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Abstract
The obstacles of using supplementation are related to the cost and labor. Self-fed supplements of low
and medium intake can be an option to overcome these problems. However, the nutritive value and
pasture yield are crucial to �nding the right composition and amount of supplement. We evaluated
productive responses of steers receiving self-fed supplements of low and medium intake on Aruana grass
pasture. The animal performance, ingestive behavior, and pasture characteristics were evaluated in a
completely randomized design with three treatments and three replicates. Twenty-four Aberdeen Angus
steers were used as the tester animals. The dry matter intake and nutrient digestibility were evaluated in a
3 x 3 double Latin square repeated over time. The treatments consisted of mineral salt (control),
supplementation for intake of 1.5 g/kg body weight (low-intake), and supplementation for intake of 4.0
g/kg body weight (medium-intake). The supplements did not in�uence the pasture characteristics and
ingestive behavior, except the number of bites/day that was higher for the low-intake. Dry matter
digestibility and forage intake were not affected by the supplementation, but the total dry matter intake
increased for the medium-intake. The average daily gain, stocking rate, and fat thickness gain were higher
for the medium-intake. The self-fed supplements of medium-intake increase the total dry matter intake,
maximizing the performance of steers on Aruana grass.

Introduction
The seasonal production in tropical pastures makes it di�cult to maintain the growth curve of the
animals. In general, the growing phase for cattle in tropical regions covers periods of low supply and
quality of forage (cool season) and others with better quality and availability (warm season). Feeding
strategies must be used to optimize animal performance and the production system. In this context, the
choice of strategy depends mainly on the supply of amino acids and energy-yielding substrates to be
delivered to the tissues, up to the genetic limit for protein synthesis, which is probably never reached in
animals consuming only tropical pastures (Poppi and McLennan 1995).

During the warm season, when forages present levels of nitrogenous compounds above the minimum
recommended for full activity of the bacteria that use the structural carbohydrates, supplementation with
starch and nitrogen can improve digestion and nitrogen retention (Lazzarini et al., 2016). In addition,
animals coming into the cool season tend to exhibit compensatory growth and the energetic-protein
supplementation often improves weight gain (Poppi and McLennan 1995).

The high cost and (or) lack of labor for cattle supplementation are not recent as well as the interest in
self-fed supplements (Kunkle et al., 2000). However, the results of these supplements are inconsistent. On
one hand, there are indications of high variability in supplement intake (Brokaw et al., 2002) and adverse
effects on animal performance (Williams et al., 2018). On the other hand, some research does not show
any disadvantages of their use (Schauer et al., 2004; Moraes et al., 2017). Yet, the information about self-
fed supplements for cattle grazing tropical grasses is incipient.



Page 3/15

Therefore, we hypothesized that self-fed supplements of low and medium intake could increase
productive responses of beef cattle on tropical pastures. Thus, this study aimed to evaluate the
productive responses of steers receiving self-fed supplements of low and medium intake on Aruana grass
during the warm season.

Materials And Methods

Local and treatments characterization
All procedures and protocols in this experiment were approved by the Committee of Ethics on Animal Use
(CEAU) of the Universidade Tecnológica Federal do Paraná (CEAU number 2016-002), located at 25°44'S
and 53°04'W.

The experimental design used was completely randomized, with three treatments (supplements) and
three replicates (paddocks). The treatments were: mineral salt supplementation (mineral salt), energetic-
protein supplementation formulated for ingestion of 1.5 g/kg body weight (low-intake), and 4.0 g/kg body
weight (medium-intake). These supplements were composed of corn meal, soybean meal, mineral salt,
common salt, feed grade urea, and calcitic limestone (Table 1). The supplements were provided ad
libitum once a week, we estimated the orts at 10% of voluntary intake, which was monitored weekly by
weighing the offered supplements and orts. The animals had free access to water.
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Table 1
Dry matter composition of supplements and ingredients of the diet of steers receiving self-fed

supplements on Aruana grass pasture.
Items Supplements Corn meal Soybean meal

Salt

Mineral1

Low

intake2

Medium

intake3

Corn meal§§ -- 493 670 -- --

Soybean meal§§ -- 164 138 -- --

Mineral salt*§§ 1000 133 67.8 -- --

Common salt -- 166 79.1 -- --

Feed grade urea§§ -- 33.1 33.9 -- --

Calcitic limestone §§ -- 11.1 11.3 -- --

Dry matter§ 1000 960 939 859 874

Ash§§ 1000 336 170 13.7 67.1

Crude protein§§ - 243 284 99.2 468

Neutral detergent �ber§§ - 148 199 102 124

Non-�brous carbohydrates§§ - 252 322 756 315

§g/kg of fresh material; §§g/kg of dry matter; 1mineral salt supplementation; 2energetic-protein
supplementation formulated for intake of 1.5 g/kg body weight; 3energetic-protein supplementation
formulated for intake of 4.0 g/kg body weight. Manufacturer’s warranty levels (g/kg): calcium, 170;
phosphorus, 60; sodium, 136; manganese, 5.0; zinc, 2.52; iron, 1.2; cobalt, 0.02; copper, 0.06; iodine,
0.07; selenium, 0.02; �uorine, 0.45; and sulphur, 0.1.

The experimental area had 4.5 ha of Panicum maximum Jacq ‘Aruana’ in a soil classi�ed as clay Latosol,
divided into nine paddocks (0.5 ha). The seeding of the Aruana grass (September 2015) occurred in the
interweaving of a corn crop for silage, by no-tillage, using 15 kg/ha of seeds. The base fertilization (300
kg/ha) was applied during the planting with a formulated fertilizer 10-20-10 (N, P2O5, KCl). After
harvesting the corn for ensiling, the area was left for pasture growth. The nitrogen was applied as urea
(150 kg N/ha) divided into three applications (12/16/2016, 02/03/2017, and 03/14/2017).

The grazing started in mid-October and the experimental period started in 12/04/2016. The grazing cycle
lasted 120 days (+ 15 days for adaptation), until 04/18/2017. We used 36 steers during the grazing cycle.
From this total, 24 steers of the Aberdeen Angus breed were the testers animals, and they remained on the
pasture throughout the experimental period. The animals came from the same herd and calving season,
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they were 15 months of age and had 364.8 ± 21.7 kg of body weight (BW). At the beginning of the
experiment, all animals were submitted to endo and ectoparasites control.

The pasture was managed to maintain between 40 and 50 cm height, and it was measured weekly in 25
spots of each paddock. The pasture was managed under a continuous stocking rate, with the put-and-
take adjustment method (Mott and Lucas 1952) and 15 days of intervals. Three tester animals were used
in each paddock, except in one paddock of each treatment that we used two tester animals. The forage
allowance was calculated as described by Sollenberger et al. (2005), according to the equation: FA =
(FMmean) / (kg LW/ha), where: FA: Forage allowance; FM: forage mass, calculated as ((FMcut 1+FMcut

2)/2); and LW: live weight. The stocking rate (SR) was calculated as the sum of the tester animals’ body
weight, corrected by the area size added to the weight of the grazing-height regulator animals, taking into
account the number of days that the regulators remained in each paddock.

Forage mass (FM) was estimated every 31 days (Barthram 1985) in three sites (1 m2). The daily forage
accumulation rate (DFAR) was measured using three grazing exclusion cages per paddock. All samples
were cut at ground level. The forage samples for chemical analysis were obtained by manual grazing
simulation. The pasture samples were dried in a forced air oven at 55°C for 72 h.

For chemical analysis, all samples were ground in a Wiley-type mill �tted with a 1-mm-sieve. We
determined the contents of dry matter (DM), ash, organic matter (OM), crude fat (CF), and crude protein
(CP) by the AOAC (1993); the neutral detergent �ber was determined by Van Soest et al. (1991) method
adapted by the ANKOM 2000 methodology (ANKOM 2000 Fiber Analyzer, ANKOM Technology
Corporation, Fairport, NY, USA). The non-�brous carbohydrates (NFC) content was determined according
to Sniffen et al. (1992): NFC (g/ kg) = 1000 - (CP + EE + ash + NDF).

The animal behavior assessments were conducted during daytime periods of 13 hours (5 am to 7 pm),
totaling two evaluations with 60 days of interval. We observed two animals per paddock, and their
rumination time, grazing time, and other activities were evaluated. The grazing time was obtained by the
direct observation (Penning and Rutter 2004), recording the most frequent activity at the end of each 10
min interval, including the time spent in rumination and idleness. Other activities such as rest, supplement
intake, drinking, and social behaviors were grouped.

The time spent by the animal to perform 20 bites was evaluated to calculate the bite rate (Hodgson
1982). The ingestive and rumination behaviors, and displacement pattern were measured six times a day
- three times in the morning and three in the afternoon. The observed variables were: time spent to
complete 10 feeding stations, number of steps between stations, number of chews per bolus, and
rumination time per bolus. Displacement rate (steps/min) and daytime number of feeding stations were
estimated from these data. The number of bites per station was calculated by the ratio between the
number of daytime bites and feeding stations. The number of bites per day was obtained by multiplying
the bite rate and grazing time. The number of stations per minute was calculated by dividing the number
of daytime stations by grazing time.
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The average daily gain (ADG) during the entire grazing period was evaluated by two weighings, one at the
beginning and one at the end of the experimental period. The animals fasted for 14 hours before the
weighings. The ADG was calculated as the difference between the initial (IBW) and �nal weight (FBW)
divided by the number of days in grazing. At the time of the initial and �nal weighings, the tester steers
were evaluated for subcutaneous fat thickness (SFT) between the 11th and 12th ribs by an ultrasound
device (Pie Medical – Scanner 200 VET, model 51B04UM02). The subcutaneous fat thickness gain
(SFTG) was calculated as the difference between the initial and �nal SFT divided by the number of days
in grazing. The average weight gain per area (AWG) was obtained as the product of the testers’ daily gain
and the evaluation days (Euclides et al., 2016), added to the gain of the regulators corrected by the time in
the paddock.

We used a Latin square design with three Aberdeen Angus steers for the evaluation of the intake and diet
digestibility, the animals were 15 months of age and had 296.5 ± 8 kg of body weight. They were
managed together with the other animals of the experiment, being also submitted to endo and
ectoparasites control at the beginning of the experimental period, and their effects on the SR were
considered. The dry matter intake (DMI) was determined by: Intake (kg/day) = fecal production (kg
DM/day)/1-diet DM digestibility. The forage intake was determined by the difference between the total
intake and supplement intake.

Titanium dioxide (TiO2) was used as an external marker to estimate fecal production. TiO2 was supplied
in the daily amount of 10 g/steer (4 pm) for 12 days. The fecal collection occurred directly from the
animals' rectum, twice a day (12 pm and 4 pm) as proposed by Penning and Rutter (2004). In each
evaluation period (19 days) the animals had seven days for adaptation to the supplements. After each
evaluation period, a composite feces sample per animal was obtained and the TiO2 concentration was
determined by uv-vis spectrophotometry (Myers et al., 2004). Fecal production (FP, kg of DM/day) was
determined as: FP = intake TiO2/fecal TiO2. The apparent digestibility (AD, g/kg of DM) was determined
as: AD = (nutrient intake - nutrient excreted)/nutrient intake.

A completely randomized design was used for the evaluation of animal performance, ingestive behavior,
and forage characteristics. For the evaluation of intake and forage digestibility, we used a 3 x 3 double
Latin square (3 treatments and 3 periods). The data were analyzed using a mixed model methodology
(Littell et al., 2006) incorporating the �xed effect (treatment) and random effects (for the Latin square, we
considered animal, period, and the treatment*period interaction as random effects) into the model. We
used the Tukey-Kramer test for comparison between means (α = 0.05). The model used for variables that
followed the completely randomized design was represented by:

Yijk = µ + Ti + β1Xij + eijk,

In which Yijk is the dependent variable, µ is a constant, Ti is the effect of diets, β1Xij = is the effect of the
covariates (IBW and SFT), and eijk is the residual experimental error.
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For the Latin square design, the model was represented by:

Yijk = µ + Ti + Pj + Ak + TPij + eijk,

In which Yijk is the dependent variable, µ is a constant, Ti is the effect of diets, Pj is the effect of period, Ak

is the animal effect, TPij is the effect of interaction between treatment and period, eijk is the residual
experimental error.

Results

Pasture characteristics
The supplementation (Table 2) did not in�uence (P > 0.05) the sward height, forage mass, forage
accumulation, forage allowance, and stocking rate. The supplements did not in�uence (P > 0.05) the
pasture contents of DM, CP, and NDF. Similarly, the forage contents of DM, OM, NDF apparent digestibility,
and total digestible nutrients were not affected by the treatments. The crude protein apparent digestibility
(CPAD) was higher without any supplementation.
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Table 2
Yield parameters and nutritive value of the diet of steers receiving self-fed supplements on Aruana grass

pasture.
Items Diets SEM4 P-value

Mineral

Salt1

Low

intake2

Medium

intake3

   

Sward height (cm) 45.0 46.0 45.0 0.75 0.76

Stocking rate (ton/ha) 2.36 2.54 2.92 0.11 0.12

Forage mass£ 7.75 7.48 7.78 0.14 0.35

Forage accumulation££ 94.0 123.0 130.0 12.0 0.15

Forage allowance£££ 3.29 2.94 2.66 0.002 0.45

Dry matter§ 281 271 271 1.03 0.46

Crude protein§§ 216 212 214 2.77 0.78

Neutral detergent �ber§§ 613 602 611 3.40 0.24

Dry matter digestibility§§ 540 540 530 0.41 0.52

Organic matter digestibility§§ 600 590 580 4.63 0.43

Crude protein digestibility§§ 680a 630b 620b 13.2 0.02

Neutral detergent �ber digestibility§§ 590 620 610 7.24 0.19

Total digestible nutrients§§ 553 546 535 4.15 0.24

§g/kg of fresh material t; §§g/kg of dry matter – apparent digestibility of total diet; £ton of dry
matter/ha; ££kg of dry matter/ha/day; £££kg of dry matter/kg body weight; 1mineral salt
supplementation; 2energetic-protein supplementation formulated for ingestion of 1.5 g/kg body
weight; 3energetic-protein supplementation formulated for ingestion of 4.0 g/kg body weight;
4standard error of the mean; means followed by different lowercase letters in a row differ (P < 0.05) by
the Tukey-Kramer test.

Animal performance and ingestive behavior
The medium-intake presented the highest (P < 0.05) supplement intake (kg/day and %BW), intermediate
values were observed for low-intake, and the lowest values for the mineral supplementation (Table 3).
The forage intake was not changed (P > 0.05) by the supplements. The total DMI (kg/day) was higher (P 
= 0.03) for medium-intake than the control treatment, without any difference for other comparisons



Page 9/15

between supplements. However, total DMI expressed as %BW was higher (P = 0.013) for medium-intake
than other supplements, which did not differ for this characteristic.

Table 3
Intake and animal performance of steers receiving self-fed supplements on Aruana grass pasture.

Items Diets SEM4 P-value

Mineral

Salt1

Low intake2 Medium

intake3

   

Supplement intake§ 0.04c 0.43b 1.13a 0.49 < 0.01

Supplement intake£££ 0.15c 1.50b 3.95a 0.36 < 0.01

Forage intake§ 6.21 6.48 6.44 0.21 0.64

Forage intake £££ 21.4 22.3 22.9 0.64 0.32

Dry matter intake£ 6.24b 6.91ab 7.57a 0.29 0.03

Dry matter intake£££ 21.6b 23.7b 26.8a 0.98 0.01

Initial body weight* 311 299 301 6.13 0.38

Final body weight* 386 370 401 5.49 0.13

Final subcutaneous fat thickness** 3.00 2.10 3.60 0.31 0.09

Average daily gain§ 0.62b 0.59b 0.83a 0.04 < 0.01

Subcutaneous fat thickness gain** 0.95b 0.80b 2.67a 0.36 0.03

Weight gain per area¢ 398b 404b 659a 12.6 < 0.01

§kg/day; £kg of dry matter/day; ££kg of DM/ha/d; £££g of dry matter/kg body weight; *kg; **millimeter;
¢kg/ha; 1mineral salt supplementation; 2energetic-protein supplementation formulated for ingestion
of 1.5 g/kg body weight; 3energetic-protein supplementation formulated for ingestion of 4.0 g/kg
body weight; 4standard error of the mean; means followed by different lowercase letters in a row
differ (P < 0.05) by the Tukey-Kramer test.

The �nal body weight and subcutaneous fat thickness did not differ (P > 0.05) between supplements
(Table 3). However, the ADG, SFTG, and AWG were higher (P < 0.05) for the medium-intake supplement.

Grazing, rumination, and other activities time were not affected (P > 0.05) by the supplements (Table 4).
Likewise, the number of diurnal stations, time per feeding station, steps per minute, bite rate (bites/min),
and number of bites per station were not (P > 0.05) affected by the supplements. Chewing time per bolus
and number of chewing per bolus were higher (P < 0.05) for medium-intake compared to the control
supplement, with intermediate values for the low-intake.



Page 10/15

Table 4
Ingestive behavior and displacement pattern of steers receiving self-fed supplements on Aruana grass

pasture.
Items Diets SEM4 P-value

Mineral

Salt1

Low intake2 Medium

intake3

Grazing§ 400 443 388 15.5 0.31

Rumination§ 95.8 102 132 17.9 0.67

Other activities§ 328 279 292 17.0 0.51

Diurnal stations§§ 19.5 23.9 18.9 107 0.10

Number of stations£ 4.89 5.38 4.88 0.17 0.09

Displacement rate££ 8.40 8.62 7.63 0.47 0.64

Bite rate£££ 32.6 35.8 30.4 1.53 0.36

Number of bites per station 6.99 6.83 6.35 0.48 0.85

Number of chews per bolus 34.8b 40.9ab 45.0a 1.61 0.04

Chewing rate* 34.8b 40.0ba 46.0a 1.83 0.04

§minutes; §§nº x 102; £nº/minute; ££steps/minute; £££bites/minute;; *s/bolus; 1mineral salt
supplementation; 2energetic-protein supplementation formulated for ingestion of 1.5 g/kg body
weight; 3energetic-protein supplementation formulated for ingestion of 4.0 g/kg body weight;
4standard error of the mean; means followed by different lowercase letters in a row differ (P < 0.05) by
Tukey-Kramer test.

Discussion
The mechanism of replacing the pasture with the supplied energetic-protein supplementation was not
observed in our study. Thus, the similar pasture conditions between treatments enabled a similar stocking
rate, forage allowance, and forage intake. In this context, grazing is one of the main factors of the
structure and composition of grassland ecosystems (Dumont et al., 2012). The lack of a signi�cant effect
of supplementation on ingestive behavior and the search for forage are related to the chemical
composition of the ingested forage (Table 2). The main feed factors that affect intake are the contents of
dry matter and �ber, which consequently affect the diet’s digestibility (Koscheck, et al., 2013).

The equal digestibility of the diet can be attributed to the similar chemical composition of the pasture and
to the DM intake. Meanwhile, the protein digestibility, which decreased, may be related to the increase in
the intake of smaller particles through the supply of energetic-protein supplements. The increase in the



Page 11/15

intake level can accelerate the passage rate, which means a shorter residence time of particles in the
rumen, reducing the digestibility of the diet, as suggested by Missio et al. (2012). In addition, according to
Kunkle et al. (2000), the extra-salt in supplements can increase water consumption and may result in
increased ruminal protein passage and escape rates.

In general, energetic-protein supplementation bene�t forage digestibility in tropical pastures (Socreppa et
al., 2017). The decrease of forage intake and its digestibility by supplementation in grazing cattle occur
when non-�brous carbohydrates in supplements are offered above 0.4% BW (maximum of 0.3% BW in
this study) as reviewed by Kunkle et al. (2000). The positive effect of energetic-protein supplementation is
due to the improved energy/protein ratio, which results in increased microbial protein synthesis and
digestion rates (Detmann et al., 2014). Socreppa et al. (2017) report that 13 mg/dL NH3-N are required to
maximize the voluntary forage intake, which corresponds to approximately 120 g/kg of protein on DM. In
our study, there was no measurement of NH3-N, but the amount of supplement was not su�cient to
in�uence the forage intake.

Pastures composed of C4 grasses tend to present higher biomass production and nutritional value in
warm periods (September to April in Southern Brazil). This re�ects in the animal performance, however,
the use of basal forage during this period is not considered optimal (Detmann et al., 2014), because there
is a nutritional imbalance in tropical pastures that is characterized by low availability and degradability of
soluble carbohydrates and protein. Therefore, there is an unused ADG potential that can be achieved
through supplementation (Poppi and McLennan 1995). In our study, this animal growth potential was
only achieved in the medium-intake supplementation (+ 0.23 kg/day), and it can be observed by the
difference in total DMI.

The increase in fat deposits without affecting ADG during the growing phase can be an important tool to
improve the animals’ carcass quality, especially those �nished on pasture. The animals with the highest
amount of supplementation presented a higher fat thickness and ADG, demonstrating that 4 g/kg BW of
an energetic-protein supplementation may be a viable option in the growing phase for cattle.

The supplementation did not show any in�uence on the animals’ activities. According to Hodgson (1990),
the daily activities are mutually exclusive, in which the increase in rumination and idleness implies a
decrease in feeding time. As mentioned before, the supplementation was not su�cient to in�uence the
forage intake by the animals, which is reinforced by the absence of variation in the behavioral activities in
the search for forage. The rumination pattern may be related to the dry matter intake, suggesting that the
animals improved the rumination e�ciency when they increased the intake. Therefore, as animals
consume more roughage, they may present some increase in the time for ruminating the bolus and
mandibular movement rate. This may have contributed to the high ADG.

The supply of self-fed supplements with 4 g/kg body weight increases the dry matter intake, with
maximization of the performance of steers on Aruana grass. Thus, the medium-intake supplementation
allow increasing the animals’ individual performance and stocking rate in tropical pastures, with a 60%
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increase in live weight gain per area during the growing phase, being possible to reach productive rates
similar to intensive production systems. In addition, operating costs can be reduced by using self-fed
supplements.
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