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Abstract 

 
Diet additives that influence immunity and disease resistance of aquatic species continue to receive 

considerable attention due their potential to positively influence intensive aquaculture. Prebiotics, probiotics 

and essential oils are some of the prominent types of feed additives that may influence the microbiota of the 

gastrointestinal tract (GIT).  It has been documented that microbiota of the GIT play important roles in 

affecting the nutrition and health of the host organism.  Thus, various means of altering the intestinal 

microbiota to achieve favorable effects such as enhancing growth, digestion, immunity and disease resistance 

of the host organism continue to be pursued.   

 

The first line of defense within the GIT is the mucosa that separates the gut microbiota from direct contact 

with the epithelial cells of the GIT.  It is because of this direct contact with the mucus that the immune system 

of the GIT, often referred to as gut-associated lymphoid tissue or GALT, has developed mechanisms to 

distinguish between potentially pathogenic bacteria and the normal, commensal bacteria. In the event that 

potentially pathogen bacteria are detected, the cellular and humoral mechanisms of the GALT activate the 

innate immune system and subsequently the adaptive immune system to prevent bacteria from causing and/or 

spreading infection.  It is anticipated that continued advancements with diet additives that influence the GIT 

will allow nutritional modulation of immunity to be increasingly used as an effective and relatively 

inexpensive means of combating diseases in aquaculture. 
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Introduction 

 

It is well established that proper nutrition is critical not only to achieve optimal 

growth rates but also to maintain adequate health of cultured fish (NRC 2011). In recent 

years, the influence of nutrition not only on normal growth but also its role in health 

management through modulation of immune response and disease resistance has received 

heightened attention.  The targeted goal of this research has been to lessen the dependence 

on chemotherapeutics and reduce disease-related losses (Kiron, 2012; Oliva-Teles, 2012). 

Some have referred to this research area as “immunonutrition”, which may be defined as 

the study of enhancing immunological functions by means of using specific nutrients 

and/or other dietary compounds.  It has become apparent in studying various nutrients and 

diet additives that the microbiota of the gastrointestinal tract (GIT) plays important roles in 

affecting the nutrition and health of the host organism.  Thus, various means of altering the 

intestinal microbiota to achieve favorable effects such as enhancing growth, digestion, 

immunity and disease resistance of the host organism have been increasingly investigated 

in recent years.  In particular, diet additives that affect the GIT such as probiotics, 

prebiotics, and essential oils have been evaluated with growing intensity, as have certain 

nutrients which are involved in specific functions in the GIT such as arginine and 

glutamine.   

 

The aim of the present review is to highlight the importance of the GIT in 

maintaining fish health, and the influence of specific diet additives that can positively 

influence the GIT to enhance its functions for maintaining health and protecting against 

disease-causing organisms. Particular attention will be given to how the GIT mediates 

various immunological responses, and some of the prominent diet additives that influence 

the GIT either by influencing its microbiota or enhancing its immunocompetence.  
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Discussion 

 

The Gastrointestinal Tract Microbiota and Their Numerous Functions 

 

It has become increasingly apparent in recent years that the microbiota of the fish’s 

GIT may influence a wide variety of metabolic processes (Dubert-Ferradon, et al.,2008). 

This microbiota stimulates epithelial proliferation and expression of numerous genes. 

Prominent functions among these are various physiological, biochemical, and 

immunological responses that must be maintained or enhanced to improve health status, 

stress responses and disease resistance.  In addition, there are various other responses 

mediated by the GIT that may synergistically enhance weight gain and feed utilization of 

the cultured organism.  The important functions of the GIT microbiota in relation to the 

immune system are of particular relevance in terms of maintaining fish health.     

 

The Gastrointestinal Tract and Immune Systems 

 

The role of the GIT in maintaining fish health is an area that has continued to 

expand over the past decade. The first line of defense within the GIT is the mucosa that 

separates the gut microbiota from direct contact with the epithelial cells of the GIT (Dubert-

Ferrandon et al., 2008; Pérez et al., 2010).  Due to this direct contact with the mucus, the 

immune system of the GIT, also referred to as gut-associated lymphoid tissue or GALT, has 

developed mechanisms to distinguish between potentially pathogenic bacteria and the 

normal, commensal autochthonous bacteria. As a result, the GALT may determine whether 

to mount an attack or tolerate a specific bacteria’s presence (Pérez et al., 2010).  In the 

event that potentially pathogen bacteria are detected, various cellular and humoral 

mechanisms of the GALT activate the innate immune system and subsequently the adaptive 

immune system to prevent bacteria from causing and/or spreading infection (Gomez and 

Balcázar, 2008). There are various components of the innate or non-specific immune 

response which can be activated to kill invading pathogens including such factors as blood 

neutrophil oxidative radical production, serum lysozyme and superoxide anion production 
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in activated macrophages (Nayak, 2010). The purpose of these factors is to kill a wide 

variety of foreign or invading microorganisms, and their enhancement may lead to 

significant reductions in mortality of the host when exposed to various pathogenic 

organisms.   

 

The adaptive immune system is more complex than the innate immune system but is 

activated and to some extent directed by the innate immune system. Components of the 

adaptive or specific immune system include lymphocytes such as B cells and T cells which 

allow the host to recognize and combat specific disease-causing organisms.  The adaptive 

immune system allows vertebrates, including fish, to recognize and remember specific 

pathogens and generate immunity against future exposure to such pathogens. This complex 

part of the immune system has not been studied extensively in response to supplementation 

of various diet additives but some of its components appear to be enhanced.  Thus, it is 

recommended that additional research in this area be conducted to more fully characterize 

the effects of additives such as probiotics, prebiotics and essential oils on adaptive 

immunity of the host organism. 

 

Diet Additives that Influence Microbiota of the GIT 

 

The intestinal microbial populations are composed of two primary groups: those 

that are permanent colonizers (autochthonous bacteria), and transients (allochthonous 

bacteria).  The autochthonous bacteria are resident populations which colonize the 

epithelial surface of the host organism’s GIT, including the microvilli.  These health-

promoting bacteria, such as lactobacilli, may provide a defensive barrier and protect against 

the invasion of bacterial pathogens via the GIT.  It is this group of bacteria that is generally 

targeted for manipulation by prebiotics and probiotics (Ringo et al., 2010).  Establishment 

of bacterial pathogens in the GIT also may be impeded by the mucus layer of the GIT, 

which provides physical as well as various types of biochemical protection. The GIT is 

among the most common sites of pathogen entrance in fish, because they are exposed to 

water which contains various types of potentially pathogenic bacteria.  However, a healthy 
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gut microbiota has the ability to prevent pathogenic bacteria from colonizing the intestine, 

thus preventing infection (Birkbeck and Ringø, 2005; Stecher and Hardt, 2008). The 

autochthonous bacteria of the GIT which are present under normal conditions act to 

competitively exclude pathogens simply by their presence.  By taking up space and 

resources along the mucosal lining of the GIT, pathogenic bacteria are forced to continue in 

a transient state where the likelihood of damaging intestinal cells or causing infection is 

reduced.  Autochthonous bacteria also have the capacity to produce antimicrobial 

substances, which enhance their ability to inhibit pathogens from attempting to colonize the 

GIT.  However, when the natural equilibrium state of the microbiota is altered, conditions 

become more favorable for pathogenic organisms to flourish.   

 

There is one broad group of diet additives that has been investigated with terrestrial 

and aquatic organisms which influence the microbiota of the GIT. These additives include 

prebiotics, probiotics and essential oils.  Prebiotics are defined as non-digestible food 

ingredients which beneficially affect the host by selectively stimulating the growth of 

and/or activating the metabolism of one or a limited number of health-promoting bacteria in 

the GIT, thus improving the host’s intestinal balance (Gibson and Roberfroid, 1995).  The 

health-promoting bacteria most commonly augmented by prebiotics include those of the 

genus Lactobacillus which tend to limit the presence of harmful bacteria.  Many prebiotics 

are oligosaccharides composed of various sugars while other ingredients shown to possess 

prebiotic properties include GroBiotic®-A, a mixture of partially autolyzed brewers yeast, 

dairy ingredient components and dried fermentation products. The chemical nature and 

ways in which various prebiotic compounds may affect the host organism have been 

summarized by Gatlin and Peredo (2012).  Prebiotics are not typically altered by diet 

processing and require limited regulatory approval such that their incorporation into diets is 

much simpler than required for chemical therapeutic agents.  

 

Probiotics are live microbial additives that may alter microbiota of the GIT. The 

term probiotic was introduced by Parker (1974) as “organisms and substances which 

contribute to intestinal microbial balance”. Fuller (1989) revised the definition as "live 
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microbial feed supplement which beneficially affects the host animal by improving its 

intestinal microbial balance". Subsequently, Moriarty (1998) proposed that the definition of 

probiotics be extended to microbial “water additives”. Administration of probiotics to the 

water has been associated with improving water quality such as reductions in the 

concentrations of nitrogen and phosphorus via microbial transformations (Wang et al., 

2005). In addition to affecting water quality, probiotics administered to the water or diet 

also may inhibit the growth of pathogenic microorganisms, contribute digestive enzymes 

which may increase feed utilization, provide other growth-promoting factors as well as 

stimulate the immune response of the host organism.  

 

Probiotics that have been shown to influence fish immunity, disease resistance and 

other performance indices include those of the genus Bacillus and various lactic acid 

bacteria (Lactobacillus, Lactococcus, Carnobacterium, Pediococcus, Enterococcus and 

Streptococcus). Bacteria of the genus Bacillus are Gram-positive rods that form spores and 

are resistant to environmental conditions and thus have extended shelf life. Lactobacillus 

rhamnosus, L. delbrüeckii, Carnobacterium maltaromaticum, C. divergens, C. inhibens, 

and Enterococcus faecium are other bacterial species which have been used as probiotics, 

as well as yeasts such as Saccharomyces cerevisiae and Candida sake. Viability of the 

bacteria during storage and processing is critical for probiotics to confer their beneficial 

effects to the host organism, however, the application of dead cells, lyophilized cells or 

cell-free supernatants or spores have all showed some degree of success (Merrifield et al., 

2010).  The logistical complication of culturing live microorganisms prior to application on 

the feed has constrained the use of probiotics at aquaculture facilities and thus 

administration of lyophilized cells or spores may be more practical. Potential applications 

of probiotics in fish, shrimp and molluscan aquaculture have been reviewed by Burr et al. 

(2005), Wang et al. (2008), Kesarcodi-Watson et al. (2008) and most recently by Ringø et 

al. (2010). 

 

In order to help maintain the delicate balance between microbiota of the GIT, 

prebiotics or probiotics may be included in the diet to help reinforce the population of 
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beneficial bacteria while decreasing the number of potentially pathogenic bacteria.  

Probiotics may directly accomplish this by providing an increased number of desirable 

bacteria when incorporated in the diet and ingested.  A regular supply of beneficial bacteria 

added to the GIT will help to control or reduce the number of detrimental bacteria.  In the 

case of prebiotics, they accomplish their goal more indirectly, by acting as a food source, 

preferentially, to the beneficial bacteria.  It also has been shown that some pathogenic 

bacteria may become bound to certain prebiotics, as opposed to attaching to the mucosal 

lining of the GIT, and thereby may be passed from the GIT (Spring et al., 2000). 

 

Another group of diet additives that may influence the microbiota of the GIT and is 

receiving a growing amount of attention in recent years is referred to essential oils. These 

essential oils are obtained from plants such as basil, cinnamon, and oregano, and may 

contain a rich mixture of highly functional molecules with a wide spectrum of biological 

activity. Some studies have demonstrated that these essential oils when added to diets can 

activate the fish antioxidant defense system, enhance various immune functions, change the 

intestinal morphology and microbiota, as well as increase digestibility and nutrient 

absorption (e.g., Harikrishnan et al., 2011; Giannenas et al., 2012; Saccol et al., 2013). 

 

 

Practical application of prebiotics, probiotics and essential oils 

 

As mentioned previously, maintaining the viability of probiotics during storage and 

processing is important for them to exert their beneficial effects to the host organism.  

Therefore, some logistical constraints may be encountered with the cultivation of live 

microorganisms in conjunction with manufacturing feeds.  To ensure probiotic viability, its 

application to the feed typically must occur post extrusion so the probiotic organism is not 

subjected to excessive heat and pressure. As such, administration of probiotics in the form 

of lyophilized cells or spores may be less demanding compared to live organisms.  In 

general, feed manufacturing constraints are of  less concern when dealing with prebiotics 

because they are not living organisms. Although the efficacy of several prebiotics has been 
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shown when incorporated into extrusion-processed feeds, the potential chemical alteration 

of prebiotic compounds during feed manufacturing has not be studied to any appreciable 

extent and deserves further consideration. Similar feed manufacturing issues also have not 

been thoroughly addressed with various essetial oil compounds but deserve further 

evaluation.  

 

Administration regimes for specific prebiotics, probiotics and essential oils also 

have not been widely studied to date. Although these compounds have immunostimulating 

effects, it does not appear that long-term administration causes immunosuppression as 

noted with other potent immunostimulants such as beta glucans.  Therefore, it is generally 

assumed that these diet additives may be administered for extended periods. However, 

developing more refined administration protocols for individual diet additives should be 

investigated to optimize their effectiveness.  For example, administering probiotics, 

prebiotics or essential oils at prescribed times before the culture organism is exposed to a 

stressful event or at particular times of the year when pathogenic organisms are most 

prevalent could possibly be developed to most efficiently derive the benefits of these 

compounds under particular culture regimes.      

 

   

Nutrients of the Immune System 

 

Another type of immunonutrition which has been investigated to a limited extent is 

the dietary supplementation of essential nutrients at levels above which are required for 

normal physiological functions and which are intended to specifically nourish the immune 

system. In quiescent immune cells, the utilization of nutrients happens at basal levels, 

merely for cellular maintenance. However, during an immune challenge, the utilization of 

key nutrients dramatically increases. In particular, there is an important demand for amino 

acids (Kiron, 2012; Uribe et al., 2011). For example, in vivo reports suggest important 

usage of glutamine in ill fish, as reflected by the rapid decrease in plasma levels of this 

amino acid (Walker et al., 1996).  Likewise, arginine is the unique precursor of nitric oxide 
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in activated macrophages (Buentello and Gatlin, 1999, Neumann et al., 1995; Wu and 

Morris, 1998), and is a potent microbicidal compound and potent modulator of the 

eukaryotic cytoskeleton (Kasprowicz et al., 2009; Moffat et al., 1996). Although the profile 

of the amino acids used will vary depending on if there is phagocytic or lymphocytic 

responses, arginine and glutamine both have been demonstrated to play key roles in the 

overall performance of these immune cells of fish (e.g., Pohlenz et al., 2012a), and 

supplementation in the diet may achieve favorable effects. Supplementing diets with 

nutrients that could be metabolically used by phagocytes has been an area of interest for 

enhancing that stage of the immune response. For instance, glutamine has been shown to 

provide metabolic fuel to support reaction kinetics (Crawford and Cohen, 1985; 

Newsholme and Newsholme, 1989).   

 

Exogenous sources of nutrients should supply minimum levels to meet requirements 

for normal immune system performance and to protect/restore tissues from collateral 

damage. However, in certain situations, providing additional nutrient at levels above those 

required for normal fish maintenance and growth may sustain and/or enhance one or more 

functions of the immune system, thereby increasing its efficacy and protection capacity 

against invading pathogens (Kiron 2012; Sealey and Gatlin 2001).  Dietary 

supplementation of both arginine and glutamine was able to enhance vaccination efficiency 

of channel catfish Ictalurus punctatus (Pohlenz et al., 2012b). 

 

 

Conclusions 

 

It can be seen from this review that various nutrients and diet additives can 

positively affect the health and immune responses of fish through either modulation of the 

microbiota of the GIT or specifically nourishing immune cells.  Nutritional modulation of 

the immune system continues to be a potentially powerful tool to improve the health and 

growth of cultured fish, and hence to improve production efficiency and yield. However, 

because of the great diversity of fish being cultured along with a lack of full understanding 
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regarding the fish’s immune system, immunonutrition is still not fully developed in 

aquaculture.  This area does warrant additional research in order to reach its full potential 

and application. In particular, there is a considerable need to fine-tune dosing of various 

additives, optimize feeding regimes, and supplementation strategies so that 

immunonutrition can become more effective and used efficiently to benefit the production 

of various aquatic species.   
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