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ABSTRACT

The aim of this study was to evaluate the effects of protein-energy or mineral supplementation on the digestibility and
productive performance of steers in the post-weaning phase on pasture during the wet-dry season transition. Twenty-two
Holstein-Zebu crossbred steers with an average initial weight of 234.5 ± 16.0 kg were used in the experiment. The
following treatments were tested: protein-energy supplementation (0.4% of the body weight) and mineral
supplementation ad libitum. The intake of total dry matter, organic matter, neutral detergent fiber corrected for ash and
protein, and crude protein increased they were higher (P <0.05) for the group receiving protein-energy supplement than
group that consumed only mineral salt. The digestibility of dry matter, organic matter, and crude protein increased
(P<0.05) for the group receiving protein-energy supplement when compared to the group of animals that consumed
mineral salt. The average daily gain and total weight gain were higher (P <0.05) for the group of animals that received
protein-energy supplement which received mineral supplement.The use of protein-energy supplementation during the
wet-dry season transition improves the nutritional and productive performance of dairy steers on Brachiariabrizantha
pastures.
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INTRODUCTION

The variation in forage production due to
seasonality causes animals to gain weight in the wet
season and lose weight in the dry season of the year.
Besides, the quantity and quality of forage are reduced,
resulting in decreased digestibility of the dry matter and
consequently a reduction in intake by the animals (Ítavo
et al., 2007).According to Barbosa et al. (2007), the
intake may be reduced when the ingested forage has less
than 60 to 80 g of crude protein (CP) per kg of dry matter
(DM). Thus, the CP in grasses is a limiting factor to the
appropriate activity of rumen microorganisms, which
may compromise the utilization of potentially digestible
fibrous energy substrates.

The rotational stocking system, associated with
the supply of a protein-energy supplement to grazing
cattle, aiming to improve the availability of the available
forage, to maximize its intake, are some alternatives that
can elevate the stocking rate and the weight gain. By
providing concentrated feed on pasture, the objective is to
improve the digestibility of nutrients through associative
effects among the ingredients of the supplements and
fodder. Increasing the efficiency of use of forage without
replacing them, because it is up to the pasture supply
most of the nutrients needed to meet the nutritional
requirements of animals (Machado et al., 2011). These
strategiescan be adopted with a view to

slaughteringyounger animals, maximizing the pasture
use, and increasing the capital turnover and the
production efficiency.

Furthermore, the forage produced in tropical
soils may be deficient in a number of macro and
microelement inorganic necessary for the animal, which
characterizes the need (Domingues et al., 2008) to
supplement the pasture with mineral supplements in order
to obtain more efficient production and profitable. Since
the mineral salt requirements vary by state and animal
feet. In general it can be said that the daily consumption
should be between 80 to 100 grams.

According to Souza et al. (2012), for grazing
animals, in the rainy season, with good quality and fodder
supplies can provide mineral salt and get good results in
weight gain. Dias et al. (2015) providing mineral salt ad
libitum had average daily gain of 0.700 kg/day in the
rainy season. Therefore, dietary supplementation is an
option to provide the limiting nutrients that may promote
an increase in the efficiency pasture use and in the intake
of digestible nutrients (Porto et al., 2009).

The  objective of this study was to evaluate the
effect of supplying a protein-energy or a mineral
supplement on the intake, digestibility, and productive
performance of dairy steers in their post-weaning phase
on Brachiariabrizantha pastures during the wet-dry
season transition.
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MATERIALS AND METHODS

The experiment was conducted on Princesa do
Mateiro Farm, located in Ribeirão do Largo, Southwest
Bahia State, Brazil. Twenty-two ½ Holstein-Zebu
crossbred steers with an average age of 10 months and an
average initial body weight of 234.5 ± 16.0 kg were used
in an experiment that lasted 84 days, consisting of three
sub-periods of 28 days.

Before the start of the experiment, all animals
were subjected to the control of ecto- and endoparasites
and to vaccinations, according to the sanitary calendar of
Bahia State. The steers were weighed and identified, and
then randomly divided into two groups with 11 animals.
The experimental design was completely randomized,
with two types of supplementation and 11 replicates.

The following treatments were tested: 1- protein-
energy supplementation at 0.4% of the body weight,
balanced to provide the nutrients required for a gain of
600 g/day (NRC 2001); and 2- mineral supplementation
(control). The mineral supplementation was supplied in
collective plastic troughs in pickets themselves, and
therefore, it was estimated that each animal has ingested
80 g/day. The protein-energy supplementation (Table 1)
was supplied daily, at 10h00, in uncovered, collective
plastic troughs with double access, measuring 80 cm per
animal.

Steers were weighed at the beginning and end of
the experiment, after a 12-h period of feed deprivation.
The animals were also weighed every 28 days during the
experiment without any previous feed deprivation, to
monitor their average daily weight gain and to adjust the
supply of supplement.

The pasture utilized was formed by
Brachiariabrizanthacv. Marandu, in a 7.7 ha, under
rotational stocking. The area was divided into six
paddocks with equivalent areas, with two paddocks used
per experimental sub-period. To avoid any effects from
the pasture, the animals from each treatment were rotated
every seven days across the paddocks.

Table 1.Proportion of ingredients of the supplements

Ingredient
(%)

Protein-energy
supplement

Mineral
supplement

Corn 44.94 -
Soybean meal 45.44 -
Urea + AS1 4.99 -
Mineral mix2 4.63 100
1Urea + ammonium sulfate (9:1). 2Compositionofthe mineral
mix: calcium 235 g; phosphorus 160 g; magnesium 16 g; sulfur
12 g; cobalt 150 mg; copper 1,600 mg; iodine 190 mg;
manganese 1,400 mg; iron 1,000 mg; selenium 32 mg; zinc
6,000 mg; 1,120 mg; fluorine (maximum) 1,600 mg.

The pasture was evaluated every 28 days. To
estimate the availability of DM, 12 samples were
collected per paddock, cut near the soil level, using a 0.25
m2 metal frame, according to the method described by
McMeniman (1997). The daily residual biomass (DRB)
of dry matter (DM) was estimated by the double-
sampling method (Wilm et al., 1994). Before the cut, the
DM of the biomass from the sample was estimated
visually; subsequently, the frame was thrown 50 times to
obtain the forage biomass, expressed in kg/ha, according
to the equation proposed by Gardner (1986).

The stocking rate (SR) was calculated
considering the animal unit (AU) as 450 being kg BW,
following the model:

SR (AU/ha) = AUt/area
Where AUt = total animal unit and area = experimental
area.

Collected samples were weighed on a portable
digital scale, and then homogenized to form a composite
sample for the separation of the forage components (leaf,
stem, and dead material). After the separation, each
forage component was weighed to determine the
morphological and centesimal compositions. The
components were placed in labeled paper bags and pre-
dried in a forced-air oven for 72 h at 55 ºC for the
evaluation of the chemical composition.

Samples of concentrate, forage, and feces were
ground in Wiley mill to 1 and 2 mm for chemical
analyses. The laboratory analyses were conducted in the
Laboratory of Forage Crops and Pastures of the
Department of Rural and Animal Technology of
Southwest Bahia State University.The chemical
composition of samples of pasture and supplementation is
shown in Table 2.

The concentrations of dry matter were
determined by method INCT-CA G-003/1; organic matter
(OM), by method INCT-CA M-001/1; crude protein
(CP), by method INCT-CA N-001/1; ether extract (EE),
by method INCT-CA G-005/1; neutral detergent fiber
corrected for ash and protein (NDFap), by methods
INCT-CA F-002/1, INCT-CA M-002/1, and INCT-CA
N-004/1; and ADF, by method INCT-CA F-004/1,
according to techniques described by Detmann et al.
(2012).

The total carbohydrates (TC) were obtained
according to Sniffen et al. (1992). The non-fiber
carbohydrates (NFC) contents were estimated according
to Detmann and Valadares Filho (2010), and total
digestible nutrients (TDN) according to Weiss (1999).

The accumulation of DM, in the different
experimental periods, was calculated by multiplying the
daily accumulation rate (DAR) of DM by the number of
days in the period, utilizing a paddock sealed with an
exclusion cage. The daily accumulation rate was
estimated by the equation proposed by Campbell (1966):

DAR = (G – F)/n
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where DAR = daily DM accumulation rate, in kg
DM/ha/day; G = average final DM of the two empty
paddocks, in kg DM/ha; F = average initial DM present
in the empty paddocks, in kg DM/ha; and n = number of
days.

Table 2. Chemical composition of Brachiariabrizantha
and protein-energy supplement

Item Brachiariabrizantha1
Protein-
energy

supplement
Dry matter2 285.2 878.5
Organic matter3 908.9 897.6
Crude protein3 100.0 480.0
Ether extract3 24.6 27.2
Neutral detergent
fiber corrected for
ash and protein3

697.2 227.0

Acid detergent
fiber3 401.2 87.7

Non-fiber
carbohydrates3 155.4 158.4

Total
carbohydrates3 781.9 388.2

Total digestible
nutrients3 519.9 600.0

1obtained by the simulated-grazing technique.2in g/ kg
fresh matter.3in g/kg DM.

The forage allowance (FA) was calculated by
the formula proposed by Prohmann et al. (2004):
FA = [(DRB * area + DAR * area)/total BW] * 100
WhereFA = forage allowance, in kg DM/100 kg LW/day;
DRB = total daily residual biomass, in kg DM/ha/day;
TAD = daily accumulation rate, in kg DM/ha/day; and
BW = total body weight of the animals, in kg/ha.

The potentially digestible DM (PDDM) and NDF
(PDNDF) of the pasture were calculated, as described by
Paulinoet al. (2006), using the following equations:
PDDM = 0.98 * (100 – % NDF) + (% NDF– % iNDF)
PDNDF = % NDF – % iNDF
Where iNDF = indigestible neutral detergent fiber.

To calculate the availability of PDDM (APDDM)
and PDNDF (APDNDF), the following equations were
utilized:
APDDM= TADM * PDDM

where APDDM= availability of potentially digestible DM,
in kg/ha; TADM= total availability of DM, in kg/ha; and
PDDM= potentially digestible DM, in percentage, and
APDNDF= TADM* PDNDF

where APDNDF= availability of potentially digestible
NDF, in kg/ha; TADM = total availability of DM, in kg/ha;
and PDNDF= potentially digestible NDF, in percentage.

The digestibility trial was carried out between
the 35th and 42nd days of the experimental period. In this

period, one capsule with 500 mg of purified, enriched
lignin (LIPE®) was given to the animals for seven days;
the first three days were used for adaptation. Feces
collection was carried out between the 38th and 42th
days, totaling five days of collection in the following
times 8, 10, 12, 14 and 16 hours.Samples of feces were
collected individually for five days, at the very paddocks,
carefully so as not to contaminate the material.
Subsequently, the samples were conditioned in
labeledplastic bags and frozen at –10 ºC. Samples were
thawed, weighed, and dried in a forced-air oven at 65 ºC
for 72 h.

Fecal production was estimated by determining
the LIPE® content in the feces, adopting the methodology
proposed by Saliba et al. (2003). To estimate the DM
intake from the concentrate, the marker titanium oxide
was utilized, supplied at 10 g/animal/day. The titanium
dioxide was mixed daily with the concentrate for seven
days, according to the procedure described by Valadares
Filho et al. (2006).

The titanium concentration was determined
according tomethod INCT-CA M-007/1, described by
Detmann et al. (2012), and read in the Laboratory of
Animal Physiology of the Department of Basic and
Instrumental Studies of Southwest Bahia State
University. The internal marker indigestible NDF (iNDF)
was utilized to estimate the voluntary roughage intake,
obtained after 288 h of ruminal incubation (method
INCT-CA F-009/1; Detmann et al., 2012).

The simulated-grazing technique was performed
according to Johnson (1978). Samples were collected
after a previous period of careful observation, in which
the grazing behavior of the animals, the area, the height,
and the parts of the plants being consumed were
observed. After the observation, the samples were
collected by the same observer, manually to obtain a
portion of the plant similar to that selected by the
animals.

Results were interpreted statistically by analysis
of variance and F test at 0.05 probability level, utilizing
the System for Statistical and Genetic Analyses - SAEG
(2007).

RESULTS AND DISCUSSION

The total availability of DM decreased gradually
over the months (Table 3), probably due to the scarcity of
rain during this period, which resulted in a reduction of
plant growth, especially of the leaves.

According to Minson (1990), pastures with less
than 2,000 kg of DM/ha may lead to decrease pasture
intake and to an increase in grazing time. In the present
study, the average availability of DM was 4,472.8 kg/ha
(Table 3)

The constant decrease in the amount of leaves
over the evaluated periods, brought about by the grazing
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activities, reduced the leaf:stem ratio, which was 0.97,
0.81, and 0.50 in the 1st, 2nd, and 3rd periods,
respectively. This reduction may contribute to the
reduction of dry matter, resulting from the decreased
digestibility and from the rumen-fill process.

In spite of the decrease in residual biomass and
in the daily accumulation rate per period (Table 3), these
provided a forage allowance of 10 kg DM/100 kg
BW/day. Hodgson (1990) suggests 10 to 12 kg DM/100

kg BW/day, considering this an allowance in which the
dry matter intake from the pasture is maximum. The
stocking rate was increased in the experimental periods,
because there was an increase in the steers’ weight; the
average stocking rate was 0.96 AU/ha.

The intakes of DM, OM, CP, EE, NDFap, NFC,
and TDN were higher (P<0.05) by the animals that
consumed protein-energy supplement than those that
received the mineral mix only (Table 4).

Table 3.Availability of dry matter (ADM), residual biomass (DRB), daily accumulation rate (DAR), forage
allowance (FA), leaf:stem ratio, and stocking rate of Brachiariabrizantha in the three experimental
periods

Variable
Period

1st (March) 2nd (April) 3rd (May) Mean
ADM (kg DM/ha) 5284.99 4273.79 3859.79 4472.82
DRB (kg DM/ha/day) 179.10 152.63 137.84 156.52
DAR (kg DM/ha/day) 20.18 18.26 13.62 17.35
FA (kg DM/100 kg body weight/day) 15.59 8.49 5.94 10.00
Leaf:stem ratio 0.97 0.81 0.50 0.76
Stocking rate (AU/ha) 0.88 0.99 1.02 0.96

Table 4. Voluntary intake of forage dry matter (FDM), total dry matter (TDM), and nutrients by steers on
Brachiariabrizantha pastures receiving protein-energy or mineral supplementation

Item1 Supplement
Protein-energy Mineral SEM P-value

FDM (kg/day) 6.97 6.32 1.788 0.1391
FDM (%BW) 2.79 2.61 2.170 0.3303
TDM (kg/day) 8.11 6.34 1.806 0.0004
TDM (%BW) 3.22 2.61 1.634 0.0027
OM (kg/day) 7.66 5.82 1.719 0.0002
CP (kg/day) 1.30 0.63 0.666 <0.0001
EE (kg/day) 0.82 0.12 0.447 <0.0001
NDFap (kg/day) 4.68 3.98 1.413 0.0165
NFC (kg/day) 1.31 0.88 0.682 <0.0001
TC (kg/day) 5.87 4.87 1.562 0.0060
TDN (kg/day) 5.22 3.43 1.424 <0.0001
OM - organic matter; CP - crude protein; EE - ether extract; NDFap - neutral detergent fiber corrected for ash and protein; NFC - non-
fiber carbohydrates; TC - total carbohydrates; TDN (%) - total digestible nutrients.

The productive response to supplementation is
affected by factors related to the animal, to the pasture, to
the supplement, and to the interactions between pasture
and supplement. The pasture intake as a function of body
weight was not affected (P>0.05) by the type of
supplementation utilized (Table 4).

A higher total DM intake was observed (P<0.05)
in the steers that consumed protein-energy supplement, as
there was an elevation in the intake of DM originating
from the concentrate. Higher intake (P<0.05) of OM,
NFC, TC, and NDFap was also found with the steers fed
protein-energy supplement. Similar results to these were
found by Dias et al. (2015). These increases have

occurred, possibly due to increased intake of supplement,
since these nutrients are in greater proportion.

In the control diet (only mineral salt), the dry
matter intake was probably physically regulated due to
NDF intake, which in turn was lower than that observed
in the group receiving protein-energy supplement. This
fact affected the consumption of other nutrients.

The protein-energy supplement resulted in
higher (P<0.05) intakes of CP and especially of energy
(Table 4), compared with the mineral mix as supplement,
because of the balancing between carbohydrate and
protein in the concentrate, which providing better
productive response to supplemented animals compared
with the supplementation with mineral mix only.
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Protein-energy supplementation improved
(P<0.05) the digestibility of DM, OM, NDFap, CP, TC,
and TDN (Table 5). This demonstrates an additive effect
of the supplementation on digestibility, through the effect
of the association between non-fiber components and
nitrogen components, which, in the rumen, provide
carbon skeletons and ammoniacal nitrogen to

microorganisms, supplying energy for microbial
production and growth, and ultimately increasing the
digestibility of nutrients.According Machado et al. (2011)
digestibility of a diet is the result of interactive and
associative effects of all their nutrients from the diet, and
not simply isolated a certain constituent effect.

Table 5.Digestibility coefficients in dairy steers on Brachiariabrizantha cv. Marandu pastures receiving protein-
energy or mineral supplement

Item (%)1 Supplement
SEM P-value

Protein-energy Mineral
DM 66.61 60.29 3.319 0.0001
OM 68.97 61.75 3098 0.0001
NDFap 71.67 63.20 3.767 <0.0001
CP 69.90 43.54 5.090 <0.0001
EE 50.59 38.02 6.386 0.0542
NFC 62.75 60.69 6.069 0.6736
TC 68.64 63.11 3.306 0.0004
TDN 64.46 53.96 4.875 <0.0001
1DM- dry matter; OM - organic matter; NDFap - neutral detergent fiber corrected for ash and protein; CP - crude protein; EE - ether
extract; NFC - non-fiber carbohydrates; TC - total carbohydrates; TDN (%) - total digestible nutrients.

The increases caused in diet TDN with
supplementation seem to reflect the expansion of the
digestibility of CP and NFC, with no significant increase
in energy extraction from the NDFap considering that has
high consumption of TDN, without however affect the
consumption of NDFap digested (Barros et al., 2014).
However, In this study, only the NFC seems to have
influenced the increase of dietary TDN for the group that
received protein-energy supplementation (P<0.05) (Table
5), while its consumption was greater (Table 4).

Mateus et al. (2011) obtained an increase in the
digestibility of DM, OM, CP, TC, NFC, and TDN as the

levels of supplement in the diets for steers on
Brachiariabrizantha pastures were increased. The highest
(P<0.05) final body weight was observed in the steers
that received protein-energy supplementation, compared
with those fed mineral supplement (Table 6).

The NFC apparent digestibility coefficient is
directly proportional to the consumption of these
components (Van Soest, 1994). However, this statement
does not seem to match the results found in this study,
since there was no significant difference (P>0.05) for the
digestibility of NFC between treatments.

Table 6. Performance of steers receiving protein-energy or mineral supplementation on Brachiariabrizantha cv.
Marandu pastures in the wet-dry season transition

Item
Supplement

Protein-energy Mineral SEM P-value
Final body weight (kg) 280.39 263.78 15.629 0.0004
Average daily weight gain (kg) 0.54 0.34 0.709 0.0004
Total weight gain (kg) 45.85 29.24 6.553 0.0004
Feed conversion 16,05 20,73 6,091 0,1887

The average daily gain (ADG) was 0.348
and0.545 kg/day for the groups of steers that received
mineral supplement only and protein-energy supplement,
respectively; these values were lower than those found by
Rezende et al. (2011), who obtained 0.620 kg/day with
steers supplemented on pasture. The values referring to
the ADG presented in this study appear to be satisfactory
for animals on pasture during the wet-dry season

transition (Oliveira et al., 2004; Barbosa et al., 2007;
Sales et al., 2008).

The total weight gain of the steers that received
protein-energy supplementation was higher (P<0.05) than
that of the animals fed mineral supplement only;
however, the feed conversion did not differ (P>0.05)
between the groups.

Thus, the use of protein-energy supplementation
compared with mineral supplementation benefits the
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productive and nutritional performance of steers,
representing an interesting alternative for the producer to
improve the weight gain of these animals during the wet-
dry season transition.

Conclusions: The supply of a protein-energy supplement
during the wet-dry season transition improves the
performance of dairy steers on Brachiariabrizantha cv.
Marandu pasture by improving the digestibility and the
use of nutritional components of the diet.
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