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Ruminants are a group of animals
characterized by intake of diets that are
altered in rumen by anaerobic
microorganisms. fiese  microorganisms
obtain ideal conditions in the rumen for their
development and growth usimigetary protein
as feed sourceWhen rumen digesta flawv
through the gastrointestinal tract, these
microorganisms become protein source for
digestion in the small intestine of ruminants.
Thus, to find an appropriate recommendation
regarding protein requineentsfor cattle we
must characterize changes imposed by these
microorganisms and the amount of microbial
crude protein that arrives in small intestine
with a specific diet.

INTRODUCTION

The potentially fermentable protein
pool in rumen includes the niigenous
compounds from the diet, bes&lethe
endogenous protein frosaliva, andscurfand
lysed rumen microorganisms in the rumen
(NRC, 2001). This protein pool that
undergoes significant changes in this
compartment isnamed rumen degradable
protein (RDB. Thus, the protein nutrition of
ruminants is dependent on the magnitude and
profile of that pool that reachesall intestine
for absorption aamino acidplusthedietary
protein which does not suffefegradation in
the rumen, als;mmamedrumen undegradble
protein (RUP). The set of all amino acids that
are available for intestinal absorption is
denoted as metabolizable protein (MP). Thus,
to obtain the values of nutritional
requirements of MP and crude protein (CP)
for beef cattle, it is assumed thateoshould
know the changes that the rumen requtces
the nitrogenous compounds from the diet. For
this, it is necessary to know the microbial

crude protein (MCP) that is produced in the
rumen when providing certain diet, as well as
the factors that affectthe production
efficiency of this protein ando understand
digestion and absorption of the protein in the
gastrointestinal tract.

The literatureshowsdifferent methods
to estimate the nitrogen partitiog of diet
into RDP and RUP andtheir intestinal
digestibility. These methods include reviews
in vivo, in situ and a variety ofin vitro
methods (Schwab et al., 2003). Taking into
account the accuracy ofabemethodsjn vivo
method presents a characteristic to provide
reliable estimates of what happens in the
digestion of nutrients. Howeverin vivo
techniques requira lot of feed, great number
of replicatesto avoid variations related to
animal and it does not allow genenat
results for concentrated feed alone.
Furthermorethe majorityof thein vivo assay
protocols need cannulatedanimals not only
in the rumen, buélsoin other compartments,
such as abomasum and ileuftis represents
a source of stress that may altenimal
performance (Harmon and Richards, 1997).
Thus, the cost to obtain an adequate number
of replicatesplus the cost of maintenance of
animals and the number of samples can make
in vivo studies costly; this hdsd to increase
the interestof using in vitro and in situ
techniquegBroderick and Cochran, 2000).

The validation of protocols that allow
the use ofn vitro andin situtechniques in an
accurately and presely manner is an
alternative to obtainestimates for ruminal
protein degradation. The s&mated total
microbial nitrogen synthesis can also be
performed usingn vivo techniques with the
use of microbial markers also associated with
the operational disadvantages and conflicting
with the principles of animal welfare. Thus,
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alternative techniges, such as the use of
urinary purine derivatives (PD), can be used
to quantify the microbial nitrogen thégaves
the rumen and reachesmall intestine for
absorptioras amino acidThe microbiakrude
protein synthesized in the rumen can meet
most of tle amino acids required for the
maintenance and growth for cattle
(Titgemeyer and Merchen, 199@aking into
account that diet can affect efficiency which
occurs the microbial growth and thereby the
amino acid supply. Moreover, the ability to
measure the rorobial production and
efficiency as a function of offed diet is an
essential tool to estimatethe MP
requirements. Alsointestinal digestibility of
the microbial true crude protein can be
estimatedsince the nucleic acids are not used
in the synthesi of body tissues and milk
proteins (AFRC, 1993). So, these nucleic
acids should be discounted to estimate the MP
requirements for beef cattle. The objective of
this chapter is to discuss the main techniques
involved in estimating RDP and RUP,
including efects of microbial contamination
in the ruminal incubation residuéy assess
the techniques used to quantify microbial
crude protein productionfo evaluatefactors
that affect microbiatrudeprotein production,
and to develop equations to estimate
microbial crudeprotein synthesis.

PROTEIN RUMINAL DEGRADATION

In situ techniques

The major differences found in
estimation 6 ruminal protein degradation are
the techniqué shoice to be used. The situ
technique consists onmeasurement of the
ruminal disappearance of feed through the
addition of ingredients to bags of known
porosity, where the rumen microorganisms
access fe® and degrade it. It allowshe
guantification of nordegraded residue. The
bags are incultad in ruminal digesta of
cannulatedanimals, which characterizes the
denomination oin situ technique (Orskov et
al.,, 1980). The study of degrduity is
important to understandeed changesin
rumen. In the case of CP, it can be degraded
and converte@to microbialcrudeprotein. In
rumen digestibility studiesdietary protein

may give a negative digestibility, close to
zero or positive, depending on the efficiency
of microbial crude protein. The study of
degradability is essential to understand
change imposed on nutrient in the rumen.
According to Nocek (1988), usinig
situ technique allows for intimate contact
between feed and rumemicroorganisms.
There is no better way to simulate rumen
digestion during certain conditions of
temperature, pH, buffe 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. According to
Lopez (2005), other limitations may be
reported, as not all the materibhbt leaves the
bag can be regarded as degradahiel also
not all the remaining material is considered
undegradable. Furthermore, the author reports
that the bag can be considered an independent
compartment in the rumen, wherein tndon
is a barrier thia on the one hand, enables feed
decay unless the same is lost in the rumen,
and secondly, imposes an obstacle to
simulaes ruminal conditions inside the bag.
According to Nocek (1988), this technique
has been used for several years and it is the
basis topredict digestion at various feeding
systems and their comparison. This technique
went through several phases until a
standardization technique making it accurate
and reproducible. Just over 20 years many
authors have described the critical points and
some standardizations that made the most
credible method possible, which will be
discussed below.

a) Non-degraded material losses

According to Stala (1983), the loss of
material inside thencubationbag is critical.
Accordng to the author, particles low#nan
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, smc 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
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(Huntington and Givens, 1995; Broderick and
Cochran, 2000).

Using tropical forage, Cabaet al.
(2008) recommended 2 mm particle size 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
lower specific surface for micbial action.
NRC (2001) also  suggested the
standardization ofn situ incubations using
ground particles of 2 mm. Thus, BRORTE
(2016) recommeds milling feed samples
with 2 mm sieves to performin situ
incubations, although, for conducting
chemical analzes 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 reesmmend correction ofin 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 particlesloss and correction of degradation
fractions by means of 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 addihg 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
nitrogenfree paper filter to quantify the
watersoluble N. The correction for the loss of
particles may be accomplighe using
equations proposed by Weisbjerg et al.
(1990):
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where: DEGoA(ti) = degradability corrected in
incubation time ti; DEG(ti) = degradability
measured inncubation time ti; P = particle
loss; SOL = water solubility; ;& = soluble
fraction corrected; dar = potentially
degradable insoluble fraction correctegly &
degradation rate corrected; a, b, ¢ =
corrected fractions measured.

no

b) Microbial contamination of ruminal residue
incubation of forage and concentrates

After finishing a rumen in situ
incubation the bags should pass through a
cleaning process for the microbial degradation
immediate standstill and also for removing
ruminal digesta anthicrobial residue adhered
to the feed or in the bags. However, some
authors (Nocek and Grant, 1987; Vanzant et
al., 1998; MichaleDoreau and OuldBah,
1992) reported that is difficult to achieve a
complete removal of the microbial mass
adhered to parties because a specific

microbial adhesion is necessany start
particles  colonization. Thus, microbial
contamination in  incubation  residues

represents an important source of variation,
resulting in overestimation of residues and
nondegradable fractionsThis consequeihy
results inunderestimation of the potentially
degradable fraction. Especially for protein
fraction of low protein contentforages
microbial contamination implies greater
impact on estnates of degradable fractions.
However, the proceduseto estimate
microbial contaminationrequire the use of
microbial markers, which are costly and
timely to raise the final chemical analysis,
discouraging most of researchers to perform
such a procedure in their incubations. The
current techniques used ¢orrectresidues for
microbial contamination are based on
eliminating bacterial cells (Michak®oreau
and OuldBah, 1992) or making the microbial
cells for subsequent isolation and
guantification of adhering microorganisms
waste (Nocek, 1988). Several mabial
markers may be used in this procedure, such
as diaminopimelic acid, RNA®S and®®N.
The N has been widely used as a marker to
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guantify the microbial production, since it is a
stable isotope, presents a low environmental
risk, low cost relatived other isotopes, marks
all microbial N pools and does not check the
animal protein until microbial labeled amino
acids are incorporated in their tissues
(Merchen and Broderick, 1992). However,
one should emphasize the high cost and the
difficulty of this technique to estimate
microbial contamination in all assays
involving in situ incubation. 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, increagj the accuracy of
the estimates withoutising the experimental
cost.

Machado et al. (2013) conducted a
study using®™N as a microbial marker to
estimate microbial  contamination in
incubation residue of forage. These authors
presented mequationto corectresidue after
ruminalin situ incubation and alsao correct
degradable fractions, which will be adopted in
this edition of BRCORTE. 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) AcrC = 1.99286 + 0.98256 xANCO

(2) BerC =-17.2181i 0.0344 x BANC +
0.65433 x CP + 1.03787 x NDF + 2.66010 x
NDIP i 0.85979 x iNDF

(3) kderC = 0.04667 + (85139 x kaeNC +
0.0020 x CH 0.00055839 x NDF 0.00336
x NDIP + 0.00075089 x iNDF

where ApC = soluble fraction of CP
corrected for microbial contamination,
AcpPNC = soluble fraction of CP without

correction for microbial contamination,cBC
= potentially degradable fraction of CP
corrected for microbial contaminationg®C
= potentially degradable fraction of CP
without microbial correction, k&C =
degradation rate of B fraction corrected for
microbial  contamination, k&#NC =
degradation rateof B fraction without
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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 foforages with
different CP contentsmay be obtained by
following equation:

0%C = 79.21 % (1 e-0.0555><) X 60.0874><CP

where %C = percentageof microbial
contamination, t =feed incubationtime in
hours, CP = crude protein agparcentage of
feed in DM basis.

Thus, to correct the netlegradable
residues of incubated feeds before calculating
the fractions of the model, the authors
suggested the following model:

¢DR= AIRs 520" €8

¢ 100 =

where cDR = corrected degradable residue
(9); AIR = apparent incubation residue (g),
and %C = microbial contamination

percentage in relation to initially incubated

sample.

Thus, we suggest that foin situ
technique, the estimates for ruminal
degradation of CP in tropicébrages musbe
corrected for microbial contamination to
estimate accurate values for soluble and
potentially degradable fractionand for the
degradation rates.

To estimate the impact of microbial
contamination onn situ incubation residues
of concentrate feeds, Meneze (2016)
conducted a study usiné®N as microbial
marker and evaluated 12 concentrate feeds,
including six protein and six energetic
Although there was microbial contamination
in incubation residues (Figu®l), this study
found no significant difference (P>0.05)
among degradation fractions A, B, and, kd
when values werecorrected for microbial
contamination after 72 hours of ruminal
incubation or not corrected as sucfiable
3.1). The authorobserved that the greatest
contaminations were obtained for nostraw
and corncobs sunflower meal and wheat
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bran which are feeds with high NDéontent
This study suggested that for concentrate
feeds the microbial contamination presents
irrelevant  contribution to residuesof
incubation, suggesting that for theseds it is
not necessary to correcfor microbial
contamination dueo lack of interferencen
RDP and RUP.

However, Beckers et al. (1995)
observed effects for microbial contamination
on protein degradability of concentrate feeds.
These authors reported thinr wheat bran,
meat and bone meaand soybean meal the
microbial contamination was responsible for
5% of residues and that this percentage
increases according to the incubation time.
Alexandrov (1998) reported that microbial
adhesion in feed residues ith low cell wall
and low CP percentages lower than in
residues with high NDF levgl suggestingn
important role of microbial adherence and
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thus microbial contamination of the residues.

These results are clear in studies that
evaluated the microbial contamination in
forages such in Krawielitzki et al. (2006),
Dixon and Chanchai (2000), and Machado et
al. (2013), where residues were proportionally
more contaminated with microbiatrude
protein when they stayed more time in rumen.
However, contaminationincreasingis not
linear. Krawielitzki et al. (2006) evaluated 20
feeds(foragesand concentrag) and observed
that microbial contamination presented an
exponential pattern as a function @fme.
These authors also concluded that microbial
contamination is positively correlated with
NDF contentin feed, which is in agreement
with the fact that fiber feeds facilitate
microbial adherence when inside of
incubation bags and thus need to be stuidie
more carefully.
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Figure 3.1- Microbial contamination in residues obtained in different times sftuincubation of
protein and energetmoncentrates in cattle. (Adapted from Menezes, 2016).
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Table 3.1- Soluble (A) and potentially degradable (B) fractions from crude protein and
degradation rate oB fraction (kd) corrected and neorrected for microbial

contamination in protein and energy concentrates

Feedstuffs Parameters Non-corrected Corrected P-value
A 31.2:202 31.1:202

Wheat bran B 63.7+221 63.3+221 0.993
kd 0.332: 0.0260 0.324 0.0250
A 36.9:263 36.9: 263

Rice bran B 44.8+ 287 44 .0+ 2.87 0.995
kd 0.336- 0.0490 0.335+ 0.0500
A 30.9+ 160 30.3+ 158

Ground corn B 68.8+3.39 69.7+577 0.910
kd 0.037 0.0050 0.033: 0.0030
A 35.1+1.48 34.6+1.46

Ground sorghum B 64.3+2.29 64.7 + 2.49 0.973
kd 0.021+ 0.0020 0.020- 0.0020
A 24.3:251 24.2+ 247

CSC B 70.1: 44 69.9+ 488 0.958
kd 0.043: 0.0070 0.039: 0.0070
A 17.3+ 387 17.2+ 387

Soybean hulls B 67.3+427 66.4+ 427 0.997
kd 0.200- 0.0300 0.200+ 0.0310
A 27.31207 27.2+2.07

Cottonseed meal B 62.2:231 61.6:231 0.997
kd 0.154: 0.0150 0.154 0.0150
A 27.01 225 27.0+225

Soybean meal B 70.6+251 70.5+251 0.999
kd 0.152 0.0140 0.152+ 0.0140
A 23.8 1282 23.7+282

Ground bean B 73.44+343 73.6+343 0.999
kd 0.092: 0.0120 0.091: 0.0120
A 26.81335 26.7+334

Peanut meal B 65.0+3.79 64.9+ 3.79 0.999
kd 0.134 0.0210 0.132+ 0.0200
A 18.0+ 461 30.1+ 367

Sunflower meal B 63.8+4.95 50.2+ .24 0.738
kd 0.145. 0.0280 0.121+0.0290

IParameters estimated by Orskov and McDonald (1979) metadluei Identity test of the models (Regazzi, 1993).

3CSCi corn straw and corncobs. Adapted from Menezes (2016).

¢) Experimental design and incubation times

The experimental protocols adopted by
Machado et al. (2013) and Menezes (2016) are
proper alternatives to estimate situ ruminal
degradation of feeds. These authors conducted
repeated incubations of feeds idifferent
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 to measure

feedds degradati on ano
confoundingai mal 6s effect. Th
design may be used to control sources of
variation and to avoid experimental errors from
animals. Machado et al. (2013) reported that
Latin square design does not need to be used to
estimate variability or to account forwsoes of
variation on experimental error, but to conduct
an unbiased data collection.

When the objective of ruminal
incubation is to obtain data to estimate intestinal
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digestibility of RUP, the incubation times
proposed by Menezes (2016) should be used.
This author conducted a cluster analysis and
estimated that, for protein concentrate feeds, the
time of incubation to estimate RDP should be 9.9
+ 2.9 h, considering kp = 0.05and 7.5+ 2.1 h

for ruminal incubation when kp = 0.08%h
However, for energetic concentrate feeds, the
author observed two different clusters. The first
one, which included corn meal, sorghum meal,
and corn straw and corncobs, presented 15.4 +

49

3.9 hwhen using akp =0.03 nd 10.4 + 2.8 h

of ruminal incubtion when using a kp = 0.08'h

to estimate the RDP. On the other hand, for
wheat bran, rice bran and soybean hulls, the
author have suggested 6.8 + 2.2 h with a kp =
0.05 h' and 5.4 + 1.7 hours when using a kp =
0.08 I to estimate the RDP. Thus, theedature
recommendations of 16 h (Calsamiglia et al.,
1995) to obtaifeedRDP may not be useful for
all feed types (Table 3.2).

Table3.2 - Incubation period needed (hours) to estimate rumen degradable protein fiRDP)
concentrate feedstuffs, considering two passage rates

Ruminal passage rate

Feedstufis 0.05 ht 0.08 ht
Confidence interval Confidence interva
Tt AIT2 SEMP Lower Upper ITY AIT? SEM® Lower  Upper
Ground corn 15.2 10.3
1 Ground sorghum 16.3 15.4 0.46 13.4 17.4 10.6 104 0.12 9.80 10.9
CseC 14.8 10.2
Wheat bran 6.20 5.00
2 Rice bran 6.10 6.80 0.60 4.20 9.30 490 5.40 041 3.60 7.10
Soybean hulls 7.90 6.20
Cottonseed meal 9.10 7.00
Soybean meal 9.20 7.00
3 Ground bean 11.4 990 0.41 8.80 11.1 8.30 7.50 0.25 6.80 8.20
Peanut meal 9.80 7.40
Sunflower meal 10.2 7.60

T = individual incubation time?AIT = average incubation timé&SEM = Standard erroof the mean*Feedstuffs
grouped in ClusterrCorn strawand corncobs. Adapted from Menezes (2016).

However, it is important to highlight that
these times may be not 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
time to estimatein gtu degradation for
concentrate feeds and 72 hours for forages.
Detmann et al. (2008) reported a difference in
ruminal degradation for tropical and temperate
roughages, which leads us to infer that these
differences affect incubation time necessary to
obtan ag/mptotic values for ruminal incubation
residue. Despite of several studies evaluating the
time necessary to estimate fiber fractionsifor
situ incubation (Casali et al., 2008), few studies
have evaluated the time necessary to estimate
RDP from forags.

d) Conditions inside the incubation bags

According to Lopez (2005), conditions

inside the incubation bagtouldbe similar to
the rumen. Thes, the choice of the adequate
fabric to produce bags is very important. The
material should be synthetic and absolutely
refractory to microbial degradation. Also,
according to Nocek (1997), the porosity of an
adequate bag constitutes the adjustment
between the limit to ruminal content influx
without associating to feeds evaluated, allowing
therdore, the entrance of microbial populations
for degradation; while, at the same time, to limit
the exiting of nordegraded feed patrticles. For
many years, nylon bags, with variation from 40
to 60em of porosity as recommended by Nocek
(1997), have been use as 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 ranged between 30
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and 50em in studes evaluatingin situ CP
degradation. Nevertheless, studies comparing
protein degradation in bags with different
porosity were not found. Thus, until studies
conducted to evaluate the ideal porosity of nylon
bags to obtain better RDP estimates of feetls wi
be conducted, we recommend the use of nylon
bags with porosity of 460em.

The surface area of incubated bags
relative to the amount of sample is also an
important variable to be considered in the
internal conditions of then situ degradation.
According to Nocek (1988), the optimum
amount of sample is that which provides enough
amount for chemical analysis at the end of the
degradation process without excessive filling the
bags that delays microbial adhesion, increasing
latency phae, and underestimating digestion
rates. After a literature review, the author
recommended a sample from 10 to 20 mé/oin
bags for the majority of feedstuffs, highlighting
that for concentrate feeds, the greater value can
be critical due to high densityand rapid
degradation, causing intense gas production per
unit of time. Therefore, despite of appearing in
the 80’s, the study of Nocek (1988) was not
refuted yet, being currently used as reference for
in situincubation studies.

In vitro techniques

Thein vitro technique has been used in
ruminant nutrition for many years and according
to Hungate (1966), the first studies were in 20°s.
Calsamiglia et al. (2000) reported that alternative
procedures are necessarynaitutechnique that
suffer extensive ariability as a function of diet
or animal, and among different assays. These
authors reported that the evaluation of forage
using in situ technique presents additional
difficulties such as higltevels of watersoluble
constituents, which are lost as degdable
material, and greater microbial contamination in
residues due to high adhesion of microorganisms
to fiber particles. Several vitro techniques can
be found in the literature to estimate protein
degradation, as follows: cultures in closed
anaerobicsystem (Batch culture) and the use of
chemicalenzymatic methods that simulate the
gastrointestinal tract digesti whose will be
discussed
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a) Inhibitor in vitro method

Specifically, for the CP degradation, a
common technique is the measurement of
ammonia production in the rumen inoculum
(Broderick, 1982; NRC, 1985). The
advantage of this procedure is the simplicity;
however, it presents several disadvantages.
The microbial growth and ammonia capture
occur simultaneously to protein degradation
and anmonia release; if so, ammonia
concentration in the inoculum is the result of
the balance between protein degradation and
ammonia capture for microbiarude protein
synthesis. Broderick (1987), considering these
limitations, described a method that has as
principle to inhibit amino acid deamination
and capture by microorganisms (hydrazine
sulfate and chloramphenicol), allowing the
real measurement of net ammonia production
from protein degradation. The method
recommends the measurement of ammonia
and amino acid concentration before any
capture by microorganisms. This procedure
was named in vitro inhibitor method
(Broderick and Cochran, 2000). According to
Calsamiglia et al. (2000), this method is the
most indicated to estimate CP degradation
rate and itsother fractions due to data are
compatible with first order kinetic models.

Stern et al. (1997) reported that
hydrazine sulfate is a nesompetitive
inhibitor of phosphoenolpyruvate

carboxykinase, blocking gluconeogenesis and
avoiding microorganisms to lise carbon
skeletons from amino acids as glucose source.
The chloramphenicol is an antibiotic that
interrupts microbialcrude protein synthesis
by blocking the translation phase. The
advantage of these compounds is that they do
not inhibit proteolytic reetions, allowing to
evaluate protein degradation dynamics. irhe
vitro inhibitor method, recommended initially
by Broderick et al. (1987) had several
standardizations Broderick et al. (2004)
described several adaptations tis technique
aiming to incrase the accuracy of the results.
Thus, these authors suggested modification
in several steps of the method such as a pre
treatment of ruminal liquid by dialysis, which
would increase number of microorganisms
associated to particles, increasing -culture
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feasibility and reducing variability among
analytical analysis. Broderick et al. (2004)
reported that préncubation improves
precision of the protein degradation estimated
due to the increase of viable microbial
biomass. Otherwise, other procedures tested
with the inclusion of vitamins and volatile
fatty acids did not provide improvement in the
original technique and they were not
recommended

b) Enzymatic methods

The ruminal protein hydrolysis occurs
by microbial enzymes that reduce the size of
these compounds or even transfang
chemical nature of these molecul&se main

results to those found with ruminal liquid
(Broderick and Cochran, 2000). In both cases,
protein degradation rate is measured by
accumulation rate of amino acids and
ammonia that represents thendproducts
from protein degradation (Schwab et al.,
2003).

Thus, there is the need of discussing
advantages and disadvantages of utilizing

enzymes  commercially  extracted  or
preparations of ruminal microbial cells
According to Calsamiglia et al. (2000),

proteolytic eazymatic extracts from ruminal
liquids can be physiologically more efficient
onin vitro protein degradatiarMahadevan et
al. (1987) proposed an enzymatic extraction
using different compounds such as acetone,

enzymes, such as proteases, peptidases, and butanol or even washing bygold water.

deaminases, as well as protein three
dimensional structure and the accessibility of
their links will determine ruminal protein
degradatn, extension and rate (Calsamiglia
et al., 2000). Furthermore, the interaction
among different types of enzymes produced
by microorganisms is an important factor in
protein degradation efficiency. Kohn and
Allen (1995a) reported the importance of
enzymedghat act on other compounds such as
carbohydrates. According to these authors, the
presence of starch and NDF interfere on
protein degradation causingpaysicalbarrier
which allow us to infer that the addition of
enzymes such as cellulases and amylases t
vitro cultures can increase the degradation
efficiency of proteolytic enzymeg\ccording
to Stern et al. (1997), enzymatic techniques
present the complete independence of the
animal use as the main advantage, which
results in lower variability, simdling its
standardization. In contrast, these authors
highlight that the biological validity can be
limited and present incomplete enzymatic
activity when compared to ruminal activity

The two basic approaches to estimate
ruminal in vitro digestion involveincubation
with ruminal microorganisms (ruminain
vitro methods) or free cell enzymes (Ron
ruminalin vitro methods). The first technique
uses ruminal digesta, generally obtained from
cannulated animals while the second
technique is based on the use woizygmes
commercially available intending similar

Mahadewan et al. (1987) reported recovery
efficiency between 30 and 35% of proteolytic
activity from integral ruminal liquid and it can
be stored at2(°C for at least a year without
losing proteolytic activity. Kohn and Allen
(1995a) tated that main limitation of the
method initially proposed is that non
enzymatic proteins present significant
interference on enzymatic preparations from
ruminal liquid Probably theycompee for
protein from feeds by enzymeldowever, an
advantage of the use ofqbteases extracted
from ruminal liquid is that these enzymes are
more adequate for inferences in respect to CP
degradation rate and its fractions than
commercial enzymes, once commercial
enzymes do not produce data that adjust to
first order kinetic model¢Calsamiglia et al.,
2000).

Then, Kom and Allen (1995a)
proposed modification in the model originally
proposed and increased activity efficiency for
up to 62%. Utilizing azocaseas a marker for
enzymatic activity, these authors concluded
that greater teolytic activities were
observed using only acetone or detergent in
the enzymatic extraction and described all
extraction protocol andn vitro incubation
Kohn and Allen (1995b) evaluated feasibility
of enzyme activity extracted with acetone and
verified enzymatic action for up to 16 hours.
However, feed degradation becomes slower
with more incubation time. The authors also
concluded that there is the need of inclusion
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of cellulases thatcan improve degradation

efficiency of structural components.
Nevetheless, beyond enzymatic

preparations from ruminal liquid, commercial

enzymes are extensively used in the
evaluation of protein degradation of
feedstuffs. Krishnamoorthy et al. (1983)

proposed the use of proteases extracted from
Streptomyces griseusdue to its endo and
exopeptidases are similar to those found for
the majority of ruminal microorganisms.
Krishnamoorthy et al. (1983) performed
vitro  proteolysis using an enzymatic
concentration of 0.066 unit/miwhich was
correlated with ruminal proteolytic activity
An in vivo method was used to that
comparison the results indicated that
proteases fron5. griseuscan be utilized to
estimate ruminalcontent of nondegraded
protein.

Calsamiglia et al. (2000) performed
compilation data of 11 studies usipgpteases
from S. griseus five studies usingficin
(extracted fronficus glabatrg, seven studies
using bromelain, three studies using papain
andeightstudies evaluatingnotherenzymes.

In this compilation, the authors verified that
protein degradation with ficin for 4 hours
highly correlated with in vivo protein
degradation andn situ protein degradation
after 24 hours Satisfactory results were not
found for fromase, alcate, chymosin,
trypsin, pepsin, pancreatin, and protease type
XIV, both in isolated and associated ways.
Two other vegetable proteadédse bromelain
and papain presented distinct results. While
bromelain provided moderate correlation with
in vivo degraddbn, papain provided greater
correlations; although, it was not greater than
those found for &in (Calsamiglia et al.,
2000). Also, we highlight the study of Aufrére
et al. (1991) that evaluateéd vitro incubation
with proteases ofS. griseusfrom 97 feels
during 24 hours compared tan situ
incubation. Aufrére et al. (1991) observed
high correlated estimates (= 0.89),
suggesting that this enzyme could be used to
estimate nordegraded nitrogen
concentrations in feedstuffs.

Licitra et al. (1999) evaluatkedifferent
protease concentrations 8f griseuausingin
vitro incubations and concluded that the
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concentration ofl1.5 unit/ml represents the
optimum value of use, differing of value of
3.3 unit/ml recommended in theolder
literature. Other studies evalting ideal pH
(Stern et al.,, 1997) reported that protein
conformation is altere@s afunction of pH
Notably, pH equal to 6.5 increasedhe
correlation betweenin situ and in vitro
methods while maximum enzyme activity
was observedtpH 8.0.

c) Protein solubilizing method

The most widely method used to
estimate the fractions of nitrogen compounds
of feeds is the subdivision protocol utilized in
the CNCPS (Sniffen et al., 1992; Fox et al.,
2000). Originally, the CNCPS divided CP of
feedstuffsin 5 fractions, using 3 solvents and
a precipitant. The five CP fractions are: A,
soluble in boratgphosphate buffer (BFB), but
without precipitation in trichloroacetic acid
(TCA), constituted by notprotein nitrogen
compounds (NPN); B true proteinfastly
degraded in rumen, soluble in BFB, with
precipitation in TCA; B, true protein and
large peptides, moderately degraded in rumen,
calculated by difference between total CP of
feeds and other fractions;3B true protein
slowly degraded in rumen, calated by
difference between neutral detergent insoluble
protein content (NDIP) and acid detergent
insoluble protein (ADIP, and fraction C, or
unavailable proteinequals to ADIP.

The NDIP is obtained by estinnad
CP in the insoluble residue after treatrhe
with neutral detergentwithout the use of
sodium sulfie; while ADIP is estimated after
sequential extractioaf theresiduein theacid
detergent The A fraction is considered as
100% degraded in rumewhile C fraction is
considered as 100% undegrddetherumen.

The CNCPS also recognize that the
ruminal CP disappearance is a simultaneous
function ofdegradation ratek@l) and passage
rate kp), and kp varies with intake, feedstuff,
and diet characteristics. Thereby, two
equations can be usedto predct kp of
undegraded feeds, one forages(kp = 0.388
+ 22.0 x [DMI/BW%™ + 0.0002 x [%
roughage on DM basis]) arahotherone for
concentrate (kp =0.424 + [1.45 x kp for
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roughage]). The passage rates are adjusted for degradability. According to the authors, the

individual feeds, using amultiplicative
adjustment factor for particle size, utilizing
physically effetive neutral detergent fiber
(peNDF). Two equations are used to estimate
the adjustment factor (AF), one fdorages
(AF = 100/[peNDF + 70]) andanother one for
concentrate (AF= 100/[reNDF + 90]).

The values of RDP and RUP can be
directly calculated by the association of CP
fractions with their respective passage and
digestion rates. Then, RDP (% CP) can be
calculated as follows: A + B1 (kdB1/[kdB1 +
kp]) + B2 (kdB2/[kdB2 + kp]) + B3
(kdB3/ [ kdB3 + kpl]l)
interesting aspect of ¢happroach used by
CNCPS is that the anaks (NPN, NDIP,
ADIP, and soluble true protein) performed to
estimate CP fractions are routine procedures
in many laboratories which facilitaes the
adoption of this methodor use in field
conditions (Schwab et al., 2003).

The CNCPS system was updated
recently, when Higgs et al. (2015) presented
new nomenclature for CP fractions adopted in
the current CNCPS. A few changes have been
made to thenethods of analysis used by the
authors, as follows:

PA1l = ammonia x (SP/100) x (CP/100)
PA2 = [SP x (CP/100)] PA1

CP1 =CR (PAli PA21 CP2i IP)

CP2 = (NDIPi ADIP) x (CP/100)

IP = ADIP x (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 ingable protein

Correlation among in vivo, in situ, and in
vitro estimates

Hvelplund and Weisbjerg (2000)
reported the difficulty of validatingn situ
protocol usingin vivo methods for protein

greatestdifficulty of knowing in vivo protein
degradability is to estimatthe separation of
duodenal protein flow for RUP, microbiedude
protein and endogenous proteffurthermore,
measurement of the feed degradation profile is
difficult because it is typichl applied to studies
evaluating complete dietsHvelplund and
Weisbjerg (2000) reported some important
details that might be considered in the
comparison, such as passage rate and feeding
level, which can directly influence thilow of
protein tothesmal intestine

Vanzant et al. (1996) studied the

a n destidie® ofin \ivo iand RnD §ttu prétein

degradation of three types of temperate hays
Using ruminal and duodenum cannulated
animals, the authors have used indigestible
ADF (iIADF) as marker for duodenum flowf o
organic matter(OM) aiming to estimate the
total amount of nitrogen thatescaps from
ruminal degradation. The microbial nitrogen
(MN) flow was estimated through purine
concentrations in the duodenum sample and
total N flow in the duodenunfduodN) The
endogenous N (EN) was estimated by
mathematical approaches using data of three
distinct studies: Orskov et al. (1986), Hart and
Leibholz (1990) and Lintzenich et al. (1995).
Vanzant et al. (1996) also measured ammonia N
(AN) flow in the duodenum anibtal N intake
After estimating these values, N degradability
of the diet was estimated as follows

RUN =duodNi ANT MN T EN
RDN =17 RUN

Comparing values of rumen degradable
nitrogen (RDN) obtained usinig vivo andin
situ methods Vanzant et al. (1996) did not
observe  significant  differences among
estimates. The authors attributed this fact to
high variability of in vivo values due to the
difficulty of this technique in measuring
duodenal flow and the amount of microbial
nitrogen hat reaches this compartment. Another
limitation involves emates of the endogenous
N level that would present substantial variation,
which depends on the method used for
estimation(Table 3.3).
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Table 3.3 Sensitivity of in vivo degradability of CP (CPdeg) of two roughages in function of
different estimates of duodenal flow of endogenous nitrogen

Reference
Orskov et al. Hart andLeibholz Lintzenich et al.
(1986) (1990) (1995)
Estimated N endogenous, g/ 19.4 384 27.8
Alfalfa i CPdeg (%) 78.8 89.7 83.4
Prairie hayi CPdeg (%) 41.2 72.3 55.5

Gosselink et al. (2004a&jpmpared the
estimates ofn sity, in vivo, andin vitro CP
degradation of 11 temperattorages To
estimateMN, the authors used botfiN and
PD. The in situ measurements were
performed in the rumen of cows and sheep
using nylon bags at incubation times up to 72
hours with data fittedn exponential models.

The in vitro degradation was
performed from subdivision of dietary N as
recommended by CNCPSSiiffen et al.,
1992) in the fraction#\, B1, B2, B3, and C
while degradation and passage rates were
calculated by th€PM-Dairy Program (CPM
Dairy, 2003). The undegradable Mas
estimated by incubation with protease $f
Griseus during 24 hours (Aufrére and
Cartailler, 1988). The authors did not find
significant correlation (P>0.05) among CP
degradability obtained fronin situ method
using cows and sheep comparingirtiovivo
estimates independent fotechnique used to
obtained MN The same occurred for the
vitro estimates; otherwise, the authors fou
significant corredtion (P<0.05) of ADIN with
RUN calculated with*>N (RUN1sy), and with
nonammonia N flow in the duodenum
calculated by both'>N (NANisy) and PD
(NANPD). Therefore, the authors
recommended the following equations:

RUN1sn = 3.08 x ADIN + 1.6 #= 0.87)

NAN1sn = 3.72 x ADIN + 0.7 = 0.83)

NANpp = 2.74 x ADIN + 29.4 G= 0.83)
Moreover, Gosselink et al(2004b)

suggested that there is a putael use of
ADIN to predict RWN usingin vivo method;

however, they recognize that these data need

to be validated and more studies to prove this

relationshipneed to be conducEdmunds et
al. (2012) studied the ionship between the
RUP measured bip situandin vitro methods
using 25 concentrates and roughage. The
situ procedure was performed using nylon
bags at incubation times up to 96 hours,
corrected for microbial contamination
according to method of Kwvaelitzki et al.
(2006) and adjusted in exponential model.
Thein vitro procedure was performed through
enzymatic incubation in protease 0.
Griseusduring 24 hours following protocol of
Licitra et al. (1998). The authors found a high
correlation betweenin situ and in vitro
estimates showing equivalence between
methods

Madsen and Hvelplund (1985) utilized
the marker diaminopimelic acid(DAPA) to
estimate MCP vyield in 12 different diets;
correlating these data with others obtained by
in situ method, they observed a linear
correlation among methods, considering both
0.05 and 0.08 *h as passage rates of the
digesta. The authors also compaiadvivo
degradation with data obtained fram vitro
method using ruminal inoculum and they did
not find satisfactory relationship between
these two techniques. Roe et al. (1991)
compared thre@ vitro enzymatic techniques
with in situtechnique to estimate ruminal CP
degradation of four soybeanpyoducts. The
enzymes were the proteaseSofgriseusficin,
and neutral protease with amylase anglitro
incubations were conducted for 48 hours. The
results were not satisfactory because the
authors did not verify a significant
relationship for degradation curves obtained
from in situandin vitro methods

Then, we noticed from datexposed
that in situ and in vitro techniques present
greater precision in their estimates white
vivo technique present high variability, and



Protein ruminal degradation of feeds and microbial protein synthesis

therefore little correlation witln situ andin
vitro techniques. Hvelplund and Whkjsrg
(2000) reported that in comparison to the
extensive use ofin situ technique, its
validation fromin vivo experiments is scare
and doubtful due to the lack of data and
trustful estimates of duodenum flow of
endogenous nitrogen.

Mathematical modelsto estimate ruminal
protein degradation from data obtained
through in situ or in vitro methods

The traditional mathematical methods
used to describe ruminal degradation
generally calculate this variable based on
substrate mass retained in the compartment
evaluated. Some of these models are of first
order (Waldo et al., 1972) that consider only
the substrate to be digested, and others from
second order because they also consider the
pool of substrates studied and the microbial
mass present in the system gite et al.,
1990). The first order model of Mitscherlich
proposed by @rskov and McDonald (1979) is
utilized with a greater frequency for the
evaluation of CP residues obtained from
vitro and in situ methods. This simple
negative exponential model issalconsidered
as minimum return model.

The model proposed by @rskov and
McDonald (1979), in first order kinetic,
assumes that the degraded substrate for any
time is proportional to the amount of
potentially degradable residue in any time at a
constant fratonal degradation rate This
model is widely used due to its simplicity.
Otherwise, this model does not have a wide
diversity of changes on fractional rate due to
degradatior{L6pez, 2008). Thus, Lopez et al.
(1999) studied some models which consider
thatthe fractional degradation rate of nutrients
is not a constant value, but variable; and that
some degradation moagdbased on microbial
growth kinetic are from sigmoidapattern
indicating alternative solution to minimum
return models or simple exponaitimodels
as it is the case of the model proposed by Van
Milgen et al. (1991).

Therefore, the models to adjust CP
degradation curves, for both exponential and
sigmoidal pattern are presented below
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considering a constant fractional degradation
rate (kd). Tl incubation CP residues
obtained througln vitro or in situ assays as a
function of time can be evaluated using
mathematical models proposed by (1) @rskov
and McDonald (1979) and (2) Van Milgen et
al. (1991):

(1) DEGQt) =a + b x (Ii ek
(2)DEG(t) =a+b x [(1+cxt)x &)

where:  DEG(t) represents the CP
disappearance expressed as a percentage;
represents the water soluble fraction in the
time zero;b represents the water insoluble
fraction but potentially degradable in the
rumen in a determined time;representdag
time and degradation rates {h kd is the
degradation rate of thefraction; andt is the
incubation time (hours).

The first ordermodel of Mitscherlich
adapted by @rskov and McDonald (1979)
assumes that degradation occurs at a constant
fractional rate after a discrete latency rate;
thus, the disappearance rate decreases
continuously and there is no point of
inflexion. Then, the authe included the
parameter that denotes the immediately
soluble fraction.

Beyond the models cited above, Lopez
et al. (1999) described several HAorear
models that can be used for the same aim
those described. However, these models
consider that degration rate (kd) is not a
static parameter, but dynamics, presenting
variations throughout incubation time. Among
these mode|sFrance et al. (1990) used two
compartment model adding more one
parameter referring to inhibition imposed by
undegradable subsate as follows:

(3)DEG (t)=a+bx (1 g-ctid T) At

where: DEG (t) represents the CP
disappearance expressed as a percentage;
represents the water soluble fraction in time
zero; b represents the water insoluble fraction
but potentially degradable in the rumen in a
determined timeg is a parameter related to
fractional degradation rate f1 t is the
incubation time (hours)d is a parameter
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related to fractional degradation rae/?)
related to diffusion ba disappearance catalyst
(e.g. microbial enzymes) after latency phase
until the point of inflexion. The variable
degradation rate (kd) can be calculated by:

e d g
=C+ < N

‘=g

France et al. (2000) estimated the
degradation fractions of feeds adapting the
generalized model of Michaelislenten. In
this model, the fractional degradation rate
decreases continuous|l
the first moment and decreases thereafter (c >
1). This initial increase in théegradation rate
might be basically the substrate accessibility
due to particle hydration, microbial adhesion,
and increase of microbial population of
colony while the immediate decreasing
reflects chemical and structural restriction of
particles from fedstuffs (Groot et al., 1996).

e -T) o
(4) DEG(t) = a+b3 e&u
K" +(t-T)"¢

where: DEG (t) represents the CP
disappearance expressed as a percentage;
represents the water soluble fraction in time
zero; b represents the water insoluble fraction
but potentially degradable in the rumen in a
determined timeg is a parameter related to
fractional degradation rate 1 t is the
incubation time (hours); an& is the total
degradation time aftelag time T (opional
parameter)The variable degradation rate (kd)
can be calculated by:

_& o o

&t +KO)Y

The functions of standard growth as
the Logistic and Gompertz function were also
adapted by Robinson et al. (1986) and France
et al. (1990) for the samearget. These
models assume that microorganisms can
utilize incubation substrate for their growth
only when maintenance requirements are
satisfactory until a determined point of
inflexion. After the point of inflexion, the
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degradation rate of substrate resduced and
the maintenance requirements are responsible
by greater part of spent of substrate per time
unit, reducing fractional microbial growth rate
and consequently reducing  microbial
production. Thus, the CP degradation rate
(kd) obtained by these twamodels increases
throughout incubation time. This increase can
be interpreted as an increase of microbial
activity per unit of substrate mass.

e (1— e‘C‘) o
5) DEG(t) =a+b3 & 3

]

K/\1. o€y &
(6) DEG(t) =a+b? éﬁ goe )8

where: DEG (t) represents the CP
disappearance expressed as a percentage;
represents the water soluble fraction in the
time zero;b represents the water insoluble
fraction but potentially degradable in the
rumen in a determined time;is a parameter
related to fractional degradation rate'{t is
the incubation time (hours); an& is a
parameter related to fractional degradation
rate (h) for a given point of inflexion. The
variable degradation rate (kd) of these two
models are calculated by théollowing
sentences:

(7) kd = c/(1 + K&
(8 kd=b x &

Generally, the rusticity of a
degradation equation reduces as increases the
number of phases, characteristics inherent to
nonlinear models. An increase of the number
of parameters used in thmodel can also
reduce the probability of mathematidating
which increases the probability of the use of
simpler models as @rskov and McDonald
(1979) These authors presented a moaiith
static values for degradation rateith lower
number of paramets to be estimated.
Therefore, we recommend the model of
@rskov and McDonald (1979), because it is
simple and works relatively well to evaluate
protein degradation of feedstuff$-or any
model used, from soluble fraction (a),
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potentially degradable fraci (b), and
degradation rate (kd) measured for CP and
using an estimated passage (kp), we will be
able to calculate the effective degradability
that will correspond to RDP:

= 3
RDP:a+g—(b kd)g’
&kd+kp)t

The measurement of the microbial
crude protein supply hakeen an important
area of study inside of protein nutrition of
ruminants. The microbial crude protein flow
for duodenum can be considered one of the
most important and sensible indicators of

optimization the protein metabolism in
ruminants (Tas and Susetibe 2007).
Otherwise, the direct measurement of

microbial crude protein flow in the intestine
requires cannulated animals which represent
high cost, demand more care in animal use and
it can affect DM intake and consequently
animal performance.

Theestimate of microbial crude protein
flow for intestine is important to estimate
protein content of the diet and type of total N
contribution. Depending of N source in the
diet, the microbial N can contribute from 50 to
90% N that reaches duodenum (Milldras.,
1982). This quantification can be performed by
different methods that will be further
discussed.

Therefore, one of the important factors
that directly interfere the RDP values is the
passage rate adopted in the calculations of
effective CP degraddity. The NRC (2001)
previously adopted three different functions to
estimate passage rate of humid forage, dry
forage and concentrates. However, Seo et al.
(2006) highlighted that data compiled to
generate these three equations were obtained in
experimers that used rare earth element as
main markerswhich limits 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, whose were capable to predict
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:
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kp forage = (2.365 + 0.0214 x FIBW + 0.0734
x CiBW +0.069 x Fi) / 100

kp concentrate = (1.169 + 0.1375 x FIBW +
0.1721 x CiBW) / 100

kp liquids = (4.524 + 0.0223 x FiBW + 0.2046
x CiBW + 0.344 x Fi) / 100

where: kp = passage raté, hnFiBW = forage
intake in g DM/kg BW; CiBW = concentrate
intake in gDM/kg BW; Fi = forage intake in
kg DM.

MICROBIAL CRUDE PROTEIN
SYNTHESIS

Considering ruminal microorganisms,
the major modifiers of dietary protein, not only
the CP requirement of the animal should be
considered, as well as the quantification of N
required for synthesis of ruminal microbial
crude protein. According to Puchala and
Kulasek (1992), to obtain the required total N
by ruminant, the nutritional requirements
systems need to provide an estimate of the total
amount of protein that is digestadd absorbed
in the small intestine. This total protein
comprises microbial crude protein synthesized
in the rumen and the protein of diet that
escapes from ruminal degradation. The
nutritional requirement of RUP is calculated as
the total of MP requiredninus the amount of
digestible true microbial crude protein that
reaches the duodenum, thus there is a need to
obtain accurate estimates of this variable to
quantify the MP nutritional requirements for
ruminants (Firkins, 1996).

Microbial crude protein mayill 5071
100% of the MP required for beef cattle, with
approximately 80% intestinal digestibility and
an amino acid profile compatible with the need
for muscle deposition (NRC, 2000). Amino
acid composition of the microbial crude
protein is similar to thatof animal tissue.
Compared to the composition of protein
concentrates and plant proteins, microbial
crude protein contains a greater proportion of
methionine and lysine. Thus, after the ban on
the use of animal byproducts in ruminants diets
in Brazil, thee are no sources that best meet
the amino acids requirements than microbial
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crude protein (Verbic, 2002).

According to Broderick and Merchen
(1992), microbial markers are necessary to
guantfy rumen microbial crude protein. These
can be classified as @rmal and external
markers. The internal markers are those
inherent to the microorganisms, or are already
chemical components of the microorganisms
themselves such as DAPA. This compound is
an amino acid present in bacteria, and was
identified in oligopeptles bound to the
peptidoglycan of the bacterial cell wall. Other
compounds, such as-&Janine amino acid,
aminoethyl phosphonic acid, and eclehin
fatty acids can also be classified as internal
microbial markers. In addition to those
mentioned methods,hé most widely used
microbial compound as an internal marker is
set to microbial nucleic acids. The high content
of RNA in microbial cells becomes these
compound of great interest in the
quantification of microbial crude protein pool
synthesized in the ruem. The external markers
are those added to the rumen and they are able
to adhere to microorganisms, as is the case of
heavier isotopes such a¥$N. An ideal
microbial marker should include features such
as easy to quantify, not present or present in
small amounts in feeds, present at a constant
ratio even under experimental conditions and
be biologically stable. The use of each of these
markers is a different technique to estimate the
microbial crude protein which will be
discussed below.

Techniques taestimate ruminal microbial
crude protein

a) Comparing®N and RNA

The ™N have been widely used as
marker to estimate the microbial crude protein,
even it is a stable isotope, with low
environment risk, lower cost in relation to
other isotopes due to mark all microbial N
pools; also, it cannot be naturally found in the
protein from feedstuffs and it does not mark
animal protein until marked microbial amino
acids are incorporated to their tissues
(Broderick and Merchen, 1992). THeN is
well distributed in the microbial cell; then, in
cell lyss during bacteria isolation, theds of
protoplasm that underestimate nucleic acids
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causes little damage to the estimate'w
concentration.

With  the infusion of marked
ammonium sulfate salts®NH1).SQy, in the
rumen, there is gradually microbial amino acid
synthesis using thé°NHs as precursor and,
thereby, the isotope becomes to be the
microbial crude protein constituent.
Furthermore, the protozoa are marked mainly
after ™N incorporation contained in the
predatory bacteria. Broderick and Merchen
(1992) recommended continuous in@rsi via
ruminal cannula, of ¥NH4).SQ: over the
course of 48 hours and estimatifgN as
proposed by Siddons et al. (1985).

Normally, the marker: microbial N
ratio have been obtained in bacteria isolated
from liquid phase of ruminal digesta,
considering hat it is similar to mixed ruminal
microbial ratio, although 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 to particle phasgrieater
than those associated to liquid phase, and it can
represent more than 90% (Faichney, 1980) of
bacteria isolated from animals receiving
foragebased diets. Thus, the procedures of
bacteria isolation should consider PAB phase
to estimate a more regsentative marker: total
N ratio.

Martin et al. (1994) observed different
5N contents between LAB (0.164% total N)
and PAB (0.111% total N), possibly due to
greater growth rate and protein synthesis of
LAB. Although the contribution of PAB is
little studed, its presence on the estimation of
marker: microbial total N ratio have a huge
impact on the estimate of microbial crude
protein flow. Carro and Miller (2002) found
greater contents dPN and purine bases (PB)
in relation to total N in LAB when compeudl
to PAB and intermediate contents in mixed
pellets, containing both bacteria. Then,
methods capable to isolate mixed bacteria are
recommended. ThEN:“N ratio and microbial
N content, generally, can be obtained from the
average in samples of LAB and BAonce in
several cases, differences are not found among
these two protocols of bacteria isolation
(Machado et al.,, 2013, Rotta et al., 2014a,
Prates, 2015; Menezes, 2016; Table 3.4).
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Table 3.4 Descriptive statistics of tHéN:N ratio and microbial N content (% OM) obtained in samples
of bacteria associated to particles (PAB) and liquid (LAB) phases from different studies

PAB LAB
Authors 15N:14N N (% OM) NN N (% OM)
Machadoet al. (2013) 341 7.07 358 7.20
Rottaet al. (2014a) 0.093 7.80 0.092 8.20
Menezeg2016) 304 5.89 322 5.46
Mariz (2016) 452 7.17 463 7.51
Prate€2015) 0.076 7.07 0.068 7.35

Means of the!>N:1“N ratio and microbial N content did ndiffer by F test(P>0.05) except microbial N in Mariz
(2016) that were different between LAB and PAB (P<0.8pper thousandfvalues obtained in omasal samples and

considering enrichment 8fN atoms as a percentage

However, unicellular organisms have
high concentration of nucleic acids, especially
RNA and PB, which becomes interesting the
use of these as inteal microbial markers.
Around 18% of total N from ruminal
microorganisms is found in nucleic acids and
PB conain approximately 11% of total N
(Chen and @rskov, 2003). According to
Broderick and Merchen (1992), the use of
nucleic acids as marker is well stablished. The
RNA can be quantified according to the
model proposed by Ling and Buttery (1978),
while PB accading to Ushida et al. (1985).

The majority of feedstuffs has low
RNA concentration and, according to
McAllan and Smith (1973), there is extensive
exogenous RNA degradation in the rumen.
Thus, duodenal RNA flow is mainly from
microbial origin. However, inprotein of
animal byproductsthe RNA concentration is
similar to microorganisms and, then, the use
of RNA as marker is not appropriate for
animals receiving this type of feeds.
Although, thesefeedstuffs are not allowed in
Brazil, this does not cause ptetms with the
use of this technique.

According to Rotta et al. (2014khe
most the studies that evaluated different
markers to estimate ruminal microbiaiude
protein utilized samples from abomasum and
duodenum and the maintenance of cannulated
animals in abomasum and duodenum is
difficult and it has high operational costs,
causing trouble in animal handling. Reynal et
al. (2005) and Ipharraguerre et al. (2007)
recommended that the calculation of
microbial crude protein flow using®>N as
marker should beerformed utilizing samples
from omasum. However, usiftgN and PB as
markers, these authors found differences in
values obtained for microbiatrude protein
flow from duodenum samples. Moreover,
Krizsan et al. (2010) suggested that samples
of reticulum @n replace omasum samples.
Mariz (2016) studied possible differences
between microbial marker$N and PB to
estimate ruminal microbial synthesis and
efficiency when provided different CP content
in diets of Nellore and crossbred catténd
did not find dfference in the estimates
presented.
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Table 3.5 Effects of different collection sites and microbial markers on microbial nitrogen yield
and its efficiency in beef bulls fed corn silage and sugarbasedliets

Sampling sit€SS) P-value
Markers Reticulum Omasum Abomasum sev?! SSx M?
MN?3 104 114 125 4.59 <0.01
PB* 11404 1064 1304 4.78 <0.01
S\ 94.1°8 1234 1204 4.79 <0.01
MCP°TDN® 101 108 118 4.39 <0.01
PB 107°A 93.38 117A 4.44 <0.01
5N 95.0°A 1234 1184 4.42 <0.01
MN/FOM’ 24.8 31.8 36.2 2.05 <0.05
PB 26.8° 29.2A 37. 74 2.09 <0.05
5\ 22.7PA 34.64 34.64 2.08 <0.05

IStandard error of the meafinteraction betweelsamplingsite and microbial markefMicrobial nitrogen;*Purine bases;
SMicrobial crude proteirfTotal digestible nutrientéFermentable organic matter. Adapted from Rotta et al. (2014).

The similarity among microbial markers
indicated that botd°N and PB are adequate to
estimatemicrobial crude 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 in different sampling sites (Table 3.5).
Rotta et al. (2014b) eported that samples
obtained in the omasum and abomasum provided
similar results for microbial nitrogen yield as
well as for microbial efficiency when they used
>N and PB as markers. Moreover, Rotta et al.
(2014b) tested different schemes of sampling,
usng single, double, and triple markers, isolating
different profiles of ruminal digesta such as
single phase (single marker system) particle and
liguid phase (double marker system), and large
and small particles and liquid phases (triple
marker system), spectively.

The authors recommended a correction
in the estimates of ruminal microbiarude
protein obtained from assays with single and
double marker systems for values compatible to
triple markerssystem, being them as follow:

MNcor (g/d) = 49.71 0.66 x MNsingle
MNcor (g/d) = 43.04 + 0.71 x MNdouble

where MNcor is the microbial nitrogen
production per day corrected for the use of
single or double marker, MNsingle is the
microbial nitrogen obtained from single marker
system, and MNdouble is the erobial nitrogen
obtained from double marker system.

b) Urinary purine derivatives

The discovery that urinary purine
derivatives (PD) in ruminants are quantitatively
important as final products of N metabolism
leaded to the deepening of researches iarkbe
and to the establishment of relationships
between ruminal nucleic acid concentrations
and the excretion of urinary PD in ruminants
(Topps and Elliott, 1965). This informatias
the base of the knowledge that originate the use
of urinary PD as nocinvasive method to
estimate the supply of microbiatude protein
for intestine in ruminants (Chen and Gomes,
1992).

The principle of the method is that
nucleic acids coming out therumen are
essentially from microbial origin (McAllan and
Smith, 1973). Thisoccurs because feedstuffs
commonly used in ruminant diets have low
purine contents and the majority of diets suffer
extensive degradation in the rumen as result of
microbial fermentation (McAllan and Smith,
1973). The nucleic acids from bacteria origin
tha reaches the intestine are, in the majority,
digested and absorbed in the small intestine.
The 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, thearabial 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 (RNAN; Broderick
and Merchen, 1992, Tamnga and Chen,
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2000), as previous discussed, these methods methods based othe estimate of microbial
present difficulties for the extensive use because crude protein flow have been usewinly to
they are extremely invasive and require the use calibrate some factors of the calculation

of cannulated animals for the estimation of DM
flow by abomasum or duodenum. These

aminoryciolae / N‘m

utilizing PD method (Tas and Susenbeth, 2007;
Barbosa et al., 2011; Prates et al., 2012).

PURINE
Ad
/e'“’s'"e CATABOLIC
PATHWAY
5"nucleclidases Ade
7 \ deaminase IN RUMINANTS
Inosine
Adenine Nucleaside
phosphorylase Guanosine
Adenine _
deaminase Hypoxanthine Nucleaside
l)co Guanine phosphorylase
uamme
Xanthine deaminase
XO.
Uric acid AMP = adenosine 5-phosphate
IMP = Inosine 5’-phosphate
lum X.0. = Xanthine oxidase
Allantoin

Figure 3.2- Pathways of purine catabolism in ruminants. Adapted from Chen and Gomes (1992).

As it is true for all indirect methods,
the method used to estimate microbial
production based on urinary PD is susceptible
to sources of varian (Chen et al.,, 1990b,

Chen and Gomes, 1992, Tamminga and Chen,
2006, Tas and Susenbeth,

2000, Bowen et al.,
2007), and some of the most important factors
related to this method have undergone near
constant revision and updating. One graphic
representatin of these factors is presented in
Figure 33, as follows: (a) collection and

sampling, (b) urinary recovery of absorbed

purines, (c) intestinal digestion and absorption
of microbial purines, and (d) urinary
endogenous purine fraction. The most recent
reallts of researches related to these factors,
emphasizing the use of this method to
estimate microbiatrude protein synthesis of
cattle raised in tropical conditions, especially
on grazing conditions, are discussed in the
following items. An example of afipation
(represented by item
using the most updated information is also
presented.
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Figure 3.3- Schematic representation of the purine derivative method to estimate microidiel
proteinin ruminants. The main points of the method are: (a) collection, sampling and
urinary estimation, (b) urinary recovery of absorbed purines, (c) intestine digestion and
absorption of microbial purines, and (d) endogenous purine fractions in the urine. The
point (e) represents an example of application to estimate microbial yield from purine

derivatives in the urine. Adapted from Chen and Gomes (1992).

c) Collection and sampling

The method to estimate microbial N
flow in cattle is based on the quantification of
daily excretion of urinary PD (allantoin and
uric acid). Therefore, the daily urinary volume

as well as a sample of urine are necessary.

The direct quantification of uringrvolume
can be performed in catheterized animals or
any other devicethat allow btal urine
collection during 24 hours In females,
normally Foleytype probes are used which
urine is directly from bladder to a collection
recipient. In male animals, funmel are
coupled in the foreskin region and are linked
directly to a collection recipient. In both
cases, the collection is performed by periods
from 3 to 7 days with daily quantification and
sampling. However, methods of total
collection are often labor wiic can affect
animal behavior and welfare artlere are
difficulties to apply this technique igrazing
animals. In dairy cows, the large amount of
urine and the handling of collection system
during milking contribute to become the use
of total collectionunfeasibleand difficulty to
conduct. Thus, an alternative technique will
be further discussed.

d) Urinary recovery of absorbed purines

The relationship between urinary
recovery of PD and purine duodenum flow
(it em Ab3a)is ak imgartantefactor
of adjustment in the method to estimate
microbial yield from urinary PD. Several
studies aimed to measure the urinary recovery
of purines postumen infused from microbial
extracts. The urinary excretion of PD was
linearly correlated with abomasum infusioh
nucleic acids, nucleosides, purinegsom
brewery 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 & PD infused in the duodenum. In
this type of study, the value of PD excretion is
linearly related to value of infused purines
(abomasum or duodenum). The slope of the
equation provides the value of recovery of
absorbed purines while the intercept
represets 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
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a mean value suggested for practical use of
0.80 whichit will be adopted as standard in
the edition of the BRCORTE for both Zebu
and Holstein cattle. Prates et al. (2012) did
not observe differences on recovery rate of
absorbed purines between Nellore and
Holstein heifers, which there is no need of
differentvalues for each genetic group.

e) Intestinal digestion and absorption of
microbial purines

The nucleic acids from bacterighat
leave rumen, are extensively degraded in the
small intestine and, on average, 85.9% of
nucleic acids (Storm et al., 1983), -89%
RNA, and 8681% DNA disappeared from
small intestine (McAllan, 1980; Storm et al.,
1983). Barbosa et al. (2011) evakdht
intestinal digestion and absorption of
microbial purines in Nellore heifers and
estimated the true digestibility coefficient for
RNA of 0.93. Although high variability could
be observed on true digestibility of ruminal
microorganism purines (Chen and rGes,
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 ftre use in Zebu
cattle raised undeBrazilian conditions (item
ico, 3F3) being teerefa considered as
the standard value in this edition of the BR
CORTE.

In the small intestine, nucleotides from
purines are hydrolyzed to nucleosides
(adenosine, guanosine, and inosine) and free
bases (adenine and guanine) (FigBi8, that
are almost comptely absorbed by sodium
and potassiurdepending pump (McAllan,
1980). In cattle, the high activity of the
xanthineoxidase enzyme was observed in the
intestinal mucosa and blood plasma (Chen et
al.,, 1990c), making that hypoxanthine and
xanthine are virtudy degraded completely
until uric acid, differently from sheep. In the
liver, uric acid is oxdized up to allantoin by
uricaseenzyme (Tas and Susenbeth, 2007).
Allantoin and uric acid cannot be used by
tissues and are excreted mainly in the urine
but alsoin the milk and saliva (Tas and
Susenbeth, 2007). In cattle, allantoin is the
main PD (more than 80% of total) while the
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remain is composed by wuric acid and
negligible amounts of xanthine and
hypoxanthine (Chen et al., 1990c). Rennd et
al. (2000), evaluatg 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 thiscontribution wouldirrelevantin
the calculation of microbialcrude protein
yield. Thus, the BRCORTE does not
recommend performing analysis of xanthine
and hypoxanthine in cattle.

f) Endogenous fraction of urinary purine
derivatives

Represented by the
Figure3.3, the endogenous fraction of urinary
PD includes the portion of PD from nucleic
acids that were from animal tissue
degradation (Chen and Gomes, 1992). The
direct measurement of endogenous excretion
of PD is the use of longperiod fasting
animals (Chen et al., 1990a; Verbic et al.,
1990). Braga et al. (2012) submitted Nellore
heifers to feeding restriction to evaluate
endogenous losses of PD using the following
scheme: feeding at 1% BW in the first eight
days, 0.8% BW from ninth to eleventh day,
and complete fasting from twelfth to sixteenth
experimental day, totalizing 5 days of
absolute fasting whose total collection of
urine was performed. Braga et al. (2012)
found endogenous coibution of 0.332
mmolBW®™ ard 0.384 g N/BW7™ for
growing Nellore heifers.

Alternatively, the endogenous fraction
has been estimated as the intercept of the
linear regression between urinary excretion of
PD and postumen infused PB. Some studies
have shown that the endogenous fraction is
similar betweenBos taurus indicusaand Bos
taurus tauruscattle (Pimpa et al., 2001; Prates
et al., 2012), while other studies suggest
differences (Chen and Gomes, 1992; Osuiji et
al., 1996; Bowen et al, 2006). The
endogenous fraction iBos taurus indicus
cattle was less of the half than thosserved
for Bos taurus tauru<attle in the study of
Bowen et al. (2006). In a study conducted in
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Brazil, Prates et al. (2012) did not observe
difference on endogenous fractions of PD
between Nellore and Holsteheifers. Studies
conducted under Brazilian conditions
(Barbosa et al., 2011; Prates et al., 2012) with
Zebu cattle suggested the use of a mean value
of 0.30 mmol/BW-"® as the endogenous
fraction of urinary PD.

g) The use of urinary allantoin as the
unique estimator of ruminal microbial
crude protein synthesis

Allantoin is themost abundant purine
derivative which the other components such
as uric acid, xahine, and hypoxanthindn
cattle, due to high activity of xanthirexidase
enzyme that converts xanthine and
hypoxanthine to uric acidhé excretions of
allantoin and wuric acid contribute as
approximately 98% of urinary PD; therefore,
the contribution of xanthine and hypoxanthine
areirrelevantto estimate total excretion of PD
(Renn6 et al.,, 2000). However, when the
proportion of uric ad is considered in
relation to allantoin, observed in some studies
in the last ten years, we highlight a
relationship from 8 to 15% uric acid in
relation to allantoin in the urine (Renn¢ et al.,
2000; Magalhaes et al., 2005; Pina et al.,
2006; Leal et al.2007; Oliveira et al., 2007;
Teixeira et al., 2007; Santos et al., 2010).
Then, we believe that it becomes interesting
for the scientific community, the knowledge
of the real relationship between these
metabolites and the adjustment of a
mathematical modecapable to predict the
uric acid content in the urine.

Thus, usinga statistical toll such as
metaanalysis, we estimated the proportion of
allantoin and uric acid in the urine which
allowed us to estimate tharic acid from
allantoin content in the urn The meta
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analysis (SPierre, 2001) have been the most
adequate procedure to evaluate data from
several studies aiming to develop quantitative
models whose can explain the effect of one or
more independent variables on dependent
variable. As normally thre is differences
among studies and if they are not considered
during data analysis, they can provide in
biased estimations for the parameters
evaluated. Thereby, during the procedure of
analysis, the effects of experiment and its
interaction with the inependent variables
were considered as random component in a
mixed linear model (SPierre, 2001), which
the solution for the model was estinthtey
PROC MIXED of SAS 9.1, SAS Institute
Inc., Cary, NC).

From a metanalysis involving 38
experiments (Appetix 3.1) conducted in the
Animal Science Department &iniversidade
Federal de VicosgTable 3.6), we verified
that the daily excretion of uric acid in the
urine can be estimated from daily excretion of
allantoin in the urine (P<0.05), as follows:

UA (mmol/d) = 01104 x ALA; ¢ =076

where UA is the total uric acid excreted in the
urine and ALA is the total allantoin excreted
in the urine (mmol/d). 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
intercept.

These results (Figure 3.4) suggest that
allantoin can be used as the unique estimator
of microbial crude protein yield in cattle
without the need of uric acid analysis, having,
thus, an economy otagents for analysis and
lower time spent with chemical analysis to
estimate ruminal microbialcrude protein
yield.
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Figure 3.4- Relatiorship between total urinary acid and total urinary allantoin (mmol/d) in cattle.

Data from 38 studies.

h) Auxiliary technique i Estimation of urinary
volume from urinary creatinine concentration

Creatinine is formed in the musdig
the removal of water in the creatinipposphate
from muscle tissue metabolism (Harper et al.,
2013). The molecule of creatinipdhosphate is
spontaneously degraded at constant rates,
producing creatinine. Creatinine is then the
metabolic product, wheréhe body does not
need; therefore, it is not utlized for the
formation of new molecules, being excreted by
kidneys. The daily production of creatinine and
consequently creatinine excretion depends o
muscle mass and, thus, it is proportional to body
weight of the animal (Koren, 2000). Then, once
estimated, the daily creatinine excretion in
relation to body weight of the animal and
considering a constant concentration through
the day, it is possible to estimate the excreted
urinary volume from creatininexeretion in
urinespotsample collected from an animal with
a known body weight (Leal et al., 2007).

Currently, the profile of urinary
creatinine excretion is known and the creatinine

presents a constant excretion throughouh 24
period from constant degtation rates of
muscle tissue. The creatinine excretion is little
affected by the dietary contents of CP, 1fiber
carbohydrates or NPN (Susmel et al., 1994;
Vagnoni et al.,, 1997; Valadares et al., 1999;
Oliveira et al., 2001; Renné et al., 2000), thus,
variations are not expected due to different
diets.

Also, some studies are responsible by
the adjustment of equations capable to predict
creatinine excretion for determined animal
category. Chizzotti et al. (2006) proposed an
eguation to estimatgrinarycreatinine excretion
(UCE)for growing Holstein heifers, as follows:

UCE (mgBW) = 32.27i 0.01093 x BW.

Then, linear equations are utilized to
estimate creatinine excretion as a function of
body weight. However, once the animals
present different proportions of tissues in each
development phase, variations can occur for
daily creatinine excretions throughoahimal
life due to it is synthesizad the muscle tissue
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Table 3.6- Descriptive statistics of data used to adjust the models for linear regression to estimate

the relation between uric acid and allantoin imearof cattle

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

Mean 169 20.2 89.0
Median 129 13.5 90.4
Standard deviation 123 22.9 4.97
Minimum 18.8 0.30 66.2
Maximum 864 322 99.8
n 1100 1100 1100
Experiments 38 38 38

Total allantoin percentagelating to btal purine derivatives excreted in urine.

According to Hammond (1968), growth

can be understanding as the increase of body

weight until the animal becomes adult. This
definition, despite of simple, does not take
complexity off the theme because from the
allometric model proposed by Huxley (1932), all
variables are reduced to value of growth
coefficient (Pereira Filho et al., 2008). The body
development can be measured by some- non
linear models as those propdséy Huxley
(1932) and Callow (1948). Nevertheless, the
allometric model of Huxley (1932), defined as Y
= aX’, allows performing an adequate
guantitative description of growth from regions
and tissues in relation to others and the whole
body, descrilmig a curve relationship between

growth of the majority of tissues.

Then, aiming to study a possible
allometric patter of urinary creatinine excretion
as a function of body weight of cattle, a meta
analysis was performed with results of 32
experiments (Tabl8.7) conducted in the Animal
Science Department blniversidade Federal de
Vicosa (Appendix 3.2), which the following
equation wasised to estimatarinary creatinine
excretion for cattle:

UCE (mg/d) = 37.88 x SBW®6 2= 0.98
where UCE is the urinargreatinine excretion

(mg/d) and SBW is the shrunk body weight (kg,
Figure 3.5).

Table 3.7- Descriptive statistics of data used to adjust the allometric models to estimate the
relation between the body weight ahé creatinine daily excretion in urine
Creatinine (mg/d) Creatinine (mg/BW) Shrunk body weight

(kg)

Mean 8,975 24.8 358

Median 8,298 25.2 310

Standard deviation 3,258 5.21 119

Minimum 1,266 13.3 96.5

Maximum 33,593 68.7 743

n 746 746 746

Experiments 32 32 32

The estimates of morehtningd excrgtianshaulide e e estenated

were statistically significant (P<0.05) and
data adjusted satisfactorily to allometric
model. Thus, we recommend the urinary

through allometric model according to body
weight for different ages and genetic groups.
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Figure 3.5 Relatiorship between the shrunk body weight and the urinary creatinine excretion in

cattle. Data from 38 studies.

The use of creatinine as a precise tool
to estimate urinary volume, in different
animal categories, becomes practical the
process of estimation of ruminal microbial
crude protein synthesis by the use of PD
excreted in the urine. In Brazil, Pereira (2009)
evaluated the relationship between body
weight, the amount of muscle in the carcass,
ribeye area, and subcutaneous fat thickness
with urinary creatinine excretion of Nellore
heifers in different body weights. Also, this
author evaluated total creatinine sxtoon in
intervals from 4 to 24 hours and the
relationships of PD, urea, and total N
compounds with creatinine obtained frorm 2
urinary spot collections. The relationship
between PD and creatinine did not range
(P>0.05) through 24 period from 2h
urinay spot collections, suggesting that the
calculation of daily excretion of PD could be
effective in collections obtained in any time
of the day. However, effect of collection time
was observed on relationship between
urea:creatinine and total N
compoundsi@atinine. These relationships
were close to the means in two points at the
day when the animals received the feeding (8
and 16 hours). Pereira (2009) suggested that
the estimate of N compounds in growing
animals can be performed without the need of
total collection, using only two urinary spot
collections immediately after the feeding

supply. However, we highlight that more

studies are necessary to confirm this
statement.
Silva  Jr. (2014) studied the

relationship between PD and N compounds
with creatinine in grazing beef cattle to
evaluate the possibility to perform collections
each 4h periods to measure microbialude
protein synthesis, N balance, and urea N
excretion. This author performed collections
each 4 hours during 5 consecutive days and
did not ind differences between collection
day and time for the relationship between PD
and creatinine which allows inferring about
the possibility of performing urine collections
in any time only to estimate the microbial
crude protein synthesis for grazing cattl
through technique of urinary PD. However,
based on the variation observed for the
relationships between creatinine and urea N
and total N, respectively, over a-B4period,
Silva Jr. (2014) did not recommend the use of
a sample to estimate the urinarycestion of

N compounds.

I) Validation of proposed models

The following equations, that were
previously proposed, were evaluated as
quality of fitting and equality between
predicted and observed values (Tah®).



68 Nutrient Requirements of Zebu and Crossbred CatB& CORTE

Table3.8 - Hypothesis test to evaluate the proposed model adjustment to estimate the uric acid
excretion (mmol/d) as a function of allantoin excretion arehtininein function of

body weight
P-value to hypothesitest
Model evaluated bo=0 b1=1
1y = 0.1104X 0.6700 0.9972
2y = 37.882-9316 0.5977 0.3357

1y = uric acid excreted in urine (mmol/d) and X = allantoin excreted in urine (mmé&Ydy; creatinine excretion in

urine (mg/d) and Z body weight (kg).

For the statistical evaluation of the
equations, data were submitted to adjustment by
a regressiontest (Mayer et al, 1994),
independently of effects of experiment and
treatment, being evaluated by the linear
regression equan of observed values
(dependent variable) on predicted values
(independent variable). For the najection of
null hypothesis fp = 0 and by = 1), we
concluded that there is a similarity between
predicted and observed values using the
program SAS (versh 9.1), adopting 0.05 as
critical level of probability for error type 1. We
verified that predicted and observed values did
not differ (Table3.8), which supports use of the
equations proposed here.

Microbial crudeprotein synthesis

The microbial efficiency can be
conceptualized as the amount of microbial
crude protein obtained from a determined
energy unit, or so, it is the amount of protein
produced by ruminal microorganisms from
energy substrate that is available in the rumen,
having therefore the interference of a series of
factors. According to Clark et al. (1992), the
availability of energy and N are the greatest
determining of the amount of microbietude
protein synthetized in the rumen and, according
to these authors, a mixed structural and non
structural carbohydrates is the best energy
source for microbial growth. Fermentable
carbohydrates provide greater energy yield per
unit of weight than proteins and lipids, although
lipids can be captured by microorganisms and
they cannot provide the energy required for
protein synthesis (Clark et al., 1992). Thus, the
main factors that might be considered to
evaluate microbial efficiency are those that
interfere with the degradation of carbohydrates

and proteins and their availabylitEffects such

as voluntary intake, relationship betwderage
and concentrate, source and amount of- non
structural carbohydrates, CP, presence of lipids
in the diet, feeding frequency, grain and forage
processing, methodfor forage conservation,
supplyof microminerals, additives, and ruminal
environment affect microbial efficiency (Clark
et al.,, 1992). However, the majority of reports
in the literature suggest that the levels of
fermentable carbohydrates and N compounds
have the strongest effect on rmal microbial
efficiency.

a) Energy availability

A simple increase in OM intake
increases the passage rate of ruminal microbial
nitrogen, while an increase in digested true OM
intake creates a quadratic pattern for the rate of
microbial N passage throlaghe small intestine
(Clark et al., 1992)This shows that high levels
of rapidly fermentable carbohydrate can also be
deleterious to microbiarudeprotein synthesis.
Nevertheless, generally, the increase of DM
intake is the most important mechanism to
increase amino acid availability in the small
intestine which increase both microb@ude
protein synthesis and RUP scape for small
intestine (Clark et al., 1992).

According to Detmann et al. (2014a),
under grazing conditions, leguality tropical
forageis typically deficient in N. This reality is
widespread in tropical countries such as Brazil.
Supplementation with rapidly degradable
carlohydrate isolatelyloes not provide positive
nutritional effects. The supply of ndiber
carbohydrates can increase competition
between  fibrolytic and  nefibrolytic
microorganisms by N compounds that are not
present in sufficient amounts in leguality
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forage (Detmann etl., 2014a). Also, according
to these authors, the low nitrogen availability
for enzyme synthesis and the increase of non
fiber carbohydrates availability can contribute
for the increase of futile cycles by nrébrolytic
microorganisms which will reduce ionobial
efficiency in these conditions.

According to Clark et al. (1992), under
feedlot conditions, the use of concentrate level
ranging from 3070% increases the energy
efficiency of ruminal microbial synthesis. The
supply exclusively of forage or theegt part of
concentrate cause certain modification in
ruminal fermentation, once energy is more
rapidly released than it could be utilized for
microbial growth. The addition of structural
carbohydrates to a diet with high concentrate
levels will allow theuse of energy by bacteria
more efficiently due to it will be released slowly
throughout the day. On the other hand, the
deficiency of norstructural carbohydrates
decreases microbial growth and increases
microbial cell lysis due to the reduction on
passageate of the digesta. This slow passage
rate will occur because microorganisms will
adhere to large particles of forage, increasing
retention time of these microorganisms and
prioritizing their maintenance requirements with
consequent losses of nitrogemymunds and
energy.

Dewhurst et al. (2000) asserted that in
different production systems, distinct points
should be clarified with regard to alterations in
microbial efficiency. In grazing conditions,
there is abundance of fermentable organic
matter in therumen and reduced content of
nitrogen compounds need to be supplemented
to increase microbial efficiencyvhile animals
fed silagebased diets can receive abundance of
peptides and amino acids from protein
degradation.

Evaluating the effect of various @i#ons
(pectin, sucrose, and starch) from fier
carbohydrates and NDF on microbial crude
protein synthesis usingn vitro fermentation
systems, with pH maintained above 6.49 in the
fermentation tubes, Hall and Herejk (2001)
observed greater microbiaigoluction in animals
fed with starch, pectin, sucrose and NDF. Also,
they observed that peaks of microbial crude
protein synthesis were achieved at 15.6, 13.5,
12.6, and 19.3 hours after the beginning of the
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fermentation, respectively, for starch, pectin,
sucrose, and NDF.

An interesting aspect of the use of
sugars in ruminant diets is related to its effect on
nitrogen metabolism and microbial growth. A
reduction on ruminal ammonia concentration
have been noticed in almost all studies where
sugars were addeto diets. This reduction
suggests an increase of microbial growth and
the efficiency of the use of ruminal rapidly
degradation protein compounds. Chamberlain et
al. (1993) showed that soluble sugars (sucrose,
lactose, and fructose) are superior to st@gh
energy source for microbial nitrogen fixation in
the rumen. These observations suggest the
existence of an optimum relationship between
available sugars and soluble nitrogétoover
and MillerWebster (1998pbtainedan average
increase of 25% of michial growth when the
ratio protein/soluble sugar varied from 1:1 to 2
or 3:1.

As sugars represent less than 10% of
total NFC, starch becomes the main source of
carbohydrates for microbial growth (Hoover
and MillerWebster, 1998). The fermentation
source of all carbohydrates determines its
destiny on gastrointestinal tract and the
efficiency that microorganisms can utilize them
(Van Soest et al., 1991). The knowledge of the
variation on effective degradabilityED) of
several sources of starch whose can tiead
as ingredients, to synchronize energy and
protein availability to maximze ruminal
fermentation is an interesting strategy on diet
formulation for ruminants.

b) Nitrogen compounds

The extent and rate of protein
degradation directly affect microbiatrude
protein synthesis and estimates of the amount of
RUP that will reach the duodenum. The dietary
protein degradation becomes the most important
factor that estimates the amount of afixed
amino acids, altering thus RUP requirements
(Stern et al., 1994). Hoover and Stokes (1991)
reported that large peptides are more rapidly
caught than the majority of amino acids and
small peptides, being more efficiently utilized
for microbial synthds. According to Russell et
al. (1992), nosstructural carbohydrage
fermenter microorganisms caught peptides at a
rate of 0.07 g of peptides per gram of



70

microorganisms per hour and this nitrogen is
utilized for microbialcrudeprotein synthesis or
ammoniaproduction. The diversity of nitrogen
compounds varies as a function of fermentable
carbohydrate availability. When there are
carbohydrates available for microbial growth,
peptides become the main source of nitrogen for
nonstructural  carbohydrates fermerter
microorganisms. When there is reduction on
carbohydrate availability, all peptides are
conducted for ammonia production (Russel et
al., 1992).

According to Detmann et al. (2014a),
the ammonia nitrogen content needed to
maximize DM intake is at least &g/dL;
however, the authors reported that levels of 15
mg/dL are necessary to increase NDF intake.
This, in turn, maximizes the degradation of fiber
carbohydrates, which increases microbial
efficiency and the ruminal passage of {ow
guality forage under tpcal pasture conditions.
Then, Detmann et al. (2014a) asserted that the
maintenance of ammonia nitrogen levels of
approximately 15 mg/dL is necessary to
increase microbialcrude protein synthesis,
which contributes to the increased MP intended
for the hos The discrepancy among ammonia
nitrogen levels enough to increase DM intake
than those needed to increase NDF degradation
and NDF intake suggest a multifactorial intake
control pattern (Detmann et al., 2014b) and they
are not only regulated by dietary IRDevels or
ruminal repletion as previously preconized for
grazing ruminants.

Considering the CP levels that
maximize microbial yield, Detmann et al.
(2014a) observed that 8% CP is the minimum
level required so that ruminal microorganisms
do not utilize edogenous sources of nitrogen
compounds. Under such conditions, there is a
positive balance in the use of ammonia
nitrogen. Below this value, we believe that
nitrogen recycling is a source necessary for
maintenance of microbial growth which can
reduce bodyprotein retention otattle Above
of this value, the efficiency of conversion from
nitrogen to microbial crude protein is not
maximum; however, the positive balance was
obtained for nitrogen compounds in the ruminal
environment. Detmann et al. (2014a) oals
reported that 10% CP is the maximum level for
extraction of basal energy resources and above
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this value the levels of ammonia nitrogen can be
deleterious to intake when there is not enough
energy in the diet. These factors characterize the
importance ofthe maintenance of an adequate
relationship between metabolizable protein and
energy in order to maximize microbial
efficiency.

Ammonia is the primary source of
protein for ruminal bacteria growth; however,
somein vitro studies showed that several other
bacteria present absolute requirements or they
are stimulated by addition of amino acids and
peptides (Cotta and Russell, 1982). According
to Cotta and Russell (1982)Bacteroides
ruminicola, Selenomonas ruminantium,
Steptococcus bovis, Megasphae&iadeniiand
Butyrivibrio fibrissolvens, abundant in the
ruminal environment, are amino acid users.
Some are not exclusively amino acid users, such
asBacteroides ruminicolghat is relatively little
affected in low amino acid environments. On
the other had, in vitro cultures ofBultirivibrio
fibrissolvensdo not maintain themselves viable
in the lack of amino acids and peptides as
source of nitrogen compounds. The authors
reported that these microorganisms present
requirements for some specific amino acids

c) Effect of pH

According to Dewhurst et al. (2000),
microbial efficiency is directly affected by the
meeting of requirements for maintenance of
the microorganisis) including the nutrients
needed for motility, cell turnover, production
of extracellular molecules, active transport,
phosphorylation, futile cycles and cell lysis.
According to these authors, with the increase
of intake, there is reduction of costs with
maintenance of the microorganisms, because
they will remain less time in the rumen. @th
factors, such as pH, when low, increases
energy losses to maintain pH inside of
microbial cell. According to Strobel and
Russell (1986), in low ruminal pH, the energy
available for microbial growth is diverted for
the maintenance of internal pH from
microorganisms, reducing the efficiency of
energy use for microbial synthesis.

Generally, in pH below 6.0, there is
inhibition of cellulose degradation. Under
normal conditions, cellulolytic microorganisms
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grow well in pH 6.7 and substantial detours to
increase or decrease this value are inhibitory.
A variation of pH which activity maintains
close to normal would be 0.5 units. Values of
pH below to 6.2 inhibit digestion rate and
increase lag time for cell wall degradation
(Van Soest, 1994). The increasé latency
increases costs for maintenance reducing
microbial efficiency.

Strobel and Russell (1986) highlighted
that microbial efficiency is highly influenced
by detour of functions in low pH. The use of
energy to maintain cell processes is prioritized,
which reduces microbial growth. This energy
is subsequently dissipated as heat. The
maintenance of membrane potential is a
priority function, as lower external pH, more
energy will be required to put out protons.

d) Prediction of microbial crude protein dw
of the diet

To know the variables that effectively
influence microbial crude protein r#esis in
beef cattle raised undaopical conditions, we
proceeded a mefnalysis aiming to evaluate
the effect of animal and diet characteristics on
this varialbe. In this study, 69 studies
published in Brazil and abroad were used, as
well as thesis and dissertations concluded in
the Animal Science Department at the

Universidade Federal de Vigcosa (Appendix
3.3), totalizing 2,676 observations, which
different varables that could interfere on
ruminal microbial crude protein synthesis were
evaluated. The database was divided in two
distinct groups. The first group was designed
to the generation of mathematical equations
where 32 studies (n = 2,102) were used while
the second group was designed for the
evaluation of quality of equations generated.
Other 37 studies (n = 191) were used, which
the means of treatments were utilized,
totalizing 1,285 animals.

Moreover, the database was used
separately to evaluatour types of energy
attributes initially associated with CP intake
for each model. We also evaluated the effects
of total digestible nutrients intake (TDNI),
metabolizable energy intake (MEI)total
digested organic matter intake (tdMQOBnd
TDNI corrected 6ér EE (ceeTDNI) Thus, the
complete database comprised all effects
evaluated, with variables classified according
to experiment, genetic group (Zebu, beef
crossbred, dairy crossbred, and Holstein
cattle), sex (bulls, steers, heifers, and cows)
and method (RNA, PD ant?N) (Table 3.9).
The random effect related to experiments was
considered in the generation of the parameters
of the equations.

Table 3.9 Descriptive statistics of data used to generate the multiple regression models t
estimate the microbiarudeproteinsynthesisn cattle under tropical conditions

ltem? n Mean SD? Maximum Minimum
MCP 2,102 775 547 3,008 66.8
CPI 2,102 1.22 0.87 4.39 0.59
DMI 2,102 8.52 5.31 23.8 1.76
TDNI 2,102 6.22 3.74 16.8 0.83
MEI 2,102 22.3 13.3 60.9 3.00
tdOMI 1,454 5.70 2.98 15.5 0.62
CP (%) 2,102 13.2 2.61 28.9 8.89
BW (kg) 1,563 368 125 737 65.3

IMicrobial crude protein, g/d; Crude protein intake, kg/d; Dry matter intake, kg/d; Total digestible nutinemits,

kg/d; Metabolizable energy intake; Total digestible organic matter intake, kg/d; Crude protein in diet, %; Body weight,

kg; ?Standard deviatian

From the variables cited, the procedure
started with the selection of signifi¢arariables
that influenced microbial CP (MCP). Initially,
the correlation among variables was studied

using the PROC CORR of SAS (version 9.3,
SAS Inst. Inc., Cary, NC). The significant

variables were added to model using PROC
REG of SAS through STEPWISHoI (version
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9.3, SAS Inst. Inc., Cary, NC) that selected the
significant variables. Further, the variables were
evaluated by metanalysis (SPierre, 2001) to
estimate the main effect using the following
mathematical model:
Yijo+= SthxXj+m | Xij +
where, Yij = the dependent variable, in this case
MCP; b0 = general intercept considered as
random effect; Si = random effect of ith
experimentpl = general regression coefficients
of response variable as a function of X (fixed
effect); Xij = predictor variable; bi = random
effect of experiment on the regression of
response variable as a function of X; ij = residual
error, assuming ij, bi, and Sis andependent
variables. From this model, beyond experiment,
other variables were considered: genetic group
(Zebu, beef crossbred, dairy crossbred, and
Holstein cattle), sex (bulls, steers, heifers, and
cows), and method (RNA, PD, aiil), as well
as allinteractions between them.

The random effects as genetic group,
sex, and analytical method were not
significantly for any equation proposed (P>0.05)

MCP

1933

1311

€89

67
435

295
CPI 155

and for each genetic attribute to evaluate MCP,
the following parameters were obtained: TDNI
(CPI: P<0.0001 CPF = 0.2242, TDNI:
P<0.0001, and TDNI= 0.0283), MEI (CPI:
P<0.0001, CPI= 0.9977, MEI: P<0.0001, and
MEI? = 0.0002), and tdMOI (CPI: P<0.0001,

U iCPP = 0.4814, tdMOI: P=0.004, and tdMO#

0.0273). Once all effects were evaluated and the
variables the composed the models were
verified, the procedure Cross Validation
(Duchesne and MacGregor, 2001) was used to
estimate regression parameters, that the linear
and quadratic behaviors were tested. We chose
this polynomial due to microbial synthesis does
not follows a linear behavior and, in theory, it
will reach a plateagFigures 3.€3.8). Then, the
following equations were obtained:

MCP =-53.07 + 304.9 x CPI + 90.8 x TDNI
3.13 x TDNF

MCP =-84.87 + 328.7 x CPI + 28.3 x MEI
0.25 x MEP

MCP =-93.62 + 381.7 x CPI + 90.7 x tdOMI
3.13 x tdOMP

1683
1150

TDNI
6.16

015

Figure 3.6- Microbial crude protein estimated by the equatigiCP =- 53.07 + 304.9 x CPI + 90.8
x TDNIT 3.13 x TDNF, where MCP in g/d, TDNI and CPI in kg/d.
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Figure 3.7- Microbial crude protein estimated by the equatiiCP =- 84.87 + 328.7 x CPI + 28.3
x MEIT 0.25 x MEF, where MCP in g/d, MEih Mcal/dand CPI in kg/d.
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Figure 3.8 Microbial crude protein estimated by the equatiCP =- 93.62 +381.7 x CPI + 90.7
x tdOMIT 3.13 x tdOMP, where MCP in g/d, tdOMI and CPI in kg/d.

When each equation evaluated was indicate high adjustment degree of equations to
submitted to validation (Tabl&.10), the null observed values. The mean seguarror of
hypothesis was accepted, which proves that the prediction (MSEP) was lower for TDNI which
equations wee adequate to predict MCP flow. indicates greater accuracy of these equations in
The high values for the concordance correlation comparison to MEI and dtMOI. Decomposing
coefficient (CCC) and determination coefficient ~MSEP, we highlight that TDNI and dtOMI were
of the regression tested?)(rfor all equations the equations that presented greater values for
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random error that foa desirable situation, this MEI equation indicates lower suitability of this
value might be close to 100%, indicating greater equation to predict MCP flow; althgh, this
precision to obtain the estimates. The greater equation had presented adequate.

MSEP and greater mean and systematic bias for

Table 3.10 Regression analysis, correlation and concordance coefficient (CCC) and
decomposition of mean square error of prediction (MSEP) among the predicted and
observed values for microbietudeprotein as a function aiDNI, MEI, and tdOMI

MCP predictionequation

TDNI? MEI? tdOMI®
AR*

r? 0.9531 0.9670 0.9418
Ho: a=0 (Rvalue) 0.069 0.067 0.5371
Ho: b=1 (Rvalue) 0.202 0.152 0.0546
CCC 0.9691 0.9697 0.9687
MSEP 8,548 11,454 10,187

Mean bias (%) 1.09 15.67 1.76

Systematic error (% 0.87 0.93 1.99
Random error (% 98.04 83.40 96.25

Total digestible nutrients intakéMetabolizable energy intakéTotal digestible organic matter intakéRegression
analysis between the values of MCP predicted and observed by three regression equations using different energy basis;

The database utlized to estimate the corrected for EE.

previously equations was developed by data

with, on averag, 2.83% (+ 1.03) EE in the diet. Th? BCNRM (2016) als_o suggests an

However, as BCNRI (2016), an equation was equation Wlth which to estimate microbial
’ ' crude protein synthesis that corrects for EE

developed to estimate microbiefude protein : .
synthesis for lgh values of ether extract (EE). when diets with EE content above 3.9% are

- d. In Brazila lot ofdiets for beef cattle are
The BRCORTE (2016) suggested the equation use :
below for diets with high EE content: formulated to contain EE contents that

lower than 3.9%. However, if the aim is to

NCP = - 4313 + 3760 x CPI + 09 x MU dies Wit hgh EE contert e
TDNIT 3.22 TDN

cee 3.22 % cee the BRCORTE that was generated from a

database containing 1,437 animals raised

which: MCP is the microbialcrude protein . "
under tropical conditions.

synthesis, CPI is the crude protein intake,
ced DNI is the total digestible nutrienintake

GENERAL RECOMMENDATIONS

A Estimation of microbial contamination of roughage usingn situ incubation:

AcpC=1.99286 + 0.98256 x&NCO

BcpC =-17.21811 0.0344 x BpNC + 0.65433 x CP + 1.03787 x NDF + 2.6601RBXIP 1
0.85979 x INDF

kdcpC = 0.04667 + 0.35139 x keNC + 0.0020 x CP 0.00055839 x NDF 0.00336 x NDIP +
0.00075089 x iINDF

%C = 79.21 % (1 e-0.0555><) X e-0.0874><CP
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A Correction for MCP estimated from assays using unique and double indicator system:

MNcor (g/d) =49.71 + 86 x MNsingle

MNcor (g/d) =43.04 + G1 x MNdouble

A Endogenous fraction of urinary purine derivatives in Zebu cattle:

0.30 mmolBW?7°

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

UA (mmol/d)=0.1104 x ALA

A Estimation of daily urinary creatinine excretion in cattle:

UCE (mg/d) = 37.88 x SB{\#316

A Prediction of MCP:

MCP =-53.07 + 304.9 x CPI + 90.8 x TDNB.13 x TDNF

MCP =- 84.87 + 328.7 x CPI + 28.3 x MED.25 x MEF

MCP =- 93.62 + 381.7 x CPI + 90.7 x tdOMB.13 x tdOMP
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