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Abstract

The increasing demand of meat requires the adoption of sustainable intensification 
livestock systems, applying nutritional strategies to reduce any negative contribu-
tion from beef cattle to global warming and, at the same time, to increase animal 
performance and productive efficiency. The pasture management practices and 
feed supplementation, mainly using non-edible feed with less costs, could minimize 
environmental and social impacts, resulting in higher productivity with less inputs 
utilization. Tropical grass submitted to grazing management according to plant height 
present high soluble protein and low levels of indigestible neutral detergent fiber 
contents. Energy or rumen undegradable protein supplementation, associated to 
alternative additives to antibiotics effects, such as probiotics, tannin, essential oils and 
saponin, can help to fully exploit the animal genetic potential and nutrient utilization 
efficiency, which decreases greenhouse gases emissions and improves animal perfor-
mance. Hence, more information about these tools can make the livestock systems in 
tropical pasture more efficient and eco-friendlier.

Keywords: greenhouse gases, non-edible feed, organic feed additive, 
supplementation, tropical pastures

1. Introduction

The large territorial extension and the tropical climate favorable to the growth of 
tropical grasses make pastures the basis for feeding Brazilian beef cattle, being the 
most practical and economical source to feed cattle in Brazil [1], responsible for the 
production of 89% of the entire herd, which reaches almost 188 million heads [2].

The economy globalization induces agriculture to become more and more 
efficient and competitive, therefore, failures in pasture management can be decisive 
in the success or unsuccess of beef cattle livestock [3]. In this sense, the great chal-
lenge of beef cattle production systems on pastures is the use of practices capable to 
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increase the productivity and quality of meat with low environmental impact [4, 5]. 
For this, enhancing the animal performance and optimizing the use of basal forage 
resources is the main objective of management strategies to be adopted [6].

In Central Brazil, tropical forages present as a typical characteristic the sea-
sonality of production, concentrating its growth between 70 and 80% in the rainy 
season, and 20 to 30% in the dry season [7]. The effects of this seasonality in beef 
cattle are evident through drastic variations in the chemical and structural composi-
tion of the forage canopy, which directly reflect on intake, digestibility, and weight 
gain and, consequently, delay the slaughter age of the animals [8]. The rainy season 
presents advantages for ruminant production as it has favorable edaphoclimatic 
conditions for the green leaf and forage mass productions with higher levels of 
crude protein (CP) and total digestible nutrients (TDN), when compared to the dry 
season, in addition to be the time to explore the maximum of animal performance 
and gain per area [9].

In theory, high-quality tropical forages should be able to provide the nutrients 
needed to meet grazing animals’ requirement, including energy, protein, minerals 
and vitamins. However, the chemical composition of tropical grass forage is rarely in 
a state of balance between animal requirements and the nutrients needed to obtain 
high weight gains, due to the quantitative and qualitative seasonality inherent to the 
pasture system, interfering in the expression of the genetic potential of beef cattle 
in Brazil [10]. In this sense, the management strategies adopted by the manager 
can provide differences in the magnitude of responses in animal performance and 
weight gain per explored pasture area [11].

The intensification of the production system requires, in addition to the use of 
pasture management techniques, the adoption of nutritional strategies, such as the 
diet supplementation of grazing cattle, as well as the use of the genetic potential of 
the animals, through selection and crossings. Such strategies must be consolidated 
in order to ensure the profitability of the production system, sustainability of the 
pasture ecosystem and production of quality meat for the consumer market [5, 6]. 
Faced with such conditions, the search for alternatives to chemical additives that 
reduce the negative contribution of livestock to global warming and, at the same 
time, increase performance and productive efficiency is increasing [12]. In this 
context, the use of organic additives has been established, among these components 
are condensed tannins, saponins and essential oils. These compounds come from 
plants, usually its extracts, and have the ability to manipulate ruminal fermentation 
and animal metabolism, in order to increase performance and promote beneficial 
effects to the environment [13].

Therefore, this chapter aimed to address aspects related to the production of 
beef cattle from a sustainable perspective, considering grazing management, the 
strategic use of diet supplementation for grazing animals, featuring the inclusion of 
non-edible feed and organic additives on supplement composition and their results.

2. Aspects related to beef cattle in grazing systems

2.1 Livestock contribution to greenhouse gases

As the largest land use system in Brazil, the agricultural sector contributes 40% 
of the global agricultural gross domestic product, provides income for more than 1.3 
billion people and food for at least 800 million people, using vast areas of pasture 
and a third of agricultural land for food production in the world [14]. However, 
although it assumes great importance in the economic scenario and is essential for 
world food, the rapid population growth and the production and consumption of 
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agricultural products is contributing to a substantial emission of greenhouse gases 
(GHG) to the environment, being responsible for 14.5% of the total human induced 
GHG emissions in the world [15], which makes the activity often cited as the villain 
of global warming [16].

Livestock contributes to GHG emissions in the form of methane (CH4) from 
enteric fermentation, nitrous oxide (N2O) from the use of nitrogen (N) fertilizers, 
and CH4 and N2O from animal excreta management and deposition. Furthermore, 
carbon dioxide (CO2) is also produced from the use of fossil fuel and energy on 
farms [5].

The production of enteric CH4 by ruminants is a fundamental process for the 
adequate functioning of the digestive system of these animals, but it results in a loss 
of gross ingested energy and, consequently, reduces animal performance [16], in 
addition to having its contribution in 3.5% of the world’s total GHG emissions [17]. 
Worldwide, CH4 is considered the second largest contributor to global warming 
(16%), right after CO2 (65%) [17]. The gas from livestock systems originates mainly 
from enteric fermentation (90%), being the rest produced from the fermentation of 
animal organic waste [18].

The use of N fertilizers and the deposition of animal excreta (feces and urine) 
are the main responsible for the losses of N to the environment, causing not only 
economic losses, but also environmental ones, due to nitrate leaching, volatilization 
of ammonia (NH3) and, mainly, N2O emission [19]. It is estimated that the annual 
global losses of N via excreta represent almost 26 million tons, and N fertilizers, 17 
million tons [20]. The Intergovernmental Panel on Climate Change [17] estimates 
NH3 volatilization values of 30% (20–50%) of excreta (urine and feces) and 15% 
(3–43%) of the urea fertilizer.

Although ruminants contribute with gas emissions to the environment, man-
agement strategies are essential for the sustainability of the global food system. 
In general, the practices involve improving the environmental performance of 
livestock systems through the management, supplementation, and adequate use of 
alternative additives to antibiotics; establish sustainable levels of intake of foods 
of animal origin, as well as using ingredients that are not consumed by humans 
(non-edible feed) [21, 22].

Indications for reducing CH4 production include measures that reflect better 
animal performance and result in shorter production cycles, involving improve-
ment in the composition and quality of forage, by reducing the cell wall and 
increasing levels of soluble protein and carbohydrates, e.g., improvement of 
animal genetics, feed supplementation [23]. Furthermore, the use of substances 
such as additives composed of organic acids, yeast and plant extracts, such as 
tannin and saponin, also help to reduce methanogenesis by manipulating ruminal 
fermentation [22].

A common strategy to reduce N losses in the system, both directly through 
N excretion via feces and urine, and indirectly through the use of fertilizers, is 
the mixed pastures of grass and legume, due to its association with nitrogen-
fixing bacteria, which increases forage productivity and nutritive value [19]. The 
improvement in the diet quality, in turn, can change the urine and feces composi-
tion and, consequently, N losses through excreta [24].

2.2 Grazing management

Animal performance in pastures is mainly determined by forage quality, which 
is a function of dry matter (DM) intake and forage nutritive value [8]. In turn, 
the nutritive value is determined by the chemical composition and the nutrients 
directly responsible for the DM digestibility, CP and neutral detergent fiber (NDF) 



Animal Feed Science and Nutrition - Health and Environment

4

contents [8]. In this sense, the correct management of pastures affects both pasture 
chemical composition and structure, in addition to factors such as forage mass, 
supply of leaves, stem and dead material, which are determinants in the animal 
ingestive behavior and, consequently, in the nutrient’s intake [25].

During the rainy season, the management must be done through strategies that 
guarantee the longest duration in the supply of quality forage and/or the improve-
ment of forage nutritive value, aiming to achieve greater productivity of the system 
[26]. In this sense, pasture management should prioritize the adjustment in grazing 
intensity to obtain high yields per animal and per area, considering the morpho-
physiological principles that govern the plant growth and its biological limits, in 
order to allow persistence of the pasture and avoid its degradation [12]. Any man-
agement criteria to be adopted, therefore, must consider the adjustment of forage 
allowance and stocking rate in order to simultaneously control the quality and 
quantity of available forage and maintain the sustainability of the system [11].

In general, pasture management involves a set of practices aimed at changing the 
morphology or delaying plant maturity, in order to increase the level of digestible 
nutrients in the diet for cattle and ensure adequate performance [27]. Furthermore, 
Sollenberger et al. [28] reported that grazing management should allow for a bal-
ance between plant growth, intake, and animal production, to keep a stable produc-
tion system.

According to Pereira et al. [29], the control of pasture defoliation is crucial to 
the sustainability of the system, as it is an antagonistic event, that is, the plant uses 
the leaves to capture light and carry out photosynthesis, producing carbohydrates 
that allow the maintenance of life and of development. On the other hand, the leaf 
is the morphological component with the highest nutritive value that compose most 
of the diet of grazing animals [25]. Therefore, it is necessary to adopt management 
techniques that prioritize the forage plant and the grazing animal, allowing high 
forage productivity combined with high animal performance [5].

2.2.1 Grazing height

Pasture management based on the adjustment of grazing intensity can be done 
following several criteria, such as grazing pressure, forage allowance, residual 
forage mass, residual leaf area index (LAI), height, and others [11]. The adoption 
of height as a management criterion allows the control of forage mass and stocking 
rate, being able to relate pasture growth with its use and, consequently, with the 
canopy structure and responses in intake and animal performance [30]. In addition, 
height is a functional and practical field indicator, which can be correlated to other 
management criteria, such as forage allowance and light interception (LI) [31]. 
Also, grazing height directly affects the ingestive behavior of grazing animals [5].

According to Reis et al. [8], grazing management must adjust the frequency and 
intensity of defoliation, so that the animal can harvest forage at the appropriate 
physiological age, which directly affects the nature and concentration of structural 
carbohydrates in the cell wall and nitrogenous compounds, which are the main 
determinants of forage quality. Thus, the authors report that pastures kept under 
continuous stocking and efficiently managed can provide continuous intake of 
young leaves and, consequently, greater forage digestibility when compared to the 
intermittent stocking system.

Pasture management under different grazing intensities promotes different 
responses in forage mass accumulation and nutritive value. Studies conducted at 
FCAV/Unesp Campus de Jaboticabal, Brazil generated consistent data on the effects 
of different heights of tropical pasture management in the rainy season [30, 32–37]. 
The afore mentioned authors evaluated Marandu grass pastures in a continuous 



5

Advances in Pasture Management and Animal Nutrition to Optimize Beef Cattle Production…
DOI: http://dx.doi.org/10.5772/intechopen.99687

stocking and variable stock grazing system, at three heights: 15, 25 and 35 cm. As 
the grazing height increased, there was a reduction in CP and an increase in fiber 
contents, higher senescence rate and higher leaf elongation rate, the latter two being 
related to higher LAI, which intercepts a greater amount of solar radiation. On the 
other hand, canopies kept at a lower height showed reduced growth and senescence, 
lower forage accumulation, and restriction in the green material allowance, which 
limited intake and animal performance. In summary, the authors concluded that 
Marandu grass pastures managed under continuous stocking, during the rainy 
season, should be managed at 25 cm height, in order to maximize forage intake 
and individual daily weight gain in the growing phase, without a marked decline in 
weight gain per area.

In this sequence of studies, Marandu grass pastures managed under continuous 
stocking at 25 cm height corresponded to 95% of LI and, according to Delevatti  
et al. [38], this management results in pastures with a higher proportion of leaves, 
higher protein fraction, lower proportions of dead material and insoluble neutral 
detergent fiber (iNDF).

In Marandu grass pastures subjected to rotational grazing, 95% LI values during 
regrowth were also obtained with an average sward pre-grazing height of around 
25 cm [39, 40]. According to Pedreira et al. [40], the management strategy of enter-
ing animals at 95% LI reduces the amount of self-shadowed material in the canopy 
and, therefore, reduces tissue death. Furthermore, in a rotational system, the height 
of the post-grazing residue interferes in the pasture intake due to changes in the 
canopy structure and the stratum explored by the animals during grazing [39].

2.2.2 Nitrogen fertilization

According to Reis et al. [11], the growth, development and chemical composi-
tion of forages are determining factors in animal performance, and, in turn, are 
affected by physiological aspects inherent to the plant and environmental condi-
tions. Thus, N is the most limiting element for the development of forage grasses, 
due to the amount of nutrient extracted by the plant and the low residual effect of 
N in the soil after its application, also to losses through volatilization, leaching and 
immobilization by microorganisms [41].

In this scenario, the use of fertilization in pastures has been intensified in recent 
years, aiming to increasing the forage nutritive value and the stocking rate, which, 
consequently, increases the production per unit of area [38]. The pasture stocking 
rate, in turn, depends directly on the productivity of the forage plant, which is 
affected by several factors such as precipitation, temperature, light intensity, soil 
fertility and fertilization, especially with N [42].

According to Rezende et al. [43], the effect of N fertilization on yield is related 
to the initial tillering after cutting, as it promotes rapid expansion of the leaves, 
quickly replenishing photosynthetic tissues and increases tillers formation, respon-
sible for higher DM production. In addition, N fertilization increases the concen-
tration of CP, decreases N insoluble in neutral detergent and allows for greater 
efficiency in the rumen microbiota cellulolytic activity, factors that optimize animal 
performance [6]. The efficiency of N utilization by forage plants, however, is quite 
divergent, ranging from 5 to 89.2 kg of DM/kg of N applied [44].

The CP ruminal degradability of tropical and temperate forage plants is natu-
rally high and increases with increasing N dose applied to the pasture [6]. Specially 
in tropical grass pasture management situations in which the high degradability of 
N compounds associated to the high content of structural carbohydrates with slow 
degradation is observed, the lack of balance between N and carbon skeletons arising 
from the degradation of carbohydrates in the rumen, compromises efficiency of 
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nitrogen use (ENU) and microbial protein synthesis [45]. This condition, however, 
generates excessive losses of N compounds in the ruminal environment in NH3 form 
in the urine, generating a protein deficit in relation to the requirements for high 
gains [9], which, in addition to resulting in economic losses, can be harmful to the 
environment through N losses in the form of volatilized NH3, N2O emission and 
nitrate leaching [4, 46].

In summary, pasture management practices during the rainy season, including 
maintenance N fertilization, adjustment in stocking according to the amount of 
forage available, provide pasture persistence, which surely dilutes production costs 
and gas emissions resulting from the inadequate land use and the prolonged period 
of pasture use [8].

2.3 Diet supplementation

In intensive production systems, supplementation is adopted as a technological 
tool to enhance the pastures use, aiming a compatible production with the genetic 
merit of the animals and profitability [27]. In general, supplementation allows the 
production of earlier animals, the increase in pastures support capacity, higher gain 
per animal and per area, the reduction of the time needed to reach slaughter weight, 
which, consequently, shortens the rearing and finishing grazing animals, in addi-
tion to the production of better-quality meat and carcass [9].

Thus, there is an increase in livestock offtake rates and a rapid turnover of 
invested capital, improving the efficiency and profitability of this system [47]. 
Furthermore, in grazing management systems that aims to optimize performance 
per animal and per area, it is possible to minimize the environmental impacts of 
beef cattle production in tropical grass pastures [4, 48].

The amount of protein and energy needed to optimize the use of nutrients, 
however, will depend on the pasture chemical composition and the crude protein/
digestible organic matter (DOM) ratio, since ENU depends on the energy availabil-
ity [11]. Therefore, supplementation must be preceded by the characterization of 
the quantity and quality of available forage, especially regarding the characteristics 
of carbohydrates and N compounds, to ensure the supply of nutrients that limit 
ruminal microbial activity [33].

2.3.1 Supplementation during dry season

Under conditions in Central Brazil, dry season is the most critical phase of 
grazing cattle production system. During this season, animals consume forage with 
low nutritional value, characterized by a high content of indigestible fiber and CP 
contents below critical level (7% CP), thus limiting its intake and, consequently, 
productive performance [27, 49]. Therefore, if there is no supplementation of cattle 
diet during this season, in order to supply the deficient nutrients of forage, there 
will be a reduction in weight gain or even negative performance, since the body 
nutrients are mobilized for maintenance, increasing the slaughter age, the fixed cost 
of the activity, and reducing livestock offtake rates [8].

According to Reis et al. [11], in the dry season, protein is the most limiting 
nutrient and, therefore, the one with the greatest need for supplementation, since 
it is a determinant in the capacity for fibrous substrates degradation by ruminal 
microorganisms and, consequently, in the passage rate and dry matter intake. In this 
sense, strategic supplementation during dry season involves the supply of protein, 
considering the ruminal events of digestion, fermentation, synthesis of N com-
pounds and intake of low-quality forage. The live weight gains obtained through 
supplementation at this phase can be low, ensuring maintenance of animal weight, 
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moderate (up to 300 g/animal/d), and even high (from 600 to 700 g/animal/d), 
enabling earlier slaughter of animals [8]. An advantageous alternative is the use 
of multiple supplements (protein and energy), which result in gains in the order 
of 150 to 300 g/animal/d with 0.5 to 2% BW and 700 to 1000 g/animal/d with 8 to 
10% BW supplement.

2.3.2 Supplementation during rainy season

Although the rainy season is characterized by presenting edaphoclimatic 
conditions favorable to forage production, the way in which these conditions occur, 
associated to the management strategies adopted and the interactions between 
pasture quality and quantity and nutrient supply via supplement, can provide dif-
ferences in the magnitude of responses to supplementation on animal performance 
and gain per area [48].

During this period, when forages are classified as medium to high-quality, with N 
compounds above the minimum recommended (7% CP) for full activity of bacteria 
using structural carbohydrates and with levels of rumen ammonia (N-NH3) above 
5 mg/dL, the objective of supplementation associated with grazing management 
strategies that maximize the production of grazing stratum, is to prevent deleteri-
ous effects in the use of potentially digestible NDF (pdNDF) in forage [49, 50]. 
According to Huhtanen et al. [50], pdNDF is a nutritionally more adequate entity for 
evaluating forage quality and corresponds to the portion of NDF that is potentially 
digested by ruminal microorganisms, and the digested amount is related to the 
retention time in the fermentation compartments, being short to complete the diges-
tion of all the ingested pdNDF.

According to Santos et al. [51], values of average daily gain (ADG) above 800 g 
during the rainy season are hardly reached by cattle kept in tropical pastures without 
the use of supplementation with concentrate. Despite the high cost of the additional 
gains inherent to the concentrate in this period (100 to 200 g/animal/day), this can 
result in a considerable reduction in finishing phase time, on pasture or feedlot, with 
possible economic returns [6, 33, 36, 52].

2.3.3 Energy supplementation

The main objective of grazing cattle supplementation is to increase the intake of 
energy and nutrients relative to those found in exclusive pasture diets [27]. When 
forage and easily fermentable carbohydrates are provided, fibrolytic microorgan-
isms must compete with non-fibrous carbohydrate (NFC) for substrates such as 
NH3, peptides, sulfur, and branched-chain carbon skeletons for their growth. An 
adequate supplementation strategy would be to maximize the use of forage by 
optimizing its digestion, increasing the passage rate of indigestible residue, and 
consequently increasing the intake of TDN [9].

According to Poppi and McLennan [26], high weight gains depend mainly on 
the supply of amino acids and energy transported to bovine tissues, a condition 
that is rare in animals under exclusive grazing. In this context, the same authors 
reported that energy supply can be an effective strategy to provide extra protein 
to the animal, as it allows NH3, which is usually lost in urine, feces, or saliva, to be 
captured and incorporated into microbial protein. Microbial protein production, 
in turn, varies depending on the nature of the energy substrate supplied, such as 
starch, soluble fiber, pectin or sugars [53].

In intensive production systems, tropical grasses managed with high N doses 
(200 to 500 kg/N/ha) during the rainy season present about 40 to 50% of nitrog-
enous compound content in soluble form [54]. This fact, associated with the high 
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content of structural carbohydrates with lower degradation rates, promotes a lack 
of synchrony between N and carbon skeletons arising from the degradation of car-
bohydrates in the rumen, disfavoring microbial protein synthesis and the efficiency 
of ruminal N-NH3 utilization [26].

For Poppi and McLennan [26], this condition causes excessive losses of nitrog-
enous compounds in the ruminal environment in the NH3 form, decreasing the 
microbial protein synthesis and generating a metabolizable protein (MP) deficit in 
relation to the requirements for high gains. Also, according to the researchers, maxi-
mum efficiency in microbial protein synthesis is reached when 160 g CP/kg DOM is 
observed, while values close to 210 g CP/kg DOM result in appreciable N loss.

According to Reis et al. [8], the main limitations for ruminal microbial growth 
would be related to the forage available for grazing, allowing low assimilation 
of available N in ruminal microbial protein, due to the high degradability of N 
compounds or lower carbohydrate degradation rate from fibrous forage. Thus, the 
supply of energy supplements with sources of rapid availability in the rumen can 
promote better animal performance by optimizing the microbial assimilation of N 
from N compounds with high degradability in the forage [45].

In a review by Reis et al. [11], the authors reported that during the rainy season, 
tropical grasses have DM digestibility between 55 and 65%, in addition to CP 
between 7.9 and 17.4% in their composition, which can result in different CP/DOM 
ratios. Assessing experiments conducted in the rainy season, it was observed that 
even in animals receiving only mineral salt, ruminal N-NH3 values are above the 
critical level of 5 mg/dL of rumen fluid [30, 34]. However, only when the animals 
were supplemented, in the first 6 hours after supplementation, optimal levels of 
N-NH3 were found in the rumen for maximum microbial growth, i.e., greater than 
20 mg of N-NH3/dL of ruminal fluid.

According to Leng [55], the inclusion of grains in roughage diets can reduce fiber 
digestibility, and this phenomenon is inherent to two effects that interfere in cellu-
lolytic bacteria growth: a specific effect (drop in pH) and a non-specific (carbohy-
drate effect). In ruminants raised on tropical pastures, the variation in ruminal pH 
as a function of dietary supplementation seems to be relatively small, not affecting 
growth of bacteria that use fibrous carbohydrates. In this sense, the availability 
of soluble carbohydrates is responsible for the depression of fiber digestibility, as 
reported by Rooke et al. [56] and Huhtanen [57], reflecting the high effectiveness of 
long fibers that act in the maintenance of ruminal conditions [58].

The goal of a supplementation program for grazing animals is, therefore, to 
satisfy their requirements through an interactive and associative action between 
the basal forage and the supplemental sources. Thus, it is possible to enhance the 
positive associative effects and minimize negative interactions, in order to increase 
intake and optimize forage use, and not only the direct meeting of animal require-
ments via supplement [27].

2.3.4 Protein supplementation

Protein is the main limitation in cattle production systems on tropical pasture 
both in the dry and rainy seasons, especially when the pastures have low nutritive 
value [59]. At that time, although some tropical grasses have CP levels that meet 
the animal’s nutritional requirements, part of this protein may be unavailable 
to the action of ruminal microorganisms, as it is linked to fibrous fraction [8]. 
Therefore, the formulation of a protein or protein-energy supplement for grazing 
cattle must consider the protein fraction available of forage, to provide enough N 
to use the energy substrates contained in the plant, such as digestible cellulose and 
hemicellulose [33].
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The additional supply of N for animals consuming low nutritive value forage 
favors the growth of fibrolytic bacteria, increases the digestibility and microbial 
protein synthesis and, thus, allows to increase the voluntary intake of forage and 
improve the energy balance of the grazing animal [60]. The success of this supple-
mentation strategy is associated to characteristics of pdNDF fraction, which will be 
the main source of energy to meet the demand of microorganisms [11]. Once the N 
requirements for the maintenance of ruminal microorganisms are met, the supple-
ment can provide protein and energy for additional gains, according to the desired 
performance [60].

According to Pathak [61], cattle need two types of protein: rumen degradable 
protein (RDP), which is necessary to meet the requirements of ruminal micro-
organisms, and rumen undegraded protein (RUP), to meet the requirements of 
animals. In this scenario, dietary protein acts as a source of MP for ruminants, 
which in turn corresponds to the sum of the microbial protein synthesized from the 
RDP, with the RUP absorbed in the intestine.

Microbial protein synthesis depends on adequate sources of N and carbo-
hydrates. In this sense, Rodríguez et al. [62] report that the structure of dietary 
proteins defines their degradation in the rumen and the contribution to available 
N to microorganisms. Ammonia is the main source of N in rumen microorgan-
isms, but the availability of amino acids, peptides, and both increase the growth of 
cellulolytic and amylolytic bacteria [63], mainly due to direct incorporation into 
microbial protein or increased availability of carbon skeletons that can be used as an 
energy source or in the synthesis of microbial amino acids [64].

In mixed forage and concentrate diets, microbial protein synthesis can be 
increased due to better synchronization of nutrient release, adequate ruminal 
environment for maintenance of different species of microorganisms, increased 
amounts and types of substrates, higher nutrient intake and, consequently, an 
increase in the rate of passage of solids and liquids [65]. While forages can supply 
N as highly degradable protein or non-protein nitrogen (NPN), concentrates can 
supply N primarily as peptides and/or amino acids needed for microbial protein 
synthesis [26]. According to Pathak [61], efficiency tends to increase when readily 
fermentable carbohydrate is supplemented in less than 30% of the total diet but 
decreases when the level of supplementation is greater than 70%.

In pasture systems, even during rainy season, the synchronism between protein 
and energy in the rumen is rarely achieved, due to variations in forage quality and 
different rates of substrate utilization [7]. However, urea recycling is an important 
ruminant mechanism, capable of ensuring adequate levels of N-NH3 in the rumen 
throughout the day, however when there is excess protein in the diet, there may be 
losses of N to the environment [9]. In this sense, the great challenge in choosing the 
sources and amount of CP in the supplement is to equate its use according to energy 
availability, ensuring adequate levels of N-NH3 and minimizing losses in feces and 
urine [9].

Protein supplements can be composed by two protein sources: true protein 
and NPN. True protein sources have different RDP contents, such as cottonseed 
meal and corn gluten, which have about 65 and 18% RDP in their composition, 
respectively [66].

Non-protein nitrogen sources are completely soluble in the rumen and used by 
ruminal bacteria for microbial protein synthesis, and its use is common, mainly 
due to its lower cost, when compared to other conventional protein source, such as 
soybean meal [67]. According to Araújo et al. [68], the main source of NPN used 
in Brazil is urea, which has become an advantageous alternative by its easy avail-
ability in the market, high concentration of N in its composition and low unit cost. 
Additionally, urea is a source of N-NH3 for fibrolytic microorganisms and, because 
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of its low acceptability, it can be used as a controlling agent for supplement intake 
by animals. However, it is essential to respect the limits of urea inclusion in the diet, 
to avoid causing poisoning in animals and high N loss in urine. For more efficient 
use of nutrients, urea should be mixed with energy components rich in non-fibrous 
carbohydrates, true protein, and sulfur.

In pasture production systems, it is necessary to optimize the use of nutrients 
and forage digestibility to maximize weight gain, even though the supplement 
promotes direct input of nutrients required by animal [66]. In this scenario, protein 
supplementation can increase forage intake due to the supply of N-NH3 to ruminal 
microorganisms, and a consequent increase in energy intake, responsible for the 
increase in animal performance. However, the intensity of the response to a protein 
supplement will depend on pasture availability and quality [33].

2.4 Non-edible feed

In animal nutrition, corn is the main ingredient in energy supplements, and 
contains around 72% starch, 9% CP, low fiber content, in addition to being the 
largest source of metabolizable energy (ME) among cereals [69]. However, corn is 
an ingredient traditionally consumed by humans and monogastric animals which, 
in the context of system sustainability, generates competition between livestock and 
society [70]. Likewise, cottonseed meal and soybean meal are the most convention-
ally used protein ingredients in animal feed, due to the high CP content, which 
varies between 30 and 50%, and RUP, which contributes to increase the protein flow 
to the intestine [71–73]. Despite being important protein sources, they are costly 
ingredients that increase the production costs of beef cattle systems.

In the search for alternative feed not consumed by humans and for less costly 
ingredients in cattle nutrition, agroindustry co-products have gained prominence in 
the market and in research, especially in Brazil.

2.4.1 Citrus pulp

The orange juice and other citrus fruit industry, whose production leadership is 
in Brazil, generates bagasse or citrus pulp as a co-product, which comprises between 
45 and 58% of the total fruit, consisting of peels, membranes, vesicles, and seeds 
of orange or another citrus. Nutritionally, it is characterized as an intermediate 
product between roughage and concentrates, rich in pectin, cellulose, and hemicel-
lulose polysaccharides [74, 75].

Citrus pulp has been widely used to replace corn, presenting in its composition 
85–90% of the energy value of this ingredient [76], in addition to having little or no 
negative effect on ruminal fermentation compared to starch-rich diets [74] .

In general, the pulp is characterized by high DM digestibility, high soluble fiber 
content, high soluble carbohydrate content and highly digestible cell wall [77]. 
In its chemical composition, citrus pulp has approximately 89–90% DM; 6–11% 
CP; 2–12% of ether extract (EE), this value depending on whether or not the oils 
are extracted during processing; 6% mineral matter (MM), 57–74% non-nitrogen 
extract (NNE); 7–8% crude fiber; 25–41% NDF; 14% of acid detergent fiber (ADF); 
1% lignin, 0.2% starch, 22–25% pectin; 3.88 mg vitamin C/100 g by-product, 
1.6–1.8% calcium and low phosphorus content (0.08–0.75%) [74, 78, 79].

Pectin consists of a structural carbohydrate, a component of the soluble fiber 
fraction, which in turn is a polymer of galacturonic acid [80]. According to Muller 
and Prado [77], co-products with a high concentration of pectin have great poten-
tial for use in ruminant nutrition, as it presents high energy density, in addition 
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to favorable fermentation, without the production of lactic acid, which maintains 
adequate conditions for ruminal functioning.

Because it contains an extremely low starch content, citrus pulp can favor rumi-
nal pH, preventing a sharp decrease during digestion, which can cause metabolic 
disturbances, in addition to providing maximum cellulolytic activity and a higher 
acetate:propionate ratio [64, 81–85].

In a study conducted by Oliveira et al. [34] evaluating three supplements, one 
mineral, one corn-based protein-energy supplement and the other based on citrus 
pulp, the authors concluded that citrus pulp as an energy source in supplements 
provided at 0.3% of body weight (BW) can be used in the supplementation of 
Nellore bulls during the rainy season, without compromising forage intake and 
fiber digestibility, improving ruminal microbial efficiency.

2.4.2 Dried distiller’s grain (DDG)

Protein ingredients in the diet are usually considered the costliest. Thus, the 
search for alternatives that reduce production costs and even that do not generate 
competition with food consumed by humans in livestock systems has been increas-
ingly intensified.

An alternative protein ingredient is dried distillers’ grain with soluble (DDGs), 
a co-product of ethanol from corn or sorghum production, which has been gaining 
attention in animal nutrition for meeting the energy and protein demands of diets 
in pasture or feedlot systems [71]. In Brazil, however, most industries produce DDG 
without soluble, resulting from dry milling of corn processing for ethanol produc-
tion [66]. DDG is typically characterized by its high protein content with low 
ruminal degradation, presenting between 50 and 62% of RUP in its composition, 
responsible for the greater supply of MP to the ruminant [86]. Comparatively, the 
RUP content of DDG is higher than that of cotton and soybean meal, 50 and 20%, 
respectively [87].

Chemical composition of DDG, however, varies depending on the type, variety 
and quality of grains, soil conditions, fertilization, irrigation, production and 
harvesting methods, in addition to factors related to processing in distilleries [88]. 
Tjardes & Wright [89] demonstrate variations in the nutritional characteristics of 
DDGs, ranging from 88 to 90% in DM content, 25 to 32% of CP, 43 to 53% in RDP, 
47 to 57% in RUP, 39 to 45% of NDF, 8.8 to 12.4% of lipids and 85 to 90% of TDN 
in studies conducted with beef cattle. Furthermore, the co-product contains highly 
fermentable fiber and low starch content, which reduces the risk of acidosis in cattle 
consuming a high-grain diet, improving rumen health, in addition to being a source 
of minerals [90]. According to Fonseca et al. [86], in Brazil, the DDG produced by 
most companies does not have the reconstitution of the soluble fraction, presenting 
lower values of EE and non-fibrous carbohydrates.

In a study of Buckner et al. [91], the authors tested the inclusion of up to 40% 
of DDGs in the total DM diet and observed that the inclusion of the co-product 
resulted in higher ADG compared to the control diet. Other studies that evaluated 
the use of corn DDG at levels of 0; 50 and 100% replacement for conventional 
protein sources (cotton meal and soybean meal) reported that DDG can 100% 
replace the protein source during the rearing phase on tropical pastures with-
out any adverse effects on ADG, enteric CH4 emissions or N excretion [66, 92]. 
Furthermore, Hoffmann et al. [93] reported that the use of DDG does not affect 
animal performance finished in pasture or conventional feedlot, emphasizing 
that it is a viable alternative to replace conventional supplements in a tropical 
environment.
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However, although DDG has the potential to replace conventional protein 
sources, its inclusion is limited mainly due to seasonal availability. In addition, 
unlike Brazil, countries such as the United States in some plants, use sulfuric acid 
for acidic starch hydrolysis during the processing of DDGs and for cleaning equip-
ment, the excess of which can cause negative environmental impacts and even on 
the carcass quality [94, 95].

Other alternatives of agroindustry co-products that have been used in ruminant 
supplementation involve corn gluten, glycerin, and peanut crop residues, such as 
skin and husks.

2.5 Feed additives

In recent decades, the excessive use of antibiotics in animal production has 
resulted in a considerable increase in resistant bacteria, making it difficult to treat 
infectious animal diseases and compromising food safety [22]. These compounds 
are traditionally known as additives, which are defined as “substances intentionally 
added to feed, with the purpose of preserving, intensifying or modifying its proper-
ties, as long as it does not harm its nutritive value, such as antibiotics, dyes, preser-
vatives, antioxidants among others” [96]. In general, additives are used to increase 
feed efficiency and animal performance, and are divided into different types, 
including ionophores, antimicrobials/antibiotics, microbial additives, organic acids, 
and plant extracts such as tannins, saponins and essential oils [97].

Ionophores are the most researched additives in ruminant diets, especially 
sodium monensin, and its use started in 1976 in beef cattle diets in the United 
States [98]. The action of ionophores in the rumen occurs through changes in the 
microbial population, selecting gram-negative bacteria that produce succinic and 
propionic acids or that ferment lactic acid, and inhibiting gram-positive bacteria 
that produce acetic, butyric, lactic and hydrogen (H2) acids, precursor of enteric 
CH4 production [98]. Due to this mechanism of action, the use of ionophores in 
ruminants can optimize energy metabolism, changing the proportion of volatile 
fatty acids (VFA) produced in the rumen and reducing CH4 production, as well as 
improving N metabolism by ruminal microorganisms, decreasing the absorption of 
NH3 and increasing the amount of protein that reaches the small intestine, in addi-
tion to reducing disorders arising from abnormal fermentation in the rumen, such 
as ruminal acidosis, bloat and coccidiosis [99].

Antibiotic additives have been used to promote growth for over 55 years, helping 
to reduce the cost of animal production. However, due to food safety, there are few 
antibiotics approved by agencies in different countries around the world [22]. The 
main products used include virginiamycin, bacitracin, flavomycin and tyrosine. In 
general, antibiotics act directly on rumen metabolism, as they modify the microbial 
rumen population to optimize ruminal fermentation and nutrient conservation, 
promoting antibacterial activity on gram-positive bacteria, activity against fungi 
and protozoa. Furthermore, antibiotics modify the ruminal digestibility of feed, 
reduce N degradation and enteric CH4 production, and can control subclinical 
diseases by suppressing infectious bacteria [100].

Microbial additives are composed of live cells of microorganisms and/or 
their metabolites, including yeasts, fibrolytic enzymes and probiotics, especially 
Aspergillus orizae, Sacchariomyces cerevisae and Lactobacillus ssp, and their use has 
increased because they are “natural” substances that promote growth to improve 
production efficiency in ruminants [101]. In general, microbial additives act in the 
production of antimicrobial compounds (acids, bacteriocins, antibiotics), prevent 
the establishment of unwanted microorganisms, reestablish the microflora of the 
digestive tract, and also improve immunity and stimulate animal growth [101]. 
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Furthermore, the use of fibrolytic enzymes can stimulate endogenous ruminal 
activity and increase the rate and extent of forage digestion by ruminants, due to 
the improvement in the colonization of feed particles [102].

According to Carro & Ungerfeld [103], organic acids are an alternative to antibi-
otics and in ruminant nutrition, the most used as additives include malic, fumaric, 
aspartate, citric, succinic, and pyruvic. As they do not produce detectable residues 
in meat, the use of organic acids does not cause risks to food safety, however their 
cost is high. In the rumen, these additives can favor the use of lactate and prevent 
a sharp drop in pH, preventing ruminal acidosis, and reduce the production of 
enteric CH4.

As an alternative to antibiotics, many plants and plant extracts have received 
attention for their ability to manipulate ruminal fermentation and animal metabo-
lism, in order to increase performance and promote beneficial effects to the envi-
ronment [13]. Natural compounds commonly used in ruminant nutrition include 
condensed tannins, saponins and essential oils.

Condensed tannins (CT) are complexes composed of polyphenols, found in 
tropical legumes and other C3 plants, which bind to proteins, metal ions and poly-
saccharides, such as starch, cellulose, and hemicellulose [104]. When they exceed 
6% of DM in the diet, CT are considered antinutritional factors because they reduce 
intake, fiber digestibility and animal performance, however in adequate doses 
(2–4% DM), CT can promote beneficial effects, especially in the regarding GHG 
emissions by ruminants [105]. These compounds can reduce protein degradation in 
the rumen and reduce NH3 concentration along with less urinary N excretion [106]. 
Besides, CT can also reduce fiber fermentation in the rumen, which consequently 
reduces H2 and acetate formation, in addition to inhibiting the growth of methano-
genic microorganisms, thus reducing the production of enteric CH4 [106, 107].

Saponins, in turn, are glycosides naturally present in some plants, such as 
Medicago sativa (alfafa) and B. decumbens and are used in animal nutrition as 
growth inhibitors of ruminal protozoa and modulators of ruminal fermentation in 
cattle [108]. Essential oils, on the other hand, comprise secondary metabolites of 
some plants, responsible for their odor and color, and are obtained by vaporization 
or distillation in water. According to Stevanović et al. [109], among the main essen-
tial oils, the most used are thymol present in thyme (Thymus vulgaris), oregano 
(Origanum vulgaris), limonene extracted from citrus pulp and guaiacol extracted 
from guaiac resin or clove oil from India. As a mechanism of action, these oils 
reduce the rate of deamination of amino acids, the rate of NH3 production, with an 
increase in the ruminal escape of N into the intestine. Furthermore, it can increase 
the concentration of total VFA without affecting other fermentation parameters 
and even inhibit methanogenesis.

In the context of organic additives, the Fator P (Premix®, Patrocinio Paulista, 
Brazil) was designed and developed using 100% natural and national technology, 
being formed by a complex combination of amino acids, probiotics, and essential 
fatty acids, such as omega 3 and omega 6, in addition to organic minerals and sur-
factants. The use of this additive in the diet of ruminants can improve fiber diges-
tion, ruminal metabolism, nutrient absorption and, thus, animal performance, in 
addition to meeting new market trends, associating sustainability and profitability.

Several metabolic studies conducted using the Fator P in ruminant diet dem-
onstrated greater stability and performance of animal metabolism, through better 
intake and absorption of fibrous feed and, mainly, in the energy availability from 
diet, which resulted in a 20% increase in weight gain [110–112]. Furthermore, 
the additive promotes improvements in carcass quality and milk composition, 
can benefit the female reproduction and the immune system, thus reducing costs 
with sanitary management. In the context of sustainability, the Fator P optimizes 
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the dynamics of ruminal microorganisms which, associated with greater stability 
in ruminal fermentation, can reduce GHG emissions per arroba produced by up 
to 36%, in addition to not causing microbial resistance, and can be used without 
restrictions, as opposed to conventional additives [112].

The use of these organic additives, therefore, can help to fully exploit the genetic 
potential of animals and pastures and improve the efficiency of use, in addition to 
reducing environmental damage, especially with lower emissions of greenhouse 
gases. In a study evaluating the use of this additive, Leite et al. [113] reported that 
it increased DM intake of the animals during the initial phase in a feedlot system 
and did not change the performance, when compared to the conventional additive, 
monensin.

3. Final considerations

Although livestock is considered the villain of global warming, grazing and 
nutritional management strategies are essential to mitigate GHG emissions. Proper 
grazing management results in forage with a higher nutritive value, allowing for 
more efficient use of nutrients, which increases animal performance. The inten-
sification of pasture use implies the adoption of diet supplementation at differ-
ent times of the year, aiming to maximize the productive animal performance. 
Supplementation of beef cattle during rearing in rainy season is an effective strat-
egy to intensify the system due to the period of efficient animal gain and pasture 
quality. The use of alternative additives to antibiotics can promote better produc-
tive responses, in addition to reducing enteric CH4 production and N2O emission 
by excreta. However, when adopting pasture management and supplementation 
techniques, it is necessary to assess the economic and environmental impacts.
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