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Abstract

World aquaculture is the fastest growing food-pidg sector in the worldGlobally, aquaculture is expanding into new
directions, intensifying and diversifying. With imeasing demand for environment friendly aquacujtube use of
alternatives of antibiotic growth promoters in fisttrition is now widely accepted. Science-baseovkadge on probiotics
and prebiotics has increased in recent years. Nbtdexist that in the last decade we have greathareded our knowledge
about pro- and prebiotics as important functiongrédients in finfish aquaculture. They have numsroeneficial effects:
improved activity of gastro-intestinal microbiotacaenhanced immune status, disease resistancéyaufeed utilization
and growth performance. As natural products prad prebiotics have much potential to increase thieficy and
sustainability of aquacultural production. Therefocomprehensive research to more fully charaetetie intestinal
microbiota of prominent fish species, mechanismaation of pro- and prebiotics, and their effeatsimtestinal ecosystem,
immunity, fish health and performance is warran#st pro- and prebiotics must be evaluated for ithssifety before being
used in fish nutrition. Also, there is need forabdishing dose-response relationships. The applitatf up to date
molecular procedures to study of the gut microbastavell as the development and validation of rebemethodsin vitro,

ex vivo andin vivo models, have provided important information to ensthnd the mechanisms of action behind the effects
This reviewsummarizes and evaluates current knowledge of bigrecology of the gastrointestinal tract of feshwell as
the potential application and challenges of prat prebiotics in finfish aquaculture.
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1. Introduction

World aquaculture has grown tremendously during l#s¢ yearsbecoming an economically important industry
(Subasinghe et alk009). Today it is the fastest growing food-prcidg sector in the world with the greatest
potential to meet the growing demand for aquatmdf¢FAO 2006).Globally, aquaculture is expanding into new
directions, intensifying and diversifying. A petsist goal of global aquaculture is to maximize #fficiency of
production to optimize profitability.
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With the increasing intensification and commereiation of aquaculture production, disease is anmajoblem
in the fish farming industry (Bondad-Reantaso et2805). Although vaccines are being developed raadketed,
cannot be used as a universal disease control neeasaquaculture. During the last decadastibiotics used as
traditional strategy for fish diseases managemeitalso for the improvement of growth and efficigraf feed
conversion However, the development and spread of antimictol@sistant pathogens were well documented
(SCAN 2003; Kim et al. 2004; Cabello 2006; Sgrum &0 here is a risk associated with the transmissib
resistant bacteria from aquaculture environmentsutoans, and risk associated with the introdudtiothe human
environment of nonpathogenic bacteria, containingnacrobial resistance genes, and the subsequansfer of
such genes to human pathogens (FAO 2005). On ttee band antibiotics inhibit or kill beneficial mabiota in the
gastrointestinal (GI) ecosystem but it also madibentic residue accumulated in fish products toHaemful for
human consumption (WHO 2008y the above reasonfmee January 2006 European Union ratified a bartHer
use of all sub-therapeutic antibiotics as growtbapoting agents in animal production.

The microbial ecology of the Gl tract of varietyfoéshwater and marine fish has been investigateshsively
by many researchers during the last decade (Spartyga al. 2000; Ahmed et al. 2004, 2005; RingaleR006,
2006a; Skrodenyte-Arbaciauskiene et al. 2006; Haetdal. 2007; Kim et al. 2007; Yang et al. 2007pidtet al.
2009). There is evidence that the alimentary todcfish is a complex ecosystem, containing a langenber of
microorganisms. Microbial populations in the intest contents are much higher than those in theosnding
water. This indicates that the intestines provaenfable ecological niches for these organismis. khown, mainly
from studies of the intestinal microbiota of tetrigd species, that the resident bacterial popatadf the intestine
influences the establishment of pathogenic micraoigms in the intestinal tract and have diseaseeptive effect
(Huber et al. 2004). However, the role that indial microbes play in the health and nutritionishfis still poorly
understood, therefore investigations of the intedtinicrobiota are important for finfish aquacuéur

In connection with the ban of antibiotic growth praters (AGP) new strategies in feeding and health
management in fish aquaculture practice have redainuch attention (Balcazar et al. 2006). In addjtthe global
demand for safe food has prompted the search toralalternative growth promoters to be used inatig feeds.
There has been heightened research in developwgdieary supplementation strategies in which vasibealth-
and growth-promoting compounds peobiotics, prebiotics, synbiotics, phytobioticsdaather functional dietary
supplement$iave been evaluated (Denev 2008).

In recent years, the research of pro- and preliatidish nutrition is increasing with the demaid éonsumer
and environment-friendly aquaculture (Denev 200@any published reports demonstrated positive effemft
probiotics and prebiotics in feeds faarious fish species, including rainbow tr¢@ncorhynchus mykiss, Diigenci et
al. 2003; Aubin et al. 2005; Brunt and Austin 208&nigrahi et al. 2004, 2005, 2007; Staykov eR@05, 2005a,
2005b, 2006, 2006a, 2007, 2009; Bagheri et al. 20@®ev 2008; Sealey et al. 2008), Common cayprinus
carpio: Yanbo and Zirong 2006; Staykov et al. 2005, 20@06b, 2007, 2007a, Denev 2008) Indian major carp
(Labeo rohita; Nayak et al. 2007); Mozambique tilapi@reochromis mossambicus; Logambal et al. 2000), Nile
tilapia (Oreochromis niloticus, Francis et al. 2005; Yin et al. 2006; Taoka et28l06a; Pirarat et al. 2006; Abdel-
Tawwab et al. 2008); Japanese floundRar élichthys olivaceus; Taoka et al. 2006; Atlantic coédus morhua L.;
Skjermo et al. 2006); European Sea bass juveriilestgtrarchus labrax; Carnevali et al. 2006; Dalmo and Bggwald
2008). Although application of pro- and prebiot&senvironment-friendly alternatives of AGP in fishtrition
seems to be relatively recent, the interest in slietary supplements is increasing rapidly not énlffsh, but also in
Shrimp aquaculture (Castex et al. 2006; Farzan®@62 Ziaei-Nejad et al. 2006; Balcazar and Rojasa @007,
Balcazar et al. 2007d, Chiu et al. 2007; Dalmo Badwald, 2008; Wang et al. 2008; Zhang et al. 2@b@u et al.
2009a). Currently, many pro- and prebiotics artecessfully use for growth and health managementhé
sustainable aquaculture industry.

This reviewsummarizes and evaluates current knowledge of im@re@cology of the gastrointestinal tract of
fish, as well as the potential application and lelmgjes of probiotics and prebiotics in finfish acuiéure.

2. Gastrointestinal microbiota of fishes

The alimentary tract of fishes represents an iaterfbetween the external environment and the Heslgomplex
polymicrobial ecology interacts with the internaldaexternal environment and has an important infteeon health
and disease. The intestine is a complex multifometi organ. In addition to digesting and absorlfgegstuff, it is
critical for water and electrolyte balance, endoerregulation of digestion, metabolism and immunitie Gl
microbiota of fish is characterizéay high population density, wide diversity and cdexgty of interactions. While
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all major groups of microbes are representetteria predominate. They are the main constiteérthe gut
microbiota in fish (Spanggaard et al. 2000; Ponal.2006).

Our knowledge of the molecular and cellubmses of host-microbe interactions is limited. Thd@igenous
microflora of fish, particularly the microbial eogly of the Gl tract, has been traditionally invgated by culture-
dependent methods and identification of the fisbratiiota has typically relied on phenotypic andchiemical key
characteristics. However, studies on other anirpeties suggest that only a small fraction of thal toicrobial
community present can be captured using cultureebtechniques. Molecular methods that rely on ¢geevery and
analysis of bacterial community DNA directly fromrsples have been proven useful for studying leissahle
microbial populations. Recently, findingsom culture-based methods have been supplementiéd naolecular
ecology techniques that are based on the 16S rD&h& ¢Zoetendal et al 200Rpmero and Navarrete 2006ang
et al. 2007)One of the most popular used method in fish studi®olymerase Chain Reaction-Denaturing Gradient
Gel Electrophoresis (PCR-DGGE), as the method liable, rapid, sensitive and easy to use to studyrahial
diversity (Brunvold et al. 2007; Liu et al. 2008; Zhou et 2007, 2009)The molecular approach provides a more
complete picture about bacterial community comparsithan do cultured-based metholkalecular methods enable
characterization and quantification of thtestinal microbiota, while also providing a clifisation scheme tpredict
phylogenetic relationships. Thayproved understanding microbe-microbe and hostabie interactions in health
and disease, and the potential for manipulatiorthef fish microbiota by nutritional and environménfactors.
Therefore, further studies about the identificatienological adaptations, benefits and pathogeaotenpial of Gl
microbiota which live in close association with hiea fish are required.

2.1. Composition and functions of gastrointestinaiicrobiota

Aquatic animals, including fishes have a much dleskationship with their external environment. Tdare the big
differences between terrestrial and aquatic speuoidise level of interaction between the intestimatrobiota and
the surrounding environment. On the other hand nvaniations in morphology of the Gl tract existleéen various
fish species (Ringg et al. 2003). Depending onifeptiabits and diet, it is generally accepted tad#i fish into
carnivores (eating fish and bigger invertebratesybivores (consuming mainly plant material), ononés (mixed
diet eaters) and detrivores (feeding largely omitts). According to Tanaka et al. (2004), Ringakt(2006a) and
Yang et al. (2007) the type of food is importantdomposition and activity of the fish Gl microkaot

Fishes possess specific intestinal microbiota stingj of aerobic, facultative anaerobic and obkganaerobic
bacteria. This microbiota has been classified dechthonous or indigenous (when they are able tonixe the
host’s gut epithelial surface) or as allochthonougdransient. Several studies on various fresh- saitivater fish
have demonstrated bacteria in the intestinal luamah associated with the intestinal epithelium (Rirmgnd Olsen
1999; Ringg et al. 1995, 1997, 2001, 2002, 2008yt&ia attached to epithelial surfaces have beemdstrated in
the gut of a variety fish species, and it has meggested that this attachment is an importanbfastdetermining
whether a particular organisms colonizes in thesimal tract. It therefore, seemed likely that giresence of
consistently high numbers of beneficial bacteriss wlapendent on their ability to colonize the intedtsurface.
These attached (resident) bacteria are resporfsibknteric bacterial antagonism and colonizatiesigtance, since
they are associated closely with the intestinathefium, and form a barrier, serving as the firstetice to limit
direct attachment or interaction of fish pathogdécteria to the gut mucosa. The equilibrium betwsgecies of
resident bacteria provides stability in the miceblpopulation within the same individual under nafroonditions.
From a microbial point of view, it is important tave stable resident intestinal microbiota as & giathe natural
resistance of fish to infections.

Numerous surveys of the bacterial flora in the @tt of fish have been made during the last twemetyrs.
Many reports have demonstrated that Gram-negafizeultative anaerobic bacteria such Asinetobacter,
Alteromonas, Aeromonas, Bacteroides, Cytophaga, Flavobacterium, Micrococcus, Moraxella, Pseudomonas,
Proteobacterium andVibrio spp.constitute the predominant endogenous microbiot\@riety of species of marine
fish (Cahill 1990; Onarheim et al. 1994; Blanchaet1997; Ringo et al. 2006; Brunvold et al. 20@¥pu et al.
2009). In contrast to saltwater fish, the endogenmicrobiota of freshwater fish species tends taldminated by
members of the generseromonas, Acinetobacter, Bacillus, Flavobacterium, Pseudomonas representatives of the
family Enterobacteriaceae, and obligate anaerobic bacteria of the genBemteroides, Clostridium and
Fusobacterium (Sakata 1990; Huber et al. 2004; Kapetanovic eR@D5; Hovda et al. 2007; Kim et al. 2007).
Various species of lactic acid bacteria (LAB)a¢tobacillus, Lactococcus, Streptococcus, Leuconostoc, and
Carnaobacterium spp.) have been also demonstrated to compriseoptris microbiota (Ringg and Gatesoupe 1998;
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Syvokiene and Mickeniene 1999; Asfie et al. 200&gHet al. 2004; Vendrell et al. 2006; Hovda et 28007,
Balcazar et al. 2007, 2007b, 2008; Vijayabaskar @amhasundaram 2008). They are not dominant in tinmal
intestinal microbiota of fish, but some strains @atonize the gut (Ringg and Gatesoupe 1998; Bafcét al.
2007b) or to inhibit adhesion of several fish pgemws (Balcazar et al. 2006c, 2008). LAB has becanmeajor
source of concern for aquaculture in recent dedadaddition to true pathogenic species of worldwailgnificance,
such asStreptococcus iniae andLactococcus garvieae, several species have been reported to produesiooal fish
mortalities in limited geographic areas, and mamylentifiable or ill-defined isolates are regulaidplated from fish
or fish products (Michel et al. 2007). Yeasts h&aeen commonly isolated in the intestinal microemwment as
well. They constitute a significant part of the éstinal microbiota and can stimulate the immuneaese,
metabolism and growth (Andlid et al. 1998; GatesoRf07).

One of the most important features of GI microbidna fish is variability. Many investigations have
demonstrated variation in the microbial flora inffelient fish species depending of nutrition, iniesit
microenvironment, age, geographical location, eminental factors, stress and etc. (Verschuere 208D; Refstie
et al. 2006; Skrodenyte-Arbaciauskiene et al. 20@81g et al. 2007; Kesarcodi-Watson et al. 2008 flegulations
of bacterial populations in the Gl tract of fiske @momplex processes that are not yet fully undedstgttle is known
about the early steps of colonization of the Gtttief fish, the establishment of normal microbiatad its stability.
Understanding some aspects of microbial ecologggimaculture systems, such as knowing the typesbergnand
sources of bacteria commonly associated with differdevelopmental stages, could be useful for natipg
microbiota as a strategy to prevent pathogenictida or to improve nutrition (Romero and Navarr2g96).

According toHansen and Olafsen (1999) and Balcazar et al. j20@6colonization of the Gl tract of fish larvae
starts immediately after hatching and is completétin a few hours. Colonizing bacteria can modellexpression
of genes in the digestive tract, thus creatingvarizble habitat for them and preventing invasiorother bacteria
introduced later into the intestinal ecosyst&ame investigations have reported that bacterigepien the hatchery
environment may influence the composition of Gl mimota (Ringo and Birkbeck 1999). Using a cultbesed
approach, these results suggest that bacterianpriesthe Gl tract generally seem to be those freater or the diet,
and which can survive and multiply (Olafsen, 2002)rthermore, larvae may ingest substantial amoofnb&cteria
by grazing on suspended particles and egg debesefiRigeet al. 1989. Hence, it is tempting to suppose that egg
microbiota would also affect the primary colonipatiof the fish larvae.

The intestinal microbiota has important and dpeanetabolic, trophic, and protective functionsefizv et al.
2000; Guarner and Malagelada, 2003). The normalidget) microbiota of the gut confers many bendfitshe
intestinal physiology of the host. Some of thesaefiies include the metabolism of nutrients, conttibn of the
colonization resistance, antagonistic activity aggyathogens, immunomodulation and etc. (Denevg;1D8nev et
al. 2000). The intestinal microbiota has a profoumghact on the anatomical, physiological and imniagical
development of the host (Rawls et al. 2004). Tlestablishing a healthy microbiota plays an impdrtate in the
generation of immuno-physiologic regulation by pding crucial signals for the development and nexiance of
the immune system (Salminen et al. 2005). Undedstgnhow the fish immune system generally respdndgut
microbiota may be an important basis for targetimgnipulation of the microbial composition. This tmighe of
special interest to design adequate strategidisfodisease prevention and treatment (Gomez afwhBar 2008).

The intestinal microbiota possesses antagonistivityc against many fish pathogens and participaites
infection-protective reactions (Gutowska et al. £Z08aha et al. 2006; Skrodenyte-Arbaciauskiené @086; Sugita
and Ito 2006). Yoshimizu and Ezura (1999) repotted fish intestinal bacteria such A& omonas andVibrio spp.
produced antiviral substances.

The bacterial flora of the Gl tract of fishes inngeal, represents a very important and diversiéadymatic
potential. It is capable of producing proteolyicpylolytic, cellulolytic, lipolytic, and chitinolyt enzymes, which is
important for digestion of proteins, carbohydratesljulose, lipids and chitin (Bairagi et al. 20@2utowska et al.
2004). The enzyme producing microbiota can be hen#§ used as probiotic supplements while forntinig the
fish diet, especially in the larval stages. It pres a scope for fish nutritionists to use the ereproducing isolates
as a probiotic in formulating cost-effective fisletd. However, much more research should be coeduttd
determine if the addition of such isolates to fisads do, in fact, provide some kind of benefithe fish involved
before advocating their use (Bairagi et al. 2002).
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3. Probiotic - The concept

In recent years, there has been an upsurge inrcbsiedio probiotics, as well as growing commeraérest in the
probiotic concept. This increased research hadtegesin significant advances in our understanding ability to
characterize specific probiotic organisms, as aelattempts to verify their attributed health b#sef

3.1. History and definitions

The term "probiotit comes from the Greek words “pro” and “bios" meagnfor life'. It is opposed to the term
"antibiotic" meaningdgainst life' (Hamilton-Miller et al. 2003). The concept of piotics was introduced in the
early 20" century, when Nobel Prize-winning Elie Metchnikbffpothesized that the long healthy lives of Buitayar
peasants were the result of their consumptionrofiéated milk (yogurt). In his bestseller “The Prgjation of Life”
Metchnikoff (1907) was probably the first to advtegaor rather postulate the health benefits of LlasBociated with
yogurt, as protector of the intestine from the dgimg effects of harmful bacteria. Since the eathgarvations by
Elie Metchnikoff - the first scientist who proposélie therapeutic use of LAB, a wealth of experiraehave
described the use of selected microorganisms, gnagbnging to the LAB family, for the prevention weatment
of several pathological conditions (Mercenier e2803).

The term "probiotic" was probably first proposedWerner Kollath (1953). He suggested the term tooteall
organic and inorganic food complexes as probiotitgontrast to harmful antibiotics, for the purpasf upgrading
such food complexes as supplements. He definedethe "probiotic" as "Active substance that is esis¢rior a
healthy development of life". After that, in his kgieation "Antu-und Probiotika" Vegrin (1954) compared the
detrimental effects of antibiotics with favorablacfors "probiotics" on the gut microbiology. Lilgnd Stillwell
(1965) described probiotics as "Substances sechstezhe organism that stimulate the growth of aadthSome
years later the term probiotic was used in theexdmf animal feeds by Parker (1974) “Organisms suigstances
that have a beneficial effect on the host of aninyatontributing to its intestinal microbial balaic

The definition of the term “probiotic” has evolvéldrough the years. Several definitions were sudolgs
proposed during the last two decades (Fuller 1888enaar and Huis In't Veld 1992; Schaafsma (18@6g 1998;
Naidu et al. 1999; FUFOSE 1999; Salminen et al91®rhrezenmeir and de Vrese 2001; FAO/WHO 200h4¢. T
most widely quoted definition was made by FulleBg§2). He defined probiotics as “A live microbialefe
supplement which beneficially affects the host aiby improving its intestinal microbial balanc&@his definition
is still widely referred to, despite continual cemtion with regard to the correct definition of teem. The next most
appropriate definition was published by an Expemi€liltation at a meeting convened by the FAO/WHGOétober,
2001: “Live microorganisms which when administeireddequate amounts confer a health benefit ohak#g.

Probiotic bacteria belong to the natural flora wifiestinal ecosystem with low or no pathogenicitg amow
functions that are important for the health andlAvelng of the host. Therefore, the maintenancthisf ecological
flora is important to prevent diseases, especiafigctions of the Gl tract. Since the last decdurd has been an
increased awareness of the beneficial effectsalfiptics.

Bengmark (1998) elegantly described the reasonthi®interest in microbial interference treatment.

The concept of probiotic activity has its origimsthe knowledge that active modulation of the Gdsgstem
could confer antagonism against pathogens via mtamu of antagonistic compounds and competition for
attachment sites or nutrients; help development stimdulation of the immune system; assist to maiatee of
mucosal integrity; provide nutritional and healténbfits; improve alteration of enzymatic activitydafood/feed
utilization (Vaughan et al. 2002; Holzapfel 200&)@ez et al. 2007; Denev 1996, 2000, 2008).

Probiotics are attractive biological products wettiremely interesting characteristics. Their usimgnimal and
human nutrition is well documented (Denev 1996;r&imoonti et al. 2003; Goktepe et al. 2006). In récsars,
considerable benefits have been established alserriestrial animals by feeding potentially benefibacteria or
adding probiotic supplements to the diet to alter intestinal environment and favor the establightnoé certain
beneficial microorganisms. The use of probioticseheen studied most extensively in pigs (Sakatal.e2003;
Gardiner et al. 2004; Denev 2008), poultry (Sotiet\al. 2000, 2001; Nisbet 2002; Patterson and iBder 2003;
Denev 2004, 2006a, 2008), calves (Fonty and Chauatéurand 2006; Nader-Macias et al. 2008) an@roth
animals (O'Mahony et al. 2009). Today, probiotice guite common place in health promoting “functibfoods”
for humans, and natural and ecological alternaifv&GP in animal production (Ouwehand et al. 208@tlivan and
Nord 2002; Senok et al. 2005; Denev 2008).
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3.2. What are aquatic probiotics?

The concept for aquatic probiotics is a relativedyv. When looking at probiotics intended for anatic usage it is
important to consider certain influencing factdnattare fundamentally different from terrestriabée probiotics.
Aquatic animals have a much closer relationshigh wfiteir external environment. There are the bidedéhces
between terrestrial and aquatic animals in the ll@feinteraction between the intestinal microbicdad the
surrounding environment. On the other hand, pakpéthogens are able to maintain themselves irexernal
environment of the aquatic organisms and proliteretdependently of the host (Hansen and Olafserf;199
Verschuere et al. 2000; Kesarcodi-Watson et al820lhe bacterial community composition of the gtitgal tract of
aquatic animals is different from that found inréstrial animals, which the probiotic concept waseloped. Man
and terrestrial livestock undergo embryonic devedept within an amnion, whereas the larval formsnaist fish
and shellfish are released in the external enviemtrat an early ontogenetic stage. These larvabighty exposed
to gastrointestinal microbiota-associated disordeesause they start feeding even though the digesact is not
yet fully developed (Timmermans 1987), and thotlghimmune system is still incomplete (Vadstein7)99 hus,
probiotic treatments are particularly desirablemtythe larval stages (Gatesoupe 1999).

The resident microbes benefit from a fairly constaabitat in the GI tract of man and terrestriaestock,
whereas most microbes are transient in aquaticasi(Moriarty 1990). These animals are poikilothierand their
associated microbiota may vary with temperaturengba. Salinity changes in the rearing environmeilit also
affect the microbiota and marine finfish are oblig® drink constantly to prevent water loss frone thody. A
consequence of the specificity of aquatic micrabiist that the most efficient probiotics for aquaatd may be
different from those of terrestrial species (Gatgso1999; Kesarcodi-Watson et al. 2008).

Defining probiotics is a challenge — even more go &quaculture application. Historically, probiatigvere
defined according to their expected benefits orroupment to the host’s intestinal balance. Beingceoned with
humans and terrestrial animals, probiotics wereeggly Gram-positive obligate or facultative andm®, mostly
LAB.

Based on the intricate relationship an aquatic migga has with the external environment when congparigh
that of terrestrial animals, the definition of piatics for aquatic animals was modified at the efhthe last century.
Gatesoupe (1999kdefined probioticéor aquaculture as “Microbial cells that are admsi@ied in such a way as to
enter the Gl tract and to be kept alive, with thre af improving health”. The definition of Gatesais focuses on
the oral delivery of the probiotic and its ability improve the health of the host as a result ©pitesence in the
digestive tract. Verschuere et al. (2000) defingdasic probiotics as “Live microorganisms that havbeeneficial
effect on the host by modifying the microbial commity, associated with the host, by ensuring impdouse of the
feed or enhancing its nutritional value, by enhagdhe host response towards disease, or by inpydiie quality
of its ambient environment”. This implies a muchder range of microorganisms being used as probidtc
aquaculture animals that for terrestrial animalse Bbove definition is a more holistic and mostrappately
defines probiotics for aquaculture.

During the last ten years there is a discussionutaiMhat an aquatic probiotic actually is, because dbove
definitions differ to that of Fuller (1989). Gategee (1999) and Verschuere et al. (2000) didn’tudel information
about improving intestinal microbial balance. Oe thither hand, the Fuller’s definition could not decepted for
aguaculture probiotics since the definition doelsamzompass the role of environment.

Probiotics that currently used in aquaculture imduinclude a wide range of taxa — frohactobacillus,
Bifidobacterium, Pediococcus, Streptococcus and Carnaobacterium spp. toBacillus, Flavobacterium, Cytophaga,
Pseudomonas, Alteromonas, Aeromonas, Enterococcus, Nitrosomonas, Nitrobacter, and Vibrio spp., yeast
(Saccharomyces, Debaryomyces) and etc. Ifianto and Austin 2002; Burr et al. 2005; Sahale2008).

Aquatic probiotics are mainly of two types: 1) gubbiotics which can be blended with feed and adstrated
orally to enhance the useful microbial flora of the and, 2) water probiotics which can proliferatevater medium
and exclude the pathogenic bacteria by consumihgawailable nutrients. Thus, the pathogenic baatene
eliminated through starvation (Nageswara and Bab@62 Sahu et al. 2008). The first type probiotics asing
mainly in finfish aquaculture and the second typelirimp aquacultureCommercially available probiotics include
pure strains, defined mixture of specific straibsf also consortia of strains and undefined mixdut@enerally,
probiotics proposed as biological control agentsdish aquaculture are applied in the feed or asatemwadditive
supplement.

Aquatic probiotics arenarketed in two forms: 1) Dry forms: the dry prdie that come in packets can be
given with feed or applied to water. Thegive many benefits, such as safety, easy usingetashelf life and etc.
(Decamp and Moriarty 2007)) Z.iquid forms: the hatcheries generally use ligiadms which are live and ready to
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act. These liquid forms are directly added to hatgttanks or blended with farm feed. The liquidnfsrcan be
applied any time of the day in indoor hatchery s&nihile it should be applied either in the morningin the
evening in outdoor tanks. Liquid forms give postiesults in lesser time when compared to the ddyspore form
bacteria, though they are lower in density (Nageawad Babu 2006). There are no reports of any fodueffect for
probiotics but it is found that the biological oxgygdemand level may temporarily be increased oagfdication;
therefore it is advisable to provide subsurfaceatémm to expedite the establishment of probioticgagisms. A
minimum dissolved oxygen level of 3% is recommendedng probiotics treatment.

The development of suitable probiotics for aquareltis not a simple task. It requires empirical and
fundamental research, full-scale trials as welttres development of appropriate monitoring tools anaduction
under stringent quality control. A performing miséwf probiotic strains can be designed after eataig the ability
of individual strains to grow in low/high salinitynder micro-aerophilic or anaerobic conditions,dorce various
enzymes, and more importantly, produce a rangetibitory compounds (Decamp 2004).

3.3. Modes of action of probiotics in aquaculture

Probiotic agents exert a beneficial effect via denrray of actions. These include competitiorafifiesion sites and
resistance to colonization; competition for essgntiutrients; production of antagonistic compouratginst
pathogens; enhancement of the immune responseiseakds resistance. In addition, probioticproving enzyme
activity feed digestibility and feed utilization, fish htahnd performancéRinge and Gatesoupe 1998; Verschuere
et al. 2000; Balcazar et al. 2004, 200Bbs et al. 200856mez and Balcazar 2008esarcodi-Watson et é2008).

3.3.1. Competition for adhesion sites

Bacterial adherence is an important prerequisite cflonization by pathogenic microorganisms andileince
manifestations (Bengmark 1998; Ouwehand et al. 199thesion capacity and growth on or in intestinaéxternal
mucous has been demonstrated atsaitro for many fish pathogens lik¥ibrio anguillarum and Aeromonas
hydrophila (Krovacek et al. 1987). Thiegeneficial bacteria with probiotic properties algoacapable of adhering to
the epithelial wall of the Gl tract of fish (Ringd al. 2003; Balcdzar et al. 2008). The host-$jgeailhesion of
probiotic bacteria to mucosal surfaces is cruaiathie competitive exclusion of pathogenic microoigms and
merits special attention (Bengmark 1998). The aidhesf some pathogens &gromonas hydrophila, Aeromonas
salmonicida, Vibrio anguillarum and Yersinia ruckeri to intestinal mucus of fish was significantly reddcby
Lactococcus lactis. In addition,Lactobacillus plantarum significantly reduced the adhesionAfhydrophila andA.
salmonicida. With the exception ofv. anguillarum, adhesion of all pathogenic strains to intestimalcus was
significantly reduced by.actobacillus fermentum and by mixture of the three LAB strains (Balcaetal. 2008). A
recent study suggests also that intestinal coltinizdby endogenous LABL&ctobacillus sakei, Lactococcus. lactis
and Leuconostoc mesenteroides) prevents the development of furunculosis in raimhirout (Balcazar et al. 2007c).
These results are in agreement with those of sewter authors, who have demonstrated that prichiot
microorganisms reduce the proliferation of pathegey competing for attachment sites (Rinkinen et28003;
Chabrillén et al. 2005).

The ability of bacteria to colonize the Gl tractdespendent on 1) bacterial factors that permitdtganism to
survive in the Gl environment; 2) host resistanaetdrs which mitigate against maintenance of calation by
enteropathogens; and 3) on the interactions ofdhenizing enteropathogen with indigenous normairoflora that
compete with, or in some manner inhibit, the apitf a given enteropathogen to survive within thieti@ct. By
applying a high number of beneficial bacteria (fpotib), harmful bacteria (pathogens) are not abladhere and
thus cannot proliferateAdhesion to the intestinal mucosa has been suggestathance the ability to stimulate the
immune system (Nikoskelainen et al. 2003). Moreently have been observed a correlation between the
colonization ability of endogenous LAB and nonsfiediumoral responses such as alternative complepsthway
activity and lysozyme activity in brown trout (Bakar et al. 2007a).

Although competition for adhesion sites has beaielyisuggested as a mode of action, there isaditidence
in the literature to demonstrate this. There audists reporting an adhesion of certain bacteriat&stinal mucusn
vitro, but transferee of these ito vivo models has not produced supporting results. Attect ability of potential
probiotics seern vitro cannot be assumed to demonstrate the real éffegto (Kesarcodi-Watson et al. 2008).
Additionally, while studies to date have demonstilathe ability of certain bacteria to adhere testinal mucusn
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vitro (Garcia et al. 1997; J6born et al. 1997), theleébaio assess a competitive exclusion effect. Rbgerine et al.
(2004) demonstrated a competitive exclusion effect witre fprobiotics versus two pathogens on fish intestin
mucus. They found that the presence of one of thbigtics on the mucus inhibited the attachmenomé of the
pathogens tested. Interestingly, pre-colonizatioith whe other probiotics encouraged attachment hef two
pathogens. However, the general trend from thatlysshowed that post treatment with the probiddisplaced the
pathogen.

The adhesion ability of probiotic bacteria is vémportant for colonization resistance. It is théligbof the
normal Gl flora of fish to protect against unwantedbnization of the Gl tract by pathogens. Colatitn resistance
is achieved by complex interactions between thiewifit resident bacteria of the mucosal microbifitaormal Gl
flora of fish is altered for any reason, the abilib prevent pathogenic overgrowth will be compreedi. The
beneficial effects of probiotics might in part ritsfrom enhancement of colonization resistance Iy tirect
suppression of harmful enteropathogens and theuktiian of beneficial microbiota.

3.3.2. Competition for nutrients

Competition for nutrients or available energy céy@n important role in the composition of therfdtrobiota or in
the culture water of aquatic species (Tinh et BD8). Microbial competition for organic and inorganic stdnces
and energy sources in the Gl tract of fish mears$ By increasing the relative numbers of probidtacteria,
nutrients and energy are consumed which would wiser be available for the growth of pathogenic eaat
(Verschuere et al.1999, 2000).

Competition for iron has been reported as an ingoorfactor in marine bacteria for their growth, bsit
generally limited in the tissues and body fluidsaofmals and in the insoluble ferric*tdorm (Verschuere et al.
2000). Iron-binding agents, siderophores, allowusition of iron suitable for microbial growth. itbphore
production is a noted mechanism of virulence in eomathogens (Gram et al. 1999). Equally, a
siderophoreproducing probiotic could deprive pasntathogens of iron under iron limiting conditnThis was
shown by Gram et al. (1999), who found that a caltsupernatant dPseudomonas fluorescens, grown in iron-
limited conditions, inhibited growth of. anguillarum, whereas the supernatant from iron-available oestalid not.

Several studies have documented the nutritionalcefhf probiotic bacteria on the growth and surivisafish
and shellfish larvae (for review see Tinh et aD&0 Hence, successful application of the princgdfleompetition to
natural situation is not easy and this remainsagjar task for microbial ecologists (Sahu et ang).

3.3.3. Production of anagonistictic compounds

Antagonistic compounds are defined as chemicaltanbss produced by bacteria that are toxic or itdriptowards
other microorganisms. Most probiotics have the b#iato produce substances which have directmaictiobial
action. Organic acids, hydrogen peroxide, lysozysiggerophores and bacteriocins (Braun and Brau@;200shida
et al. 2002; Vazquez et al. 2005; Sahu et al. 2@@8)among the known products with inhibiting effean many
gram-positive and gram-negatipgathogens. These substances can either reducartit®nof pathogenic organisms
in Gl ecosystem directly, or in some instances alter the metabolism of pathogens (Vine et al. 20B&cently
Balcazar et al. (2007b) studied five LAB for usepasbiotics based on their competitive adhesion@oduction of
antagonistic substances against some fish pathodgsmsed on mucus adhesion, competitive exclusiom, a
suppression of fish pathogen growth by productibantagonistic compounds, they concluded that ¢hected LAB
strains are very promising alternative of chematheutic agents in the fish industry. Vijayabaskad a
Somasundaram (2008) reported that bacteriocin pindu_AB, isolated from the Gl tract of fresh watiéshes
posses antagonistic activity agaifsromonas hydrophila, and may be use as probiotichéfre were also a few
studies on the possible use of marine actinomyaeitsantimicrobial activity against aquatic patlkeog in disease
prevention in marine aquaculture (Das et al. 26Q8nar et al. 2006; You et al. 2005, 2007).

Some bacteria used as candidate probiotics haixgrahactivities. Though the exact mechanism bychithese
bacteria do this is not known, laboratory testsdatd that the inactivation of viruses can occurchgmical and
biological substances, such as extracellular agehtsacteria. It has been reported that strain®sfidomonas,
Vibrio, Aeromonas spp. and groups of coryneforms isolated from salthdratcheries, showed antiviral activity
against infectious hematopoietic necrosis virud\VHl with more than 50% plaque reduction (Kamei let1888).
Girones et al. (1989) also reported that a marmetdsium, tentatively classified in the gersraxella, showed
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antiviral capacity, with high specificity for pol@rus. Yoshimizu and Ezura (1999) demonstrated that imaist
bacteria such a&eromonas andVibrio spp. also produced antiviral substances.

Although production of an antagonistic or inhibitmompounds has been shown to work very well ifbjatics
and this screening method has identified very gommdbiotics in aquaculture (Irianto and Austin 200Rategan and
Gibson 2003; Lategan et al. 2004 a, b; Vaseehdrah 2004; Balcazar et al. 2007), but there areesbmitations to
this approach. The positive resuitsvitro fail to determine the reah vivo effect. The production of antagonistic
compounds against any other microflonaiitro is no guarantee that the potential probigtitt be effectivein vivo
(Kesarcodi-Watson et al. 2008). This means thatamby in vitro but in vivo models are needed to clarify the
antagonistic activity of probiotics in aquaculture.

3.3.4. Enhancement of the immune response

The immune systems of fish and higher vertebratesianilar and both have two integral componenfshé innate,
natural or nonspecific defense system formed bgries of cellular and humoral components, and @)atttaptive,
acquired or specific immune system characterizedhgy humoral immune response through the produaion
antibodies and by the cellular immune response,chvhis mediated by T-lymphocytes, capable of regctin
specifically with antigens. The normal microbiotathe Gl ecosystem influences the innate immungesyswhich

is of vital importance for the disease resistantésh and is divided into physical barriers, hudoand cellular
components. Innate humoral parameters include ambhial peptides, lysozyme, complement components,
transferrin, pentraxins, lectins, antiproteases aatural antibodies, whereas nonspecific cytotoe@ls and
phagocytes (monocytes/macrophages and neutrogbitstitute innate cellular immune effectors. Cyheld are an
integral component of the adaptive and innate imemasponse, particularly ILB1interferon, tumor necrosis factor-
a, transforming growth factds-and several chemokines regulate innate immunion{& and Balcazar 2008).

The demonstration that the gut microbiota is andrtgmt component of mucosal barrier has resultethén
promotion of the use of beneficial probiotics. Tdés increasing evidence that many bacteria haea Ishown to
modulate the innate humoral responses, includimgte host resistance, and thereby facilitate thdusion of
potential pathogendn a previous studis havgeen demonstrated that oral administratioiClaftridium butyricum
bacteria to rainbow troutOncorhynchus mykiss) enhanced the resistance of fish to vibriosis,ifmreasing the
phagocytic activity of leucocytes (Sakai et al. 3pRengpipat et al. (2000) reported that the (sBagillus spp.
(S11) has provided disease protection by activdiotty cellular and humoral immune defenses. Nikiasken et al.
(2003) showed that administrationlagctobacillus rhamnosus (ATCC 53103) at a level of 2@Cfu/g feed stimulated
the respiratory burst in rainbow trout.

Probiotics can modify the immune response of thet hg interacting with epithelial cells and by méating the
secretion of anti-inflammatory cytokines, which buesult in a reduction of inflammation. Recentbtudies
showed that IL-f, IL-8, TNF-n, and TGFB expression was not induced in rainbow trout gutscillowing
administration of the probiotic bacter@arnobacterium maltaromaticum B26 andCarnobacterium divergens B33.
However, detection of significantly higher Il35and TNFe. expression in head kidney cells indicates inductiban
antiinflammatory effect (Kim and Austin 2006b).

During the past five years have been demonstréigidmany probiotic agents stimulate immune respamse
diseases resistancand have a positive effect on fish health (Brand Austin 2005; Salinas et al. 2005; Kim and
Austin 2006a, 2006b; Taoka et al. 2006a; Pirarat.€2006; Panigrahi et al. 2004, 2005, 2007; Badcé&t al. 2006a,
2007a, 2007c; Gomes and Balcazar 2008; MesalHy 20@8; Vendrell et al. 2008; Wang et al. 2008a).

3.3.5. Effects on fish health and productivity

The use of probiotics for disease prevention angr@aved nutrition in aquaculture was relatively metgebut during
the last decade, it is becoming increasingly papulae to an increasing demand for environment-fiign
aquaculture (Vine et al. 2006; Wang et al. 2008lce the first use of probiotics in aquacultur@fisa 1986), a
growing number of studies have demonstrated tremieficial effects in fish diet. Several new studiese reported
that probiotics are effective in improving immunityealth status, feed efficiency and growth perfomoe of fish
species (Table 1). As biological control agentsbptics provide nutritional benefits and protectiagainst
pathogens in the Gl ecosystem. They are vital @dutating interactions with the environment, theelepment of
beneficial immune responses, and in supportinghttedth. The supplementation of beneficial probidiacteria in
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the fish diet is important for enzyme activity, dedigestion, feed utilization and growth performanBy the above
reasons, the use of microbial probiotics in finfesfuaculture is now widely accepted (Wang and Xo62®alcazar
et al. 2006, 2007a; Wang et al. 2008).

3.4. Developing, evaluating and safety of probioticfor aquaculture

It has been widely published that an aquatic ptabimust possess certain important properties @fersre et al.
2000). These properties were proposed in ordeidténacorrect establishment of new, effective aatesproducts.
The properties include: 1) The probiotic should betharmful to the host it is desired for; 2) lbshl be accepted
by the host, e.g. through ingestion and potentiérization and replication within the host; 3)should reach the
location where the effect is required to take pladt should actually workn vivo as opposed tm vitro findings;
5) It should preferably not contain virulence remi€e genes or antibiotic resistance genes. Theofighese
requisites is given to allow step-wise examinat@fnpotential probiotics. However, the sum of marfytirese
properties could be tested quickly viavivo experimentation with the target animal. In essetiwse properties are
describing one simple question, “does the potemtiabiotic provide an overall health benefit whemeg to the
animal?” It was stated previously that there afgeient limitations with the past and curreéntvitro screening
procedures and problems with changing the init@keesning phase tin vivo experiments. Despite this, the
possibility of being able to answer the above dqaesh the screening phase offers great simplidisectness and an
all-encompassing allowance for probiotics actingahy mode of probiotic action to be identified. Foese reasons,
the prospect of including test animals in initiateening by means of challenge tests is very apugékesarcodi-
Watson et al. 2008).

According to Sahu et al. (2008) the developmentpadbiotics for commercial use in aquaculture is a
multidisciplinary process requiring both empiricahd fundamental research, full-scale trial and aanemic
assessment of its uses. Many of the failures ibiptiz research can be attributed to the seleabfimappropriate
probiotic strains. Selection steps have been defibat they need to be adapted for different hpsicies and
environments. It is essential to understand thehargisms of probiotic action and to define selectioiteria for
potential probiotics. General selection criteria amainly determined by biosafety considerationsthous of
production and administration of the probioticsd &ne location in the body where the microorganismesexpected
to be active (for reviews see Sahu et al. 2008).

Currently there are many defining criteria of mmrganisms that can be considered probiotics. A iptigh
should: 1) Be of fish origin; 2) Be nonpathogemicniature; 3) Be resistant to destruction by gasteid (low pH),
bile salts and proteases; 4) Be able to colonidkgge) to intestinal epithelial cells to reducemevent colonization
of pathogens; 5) Produce antimicrobial compourkisdirganic acids, hydrogen peroxide, bacterioditgrophores;
6) Modulate immune response; 7) Influence Gl enzamé metabolic activities and et&dtomayor andalcéazar
2003; Vine et al. 2004, 2004Balcazar et al. 2006; Sahu et al. 2008). By syatmally conductingn vitro tests on
a large number of potential probiotics, less-pramgcandidates can be excluded, thereby reducimgtimber ofn
vivo trials required to validate the effectiveness ef pinobiont (Vine 2004).

Selection criteria for probiotics for larvae diffeom those used for adult fish in that initiallyet pH of the larval Gl
tract is alkaline (Tanaka et al. 1996; Ronnestaal.€2000; Vine 2004). As the larval digestive tracimmature at
hatching, the gall bladder has yet to develop arfaquently bile is not secreted until later orirdudevelopment
(Govoni et al. 1986). Therefore, the probiotic @& required to move through an acidic environmentaute to the
gut and, unlike a probiont designed for adults,sdeet need to be resistant to acid and bile. Ptiosiselected for
use during the early stages of larval developmerthds not need to be screened for this charatitefidne 2004).

Colonization of the larval gut by bacteria gengraficreases at the onset of exogenous feedingmigding the
microflora similar to that of the live food as opgeal to that of the surrounding environment. To mézeé the

competitive advantage of probiotics, early deliveeems to be best (Ringg et al. 1996; Ringg andteimd1998;
Gatesoupe 1999; Vine 2004), since bacteria cologizhe intestine before first feeding may be alblepérsist
(Hansen and Olafsen 1999; Olafsen 2001). Oppottarish pathogens are commonly introduced alonip wiass-
cultured live food due to concentrated feeding leeembined with the rapid growth rate of the beatemicroflora

(Skjermo and Vadstein 1993) enforcing the conckat probiotic delivery should occur during the gatages of
larval development prior to exogenous feeding.
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Table 1. Probiotics used in fish nutrition and thedfects
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Identity of the

Species / Method of

e I Effects Reference(s)
probiotic application
Bacillus subtilisand rainbow trout / Feed Increased resistance to Raida et al.
Bacillus licheniformis (Onchorhynchus mykiss) Yersinia ruckeri (2003)
Bacﬂllus_subtlllls gilthead seabream / Stimulated cellular innate Salinas et al.
Lactobacillus Feed immune response (2005)
delbriieckii P
Bacillus spp. common carp / Feed Better digestive enzyme activities; Yanbo and

Photosynthetic bacteria

(Cyprinus carpio)

Better growth performance and feed
efficiency

Zirong (2006)

Bacillus spp rainbow trout / Feed Better growth performance and Bagheri et al.
’ Onchorhynchus mykis survival (2008)
??'Cl:lgsggggl)'s Nile ti_Iap_ia _ . Stimulated th_e gut immune system Mesalhy et al.
Lactobacillus (Oreochromis niloticus) ; Enhance the immune apd health (2008)
acidophilus status; Increased the survival rate and
the body-weight gain;
Carnobacterium spp Atlantic salmon / Feed Inhibited A. salmonicida, V. Robertson et
(Salmo salar L.) ordalii andY. ruckeri ; al. (2000)
Reduced disease
Carnaobacterium
maltaromaticum B26 rainbow trout / Feed Enhanced the cellular and Kim and

Carnobacterium
divergens

(Onchorhynchus mykis)

humoral immune responses

Austin (20062

Carnobacteriumdivergensis able

Carnobacterium Atlantic salmon / Feed to prevent to some extent pathoder- Ringg et al.

divergens 6251 (Slmo salar L.) p . pathog (2007)
induced damage in the foregut.

Enteroccus faecium Z.J4 Nile tllapl.a / ther Increaseq growth performance; Wang et al.

(Oreochromis niloticus) Improved immune response (2008a)

Lactobacillus rhamnosus

rainbow trout / Feed
(Onchorhynchus mykiss)

Increased resistance Agromonas
salmonicida ssp.

Salmonicida; Reduced mortality
from furunculosis

Nikoskelainer
et al. (2001)

Lactobacillus rhamnosus
(ATCC 53103)

rainbow trout / Feed
(Onchorhynchus mykiss)

Enhanced Immune parameters;
Stimulated Immune Response;

Nikoskelainer
et al. (2003)

Lactobacillus rhamnosus
(JCM 1136)

rainbow trout / Feed
(Onchorhynchus mykiss)

Increased the serum lysozyme:
and complement activities

Panigrahi et al.
(2004)

Lactobacillus rhamnosus

rainbow trout / Feed
(Onchorhynchus mykiss)

Stimulated Immune Response

Panigrahi et al.
(2005)
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Lactobacillus

European sea bass / Feed

Positive effects on welfare and

delbrueckii - ] Carnevali et al.
subspdelbrueckii (Dicentrarchuslabrax L.) growth; _ (2006)
(AS13B) Increased body weight

Lactobacillus rhamnosus tilapia / Feed Enhanced the growth Pirarat et al.
GG (Oreochromis niloticus) performance and immunity (2008)
;g%?l?:ccllililﬁbs rainbow trout / Feed Enhanced humoral immune Tukmechi et
bulgaricus P: Onchorhynchus mykiss response al. (2007)
Lactobacillus rhamnosus

ATCC 53103); rainbow trout / Feed Modulated cytokine production; Panigrahi et al.
( ) yt p g

Bacillus subtilis
Enterococcus faecium

Onchorhynchus mykis

Stimulated Immune Response

(2007)

Lactococcus lactis

E:gt?)rljolaacflt:ﬁs sakei: rainbow trout / Feed Stimulated phagocytosis; Balcazar et al.
LeUconostoc ' Onchorhynchus mykis Enhanced the non-specific immunity (2006a)
mesenteroides
Lactococcuslactis ssp.
lactis; Modified the intestinal microbiot: .
. brown trout /Feed . . Balcéazar et al.
Lactobacillus sake Stimulate the humoral immune
Leuconostoc (Salmo truta) response (20072)
mesenteroides
Leuconostoc
mesenteroides CLFP rainbow trout / Feed ! . Vendrell et al.
196; Lactobacillus Onchorhynchus mykis Reduced fish mortality (2008)
plantarum CLFP 238
Nile tilapia / Feed Iizrgkrﬁjnncee ; ;?aen:lgtré-rzr_)euflc Taoka et al
Micrococcus luteus (Oreochromis niloticus) pare i ’
Improved resistance against (2006a)
Edwardsidlla tarda infection
Micrococeus | uteus Higher growth performance,
PseudOMONas S Nile tilapia / Feed survival rate and feed utilization ; Abd EI-Rhman
Pp- (Oreochromis niloticus) Enhanced fish resistance against et al. (2009)

Aeromonas hydrophila infection

Streptococcus faecium

Nile tilapia / Feed

Better growth performance and

Lara-Flores et

La.ctoba.cnlus (Oreochromis niloticus) feed efficiency al. (2003)
acidophilus
Saccharomyces Nile tilapia / Feed Better growth performance and Lara-Flores et
cerevisae (Oreochromis niloticus) feed efficiency al. (2003)
. European sea bass / Feed Better growth performance and Tovar-
Live yeasts - r Ramirez et al.
(Dicentrarchus labrax) feed efficiency
(2004)
Saccha_rorwces_ rainbow trout / Feed No significant effect oenzyme Waché et al.
cerevisiae strain NCYC Onchorhynchus mykiss activities (2006)
Sc 47 (Biosdt Sc 47) N
Saccharomyces
cerevisiae var. boulardii rainbow trout / Feed Stimulated enzvme activities Waché et al.
CNCM 1-1079 Onchorhynchus mykiss y (2006)
(LevucelP SB20)
Inhibited potential harmful
Saccharomyces hybrid tilapia / Feed bacteria; Stimulated beneficial bacteria; He et al
cerevisiae (Oreochromisniloticus @ x O. Enhanced the non-specific immunity; (2009)'
(DVAQUA®) aureus ) No significant effects on growth

performance and feed efficiency

Aquatic candidate probionts for larviculture haweb isolated from healthy adults (Riquelme et @@ Rengpipat
et al. 2000; Gullian et al. 2004) or healthy lan{&ngo et al. 1996; Gatesoupe et al. 1997; Ringb \dadstein
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1998; Vine 2004). It has been suggested that fieae§ of probiotics is likely to be highest in thest species from
where they were isolated (Verschuere et al. 2000).

Commercial probiotic production should take intc@mt beneficial traits of strain useful during usttial
processing. To overcome the problem of inactivatiaring the manufacturing process, aquaculturestraas try to
improve the technology by screening for more rasisstrains or alternatively by protecting the poob through
micro-bioencapsulation. By monitoring probioticsdathe microbial community structure and dynamicsthe
manufacture process amvivo culture system, the viability and effects of phis can be documented in detail.
For this purpose, nucleic acid-based techniqueg lb@en used. Highly discriminative molecular methedch as
16S rRNA gene sequencing and oligonucleotide praa@salso be used for accurate probiotic specieslitey,
which is important for responsible quality contefforts, to build consumer confidence in produbteling, and for
safety considerations. The reliable identificatmiprobiotics requires molecular methods with ahhtgxonomic
resolution that are linked to up-to-date identifica libraries (Qi et al. 2009).

The in vitro tests with potential probiotic agents can, and khamly be used as an indication of possible
successem vivo. Some assumptions regarding theivo mode of action based upamvitro experiments may not
hold. Therefore, the purpose of timevitro experiments is to gain a better understanding efpibtential of specific
candidate probiotics before subjecting them tolgastd time-consumingn vivo trials (Vine 2004). By the above
reasons theftect of candidate probiotics for aquaculture skiolbé tested not onlyn vitro butin vivo as well. It
involves introducing a probiotic agent to the hostler culture and then monitoring the growth, cidation, and
survival. In vivo tests are important to evaluate the beneficiaot$f of probiotics e.g. enhanced nutrition, immune
response, disease resistance, health, feed comvensd productivity (Sahu et al. 2008). All the abadests criteria
are essential to select the candidate probiotigsrdaring experiments remain necessary to conchatethe strains
are beneficial. The practical evaluation of theast of probiotic treatments will require longresurveys (Sahu et
al. 2008).

The general concept that the use of probioticsguaaulture may produce various beneficial effees been
proven beyond doubt (Balcazar et al. 2006; Kesafdéatson et al. 2008). However, safety consideratioeglected
for along time are now taken into account fordiegelopment and marketing of probiotics (Courvali®06). Safety
is the state of being certain that adverse eff@itsot be caused by an agent under defined canwdit New species
and more specific strains of probiotic bacteria eoastantly identified. It cannot be assumed thasé novel
probiotic organisms share the historical safetytesdted or traditional strains. Prior to incorpargtithem into
products, new strains should be carefully assesmadl evaluated for both safety and efficacy. Prabiot
manufacturers should apply modern molecular tectesiqto ensure that the species of bacteria usetiein
probiotics are correctly identified, for qualitysasance as well as safety. The safety profile pbt@ntial probiotic
strain is of critical importance in the selectiorogess. This testing should include the deternvnatf strain
resistance to a wide variety of common classesntibiatics and subsequent confirmation of non-traission of
drug resistance genes or virulence plasmids (Madkaet al. 2005). Evaluation should also take thé-groduct
formulation into consideration because this caméedadverse effects in some subjects or negatediive effects
altogether. A better understanding of the potemtiathanisms whereby probiotic organisms might causerse
effects will help to develop effective assays thegdict which strains might not be suitable for useprobiotic
products.

Quality control of probiotics in aquaculture wiktome an important issue. With the increased useotécular
methods for the definitive analysis of the bactec@mponents of probiotic products and forvivo validation, it is
expected that both the probiotics quality and fiometl properties can significantly be improved. SThype of
research can aid for the development of adequatentdogy for the evaluation of the efficiency arafety of
microbial agents as probiotics in aquaculture (Qil€2009).

4. Prebiotics — The concept
4.1. History, definition and principles

The termprebiotic comes from the Greek words “pro” and “bios" meariibgfore life”. The probiotic concept was
introduced about fifteen years ago by Gibson anbeRooid (1995). A prebiotic was originally defined “A non-
digestible foods ingredient(s) that beneficiallfeafs the host by selectively stimulating the gtoanhd/or activity of
one or a limited number of bacteria in the colomg ¢hus improves host health” (Gibson and Robealfd®95). In
the past decade a large number of studies haverdrated that prebiotics have great potential astago improve
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or maintain a balanced intestinal microbiota to aerde health and wellbeing. The European markethéaith
promoting prebiotics is growing rapidly (FAO 200However, a prebiotic effect has been attributechemy food
components, sometimes without due consideratighdariteria required. In particular, many foodgolaccharides
and polysaccharides (including dietary fiber) hdeen claimed to have prebiotic activity, but ndt dietary
carbohydrates are prebiotics. There is, thereforeged to establish clear criteria for classifyanfpod ingredient as
a prebiotic. Such classification requires a scientiemonstration that the ingredient: (1) resigéstric acidity,
hydrolysis by enzymes and Gl absorption; (2) isnfented by the intestinal microflora; (3) stimukatelectively the
growth and/or activity of intestinal bacteria asated with health and wellbeing (Gibson et al. 2004

Gibson and colleagues (2004) have recently revietheit original prebiotic concept in the light ofuch
research that has been published in the past deandan particular the three key aspects of tHefinition: (1)
resistance to digestion; (2) fermentation by thiestinal microflora; and (3) a selective effect thie flora that
promote health. Their updated definition is: “A Ipiaic is a selectively fermented ingredient thibwas specific
changes, both in the composition and/or activityhia gastrointestinal microflora that confers béaeipon host
well-being and health”. The key words in both diiims are “selective” and “benefit/improve...hostealth”.
Therefore, a prebiotic substrate must be partiutaadily available to some groups of bacteriavbfch lactobacilli
and bifidobacteria are considered indicator orgasishat are beneficial to intestinal health, bgslavailable to
potentially pathogenic bacteria, such as toxin-poigy Clostridia, proteolytic Bacteroides and toxygenicE. coli
(Manning and Gibson 2004). In this manner, a “lnéaif microbiota composition is obtained wherebye th
bifidobacteria and/or lactobacilli become predomini the intestine and exert possible health promgoeffects.
The principal concept associated with both of thesgnitions is that the prebiotic has a select&ftect on the
intestinal microbiota which results in an improvema health of the host. The definitions arosarfrobservations
that particular dietary prebiotics as functionajriedients bring about a specific modulation of Gleecosystem,
particularly increased numbers of beneficial baateand decreased numbers of potential pathoggeiciess, which
associated with improved host health.

According to FAO experts “A prebiotic is a non-viatiood component that confers a health benefithenhost
associated with modulation of the microbiota” (FAD07). The definition has the following charactics 1)
Component - not an organism or drug; a substaratecdn be characterized chemically; in most cdsesaill be a
food grade component; 2) Health benefit - measeratid not due to absorption of the component ih® t
bloodstream or due to the component acting aloné;cver-riding any adverse effects; 3) Modulaticshew that
the sole presence of the component and the forionlat which it is being delivered changes the coasifion or
activities of the microbiota in the target host.dlanisms might include fermentation, receptor bdgekor others.

There are several recognized functional prebiotiigosaccharides in use around the world:
Fructooligosaccharides (FOS), MannanoligosaccharifdOS), Xylooligosaccharides (XOS), Inulin, [3-ghnc
(Qiang et al. 2009). The most prebiotics are insligge, but fermentable carbohydrates. (Ouwehanal.e2005;
Mussatto and Mancilha 200Wang 2009). The main advantage of prebiotic oligobarides is that they are natural
functional ingredients. Their incorporation in tiet does not require particular precautions, i tauthorization
as food/feed additives may be more easily obtaifredspite of some concerns about their safety difidaey
(Gatesoupe 2005).

The field of prebiotic research is still young, yle¢ progress made in elucidating the beneficialtheeffects of
specific prebiotics is significant not only for hans and animals, but for fish species as wellifguthe last ten
years a number of studies have investigated tleetsfbf prebiotics on health and productivity otily (Patterson
and Burkholder 2003; Kocher et al. 2005; Denewvl.e2@05, 2005a, 2006: Denev 2008; Choct 20xhardhana et
al. 2009); pigs (Awati, 2005; Pettigrew et al. 20B®selli et al. 2005; Xu et al. 2005; Pierce e28l06; Kogan and
Kocher 2007; Bindelle et al. 2008); calves (Tetrale2007;Heinrichs et al. 2009 rabbits (Mourao et al. 2006) and
pets (Strickling et al. 2000; Kocher and Tucker 200ndependently that the studies with prebioticaquaculture
are limited, they are important for improving growgerformance, immunomodulation and resistanceaseades of
various fish species, shrimp and other aquaticrosgas.

4.2. Prebiotics in fish aquaculture

4.2.1. Modes of action

In recent years there has been great interesteiugle of prebiotics in fish aquaculture (Li andli@&2004, 2005;
Staykov et al. 2005, 2007; Genc et al. 2007a, 2087Mmaz et al. 2007; Grisdale-Helland et al. 206&i and
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Fotedar 200Q Various mechanisms have been proposed to expleingpecific action, such as selective stimulation
of beneficial microbiota, improvement ohmune functions, disease resistance, survivalwtrgperformance and
feed efficiency.

4.2.1.1. Selective stimulation of beneficial micrabta

Originally, prebiotics were chosen to stimulate dfesial probiotic microbiota in the Gl ecosystemcodrding to
Gatesoupe (2005) the case is different in fish, rhmany opportunistic bacteria can utilise a widage of
carbohydrates. Some of these strains may be capfbietabolising the oligosaccharides, but theatféa the host
fish remains uncertain. The pathogenic strainshégbly specialised, and unlikely to benefit frometprebiotic.
However, the continuous supply of the substraténénintestine may create the risk that the pathagend acquire
the ability to use either the native compound sditgraded products. It is wise to introduce tlebiptic in the diet
with discernment, and many experiments will be seagy with microbial survey, before practical apglions in
hatcheries and fish farms.

According to updated prebiotic concept not all aigtcarbohydrates are prebiotics (Gibson et al.4R00
Prebiotics (FOS, MOS, GOS, and XOS) are functisudistrates that can only be consumed by a limiteaber of
beneficial bacteria (lactobacilli and bifidobactgriAmong the group of beneficial bacteria preseihe Gl tract are
those that most utilize prebiotic oligosaccharilesg considered as the only microorganisms ableetficially
affect the host’s health. Numerous human and arnfiesgling studies have shown that they selectivistyusate one
or a limited number of beneficial bacteria thussiag a selective modification of the host’s inteatimicrobiota.
(Teitelbaum and Walker, 2002; Mussatto and MancB@7; Venter 2007). This clearly built upon theess of
prebiotics for microbiota management approaches.

Many prebiotics (FOS, MOS) have been investigated rutritional manipulation of the Gl ecosystem of
humans and animals, because they facilitate angosuthe symbiotic relationship between host asdhitcrobiota
(Newman 2004; Ferket, 2004; Venter 2007). FOS am@iSMire two classes of prebiotic oligosaccharidaes dne
beneficial to enteric health, but they do so byedént means. For example, dietary supplementaifoprebiotic
oligosaccharides has been shown to provide a nutseurce for beneficial bacteria and may promdie t
maintenance of bifidobacteria and certain LAB ie tjut of humans and animals (Mussatto and Man@b@v;
Moura et al. 2007; Denev, 2008). FOS influence ramtenicroflora by ‘feeding the good bacteria’, whic
competitively excludes the colonization of pathagand thus improving animal health and growth peréoce (for
reviews see Ferket 2004; Newman 2004).

The nutritional properties of prebiotics are retatirectly to the physiological changes they inducéhe host.
Bacterial metabolites are probably the main effiesctd most observed effects. The most importantabwdites are
the short-chain fatty acids (SCFA) as acetate,iprate and butyrate. Prebiotic consumption cangldothe pool
of SCFA in the GI tract. These SCFA acidify the &lvironment, which is beneficial for the developmeh
probiotic bacteria, and detrimental to the growtharmful species (Blaut, 2002; Venter 2007).

On the other hand unlike FOS, MOS is not used assbatrate in microbial fermentation, but it stideets a
significant growth-promoting effect by enhancing tanimal’s resistance to enteric pathogens. Fompbea Bio-
Mos® (Alltech Inc., KY, USA) as the commercial sourdeMOS has been used in most of the published rekear
literature. According to Ferket (2004) Bio-Mbsnhances resistance to enteric disease by ditfereans. One of
them is that it inhibits colonization of enterictipagens by blocking bacterial adhesion to gut gniAdhesion of
pathogens to the epithelium surface of the gutofdahtion) is believed to be the first critical galeading to
infection (Moran 2004). Many potential pathogensEasoli, Salmonella and Vibrio spp. as well as commensally
bacteria attach to the mucosal surface of thetineesind that attachment is the key to their peddifion. They have
mannose specific lectins on the cell surface thabgnize specific sugars and allow the cell tochtta that sugar
(Panigrahi and Azad 2007). Early studies using raaerin the drinking water of broiler chicks demoatstd that
this therapy could reduce colonization rateSofyphimurium. Purified mannose and MOS have been successfully
used to prevent bacterial attachment to the hastarby providing the bacteria a mannose-rich rémefhat serves
to occupy the binding sites on the bacteria angdegrecolonization in the animal. Gram-negative pgtns with the
mannose-specific Type-1 fimbriae attach to the M@$ead of attaching to intestinal epithelial celisl they move
through the gut without colonization (Panigrahi amhd 2007) used a chick model to demonstrateNt@§ (Bio-
Mos®) could significantly reduce the colonizationfcoli andSalmonella spp.Animal trials in other species show
similar benefits in reducing pathogen concentraidhhas been proposed that pathogenic bacterétbi MOS in
the intestinal lumen rather than to the mucosafaser and therefore fail to proliferate so exteelsiv which
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enhancement of intestinal integrity. The controlbatteria-mediated attachment has been proposedpassible
means of reducing enteric infection.

In summary, the information about specific biol@ditunctions and action of prebiotic oligosacchesidn the
Gl ecosystem of fish and other agquatic organismeiig limited. Moreover, the interactiobgtween prebiotics and
the indigenous microbiota are still poorly undeostdrhe above hypotheses need to be tested by futidies with
different fish species to confirm these earliediitgs. A lot more fundamental research has to bedo develop
mechanisms to verify, models to certify and methtmdguantify the beneficial effects of prebioticsthis area of
interest. Finding ways to exploit this knowledgdigh aquaculture is the current challenge.

4.2.1.2. Improvement of immune functions and diseagesistance

The immune system of the fish is the primary defemechanism against infectious disease. Immunifismlike
that in all other vertebrates plays a major rolgriotection against pathogens. It can be eitherspagific, which is
an innate defense mechanism or an acquired spéuificinity. Immune systems of most fish are veryisimand
have certain similarities to mammals. Fish, howewey more on non-specific defense mechanisms thammals
do (Swain et al. 2007). The non-specific immuneteys of fish consists of several key humoral andutzel
components that provide innate protection againfsction, regardless of the pathogen type (Magnaddd05;
Whyte 2007). To date, several studies have denaipstrthe benefits of immunostimulants on the fisimune
system (Amaa et al. 2004; Huttenhuis et al. 2006; Kunttu et2809). However, there is very little information
regarding the effect of prebiotics in fish althoutjiey have been successfully used in terrestrimhas - pigs,
poultry and calves. Numerous studies have investigthe effect of prebiotic MOS on their humoratl arellular
immunity. Whilst the exact mechanisms have not beempletely elaborated, significant evidence hasnbe
accumulated to propose that MPRys a multi-purpose role in immune modulatiorr (feviews see Ferket, 2004;
Moran, 2004).

Recently Staykov et al. (2005, 2007) have repattatl MOS (Bio-Mo§, Alltech Inc., KY, USA) incorporated
into a standard commercial extruded diets (2 lgidificantly increased serum lysozyme levéts<(0.001) as well
as complement activity?(< 0.05) and reduced mortality of rainbow tr@ricorhynchus mykiss raised in net cages
and in raceway systems. Similar results were obthiwith common car|€iprinus carpio (Staykov et al. 2005).
These results demonstrated that prebiotic MOS kapesitive effect on non-specific immune resporsdianced
resistance to diseases and survival of fish. Sineffeects have been published from other reseasclrou and Li
(2004) reported significant improvement of sevamndicators of immune status of carp fed a diet sapented with
MOS. Other study clearly demonstrated the associaif improved immune status and resistance tadesein fish
fed Bio-Mo$® (Sweetman and Davies 2006). Torrecillas et al0{20@eported the ability of MOS to improve immune
status and disease resistance of sea Basen{rarchus labrax) in cohabitation and inoculative challenge tesith w
the pathogetibrio alginolyticus. In other study Torrecillas et al. (2007a) obsdrakso that supplementation of the
diet with prebiotic MOS enhanced the immune funddigphagocytic activity of leucocytes and the baakactivity
of the sera) of European sea bass. The immune ptgesnin the MOS fed groups are statistically Sigait,
compared to the untreated control.

During the last five years many studies in finfeefuaculture demonstrated as well that supplementafi Bio-
Mos® in the diet has stimulated immune activity andnpoted resistance to bacterial infection of differéish
species: common caryprinus carpio; Staykov et al. 2005¢, 2006b); rainbow tro8&l(no gairdneri irideus G.;
Staykov et al. 2005a, 2005b, 2006, 2006agnnel catfishl¢talurus punctatus; Welker et al. 2007); rainbow trout
(Oncorhynchus mykiss; Staykov et al. 2009)Marron (Cherax tenuimanus, Sang et al. 2009)uvenile western king
prawns Penaeus latisulcatus; Hai and Fotedar, 2009); European sea basseftrarchus labrax; Terova et al. 2009)
and etc. However, full understanding of the modeaction of Bio-Mo§ on the immune activity of fish awaits
further research.

In the past decade many studies have demonstfzaedat only MOS, but inulin (Cerezuela et al. 2068d
glucans (Cook et al. 2001; Paulsen et al. 2001nBeigal. 2005; Mai et al. 2006; Kumari and Sah606& Misra et
al. 2006; Skjermo et al. 2006; Ai et al. 2007; Waal. 2007; Djordjevic et al. 2009; Rodriguezakt2009) are
effective natural immunostimulants as well. Thehamced immunity and disease resistance of diffdigimtspecies
as well.
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4.2.1.3. Effects on fish health and productivity

Controlled experiments took place at Trakia Uniitgr$Stara Zagora, Bulgaria with car@yprinus carpio) (Staykov
et al. 2005c) in which 0.2% prebiotic MOS (Bio-Moglitech Inc., KY, USA) was incorporated into a stand

commercial extruded diet (23.5% protein and 5.48id)i From a start weight of approximately 140 ighfgiven

Bio-Mos® grew to an average weight of 480 g vs. 430 g imtrats, an 11.6% higher weight gaiR € 0.001). Feed
conversion ratios (FCR) were improved with Bio-NMd4.69 vs. 2.05 in controls), by 17.6% & 0.01). Lower
mortalities were also observed in the Bio-fided fish (1.92% vs. 3.59% for the contr&l € 0.001).

Juvenile carp reared in tanks at the Universit@sijek in Croatia showed similar improvements irighé gain
in response to Bio-MS9Culjak et al. 2005 The diet used in these trials was 39.91% crudeem and 4.51% lipid;
and Bio-Mo$ was added at 0.6%. The fish grew from an averagghivef 5.28 g to 31.23 g in controls vs. 38.73 g
in the Bio-Mo$ treatment, a 24% higher weight ga® € 0.01). Bio-Mo§ improved FCR from 2.06 to 1.6® <
0.05); and mortality from 50.0 to 16.78 € 0.01).

Similar studies were conducted at Trakia Universifara Zagora, Bulgaria with rainbow tro@ngorhynchus
mykiss) with supplementation of prebiotic Bio-Md$0.2%) in standard commercial extruded feeds. Etwebow
trout was raised in net cages and raceways (StagkaV.2007). In the net cages, at the end of the six vigak
period, the mean body weight of fish receiving jpogb was 13.7% higher, compared to the controlugof <
0.01). The supplementation of prebiotic in the dignhificantly decreased FCR & 0.05) and mortalityR < 0.01).

In the raceways, the final body weight of the raiwbtrout, receiving MOS was significantly improveg 9.97%
compared with the control group < 0.01). The FCR and mortality in the experimemaup was significantly
lower (P < 0.01) in comparison with the untreated contithese results demonstrated that prebiotic mannan-
oligosaccharides can be an effective tool for imprg the growth performance, health status and &ficiency of
rainbow trout grown in a variety of production sysis.

The addition of prebiotic MOS (Bio-M83 to the diet of other freshwater species such @®pean catfish
(Silurus glanis) juveniles (Bogut et al2006) has shown similar improvements in growth fregnto 76 g in the
control groups and 83 g in the Bio-Mogroups, a 9.7% higher average body weight (0.01). The FCR was also
lower by 11.6% P < 0.01) and mortality decreased from 28.33 to 1% &P < 0.01). These data support findings of
Hanley et al.(1995) who also demonstrated that hybrid red tHgpiveniles, fed 0.6% prebiotic (Aqua-Mos™,
Alltech Inc., KY, USA) in their hatchery diets had22.5% improved survival with a 27.2% increase@ight gain.

In Turkey, Hossu et al. (2005a, 2005b) determitedetffects of prebiotic Bio-MS8wn digestibility of the diet
and growth performance of gilthead sea breégparus aurata in a commercial scale production. Bio-Md®.2%)
significantly improved digestibility of the diet, eight gain, final body weights, feed efficiency,daneduced
mortality rate, compared with fish receiving cohutiet.

Hai and Fotedar (2009) investigated the effectsietary immunostimulantsBfo-Mos® andp-1,3-D-glucan) on
the growth, survival and immune responses of jueewestern king prawnsPénaeus latisulcatus). Continuous
supplementation with the above immunostimulantsd@ys) showed considerable improvement in the dgroRRC,
survival and immune response of the prawns.

Bio-Mos®, produced by Alltech, Inc. is the most thorougtdgearched of the mannan oligosaccharide products
now available. According to Sweetman and Davie0§2Gt has been shown to be an effective tool ish f
producers increasing performance and health staitus number of important commercial species. Actinga
prophylactic manner it provides multiple benefitsem incorporated in to aqua feed diets. Bio-Mimsproves the GlI
morphology and therefore its function through acréased absorptive surface and better absorptpabddy and
interacts with the immune system in a modulatorynes, and alters enzymeactivity promoting the beittdization
of dietary nutrients therefore improving performantharacteristics and immune function The combamatf all
these benefits results in better performance, ligland disease resistance and therefore givesi@ cost effective
fish production.

During the last ten years a large number of watideacted trials andeveral reports have documented éffects
of different prebiotics on fish health and produityi MOS (Zhou and Li 2004; Zegarra et al. 2005nels 2005;
Daniels et al. 2006; Sweetman and Davies 2006;etdlas et al. 2006; Peterson et al. 2007; Gristidkand et al.
2008; Staykov et al. 2005, 2006, 2006a, 2006b, pAOOS (Hui-yuan et al. 2007; Grisdale-Helland et2808);
XOS (Xu et al. 2009); Grobiotic (Li and Gatlin 2004; 2005; Li 2005) and etc. Thesadies have shown that the
use of prebiotics for improvement of fish healthtd gserformance are one of the best-documented apiplis.
Additional evaluations are required to obtain dat will result in optimal health benefits and guativity. Further
microbiological, physiological, immunological, niiwnal, and environmental research is needed ¢atify modes
of action and applications for these promising fiomal ingredients in fish aquaculture.
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5. Conclusion and future trends

Science-based knowledge on pro- and prebioticsritasased in recent years. No doubt exist thaténlast decade
we have greatly expanded our knowledge about pnd- @ebiotics as important natural ingredients iifigh
aquaculture. They have numerous beneficial effdotproved activity of Gl microbiota and enhancedriome
status, disease resistance, survival, growth pedoce and feed utilization. As functional dietargqucts pro- and
prebiotics have much potential to increase theiefficy and sustainability of aquacultural produttio

Therefore, comprehensive research to more fullyatharize the intestinal microbiota of promineshfspecies,
mechanisms of action of pro- and prebiotics andlr teiects on intestinal ecosystem, immunity, fisbalth and
performance is warranted. Not enough is known efdbmposition, dynamics, metabolism and activitythaf Gl
microbiota in health and diseases. Particular &ffehould be made to characterize the probiotipenes of
intestinal bacteria, mechanisms of their benefid host-microbe interactions to facilitate the seéta of effective
probiotics, according the needs of different figte@es. In additionmore detailed knowledge of the pathogenic
agents in aquaculture, their virulence factors #rar interactions with the host would be of gr@aportance.
Knowledge of proliferation and invasion sites oé tfish pathogens would assist in determining whethavater
borne or food borne vehicle is the most appropri&each understanding is required for further tetbgioal
developments.

Also the knowledge on the role of the intestinatmbiota in the development and function of immuesponse
needs more investigations. Well-designed studiesrequired to evaluate the potential of pro- anebjatics for
optimizing the immune functions, to increase regist to diseases and responsiveness to vaccirss. thére is
need for establishing dose-response relations@igsefully controlled nutrition trials, under realralitions, need to
be carried out to determine the beneficial effexftpro- and prebiotics before substantial healtd production
claims can be made.

It is clear that the further development of thiddireliable testing methods are needed. One exammphrough
the application of up to date molecular procedtioeisnprove our knowledge of the gut microbiota,iiteractions
with the fish host and its role in maintenance @élth. Advances of these areas will ultimately jptewus with very
sophisticated dietary tools to manipulate this inguat ecosystem and improve fish health and pedoca. The
development and validation of research methaulssitro, ex vivo andin vivo test models, have also provided
important information to understand the mechanisfrection behind the effects.

On the other hand, a combination of a pre- andiptiah termed a symbiotic, is receiving much ati@mtat
present in the since this association is thoughthfrove the survival, activity and efficiency afgbiotic bacteria in
the Gl ecosystem. Symbiotics represent a very nemcept for aquaculture. To the best of our knowdedg
evaluation of these products has not been condtatedte in aquatic species. However, much motéduresearch
with different fish species are required to chagdze the mechanisms of action and symbiotics &ffet pro- and
prebiotics on microbial ecology of the Gl tract.eBle studies are essential for development of effiananagement
strategies to manipulate Gl microbiota of fish anttance their health and production.

Safety assessment is an essential phase in thiodeent of the new up to date pro- or prebioticgaments
for fish. All pro- and prebiotic products must beakiated for their safety before being used in fistrition. Instead,
a multidisciplinary approach is necessary, invalvicontributions from ihtiologists, microbiologidhjochemists,
physiologists, immunologists, pathologists, toxagists, nutritionists, and ecologists. Howeverufatdevelopment
of pro- and prebiotics for fish aquaculture regsiistringent guidelines for safety assessment aketipeoducts. The
above problems should be a high research prioritiié finfish aquaculture during the forthcominguge

Abbreviations: GI- Gastrointestinal; LAB- Lactic acid bacteria; GR- Antibiotic growth promoters; MOS-
Mannanoligosaccharides; FOS- FructooligosaccharXi®s — Xylooligosaccharides.
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