaotobial activity against
SalmonellalTyphimuriumof natural compounds. In the first, batch cultigenentations
were performed in order to evaluate several conmtbdwses of citric acid and thymol,
or citric acid and carvacrol. The second was paréat to evaluate several combined
doses of sorbic acid and thymol, or sorbic acid @ardacrol.
In each experiment, eight dietary treatment wexestigated in vessels. Of these, in
both experiment, one was a control diet (CTR), #mel other was a control diet
inoculated withSalmonellaryphimuriumH2662 DT104 (1®CFU/mI) (S).
In the first experiment, dietary treatments invgastied wereSalmonellaTyphimurium
infected control diet added with:

» citric acid and thymol (pH 6.7) at 62.50 and 2.7 mespectively (CT1);

e citric acid and thymol at 31.25 and 1.36 mM, respety (CT2);

» citric acid and thymol at 15.63 and 0.68 mM, resipety (CT3);

» citric acid and carvacrol (pH 6.7) at 62.50 and221M, respectively (CC1);

» citric acid and carvacrol at 31.25 and 1.36 mMpeesively (CC2);

e citric acid and carvacrol at 15.63 and 0.68 mMpeesively (CC3).
In the second experiment, dietary treatments iiya&tstd were Salmonella
Typhimuriuminfected control diet added with:

» sorbic acid and thymol (pH 6.7) at 25 and 2.72 m@gpectively (ST1);

» sorbic acid and thymol at 12.50 and 1.36 mM, refbpaly (ST2);
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» sorbic acid and thymol at 6.25 and 0.68 mM, respelgt (ST3);

» sorbic acid and carvacrol (pH 6.7) at 25 and 2.R2 mespectively (SC1);

» sorbic acid and carvacrol at 12.50 and 1.36 mMeetvely (SC2);

» sorbic acid and carvacrol at 6.25 and 0.68 mM,eetyely (SC3).
Citric acid, sorbic acid, thymol, and carvacrol @gyurchased from Sigma-Aldrich
(Chemie Gmbh, Steinheim, Germany).
Gas production was measured as described by Mearae(1979), using 10 mL glass
syringes and recording the cumulative volume of pesduced every 30 min. In
syringes treatments were the same of vessels, txtdpr treatment S and all
treatments were not infected wilalmonella
Samples of fermentation fluid were collected froacle vessel at time 0, 4, 8, and 24 h
after incubation in shaking bath for ammonia analyand microbial counts of
SalmonellapH was determined at the end of the fermentation.
Chemical analyses of fermentation fluid and baelerounts.
Ammonia in fermentation fluid and intestinal chymwas measured as described by
Searcyet al. (1967).
Viable counts ofSalmonellain fermentation samples were measured by platangls
10-fold dilutions onto Brilliant Green Agar (OXOIlBansingstoke, UK) according to
he manufacturer conditions. There were five plafgicates per treatment. Brilliant
Green Agar were incubated for 24 h at 37°C undetae conditions.
Statistical analyses.
A modified Gompertz bacterial growth model (Zwiateret al, 1992) was used to fit
gas production data. This model assumes that swbstevels limit growth in a

logarithmic relationship (Schofielet al, 1994) as follows:

V=Veexp{-exp[l+imeVQ -]}

where symbols have the meanings assigned by Zwigter al. (1990): V= volume of
gas produced at time t, t= fermentation times Yhaximum volume of gas produced,
um= maximum rate of gas production, which occursatpoint of inflection of the gas
curve and\= the lag time; as the time-axis intercept of agtant line at the point of

inflection.
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The duration of the exponential phase was calalldtem the parameters of the
Gompertz equation, as suggested by Zwietesirgy. (1992) with the following:

exponential phasé( = Ve /(um €){ 1 — In[(3 -V5)/2]}.

Curve fitting was performed using the program GRguh Prism 4.0 (GraphPad
Software, San Diego, CA, USA). Total gas productionaximum rate of gas

production, duration of the exponential phase, ameopH, bacterial counts, and
SCFA data were analyzed by ANOVA using GraphPagnP#.0 (GraphPad Software,
San Diego, CA, USA) in a completely randomized giesiEach syringe and vessel
formed the experimental unit. The differences amomgans of groups were analyzed
using the Newmann-Keuls test. Differences were idened statistically significant at

P<0.05.

4.3. Results

First trial: citric acid and thymol or carvacrol

Gas production curves were accurately describedhbymodified Gompertz model
(r’=0.98). Gompertz growth model showed that compé#wecbntrol, all the blends of
citric acid and carvacrol (CC1, CC2, CC3), and bhend of citric and thymol at 62.5
and 2.92 mM (CT1) and citric acid and thymol at25l.and 1.46 mM (CT2),
significantly increased gas production by 60% (PSP(tab. 4.1).

Maximum rate of gas production was significant h{§k0.05) for all treatments with
additives.

The duration of the exponential phase did not ekhity statistical difference.

Results suggested that citric acid stimulates imaisfermentation, probably acting as
substrate of microflora.

Ammonia concentration was measured in the fermientfiuid after 4 and 8h from the
beginning of the experiment. After 4 and 8h of fenmtation, no changes occurred in
ammonia production (tab. 4.2).

Measurements of fermentation fluid pH from eachttreent were assessed at the end of
the experiment. The blend of citric acid and carvhat 15.63 and 0.68 mM (CC3)
showed a pH value lower compared to control (-2.2B%0.05). While the blend with
citric acid and thymol at 62.50 and 2.72 mM (CThgdaitric acid and carvacrol at
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62.50 and 2.72 mM (CC1) showed a pH value sigmfigahigher compared to CTR
(+2.28% and 1.88%, respectively, P<0.05).

Microbial counts (tab 4.3) showed a significant égsmmumber ofSalmonellacells at 4
and 8h only in CTR group , in which diet was ndeated withSalmonella compared

to the other treatments (-30%, P<0.05). At 28khJmonellagrowth was significant
lower for treatments with citric acid and carvacatl62.50 and 2.72 mM (CC1, -26%,
P<0.05), and citric acid and carvacrol at 31.25 arg6 mM (CC2, - 46%, P<0.05),
compared to CTRSalmonellacounts for S group was numerically lower at 24h
compared to the same group at the other time-points

These results showed that carvacrol was more efée@s antimicrobial additive,

compared to thymol.

Table 4.1. First trial. Modified Gompertz equation fitted gas production data from the 24h in vitro
incubation of swine intestinal inoculum. Values ardicated as means + SD. Different letters witthie
same column are significantly differen