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ABSTRACT - Theaim of thiswork wasto eval uatethe effects of supplementationwith nitrogenouscompoundsonrumen
dynamics of neutral detergent fiber (NDF) in cattle fed low-quality tropical forage. Five crossbred heifers with average live
weight of 180 kg and fitted with rumen cannulae were used. The animals were fed ad libitum with signal grass (Brachiaria
decumbens Stapf.) hay, which had crude protein (CP) content of 4.86% of dry matter (DM). The five treatments were
proposed in order to raisethe CP level of dietsto 0, 2, 4, 6, and 8 percentile points above the CP level of theforage. The
supplement was a mixture of urea, ammonium sulfate, and albumin (4.5:0.5:1.0, respectively). The experiment was carried
out according to a5 x 5 Latin square design, with five experimental periods. The average CP levelsin the diets were: 5.19,
7.11, 8.60, 11.67, and 13.02% on DM basis. The potentially degradable NDF was linearly increased according to the CP
levelsin dietup to 6.97% of CP. From this point, there was stabilization of estimates (47.87% of NDF). The degradation
rate of potentially degradable NDF was linearly increased with the CP levelsin diets. The rumen flow of fibrous particles
(L) showed a linear-response-plateau pattern according to the CP levels in diets. The plateau (maximum estimate)
began on 7.24% of CP. The mean retention time in the rumen and the rumen fill effect of undegradable NDF were affect
by the CP levels similarly to L, with plateau (minimum) beginning on 6.90 and 6.97% of CP, respectively.
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Dinamicaruminal da fibra em detergente neutro em bovinos alimentados
com forragem tropical de baixa qualidade e suplemento com compostos
nitrogenados

RESUMO - Objetivou-se avaliar os efeitos da suplementacdo com compostos nitrogenados sobre a dinamica
ruminal dafibraem detergente neutro (FDN) em bovinos alimentados com forragem tropical de baixa qualidade. Foram
utilizadas cinco novilhas mesticas Holandés x Zebu, com peso vivo médio inicial de 180 kg, fistuladas no rdmen. A
alimentac&o volumosa basal dos animaisfoi constituida por feno de capim-praquiatia(Brachiaria decumbensStapf) (4,86%
de PB, com base na MS), fornecido a vontade. Os cinco tratamentos avaliados foram definidos de acordo com o nivel de
suplementacao protéica (0, 2, 4, 6 e 8 pontos percentuais acima do nivel de PB da forragem, utilizando-se como fonte de
compostos nitrogenados mistura de uréia, sulfato de aménia e albumina, nas proporcdes de 4,5:0,5:1,0, respectivamente.
O experimento foi constituido de cinco periodos experimentais, segundo delineamento em quadrado latino 5% 5. Os niveis
médios de PB nasdietasforamde5,19; 7,19; 8,60; 11,67 e 13,02%, com base naM S.Verificou-se elevagdo linear da fracao
potencialmente degradavel da FDN até o nivel de 6,97% de PB, com platd estimado de 47,87% da FDN. A taxa de
degradacdo da fragao potencial mente degradavel da FDN aumentou linearmente com os niveis de PB da dieta. O fluxo
ruminal de particulas fibrosas apresentou relagdo linear-response-plateau, com estabel ecimento do platé (méaximo)
em 7,24% de PB. O tempo médio de retengdo no rimen-reticulo e a replegdo ruminal da fragdo indegradavel da FDN
apresentaram comportamento semel hante ao fluxo ruminal de particulas fibrosas, com ponto critico parao inicio do
platdé (minimo) em 6,90 e 6,97% de PB, respectivamente.

Palavras-chave: capim-braquiaria, degradacéo ruminal, suplementagao, replegdo ruminal, uréia
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Introduction

Tropical grassespresent ahighforage massproduction
along the year. However, as the maturation occurs, the
forage mass accumulation is associated with thickening
and high lignin accumulation in the cell wall. These
alterations are constraints for microbial digestion and
fermentation and decrease the forage quality (Paulino
et al., 2002).

Tropical forages normally present crude protein (CP)
content lower than 7%, which is considered to be limiting
tothemicrobial activity intherumen (Minson, 1990). Under
these circumstances, optimal rumen conditions (@rskov,
2000), continuousmicrobial growthand adequate utilization
of fibrous compounds will not be observed.

Theoptimal utilization of energy from foragefiber only
will be reached by increasing the microbial utilization of
potentially degradable fraction of neutral detergent fiber
(NDF), which represents about 60% of tropical foragesdry
matter (DM) (Paulino et al., 2006).

The integration of the basal nutritional resources
and the supplements must i nstigate the maximal approach
between effectively degraded and potentially degradable
fractions of NDF. It can be done by modifying the NDF
degradation and passage, including the increase of
passage of undegradable fraction of NDF, which cannot
be used by rumen microorganismsin any feed situation
(Paulino et al., 2006).

Protein is the main limiting nutrient for adequate low-
quality forage utilization. Thus, protein supplementation
is the recommended nutritional procedure, once it will
provide adequate conditions for microbial growth and
efficient utilization of forage fiber.

Several authors have reported positive associations
between nitrogenous compounds supplementation and
low-quality forage intake and digestibility (Delcurtoet al.,
1990; Hannah et al., 1991; Koster et al., 1996). However,
such information associating rumen dynamics of fiber are
still scarcein the tropics.

Therefore, the objective of this work was to evaluate
the effects of nitrogenous compounds suppl ementation on
rumen dynamics of neutral detergent fiber in cattle fed
low-quality tropical forage.

M aterial and Methods

Thisexperiment wascarried outinthe Animal Laboratory
- Department of Animal Science, Federal University of
Vigosa (UFV), Vigosa, Brazil.

Five crossbred heifers (HxZ) averaging 180 + 21 kg of
body weight (BW) were surgically fitted with ruminal
cannulae. The animals were treated for endo and ecto
parasites at the beginning of the experiment and kept in
individual stalls(whichweredaily cleaned) of approximately
10 m2. Water and mineral mixturewere availableto heifers
at all time.

The forage offered to the animals consisted of |ow-
quality signal grass (Brachiaria decumbens Stapf.) hay,
with average 4.86% CP level, on dry matter (DM) basis.

Thefivetreatmentswereproposedinorder toraisethe
CPlevel of thediet to O, 2, 4, 6 and 8 percentile points, on
DM basis, above the CP level of the forage. A mixture of
urea, ammonium sulfate and al buminwas used as source of
nitrogenous compounds, at the ratios of 4.5:0.5:1.0,
respectively. The supplement was cal cul ated based on the
DM intake computed on the previous day and placed
directly in the rumen of the animals.

The supplement ingredients were chosen based on
their carbohydrateabsence, sotheeffectsof supplementation
with nitrogenous compounds could be evaluated without
any supplementary source of fiber or energy interferingin
the measurements. Theratio of ureaon ammonium sulfate
was fixed at 9:1 (or 4.5:0.5) asit is normally used in cattle
diets. Albuminwasincluded in the supplement to meet the
microbial requirementsof truedegradableprotein, allowing
the supply of essential substrates such as branched-chain
volatile fatty acids.

The forage was supplied ad libitum, allowing
approximately 10% in orts, being fed twice a day in equal
portions, at 8 am. and 4 p.m. The supplements, in two
portions of equal weight, were placed in the rumen of the
animals when the forage was offered. The forage offered
and the orts were daily quantified.

The experiment consisted of five 16-day experimental
periods. Thefirstfivedaysof each experimental periodwere
used totheadaptation of theanimal stothe supplementation
levels.

For thequantificationof DM and NDF voluntary intake,
feedstuffssupplied betweenthesixth and the ninth days of
each experimental periodwereconsidered andtheortswere
considered between the seventh and tenth day.

Forageand ortssampleswereprocessedinaWilley mill
(1 mm) and stored for later analyses.

To evaluate the rumen ammonia nitrogen (RAN)
concentration, rumen fluid samples were collected on the
sixth day of each experimental period at 4 am., 8 am.,
12 p.m., 4 p.m.,, 8 p.m. and 12 am. The samples were
manually collected from the liquid:solid interface of the
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rumen matandfiltered through atriplelayer of cheesecloth.
After that, a40 mL aliquot was then separated, fixed with
1mL H,S0, (1:1) and frozen (-20°C) for later analysis.

The evaluation of transit kinetics of fibrous particles
was done between the 11th and the 16" day of each
experimental period through a pulse dose of fiber mordant
chromium (Elliset etl., 1994). Signal grasshay sampleswere
used for mordant production according to procedures
described by Udén et al. (1980).

Onthe11th day of each experimental period, approximately
100 g of mordant fiber were placed in the rumen of the
animals at 8 a.m. Fecal samples were collected from the
rectum of theanimalsat 0, 3, 6, 9, 12, 15, 18, 21, 24, 30, 36,
42, 48, 60, 72, 84, 96, 120, and 144 hours after marker
administration. The samples were oven dried (60°C/72
hours) and processed in a Willey mill (1 mm).

Simultaneously to the transit evaluation, in situ
incubationwascarried out to estimatetherumendegradation
parametersof NDF. Hay sampleswere processedinaWilley
mill (2 mm) (NRC, 2001) and placed in non-woven textile
(100 g/m2) bagsin aratio of 20 mg DM/cm?2 of bag surface.
The bags, in duplicate for each incubation time, were
placed in the rumen of the animals. The following
incubation timeswereused: 0, 3, 6, 9, 12, 18, 24, 36, 48, 72,
96 and 120 hours. Theincubationtimesweresetinreverse
order to allow the removal of all bags at the same time.
After incubation, thebagswerecleaned with tap water and
oven dried (60°C). The residual NDF contents were
determined in afiber analyzer (Ankon?90®).

Samples of feeds and orts were analyzed regarding
DM, organic matter (OM), and CP contents according to
methods of Silva & Queiroz (2002). In the NDF analysis,
the samplesweretreated with aheat stable alphaamylase,
without using sodium sulphite (Mertens, 2002). There
were no corrections for residual ash or nitrogen. The
supplement samples were analyzed regarding DM, OM
and CP, as described above (Table 1).

The RAN content in rumen fluid samples was
determined through micro-Kjeldahl system, without acid
digestion and after distillation with potassium hydroxide

Table1- Average contents of dry matter (DM), organic matter
(OM), crude protein (CP) and neutral detergent fiber
(NDF) in hay and supplement

Item Hay Supplement
Dm1 89.96 89.64
om?2 94.26 98.91
cp? 4.86 251.20
NDF? 83.04 -

1 9 as fed;2 % of DM.

(2N), after previous sample centrifugation at 1,000xg, for
15 min. The concentrations obtained at the different
sampling times were combined by animal and period in
order to obtain asinglevaluethat represented the average
daily RAN concentration.

Thefecessamplesusedto eval uatethetransit kinetics
parameterswereanalyzed regarding DM (Silva& Queiroz,
2002) and chromium (Williams et al., 1962).

Thetransit kineticsparameterswereestimated through
adjustment of a gama-2 time-dependent model to the
chromium excretion profiles (Ellis et al., 1994):

C,=Z (t-t) L  exp[-L" (t-t)] D,

where C; isthefecal concentration of chromium at time*“t”
(ppm), tthetimeafter marker administration (h), L thetime-
dependent rate parameter related to rumen flow of fibrous
particles (h'1), Z a parameter without biological meaning
(ppm” h), and t the time of intestinal transit (h).

The estimates of mean retention timein the rumen and
intotal gastrointestinal tract were obtai ned from parameter
estimates obtained in (1), according to the following
equations (Ellis et al., 1994):

MRTR:% @,

MRTT = MRTR+t 3,

where MRTR isthe mean retention time in the rumen (h),
and MRTT the mean retention time in gastrointestinal
tract (h).

TheNDF degradation profileswereevaluated according
to logistic model of Van Milgen et al. (1991):

R=B" 1+l "t)" exp(-1 " t)+U 4,

where R; isthe non-degraded NDF residue at time*“t” (%),
B thepotentially degradabl efraction (%), U theundegradable
fraction (%), and | the common rate of lag and degradation
(h1).

The NDF fractional degradation rate was estimated
from | by using the properties of gama-2 distribution
(Elliset a., 1994):

k =059635 | ),
where k is the fractional degradation rate of potentially
degradable fraction of NDF (h'1).

The discrete |ag estimates were obtained according to

Vieiraet a. (1997):
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LA = RO-RE) (®),
R(t)
whereLAGisthediscretelag (h), R(0) isthenon-degraded
NDF residue at t = 0, R(t;) the non-degraded NDF
residueat inflection point of degradation profile (%), R’ (t;)
the mathematical derivative of degradation profile at
inflection point (maximum degradation rate) (h"1), and t
the time at inflection point (h).
The t; values were obtained according to Vieiraet al.
(1997):
t =

1
T (7).

The B and U fractions were evaluated after a
standardization procedure (Waldo et al., 1972):

B
Bp =
P B+U ®).
Up=—1 9
B+U 9)-

Theeffectively degraded fraction of NDF wasestimated
by adapting the suggestions of @rskov & McDonald
(1979):

EDF =lim,, §f (1)’ (-%)]dt (10),

where EDF isthe effectivel ydegraded fraction of NDF (%),
and f(t) the mathematical function thatdescribesthesolid
transit throughout the rumen.

The function f(t) was obtained by reparameterization
of (1), wheretheexcretion profilewaschanged fromemerging
particlesinto resident particles (Elliset al., 1994):

ft)=(Q+L"t) expCL 1) (1.
The estimates of the rumen fill effect of NDF were

obtained by adapting the method of Waldo et al. (1972):

RF, =lim,, Eij' @+ 1) exp(-1 “t)” @+L"t)" exp(- L~ Odt

(12)1
t

RF, = lim gy GUP~ (L+L" 1)" exp(- L” t)]dt 13),
0

RF, = RF, +RF, (19),

where RF; is the total rumen fill effect of NDF (h), RF;
therumen fill effect of potentially degradable fraction of
NDF (h), and RF, the rumen fill effect of undegradable
fraction of NDF (h).

The experimental design wasa5x5 Latinsquarewith
five supplementation levels, five animals and five experi-
mental periods. The average dietary CP content in each
supplementation level was used as independent variable
for interpretation of the effects of treatments. The
comparisons between treatments were conducted using
linear regression and correlation methods (Myers, 1990).
All adjustments of non-linear models were performed
according to the Gauss-Newton iterative algorithm
(Souza, 1998).

All the statistical procedures were carried out using
SAS (Statistical Analysis System) (a = 0.05).

Results and Discussion

The average CP levelsin diets, which were calculated
from the ratio between the total CP intake (forage and
supplement) and the total DM intake, were 5.19, 7.11, 8.60,
11.67 and 13.02 %, on DM basis, for supplementation
levelsof 0, 2, 4, 6 and 8%, respectively.

The potentially degradable fraction of NDF was
linearly increased (P<0.05) up to 6.97% of CP (Figure 1;
Table2). Fromthispoint, theval uesbecame unchangeable,
with plateau estimate of 47.87% of NDF. Since potentially
degradable and undegradable fractions complement
each other, thelatter variable presented asimilar pattern
(Table 2) according to the CP levels in the diet (P<0.05);
however the relationship was negative during the linear
phase of the profile (Y = 121.8539-10.010X;" X £ 6.9655;
Y =52.1267;" X > 6.9655; R2 = 0.9364).
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Figure 1 - Relationship between crude protein (CP) content in
the diet and standard potentially degradable fraction
of neutral detergent fiber (Bp) ( \? =-21.8909+10.016X;
"X £ 6.9652; ? = 47.8700; " X > 6.9652;
Rz =0.9365).
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Table 2 - Estimates of transit and degradation dynamics
parameters, NDF intake, and RAN concentration
according to the CP levelsin the diet

CP level (%) CV (%)

Item? 5.19 7.11 8.60 11.67 13.02

BP 30.09 49.32 50.03 44.45 49.13 10.4
Up 69.00 50.68 49.97 5555 50.86 8.6
k 0.1394 0.1998 0.1896 0.2072 0.2438 8.2
LAG 1.25 0.84 0.90 0.83 0.69 8.7
EDF 29.73 48.64  49.35 43.80 48.28 10.3
L 0.0102 0.0130 0.0129 0.0128 0.0139 19.1
t 8.62 8.11 7.75 8.04 7.61 10.1

MRTR  220.04 155.58 161.94 170.46 155.61 30.6
MRTT 228.66 163.70 169.69 178.51 163.22 29.6

RF, 2.38 2.69 2.92 2.36 2.19 18.0
RF, 132.62 76.02 75.81 88.86 75.18 32.3
RR; 135.01 78.72 78.73 91.21 77.35 31.0
NDFI 10.7 12.5 13.7 13.8 12.5 14.9
RAN 3.82 6.32 9.62 8.72 14.24 38.1

1Bp - standard potentially degradable fraction of NDF (%); Up — standard
undegradablefraction of NDF (%); k —fractional degradationrateof potentially
degradable fraction of NDF (hl); LAG — discrete lag (h); EDF — effectively
degraded fraction of NDF (%); L — time-dependent rate parameter related to
rumen flow of fibrous particles (h1); t —time of intestinal transit (h); MRTR —
mean retention time in the rumen (h); MRTT — mean retention time in the
gastrointestinal tract (h); RF; —rumenfill effect of potentially degradableNDF
(h); RF, —rumenfill effect of undegradable NDF (h); RF, —total rumen fill effect
of NDF (h); NDFI — NDF voluntary intake (g/kg LW); RAN — rumen ammonia
nitrogen concentration (mg/dL).

These patterns apparently contradict the theoretical
definition of potentially degradable (and undegradable)
fraction, whose dimension must bedefinedonly by substrate
characteristics (@drskov, 2000) and is not (and can not be)
influenced by characteristics of the microbial growth
environment.

However, the nitrogenous compounds requirements
of rumen microorganismsarenolonger completely supplied
under dietary CPlevel shel ow 6-8%, which could constraint
the utilization of energy substrates in the rumen (Van
Soest, 1994). Thus, the reduction of Bp estimates at CP
levels below 6.97% (near 7%) does not indicate a true
reduction, but only an apparent transformation of part of
potentially degradable fraction into undegradable
fraction caused by deficiency of microbial enzymatic
systems for degrading the forage fibrous components. It
must be emphasize that, under these circumstances, the
enzymatic deficiency is mainly defined by the nitrogen
deficiency for the synthesis of amino acids, which would
compound the microbial enzymes. Therefore, the actual
size of the potentially degradable fraction remains
constant, becauseitisjust acharacteristic of the substrate
(9rskov, 2000) and cannot be altered by rumen conditions
or by the CP level in the diet.

M ost assumptionsappliedto rumen NDF degradation
dynamics consider that fibre degradationcan bedescribed

by first-order models. In this case, biological events
depend on a single pool, assuming substrate as the
limiting variable. Therefore, intrinsic characteristics of
the substrate would be the single restrictive factor for
rumen degradation, as a largeand non-limiting enzymatic
pool would exist in the rumen (Mertens, 2005; Detmann
et a., 2008).

However, according to the Bp pattern (and Up)
(Figure 1), two different phases of rumen degradation
dynamics can be defined. When CP content in the diet is
above 7%, therewill be“complete” estimatesof potentially
degradable fraction. It indicates that the enzymatic
characteristicsintherumendo not limit thefiber utilization
by microorganisms and the degradation is atypical first-
order process. Ontheother hand, the*incomplete” estimates
of potentially degradable fraction, which are observed
when CPlevel isbelow 7% areshowingthat thedegradation
process become dependent of the substrate characteristics
and enzymatic pool in the rumen.

Thus, theincreasing CPlevelsin the diet characterize
the rumen degradation dynamics of NDF as a second-
order process (or Michaelis-Menten process) (Mertens,
2005). In other words, the deficiency of enzymatic systems
at CPlevelsbelow 7% implies predominance of zero-order
reactions (where the dynamics is defined by enzyme
deficiency), which areconvertedintofirst-order reactions
(wherethedynamicsisdefined by substrate characteristics),
since nitrogenous compounds are included in the diet.
Therefore, supplementati onwithnitrogenouscompounds
causes increase in the enzymatic system pool in the
rumen.

Detmann et al. (2005) reported some evidences of
NDF degradation as second-order process. These authors
carried out an in vitro assay of gas production and
observedthat theNDF degradationrate of forageincubated
together with supplement was higher than degradation
rates when they were incubated separately.

The results of this study are in accordance with
results obtained by Ortiz-Rubio et al. (2007), who found
increase in the potentially fraction of dry matter when
they supplied nitrogenous compounds to cattle fed
sugarcane tops (5.38% of CP).

Thedifferencebetweentheestimatesof Bpat CPlevels
below 7% and thetruevalueof thisfraction (47.87% of NDF)
agrees with the concept of “latent energy”, which was
defined by Paulino et al. (2001). These authors reported
that, under deficiency of nitrogenous compounds in the
diet, part of the energy substrates of forage, which could
be potentially used, becomes effectively unusable due to
the deficiency of microbial enzymatic systems.
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In this context, it could be inferred that 7% is the
minimal CP level in the dietto giverumen microorganisms
full ability to use energy from fibrous substrates.

The RAN concentration shows a linear and positive
pattern in function of the CP levels in the diet (P<0.05)
(\? = -1.12+1.0511X; r2 = 0.7921). The change of CP level
into RAN concentration indicates that the Bp plateau
(Figure 1) begins on 6.24 mg of NAR/dL, which can be
understood asminimal concentrationnecessary for sustaining
an adequate microbial activity on NDF from basal forage.
Thisestimateishigher than that related by Sampaio et al.
(2002) (5.32 mg/dL) for maintenance of microbial activity
in the rumen. These authors reported 9.64 mg/dL as the
RAN level associated with maximum forage intake. The
estimate of RAN obtainedinthiswork wasfar higher than
that suggested by Satter & Slyter (1974) (5 mg/dL).

The degradation rate of potentially degradable NDF
was positively and linearly associated with CP levelsin
thediet (P<0.05) (? =0.1007+0.0104X;r2=0.7979). Onthe
other hand, the discrete lag was linear and negatively
associated with CP levels (P<0.05) (\? = 1.3907-0.0535X;
r2=0.6971) (Table 2).

Thelinear increasein the degradation rate according to
CPlevelsinthediet agreeswith Satter & Slyter (1974), who
affirmed that the microbial yield onthe substrateincreases
linearly up to CP levels near 13-14%. This pattern can be
supported by thefact that themicrobial protein production
is directly related to the velocity of energy substrates
utilization, which is nearly associated with the NDF
degradation rate in forage-based diets.

The discrete lag estimates the time spent with
preparatory eventsfor fiber degradation, such as physical
(e.g. particlehydration, mastication, etc) and microbiol ogical
aspects (e.g. adhesion, enzymes synthesis, etc). In this
context, the decrease in lag as the CP level increases
indicates an adequacy of the rumen environment for
microbial growing.

The estimates of NDF degradation rate of this study
are higher than those normally reported for tropical
forages (Vieiraet al., 1997; Casali et al., 2008). However,
similar estimates were obtained by Lazzarini (2007), who
fed cattle with low-quality tropical forage (Brachiaria
decumbens).

It must be emphasized that the experimental diet
conditionsin thiswork and in the work of Lazzarini (2007)
were atypical, where NDF from low-quality forage was
basically the only source of carbohydrates for microbial
growth, with non-fibrous carbohydrates (NFC) intake
below metabolic fecal excretion (Lazzarini, 2007; Sampaio
et al., 2009).

Anexcessof NFCinthediet leadsto negative effects
onNDFdegradation, whichiscalled“ carbohydrate effect”
(Mouldetal., 1983; Arroguy etal., 2005; Costaet al ., 2008).
Thiseffect seemstobeassociated withrel easeof inhibiting
compoundsby starch degrading microorganisms(El-Shazly
et al., 1961) or with competition by essential substrates
between groups of microbial species (Coelho da Silva &
Ledo, 1979).

Inthiscontext, theruminal conditionsinthisstudy and
in the work of Lazzarini (2007) could have lead to extreme
reductionor elimination of the“ carbohydrateeffect”, which
wouldallow the predominant devel opment of fiber degrading
bacteria, without inhibition or competition with NFC
degrading bacteria. It could lead to higher degradation
rates when compared to normal feed conditions.

I'n spite of high values, the tendency of the estimates
confirms the observation of stimulus on microbial growth
with nitrogenous compounds supplementation (Table 2).

Although the potentially degradable fraction of NDF
can be totally considered as energy resource for animal
production, itisan asymptotical concept (Mertens, 2005).
Inother words, it can only bevalidif thedegradationtime
isinfinite. However, in practice, degradation eventsoccur
inafinitetime.

In this context, the optimization of basal nutritional
resources, considering the interaction with supplements,
must be based on maximal approach between effectively
degradedfraction (EDF) and potentially degradablefraction
of NDF, since no disturbance occurred in the voluntary
intake (Paulino et al., 2006).

The EDF patterninfunction of theCPlevelsinthediet
was similar tothe Bp pattern (P<0.05) (Figure 2).
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Figure 2 - Relationship between the crude protein (CP) level in
the diet and the effectively degraded fraction (EDF)
of NDF (Y =-21.3862+9.849X; " X £ 6.9580;
Y = 47.1433; " X > 6.9580; R2 = 0.9363).
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A LRP pattern (P<0.05) was observed for ruminal flow
of fibrous particlesin function of the CPlevelsinthediet,
with critical point for plateau beginning on 7.24% of CP
(Figure 3).

The degradation and transit processes should be
evaluated inanintegrated way, oncethetimenecessary for
the particle to reach a specific gravity that caused the
outflow decreases as the velocity of utilization of
potentially degradablecompoundsincreases(Allen, 1996).
Thus, the L pattern reflects, at least in part, the pattern
observed for the NDF degradation dynamics.

The estimates of MRTR (\? = 394.28-33.5730X;
" X £6.90; 162.67;" X > 6.90; R2 = 0.9623) and MRTT
(Y = 404.25-33.8330X;" X £6.91;Y = 170.47;" X >6.91;
R2 =0.9610) presented the same patternas L (P<0.05). This
similarity reflects the fact that MRTR and MRTT are
obtained by the reciprocal of L (Equations 2 and 3). The
intestinal transit time (t) was not affected by the CP
levelsin the diet (P>0.05) (Table 2).

The disappearance of NDF from the rumen is atime-
dependent process, where the vel ocities of degradation of
potentially degradable fraction and the transit of non-
degraded and undegradabl e fractions become integrated
(Ellisetal., 1994). These parameters, together withlow NDF
density, arethemainfactorsthat affect thevoluntary intake
of forage-based diets (Detmann et al., 2003). The
disappearance dynamics of NDF from the rumen can be
measured by the rumen fill effect (Waldo et al., 1972).

Under the assumption of steady state in the rumen, it
can be assumed for diets based on fibrous feeds (as
tropical pastures) that the NDF mass in the rumen is
approximately constant. Therefore, new inputs of fibrous
substrates will occur when part of resident mass is
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Figure 3 - Relationship between crude protein (CP) levelsin

thediet and thetime-dependent rate parameter rel ated

to the rumen flow of fibrous particles (L)

(Y = 0.0026+0.00146X; " X £ 7.2471; Y = 0.0132;
" X > 7.24; R? = 0.8965).

removed from the rumen by degradation or passage
(Paulino et al., 2006). Thus, when such dietsare supplied
to theanimals, theincrease in the potentially degradable
NDF utilization has the increase in the rumen input as
primary determinant factor. It can be interpreted as the
decrease of rumen fill effect (Equations 12, 13, and 14).

Although the supplementation did not affect therumen
fill effect of potentially degradable NDF (RF;) (P>0.05), a
L RP pattern (P<0.05) was observed for rumen fill effect of
undegradable NDF according to the CP levelsin the diet
(RF,; Figure4). Itresultsinasimilar patternfor total rumen
fill effect of NDF (RF,) (\? = 287.1685-29.3180; " X £6.98;
82.43;" X >6.98; R2=0.9518). These results corroborate
theCPlevel of 7% astheminimal level to providenitrogenous
compounds for adequate microbial activity on NDF from
low-quality forage.

In this study, RF, was 26.0 to 55.7 times higher than
RF, (Table2). Thus, therumen dynamicsof undegradable
NDF seemsto be priority to increase the NDF intake and
to understand the interaction between forage and
supplement.

Despite of constant estimate of RF, from 7% of CP,
results reported by Sampaio et al. (2009) showed that the
voluntary intake of dry matter and undegradable NDF is
maximized at 10% of the CP. This behavior corroborates
the outflow of undegradable NDF as a determinant factor
of the voluntary intake of low-quality forages.

Theintake of NDF from basal forage must beincreased
in pasture-based production systems, once the energy
from forage presents low cost (Paulino et al., 2006).

In this context, it was observed that the NDF intake
waspositively correlated with potentially degradable and
effectively degraded NDF fractions and with rumen flow

140 1
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Figure 4 - Relationship between crude protein (CP) level in the
diet and rumen fill effect of undegradable fraction of
NDF (RF,) (Y = 285.6166-29.479X; " X £ 6.97,
Y =79.95;" X >6.97; R2=0.9510).
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of fibrous particles (P<0.05), and negatively correlated
with RF, (P<0.05) (Table 3).

The RAN concentration was not correlated with the
NDF intake (P>0.05), but there was a positive correlation
with the degradation rate of NDF (P<0.05), respectively.
The degradation rate was positively and negatively
correlated with EDF and RF2 (P<0.05). Thus, itindicatesan
indirect and positive association between RAN and NDF
intake.

Inshort, thisgroup of parametersshould be considered
in production systems in the attempt of optimizing the
NDF intake.

Since the sizes of potentially degradable and
undegradabl e fraction are inherent characteristics of the
substrate (@drskov, 2000), the increaseintheNDFintakecan
be obtai ned by quality and quantity management of forage
mass available for grazing (Paulino et al., 2001). It would
allow increasing the proportion of potentially degradable
NDF fraction. On the other hand, the interaction between
supplements and forage NDF should prioritize the
establishment of optimal NAR levels and the maximization
of rumen flow of fibrous particles and the degradation rate
of potentially degradable NDF.

Conclusions

Theminimal level of 7% of crude protein,on dry matter
basis, is necessary for rumen microorganismsto present
full capacity for usinglow-quality forage. This crudeprotein
level correspondsto aminimal concentration of 6.24 mg of
ammonia nitrogen/dL of rumen fluid.
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