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ABSTRACT - The objective of this study was to evaluate the intake and digestibility of silages containing pineapple pulp 
and coast-cross hay, with or without addition of urea, and the recovery of the markers chromium oxide (Cr2O3), indigestible 
neutral detergent fiber (iNDF), indigestible acid detergent fiber (iADF), and indigestible dry matter (iDM), in a digestibility
assay, in sheep. Treatments were as follows: two levels of pineapple pulp (818 and 758 g kg−1) and two levels of urea (with and 
without urea), in a completely randomized design. Twelve sheep (three per treatment) were used, kept in metabolic cages. Fecal 
excreta were determined by total collection or estimated by using the markers. Marker samples were obtained in morning and 
afternoon collections, with mean concentrations obtained for both daily activities. The level of silage pulp did not affect intake, 
while addition of urea increased the intake of crude protein (CP), but did not influence the intakes of dry matter, organic matter,
neutral detergent fiber, or acid detergent fiber. The digestibility coefficients of all afore-mentioned fractions increased with the
increase in pulp, the same happening with the addition of urea. The internal marker with lowest variability among the internal 
markers was iADF, with mean values near 100%. Mean recovery of Cr2O3 was approximately 107%, but with lower variability 
among treatments. Inclusion of pineapple pulp in silage does not influence intake, while addition of urea only increases the
intake of CP. The levels of pineapple pulp in silage with or without urea increase the digestibility of the silage. Indigestible 
acid detergent fiber is the marker with lowest variability of recovery, with mean recovery for the four silages used very close
to 100%. 
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Introduction

Brazil, China, and India are important pineapple-
producing countries, where the crop has favorable soil-
climatic conditions for its development (IBGE, 2012). The 
Brazilian production of pineapple in 2011 was 3,028,781 t, 
with a total harvested area of 55,765 ha (AGRIANUAL, 
2012), generating a considerable production of by-products. 
Among them is the pulp core, a residue from juice extraction, 
which, despite having a variable chemical composition 
due to fruit variety, maturity, quality of photosynthetic 
production (sugar content), and technology employed in 
the manufacturing of the preserves, has a high nutritional 
value, as it is mainly composed of soluble sugars, of which 
70% are sucrose, 20% are glucose, and 10% are fructose. 
It is also constituted of structural carbohydrates, such as 

hemicellulose, cellulose, hexosans, pentosans, and pectins 
(Müller, 1978). According to Azevêdo et al. (2011), the 
chemical composition of the pineapple is: dry matter (DM), 
139 g kg−1 as fed; crude protein (CP), 71 g kg−1 DM; neutral 
detergent fiber (NDF), 602 g kg−1 DM; and total digestible 
nutrients (TDN), 717.5 g kg−1 DM. The DM digestibility is 
644.4 g kg−1; the NDF digestibility is 630 g kg−1; and CP 
digestibility is 725.9 g kg−1.

The higher availability of the pineapple agro-industrial 
residue coincides with the crop harvest, which takes place 
in the summer. This is the time of greatest availability 
of grazing fields of good nutritional value and relatively
low cost, which reduces the interest of dairy and meat 
producers in using this feed resource in its fresh form. 
Therefore, there is a need for seeking means of preserving 
the residue for the times of feed scarcity. Of the most 
common food-preservation techniques applicable to the 
pineapple residue, dehydration (on the farm, haymaking; 
in the industry, bran production) or controlled fermentation 
(through ensilage techniques) are worth mentioning. 
Despite the low protein as a limitation, the high energy 
content of residues from the pineapple juice industry is 
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evidence of its potential to be used in ruminant feeding 
(Ferreira et al., 2009). 

Thus, the inclusion of non-protein nitrogen sources 
(NPN) in high-energy silages promotes an increase in the 
CP content, improving its nutritional characteristics and 
the stability of the ensilage matter, thereby reducing DM 
losses. Among the forms of using NPN, urea is the most 
widely employed to increase the CP content, improving the 
animal performance and benefiting the rumen digestibility
of the cell wall of plants, because when the peak of protein 
availability does not happen simultaneously to the volatile 
fatty acid production peak in the rumen, the production 
efficiency of the microbial protein decreases. This may
cause a reduction of the rumen microorganism population 
and, as a consequence, the degradation of the fiber is
compromised, causing rumen fill (Van Soest, 1994).

Establishing nutritional values to the feed consumed 
by animals is a challenge to nutritionists. Digestibility 
is an important parameter for this evaluation (Cochran 
et al., 1986). To estimate the in vivo digestibility, using 
the conventional direct method, it is necessary to restrain 
the animal and have strict feed ingestion and fecal 
excretion control, which makes its use impracticable in 
many situations. Thus, the in vivo digestibility has been 
estimated, more often, using an indirect method employing 
markers (Fontes et al., 1996). The markers technique 
consists of using a reference substance or marker that, 
once supplied in the diet, must be fully recovered in the 
feces (Iturbide, 1967). Among the markers classified as
external used in digestion assays, chromium is the most 
frequently used for estimating fecal excreta, mainly due to 
its low cost, being easily incorporated into the feed, being 
dosed with relative ease and, presumptively, being fully 
recovered in feces. The most frequent procedure consists 
of supplying two daily doses with the same mass in defined
time intervals, with concomitant fecal collections (Hopper 
et al., 1978). An adaptation period of five to seven days is
necessary before starting the fecal collections, aiming to 
reach the concentration plateau in the feces (Owens and 
Hanson, 1992). This procedure is known as continuous 
infusion. The internal markers present the advantage of 
being part of the food, and are thus distributed evenly 
along the gastrointestinal tract during the digestion and 
excretion processes (Piaggio et al., 1991) These markers 
are constituted of indigestible fractions of the feed, such as 
indigestible neutral detergent fiber (iNDF) and indigestible
acid detergent (iADF) (Penning and Johnson, 1983; 
Cochran et al., 1986; Lippke et al., 1986; Krysl et al., 1988; 
Resende et al., 1996; Zeoula et al., 2002). Indigestible dry 
matter has also been used (Detmann et al., 2001). 

The objective of this study was to evaluate the intake 
and digestibility of silage containing two levels of pineapple 
pulp, with or without urea, and the recovery of external 
marker chromium oxide and iNDF, iADF, and iDM from 
fecal samples collected at different times.

Material and Methods

The present study was conducted in Campos dos 
Goytacazes, RJ, Brazil (21º44'47" latitude, 41º18'24" longitude, 
12 m altitude), where the annual average maximum and 
minimum temperatures are 27.1 and 21.4 °C, respectively, 
and annual precipitation is 1023 mm. According to Köeppen 
(1948), the climate of the region is classified as tropical
monsoon (AM). 

Pineapple pulp and coast-cross hay were used in the 
composition of the silages. The pineapple pulp was still fresh 
when it was added to the mixture, as it is produced in the 
industry. The hay, acquired from a farm in the region, was 
introduced in the ensilage chopped, aiming to increase the DM 
content of the ensilaged residue and to evaluate the effect of its 
inclusion on the qualitative characteristics of the silage. Two 
mixtures containing pineapple pulp and coast-cross hay were 
prepared. The non-protein mixture (urea) was prepared with 
700 g kg −1 of urea and 300 g kg−1 of ammonium sulfate and 
was introduced to elevate the nitrogen content of the ensiled 
material and observe possible effects of ammonia, if released, 
on the neutral detergent fiber digestibility. The four treatments 
were defined as follows: 818 g kg−1 pulp + 182 g kg−1 hay 
(259.2 g kg−1 DM); 809.3 g kg−1 pulp + 180 g kg−1 hay + 107 g 
kg−1 urea (267.1 g kg−1 DM); 758 g kg−1 pulp + 242 g kg−1 hay 
(301.8 g kg−1 DM); and 748 g kg−1 pulp + 239.5 g kg−1 hay + 
125 g kg−1 urea (311 g kg−1 DM), distributed in a completely 
randomized design with a 2 × 2 factorial arrangement 
consisting of two levels of pineapple pulp and two levels of 
urea (with and without), with three replicates per treatment, as 
described in the mathematical model below:

yij = µ + αi + βj + αβij + eij,
in which yij corresponds to the observation performed 
in treatment i, associated with the j-th level of urea; µ 
represents the overall mean; αi corresponds to the effect of 
treatment i (i = 1, 2); βj represents the effect of the j-th level 
of urea; αβij is the interaction between treatment i and the 
j-th level of urea; and eij corresponds to the random error, 
assumed as normal, independent and identically distributed 
with zero mean and variance σ2.

The mixtures in the indicated proportions were placed in 
12 plastic barrels with 200-L capacity, with three replicates 
for each mixture, and remained ensiled for approximately 
180 days. 
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Twelve castrated male sheep with body weight of 
±30 kg were used for determining the apparent digestibility 
coefficients of DM, CP, and NDF true coefficient. The
animals were treated in individual metabolic cages and 
randomly distributed into the treatments. Total feces 
collection was performed during seven days using collection 
bags. Animals were dewormed two weeks before the onset 
of the experiment. The assay lasted 21 days, 14 of them for 
adaptation and seven for sample collection. 

The feed was supplied once daily, at 08.00 h, keeping 
the orts at around 5 to 10% of the offered amount, during 
the adaptation period, to ensure voluntary intake. On the 
collection days, the feed was supplied in a pre-determined 
amount, equivalent to the average intake assessed in the 
five last days of the adaptation period. The amounts of feed
offered daily, as well as individual orts, were recorded. 
Feed and orts samples were collected daily to determine 
the intake and were stored in a freezer for later processing. 
After thawing, the composite samples were made and 
then dried in a forced-ventilation oven at 55 ºC for 72 h. 
Subsequently, they were processed in a knife mill using 
a 1-mm sieve, and then stored in glass bottles at room 
temperature for laboratory analyses. The dry matter (DM), 
crude fat, lignin, crude protein (CP), and acid detergent 
fiber (ADF) contents were determined according to AOAC
(1990); and amylase-treated, ash-free neutral detergent 
fiber (aNDFom), according to Van Soest et al. (1991).

The recovery of external marker chromium oxide 
and internal markers (i.e., indigestible fractions iNDF, 
iADF, and iDM) was also analyzed. Fecal excretion was 
determined by total collection using collection bags, 
estimated using the external marker chromium oxide and 
the internal markers iDM, iNDF, and iADF. The animals 
received, during 14 days, twice daily, at 08.00 h and 16.00 h, 
two grams of Cr2O3, stored in paper cartridge and placed 
directly in the esophagus with an esophageal tube. After the 
14-day standardization period, the fecal sample collection 
was started, lasting seven consecutive days. Fecal samples 
were obtained (from the rectum) at the time the Cr2O3 was 
supplied, by opening the collector bags. Total daily fecal 
excretion was determined by emptying the collector bags 
and weighing the feces found in them, adding the weight 
of the rectum samples. Representative samples of the total 
feces were collected daily. Individual composite samples 
from feces obtained by total collection were constituted 
after pre-drying the daily samples, including the amounts 
of daily feces proportional to the total excreted in each day 
in the composite sample.

Separated individual composite samples were also 
constituted for the feces collected in the morning and 

afternoon, and combined samples from morning and 
afternoon defecation. In the constitution of composite 
samples of the feces obtained by rectum collection, a 
constant amount of pre-dried feces collected each day 
was used. The feed and feces samples were pre-dried in 
a forced-ventilation oven at 55 ºC for 72 h to determine 
the chemical composition, as mentioned above. Chromium 
was determined according to Kimura and Miller (1957). 
To quantify the internal markers iDM, iNDF, and iADF 
present in feed, orts, and feces, the pre-dried samples were 
milled using a 1-mm mesh sieve and incubated in vitro 
for 144 h. Indigestible dry matter was directly determined 
after drying the incubation residue in an oven at 105 ºC for 
12 h. Internal markers iNDF and iADF were determined by 
extraction in neutral and acid detergents, respectively, and 
later oven-drying.

The estimated fecal excreta values using the internal 
markers iDM, iNDF, and iADF and the external marker 
chromium oxide (Cr2O3) were obtained by the following 
equation:

FE (kg day−1) = D (g day−1)/C (g kg−1),
in which FE = fecal excretion; D = daily intake of marker; 
and C = fecal concentration of the marker. 

The recovery of the markers was determined indirectly, 
based on fecal recovery. Three different fecal recovery 
times were estimated for each marker: collection in 
the morning; collection in the afternoon; and using the 
morning and afternoon means, respectively, with the 
purpose of comparing the results obtained with one and two 
daily collections and checking possible influences of the
collection methods (total collection and use of markers), as 
described in the mathematical model below:

yijk = µ + αi + τj + βk + αβik + eijk,
in which yijk corresponds to the observation performed 
on treatment i, associated with the j-th level of urea; µ 
represents the overall mean; αi corresponds to the effect of 
treatment i (i = 1, 2); τj represents the effect of collection 
time j; βk represents the effect of collection method k; αβik is 
the interaction between treatment i and collection method k; 
and eijk corresponds to the random error, assumed as normal, 
independent and identically distributed with zero mean and 
variance σ2.

The formulae used in the calculation of the fecal and 
markers recovery are presented below:
FR = (Estimated amount of fecal DM/Observed amount of 

fecal DM) × 100
MR = 1/FR,

in which FR = fecal recovery and MR = marker recovery.
After analysis of variance, the sum of squares for 

treatments for the variables DM, OM, CP, NDF, and ADF 
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intakes (in kg per day and per metabolic body size (mbs−1)) 
and digestibility coefficients was decomposed into three
orthogonal contrasts, aiming to compare between the levels 
of pulp and, within these, between the levels of urea, using 
the Duncan test at α = 0.05 probability.

In the analysis of variance of data regarding fecal 
excretion, the model used included the effects of treatment 
and time of collection. Mean values for fecal excretion of the 
four treatments with each marker and the different collection 
times were compared using the Duncan test at α = 0.05 
probability. The effects of collection methods (total collection 
and use of markers) were also analyzed. These were then 
compared using the Duncan test at α = 0.05 probability. 

Results 

There was no interaction effect (P>0.05) between 
pineapple pulp and urea for the intake and digestibility 
variables. Pineapple pulp levels in the silages did not 
influence (P>0.05) the intakes of DM, OM, CP, NDF, and
ADF of the sheep, expressed in kg day−1 or in g mbs−1, 
although an upward trend in the intake values was observed 
for silages containing the lower level of pulp (Tables 1 and 2). 

There were differences (P<0.05) between the levels 
of pineapple pulp in silages regarding the digestibility 
coefficients of DM, OM, CP, and NDF; silages with the
higher pulp concentration presented greater digestibility. 
However, no difference was detected (P>0.05) between 
the pulp levels regarding ADF digestibility (Tables 3 and 4). 
In silages containing 818 g kg−1 pineapple pulp, addition 

of urea increased (P<0.05) the digestibility coefficients of
DM, OM, CP, and NDF, but did not influence (P>0.05) the
digestibility of ADF (Tables 3 and 4). In those containing 
758 g kg−1 pineapple pulp, addition of urea increased 

Table 1 - P-values of the orthogonal contrasts regarding pineapple 
pulp levels (P818 × P758) and presence of urea within 
pineapple pulp levels for the intake of chemical 
components 

Variable P818 × P758

Pineapple pulp level

P818 P758

Without urea × With 
urea

Without urea × With 
urea

DM1 0.3645 0.6538 0.3679
OM1 0.3623 0.6672 0.3853
CP1 0.3874 0.0304 0.0103
NDF1 0.5112 0.4982 0.1365
ADF1 0.3360 0.4639 0.3424
  
DM2 0.2505 0.5332 0.2354
OM2 0.2474 0.5511 0.2512
CP2 0.2198 0.0041 0.0010
NDF2 0.4099 0.3621 0.0590
ADF2 0.2257 0.3233 0.2158

P818 - 818 g kg−1 pineapple pulp + 182 g kg−1 hay; P758 - 758 g kg−1 pineapple pulp 
+ 242 g kg−1 hay.
DM - dry matter; OM - organic matter; CP - crude protein; NDF - neutral detergent 
fiber; ADF - acid detergent fiber.
1 Absolute intake rate of the nutrient, kg day–1.
2 Relative intake rate in relation to metabolic body size, kg day–1 kg–0.75.

Table 3 - P-values of the orthogonal contrasts regarding pineapple 
pulp levels (P818 × P758) and presence of urea within 
pineapple pulp levels for the digestibility of chemical 
components (g kg–1 DM)

Variable P818 × P758

Pineapple pulp level

P818 P758

Without urea × With 
urea

Without urea × With 
urea

DM 0.0502 0.0222 0.0592
OM 0.0162 0.0032 0.0347
CP 0.0022 <0.0001 <0.0001
NDF 0.0302 0.0417 0.8689
ADF 0.1652 0.3263 0.1771

P818 - 818 g kg−1 pineapple pulp + 182 g kg−1 hay; P758 - 758 g kg−1 pineapple pulp 
+ 242 g kg−1 hay.
DM - dry matter; OM - organic matter; CP - crude protein; NDF - neutral detergent 
fiber; ADF - acid detergent fiber.

Table 4 - Means and coefficients of variation for the digestibility
of chemical components (g kg–1 DM)

Variable P818 P758

Pineapple pulp level

CV, %

P818 P758

Without 
urea

With 
urea

Without 
urea

With 
urea

DM 58.32 53.06 53.76 62.88 49.52 56.61 7.09
OM 63.38 57.37 57.58 69.17 53.82 60.92 5.67
CP 66.04 54.69 50.09 81.99 28.89 80.48 5.57
NDF 68.83 63.24 65.19 72.47 62.99 63.50 7.78
ADF 59.60 55.65 57.69 61.51 52.94 58.36 7.33

P818 - 818 g kg−1 pineapple pulp + 182 g kg−1 hay; P758 - 758 g kg−1 pineapple pulp 
+ 242 g kg−1 hay.
DM - dry matter; OM - organic matter; CP - crude protein; NDF - neutral detergent 
fiber; ADF - acid detergent fiber.

Table 2 - Means and coefficient of variation (CV) for the intake
of chemical components

Variable P818 P758

Pineapple pulp level

CV, %

P818 P758

Without 
urea

With 
urea

Without 
urea

With 
urea

DM1 0.55 0.64 0.58 0.52 0.71 0.58 27.04
OM1 0.50 0.58 0.53 0.47 0.64 0.53 27.16
CP1 0.078 0.093 0.05 0.11 0.05 0.13 33.17
NDF1 0.35 0.39 0.38 0.32 0.46 0.32 27.11
ADF1 0.31 0.36 0.34 0.28 0.40 0.32 26.48
      
DM2 42.24 48.82 44.69 39.80 53.64 44.00 20.21
OM2 38.03 44.02 40.15 35.92 48.22 39.83 20.27
CP2 5.94 7.04 3.63 8.25 4.12 9.97 21.97
NDF2 26.81 29.70 29.08 24.53 34.88 24.52 20.41
ADF2 23.50 27.34 25.68 21.33 30.12 24.56 19.92

P818 - 818 g kg−1 pineapple pulp + 182 g kg−1 hay; P758 - 758 g kg−1 pineapple pulp 
+ 242 g kg−1 hay.
DM - dry matter; OM - organic matter; CP - crude protein; NDF - neutral detergent 
fiber; ADF - acid detergent fiber.
1 Absolute intake rate of the nutrient, kg day–1.
2 Relative intake rate in relation to metabolic body size, kg day–1 kg–0.75.
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(P>0.05) the digestibility of DM, OM, and CP, but did not 
affect the digestibility of NDF and ADF.

There was no interaction effect (P>0.05) between 
treatments and collection times for fecal excretion. The 
mean fecal excretions obtained by the four markers in 
the three collection times were very similar, not differing 
(P>0.05) from each other (Table 5). The variability of each 

Table 5 - Fecal production measured by total collection, estimated 
by different markers according to treatment

Marker and 
collection time

Treatment

Mean818 g of 
pulp

818 g of 
pulp+urea

758 g of
 pulp

758 of 
pulp+urea

           Fecal excretion (kg day–1)

Total collection 0.3590 0.2524 0.2715 0.1922 0.2688

Cr2O3     
Morning 0.3505 0.2167 0.2793 0.1718 0.2546
Afternoon 0.3265 0.2235 0.2778 0.1748 0.2506
Mean 0.3385 0.2201 0.2785 0.1733 0.2526

iNDF     
Morning 0.3113 0.2281 0.2541 0.2627 0.2641
Afternoon 0.3116 0.2233 0.2589 0.2576 0.2604
Mean 0.3065 0.2257 0.2565 0.2602 0.2622

iADF     
Morning 0.3087 0.2889 0.2466 0.2027 0.2617
Afternoon 0.3171 0.2609 0.2422 0.2162 0.2591
Mean 0.3129 0.2749 0.2444 0.2094 0.2604

iDM     
Morning 0.2870 0.2049 0.2449 0.2498 0.2467
Afternoon 0.2994 0.2248 0.2399 0.2530 0.2543
Mean 0.2932 0.2148 0.2424 0.2514 0.2505

Cr2O3 - chromium oxide; iNDF - indigestible neutral detergent fiber; iADF -
indigestible acid detergent fiber; iDM - indigestible dry matter.

Table 6 - Recovery rates of markers according to treatment

Marker and 
collection time

Treatment

Mean818 g of 
pulp

818 g of 
pulp+urea

758 g of
 pulp

758 of 
pulp+urea

             Fecal excretion (kg day–1)
Cr2O3     

Morning 1.0407 1.1531 0.9857 1.0954 1.0687
Afternoon 1.1154 1.1183 0.9922 1.0725 1.0746
Mean 1.0767 1.1354 0.9887 1.0835 1.0711

iNDF     
Morning 1.1499 1.1135 1.0752 0.7326 1.0178
Afternoon 1.1944 1.1277 1.0483 0.7463 1.0292
Mean 1.1715 1.1199 1.0606 0.7394 1.0228

iADF     
Morning 1.1546 0.9069 1.1049 0.9643 1.0327
Afternoon 0.9639 1.1230 1.1270 0.8838 1.0244
Mean 1.1372 0.9304 1.1158 0.9155 1.0247

iDM     
Morning 1.2467 1.2374 1.1089 0.7847 1.0944
Afternoon 1.1897 1.1288 1.1331 0.7676 1.0548
Mean 1.2136 1.1754 1.1206 0.7757 1.0713

Cr2O3 - chromium oxide; iNDF - indigestible neutral detergent fiber; iADF -
indigestible acid detergent fiber; iDM - indigestible dry matter.

marker did not have a direct influence (P>0.05) on their
fecal recovery due to treatments (Table 6). There was no 
significant effect (P>0.05) on the digestibility of dry matter
between the total collection and use of marker methods 
(Table 7).

Discussion

When comparing silages without and with urea on 
intake, the effect of urea can be observed only for crude 
protein intake, with greater total intakes and metabolic size 
unit found in animals receiving the silage without urea, 
containing both pulp levels (818 and 758 g kg−1). However, 
there was a downward trend for NDF intake in g mbs−1 for the 
silage containing 758 g kg−1 pulp without urea in relation to 
the silage with urea and the same level of pulp. The lack of 
differences in intake for the majority of the variables studied 
among the animals fed silage with or without urea is most 
likely because the CP content, even from silages without 
urea, is above the range of 60 to 80 g kg−1, below which, 
according to Minson (1990), Van Soest (1994), and Mertens 
(1994), rumen fermentation and, consequently, intake, could 
be limited. According to Schaadt et al. (1966), urea addition 
might interfere negatively with the palatability of the feed, 
which may have occurred with the addition of urea at the 
tested levels. The mean values for DM intake observed for 
silages containing 818 and 758 g kg−1 pineapple pulp, of 

Table 7 - Coefficients of digestibility of the silage dry matter of
the four treatments measured by total collection of 
feces, and estimated by different markers 

Marker and 
collection time

Treatment

Mean818 g of 
pulp

818 g of 
pulp+urea

758 g of
 pulp

758 of 
pulp+urea

                  Fecal excretion (kg day–1)

Total collection 49.20 56.48 53.50 62.70 55.47

Cr2O3     
Morning 50.82 62.04 52.01 65.39 57.57
Afternoon 54.20 60.91 52.28 64.34 57.93
Mean 52.51 61.48 52.14 64.87 57.75

iNDF     
Morning 55.81 60.91 56.52 49.06 55.58
Afternoon 57.42 61.44 55.70 49.91 56.12
Mean 56.61 61.17 56.11 49.48 55.85

iADF     
Morning 55.87 51.32 57.83 61.21 56.56
Afternoon 54.05 54.77 58.60 57.43 56.21
Mean 54.96 53.04 58.21 59.32 56.39

iDM     
Morning 59.26 64.78 58.08 52.27 58.60
Afternoon 56.55 60.45 58.96 51.44 56.85
Mean 57.91 62.62 58.52 51.85 57.73

Cr2O3 - chromium oxide; iNDF - indigestible neutral detergent fiber; iADF -
indigestible acid detergent fiber; iDM - indigestible dry matter.
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42.24 and 48.82 g mbs−1, respectively, are above the 29.89, 
33.80, and 29.31 g mbs−1 obtained by Okamoto et al. (1988) 
in sheep fed silage from the respective mixtures: sweetcorn 
husk + 200 g kg−1 pineapple pulp, grain-free sweetcorn cob 
+ 200 g kg−1 pineapple pulp, and soybean husk + 800 g kg−1 
pineapple pulp.

However, the greatest influence of urea addition was
on the digestibility of DM, OM and, especially, of CP from 
silages containing both levels of pulp, with a lower effect 
on the digestibility of NDF and ADF. The digestibility 
is a characteristic of the feed and indicates the percentage 
of each nutrient of a feed the animal might use. However, 
the inclusion of an additive in certain feed can change its 
digestion, as a result of the associative effect among the feeds 
(Hennessy et al., 1995). According to Van Soest (1994), when 
the protein availability peak does not happen simultaneously 
to the peak of production of volatile fatty acids in the rumen, 
the efficiencyof theproductionofmicrobialproteindecreases,
and, consequently, the fiber degradation is hindered, causing
rumen fill, which explains the lower digestibility of the fiber.
Considering the influences of the association between the
levels of pulp and urea in silages on intake and digestibility, it 
can be observed that the inclusion of the higher level of pulp 
and urea in silages did not stimulate feed intake (P>0.05); 
on the contrary, a slight decreasing trend could be observed in 
intake. The digestibility of all fractions, on the other hand, was 
benefited by the inclusion of a higher level of pulp and by the
inclusion of urea. Thus, the decision on the level of pulp to be 
included depends on the availability and cost of ingredients.

Fecal excretions found for each marker, for each 
treatment and collection time, were uniform. This indicates 
that the estimates of fecal excretions based on a single daily 
collection of feces, either in the morning or in the afternoon, 
would result in a value close to that obtained when using 
the mean concentration of both samplings. Especially iNDF 
and iADF originated mean values very similar to those 
observed in the total collection. This would indicate that all 
four markers could be recommended in research. However, 
when estimated fecal productions are examined, using each 
marker, for the different treatments and collection times, it 
could be noticed that the estimated values, using iNDF and 
iDM, regarding the silages containing 818 g kg−1 of pulp and 
758 g kg−1 pulp + urea, were considerably distant from the 
value obtained in total collection. For Fahey and Jung (1983), 
the greatest limitation of internal markers is their variable 
recovery in the segments of the digestive tract studied, or 
even in the feces. 

The mean recovery values of the different markers 
related to collection times were similar. All were near 

100%, especially iNDF and iADF, which differed from 
100% by no more than 3%, regardless of the moment the 
feces were sampled. These results corroborate Sampaio et 
al. (2011), who stated that, for all markers, fecal recovery 
was 100%, indicating that all of them accurately estimate 
fecal excretion when only recovery aspects are considered. 
However, when considering the recovery values for each 
marker, per treatment, it can be seen that iNDF and iDM 
present greater variability, moving even further away from 
the 100% recovery than the iADF and Cr2O3, mainly for the 
treatments containing 818 g kg−1 pulp + 182 g kg−1 hay and 
748 g kg−1 pulp + 239.5 g kg−1 hay + 125 g kg−1 urea. Despite 
presenting mean recovery of approximately 107%, Cr2O3 
provided, in general, individual estimates of fecal excretion 
for treatments closer to the values obtained by total collection. 
Therefore, it could be assumed that chromium oxide seems 
to not be affected by different feeding conditions. Sampaio 
et al. (2011) reported total fecal recovery and no diet effects 
on the recovery of external markers. Among the internal 
markers, iADF provided closest fecal excretion estimates, per 
treatment, to the real excretion. It also presented mean fecal 
recovery very near 100%. The results of this paper corroborate 
the work by Berchielli et al. (2000), who compared different 
internal and external markers with the total collection of 
feces method and stated that the means obtained with iADF 
were the closest to the figure obtained by total collection,
when the samples were incubated in vitro for six days. 
However, the incubation for three days did not provide 
satisfactory results, suggesting that iNDF was as efficient as
iADF. Detmann et al. (2001), by contrast, reported that iDM 
and iNDF provided the best results and recommended their 
use for grazing animals. Zeoula et al. (2002) also noticed that 
the fecal recovery of iNDF did not differ from 100%, unlike 
the fecal recovery of iADF. Detmann et al. (2007) attributed 
the low accuracy of ADF to its low content in the diet, orts, 
and feces, so more careful analytical procedures should be 
adopted to increase the precision of results.

Conclusions

Inclusion of pineapple pulp in silage at 758 g kg−1 has 
no influence on feed intake, while addition of urea only
increases the intake of crude protein. The levels of pineapple 
pulp in silage with or without urea increase the digestibility 
of the silage.

Indigestible acid detergent fiber is the internal marker
of least variability in recovery, because of the animal diets; 
its mean recovery for the four silages used is very close to 
100%. Chromium oxide, despite presenting mean recovery 
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slightly above 100%, has lower variability in estimates for 
treatments, individually. There are no differences between 
collection times and methods.
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