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ABSTRACT - The objective of the present study was to evaluate the nutritional value of elephant-grass silages
containing annato byproduct. Twenty intact rams were distributed in a complete randomized block design with five diets
(0; 4; 8; 12 and 16% annato byproduct in the silage) and four replications and used to estimate the intake, apparent nutrient
digestibility, content of total digestible nutrients and nitrogen balance. The addition of annato byproduct raised the intakes
of dry matter (DM), organic matter (OM), crude protein (CP), neutral detergent fiber (NDF), acid detergent fiber (ADF),
ether extract (EE), total carbohydrates (TC), non-fibrous carbohydrates (NFC) and total digestible nutrients (TDN), in body
weight (%BW) and in metabolic weight (g kg-1BW0.75). The digestibilities of DM (55.95%), OM (58.19%), CP (45.34%),
NDF (52.79%), ADF (45.79%), EE (34.96%) and NFC (99.86%) were not influenced by the addition of annato byproduct.
The inclusion of annato byproduct in elephant-grass silage increased digestibility of total carbohydrates, the TDN content
and the nitrogen balance. The aditions of annato byproduct at levels up to 16% of the elephant grass silage natural matter
improves nutrient intake and nitrogen balance.
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Avaliacado nutricional de silagens de capim-elefante contendo subproduto
do urucum

RESUMO - Objetivou-se avaliar o valor nutritivo de silagens de capim-elefante contendo subproduto do processamento
do urucum. Vinte ovinos machos, ndo-castrados, foram distribuidos em delineamento inteiramente casualizado com cinco
dietas (0; 4; 8; 12 e 16% de subproduto de urucum na silagem) e quatro repeti¢des, e utilizados para estimar o consumo, a
digestibilidade aparente de nutrientes, o teor de nutrientes digestiveis totais e o balanco de nitrogénio. A adig¢do de subproduto
de urucum elevou os consumos de matéria seca (MS), matéria organica (MO), proteina bruta (PB), fibra em detergente neutro
(FDN), fibra em detergente acido (FDA), extrato etéreo (EE), carboidratos ndo-fibrosos (CNF), carboidratos totais e
nutrientes digestiveis totais (NDT), tanto em relagdo ao peso vivo (%PV) quanto em relacdo ao peso metabdlico (g kg-1PV0,75).
As digestibilidades de MS (55,95%), MO (58,19%), PB (45,34%), FDN (52,79%), FDA (45,79%), EE (34,96%) e CNF
(99,86%) nédo foram influenciadas pela adigdo de subproduto de urucum. A inclusdo de subproduto de urucum na silagem de
capim-elefante promoveu aumento na digestibilidade dos carboidratos totais, no teor de NDT e no balanco de nitrogénio.
A adigdo de subproduto de urucum em niveis de até 16% da matéria natural na ensilagem de capim-elefante melhora o consumo
de nutrientes e o balanco de nitrogénio.

Palavras-chave: Bixa orellana, ensilagem, gramineas tropicais, valor nutritivo

Introduction Among the tropical grasses, elephant grass (Pennisetum

purpureum Schum.), much used in paddocks for cutting,

Low availability of forage in the dry season of the year is important as forage for silage because of its high
reduces the support capacity of the pasture, making it production per areaand good nutritional value. Although
essential to establish a strategy for forage conservation it presents high production and reasonable quality,
and silage and hay are the forms most used (Vilela; according to several authors (Lavezzo, 1985; Nussioetal.,
Carneiro, 2002). 2002; Vilela; Carneiro; 2002) the excessive moisture in

Received April 13, 2009 and accepted March 5, 2010.
Corresponding author: araguaia2007 @gmail.com



2282 Régo et al.

elephant grass at the ideal cutting time is the main limiting
factor for silage, thataccording to Wilkinson (1983), favors
low osmotic pressure, resulting in the development of
bacteria of the Clostridium genus that contribute to
significant losses in silage quality, reduced palatability
and intake.

Several research studies have been developed testing
absorbent additives to reduce the problem of high moisture
inelephant grass atthe time of ensilage. Several byproducts
from agroindustry have been used as additives to elephant
grass silage, such as orange pulp, which improved
fermentation and raised the silage nutritive value (Fariaetal.,
1972); passion fruit byproduct that in addition to improving
the fermentation process improved the intake and
digestibility of the dry matter (DM), crude protein (CP) and
neutral detergent fiber (NDF) (Reisetal., 2000); pineapple
byproduct that improved DM intake (Ferreira et al., 2009)
and coffee hulls that increased the DM contents but also
increased the NDF, insoluble nitrogen in acid detergent
(NIDA) contents in addition to reducing the DM digestibility
(Bernardinoetal., 2005).

With the installation of agroindustries in the Brazilian
Northeast, several byproducts have become available
and have been assessed for use as alternative foods in
livestock raising in the region that might reduce animal
production costs. Approximately 2,500 tons of annato
(Bixa orellana L.) byproduct, after bixine (coloring)
extraction, are obtained in Brazil (Souza; Faria, 2000),
especially in the northeastern region where almost 97%
of the residue is not used.

Goncalves et al. (2006) assessed the effects of adding
annato byproduct to elephant grass silage and observed
improvement in the fermentation characteristics of the silage.
In the study quoted, the byproduct presented 85.08% dry
matter, 2.90 ether extract, 14.57% crude protein, 55.91%
neutral detergent fiber, 25.39% acid detergent fiber and
32.50% hemicellulose

Clementino (2008) assessed the nutritive value of annato
byproduct and observed that sheep fed diets containing up
to 80% of the referred byproduct increased linearly the
intakes of dry matter, crude protein, fibrous fractions in
addition to nonfibrous carbohydrates and total digestible
nutrients. This author further observed that the apparent
digestibilities of the dry matter, organic matter, crude protein
and total carbohydrates and the nitrogen balance increased
linearly with the inclusion of annato byproduct in
substitution for Tifton 85 grass hay.

The objective of the present study was to assess the
intake and digestibility of the nutrients of elephant grass
silage with the addition of annato byproduct.

Material and Methods

The addition of five levels (1, 4, 8, 12 and 16%, based
on the natural matter) of dehydrated annato (Bixa orellana
L.) byproduct in elephant grass (Pennisetum purpureum,
Schum) ensilage was studied.

To make the experimental silage, elephant grass was
used fromafield already established on Fazenda Experimental
Vale do CuruinPentecoste, Ceara, Brazil, which belongs to
Universidade Federal do Ceara (UFC). Prior to cutting, the
area was mulched with 50 kg N and 40 kg K, O as urea and
potassiumchloride, respectively. The grass, at approximately
70 days of growth, was manually cut and processed in a
conventional forage chopper, regulated to cut particles
sized between 1to 2 cm. After chopping, the elephant grass
was mixed with the byproduct derived from seed processing
to extract the bixine.

The annato byproduct was obtained from Agroindustria
Serra Grande after extracting bixine from annato seeds. The
material obtained from the industry was ground inahammer-
type grinder with a 0.2-cm mesh sieve.

Plastic 210-L drums were used as experimental silos.
After weighing and homogenizing, 126 kg of elephant grass
plus annato byproduct were placed in the silos and compacted
by stamping to reach 600 kg m-3 specific mass. After being
filled, the silos were closed with plastic sheeting attached by
rubber clips. The silos were opened 35 days after filling.

At ensilage, the elephant grass presented 22.01% dry
matter (DM), 88.5% organic matter (OM), 5.0% crude protein
(CP), 77.3% neutral detergent fiber (NDF), 48.1% acid
detergent fiber (ADF), 29.2% hemicellulose, 3.9% ether
extract (EE), 79.6% total carbohydrates (TC), 2.3% non-
fibrous carbohydrates (CNF), 48.7% insoluble nitrogen in
neutral detergent (NIDN, % of the total N) and 16.2%
insoluble nitrogen in acid detergent (NIDA, % of total N).
The annato byproduct presented in its composition 92.8%
dry matter, 92.9% organic matter, 16.6% crude protein,
42.4% neutral detergent fiber, 22.3% acid detergent fiber,
20.2% hemicellulose, 7.2% ether extract, 69.2% total
carbohydrates, 26.7% non-fibrous carbohydrates, 34.9%
insoluble nitrogen in neutral detergent (% of total N) and
12.2% insoluble nitrogen in acid detergent (% total N),
based on the DM (Table 1).

To assess the intake and apparent digestibility of the
silage and the nitrogen balance, 20 intact crossbred rams at
average body weight of 18.8 kg were used, distributed in a
complete randomized design with five levels of annato
byproduct in the silage (1, 4, 8, 12 and 16%) and four
replications, considering the animals as experimental units.
Silage from a single experimental silo was used for each

R. Bras. Zootec., v.39, n.10, p.2281-2287, 2010



Nutritional evaluation of elephant-grass silages with byproduct of annato 2283

group of animals. At the begining of the experiment, the
animals were wormed, weighed and randomly distributed in
the assessed treatments. They were weighed again at the
end of the experimental period.

The sheep were housed in metabolism cages, with
troughs to supply water, mineral mixture and experimental
diet. The experiment lasted 17 days, in which 12 days were
for adaptation of the animals to the diets and to the
experimental environment and five days were for sample
collection. The silage was supplied freely twice a day, in the
morning and in the afternoon, and the quantity offered was
daily calculated from the intake of the previous day, so that
there were leftovers of approximately 15%.

Feed consumption was determined by weighing the
food offered and the leftovers during the data collection
period. On this occasion, compound samples were taken
from the foods, leftovers and feces that were kept at -10°C
for later analysis. Urine was measured in the morning, when
a10% aliquot of the total was collected, placed in flasks and
keptat-10°C for later analysis. To prevent nitrogen losses
by volatilization, 20 ml of chloric acid 1:1 were added to the
urine collecting recipients. to prevent nitrogen losses by
volatilization.

It was assed intakes, digestibility of the nutrients and
the nitrogen balance of the silage and the content of total
digestible nutrients, according to Sniffen et al. (1992).
Contents of dry matter (DM), organic matter (OM), crude
protein(CP), neutral detergent fiber (NDF), acid detergent
fiber (ADF) and ether extract (EE) were determined according
to methodology reported by Silva & Queiroz (2002) and the
values for total carbohydrates were obtained by the
difference, according to methodology reported by Sniffen
etal. (1992), where TC (%) =100 - (%CP + %EE + %ash) and
TDN (%) =PBD%+FDND%+CNFD%+ (2.25x EED%). The
CNF contents were calculated from the difference between
the total carbohydrates and NDF, according to Hall (2001).

The data obtained were first analyzed to meet the
assumptions of normality, additivity and homoscedasticity.
The values found for the CNF digestibility were transformed
to Log, to proceed to the analysis of regression.

Analyses of variance and regression were carried out
on the data for intake and digestibility of nutrients and
nitrogen balance. Models were chosen based on the
significance of the linear and quadratic coefficients, by the
Student T-test, at the levels of 1 and 5% probability. The
PROC REG procedure of the SAS (2001) software was
adopted as a tool for the statistical analyses.

Results and Discussion

The addition of annato byproduct to elephant grass
silage increased the intakes of dry matter, crude protein,
neutral detergent fiber, acid detergent fiber, ether extract,
total carbohydrates, non-fibrous carbohydrates and total
digestible nutrients, when expressed in percentage of body
weightand in g kg 1BW0-75 (Table 2). For each 1% of annato
byproduct added, the dry matter intake was raised by
1.95 g kg"1BW?O-75 while for the DM intake expressed in
%BW, the addition of annato byproduct increased the DM by
0.093 percentage pointat each 1% addition of annato byproduct.

This fact can be explained by the higher contents of dry
matter in the silages containing the annato byproduct.
Accordingto Van Soest (1994), dry matter ingestion increased
with the increase in the dry matter content of the foods.
Neivaetal. (2006) worked with addition levels of 0. 3.5, 7.0.
10.5 and 14.0% dehydrated byproduct from passion fruit
juice production into elephant grass ensilage and observed
increase in the DM intakes of the silage. Acting similarly
to dehydrated byproducts to raise the dry matter contents
insilage, Ferreiraetal. (2009) observed alinear increase in
dry matter intake with the addition of 0;3.5; 7.0; 10.5 and
14.0% dehydrated pineapple byproduct.

Table 1 - Chemical composition of the elephant grass silage containing annato byproduct

Level of annato by-product in the silage (%)

0 4 8 12 16
Dry matter (%) 22.03 23.03 27.38 28.76 31,29
Crude protein (%) 89.37 89.44 90.03 90.61 90,58
Neutral detergent fiber (%) 5.87 6.98 7.07 8.60 8,22
Acid detergent fiber (%) 73.68 70.84 69.75 66.78 67.00
Hemicellulose (%) 48.12 44.13 43.72 42.57 40.43
Dry matter (%) 25.56 26.71 26.02 24.22 26.56
Ether extract(%) 2.13 2,51 3.19 3.18 3.29
Total carbohydrates (%) 81.36 79.95 79.77 78.83 79.34
Nonfibrous carbohydrates (%) 7.69 9.11 10.03 12.04 12.33
Neutral detergent insoluble nitrogen (% total N) 27.84 26.77 27.20 26.30 28.36
Acid detergent insoluble nitrogen (% total N) 18.03 15.83 15.67 14.15 16.32
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Accordingly, this study confirmed the advantage of
adding byproducts with high DM content in elephant
grass ensilage as absorbent material, which resulted in an
improvement in the silage fermentation process with
adequate moisture levels, as reported in the studies by
Evangelistaetal. (2000), Gongalvesetal. (2006), Coan et
al. (2007), Ribeiroetal. (2009) and Tavares etal. (2009).

In addition to the increase in the DM content in the
silages, the increase in the crude protein content (Table 1)
of5.87% inthe silage of elephant grass alone to 8.60% in the
silage containing 12% annato byproduct, may have favored
greater nitrogen input in the rumen environment and
consequently greater digestibility and greater intake (36.67%
Vs 48.40% and 3.20 gPB/kgPVO-75 vs 4.43 gPB/kgPV0-75,
respectively).

It is further emphasized that all the silages assessed
permitted DM intake greater than those established by the
ARC (1980) of 42 g kg"1BW?O-7> for sheep ingesting forage,
and the NRC (2007) of 48 g kg"tPV0-75. According to
Crampton etal. (1960) the ingestion of 80 g DM kg 1BW0-75
characterizes alfalfa hay as the standard for possible
comparisons. Thus, the DM intake for the silage containing
16% annato byproduct approximated this value, with a
mean of 76.4 g kg1 BWO-75,

For the organic matter intake expressed in %BW, the
increase was 0.09 percentage point (P<0.01) for each 1%
annato byproduct included. For the intake expressed in
g kg™ 1BWO-75  at each 1% inclusion of annato byproduct,
the organic matter intake increased by 1.87 g kg"tBW?0-75,

The organic matter intakes suggested the same tendency
observed for the dry matter intakes.

The crude protein intakes expressed in %LW
increased 0.011 percentage point (P<0.01) for each 1% of
addition of annato byproduct at the elephant grass
ensilage. For intake expressed in g kg"tPV0-75 the CP
intake increased (P<0.01) by 0.23 g kg"1PV9-75 for every
1% of annato productincluded. The increase in CP intakes
was justified because adding the annato byproduct raised
the DM contents in the silage permitting, according to
Van Soest (1994), greater DM intakes. Together with this
report, it can also be stated that the increase in the silage
crude protein content (Table 1) favored better intake
when annato byproduct was added to the silage.

Itisemphasized that the CP intakes of the silage with the
addition of annato byproduct were greater than those
observed for silage considered agood quality one. Additions
of over 4% of annato byproduct at elephant grass ensilage,
4.79 g kg 1BWO-75 were greater than the CP intakes observed
by Neiva et al. (2006) who studied elephant grass silage
containing byproducts from passion fruit processing and
observed intakes of only 4.4 g kg"BW?- 75 with the addition
of 10.5% of the referred byproduct. Neivaetal. (2006) classified
the passion fruit processing byproduct as an effective
absorbent and nutritive addition due to the nutritional
improvement obtained.

Increase in the NDF intake of the silages expressed in
%BW was 0.05 percentage point for each 1% of annato
byproduct included and when expressed in g kg~1BW0-75,

Table 2 - Nutrient intake in sheep fed elephant grass silage containing annato byproduct

Level of annato by-product in the silage (%) Regression R2 CV (%)
0 4 8 12 16
Intake (% LW)
Nutrient 2.39 2.41 3.06 2.34 4.28 Y = 2.16 + 0.093x** 0.39 22.24
Dry matter (%) 2.11 2.14 2.75 2.13 3.89 ¥ = 1.90 + 0.09x** 0.42 22.28
Organic matter (%) 0.15 0.18 0.23 0.22 0.35 Y = 0.14 + 0.011x** 0.66 20.07
Crude protein 1.68 1.65 2.08 1.49 2.82 Y = 1.52 + 0.05x** 0.28 23.95
Neutral detergent fiber 1.05 1.00 1.27 0.94 1.66 Y = 0.95 + 0.03x* 0.25 22.74
Acid detergent fiber 0.05 0.06 0.09 0.06 0.12 Y = 0.05 + 0.003x** 0.45 27.66
Ether extract 1.91 1.90 2.43 1.85 3.41 Y = 1.71 + 0.07x** 0.39 22.55
Total carbohydrates 0.23 0.25 0.35 0.36 0.59 Y = 0.19 + 0.02x** 0.66 24.09
Non-fibrous carbohydrates 1.16 1.26 1.64 1.25 2.39 Y = 1.05 + 0.06x** 0.47 23.88
Intake (g/kg BWO.75)
Nutrient 50.48 50.62 63.97 48.00 90.79 Y = 4517 + 1.95x** 0.37 23.07
Dry matter (%) 44.63 44 .91 57.40 43.63 82.61 Y = 39.70 + 1.87x** 0.40 23.12
Organic matter (%) 3.20 3.73 4.79 4.43 7.52 Y = 2.86 + 0.23x** 0.65 20.78
Crude protein 35.46 34.58 43.45 30.61 59.83 Y = 31.83 + 1.12x* 0.26 24.86
Neutral detergent fiber 22.25 20.95 26.50 19.18 35.13 Y = 20.00 + 0.60x* 0.24 23.29
Acid detergent fiber 1.17 1.26 1.89 1.23 2.66 Y = 1.05 + 0.07x** 0.43 28.88
Ether extract 40.26 39.91 50.71 37.97 72.42 Y = 35.78 + 1.56x** 0.37 23.37
Total carbohydrates 4.79 5.33 7.26 7.36 12.59 Y = 3.94 + 0.44x** 0.66 24.07
Non-fibrous carbohydrates 25.50 26.46 34.26 25.60 50.84 Y = 21.96 + 1.29x** 0.44 25.19

*5 % significance, **1% significance. R2 = coefficient of determination; CV = coefficient of variation.
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the NDF intake increased by 1.12 g for each 1% of annato
byproduct added. Although the NDF silage contents were
reduced with the addition of annato byproduct, there was
anincrease inthe NDF intakes that may have resulted from
the increase in the DM consumption intake. Another
explanation may also have been the increase in the CP
content from 6.08 to 8.64%, as previously commented,
which favored microbial growth and in turn increased
colonization in the fibrous fraction and favored the
fermentation process.

Mizubuti et al. (2002) reported NDF intakes of 32.44,
37.46 and 41.35 g kg1BWO-75, from the respective silages
of sorghum, sunflower and corn and these results were
close to the values estimated by regression equation in the
present study, for the levels 0, 5 and 8% annato byproduct.
Reisetal. (2000) worked with elephant grass silage with the
addition of passion fruit byproduct to the level of 50% and
obtained NDF intake (42.97 g kg 1BV?-75) similar to the
level of 10% annato byproduct.

For every 1% of annato byproduct included in the
elephant grass silage there was an increase of 0.03
percentage point in the ADF intake expressed in %BW
while for consumption in g kg"1BW0-75 the ADF intake
increased by 0.6 g ADF kg 1BWO-75 for every 1% of annato
byproduct included.

Neiva et al. (2006) observed that the addition of
dehydrated passion fruit byproduct to elephant grass
silages did not influence the NDF and ADF intakes and
presented meansof 1.7 and 1.2% LW, respectively. However,
it should be pointed out that the intakes expressed in
%L W were greater than those reported by Van Soest (1994)
and NRC (2001), of 1.2%. Similar data to those observed
inthe present study were presented by Neivaetal. (2005)
when testing diets based on corn germ meal, where the
NDF intakes expressed in %LW reached 2%.

Ether extract (EE) intake increased 0.003 percentage
point for each 1% of annato byproduct added to the elephant
grass silage when expressed in %BW and 0.07 g EE when
expressed in g kgt BWO-75. The higher EE intake with the
addition of annato byproduct can be explained by the
increase in the EE contents in the silages, which ranged
from2.13 atthe level of 0% to 3.29 for the 16% level of annato
byproduct.

Similar results were reported by Teles etal. (2010), in
which the addition of mango byproducts at elephant grass
ensilage resulted in a linear increase in EE intake by the
animals. Similarly to the present study, the addition of
mango by product raised the EE contents of the silage. It
is important to point out that, even with the increases in
EE, the level that could damage the DM intake was not

reached. Palmquist (1991) recommended that the ideal
addition content was 5% in the total diet.

An increase of 0.7 percentage point (P<0.01) was
observed for the total carbohydrate intake for each 1% of
added annato byproduct. For the intake expressed in
g kg 1BWO-75 at every 1% annato byproduct included, the
total carbohydrate intake increased by 1.56 g kg 2BW?0-75,
Similar data were obtained by Neiva et al. (2006) and
Ferreiraetal. (2009) who observed increases in the intakes
of total carbohydrates with the addition of byproducts to
sheep diets.

The addition of annato byproduct to the elephant
grass silage showed an increasing linear effect (P<0.01)
for the consumption of non-fibrous carbohydrates
expressed in %BW increased by 0.02 percentage point for
each 1% of annato byproduct included in the elephant
grasssilage. Forthe consumptions expressed ing kg 1BW0-73,
the increase was 0.44 g kg"lPV0-75 for each 1% annato
byproductincluded. This fact was explained by the increase
in CNF contents in the silages with the addition of annato
byproduct, from 7.8% at the level of 0% annato byproduct
to 12.6% for the 16% annato byproduct level, that is, a
61.54% increase in the CNF contents. The non-fibrous
carbohydrates are easily fermented in the rumen, which
permits a greater energy input to the animal rumen and
consequently greater forage intake.

For each 1% of annato product added, increase was
observed (P<0.01) of 0.6 percentage point in the TDN
intakes in %BW. For the TDN intake in g kg1BW0-75
there was an increase of 1,291.29 g NDT kg tBWO-75 for
each 1% of annato byproduct included. The increase in
the TDN intake was associated to increase in the energetic
density of the silages with the addition of annato
byproduct. Thus, it was clear that adding annato byproduct
into elephant grass ensilage helped to overcome one of
the limitations of using tropical grasses, namely energy
efficiency.

There was no difference in the digestibility of the DM,
OM, CP, EE,NDF, ADF and CNF (P>0.05) among the silages
andtheir meanswere55.95+5.18,58.19+4.81,45.34+7.97,
34.96+14.77,52.79+5.82,45.79 £ 6.54 and 99.86 + 0.03%,
respectively (Table 3).

According to Van Soest (1994), high ADF contents in
forage are associated to lower digestibilities. Althoughthe
ADF content of the silages decreased from 48.12 at the 0%
annato byproduct level to 40.43% at the 16% annato
byproduct level, there was no influence on the DM
digestibility of the silage.

Ferreiraetal. (2009) worked with elephant grass silage
containing 0; 3.5; 7; 10.5and 14% pineapple juice extraction
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Table 3 -Nutrient digestibility and nitrogen balance in sheep fed elephant grass silage with annato byproduct

Level of annato by-product in the silage (%) Regression R2 CV (%)

0 4 8 12 16
Dry matter (%) 51.64 56.27 56.27 56.92 58.66 Y = 55.95 + 5.18 - 9.26
Organic matter (%) 54.22 58.37 58.32 59.50 60.55 Y =58.19 + 4.81 - 8.27
Crude protein (%) 36.67 44.26 42.79 48.40 44.55 Y = 45.34 + 7.97 - 18.40
Ether extract (%) 20.06 35.29 46.48 33.22 39.73 Y = 34.96 + 14.77 - 42.24
Neutral detergent fiber (%) 50.65 53.58 52.53 51.63 55.24 Y = 52.79 + 5.82 - 11.02
Acid detergent fiber (%) 44.46 46.95 46.87 45.33 45.33 Y = 45.79  6.54 - 14.24
Total carbohydrates (%) 56.62 60.27 60.18 61.61 62.96 Y = 57.52 + 0.35x* 0.15 6.94
Non-fibrous carbohydrates (%) 100.00 100.00 100.00 100.00 99.29 Y =99.86 + 0.03 - 1.34
Total digestible nutrients (%) 48.26 52.67 53.56 53.56 55.92 Y = 49.55 + 0.40x** 0.18 8.58
Nitrogen balance (g/day) 1.07 1.46 1.72 1.92 3.74 Y = 0.82 + 0.14x** 0.49 42.01

*5 % significance, **1% significance. R2 - coefficient of determination; CV — coefficient of variation

byproduct and did not observe difference for DM
digestibility with amean of 53.31%, a value lower than that
obtained inthe present study (55.95%) which was similar to
those obtained by Souza et al. (2003), who worked with
hybrid sorghum silage, where they detected DM digestibility
of 55.34%. Thus, it can be inferred that the silage in the
present study presented a nutrient use value close to that
of conventional bulks, such as sorghum silage.

The digestibilities of the total carbohydrates and the
TDN values inceased linearly as the annato byproduct was
included. For each 1% of byproduct included, an increase
of0.35and 0.4 percentage point was observed in the values
of the digestibilities of the total carbohydrates and TDN,
respectively. The increase in the TDN values may have
been associated to the increases inthe CNF and EE contents
in the silage containing annato byproduct because
differences were not observed in the apparent digestibilities
of most of the nutrients. Thus it seems clear that increase
in the TDN values was due to the increase in the more
digestible nutrient contents in the silage and the increase
in the digestibility of the total carbohydrates.

For the nitrogen balance, increases of 0.14 g day! were
observed in nitrogen retention (P<0.01) for every 1% annato
byproduct included in the silage. The positive nitrogen
balance indicated that the silages supplied the protein
requirements for sheep maintenance and could guarantee
some nutritional support for growth. The increase in nitrogen
retention may have been a consequence of the better
energy-protein balance of the food (NRC, 2007), and protein
use was more efficient.

Neiva et al. (2006) observed that the nitrogen balance
was negative for silages of elephant grass alone and positive
for silages containing dehydrated passion fruit byproducts.
The data obtained by Neiva et al (2006) were confirmed in
the present study, in which the addition of annato byproduct
raised the DM intake and positively influenced the nitrogen

balance. Reis et al. (2000) also obtained positive nitrogen
balance for elephant grass silage with the addition of
passion fruit byproduct at the levels of 25, 50, 75 and 100%
and for silage with 93% elephant grass + 7% additive (3.5%
cotton meal and 3.5% wheat meal). Inthe present study, the
nitrogen balance was positive both for the increase in DM
intake and for the increase in the CP contents of the silage
(Tables2and 1). Thus it can be stated that the use of annato
byproduct as absorbent additive improved the nutritive
value of elephant grass silages.

Conclusions

The adition of annato byproduct at levels of 16% of the
natural matter in the ensilage improves the nutritive value
of the elephant grass silage. Thus, the economic feasibility
of including this byproduct depends on its availability and
purchase price.
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