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ABSTRACT

Rumen microbiology studies the microorganisms present in the rumen, the compartment of
the ruminant stomach responsible for the fermentation of food. These microorganisms,
which include bacteria, protozoa, fungi, and archaea, play a crucial role in the digestion of
cellulose and other complex carbohydrates, allowing ruminants to take advantage of
nutrients from fibrous plants. Traditionally, the study of the rumen microbiota was based on
in vitro culture techniques, limited to organisms that could be grown in the laboratory.
However, advances in metagenomics (an approach that allows for the direct analysis of
microbial DNA from environmental samples, without the need for cultivation) have
revolutionized the field. With metagenomics, scientists can identify and characterize all
microbial diversity present in the rumen, including previously unknown or non-cultivable
organisms. This method has revealed a much more complex and diverse microbiota than
previously thought, offering new insights into microbial functions, interactions between
species, and their influence on ruminant health and productivity. This new knowledge is key
to improving feed efficiency, reducing the production of methane (a potent greenhouse gas),
and developing more precise nutritional and therapeutic strategies for ruminant
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management. Metagenomics, therefore, is driving a new era in rumen microbiology, with the
potential to transform animal production sustainably and efficiently.
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INTRODUCTION

Ruminants belong to the class of herbivorous ungulate mammals, and to the order
Artiofactyla, and are capable of using forage as their main source of food (HUNGATE,
1966). They are animals with a differential, mainly due to their complex gastrointestinal
tract, composed of fermentative chambers responsible for digestion, nutrient absorption and
the general health of the animal. The gastrointestinal tract of these animals contains a
diverse and abundant microbial ecosystem (BORDIM et al., 2016).

The expansion of knowledge about the rumen microbiome has allowed detailed
evaluations of the microbial community, its characteristics and functions. These advances
have provided significant progress in ruminant feeding, allowing for greater efficiency in the
use of nutrients and, consequently, better use by the animal (MORGAVI et al., 2013).

Studies investigating microbial communities, as well as rumen traits, are key to
understanding and manipulating ruminant performance and health (HUWS et al., 2018).
Several studies have shown that ruminants, together with their microbiome, have evolved
over time, becoming adaptable to a wide variety of diets, thanks to the functional plasticity
of the communities present in the rumen (MORGAVI et al., 2013).

In addition to evolutionary characteristics, other factors also influence the dynamics
of rumen microorganisms, such as age (FONTY et al., 2007), the use of antimicrobial
medication (KLEEN et al., 2003), animal health (RUSTOMO et al., 2006), geographic
location (SUNDSET et al., 2007), stress level (LYNOMO et al., 2010), among others. In this
way, metagenomics becomes an indispensable tool to understand the complex microbial

community present in the rumen.

METHODOLOGY

This article is based on a literature review, in which information was collected from a
broad search in the existing literature. The survey involved scientific productions related to
rumen microbiology, focusing on the knowledge derived from studies in metagenomics,
including basic activities of identification, analysis and interpretation of data.

The search platforms used for data collection included: Elsevier, SCiELO, Capes
Journal Portal, Sci-Hub, Google Scholar and digital books, in addition to other sources of
technical dissemination. The inclusion criteria focused on articles published in the last ten
years, theses and dissertations, as well as other scientific productions available on the
internet, totaling 90 works analyzed. This review is descriptive and provides detailed

information on the application of metagenomics in the study of rumen microbiology.
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DISCUSSION
CHARACTERIZATION OF THE RUMEN ENVIRONMENT

The rumen ecosystem is made up of a dynamic and diverse microbial community,
composed of bacteria, archaea, protozoa and fungi. These microorganisms interact
intimately with each other and have a mutualistic symbiotic relationship, which favors the
host (MIZRAHI, 2013). The metabolic activity of these microorganisms converts complex
fibrous substrates into volatile fatty acids and microbial protein, which are used by the
animal for maintenance, growth, and lactation (RIBEIRO et al., 2017).

The rumen is a cavity that presents favorable conditions for the survival and growth
of microorganisms. An anaerobic fermentation chamber, with a relatively constant
temperature (38-40°C) and pH between 5.5 and 6.9 (HUNGATE, 1966; CLARKE, 1977;
DEHORITY, 2003). According to Orskov and Tyle, (1990), the pH of the rumen together
with the substrates available for fermentation are factors that determine the permanence of
rumen microorganisms. In the rumen, the redox potential is usually between -250 and -450
mV, proving the absence of oxygen and the high reducing potential (VAN SOEST, 1994).

The end products of rumen fermentation include short-chain fatty acids mainly
acetate, propionate and butyrate, gases such as CO2 and CH4. Volatile fatty acids are the
main route of energy supply for the animal. This fermentation process results in many
intermediate products, such as lactate, succinate, furnace, H2 and NH3 (HUNGATE, 1966).

According to Stewart et al. (1997), for a species to be considered part of the rumen
microbiota, it must be anaerobic, produce by-products in the rumen and develop actively,
with a metabolism compatible with the normal conditions of this environment.

Thus, the rumen microbiota can be classified into four types of subpopulations, the
first population is integrated with liquids, and is composed of planktonic microorganisms
suspended in the rumen fluid, comprising those that separate from food particles and those
that consume soluble food fragments in the rumen fluid (MCALLISTER et al., 1994). The
second is populations incorporated into the solid fraction, which includes microorganisms
moderately or strongly adhered to food particles, this group is considered essential in the
digestion process (MCALLISTER et al., 1994) in addition to corresponding to approximately
75% of the microorganisms present in the rumen. The third group is the one adhered to the
rumen epithelium, which corresponds to 1% of the total rumen population (CZERKAWSKI,
1986).
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RUMEN BACTERIAL COMMUNITY

The bacterial community in the rumen is predominantly composed of strictly
anaerobic microorganisms. However, there is also the presence of some facultative
anaerobic species, which play an important role in maintaining the anaerobic conditions of
the environment. Rumen bacteria not only exhibit great diversity, but also have significantly
elevated metabolic activity. They have an estimated population density of %" cells/mL of
rumen content, followed by archaea (108-9 mL-1), ciliated protozoa (106 mL-1), and fungi
with 106 mL~" (WANG et al., 2017).

The first studies that allowed the identification and understanding of the metabolism
of bacteria in the rumen arose from research that used bacterial cultivation techniques
under anaerobic conditions (HUNGATE, 1966). According to phylogenetic analyses, it has
been shown that the central microbiome is composed mainly of bacteria from the phyla
Firmicutes and Bacteroidetes, which are widely present in ruminants, regardless of
geographic region (HENDERSON et al., 2015).

Through the sequencing of the 16S gene of the bacterial rRNA, it was found that the
phyla Bacteroidetes and Firmicutes, regardless of species, age or diet, can represent up to
80% of the bacterial population in the rumen (MENEZES et al., 2011; Henderson et al.,
2013; Mohammed et al., 2014). On the other hand, the phyla Proteobacteria, Fibrobacter,
Verrucomicrobia, Tenericutes and Spirochaetes are present in lower concentrations
(MENEZES et al., 2011).

Bacterial species in the rumen can present themselves in different forms, such as
cocci, spirilli, bacilli or vibrios. They can also be classified as mycoplasmas (which do not
have a cell wall), gram-positive, or gram-negative. Gram-positive cells have a thick cell wall,
formed by a single layer of peptidoglycan, while gram-negative cells have a more complex
structure, with a double outer membrane connected by a layer of glycopeptides (PURVES
et al., 2002; KOZLOSKI, 2011). In most cases, species that degrade structural
carbohydrates are usually gram-positive.

In the rumen environment, it is possible to identify a wide variety of highly specialized
bacteria, capable of using specific, varied or intermediate substrates (HUNGATE, 1966).
Thus, rumen bacteria can be classified according to their metabolic activity, as fibrolytic,
amylolytic (Selenomonas ruminantium, Streptococcus bovis), proteolytic (Prevotella spp.),
lipolytic (Anaerovibrio lipolytica), lactate-producing (Streptococcus bovis and Selenomonas
ruminantium) and lactate-consuming (Megasphaera elsdenii) (HUNGATE, 1966; MCCANN
et al., 2014).
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Despite the wide variety of cellulose-degrading bacteria, some species, such as
Fibrobacter succinogenes, Ruminococcus flavefaciens and R. albus, demonstrate a
superior ability to digest cellulose compared to other known cellulolytic species (ARCURI et
al., 2011). This is possibly due to the fact that these species have several genes that
encode specific enzymes for fiber degradation (MATTHEWS et al., 2019).

Most cellulolytic bacteria prefer a pH range close to 6. pH sensitivity is a general
feature of bacterial growth. When the rumen pH falls below this value, the activity of these
microorganisms is limited; even a slight reduction can inhibit the digestion of cellulose
(RUSSEL and WILSON, 1996). Some rumen bacteria, however, have developed resistance
and the ability to keep their intracellular pH low, as well as preserve a pH gradient across
the cell membrane, preventing the intracellular accumulation of anions.

In addition, cellulolytic activity can be inhibited by the presence of starch in the diet,
which favors the growth of amylolytic (gram-negative) bacteria and negatively affects fiber
digestion due to the competition between these groups (STEENBAKKERS et al., 2008).

Pectin, in turn, is fermented by both bacteria and protozoa (DEHORITY, 1969), and
the main bacteria involved in this process are Butyrivibrio fibrisolvens, Prevotella ruminicola,
bacteroides ruminicola and Lachnospira multiparus. These bacteria produce and release
pectinolytic enzymes into the rumen environment; pectin lyases are the primary enzymes
that hydrolyze pectin into oligogalacturonides (DUSKOVA; MAROUNEK, 2001).

Species belonging to the genus Bacteroides play an important role in the
degradation of non-structural carbohydrates, such as starch, in the rumen environment,
through the action of the enzyme amylase (KAMRA, 2005).

In the 1960s, the proteolytic characteristics of species such as B. amylophilus, B.
ruminicola, Butyrivibrio sp. and S. ruminantium had already been evidenced (ARCURI et al.,
2011). However, most rumen bacteria depend on carbohydrates as their main source of
energy, and some species cannot grow using amino acids as the only substrate. Many
produce small amounts of proteolytic enzymes, which contribute to the extensive proteolytic
activity in the rumen (NOCEK, 1988).

Rumen proteolytic bacteria are responsible for the degradation of proteins present in
the diet, allowing the synthesis of short-chain volatile fatty acids (VFAs), which are used as
a source of energy and ammonia by the animal (ARCURI et al., 2011).

The group of organisms capable of hydrolyzing lipids in the rumen is limited, due to
the low oxide-reduction potential of the rumen environment, characteristic of anaerobic
environments (DEHORITY, 2003). The bacterial species Anaerobivrio lipolytica is able to
hydrolyze lipids, while using ribose, fructose, glycerol, and lactate as energy sources. The
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other substrates are converted into acetate, propionate, and CO,, while glycerol is
transformed into propionate and succinate. All these processes result in the production of
H, (STEWART et al., 1997).

Adhered to the rumen wall is a group of bacteria composed of facultative anaerobic
bacteria, such as actobacillus sp., Streptococcus sp., which digest withered epithelial cells
and offer an important ureolytic activity. These microorganisms play an important role in
maintaining low oxygen levels in the rumen, even though they represent only 1% of the total
rumen microbiota (ARCURI et al., 2011).

Lactate is an intermediate product of rumen fermentation, in starchy diets, the
population of this type of bacteria capable of using lactic acid is increased (COUNOTTE et
al., 1981). Megasphaera elsdenii is the main species responsible for the metabolization of
lactic acid, playing an important role in the prevention of acidosis during the adaptation
period of diets rich in concentrate (COUNOTTE et al., 1981).

METHANE-PRODUCING BACTERIA (ARCHAEA)

Methane-producing bacteria in the rumen are an important group that regulate rumen
fermentation through efficient H2 removal. They belong to the domain Archaea and the
phylum Euryarchaeota (MORGAVI et al., 2010).

The removal of H2 through the reduction of CO2 to CH4 is important for the growth
of other rumen microorganisms and for the efficient fermentation of substrates
(YOKOYAMA; JOHNSON 1988). This group can act freely or associated with protozoa.

The production of methane as a final product of rumen fermentation is considered a
loss of energy by ruminants, representing about 2-12% of the ingested food energy
(MOHAMMED et al., 2004), in addition to contributing negatively to the greenhouse effect
(GARNSWORTHY et al., 2012). Therefore, ruminal methanogens have attracted a lot of
research attention in the last decade, with the aim of understanding their diversity,
community structure, relationship with other rumen microorganisms and with feed efficiency,
CH 4 emission in responses to dietary interventions.

The process of methanogenesis is necessary to maintain low concentrations of H+ in
the rumen environment, using CO2 as an electron acceptor (BODAS et al., 2012).

Although H+ is one of the main end products of the fermentation of bacteria,
protozoa, and fungi, it does not accumulate in the rumen because it is quickly used by
some microorganisms that are part of the ecosystem. In the rumen, there is an
interrelationship between H+ producing and using species that is called "H+ interspecies

transfer. The production of methane in the rumen environment is a clear example of this
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process, where there is an association between species that produce and use H+. Methane
is generated by methanogens that use carbon dioxide and hydrogen (VAN ZIJDERVELD et
al., 2011).

When H+ is not used by methanogens, NADH can be reoxidized by a
dehydrogenase to produce ethanol or lactate. This process occurs rapidly in animals fed
high amounts of fermentable sugars (MOSS et al 2000).

In addition to CO2 to produce CH4, these microorganisms can also degrade
substrates containing methyl (CH3-) or acetyl (CH30O" such as methanol and acetate that
act as electron receptors (LIU; WHITMAN 2008). In vivo studies have also shown that
inhibition of methanogens decreases the acetate:propionate ratio, reflecting changes in
fermentation to volatile fatty acids (VFA) (PATRA et al., 2012).

According to public databases, 90% of the identified ruminal methanogens belong to
known genera, with Methanobrevibacter being represented by 63.2% of the sequences
analyzed, followed by Methanomicrobium (7.7%), Methanosphaera (9.8%) and
Methanobacterium (1.2%). The order Thermoplasmatales, previously called Rumen Cluster
C (RCC), is represented by 7.4% of the total sequences analyzed (MATTHEWS et al.,
2019).

RUMEN PROTOZOA

Protozoa are unicellular organisms, eukaryotes, with a cuticle and complex internal
organization with a digestive tract containing the mouth, stomach, rectum, and anus. vary in
size from 20 to 200 um, being about 10 to 100 times larger than bacteria (DEHORITY,
2003) use bacteria as their source of amino acids and N (HUNGATE, 1966).

They have a macronucleus, micronucleus and contractile vacuoles. Contractile
vacuoles can act in the excretion of gases and liquid waste products (HUNGATE, 1966).
They reproduce by binary fission (WARNER, 1966). They were the first microorganisms
discovered in the rumen around 1843 (HUNGATE, 1966). There are about 104 to 106
protozoan cells per gram of rumen content (DEHORITY, 2003).

Most protozoa present in the rumen are ciliated, however, flagellates are also
present. Ciliates are divided into two groups (subclasses): Holotricha and Entodiniomorpha.

Entodinium is the most abundant genus in the rumen (IBRAHIM et al. 1970;
DEARTH et al. 1974). For evolutionary reasons, ciliates have become highly specialized for
the rumen ecosystem (DEHORITY, 2003), use carbohydrates (FINDLEY et al., 2011) and
consequently release H2, used by methanogenic microorganisms (SKILLMAN et al., 2006;
TYMENSEN et al., 2012).
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They use phagocytosis on bacteria as a way to control the number of bacteria in the
rumen (SERRANO et al., 2011). They have the ability to ingest and use starch, insoluble
protein and also ferment carbohydrates and as a final result acetate, formate, butyrate,
propionate, H2 and CO2 can be generated (ABRAR et al., 2016).

They are efficient in using high amounts of starch and at the same time are able to
use their bodies to store it (WILLIAMS; COLEMAN, 1985). The use of this mechanism to
engulf allows for the delay of fermentation by bacteria and the formation of acids that lower
the pH (MACKIE et al., 1978).

Protozoa play a fundamental role in animals fed low-protein diets or subjected to
short periods of restriction (YOKOYAMA; JOHNSON, 1988). They are capable of converting
bacterial proteins into protozoan proteins, when they cannot efficiently utilize NH3 as a

nitrogen source.

FUNGOS ANAEROBIOS RUMINAIS

In the rumen environment, anaerobic fungi are recognized as being the main players
in the degradation of plant biomass in the rumen (AKIN et al., 1988 ; LEE et al.; 2000). They
belong to the phylum Neocallimastigomycota, which currently comprises six genera:
Neocallimastix, Piromyces, Caecomyces, Orpinomyces, Anaeromyces different in
morphological characteristics: morphology of the thallus and hyphae (rhizoidal vs. bulbous)
and flagellation of the zoospore (monoflagellated vs. polyflagellate) and shape of the
zoospore (ovoid, piriform, spherical, ellipsoid) (HO; BARR, 1995; OZKOSE et al., 2001).

The presence of fungi in the rumen was questioned, due to the belief that fungi were
obligatory aerobes. However, Orpin (1977) evidenced that the cell wall of these organisms
contained chitin, confirming their correct classification in the fungi kingdom. Since then,
research has been developed to understand the mechanisms that allowed these fungi to
survive in anaerobic environments.

Regarding the adaptations present in this type of fungus, the absence of
mitochondria, cytochromes and other biochemical characteristics that are part of the
oxidative phosphorylation pathway is included (YARLETT et al., 1986 ; YOUSSEF et al,,
2013 ). However, these anaerobic fungi have specialized organelles, called
hydrogenosomes, that couple glucose metabolism to produce cellular energy in the
absence of oxygen.

There is evidence to support the function of fungi as primary colonizers and digesters
of fiber in the rumen. Zoospores develop into mycelia, which then envelop and break down

the plant structure. As a result of their activity and growth, they penetrate and disrupt plant
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a
tissue, which also increases the exposed area of the substrate, facilitating access to other
fiber-using microorganisms in the rumen, such as bacteria and protozoa (YOUSSEF et al.,
2013).

Anaerobic fungi are able to break down lignocellulosic material by expressing a
variety of fiber-metabolizing enzymes in addition to the invasive growth of their vegetative
mycelium. Free complexes and also multiple enzymes, such as cellulosomas, have been
identified in ruminal fungal species for which genome sequence is available (YOUSSEF et
al., 2013; GILMORE et al., 2015).

Rumen fungi have a close association with methanogens, a mutually beneficial
relationship in which the metabolic activity of the latter maintains H2 at low levels, which
favors the activity of hydrogenase in hydrogenosomes (BAUCHOP; MOUNTFORT, 1981)

NON-RUMEN ENVIRONMENT VIRUS

Despite being abundant in the rumen environment, viruses, especially
bacteriophages, have little information about their interaction with other microorganisms
present in the rumen. Pioneering studies on bacteriophages in the rumen have recognized
different morphological types in both cattle and sheep (KLIEVE; BAUCHOP, 1988)
belonging to three families of viruses, Podoviridae, Myorividae, Syphorividae (KLIEVE et al.,
1996).

Bacteriophages play an important role in limiting the number of bacteria in the
ecosystem, allowing the balance of rumen communities, through the natural selection of
phage-resistant bacteria (MILLER et al., 2012).

They are present in an approximate amount of 109 particles per mL (TARAKANOQV,
2006). They are facilitators of horizontal gene transfer (HGT) (RODRIGUEZ et al., 2009;
ROHWER; THUBER, 2009). HGT is defined as a common and widespread phenomenon in
microbial communities, contributing to the evolution of microorganisms in these places
(KOONIN; WOLF, 2008; AMINOV, 2011).

Techniques for enteric methane mitigation include bacteriophage therapy (PATRA,
2012), so that bacteriophages are able to reach and lyse unwanted bacterial species
(KLIEVE et al., 1999; BACH et al., 2002).

METAGENOMIC APPROACH IN THE RUMEN ENVIRONMENT
Since the development of the Hungate Technique, which allowed the cultivation of
strictly anaerobic rumen bacteria outside the rumen (HUNGATE, 1950), rumen microbiology

has experienced a significant advance. Although culture-based techniques have been
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successful in isolating several microorganisms, due to the enormous diversity of species
present in the rumen, these methods are not the most suitable for monitoring changes in
the structure of microbial communities. The number of species of microorganisms isolated
and characterized from the rumen is still considered low.

According to a study conducted by Han et al. (2015), who evaluated the diversity of
rumen bacteria in goats before and after weaning, analyzing the genomic DNA of the
microorganisms extracted from the rumen, it was observed that 72.14% of the identified
bacteria could not be cultured. These results highlight the large number of bacterial species
present in the rumen that have not yet been fully characterized.

However, with the expansion of molecular techniques, the use of high-performance
sequencing, and the emergence of the so-called Next-Generation Sequencing techniques,
as well as the development of bioinformatics tools, it has been possible to significantly
expand knowledge about microbial diversity in different ecosystems (MATTHEWS et al.,
2019).

Among the methods used to study microbial diversity, metagenomics stands out as
an effective alternative, allowing more comprehensive access to the diversity of
microorganisms present in the analyzed environment, enabling genomic studies of the
microbiota without the need to cultivate the microorganisms (TESSLER et al., 2017).

Metagenomics refers to the technique of sequencing the whole genomic material of a
sample. Crucially, by sequencing the genomes of all organisms present, rather than
focusing on a single marker gene, it is possible to gain insight into gene function, genome
structure and organization, as well as identify new genes and biocatalysts, and explore
evolutionary relationships within the community (ROUMPEKA et al., 2017).

There are two main methods for studying the microbiome using high-throughput
sequencing: marker gene sequencing and whole-genome metagenomics (WGS). In marker
gene studies, generic primers are designed to amplify, by PCR, specific genes, such as 16S
rRNA for bacteria and archaea, and 18S rRNA for fungi (ROUMPEKA et al., 2017).

The use of these techniques allows changes to be detected in individual species,
provided that the appropriate primer is used. Quantification of species is also possible.
However, only a small fraction of the rumen microbiota is represented by these enumerated
species. Consequently, changes in species that are not quantified may not be detected
(MIDDELBOS et al., 2007).

The main aspect that differentiates genomic sequencing from metagenomic
sequencing is the need to isolate microorganisms under laboratory conditions before
performing DNA sequencing in genomic sequencing. In contrast, metagenomics allows the
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analysis of DNA sequences collected directly from the environmental sample, providing
fundamental biological information for understanding the microbial community as a whole
(MATTHEWS et al., 2019).

Whole Genome Shotgun Sequencing (WGS) is a technique that involves the
complete fragmentation of DNA molecules collected directly from the environment into small
pieces, which are sequenced completely randomly. In this way, it is possible not only to
assess microbial diversity and the abundance of microorganisms in the respective
environments, but also to assemble complete genomes, predict genes, identify enzymes
and metabolic pathways, and quantify functional genomic elements (KUNIN et al., 2008;
HUWS et al., 2018).

After the metagenomic sequencing of the sample, it is necessary to analyze the
generated content, using bioinformatics tools, which help in the generation of large volumes
of data. As reported by Dudhagara et al. (2015), there are several options of offline tools
available that allow classifying metagenomic readings using a known dataset as a
reference, such as Metagenomics Rapid Annotation software package, Software Integrated
Microbial Genomes and Metagenomes, METAVIR, Metagenomics Reports, MyTaxa.

Integrated research using metagenomics, bioinformatics, nutrition, and statistical
inferences has provided a unique opportunity for ruminant nutritionists and rumen
microbiologists to work synergistically. This joint work aims to improve efficiency in the use
of nutrients, minimize waste production and reduce methane and ammonia emissions, thus
increasing the productivity of herds and reducing negative environmental impacts.

In a study conducted by Delgado et al. (2019), which evaluated the associations
between rumen microbiota and traits related to feed efficiency in Holstein cattle through
metagenomic sequencing, the results revealed that more efficient cows had a higher
relative abundance of Bacteroidetes and Prevotella, and a lower abundance of Firmicutes.
In addition, it was observed that methanobacteria and the genus Methanobrevibacter were
less abundant in animals with higher feed efficiency. The study also identified differences in
the composition of the microbiota of these animals, both at the taxonomic and genus levels.

The influence of the host on the rumen microbiome was highlighted in a study by
Weimer et al. (2010). They observed that even after the exchange of almost all of the
rumen content between cows, the bacterial composition was restored to the original
conditions, including rumen pH values and volatile fatty acid concentrations. In a similar
study conducted by Weimer et al. (2017) with low and high feed efficiency Holstein cows,

the ability of hosts to regenerate the original rumen microbiota was again evidenced.
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Wallace et al. (2015), when investigating the microbial differences that result in
bovine phenotypes with high and low methane emission, observed that the abundance of
the 16S rRNA gene, indicative of the predominantly Methanobrevibacter archaea, was 2.5
times higher in large methane emitters. On the other hand, bacteria of the
Succinivibrionaceae family, belonging to the phylum Proteobacteria, were four times less
abundant. Lower methane emissions were associated with a higher abundance of
Succinivibrionaceae, as well as changes in acetate and hydrogen production, which
resulted in lower methanogenesis.

In another study, Singh et al. (2014) evaluated the rumen microbiota of buffaloes as
a genetic resource for the extraction of microbial enzymes applicable to the production of
biofuels. They identified contigs that encode enzymes involved in the degradation of plant
biomass, such as glycoside hydrolases, carbohydrate binding modules,
glycosyltransferases, carbohydrate esterases, and polysaccharide lyases. These findings
demonstrate that the rumen microbiome of buffaloes is rich in functional genes related to
the degradation of polysaccharides, which suggests a great potential for the discovery of
new molecules applicable to the biofuel industry.

Although fungi are the most studied microorganisms in relation to the enzymes
responsible for the degradation of plant biomass, such as cellulases, xylanases,
mannanases, glucosidases and glucanases (WHITE et al., 2014), almost all commercially
available enzymes for the deconstruction of lignocellulosic material are derived from fungi.
This is due to the higher production of enzymes by fungi compared to bacteria, facilitating
their extraction and purification. Genera such as Trichoderma, Penicillium, Aspergillus,
Fusarium, and Humicola are frequently mentioned in the literature, with Trichoderma being
considered the most efficient in the production of cellulases and xylanases (LYND et al.,
2002). Penicillium and Trichoderma are widely applied in the commercial production of
lignocellulases (GUSAKOV, 2011).

Therefore, an in-depth understanding of the rumen ecosystem can only be achieved
if all aspects pertinent to this microbiome are taken into account. The integration of
genomic, metagenomic and nutritional resources will allow a more detailed interpretation of
the interactions between rumen microorganisms. Studies in this area can help in the
adoption of more efficient feeding strategies, resulting in higher animal productivity and

lower methane emissions, thus contributing to sustainability in production systems.
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FINAL CONSIDERATIONS

In view of the research mentioned above, it is concluded that metagenomics, by
allowing the study of microbial communities without the need for isolation and cultivation in
culture medium, provided a deeper understanding of the vast population of microorganisms
present in the rumen and their role in the organism of ruminants.

The detailed study of these microorganisms enabled significant advances in feed
conversion, reduction of methane emissions and the development of more effective
therapeutic and nutritional strategies for the herd. This is especially relevant considering
that many of these microorganisms were previously unknown or could not be grown in the

laboratory.
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