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Overview
Gut microbiome: The paramount research programmes concerning animal

productivity and health

In recent times, research on gut microbiome and gut health has started to draw attention of the scientists
working in the field of animal and fishery sciences globally. The scientists of these two sectors are
entrusted with the target of increasing food of animal and fish origin. It is an established fact that only
healthy animals and fishes are more productive. In the present scenario the livestock or fish are prone to
virulent pathogens, sometime of unknown origin. Till few years back, the gastrointestinal tract, popularly
known as “gut” was considered as organ of food digestion and absorption only. It was also known that
the “gut” is the organ  where large numbers of residential micro flora, most of whom are beneficial
inhabit and indiscriminate use of antimicrobial agents results in imbalance of the population of beneficial
gut micro flora. To balance these imbalances 'Probiotics', 'Prebiotics' and 'Synbiotics' are used by the
human and animal health practitioners. In earlier days our knowledge on gut microbiome was limited to
only few cultivable pathogenic or harmless residential micro floras. It is now established that traditional
culture methods can recover only 10% to 30% of gut microbes. The advances in genomic technologies
have provided new opportunities for large scale in depth analysis of entire microbial communities. The
technologies like 16S sequencing (phylogenetic composition), metagenomics (functional capability),
metatranscriptomics (functional intent) and metabolomics (metabolic impact) are providing in depth
information of the intestinal microbiota including their composition and their metabolic activities. Although
we are now aware of existence of large number of microbiome in the gut of an animal, we are quite
ignorant of the role played by them individually or collectively. Our knowledge on gut micrbiome in
animals and fish is still limited when compared with human counterpart. Since gut microbiome and gut
health are said to be interlinked and gut health in turn plays an important role in overall health of an
individual, the time has come to diverse our research target to gut microbiome and gut health. In fact the
gastrointestinal tract itself is a wonderful organ. Although in true sense it is not a vital organ from
physiological and anatomical point of view, but it is playing a vital role from immunological point of
view. The attention of immunologists are diverted to gut immunity because of its role in maintaining
sound health of any individual, be it human or animal or fish. The gastro intestinal tract is considered to
be the largest organ of the immune system as more than 70% of the cells of the immune system are
present in the tract. The world of gut microbiome still remains an unexplored area in the fishery and
animal sciences. The microbes present in the gut may possess some genes which may play a direct or
indirect role in increasing production or food quality improvement.  In spite of promising roles of gut
microbiome in protecting animal health and food production, the number of studies on this aspect in
our country is very limited. In case of poultry production, some works on therapeutic uses of selected



gut microbes as an alternative to antibiotic are practiced. Similarly, limited works on rumen microbes
are conducted to study the negative environmental impact due to emission of green house gases such as
methane. The rumen microbiologists should also do experimental study to minimise the production of
major harmful green house gases from food animals. Indian Journal of Animal Health has taken  an
appreciable step to  publish a special issue on  “Gut microbiome and health for improving productivity
in animal and fish” for encouraging the young scientists to take up research project  on different aspects
of gut microbiome, gut health  in order to increase the animal and fish production.

There are many challenges ahead for the scientists working in this field. But challenges open windows
of opportunities also. Data generation, manipulation and engineering of the gut microbes for improving
health and production of animals are the main challenges. To a scientist, each and every microbe
present in the gut of any animals, birds or fish is an asset and it is a challenge to exploit them for
beneficial purpose. Since there is diverse population of gut microbiome, the million dollar question is
“What is the ideal gut microbiome?” Can it even be determined if one exists? And if so, can a gut
microbial community be modulated effectively enough to ensure the desired community modulated
effectively enough to ensure the desired community becomes established?” A group of expert in this
field rightly opined that whole gut microbiome should be the paramount research programmes concerning
animal productivity and health, which has huge potential to make valuable contributions to efficient
and regenerative livestock production globally.
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Study on gut microbiota in fish is in rudimentary stage as it has not been studied in detail. Though
extensive studies have been done for the ruminant microbes where microbial digestion plays a major
role, microbial digestion in non-ruminants especially in fish is very much negligible. During 1950 to
1970 researchers initiated the work on effect of dietary composition on the gut microbes of fish, because
gut is the major port of entry of pathogens into fish body. Hence, rather than digestion, the gut microbes
in fish contribute more to health and immunity of fish.

The structure of the gut varies with the species and hence their feeding habits. Accordingly, the
microbes present in the different segment of the gut also equally vary. Beside, many fluids secret into
the lumen of the gut which is also greatly influence the microbial composition of the gut. The pH of
the stomach is acidic which turns gradually into alkaline when the gut contents moves towards the
distal end of the intestine. This also influences the gut microbial composition in comparison to the
stomach less fishes.

The microbial composition is of paramount importance when animal protein sources are replaced with
the plant protein sources in aqua feed. Inconsistent supply of fish meal and fish oil and the use of plant-
protein based ingredients to feed the fish have attenuated the fish immune system. Plant-protein based
ingredients are nurtured with good nutritional profile but also comprised of inherent anti-nutritional
factors (ANFs) such as tannin, phytates, trypsin inhibitors, lectin, saponin, alkaloid and glucosinolates
etc. (Francis et al., 2001; Mohanta, 2012; Ghosh et al., 2019). These ANFs negatively affect the fish
growth and health by interfering with the digestive enzyme activities, nutrients bioavailability and the
interference in gut microbiome (Ringø et al., 2016). In freshwater fishes, the major genera of gut
microbiota are Aeromonas, Pseudomonas, Flavobacterium, Lactococcus, Acinetobacter and Clostridium
while, Aeromonas, Pseudomonas, Flavobacterium, Vibrio and Micrococcus are the dominating species
in the gut of marine fishes (Gomez and Balcazar, 2008). These microorganisms have a symbiotic
relationship by receiving nutrients from the host and providing aid in digestion, metabolism, growth
and immunity to the host. Generally, nutrient rich gut-environment is considered as most favourable
sites for microbes (108 microorganism per g tissue) to attach and flourish (Ray et al., 2012; Wong et al.,
2013; Merrifield and Rodiles, 2015). These gastro-intestial (GI) tracts associated microbes secrete the
digestive enzymes and aid in digestion (Ringø et al., 2012; Hoseinifar et al., 2015; Banerjee et al., 2019).

The gut microbiota regulates the appetite, feed intake, digestion, absorption and finally growth as stated



by Fetissov (2017) and Read and Holmes (2017). Duca et al. (2012) reported that mice having gut
microbiome attained better growth than mice without gut microbiome. The author also revealed that
mice without intestinal microbiota had lower ghrelin and leptin, suggesting the role in regulation of
appetite and feed intake. No changes were noticed in feed intake of Zebrafish when fed with Lactobacillus
rhamnosus. While in rohu, Labeo rohita experienced the change in gut microbiota when fed with
fructo-oligosaccharide (Falcinelli et al., 2018; Kim and de La Serre, 2018). Gut microbiota influence
the metabolism in grass carp, zebrafish and Japanese flounder. These microorganisms enhance the lipid
(fatty acid) absorption, transportation and metabolism (Semova et al., 2012; Sheng et al., 2018). Fish
gut microbiome is dependent on their developmental stages. For instances, Proteobacteria and
Bacterioidetes are the most dominating colonizing groups in eggs and larval stages of grass carp,
respectively but the diversity increases as fish grows from larvae to adult in different fishes and dominated
by Fusobacteria, Proteobacteria, Bacteroidetes and Firmicutes (Wang et al., 2015; Yan et al., 2016).

Immune responses
Non-pathogenic, pathogenic and commensal bacteria invade the fish intestine and their equilibrium
influences the fish immune system. The gut microbiota regulates the energetic-homeostasis and defense
against pathogens therefore, known as an extra organ for the host (O'Hara and Shanahan, 2006).
Mucus secreted by the gastro-intestinal tract invades the microbiome at mucosal layer and act as first
line of defense and aid to build host-immune system. Banerjee and Ray (2017) stated that gut microbiota
produces different types of enzymes, compete for attachment sites with pathogens and secrete different
bacteriocins. Microorganisms of exogenous origin and antigens interact with host at mucosal layer
containing inherent microbiome. In response, this mucosal layer along with epithelium secretes
antimicrobial substances such as complement proteins, enzymes like mucins, and antimicrobial peptides
such as piscidins and defensins etc. (Silphaduang et al., 2006; Zou et al., 2007). Pérez et al. (2010)
reported that adhesion of Lactobacillus in GI tract lowered the furunculosis in rainbow trout. Similarly,
an establishment of beneficial bacteria in fish intestine such as Paenibacillus, Bacillus and
Staphylococcus reduced the pathogenic bacterial community such as Aeromonas hydrophilla,
A. salmonicida and Vibrio alginolyticus improved nutrition and physiology (Yee et al., 2013).

Gut-immunity is regulated by gut-associated lymphoid tissues (GALT). Rekecki et al. (2009) revealed
that synthesis of glycoprotein in GI tract of European sea bass (Dicentrarchus labrax) is regulated by
autochthonous microbial community. According to Rawls et al. (2004), gut microbial community regulate
the expression of different genes responsible for innate immunity (for e.g. genes related to complement
system, C-reactive proteins, myeloperoxidase and glutathione peroxidase etc.). The group of
Actinobacteriaregulates, the secretion of interlukin-10, is responsible for inflammatory responses (Lee
and Mazmanian, 2010). Ibrahem (2015) stated that feeding probiotics improve the fish gut microbiota
community and positively influence the fish growth and health. Possible suggested probiotics for fish
diets are B. subtilis, B. cereus, Lactobacillus casei, Lactobacillus acidophilus, B. Megaterium, and
Arthrobacter sp. etc. (Dahiya et al., 2012; Bhatnagar and Lamba 2014; Efendi and Yusra, 2014; Vand
et al. 2014).

Shifting of plant based feed from fish meal based feed has shown alterations in their intestinal morphology
including disruption to the lamina propria and mucosal folds, which may modify attachment sites for
commensal bacteria, and can therefore impact microbial composition. Understanding microbial-host-
environmental interactions are crucial for aquaculture. As has already been discussed, Bacillus sp. and
Lactobacillus sp. have beneficial effect on immunity and are suggested to provide an alternative approach
for controlling disease in aquaculture. Therefore, identifying imbalances in the gut microbiome or dysbiosis,
could be a useful predictor of stress-related syndromes, which could ultimately lead to mortality. The
teleost gut microbiome has a clear role in the future of aquaculture. Although research has come a long
way in recent decades; there are still many areas of gut microbiome research that require further attention.
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Conclusion
As we foresee plant based feed for aquaculture, microbial biomass will definitely play a greater role for
complete adoption to new feeding habit. Therefore, in-depth study pertaining to gut microbiome of fish
is required for a sustainable aquaculture. Both biotic and abiotic factors are the predisposing factors
which significantly affect the gut microbiota. Hence, a compatible microbiota suitable for a species and
its environment is a researchable issue for the future aquaculture. Some researchers have already initiated
the study on gut microbiota when trouts are fed with plant based diet. On the other hand, a desired
group of microbiota can be developed by feeding a specific diet, which may be beneficial for enhancing
growth and immunity in fish.
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Overview

Gut microbiome of ruminant and non-ruminants: crucial consideration for
animal production

The integrity of gastrointestinal tract (GIT) and gut microbes play very important role in the nutrient
absorption, development of innate immunity and resistance to various ailments. Alterations in the
type and species of the gut microbes pose serious adverse effects on production and productivity of
livestock, poultry and fish. In earlier days, it was very difficult to identify and characterise the GIT
microbes by conventional selective culture based techniques.  At present, with the advent of molecular
techniques, our knowledge and understanding of microbial diversity of GIT microbes have been
improved dramatically. The GIT harbours a diverse microbial community. An imbalanced gut
microbiota i.e. dysbiosis may lead to reduced intestinal barrier function, poor nutrient digestibility
and poor performance of livestock, poultry and fish. Rumen microbial ecosystem consists of bacteria,
ciliate protozoa, fungi, bateriophage and virus.  The host-microbes symbiosis that exists in the rumen
is crucial to meet the nutrient requirement of the ruminants fed high fibrous diets. Understanding
rumen microbes is important to increase the profitability, reduce methane production and produce
quality products (meat and milk). GIT microbiota are also of critical importance in non ruminants like
pigs, horse and poultry when it comes to gut health, immunological development, performance and
overall health status of animal. Many challenges faced by swine producers like post weaning diarrhoea,
poor growth performance and  poor product quality may  be addressed by understanding GIT microbiota
and their management. Beneficial gut microbiota of poultry plays a key role in maintenance of intestinal
health through competitive exclusion of detrimental microorganisms and thereby improves the avian
productivity. The gut microbiota of fish is responsible for key physiological functions which help
maintain health status of its host. Knowledge of microbial composition in health and disease is vital
for the growth of aquaculture industry.

This special issue of Indian Journal of Animal Health explores the importance of GI microbiota of
livestock, poultry and fish with application to host gut health, performance, immunity and overall
health status. I wish every success of this special issue and its wide circulation.

Prof. Arup Kumar Samanta
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It is well known that healthy gut microbiota is essential to promote host health and well-being. The
intestinal microbiota of endothermic animals as well as fish are classified as autochthonous or
indigenous, when they are able to colonize the host's epithelial surface or are associated with the
microvilli, or as allochthonous or transient. Furthermore, the gut microbiota of aquatic animals is
more fluidic than that of terrestrial vertebrates and is highly sensitive to dietary changes. Furthermore,
some information is available on bacterial colonization of the gut enterocyte surface as a result of
dietary manipulation which indicates that changes in indigenous microbial populations may have
repercussion on secondary hostmicrobe interactions. The impact of dietary components on the gut
microbiota is important to investigate, as the gastrointestinal tract has been suggested as one of the
major routes of infection in animal and fish. Possible interactions between dietary components and
the protective microbiota colonizing the digestive tract will be discussed in this special issue. Since,
supplementation of some feed adittives in the diet have the ability to increase animal health and
performance; through contributions to gut health and nutrient use. For instance, supplementation of
feed adittives has been demonstrated to benefit farm animals in immune modulation, structural
modulation and increased cytokine production, which positively affect the intestinal mucosal lining
against pathogens.

This special issue is interested in both reviews and research papers on all aspects of gut microbiome and
health for improving productivity in animal, poultry and fish. It is also interested in all feed additives
and their effects on gut health, performance and public health. Also, the objective of this special issue is
intended to describe unique and distinct advances in nutritional strategies in animal and poultry industry.
Also, this issue highlights various natural feed supplements (probiotics, prebiotics, enzymes, organic
acids, etc.) that are used in livestock and their possible beneficial effects on the consumer's health. The
present special issue will be very much useful for nutritionists, veterinarians, pharmacists, researchers,
animal and poultry farmers, public health experts, and pharmaceutical industry. This special issue will
accept submissions of review papers on above mentioned topics / theme as well as comprehensive
review articles.
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