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Ruminants are a group of animals 

characterized by the intake of diets that are 

altered in rumen by anaerobic microorganisms. 

These microorganisms have ideal conditions in 

the rumen for their development and growth 

using dietary protein as feed source. When 

rumen digesta flows through the 

gastrointestinal tract, these microorganisms 

become a source of protein for digestion in the 

small intestine of ruminants. Thus, to find an 

appropriate recommendation regarding protein 

requirements for cattle, we must characterize 

the changes imposed by these microorganisms 

and the amount of microbial protein that 

reaches the small intestine with a specific diet. 

 

INTRODUCTION 
 

The pool of potentially fermentable 

protein in the rumen includes dietary 

nitrogenous compounds, endogenous protein 

from saliva, loss of epithelial cells and lysed 

rumen microorganisms in the rumen (NRC, 

2001). This protein pool that can be 

significantly changed in this compartment is 

called rumen degradable protein (RDP). Thus, 

ruminant´s protein nutrition is dependent on 

the magnitude and profile of that pool that 

reaches the small intestine for absorption as 

amino acids plus dietary protein that has not 

been degraded in the rumen. This protein 

fraction is called rumen undegradable protein 

(RUP). The set of all amino acids that are 

available for the intestinal digestion and 

absorption represents the metabolizable 

protein (MP). The nutritional requirements of 

MP and crude protein (CP) for beef cattle can 

be estimated after knowing the changes in 

dietary nitrogenous compounds by the rumen. 

Then, it is necessary to know the microbial 

protein that is produced in the rumen when 

providing different diets, the factors that affect 

the production and efficiency of this protein, 

and understand digestion and absorption of the 

protein in the gastrointestinal tract.  

The literature found different methods 

to estimate the nitrogen partitioning of the diet 

into RDP and RUP and its intestinal 

digestibility. These methods include in vivo, in 

situ and a variety of in vitro methods (Schwab 

et al., 2003). The accuracy of in vivo methods 

provide reliable estimates of what happens 

during nutrient digestion. However, in most 

situations, the in vivo methods can be applied 

specifically for digestibility trials. 

The validation of protocols that allow 

the use of in vitro and in situ techniques in an 

accurately and unbiased manner is required to 

obtain estimates for ruminal protein 

degradation, microbial production and 

indirectly the MP. The total estimated 

microbial crude protein (MCP) synthesis can 

also be performed using in vivo techniques 

using microbial markers in the rumen, small 

intestine or in the urine. Thus, alternative 

techniques, such as the urinary purine 

derivatives (PD), can be used to quantify the 

MCP that leaves the rumen and reaches the 

small intestine for absorption as amino acids. 

This technique can reduce handling time of 

animals during the experiment and dispense 

the use of fistulated animals. However, the 

urinary volume estimate must be accurate to 

minimize experimental errors. 

Furthermore, the ability to estimate 

microbial production and efficiency as a 

function of the diet offered is an essential 

mathematical tool to estimate MP 

requirements. Then, it is necessary to find 

which are the variables that affect the 

efficiency of MCP synthesis, and to fit 

accurate equations to predict it. The objective 

of this chapter was to present the main 

techniques involved in the RDP and RUP 

estimates in feed, including effects of 

microbial contamination in the ruminal 

incubation residue. The objective was also to 

present techniques to quantify MCP and the 
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factors that affect this synthesis. This chapter 

also presented validated equations to estimate 

MCP synthesis. 

 

PROTEIN RUMINAL DEGRADATION 
 

In situ techniques 
 

Among the main differences found in 

estimating ruminal protein degradation is the 

choice of technique. The in situ technique 

consists of measuring the ruminal 

disappearance of the feed by adding 

ingredients in bags of known porosity, where 

rumen microorganisms access the feed and 

degrade it. It allows the quantification of non-

degraded residues. The bags are incubated in 

ruminal digesta of cannulated animals, which 

characterizes the denomination of in situ 

technique (Orskov et al., 1980). The study of 

degradability is important to understand feed 

changes in the rumen, as CP can be degraded 

and converted into microbial protein.  

According to Nocek (1988), using in 

situ technique allows intimate contact between 

the feed and rumen microorganisms. There is 

no better way to simulate rumen digestion 

during certain conditions of temperature, pH, 

buffer substrate and microbial populations. 

However, as a limitation, the studied feed is 

not subjected to all digestive steps such as 

chewing, rumination, and passage rate. Then, 

we will be discussed the critical points and 

some standardizations that made the method as 

accurate as possible. 
 

a) Non-degraded material losses 
 

The loss of material inside the rumen 

bag is critical because particles smaller than 

the size of the bag pores can be lost even 

without prior degradation. This event can 

cause overestimation of the soluble fraction or 

its ruminal degradation rate. However, the 

reduction of the grinding particle size 

facilitates microbial access since feed bypasses 

the processes of chewing and rumination. To 

minimize this problem, some authors 

recommend incubations using particle sizes 

between 1.5- and 3-mm diameter (Huntington 

and Givens, 1995; Broderick and Cochran, 

2000). 

Using tropical forage, Casali et al. 

(2008) recommended particle size of 2 mm for 

in situ incubation for greater accuracy in 

estimates of degradable fractions. These 

authors found that the 3 mm size reduced the 

accuracy of the results probably due to the 

smaller specific surface for microbial action. 

NRC (2001) also suggested the standardization 

of in situ incubations using ground particles of 

2 mm. Thus, BR-CORTE (2016) recommends 

milling feed samples with 2 mm sieves to 

perform in situ incubations, although for 

conducting chemical analyzes the porosity 

should be 1 mm as suggested by Valente et al. 

(2011) for more accurate results for neutral 

detergent fiber (NDF). However, even with the 

standardization of the particle size, there are 

losses of undigested material, thus, some 

authors recommend the correction of in situ 

degradation data by washing the bags in water 

and determining the immediate loss of 

particles (Lopez et al., 1994; France et al., 

1997).  

Hvelplund and Weisbjerg (2000) 

described a protocol for estimating the extent 

of particles loss and correction of degradation 

fractions through the difference between the 

loss of material from the nylon bags when 

these were only washed with water and the true 

solubility measured in filter paper. Water 

solubility should be measured by adding 0.5 g 

of sample to 40 mL of water, which should 

remain at room temperature for 1 h. After this 

time the material must be transferred to 

nitrogen-free paper filter to quantify the water-

soluble N. The correction for particle loss can 

be performed using equations proposed by 

Weisbjerg et al. (1990): 
 

( ) ( )
( )










+−

+−
−−=

)(1
1

SOLP

SOLPtiDEG
PtiDEGtiDEGcor

 

 

Paacor −=  
 










+−
+=

)(1 SOLP

b
Pbbcor  

 

cccor =   
 

where: DEGcor(ti) = degradability corrected in 

incubation time ti; DEG(ti) = degradability 

measured in incubation time ti; P = particle 

loss; SOL = water solubility; acor = soluble 

fraction corrected; bcor = potentially degradable 
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insoluble fraction corrected; ccor = degradation 

rate corrected; a, b, c = no corrected fractions 

measured. 
 

b) Microbial contamination of ruminal residue 

incubation of forage and concentrates 
 

After the end of the in situ ruminal 

incubation, the bags must undergo a cleaning 

process for the microbial degradation 

immediate standstill and also for removing 

ruminal digesta and microbial residue adhered 

to the feed or in the bags. However, some 

authors (Nocek and Grant, 1987; Vanzant et 

al., 1998; Michalet-Doreau and Ould-Bah, 

1992) reported that it is difficult to achieve a 

complete removal of the microbial mass 

adhered to particles because a specific 

microbial adhesion is necessary to start 

particles colonization. Thus, microbial 

contamination in incubation residues 

represents an important source of variation, 

resulting in overestimation of residues and 

non-degradable fractions. This consequently 

results in underestimation of the potentially 

degradable fraction. Especially for the protein 

fraction of low protein forages, microbial 

contamination has a greater impact on the 

estimates of degradable fractions.  

However, the procedures to estimate 

microbial contamination require the use of 

microbial markers, such as diaminopimelic 

acid, RNA, 35S and 15N, which have high costs 

and increase the total time for chemical 

analysis. A solution to minimize these barriers 

would be the development of a correction 

protocol that does not require the use of 

microbial markers in all procedures, increasing 

the accuracy of the estimates without raising 

the experimental cost.  

Machado et al. (2013) conducted a 

study using 15N as a microbial marker to 

estimate microbial contamination in 

incubation residues of forage. These authors 

presented an equation to correct residues after 

ruminal in situ incubation, and to correct 

degradable fractions, which will be adopted in 

this edition of BR-CORTE. The authors 

reported that soluble fraction (A) and 

potentially degradable (B) in low protein 

forages can be underestimated if not corrected. 

The authors recommended the following 

equations: 
 

(1) ACPC = 1.99286 + 0.98256 × ACPNC  
 

(2) BCPC = -17.2181 – 0.0344 × BCPNC + 

0.65433 × CP + 1.03787 × NDF + 2.66010 × 

NDIP – 0.85979 × iNDF 
 

(3) kdCPC = 0.04667 + 0.35139 × kdCPNC + 

0.0020 × CP – 0.00055839 × NDF – 0.00336 

× NDIP + 0.00075089 × iNDF 
 

where ACPC = soluble fraction of CP corrected 

for microbial contamination, ACPNC = soluble 

fraction of CP without correction for microbial 

contamination, BCPC = potentially degradable 

fraction of CP corrected for microbial 

contamination, BCPNC = potentially 

degradable fraction of CP without microbial 

correction, kdCP,C = degradation rate of B 

fraction corrected for microbial contamination, 

kdCPNC = degradation rate of B fraction 

without microbial contamination, NDIP = 

neutral detergent insoluble protein, NDF = 

neutral detergent fiber, and iNDF = 

indigestible neutral detergent fiber. 

Machado et al. (2013) also suggested 

that microbial contamination percentage in 

different incubation times for forages with 

different CP contents may be obtained by the 

following equation: 
 

%C = 79.21 × (1 – e-0.0555×t) × e-0.0874×CP 
 

where %C = percentage of microbial 

contamination, t = feed incubation time in 

hours, CP = crude protein as a percentage of 

feed in DM basis. 

To estimate the impact of microbial 

contamination on in situ incubation residues of 

concentrate feeds, Menezes et al. (2017) 

conducted a study using 15N as microbial 

marker and evaluated 12 concentrate feeds, 

including six protein and six energetic feeds. 

Although there was microbial contamination 

in incubation residues, the authors found no 

difference among fractions A, B, and kd when 

values were corrected or not for microbial 

contamination after 72 hours of ruminal 

incubation. The authors observed that the 

greatest contaminations were obtained for corn 

straw and corncobs, and for sunflower meal 

and wheat bran, which are feeds with high 

NDF content. This study suggested that for 

concentrate feeds the microbial contamination 

makes an irrelevant contribution to incubation 



Nutrient Requirements of Zebu and Crossbred Cattle – BR-CORTE 

 

46 

residues, suggesting that for these feeds it is 

not necessary to correct for microbial 

contamination due to the lack of interference 

in RDP and RUP. 
 

c) Experimental design and incubation times  
 

The experimental protocols adopted by 

Machado et al. (2013) and Menezes (2016) are 

proper alternatives to estimate in situ ruminal 

degradation of feeds. These authors conducted 

repeated incubations of feeds in different 

animals, using a Latin square design as a tool 

to collect unbiased samples. According to 

Machado et al. (2013), the Latin square design 

can be used to organize data collection, 

allowing measurement of feed degradation and 

removing the animal confusion effect. The 

Latin square design can be used to control 

sources of variation and avoid animal 

experimental errors. Machado et al. (2013) 

reported that the Latin square design does not 

need to be used to estimate variability or to 

account for sources of variation in 

experimental error, but to conduct unbiased 

data collection.  

When the objective of ruminal 

incubation is to obtain data to estimate 

intestinal digestibility of RUP, the incubation 

times proposed by Menezes et al. (2017) 

should be used. This author conducted a cluster 

analysis and estimated that, for protein 

concentrate feeds, the incubation time to 

estimate RDP should be between 6.8 to 15.4 h, 

considering kp = 0.05 h-1. 

Thus, the literature recommendations 

of 16 h (Calsamiglia et al., 1995) to obtain 

RDP feed may not be useful for all types of 

feed. Menezes et al. (2019) established the 

times needed to estimate the RDP of 

concentrated feeds grouped into: high-starch 

energy concentrates, low-starch energy 

concentrates, and protein concentrates, 

obtaining the following intervals, considering 

kp = 0.05 h-1: 
 

• High-starch energy concentrates – ground 

corn, ground sorghum and crumbled corn 

with straw and cob: 16 hours. 

• Low-starch energy concentrates – wheat 

meal, rice meal and soybean hulls: 7 hours. 

• Protein concentrates – cottonseed meal, 

soybean meal, beans, peanut meal, and 

sunflower meal: 10 hours. 

However, it is important to emphasize 

that these times may not be enough to study CP 

degradability of tropical forages. Some 

Brazilian studies (Martins et al., 1999; Cabral 

et al., 2005; Pires et al., 2006) used 48 hours of 

incubation to estimate in situ degradation for 

concentrate feeds and 72 hours for forages. 

Despite several studies evaluating the time 

needed to estimate the fiber fractions for in situ 

incubation (Casali et al., 2008), few studies 

have evaluated the time needed to estimate 

RDP of forages.  
 

d) Conditions inside the incubation bags 
 

According to López (2005), conditions 

inside the incubation bags should be similar to 

those in the rumen. Therefore, the choice of 

suitable nylon for the production of bags is 

very important. The material must be synthetic 

and refractory to microbial degradation. Also 

according to Nocek (1997), the porosity of an 

adequate bag constitutes the adjustment 

between the limit to the influx of ruminal 

content without associating it with the 

evaluated feeds, thus allowing, the input of 

microbial populations for degradation; while at 

the same time, limiting the output of non-

degraded feed particles. For many years, nylon 

bags, ranging from 40 to 60 μm in porosity as 

recommended by Nocek (1997), have been 

used as a standard for incubation; however, in 

the last years, the use of nylon has been 

questioned in several national and 

international studies. Hvelplund and 

Weisbjerg (2000) recommended the use of 

nylon bags with porosity varying between 30 

and 50 μm in studies evaluating the in situ 

degradation of CP. Nevertheless, no studies 

were found comparing protein degradation in 

bags with different porosities. Thus, while 

studies are not conducted to evaluate the ideal 

porosity of nylon bags to obtain better 

estimates of RDP of feeds, we recommend the 

use of nylon bags with porosity of 40-60 μm. 

The surface area of the incubated bags 

in relation to the amount of sample is also an 

important variable to be considered in the 

internal conditions of in situ degradation. 

According to Nocek (1988), the optimal 

amount of sample is that which provides 

enough quantity for chemical analysis at the 

end of the degradation process without 
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excessively filling the bags that delay 

microbial adhesion, increasing the latency 

phase and underestimating the digestion rates. 

After a literature review, the author 

recommended a sample of 10 to 20 mg/cm2 of 

bags for most feeds, highlighting that for 

concentrate feeds, the higher value can be 

critical due to the high density and rapid 

degradation, causing intense gas production 

per unit of time. Therefore, despite having 

appeared in the 1980’s, the study by Nocek 

(1988) has not been refuted yet, and is 

currently used as reference for in situ 

incubation studies. 
 

e) Mathematical models to estimate ruminal 

degradation of crude protein 
 

Traditional mathematical methods used 

to describe ruminal degradation generally 

calculate this variable based on substrate mass 

retained in the evaluated compartment. Some 

of these models are first-order (Waldo et al., 

1972) that consider only the substrate to be 

digested, and others are second-order because 

they also consider the pool of substrates 

studied and the microbial mass present in the 

system (France et al., 1990). The Mitscherlich 

first-order model proposed by Ørskov and 

McDonald (1979) is most frequently used to 

evaluate CP residues obtained by in vitro and 

in situ methods. This simple negative 

exponential model is also considered as 

minimum return model. 

The model proposed by Ørskov and 

McDonald (1979), in first-order kinetics, 

assumes that the degraded substrate for any 

time is proportional to the amount of 

potentially degradable residue in any time at a 

constant fractional degradation rate. This 

model is widely used due to its simplicity. On 

the other hand, this model does not have a wide 

diversity of changes on fractional rate due to 

degradation (López, 2008). Thus, López et al. 

(1999) studied some models that consider that 

the fractional degradation rate of nutrients is 

not a constant value, but a variable one; and 

that some degradation models based on the 

kinetics of microbial growth have a sigmoidal 

pattern, indicating an alternative solution for  

minimum return models or simple exponential 

models, as it is the case of the model proposed 

by Van Milgen et al. (1991). 

Therefore, the models to adjust the CP 

degradation curves, both for the exponential 

and sigmoidal patterns, are presented below 

considering a constant fractional degradation 

rate (kd). The incubation CP residues obtained 

through in vitro or in situ assays as a function 

of time can be evaluated using mathematical 

models proposed by (1) Ørskov and McDonald 

(1979) and (2) Van Milgen et al. (1991): 
 

(1) Deg(t) = a + b × (1 – e-kd×t) 
 

(2) Deg(t) = a + b × [(1 + c × t) × (e-c×t)] 
 

where: Deg (t) represents CP disappearance 

expressed as a percentage; a represents the 

water soluble fraction at time zero; b 

represents the water insoluble fraction but 

potentially c represents joint fractional 

lactency and    degradation rate (h-1); kd is the 

degradation rate of the fraction b; and t is the 

incubation time (hours). 

Mitscherlich’s first-order model 

adapted by Ørskov and McDonald (1979) 

assumes that degradation occurs at a constant 

fractional rate after a discrete latency rate; 

thus, the disappearance rate continuously 

decreases and there is no tipping point. Then, 

the authors included the parameter that denotes 

the immediately soluble fraction. 

These authors presented a model with 

static values for the degradation rate, with a 

smaller number of parameters to be estimated. 

Therefore, we recommend the Ørskov and 

McDonald (1979) model, as it is simple and 

works relatively well to evaluate protein 

degradation of feedstuffs. For any model used, 

from the soluble fraction (a), potentially 

degradable fraction (b), and degradation rate 

(kd) measured for CP and using an estimated 

passage (kp), we can calculate the effective 

degradability that will correspond to RDP: 
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Therefore, one of the important factors 

that directly interfere with the RDP values is 

the passage rate adopted in the calculations of 

the effective CP degradability. The NRC 

(2001) previously adopted three different 

functions to estimate the passage rate of humid 

forage, dry forage and concentrates. However, 

Seo et al. (2006) highlighted that the data 
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compiled to generate these three equations 

were obtained in experiments that used rare 

earth elements as main markers, which limit 

the applicability of equations to current 

experimental data. Then, Seo et al. (2006) 

proposed new equations based on a database of 

154 studies and 766 observations, which were 

able to predict the passage rate of several 

feedstuffs and diets based on external markers. 

After adjustments, the authors presented the 

following equations to estimate passage rate 

(kp) of forage, concentrates, and liquids: 
 

kp forage = (2.365 + 0.0214 × FiBW + 0.0734 

× CiBW + 0.069 × Fi) / 100 
 

kp concentrate = (1.169 + 0.1375 × FiBW + 

0.1721 × CiBW) / 100 
 

kp liquids = (4.524 + 0.0223 × FiBW + 0.2046 

× CiBW + 0.344 × Fi) / 100 
 

where: kp = passage rate, h−1; FiBW = forage 

intake in g DM/kg BW; CiBW = concentrate 

intake in g DM/kg BW; Fi = forage intake in kg 

DM. 

 

Chemical analyses to estimate RDP and 

RUP: protein solubilization and fractioning 
 

The most used method to estimate the 

fractions of nitrogen compounds in feeds is the 

subdivision protocol used in the CNCPS 

(Sniffen et al., 1992; Fox et al., 2000). 

Originally, the CNCPS divided CP of 

feedstuffs in 5 fractions, using 3 solvents and a 

precipitant. The five CP fractions are:  

• A, soluble in borate-phosphate buffer 

(BFB), but without precipitation in 

trichloroacetic acid (TCA), consisting of 

non-protein nitrogen compounds (NPN);  

• B1, true protein rapidly degraded in the rumen, 

soluble in BFB, with precipitation in TCA;  

• B2, true protein and large peptides, 

moderately degraded in the rumen, 

calculated as the difference between total 

CP of feeds and other fractions;  

• B3, true protein slowly degraded in the 

rumen, calculated by the difference 

between neutral detergent insoluble protein 

(NDIP) and acid detergent insoluble protein 

(ADIP content) and fraction; 

• C, or unavailable protein, equals ADIP. 
 

The NDIP is obtained by estimating the 

CP in the insoluble residue after treatment with 

neutral detergent, without the use of sodium 

sulfite, while the ADIP is estimated after 

sequential extraction in the residual acid 

detergent. Fraction A is considered 100% 

degraded in rumen, while fraction C is 

considered as 100% undegraded in the rumen. 

An interesting aspect of the approach 

used by CNCPS is that the analyzes (NPN, 

NDIP, ADIP, and soluble true protein) 

performed to estimate CP fractions are routine 

procedures in many laboratories, which 

facilitates the adoption of this method for use 

in field conditions (Schwab et al., 2003). 

The CNCPS system was recently 

updated, when Higgs et al. (2015) presented 

new nomenclature for CP fractions adopted in 

the current CNCPS. Some changes were made 

to the analysis methods used by the authors, as 

follows:  
 

PA1 = ammonia × (SP/100) × (CP/100) 
 

PA2 = [SP × (CP/100)] – PA1 

CP1 = CP – (PA1 – PA2 – CP2 – IP) 
 

CP2 = (NDIP – ADIP) × (CP/100) 
 

IP = ADIP × (CP/100) 
 

where: PA1 = ammonia; PA2 = soluble true 

protein; CP1 = insoluble true protein; CP2 = 

fiber linked protein; IP = indigestible protein; 

CP = crude protein; SP = soluble protein in 

borate-phosphate buffer including sodium 

azide; NDIP = neutral detergent insoluble 

protein; ADIP = acid detergent insoluble 

protein 

 

MICROBIAL PROTEIN SYNTHESIS 
 

Since ruminal microorganisms are the 

main modifiers of dietary protein, not only the 

animal’s CP requirement must be considered, 

but also the quantification of N required for the 

synthesis of ruminal microbial protein. 

According to Puchala and Kulasek (1992), to 

obtain the total N required by ruminant, 

nutritional requirements systems need to 

provide an estimate of the total amount of 

protein that is digested and absorbed in the 

small intestine. This total protein comprises 

microbial protein synthesized in the rumen and 

dietary protein that escapes ruminal 

degradation. The nutritional requirement of 
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RUP is calculated as the total MP required 

minus the amount of digestible microbial 

protein that reaches the duodenum, therefore 

there is a need to obtain accurate estimates of 

this variable to quantify the nutritional 

requirements of MP for ruminants (Firkins, 

1996). 

According to Broderick and Merchen 

(1992), microbial markers are necessary to 

quantify rumen microbial protein. These can 

be classified as internal and external markers. 

Internal markers are those inherent to the 

microorganism, or are already chemical 

components of the microorganism itself, such 

as diaminopimelic acid. In addition to the 

methods mentioned, the most widely used 

microbial compound as an internal marker is 

defined as microbial nucleic acids. The high 

level of RNA in microbial cells makes this 

compound of great interest in the 

quantification of the pool of microbial proteins 

synthesized in the rumen.  

External markers are those added to the 

rumen and able to adhere to microorganisms, 

as is the case of heavier isotopes such as 15N. 

An ideal microbial marker should include 

characteristics such as being easy to quantify, 

not being present or present in small amounts 

in feeds, being present in a constant ratio even 

under experimental conditions and binge 

biologically stable. The use of each of these 

markers requires a different technique to 

estimate the microbial protein, however, most 

are invasive techniques, as fistulated animals 

are required to collect ruminal fluid enriched 

with a marker.  

The discovery that urinary purine 

derivatives (PD) in ruminants are 

quantitatively important as final products of N 

metabolism led to further research in the area 

and to the establishment of relationships 

between ruminal nucleic acid concentrations 

and the excretion of urinary PD in ruminants 

(Topps and Elliott, 1965). This information is 

the basis of knowledge that led to the use of 

urinary PD as a non-invasive method to 

estimate the supply of microbial protein to the 

intestine in ruminants (Chen and Gomes, 

1992). 
 

 Comparing  
15N and RNA 

 
15N has been widely used as a marker 

to estimate microbial protein, even though it is 

a stable isotope, with low environmental risk, 

lower cost compared to other isotopes for 

marking all pools of microbial N; moreover, it 

cannot be found naturally in feedstuffs protein 

and it does not mark animal protein until 

marked microbial amino acids are 

incorporated into their tissues (Broderick and 

Merchen, 1992). 15N is well distributed in the 

microbial cell; then, in the case of cell lysis 

during bacterial isolation, the loss of 

protoplasm that underestimates nucleic acids is 

less harmful to the estimate of 15N 

concentration. 

Normally, the marker: microbial N 

ratio has been obtained in bacteria isolated 

from the liquid phase of the ruminal digesta, 

considering that it is similar to mixed ruminal 

microbial ratio, although there are differences 

between bacteria from liquid (LAB) and 

particle (PAB) phases, such as between 

bacteria and protozoa have been widely 

reported. The fractions of bacteria associated 

with the particle phase are greater than those 

associated to liquid phase, and it can represent 

more than 90% (Faichney, 1980) of bacteria 

isolated from animals receiving forage-based 

diets. Thus, the procedures of bacteria isolation 

should consider the PAB phase to estimate a 

more representative marker: total N ratio. 

The 15N:14N ratio and the microbial N 

content, generally, can be obtained from the 

average in samples of LAB and PAB, since in 

several cases no differences are found between 

these two protocols of bacterial isolation 

(Machado et al., 2013, Rotta et al., 2014a, 

Prates et al., 2017, Menezes et al., 2017, e 

Mariz et al., 2018; Table 3.1) 
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Table 3.1 - Descriptive statistics of the 15N:14N ratio and the microbial N content (% OM) obtained 

in samples of bacteria associated to particles (PAB) and liquid (LAB) phases from 

different studies 
 

Authors1 
PAB LAB 

15N:14N N (% OM) 15N:14N N (% OM) 

Machado et al. (2013) 3412 7.07 3582 7.20 

Rotta et al. (2014a) 0.0933 7.80 0.0923 8.20 

Menezes et al. (2017) 3042 5.89 3222 5.46 

Mariz et al. (2018) 4542 7.17 4632 7.51 

Prates et al. (2017) 0.0763 7.274 0.0683 7.354 
1Means of the 15N:14N ratio and the microbial N content did not differ by the F test (P>0.05), except microbial N in Mariz et al. (2018) 

that were different between LAB and PAB (P<0.05). 2Δ per thousand. 3values obtained in omasal samples and considering enrichment 

of 15N atoms as a percentage; 4nitrogen on OM basis. 
 

 

However, unicellular organisms have a 

high concentration of nucleic acids, especially 

RNA and purine bases (PB), which makes it 

interesting to use these organisms as internal 

microbial markers. About 18% of the total N 

of ruminal microorganisms is found in nucleic 

acids and PB contains approximately 11% of 

total N (Chen and Ørskov, 2003). According to 

Broderick and Merchen (1992), the use of 

nucleic acids as markers is well stablished. 

RNA can be quantified according to the model 

proposed by Ling and Buttery (1978), while 

PB according to Ushida et al. (1985). 

Most feedstuffs have low concentration 

of RNA and, according to McAllan and Smith 

(1973), there is extensive exogenous 

degradation of RNA in the rumen. Thus, 

duodenal RNA flow is mainly of microbial 

origin. However, in proteins from animal 

byproducts, the RNA concentration is similar 

to that of microorganisms and, then, the use of 

RNA as markers is not suitable for animals 

receiving this type of feed. Although, these 

feedstuffs are not allowed in Brazil, it does not 

cause problems with the use of this technique. 

According to Rotta et al. (2014b), many 

of the studies that evaluated different markers 

to estimate ruminal microbial protein utilized 

samples from the abomasum and duodenum 

and the maintenance of cannulated animals in 

the abomasum and duodenum is difficult and it 

has high operational costs, causing problems in 

animal handling. Reynal et al. (2005) and 

Ipharraguerre et al. (2007) recommended that 

the calculation of microbial protein flow using 
15N as a marker should be performed using 

omasum samples. However, using 15N and PB 

as markers, these authors found differences in 

the values obtained for microbial flow of 

duodenal samples.  Krizsan et al. (2010) 

suggested that reticulum digesta samples could 

replace omasal samples. Mariz et al. (2018) 

studied possible differences between the 

microbial indicators 15N and PB to estimate 

ruminal microbial synthesis and efficiency 

when different levels of protein were applied 

to the diets of Nellore and crossbred cattle. The 

authors found no difference in the estimates 

presented. 
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Table 3.2 - Effects of different collection sites and microbial markers on microbial nitrogen yield 

and its efficiency in beef bulls fed corn silage and sugarcane-based diets 
 

 Sampling site  P-value 

Markers Reticulum Omasum Abomasum MSE1 L × M2 

MN3 104 114 125 4.59 <0.01 

PB4 114abA 106bA 130aA 4.78 <0.01 
15N 94.1bB 123aA 120aA 4.79 <0.01 

MCP5/TDN6 101 108 118 4.39 <0.01 

PB 107bA 93.3bB 117aA 4.44 <0.01 
15N 95.0bA 123aA 118aA 4.42 <0.01 

MN/fermOM7 24.8 31.8 36.2 2.05 <0.05 

PB 26.8bA 29.2bA 37.7aA 2.09 <0.05 
15N 22.7bA 34.4aA 34.6aA 2.08 <0.05 

1Mean standard error; 2Interaction between collection site and microbial marker; 3Microbial nitrogen; 4Purine bases; 5Microbial crude 

protein; 6Total digestible nutrients; 7Fermentable organic matter. Adapted from Rotta et al. (2014b). 

 

 

The similarity between microbial 

markers indicated that both 15N and PB are 

adequate for estimating microbial protein 

synthesis and microbial efficiency when 

samples are collected in the omasum. 

Additionally, Rotta et al. (2014b) conducted a 

study evaluating these two markers obtained 

from different sampling sites (Table 3.2). Rotta 

et al. (2014b) reported that samples obtained 

from the omasum and abomasum provided 

similar results for microbial protein yield as 

well as microbial efficiency when using 15N and 

PB as markers. Moreover, Rotta et al. (2014b) 

tested different schemes of sampling, using 

single, double, and triple markers, isolating 

different profiles of ruminal digesta such as 

single phase (single marker system) particle and 

liquid phase (double marker system), and large 

and small particles and liquid phases (triple 

marker system), respectively. 

The authors recommended a correction 

in the estimates of ruminal microbial protein 

obtained from assays with single and double 

marker systems for values compatible to the 

triple markers system, as follows: 
 

MNcor (g/d) = 49.71 + 0.66 × MNsingle 
 

MNcor (g/d) = 43.04 + 0.71 × MNdouble 
 

where MNcor is the ruminal microbial 

nitrogen corrected per day for single or double 

indicator use. MNsingle is the microbial 

nitrogen obtained from a single marker 

scheme, and MNdouble is the microbial 

nitrogen obtained from a double marker 

scheme. 

Purine derivatives method 
 

Nucleic acids, from bacterial origin that 

reach the intestine, are mostly digested and 

absorbed in the small intestine. Absorbed PB 

are catalyzed to PD (hypoxanthine, xanthine, 

uric acid, and allantoin) and excreted in the 

urine (Figure 3.2; Topps and Elliott, 1965). 

Thus, the microbial N flow in the small 

intestine can be estimated from the 

quantification of the excretion of urinary PD 

(Figure 3.2). Although there are methods to 

estimate microbial synthesis based on 

microbial markers (RNA, 15N; Broderick and 

Merchen, 1992, Tamminga and Chen, 2000), 

as previously discussed, these methods present 

difficulties for extensive use because they are 

extremely invasive and require the use of 

cannulated animals for the estimation of DM 

flow through the abomasum or duodenum. 

These methods based on the estimation of 

microbial protein flow have been largely used 

to calibrate some calculation factors using the 

PD method (Tas and Susenbeth, 2007; Barbosa 

et al., 2011; Prates et al., 2012). 

As it is true for all indirect methods, the 

method used to estimate microbial production 

based on urinary PD is susceptible to sources 

of variation (Chen et al., 1990b, Chen and 

Gomes, 1992, Tamminga and Chen, 2000, 

Bowen et al., 2006, Tas and Susenbeth, 2007), 

and some of the most important factors related 

to this method have undergone almost constant 

revisions and updates. The most recent 

research results related to these factors are 

discussed in the following items, emphasizing 
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the use of this method to estimate microbial 

protein synthesis of cattle raised in tropical 

conditions, especially in grazing conditions.  
 

a) Urinary collection and experimental sampling 
 

The method to estimate the microbial N 

flow in cattle is based on the quantification of 

the daily excretion of urinary PD (allantoin and 

uric acid). Therefore, daily urinary volume as 

well as a sample of urine are necessary. The 

direct quantification of urinary volume can be 

performed in catheterized animals or any other 

device that allows the total collection of urine 

during 24 hours. In females, Foley-type probes 

are usually used in which urine is passed 

directly from bladder to a collection recipient. 

In male animals, funnels are coupled in the 

foreskin region and are linked directly to a 

collection recipient. In both cases, the 

collection is performed for periods of 3 to 5 

days with daily quantification and sampling. 

However, methods of total collection are often 

laborious which can affect the behavior and 

welfare of the animals and there are difficulties 

to apply this technique in grazing animals. In 

dairy cows, the large amount of urine and the 

handling of the collection system during 

milking contribute to making the use of total 

collection unfeasible and difficulty to conduct. 

Thus, an alternative technique will be 

discussed later. 

The use of creatinine as a marker for 

the indirect determination of urinary volume 

can be an alternative to improve the well-being 

of animals during experiments. Creatinine is 

formed in the muscle by the removal of water 

from creatine phosphate, which is derived 

from muscle tissue metabolism (Harper et al., 

2013). Creatine phosphate is spontaneously 

degraded at relatively constant rates, forming 

creatinine. Creatinine is a metabolic product 

that the body no longer needs, therefore, it is 

not used for the formation of new compounds, 

being excreted by the kidneys. The daily 

production of creatine and, consequently, the 

excretion of creatinine, depends on the muscle 

mass and, therefore, is proportional to the body 

weight of the animal (Koren, 2000). Thus, 

once the daily creatinine excretion is estimated 

in relation to the animal's weight and 

considering this constant concentration 

throughout the day, it is possible to estimate 

the urinary volume excreted from the 

creatinine concentration in a urine sample 

collected from an animal of known weight.  

Creatinine presents constant excretion 

over 24 hours from constant rates of muscle 

tissue breakdown. Creatinine excretion is not 

affected by CP, non-fiber carbohydrates or 

non-protein nitrogen in the diet (Susmel et al., 

1994; Vagnoni et al., 1997; Valadares et al., 

1999; Oliveira et al., 2001; Rennó et al., 2000), 

thus, variations due to diet are not expected. 

A meta-analysis was carried out with 

the results from 25 experiments (Figure 3.1) 

carried out at the Department of Animal 

Science of the Federal University of Viçosa 

(Appendix 3.1), aiming to study the 

relationship between creatinine excretion and 

body weight in cattle.  The total database 

contained 882 individual information, and 

80% of the data (n = 702) were randomly 

separated to compose the model-fitting 

database (Table 3.3), and 20% of the data (n = 

180) was selected for the validation process 

(Table 3.4). Some effects were tested, such as 

gender and genetic groups (Nellore, Bos taurus 

taurus and crossbred animals), but these 

variables did not show a significant effect 

(P>0.05). The data were adjusted to an 

allometric function, making a total number of 

702 individual pieces of information. 

After the analyses, the following 

equation was obtained to estimate the daily 

urinary creatinine excretion (UCE; mg/d) in 

cattle as a function of body weight (BW; kg): 
 

UCE = 66.2158 × BW0.8384 

 

Estimates of model parameters were 

significant (P<0.01) and data fit the model 

satisfactorily. Therefore, it is recommended 

that daily excretion of creatinine be estimated 

using an allometric model, according to the 

animal’s body weight in different genders and 

genetic groups. 

A total of 20% of the data was used for 

the equation validation procedure, using data 

observed in 180 experimental units. The 

predicted data (Table 3.4) were estimated and 

contrasted with the observed data using the 

MES software – Model evaluation system 

(Texas A&M University). 
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Table 3.3 - Descriptive statistics of data used to fit the allometric model to estimate the relationship 

between body weight and daily creatinine excretion in urine, containing 80% of the total 

database collected. 
 

 Creatinine (mg/d) Body weight (kg) 

Mean 8373 369 

Median 8205 342 

SD 2890 110 

Minimum 1266 107 

Maxumin 17926 728 

n 702 702 

Subject 25 25 

 

 

It was observed that the predicted and 

observed creatinine data were similar (P>0.05) 

by the Mayer test (Table 3.5), showed a high 

correlation and concordance coefficient (CCC 

= 0.78) and a greater presence of prediction 

errors of random origin. 

These results suggest that the proposed 

model is accurate for estimating urinary 

creatinine in cattle (Figure 3.2). The use of 

creatinine as an accurate tool for estimating 

urinary volume in different categories of 

animals makes the process of estimating MCP  

using PD excreted in urine practical. In Brazil, 

Pereira (2009) evaluated total creatinine 

excretion at intervals of 4 to 24 hours and the 

ratio of purine derivatives, urea, and total 

nitrogenous compounds to creatinine in 

Nellore heifers, obtained from spot collections 

of urine at intervals of 2 hours. The 

relationship between purine derivatives and 

creatinine did not vary (P>0.05) during the 24 

hours of the day, based on spot collection of 

urine at 2-hour intervals, suggesting that the 

calculation of daily PD excretion can be 

effective in collections obtained at any time of 

the day. 

However, there was an  effect of the 

time of urine collection on the urea:creatinine 

and Ntotal:creatinine ratios. These 

relationships were close to the means at two 

daily points, close to the two daily times of 

feed supply to the animals (8 AM and 4 PM). 

Pereira (2009) suggested that the estimation of 

the excretion of nitrogenous compounds in 

growing animals can be performed without the 

need for total collection, using only two spot 

collections of urine, immediately after 

supplying the diets.  

However, it is emphasized that more 

research is needed to confirm this suggestion. 

Silva Junior et al. (2018) studied the 

relationship between purine derivatives and 

nitrogenous compounds with creatinine in beef 

cattle on pasture, to evaluate the possibility of 

performing collections every 4 hours to 

measure MCP, nitrogen balance and N 

excretion.

 

 

Table 3.4 - Descriptive statistics of data used to validate the allometric model for estimating the 

relationship between body weight and daily creatinine excretion in urine, containing 20% 

of the total database collected. 

 

 Creatinine (mg/d) Body weight (kg) 

Mean 8615 355 

Median 8254 318 

SD 2887 113 

Minimum 18876 743 

Maxumin 2887 113 

n 180 180 

Subject 25 25 
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Figure 3.1 -  Observed data (o) of the relationship between fasting bovine body weight (kg) and daily 

urine creatinine excretion (mg/d), and allometric (-) adjustment (UCE = 66.2158× 

BW0.8384), obtained based on a meta-analysis with 25 studies in cattle of different sexual 

classes and genetic groups. 
 

 

The authors carried out collections 

every 4 hours for 5 days and did not detect any 

difference between the day of collection and 

the times for the ratio between purine 

derivatives and creatinine, which allows 

inferring about the possibility of performing 

only one urine collection in a given period to 

estimate the production of MCP in grazing 

beef cattle, using the technique of urinary 

purine derivatives. However, due to the 

variations observed in urea nitrogen and total 

nitrogen to creatinine ratios over the 24-hour 

period, Silva Júnior et al. (2018) did not 

recommend using a sample at just one time to 

estimate the urinary excretion of nitrogenous 

compounds. 
 

 

 
Figure 3.2 - Observed and predicted urinary creatinine values from the proposed equation UCE = 

66.2158 × BW0.8384, proposed for cattle. 

 

Other results from the same authors 

(Silva Júnior et al., 2021) demonstrated that 

urinary creatinine excretion is constant during 

24h in grazing cattle. Then, a single spot 

sample, under grazing conditions, is enough to 

estimate urinary volume. Once the relationship 
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between creatinine and purine derivatives is 

constant, also the purine derivatives can be 

estimated from only one urinary sample, in 

pasture conditions. However, two spot 

samples, 4 hours before and 4 hours after 

supplying the concentrate, are required to 

estimate total nitrogen excretion in cattle, since 

urinary urea nitrogen can vary depending on 

the diet. 

 
 

Table 3.5 - Validation of a predicted model for determination of urinary creatinine (UCE mg/d = 

66.2158× BW0.8384) in cattle, based on body weight, using 20% of the database (n=180) 
 

Item Predicted creatinine 

Mayer test  

Intercept -390 

Slope 1.01 

P-value 0.11 

RMSE 1725 

CCC 0.78 

MSEP  

Mean bias % 2.44 

Systematic bias % 0.03 

Random errors % 97.52 

Predicted mean 8614 

Mean bias -269 (3.03%) 

P-value 0.04 
1RMSE: Root of mean square erros; CCC: Concordance correlation coefficient; MSEP: Mean square error of prediction. 

 

b) Urinary recovery of absorbed purines 
 

The relationship between urinary 

recovery of PD and purine duodenum flow is 

an important adjustment factor in the method 

for estimating microbial yield of urinary PD. 

Several studies have aimed to measure the 

urinary recovery of post-rumen infused 

purines from microbial extracts. Urinary 

excretion of PD was linearly correlated with 

abomasum infusion of nucleic acids, 

nucleosides, purines from beer yeast, and with 

duodenum infusion of nucleic acids, PB, 

microbial RNA, and yeast RNA (Tas and 

Susenbeth, 2007). An average equimolar of 

0.85 was obtained by Tas and Susenbeth 

(2007) for urinary recovery of PD infused into 

the duodenum. In this type of study, the value 

of PD excretion is linearly related to the value 

of infused purines (abomasum or duodenum). 

The slope of the equation gives the recovery 

value of absorbed purines while the intercept 

represents the endogenous contribution. 

Recent studies conducted in Brazil 

(Barbosa et al., 2011, Prates et al., 2012) 

estimated that, for Zebu cattle, the urinary 

recovery of PD ranged from 0.74 to 0.92 with 

a mean value 0.80 suggested for practical use, 

which will be adopted as standard in the BR-

CORTE edition for both Zebu and Holstein 

cattle. Prates et al. (2012) did not observe 

differences in the recovery rate of absorbed 

purines between Nellore and Holstein heifers, 

with no need for different values for each 

genetic group. 
 

c) Intestinal digestion and absorption of 

microbial purines 
 

Nucleic acids of bacterial origin, that 

leave rumen, are extensively degraded in the 

small intestine and, on average, 85.9% of 

nucleic acids (Storm et al., 1983), 87-89% 

RNA, and 80-81% DNA disappeared from 

small intestine (McAllan, 1980; Storm et al., 

1983). Barbosa et al. (2011) evaluated 

intestinal digestion and absorption of 

microbial purines in Nellore heifers and 

estimated the true digestibility coefficient for 

RNA of 0.93. Although high variability was 

observed in the true digestibility of ruminal 

microorganisms purines (Chen and Gomes, 

1992, Orellana Boero et al., 2001, Tas and 

Susenbeth, 2007), the mean value of 0.93 

obtained in the study of Barbosa et al. (2011) 

seems to be adequate for use in Zebu cattle 
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raised in Brazilian conditions, and is therefore 

considered as a standard value in this edition 

of the BR-CORTE. 

In the small intestine, purine 

nucleotides are hydrolyzed into nucleosides 

(adenosine, guanosine, and inosine) and free 

bases (adenine and guanine), which are almost 

completely absorbed by the sodium-potassium 

dependent pump (McAllan, 1980). In cattle, 

high activity of the xanthine-oxidase enzyme 

was observed in the intestinal mucosa and 

blood plasma (Chen et al., 1990c), making 

hypoxanthine and xanthine be practically 

completely degraded to uric acid, unlike sheep. 

In the liver, uric acid is oxidized to allantoin by 

the enzyme uricase (Tas and Susenbeth, 2007). 

Allantoin and uric acid cannot be used by 

tissues and are excreted mainly in the urine, but 

also in milk and saliva (Tas and Susenbeth, 

2007). In cattle, allantoin is the main PD (more 

than 80% of the total), while the remainder is 

composed of uric acid and negligible amounts 

of xanthine and hypoxanthine (Chen et al., 

1990c). Rennó et al. (2000), evaluating the 

profile of PD excretion in beef heifers, 

estimated the allantoin and uric acid: total 

purine ratio of approximately 98%, which 

indicates that the concentration of xanthine and 

hypoxanthine in relation to PD would be 

approximately 2% and that this contribution 

would irrelevant in the calculation of the 

microbial protein yield. Thus, the BR-CORTE 

does not recommend performing  xanthine and 

hypoxanthine analyzes in cattle. 
 

d)  Endogenous fraction of urinary purine 

derivatives 
 

The endogenous fraction of urinary PD 

includes the portion of PD of nucleic acids 

from animal tissue degradation (Chen and 

Gomes, 1992). The direct measurement of 

endogenous excretion of PD is the use of long-

period fasting animals (Chen et al., 1990a; 

Verbic et al., 1990). Braga et al. (2012) 

submitted Nellore heifers to feed restriction to 

evaluate endogenous losses of PD using the 

following scheme: feeding at 1% BW in the 

first eight days, 0.5% BW from the ninth to the 

eleventh day and complete fasting from twelfth 

to the sixteenth experimental day, totaling 5 

days of absolute fasting in which total urine 

collection was performed. Braga et al. (2012) 

found an endogenous contribution of 

0.332±0.063 mmol/BW0.75 and 0.384 g 

N/BW0.75 for growing Nellore heifers. 

Alternatively, the endogenous fraction 

was estimated as the intercept of the linear 

regression between urinary excretion of PD 

and post-rumen infused PB. Prates et al. (2012) 

did not observe differences in endogenous 

fractions of PD between Nellore and Holstein 

heifers. Studies conducted in tropical 

conditions (Barbosa et al., 2011; Prates et al., 

2012) with Zebu cattle suggested the use of a 

mean value of 0.30 mmol/BW0.75 as the 

endogenous fraction of urinary PD, which is 

the value recommended by the BR-CORTE. 
 

e)  The use of urinary allantoin as the only 

estimator of ruminal microbial protein 

synthesis 
 

The proportion of allantoin excreted in 

relation the total PD observed in some studies 

in the last ten years, we highlight a relationship 

from 85 to 92 % (Rennó et al., 2000; 

Magalhães et al., 2005; Pina et al., 2006; Leal 

et al., 2007; Oliveira et al., 2007; Teixeira et 

al., 2007; Santos et al., 2010). Then, it becomes 

interesting for the scientific community to 

know the estimated relationship between these 

metabolites and to adjust a mathematical 

model capable of predicting the uric acid 

content in the urine. 

A meta-analysis involving 38 

experiments (Appendix 3.2) performed at the 

DZO-UFV (Table 3.6), showed that the daily 

excretion (mmol/d) of uric acid (UA) in the 

urine can be estimated from the daily excretion 

of allantoin (ALA) in urine (P <0.05), as 

follow: 
 

UA (mmol/d) = 0.1104 × ALA; r2 = 0.76 
 

Also, there was no significant effect (P 

= 0.4398) when the parameters were tested 

with the intercept, allowing us to estimate a 

linear model without an intercept. 
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Table 3.6 - Descriptive statistics of data used to fit linear regression models to estimate the 

relationship between uric acid and allantoin excreted in cattle urine, and the relationship 

between allantoin and total purine derivatives (PD) 

 

 Alantoin(mmol/d) Uric acid (mmol/d) ALA:PD 

Mean 169 20.2 89.0 

Median 129 13.5 90.4 

DP 123 22.9 4.97 

Minimum 18,8 0.30 66.2 

Maximum 864 322 99.8 

n 1100 1100 1100 

Subject 38 38 38 
ALA:PD:  Percentage of total allantoin in relation to total purine derivatives excreted in the urine. 

 

 

These results suggest that allantoin can 

be used as the only predictor of MCP in cattle 

without the need of uric acid analysis, 

improving the budget with reagents for 

analysis and decreasing the time spent on 

chemical analyzes to estimate MCP synthesis. 
 

Prediction of microbial protein flow of the  diet 
 

This version of BR-CORTE 

maintained the mathematical models proposed 

to estimate the MCP based on energy and 

protein intake previously proposed in 2016. A 

meta-analysis was carried out to evaluate the 

effect of animal and dietary characteristics on 

MCP synthesis. In this procedure, 32 studies 

published in Brazil and abroad were used, as 

well as theses and dissertations concluded at 

the Animal Science Department at the Federal 

University of Viçosa (Appendix 3.3), totaling 

2,102 observations (Table 3.7). 

The database was used to evaluate three 

types of energy attributes initially associated 

with CP intake for each model. The 

independent variables evaluated were total 

digestible nutrients intake (TDNI), 

metabolizable energy intake (MEI) and 

digested organic matter intake (dMOI). Thus, 

the complete database comprised all the effects 

evaluated, with variables classified according 

to experiment, genetic group (Zebu, beef 

crossbred, dairy crossbred, and Holstein 

cattle), gender (bulls, steers, heifers, and cows) 

and analytical method (PB, PD and 15N). The 

random effect related to experiments was 

considered to estimate the parameters of the 

models. 

 

Table 3.7 - Descriptive statistics of database used to fit the regression models to estimate MCP in 

beef cattle under tropical conditions. 
 

Item1 n Mean SD2 Maximum Minimum 

MCP 2102 775 547 3008 66.8 

CPI 2102 1.22 0.87 4.39 0.59 

DMI  2102 8.52 5.31 23.8 1.76 

TDNI 2102 6.22 3.74 16.8 0.83 

MEI 2102 22.3 13.3 60.9 3.00 

dOMI 1454 5.70 2.98 15.5 0.62 

BW 1563 368 125 737 65.3 
1Microbial crude protein, g/d; Crude protein intake, kg/d; Dry matter intake, kg/d; Total digestible nutrients intake, kg/d; Metabolizable 

energy intake; Total digestible organic matter intake, kg/d; Crude protein in diet, %; Body weight, kg; 2Standard deviation. 
 
 
 

Random effects such as genetic group, 

gender, and analytical method were not 

significant for any proposed equation 

(P>0.05). Then, the suggested independent 

variables were evaluated and their parameter 

estimates were carried out using the Cross 

Validation procedure (Duchesne and 

MacGregor, 2001). Linear and quadratic 
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polynomials  were tested because MCP synthesis 

does not follow a linear behavior and, as in theory, 

it will reach a plateau. Then, the following 

equations were obtained (Figure 3.3): 
 

MCP = - 53.07 + 304.9 × CPI + 90.8 × TDNI 

– 3.13 × TDNI2 
 

MCP = - 84.87 + 328.7 × CPI + 28.3 × MEI – 

0.25 × MEI2 
 

MCP = - 93.62 + 381.7 × CPI + 90.7 × dOMI 

– 3.13 × dOMI 2 

 

The database used to estimate the 

previous equations was developed by data 

with, on average, 2.83% (± 1.03) of ether 

extract (EE) in the diet. However, as the 

NASEM (2016), an equation was developed to 

estimate microbial protein synthesis for high 

values of EE, as follows: 
 

MCP = - 43.13 + 376.8 × CPI + 90.9 × 

ceeTDNI – 3.22 × ceeTDNI2 

 

which: MCP is the microbial crude protein 

synthesis, CPI is the crude protein intake, 

ceeTDNI is the total digestible nutrients intake 

corrected for EE. 

 
 

 

 
Figure 3.3 - Simulation of MCP estimated from the following equation: MCP = - 93.62 + 381.7 × 

CPI + 90.7 × dOMI – 3.13 × dOMI2, using four different values for CP intake (1.2; 1.5; 

1.8 and 2.0 kg/d) in function of dOMI (kg/d) 
 
 

 The NASEM (2016) suggests an 

equation for the synthesis of MCP corrected for 

EE when the EE content in the diet is greater than 

3.9%. In Brazil, most beef cattle diets are 

formulated to contain less than 3.9% EE. 

However, if the objective is to formulate diets 

with high EE content, we recommend using the 

equation proposed by the BR-CORTE which 

was generated from a database containing 1,437 

animals raised under tropical conditions. 

A validation process was carried out to 

verify the prediction accuracy of the MCP 

equations. The validation was performed using 

data treatment means (Table 3.8) of 16 

published manuscripts (Appendix 3.4). Some 

criteria were used for the select the 

manuscripts, as follow: (1) the study was 

performed in Brazil, (2) the study was 

performed with Nellore or crossbred cattle, (3) 

the study was published after 2016 in journals 

that have the JCR score, (4) the study 

contained the dependent and independent 

variables described in the tested equations and, 

(5) presented standardized residual values 

calculated for the difference between predicted 

and observed from -4 to 4. 
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Table 3.8 -  Descriptive statistics of data collected in the literature for validate models to estimate 

MCP for beef cattle in tropical conditions 
 

Iten1 Min Max Mean SD2 N 

MCP 225.6 1025.0 533.4 182.1 66 

TDNI 2.3 7.7 4.3 1.2 66 

dOMI 2.1 7.4 4.1 1.1 66 

CPI 0.4 1.4 0.8 0.2 66 

MEI 9.9 34.0 18.9 5.2 66 
1Microbial crude protein (MCP) in g/d; intake of total digestible nutrients (ITDN) in kg/d; intake of digestible organic matter (dOMI) in kg/d; 

crude protein intake (CPI) in kg/d; metabolizable energy intake (MEI) in Mcal/d; Average value; 2Standard deviation.     

 

There was no effect (P > 0.05) in the 

Mayer’s test for all the variables studied in the 

validation procedure (Table 3.9), which 

indicates that the data predicted by the models 

proposed by the BR-CORTE are the same as 

those observed in the dataset from the 

literature (Figure 3.4). 

 The values of CCC and RMSE are also 

close to the proposed equations. The equation 

proposed for the MEI presented the highest 

QMEP, with the lowest percentage of random 

errors, which indicates that the accuracy of this 

model is slightly lower than the others.  

The same patterns can be observed 

when analyzing the mean deviation of -25.7 g 

(P=0.09), which was greater than the deviation 

calculated for the other models. Therefore, it is 

recommended that the model for estimating 

ruminal MCP should be performed from the 

MEI only when the values of TDNI and dOMI 

were not available. Both TDNI and dOMI 

provided more accurate and precise estimates 

when compared to those obtained with MEI. 

The proposed equation based on the dOMI was 

used to calculate the estimated MCP 

considering different scenarios (Figure 3.3). 

The different scenarios have variations in both 

CP and energy intake, and such equations are 

used in the BR-CORTE to use the 

transformation of liquid and metabolizable 

protein requirements in RDP and RUP 

requirements, as well as in the estimation of 

CP requirements in different groups of beef 

cattle. 
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Figure 3.4 -  Observed and predicted values of MCP by the equations proposed from the dOMI, MEI 

and TDNI for beef cattle. 
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Table 3.9 - Validation of prediction models to estimate MCP (g/d) in beef cattle, based on CP and 

energy intake in three different presentations (TDN, dOM and ME), using treatment 

means from 16 published studies (n= 66) collected in scientific literature 
 

1RMSE: Root of mean square errors; CCC: Concordance correlation coefficient; MSEP: Mean square error of prediction. 
 

 

GENERAL RECOMMENDATIONS 
 

• Estimation of microbial contamination of roughage using in situ incubation: 
 

ACPC = 1.99286 + 0.98256 × ACPNC  
 

BCPC = -17.2181 – 0.0344 × BCPNC + 0.65433 × CP + 1.03787 × NDF + 2.66010 × NDIP – 

0.85979 × iNDF 
 

kdCPC = 0.04667 + 0.35139 × kdCPNC + 0.0020 × CP – 0.00055839 × NDF – 0.00336 × NDIP 

+ 0.00075089 × iNDF 
 

%C = 79.21 × (1 – e-0.0555×t) × e-0.0874×CP 
 

• Correction for MCP estimated from assays using single and double indicator system: 
 

MNcor (g/d) = 49.71 + 0.66 × MNsingle 
 

MNcor (g/d) = 43.04 + 0.71 × MNdouble 
 

• Endogenous fraction of urinary purine derivatives in Zebu cattle: 
 

0.30 mmol/BW0.75 

 

• Daily excretion of urinary uric acid from daily excretion of urinary allantoin 
 

UA (mmol/d) = 0.1104 × ALA 
 

• Estimation of daily urinary creatinine excretion in cattle: 
 

UCE (mg/d) = 66.2158 × BW0.8384 
 

• Prediction of MCP: 
 

MCP = - 53.07 + 304.9 × CPI + 90.8 × TDNI – 3.13 × TDNI2 
 
 

MCP = - 93.62 + 381.7 × CPI + 90.7 × tdOMI – 3.13 × tdOMI 2  
 

MCP = - 84.87 + 328.7 × CPI + 28.3 × MEI – 0.25 × MEI2 

Item1 TDN dOM ME 

Mayer test 
   

Intercept 5.39 46.5 31.89 

Slope 1.01 0.91 0.89 

P-value 0.85 0.61 0.13 

RMSE 117.9 113.6 121.4 

CCC 0.73 0.77 0.74 

MSEP 13909 12914 22704 

Mean bias % 0.50 0.02 4.5 

Systematic bias % 0.01 1.52 1.7 

Random errors % 99.5 98.5 93.81 

Predicted mean 
   

Mean bias -8.06 1.79 -25.7 

P-value 0.58 0.89 0.09 
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Agropecuária Brasileira, 41:643-648, 2006.  

Prates, L. L., Valadares, R. F. D., Valadares Filho, S. 

C., Detmann, E., Ouellet, D. R., Batista, E. D., ... & 

Silva, B. C. (2017). Investigating the effects of sex 

of growing Nellore cattle and crude protein intake 

on the utilization of recycled N for microbial 

protein synthesis in the rumen by using intravenous 

15N15N-urea infusion. Animal Feed Science and 

Technology, 231, 119-130. 



Ruminal protein degradation of feeds and microbial protein synthesis 

 

65 

Prates, L. L.; Valadares, R. F. D.; Valadares Filho, 

S. C.; Detmann, E.; Santos, S. A.; Braga, J. M. 

S.; Pellizzoni, S. G.; and Barbosa, K. S. 2012. 

Endogenous fraction and urinary recovery of 

purine derivatives in Nellore and Holstein 

heifers with abomasal purine infusion. 

Livestock Science 150:179-186. 

Puchala, R., and Kulasek, G. 1992. Estimation of 

microbial protein flow from the rumen of sheep 

using microbial nucleic acid and urinary 

excretion of purine derivatives. Canadian 

Journal of Animal Science 72: 821-830. 

Rennó, L. N., Valadares, R. F. D.; and Leão, M. I. 

2000. Estimativa da produção de proteína 

microbiana pelos derivados de purinas na urina 

em novilhos. Revista Brasileira de Zootecnia 

29: 1223-1234. 

Reynal, S. M.; Broderick, G. A.; Bearzi, C. 

Comparison of four markers for quantifying 

microbial protein flow from the rumen of 

lactating dairy cows. Journal of Dairy Science, 

88:4065–4082, 2005.  

Rotta, P. P.; Valadares Filho, S. C.; Detmann, E.; 

Costa e Silva, L. F.; Paulino, M. F.; Marcondes, 

M. I.; Lobo, A. A.; and Villadiego, F. A. 2014a. 

Digesta sampling sites and marker methods for 

estimation of ruminal outflow in bulls fed 

different proportions of corn silage or 

sugarcane. Journal of Animal Science 92: 2996-

3006. 

Rotta, P. P.; Valadares Filho, S. C.; Costa e Silva, 

L. F.; Detmann, E.; Villadiego, F. A.; Engle, T. 

E.; Valadares, R. F. D.; Silva, B. C.; M. V. C. 

Pacheco.; and Zanetti, D. 2014b. Comparison of 

purine bases and 15 n for quantifying microbial 

nitrogen yield using three marker systems and 

different sampling sites in zebu cross breed 

bulls. Livestock Science 167: 144-153. 

Santos, S. A.; Campos, J. M.; Valadares Filho, S. 

C.; Oliveira, A. S.; Souza, S. M.; and Santiago, 

A. M. F. 2010. Balanço de nitrogênio em 

fêmeas leiteiras em confinamento alimentadas 

com concentrado à base de farelo de soja ou 

farelo de algodão. Revista Brasileira de 

Zootecnia 39: 1135-1140. 

Schwab, C. G.; Tylutki, T. P.; and Ordway, R. S. 

2003. Characterization of proteins in feeds. 

Journal of Dairy Science 86:88–103. 

Seo, S.; Tedeschi, L. O.; Lanzas, C.; Schwab, C. 

G.; Fox, D. G. Development and evaluation of 

empirical equations to predict feed passage rate 

in cattle. Animal Feed Science and Technology, 

128:67-83, 2006.  

Silva Júnior, J. M., Rennó, L. N., Valadares Filho, 

S. C., Paulino, M. F., Detmann, E., Menezes, G. 

C. C., Martins, T. S., Paula, R. M., Rodrigues, 

J. P. P., & Marcondes, M. I. (2018). Evaluation 

of col-lection days and times to estimate urinary 

excretion of purine derivatives and nitrogen 

compounds in grazing Nellore cattle. Livestock   

Science, 217, 85–   91. 

Silva Júnior, J. M., Rodrigues, J. P. P., Valadares 

Filho, S. D. C., Detmann, E., Paulino, M. F., & 

Rennó, L. N. (2021). Estimating purine 

derivatives and nitrogen compound excretion 

using total urine collection or spot urine 

samples in grazing heifers. Journal of Animal 

Physiology and Animal Nutrition, 105(5), 861-

873. 

Sniffen, C. J.; O'Connor, J. D.; Van Soest, P. J.; 

Fox, D. G.; Russell, J. B. A net carbohydrate 

and protein system for evaluating diets: II. 

Carbohydrate and protein availability. Journal 

of Animal Science, 70:3562-3577, 1992.  

Storm, E., Brown, D. S., & Ørskov, E. R. (1983). The 

nutritive value of rumen micro-organisms in 

ruminants: 3. The digestion of microbial amino and 

nucleic acids in, and losses of endogenous nitrogen 

from, the small intestine of sheep. British Journal 

of Nutrition, 50(2), 479-485. 

Susmel, P.; Stefanon, B.; Plazzotta, E.; Spanghero, 

M.; and Mills, C. R.  1994. The effect of energy 

and protein intake on the excretion of purine 

derivatives. The Journal of Agricultural Science 

123:257-265. 

Tamminga, S.; and Chen, X. B. 2000 Animal based 

techniques for the estimation of protein value of 

forages. In: Givens, D. I.; Owen, E.; Axford, R. 

F. E., et al. (Ed). Forage Evaluation in 

Ruminant Nutrition, Wallingford: CABI 

Publishing, p. 215-232. 

Tas, B. M.; and Susenbeth, A.  2007. Urinary 

purine derivates excretion as an indicator of in 

vivo microbial N flow in cattle: A review. 

Livestock Science 111:181-192. 

Teixeira, R. M. A.; Campos, J. M. S.; Valadares 

Filho, S. C.; Valadares, R. F. D.; Oliveira, A. S.; 

Pina, D. S. 2007. Balanço de compostos 

nitrogenados e produção de proteína 

microbiana em novilhas leiteiras alimentadas 

com casca de café em substituição à silagem de 

milho. Revista  Brasileira de Zootecnia 

36:1691-1698. 

Topps, J. H.; Elliott, R. C. 1965. Relationship 

between Concentrations of Ruminal Nucleic 

Acids and Excretion of Purine Derivatives by 

Sheep. Nature 205:498-499. 



Nutrient Requirements of Zebu and Crossbred Cattle – BR-CORTE 

 

66 

Ushida, K.; Lassalas, B.; Jouany, J. P. 1985. 

Determination of assay parameters for RNA 

analysis in bacterial and duodenal samples by 

spectrophotometry: Influence of sample 

treatment and preservation. Reproduction, 

Nutrition and Development 25:1037- 1046. 

Vagnoni, D. B., Broderick, G. A., Clayton, M. K., & 

Hatfield, R. D. (1997). Excretion of purine 

derivatives by Holstein cows abomasally infused 

with incremental amounts of purines. Journal of 

Dairy Science, 80(8), 1695-1702. 

Valadares, R. F.; Broderick, G. A.; Valadares 

Filho, S. C.; and Clayton, M. K. 1999. Effect of 

replacing alfalfa silage with high moisture corn 

on ruminal protein synthesis estimated from 

excretion of total purine derivatives. Journal of 

Dairy Science 82:2686-2696. 

Van Milgen, J.; Murphy, M.; and Berger, L. 1991. 

A compartmental model to analyze ruminal 

digestion. Journal of Dairy Science 74:2515-

2529. 

Vanzant, E. S.; Cochran, R. C.; and Titgemeyer, E. 

C. 1998. Standardization of in situ techniques 

for ruminant feedstuff evaluation. Journal of 

Animal Science 76:2717-2729. 

Verbic, J.; Chen, X. B.; Macleod, N. A.; and 

Ørskov, E. R. 1990. Excretion of purine 

derivatives by ruminants. Effect of microbial 

nucleic acid infusion on purine derivative 

excretion by steers. The Journal of Agricultural 

Science 114:243-248. 

Waldo, D. R.; Smith, L. W.; and Cox, E. L. 1972. 

Model of cellulose disappearance from the 

rumen. Journal of Dairy Science 55:125–129.  

Weisbjerg, M.R., Bhargava, P.K., Hvelplund, T. 

and Madsen, J. (1990) Anvendelse af 

Nedbrydningsprofiler i 

Fodermiddelvurderingen. Beretning, 679, 

Statens Husdyrbrugsforsøg, Foulum, Denmark, 

33 pp. 

APPENDIXES 

Appendix 3.1  

Azevêdo, J.A.G., Valadares Filho, S.C., Pina, D.S., 

Detmann, E., Valadares, R.F.D., Pereira, 

L.G.R., Souza, N.K.P., and Costa e Silva, L.F., 

2011. Intake, total digestibility, microbial 

protein production and the nitrogen balance in 

diets with fruit by-products for 

ruminants, Revista Brasileira de Zootecnia, 40, 

1052-1060. 

Barbosa, A.M.; Valadares, R.F.D.; Valadares Filho, 

S.C., Véras, R.M.L., Leão, M.I., Detmann, E., 

Paulino, M.F., Marcondes, M.I., and Souza, M.A., 

2006.  Effect of urinary collection days, concentrate 

levels and protein sources on creatinine, urea and 

purine derivatives excretions and microbial protein 

synthesis in Nellore cattle, Revista Brasileira de 

Zootecnia, 35, 870-877. 

Barbosa, A.M., Valadares, R.F.D., Valadares 

Filho, S.C., Pina, D.S., Detmann, E., and Leão, 

M.I., 2011. Endogenous fraction and urinary 

recovery of purine derivatives obtained by 

different methods in Nellore cattle, Journal of 

Animal Science, 89, 510-519. 

Chizzoti, M.L., Valadares Filho, S.C., Leão, M.I., 

Valadares, R.F.D., Chizzotti, F.H.M., Magalhães, 

K.A., and Marcondes, M.I., 2005. Partial replacement 

of elephant grass silage with cottonseed hulls. 2. 

Ruminal and serum metabolites, microbial protein 

synthesis, and urinary excretion of nitrogenous 

compounds in steers, Revista Brasileira de Zootecnia, 

34, 2103-2111. 

Chizzotti, M.L., Valadares Filho, S.C., Valadares, 

R.F.D., Chizzotti, F.H.M., Marcondes, M.I., 

and Fonseca, M.A., 2007. Intake, digestibility 

and nitrogen metabolism in Holstein cows with 

different milk production levels, Revista 

Brasileira de Zootecnia, 36, 138-146. 

Chizzotti, M.L., Valadares Filho, S.C., Valadares, 

R.F.D., Chizzotti, F.H.M., Campos, J.M.S., 

Marcondes, M.I., and Fonseca, M.A., 2006. 

Intake, digestibility and urinary excretion of 

urea and purine derivatives in heifers with 

different body weights, Revista Brasileira de 

Zootecnia, 35, 1813-1821. 

Diniz, L.L., Valadares Filho, S.C., Oliveira, 

A.S., Pina, D.S., Silva, L.D., Benedeti, P.B, 

Baião, G.F., Campos, J.M.S., and Valadares, 

R.F.D., 2011. Castor bean meal for cattle 

finishing: nutritional parameters, Livestock 

Science, 135, 153-167. 

Gionbelli, M.P., Valadares Filho, S.C., Detmann, E., 

Paulin, P.V.R., Valadares, R.F.D., Santos, T.R., 

Costa e Silva, L.F., and Magalhães, F.A., 2012. 

Intake, performance, digestibility, microbial 

efficiency and carcass characteristics of growing 

Nellore heifers fed two concentrate levels, Revista 

Brasileira de Zootecnia, 41, 1243-1252. 

http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DPina,%2520D.S.%26authorID%3D17135833400%26md5%3D07709ed1cec96fd7ca3276e6cd2fe30d&_acct=C000037901&_version=1&_userid=687369&md5=0e93d4d2201eb3580cbe7d9ee0791fc4
http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3Dda%2520Silva,%2520L.D.%26authorID%3D36197959600%26md5%3D70e52984872266f0716d973008331c7e&_acct=C000037901&_version=1&_userid=687369&md5=f6d5c93051c9c210ff4126a46492f8d5
http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DBenedeti,%2520P.B.%26authorID%3D36197940800%26md5%3D961045e928855156154ecf7100486a8d&_acct=C000037901&_version=1&_userid=687369&md5=fea7d791d9e0ee3205540696102709c3
http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DBai%25C3%25A3o,%2520G.F.%26authorID%3D36836142200%26md5%3D519414db6eb0839b98dff403065511b4&_acct=C000037901&_version=1&_userid=687369&md5=dbf5114705616a88a1c8f8c8997e73dc
http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DBai%25C3%25A3o,%2520G.F.%26authorID%3D36836142200%26md5%3D519414db6eb0839b98dff403065511b4&_acct=C000037901&_version=1&_userid=687369&md5=dbf5114705616a88a1c8f8c8997e73dc
http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DCampos,%2520J.M.S.%26authorID%3D6602798751%26md5%3D6545f6db52b75214adae581002c11bb0&_acct=C000037901&_version=1&_userid=687369&md5=ee726526c12bd83ff050311fd65e40c4
http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DValadares,%2520R.F.D.%26authorID%3D6603506505%26md5%3Dae1d8424888803f6d5959215af48de0f&_acct=C000037901&_version=1&_userid=687369&md5=a0ce34b732618e7ee6c5a7f652b1e96b


Ruminal protein degradation of feeds and microbial protein synthesis 

 

67 

Leal, T.L., Valadares, R.F.D., Valadares Filho, S.C., 

Campos, J.M.S., Detmann, E., Barbosa, A.M., 

Teixeira, R.M.A., and Marcondes, M.I., 2007a. 

Daily variation in the urinary excretion of 

creatinine and purine derivatives in heifers, Revista 

Brasileira de Zootecnia, 36, 905-911.   

Leal, T.L., Valadares, R.F.D., Valadares Filho, S.C., 

Leão MI, Detmann E, Barbosa AM, Chizzotti ML, 

and Paixão ML., 2007b. Daily variation in the 

excretion of creatinine and purine derivatives in 

steers, Revista Brasileira de Zootecnia, 36, 896-

904. 

Oliveira, A.S., Valadares, R.F.D., Valadares Filho, 

S.C., Cecon, P.R., Rennó, L.N., Queiroz, A.C., 

Chizzotti, M.L., 2001a. Microbial Protein 

Production, Purine Derivatives and Urea Excretion 

Estimate in Lactating Dairy Cows Fed Isoprotein 

Diets with Different Non Protein Nitrogen 

Compounds Levels, Revista Brasileira de 

Zootecnia, 30, 1621-1629. 

Oliveira, A.S., Valadares, R.F.D., Valadares Filho, 

S.C., Cecon, P.R., Oliveira, G.A., Silva, R.M.N., 

and Costa, M.A.L., 2001b. Intake, apparent 

digestibility, milk composition and production of 

lactating cows fed four non-protein nitrogen 

compounds levels, Revista Brasileira de 

Zootecnia, 30, 1358-1366. 

Pellizzoni, S.G., 2011. Estimativa da excreção 

urinária de derivados de purinas a partir do 

consumo de NDT e determinação da contribuição 

endógena em vacas de leite, (unpublished Master 

Dissertation, Federal University of Viçosa, Brazil. 

Pereira, M.L.A., Valadares Filho, S.C., Valadares, 

R.F.D., Campos, J.M.S., Leão, M.I., Pereira, 

C.A.R., Pina, D.S., and Mendonça, S.S., 2005. 

Intake, Total Apparent Digestibility, Milk 

Production and Composition in Early Lactation 

Cows Fed with Increasing Levels of Crude Protein 

in the Concentrate, Revista Brasileira de 

Zootecnia, 34, 1029-1039. 

Pereira, V.S.A., 2009. Influência do peso corporal e 

das características de carcaça sobre a excreção de 

creatinina e utilização de coleta spot de urina para 

estimar a excreção de derivados de purinas e de 

compostos nitrogenados em novilhas Nelore, 

(unpublished Master Dissertation, Federal 

University of Viçosa, Brazil). 

Prates, L. L., Valadares, R. F. D., Valadares Filho, 

S. C., Detmann, E., Ouellet, D. R., Batista, E. 

D., Silva, B. C., 2017. Investigating the effects 

of sex of growing Nellore cattle and crude 

protein intake on the utilization of recycled N 

for microbial protein synthesis in the rumen by 

using intravenous 15N15N-urea infusion. 

Animal Feed Science and Technology, 231, 

119-130. 

Silva, F. A. S., Valadares Filho, S. C., Detmann, E., 

Santos, S. A., Godoi, L. A., Silva, B. C., ... & 

Rotta, P. P., 2016. Effect of different forage 

types and concentrate levels on energy 

conversion, enteric methane production, and 

animal performance of Holstein× Zebu heifers. 

Animal Production Science, 57, 2042-2050. 

Silva, F. A. S., Valadares Filho, S. C., Godoi, L. 

A., Silva, B. C., Pacheco, M. V. C., Zanetti, D., 

Felix, T. L., 2020. Effect of duration of 

restricted-feeding on nutrient excretion, animal 

performance, and carcass characteristics of 

Holstein× Zebu finishing steers. Animal 

Production Science, 60, 535-544. 

Sales Silva FA, Valadares Filho SD, Rennó LN, 

Trópia NV, Souza CW, Alhadas HM, Mafort 

EG, Felix TL., 2020. Effect of restricted-

feeding strategies on blood concentrations of 

hormones, metabolites, and minerals in 

Holstein× Zebu finishing steers. Ciência 

Animal Brasileira. 19, 21. 

Silva Júnior, J. M., Rodrigues, J. P. P., Valadares Filho, 

S. D. C., Detmann, E., Paulino, M. F., & Rennó, L. 

N. 2021. Estimating purine derivatives and 

nitrogen compound excretion using total urine 

collection or spot urine samples in grazing heifers. 

Journal of Animal Physiology and Animal 

Nutrition, 105, 861-873. 

Silva Júnior, J. M. D., Rennó, L. N., Detmann, E., 

Valadares Filho, S. D. C., & Rodrigues, J. P. P., 

2023. Creatinine recovery from bovine urine under 

the effect of different times and temperatures of 

storage. Plos one, 18, e0282145. 

Silva, R.M.N., Valadares, R.F.D., Valadares Filho, 

S.C., Cecon, P.R., Rennó, L.N., Queiroz, A.C., 

and Chizzotti, M.L., 2001. Urea for Dairy 

Cows. 2. Estimates of Urinary Volume, 

Microbial Production and Urea Excretion, 

Revista Brasileira de Zootecnia, 30, 1948-1957. 



Nutrient Requirements of Zebu and Crossbred Cattle – BR-CORTE 

 

68 

Zanetti, D., Godoi, L. A., Estrada, M. M., Engle, T. 

E., Silva, B. C., Alhadas, H. M., Valadares 

Filho, S. C., 2017. Estimating mineral 

requirements of Nellore beef bulls fed with or 

without inorganic mineral supplementation and 

the influence on mineral balance. Journal of 

Animal Science, 95, 1696-1706. 

Appendix 3.2  

Azevêdo, J.A.G., Valadares Filho, S.C., Pina, D.S., 

Detmann, E., Valadares, R.F.D., Pereira, 

L.G.R., Souza, N.K.P., and Costa e Silva, L.F., 

2011. Intake, total digestibility, microbial 

protein production and the nitrogen balance in 

diets with fruit by-products for 

ruminants, Revista Brasileira de Zootecnia, 40, 

1052-1060. 

Barbosa, A.M., Valadares, R.F.D., Valadares 

Filho, S.C., Pina, D.S., Detmann, E., and Leão, 

M.I., 2011. Endogenous fraction and urinary 

recovery of purine derivatives obtained by 

different methods in Nellore cattle, Journal of 

Animal Science, 89, 510-519. 

Barbosa, A.M.; Valadares, R.F.D.; Valadares 

Filho, S.C., Véras, R.M.L., Leão, M.I., 

Detmann, E., Paulino, M.F., Marcondes, M.I., 

and Souza, M.A., 2006.  Effect of urinary 

collection days, concentrate levels and protein 

sources on creatinine, urea and purine 

derivatives excretions and microbial protein 

synthesis in Nellore cattle, Revista Brasileira de 

Zootecnia, 35, 870-877. 

Chizzoti, M.L., Valadares Filho, S.C., Leão, M.I., 

Valadares, R.F.D., Chizzotti, F.H.M., 

Magalhães, K.A., and Marcondes, M.I., 2005. 

Partial replacement of elephant grass silage 

with cottonseed hulls. 2. Ruminal and serum 

metabolites, microbial protein synthesis, and 

urinary excretion of nitrogenous compounds in 

steers, Revista Brasileira de Zootecnia, 34, 

2103-2111. 

Chizzotti, M.L., Valadares Filho, S.C., Valadares, 

R.F.D., Chizzotti, F.H.M., Marcondes, M.I., 

and Fonseca, M.A., 2007. Intake, digestibility 

and nitrogen metabolism in Holstein cows with 

different milk production levels, Revista 

Brasileira de Zootecnia, 36, 138-146. 

Chizzotti, M.L., Valadares Filho, S.C., Valadares, 

R.F.D., Chizzotti, F.H.M., Campos, J.M.S., 

Marcondes, M.I., and Fonseca, M.A., 2006. 

Intake, digestibility and urinary excretion of 

urea and purine derivatives in heifers with 

different body weights, Revista Brasileira de 

Zootecnia, 35, 1813-1821. 

Diniz, L.L., Valadares Filho, S.C., Oliveira, 

A.S., Pina, D.S., Silva, L.D., Benedeti, P.B, 

Baião, G.F., Campos, J.M.S., and Valadares, 

R.F.D., 2011. Castor bean meal for cattle 

finishing: nutritional parameters, Livestock 

Science, 135, 153-167. 

Gionbelli, M.P., Valadares Filho, S.C., Detmann, 

E., Paulin, P.V.R., Valadares, R.F.D., Santos, 

T.R., Costa e Silva, L.F., and Magalhães, F.A., 

2012. Intake, performance, digestibility, 

microbial efficiency and carcass characteristics 

of growing Nellore heifers fed two concentrate 

levels, Revista Brasileira de Zootecnia, 41, 

1243-1252. 

Leal, T.L., Valadares, R.F.D., Valadares Filho, 

S.C., Campos, J.M.S., Detmann, E., Barbosa, 

A.M., Teixeira, R.M.A., and Marcondes, M.I., 

2007a. Daily variation in the urinary excretion 

of creatinine and purine derivatives in heifers, 

Revista Brasileira de Zootecnia, 36, 905-911.   

Leal, T.L., Valadares, R.F.D., Valadares Filho, 

S.C., Leão MI, Detmann E, Barbosa AM, 

Chizzotti ML, and Paixão ML., 2007b. Daily 

variation in the excretion of creatinine and 

purine derivatives in steers, Revista Brasileira 

de Zootecnia, 36, 896-904. 

Machado, P.A.S., Valadares Filho, S.C., 

Valadares, R.F.D., Detmann, E., Paixão, M.L., 

Pina, D.S., 2008. Nutritional evaluation of 

elephantgrass at different regrowth ages, 

Revista Brasileira de Zootecnia, 37, 1121-1128. 

Magalhães, K.A., Valadares Filho, S.C., 

Valadares, R.F.D., Paixão, M.L., Pina, D.S., 

Paulino, P.V.R., Chizzotti, M.L., Marcondes, 

M.I., Araújo, A.M., and Porto, M.O., 2005. 

Effects of Feeding Different Levels of Urea or 

Cottonseed Hulls on Microbial Protein 

Synthesis, Plasma Urea Concentration and Urea 

Excretion in Steers, Revista Brasileira de 

Zootecnia, 34, 1400-1407. 

http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DPina,%2520D.S.%26authorID%3D17135833400%26md5%3D07709ed1cec96fd7ca3276e6cd2fe30d&_acct=C000037901&_version=1&_userid=687369&md5=0e93d4d2201eb3580cbe7d9ee0791fc4
http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3Dda%2520Silva,%2520L.D.%26authorID%3D36197959600%26md5%3D70e52984872266f0716d973008331c7e&_acct=C000037901&_version=1&_userid=687369&md5=f6d5c93051c9c210ff4126a46492f8d5
http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DBenedeti,%2520P.B.%26authorID%3D36197940800%26md5%3D961045e928855156154ecf7100486a8d&_acct=C000037901&_version=1&_userid=687369&md5=fea7d791d9e0ee3205540696102709c3
http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DBai%25C3%25A3o,%2520G.F.%26authorID%3D36836142200%26md5%3D519414db6eb0839b98dff403065511b4&_acct=C000037901&_version=1&_userid=687369&md5=dbf5114705616a88a1c8f8c8997e73dc
http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DBai%25C3%25A3o,%2520G.F.%26authorID%3D36836142200%26md5%3D519414db6eb0839b98dff403065511b4&_acct=C000037901&_version=1&_userid=687369&md5=dbf5114705616a88a1c8f8c8997e73dc
http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DCampos,%2520J.M.S.%26authorID%3D6602798751%26md5%3D6545f6db52b75214adae581002c11bb0&_acct=C000037901&_version=1&_userid=687369&md5=ee726526c12bd83ff050311fd65e40c4
http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DValadares,%2520R.F.D.%26authorID%3D6603506505%26md5%3Dae1d8424888803f6d5959215af48de0f&_acct=C000037901&_version=1&_userid=687369&md5=a0ce34b732618e7ee6c5a7f652b1e96b


Ruminal protein degradation of feeds and microbial protein synthesis 

 

69 

Marcondes, M.I., Valadares Filho, S.C., Oliveira, 

I.M., Paulino, P.V.R., Valadares, R.F.D., and 

Detmann, E., 2011. Feed efficiency of pure and 

crossbred cattle fed high or low concentrate 

level, Revista Brasileira de Zootecnia, 40, 

1313-1324. 

Marcondes, M.I., Valadares Filho, S.C., Paulino, 

P.V.R., Detmann, E., Paulino, M.F., Diniz, L.L., 

and Santos, T.R., 2008. Performance of animals fed 

individually or in groups and carcass traits of 

Nellore cattle from three sexual classes, Revista 

Brasileira de Zootecnia, 37, 2243-2250. 

Marcondes, M.I., Valadares Filho, S.C., Paulino, 

P.V.R., Valadares, R.F.D., Paulino, M.F., 

Nascimento, F.B., and Fonseca, M.A., 2009. 

Nutrient requirements of protein, energy and macro 

minerals of Nellore cattle of three genders, Revista 

Brasileira de Zootecnia, 38, 1587-1596.   

Oliveira, A.S., Valadares, R.F.D., Valadares Filho, 

S.C., Cecon, P.R., Rennó, L.N., Queiroz, A.C., 

Chizzotti, M.L., 2001a. Microbial Protein 

Production, Purine Derivatives and Urea 

Excretion Estimate in Lactating Dairy Cows 

Fed Isoprotein Diets with Different Non Protein 

Nitrogen Compounds Levels, Revista 

Brasileira de Zootecnia, 30, 1621-1629. 

Oliveira, A.S., Valadares, R.F.D., Valadares Filho, 

S.C., Cecon, P.R., Oliveira, G.A., Silva, 

R.M.N., and Costa, M.A.L., 2001b. Intake, 

apparent digestibility, milk composition and 

production of lactating cows fed four non-

protein nitrogen compounds levels, Revista 

Brasileira de Zootecnia, 30, 1358-1366. 

Pellizzoni, S.G., 2011. Estimativa da excreção 

urinária de derivados de purinas a partir do 

consumo de NDT e determinação da 

contribuição endógena em vacas de leite, 

(unpublished Master Dissertation, Federal 

University of Viçosa, Brazil). 

Pereira, M.L.A., Valadares Filho, S.C., Valadares, 

R.F.D., Campos, J.M.S., Leão, M.I., Pereira, 

C.A.R., Pina, D.S., and Mendonça, S.S., 2005. 

Intake, Total Apparent Digestibility, Milk 

Production and Composition in Early Lactation 

Cows Fed with Increasing Levels of Crude 

Protein in the Concentrate, Revista Brasileira 

de Zootecnia, 34, 1029-1039. 

Pereira, V.S.A., 2009. Influência do peso corporal e 

das características de carcaça sobre a excreção de 

creatinina e utilização de coleta spot de urina para 

estimar a excreção de derivados de purinas e de 

compostos nitrogenados em novilhas nelore, 

(unpublished Master Dissertation, Federal 

University of Viçosa, Brazil). 

Pina, D.S., Valadares Filho, S.C., Azevêdo, J.A.G., 

Barbosa, A.M., Valadares, R.F.D., and 

Detmann, E., 2010. Effects of inclustion and 

exposition times of sugar cane to calcium oxide 

on the physiologic and digestive parameters of 

Nellore heifers, Revista Brasileira de 

Zootecnia, 39, 1579-1586. 

Pina, D.S., Valadares Filho, S.C., Tedeschi, L.O., 

Barbosa, A.M., Azevêdo, J.A.G., Valadares, 

R.F.D., Souza, N.K.P., and Fonseca, M.A., 

2011. Levels of inclusion and exposure time of 

sugar cane to calcium oxide on digestive 

parameters and performance of Nellore heifers, 

Revista Brasileira de Zootecnia, 40, 648-656. 

Silva, R.M.N., Valadares, R.F.D., Valadares Filho, 

S.C., Cecon, P.R., Rennó, L.N., Queiroz, A.C., 

and Chizzotti, M.L., 2001. Urea for Dairy 

Cows. 2. Estimates of Urinary Volume, 

Microbial Production and Urea Excretion, 

Revista Brasileira de Zootecnia, 30, 1948-1957. 

Souza, S. M., Lopes, F. C. F., de Campos, S., Filho, 

V., da Gama, M. A. S., Rennó, L. N., & 

Rodrigues, J. P. P., 2019. Milk fatty acid 

composition of Holstein x Gyr dairy cows fed 

sugarcane-based diets containing citrus pulp 

supplemented with sunflower oil. Semina: 

Ciências Agrárias, Londrina, 40, 1663-1680. 

Souza, S.M., 2007. Farelo de glúten de milho na 

alimentação de vacas em lactação, 

(unpublished Master Dissertation, Federal 

University of Viçosa, Brazil). 

Appendix 3.3  

Campos, A. F., Pereira, O. G., Ribeiro, K. G., 

Santos, S. A., & de Campos Valadares Filho, S., 

2014. Impact of replacing soybean meal in beef 

cattle diets with inactive dry yeast, a sugarcane 

by-product of ethanol distilleries and sugar 

mills. Animal Feed Science and Technology, 

190, 38-46. 



Nutrient Requirements of Zebu and Crossbred Cattle – BR-CORTE 

 

70 

Cardoso, R. C., Valadares Filho, S. D. C., Silva, J. 

F. C. D., Paulino, M. F., Valadares, R. F. D., 

Cecon, P. R., & Oliveira, R. V. D., 2000. 

Consumo e digestibilidades aparentes totais e 

parciais de rações contendo diferentes níveis de 

concentrado, em novilhos F1 Limousin x 

Nelore. Revista Brasileira de Zootecnia, 29, 

1832-1843. 

Cezário, A. S., Ribeiro, K. G., Santos, S. A., de 

Campos Valadares Filho, S., & Pereira, O. G., 

2015. Silages of Brachiaria brizantha cv. 

Marandu harvested at two regrowth ages: 

Microbial inoculant responses in silage 

fermentation, ruminant digestion, and beef 

cattle performance. Animal Feed Science and 

Technology, 208, 33-43. 

Chizzotti, F. H. M., Pereira, O. G., Tedeschi, L. O., 

Valadares Filho, S. C., Chizzotti, M. L., Leão, 

M. I., & Pereira, D. H., 2008. Effects of dietary 

nonprotein nitrogen on performance, 

digestibility, ruminal characteristics, and 

microbial efficiency in crossbred steers. 

Journal of Animal Science, 86, 1173-1181. 

Chizzotti, M. L., Valadares Filho, S. D. C., Leão, 

M. I., Valadares, R. F. D., Chizzotti, F. H. M., 

Magalhães, K. A., & Marcondes, M. I., 2005. 

Partial replacement of elephantgrass silage with 

cottonseed hulls. 2. Ruminal and serum 

metabolites, microbial protein synthesis, and 

urinary excretion of nitrogenous compounds in 

steers. Revista Brasileira de Zootecnia, 34, 

2103-2111. 

Corrêa, A. M. V. 2007. Utilização da soja em 

diferentes formas na alimentação de vacas 

leiteiras. Tese Doutorado. UFV. 128p. 

Costa e Silva, L. C., Valadares Filho, S. C., 

Chizzotti, M. L., Rotta, P. P., Zanetti, D., 

Valadares, R. D. F., & Detmann, E., 2014. 

Models to predict muscle tissue and crude 

protein in beef cattle. Livestock Science, 160, 

186-193. 

Costa e Silva, L. F., de Campos Valadares Filho, 

S., Engle, T. E., Rotta, P. P., Marcondes, M. I., 

Silva, F. A. S., & Tokunaga, A. T., 2015. 

Macrominerals and trace element requirements 

for beef cattle. PloS One, 10, e0144464. 

Dias, H. L. C., Valadares Filho, S. D. C., Coelho 

da Silva, J. F., Paulino, M. F., Cecon, P. R., 

Leão, M. I., & Oliveira, R. V. D., 2000. 

Consumo e digestões totais e parciais em 

novilhos F1 Limousin x Nelore alimentados 

com dietas contendo cinco níveis de 

concentrado. Revista Brasileira de Zootecnia, 

29, 545-554. 

Dias, M., Detmann, E., Leão, M. I., Souza, S. M. 

D., Valadares Filho, S. D. C., Vasconcelos, A. 

M. D., & Valadares, R. F. D., 2007. Indicadores 

para estimativa da digestibilidade parcial em 

bovinos. Revista Brasileira de Zootecnia, 36, 

689-697. 

Figueiredo, D. M. D., Paulino, M. F., Detmann, E., 

Moraes, E. H. B. K. D., Valadares Filho, S. D. 

C., & Souza, M. G. D., 2008. Fontes de proteína 

em suplementos múltiplos para bovinos em 

pastejo no período das águas. Revista Brasileira 

de Zootecnia, 37, 2222-2232. 

Ladeira, M. M., Valadares Filho, S. D. C., Silva, J. 

F. C. D., Leão, M. I., & Sampaio, R. L., 1999. 

Consumo e digestiblidades aparentes totais e 

parciais de dietas contendo diferentes níveis de 

concentrado, em novilhos Nelore. Revista 

Brasileira de Zootecnia, 28, 395-403. 

Machado, P. A. S., Valadares Filho, S. C., 

Valadares, R. F. D., Paulino, M. F., Paulino, P. 

V. R., & Marcondes, M. I., 2012. Desempenho 

e exigências de energia e proteína de bovinos de 

corte em pasto suplementados. Arquivo 

Brasileiro de Medicina Veterinária e 

Zootecnia, 64, 683-692. 

Malafaia, P. A., Valadares Filho, S. D. C., & 

Coelho Da Silva, J. F., 1996. Sebo bovino em 

rações para vacas em lactação. 1. Consumo dos 

nutrientes, produção e composição do leite. 

Revista da Sociedade Brasileira de Zootecnia, 

25, 153-163. 

Marcondes, M. I., Valadares Filho, S. D. C., 

Oliveira, I. M. D., Paulino, M. F., Paulino, P. V. 

R., Detmann, E., & Silva, L. F. C., 2011. 

Exigências de energia de animais Nelore puros 

e mestiços com as raças Angus e Simental. 

Revista Brasileira de Zootecnia, 40, 872-881. 

 



Ruminal protein degradation of feeds and microbial protein synthesis 

 

71 

Marcondes, M. I., Valadares Filho, S. D. C., 

Paulino, P. V. R., Detmann, E., Paulino, M. F., 

Diniz, L. L., & Santos, T. R., 2008. Consumo 

e desempenho de animais alimentados 

individualmente ou em grupo e características 

de carcaça de animais Nelore de três classes 

sexuais. Revista Brasileira de Zootecnia, 37, 

2243-2250. 

Oliveira, A. S. D., Campos, J. M. D. S., Valadares 

Filho, S. D. C., Assis, A. J. D., Teixeira, R. M. 

A., Valadares, R. F. D., & Oliveira, G. S. D., 

2007. Substituição do milho por casca de café 

ou de soja em dietas para vacas leiteiras: 

consumo, digestibilidade dos nutrientes, 

produção e composição do leite. Revista 

Brasileira de Zootecnia, 36, 1172-1182. 

Oliveira, A. S., Valadares, R. F. D., Valadares 

Filho, S. D. C., Cecon, P. R., Rennó, L. N., 

Queiroz, A. C. D., & Chizzotti, M. L., 2001. 

Produção de proteína microbiana e estimativas 

das excreções de derivados de purinas e de 

uréia em vacas lactantes alimentadas com 

rações isoprotéicas contendo diferentes níveis 

de compostos nitrogenados não-protéicos. 

Revista Brasileira de Zootecnia, 30, 1621-

1629. 

Paiva, V. A., Lana, R. P., Oliveira, A. S., Leão, 

M. I., & Teixeira, R. M. A., 2013. Teores 

proteicos em dietas para vacas Holandesas 

leiteiras em confinamento. Arquivo Brasileiro 

de Medicina Veterinária e Zootecnia, 65, 

1183-1191. 

Pereira, M. L. A., Valadares Filho, S. D. C., 

Valadares, R. F. D., Campos, J. M. D. S., Leão, 

M. I., Pereira, C. A. R., & Mendonça, S. D. S., 

2005. Consumo, digestibilidade aparente total, 

produção e composição do leite em vacas no 

terço inicial da lactação alimentadas com 

níveis crescentes de proteína bruta no 

concentrado. Revista Brasileira de Zootecnia, 

34, 1029-1039. 

Pina, D. D. S., Valadares Filho, S. D. C., Azevêdo, 

J. A. G., Barbosa, A. M., Valadares, R. F. D., 

& Detmann, E., 2010. Effects of inclusion and 

exposition times of sugar cane to calcium 

oxide on the physiologic and digestive 

parameters of Nellore heifers. Revista 

Brasileira de Zootecnia, 39, 1579-1586. 

Pina, D. S., Tedeschi, L. O., Valadares Filho, S. 

C., Azevedo, J. A. G., Detmann, E., & 

Anderson, R., 2009. Influence of calcium 

oxide level and time of exposure to sugarcane 

on in vitro and in situ digestive kinetics. 

Animal Feed Science and Technology, 153, 

101-112. 

Prates, L. L., Valadares, R. F. D., Valadares Filho, 

S. C., Detmann, E., Santos, S. A., Braga, J. M. 

S., & Barbosa, K. S., 2012. Endogenous 

fraction and urinary recovery of purine 

derivatives in Nellore and Holstein heifers with 

abomasal purine infusion. Livestock Science, 

150, 179-186. 

Rabello, T. G., Valadares Filho, S. D. C., & Coelho 

da Silva, J. F. (1996). Grão de soja moído na 

alimentação de vacas em lactação III. Eficiência 

microbiana, amônia e pH. Revista Brasileira de 

Zootecnia, 25, 270-281. 

Rennó, L. N., Valadares Filho, S. D. C., Valadares, 

R. F. D., Paulino, M. F., Rennó, F. P., & Silva, 

P. A., 2008. Níveis de ureia na ração de 

novilhos de quatro grupos genéticos: estimativa 

da produção de proteína microbiana por meio 

dos derivados de purinas na urina utilizando 

duas metodologias de coleta. Revista Brasileira 

de Zootecnia, 37, 546-555. 

Rotta, P. P., Valadares Filho, S. C., Detmann, E., 

Costa e Silva, L. F., Paulino, M. F., Marcondes, 

M. I., & Villadiego, F. A. C., 2014. Digesta 

sampling sites and marker methods for 

estimation of ruminal outflow in bulls fed 

different proportions of corn silage or 

sugarcane. Journal of Animal Science, 92, 

2996-3006. 

Silva, R. M. N. D., Valadares, R. F. D., Valadares 

Filho, S. D. C., Cecon, P. R., Rennó, L. N., & 

Silva, J. M. D., 2001. Ureia para vacas em 

lactação: 2. Estimativas do volume urinário, da 

produção microbiana e da excreção de ureia. 

Revista Brasileira de Zootecnia, 30, 1948-1957. 

Souza, S. M., Lopes, F. C. F., de Campos, S., Filho, 

V., da Gama, M. A. S., Rennó, L. N., & 

Rodrigues, J. P. P., 2019. Milk fatty acid 

composition of Holstein x Gyr dairy cows fed 

sugarcane-based diets containing citrus pulp 

supplemented with sunflower oil. Semina: 

Ciências Agrárias, Londrina, 40, 1663-1680. 



Nutrient Requirements of Zebu and Crossbred Cattle – BR-CORTE 

 

72 

Tibo, G. C., Valadares Filho, S. D. C., Silva, J. F. 

C. D., Valadares, R. F. D., Leão, M. I., Cecon, 

P. R., & Sampaio, R. L., 2000. Níveis de 

concentrado em dietas de novilhos mestiços F1 

Simental x Nelore: 2. Balanço nitrogenado, 

eficiência microbiana e parâmetros ruminais. 

Revista Brasileira de Zootecnia, 29, 921-929. 

Véras, R. M. L., Valadares Filho, S. D. C., 

Azevêdo, J. A. G., Detmann, E., Paulino, P. V. 

R., Barbosa, A. M., & Marcondes, M. I., 2008. 

Níveis de concentrado na dieta de bovinos 

Nelore de três condições sexuais: consumo, 

digestibilidades total e parcial, produção 

microbiana e parâmetros ruminais. Revista 

Brasileira de Zootecnia, 37, 951-960. 

Villela, S. D. J., Paulino, M. F., de Campos 

Valadares Filho, S., Leão, M. I., & de 

Figueiredo, D. M., 2008. Fontes de proteína em 

suplementos para abate de bovinos em pastejo: 

período de transição águas-seca. Revista 

Ciência Agronômica, 39, 317-326. 

Vilela, S. D. J. (1995). Utilização de caroço de 

algodão na alimentação de vacas em lactação. 

Viçosa: Universidade Federal de Viçosa, 1995. 

82p. 

Appendix 3.4  

Barbizan, M., Valente, E. E. L., Damasceno, M. L., 

Lopes, S. A., de Souza Tanaka, E., Junior, C. P. 

B., & Melo, B. V. R., 2020. Balanced 

protein/energy supplementation plan for beef 

cattle on tropical pasture. Livestock Science, 

241, 104211. 

Hoffmann, A., Cardoso, A. S., Fonseca, N. V. B., 

Romanzini, E. P., Siniscalchi, D., Berndt, A., & 

Reis, R. A., 2021. Effects of supplementation 

with corn distillers’ dried grains on animal 

performance, nitrogen balance, and enteric CH4 

emissions of young Nellore bulls fed a high-

tropical forage diet. Animal, 15, 100155. 

Carvalho, V. V., Paulino, M. F., Detmann, E., 

Chizzotti, M. L., Martins, L. S., Silva, A. G., & 

Moura, F. H., 2017. Effects of supplements 

containing different additives on nutritional and 

productive performance of beef cattle grazing 

tropical grass. Tropical Animal Health and 

Production, 49, 983-988. 

Conceição, M. G., de Andrade Ferreira, M., de 

Lima Silva, J., Costa, C. T. F., Chagas, J. C. C., 

& de Figueiredo Monteiro, C. C. (2018). Can 

cactus (Opuntia stricta [Haw.] Haw) cladodes 

plus urea replace wheat bran in steers’ diet? 

Asian-Australasian Journal of Animal Sciences, 

31, 1627. 

Corte, R. R., Brito, F. O., Leme, P. R., Pereira, A. S. 

C., Freitas, J. E., Rennó, F. P., & Nogueira Filho, J. 

C. M., 2018. The effects of partial substitution of 

soybean with urea or slow-release urea on finishing 

performance, meat quality, and digestion 

parameters of Nellore steers. Animal Production 

Science, 58, 2242-2248. 

Dórea, J. R., Gouvêa, V. N., Agostinho Neto, L. R. 

D., Da Silva, S. C., Brink, G. E., Pires, A. V., & 

Santos, F. A., 2020. Beef cattle responses to 

pre-grazing sward height and low level of 

energy supplementation on tropical pastures. 

Journal of Animal Science, 98, skaa163. 

Ferreira Costa, C. T., de Andrade Ferreira, M., de 

Souza Campos, J. M., de Lima Silva, J., Xavier de 

Andrade, R. D. P., & Gabriela da Conceição, M., 

2017. Multiple supplements containing spineless 

cactus enriched with urea for cattle. Acta 

Scientiarum: Animal Sciences, 39, 363-369. 

Granja-Salcedo, Y. T., Ribeiro Junior, C. S., de 

Jesus, R. B., Gomez-Insuasti, A. S., Rivera, A. 

R., Messana, J. D., & Berchielli, T. T., 2016. 

Effect of different levels of concentrate on 

ruminal microorganisms and rumen 

fermentation in Nellore steers. Archives of 

Animal Nutrition, 70, 17-32. 

Jose Neto, A., Granja-Salcedo, Y. T., Messana, J. 

D., Malheiros, E. B., Reis, R. A., Pires, A. V., 

& Berchielli, T. T., 2019. Soybean hulls as feed 

substitute of ground corn can increase the fiber 

digestibility and bacterial fibrolytic profile of 

grazing Nellore steers during the rainy season. 

Semina: Ciências Agrárias, 40, 3577-3594. 

Mariz, L. D. S., Amaral, P. M., Valadares Filho, S. 

C., Santos, S. A., Detmann, E., Marcondes, M. 

I., & Faciola, A. P., 2018. Dietary protein 

reduction on microbial protein, amino acid 

digestibility, and body retention in beef cattle: 

2. Amino acid intestinal absorption and their 

efficiency for whole-body deposition. Journal 

of Animal Science, 96, 670-683. 



Ruminal protein degradation of feeds and microbial protein synthesis 

 

73 

Meschiatti, M. A., Gouvêa, V. N., Pellarin, L. A., 

Batalha, C. D., Biehl, M. V., Acedo, T. S., & 

Santos, F. A., 2019. Feeding the combination of 

essential oils and exogenous α-amylase 

increases performance and carcass production 

of finishing beef cattle. Journal of Animal 

Science, 97, 456-471. 

Lana Ferreira, M. F., Rennó, L. N., Detmann, E., 

Paulino, M. F., de Campos Valadares Filho, S., 

Moreira, S. S., & de Paula Cidrine, I., 2020. 

Performance, metabolic and hormonal 

responses of grazing Nellore cows to an energy-

protein supplementation during the pre-partum 

phase. BMC Veterinary Research, 16, 1-13. 

Sathler, D. F. T., Prados, L. F., Zanetti, D., Silva, 

B. C., Filho, S. V., Pacheco, M. V. C., & 

Paulino, M. F., 2017. Reducing mineral usage 

in feedlot diets for Nellore cattle: I. Impacts of 

calcium, phosphorus, copper, manganese, and 

zinc contents on microbial efficiency and 

ruminal, intestinal, and total digestibility of 

dietary constituents. Journal of Animal Science, 

95, 1715-1726. 

Batalha, C. D. A., Morelli, M., Branco, R. H., dos 

Santos Goncalves Cyrillo, J. N., Carrilho Canesin, 

R., Zerlotti Mercadante, M. E., & Figueiredo 

Martins Bonilha, S., 2020. Association between 

residual feed intake, digestion, ingestive behavior, 

enteric methane emission and nitrogen metabolism 

in Nellore beef cattle. Animal Science Journal, 91, 

e13455. 

da Silva, A. G., Paulino, M. F., Detmann, E., 

Fernandes, H. J., da Silva Amorim, L., Ortega, 

R. E. M., & Bitencourt, J. A., 2017. Energetic-

protein supplementation in the last 60 days of 

gestation improves performance of beef cows 

grazing tropical pastures. Journal of Animal 

Science and Biotechnology, 8, 1-9. 

 

 

 

 

 

 

 

Toseti, L. B., Goulart, R. S., Gouvêa, V. N., Acedo, 

T. S., Vasconcellos, G. S., Pires, A. V., & Silva, 

S. L., 2020. Effects of a blend of essential oils 

and exogenous α-amylase in diets containing 

different roughage sources for finishing beef 

cattle. Animal Feed Science and Technology, 

269, 114643. 

Godoi, L. A., Silva, B. C., Silva, F. A. S., Pucetti, 

P., Pacheco, M. V. C., Souza, G. A. P., & 

Valadares Filho, S. C., 2021. Effect of flint corn 

processing methods on intake, digestion sites, 

rumen pH, and ruminal kinetics in finishing 

Nellore bulls. Animal Feed Science and 

Technology, 271, 114775. 

Silva, B. D. C., Pacheco, M. V. C., Godoi, L. A., 

Alhadas, H. M., Pereira, J. M. V., Renno, L. N., 

& Valadares Filho, S. D. C., 2020. 

Reconstituted and ensiled corn or sorghum 

grain: Impacts on dietary nitrogen fractions, 

intake, and digestion sites in young Nellore 

bulls. Plos one, 15(8), e0237381. 

Silva, Y. R. V. B., Zervoudakis, J. T., Hatamoto-

Zervoudakis, L. K., Abreu, M. L. C., da Silva 

Cabral, L., da Freiria, L. B., & Possamai, A. J., 

2021. Supplementation with different protein 

profiles for grazing beef cattle supplemented in 

tropical grass during the rainy-dry transition 

season. Tropical Animal Health and 

Production, 53, 1-10. 

Tseu, R. J., Perna Junior, F., Carvalho, R. F., Sene, 

G. A., Tropaldi, C. B., Peres, A. H., & 

Rodrigues, P. H. M., 2020. Effect of tannins and 

monensin on feeding behaviour, feed intake, 

digestive parameters and microbial efficiency 

of nellore cows. Italian Journal of Animal 

Science, 19, 262-273. 

 

 

 

 

 

 

 

 

 



Nutrient Requirements of Zebu and Crossbred Cattle – BR-CORTE 

 

74 

 

 


