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Abstract
Presence of numerous microorganisms in gut of the food animals, including aquatic fauna, is responsible for monitoring,
maneuvering and modifying different physiological metabolic activities. This has a direct impact over growth and nutritional
composition of body. Therefore the concern over gut microbiota is gaining more interest in the field of animal science
research in recent days. It is more relevant with the fact that the world will face much more agricultural challenges in the
coming decades to cater to the needs of protein diets for ever increasing global population. This study provides an
overview of the efficacy of the feed additives to enhance nutrient utilization and production efficiency by altering gut
microbial diversity where improved feed efficiency, modification of gut microbiota, effect of feed additives on dry matter
intake and digestion, and effect of feed supplements on carcass quality and meat quality vis-à-vis gut microbiota.
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Introduction
Gastro-intestinal tract of animals contains a
variety of microorganisms which include
bacteria, archea, protozoa and fungi,
collectively called as gut microbiota and its
genomes as gut microbiomes. Gut microbiota
provides the host body with health benefits,
aiding in digestion of nutrients, harvesting of
energy, contributing to formation of the
intestinal epithelial barrier, developing and
functioning of immune system, and competing
with the pathogenic microorganisms to prevent

its harmful spread (Kogut and Arsenault, 2016).
These microbes interact and initiate symbiotic
relationships in the alimentary tract to hydrolyze
the complex plant-based substances such as
lignin, cellulose, hemicelluloses, xylan and
pectin through active lignocellulolytic enzymes.
These microbial population release enzymes,
produce energy, volatile fatty acids [VFAs-
acetate, propionate, butyrate], formic acid,
hydrogen, carbon-dioxide, and methane which
can be used by the host for producing food
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products such as meat and milk (Krause et al.,
2003). The healthy and active gut microbiome
is dynamic and is influenced by diet, animal
parameters,  physiology, genetic and
environmental effects in animals. In fish, the
gut microbiota is affected by both, internal
factors such as age, genetics, gender, nutrition,
stress and external factors such as diet, quality
of water and environment (Butt and Volkoff,
2019). The current review outlines the complex
host-microbiota interactions on the development
of animal production and aquaculture practices
by reducing environmental impact has been
ongoing for decades. Research using ‘omic’
technologies such as genomics, proteomics,
transcriptomics, and metabolomics in the gut
microbiomes has shown that the microbiome is
a significant genetic resource, capable not only
of improving the production level but also
addressing global issues, including biofuel
production, greenhouse gas reduction, the
strengthening of food security, and increased
global food supply (Kumar and Pitta, 2015).

A healthy and effective gut microbiota is
essential for animal performance and achieving
optimal productivity - it can be in producing
milk, raising food animals, fish farming and
growing to optimal weights, meat production
and carcass quality. With the increasing pressure
of growing population, there is a need to
improve animal and aquaculture production by
maintaining a healthy gut of animals and fish
which can be achieved through the usage of
different feed addit ives or supplements.
However, various feed addit ives such as
antibiotics, hormones, etc., pose a severe risk
to the consumers, and are restricted to use in
the host diet. Therefore, a variety of other
important nutritional supplements such as
probiotics, prebiotics, ionophore, essential oils,
etc., are being tested to speed up the efficiency
of animal production and also in aquaculture
productivity.

Improved feed efficiency: Gut microbiota
With the rapidly growing need in global
scenario, feed efficiency should be significantly
improved. The most relevant production
parameters in animals are the rate of growth
and feed efficiency,  which determine the
processing of nutrients of feed into animal
products. The rate at which food animals
transform feed into desirable products is termed
as feed conversion ratio (FCR) or feed
conversion efficiency (FCE). Shike (2013)
proposed another alternative to measure the
efficacy of feed called as the residual feed intake
(RFI), which is described as the variation
between the actual diet and the expected diet
depending upon the animal’s body weight,
weight gain, and composition. Assessing the
feed conversion efficiency (FCE) of animals is
a significant function of gut microbiota as they
are responsible for converting nutrients into
energy. Therefore, there is a relationship
between the function of gut microbiota and feed
efficiency and moreover, many factors
affecting the feed efficiency such as age, diet,
energy availability, also affect gut microbiomes.
Bergamaschi et al.  (2020) stated that the
animals with lower FCE and lower RFI
consume lesser amount of feed for each unit of
body weight than expected and are considered
as more efficient, while animals with higher
FCE and higher RFI consume higher amount
of feed for each unit of body weight than
expected and are considered as less efficient.
The use of high throughput sequencing
experiments has shown that more efficient
animals have low levels of microbial load
(Shabat et al., 2016).

The rumen is a dynamic ecosystem where the
nutrients consumed are digested and converted
into edible meat and milk by fermentation of
gut microbiota. Cellulose, which is digested by
cellulolytic gut microbiota in the rumen, is the
major constituent of plant feedstuff. A pH range
between 6 and 9 is best ensured for the
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maintenance and development of cellulolytic
bacteria such as Fibrobacter succinogens ,
Butyrivibrio fibrisolvens, Ruminococcialbus,
and Clostridium lochheadii (Gonzalez et al.,
2014). According to Weimer (1996),  the
involvement of extracellular enzymes, such as
cellulase in the host, is involved in break down
of B-glycosidic bonds in cellulose.  The
presence of certain forms of lipids in the diet
and low pH (<5.5) decreases the mechanism of
fiber digestion as this condition affects the
development of cellulolytic bacteria (Krause
and Denman, 2003). In feeds with lower
concentrate portions and whole grains, starch
is the main ingredient in diet which is degraded
by the amylolytic bacteria. Streptococcus bovis
degrades glucose to produce formate, acetate
and ethanol when the host is fed with lesser
amount of concentrates, but in the diets with
more concentrates, S. bovis alters its metabolic
processes and releases lactic acid leading a pH
reduction to 5.5 which is harmful to the host
animal (Russell and Hino, 1985). Therfore,
other starch-reducing bacteria such as
Bacteriodes ruminicola ,  Ruminobacter
amylophilus,  Selenomona sruminantium,
Succinomonas amylolytica produce the VFAs
such as formate, acetate, propionate and
succinate. These VFAs are used as growth
promoters to prevent metabolic imbalances
(Cotta, 1992). Few bacteria such as
Selenomonas lactilytica, Megasphaera elsdenii
degrade lactate and control its accumulation to
maintain a correct pH value (Mackie and Heath,
1979). According to Khafipour et al. (2016),
ruminal acidosis is caused by a rise in the level
of concentrates in the feed and indicates that
Lactobacillus spp. and Streptococcus  bovis are
predominant in the rumen. Brown et al. (2006)
stated that these microbial load increases when
about 70% of the concentrate is fed to the
animal. Bacteria that degrade pectin such as
Butyrivibrio fibrisolvens ,  Provotella
ruminicola,  Bacteriodes ruminicola  and
Lachnospira multiparus release pectin lyases

that digest pectin into oligogalacturonides
(Duskova and Marounek, 2001).

Methane is the end product of fermentation of
gut microbes and is known to be the complete
wastage of energy consumed by the host,
leading to the greenhouse effects (Garnsworthy
et al., 2012). Methane is produced by carbon
dioxide reduction by fermentation of
methanogenic bacteria such as Methano-
brevibacter ruminantium, Methanomicrobium
mobile.  The methanogenesis process is
considered as a key factor for the removal of
hydrogen ions from the rumen (Moss et al.,
2000). Hook et al. (2012) stated that ruminal
protozoa of Entodinomorphida and Holotricha
orders retain feed contents and reduce the
risk of ruminal acidosis in animals fed with a
high concentration of digestible sugars. These
fungi are favored by the consumption of highly
concentrated fibrous forage and removed
when incorporated with highly fermentable
sugars. Consequently, the recognition of
particular varieties of gut microbiota and its
metabolic pathways, and alteration of gut
microbiomes by promoting or minimising
various processes provide opportunities for
efficient feeding.

Fermentation of feedstuffs and nutrient
absorption are known to be the main component
of mechanism of digestion in fish alike the food
animals. Various species of Acinetobacter,
Areromonas, Flavo-bacterium, Lactococcus,
Pseudomonas, Bacteriodes, Clostridium and
Fusobacterium are predominantly found in
freshwater aquatic animals. In marine fish, the
alimentary tract consists of different species of
Aeromonas,  Alcaligenes,  Alteromonas,
Camobacterium,  Flavo-bacterium,  Micro-
coccus, Moraxella and Vibrio (Talwar et al.,
2018). Research studies by Wu et al. (2012) on
grass carp of genus Ctenopharyngodon
supplemented with higher levels of cellulose
in the diet has shown that the gastro-intestinal
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tract consists of different bacterial species such
as Anoxybacillus, Actinomyces, Citrobacter,
Clostridium and Leucostonoc. In zebra fish,
Semova et al. (2012) noted that the intestinal
microbiota influence the metabolism of fatty
acid in the intestinal epithelium.

Modification of gut microbiota
Diversified gut microbial communities are
associated with many host phenotypes such as
efficiency of feed, methane production and
disease status. Regulation of the gut
environment and gut microbiota is a significant
initiative in the animal production systems that
can be accomplished by the introduction of
various gastrointestinal modifiers or dietary
supplements in the diet of the host animal.
Pursuant to EU Regulation no. 1831 (2003),
feed additives are specified as the products
utilized in the feed of animals for the aim of
improving the standard and the quality of foods
of animal origin, or so as to enhance animal
health and efficiency. There are different types
of feed additives, which are broadly divided
into nutrient supplements (amino acids,
minerals and vitamins) and non nutrient
supplements (probiotics, prebiotics, hormones,
enzymes and antioxidants). These supplements
are used to modify the gut microbial profile,
the physiology of the host and the efficiency
of the feed.  Optimal levels of dietary
supplements contribute to the increase in animal
protein production and reduce the cost of animal
products (Chahal et al., 2008).

Probiotics, also known as direct fed microbials
(DFM) are defined as live cultures of non-
invasive organisms that affect the host animal
by improving gut microbial balance. Few
probiotics commonly used in the feeds are
Lactobacillus acidophilus, L. bifidus, L. casei,
Streptococcus thermophilus, etc. They improve
digestion of nutrients and also improve the
utilization of animal feed effectively. Acoording
to International Scientific Association of

Probiotics and Prebiotics (ISSAP), prebiotics are
selective fermentable substances that lead to
certain modifications in the structure or function
of the gut microbiota and thus, have beneficial
effects on the health of the host (Gibson et al.,
2010). Prebiotics include polysaccharide
carbohydrates such as starch and dietary fibre,
proteins and lipids.  Simultaneous use of
probiotics and prebiotics is known as
“synbiotics”, - a coherent way to modify the
microbial environment. Bomba et al. (2002)
have shown a synergistic impact in reducing
the number of pathogenic bacteria in food
animals when fed with synbiotics. Throughout
the digestive phase, enzymes such as amylases,
cellulases, B-glucanases, phytases, pectinases,
proteases and xylanases are used as feed
additives to improve degrading reactions.
Essential oils are used as supplements for
antimethanogenic feed to maintain feed
digestibility. Various herbal feed additives such
as Asparagus racemosus, Cyathus stercoreus,
Leptidenia reticulate, Phellinus linteus, etc. are
added either individually or in combinations in
the animal feed to increase gut microbial load
and nutrients digestibility. However, these
supplements should be given regularly,
otherwise will create a negative impact once
withdrawn from the feed (Wadhwa et al., 2016).

In aquaculture, the most regularly used
probiotic and prebiotic are the genus Bacillus
and mannanoligosaccharide, respectively.
Other probiotics include the species of genus
Aeromonas,  Clostridium,  Enterobacter,
Enterococcus, Lactobacillus, Lactococcus,
Leuconostoc, Pseudomonas, Vibrio, etc. They
maintain the beneficial gut microbiota and
improve the growth, immune system, and health
of the host (Banerjee and Ray, 2017). Other
prebiotics stimulating the growth of probiotics
are inulin, fructooligosaccharides. Probiotic
such as Lactobacillus spp. has been reported
as growth promoter in turbot Scophthalmus
maximus (Burr et al., 2005). Different research
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studies are being carried to produce lactic acid
bacteria spp (LAB) with bactericidal properties
to avoid the growth of pathogenic bacteria in
the gut of fish (Catalan et al., 2017). Prebiotics
such as organic acid salts and
mannanoligosaccharides,  fed in combinations,
proved to enhance growth and health (Ringo
et al., 2010).  Feeding of synbiotics is a strategy
to achieve more efficient fish growth,
production and health (Cerezuela et al., 2011).

Effect of feed additives on dry matter intake
and digestion
The effect on animal feed intake varies in quantity,
quality of the various feed additives and the
physical condition of the host animal. Cardozo et
al. (2006) reported in their research that the result
of feeding with a mixture of essential oils
composed of cinnamaldehyde and eugenol, in
beef cattle showed adverse effects on dietary
intake. Yang et al. (2007) confirmed that there
was no effect on the dry matter intake of feed
additives when cattle were fed essential oils from
garlic and juniper berry. Loor et al. (2004)
reported that there is an improvement in the
digestion process of animals fed with refined fats
in combination with forage diets and a reversal is
seen in concentrated diets. In animals,
incorporated with a combination of Lactobacillus
acidophilus and Propionibacterium, the average
daily gain (ADG) was high but no changes in DM
intake were observed by Swinney-Floyd et al.
(1999). Similarly, Elam et al. (2003) and Brand
et al. (2019) observed an increase in final weight,
ADG, dietary DM and no significant differences
in carcass characteristics in probiotic-feeding
steers. Most in vivo studies in cattle have been
conducted to report the effects of essential oils in
growth and finishing phases of beef cattle using
eugenol, hydroxycinnamic acid, and ferulic acid
(Lourenco et al., 2008). Adverse effects were
observed by Yang et al. (2010) when eugenol
was added to the diet at high levels during the
finishing phases of cattle.

Abdel and Ahmad (2009) reported that
Spirulina, a probiotic in Nile tilapia, improved
the FCR and also reported retention of nitrogen
when fed with other probiotics. Mohapatra
et al. (2012) reported that FCR decreased in
rohu fingerlings when fed with probiotics.
Askarian et al. (2012) noted that the LABs
released different enzymes to improve the
nutrient digestibility when fed with chitin in
Atlantic salmon.

Effect of feed supplements on carcass quality
and meat quality
Different parameters used to assess the quality
of the carcass are carcass yield, commercial
cuts, marbling, cut yield, lean yield, ribeye area,
thickness of fat. In cattle, no differences in
carcass quality and cut yields were observed
when ferulic acid was given in feed according
to a study by Meyer et al. (2009). Gonzalez-
Rios et al. (2016) noted that the dressing weight
of the carcass increased following the addition
of a mixture of essential oils and tylosin in the
feed of steers. Chaves et al. (2011) and Macias-
Cruz et al. (2014) reported that there was no
impact on carcass factors when sheep were fed
with cinnamaldehyde and ferulic acid in the diet.
Eshaghzadeh et al. (2014) reported that the
inclusion of inulin (10 g/kg) in the diets of
common carp lowered the protein and lipid
content of carcass. Supplementation of Bacillus
subtilis in the fish diet improved the fat content
but no improvement was seen in protein and
moisture content (Allameh et al., 2017). The
role of gut microbiota over CLA (Conjugated
linoleic acid) synthesis is a matter of interest
and investigation by the scientific community
and identification of certain microbes had been
done.

Kang et al. (2012) added quercetin (42 ppm)
to cattle feed, and recorded an increase in water
holding capacity (WHC) and meat pH.
Gonzalez-Rios et al.  (2016) observed an
improvement in tenderness, juiciness, and
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flavor when beef cattle were supplemented with
ferulic acid for 30 days, while in sheep meat,
Chaves et al. (2011) noted the off flavors when
supplemented with hesperidin.

Conclusion
In the livestock sector, ensuring that the
animals are healthy and in welfare, leads to
improved animal performance, better growth
and the production of high quality edible
products such as milk, meat and fish. Central
to the animal production system is the gut
microbiome, which is an important contributor
to the efficient production of phenotypes.
Understanding the gut microbiome, its
digestive processes, microbial strength, and the

host microbial interactions by various
molecular tools plays an important role in the
performance and health of the animals.
Therefore, the use of dietary supplements in
animal and aquaculture feed is designed to
alter the natural state of the gut and improve
the utilization of animal nutrients, and thus
cause less damage to the environment by
reducing the release of harmful end products
into the atmosphere. However, some feed
additives can be harmful, if added in high
doses. Therefore, the appropriate level of
feed additives shoud be added to improve the
level of performance, carcass characteristics
and meat quality in terrestrial and aquatic
animals.
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