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ABSTRACT: Immune-stimulants are chemical substances which activate white blood cells
(leukocytes). Such substances may also, but not necessarily, render animals more resistant to infectious
diseases and reduce the risk of disease outbreaks if administrated prior to situations known to result in
stress and impaired general performance (e.g. handling, change of temperature and environment,
weaning of larvae to artificial feeds) or prior to expected increase in exposure to pathogenic micro-
organisms and parasites (e.g. spring and autumn blooms in the marine environment, high stocking
density). In addition, aguaculture may benefit from the use of such immune-stimulants when they are
used prior to, and during, developmental phases when the organisms are particularly susceptible to
infectious agents (e.g. the larvae phase of shrimp and marine fish, smoltification in salmon, sexual
maturation). Immune-stimulants may act in synergy with antibiotics and their effects may be enhanced
by nutritional factors (e.g. vit. C, selenium), but there is no nutritional factor which on its own can be
defined as an immune-stimulant. Compounds with highly diverse chemical structures have been shown
to stimulate white blood cells in vitro, but the majority of such compounds have no relevance for
practical use, due to high toxicity, obscure mode of action and unpredictable effects under farming
conditions. The most promising group of immune-stimulants are the b-1,3/1,6-glucans, because they
have a well-defined chemical structure and mode of action on the immune system, described in a great
number of scientific papers. In addition, b-1,3/1,6-glucans are non-toxic universal “alarm signals’
which activate the immune system by the same basic mechanism in all animal groups, from the simplest
invertebrates to man. b-1,3/1,6-Glucans are active not only when injected, but also when administered in
the feed, or on mucosal surfaces. The paper will present data on such effects with reference mainly to
experience from fish and shellfish farming, and discuss how a high-molecular substance, which is not
taken up into the body fluids, can induce a systemic effect.
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What is an immune-stimulant?

Immune-stimulants are chemical compounds that activate white blood cells (leukocytes) and hence
may render animals more resistant to infections by viruses, bacteria, fungi and parasites. Immune-
stimulants may be active aso against human cancer because they activate the white blood cells which
recognise and destroy tumor cells.

During evolution of animals their immune system has developed mechanisms to detect chemical
structures which are typical for potentially dangerous micro-organisms and use those structures as
«alarm signals» to switch on the defence against infections. In the presence of such chemica signals
the immune system will respond as if challenged by a pathogenic microbe. Hence, administration of
an immune-stimulant prior to an infection may elevate the defence barriers of the animal and thus
provide protection against an otherwise severe or letha infection.

1 Raa, J., 2000. The use of immune-stimulantsin fish and shellfish feeds. In: Cruz -Sudrez, L .E., Ricque-Marie, D., Tapia-Salazar, M.,
OlveraNovoa, M.A. y Civera-Cerecedo, R., (Eds.). Avancesen Nutricién AcuicolaV. Memoriasdel V Simposium Internacional de
Nutricién Acuicola. 19-22 Noviembre, 2000. Mérida, Y ucatén, Mexico.



Chemical nature of immune-stimulants

Most immune-stimulants are chemical compounds which exist as structural elements of bacteria,
mycelial fungi and yeasts. However, there are also a couple of purely synthetic compounds, originally
made for other purposes, which have incidentally been found to possess immune-stimulating
properties.

The chemica nature and mode of action of a number of different immune-stimulants have been
described in areview paper (Raa, 1996). They are grouped as:

a) structural elements of bacteria (lipopolysaccarides (LPS), lipopeptides, capsular glycoproteins
and muramylpeptides);

b) various b-1,3-glucan products from bacteria (Curdlan) and mycelia fungi (Krestin, Lentinan,
Schizophyllan, Scleroglucan, SSG, VitaStim);

c) b-1,3/1,6-glucans from the cell wall of baker’s yeast (MacroGard, Betafectin);

d) complex carbohydrate structures (glycans) from various biological sources including seaweed;

€) peptides present in extracts of certain animals or made by enzymatic hydrolysis of fish protein;

f) nucleotides, and

g) synthetic products (Bestatin, muramylpeptides, FK-156, FK-565, Levamisole).

Immune-stimulants are usually identified by their ability to activate white blood cells in test tube
experiments. It is important to be aware, however, that such experiments provide little information
regarding the effect of a given immune-stimulant on the whole organism. Experiments with live
animals are needed to reveal the overal effect of an immune-stimulant.

Cell wall preparations of bacteria (e.g. lipopolysaccharides (LPSs), lipopeptides, peptidoglycans and
muramyl peptides) are very potent immune-stimulants when tested in vitro. However, such products
may cause severe inflammations and they may be very toxic at concentrations only dightly above a
“safe” dose. Lipo-polysaccharides (LPSs) induce for instance the production of signa molecules
(cytokines) which reduce appetite and suppress growth of animals. Moreover, bacteria cell wall
preparations have chemical structures which can not be defined exactly in chemica terms and their
mode of action on the immune system is unspecific and still obscure. Accordingly, such products are
therefore not very relevant for use in practice.

The b-1,3-glucans found in mycelia fungi and yesst, differ from immune-stimulants of bacterial
origin in chemical structure and mode of action. The bacterial products in mode of action, and are
highly relevant for use in practice because the overal effects are positive, as a rule. 1-1,3/1,6-
Glucans can be defined quite accurately in chemical terms and their mode of action on the immune
system is very specific and has been revealed in great detail, even at the cellular and molecular level.
Moreover, it has been shown that b-1,3-glucans may improve heath, growth and genera
performance of many different animal groups, including farmed shrimp, fish and land animals. Since
b-1,3-glucans are active a'so when taken in the feed (or food), there are many actual applications of
such products within animal nutrition and health, as well as in human and veterinary medicine,
cosmetics and within the rapidly expanding nutriceutical (= “health promoting food™”) sector.

Immune-stimulating peptides and nucleic acids have in recent years been marketed for the
aquaculture sector. However, these products have not yet much support in published research work
and efficacy trials, and will therefore not be discussed further in the present paper.
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When to use immune-stimulants?

Immune-stimulants may improve health and performance of farm animals, including fish and shrimp
in aguaculture, if used prior to:

a) situations known to result in stress and impaired general performance of animals (e.g. handling,
change of temperature and environment, weaning of larvae to artificial feeds),

b) expected increased exposure to pathogenic micro-organisms and parasites(e.g. spring and
autumn blooms in the marine environment, high stocking density,

c) developmental phases when animals are particularly susceptible to infectious agents (e.g. the
larvae phase of shrimp and marine fish, smoltification in salmon, sexua maturation).

Immune-stimulants may act in synergy with antibiotics and thus strengthen the effect of curative
medication. However, immune-stimulants are primarily prophylactic agents which should be used to
elevate the general defence barrier of the organism and hence to reduce the risk of disease, not as a
curative medicine. If used at an advanced stage of a disease development, an immune-stimulant may
be recognised by the organism as an «apparent infection» in addition to an existing one, and it may
therefore possibly aggravate disease symptoms, at least for a short while.

Benefits

Immune-stimulants are being used today both within the aqua-culture sector and in traditional animal
husbandry to reduce mortality due to infections and to improve general performance of animals.
Immune-stimulants may provide particular benefits when used in order to:

a) Reduce mortality due to opportunistic pathogens. Opportunistic pathogens cause disease and
mortality only when the host is weakened or stressed, for instance by adverse environmental
conditions. Such micro-organisms may reduce the genera performance of animals even when the
environmental conditions and the feed are good, and the animals show no clinical signs of disease.
Immune-stimulants may enhance defence mechanisms which counteract opportunistic infections and
hence lead to improved performance and growth, and reduced mortality throughout the production
period;

b)_Prevent virus diseases. Development of vaccines against virus diseases is time consuming and
expensive, and it is an unrealistic goal to make efficient products against the great number of
different viruses which may affect the very many different cultured species, in particular in agua-
culture. It is therefore a good strategy to reduce the risk of virus diseases by combining good
husbandry and good feed with the use of immune-stimulants which enhance the overall disease
resistance of the animals.

c) Enhance disease resistance of farmed shrimp. Shrimp and other invertebrates have immune
systems that are less well-developed than in fish and warm-blooded animals, e.g. they lack the
specialised white blood cells which in higher animals are involved in antibody production and
immunological memory (lymphocytes). Shrimp are depending on non-specific immune processes for
their resistance to infections (Adams, 1991; Soderhdl and Cerenius,1992). Immune-stimulants which
stimulate such processes and render shrimp more resistant to disease, are therefore becoming
important tools in health management of commercial shrimp farms.

d) Reduce mortality of juvenile fish. Fry and larval fish are particularly susceptible to microbia
infections and are often subject to high mortality due to opportunistic pathogens in hatcheries.
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Young fish do not possess a mature specific immune system (Ellis,1988) and depend on the non-
specific cellular defence mechanisms to be resistant to microbia infections (Trust, 1986). The use of
immune-stimulants to reduce mortality of larval and juvenile fish in hatcheries is therefore another
important application.

e) Enhance the efficacy of anti-microbial substances. It has been shown that immune-stimulants
may act in synergy with antibiotics in preventing infections in human patients (Smets et al. 1988; de
Felippe, et al. 1993) and in fish (Thompson et al. 1993). There is a sound biological basis for such a
synergy; the aggressiveness of the infectious bacterium is lowered by the anti-microbia agent while
the antibacterial mechanisms of the body itself are being stimulated. It is therefore worth
consideration to use immune-stimulants in combination with curative anti-microbial agents at an early
phase of disease development, or prior to anticipated disease outbreak.

f) Enhance the resistance to parasites. The development of parasites which attach to skin and
mucosal membranes are inhibited by complement factors, enzymes and enzyme inhibitors. These
chemical defence wespons are produced by specidised cells in the surface tissues, and are
continuously secreted. Certain immune-stimulants, e.g. b-1,3/1,6-glucans, stimulate these cells and
thereby the defence against surface parasites. It has been reported that immune-stimulants are indeed
effective against sea-lice on farmed salmon (Fish Farming International, March 1998, Volume 25, No
3, p.26).

g) Enhance the efficacy of vaccines. Immune-stimulants are used as helper substances (adjuvants)
in vaccines to activate antigen presenting cells (e.g. macrophages) and to stimulate these cells to
produce more of the signal molecules (cytokines) which activate the group of lymphocytes (B-cells in
warm-blooded animals) which produce specific antibodies. It is a discovery of great practica
significance that a b-1,3/1,6-glucan acts as a true adjuvant which enhances antibody production, not
only when injected together with the vaccine antigens, but also when administrated in the feed and
the vaccine antigens by injection (Nicoletti et al. 1992; Raaet al. 1992; Verlhac et al. 1998). Such an
adjuvant effect of orally administered b-1,3/1,6-glucan on injected vaccines, and mucosal vaccines,
has been demonstrated with fish, pigs and mice. The practical significance of this observation is that
feeding of fish and farm animals with b-1,3/1,6-glucan may enhance the production of antibodies
against pathogens present in the local environment and thus help to build up an efficient specific
resistance against such pathogens, in addition to enhancing the non-specific cellular defence (Raa et
al. 1992; Raa, 1996).

Improved health and growth of different animal groups: a few examples

A series of dideswill be presented to illustrate that b-1,3/1,6-glucan enhances disease resistance and
improves growth of many different animal groups, hereunder that:

a) immersion of haibut larvae resulted in a marked increase in survival rate during a very critical
phase of their development (Ottesen, Lunde and Engstad, 1999),

b) immersion of shrimp post-larvae in b-1,3/1,6-glucan increased their survival (Supamattaya and
Pongmaneerat, 1998),

c) feeding of shrimp with b-1,3/1,6-glucan resulted in faster growth, reduced mortality and better
feed utilisation (Sung et al. 1994),

d) injection of b-1,3/1,6-glucan into fish produces very effective resistance to several bacteria
diseases (Robertsen et al. 1990), and enhanced efficacy of vaccines (Rerstad, Aasord and
Robertsen, 1993),
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e) feeding of various fish species with b-1,3/1,6-glucan results in improved growth and reduced
mortality,

f) b-1,3/1,6-glucan in the feed enhances the resistance to bacterial diseases (Raa et al. 1990), and
the efficacy of vaccines (Raa et al., 1990), also when the vaccine was injected (Verlhac et al.
1998),

g) b-1,3/1,6-glucan in the feed acts in synergy with antibiotics (Thompson, Cachos and Inglis,
1993) and vitamin C (Verlhac et al.1998)

Besides aquaculture, basic research and efficacy studies with warm-blooded animals have produced a
strong foundation for the use of immune-stimulating b-1,3/1,6-glucans in animal veterinary and
human medicine, and in traditional animal farming.

The reason why b-1,3/1,6-glucans can be used for the same purpose with so many different groups
of organisms, is that this immune-stimulant is acting at a very basic level of the immune system: - the
b-1,3/1,6-glucan molecule “recognises’ a specific receptor present on white blood cellsin al animal
groups, from the simplest invertebrates to man, and switches on their most basic defence
mechanisms.

Mode of action of b-1,3/1,6-glucans

b-1,3/1,6-Glucans bind specifically to a “receptor molecule” on the surface of phagocytes (Engstad
and Robertsen, 1994). The receptor for b-1,3/1,6-glucan has been retained during evolution and is
found in al animal groups from invertebrates, such as shrimp, to man. Thisis why b-1,3/1,6-glucans
have the same basic biologica effect within the whole anima kingdom. When the receptor is
engaged by b-1,3/1,6-glucan, the cells become more active in engulfing, killing and digesting bacteria
and at the same time they secrete signal molecules (cytokines) which stimulate the formation of new
white blood cells. In animals which have the specific immune mechanisms in addition to non-specific
defence (fishes and higher up in evolution), the activated phagocytes produce cytokines which aso
activate antibody-producing white blood cells (B- and T-cells). Therefore b-1,3/1,6-glucan enhances
also the efficacy of vaccines. Due to the very basic mode of action of b-1,3/1,6-glucans, productsin
this category affect a number of different biological processes, including not only disease resistance,
but also growth, wound healing, repair of cells damaged by ultraviolet light, skin care, arthritis
symptoms etc. (Raa, 1999)

Unlike lipopolysaccharides (LPSs) and peptidoglycans (Pgs) from bacteria, which by definition are
immune-stimulants, purified b-1,3/1,6-glucan do not induce any antibody production against itself.
This is a significant advantage because the immune system will not be ”cheated” to waste antibody
producing capacity on the immune-stimulant itself.

Stimulation of the gut-associated immune system

It is not generally recognised that the immune system is one of the largest “organs’ in the body of
higher animals; in man it constitutes 3 % of the body weight. This organ is distributed al over the
body and represents its “armed forces’. The largest division of this defence is localised in the gut
tissues, where specialised lymphoid organs (Peyer’s patches), lymphoid nodules, and the whole
range of different white blood cells are found. The gut is also equipped with special gateways (M-
cells) for entrance of small particles and bacteria This major lymphoid organ of the body may be
activated or down-regulated by food and feed ingredients, by micro-organisms and by immune-
stimulants. Since signals are transmitted from the lymphoid organs in the gut to the rest of the body,
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the well-being of an animal, or human, is very sengtive to changes in the processes which go on in
the digestive tract.

In accordance with this general understanding of how the immune system in surface tissues of warm-
blooded animals are functioning, it has been shown that b-1.3/1.6-glucans induce significant disease
resistance when administrated as a nasal spray or oraly, and enhance systemic immunity (Nicoletti et
al. 1992; Maedaet al. 1994; Shoenherr et al. 1994; Raa et al. unpublished).

Fish, on the other hand, have not developed histologically distinct and speciaised lymphoid tissues
such as the Peyer's patches of warm blooded animals, and special gateways for absorption of
particles, like the M-cells. However, all the cell types responsible for a local immune response are
present in the intestina wall of fish (e.g. carp and tilapia), including immunoglobulin positive
lymphocytes (B-cells), immunoglobulin negative lymphocytes (T-cells), and antigen presenting
macrophages (Davina et al. 1980; Doggett and Harris,1987; Rombout et al.1989; 1993). Like in
warm blooded animals, the gut associated immune system of fishes seems to function in the
absorption of macro-molecules from the intestine and in the production of antibodies in response to
antigens (Hart et al. 1988). In other words, immune cells in the gut of fish may function like
mammalian M-cells in sampling macromolecules. By this assumption one may explain the fact that b-
1.3/1.6-glucans, aso when administered in the feed of fish, enhance their disease resistance, growth
performance and the efficacy of injected vaccines.

Immune-stimulants in shrimp farming

Shrimp have white blood cells with the same biological properties and functions as the macrophages,
granulocytes and natural killer cells in higher animals. These cells, which are called hemocytes, are
found in the tissues around the digestive organ and in other tissues, as well asin blood. They produce
anti-microbial products of importance for defence and they carry out phagocytosis and remove
foreign particles and infectious agents from tissues and body fluids. Exposure of shrimp to live
pathogenic bacteria in high numbers, results in uptake of such bacteria into the body fluids, followed
by efficient clearance (Sung et al. 1996). The capacity to clear the tissue from invasive bacteria is
probably of great importance for shrimp to stay healthy.

Three types of circulating hemocytes can be isolated from the hemolymph of crustaceans; these are
the hyaline, the semi-granular, and the granular hemocytes. The hyaline hemocytes have phagocytic
activity and attach and spread on glass surfaces like macrophages of fish and warm-blooded animals.
The semi-granular hemocytes are characterized by a number of small granules and thus resemble the
granulocytes of vertebrates. This cell type has receptors for 3-1.3-glucans (Smith and Soderhéll,
1983; Johansson and Soderhéll, 1985). The granular hemocytes are filled with large granules. They
do not have phagocytic activity and their ability to encapsulate foreign particlesis limited. The main
function of the granular hemocytes, is to store the pro-phenol oxidase enzyme which plays akey role
in the defence reactions of crustaceans. The granular hemocytes can be triggered to undergo
exocytosis and release of this pro-enzyme. The pro-phenol oxidase system may be activated by 13-
1.3-glucans, peptido-glycans and lipo-polysaccharides (Soderhdll et al. 1994; Barracco et al. 1991).
The activation by 3-1.3-glucans is very specific. In its active form the phenol oxidase catalyses the
oxidation of phenols to semi-quinones and quinones which due to their high reactivity, will kill
microbes.

Invertebrates, including farmed shrimp, are not equipped with cells that are analoguous to antibody
producing lymphocytes in fish and warm-blooded animals. Shrimp are therefore apparently entirely
dependant on non-specific immune mechanisms to resist infections, and they lack the same kind of
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specific immunological “memory” as that found in fish and warm-blooded animals. Accordingly, it
does not seem to make sense to vaccinate a shrimp against a specific disease by administration of
vaccine preparations of the disease causing micro-organisms. Nevertheless, shrimp farmers, both in
Asiaand Latin America, have experienced that after an initial period of high mortality due to a new
virus disease in aregion, shrimp in contaminated farms acquire a high degree of specific resistance to
that particular virus. Since brood stock animals are collected from the wild, this resistance can not be
due to genetic selection, but be the result of an acquired and specific immune mechanism, not based
on immunoglobulins. It is an exciting and important field of research, apparently ignored by trend-
setters in this field, to explore the biologica mechanisms involved in this kind of specific
immunological memory. Eventual “shrimp vaccines’ based on this yet unknown mechanism belongs
to the future, although farmers have already made practical use of the phenomenon. It seems that
shrimp which become carriers of a given virus in very early life stages, develop a state of tolerance
and specific immunity to that virus.

b-1,3/1,6-Glucans have proved to enhance the biological activity of shrimp hemocytes and to
improve growth, survival rate and feed conversion efficacy under experimental conditions (Sung et
al. 1994; Song and Hsieh, 1994; Sung et al. 1996; Sung et al. 1998; Song et al. 1997; Supamattaya
et al. 1998) and in practical shrimp farming. The enhanced resistance to bacterial infection (Vibrio
vulnificus) lasted for 2-3 weeks after one single administration of b-1,3/1,6-glucan to post-larvae
shrimp, or about the life span of the hemocytes. To maintain an elevated level of resistance, the
immune-stimulant has to be administered on a continuous basis, or in periods with 2-3 weeks
intervals.

Immune-stimulation by environmental micro-organisms

It may be argued that the natural environment of a commercial shrimp farm in itself is such arich
source of microbiad immune-stimulants that any artificial supplementation should not be necessary.
However, a high number of live algae and bacteria does not necessarily elicit the right response for
improved resistance, and eventua immune-stimulants present as cellular constituents inside microbial
cell walls are not necessarily exposed in active form. It has for instance been shown that b-1,3/1,6-
glucan enhances the anti-bacterial activity of cell free plasma of shrimp, whereas Vibrio bacteria,
even in high numbers (10 million bacteria per ml tank water), do not (Sung et al. 1996). Also other
cellular processes of shrimp hemocytes, related to disease resistance (ability to produce super-oxide
radicals and level of phenol oxidase), were affected differently by live bacteria and a b-1,3/1,6-
glucan, the latter being more potent (Sung et al. 1996).

Nutrients

Improvements in the health status of fish can certainly be achieved by balancing the diets with regard
to nutritional factors, in particular lipids and antioxidative vitamins, but this is primarily aresult of an
input of substrates and cofactors in a complex metabolic system. This is unlike immune-stimulants,
which interact directly with the cells of the immune system and make them more active.
Nevertheless, some nutritional factors are so intimately interwoven with the biochemical processes of
the immune system that significant health benefits can be obtained by adjusting the concentration of
such factors beyond the concentration range sufficient to avoid deficiency symptoms or below a
certain concentration range. Thisisin the focus of what has been designated nutritional immunology
and which has been studied aso in fish (Blazer, 1992; Waagho, 1994).

Imbalances in the nutrient composition of the diet will affect growth and general performance of an
anima and, most likely, aso the biochemical processes of the immune system. It has been
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demonstrated that diet composition may affect the ability of leukocytes to phagocytose and kill
bacteria (Blazer and Wolke, 1984a) and that trout maintained on a diet deficient in a-tocopherol for
12-17 weeks had significantly reduced responses in a number of assays for immune functions (Blazer
and Wolke, 1984b).

Vitamin C, polyunsaturated fatty acids and vitamin E have been the most studied factors relating to
disease resistance in animals, including fish. There are reports of a positive effect of high ascorbic
acid doses on disease resistance in fish (Hardie et al. 1983; Navarre and Halver, 1989; Satyabudhy et
al. 1989; Hardie et al. 1991; Waagho et al. 1993) and on the ability of salmon to produce antibodies
as a response to vaccination (Navarre and Halver, 1989; Erda et al. 1991; Waagh0 et al. 1993).
But there are aso reports showing that antibody production is not affected by the concentration of
ascorbic acid in the diet up to 2 g/kg (Lall et al. 1989). This apparent discrepancy may be due to
differences in the level of other feed components which interact physiologically with ascorbic acid.
One such factor may be iron, which may increase the susceptibility to disease if present in fish at
concentrations above the binding capacity of transferrin (Rarviket al. 1991).

There is apparently a further biochemical link between the antioxidant function of ascorbic acid, the
prooxidative effect of iron, the level of polyunsaturated fatty acids, and the concentration of the
antioxidant vitamin E in the diet (Waagbd, 1994). High levels of n-3 polyunsaturated fatty acids
have been proposed to increase disease resistance in fish (Sdlte et al. 1988) and it has been
demonstrated that cell membranes of salmon feeding on such diets become stronger and more
resistant to lysis (Erdal et al. 1991). Since the fluidity of the membranes is a function of the fatty
acid composition of the membrane lipids, it is to be expected that leukocyte functions may also be
affected by dietary lipids and environmental temperature. However, the interactions are complex and
not easy to predict; high levels of n-3 long chain fatty acids in the diet of Atlantic salmon increased
the strength of the erythrocyte membranes, but a the same time such diets had an
immunosuppressive effect and resulted in reduced surviva rates in challenge tests with Vibrio
salmonicida and Yersinia ruckeri (Erdal et al. 1991).

There is a current trend to look for feed ingredients which may contribute to better health by
interferring with colonisation and microbial growth in the gut. Mannose-rich proteins from yeast
belong to the category of compounds which adhere to receptors which are used by pathogenic
microbes as the first step of colonisation of the gut. Another group of substances are
glutamine/glutamic acid/a-ketoglutaric acid which are known to be energy substrates for intestinal
cells and which contribute to a " healthy gut”. A third group are peptides which in some way interfere
with the regulation of the enzyme secretion/digestion processes. In addition there are much
exploratory research on prophylactic microbes and selective anti-microbia agents which contribute
to maintaining a healthy commensal microbia florain the intestinal environment.
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