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Humoral immune response in beef heifers supplemented with
mineral salt with or without the addition of rumen-protected
methionine

Resposta imune humoral em novilhas de corte suplementadas
com sal mineral com ou sem adicao de metionina protegida da
degradacao ruminal

Matheus Gomes Lopes'*; José Henrique Echenique Dominguez'; Cristina Mendes

Peter'; Ederson Santos?; Paula Almeida Rodrigues?; Paulo Ricardo Centeno
Rodrigues?®; Tony Picoli*; Marcio Nunes Corréa’; Eduardo Schmitt®; Marcelo de
Lima’; Geferson Fischer®

Abstract

The aim of this study was to evaluate the humoral immune response in beef heifers supplemented
with mineral supplementation with or without the addition of rumen-protected methionine. Forty-eight
Brangus nulliparous heifers were distributed into four experimental groups with three replications
each: control group without supplementation and without vaccination (CGO1), control group without
supplementation and with vaccination (CGO02), treatment group with mineral supplementation
and vaccination (TGO1), and treatment group with mineral supplementation added with protected
methionine and vaccination (TG02). The animals were maintained under native pasture with access
to water ad libitum and the supplementation was available in high-consumption covered troughs. A
supplementation period of 60 days prior to vaccinations was adopted until the first dose of a monovalent
experimental vaccine inactivated for BoHV-5 was applied as a method of stimulating the immune
response to evaluate the supplementation effects. After a 21-day interval, blood samples were collected
to evaluate the humoral response and the second vaccine booster dose was applied following the 21-day
interval for new blood samples in order to evaluate the immune response against the two-vaccination
protocol. From the beginning of the experiment, the animals were weighed on the days —60, —10, 0,
21, and 42 in relation to the vaccine protocol. The experimental groups did not differ for body weight,
mean daily weight gain, and body condition score after 102 days of supplementation regardless of
the treatment. No animals belonging to CG01 seroconverted throughout the experiment, proving that
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there was no introduction of the agent (BoHV) in the studied area. When vaccinated animals were
compared to the CGO1 control group, statistically higher levels of neutralizing antibodies (P < 0.0001)
and IgG (P < 0.0001) were verified 21 days after the second vaccine dose. Among the animals of the
three vaccinated groups, there was no difference in seroconversion and IgG production. Therefore,
no benefits of mineral supplementation or enriched with protected methionine were observed for the
humoral immune response of the studied animals.

Key words: Amino acids. Pampa biome. Immunity. Mineralization.

Resumo

O objetivo deste estudo foi avaliar a resposta imune humoral em novilhas de corte suplementadas
com suplemento mineral com ou sem adigdo de metionina protegida da degradag@o ruminal. Quarenta
e oito novilhas nuliparas da ragca Brangus, foram distribuidas em quatro grupos experimentais com
trés repeticdes cada: Grupo Controle sem suplementa¢do ¢ ausente de vacinagdo (GCO1), Grupo
Controle sem suplementacdo e com vacinagdo (GC02), Grupo Tratamento com suplementagdo mineral
e com vacinagdo (GTO01) e Grupo Tratamento com suplementacdo mineral adicionada de metionina
protegida ¢ com vacinagdo (GT02). Os animais foram mantidos em pastagem nativa com acesso a
agua ad libitum e a suplementacdo disponibilizada em cochos cobertos de alto consumo. Um periodo
de suplementagdo prévio as vacinagdes de 60 dias foi adotado até a aplicagdo da primeira dose de
uma vacina experimental monovalente inativada para BoHV-5, como método de estimulo da resposta
imune para avaliar os efeitos da suplementagdo. Apds 21 dias de intervalo, foram realizadas coletas de
sangue para avaliacdo da resposta humoral e aplicada a segunda dose de reforgo vacinal, seguindo o
intervalo de 21 dias para novas coletas de sangue a fim de avaliar a resposta imune frente ao protocolo
de duas vacinagdes. A partir do inicio do experimento, os animais foram pesados nos dias -60, -10, 0,
21 ¢ 42 em relagdo ao protocolo vacinal. Os grupos experimentais, independente do tratamento, ndo
diferiram quanto ao peso corporal, GMD e ECC apds os 102 dias de suplementagdo. Nenhum animal
pertencente ao GCO1 soroconverteu ao longo do experimento, comprovando que ndo houve introdugédo
do agente (BoHV) na area estudada. Quando os animais vacinados foram comparados ao grupo controle
GCO1, niveis estatisticamente superiores de anticorpos neutralizantes (P <0,0001) e de IgG (P <0,0001)
foram observados 21 dias apds a segunda dose vacinal. Entre os animais dos trés grupos vacinados, ndo
houve diferenga na soroconversio e na producéo de IgG. Desta forma, pode-se concluir que ndo houve
beneficios da suplementa¢do mineral ou enriquecida com metionina protegida para a resposta imune
humoral dos animais avaliados.

Palavras-chave: Aminoacidos. Bioma pampa. Imunidade. Mineralizagéo.

Introduction

Strategic supplementation in beef cattle systems
has been gaining special prominence in the current
national livestock scenario. As the intensification of
local agriculture restricts pasture areas available for
extensive breeding, measures that enhance forage
use are important. Considering that these pastures
do not have, in general, all the essential nutritional
components in an adequate quantity and quality,
mineral supplementation is an important factor for
beef cattle and necessary for different metabolic and
biochemical processes, including the improvement

of the immune response to challenges (MANDAL
etal., 2007; HALL et al., 2011).

Another trend in the current market for
supplementation is the rumen-protected amino
acids (WEISS, 2019). With the improvement in
the formulation of ruminant diets, the concept
of metabolizable protein was consolidated as
an important basis in the evaluations. Due to
the essentiality of certain amino acids such as
methionine for this species associated with its
limitation in forages with low protein levels,

strategies that increase its availability by protecting
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against ruminal degradation shows promising
results (WATERMAN et al., 2012).

Nutritional balance is an important modulator
of immune function. Diets influence immunity by
means of substrates necessary for defense cells,
besides direct regulatory effects on them. Important
mineral and protein substrates, such as amino acids,
are required for the anabolic activity of leukocytes,
such as leukocyte proliferation and antibody
production (PAUL; DEY, 2015). Studies carried
out by Osorio et al. (2013) showed that dairy cows
supplemented with rumen-protected methionine
presented increases related to the productive
performance and increased phagocytic capacity
of polymorphonuclear cells. When the benefits of
these nutrients are investigated through dietary
supplementation in beef cattle, few studies have
addressed this possible correlation (CLEMENTS
et al., 2017). Also in dairy farming, recent studies
have been focusing on increasing innate immune
response (ZHOU et al., 2018), but little is elucidated
on the effects of these strategies against the humoral
immune response.

Confirming the importance of minerals and
amino acids in the physiological processes of the
immune response and development of ruminants,
studies that demonstrate these relationships in beef
cattle still need to be developed. Therefore, this
study aimed to evaluate the effects of a mineral
supplement with or without the addition of rumen-
protected methionine on the humoral immune
response in beef heifers.

Material and Methods
Experimental station

The experiment was conducted at an experimental
station located in the central-western region of Rio
Grande do Sul (30°14'S, 54°36'W) and approved
by the Ethics Committee on Animal Use of the
Federal University of Pelotas, RS, Brazil, under
the registration number 4514-2017. Through the

certification of the international organization Alianza
del Pastizal® (BirdLife International, Cambridge,
UK), the experimental station is part of the South
American natural pasture conservation initiative,
in which the native forage species prevalent in
the area included Andropogon lateralis, Aristida
laevis, Axonopus affinis, Paspalum plicatulum, and
Paspalum notatum.

Selection of animals

A total of 48 Brangus heifers (5/8 Angus x 3/8
Brahman), nulliparous, 14.00£2.00 months old,
weight of 268.18+24.45 kg, and body condition
score (BCS) of 2.85+0.27 were used. The animals
were selected according to breed, age, body weight,
BCS, seronegative against bovine herpesvirus
(BoHV) by means
technique, and free from persistent infection by the

of the seroneutralization

bovine viral diarrhea virus (BVDV) by means of the
direct ELISA (Idexx BVDV Ag/Serum Plus, Idexx
Laboratories, Westbrook, USA). Previously, all the
animals were submitted to preventive management
parasitoses, with the
application (SC) of 1% moxidectin (Cydectin®,

against subcutaneous
Zoetis, Parsippany-Troy Hills, USA) at a dose of
0.20 mg kg™'. Heifers remained triply identified by
numbered earrings with specific coloration for each
experimental group, individual digital identification
chips, and ear tattooing.

Experimental design

An experimental area of 24 ha was subdivided
into twelve paddocks of 2 ha, allowing the
distribution of heifers randomly into four treatments
with three replications each, with an animal
load of 1.2 AU ha'!, where one animal unit (AU)
corresponds to 450 kg (SANTOS et al., 2009). Four
animals were included per replication, totaling
twelve animals per experimental group, according
to the following distribution: control group without
supplementation and absence of vaccination
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(CGO1), control group without supplementation
and with vaccination (CGO02), treatment group
with mineral supplementation (Brasdo Pampiano®,
Brasdo do Pampa, Sao Gabriel, Brazil) and
vaccination (TGOl), and treatment group with
mineral supplementation (Brasdo Pampiano®,
Brasdo do Pampa, Sao Gabriel, Brazil) added with
protected methionine (Smartamine® M, Adisseo,

Antony, France) and with vaccination (TG02).

The animals were maintained under native pasture
with access to water ad libitum and supplementation
available in high-consumption covered troughs with
0.50 m per animal, according to the experimental
group. As recommended by the manufacturers,
supplement formulations were adjusted for a mean
daily intake of 100 g per animal per day. At fifteen-
day intervals, troughs were emptied for determining
the dry matter (DM) and mean daily intake (MDI).
The composition and ingredients of the diets are
shown in Table 1.

Table 1. Minerals and ingredients of diets in the different experimental groups.

Ingredient CGO1 CGO02 TGOl TGO02
Native pasture Ad libitum Ad libitum Ad libitum Ad libitum
Calcium - - 150 g/kg 150 g/kg
Phosphorus - - 55 g/kg 55 g/kg
Sodium - - 50 g/kg 50 g/kg
Sulfur - - 10.5 g/kg 10.5 g/kg
Zinc - - 2100 mg/kg 2100 mg/kg
Manganese - - 525 mg/kg 525 mg/kg
Copper - - 420 mg/kg 420 mg/kg
Iodine - - 31.5 mg/kg 31.5 mg/kg
Cobalt - - 15.8 mg/kg 15.8 mg/kg
Selenium - - 10.5 mg/kg 10.5 mg/kg
Lasalocid sodium - - 1800 mg/kg 1800 mg/kg
Methionine - - - 40 g/kg

A supplementation period of 60 days prior to
vaccinations was adopted in the treatment groups
until the vaccine protocol with the first dose of a
monovalent vaccine inactivated for BoHV-5 was
applied as a method of stimulating the immune
response to evaluate the effects of supplementation.
After a 21-day interval, blood samples were
collected to obtain blood serum and evaluation
of the humoral response generated from the first
vaccination. At this time, the second booster dose
was applied with the same monovalent vaccine for
BoHV-5, following the 21-day interval for new
blood collection to evaluate the immune response to
BoHV-5 with two doses. The collections of material

for bromatological analyses were performed by a
single observer on the days —60 (D—60), 0 (DO0),
and 42 (D42) of the experimental period. The
recommended technique was the total availability,
as proposed by McMeniman (1997), and the results
are shown in Table 2.

Body weight, mean daily weight gain (MDG), and
body condition score (BCS)

From the beginning of the experiment, the
animals were weighed on the days —60 (D—60),
—10 (D-10), 0 (D0), 21 (D21), and 42 (D42) in a
digital weighing system (XR3000®, Tru-Test, Porto
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Alegre, Brazil), with fasting of solids and liquid
of at least 12 hours. At the time of leaving the
restraining chute, heifers were evaluated for body
condition score (BCS) according to the adaptation
of the methodology proposed by Lowman et al.

(1973), considering the suggested condition score
on a scale from 1 (very thin) to 5 (very fat). The
mean daily weight gain (MDG) was obtained by the
difference in weight of animals between weighings,
divided by the number of days in the period.

Table 2. Values of crude ash (CA), ethereal extract (EE), crude protein (CP), neutral detergent fiber (NDF), and acid
detergent fiber (FDA) as percentage of dry matter (DM) at the three moments of pasture collection on the days —60,

0, and 42 in relation to the vaccine protocol.

Days
Nutritional composition (% DM) D—-60 DO D42
Dry matter (DM) 99.77 99.73 99.72
Crude ash 8.64 7.64 6.90
Ethereal extract 2.95 2.70 2.80
Crude protein 7.41 8.15 6.34
Neutral detergent fiber 72.13 67.96 74.05
Acid detergent fiber 64.60 39.99 43.91

Sample collection and processing

During the experimental period, on the days 0
(DO, first vaccination), 21 (D21, second vaccination),
and 42 (D42), blood samples were collected from all
animals by puncture of the coccygeal arteriovenous
complex through a vacutainer system with 25 x 0.80
mm needles and tubes containing clot activator.
After collection, the samples were centrifuged at
400 x g for 15 minutes and the serum was packed
into 1.5 mL microtubes previously identified. Serum
samples were placed in a water bath (56 °C) for 30
minutes for inactivation of the complement system
and stored frozen at —20 °C for further titration of
neutralizing antibodies against BoHV-5 by means of
the seroneutralization technique and determination
of immunoglobulin (IgG) production against the
glycoprotein D of bovine herpesvirus 5 (BoHV-5
gD) envelope using the indirect ELISA technique
(ARAUIJO et al., 2018).

Cells and viruses

CellsoftheMadin Darby Bovine Kidney (MDBK)
strain were used for producing the vaccine antigen

and in seroneutralization. Cells were maintained
in Eagle’s minimal essential medium (E-MEM
Gibco®, Thermo Fisher Scientific, Waltham, USA),
supplemented with 10% fetal bovine serum (FBS
Gibco®, Thermo Fisher Scientific, Waltham, USA),
200 L.U. mL™" streptomycin sulfate (Estreptomax®,
Ouro Fino Saude Animal, Cravinhos, Brazil) and
penicillin (Cristalpen®, Biolab Farmacéutica, Sao
Paulo, Brazil), 5 ug mL™! enrofloxacin (Baytril®,
Bayer Animal Health, Leverkusen, Germany), and
2.50 pg mL™' amphotericin B (Unianf®, Uniao
Quimica, Sdo Paulo, Brazil).

Vaccines and inoculations

The RP strain of bovine herpesvirus type 5
(BoHV-5) was isolated from a meningoencephalitis
outbreak in Rio Grande do Sul, Brazil, and
previously characterized (SIEDLER et al., 2012).
The virus was used as a vaccine antigen and in
the seroneutralization test. An aliquot of the virus,
with a titer of 107 TCID in 25 pL, was inactivated
with 1% 2-bromoethyl ammonium bromide
(C,H.Br,N, Merck, Darmstadt, Germany) at 0.02 M
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concentration and pH 7.50 for 12 h in a constant
stirring at 4 °C. The vaccine was synthesized by
means of the emulsion between the viral suspension
and oily adjuvant (Montanide® ISA 50 V2, SEPPIC,
Paris, France) in a 1:1 ratio. On the days 0 (D0) and
21 (D21), animals from the control group CGO1
were inoculated intramuscularly (IM) with 3 mL of
0.9% physiological solution to simulate the same
management stress. Animals from the control group
CGO02 and from treatment groups TGO1 and TGO02
were IM inoculated with 3 mL of the experimental
vaccine.

Seroneutralization

The titration of the serological Ilevels of
neutralizingantibodies conferred by the experimental
vaccine was performed using the seroneutralization
technique from serum samples. The samples were
serially diluted in the 1:2 to 1:256 dilutions and
distributed in a volume of 25 pL in quadruplicate in
96-well microplates (Kasvi, Sdo José dos Pinhais,
Brazil) for subsequent addition of a suspension
containing 100 TCID,, BoHV-5. After an hour of
incubation at 37 °C in a 5% CO, environment, 3 x
10* cells of the MDBK strain were added and the
microplates incubated under the same conditions
until the time of the 100 TCID,, expression. The
neutralizing antibody titer was calculated by the
Behrends and Kérber method (MAYR et al., 1982).

Indirect Elisa

Detection of immunoglobulin (IgG) production
against the glycoprotein D of bovine herpesvirus
type 5 (BoHV-5 gD) envelope was performed by
an indirect immunoenzymatic assay (ELISA).
Polyvinyl chloride (PVC) flexible plates (Costar®,
Corning Inc., Corning, USA) with 96 wells were
sensitized for 1.5 h at 37 °C with 50 ng BoHV-
5 gD per well, diluted in carbonate-bicarbonate
buffer (pH 9.60). The used antigen was kindly

provided by the Laboratory of Bacteriology of the
Center of Technological Development (CDTec-
UFPEL) and synthesized according to Dummer et
al. (2009). After blocking for 1 h with 5% skimmed
milk powder and three washes with PBS-T, serum
duplicates diluted 1:1600 were incubated for 1 h at
37 °C. Fetal bovine serum (FBS Gibco®, Thermo
Fisher Scientific, Waltham, USA) was used as a
negative control and serum of an animal previously
vaccinated with a recombinant BoHV-5 gD vaccine
proved to be positive for BoHV-5 by means of
the seroneutralization technique was used as a
positive control. After three washes with PBS-T,
the plates were incubated for 1.5 h with peroxidase-
conjugated rabbit anti-bovine IgG antibody (Sigma-
Aldrich, St. Louis, USA) diluted 1:10,000. After
five washes with PBS-T, the reaction was developed
with o-phenylenediamine dihydrochloride (OPD)
(Sigma-Aldrich, St. Louis, USA) associated with
hydrogen peroxide. A 2 M sulfuric acid was used
to block the reaction. The absorbance (492 nm) was
measured in an ELISA reader (TP Reader®, Thermo
Plate, Sao Paulo, Brazil). The optimal dilutions of
antigen, sera, and conjugate were determined by the
checkerboard method.

Statistical analysis

The statistical analyses for body weight, MDG,
BCS, neutralizing antibody titer, and absorbance
in the indirect ELISA technique were performed
using the repeated measures model Proc Mixed
Models using the software SAS (SAS Institute Inc.,
Cary, USA). For this, group and date were used as
fixed variables and body weight (kg), MDG, BCS,
neutralizing antibody titer (log!’) and absorbance
(OD 492 nm) were used as response variables, with
analysis of variance performed using the comparison
model between groups, days, and interaction
between groups and days. The data were analyzed
considering the animals as the experimental unit.
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Results and Discussion

The experimental groups did not differ regarding
body weight during the 102 days of supplementation

(P>0.05), guaranteeing the homogeneity between
groups during the entire period (Table 3).

Table 3. Average body weight, mean daily gain (MDG), and body condition score (BCS) at the end of the experiment

according to the experimental group.

Groups P (Value)
Parameter CGO1 CG02 TGO1 TGO02 Groups Days Groups*Days
Body weight (kg) 286.05 285.41 287.88 286.20 0.95 <0.0001 0.79
MDG (kg) 0.153 0.110 0.129 0.134 0.95 <0.0001 <0.0001
BCS 2.97 2.87 2.99 3.00 0.11 0.08 <0.001

The results of seroneutralization analyses
performed on serum samples from animals on the
days 0 (D0), 21 (D21), and 42 (D42) in relation

to the vaccine protocol were normalized in order
to be expressed in logarithm (log'®) and shown in
Figure 1.

Figure 1. Neutralizing antibody titer on the days 0, 21, and 42 in relation to the vaccine protocol at the different
evaluated groups. **P<0.0001 compared to the non-vaccinated control group (CGO1).
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Table 4 shows the cumulative percentage
distribution of antibody titers after 21 (D21) and
42 (D42) days in relation to the beginning of
the vaccine protocol. As expected, no animals
belonging to CGO1 seroconverted throughout the
experiment, guaranteeing the absence of a possible

introduction of the agent (BoHV) in the studied
area. When vaccinated animals were compared
to the control group CGO1, without vaccination,
statistically higher levels of neutralizing antibodies
were observed only 21 days after the second vaccine
dose (D42) (P<0.0001).
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Table 4. Cumulative percentage distribution of neutralizing antibody titers on the days 21 and 42 in relation to the

vaccine protocol at the different evaluated groups.

D21 D42
Titer CGO1 CGO02 TGO1 TGO02 CGO1 CGo02 TGOl TGO2
0-7.9 0 16.60 41.60 25.00 0 100 100 100
8-15.9 0 0 0 8.30 0 83.30 83.30 83.30
16-31.9 0 0 0 8.30 0 50 66.60 66.60
>32 0 0 0 0 33.30 33.30 41.60
When comparing the supplemented and showing a significant increase of neutralizing

vaccinated groups, no difference (P>0.05) was
observed in the seroconversions against BoHV,
regardless of the treatment. Antibody titrations at
21 days after the first dose (D21) did not present
protective titers to the herd, with titers >2 in only
16.60% (2/12) of the animals in CGO02, 41.60%
(5/12) in TGO1, and 25.00% (3/12) in TGO2. The
same 21-day interval for new collections (D42) was
adopted after the second vaccine dose, resulting in a
100% seroconversion of vaccinated animals.

Brazilian regulatory agencies do not define a
minimum level and percentage of seroconversion
against BoHV
However,

to consider vaccine efficacy.
of
regulatory agencies of the United States, the use
of inactivated BoHV vaccines should provide a

when considering indications

seroconversion in at least 80.00% of the animals,
with neutralizing antibody titers >8 (USDA, 2005).
Thus, titers >8 were shown in 83.30% (10/12) of
the animals in CG02, 83.30% (10/12) in TGO1, and
83.30% (10/12) in TGO2. These results indicate the
importance of booster vaccination and confirm the
ability of the used experimental vaccine to stimulate
the immune system, with a minimum period of 21
days after the second dose.

Compared to the present study, authors such as
Spears et al. (1991) have demonstrated the benefits
of zinc (Zn) supplementation to steers recently
transplanted to a feedlot system and vaccinated with
a live modified vaccine against bovine herpesvirus
type 1 (BoHV-1) and parainfluenza type 3 (PI3),

antibodies against BoHV-1 at 14 days after the
vaccine dose in animals supplemented with Zn. No
differences were observed regarding the antibody
levels against PI3. In a second moment, the same
group of researchers evaluated the effects of Zn
supplementation and its relation to the immune
response of growing steers, but without the same
The
immune response was verified after vaccination

post-transport stress conditions. humoral
against BoHV-1, but no differences were observed
regarding antibody titers, regardless of the treatment
(SPEARS et al., 2002). Therefore, the beneficial
effects of an increase in Zn source on immune
responses may be directly related to periods in which
animals are submitted to stressful management, such
as weaning and transport associated with arrival in
feedlots, factors to which the heifers of this study

were not exposed.

Hall et al. (2011) supplemented adult cows with
selenium (Se) for 42 days, used a vaccine composed
of bacterin of Escherichia coli J5, and determined
increases in vaccine antibody titers. Calves fed
alfalfa supplemented with Se and subjected to
vaccination with bacterin of Escherichia coli J5
presented higher antibody titers and higher total
antioxidant potential of neutrophils, in addition to
lower mortality and higher slaughter weight at the
end of confinement (HALL et al., 2013).

Immunoglobulin (IgG) levels induced by the
experimental vaccine were measured by indirect
ELISA with serum samples collected on the days
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0 (DO0), 21 (D21), and 42 (D42) of the vaccine
protocol. As observed in neutralizing antibody
titers, measured by seroneutralization, IgG levels
were significantly higher when compared to the
non-vaccinated control group 21 days after the

second vaccine dose (D42), as shown in Figure 2.
When comparing the groups under treatment with
supplementation, no significant differences (P>0.05)
were observed between CGO02 (1.13+0.32), TGO1
(0.8940.38), and TGO2 (1.05+ 0.39).

Figure 2. Average absorbance on the days 0, 21, and 42 in relation to the vaccine protocol at the different evaluated
groups through indirect ELISA for the detection of immunoglobulins (IgG) against BoHV-5 gD. **P<0.0001 compared

to the non-vaccinated control group (CGO1).
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Copper (Cu) is another pointed micro-mineral
with direct influences on the performance of the
immune system. Authors such as Cerone et al. (1995)
worked with the induction of decreased levels of Cu
and ceruloplasmin in heifers and challenged them
by vaccination against Brucella abortus, obtaining
lower total immunoglobulin (IgG) levels.

Nemec et al. (2012) also evaluated the immune
response in dairy cows supplemented with different
sources of Cu, Mn, and Zn. This study compared
the effects of presentation forms on inorganic
sulfates and presentations protected by chelates
and subjected the animals to a rabies vaccination
protocol. Cows supplemented with organic forms
of minerals presented higher concentrations of
antibodies and higher phagocytic capacity of
neutrophils when compared to the group of animals
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supplemented with inorganic forms of minerals.
These results may indicate that the inorganic forms
of mineral presentation in our experiment, as in the
work cited above, have been interfered with in the
bioavailability, a reduced risk when minerals are
supplied complexed with amino acids, for example,
reducing the risks of antagonisms between the
efficiency of absorption of these nutrients and
micro-minerals (SWECKER, 2014). In this sense,
our study was not able to guarantee integrality in the
absorption of supplemented elements since serum
doses of the proposed minerals and amino acids
were not performed. Recent studies using the same
source of rumen-protected methionine used in our
experiment ensured significantly higher levels of
plasma methionine in dairy cows supplemented for
at least 21 days (ZANG et al., 2017; ZHOU et al.,
2017; WEISS, 2019).
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This study was based on specific serological
response analyses, such as the production of
neutralizingantibodiesandspecificimmunoglobulins
G, exactly 21 days after each vaccination. Other
key indicators for the development of an efficient
humoral immune response, such as the production
of cytokines or immediate responses in the process
of recognition and presentation of antigens, such
as mediators of innate immune response, have
not been evaluated. The recent literature does
not correlate the effects of protected methionine
the humoral
response in cattle. The hypothesis of this study
was elaborated based on studies that proved the

supplementation  with immune

potential of this amino acid in the responses in
lymphocyte proliferation (SODER; HOLDEN,
1999) and increase of important cytokines that
modulate the immunoglobulin pattern to be secreted
by plasmocytes, such as the interleukin-6 (IL-6),
significantly increased in challenging situations in
dairy cows (VAILATI-RIBONI et al., 2017; ZHOU
et al., 2016). In addition, studies carried out with
other species advocate the increase of circulating
methionine as a way to stimulate immunoglobulin
production after vaccination protocols. The increase
in antibody titers was verified in broiler chickens
vaccinated against Gumboro disease by Jahanian and
Khalifeh-Gholi (2018). Similarly, supplementation
with high methionine doses provided an increase in
antibody titers in young turkeys vaccinated against
Ornithobacterium rhinotracheale, with an increased
percentage of TCD4 and TCDS8 lymphocytes in
lymphoid organs (KUBINSKA et al., 2015). In
mammals, studies such as those of Jiao et al. (2016)
found an increase in the total concentrations of the
immunoglobulins IgG and IgA in finishing pigs
supplemented with low protein diets and enriched
with a combination of amino acids based on lysine,
threonine, tryptophan, valine, and methionine.
Understanding the limitations and differences
imposed by phylogenetic distances between species,
we should consider that mechanisms of cellular and
molecular regulation could be extrapolated within

the communication pathways of the immune system.
This context, coupled with the lack of researches
that correlate this type of supplement with adaptive
immunity in ruminants, allows a long path that can
still be explored.

Conclusions

The results presented in this study allow
concluding that, in relation to the evaluated
immunological parameters, the higher contribution
of minerals or methionine did not contribute to an
increase of the seroconversion in vaccinated animals,
with no differences in neutralizing antibodies and in
specific immunoglobulins.
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