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A meta-analysis of the effects of dietary supplementation in tropical
forage-fed cattle

Efeito da suplementacao de bovinos de corte em pastagem tropical:
abordagem meta-analitica

Gilmar dos Santos Cardoso'"; Diego Soares Machado!; Larissa Luisa Schumacher?;
Caroline de Avila Fernandes?; Dieison Pansiera Antunes*; Michael dos Santos
Schenkel?; Alice Ziige Rodrigues?; Ivan Luiz Brondani®

Highlights:

Tropical pastures sometimes do not meet the requirements of cattle, regardless of supply.
Concentrated grazing supplementation makes the production system more efficient.
Rearing cattle are more dependent on protein supplements.

Abstract

The objective of this study was to, through a meta-analysis of published data, evaluate the effects
of dietary supplementation on the performance of beef cattle grazed on Brachiaria pastures during
the rearing and finishing phases of growth. Data from 15 Brazilian studies were analyzed, totaling
462 animals given different types and levels of supplementation. Animals were divided into two
categories: 319 in the rearing phase, and 143 in the finishing phase. The reviewed studies evaluated
the effects of protein, energy, and protein/energy supplementation on animal performance parameters.
Daily weight gain and final live weight were analyzed using forest plots. Daily weight gain during the
rearing phase was similar across all supplement types used. Animals given supplementation gained
an average of 119 g more per day compared to those who received no supplementation. Specifically,
protein supplementation resulted in an increase of 28.22 kg. Animals given supplementation of any
kind, represented by the subgroups shown in the plots, gained an average of 24.47 kg more compared
to the control group.

Key words: Brachiaria. Forest plot. Weight gain. Final live weight.

Resumo

O objetivo desse estudo foi avaliar por meio metanalitico os efeitos da suplementacdo no desempenho
durante as fases de recria e terminacdo de bovinos de corte em pastagem de Brachiaria. Foram analisados
dados combinados de 15 estudos nacionais, com um niimero total de 462 bovinos, submetidos a pastejo
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em forragem tropical com diferentes tipos e niveis de suplementacdo. Esses animais foram divididos
em duas categorias; 319 na fase de recria e 143 na fase de terminag¢@o. Os trabalhos revisados avaliaram
o efeito da suplementacdo proteica, energética e proteica-energética sobre parametros de desempenho
animal. As variaveis, ganho de peso diario e peso vivo final foram analisadas através de Forest plot. O
ganho de peso diario na fase de recria apresentou semelhanca entre os tipos de suplementos fornecidos
aos animais. Os animais que recebiam suplemento no pastejo apresentaram maior ganho de peso didrio
em relagdo ao grupo controle, com incremento de 119 g dia™'. A suplementag@o proteica possibilitou aos
animais incremento de 28,22 kg em relag@o aqueles que ndo recebiam nenhum tipo de nutriente a ndo
ser da propria pastagem. Diferenciando-se apenas dos animais que ndo recebiam suplementagdo nesse
periodo, o ganho de peso final adicional dos subgrupos em relagdo ao controle foi de 24,47 kg.
Palavras-chave: Brachiaria. Forest plot. Ganho de peso. Peso vivo final.

Introduction

Beef production in Brazil is significantly
important in the world market due to the country’s
natural resources, which support herd-development
through forage, thus favoring increased production.
In Brazil, forage grasses of the expressive genus
Brachiaria are common. Depending on soil and
climate conditions, the most common species
include  Brachiaria  decumbens, Brachiaria
brizantha, and Brachiaria humidicola. Together,
these three species populate approximately 85% of
the pastures in central Brazil (Empresa Brasileira
de Pesquisa Agropecuaria - Centro Nacional de
Pesquisa em Gado de Corte [EMBRAPA-CNPGC],
2019). However, seasonal changes (predominantly
during the dry season), decrease the nutritional value
of these grasses due to degradation of the pastures;
thus, resulting in low zootechnical performance

(Moraes et al., 2012).

Considering the behavior of forage animals,
it is important for the rural producer to stipulate
objectives in the development process of the animal.
Even during periods of maximum forage production,
the nutritional requirements of the cattle may not
be met, especially for growing animals. Nutritional
deficiency results in a reduction in the rate and
maximum capacity of weight gain, subsequently
leading to higher expenses during the finishing
phase. Consequently, the use of concentrated
supplements in either season could correct specific
nutrient deficiencies. Supplements are typically

given at low levels to increase nutrient-availability
for ruminal bacteria, improving use of the structural
carbohydrates obtained from the pasture; thus,
resulting in better animal performance. Therefore,
in each situation it is necessary to analyze which
type of supplement is appropriate to improve
production rates.

We conducted a meta-analysis to evaluate
the effects of dietary supplementation on the
performance of cattle grazed in Brachiaria pastures
during the rearing and finishing phases.

Materials and Methods

Data from 15 Brazilian studies were analyzed,
totaling 462 animals grazed on tropical forage
with different types and levels of supplementation.
Animals were divided into two categories: 319 in the
rearing phase, and 143 in the finishing phase (Table
1). The reviewed studies evaluated the effect of
protein, energy, and protein/energy supplementation
on parameters of animal performance. Literature
published from 2004-2015 was found through the
Scientific Electronic Library Online (http:/www.
scielo.br) or CAPES periodical portal (http://www.
beef
cattle OR supplementation OR pasture AND weight
gain OR animal performance. Included studies must
have had a control group without supplementation,

periodicos.capes.gov.br), using keywords:

used forage of the genus Brachiaria, took place in
the tropical region of Brazil, and analyzed the daily
weight gain and final body weight.
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Animal performance parameters included the
initial live weight (ILW), final live weight (FLW),
and daily weight gain (DWG) for each phase.
Data from the rearing and finishing phases varied
greatly in ILW due to different body structure and
development. Therefore, the mean live weight was
248.6 kg and 367.2 kg for the phases of rearing

Table 1

and finishing, respectively. Importantly, while all
studies used Brachiaria forage, they were conducted
during different times of the year, therefore, the
performance of the animals was evaluated in the dry
and wet seasons, with a mean forage mass of 6.56
ton ha'l.

Details and information on the studies included in the metanalysis

Studies Published n Forage Categories Treatment
1 Reis et al. (2012) 50 Capim Marandu Rearing Prot./energ.
2 Porto et al. (2011) 30 Brachiaria decumbens Stapf Rearing Prot./energ.
3 Alonso et al. (2014) 75 Brachiaria Brizantha cv. Marandu Rearing Prot./energ.
4 Lima et al. (2012) 15 Brachiaria Brizantha cv. Piata Rearing Prot./energ.
5 Porto et al. (2009) 25 Brachiaria Brizantha cv. Marandu Rearing Protein
6 Nogueira et al. (2015) 39 Brachiaria brizantha e decumbens Rearing Protein
7 Lima et al. (2012) 5 Brachiaria Brizantha cv. Piata Rearing Protein
8 Sales et al. (2011) 25 Brachiaria decumbens Stapf Rearing Protein
9 Socreppa et al. (2015) 30 Brachiaria Brizantha cv. Marandu Rearing Energy
10 Alonso et al. (2014) 25 Brachiaria Brizantha cv. Marandu Rearing Energy
11 Porto et al. (2008) 16 Brachiaria decumbens Stapf Finishing Prot./energ.
12 Baroni et al. (2010) 48 Brachiaria Brizantha cv. Marandu Finishing Protein
13 Detman et al. (2004) 25 Brachiaria decumbens Stapf Finishing Protein
14 Botini et al. (2015) 30 Capim Marandu Finishing Energy
15 Sales et al. (2008) 24 Brachiaria Brizantha cv. Marandu Finishing Energy

Total - 462 - - -

DWG and FLW were analyzed using a forest
plot. First, a funnel plot analysis was conducted
to assess whether there was publication bias in the
meta-analysis. All studies used had a treatment
without supplementation, which we combined into
a control group for our analysis. The other three
treatments: protein, energy, and protein/energy
supplementation, were considered subgroups. For
each study, the number of events, averages, and
standard deviations were tabulated using Excel
(Microsoft Office), and analyzed in R (version 3.3.2)
using the metacont function, which is included in the
meta package. Graphs were built for each variable
using the forest function, one for each phase (rearing

and finishing). However, the finishing phase protein/
energy subgroup only included dispersion data from
one study, making it impossible to compare to other
subgroups. Thus, this subgroup was removed from
the forest plot.

Heterogeneity among the experiments included
was quantified using the I? test (Higgins, Thompson,
Deeks, & Altman, 2002), which quantifies the
impact of heterogeneity on a meta-analysis using
mathematical criteria independently on number
of studies and metric effect of the treatment. The
random model was chosen due to the heterogeneity
of the analyzed results.
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Results and Discussion

DWG in the rearing phase was similar across
protein, energy, and protein/energy supplementation
regimens (Figure 1), and was always higher
compared to that of cattle not given supplementation.
The forest plot shows the lozenges, representing
each type of supplementation in the meta-analysis,

align on the positive side of the same axis (p > 0.05),

demonstrating a similar response. Garcia, Euclides,
Alcalde, Difante and Medeiros (2014) evaluated
the performance of B. decumbens ‘Basilisk’-
fed crossbred cattle (Braford x Angus x Nellore)
supplemented with protein mineral salt 0.2% of the
body weight, and reported a weight gain of 0.630
kg, which is close to the mean weight gain we found
in cattle receiving supplementation.

Experimental Control Standardised Mean

Study Total Mean SD Total Mean SD Difference SMD 95%-Cl Weight
subgroup = prot.fenerg.
Reis etal. (2012) sup. 1 17 0674 015200 16 0505 0.114 |- 122 [047. 197] 60%
Reis et al. (2012) sup. 2 17 0653 014800 16 0505 0.114 - | 109 [035 183] 60%
Porto etal. (2011)0.19 5 0427 0.02135 5 0257 0.045 —— 436 [161, 711 22%
Porto et al. {2011) 0.38 5 0444 0.02220 5 0.257 0.045 —8— 476 [1.81, 771 20%
Porto et al. {2011) 0.58 5 0530 0.02650 5 0257 0.045 ——— 668 [272,1064] 13%
Porto et al. {2011) 0.75 5 0.540 0.02700 5 0.257 0.045 —*—— 689 [282,1096] 1.2%
Alonso et al. {2014) sup. 1 25 0655 016375 25 0625 0111 ; 021 [034, 077] 63%
Alonso et al. (2014} sup. 2 25 0597 014925 25 0625 0111 - -021 [[0.77, 035] 63%
Limaetal (2012) sup. 1 5 0.719 0.03595 5 0686 0.152 = § 027 [[088, 152] 48%
Lima etal (2012) sup. 2 5 0.850 0.04250 5 0686 0.152 e 133 [[012, 277] 44%

S 114 112 < 149 [065; 2.33] 40.7%
subgroup = proteic
Porto et al. {2009} sup. 1 5 1.134 0.05670 5 0.887 0.165 o 181 [0.20; 341 40%
Porto et al. {2009) sup. 2 5 1.121 0.05605 5 0.887 0.165 S 172 [014; 329] 41%
Porto et al. {2009) sup. 3 5 1.091 0.05455 5 0.887 0.165 . 150 [000; 3.000 43%
Porto et al. {2009) sup. 4 5 1.047 0.05235 5 0.887 0.165 e 118 [[0.23; 259] 45%
Nogueira et al. (2015) 20 0580 028200 19 0584 0.284 : -001 [-064; 061 62%
Limaetal. (2012) 5 0.761 0.03805 5 0686 0.152 . 061 [[068, 190] 47%
Salesetal (2011)0.18 5 0526 0.02630 5 0371 0.086 —— 220 [045 395 37%
Sales etal (2011) 0.36 5 0563 002815 5 0371 0.086 =HE— 271 [074, 468 33%
Sales etal (2011) 054 5 0617 0.03085 5 0371 0.086 T 344 [114, 574 28%
Sales etal. (2011)0.72 5 0694 0.03470 5 0371 0.086 —E— 445 [165 724] 22%
Random effects “ode‘ 65 64 < 166 [084; 2498] 39.9%
subgroup = energetic
Socreppa et al. (2015) sup. 1 5 1.042 0.05210 5 0.817 0.080 i 301 [091, 511] 3.1%
Socreppa et al. (2015) sup. 2 5 1.064 0.05320 5 0817 0.080 —— 328 [106;, 551 29%
Socreppa et al. (2015) sup. 3 5 1.005 0.05025 5 0817 0.080 S 254 [065 444] 35%
Socreppa et al. (2015) sup. 4 5 0.996 0.04980 5 0817 0.080 —E— 243 [058;, 427] 36%
Alonso et al. {(2014) 25 0698 017450 25 0625 0111 049 [[007, 105 63%
Random effects model 45 45 == 216 [0.76; 3.56] 19.4%
Random effects model 224 221 < 163 [1.13; 2.13] 100.0%
Heterogeneity: 12 = 75%, 1° = 0.9541, p < 0.01 ' I f '

-10 -5 0 5 10

Figure 1. Forest plot of the daily weight gain (DWGQ) of tropical forage-fed rearing-phase cattle that received

different dietary supplements.

Figure 1 also shows that animals receiving
supplementation had greater DWG than the control
group, with an average increase of 119 g day' among
the subgroups. This finding is associated with a

higher nutritional level and biological efficiency
in the rearing animals receiving supplementation
during the phase of physiological development.
Nascimento et al. (2010) showed that the mean
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daily gain of animals given supplementation was contrast, protein supplementation resulted in an
33.4% higher than the gain of the animals receiving increase of 28.22 kg compared to control animals.
only the mineral mixture, which corresponds to an  This is likely because as the animals grow, more
increase of 150 g day'. protein is needed for muscle tissue. Fernandes, Reis
and Paes et al. (2010) reported an increase of 30 kg

As for the FLW of rearing cattle (Figure 2), ° ) .
in the final weight of supplemented animals.

the protein/energy and energy supplementation
subgroups showed uniform results (p > 0.05). In

Experimental Control Standardised Mean
Study Total Mean SD Total Mean SD Difference SMD 95%-Cl Weight
subgroup = prot.jenerg. i
Reis et al. (2012) sup. 1 17 289.00 25143000 16 273.00 23.751000 LB 064 [[006;134] 73%
Reis etal. (2012) sup. 2 17 29300 25491000 16 273.00 23.751000 o 079 [008 1500 7.2%
Porto etal. {2011) 0.19 5 269.00 42.771000 5 25520 40576800 —E— 030 [-095,155] 38%
Porto etal. {2011) 0.38 5 277.20 44.074800 5 25520 40576800 —E— 047 [[080;1.74] 37%
Porto etal. {2011) 0.58 5 277.30 44.090700 5 255.20 40576800 —1E— 047 [[080,1.74] 37%
Porto etal. (2011)0.75 5 286.00 45474000 5 255.20 40576800 —TE— 065 [[065, 194] 36%
Alonso et al. (2014) sup. 1 25 33451 9767692 25 33186 9.690312 - 027 [[029,083] 87%
Alonso et al. (2014) sup. 2 25 32970 9627240 25 33186 9.690312 - -022 [0.78,034] 87%
Limaetal. (2012} sup. 1 5 32040 52.866000 5 31840 52536000 — i 003 [[121,127] 38%
Limaetal. (2012} sup. 2 5 33240 54.846000 5 31840 52536000 —— 024 [[101,148] 38%
Random effects model 114 112 k> 031 [0.04;057] 542%
subgroup = proteic
Porto et al. (2009) sup. 1 5 323.80 12952000 5 303.06 12.122400 149 [0.00,299] 29%
Porto et al. (2009} sup. 2 5 323.77 12950800 5 303.06 12.122400 149 [[0.01,299] 29%
Porto et al. (2009) sup. 3 5 319.91 12.796400 5 303.06 12.122400 122 [[0.20,264] 31%
Porto et al. (2009) sup. 4 5 31645 12658000 5 303.06 12.122400 098 [[0.38;233] 33%
Limaetal. (2012) 5 323.60 53.394000 5 31840 52536000 i 009 [1.15,133] 38%
Sales etal (2011)0.18 5 33238 11.965680 5 291.90 10508400 —F—— 325 [104,546] 15%
Sales etal. (2011) 0.36 5 32525 11.708000 5 291.90 10508400 ——— 271 [074,467] 18%
Sales etal (2011) 054 5 329.00 11.844000 5 29190 10508400 ——— 299 [090;508 16%
Sales etal (2011)0.72 5 33013 11.884680 5 291.90 10.508400 —*F—— 308 [095521] 16%
Random effects model 45 45 - 1.67 [0.95;238] 226%
subgroup = energetic
Socreppa et al. (2015) sup. 1 5 316.70 13.238060 5 31230 13.054140 030 [ 38%
Socreppa et al. {2015) sup. 2 5 325.00 13.585000 5 31230 13.054140 TE— 0.86 [-0. 34%
Socreppa et al. (2015) sup. 3 5 31890 13.330020 5 31230 13.054140 —— 045 [-0. 37%
Socreppa et al. {2015) sup. 4 5 313.70 13.112660 5 31230 13.054140 —— 010 [- 38%
Alonso et al. (2014) 25 33808 9871936 25 33186 9.690312 LB 063 8.6%
Random effects model 45 45 < 053 2%
Het er ot = Py \_ . H
Random effects model 204 202 $ 0.66 [0.37; 0.95] 100.0%

Heterogeneity: 1% = 37%, «° = 0.1671, p = 0.03 ' X ' |
4 2 0 2 4

Figure 2. Forest plot for final live weight (FLW) of tropical forage-fed rearing-phase cattle that received different
supplements.

For additional weight gain during the rearing better efficiency of protein supplementation during
phase in supplemented animals, the subgroups the development phase.
showed that cattle receiving protein supplementation
had 61.12% and 76.29% more weight gain than
animals receiving protein/energy or energy
supplements, respectively. Such results demonstrate

Despite the different seasons during which the
studies used occurred, Brachiaria did not provide
enough nutrients to meet the requirement of
animals at this age, regardless of receiving forage

2385
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in greater quantity and with higher quality. Thus,
the supplementation strategy can be used when the
forage is deficient for specific nutrients, increasing
dry-matter consumption and improving digestibility
(Koscheck et al., 2011).

Animals have lower protein requirements during
the finishing phase, resulting in greater energy for
fat deposition and improving carcass finishing.
Energy supplementation in diets based on good
quality forage can improve the efficiency of N use,
decreasing the acetate to propionate ratio (A:P),

and consequently decreasing methane production
(Rivera et al., 2010).

Figure 3 shows DWG in the finishing phase.
The two subgroups analyzed for this variable
showed similar responses. The two lozenges of the
supplements are on the same line, with no difference
in daily gain for the two groups. However, even
with evident similarity, the DWG of the energy
supplementation group is 41.53% higher than the
protein group, proving that higher energy levels in
the finishing phase result in better animal responses.

Experimental Control Standardised Mean

Study Total Mean SD Total Mean SD Difference SMD 95%-Cl Weight
subgroup = proteic

Barom etal (2010)0.05 8 0.195 0.01560 8 0.287 0.145 -084 [188 019] 85%
Baroni et al. (2010} 0.11 8 0.099 0.00792 8 0.287 0.145 | -1.73 [[293,-053] 83%
Baroni et al. (2010) 0.23 8 0.274 002192 8 0.287 0.145 -012 [[1.10; 0.86] 85%
Baroni et al. (2010) 0.46 8 0.372 002976 8 0.287 0.145 077 [[0.26;, 1.79) 85%
Baroni et al. (2010) 0.91 8 0.588 0.04704 8 0.287 0.145 = 264 [120, 408 80%
Detman et al. {2004) sup. 1 5 0684 003420 5 0.277 0.056 —a— 792 [329,1255) 40%
Detman et al. (2004) sup. 2 5 0.811 0.04055 5 0.277 0.056 —E—— 987 [417,1556]) 31%
Detman et al. (2004) sup. 3 5 0.983 0.04915 5 0.277 0.056 —*F—— 1210 [5.18,19.03] 24%
Detman et al. (2004) sup. 4 5 0.800 0.04000 5 0.277 0.056 —E— 971 [410,1531] 32%
Random effects model 60 60 <= 241 [0.67; 418] 54.4%
( 1S 5 0.980 0.04900 5 0.390 0.108 —— 6.35 [257,1014] 49%
af }s 5 1.110 0.05550 5 0.390 0.108 —a— 757 [313,1201] 42%
ks is 5 0.910 0.04550 5 0.390 0.108 i 567 [224, 909] 53%
Botini et al. {2015) sup. 4 5 0.680 0.03400 5 0.390 0.108 - 327 [105 549) 70%
Sales et al. (2008) 0.27 6 0614 0.03684 6 0511 0.094 = 133 [003; 264] 82%
Sales etal. (2008)040 6 0664 003984 6 0511 0.094 L3 196 [048; 344] 80%
) 6 0629 003774 6 0511 0.094 [ 152 [017, 287] 81%
I 38 38 <> 3.07 [1.70; 445] 45.86%
Random effects model 98 98 M <'>l S 281 [1.57; 4.05] 100.0%

Heterogeneity: /° = 86%, ©° = 4.433, p < 0.01

-15-10 -5 0 5 10 15

Figure 3. Forest plot for daily weight gain (DWG) of tropical forage-fed finishing-phase cattle that received different

supplements.

Figure 3 also shows a daily gain difference
between the groups of supplemented animals
compared to those that were finished only in pasture.
Protein and energy supplementation showed a gain
increase of 102 g day! compared to the control
group, showing that the use of Brachiaria grazing
supplements improves productive performance. In

general, cattle graze on forage with low nutritional
value, with high levels of indigestible fiber and
low levels of crude protein. According to Carvalho
et al. (2014), protein supplementation to cattle in
tropical forages increases the supply of ammoniacal
nitrogen to ruminal microorganisms, increasing

forage consumption.
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Figure 4 shows FLW in finishing-phase animals,
which was similar to the forest plot of DWG for the
same phase. Animals in the supplemented groups
presented a balanced performance, demonstrating
that energy supplementation did not increase
their final weight when compared with protein
supplementation. Differently from the animals
not receiving supplementation in this period, the

Experimental
Study Total Mean SD Total Mean
subgroup = proteic
Baroni et al. (2010) 0.05 8 428.00 18.70360 8 432.00
Baroni et al. (2010) 0.11 8 431.00 18.83470 8 432.00
Baroni etal. (2010)0.23 8 441.00 1927170 8 432.00
Baroni et al. (2010) 0.46 8 446.00 1949020 8 432.00
Baroni et al. (2010) 0.91 8 464.00 20.27680 8 432.00
Detman et al. (2004) sup. 1 5 440.80 1498720 539740
Detman et al. (2004) sup. 2 5 453.80 1542920 5 39740
Detman et al. (2004) sup. 3 5 471.90 16.04460 539740
Detman et al. (2004) sup. 4 5 453.10 1540540 5 39740
Random effects model 60 60
subgroup = energetic
Botini et al. {2015) sup. 1 5 39365 19.01329 5 34417
Botini et al. {2015) sup. 2 5 40453 1953880 5 34417
Botini et al. (2015) sup. 3 5 39821 1923354 5 34417
Botini et al. {2015} sup. 4 5 371.88 17.96180 5 34417
Sales et al. (2008) 0.27 6 398.00 12.33800 6 390.00
Sales et al. (2008) 040 6 407.00 1261700 6 390.00
Sales et al. (2008) 0.54 6 403.00 1249300 6 390.00
andom krrsus model 38 38
Random effects model 98 98

Heterogeneity: (2 = 63%, «° = 0.815, p < 0.01

subgroups presented an additional FLW of 24.47
kg compared to the control group. As seen in other
parameters for this phase of growth, all lozenges are
located on the positive (right) side, demonstrating the
benefit of either protein or energy supplementation
on the performance of cattle grazed in tropical

pastures.

Control Standardised Mean
SD Difference SMD 95%-Cl Weight
18.87840 & -0.20 [(1.18,078] 84%
18.87840 . -0.05 (103,093 84%
18.87840 —p 045 [[055;144] 83%
18.87840 TR 069 033,171 82%
18.87840 —. 154 [039,270) 7.7%
1351160 —— 275 [077,473] 49%
1351160 —— 351 [1.18,585 4.0%
1351160 —F—— 454 [170,738 31%
1351160 —E 347 [1.16,579] 4.0%
< 140 [052;229] 56.9%
16.62341 —a— 250 [063,438 51%
16.62341 N 301 [091,510] 45%
16.62341 - 272 [075,468] 49%
16.62341 | 145 [0.04,293] 64%
12.09000 —j 060 [-056;177] 76%
12.09000 e 127 [0.02;256] 71%
12.09000 T 098 [[0.25220] 74%
<> 149 [086;2.13] 43.1%
PR <>I — 1.44 [0.86; 2.03] 100.0%

6 4 2 0 2 4 6

Figure 4. Forest plot for final live weight (FLW) of tropical forage-fed finishing-phase cattle that received different

supplements.

Conclusions

Dietary protein and/or energetic
supplementations for cattle grazed on Brachiaria
improves the performance of these animals. Protein
supplementation beneficially effects the FLW of

animals specifically during the rearing phase.
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