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Addition Probiotics on Captive Fish Nutrition the benefits, water
quality and productive performance: a review

The processes of technological innovation influence the great advances in the world agribusiness sector. These progresses are the result of scientific and
technological studies. In this context, fish farming appears as an alternative to diversify agricultural production, being the most responsible system in the world for
food security. In addition, the practice of fish farming is a potential strategy for environmental conservation since it contributes to capture fisheries reduction.
However, the traditional management commonly adopted in fish farming results in innumerable environmental consequences such as: pollution of water bodies
and introduction of exotic species, generation of effluents, emergence of diseases in man and animals. Probiotics as a dietary supplement for captive-bred fish
appear as an alternative resource, aiming to improve the zootenic and sanitary performance of fish, healthy conditions and increase production with efficiency. It
should be noted that diets are related to ethological aspects, structural integrity, sanity, physiology, reproduction, growth, and sanitary or environmental
conditions. The present study aimed to revise assessments on the use of functional food additives in captive-bred fish diet and the results obtained by their
administration. A qualitative approach was used with a descriptive and documentary method. The data analysed here contribute to further studies and to glimpse
the potentials of nutrition of captive fish, considerating that negative impacts to the environment, production and quality of fish can be mitigated.
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Adicdo probioticos na nutri¢do de peixes em cativeiro, os beneficios,
qualidade da dgua desempenho produtivo: uma revisédo

Os processos de inovagdo tecnoldgica influenciam os grandes avangos no setor mundial do agronegdcio. Esses avangos sdo resultado de estudos cientificos e
tecnoldgicos. Nesse contexto, a piscicultura aparece como uma alternativa para diversificar a produgdo agricola, sendo o sistema mais responsavel do mundo pela
seguranca alimentar. Além disso, a prética de piscicultura € uma estratégia potencial para a conservagdo ambiental, pois contribui para capturar a redugdo da
pesca. No entanto, o manejo tradicional comumente adotado na piscicultura resulta em inimeras conseqléncias ambientais, tais como: polui¢do de corpos d'agua
e introdugdo de espécies exoticas, geragdo de efluentes, surgimento de doengas no homem e nos animais. Os probidticos como complemento alimentar de peixes
criados em cativeiro aparecem como um recurso alternativo, com o objetivo de melhorar o desempenho zooténico e sanitario dos peixes, condigdes saudaveis e
aumentar a produgdo com eficiéncia. Note-se que as dietas estdo relacionadas a aspectos etoldgicos, integridade estrutural, sanidade, fisiologia, reprodugéo,
crescimento e condigdes sanitarias ou ambientais. O presente estudo teve como objetivo revisar avaliagdes sobre o uso de aditivos alimentares funcionais na dieta
de peixes em cativeiro e os resultados obtidos por sua administragdo. Utilizou-se abordagem qualitativa, com método descritivo e documental. Os dados aqui
analisados contribuem para novos estudos e vislumbram as potencialidades da nutrigdo de peixes em cativeiro, considerando que impactos negativos ao meio
ambiente, produgdo e qualidade dos peixes podem ser mitigados.

Palavras-chave: Probidticos; Nutrigdo; Piscicultura; Sanidade de peixes; Qualidade da agua.
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INTRODUCTION

From the beginnings of human being and domestication of plants and animals, agriculture has been
based on the technology of land use and labor, that is, in the exploitation of natural resources (NAVARRO,
2017; BARROS, 2018). The same assumption can be observed for aquaculture activity, which consists of the
production and cultivation of organisms that have at least one stage of their life cycle in an aquatic
environment with commercial and economic values (SCHULTER et al., 2017).

In the current context, the arrival of new companies, fast professionalization and technological
intensification increased brazilian aquaculture production to 123%, from 257 thousand tons of fish in 2005
to 574 thousand in 2015 (PEDROZA FILHO et al., 2016; SILVA et al., 2018). The production scenarios have
indicated progressive increases, and according to data from the statistical yearbook of the Brazilian
Association of Farming Fishes there was an 8.44% increase from years 2015, totaling in 2019, 758 thousand
tons.

Fish farming is a form of aquaculture that consists of the breeding of fish in artificial environments"
(LUCA et al., 2017). This activity can serve the leisure, generating added economic value. In this aspect it
provides an efficient way to intensify the conservation of the natural resources, through management models
more adapted to the reality of each region (LUCA et al., 2017; ZANIBONI FILHO et al., 2018).

In the context of global fish farming, according to the Food and Agriculture Organization of the United
Nations (FAO, 2018) 59.6 million people were involved in the primary sector of capture fisheries (professional
fishing) and aquaculture in 2016. Of the people involved in the activities, 85% were in Asia, 10% in Africa and
4% in Latin America and the Caribbean (FAO, 2018). According to the FAO (2018), per capita fish consumption
in food ranged from 9.0 kg/year in 1961 to 20.2 kg/year in 2015, at an average growth rate of 1.5% per year.

In this sense, with a view to captive fish production in Brazil, a historical increase in production is
observed (TORRES et al., 2017), such historical relation has intensified with the creation of public policies of
governmental incentives (SILVA, 2005; ROCHA et al., 2013). This growth has made the Brazilian fish industry
gain more importance in the world economy, due to the increase in the demands of foreign trade (BANDEIRA
et al., 2017). Fish production for human consumption has become an important market in the gastronomy
sector, since the product has great nutritional value (LUCA et al., 2017), appreciable flavor (BARBOSA et al.,,
2006) and which highlights the needs of consumers and accessed to quality proteins (BANDEIRA et al., 2017).

Based on the premise that captive fish breeding can be improved in aspects related to productive
performance, improvement of water quality, modulation intestinal morphological and microbiota in fish
farms, aim reduction of pathologies. Vieira et al. (2016) reports that in order to evolve in the quantitative
and qualitative scenario of the production of fish, the challenge is to incorporate technologies that will
change the traditional connotation of production, how the use of probiotics. These same authors believe that
with the introduction and use of functional foods, it is possible to improve animal (SAFRA et al., 2018) and
human health conditions (BARRETO, 2018) and also increase productivity (VIEIRA et al., 2016).

In view of these findings, it is questionable to analyze whether the addition of functional foods in the
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diet of captive-bred fish contributes to the increase in quantity and quality of production and to influence
environmental conditions? It is therefore agreed that it is important to evaluate or increase production
through fish farming, but the capacity for environmental resilience, because productive activity can affect
the effects (ZANIBONI FILHO et al., 2018)

Itis observed that the use of additives, incorporated into the diet of cultured fish, has been evaluated
as a promising resource, which contributes significantly to fish diet management. It is also worth noting that
tanks cultivation has sanitary, environmental and nutritional peculiarities, which can be improved by using
supplementation, contributing to sustainability and health in general (NWACHI, 2013).

Numerous researches have sought to evaluate alternative technological resources to replace the use
of harmful inputs in all chains (DEROME et al., 2020; AMENYOGBE et al., 2020), and have given great
importance to the use of food additives, as a way of supplement the foods used in fish farming (BISWAS et
al., 2019; DEROME et al., 2020), still with the purpose of reducing economic and health problems and
providing safe and quality products to the consumer (AMENYOGBE et al ., 2020; DEROME et al., 2020).

Modern techniques have used the addition of several products and substances of living organisms in
the diet of animals (Prebiotics and Probiotics), believing that this complementation will bring benefits to
these living organisms and to the environment (FUJIMOTO et al., 2015). In the case of captive fish farming,
research evaluates the use of probiotic supplementation in the diet (JATOBA et al., 2018).

Mukherjee et al. (2016) mentioned that probiotics include Gram-positive, Gramnegative bacteria,
and many other organisms such as yeasts, bacteriophage, and single-celled algae. The main benefits of
administering live additives (bacteria and yeasts, mainly) in the fish diet are: higher growth, feed conversion
rate and protein efficiency, digestibility, carcass yield in terms of chemical composition, response
immunological effects on pathogens and metabolic efficiency in the prevention and improvement of
diseases, water quality and morphophysiological alterations at molecular and systemic levels (FERREIRA et
al., 2014; HUSSAN et al., 2016; ALLAMEH et al., 2017; WANKA et al., 2018; BRITO et al., 2019).

In this perspective, we propose to evaluate the reports of probiotics addition in captive-bred fish
feeding, with the aim of identifying the benefits, productive performance and water quality conditions of the
fish culture environment. In addition, this study seeks to evaluate the possible environmental implications
resulting from the practice of fish farming activity. Mukherjee et al. (2016); Yang et al. (2019); identified
several benefits of adding food supplements to live and non-living fish, including: increased performance,
increased immunological parameters and recolonization of the intestinal microbiota.

In two reviews, Zorriehzahra et al. (2016); Mamun et al. (2019) tabulated results of research involving
probiotics in host fish, and showed studies on 21 different fish species, in 34 articles published in international
journals from 1990 to 2012, evaluating 15 genera of bacteria (Aeromonas, Enterobacter, Shewanella, Bacillus,
Brevibacillus, Clostidium, Carpobacteria, Enterococus, Kocura, Vagococcus, Rhodococus, Lactobacillus,
Leuconostoc, Pediococcus and their potential probiotics and important results were obtained.

Aiming at proposing the logical triggering of the ideas addressed, this work was elaborated according

to the following structure: in the first section the introduction, with the contextualization, justification, the
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objectives and the presentation of the topics; in the second one, we have the methodological approaches
addressed for the construction of the bibliographic review; the third topic highlights the biological and
sanitary aspects inherent to fish farming inphasizing the importance of water quality, nutritional aspects, the
use of probiotics, and productive additives, as well as environmental sanitation; the fourth topic presents

the final considerations followed by the bibliographical references.

METHODOLOGY

This research is authorized and registered with the Ethics Committee on the Use of Animals (CEUA)
of Universidade Catdlica Dom Bosco under protocol n2 015/2019. The precepts of Law No. 11,794, of October
2008, of Decree no. 6,899, of July 15, 2009, and the rules issued by the National Council for Animal
Experimentation Control (CONCEA) (BRASIL, 2019) were strictly obeyed. The photos of animal organs and
tissues are part of the collection of histological slides Laboratory of Pathological Anatomy of the Catholic
University Don Bosco (UCDB).

This research has a narrative review of specialized literature, based on the mention of the main
researches and or most important sources, on methodological assumptions according to Gil (2008); Flick
(2013); Prodanov (2013), consisting of information correlated to Fish farming, Zootechnology, Limnology,
Probiotic Use, Water Quality, Productive Performance and Morphological Alterations of captive-bred fish. It
was defined as limitation of choice, work and studies developed on the use of probiotics in fish farming, being
a criterion of choice publications from 1980 of 2020.

Scientific materials through the worldwide computer network (internet) reliable data and search
sites, predominantly, such as: Google Scholar, Scientific Electronic Library Online (SciElo), Scopus, SciDirect,
Cochrane Library and Newspaper. It was also consulted, Elsevier, Francis and Taylor, Hindawi, Wiley online
Library, NCBI (National Center for Biotechnology Information ), Frontiers, Group Eumed (Univerdidad de
Malaga), Springer Nature and of CAPES/MEC of Brazil, in the mains journals: Experimental Biology, Acta
Histochemica, Journal of Histology, Fishes, Freshwater Biology, Veterinary Parasitology, Aquaculture, Journal
of Animal Science, Renewable Agriculture and Food Systems, Reviews in Aquaculture, Aquaculture Nutrion,
Journal of Applied Bacteriology, Food Research International, Freshwater Biology, Ecology of Freshwater
Fish, International Journal of Fisheries and Aquaculture e Journal of Fish Biology, The Anatomical Record,
PubMed (National Library of Medicine), and others included a total of 173 publications used, mostly in
English language and in international journals.

This study was carried out from January 2019 to July 2020. The following terms were used: probiotics,
symbiotics, probiotic fish, water quality, water quality and probiotics, fish performance, morphometry,

probiotic morphophysiological changes.

THEORETICAL DISCUSSION

Sanitary and biological aspects inherent to high efficiency in the creation of fish
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Fish farming: association between environmental and nutritional management

According to Santos et al. (2012), fishing activity is very old in Brazil and since the earliest days of
prehistory, human groups have already used fish as a food resource. More recently, already in the first
decades of the twentieth century, the fishing activity that was previously related to the small production
began to be produced in large scale (DIEGUES, 2006; CRUZ et al., 2018).

The production of fish in captivity has been increasing to meet the human needs of animal protein
intake, being characterized as a very promising agricultural activity, according to Bandeira et al. (2017);
Akanmu (2018). However, it is not conceivable to increase production without evaluating other variables
such as: social responsibility, principles of environmental conservation, sanitation, quality of production and
effective means of commercialization and accessed to the population (MATIAS, 2016).

According to Itauassu et al. (2018), the economic attractiveness of fish farming has encouraged the
opening of new production frontiers, and this, in turn, has been causing pressure on local water bodies, since
it is from these that the main input of fish farming water is captured to enable production. Therefore, like
any other economic activity, this requires basic planning and strategies to produce good results from the
economic, social and environmental point of view (MARQUES et al., 2016; ZANIBONI FILHO et al., 2018).

In Brazil, many new scientific studies have developed new technologies to improve fish growth and
development (ROCHA et al., 2013), mainly in relation to fish feeding management (CYRINO et al., 2010).
These authors grouped together several technological advances that are being incorporated into the
productive chain of captive-bred fish, such as: productive management, genetic improvement,
environmental aspects, and addition of nutrients and additives in food.

Studies of the nutritional aspects of aquatic animals started in the decade of 1970 (VILA et al., 2010;
ALLAMEH et al., 2017), with great emphasis on the importance of captive fish nutrition, considering that this
phase of cultivation is essential for success of the production, either from the environmental point of view,
or from the financial return, and also from fish quality (SOUTO et al., 2016). These authors argue that the
feeding of fish in captivity is directly associated with the species, since the types of food are related to the
adaptive amplitude and the diversity of the diet of each one (SOUTO et al., 2016). Thus, diets are related to
ethological aspects, structural integrity, sanity, physiology, reproduction, growth, and sanitary or
environmental conditions (ALLAMEH et al., 2017).

Therefore, it is clear that nutritional needs for captive fish farming, mainly confined to excavated
landfills, must be met by the provision of commercial feed, with or without additives, which meet their
requirements to improve productive performance and low costs (ALLAMEH et al., 2017), and with higher
environmental sustainability (CARDOSO et al., 2016).

In this aspect, it is corroborated by Cyrino et al. (2010) who believe that in order to achieve efficient
production in fish farming, it is essential to focus on management, water quality, nutrition and food. If these
assumptions are not observed, fish growth will be impaired, resulting in losses to the producer (LEIRA et al.,

2017). In other words, being more specific, understand that production should be conceived as a more
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sustainable perception, using risks and ecological balance, reducing the negative impacts of fish farming at
all scales (AKANMU, 2018).

In artificial aquatic environments, many stressors appear, which can compromise the health and well-
being of fish, due to the presence of pathologies, and consequent reduction in production (FERNANDES et
al., 2017). According to these authors, the control of environmental factors to increase environmental quality
has been carried out through the use of antibiotics, which can be harmful to man, other beings and the

ecosystem.

Productive additives and their benefits in breeding fish in captivity

Important productive additives used in fish farming and in various diets of captive animals are
probiotics and prebiotics. With the demand for growing food, several challenges for society emerge,
especially in terms of efficiency in food production that will improve health and increase food productivity
(RODILES et al., 2018). For these same authors, the use of functional foods such as probiotics, prebiotics and
symbiotics appears as an alternative form for these purposes, and has aroused great interest in the scientific
community, being tested in controlled experiments to evaluate possible benefits to fish production, health
condition and socio-environmental health.

The term probiotic has its latin etymological origin "pro bios", which designates "in favor of life."
Originally used for the first time by Lilly and Stiwell, in the 1965 decade (GASTESOUPE, 1999). According to
this same author "is defined as being a set of organisms and substances that contribute to the balance of
microorganisms in the gastrointestinal tract".

Fuller (1989); Thassi et al. (2016); Yang et al. (2019) described probiotics as food supplements
composed of living microorganisms that benefit host health by balancing the intestinal microbiota. For Mello
et al. (2013), probiotics are a complement that microorganisms not only cause benefits to the host, but also
interfere directly in the body's functioning, ensuring even greater nutritional values, besides increasing
defensive responses against pathogens and improving water quality. Chandrakala et al. (2017), mentioned
that probiotics help increase the decomposition of undesirable organic substances, improve the ecological
environment, as they minimize the effects of toxics as NHs, NHs* NO, NO3and methane.

There are several types of organisms listed with probiotic action. Teixeira (2001); Valentin et al.
(2017) classified as follow: Aerobes (Bacillus cereus, B.coagulans and B. subtilis); Anaerobes (Clostridium
butrirycum); producers of lactic acid (Bifidobacterium thermofilum, B. pseudolegum, Lactobacillus
acidophilum, L. salivarius, Enterococcus faecalis, E. faecium); (Streptococcus, Lactobacillus, Bacillus, and
Bifidobacterium sp) and yeasts.

Other authors cited the various organisms that are also used as probiotics in fish farming.
Chandrakala et al. (2017) listed the following microorganisms: Lactobacillus, Bifidobacterium, Pediococcus.
Lake Streptococcus and Carnobacterium spp., Bacillus, Flavobacterium, cytophage, Pseudomonas,
Alteromonas, Aeromonas, Enterococcus, Nitrosomonas, Nitrobacter and Vibrio spp., Saccharomyces and

Debaryomyc.
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Coppola et al. (2004) also listed other species with potential for uses such as probiotics: Lactobacillus
(L. acidophilus, L. amylovorus, L. casei, L. crispatus, L. delbrueckiisubsp. Bulgaricus, L. gallinarum, L. gasser, L.
johnssonii, L. paracasei, L. plantarum, L. reuteri, L. rhamnosus); Bifidobacterium (B. adolescentes, B. animalis,
B. bifidum, B. breve, B. infantis, B. lactis, B. longum); Enterococcus (E. faecalis, E. faecium), Lactococcus lactis,
Leuconstoc mesenteroides, Pediococcusacidilactici, Sporolactobacillusinulinus, Streptococcusthermophilus,
Bacillus cereus var. toyoi, Escherichia coli cepa nissle, Propionibacterium freudenreichii and Saccharomyces
cerevisia.

Aquatic animals, especially fishes, have water as their natural habitat, enabling them to come in
contact with a number of pathogenic organisms, which can cause disease, change the internal and external
environmental conditions of cultivated animals and cause losses in production (VIEIRA et al., 2016).

Thaissi et al. (2016); Brito et al. (2019) pointed out that the use of probiotic strains associated with
commercial food destined to captive fish feed effectively acts on these animals and improves productive
performance, food efficiency, immune system growth, and also promotes a control of the intestinal
microbiota infection of the host, reducing the rate of disease, functioning similarly to a barrier for the entry
of pathogen:s.

There are many mechanisms of action of probiotics in the host organism, the most accepted one was
elaborated from the theoretical concept of community ecology, where species of the same community
occupying similar ecological niches establish an inharmonious interspecific relationship of competition in the
environment, disputing resources in the habitat that they are inserted, created in 1934 by the Russian
biologist Georgy Gause (1910-1986) (FERREIRA et al., 2018). According to the Gause Law, two or more species
with similar ecological niches can not coexist due to the evolutionary pressures of competition. In one way,
one of the organisms will override the other, and may cause morphological and ethological changes and even
death or extinction of the other species. The limiting factors for these communities are resources such as
water, food, abiotic conditions, and mechanisms of defense and impairment of reproductive processes
and/or toxicity. In the narrower sense, probiotics find or transform local conditions in environments more

favorable to their multiplication and feeding.

Water quality and its influence on the performance of cultured fish

The intensification of production practices in crops with high densities (storage) require adequate
strategies and technological resources, in view of the conditions of the use of inappropriate inputs, excessive
discharge of organic and inorganic materials, hinder environmental resilience, necessary adaptation (OPIYO
et al., 2019; DEROME et al., 2020) and ecosystem restructuring (NOBILE et al., 2019; DEROME et al., 2020).

Water is one of the most important molecules for the existence of any form of life (BACCI and
PATACA, 2008). Kubitza (2011); Cardoso et al. (2016) understand that water is a very important
environmental factor for fish, since all their vital functions take place in it (MAGALHAES et al., 2014). When
using the terminology "water quality", it is not limited to its purity or potability and direct consumption, but

the physical, chemical and biological characteristics suitable for a particular use in an activity or purpose
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(ANA, 2005).

Magalhdes et al. (2014) remark that the non-observance of the nurseries water quality causes the
occurrence of diseases and, still, affects the quantity and quality of the food in these properties. In the
productive aspect, there is no mention of total potability for direct consumption. The conditions of the
nurseries must have adequate conditions that will guarantee the sanity of the fish also do not endanger
human populations and the environment (SIPAUBA-TAVARES et al., 2010). In the same sense, the authors
argue that physical, chemical and biological parameters should be monitored to prevent these risks to
human, animal and environmental health and not to hinder production.

Fishes require ideal conditions for survival, development and therefore a profitable production for
the producer, demanding constant monitoring of the parameters that indicate the water quality of nurseries
(FIGUEIRO et al., 2018).

In the same sense, Leira et al. (2017) commented that when nurseries do not have the ideal water
quality for cultivation, breeding, health, and fish quality, they can be compromised, causing damage to the
crop. There is a number of problems that may arise due to inadequate water quality, such as: eutrophication,
animal stress, fish low immunity, colonization of harmful microorganisms (pathogenic), intoxication,
pollution of water resources (LEIRA et al., 2017).

It is justified the concern and needs of water quality maintenance in fish farming nurseries, since
when they are raised in confinement they suffer from the various physical, chemical and biological
environmental stressors (CAVALHEIROS et al., 2014). These authors mentioned other stressors of captive-
bred fish that arise through the confinement, such as handling practices, transportation, treatments and high
storage densities.

It should be noted that the mechanisms that fish have to respond to or adapt to stressors are crucial
to maintain their homeostasis, being the main cause of the emergence of pathologies (SILVEIRA et al., 2009;
PEREIRA et al., 2016). For these same authors, stress becomes a factor that interferes with growth and
reproduction, when it becomes the physiological response to the stimulus, that is, it goes against redirecting
and channeling the energy demand to other activities aimed at homeostatic rebalancing, using their reserves
for respiration, locomotion, hydromineral balance and tissue repair.

Thus, the sanitary conditions of the nurseries, that is, the water quality becomes a stress factor for
the fish, since the ideal parameters for the crop should be close to the ideal, requiring constant monitoring.
In artificial environment fishes are exposed to several stressors caused by seasonal variations, which are
detrimental to fish (JAHANGIRI et al., 2018).

When fishes are exposed to harmful agents to their development, the consequences can result in
instantaneous death, population reduction or even compromise the integrity of the organs and their
functions, as they promote morphological and biochemical changes (histological, anatomical and
physiological) (MARCON et al.,, 2015). It reaches all levels of animal organization (molecular to organic)
inhibiting their basic vital functions (LIEBEL et al., 2013).

Thus, it becomes timely to reflect on the sanity of fish bred in captivity, since these directly interfere
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with the production and the issue of the health of the potential consumer. Aradjo et al. (2009); Mohammadi
et al. (2016) outlined sanity as being the "anatomical-physiological integrity of all organisms, justifying the
absence of diseases that may come to them".

According to Garutti (2003); Wanja et al. (2020) the exogenous materials modified the limnological
parameters and consequently can favor the multiplication of pathogens in that environment, which cause
pollution when in contact with the bodies of water. These authors believe in the possibility of an ecological
fish farm, in which the enterprise is planned, allowing basic management practices, making it possible to
maximize production and development.

The control of undesirable organisms in the water of fishponds is usually done through antibiotics,
which is not recommended because it generates bacterial resistance, causing health risks (FERNANDES et al.,
2017). The use of probiotics in aquaculture has been widely used to minimize the impacts caused by water
(BAHNASAWY et al., 2020).

Mohapatra et al. (2013) reported that species of gram-positive bacteria of the genus Bacillus enhance
the immune system of the fish and also promote improvements in the water quality of the breeders,
converting organic substances into bacterial biomass, demand for dissolved oxygen. Algicidal effects,
reducing the toxicity of nitrogen compounds by the recolonization of nitrifying and denitrifying strains.

Fishes are directly exposed to all the biotic and abiotic factors of the nurseries that directly interfere
in their productive performance, necessitating a complement in the nutrition that will contribute to the
control of these colonizations (VIEIRA et al., 2016).

Recent studies have evaluated the influence of abiotic and biotic factors in fish reared in captivity,
such as pH (SYLVAIN et al., 2016), temperature, salinity (SCHMIDT et al., 2015) microbiota (HUYBEN et al.,
2018) in terms of colonization, development, metabolic and physiological (SAENZ et al., 2019). In light of
these recent advances, these same authors added that the conditions of cultivation and their pathogenic or
undesirable colonization can lead to the imbalance of the environment, becoming a threat to fish farming,
to the environment and for man himself. It is possible, through functional foods like probiotics, to inhibit,
reduce and change nursery conditions, promoting resistance, protection and activation of metabolic systems

in animals and the ecosystem (DEROME et al., 2020).

Sanitary conditions and productive performance

The sanitary conditions of nurseries and fish feed are of extreme importance in order to guarantee
efficient production, high performance, and also guarantee the fish and consumer health (CARDOSO FILHO
et al., 2011). At this point, environmental conditions, encompassing all physical, chemical and biological
parameters, allow changes in the colonization of organisms, which may or may not be beneficial and modify
the vital functions for fish survival in the nursery (BRITO et al., 2019). The type of feed is a determinant of the
water quality and its composition, directly influencing the seasonality of the physical, chemical and biotic
parameters (FERREIRA et al., 2018).

Protein-rich, nucleic acid and aminoacid desrations, when passing through catabolic processes,
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generate toxic residues such as ammonia, nitrites and nitrates. These nitrogen compounds have great
interference with fish metabolism, organ morphophysiology since they present thresholds of toxicity and
compromise basic vital functions reducing productive performance, which can decrease the rate of dissolved
oxygen and the tolerance to diseases leading to high mortality (CARDOSO et al., 2016; CARVALHO et al., 2017;
FERREIRA et al., 2018; MARDONES et al., 2018; MOTA et al., 2019;).

In the aquatic environment of fish breeding, the sources of nitrogen compounds may have different
origins, such as: i) excretion of cellular catabolites from the metabolism of proteins and nucleic acids; ii)
agricultural inputs (nitrogenated fertilizers); iii) aerobic and anaerobic decomposition of organic matter
(SILVEIRA et al., 2009; DINIZ et al., 2012; MOTA et al., 2019; MARDONES et al., 2019). The total ammonium
is the total sum of ammonium (NH4*) and ammoniac (NH3), protein and nucleic acid matabolism, because of
biochemical degradation (XIANG et al., 2016; SHRIVASTAVA et al., 2017, MARDONES et al., 2019).

During the nitrogen cycle, in nature or in the artificial aquatic environment, prokaryotic organisms
perform chemical reactions that convert organic compounds into nitrogenous substances, like the:
cyanophytes (Nostoc and Nabaema), bacterias and Archaea (Pseudomonas, Azotobacter, Nitrobacter,
Methylomonas, Alcaligenes, Thriobacillus, Methanosarcina, Metanococcus, Chromatium, Chlorobium,
Desulfovibrio, Clostridium, Rhizobium, Nitrososphaerea ) Nitrosopumilus,
Frankia,Bacilluscereus,Nitrosomonas and Nitrosospira) and are involved with the various ways in which
organic compounds are transformed into ammonia, nitrite and nitrate (BERNHARD, 2010; BASKARAN et al.,
2020).

Others naturals processes of molecule transformation in the aquatic environment change abiotic
factors such as luminosity, pH, salinity, dissolved oxygen, temperature and electrical conductivity (LOPES et
al., 2008; MAKORI et al., 2017; JAHANGIRI et al., 2018). In addition, it is possible to observe the evolution to
overpopulations of a given species, causing competition and excessive release of metabolites, contaminating
and infesting the environment and fish culture (ZACARDI et al., 2017). Thus, with the practice of growing fish
in confinement one should look for alternatives to control these undesirable populations. It is noticed that
there will always be a seasonality of the populations, varying according to the environmental conditions of
the tank.

Even more relevant, in farms where there is excessive colonization, a process of eutrophication can
be initiated leading to the drop of dissolved oxygen and causing morphophysiological changes in the gills,
liver and gastrointestinal tract. Cyanobacterial toxins alter the quality of fish meat, changing it to an
unpleasant taste, characterized as "clay taste" (MATTHIENSEN et al., 2012).

According to Cyrino et al. (2010); Ferreira et al. (2018) in order to achieve successful production and
avoid undesirable conditions during fish farming, it is important to adopt simple water quality management
practices. It is necessary to monitor all the limnological factors of the tank, including dissolved oxygen, pH,
alkalinity, electrical conductivity, ammonia, nitrites, nitrates, CO,, salinity and temperature (LEIRA et al,,
2017). In the same sense, it is important to monitor how fishes are developing, if there are anatomic-

morphological changes or histological changes. Essential analyzes for good breeding monitoring are:
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productive performance (morphometry - measures of length, weight, bromotologic of the carcass,
hepatosomatic and viscerosomatic fat indexes), water quality (physical-chemical-byological parameters);

histomorphometric changes of the gastrointestinal tract.

Considerations about fish morphology and its importance for proper nutritional management

The Pisces Class predominantly encompasses aquatic, heterothermal animals, with branchial
respiration, comprising more than 34,725, totaling more than 50% of the total vertebrates on the planet, and
each species has developed adaptations to the conditions imposed by the environment (SADO et al., 2020).

There is a consensus in the specialized literature on the organizational similarity and gastrointestinal
tract morphology of fish with most known vertebrates (GROSELL et al., 2010; FAGUNDES et al., 2016; BURTON
et al., 2018). Ray et al. (2014); Sado et al. (2020) describe that the gastrointestinal tract of fish is basically
formed by the mouth, esophagus, stomach, intestine and accessory organs (pancreas, liver and gallbladder),

as shown in Figure 1.
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Figure 1: Example of anatomical organization of the gastrointestinal tract of fish and attached organs of Jundiaras.
stomach (s); (ina) anterior intestine; (inm) medium intestine; (inp) posterior intestine; (vb) gallbladder; (fi) liver.

Ray et al. (2014) demonstrated that the intestine is located just after the esophagus and the stomach
(gastric fish). As the length, shape and thickness of the intestine vary according to eating habits, food supply,
species and environmental factors, in many species, they start right after the esophagus or others just after
the stomach, short or long and are mostly divided into anterior (proximal), medium (medial) and posterior
(distal) (Fugura 3), with the initial function of completing the digestion process initiated in the stomach and
absorbing nutrients, water and ions, in the proximal region and in the distal the absorption of proteins and
peptides, and also intestinal immunological participation, morphology and physiology of the digestive system
of fish (GONCALVES et al., 2012; RAY et al., 2014; COSTA et al., 2015; GONGALVES et al., 2012; SADO et al.,
2020; AMENYOGBE et al., 2020).

The histological characteristics of the fish intestine have been extensively studied, and corroborate
that they are very similar in terms of their general organization and the presence of four overlapping extracts
(tunics), which may vary for each species, being constituted by enormous cellular diversity (Figure 2A, B),
with specialized functions to perform digestive functions and also the formation of barriers against
mechanical damage, enzymatic, phagocytic and immunological defense against pathogenic invading agents,
osmoregulation, endocrine regulation and reconstruction (cell regeneration) (NASRUDDIN et al. 2014; RAY
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et al., 2014; HAN et al., 2015; BURTON et al., 2018; BHAT et al., 2019; MARTOS-SITCHA et al., 2020).

Figure 2 A, B: Histomicrographs of the intestine of jundiaras. (A) panoramic view of the tissues (tunics) of the
intestinal tract: (esp) simple prismatic epithelium; (Ip) own blade; muscle tunics - (tmi) internal muscle tunic and (tme)
external muscle tunic; (tse) serous tunic. 10x and 40x objectives, HE/AB.

For these same authors, the tissues that make up the intestinal tract of fish are specialized and
efficient in the production of secretions for digestion, absorption of nutrients and defense.

Histologically, the regions of the intestine of teleostic fishes have three different portions, which
differ by organization, disposition, thickness, ramifications, heights and length of villi and tunics and,

moreover, by the number and cell types (Bhat et al., 2019; Gosavi et al., 2019) (Figures 3 A, B, C).

Figures 3 A,B,C: Histomicrographs of the intestine of jundiara showing the differences in intestinal villi by region. (A)
anterior; (B) medium; (C) posterior. Objectives: (A), (B), (C) 4x, HE/AB.

Benefits of probiotic supplementation in fish nutrition

Ferreira et al. (2018); Yang et al. (2019) reinforced that the main changes that probiotics applications
promote in fish farming are in the gastrointestinal microbiota of the host, increasing nutrient absorption of
the diet, and also enhance the nutritional value and intensify immune responses to pathogen. In this sense,
the management of the intestinal microbiota becomes crucial, since besides guaranteeing the combat and
prevention of diseases, it potentiates the digestibility and absorption of nutrients, resulting in higher
productive performance.

Currently, it is understood that the use of antibiotics in fish farming can generate resistance and this
has been discussed in the scientific community, having as an alternative the use of probiotics, because it is a
product that involves living microorganisms capable of benefiting the host by improving the balance of the
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intestinal flora and for the prevention of diseases, without risk to man or to the crop itself (FERREIRA, 2014).

Probiotics and environmental health: intestinal morphological and microbiota modulations

The water used in fish farming comes from a variety of sources: subsoil, rivers, lakes and oceans
(ITAUASSU et al., 2018). These authors discuss that in closed systems or creations in excavated tanks the
main source is the watersheds of the surroundings, and this capture is performed through channels or
hydraulic pumps from a source to the tanks.

For Cyrino et al. (2010) the catch is an impactful form of use, but the return of the water is more
worrisome, because in the excavated tanks are released the foods that are not totally consumed by the fish,
generating leftovers that decant in the bottom, which become part of the chemical composition of dissolved
elements in water.

Another important factor, besides food waste, is the excretions released by living organisms, which
often become toxic to the fish and to the consumer (TANTITIKITTIT et al., 2005). The compounds that are
released in the water are the nitrogen and phosphorus based, due to the metabolism of the protein
constituents of the ration (CYRINO et al., 2010).

The tissues that form the intestine of fish are specialized for aquatic feeding (Ferreira et al., 2014)
and are molded according to the genetic characteristics of each species and the biological evolution process,
but which in artificial environments also suffer from influence by water quality, nutrition and intestinal
microbiota, either during ontogenetic development or exposure to these factors in the breeding environment
(BEMVENUT et al., 2010; TONI et al., 2017; ORNELAS-GARCIA et al., 2018; PARRIS et al., 2019; MARTOS-
SITCHA et al., 2020; PERRY et al., 2020).

It is believed that the use of probiotics can play an important key role in improving water quality and
therefore can contribute not only to fish health but also to the environment, as effluents will have a better
quality, with a lower presence of harmful organisms and undesirable waste (NAKANDAKARE et al., 2013). The
introduction of probiotics in fish diet can be crucial for a fish culture, being a transforming agent and
aggregator of water quality, sanity and productive performance.

Many qualitative and quantitative studies have evaluated the use of food additives and the intestinal
tract of fish, whether from an anatomical, microscopic (histological) or molecular (histochemical) and
microbiological point of view (RAY et al., 2014; ASADUZZAMAN et al., 2018; VAN DOAN et al., 2019;
KUEBUTORNYE et al.,, 2019). For these same authors, at first, the anatomical description can provide
information that will better understand the nutritional aspects, such as: types, composition, size of food and
how they are processed by the intestinal tract. Each species has its morphological specificities that must be
understood for efficient management during fish farming.

In general, it is perceived that it is impossible to separate the factors that influence the
environmental, morphological and intestinal microbiota modulations in fish. It is believed that it is necessary
to evaluate the morphology, but this together with the presence and knowledge of naturally occurring

microorganisms, whether in the water or in the intestine, which are responsible for the appearance of
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diseases or even those that can be potentially beneficial to fish modulating their morphophysiology (BUTT et
al., 2019; AMENYOGBE et al., 2020; ABDEL-AZIZ et al., 2020).

The modulation of the microbiota associated with the intestinal tract in teleostic fishes varies
according to the conditions of the environment, diet, species of fish, types of colonizing organisms (SOUZA
et al.,, 2020). The regulatory gene expressions of the innate immune system carried out by the host to
adaptive conditions of the microbe and population wealth, mainly during ontogenetic development,
comprising different phases, as mentioned by Robison et al. (2018); Ldépez-Nadal et al. (2020): (i)
displacement of microorganisms into the intestinal tract, (2) ecological and adaptive processes of immigrant
microbes to the intestinal lumen; (iii) reverse migration of microbes from the fish's intestinal tract to water
and (iv) adaptive mechanisms of the microbiota.

The microbial modulation and adaptation in the host's intestine can be evaluated by the rate of
microbial growth, abundance and persistence in the intestine or in the environment, varying and starting in
the oviposition, larval, juvenile and adult phases, and can be replaced or remain according to the control
carried out by the host's adaptive and selective immune system (STEPHENS et al., 2016; LOPEZ-NADAL et al.,
2020).

Stagaman et al. (2017); Lopez-Nadal et al. (2020) demonstrated a form of intestinal
immunomodulation of the host in the selection of the intestinal microbiota, through the (host) pathways of
the selective mechanism of the intestinal microbiota by the host through the presence or absence, synthesis
of molecules in the mucosa, proliferation of epithelial cells, leukocyte migration (macrophages) and genes
involved, such as: concentrations of lipopolysaccharide and alkaline phosphatase and protective mucin
secretion in the apical intestinal epithelium, controlled by transcriptional and translational mechanisms.

The microbiota selected during fish’s life is involved in immune defense and response mechanisms
to invading agents and also performs several functions, among them the production of enzymes related to
digestion (amylase, cellulase, lipase, proteases, chitinase, cellulases, phosphatases, esterases and phytase),
cholesterol uptake and volatile fatty acids, fat storage, enzymatic gene suppression and immunostimulation
(immuno-inductive activities), hematopoiesis through the ascension, increment, displacement and activation
of the lymphoid tissues associated with the gastrointestinal system (GALT), macrophages, lymphocytes (B
and T), CD4 T, IgA antibodies and in viral infections and inflammatory processes (WANG et al., 2017; TALWAR
et al.,, 2018; LICKWAR et al., 2017; LOPEZ-NADAL et al., 2020; SOUZA et al., 2020).

Still in the same evaluations are related responses to the following beneficial effects on the hosts:
control of pathogenic organisms (bactericidal and bacteriostatic), increased rates of survival, reproduction
and growth in the lavatory and juvenile phases, improving health status, preventing vibriosis, altering the
microbiota, immunostimulating and increasing chemical constituents, as mentioned in the literature grouped
below. Attempts were made to gather the main research on reported species of microorganisms that can be
beneficial to host fish as exemplified in Table 2.

Some researches have has directed studies to evaluate the effectiveness of probiotics in fish farming,

mainly for the modulation of the intestinal microbiota (AMENYOGBE et al., 2020). For these authors, great
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advances have been achieved, but it requires more studies of its direct effects on the regulatory and control

roles of pathogens that affect fish in captivity (LIEKE et al., 2020). Another commonly used medium is the

addition to rations of substances that increase immunity and protection, such as vitamin C,

immunomodulators (B-glucans), (mananoligosaccharides) (GAO et al., 2012), lipids (FALCON et al., 2007) and

vitamin E (ZHOU, 2014).

Table 2: Main studies on the use of probiotics in fish farming.

FISHES SPECIES

PROBIOTIC USED

RESULTS OBTAINED

REFERENCES

Puntius
gonionotus

Pseudoplatysto
ma

corruscans € P.
fasciatum
Cyprinus Carpio

Catla catle

Labeo rohita

Ctenopharyngo
don idellus

Oncorhynhus
mykiss

Oreochromis
niloticus

Centropomus
undecimalis

Tor tambroides
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Enterobius faecalis,
Lactobacillus
fermentum and L.
mesenteroides
Weissella cibaria

Aeromonas veronii,

Vibrio lentus,
Flavobacterium
sasangense, B.
coagulans, B.

licheniformes and
Paenibacillus
polymyxa

B.
amyloliguefaciens e

L. planturum

L. wocidophilus, L.
bulgaris, L. cosei, L.
plantarum,
Bifidobacterium
bifidum,
Saccharomyces
cerevisioe, 5.
faecium, Arpergilus
oryzae, B. subtilis, L.
jactis, 5. cerevisiae
and L. plontarum

5. xiomenensis (Al e
A2) and A. veroni

Loctococcus spp; E.
casseliflavus and L.
loctis, Pediococcus
acidilactici and
Saccharomyces
cerewvisiae

B. subtilis,
Cordyceps militari,
L. plantarum and, B.
velezensis

B. licheniformis and
B.
amyloliquefaciens
and Bacillus sp

Alcaligenes
Bacillus sp.

sp.,

Improvement in productive performance

Increase in lactic acid microbiota, inhibition
of pathogenic bacteria (Vibrio ssp and
Pseudomonas ssp) and immunostimulation

Immunomodulation and resistance to
pathogens, increased growth, and resistence
to Aeromonas hydrophila.

Enhancement of enzyme defenses
(lysozyme), resistance to the activity of
pathogenic bacteria

and survival
and production

Increased growth
immunostimulation
digestive enzymes

rate,
of

Increased respiratory metabolism,
phagocytic  activities, enzyme defense
[lysozyme) and pathology control

Growth inhibition of L. garvieae,

immunological modulation and resistance to
infection and increased enzyme activities,
promoted growth, molecular modulation
and microbiota modulation

Improvement in ovoposition and embryonic
development, survival rate of fry and

Increased immunostimulation and
productive performance

Better development, immunity and
modulation of the gastrointestinal tract,

inhibition of opportunistic bacteria and
improvements in water quality parameters

Modulation of microbiota and intestinal
histomorphology
Increased mucosal and serum immunity,

disease resistance and performance

Allameh et al. (2015)

Mpurino (2012)

Giri et al. (2013); Chi et al.
{2014)

Das et al. (2013); Gupta et al.
{2014)

Mohapatra et al. (2014); Jha et
al. (2015); Kumar et al. (2019)

Wu et al (2015)

Aradjo et al. (2015); Safari et
al. (2016); Aradjo et al. (2016);
Nguyen et af (201 7); Huyben et
al. (2018)

Van Doan et al. (2017); Van
Doan et al. (2018); Dias et al.
{2020)

Tarnecki et al. (2019)

Asaduzzaman et al. 2018.
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Scophthaimus
maxinmus

Trochinotus
ovatus
Arapaima gigas

Danio rerio

Pseudoplatysto
ma

corruscans x P.
reticulatum

Oreochromis
niloticus {war.
GIFT)

Pagrus major
Epinephelus

fuscoguttatus x
E. lanceolatus

Psychrobacter spp.,
Staphylococcus,
Saprophyticus,
Acinetobacter
hoemolyticus.

B. pumilus

Enterococcus
Jfaecium

Lactobacillus sp and
B.
amyloliquefaciens

B. subtifis and
Werissella cibaria

B. toyoi and B.
subtilis (PAS TR®)

B. subtilis

B. subtilis

Improvement in productive performance

Improvement in growth, immune status and
resistance to diseases caused by T. ovatus

Modified the intestinal microbiota, improve
growth performance and hematology and
reduce parasitic load

Modulation of the microbiota and relief of
intestinal metabolic disorders and Reduction
of hepatic oxidative stress and immunity
against Aeromonas hydrophila and
Streptococcus agalactia

Improvement in productive performance,
immune system and height and width of

intestinal wvilli, increases the number of
thrombocytes and the concentration of
Iysozyme

Modulation of the intestinal microbiota,
increased immunity and morphological
modulation

Increased performance and improved

digestive enzyme reactions
amylase, protease and lipase)

Increased immune responses to wviruses,
enzyme activities of lizoenzymes and serum

bactericidal activity

(regulated

Wanka et af. 2019

Liu et al. 2019

Costa Sousa et al. (2019)

Zang et al. (2018); Lin et al.

(2019)

Pereira et al. (2016); Veiga et
al., (2020)

Makandakare et al. (2018)

Zaineldin et af. (2018)

Zhou et al. (2018)

The understanding of the mechanisms of action of food additives used in fish farming is still a
challenge to be overcome, with the aim of improving and quantity of production, minimizing negative
impacts due to the indiscriminate supply, especially antibiotics (AMENYOGBE et al. 2020). Knowledge of the
morphophysiology and conditions of the gastrointestinal microbiome of fish provides alternatives for the
management of pathologies that cause damage to production and health conditions (LIEKE et al., 2020).

The mechanisms of action of food additives on the physiology of fish involve processes of
morphological, molecular and microbiota modulations (DEVI et al., 2017; ASADUZZAMAN et al., 2018;
KUMAR et al., 2019; VAN DOAN et al., 2019; KUEBUTORNYE et al., 2019) (Figure 4).

+
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Figure 4: Illustrative showing mechanisms of action for the use of prebiotics, probiotics and symbiotics in the
intestinal tract of fish. (I) stomach; (Il) intestine; (lll) goblet cells; (IV) claviform cells; (V) toxins; (VI) pathogens; (VII)
mucus; (VIIl) defense molecules; and (IX) intestinal microorganisms. Source: Adapted Beck et al. (2015).

Defense systems in fish are formed by several distinct and interdependent components (Esteban et
al. 2012). In this sense, several studies carried out by Esteban (2012); Hafez et al. (2013); Sayyaf-Dezfulia et
al. (2018); Lieke et al. (2020) demonstrated several innate and adaptive forms of defense in fish, such as

physical barriers in the gills, skin, scales and gastrointestinal tract. Biller-Takahashi et al. (2014) report the
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importance of defense systems in fish and highlight that mucosecretory products are synthesized in fish
lymphoid tissues (macrophages, lymphocytes, mast cells and granulocytes), which have many soluble
components, such as lysozymes and immunoglobulins, functioning as immune memory processors.

Much research has been describing defenses in fish organs and tissues (Biller-Takahashi et al. (2014).
According to these authors, the dermis, intestinal epithelium, kidneys, spleen, liver, and gills are responsible
for mucosecretion (production of mucins) through of goblet cells (‘globlet cells’), which act as a natural,
physical, biochemical, dynamic and semi-permeable barrier, as well as exchanges of nutrients,

osmoregulation, water, gases, odors, hormones.

CONCLUSIONS

The practice of fish farming is a potential strategy for environmental conservation, since it
contributes to the reduction of capture fisheries. Given the historic increase in the demand for fish meat
consumption, production using traditional methods is unsustainable to meet consumers' wishes. In addition,
the production of meat and derivatives are direct results of the environment, which can compromise the
quality of food, sanitary conditions, maximize the appearance of diseases, resistance to antibiotics and
excessive use of water.

As an alternative to improving the production and maintenance of the environmental balance, the
addition of probiotics is an alternative that minimizes the damages caused by the production systems. Studies
reveal that the benefits are infinite, but they require more investments in training, research and extension,
aiming to popularize and stimulate the use.

It is understood that the suitability of ecological management practices, correct feeding, monitoring
of water quality and probiotics associated with fish nutrition, it will be possible to approach the maximum

sustainability and quality of the cultivated fish.
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