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ABSTRACT - This experiment was conducted to evaluate the degradation kinetics and microbial efficiency of beef cattle
grazing on low-quality forage and receiving supplements with different levels of rumen undegradable protein (RUP). The 
animals grazed on palisade grass pasture solely or this pasture and supplement containing 40 or 60 g of RUP per 100 g of crude 
protein (CP). The degradation profiles of neutral detergent fiber, fiber carbohydrates, and neutral detergent insoluble protein
were interpreted kinetically by using a decreasing logistic model. Treatments (no supplement, or RUP at 40 or 60 g−1 100 g CP) 
did not affect rumen fill; however, the increase in the indigestible fiber carbohydrate fraction that occurred at the expense of the
digestible fiber carbohydrate fraction resulted in a greater rumen fill effect. The palisade grass showed a significant proportion
of its nitrogen in the form of slowly degradable protein as neutral detergent insoluble protein, which amounted to 26 g per 100 g 
CP. Supplementation with 40 g of RUP per 100 g CP decresead the indigestible fraction of the low-quality forage. However, 
the absence of a rumen-fill effect demonstrates that the additional supply of nutrients contributes greatly to increasing growth
efficiency and use of the available energy from the forage by the ruminal microorganisms.
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Introduction

The modern nutrition systems for ruminants use 
the amino acid supply from digested and absorbed true 
proteins in the small intestine (Miranda et al., 2012; Gao 
et al., 2015). Tropical grasses have high herbage production, 
but as the forage matures, the cell walls become thick 
and incrusted by lignin. These alterations are constraints 
for microbial digestion and fermentation and decrease 
forage quality (Wilson, 1994; Wilson and Mertens, 1995). 
When cattle graze tropical grasses, most part of the energy 
derives from the potentially digestible fraction of fibrous
carbohydrates. In these conditions, the largest part of crude 
protein that escapes ruminal degradation is associated 
with the insoluble residue, and this situation probably 
generates a deficit of rumen ammonia-N under both rainy

and drought situations (Vieira et al., 2000a,b,c). Studies 
demonstrate that diets containing high protein levels do not 
increase the response of productive functions because of 
the lack of synchronism between protein and carbohydrate 
availability in the rumen and due to amino acid imbalances 
(Chiou et al., 1995; Harstad and Prestløkken, 2001; Gao et al., 
2015). Besides, the prediction of metabolizable protein 
is most sensitive to digestion rates of protein fractions, 
and the laboratory analysis of the available forages and 
feeds used in the production system is the recommended 
approach to characterize feed resources. In the CNCPS, the 
metabolizable protein depends on digestion and passage 
rates and fractions such as soluble protein, ammonia, 
neutral detergent insoluble protein, and acid detergent 
insoluble protein (Higgs et al., 2015). Highly degradable 
true protein sources improve energy and amino acid supplies 
for ruminants grazing tropical forages, but their presence 
in the diet increases N excretion (Hentz et al., 2012). The 
highly available NPN and N compounds of rapid rumen 
degradation result in peaks of ammonia concentration in 
the rumen much before the peak of fermentation of the 
potentially digestible fraction of fibrous carbohydrates
(Van Soest, 1994; Russell, 2002). Because cattle farming 
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in tropical regions is mostly based on the use of pastures, 
supplementation with rumen undegradable protein is 
expected to provide better use of fibrous carbohydrates and
increase animal performance.

Our goal was to evaluate the degradation kinetics and 
indirect microbial growth in steers grazing on low-quality 
forage and receiving supplements with different levels of 
rumen undegradable protein.

Material and Methods

The experiment was conducted in the central plateau 
of Goiás State, Brazil, and its climate is a Cwa type 
according to Köppen standards (Kottek et al., 2006). The 
average annual temperature is 22 °C, varying by five
degrees throughout the year, on average, and the average 
annual precipitation (1,450 mm) is characterized by a 
periodical distribution of two well-defined seasons, with
a greater concentration of rains occurring in the period 
from November to March, i.e., the rainy season (Table 1). 
The experiment was conducted from March to May and 
was divided into three periods of 22 days (15 days for 
adaptation of animals and seven days for sample collection). 
Periods 1, 2, and 3 occurred during March, April and 
May, respectively. Nine esophagus- and rumen-cannulated 
crossbred steers were used in the experiment to evaluate the 
degradation kinetics of the extrusa nutrients. The animals 
grazed on a rotational palisade grass pasture cultivated as 
“Sistema Barreirão” (Oliveira et al., 1996), where they 
received the following experimental treatments: T0 (pasture 
only), T40 (pasture + supplement with 40 g of RUP per 100 g 
of CP), and T60 (pasture + supplement with 60 g of RUP per 
100 g of CP). A mineral mixture was available ad libitum to 
the animals during the three periods. The formulation and 
amount of the supplements fed to the animals (Table 2) and 
the chemical composition of supplements, pasture (by hand 
picking), and extrusa samples are fully described (Table 3).

Esophageal extrusa samples were collected in the 
morning for seven days into nylon bags with plastic-screen 
at the bottom to drain excess saliva (Scales et al., 1974; 
Vieira et al., 2000a). The nylon bags were adapted to provide 
flexibility and comfort to the animals during grazing. The
extrusa was collected after a previous fasting period of 

approximately 16 h. The sampling period lasted 30 min day−1. 
After each extrusa collection, samples were properly stored 
at –20 ºC. Samples were then dried at 55 ºC in a forced-
air oven. Analyses of crude protein (CP), crude fat (CF), 
and ash followed the recommendations by AOAC (1990). 
Neutral detergent insoluble protein (NDIP) was obtained 
according to the standard procedure given by Licitra et al. 
(1996). The content of neutral detergent fiber (NDF) was
assessed according to the procedure described by Van Soest 
et al. (1991), without amylase and sodium sulfite additions.
The content of fibrous carbohydrates (FC) was obtained
by discounting the NDIP and ash contents from the fiber
residue (Sniffen et al., 1992). Total carbohydrates (TC) and 
non-fibrous carbohydrates (NFC) were estimated according to
Sniffen et al. (1992): TC (g/kg DM) = 1000 – CP – CF – ash, 
and NFC = TC – FC. Lignin was assumed as an integral part 
of the unavailable FC, i.e., the indigestible carbohydrate 
fraction.

Table 1 - Maximum and minimum average temperature and 
rainfall in the experimental period

Period Maximum (ºC) Minimum (ºC) Rainfall (mm)

1 26.7 17.4 532.9
2 28.5 16.9 132.6
3 26.8 14.8 158.5

Ingredient
Supplement

T40 T60

Corn meal1 476 890
Corn gluten1 0 108
Corn germ1 376 0
Soybean meal1 62 0
Wheat bran1 84 0
Urea1 2 0
Amount supplied2 1,780 1,800
T40 - supplement with 40 g rumen undegradable protein per 100 g of crude protein; 
T60 - supplement with 60 g rumen undegradable protein per 100 g of crude protein.
1 g kg−1 DM.
2 g day−1 DM.

Table 2 - Formulation and supplied quantity of supplements 

Nutrient Pasture
Extrusa sample Supplement

P1 P2 P3 T40 T60

CP1 73 147 94 76 150 169
NDIP1 4 9 5 4 16 10
EE 12 19 16 13 38 35
MM1 75 111 132 131 28 13
NDF1 792 675 679 725 178 109
TC1 862 723 757 780 786 782
FC1 768 600 628 679 157 97
NFC1 80 123 129 101 629 685
RDP2 - - - - 360 288
RUP2 - - - - 640 712

P1, P2, and P3 - periods 1, 2, and 3, respectively; T40 - supplement with 40 g rumen 
undegradable protein per 100 g of crude protein; T60 - supplement with 60 g rumen 
undegradable protein per 100 g of crude protein.
CP - crude protein; NDIP - neutral detergent insoluble protein; EE - ether extract; 
MM - mineral matter; NDF - neutral detergent fiber; TC - total carbohydrates; FC - fiber
carbohydrates; NFC - non-fiber carbohydrates; RDP - rumen degradable protein;
RUP - rumen undegradable protein.
1 g kg−1 DM.
2 g kg−1 CP.

Table 3 - Mean values for the chemical components of supplements 
and Palisade grass pasture 
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The in situ degradability of NDF, FC, and NDIP of 
extrusa samples was determined according to the technique 
described by (Nocek, 1988). Nylon bags (14 cm × 7 cm, 
pore diameter 50 µm) were used to keep a sample DM to 
bag useful surface ratio of 20 mg cm−2. Approximately 2 g 
of dried extrusa samples ground through a 5-mm mesh 
sieve were used at each incubation time. Three animals per 
treatment and per period were used and the extrusa samples 
were incubated for 3, 6, 9, 12, 24, 36, 72, and 96 h, without 
blank correction.

The undigested residuals of the incubation trials were 
analyzed for NDF, FC, and NDIP as previously described. 
The decreasing logistic model proposed by Van Milgen et al. 
(1991) was fitted to the degradation profiles generated:
                                          
                                                                               Eq. (1),

in which R(t) (g kg−1 DM) is the incubation residue at 
a given time, t (h); A (g kg−1 DM) is the insoluble but 
potentially degradable fraction until the end of the lag 
period, which becomes gradually available at the fractional 
rate p (h−1), which is degraded, in sequence, at the fractional 
rate c (h−1); I (g kg−1 DM) is the indigestible or unavailable 
fraction, which no longer changes over time by microbial 
activity, i.e., when . The error term is ei, assumed 
normally, uniformly and independently distributed with 
mean zero and variance σ2. In situations where p tended to 
c, the model was reparameterized by applying L’Hôpital’s 
rule, generating the alternative equation described by Van 
Milgen et al. (1991):

     Eq. (2), 

in which λ is the fractional degradation rate (h−1) when p 
tends to c. Parameters A, I, c, and p of Eq. (1) or parameters 
of Eq. (2) were estimated using the Marquardt algorithm 
of PROC NLIN of SAS (Statistical Analysis System, 
version 9.0).

The indigestible neutral detergent fiber (iNDF),
digestible fibrous carbohydrates (dFC), indigestible fibrous
carbohydrates (iFC), digestible neutral detergent insoluble 
protein (dNDIP), and indigestible neutral detergent insoluble 
protein (iNDIP), expressed in g kg−1 DM, were estimated 
according to the following equations:

                          Eq. (3)

                                  Eq. (4)

                                  Eq. (5)

                                  Eq. (6)

                                        Eq. (7)

which Ap and Ip are the standardized estimates    and    

, respectively (Waldo et al., 1972; Vieira et al., 1997).

We treated part of the extrusa samples with neutral 
detergent and chromium dichromate according to the 
procedures presented by Udén et al. (1980). The marked 
samples were directly added to the dorsal rumen via cannula 
and fecal grab samples taken to form fecal marker excretion 
profiles. Pereira et al. (2005) interpreted kinetically the
marker excretion profiles to yield the estimates of the
passage rate parameter estimates (N, λ, and k) that were used 
as inputs to compute the average passage rate or kp used in 
the present study. The effective ruminal degradability (RD) 
of dFC and of dNDIP were estimated by the reciprocal 
function of Eq. (1) as described by Vieira et al. (1997) and 
defined by the following expressions:

  Eq. (8)
                                                                                 

Eq. (9)

in which kp (h
−1) is the average passage rate of the digesta 

through the ruminoreticulum according to the following 
expression: kp = 1/MRT, in which MRT (mean retention 
time in the ruminoreticulum), was obtained as follows:  

                                       Eq. (10) 
N is the order of time dependency of the gamma function 
(Pond et al., 1988).

The total and partial rumen-fill (RF) effects of the
potentially degradable (RF(D)) and indigestible (RF(I)) 
fiber fractions were calculated based on the standardized
estimates of parameters Ap and Ip. According to Vieira et al. 
(1997), the RF can be described by Eq. (11):

Eq.(11),   

in which RF is total rumen-fill effect, expressed in hours
(h). The first term of the previous equation corresponds to
the level of rumen fill of the potentially degradable fraction,
while the second represents the indigestible fraction.

Following the same reparameterization reasoning of 
R(t), i.e., when p tends to c, the calculations referring to 
RD and RF were obtained by the following expressions 
(Vieira et al., 1997):

    Eq. (12)
                                                                               
                                                                               Eq. (13)

                                                                               Eq. (14)

Assuming that the amount of dry matter that disappears 
in the rumen is directly proportional to the microbial mass 
formed, the microorganism growth rate can be estimated 
from the substrate intake. In this sense, the specific growth
rate of the microorganisms on dFC was estimated according 
to the expressions described by Van Milgen et al. (1991), 
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Vieira et al. (1997), and Vieira et al. (2000b). Thus, by 
employing the definition of Schofield et al. (1994), we
have:

    Eq. (15),
in which SGR (h−1) corresponds to the specific growth rate
of the microorganisms on fraction dFC. In the cases in 
which p estimates tended to c, we applied L’Hôpital’s rule 
on Eq. (15) to yield Eq. (16) to obtain the maximum growth 
rate of the microorganisms on dFC fractions.

    Eq. (16)

Parameter λ corresponds to the fractional growth rate of 
microorganisms on dFC, also expressed as h−1. 

Variables iNDF, RF, RF(D), RF(I), dFC, iFC, RD(dFC), 
SGR, dNDIP, iNDIP, and RD(dNDIP) were evaluated for 
the dispersion of data and scaled to body mass according 
to the model suggested by Brody (1945) and by Kleiber 
(1975), defined by the equation below:

                                               Eq. (17),
      

in which Yijk is the dependent variable; α>0 is an inherent 
constant of the model; β is the scaling parameter between 
dependent and independent variables; Mijk is the body mass 
of each animal k according to period j and supplement i; 
and eijk is the random error. The decision whether or not to 
correct the dependent variable was made considering the 
following hypotheses: Ho: β = 0 and Ha: β ≠ 0. The model 
was considered satisfactorily fitted to data whenever the
asymptotic 95% confidence intervals for β obtained using 

the SAS software (Statistical Analysis System, version 9.0) 
did not contain the zero value (rejection of Ho). We obtained 
the scaled mass as the dependent variable as follows:

  Eq. (18)

The data corresponding to the previously described 
variables were analyzed in a completely randomized 
design in a factorial arrangement, considering the added 
RUP level (αi) and the period (τk) as the main factors 
and their interaction (Gill, 1986). The studied variables 
were interpreted statistically by analysis of variance and 
regression. The basic statistical model was:

 
                                                                  Eq. (19),
in which µ is a constant, aj(i) is the nested effect of animal 
for each RUP level, and eijk was assumed Normal (0, σ2). For 
the quantitative factor (treatment), the models were chosen 
based on the significance of the regression coefficients,
using the F test at a probability level of 0.05, whereas for 
the qualitative factor (period), the means were compared by 
Tukey’s test by adopting 0.05 of probability. Additionally, 
t-statistics was used to build confidence intervals for the
regression coefficients considering the confidence level
of 0.95. The degrees of freedom of the denominator were 
computed accordingly (Satterthwaite, 1946; Gill, 1986).

Results

An interaction effect was detected between the RUP 
levels and periods for iNDF, RF, and RF(D) (Table 4). 

Period
Treatment

Equation
CI (βi) 0.95

T0 T40 T60 β0 β1 β2

iNDF       
1 109c 118c 133b Ŷ = 120 (110; 130) -               -
2 192b 195b 223a Ŷ = 189 + 0.45 X (172; 205) (0.04; 0.85)               -
3 231a 248a 212a Ŷ = 231 + 1.97 X − 3.8 × 10−2 X2 (213; 248) (0.36; 3.58)           (−6.5 × 10−2; −1.1 ×10−2)

RF       
1 19.04b 23.33b 23.69b Ŷ = 19.30 + 0.08 X (15.91; 22.69)  (2.7 × 10−4; 1.6 × 10−1)               -
2 31.07a 25.27b 34.33a Ŷ = 31.07 − 0.54 X − 1.0 × 10−2 X2 (27.55; 34.59) (−0.87; −0.22)          (4.5 × 10−3; 1.5 × 10−2)
3 31.28a 31.58a 30.36a Ŷ = 31.07 (29.04; 33.11) -               -

RF(D)     
1 10.08b 13.93a 11.82a Ŷ = 10.08 + 0.23 X − 3.4 × 10−3 X2 (8.22; 11.95) (0.06; 0.40)          (−6.3 × 10−3; −4.5 × 10−4)
2 12.05a 10.53c 11.87a Ŷ = 11.48 (10.41; 12.56) -                -
3 12.85a 12.26b 12.23a Ŷ = 12.45 (11.37; 13.52) -                -

RF(I)     
1 10.08b    - - -
2 18.74a Ŷ = 15.82         (13.86; 17.77) - -
3 18.63a                      - - -

Table 4 - Mean values for the degradation kinetics of neutral detergent fiber

T0 - pasture only; T40 - supplement with 40 g rumen undegradable protein per 100 g of crude protein; T60 - supplement with 60 g rumen undegradable protein per 100 g of crude 
protein; CI - confidence interval.
Means followed by different letters in the column differ by Tukey’s test (P<0.05).
iNDF - indigestible neutral detergent fiber, g kg−1 DM; RF - rumen fill, h; RF(D) - rumen-fill effect of the potentially degradable fiber, h; RF(I) - rumen-fill effect of the indigestible
fiber, h.  
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The indigestible NDF increased linearly in period two, 
and showed quadratic response in period three, with an 
estimated maximum value of 257 g kg−1 DM, corresponding 
to the RUP level of 25.92%, and no treatment effect was 
observed in period one. Rumen fill had a linear increase
in period one, and a quadratic response in period two, 
with a minimum value of 24 h that corresponded to 27% 
RUP. No influence of RUP supplementation on RF was
detected in period three. A quadratic response was found 
for variable RF(D) in period one, with a maximum value 
of 14 h at the RUP level of 33.82%. The interaction effect 
did not influence the rumen fill of the indigestible fraction 
(RF(I)); neither RUP level exerted an effect on RF(I). 
Nevertheless, periods affected the RF(I) and the lowest 
rumen fill occurred at period one. There were differences 
between the periods within each level of RUP for variables 
iNDF, RF, and RF(D), with lowest values found in period 
one, except for T40, in which the opposite occurred for RF(D) 
(Table 4).

An interaction effect was found between the RUP 
levels and the periods for indigestible (iFC) and digestible 
fiber carbohydrates (dFC) (Table 5). The indigestible FC, or 
carbohydrate fraction C, had a quadratic response in periods 
one and two, with minimum values of 85 and 132 g kg−1 DM 
that corresponded to the RUP levels of 27.14 and 24.13%, 
respectively; whereas a linear decrease occurred in period 
three. In the case of periods within each level of RUP, period 
three was superior to the others (Table 5). The digestible FC, 
or carbohydrate fraction B2, decreased linearly in period two, 
and had quadratic response in period three, with a minimum 

of 466 g kg−1 DM at 21.87% of RUP. This variable was 
not influenced by the treatments in period one. For periods
within each RUP level, there was no significant differences
between periods one and two for T0, whereas period one 
had higher values than period two at T40 and T60 (Table 5). 
The RUP levels did not influence the specific growth rate
on fibrous carbohydrates, and the ruminal degradability of
dFC was equally not affected (Table 5). 

There was an interaction effect between the RUP levels 
and periods for variables iNDIP, dNDIP, and RD (dNDIP). 
The indigestible NDIP, or iNDIP fraction, showed a 
quadratic response in period one, with a minimum value of 
4 g kg−1 DM at the RUP level of 30.17%; no effect of RUP 
levels was observed in periods two and three. In terms of 
periods within each level of RUP, the iNDIP of T40 of period 
one was lower than the others, whereas no differences were 
observed between periods for T0 and T60 (Table 6). The 
digestible NDIP, or protein fraction B3, presented a quadratic 
response in period one and two, with a minimum value of 
41 g kg−1 DM and a maximum of 24 g kg−1 DM in period 
two, at RUP levels of 34.17 and 25.40%, respectively. No 
treatment effects in period three were observed. There was 
a significant difference between periods for all treatments,
and the extrusa presented the highest dNDIP values during 
period one. The ruminal degradability of dNDIP showed a 
quadratic response in period one, with a minimum value of 
21 g kg−1 DM at the RUP value of 31.25%. No influence
of treatments occurred during periods two and three. The 
RD(dNDIP) was higher at the first period for all treatments
(Table 6).

Period
Treatment

Equation
CI (βi) 0.95

T0 T40 T60 β0 β1 β2

iFC       
1 106c 89c 114b Ŷ = 106 − 1.52 X + 2.8 × 10−2 X2 (91; 121) (−2.91; −0.14) (4.1 × 10−3; 5.1 × 10−2)
2 159b 143b 190a Ŷ = 159 − 2.22 X + 4.6 × 10−2 X2 (144; 174) (−3.60; −0.83) (2.2 × 10−2; 6.9 × 10−2)
3 212a 182a 190a Ŷ = 208 − 0.41 X (194; 223) (−0.76; −0.06) -

dFC       
1 507a 498a 485a Ŷ = 496 (488; 505) - -
2 483ab 467b 443b Ŷ = 486 − 0.64 X (471; 500) (−0.99; −0.29) -
3 477b 474ab 501a Ŷ = 477 − 1.05 X + 2.4 × 10−2 X2 (462; 492) (−2.43; 0.33) (8.0 × 10−4; 4.8 × 10−2)

SGR    
 Ŷ = 0.0412 (0.0327; 0.0497) - -
RD(dFC)    
 Ŷ = 348 (328; 368) - -

Table 5 - Mean values for the degradation kinetics of fiber carbohydrates

T0 - pasture only; T40 - supplement with 40 g rumen undegradable protein per 100 g of crude protein; T60 - supplement with 60 g rumen undegradable protein per 100 g of crude 
protein; CI - confidence interval.
Means followed by different letters in the column differ by Tukey’s test (P<0.05).
iFC - indigestible fiber carbohydrates, g kg−1 DM; dFC - digestible fiber carbohydrates, g kg−1 DM; SGR - specific growth rate of the microorganisms on fraction dFC, h−1; 
RD(dFC) - ruminal degradability of dFC, g kg−1 DM.
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Discussion

The absence of treatment effects on rumen fill
corroborates the study of Judkins et al. (1987), who 
concluded that in steers grazing on pastures with protein 
contents above 60 g kg−1 DM, as observed in this study, 
protein supplementation does not contributes to alleviate 
rumen fill. The separation of the rumen-fill effect of each
fraction (D and I) according to Waldo et al. (1972), allows 
for a combined evaluation of the interaction effects of 
the passage and digestion kinetics on the fiber filling
effect at the rumen compartment (Van Soest, 1994; Vieira 
et al., 2000a,b). Besides, other important quantitative 
variables in the feeds can be estimated, such as the energy 
availability and daily amount of metabolizable protein, 
which enables the prediction of animal performance based 
on known dietary inputs (Vieira et al., 2000c; Jardim et al., 
2013; Jardim et al., 2015; Higgs et al., 2015). In the present 
study (Table 4), the average RF(I) was approximately 32% 
greater than RF(D), a situation that was also observed by 
Vieira et al. (2000b) based on extrusa samples taken from 
a tropical grassland.

In the system proposed by Sniffen et al. (1992), iFC, or 
simply C, corresponds to the indigestible fiber fraction of
the feed corrected for its ash and protein contents, assumed 
unavailable in the rumen and intestines. This fraction is 
estimated by the Cornell system by multiplying the amount 
of lignin by the 2.4 constant (Chandler et al., 1980); in the 
literature, this value is between 2 and 3 (Van Soest, 1994; 
Malafaia et al., 1998). However, Vieira et al. (2000b) 
recommended that estimates of fraction C may be based 
on direct biological methods, using, for instance, in situ 

degradation trials, which compose the methodology relative 
to the fiber degradation kinetics in the current study. The
greater concentration of this fraction in period three may be 
related to the increased proportions of stems and senescent 
material. This fact is expected, because as the stage of 
maturity of tropical grasses advances, the proportion of 
stems increases, and the latter have a greater cell-wall 
content, which by its thickening and lignin deposition, 
tends to increase the indigestible fraction, thereby reducing 
the potentially digestible fraction.

The increase in fraction C (Table 5) and the consequent 
reduction of the NFC imply a reduction of the energy 
availability for fiber- and non-fiber-carbohydrate-digesting
microorganisms, which could affect the microbial synthesis 
efficiency and lead to nitrogen losses in the rumen if
sources of rapid rumen degradation are used (Russell, 2002). 
Moreover, due to its indigestibility characteristic, this fraction 
may have an effect on rumen fill, which may limit the dry
matter intake in animals with high nutritional requirements 
(Van Soest, 1994).

In the system proposed by Sniffen et al. (1992), dFC, 
or B2, corresponds to the potentially degradable fraction 
of the fiber from the feed corrected for its ash and protein
content. This fraction supplies energy more slowly in the 
rumen, which may affect the microbial synthesis efficiency
and the animal performance (Malafaia et al., 1998; 1999). 
The palisade grass in our study displayed 64% of its 
carbohydrates as fraction B2 (Table 5) for periods 1 and 
2, respectively, which is close to the values reported by 
Velásquez et al. (2010) in natural grassland conditions in 
the dry and rainy seasons. The supply of protein sources 
of slow ruminal degradation will provide a greater input of 

Period
Treatment

Equation
CI (βi) 0.95

T0 T40 T60 β0 β1 β2

iNDIP       
1 9a 4b 9a Ŷ = 9 − 0.35 X + 5.8 × 10−3 X2 (7; 11) (−0.52; −0.18) (2.9 × 10−3; 8.7 × 10−3)
2 8a 8a 9a Ŷ = 8 (7; 10) - -
3 10a 10a 9a Ŷ = 10 (8; 11) - -

dNDIP       
1 62a 41a 52a Ŷ = 62 − 1.23 X + 1.8 × 10−2 X2 (60; 63) (−1.40; −1.06) (1.5 × 10−2; 2.1 × 10−2)
2 20b 23b 17b Ŷ = 20 + 0.32 X − 6.3 × 10−3 X2 (18; 22) (0.15; 0.50) (−9.2 × 10−3;−3.4 × 10−3)
3 17b 16c 16b Ŷ =16 (15; 17) - -

RD(dNDIP)       
1 41a 24a 39a Ŷ = 41 − 1.25 X + 2.0 × 10−2 X2 (39; 44) (−1.48; −1.02) (1.6 × 10−2; 2.4 × 10−2)
2 13b 14b 12b Ŷ = 13 (12; 14) - -
3 10b 9c 11b Ŷ = 10 (9; 12) - -

Table 6 - Mean values for the degradation kinetics of neutral detergent insoluble protein  

Means followed by different letters in the column differ by Tukey’s test (P<0.05).
T0 - pasture only; T40 - supplement with 40 g rumen undegradable protein per 100 g of crude protein; T60 - supplement with 60 g rumen undegradable protein per 100 g of crude 
protein; CI - confidence interval.
iNDIP - indigestible neutral detergent insoluble protein, g kg−1 DM; dNDIP - digestible neutral detergent insoluble protein, g kg−1 DM; RD(dNDIP) - effective ruminal degradability 
of digestible neutral detergent insoluble protein, g kg−1 DM.



569Kinetics of digestion of low-quality forage grazed by beef cattle fed supplements containing increasing levels of rumen...

R. Bras. Zootec., 45(9):563-571, 2016

amino acids into the small intestine (Cabral et al., 2000), and 
allow for greater preservation of the consumed nitrogen in 
relation to other sources that are more rapidly degraded in 
the rumen. This occurrence was supported by the fact that 
the main energy contribution of the forages originates from 
carbohydrate fraction B2 (Malafaia et al., 1998; 1999). This 
condition will provide the necessary synchronism between 
nitrogen and energy (from carbohydrates) for microbial 
protein synthesis (Vieira et al., 2000c; Valkeners et al., 2004; 
Yang et al., 2010), a situation similar to that found in the 
present study.

The specific growth rate was not influenced by the
treatments. However, differences were detected between 
periods within each treatment for the experiment. Thus, 
we observed that SGR showed an association with the 
effective ruminal degradation of fraction B2. Schofield 
et al. (1994) and Malafaia et al. (1999) found two specific 
growth rates of ruminal microorganisms on the potentially 
degradable fraction of the fiber, allowing us to illustrate the
heterogeneous nature of this ingredient (Vieira et al., 2012). 
Nonetheless, the CNCPS system assumes that fraction B2 
is homogeneous and shows a single specific growth rate.
Working with natural pastures, Vieira et al. (2000b) found 
average values of 0.0357 h–1, which was a result close to the 
estimates obtained in the present study.

Although the palisade grass showed a high B2 fraction 
(64% of the TC), it had a strong rumen-fill effect (average
11.96 h) (Table 4). Malafaia et al. (1998), working with 
this forage plant, and Lira et al. (2006), with Urochloa 
decumbens in the dry season, found 230 and 199 g RD(B2) 
kg–1 DM, which are much lower values than the average 
observed in the current study (290 g RD(B2) kg–1 DM) for 
the same season of the year. However, in natural-grassland 
conditions, in the dry season, Vieira et al. (2000b) found a 
higher value, 301 g kg–1 DM. However, the average observed 
in our experiment (348 g RD (B2) kg–1 DM) was higher than 
the almost 230-350 g kg–1 DM observed in the literature 
(Malafaia et al., 1998; Vieira et al., 2000b; Lira et al., 2006). 
This implies that the availability of true protein in the rumen 
is highly variable and depends on several conditions.

The no-effect of protein supplementation on the NDIP 
fraction is somewhat consistent with Judkins et al. (1985), 
because the protein supplements they used presented 
different degradabilities and enhanced total, soluble, and 
iNDIP nitrogen, but exerted an inconsistent response-
pattern on the dNIP of the diet. In our study, the proportion 
of fraction C (% CP) varied from 3 to 13%. In the system 
proposed by Sniffen et al. (1992), iNDIP corresponds 
to the rumen- and intestine-indigestible and insoluble 
protein, composed of proteins bound to lignin by protein-

tannin complexes and Maillard artifacts, which are highly 
resistant to both microbial and host enzymes. These artifact 
products, despite some controversy, are considered not 
degradable in the rumen and do not release absorbable amino 
acids in the small intestine (Michalet-Doreau and Ould-Bah, 
1992; Krishnamoorthy et al., 1983). Therefore, this fraction 
represents the greatest share of the ingested proteins to be 
excreted in the feces, and according to Van Soest (1994), 
5 to 15% of the total nitrogen from forage plants is bound to 
lignin, and the values found in the present study lay within 
this range.

According to Sniffen et al. (1992), dNDIP, or B3, 
corresponds to the insoluble protein with a slow rumen-
degradation rate, a potential source of amino acids in the 
small intestine. The palisade grass showed a significant
proportion of its nitrogen in the form of slowly-degradable 
protein, which tends to escape the rumen and supply amino 
acids to the small intestine. The content of the B3 fraction 
of this forage plant found in periods two and three (Table 6) is 
close to the 24 g kg−1 DM found by Malafaia et al. (1997); 
however, Lira et al. (2006) found only 2 g kg−1 DM after 
analyzing hand-plucked samples of spreading liverseed 
grass (Urochloa decumbens (Stapf.) R. Webster) taken 
during the winter in the Zona da Mata Region of Minas 
Gerais State, Brazil. Therefore, the variability of this fraction 
in the pasture is difficult to predict, e.g., Vieira et al. (2000a) 
analyzed esophageal extrusa samples collected from a natural 
grassland containing U. decumbens and found 11 g kg−1 
DM in the dry season and 40 g kg−1 DM in the rainy season. 
That variability led Higgs et al. (2015) to state that in loco 
evaluation of the protein fractions of the forage resources 
is the first strategy to predict animal performance more
accurately if the feed library does not contain robust 
estimates of the feed resources available. 

Conclusions

During the fall in the Cerrado region, supplementation 
with 40 g of rumen undegradable protein per 100 g of 
crude protein increases the digestible amount of fibrous
carbohydrates of the grazed palisade grass. In addition, the 
lack of a rumen-fill effect demonstrates that the additional
supplied protein enhances microbial growth because of a 
greater turnover as a possible outcome of the resulting larger 
input of available carbohydrates from the fiber fraction.
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