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SUMMARY

The objective of this experiment was to
assess the effects of substituting sorghum silage
by fresh orange pulp in the diet of sheep on
intake, nutrient digestibility and nitrogen balance
of sheep. Sixteen male crossbred sheep, with
mean body weight of 28.3 kg (±2.41) kg, were
used. The treatments consisted of four levels of
fresh orange pulp in substitution for sorghum
silage (0%, 25%, 50% and 75%). Quadratic
effect was observed of the sorghum silage
substitution by the different levels of fresh orange
pulp (p<0.05) on the dry matter (DM), organic
matter (OM), crude protein (CP) and ether extract
(EE) (WB0.75 and % WB) intake. There was positive
linear effect on the total digestible nutrient (TDN)
intake (PV0.75 and % WB). There were no
differences (p>0.05) among the treatments for
neutral detergent fibre (NDF) and total carbo-
hydrates (TCHO) intake. But quadratic effects
were also observed of the different levels of
fresh orange pulp inclusion in the diet on the
values of ingested nitrogen (IN), faecal nitrogen
(FN), retained nitrogen (RN) and positive linear
effect on the retained nitrogen/ingested nitrogen
ratio (RN/IN) and retained nitrogen compared to
absorbed nitrogen (AN). The digestibility

coefficient of DM, CP, EE and nitrogen free
extract (NFE) presented quadratic effect (p<0.01)
and OM and TCHO digestibility presented positive
linear effects (p<0.01). The NDF digestibility
coefficient did not differ among the treatments
(p>0.10). It was concluded that the inclusion of
fresh orange pulp in the diets resulted in greater
DM and nutrient intake, promoted better nitrogen
use and greater apparent digestibility compared
to diets with sorghum silage.

RESUMO

O objetivo deste experimento foi avaliar os
efeitos da inclusão de bagaço de laranja in natura
em substituição à silagem de sorgo sobre o
consumo, a digestibilidade de nutrientes e sobre
o balanço de nitrogênio. Dezesseis ovinos, ma-
chos, mestiços e com peso médio de 28,27 kg
(±2,41) kg foram utilizados. Os tratamentos
consistiram de quatro níveis de bagaço de laranja
em substituição a silagem de sorgo (0%, 25%,
50% e 75%). Observou-se efeito quadrático da
substituição da silagem de sorgo pelos diferen-
tes níveis de bagaço de laranja (p<0,05) sobre o
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consumo de MS, MO, PB e EE (PV0,75 e % PV).
Houve efeito linear positivo sobre o consumo de
NDT (PV0,75 e % PV). Não houve diferenças
(p>0,05) entre os tratamentos para o consumo
de FDN e CHOT. Observou-se também efeitos
quadráticos dos diferentes níveis de inclusão de
bagaço de laranja na ração, sobre os valores de
nitrogênio ingerido (NI), nitrogênio faecal (NF),
nitrogênio retido (NR), e efeito linear positivo na
relação nitrogênio retido/nitrogênio ingerido (NR/
NI) e nitrogênio retido em relação ao nitrogênio
absorvido (NA). O coeficiente de digestibilidade
da MS, PB, EE e ENN apresentou efeito quadrático
(p<0,01) e a digestibilidade da MO e CHOT
apresentaram efeitos lineares positivos (p<0,01).
O coeficiente de digestibilidade da FDN não
apresentou diferenças entre os tratamentos
(p>0,10). Pode-se concluir que a inclusão de
bagaço de laranja nas dietas proporcionou maior
consumo de MS e de nutrientes, promoveu melhor
aproveitamento do nitrogênio, assim como maior
digestibilidade aparente quando comparada a
dietas com silagem de sorgo.

INTRODUCTION

The growing development of
agroindustries worldwide has generated
a large production of agroindustrial
residues and byproducts. Some of these
are not usable and are pollutant, but
others can be used in animal feeding as
an alternative nutrient source to
maximize animal production at low cost
(Porcionato et al., 2004). The use of
agroindustrial byproducts in ruminant
feeding presents some advantages over
the use of traditional foodstuffs, in-
cluding the reduction of both envi-
ronmental pollution and animal feeding
costs.

Fresh orange pulp is the main
byproduct of the orange juice industry.
In natura fresh orange pulp contains

around 20% dry matter, and represents
50 to 70% of the orange weight,
depending on the orange variety and
processing techniques. The dry matter
consists of the rind (from 50 to 55%),
the pulp (from 30 to 35%) and the
seeds (about 10%; Hutton, 1987).

According to Van Soest (1994),
citrus pulp has a low amylose and
amylopectin content and a high pectin
content. Pectin presents a high rumen
degradability (from 90 to 100%) and is
one of the carbohydrates with the
fastest rumen degradation rate
(Carvalho, 1995). Some studies have
shown positive results of including
citrus pulp in the diet on nutrient
digestibility (Porcionato et al., 2004;
Henrique et al., 2003), milk production
(Ítavo et al., 2000a) and beef cattle
weight gain (Prado et al., 2000).
However, most of the studies were
conducted with dry or pelleted citrus
pulp and no information on the in natura
citrus pulp is available.

In natura  fresh orange pulp
presents transport and storage pro-
blems, because of its high moisture
content. Carvalho (1995) mentioned
the importance of developing processes
to use fresh citrus pulp as a way of
reducing costs for small orange juice
crushers,  because of the heavy
investment that is required to dry pulp,
which can reach up to 50% of the
industry total investments. The use of
in natura citric pulp in ruminant
feeding should, therefore, be inves-
tigated. The objective of this expe-
riment was to assess the intake, nutrient
digestibility and nitrogen balance in
sheep fed diets containing different in
natura fresh orange pulp levels in
substitution for sorghum silage.
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MATERIAL AND METHODS

The experiment was carried out at
the Animal Science Department of the
State University of Londrina (Paraná,
south Brazil). Four experimental diets
with different substitution levels of
sorghum silage (SS) by nature fresh
orange pulp (OP) were formulated:
100% sorghum silage (SS); 75% SS +
25% OP (25OP); 50% SS + 50% OP
(50OP), and 25% SS + 75% OP
(75OP).

Sixteen crossbred male castrated
sheep were used, with mean body
weight of 28.3 (±2.41) kg, were
wormed for ecto and endoparasites,
and individually housed in metabolic
cages provided with individual hods for
food and mineral mixture, a waterer
and urine collector. The animals
received only bulk foodstuffs without
any added concentrate. The diets were
supplied freely twice a day at 7:30 and
17:30 h and refusals weighed daily to
determine the daily intake. The quantity
of diet supplied was calculated to
permit approximately 15% refusals,
whereas mineral salt and water were
supplied freely.

The experiment consisted of 21 days
for adapting the animals to the diets,
the collecting bags and the cages, and
five-day period. To determine the
apparent digestibility, the faeces were
collected twice a day 7:30 and 17:30 h,
using collecting bags that remained on
the animals during the adaptation and
collection stages. The faeces from each
animal were weighed daily and 20%
were packed in plastic bags and stored
in a refrigerator (4ºC) for later analysis.

To determine the nitrogen balance,

20 ml HCl 1:1 were placed daily in the
urine collecting recipients to prevent
fermentation and ammonia loss through
volatilization. The volume of urine was
measured, and an aliquot of 10% was
stored in a refrigerator (4ºC) for later
analysis. Samples of supplied diet and
refusals were collected daily at 7:30 h,
weighed, packed and stored for
laboratory analysis. At the end of the
collection period, the daily samples of
diet supplied, refusals and faeces were
mixed in compound samples by animal,
homogenized and pre-dried in a
chamber with forced air at 55±5°C for
72 hours, and then ground using a 2 mm
mesh sieve.

The content of dry matter (DM),
organic matter (OM), crude protein
(CP) and ether extract (EE) was
determined according to methodologies
reported by AOAC (1990). Neutral
detergent fibre (NDF) was determined
according to Van Soest et al. (1991)
and total digestible nutrients (TDN) of
the diets were estimated according to
NRC (1996). The total carbohydrate
values (TCHO) were calculated
according to Sniffen et al. (1992),
where: TCHO= 100 - (CP + EE +
Ash). Table I shows the chemical
composition of the diets ingredients
and the experimental diets.

A complete randomized design was
used, with four animals per treatment.
Orthogonal polynomial contrasts were
performed to determine linear and
quadratic effects of the treatment. The
results obtained were submitted to
analysis of variance and regression,
using the SAS program (2001), accor-
ding to the following mathematical
model:
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Yij= µ + Tj + eij

Where:
Yij= apparent digestibility of the diet components

in stage i, and treatment j;
µ= General mean;
Tj= effect of treatment j (j= 1, 2, 3, 4);
eij= random error associated each observation.

RESULTS

There was quadratic effect of the
sorghum silage substitution by the
different levels of fresh orange pulp
(p<0.05) on the intake of DM, OM,
CP, EE and nitrogen free extract (NFE)
(table II). The maximum intake point
of DM, OM and CP in % of the weight
body (WB) was estimated for the 50%
fresh orange pulp level in the diet. The
maximum EE and NFE intake in g/

WB0.75 was estimated for 77% and
92% fresh orange pulp in the diet,
respectively. There was no effect of
diet on the intake level of NDF and
TCHO (table II). There was a positive
linear effect of the levels of fresh
orange pulp on the TDN intake (table
II).

There was quadratic effect of the
substitution levels of sorghum silage by
fresh orange pulp on the ingested
nitrogen (IN), faecal nitrogen (FN),
retained nitrogen (RN) and absorved
nitrogen (AN) values (table III). The
point of maximum nitrogen intake was
estimated for the diet with 45% fresh
orange pulp. The greatest faecal
nitrogen excretion was estimated for
the 46% level of fresh orange pulp.
The greatest RN quantity was esti-
mated for the 75% fresh orange pulp

Table I. Dry matter (DM), organic matter (OM), crude protein (CP), ether extract (EE),
neutral detergent fibre (NDF), total carbohydrates (TCHO) and total digestible nutrients
(TND) contents of fresh orange pulp and of the diets with different levels of fresh orange pulp
(dry matter basis). (Matéria seca (DM), material orgânica (OM), proteína bruta (CP), extrato etéreo (EE),
fibra em detergente neutro (NDF), carboidratos totais (TCHO) e nutrientes digestíveis totais (TDN) do
bagaço de laranja in natura e das dietas com diferentes níveis de bagaço de laranja in natura (base da
matéria seca)).

Components (%) Fresh orange Experimental diet
pulp (%) SS1 25OP2 50OP3 75OP4

DM (%) 24.9 25.13 23.75 24.98 24.54
OM (%) 93.86 92.62 92.73 93.81 93.54
CP (%) 8.03 5.10 5.94 6.47 7.45
EE (%) 3.39 1.85 2.01 2.66 2.63
NDF  (%) 36.39 70.78 60.23 50.69 43.39
TCHO (%) 82.45 85.68 84.79 84.68 83.47
TDN (%) 79.07 62.98 63.67 75.02 75.49

1100% sorghum silage(SS); 275% SS + 25% nature fresh orange pulp (OP); 350% SS + 50% OP; 425%
SS + 75% OP.
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level, while the greatest AN quantity
was estimated for the 61% fresh orange
pulp level. There was no effect of diet
on the quantity of nitrogen excreted in
the urine (p>0.10) and a mean value of
1.61 g/animal/day was observed (table
III).

There was quadratic effect (p<0.01)
on the apparent digestibility of DM,
CP, EE and NFE (table IV). The
maximum digestibility points of DM,
CP, EE and NFE were estimated for
the diet with 42%, 58%, 44% and 42%
fresh orange pulp, respectively. There
was increasing linear effect (p<0.01)
for OM and TCHO digestibility as the
fresh orange pulp level was increased
in the diet. No differences were
observed (p>0.05) for the apparent
NDF apparent digestibility, and a mean
value of 64.4 7% was detected.

DISCUSSION

The DM intake values detected in
this experiment for the treatments
including fresh orange pulp were simi-
lar to those reported by Branco et al.
(1994), who assessed a diet consisting
of fresh orange pulp and oat hay at the
ratio of 20:80 and 40:60, and reported
intake values of 55.70 and 55.8 1 g
DM/WB0.75, respectively. However,
the DM intake observed in this
experiment was less than that observed
by Henrique et al. (2003), who studied
sheep fed diets based on high
concentrate contents and increasing
levels of pelleted fresh orange pulp (0,
25, 40 and 55%), and obtained values
ranging from 75.55 to 85.41 for DM
intake in DM/WB0.75. Similarly, the
DM intake values reported in this

Table II. Average intake of dry matter (DM), organic matter (OM), crude protein (CP),
neutral detergent fibre (NDF), ether extract (EE),  total carbohydrate (TCHO) and total
digestible nutrients (TDN) by wethers receiving ration with different level of fresh orange
pulp. (Consumo médio de matéria seca (DM), material orgânica (OM), proteína bruta (CP), fibra em
detergente neutro (NDF), extrato etéreo (EE), carboidratos totais (TCHO) e nutrientes digestíveis totais
(TDN) por ovinos recebendo rações com diferentes níveis de bagaço de laranja in natura).

Variables Experimental diet SEM P values
SS1 25OP2 50OP3 75OP4 Linear5 Quadratic6

DMI (g/WB0,75) 43.59 55.40 58.20 55.44 0.1003 0.0143 0.0381
OMI (g/WB0,75) 40.37 51.40 54.42 56.27 0.1073 0.0413 0.1323
CPI (g/WB0,75) 2.19 3.33 3.92 4.17 0.0104 0.0080 0.0782
NDFI (g/WB0,75) 30.71 32.31 27.88 26.65 0.0540 0.3961 0.4241
EEI (g/WB0,75) 0.85 1.19 1.72 1.69 0.0049 0.0148 0.1174
NFEI (g/WB0,75) 7.11 14.77 21.70 24.99 0.0817 0.0006 0.0660
TCHOI(g/WB0,75) 37.91 47.09 49.57 51.53 0.0943 0.3354 0.4521
TDNI(g/WB0,75) 27.39 35.47 44.00 46.07 0.1126 0.0412 0.1523

1100% sorghum silage(SS); 275% SS + 25% nature fresh orange pulp (OP); 350% SS + 50% OP; 425%
SS + 75% OP; 5Linear effect of the level of fresh orange pulp in the diet; 6Quadratic effect of the level
of fresh orange pulp in the diet.
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experiment were less than those
reported by Ítavo et al. (2000a) who
assessed a diet consisting of 70% oat
hay and 30% fresh orange pulp silage
and obtained DM intake of 4.23% WB
and 109g/kg Wb0.75.

Ítavo et al. (2000b) assessed DM
intake in dairy cows fed diets with
different substitution levels of corn
silage by fresh orange pulp silage and
also observed a linear increase in DM
intake as the substitution levels of corn
silage by the fresh orange pulp silage
increased, and the highest intake was
observed for the highest level of
substitution assessed (75%).

According to Oliveira (1991) the
volume of the digest in the rumen-
reticule determines the intake limit that
can be explained by one of the intake
control mechanisms suggested by
Mertens (1992) where the increase in
the NDF contents in the diet resulted in
decrease in the voluntary intake of the

animal. However, considering intake
for the treatment with 75% fresh
orange pulp, fibre did not limit the diet
intake, because, according to Mertens
(1992), NDF intake lower than 1.2%
of the WB are controlled by physio-
logical factors and not by rumen filling.

The higher DM intake for the diets
including fresh orange pulp may have
resulted from the better standard of
rumen fermentation, due to the
presence of pectin in the fresh orange
pulp. According to Muller and Prado
(2004) pectin is the only cell wall
component that is completely and
rapidly fermented in the rumen,
because it is not linked to the lignified
portions. A further advantage is that
pectin fermentation does not produce
lactic acid, while other sugars are
rapidly fermented to lactate. Thus the
high and fast degradation of the fresh
orange pulp cell wall may have favored
the greater intake of dry matter because

Table III. Effect of fresh orange pulp levels (%) in substitution to the sorghum silage on
nitrogen balance in the animals. (Efeito de níveis de substituição da silagem de sorgo pelo bagaço
de laranja in natura sobre o balanço de nitrogênio em ovinos).

Variables Experimental diet SEM P values
g/animal/day SS1 25OP2 50OP3 75OP4 Linear5 Quadratic6

N intake 4.04 7.25 9.00 8.05 0.7361 0.0000 0.0001
Faecal N 2.42 3.86 3.70 3.30 0.4146 0.0004 0.0011
Urinary N 1.23 1.92 1.65 1.64 0.3370 0.2648 0.3635
N retained 0.38 1.47 3.65 3.11 0.2617 0.0649 0.2049
Absorved N 1.62 3.39 5.31 4.75 0.6135 0.0004 0.0084
N retained/

N intake 0.10 0.20 0.40 0.38 0.0885 0.0186 0.3215
Absorved N 0.23 0.42 0.67 0.65 0.0934 0.0417 0.2799

1100% sorghum silage(SS); 275% SS + 25% nature fresh orange pulp (OP); 350% SS + 50% OP; 425%
SS + 75% OP; 5Linear effect of the level of fresh orange pulp in the diet; 6Quadratic effect of the level
of fresh orange pulp in the diet.
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of the smaller effect of rumen filling.
The increase in CP, EE and NFE

intake with the increase of the
percentage inclusion of fresh orange
pulp can be explained by two factors:
by the increase itself in DM intake that
consequently resulted in greater intake
of all the nutrients, and because of the
increase in the content of each nutrient
in the diets, because fresh orange pulp
presented greater CP, EE and NFE
content than sorghum silage, so that
the increase in the percentage of fresh
orange pulp in the diets resulted in
increased contents of these nutrients.
There was no supplementation with
any concentrate, and the objective of
the study was to test only the quality of
each bulk, the fresh orange pulp or the

sorghum silage, without considering
factors associated with concentrates.

The nitrogen retained/day values
detected in this experiment for the
treatment with 25% fresh orange pulp
were similar to those reported by
Branco et al. (1994), who assessed a
diet consisting of 20% in natura citrus
pulp plus 80% oat hay (T20) and
another consisting of 40% citrus pulp
plus 60% oat hay (T40) and reported
values of 1.39 and 1.32 g nitrogen
retained/day, respectively. However,
the values detected in this experiment,
with diets of 50 and 75% fresh orange
pulp inclusion were superior to those
reported by Branco et al. (1994).

It was ascertained that although
there was an increase in nitrogen

Table IV. Apparent digestibility coefficient (%) of dry matter (DMDC), organic matter
(OMDC), crude protein (CPDC), neutral detergent fibre (NDFDC), ether extract (EEDC),
nitrogen free extract (NFEDC), total carbohydrates (TCHODC), and their respective
coefficients of variation (CV) and  equation of regression, according to the different
substitution levels of sorghum silages by orange peel. (Coeficiente de digestibilidade aparente (%)
da matéria seca (DMDC), da material orgânica (OMDC), da proteína bruta (CPDC), da fibra em detergente
neutro (NDFDC), do extrato etéreo (EEDC), do extrato livre de nitrogênio (NFEDC), dos carboidratos totais
(TCHODC) e seus respectivos coeficientes de variação (CV) e equações de regressão de acordo com
os diferentes níveis de substituição da silagem de sorgo pelo bagaço de laranja in natura).

Variables Experimental diet1 SEM P values2

SS1 25OP2 50OP3 75OP4 Linear5 Quadratic6

DMDC(%) 67.6 80.0 76.7 74.7 0.0169 0.0084 0.0125
OMDC (%) 64.7 65.5 73.3 76.1 0.0168 0.0004 0.4948
CPDC (%) 36.5 48.3 56.0 52.1 0.0248 0.0069 0.0206
NDFDC (%) 64.1 58.0 65.3 70.5 0.0179 0.0870 0.0774
EEDC (%) 69.9 74.8 85.2 83.4 0.0191 0.0244 0.0967
NFEDC (%) 77.8 87.5 91.4 86.8 0.0139 0.0000 0.0000
TCHODC (%) 66.7 67.3 76.9 78.4 0.0165 0.0359 0.1315

1100% sorghum silage(SS); 275% SS + 25% nature fresh orange pulp (OP); 350% SS + 50% OP; 425%
SS + 75% OP; 5Linear effect of the level of fresh orange pulp in the diet; 6Quadratic effect of the level
of fresh orange pulp in the diet.



Archivos de zootecnia vol. 56, núm. 216, p. 914.

MACEDO, MIZUBUTI, PEREIRA, RIBEIRO, RAMOS, MORI, PINTO, MOREIRA AND BONIN

excretion through the faeces in the
animal submitted to treatments with 25
and 50% fresh orange pulp, there was
concomitantly an increase in DM and
CP intake with these diets, thus
providing an increase in absorbed
nitrogen. Because there was no
difference among the diets for nitrogen
content in the urine, the quadratic
increase in the retained nitrogen
contents may be explained by the
increase, also quadratic, in the quantity
of nitrogen absorbed. Thus the increase
in nitrogen intake, allied to the better
digestibility of the protein, resulted in
an increase in absorbed nitrogen,
showing a more efficient nitrogen use
when fresh orange pulp was included
in the diets.

The results reported in the literature
are controversial. Bhattacharya and
Harb (1973), Pascual and Carmona
(1980) reported significant decrease in
retained nitrogen as the citrus pulp
content was increased in the diet. On
the other hand, Esteves et al. (1987)
did not detect differences for ingested,
excreted and retained nitrogen in cattle
when disintegrated corn with straw
and corn cob was substituted by citrus
pulp.

Henrique et al. (2003) tested
different levels of citrus pulp use (0 to
55%) in sheep diets in substitution for
corn in grain and observed a linear
increase in the quantity of ingested
nitrogen, absorbed nitrogen and
retained nitrogen as the levels of citrus
pulp increased in the diet. These
authors observed the values of 22.10
to 30.96 g IN/day, 13.93 to 21.25 g
AN/day and 6.83 to 11.66 g RN/day. It
is pointed out that the diets tested in the
study by Henrique et al. (2003) were

isoprotein with a 13.6% CP content.
It was concluded from the results

obtained in this experiment that greater
DM ingestion, associated to greater
CP intake, may have collaborated for a
more efficient microbial synthesis that
resulted in better protein digestibility
and consequently greater AN quantity
for the diets with higher levels of fresh
orange pulp.

Another factor to consider is the
linear increase in the quantity of RN
compared to AN with the greater
participation of fresh orange pulp in
the diets. It can be assumed from this
result that the fresh orange pulp did not
only improve protein fermentation and
digestion but also promoted more
efficient use by the sheep, because the
greater percentage of RN compared
to AN indicated better protein
metabolism of the diets with greater
inclusion of fresh orange pulp.

This fact can be explained by the
possible interference in the microbial
efficiency causing greater synthesis
and consequently greater absorption
of this protein by the sheep. Consi-
dering that microbial protein presents
greater biological value than products
of plant origin, this greater quantity of
microbial protein would have resulted
in more efficient use by the sheep,
because of the greater balance of
essential amino acids compared to the
two plant protein sources.

The DM digestibility values detected
in this experiment for the treatments
with 25 and 50% fresh orange pulp
were close to the values reported by
Fegeros et al. (1995) of 78.6% for dry
orange pulp fed to lactating sheep.
Similarly, the values detected in this
study for the treatments with 50 and
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75% fresh orange pulp were similar to
those reported by Branco et al. (1994)
who assessed in natura fresh orange
pulp for ruminants and reported 75.68%
dry matter digestibility.

Ítavo et al. (2000b) studied fresh
orange pulp silage, with and without
additives, and obtained DM apparent
digestibility coefficient (DMADC) va-
lues that ranged from 82.76 to 90.15%,
respectively. Superior DMADC values
were also reported by Weinberg et al.
(1988) and Van Soest (1994), of 89.2
and 84.0%, respectively.

However, Henrique et al. (2003)
assessed diets with high concentrate
contents and increasing levels of citrus
pulp (0, 25, 40 and 55%) and obtained
lower values for diet DMADC (71.14;
71.29; 72.24 and 72.66, respectively).

It was observed that as the level of
substitution of sorghum silage by fresh
orange pulp silage increased, the
organic matter digestibility of the total
diet also increased. However, the
OMADC values detected for the
treatments with inclusion of 25, 50 and
75% fresh orange pulp (65.55; 73.35
and 76.15, respectively) were similar
to those observed by Ítavo et al.
(2000b), who reported coefficients
between 90.28 and 92.15%, and by
Fegeros et al. (1995) who reported
87.2% OM digestibility. The mean
OMADC values of the diets with 50%
fresh orange pulp (73.35%) were simi-
lar to those reported by Henrique et al.
(2003), who obtained values of 74.71%
for the 55% citrus pulp inclusion level
in the diet.

The digestibility coefficients of
crude protein (CPADC) and ether
extract (EEADC) also presented
increasing linear effects in response to

the inclusion of different levels of fresh
orange pulp in substitution for sorghum
silage (table IV). It was verified that
the levels of 50% fresh orange pulp
inclusion resulted in the highest
coefficients of digestibility of these
nutrients, of 56.00 and 85.204 for PB
and EE, respectively.

Porcionato et al. (2004) and Fege-
ros et al. (1995) reported, respectively,
mean values of 48.18 and 52.7% CP
digestibility for citrus pulp. Branco et
al. (1994) reported 55.93 and 56.42%
for diets with 20 and 40% fresh orange
pulp, respectively. Wainman and
Dewey (1988) reported crude protein
digestibility values for citrus pulp
ranging from 40 to 65%. Table IV
shows that the digestibility values for
the diets with fresh orange pulp are in
line with the values reported by other
researchers.

The digestibility coefficient of neu-
tral detergent fibre presented no diffe-
rence (p>0.05) among the treatments,
thus showing that the inclusion of this
byproduct in animal feeding did not
damage fibre digestion. Although citrus
pulp is quickly fermented in the rumen,
this foodstuff gives favorable conditions
for cellulose degradation in the rumen
that result in a greater acetate/
propionate ratio and higher rumen pH
(Van Soest,  1994). The NDF
digestibility coefficient in this study
was 64.47%, that was inferior to those
reported by several researchers. Ítavo
et al.  (2000b) obtained 67.00%
digestibility for FDN in fresh orange
pulp silage while Porcionato et al.
(2004) reported values of 67.2%.
Henrique et al. (2003) reported 66.39%
FDN digestibility in diets with 55%
substitution of corn by citrus pulp.
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A further factor to consider is that
pectin is part of the forage structural
content, but it is solubilized by neutral
detergent in the NDF analysis (Van
Soest, 1994), so that although pectin is
highly digestible in the rumen, it does
not interfere in the NDF digestibility
because it is not linked to the NDF.

The EE digestibility values of the
diets with fresh orange pulp reported in
this study were higher than those
presented by Ítavo et al. (2000b) whose
values ranged from 42.41 to 49.50%
and Branco et al. (1994) who reported
values of 63.93%. However, Fegeros
et al. (1995) and Henrique et al. (2003)
assessed citrus pulp and obtained 82.00
and 73.89% EE apparent digestibility,
respectively. The differences in the
nutrient digestibility coefficients

reported by several authors can
probably be attributed to the divergen-
ces in the fresh orange pulp composition
because of orange quality and variety
and the region, season of year, seed
quantity and to the industrial processes
to which they were submitted, such as
essential oil extraction.

CONCLUSIONS

Fresh orange pulp inclusion in the
diets resulted in greater dry matter and
nutrient intake, promoted better
nitrogen use and greater apparent
digestibility compared to diets with only
sorghum silage. Thus the use of this
byproduct in ruminant feeding is
justified by its nutritive value.
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