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ABSTRACT: Nowadays,

generated about the main ingredients used in cattle diets have

information and knowledge
enabled greater assertiveness in their formulation. Among the
ingredients, amino acids stand out as a promising tool, capable
of reducing total crude protein (CP) levels and adjusting optimal
metabolizable protein concentrations in diets. Nutritional
programs allow diets due to amino acid requirements,
providing the opportunity to increase the efficiency of the use
of dietary nitrogen, increasing the scarce protein concentrates,
maintaining or even boosting performance. This review aimed
to present the influences of methionine, in its formulation
protected from ruminal degradation, according to reproductive
parameters, immune response, and productive performance
in cattle. Reproduction-related benefits are linked to the early
days of embryonic implantation in the uterine environment,
which initially secretes through the histotroph produced
by endometrial glands, the nutrients needed to develop the
conceptus until implantation, and vascular communication
with the mother. Given the immune response, the main
results are related to the benefits of innate immunity, with
marked increase in phagocytic capacity of neutrophils and
monocytes, as well as an important antioxidant effect mediated
by methionine products, such as glutathione. When evaluating
the influences on productivity, the most evident correlation
is the increase in protein in the milk of cows supplemented
with methionine. Over the past decade, studies investigating
the potential benefits of this strategic supplementation in beef
cattle were intensified, expanding the opportunities for the
development of new experimental projects.
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RESUMO: Atualmente, as informagées e o conhecimento gerado
sobre os principais ingredientes utilizados em dietas para bovinos
possibilitaram maior assertividade em suas formulagoes. Dentre esses
ingredientes, os aminodcidos se destacam como uma ferramenta pro-
missora, capaz de levar 4 redugao nos niveis totais de proteina bruta
e ajustar as concentragoes ideais de proteina metabolizével nas dietas.
Programas nutricionais permitem formular dietas por exigéncias de
aminodcidos, oportunizando o aumento na eficiéncia de utilizagao
do nitrogénio dietético, reduzindo dispéndios com concentrados
ricos em proteina, com a manutengio, ou ainda, incremento de
desempenho. Esta revisio buscou apresentar as influéncias da metio-
nina, em sua formulagio protegida da degradacdo ruminal, frente a
parmetros reprodutivos, resposta imune e desempenho produtivo
em bovinos. Os beneficios relacionados & reprodugio se mostram
ligados aos primeiros dias de implantagio embriondria no ambiente
uterino, que inicialmente secreta, através do histotrofo produzido
por glandulas endometriais, os nutrientes necessdrios para o desen-
volvimento do concepto até a implantagdo e comunica¢io vascular
com a mée. Dada a resposta imune, os principais resultados estao
relacionados aos beneficios da imunidade inata, com aumento acen-
tuado da capacidade fagocitdria de neutréfilos e mondcitos, assim
como um importante efeito antioxidante mediado por produtos
origindrios da metionina, como a glutationa. Por fim, quando ava-
liadas as influéncias em produtividade, a correlagio mais evidente
¢ o incremento em proteina no leite de vacas suplementadas com
metionina. Na tltima década, os estudos que investigam os poten-
ciais beneficios dessa suplementagio estratégica em bovinos de corte
foram intensificados, abrindo um caminho de oportunidades para
o desenvolvimento de novos projetos experimentais.

PALAVRAS-CHAVE: aminodcidos; antioxidantes; histotrofo; proteina.
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Since the National Research Council (NRC) update in 2001,
and the development of the Cornell Net Carbohydrate and
Protein System (CNCPS), the methodologies for formulation
and adjustment of diets in cattle farming have been renewed
(NRGC, 2001). Over the past few decades, steady advances in
research in an area now called precision nutrition is enabling
the development of more detailed tools and technologies for
to distribute and balance nutrients essential for an efficient
diet. Among these nutrients, proteins are the most abundant
and versatile macromolecules in functionality in living things.
This protein versatility is directly related to the number, class,
and sequence of amino acids that make up their structural
units (GONZALEZ; SILVA, 2006).

Amino acids, which are considered the “building blocks”
for proteins, act as precursors of several functional biomol-
ecules, and are involved in metabolic processes, such as skel-
etal and muscular development, productive and reproductive
performance, and they also determine important regulatory
effects on immune responses (PAUL; DEY, 2015; STOVER
et al., 2017). All known proteins in the organism are made
up of twenty different types of amino acids, grouped through
peptide bonds and called protein amino acids. The body’s abil-
ity to synthesize these molecules gives it an important, com-
monly used, classification consisted of essential amino acids,
which are not synthesized and need to be incorporated into
the diet, and non-essential amino acids, made from available
substrates (JACKSON, 1983).

In cattle, ruminal protein components are rapidly degraded
by the rumen microbiota into peptides and amino acids, that
will be reused for microbial protein synthesis (REIS et al.,
2016). Rumen-synthesized microbial protein and rumen
non-degradable proteins associated with endogenous proteins
contribute to the metabolizable protein (MP) requirements
needed for maintenance, growth, reproduction, and produc-
tion of cattle (ZANG et al., 2017).

Currently, with the development of automated programs
that include amino acid requirements through the profile of
these nutrients in dairy cows, it is possible to formulate diets
seeking greater protein use efficiency, maximizing yield and
increasing milk components. On the other hand, only over
the last decade, research on the possible increments of this
strategic supplementation are being intensified in beef cattle.
WATERMAN et al. (2014) conducted a new evaluation of
NRC Beef Cattle 1996, addressing the concept of metabolizable
protein in a model of female cattle raised in extensive grazing
systems. The authors identified model inefficiencies that could
be adjusted to improve the accuracy of protein requirement
predictions in this category. This underlines the importance
of interpreting dietary nitrogen and specific limiting amino
acids with the impact of rumen microbiota and microbial
protein synthesis. Considering the nutritional requirement
for amino acids is a strategy that allows to reduce the diet’s
levels of crude protein (CP), increasing the effectiveness in

the relation between secreted nitrogen and consumed nitro-
gen, with a consequent decrease in ruminal loss of ammonia,
leading to cost reduction in the diet, and lower environmental
impacts generated by the herd (SCHWAB, 2010).

Research has shown the essentiality and limitation of
certain amino acids, such as methionine in cattle, and strate-
gies to increase the availability of these nutrients by protect-
ing rumen degradation are being used (WATERMAN et al.,
2012). Methionine is considered an aliphatic and sulfurized
essential amino acid, acting as a precursor to carnitine, creatine,
cysteine, homocysteine, and succinyl-CoA. In addition, it acts
on lipid metabolism and activation of antioxidant enzymes,
such as methionine sulfoxide reductase A, and biosynthesis
of glutathione, important molecules against oxidative stress.
Current studies show that methionine can regulate metabolic
processes, digestive functioning, uterine environment, and
the immune system of mammals (MARTINEZ et al., 2017).

Methionine-based supplements are available in differ-
ent formulations, but the use of protection-free amino acids
in ruminants becomes expensive and unjustified in the face
of interference from ruminal microorganisms. Despite that,
methionine forms protected from ruminal degradation,
formulated mainly with the use of physical coatings, with
pH-sensitive polymers and lipid compounds, or analogous
forms linked to hydroxyl or isopropanol groups, were effi-
cient to reduce the need for incrementing CP in the diet,
increasing nitrogen use efficiency in dairy cows (CHEN etal.,
2011). Methionine supplementation in a formulation that
prevents degradation by the rumen microbiota increases its
bioavailability (GRAULET et al., 2005), increasing the entry
of this amino acid into the one-carbon metabolic cycle, where
it can be converted into S-adenosyl-L-methionine (SAM-e),
the most relevant biological molecule in methyl group dona-
tion, and essential for the mechanism of DNA methylation
and gene expression regulation (MARTINOV et al., 2010).
The aim of this review is to address the main studies per-
formed today on cattle supplemented with methionine pro-
tected from ruminal degradation, focusing on the influences
provided on reproductive parameters, immune response, and
productive performance.

METHIONINE AND ITS
INFLUENCES ON REPRODUCTION

The period for ruminants to maternally recognize gestation is
a complex and crucial moment for embryonic development,
related to endocrine, autocrine, and paracrine mechanisms
(ANTONIAZZI et al., 2011; NISWENDER et al., 2000).
These early days of conception occur in the oviduct, with the
arrival of the embryo to the uterine horn, approximately five
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days after fertilization. Until the seventh day, the embryo
assumes the blastocyst stage through a stretching phase until
the twentieth day of gestation (BETTERIDGE et al., 1980).
In cattle, the period when the conceptus signals its presence
to the mother coincides with this embryonic elongation and
the time when the maximum production of interferon-tau
protein (IFNT) occurs (ROBERTS et al., 2008).

IFNT acts as paracrine signaling in the uterine environ-
ment, in conjunction with progesterone, and stimulating the
production of histotroph by the endometrium, which enables
and increases nutrition for the embryo (RIBEIRO et al.,
2016). The histotroph is composed of amino acids, proteins,
carbohydrates, lipids, and ions produced by the endometrial
glands, and plays an important role in meeting embryo nutri-
ent demand (SPENCER et al., 2004). Until the beginning
of implantation, which occurs as from the twentieth day, the
embryo remains floating in the intrauterine environment
and depends completely on the uterine secretions constituted
by the histotroph to reach its development, until the estab-
lishment of a vascular relation through maternal caruncles
(SPENCER et al., 2003).

Most amino acids physiologically have higher concen-
trations in the uterus and oviduct than at the plasma level
(HUGENTOBLER et al., 2007). During pregnancy, the
secretory endometrium has mechanisms that result in sig-
nificant increases in concentrations in the uterine lumen of
amino acids, considered the most limiting in dairy cows, such
as methionine, lysine, and histidine (GROEBNER et al.,
2011). The same authors argue that this increase in uterine
amino acid levels, coinciding with the embryonic elongation
period, can be explained by the increase in specific amino
acid transporters stimulated by IFN-Tau production, aimed
at increasing the supply of these nutrients while the concep-
tus lengthens. Thus, the understanding of how plasma and
uterine amino acid concentrations interfere with the different
stages of embryonic growth is being studied by researchers in
our research group and at United States universities.

Recently, our group investigated the effects of methionine
supplementation protected from rumen degradation in pre-
implantation embryos period, through a study conducted by
ACOSTA etal. (2016) at the Department of Animal Sciences
at the University of Illinois. Multiparous Holstein cows were
randomly divided into two treatments, between 31 and 72 days
postpartum, including a control group without supplementa-
tion, and a group supplemented with protected methionine.
After standard protocol of superovulation 60 days postpartum,
and embryo washing 6.5 days after artificial insemination, the
global methylation and lipid content of embryos were evalu-
ated. There were no differences in recovery rates, quality and
embryonic cells; however, embryos from methionine-supple-
mented cows had lower overall methylation levels and higher
lipid content. The results lead to the conclusion that methi-

onine supplementation impacts embryo preimplantation,

improving survival capacity, seen there is strong evidence
that endogenous lipid reserves serve as an energy substrate
for the conceptus (MARTINOV et al., 2010). According to
STURMEY et al. (2009), lipid reserves serve as a source of
energy for pre-implanted embryos and contribute to mem-
brane synthesis. Thus, a higher lipid accumulation in pre-
implanted embryos increases their survivability.

Embryonic quality was also evaluated by SOUZA et al.
(2012), who searched 570 embryos from methionine supple-
mented cows, and found no differences in fertilization rates
and qualitative parameters, confirming that, at least from a
morphological point of view, methionine supply did not alter
the early development of embryos.

Moreover, also at the University of Illinois, ACOSTA
etal. (2017) evaluated the effects of methionine supplemen-
tation protected from ruminal degradation on the steroido-
genic potential of the first postpartum dominant follicle in
multiparous Holstein cows. Supplementation did not influence
the days until first ovulation, the number of cows that ovu-
lated in the first follicular wave, and the plasma and follicular
concentrations of estradiol and progesterone. However, dif-
ferences were found with higher concentrations of methio-
nine in the follicular fluid of the first postpartum follicle, and
changes in mRNA expression in follicular cells of methionine-
supplemented cows.

The same set of animals was used to determine the effects
of methionine supplementation on vaginal discharge and
uterine cytology. Endometrial samples were collected using
cytological brushes and were fixed on slides for polymorpho-
nuclear cell (PMN) counting. After evaluating PMN con-
centrations, no differences were observed between treatments
(SKENANDORE et al., 2017).

In vitro studies evaluated whether methionine metabo-
lism was necessary for the development of bovine embryos.
Ethionine or methionine solutions were added to the embryo
cultures, with the hypothesis that ethionine would block methi-
onine metabolism in the one-carbon pathway. Results point
out that ethionine did not inhibit embryo development until
the morula stage but made it impossible to reach the blastocyst
stage. In contrast, developing to the blastocyst stage was par-
tially restored by the addition of SAM (IKEDA et al., 2012).
Methylation occurs by the covalent addition of a methyl
group (CH3) at position 5 of a cytosine pyrimidine ring to
5-methylcytosine (5mC); at 5SmC it is considered to be the
“fifth nucleotide”. DNA is methylated through the action of
DNA methyltransferases (DNMTs) and the universal donor
of the methyl group is SAM, the main enzyme responsible
for this supply of CH3 group when associated with DNA
(NICIURA; SARAIVA, 2014). DNA methylation through
DNMTs is an essential pathway for epigenetic regulation of
gene expression. Therefore, the pre-implantation development
of embryos in mammals is a critical period for establishing
the epigenome, being susceptible to epigenetic effects, proving
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that disruption in homeostasis in methionine metabolism can
promote epigenetic disorders with consequences in embry-
onic development (JAENISCH; BIRD, 2003; STEELE et al.,
2005; WRENZYCKI et al., 2005). Thereby, methionine shows
a fundamental function in embryo advancement in cattle from
the early stages from morula to blastocyst.

In addition, authors such as PENAGARICANO et al.
(2013) investigated the genomic influences of methionine
supplementation with the recovery of high-quality embryos
from cows supplemented, or not, with protected methionine,
proving the ability of modulation in the expression of genes
related to embryonic development. A total of 276 genes were
expressed with significant difference in supplemented cow
embryos, with marked silencing in the vast majority of genes,
explained by the author as an expected response, given the
direct correlation between increased methionine concentra-
tions and increased methylation of the DNA.

Few recent studies discuss the effects of protected methi-
onine supplementation on the reproductive performance in
beef cattle. Our research group designed an experiment to
determine the impacts of a protected methionine-enriched
mineral supplement on follicular dynamics and reproductive
rates in 100 Nulliparous Brangus beef heifers (5/8 Angus x 3/8
Brahman) submitted to TAI protocol. After 45 days of supple-
mentation, the animals were synchronized in a standard TAI
protocol and the dominant follicle diameters were evaluated
between the eighth and tenth day of protocol, with 24-hour
intervals. The group of heifers receiving methionine tended to
have a greater follicular diameter in millimeters compared to
the control group (11.76 £2.07 vs. 10.86 £ 2.75). However,
there was no difference in the conception rate at 30 and 60
days after the TAI (DOMINGUEZ et al., 2017).

Other authors also demonstrated effects of protected
methionine on cross-bred heifers (Bos taurus x Bos indicus)
supplemented for 45 days with a mixture of molasses and
urea enriched with methionine. Serial ovarian ultrasound
measurements were performed to determine follicular growth
dynamics, finding a higher percentage of ovarian follicles
with a diameter greater than 9 mm in the treatment group
(26.7%), compared to the control group (6.4%) during the
supplementation period. When the supplementation period
was over, the percentage of females with follicles larger than
9 mm was 60% in heifers supplemented with methionine,
and 18.8% in heifers not receiving supplementation. In addi-
tion, the percentage of ovulation after estrus synchronization
period ranged from 86.7% in the supplemented group to
62.5% in the control group, proving that the added methio-
nine supplement favored the establishment of ovarian activity
and follicular dynamics (ALONSO et al., 2008).

In conclusion, the benefits of protected methionine sup-
plementation in reproductive parameters, especially related to
the embryonic pre-implantation period can be highlighted
when the absence of vascular communication with the mother

makes the concept totally dependent on intrauterine fluids
for development. Besides that, when observing the results of
increased ovarian activity, both follicular growth and domi-
nant follicle size, the strategy of supplementing certain cat-
egories becomes viable.

Therefore, a promising path in research related to repro-
ductive performance has been pointed out. Following studies
directed to the dairy sector, our research group is currently
developing projects aimed at clarifying the effectiveness of
methionine in beef cattle, including the evaluation of differ-
ent animal categories and their potential benefits.

METHIONINE AND ITS INFLUENCES
ON IMMUNE RESPONSE

A deficiency of proteins or amino acids in the diet compromises
the proper functioning of the immune system and increases
the susceptibility of infectious diseases in animals and humans
(CALDER; YAQOOB, 2003). In recent years, cellular and
molecular mechanisms involving these processes began to be
clarified, and indicate an important role for amino acids in
the immune response, regulating leukocyte activation, anti-
oxidant molecules, gene expression, and cytokine and anti-
body production (LI et al., 2007).

Dietary specific amino acid supplementation is responsi-
ble for reducing morbidity and mortality in infectious condi-
tions. The development of nutritional immunology emerged
from cases of malnutrition and infection, which are the fac-
tors that most compromise the vital system of both humans
and animals. Such concept of nutritional immunology brings
together methodologies of nutritional and immunologi-
cal research to clarify the function of nutrients in the body
(CALDER; YAQOORB, 2003).

The immune system is conceptually divided into physi-
cal defenses, exemplified by natural barriers, such as skin,
innate immunity composed of complement system, granu-
locytes, macrophages, dendritic cells and natural killers, and
specific immunity composed of T and B lymphocytes, as well
as immunoglobulins (TIZARD, 2014). Both innate and spe-
cific systems are subject to a certain amount of amino acids
for protein and polypeptide synthesis. In this sense, studies
were conducted to search for amino acids, capable of assist-
ing the immune system, because they have important func-
tions in leukocyte activation and proliferation, oxidative stress
reduction, gene expression, and production of cytokines and
immunoglobulins (LI et al., 2007).

The evaluation of the innate immunity benefits provided by
two different sources of protected methionine was performed
in 56 multiparous Holstein dairy cows supplemented during
the transition period. By isolating PMN leukocytes from the
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blood, the authors determined phagocytic capacity after a
challenge with Escherichia coli and demonstrated increased
phagocytic power of neutrophils at 21 days postpartum in
supplemented cows (OSORIO et al., 2013). The same group
of researchers evaluated blood and liver biomarkers linked to
liver function, inflammation and oxidative stress in 37 mul-
tiparous Holstein cows supplemented with two sources of
protected methionine in the transition period. The results
indicated a decrease in positive acute phase proteins, such as
ceruloplasmin and serum amyloid A, increase in proinflam-
matory cytokines, such as interleukin-6 (IL-6), increased
capacity of free radicals plasma absorption, and increase in
products derived from methionine, such as hepatic glutathi-
one and carnitine, contributing to a potent antioxidant effect
in animals belonging to the methionine supplemented groups
(OSORIO et al., 2014).

Similar results were recently found by BATISTEL et al.
(2018) by supplementing 60 multiparous Holstein cows with
methionine protected through ethyl cellulose nuclei, dur-
ing the peripartum period. an increase in liver functionality
were observed at higher concentrations in the supplemented
group in plasma cholesterol, albumin, paraoxanase, and IL-6
levels. In addition to the reduction in positive acute phase
proteins, such as haptoglobin, a higher phagocytic capacity
of neutrophils and oxidative burst was observed, compared
to the control group. The anti-oxidation potential was dem-
onstrated by the ferric reduction power and correlated to the
circulating increases in the levels of B-carotene, tocopherol,
total, and reduced glutathione.

Improvement in immunometabolic status of methio-
nine-supplemented dairy cows protected from ruminal deg-
radation was observed by ZHOU et al. (2016a), in a study
of 48 multiparous Holstein cows. Neutrophil and monocyte
phagocytic capacity analyzes were performed, jointly with the
oxidative burst measurement provided in phagocytosis situa-
tions. Increased phagocytic potential and oxidative burst were
observed in cows supplemented with methionine. This same
group had higher concentrations of plasma cholesterol and
paraoxanase, indicating better liver function. There was also
an increase in albumin and IL-6, associated to a decrease in
haptoglobin and interleukin-1f (IL-1pB), a situation that would
lead to a lower proinflammatory state.

In a recent study, 33 multiparous Holstein cows were used
to determine the effects on whole blood immune response of
animals supplemented with methionine protected from rumi-
nal degradation. An ex vivo lipopolysaccharide (LPS) chal-
lenge was performed from whole blood samples to determine
IL-6 and IL-1P levels, and to measure phagocytosis capacity
in neutrophils and monocytes. Corroborating another study
(ZHOU et al., 2016a), supplemented cows had higher post-
partum phagocytic effectiveness and increased concentrations
of pre-partum IL-6 and IL-1B (VAILATI-RIBONI et al.,

2017). In contrast, PMN leukocyte isolation in neonatal calves

was performed by ABDELMEGEID et al. (2017) to evalu-
ate the effect of methionine supplementation on methionine
cycle-related gene expression and innate immune response.
The results showed that methionine supplementation caused
a reduction in interleukin-10 (IL-10), IL-6 gene expression
in Toll-Like pattern recognition receptors (TLR-4), and tran-
scriptional pathways (NFxf), indicating that the treatment
attenuated the inflammatory activation of PMN cells.

In our research group, JACOMETO etal. (2016), together
with the Mammalian NutriPhysioGenomics research labora-
tory at the University of Illinois, performed a study on the
effects of maternal methionine supplementation protected from
ruminal degradation on blood and liver biomarkers, related
to energy metabolism, inflammation, and oxidative stress in
Holstein neonatal calves. In all of them, 23 blood biomarkers
and 24 genes were evaluated by liver transcriptome. The ani-
mals from mothers supplemented with methionine during
the pre-delivery period had lower concentrations of reactive
oxygen species (ROS) and ceruloplasmin, indicating higher
antioxidant capacity and stress reduction.

Thus, the synthesis of the results obtained in the last
decades of research on the immunonutriconal power of
methionine, in its protected form from ruminal degradation
in cattle, leads to the conclusion that a large part of the ben-
efits come from the effect on liver function protection and
increase. The marked increase in concentrations of key com-
ponents in the removal of free radicals with potent antioxidant
effects, such as glutathione, show the ability of this strategy
to reduce oxidative stress.

Moreover, innate immunity is the target of recent stud-
ies, with a marked increase in neutrophil phagocytic capacity,
associated with an increase in ROS, thus proving a favored
anabolic activity of leukocytes. Yet, when associated to regula-
tory effects in relation to inflammatory processes, this dietary
strategy is perceived as a tool for immunomodulation, with
some contradiction in certain studies that observe an increase
in proinflammatory components against other results that
indicate marked reduction in inflammation, proven with the
measurement of acute phase proteins and important interleu-
kins in these processes.

METHIONINE AND ITS INFLUENCES
ON PRODUCTIVE PERFORMANCE

When researching the influences of protected methionine
supplementation on cattle performance, we observed that
the studies are directed to the dairy sector, showing a lack of
results in beef cattle. Our research group is recently devel-
oping studies that seek to clarify the possible benefits of
this amino acid in beef cattle, pointing promising results
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in certain categories. We evaluated the effects of protected
methionine supplementation on weight gain in beef heifers
submitted to a fixed-time artificial insemination (TAI) proto-
col. The experiment was conducted in an experimental farm
located in the Midwest region of Rio Grande do Sul State,
Brazil, using 100 Brangus (5/8 Angus vs. 3/8 Brahman) heif-
ers, aged from 18 to 24 months. The animals were divided
into two homogeneous groups, where the control group was
kept in native pasture with access to mineral supplementa-
tion and the methionine group, kept under the same con-
ditions, with methionine added to the mineral supplement.
Supplementation for both groups began 45 days before the
TAI protocol, and consumption was monitored every 15 days
until the end of the experimental period. The methionine
group obtained a higher weight, compared to the control
group (398.57 £ 28.47 vs. 389.27 * 21.44. In the weigh-
ing performed at irregular intervals, an interaction between
time and treatment was observed at 60 and 100 days after
the beginning of supplementation (DOMINGUEZ et al,,
2017), whereas when evaluating the effects of supplementa-
tion of a hydroxy methionine analogue on weight gain, body
condition score and milk yield in beef cows CLEMENTS
etal. (2017) presented no differences between supplemented
animals and the control group. Similar results were observed
by WATERMAN et al. (2012) when investigating the effects
of protected methionine on plasma amino acid concentra-
tions in beef heifers at the end of pregnancy; no differences
in weight gain and body condition score were observed in
the supplemented group, nor were birth weights similar of
calves between treatments.

Several studies evaluated the effects of using protected
methionine on the productive performance of dairy cows.
A meta-analysis including 35 experiments showed a signifi-
cant increase in milk protein amounts in cows daily supple-
mented with 25 g of methionine daily (VYAS; ERDMAN,
2009). When investigating the productive performance,
OSORIO etal. (2013) observed that multiparous dairy cows,
supplemented with methionine, produced 3.4 kg more milk
per day, with a higher percentage of protein (0.18%) and
0.18 kg more fat in milk per day, and also with the highest
energy corrected milk production, corresponding to 3.9 kg
per day. Recently, the productive performance of 81 Holstein
cows supplemented with methionine protected from rumi-
nal degradation was evaluated during the transition period,
proving that supplemented cows had higher dairy production
in kilograms per day (44.30 vs. 40.30), and higher percent-
age of milk protein (3.32 vs. 3.14) (ZHOU et al., 2016Db).
Using another source of methionine protected by ethyl cellu-
lose, the same research group developed a study with 60 mul-
tiparous Holstein cows, finding a higher intake of dry matter
in supplemented animals throughout the transition period,
with a consequent increase in milk yield, fat yield, and milk
protein (BATISTEL et al., 2017).

Increasing advances in diet formulations by adding the
minimum amino acid requirements, coupled with recent
research in the field, led to a significant increase in demand for
methionine supplements protected from ruminal degradation
by dairy properties. Such fact boosted the industrial sector, and
the emergence of new products available in the market led to
the elaboration of research to verify the comparative effects
between three different sources of methionine protected from
ruminal degradation on milk production in dairy cows. In total,
12 multiparous Holstein cows were used in a 4 x 4 Latin square
and supplemented for a period of 21 days. Treatments included
a control diet based on corn silage and alfalfa pasture, and the
other groups incremented with one of the three main sources
of methionine available on the market. Among results, the
treatments had no effect on milk yield, milk fat, or lactose con-
centrations. However, the protein content in milk was high in
only one of the evaluated products (ZANG et al., 2017), high-
lighting the importance of the methionine source to be used.

In this sense, when the influences of the use of protected
methionine in relation to productivity were evaluated, the
most evident correlation is the increase in protein in milk.
Thus, market strategies that allow producers to increase their
total composition of solid can accelerate and make these sup-
plementation tools possible. Additionally, some results point
out the potentials regarding the increase in milk production
and yield, as well as the percentage of milk fat. However, even
less results proved than the direct correlation between the
increase in limiting methionine and the direct synthesis of
casein by the mammary gland.

From the productive point of view, regarding weight gain,
contradictions in recent literature can still be found, with var-
ied results closely related to the type of animal category stud-
ied and total diet composition. In beef cattle kept in pasture,
another factor that provides direct influences is the quality
and profile of amino acids present in these forages.

Therefore, whereas we found significant differences in
weight gain in supplemented nulliparous heifers, in exper-
iments conducted by our research group, other groups of
researchers differ present results that differ from these results,
by eliminating the association between increased methionine
in the face of increased feed conversion and weight gain in
multiparous cows. These contradictions led us to broaden our
lines of research, and field experiments are currently being
conducted to elucidate the real possibilities for performance
improvement through a range of methodologies, including
zootechnical and molecular evaluations.

CONCLUSION

The present review indicates the potential benefits of stra-
tegic methionine supplementation protected from ruminal
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degradation in cattle, and their influence on aspects related
to reproductive efficiency, immune response, and produc-
tive performance. The increased nutrient supply during the
embryonic implantation period, besides an increase in ovarian
activity, stands out among the main advantages in response
to reproduction. In view of the immune response, the most
evident results are related to the benefits of innate immunity,
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