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Abstract

The aim of this study was to describe energy partitioning in dairy crossbreed bulls fed tropi-
cal forage-based diets supplemented with different additives. Twenty F1 crossbred bulls
(Holstein x Gyr) with initial and final live weight (LW) averages of 190 £ 17 and 275 £+ 20 kg
were fed sorghum (Sorghum bicolour) and Tanzania grass (Panicum maximum cv. Tanza-
nia) silage (70:30 DM basis) with supplemented concentrate at a forage to concentrate ratio
of 50:50. The bulls were allocated to four treatment: control groups (without additives), mon-
ensin [22 mg/kg monensin dry matter (DM)] (M), virginiamycin (30 mg/kg virginiamycin DM)
(V), and combination (22 mg/kg DM of monensin and 30 mg/kg DM of virginiamycin) (MV),
in a completely randomised design. The intake of gross energy (GE, MJ/d), digestible
energy (DE, MJ/d), metabolizable energy (ME, MJ/d), as well as energy losses in the form
of faeces, urine, methane, heat production (HE), and retained energy (RE) were measured.
Faecal output was measured in apparent digestibility trial. Right after the apparent digestibil-
ity trial, urine samples were collected in order to estimate the daily urinary production of the
animals. Heat and methane production were measured in an open circuit respirometry
chamber. The intake of GE, DE, and ME of the animals receiving monensin and virginiamy-
cin alone or in combination (MV) showed no differences (P>0.05) from the control treatment.
However, the MV treatment reduced (P<0.05) the methane production (5.44 MJ/d) com-
pared to the control group (7.33 MJ/d), expressed in MJ per day, but not when expressed
related to gross energy intake (GEI) (CH,4, % GEI) (P = 0.34). Virginiamycin and monensin
alone or in combination did not change (P>0.05) the utilization efficiency of ME for weight
gain, RE and net gain energy. This study showed that for cattle fed tropical forages, the
combination of virginiamycin and monensin as feed additives affected their energy metabo-
lism by a reduction in the energy lost as methane.
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Introduction

The energy partitioning process consists of evaluating the amount of energy ingested by the
animal and quantifying the loss of this energy during metabolism. Research has shown that for
ruminants between 6 and 12% of gross energy (GE) intake is lost in the form of methane [1].

Improving the efficiency of the rumen fermentation is a long-time process for ruminant
nutritionists—especially finding strategies to mitigate methane production. Ionophores are a
class of compounds used to improve this efficiency with considerable success as a feed additive
and continue to be the subject of some studies [2]. Monensin, anionophore produced by
strains of Streptomyces cinamonensis, was recorded in 1975 as a feed efficiency enhancer for
confined cattle and is currently one of the most widespread feed additives for cattle and
poultry.

Although in 2006 the European Union banned feeding ionophores to food producing ani-
mals [3], its use has approval as cattle feed in both Canada and the USA [4].

Its best documented effects are improvement in the efficiency of rumen fermentation,
reduction in methane production, and inhibition of dietary protein degradation in the rumen
[5], [4] (. Ionophores are molecules with a diverse chemical structure, including monensin,
acting to disrupt the transmembrane movement and intracellular equilibrium of ions in cer-
tain bacteria and protozoa in the ruminant digestive tract.

Virginiamycin, a non-ionophore antibiotic derived from Streptomyces virginiae which
reduces the growth of Gram-positive bacteria by binding to ribosomes and inhibiting peptide
synthesis. Moreover, inhibition of the growth of lactic acid producing bacteria ([6], [7] and
improved post-ruminal nutrient uptake [8] have also been reported.

The effect of monensin and virginamycin on energy efficiency is related to its ability to
selectively inhibit gram-positive over gram-negative bacteria that reduce succinate to propio-
nate. Increased propionate to acetate ratios and reduced numbers of protozoa-generating
hydrogen. Currently, there is limited data on the effects of feeding monensin and/or virgina-
mycin to cattle fed tropical-based diets [9]. There are no data related to energy partitioning in
crossbreed cattle in tropical conditions feeding additives, and this study is pioneer to quantify
this data.

The two additives have different action mechanisms, virginiamycin is a bactericide antibi-
otic, that disrupting the bactéria metabolism. Monensin are a bacteriostatic antibiotic, select-
ing the same types of bacteria as virginiamycin, but in a different way. The association between
bactericide and bacteriostatic antibiotics is not recommended in a therapeutic way, since inhi-
bition of the action of both antibiotics may occur. However, the association of these additives
with the aim of rumen modulators may occur due to the large number of bacteria in the
rumen and the low dose used.

The aim of this study was to describe the energy partitioning in cattle fed tropical forage-
based diets supplemented with different additives of monensin and/or virginiamycin.

Materials and methods

Study site, animals, diets, and experimental design

The experimental protocol followed the guidelines for the use of animals for scientific purposes
in Brazil and was approved by the Ethics and Animal Experimentation Committee of the Fed-
eral University of Minas Gerais, under protocol 215/10.

The experiment was conducted at the Animal Metabolism and Calorimetry Laboratory
(LAMACA) of the Department of Animal Sciences at the School of Veterinary Medicine, Fed-
eral University of Minas Gerais, Belo Horizonte, state of Minas Gerais, Brazil.
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Twenty F; bulls (Holstein x Gyr) with average initial age of eight months and initial and
final live weight averages of 190 + 17 and 275 + 20 kg, respectively, were allocated to four treat-
ments in a completely randomised design. The treatments were: control (no additives), mon-
ensin (22 mg monensin/kg DM concentrate), virginiamycin (30 mg virginiamycin/kg DM
concentrate), and combination (monensin and virginiamycin, 22 and 30 mg/kg DM concen-
trate, respectively).

The monensin and virginiamycin additives were included in the concentrate under the
commercial brands Rumensin®100 (10% concentration) produced by Elanco (Greenfield,
IN, USA) and Eskalin® (2% concentration) produced by Phibro (Ridgefield Park, NJ, USA),
respectively.

The diets were formulated according to the [10] recommendations in order to meet cattle
requirements of 1.0 kg live weight gain (LWG) and were isonitrogenous and isocaloric. We
used silage made from sorghum (Sorghum bicolor (L.) and Tanzania grass (Panicum maximum
cv Tanzania) and concentrate made of corn, soybean meal, urea, salt, and a mineral core. The
sorghum and Tanzania grass were grown together at the same area and reaped 90 d after plant-
ing, with sorghum grains in the milky doughy phase. The sorghum and Tanzania grass were
ensiled together. The proportions of sorghum and Tanzania grass in the silage were 70 and
30%, respectively. The forage concentrate ratio was 50:50, based on DM, and remained fixed
throughout the experiment.

The experiment lasted for 70 d until completion, consisting of a 44-d adaptation and intake
stabilization and rumem adaptation to additives followed by a 5-d total faeces collection
period, 1-d urine collection, before the animals were staged over 20 d into an individual respi-
rometric chamber. One animal from each treatment had its measurements taken daily in the
respirometric chamber, until all the animals passed through the equipment, completing the 20
d [11]. The sequence of animals to had respirometric chamber measurements was related to
additives group. One animal of each group had the data measured to ensure that the day of
data collection will not influence in the result in any group.

Diet was provided twice a day, at 9 AM and 5 PM. Before feeding, the forage was mixed
with the concentrate to ensure complete dietary intake and to avoid any food selection by
the animals. To ensure ad [ibitum intake for 1.0 kg ADG without selection by animals, food
intake was adjusted daily so that orts were 10%. As a mineral source, the mineral core with
trade name Core 160 ®), produced by Alvorada (Maravilhas, Minas Gerais, Brazil), was
used. The proportion of the ingredients and composition of the experimental diets are
shown in Table 1.

Facilities and management

The animals were ear tagged, vaccinated and dewormed prior to the start of the experi-
ment. The animals were kept confined in a tie-stall type barn with a concrete floor. In
order to provide greater comfort, each stall was equipped with VEDOVATI®) perforated
rubber pallets with the following dimensions: 1.10 m long, 0.90 m wide and 0.1 m thick.
The daily floor cleaning procedures involved the complete removal of faeces and urine fol-
lowed by thorough washing. A trough and a drinking fountain were available for each
animal.

Weight gain measurements

The animals were weighed every 15 days on two consecutive days around 8 AM, immediately
before the morning feeding, and the mean of the two weighing results was used.
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Table 1. Ingredients and chemical composition of the experimental diets.

Treatment® (g/kg DM)
C M \4 MV
Silage® 500.0 500.0 500.0 500.0
Soybean meal 98.9 98.9 98.9 98.9
Ground corn 3723 3723 3723 3723
Urea 7.2 7.2 7.2 7.2
Salt (NaCl) 2.3 2.3 2.3 2.3
Core 160 19.3 19.3 19.3 19.3
Chemical composition (g/kg DM)

DM (g/kg) 566.7 568.3 566.2 566.8
oM 943.5 937.6 941.1 939.4
Ash 56.5 62.4 58.9 60.6
Cp 165.0 159.5 162.5 164.5
aNDFom 369.5 358.5 372.9 364.8
ADF 203.5 203.6 205.2 205.3
NFC 381.2 390.8 380.6 377.3
EE 20.8 21.5 22.0 22.2

300 g/kg Tanzania grass and 700 g/kg sorghum.

°C, control diet; M, diet with monensin (22 mg kg/ DM of monensin)

V, diet with virginiamycin (30 mg/kg DM of virginiamycin); MV, diet with both additives ((22 mg kg/ DM of
monensin and 30 mg/kg DM of virginiamycin). Core 160 (composition/kg): 250 g of calcium, 160 g of phosphorus,
30 g of sulfur, 30 g of magnesium, 200 mg of cobalt, 2500 mg of copper, 160 mg of iodine, 2100 mg of
manganese,9000 mg of zinc, 40 mg of selenium and 1700 mg of fluorine.

https://doi.org/10.1371/journal.pone.0211565.t001

Total faecal and urine collection

The total faecal production, urine production and respirometric measurements was held on
consecutive days. Daily faecal production was measured by total faeces collection for five con-
secutive days (120 hours) in the tie stall immediately before the urine collection and respiro-
metric measurements. The faeces were immediately collected and placed in individual
containers for each animal.

Once the feed given, orts and faeces were collected, weighed, and sampled twice a day. Sam-
ples of approximately 300 to 400 grams were placed in plastic bags and frozen in a Freezer at
-15°C for later analysis. The total faecal production was measured twice a day to determi the
faecal volum.

Samples of food, orts and faeces were pre-dried at 55°C for 72 hours in a ventilated oven,
then ground in a Thomas-Willey type stationary grinder equipped with a 5 mm sieve, to create
the composite samples. The faeces composites were made of faeces samples collected from
each animal during the digestibility test. Subsequently, each composite sample and the individ-
ual samples were ground again, in a stationary grinder equipped with a sieve having 1 mm
strainers.

Right after the 5-d total fecal collection, urine spot samples were collected 4 hours after
feeding, during spontaneous urination. An aliquot of 60 mL of urine was collected to deter-
mine creatinine, nitrogen, and gross energy concentrations. The urine volume was estimated
by multiplying the LW by the daily creatinine excretion in mg/kg of LW and dividing the
product by the concentration of creatinine (mg/L) in the urine, according to [12] (. To deter-
mine the daily creatinine excretion per kilogram of LW, an average of 28.72 mg/kg.
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LW was used, as determined by [13] for Holstein x Gyr crossbred cattle.

Methane and heat production measurements

Methane and heat production were measured over 22 to 23 hours by performing a 24 hours
extrapolation period, using an open-circuit breathing chamber, adopted by the UFMG Veteri-
nary School, according to [11]. The respirometric chamber was made of steel and had acrylic
side windows, 3.45 m long, 1.45 m wide, and 2.45 m high (22.391 L of internal volume).

In this system, the animal is housed in a chamber with a sealing that does not allow any gas
exchange with the outside air, except by a proper air circulation system. The air present inside
the chamber is continuously renewed by the constant intake of external air. The intake of fresh
air into the chamber is possible due to the negative pressure created inside by the pump that
promotes the suction of the internal air, thus allowing the entrance of external air. As a conse-
quence, the internal atmosphere of the chamber is renewed and the air contained can be des-
tined for sampling and later evaluation by the gas analyzers (oxygen consumption, carbon
dioxide and methane production).

Feed, faeces and urine analysis

Samples of feed, orts, and faeces were defrosted at room temperature and pre-dried at

55 + 5°C for 72 hours [14]. Feed and faecal samples collected over the experimental duration
were individually ground in a stationary Thomas-Willey mill using a 5mm mesh sieve before a
composite sample for each individual animal’s feed and faeces was made. The composite sam-
ples were further ground using a Imm sieve and stored in polyethylene flasks for chemical
analyses.

The DM content was determined at 105°C (proc. 930.15; [15]). The content of organic mat-
ter (OM) was calculated as the difference between DM contents and ash content, with ash con-
tent determined by combustion at 600°C for 4 hours (proc. 935.05; [15]) The crude protein
content (CP, 6:25 x nitrogen) was measured according to the Kjeldahl method (proc. 976.05;
[15]) and the ether extract (EE) according to the Soxhlet method (proc. 963.15;[15]).

The neutral detergent fibre content (aNDFom) and acid detergent fibre (ADF) were deter-
mined in a Fibre Analyser ANKON®) device (AnkomTM technology, Fairport, NY, USA) by
serial method, as described by [16]. For the aNDFom procedure, 500 uL/g DM of heat-stable
amylase (Termamyl 2x) by Novozymes Latin America Ltda (Araucaria, Parana, Brazil) were
used, expressed exclusive of residual ash. Analyses of aNDFom and ADF were performed
using 5x5 cm sachets made of nonwoven fabric with 100 micron porosity [16] (Van Soest,
1994). The nonfibrous carbohydrates (NFC) were calculated according to the equation pro-
posed by [17] as follows: 100 - [(% CP—%CP urea +% urea) +% aNDFom +% EE +% ash].

Urine samples were stored in sealed plastic pots; a sample aliquot was stored at the ratio of
1 part urine to 9 parts 40% sulfuric acid for subsequent analysis of creatinine levels [12].
Another aliquot was stored in natura to assess N and GE levels. They were both frozen in a
cold chamber for future analysis. Analyses of creatinine concentration in urine were carried
out in the Clinical Pathology Laboratory of the UFMG Veterinary School, using COBAS®)
equipment. The total N was determined by the Kjeldahl method (proc. 976.05; [15]).

The GE was determined by combustion in an adiabatic bomb calorimeter PARR 2081
model, for the feed, orts, faeces, and urine samples.

Calculations

Energy partitioning was determined by subtracting the energy losses in the faeces, urine, meth-
ane, and the daily heat production from the GE intake. The DE was determined by subtracting
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energy losses in form of feces from GE. The ME was determined by subtracting energy losses
in form of methane and urine from DE. The energy loss in the form of methane was quantified
in the fed animals, assuming a loss of 9.45 kcal/L of produced methane, according to [18]. The
DE and ME concentrations of the diet were calculated using the ratio between energy intake
and DM intake. The diet metabolisability was calculated from the ratio between the ME and
the GE intake [19].

The daily heat production of the animals was determined using the equation proposed by
[18]: HP (k]J) = 16.18 O, + 5.02 CO,—2.17 CH4—5.99 N. Where O, is the volume of consumed
0, (L/d), CO, is the volume of produced CO, (L/d), CH, is the volume of produced CH,4 (L/
d), and N the amount of nitrogen excreted in the urine (g/d).

Retained energy (RE) was obtained by subtracting HP from MEI. The partial efficiency of
the use of ME for gain (k,) was calculated as the coefficient of the slope of the linear regression
of RE as a function of MEI according to the following model: RE = B , (B; x MEI). where
RE = retained energy (M]J/kg BW, 75/d), MEI = metabolizable energy intake (M]/kg BW®7?/d),
and B, and B, are regression parameters. Under this model, 3, represents the k.

Statistical analysis

The experiment was conducted using a completely randomised design with four treatments
and five animals by treatment. Each animal represented an experimental unit, as per the statis-
tical model: Y ij = M + Ti + eij, where M = overall average, Ti = treatment effect, and

eij = random error associated with the observations. The variables were subjected to variance
analysis (ANOVA) using the SAS software [20], version 8.0. Differences between treatments
were considered significant at P<0.05 using the Tukey test for comparisons between means.

Results

The energy concentration of the diets, average daily weight gain, and feed efficiency were not
affected (P>0.05) by the treatments (Table 2).

There was no difference in the intake of GE (P = 0.1908) and DE (P = 0.3170) between the
treatments, which averaged 111 MJ/d and 74.0 M]J/d, respectively (Table 3). The loss in faecal
258 GE (M]/d) did not differ (P = 0.1523) between the control and the additive treatments.

The energy lost as urine (M]J/d and % GE) did not differ between treatments (P = 0.3286).

Animals on the combined monensin and virginamycin treatment lost less (P = 0.03) meth-
ane energy (MJ/d), compared to the control treatment. On the other hand, methane

Table 2. Energetic concentration of the experimental diets, performance and feed efficiency in F1 Holstein x Gir bulls feeding diet with inclusion of monensin, vir-
giamycin or both.

Treatment

C M \" MV Mean SEM*® Pvalue
GE (MJ/kg) 16.3 16.2 16.2 16.3 16.3 0.0413 0.2581
DE (MJ/kg) 10.7 10.7 10.7 10.8 10.8 0.1601 0.9381
ME (M]/kg) 9.28 9.53 9.41 9.33 9.38 0.2021 0.8636
NEg (M]/kg) 2.21 2.92 2.38 2.52 2.5 0.3310 0.5792
ADG (kg/day) 1.54 1.44 1.38 1.29 1.41 0.0731 0.1449
FE (Kg LW/kg DM) 0.216 0.200 0.205 0.207 0.207 0.0052 0.2950

* SEM, standard error of the mean, n = 20.
C, control diet; M, diet with monensin; V, diet with virginiamycin MV, diet with both additives. GE, gross energy; DE, digestible energy; ME, metabolizable energy;
NEg, net energy for gain; ADG, average daily gain; FE, feed efficiency (live weight / kg of Dry matter intake).

https://doi.org/10.1371/journal.pone.0211565.t1002
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Table 3. Energy partitioning of F1 Holstein x Gir bulls feeding diet with inclusion of monensin, virgiamycin or both.

Treatment

C M A MV SEM Pvalue
DMI (kg/d) 7.1 72117 6.7 109 6.2 1.121 0.1922
GEI (MJ/d) 117 101 5.595 0.1908
Fecal GE (MJ/d) 40.1 40.0 35.5 34.3 2.100 0.1523
Fecal GE (%GEI) 34.18 33.92 32.79 33.68 1.238 0.8701
DEI (MJ/d) 77.07 77.74 73.94 67.54 4.127 0.3170
Urine GE (M]/d) 3.35 2.81 3.28 3.96 0.7440 0.7529
Urine GE (%GEI) 2.80 2.38 3.01 3.91 0.5790 0.3286
Methane GE (MJ/d) 7.33 6.08% 6.78%° 5.44° 0.4204 0.0299
Methane GE (%GEI) 6.31 5.17 6.22 5.37 0.3958 0.1342
MEI (MJ/d) 66.3 68.8 63.8 58.1 3.792 0.2617
q (ME/GE) 0.57 0.59 0.58 0.57 0.0132 0.7650
kg 0.242 0.309 0.253 0.268 0.0351 0.5687
ME/DE 0.86 0.88 0.86 0.86 0.0094 0.2038
HP (MJ/d) 49.6 47.6 47.3 422 2.256 0.1603
RE (M]/d) 16.7 21.2 16.5 15.9 2.868 0.5537
RE (%GEI) 13.7 18.0 14.8 15.4 2.200 0.5682

Averages followed by different letters on the row are statistically different by the Tukey test (P<0.05).

*SEM, standard error of the mean, n = 20.

°C, control diet; M, diet with monensin (22 mg kg/ DM of monensin); V, diet with virginiamycin (30 mg/kg DM of virginiamycin); MV, diet with both additives ((22
mg kg/ DM of monensin and 30 mg/kg DM of virginiamycin)DMI, dry matter intake; GEI, GE intake; DEI, DE intake; MEI, ME intake; q, diets metabolisability; ki,
utilization efficiency of the ME for gain; ME/DE, ratio between ME and DE; HP, daily heat production; RE, retained energy.

https://doi.org/10.1371/journal.pone.0211565.t003

production as a percentage of GE intake was not significantly different (P = 0.1342) between
the treatments, 5.76% on average (Table 3). The ME intake showed no difference (P = 0.2617)
between the groups and averaged 64.3 MJ/d.

The metabolisability and the relationship between ME and DE of the diets did not change
(P =0.2038). The retained energy was not significantly different (P = 0.5537) between the
treatment groups, with an average value of 17.6 MJ/d. The utilization efficiency of the ME for
weight gain was not significantly different (P = 0.5692) and averaged 0.268.

Discussion

This study describes the energy partitioning of tropical forage-based diets supplemented with
different additives and fed to cattle. [5] found no effect (P>0.05) of monensin on the GE intake
in cattle, similarly as ours results. There was no difference in GE intake since no difference was
observed in dry matter intake (DMI). Approximately 30% of the consumed GE is lost in the
form of faeces [1], [21]. In the present study, the energy lost as faecal output was, on average,
33.6%.

The production of methane (M]/d) varied from 5.44 to 7.33 MJ/d and was significantly
reduced with the combined use of monensin and virginiamycin, compared to the control
treatment. According to [22], a reduction in DM intake associated with the use of monensin
alone can represent a reduction of up to 55% in methane production in animals fed forage-
based diets. In our work, the DM intake was not statistically altered [23].

It is well established that monensin is effective against Gram-positive, acetate producing
bacteria, such as Ruminococcus and Butyrivibrio [24]. Its effect on this group of bacteria is asso-
ciated to the higher concentration of nicotinamide adenine dinucleotide NADH/NAD"),
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which favours propionate synthesis by NADH re-oxidation, resulting in limiting the amount
of hydrogen (H,) available for methane synthesis by the Archaea group [25], [26].

The energy lost as methane production in relation to consumed GE was similar to that
achieved by [27]. The value reported by these authors was 5.91%, for calves receiving 33 mg/kg
DM monensin. Reduction in methane production through the use of monensin was also con-
firmed by [28] in calves fed Rhodes grass (Chloris gayana) hay with addition of 240 mg/d mon-
ensin. According to these authors, methane production was reduced from 76.9 g/d or 4.4% of
consumed GE to 48.1 g/d or 3.02% of GE consumed between the control and the monensin
treatments, respectively. Previously studies using monensin combined diets based on con-
served forage and concentrate in cattle reported reductions in methane production of up to
30% [27], [5].

Urinary excretion of energy is closely associated with N urinary excretion [29]. Amino
acids and creatinine have a higher energy content than urea, which represents 80 to 90% of uri-
nary N.

Virginiamycin and monensin had no effect on ME intake, compared to the control treat-
ment. Possibly, the improved efficiency of ME use, which usually occurs with the use of these
compounds, was not observed due to the type of diet, which was in this case based on sorghum
silage with tropical grass. The faecal fraction has a major part on energy partitioning, com-
pared to the losses in gases and urine. Since faecal energy loss was not altered and the ME is
calculated by deducting the energy losses of urine and methane from the DE, this result is con-
sistent. [30] registered a reduction in ME intake (79.0 M]/d) with the combined use of salino-
mycin and virginiamycin, when compared to isolated use of salinomycin (87.8 MJ/d) in
finishing cattle fed diets with high or low concentrate. The values reported by these authors are
higher than those obtained in this study, probably due to the larger amount of grains used in
their diets with a 73% or 91% concentrate. The average ME intake registered in this study (64.2
M]/d) is within the range suggested by [31] for non-castrated crossbred zebu bulls, with a
weight gain of 1.25 kg/d and an average weight between 200 and 250 kg.

The metabolizability of the diet depends on the diet quality. In Friesian and Holstein heifers
ted diets with 10.03 M]J/kg DM of ME, the metabolizability of the diet was approximately 0.53
[19]. The [10] states that the relationship between ME and DE for beef cattle is 0.80. The rela-
tionship between the ME and DE average of this study (0.86) is, however, within the range
established by the British feeding system [19] which ranges between 0.81 and 0.86. These
results are important, because our study is pioneer to quantify the energy partitioning in cross-
breed cattle in tropical conditions.

The similarity in the retained energy registered in our study is in line with [32], who also
observed no effect of monensin on energy retention in Hereford steers fed corn silage and con-
centrate. The average value recorded by that author was 17.6 MJ/d, quite similar to the one
obtained in this work (17.5 MJ/d).

Unlike the present study, [8] observed an increase in the net energy concentration esti-
mated for maintenance and weight gain for diets supplemented with virginiamycin for steers
in the growing and finishing stages. In contrast, monensin, as in our study, had no effect.

The [10] is based on a confined cattle database, where ionophore is usually used. According
to this Committee, the net energy requirement for weight gain in cattle with a LW between
200 and 250 kg for a weight gain of 1.5 kg/d is between 17.5 and 20.9 M]/d. In our study, the
net energy for weight gain, equivalent to 17.5 MJ/d, is within the range suggested by the U.S
system for this weight range.

Compared to the control treatment, the additives used in this study were not effective in
changing cattle daily LWG or feed efficiency. This can be attributed to the difference between
breed and significant genetic potential of beef cattle, which are used in most studies involving
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the use of these compounds, compared to the animals of this study, which are derived from
animals with a dairy origin. Consistent with this result, the diets’ net energy for weight gain, as
well as the use efficiency of the ME for weight gain, were similar between the groups. [33] also
found no difference in the daily average weight gain and feed efficiency of cattle fed virginia-
mycin combined with salinomycin in relation to those treated with these additives singularly.

The [10] postulates that the utilisation efficiency of ME for weight gain varies between 0.29
and 0.47, considering feeds with ME concentrations of 8.3 and 13.3 MJ/kg DM, respectively.
The average value in this study (0.27) is close to the minimum suggested value. According to
[34], the ratio of energy directed for protein or fat synthesis is determinant for the variation of
the utilization efficiency of ME for weight gain, since the deposition of fat is more energy-effi-
cient (60 to 80%) than that of protein (10 to 40%). The lower value for the utilization efficiency
of ME for weight gain in the present study can be justified considering the normal growth
curve for cattle. Animals in the early stages of growth, such as those used in this study, have
lower utilization efficiency of ME for weight gain, possibly due to a higher protein deposition
in that stage of development. This efficiency is highly related to the quality of the diet and
therefore differences between diets must be considered. In this study, the diets were based on a
silage made from sorghum and tropical grass, whose average ME content (9.36 MJ/kg DM) is
probably lower than that used in the studies that gave rise to the [10], which are usually based
on corn silage.

Conclusions

This study showed that virginiamycin and monensin at doses of 30 mg/kg DM and 22 mg/kg
DM, respectively, did not have a significant effect on the net energy for weight gain when feed-
ing animals using sorghum and tropical grass silage-based diets.

The metabolizability (ME/GE) did not differ between the treatments, and averaged 0.58.
The NE, in cattle fed tropical forage was 2.5 MJ/kg.

The monensin association with virginiamycin showed potential benefits associated to the
energetic metabolism of cattle, due to a reduced methane energy output, without difference in
DMI. The methane production in the control treatment was 34% higher than in the treatment
with monensin and virginiamycin.
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