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ABSTRACT

A trial was carried out with four Holstein x Nellore crossbred steers (225+22kg of BW) fitted with ruminal and
abomasal cannulaes in a 4 x 4 Latin Square design to evaluate the intake and the total and partial apparent
digestibilities of nutrients, ruminal parameters, and microbial synthesis. Diets consisted of 60% silage and 40%
concentrate formulated to be isonitrogenous (12.5% of crude protein, dry matter basis). Treatments consisted of
different proportions of Brachiaria brizantha grass silage and sorghum silage: 100:0; 67:33; 33:67, and
0:100%, respectively, on dry matter basis. The intake of dry matter, organic matter, crude protein, ether extract,
non-fiber carbohydrates, and total digestible nutrients linearly increased (P<0.01) as levels of sorghum silage
increased. The total apparent digestibility of dry matter, organic matter, and neutral detergent fiber linearly
increased with sorghum silage levels (P<0.02). The highest ruminal NH3-N (13.63mg/dL) levels occurred at
2.94h post-feeding whereas the lowest ruminal pH (5.87) was measured at 5.21h post-feeding. Microbial
efficiency was not affected (P>0.05) by the treatments. The use of 67% of sorghum silage and 33% of grass
silage increased intake and digestibility of nutrients without affecting ruminal pH, ruminal NH3-N, and
microbial efficiency.
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RESUMO

Realizou-se um estudo com quatro novilhos cruzados Holandés x Nelore (225+£22kg de peso vivo), canulados
no rumen e abomaso, distribuidos em quadrado latino 4 x 4 para avaliar o efeito de diferentes proporgoes de
silagem de Braquiaria brizantha e silagem de sorgo sobre o consumo e a digestibilidade dos nutrientes no trato
digestorio total e parcial, sobre os parametros ruminais e sobre a eficiéncia microbiana. As dietas continham
60% de volumoso e 40% de concentrado e foram formuladas para serem isonitrogenadas (12,5% de proteina
bruta na matéria seca). Os tratamentos consistiram em diferentes propor¢oes de silagens de Brachiaria
brizantha e de sorgo: 100:0; 67:33; 33:67 e 0:100%, respectivamente (% da matéria seca). O consumo de
matéria seca, matéria orgdnica, proteina bruta, extrato etéreo, carboidratos ndo-fibrosos e nutrientes
digestiveis totais aumentou linearmente (P<0,01) com o aumento da propor¢do de silagem de sorgo. A
digestibilidade total da matéria seca, da matéria organica e da fibra em detergente neutro também aumentou
linearmente (P<0,02) com o aumento da propor¢do de silagem de sorgo. A mdxima concentragdo de N-
amoniacal ruminal (13,63mg/dL) ocorreu 2,94 horas apos a alimentagdo enquanto o menor pH foi observado
as 5,21 horas apds a alimentacdo. A eficiéncia microbina ndo foi afetada pelos tratamentos (P>0,05). O uso
de 67% de silagem de sorgo com 33% de silagem de braquidria aumentou o consumo e a digestibilidade dos
nutrientes sem afetar o pH e N-amoniacal ruminais, bem como a eficiéncia microbiana.
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INTRODUCTION

Silage is an important form of conserved forage
to feed ruminants during the winter in many
regions around the world. However, it is difficult
to ensure good quality silage using tropical grass
because they usually have low water soluble
carbohydrate content, and high buffering
capacity, yielding low lactic acid production,
and, consequently, a silage of poor quality
(Catchpoole and Henzell, 1971). In fact, many
studies have found that silage made from tropical
grass generally have high pH and high acetic or
butyric acid content (Imura et al., 2001), what
negatively affect the dry matter (DM) intake and
consequently, animal performance. On the other
hand, using sorghum is easy to get good quality
silage. Although sorghum has lesser nutritional
value than maize, sorghum silage is an excellent
source of forage for beef cattle, and, it has the
advantage of regrowth, high drought and hot
tolerance and, do not compete with human
feeding (Zago, 1999).

Under tropical conditions, few studies have
evaluated the effects of the association among
different sources of forages in the diet on intake
and  digestibility = of nutrients, animal
performance, and ruminal fermentation kinetics
in beef cattle. The combination of different
forage sources can be a viable alternative to
improve the performance of animals. Adoption
this feeding strategy offers the potential to
increase productivity due to the associative
effects of mixed-forage diets on nutrient supply
to cattle (Phipps et al., 1995; Wilkinson et al.,
1998). Previous studies with beef (Souza et al.,
2006) and dairy cattle (Ferreira et al., 1995;
Phipps et al., 1995; O’Mara et al., 1998) have
shown increased intake of forage when corn
silage or sorghum silage has been incorporated
into diets based on grass silage as the sole forage.
However, grass silage of Brachiaria brizantha, a
common grass in the tropical regions, has not
been evaluated. Therefore, the objective with this
study was to evaluate the effect of diets based on
different proportions of Brachiaria brizantha
grass silage and sorghum silage on intake,
digestibility, ruminal parameters, and microbial
protein efficiency in Holstein x Nellore crossbred
steers.
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MATERIAL AND METHODS

The study was carried out from July to
September 2002. Four Holstein crossbred steers,
averaging 225+22kg of body weight (BW), were
used in a 4 x 4 Latin square design to evaluate
the intake and the total tract and partial apparent
digestibilities of nutrients, ruminal passage rate,
ruminal pH, ruminal NH3-N concentration, and
microbial protein synthesis. Steers were
surgically fitted with ruminal and abomasal
cannulaes in agreement with techniques
described by Ledo and Coelho da Silva (1980).
Ruminal and abomasal cannulaes and
surrounding areas were routinely cleaned during
the trial.

Diets consisted of 60% silage and 40%
concentrate, formulated to be isonitrogenous
(12.5% of crude protein (CP) on dry matter
(DM) basis). Treatments consisted of different
proportions of Brachiaria brizantha grass silage
and sorghum silage: 100:0; 67:33; 33:67; and
0:100% on DM basis.

Steers were individually fed ad libitum twice at
7AM and 3PM. Each experimental period was
17d long and included 10d of adaptation to the
diet, 6d for fecal and abomasal collection
sampling and 1d for ruminal pH measurement
and collection of ruminal fluid samples. The
experiment was carried out for 68d (four periods
of 17d).

For each animal, the intake was daily measured.
Orts were collected and weighted once daily and
the rate was adjusted to yield orts of about 5 to
10% of offered. Animals had access to water at
all times. Feed ingredients and orts were daily
sampled and composed by weight by period.
Following the methodology described by Bolsen
et al. (1992), pH and NH;-N measurements were
taken from silage samples collected every 3d
during the whole experimental period.

Chromium oxide was used as an external marker
to estimate apparent nutrient digestibility and
fecal output. The external marker was added
once daily at the dose of 15g, into the rumen, at
11AM, from d3 to d16 of each experimental
period. Feces and abomasal digesta were
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collected every 26h, starting at 8AM on dl1 to
6PM on dl16 of each experimental period.
Abomasal digesta and fecal samples were dried
in a forced draft oven (60°C for 72h), and then
ground to pass a l-mm screen. Composite
samples of feces and abomasal digesta were
made per animal (on dry weight basis) in each
period. After drying at 60°C for 72h, feeds and
orts also were ground to pass a 1-mm screen and
period composites were prepared. Whole ruminal
contents (100mL) were obtained at 0, 1, 2, 4, 6,
and 8h after the morning feeding on day 17 of
each period. The ruminal content was strained
through two layers of cheesecloth, and pH was
immediately measured. The strained ruminal
fluid was preserved by addition of ImL of 9IM
H,S0,, and stored at —20°C for analysis of NH;-
N concentration.

The composite samples for each material (silage,
concentrate, orts, abomasal digesta, and feces)
were used to determine: dry matter (DM);
organic matter (OM); crude protein (CP),
obtained by total N determination using the
micro Kjeldahl technique and a fixed conversion
factor (6.25); ether extract (EE), gravimetrically
determined after extraction using petroleum ether
in a Soxhlet instrument; acid detergent fiber
(ADF) according to AOAC (Official..., 1990);
neutral detergent fiber (NDF) according to Van
Soest et al. (1991); and sulfuric acid lignin
(lignin sa) according to Robertson and Van Soest
(1981). Non-fiber carbohydrates (NFC) were
calculated as 100 — (%CP + % NDF + % EE + %
ash). NFC of the concentrate mix were calculated
as 100 — [(%CP - %CP from urea + % of urea) +
%NDF + % EE + % ash] (Hall, 2000); and
apparent total digestible nutrients (TDN)
calculated as: (CP intake — fecal CP) + (NDF
intake — fecal NDF) + (NFC intake — fecal NFC)
+ 2.25 x (EE intake — fecal EE) (Sniffen et al.,
1992). Passage rates were estimated according to
NRC (Nutrient..., 2001) equations: Kp = 3.054 +
0.614X1 and Kp =2.904 + 1.375X1-0.020X2 to
wet forages and concentrate feed, respectively, in
which X1 = DM intake, as % BW, and X2 = %
of concentrate mix of the diet.

Chromium concentration in fecal and abomasal
digesta was determined using atomic absorption
with an air-acetylene flame (Williams et al.,
1962). The determination of the contents of NH;-
N in samples of ruminal liquid was accomplished
by a micro-Kjeldahl system without acid
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digestion and after distillation with potassium
hydroxide (2 N), after previous centrifugation of
the sample to 1.000 x g for 15 minutes.

To quantify microbial protein, approximately
400mg of dry samples of abomasal digesta were
used. Purine derivatives were used as microbial
markers for quantifying the flow of microbial
protein at the abomasal canal, and were analyzed
according to Ushida et al. (1985). The mean
value 14.51% (Rennd, 2003), was used for the
ratio N-RNA:Total - N of rumen bacteria.

Data of intake, digestibility, and microbial
protein production were analyzed with the GLM
procedure of SAS/1990 assuming a 4 x 4 Latin
square design. Linear, quadratic, and cubic
effects of dietary sorghum levels were tested
using orthogonal contrasts. Differences were
considered to be significant when P<0.05.

The ruminal parameter data collected over time
were analyzed as repeated measure design
(Kuehl, 2000) using the GLM procedure of SAS.
Model effects in the whole plot were animal,
period, and treatment, whereas subplot effects
were sampling time and treatment x sampling
time interactions. Whole-plot model effects were
tested using animal x period x treatment as the
whole-plot error, whereas subplot model effects
were tested using the residual error. When
treatment by sampling time interaction was
significant, variables were analyzed within time
periods.

RESULTS

Chemical composition of silages is presented in
Table 1. The grass silage had pH value of 5.02
and NH;-N/Total N of 21.2%. Additionally, a
dark color and characteristic smell of badly-
fermented silage were noted. In contrast,
sorghum silage had pH of 4.24 and NH3-N/Total
N of 6.42%.

The nutrient composition of the diets is presented
in Table 2. Diets provided different amounts of
DM, OM, EE, NDF, indigestible acid detergent
fiber 1IADF), NFC, and TDN. The addition of
sorghum silage increased dietary contents of
TDN, EE, NCF, DM, and OM and decreased
NDF, iADF, lignin, neutral detergent insoluble
nitrogen (NDIN), and acid detergent insoluble
nitrogen (ADIN).
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Table 1. Chemical composition of grass and sorghum silages used to fed crossbred steers

Item Brachiaria grass Sorghum
DM, % 22.0 343
oM, % DM 92.5 95.2
CP, % DM 9.0 6.32
NDIN, % total N 50.2 35.5
ADIN, % total N 36.9 18.3
EE, % DM 1.3 2.24
NDF, % DM 74.2 60.5
NFC, % DM 8.0 26.1
ADF, % DM 50.0 36.9
Lignin, %DM 10.1 5.13
iADF, % DM 353 20.3
NH;-N, % of total N 21.2 6.42
pH 5.02 4.24

DM-= dry matter; OM= organic matter; CP= crude protein; NDIN= neutral detergent insoluble nitrogen; ADIN= acid
detergent insoluble nitrogen; EE= ether extract; NDF= neutral detergent fiber; NFC= non-fiber carbohydrates; ADF=
acid detergent fiber; iADF= indigestible ADF.

Table 2. Ingredients and chemical composition of diets used to fed crossbred steers according to the levels
of sorghum silage

Levels of sorghum silage, % DM

Item 0 33 67 100
Grass silage 60 40.2 19.8 0
Sorghum silage 0 19.8 40.2 60
Ground corn 339 31.7 29.4 27.2
Soybean grain 4.53 6.73 9.03 11.23
Urea 1.00 1.00 1.00 1.00
Ammonium sulphate 0.10 0.10 0.10 0.10
Sodium chloride 0.25 0.25 0.25 0.25
Dicalcium phosphate 0.20 0.20 0.20 0.20
Mineral premix' 0.02 0.02 0.02 0.02
Nutrient content of diets, % DM

DM 49.2 51.5 54.1 56.5
OM 93.8 94.5 95.1 95.2
CP 12.8 12.8 127 128
NDIN 3.46 3.26 3.02 2.73
ADIN 2.48 2.12 1.77 1.36
EE 2.89 3.32 3.87 4.41
NDF 48.9 46.2 435 40.9
iADF 21.7 18.8 15.7 12.8
NFC 29.1 32.1 34.8 37.1
Lignin 6.69 5.68 4.72 3.84
TDN’ 58.3 62.6 68.2 72.7

T Composition (g/kg): cupre sulphate (225), cobalt sulphate (14.0), zinc sulphate (754.0), potassium iodate (5.0),
and sodium selenite (2.0).

DM= dry matter; OM= organic matter; CP= crude protein; NDIN= neutral detergent insoluble nitrogen; ADIN=
acid detergent insoluble nitrogen; EE= ether extract; NDF= neutral detergent fiber; iADF= indigestible ADF;
NFC= non-fiber carbohydrates; TDN= total digestible nutrients.

% Observed.
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The effect of increasing sorghum silage in the
diet augment the intake of nutrients (Table 3).
Overall, only the NDF intake, kg/d, was not
affected by the levels of sorghum silage, even
though a tendency of linear effect was observed
(P=0.06). The intake of DM, OM, CP, EE, NFC,
and TDN had a positive linear relationship
(P<0.01) as sorghum silage levels increased in
the diets.

Total tract apparent digestibility of DM, OM,
and NDF linearly increased (P<0.05) with
addition of sorghum silage in the diets (Table 4).

On the other hand, sorghum silage had no effect
(P>0.05) on the total apparent digestibility of CP,
EE and NFC.

There was an effect (P<0.05) of the levels of
sorghum silage on apparent ruminal digestibility
of DM, OM, and EE (Table 5). In contrast,
ruminal digestibility of CP, NDF, and NFC were
not affected (P>0.05). Additionally, apparent
intestinal digestibility of DM and OM linearly
decreased (P<0.05) as sorghum silage increased,
while CP, EE, NDF, and NFC intestinal
digestibility were not affected (P>0.05).

Table 3. Intake of nutrients by crossbred steers according to the levels of sorghum silage

Sorghum silage levels, % DM P-value'

0 33 67 100 SEM Linear Quadratic Cubic
Intake, % DM
DM 3.99 522 6.43 6.04 0.36 <0.01 0.07 0.36
oM 3.75 4.94 6.11 5.79 0.34 <0.01 0.07 0.37
CP 0.60 0.75 0.90 0.86 0.05 <0.01 0.08 0.34
EE 0.12 0.19 0.27 0.29 0.01 <0.01 0.13 0.18
NDF 1.78 2.28 2.63 233 0.19 0.06 0.07 0.57
NFC 1.33 1.80 241 2.40 0.10 <0.01 0.06 0.15
TDN 2.49 3.51 4.55 4.46 0.23 <0.01 0.06 0.30
Intake, % BW
DM 1.59 2.04 2.58 2.38 0.07 <0.01 <0.01 0.06
NDF 0.71 0.89 1.05 0.92 0.04 <0.01 0.01 0.19

"Probability of a significant linear, quadratic, or cubic effect of the levels sorghum silage in the diet.
DM = dry matter; OM = organic matter; CP = crude protein; EE = ether extract; NDF = neutral detergent fiber; NFC
= non-fiber carbohydrates, TDN = total digestible nutrients; BW = body weight.

Table 4. Total tract apparent digestibility of nutrients of crossbred steers according to the levels of

sorghum silage

Levels of sorghum silage, % DM P-value'
Digestibility 0 33 67 100 SEM Linear = Quadratic =~ Cubic
DM 58.5 64.0 66.5 68.7 11.3 <0.01 0.20 0.61
OM 59.5 64.5 67.7 70.0 10.4 <0.01 0.24 0.88
Cp 64.6 65.5 66.2 70.4 20.5 0.08 0.46 0.69
EE 80.0 78.5 77.2 80.6 34.9 0.92 0.54 0.74
NDF 40.9 47.8 51.7 50.7 22.0 0.02 0.12 0.88
NFC 85.6 87.4 87.9 89.3 11.9 0.21 0.80 0.87

TProbability of a significant linear, quadratic or cubic effect of the levels of sorghum silage in the diet.
DM= dry matter; OM= organic matter; CP= crude protein; EE= ether extract; NDF= neutral detergent fiber; NFC=

non-fiber carbohydrates.
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Table 5. Ruminal and intestinal digestibility of nutrients of crossbred steers according to the levels of
sorghum silage

Levels of sorghum silage, % DM P-value®

Ttem 0 33 67 100 SEM  Linear Quadratic Cubic
Ruminal digestibility, %

DM 57.5 62.5 69.5 69.0 15.0 <0.01 0.12 0.21
oM' 61.1 67.4 72.7 74.1 17.8 <0.01 0.23 0.83
CP? 38.5 38.7 38.0 41.7 39.3 0.63 0.67 0.76
EE’ -30.0 -15.2 -9.75 -3.75 65.9 0.03 0.53 0.75
NDF! 82.8 89.7 87.7 84.5 37.6 0.85 0.22 0.66
NFC' 71.7 67.5 80.3 78.5 48.4 0.17 0.81 0.19
Intestinal digestibility, %

DM' 425 37.5 30.5 31.0 15.1 <.001 0.11 0.21
oM’ 38.9 32.6 27.3 25.9 17.8 <0.01 0.23 0.83
CP’ 42.2 43.0 45.0 48.7 44.9 0.32 0.75 0.98
EE’ 84.0 80.7 79.5 81.0 39.5 0.58 0.56 0.96
NDF' 17.2 10.3 12.3 15.5 37.6 0.85 0.22 0.66
NFC' 28.3 32.5 19.7 21.5 48.4 0.17 0.81 0.19

"Digestibility calculated as % of total digestion.

Digestibility calculated as % of the amount that reached each compartment.
*Probability of a significant linear, quadratic, or cubic effect of the levels of sorghum silage in diet.
DM-= dry matter; OM= organic matter; CP= crude protein; EE= ether extract; NDF= neutral detergent fiber; NFC=

non-fiber carbohydrates.

Ruminal pH values were not affected either by
the levels of sorghum silage (P=0.51) or by
interaction between time and level of sorghum
silage (P= 0.98), but sampling time affected
(P<0.0001) ruminal pH (Fig. 1). There was an
effect of sampling time (P<0.0001) on ruminal
NH3-N concentration (Fig. 2). However, the
interaction between sampling time and level of

6,5

sorghum silage in the diet was not affected
(P=0.38). The average passage rates were 4.13,
4.54, 5.04, and 4.85%/h for diets with 0, 33, 67,
and 100% of sorghum silage, respectively. A
quadratic behavior (P<0.05) with maximum
passage rate of 4.95%/h at 79.6% of sorghum
silage in the diet was observed.

4
Time after feeding, h

Figure 1. Ruminal pH after feeding crossbred steers.
(¢ 100% grass silage; m 67 % grass silage and 33%of sorghum silage; A 33% of grass silage and 67%
sorghum silage; and X 100% sorghum silage) pH = 0.0183x” — 0.1909x + 6.3868; R* = 0.64.
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Figure 2. Ruminal NH3- N concentration after feeding crossbred steers.
(¢ 100% grass silage; m 67 % grass silage and 33% of sorghum silage; A 33% of grass silage and 67%
sorghum silage; and X 100% sorghum silage). NH3-N = — 0.4592x* + 2.7021x + 9.6608; R* = 0.63.

There was a positive linear relationship between
the levels of sorghum silage and microbial
nitrogen production (P<0.02), rumen-degraded
organic matter (RDOM) (P<0.01), and rumen-
degraded carbohydrate (RDCHO) (P<0.01).

However, the efficiency of microbial production,
g of microbial N/kg RDOM, g of microbial N/kg
RDCHO, and g of microbial crude protein/kg
TDN were not affected (P>0.05) by the levels of
sorghum silage (Table 6).

Table 6. Microbial protein efficiency of crossbred steers according to the levels of sorghum silage

Levels of sorghum silage, % DM P-value’

Item 0 33 67 100 SEM Linear Quadratic  Cubic
mic N', g/d 47.6 64.4 80.9 80.6 7.74 <0.02 0.31 0.65
RDOM', kg/d 1.39 2.20 3.03 3.02 0.20 <0.01 0.09 0.37
RDCHO', kg/d 1.40 2.05 2.85 2.64 0.20 <0.01 0.07 0.25
mic N /RDOM?* 353 31.3 27.4 27.3 2.32 0.36 0.42 0.72
mic N

/RDCHO? 34.8 33.9 28.9 31.1 2.82 0.25 0.61 0.41
CP mic/TDN? 120 117 113 114 9.01 0.64 0.81 0.88

"mic N= microbial N; RDOM=rumen-degraded organic matter; RDCHO= rumen-degraded carbohydrate.

%g/kg.

3Probability of a significant linear, quadratic, or cubic effect of the levels of sorghum silage in diet.

DISCUSSION

There was a high variation in the quality of the
silages, likely due to intrinsic differences of
material ensiled. The low quality of grass silage
probably is consequence of its low water soluble
carbohydrate (WSC) content, high buffering
capacity, and high moisture at the moment of
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ensilage, resulting in poor quality silage with
high pH and NH;-N/Total N values (Table 1).
Additionally, the grass silage had a dark color
and characteristic smell of badly—preserved
silage which suggest poor fermentation. On the
other hand, the sorghum silage had adequate pH
and NH;-N/Total N values. According to Muck
and Pitt (1993), pH and NH;-N/Total N values
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above 5.0 and 10%, respectively, suggest poor
fermentation of forage ensiled. Therefore,
sorghum silage had a better quality than grass
silage.

Furthermore, the grass silage presented higher
numeric values of cell wall contents and lesser
values of DM, EE, and NFC than the sorghum
silage. Consequently, the diets with more
sorghum silage had more energy. Thus, as
expected, the nutritional value of diets was
improved with sorghum silage increase (Table
2).

Overall, the intake of the majority of nutrients
linearly increased (P<0.05) when grass silage
was replaced by sorghum silage (Table 3). This
behavior was expected due to the poor
fermentation characteristics of grass silage (low
DM content, high pH and NH3-N, dark color, and
strong smell of butyric acid) and its high content
of structural carbohydrate (NDF, ADF, lignin,
and iADF). These fermentation characteristics
had a negative effect on DMI of the grass silage
because of its probable low palatability. On the
other hand, its high structural carbohydrate
contents resulted in grass silage diet with lesser
energy than those with sole and greater levels of
sorghum silage. Church (1993) reported that
feeds with great contents of fiber are less
digestible, and, frequently limits the DMI due to
the filling of the rumen. However, according to
Van Soest (1994), the DMI does not reach that
limit with low quality silages, and, probably
other aspects affect their DMI.

The intake of NDF, kg/d, was not affected by the
levels of sorghum silage, and had a mean value
of 2.26kg/d. In contrast, the NDF intake, % of
BW, had a linear and quadratic behavior.
However, the quadratic function explained more
the variation than linear function (R*> = 0.93 and
0.49, respectively). Thus, the maximum intake of
NDF was 1.01% BW with 66.1% of sorghum
silage in the diet forage.

Souza et al. (2006) fed steers with different
proportions of Tifton-85 haylage and sorghum
silage and observed increase on intake of EE and
NFC when sorghum silage was added to the
diets. On the other hand, Feijo et al. (2001)
evaluated the effect of grass (Panicum maximum)
and sorghum silages on the performance of
Nellore cows and observed greater DMI by cows
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fed sorghum silage than grass silage (2.8 and
2.2% of BW, respectively). These authors
concluded that grass silage had poor
fermentation and lower quality than sorghum
silage. O’Mara et al. (1998) evaluated the effect
of replacing grass silage by corn silage on DMI
and milk production in dairy cows and observed
that DMI improved as corn silage increased.
Phipps et al. (1995, 2000) also observed a
significant increase in voluntary DMI of forage
when maize silage was incorporated into grass
silage-based diets.

The incorporation of the sorghum silage in the
diet improved (P<0.05) the apparent total
digestibility of DM, OM, and NDF, likely due to
its lower content of structural carbohydrate than
in the grass silage. The apparent total
digestibility of CP, EE, and NFC were not
affected by treatments and averaged 66.7, 79.1,
47.8, and 87.6%, respectively. Cavalcante et al.
(2004) observed no differences among
digestibility of DM, OM, CP, and EE of steers
fed diets with increasing levels of corn silage
replacing Tifton-85 hay. However, the authors
reported a quadratic effect of NDF digestibility
with maximum digestibility of 65.2% of diets
with 31% of corn silage. On the other hand,
Chizzotti et al. (2005) evaluated the effect of
replacing grass silage by sorghum silage on the
performance and the digestibility of nutrients in
Nellore steers and observed increases of DM,
OM, CP, and NDF total digestibility.

Overall, only the ruminal digestibilities of DM,
OM, and EE were affected (P<0.05) by sorghum
silage in the diet. The negative coefficients of EE
for ruminal digestibility indicate that occurred
synthesis of lipids in the rumen and the linear
effect probably resulted from the greater intake
of EE by steers fed diets with more or sole
sorghum silage than those fed grass-based diet
(Table 5). The high wvalues of ruminal
digestibility of CP suggested an imbalance over
time between available energy and N in all diets,
maybe due to the high level of forage (60%),
resulting in a greater availability of N than
available energy and a positive apparent CP
ruminal digestibility due to the ruminal
absorption of the N excess.

There were no effects of the levels of sorghum

silage on the apparent intestinal digestibility of
CP, EE, NDF, and NFC, which averaged 45.1,
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81.3, 13.8, and 25.5%, respectively. In contrast,
the intestinal digestibility of DM and OM
linearly decreased (P<0.05) as grass silage was
replaced by sorghum silage.

The ruminal pH values were only affected by
time sampling (Fig, 1) with minimum of 5.87 at
5.21h after feeding. This value is below of range
from 6.2 to 7.0, for adequate fiber digestion
suggested by Hoover (1986). However,
according to this author, the decrease in fiber
digestion probably will occur in a pH range from
5.5 to 5.0. Cavalcante et al. (2004) observed
minimum ruminal pH of 5.98 at 6.82h after
feeding when replaced Tifton-85 hay by corn
silage. On the other hand, Souza et al. (2003)
evaluated the replacement of Tifton 85 haylage
by sorghum silage and reported no effect of
treatments and sampling time after feeding on
ruminal pH values, which averaged 6.21.

Ruminal NH3-N concentrations were also
affected (P<0.05) only by time sampling with
maximum of 13.63 mg/dL at 2.94h after feeding
(Fig. 2). These results suggested that ruminal
NH;-N  concentrations were sufficient for
microbial protein production because of
minimum value cited by NRC (Nutrient ...,
1989) is Smg/dL. Hoover (1986) suggested that
maximization of microbial production and fiber
digestion occur in a range from 3.3 to 8.0mg/dL
of ruminal NH3-N. Souza et al. (2003) observed
maximum ruminal NH3-N concentration of
13.14mg/dL at 2.9h after feeding in steers fed
diets with different proportions of Tifton-85
haylage and sorghum silage.

The means of passage rate, estimated by NRC
(Nutrient ..., 2001) equations, were 4.1, 4.5, 5,
and 4.8%/h to diets with 0, 33, 67, and 100% of
sorghum silage, respectively. The maximum
estimated passage rate was 4.95%/h to diets with
79.6% of sorghum silage. These data are in
accordance with data of DMI, %BW, which also
had a quadratic behavior with maximum intake
of 2.5% BW to diets with 79.6% of sorghum
silage in dietary forage.

It was observed an increasing in microbial
nitrogen production probably due to an
improvement on the intake of nutrients as grass
silage was replaced by sorghum silage.
According to Clark at al. (1992), as DMI
increases, passage rate also increases, and
consequently, the passage rate of microbes to
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intestine enhances, decreasing the recycling of
energy and N in the rumen. Thus, there is a
reduction in the requirements of maintenance of
the microorganisms and, consequently, more
nutrients still available in the rumen to microbial
protein production. Additionally, RDOM and
RDCHO increased with the levels of sorghum
silage and likely provided ruminal microbes with
more fermentable substrates in the rumen.

However, even though the microbial synthesis
was increased, the microbial efficiency was not
affected (P>0.05) by treatments (Table 6). The
microbial efficiency had a mean value of 116g
CP microbial’kg TDN, which is below of the
130g of CP microbial/’kg TDN suggested by the
NRC (Nutrient ..., 2001). When expressed as g
microbial N/kg RDOM and as g microbial N/kg
RDCHO, the mean values were 30.3 and 32.2,
respectively. The ARC (The nutrient..., 1984)
suggests microbial efficiency of 32g microbial
N/kg RDOM, which is nearly identical to the
value found in the study.

CONCLUSIONS

The combination of 67% of sorghum silage and
33% of grass silage was the good alternative for
forage supplementation of Holstein x Nellore
crossbred steers. The intake and digestibility of
nutrients of this combination were close to those
obtained when only sorghum silage was fed,
without affecting ruminal pH, ruminal NH3- N,
and microbial efficiency. Therefore, the choice
of silages or the combination of both will depend
on cost and facility of make them.
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