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Abstract

This study aimed to investigate the energetic and hormonal profiles of dairy goats fed diets
supplemented with monensin during the peripartum period. Eleven pregnant Saanen goats were
subdivided into two random groups, a control group (GC) and the monensin group (MG). The MG
group received 40 mg sodium monensin per animal per day for 15 days before partum and throughout
the subsequent experimental period. Clinical observations and sample collection were performed at
30, 15, and 7 days before birth; on the day of partum; and at 5, 15, and 30 days after birth. The
following biochemical and hormonal profile variables analyzed were: cholesterol, triglycerides,
glucose, fructosamine, non-esterified fatty acids (NEFAs) and B-hydroxybutyrate (BHB), cortisol,
and insulin. The ruminal fluid pH, chloride content, and volatile fatty acids were also measured.
Statistical analysis of the data was performed using repeated measures ANOVA (p < 0.05) and
Pearson’s correlation. At partum, the MG group had lower values of NEFAs and lower
acetate/propionate ratio. MG had higher triglycerides during the entire experiment period. The
administration of monensin generated benefits in terms of energy parameters, improving the
metabolic status of the dairy goats during peripartum.

Keywords: Volatile fatty acids, ionophores, energy profile, hormonal profile, lactation.

Resumo

Objetivou-se estudar o perfil energético e hormonal em cabras leiteiras suplementadas com
monensina sodica durante o periparto. Utilizou-se onze cabras Saanen gestantes subdivididas em dois
grupos de forma aleatéria; um grupo controle (GC) e o grupo monensina (GM); o GM recebeu na
dieta 40 mg por animal/dia de monensina sodica. As coletas das amostras foram efetuadas nos
periodos de -30, -15, e -7 dias do parto, no dia do parto, +5, +15 e +30 dias do parto. As varidveis
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bioquimicas e hormonais analisadas foram: colesterol, triglicerideos, glicose, frutosamina, acidos
graxos nao esterificados (AGNE) e B-hidroxibutirato (BHB), cortisol e insulina. Também foram
mensurados no fluido ruminal o pH, o teor de cloretos e os 4cidos graxos volateis. A andlise estatistica
dos dados foi realizada pelo método da ANOVA (p < 0,05) e foi realizado estudo de correlagao de
Pearson. No momento do parto, o GM apresentou em relacdo ao GC indices mais baixos de AGNEs
e menor relagdo acético/propionico (p <0,05). Em relagao aos triglicerideos, o GM apresentou valores
superiores ao GC (p < 0,008) ao longo do experimento. A administracdo de monensina gerou
beneficios nos parametros energéticos, melhorando o status metabolico de cabras leiteiras no
periparto.

Palavras Chave: Acidos graxos volateis, iondforos, perfil energético, perfil hormonal, lactagdo.

Received on: February 9, 2018.
Accepted on: May 28, 2018

Introduction

The transition period in goats includes three weeks before and after calving and is considered critical
in view of the intense metabolic changes and adaptations to a new physiological state. In this period,
losses may occur under conditions of negative energy balance between nutrient demand and adequate
supply, resulting from the high nutritional requirement caused by the rapid development of the fetuses
and the mammary gland, in addition to a reduced food intake during this period. In some situations,
these complicating factors lead to the occurrence of metabolic disorders, such as toxemia of
pregnancy(D.

One possibility to minimize the impact of a negative energy balance during this period relies on the
addition of ionophore antibiotics to the diet. These include monensin sodium, which is a carboxylic
polyether resulting from the fermentation of Streptomyces cinnamonensis. Monensin sodium has been
extensively used to control coccidiosis and improve feed efficiency in ruminants. As an ionophore, it
modifies the flow of monovalent ions through the cell membrane, thus altering the profile of the
microbial population in the rumen. It selectively inhibits Gram-positive bacteria while preserving
Gram-negative pathogens, because of their different cell wall structures. Some effects of this
antibiotic that change the pattern of ruminal fermentation have previously been described. These
include increased production of propionate and a reduced ratio of acetate/propionate. It also decreases
the concentration of methane in the rumen environment. The consequences of these changes directly
influence the metabolic pathway of gluconeogenesis>.

There is evidence that using monensin sodium in dairy cows reduces the concentrations of f-
hydroxybutyrate (BHBA) and non-esterified fatty acids (AGNE), while raising the concentration of
blood glucose. These changes follow a logical pattern of improving and coordinating energy
metabolism, providing a beneficial effect to dairy cows in the transition period, in particular. In
addition, it was observed that these alterations lead to a more positive adaptive response during the
transitional period and lactation®. Monensin supplementation in pregnant sheep during the transition
period has shown positive effects on energy indicators and milk components©©),

However, there are few studies discussing the use of monensin sodium during peripartum as an
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alternative strategy to prevent metabolic disorders in dairy goats. Most studies with ionophores in
goats involved limited use of ionophores as a coccidiostat while breeding, and to prevent rumen
acidosis4%10_ Therefore, the aim of this study was to investigate the influence of monensin on the
metabolic profile, and, consequently, on energy and hormonal metabolism in Saanen dairy goats.

Materials and Methods

The project was carried out at the Bovine Clinic (CBG), Campus-Garanhuns, at the Federal Rural
University of Pernambuco. Eleven multiparous pregnant Saanen goats were used for this study. These
presented an average weight of 50 kg. The goats were clinically healthy and previously dewormed
with Levamisole and vaccinated against clostridiosis.

During the experiment, the goats were kept in a sheep-fold and were fed with a concentrated balanced
diet (400g/animal/day), divided into two daily rations: bulk food, composed of elephant grass
(Pennisetum purpureum) and tifton (Cynodum sp); mineral salt (Ovinofos®); and water ad libitum.
This diet was determined to satisfy the nutritional requirements of dairy goats during this period
(NRSR 2007). The animals were randomly divided: five in the control group (CG) and six in the
monensin-treated group (MG). The CG received the aforementioned diet, while MG received the
same diet supplemented with 40 mg/animal/day of monensin sodium, present in the concentrate and
mineral salt (Max ovinos reprodu¢do® and Ovinofos® salt with monensine). The administration of
these diets started two weeks before sample collection, to allow the animals to adapt. The goats and
pregnancies were monitored by clinical examination, accompanied by ultrasound. The clinical
observations during the experiment and sample collections for laboratory tests were carried out in the
morning, before the first daily ration, 30, 15, and 7 days before calving (DBC); on the calving day;
and on post-partum day 5, 15, and 30 (PPD).

Blood samples were collected by jugular vein puncture into silicone-coated Vacutainer® tubes with
anticoagulant (sodium fluoride/oxalate) to obtain plasma samples, which were used to determine
glucose and total plasma protein (TPP). The serum obtained from tubes without anticoagulant was
employed in the biochemical and hormonal analyses. Serum and plasma samples were aliquoted into
Eppendorf® tubes and stored at a temperature of —80 °C (Ultralow freezer NuAire Inc., 2100
Fernbrook Lane N. Plymouth, Mn 55447, USA).

The biochemical variables analyzed were cholesterol, triglyceride, glucose, fructosamine, non-
esterified fatty acids (NEFA), and B- hydroxybutyrate (BHB) levels. All biochemical indicators were
analyzed using commercial Labtest® kits and RANBUT - Randox Laboratories (BHB and NEFA).
Cortisol and insulin were analyzed by the electrochemiluminescence method in serum samples, using
the commercial kit (Cortisol and Insulin CObas, Roche®). Urine samples were obtained by animal
spontaneous urination and were immediately investigated for the presence of ketone bodies using
urinalysis reagent strips (Labtest®).

Approximately 300 mL of rumen fluid was collected from each animal 15 and 7 DBC, on the calving
day, and 5 and 15 days PPD, between 2 and 4 hours after the morning feeding. The fluid was obtained
through an oro-gastric probe with a metal nozzle, which was adapted to a suction pump in order to
aspirate the content into an individual glass tube previously heated to 39 °C. Subsequently, these
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ruminal fluid samples were stored into identified thermal bottles, which were previously heated at 39
°C, until processing in the laboratory, that is, up to 15 min after sample collection.

The concentrations of volatile fatty acids (VFAs) (acetic, propionic, and butyric) were determined by
gas chromatography('". In this analysis, the ruminal fluid samples, previously filtered through five
layers of gauze and centrifuged (3000 xg for 15 min), were placed in vial tubes, diluted with 6%
metaphosphoric acid in a ratio of 1:1, and stored in an ultrafreezer at —80 °C. The chromatography
calibration curve (Agilent CG-MS®) was based on a concentrated standard solution from which
dilutions were made to generate five standards. For acetic acid, the values of the solutions varied from
40.7840 to 2.549 g/L; for propionic acid, it varied from 15.3012 to 0.9563 g/L; and for butyric acid,
the concentration ranged between 10.1762 and 0.6360 g/L. The Thermo Scientific gas
chromatograph, Trace GC Ultra model (equipped with a flame ionization detector and PTV type
injector, with a 30 m long capillary Megabore carbowax BP20 column (SGE brand), a 0.5 pm film,
and an external diameter of 0.53 mm) was used. The oven (where the column was located) and
injector were at an isothermal temperature of 200 °C, with 1:15 split, with a mobile phase flow of 1.5
mL/min. In each chromatographic run, a sample volume of 1uL was injected. The data were obtained
using the Chromquest 5.0 software.

The pH (Corning 30) and the fluid chloride content were also analyzed(?.

The obtained values were analyzed statistically, during seven experimental periods, in which the
study variables were submitted to repeated measures analysis of variance, for analyzing the group
and time effects, at the 5% significance level. The contrasts between the group means were found out
using Tukey’s post hoc tests. Pearson’s correlation analysis was performed to assess the degree of
relationship between variable pairs at the 5% level of probability.

The project was approved by the Animal Use Ethical Committee (CEUA) of the Federal Rural
University of Pernambuco, under permission number 020/2015 CEPE/UFRPE.

Results and Discussion

All goats had eutocic calving, with on average 1.45 calves/goat. The body score of the goats at the
beginning of this study varied from 3.0 to 3.5; at the end, their body score was maintained at 3.0. The
goats showed negative results for the presence of ketone bodies in urine and remained healthy
throughout the study period.

There were no significant differences between the CG and MG groups in terms of the VFAs analyzed
(acetic, propionic, and butyric) (p > 0,05). However, the CG had higher acetic and butyric acid
indexes were than in the MG group, while propionic acid concentrations were higher in the group
that received the ionophore (Figure 1). When analyzing the acetic/propionic (A/P) acid ratio, a
difference (p = 0.002) was observed between MG and CG, which had ratios of 2.28 g/L and 2.96 g/L,
respectively (Figure 2). This change in the VFAs proportion was also observed by Brown and
Hogue', Mousa', and Aderinboye et al.'> in dairy goats and young and confined male goats
receiving monensin in diets at concentrations known to improve feed efficiency. Analyzing the effect
of this ionophore on dairy cows during the transition period, Markantonatos et al.(1®) observed that a
reduction in the acetate/propionate ratio occurred because of the decreased production of acetate.
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These findings might be explained by the action of this ionophore, which modifies the bacterial
population in the rumen and selectively inhibits Gram-positive bacteria while preserving the Gram-
negative bacteria. This leads to a higher production of propionate and reduction in the acetate /
propionate ratio® 1), This difference in ruminal bacterial population in the MG affected the behavior
of metabolites, dictating the energy and hormonal profile, as can be verified in the strong, moderate,
and strong negative relationships found between variables (Figure 9).
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Figure 2. Average values of acetic/propionic acids ratio (g/L) in goats supplemented with
monensin and in controls goat during peripartum.

The pH of the rumen fluid in the control group appeared to be statistically higher at calving than in the other
sampling periods (p = 0.02). However, there were no differences between the groups (p > 0.05) (Figure 3).
Brown and Hogue"® and Aderinboye et al.'> working with goats, Markantonatos et al. 19 working with
dairy cows, and Lima et al.® working with sheep also found no significant variations in pH between groups

Cienc. anim. bras., Goidnia, v.19, 1-13, e-51453, 2018



Effects of dietary sodium monensin on the metabolic and hormonal profiles... 6

of animals receiving monensin supplementation or the control animals. This pH stability is probably
attributed to the steady concentration of volatile fatty acids in the rumen during the experiment.

Analyzing the concentration of chloride ions in the rumen content, although the values were observed to
have decreased overtime, no significant differences were observed between the different sampling periods
or between the groups (p > 0.05) (Figure 3). The values obtained, 30.94 mmol/L in MG and 33.38 mmol/L
in the CG, are slightly above the reference range for the species (21.0 & 2.2 mmol/L)®. The importance of
this data is precisely the difference between the parameters found in the international literature and the
concentrations of this element in this study, that is, in healthy dairy goats living according to Brazilian
environmental, climate, and food patterns.

Analyzing the non-esterified fatty acids (NEFAs), we observed that these presented an effect of time in the
two groups (CG p=0.001 and MG p = 0.04), with an increase in the values at calving to 1.53 £ 0.28 mmol/L
and 0.77 £+ 0.33 mmol/L, respectively. When comparing the groups, there was a statistical difference at
calving (p = 0.003), since the CG group presented higher average values of NEFAs than the MG group
(Figure 4). These changes in the concentrations of NEFAs reflect the rate of mobilization from fat deposits
owing to a negative energy balance. This is more significant in CG, where it occurred in the last days of
gestation and resulted from a gradual reduction in dry matter intake !9 During this period, there was an
associated increase in plasma levels of lipolytic hormones (cortisol and glucagon), which also contributed
to the increase in the levels of the NEFAs ('®. These factors explain the higher level of NEFAs at calving
observed in both groups in this study. However, Rios et al.!'”), working with dairy goats, and Lima et al.®),
in a study on monensin supplementation to the diet of sheep, observed an increase in the NEFAs in the initial
lactation period and explained this result in terms of the high energy requirement for milk production during

this period.
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Figure 3. Average values of pH and chloride content of rumen fluid in goats supplemented
with monensin and in control goats during peripartum.

As for the differences found between the groups (CG and MG) at calving, these may be explained by
the action of monensin in the ruminal environment, which influenced the proportional increase in
propionate supply in animals that received this ionophore. As a result, these animals presented a lower
degree of negative energy balance and consequently less fat mobilization®. This factor explains the
result wherein the MG presented a lower NEFAs index than the CG, as shown by the strong and
negative relation with A/P (r = —0.87) (Figure 2). In turn, Taghipoor et al.?%, using monensin in
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sheep, obtained similar effects on the decrease of NEFAs during peripartum. However, Sadjadian et
al.19_ who also worked with dairy goats, and Lima et al.®), working with sheep, did not find relevant
effects on the NEFAs values in the peripartum period when using monensin.
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Figure 4. Average level of Non-Esterified Fatty Acids (mmol/L) in goats supplemented with
monensin and in control goats during peripartum.

The values obtained for B-hydroxybutyrate (BHB) did not differ statistically between the different
sampling periods analyzed (p > 0.05) in the two groups, despite the fact there was a higher birth rate in
the CG (0.72 + 0.72 mmol/L). The comparison between the groups also did not show statistical difference
(p > 0.05), although the concentrations of BHB in MG were lower in almost all periods considered (Figure
5). Similar results were reported by Sadjadian et al.(!”) who, when working with Saanen goats, found lower
BHB values during post-partum in the group receiving monensin than in the control group. However, other
studies in sheep report the beneficial effects of monensin on the negative energy balance in the transition
period in order to decrease the concentration of BHB during peripartum® %29, In the present study, the
differences found were probably not statistically significant since healthy goats were used in both groups.
Nevertheless, this result is consistent with the mechanism of action of monensin, in increasing the production
of propionate and reducing the concentration of butyrate in the rumen. Under this condition, a gluconeogenic
benefit has been observed, which results in a greater supply of glucose with lower production of ketone
bodiesV,

A significant increase in the level of glucose (p =0.001) was observed at calving in both groups (MG 152.25
+ 61.64 mg/dL, CG 156.44 + 34.66 mg/dL). The glycemic profile was higher in MG during almost all
periods analyzed; however, a statistical difference (p = 0.03) was only observed 15 days after partum (MG
56.2 £ 4.48 mg/dL and CG 50.1 £ 2.97 mg/dL) (Figure 6). Experiments with dairy goats in the transition
and lactation period have shown that the highest concentration of glucose occurs at calving, as a result of
the gluconeogenesis caused by hormonal changes and is influenced by cortisol'® 22 It is known that dietary
glucose has little effect on glycemia due to homeostatic mechanisms, mainly hormones such as insulin and
glucagon®. However, with the increase of the propionate molar ratio in monensin-supplemented diets,
there is increased gluconeogenesis that influences the glycemia of animals under the effect of this
ionophore®). This condition explains the higher increase in glucose levels in the monensin group during
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almost all periods, with a more prominent difference at 15 days after calving. This was highlighted by the
strong positive relation (r = 0.85) between these variables (Figure 9). The findings regarding the benefit of
monensin on blood glucose levels are variable. Austin and Wilde® and Mousa¥ also observed increased
blood glucose in the group receiving the ionophore during peripartum. However, Taghipoor et al.??,
Sadjadian et al.1%, and Lima et al.®) found no significant changes in blood glucose in animals supplemented

with the antibiotic in this period.
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Figure 5. Average values of B-hydroxybutyrate (mmol/L) in goats supplemented with
monensin and in control goats during peripartum.

The concentrations observed for fructosamine revealed a statistical difference between periods only in the MG (p =
0.04), where 15 DPP and 30 DPP showed higher values (Figure 6). Similarly, Filipovic et al.*¥ and Lima et al.®), when
analyzing fructosamine during sheep peripartum, observed an increase in this variable starting from 20 days after
calving. However, when the groups in our study were compared with each other, there were no statistical differences
(p > 0.05). This result differs from that found by Lima et al. © where Santa Inés sheep supplemented with monensin
presented higher values for this variable. In the current study, the fructosamine curve did not follow the increase in
blood glucose at calving, since transitional changes in blood glucose levels do not affect fructosamine concentration®.
As there was no notable ketone or energy deficit, no differences were observed in the concentrations of fructosamine
between the two groups. Nevertheless, the inclusion of this variable in this work is justified by its increasing use in
studies on metabolic profiles owing to the lower variability of this molecule over time, since it depends on the average
glucose concentration over the previous two weeks and the concentration of proteins such as albumin®®*29),

Cholesterol showed no time or group effect (p > 0.05) (Figure 7). These findings were also reported by Taghipoor et
al.?%, Sadjadian et al.'”, and Lima et al.”, using monensin in the diet. Some studies in goats and dairy cows show a
decrease in prepartum cholesterol levels due to its requirements for fetal growth and steroid hormone synthesis. In
turn, in the postpartum period, concentrations of cholesterol in dairy animals reach their maximum, as there is a gradual
increase due to glucagon influence and the synthesis of plasma lipoproteins®>27-2%2), In the present study, this increase
was not verified, possibly because of the variability of factors such as milk production, lactation period, and the diet
provided.
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Figure 6. Average values of glucose (mg/dL) and fructosamine (umol/L) of goats
supplemented with monensin and in control goat group during peripartum.

Contrarily, when analyzing triglycerides, statistical differences were found between periods in both groups (p =0.001),
where prepartum values were higher (Figure 7). These findings corroborate the work of Mundim et al®?, Sadjadian et
al.??, and Manat et al."® in dairy goats and the study by Lima et al.®) in sheep, which also noted a reduction in
triglyceride levels starting at calving. This reduction reflects the increased production of milk during lactation, since it
is known that about two-thirds of circulating triglycerides are lipid precursors used in the synthesis of milk fat®® 3D,
When the general average was compared between groups, a difference was observed (p < 0.008), where the monensin
group (35.65g/dL) presented higher values than did the control group (17.57g/dL). These findings differ from those
found by Taghipoor et al.??, Sadjadian et al.!?), and Lima et al.®), who did not find differences when using monensin
in goats and sheep diets. However, the reduction in the values of this variable was more significant in the MG than in
the CG during the different periods. This finding was attributed to reduced fat deposition in the liver, caused by a lower
concentration of NEFAs in prepartum, supporting the hypothesis that monensin inhibits the accumulation of
triglycerides in the liver®.

When analyzing the time effect of insulin between groups, a significant reduction (p = 0.02) in the concentration of
this variable was observed at calving (1.06 pU/mL). Subsequently, the values tended to rise, but did not return to
prepartum levels. The reduction of this hormone in this period can be explained by the creation of a metabolic
environment in which peripheral tissues are resistant to insulin, which minimizes their use of glucose, thereby
optimizing glucose uptake by the fetus and annexed structures >, However, it should be pointed out that these data
were not found in the studies by Aratjo el al. ®¥ and Lima et al. © in sheep, in which insulin rates in this period were
higher and justified by the higher concentration of glucose during this period. In the comparison between groups, there
was no statistical difference (p > 0.05), although in prepartum and calving MG presented higher levels of this hormone
(Figure 8). This finding disagrees with those reported by Brown and Hogue !? in dairy goats and by Lima et al. © in
sheep receiving this ionophore. These authors explain the higher levels of insulin in animals that were supplemented
with monensin by the higher production of propionic acid in the rumen, enhancing glycogenesis and consequently
insulin demand. Although differences between groups were not observed in the present study, we found a moderate
positive association in the MG (r = 0.30) between this hormone and the A/P ratio, thus counteracting the moderate
negative result found for the same association in the CG (r = -0.40) (Figure 9).

Cienc. anim. bras., Goidnia, v.19, 1-13, e-51453, 2018



Effects of dietary sodium monensin on the metabolic and hormonal profiles... 10

140

120

loof--‘---k’.-.b = ..2---‘

80

mg/dL

60

40 @ v =

20

0 T I 1 1 1
30 DBC 15 DBC 7 DBC PARTUM 5PPD 15 PPD 30 PPD

epme Triglycerids Monensin @sgmss Triglycerids Control

® ofe » Colesterol Monensin ®mjs» Colesterol Control

Figure 7. Average values of cholesterol and triglycerides (mg/dL) in goats supplemented
with monensin and in goat controls during peripartum.
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Figure 8. Average values of insulin (uU/mL) and cortisol (ug/dL) in goats supplemented
with monensin and in control goats during peripartum.

As for cortisol, there was a time effect in both groups (p = 0.001), since the highest concentrations were observed at
calving, 3.09 = 1.43 pug/dL in MG and 6.0 + 3.04pg/dL in the CG. However, when comparing the groups, there were
no statistical differences (p > 0.05) (Figure 8). Similar results were reported by Lima et al.®) in sheep receiving
monensin during this period. It is known that cortisol is the main endogenous goat corticoid. It is considered to be a
stress indicator and has a stimulatory effect on neoglygenesis. In stress situations, such as calving, there is an increase
in blood glucose due to the action of this hormone, which in this context activates mechanisms of peripheral resistance
to insulin, to prioritize energy allocation to vital organs %, A similar situation occurred in the present study, where an
increased level of cortisol and blood glucose was observed at calving.

In analyzing the correlation coefficients with biological relevance for the main indicators studied, we found that the
relationship between A/P and insulin was moderate and positive (r = 0.30) in the MG and moderate and negative in
the CG (r = -40) and the relationship between A/P and NEFAs was strong and negative (r = -0.87) in the MG, while
in CG, it was strong and positive (r = 0.62). The relationship between propionic acid and plasma glucose was strong
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and positive (r = 0.85) in MG, while strong and negative (r = -0.66) in the CG (Figure 9).
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Figure 9. Graphical representation of the correlation coefficients of biochemical and
hormonal (Glucose, NEFA, and Insulin) and ruminal indicators (propionic/acetic acid ratio)
in the two groups. MG and CG.
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Conclusion

In this work, the efficiency of monensin sodium in improving the metabolic status and benefiting the energy
parameters of dairy goats during peripartum has been observed. This improvement can be evidenced by the
decrease in the acetate propionate ratio, reduction in NEFAs values, and higher insulin rate at calving in
animals receiving the supplemented diet. Thus, the use of monensin in this species appears to be an interesting
tool to prevent metabolic diseases and increase productivity, thereby generating benefits and subsidies for
dairy goat farming.
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