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ABSTRACT - This study was conducted to evaluate the intake, apparent digestibility (AD), and degradability in situ
of elephant grass (Pennisetum purpureum Schum) silages containing 0, 35.0, 70.0, 105.0, and 140.0 g kg' by-product from
dried cashew apple (DCBP) (as fed basis). A completely randomized design with four replicates was adopted. For the study of
degradability in situ, one adult male cattle was used in a completely randomized design with split plots. Intake and AD of dry
matter (DM), crude protein (CP), neutral detergent fiber (NDF), acid detergent fiber (ADF), hemicellulose, and cellulose were
evaluated, and the digestible energy (DE) and nitrogen balance (NB) of the silages were determined. The degradability in situ
of DM, CP, and NDF was also determined. Addition of DCBP provided an increase in the intakes of DM, CP, NDF, and ADF.
No effects of the levels of addition of DCBP were observed on the coefficients of AD of the silages. Regarding NB, positive
values were only detected in the treatment with 105.0 g kg! DCBP. In the analysis of the degradability in situ, the incubation
periods increased the rates of disappearance of DM, CP, and NDF. However, no effect of the levels of DCBP were observed on
the effective degradability of DM. The by-product from dried cashew apple can be included at up to 140.0 g kg! in silages of
elephant grass, but the high contents of acid detergent insoluble nitrogen may compromise the use and availability of nitrogen
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to the animals.
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Introduction

Among the numerous existing agricultural by-products,
the waste from the cashew (Anacardium occidentale L.)
processing industry has an important place in the agro-
industry of the northeast region of Brazil. According to
Luciano etal. (2011), only 15% of the production of cashew
apple is utilized commercially in human feeding. It is
noteworthy that the production of this fruit is concentrated
in the dry season of the year, the period of low roughage
production and during which the prices of grains and
commercial concentrates increase.

In this regard, the by-products resulting from the
extraction of the juice from the cashew apple and from
the cashew apples unsuitable for human consumption are
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already being used in animal feeding (Dantas Filho et al., 2007;
Borges et al., 2001; Silva et al., 2011). Yet some studies
describe that the presence of high lignin (Ferreira et al., 2004),
tannin (Agostini-Costa et al., 2003), and acid detergent
insoluble nitrogen (ADIN) contents (Ferreira et al., 2007;
Régo et al., 2010b; Teles et al., 2010) in the cashew apple
may influence the intake and apparent digestibility (AD) of
these materials.

Other limitations for the use of by-products are the high
moisture and fiber contents, which may adversely affect
its direct use in animal feeding. Thus, forms of use that
improve the exploitation of the by-product, such as drying
and ensilage, require further studies.

The ensiling technique is one of the main ways of
forage preservation. Among the different forages, elephant
grass (Pennisetum purpureum Schum) is used mainly for
its high yield. However, the high moisture content and
low concentration of soluble carbohydrates in the plant are
limitations to the ensiling process. Evaluating chemical and
fermentative traits of elephant grass ensiled with increasing
levels of by-product from the cashew agro-industry, Ferreira
et al. (2004) observed that the addition of cashew bagasse
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improved the nutritive value and preservation of silage,
displaying potential to be used in sheep nutrition.

Thus, this experiment was conducted to evaluate the
effect of levels of the by-product from dried cashew apple
(DCBP) added to the ensilage of elephant-grass on the
intake and AD of nutrients and on the digestible energy
(DE) and nitrogen balance (NB) of sheep. The effects of
the levels of addition on the degradability in situ of the
nutrients were also evaluated.

Material and Methods

Five levels of inclusion of DCBP (0, 35.0, 70.0,
105.0, and 140.0 g kg, as fed) were used in the ensilage
of the elephant grass, which was harvested manually, at
approximately 70 days of growth, and processed through
a conventional forage shredder machine to a particle size
of 1 to 2 cm (Tables 1 and 2). Later, the chopped grass
was mixed with the DCBP, which was acquired from the
processing of the fruit for the extraction of juices and
pulps at the company MAISA, located in Mossor6-RN,
Brazil.

Table 1 - Chemical composition of the feedstuffs

Item Elephant grass DCBP
Dry matter 195.7 860.0
Crude protein (g kg™! DM) 49.8 182.6
NDF (g kg! DM) 707.5 722.3
ADF (g kg”' DM) 392.1 565.6
Hemicellulose (g kg™' DM) 315.3 156.7
Cellulose (g kg' DM) 253.2 210.2
Lignin (g kg DM) 138.9 3554
NDIN 293.4 512.3
ADIN 105.9 167.0

DCBP - by-product from dried cashew apple.

DM - dry matter; CP - crude protein; NDF - neutral detergent fiber; ADF - acid
detergent fiber; NDIN - neutral detergent insoluble nitrogen (g kg™ of total nitrogen);
ADIN - acid detergent insoluble nitrogen (g kg of total nitrogen).

Table 2 - Chemical composition of the silages

DCBP
Item 0.0 350 70.0 105.0 140.0
Dry matter 1984 2104 221.2 253.5 2705
Crude protein (g kg™ DM) 46.7 544 708 81.2  91.0
NDF (g kg'' DM) 731.3  738.7 740.0 7143 7194
ADF (g kg' DM) 453.5 487.8 4824 470.6 493.2
Hemicellulose (g kg™ DM) 277.8 250.9 257.6 243.7 226.2
Cellulose (g kg DM) 3143 3149 290.6 255.8 234.6
Lignin (g kg'' DM) 1334 165.1 181.8 2029 243.6
NDIN 269.8 419.5 4594 466.3 574.6
ADIN 117.1  214.0 192.1 210.8 2475

DCBP - by-product from dried cashew apple.

NDF - neutral detergent fiber; ADF - acid detergent fiber; NDIN - neutral detergent
insoluble nitrogen (g kg ! of total nitrogen); ADIN - acid detergent insoluble nitrogen
(g kg of total nitrogen).

The by-product was composed basically of the cashew
bagasse resulting from the processing of the apple for juice
making. The material was dried in the sun on a cemented
floor for 48 h, scattered in layers of approximately 7 cm in
thickness, and turned over at least three times daily until it
reached 130.0 to 160.0 g kg ™' moisture. At night, the material
was piled and covered with canvass to avoid accumulation
of moisture.

The experimental silos consisted of plastic drums with
210 L capacity. After weighing and homogenizing the
elephant grass with the DCBP, the material was inserted
into the silos (126 kg silage, at a density of 600 kg m~*) and
compressed. After the silos were filled up, they were closed
with plastic canvas secured with rubber bands.

To evaluate the intake and AD of the silages and
determine NB, 20 uncastrated sheep of an undefined breed,
with an average live weight (LW) of 24.0+2.0 kg, were
distributed in a completely randomized design with five
levels and four replicates, considering each animal an
experimental unit. For each animal, the silage from a single
experimental silo was used. Animals were weighed at the
onset and end of the experiment, dewormed, and distributed
randomly into each level of DCBP evaluated. Animals were
kept in individual metabolic cages provided with collectors
and separators of feces and urine, troughs, and drinkers to
supply the feed, mineral mixture, and water ad libitum.

The experiment lasted 21 days, 14 of which were used
for the animals to acclimate to the diets and experimental
period, and seven to evaluate voluntary intake, the AD of
nutrients, and NB.

The silages were supplied daily in two periods:
morning (06.30 h) and afternoon (15.30 h), and the amount
was calculated according to the intake of the previous
days, allowing for approximately 150.0 g kg' as orts.
Samples of the silages (100 g) were removed daily at the
moment of weighing the feed for each animal, during the
entire data-collection period, conditioned in plastic bags,
labeled, and stored in a freezer at —10 °C. At the end of the
experiment, samples referring to each animal were thawed
and homogenized, and a 300 g aliquot was collected and
processed (pre-dried) for subsequent analyses. The orts
were weighed in the morning, before the supply of the
new feed, and sampled (80 g) through the same procedure
described for the sampling of the supplied feed.

Feces were collected during the evaluation period, and a
10% sample was taken and conditioned in a freezer at —10 °C.
At the end of the experiment, samples referring to each
animal were thawed and homogenized to remove 300 g of
the total feces from each animal, which were conditioned in
plastic bags, labeled, and kept in a freezer at —10 °C.
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Twenty milliliters of hydrochloric acid (HCl) were
added to the urine-collection containers at a 1:1 ratio to
prevent losses of nitrogen by volatilization. The urine was
measured in the morning and afternoon during the evaluation
period, when 10% aliquots were taken from the total and
conditioned in a freezer at —10 °C until the analyses.

The dry matter (DM), organic matter (OM), crude
protein (CP), neutral detergent fiber (NDF), acid detergent
fiber (ADF), hemicellulose, cellulose, lignin, neutral
detergent insoluble nitrogen (NDIN), and ADIN contents
were determined in the silage samples. The levels of DM, CP,
NDF, ADF, hemicellulose, and cellulose were determined
in the samples of orts and feces. Analyses of DM and CP
were conducted according to methodologies described by
AOAC (1990; Methods 934.01 and 984.13, respectively).
The levels of NDF, ADF, hemicellulose, cellulose, and
lignin were analyzed in accordance with Van Soest et al.
(1991). The concentrations of NDF were analyzed using
1 g of sample treated with heat-stable alpha-amylase and
solubilized with 100 mL of neutral detergent solution and
expressed without correction for residual nitrogen and ash.
The levels of ADF were determined through sequential
method and expressed without correction for residual
nitrogen and ash. The levels of lignin were determined using
solubilisation of cellulose with sulphuric acid (H,SO, 72%)
according to Van Soest et al. (1991). The NDIN and ADIN
contents were determined according to methodologies
described by Licitra et al. (1996).

With the values obtained in the chemical composition
analysis, the intakes of nutrients and the coefficients of
AD of the nutrients were determined. The quantities of
feed supplied and orts left by each animal were recorded
to estimate the intake. The coefficients of AD, DE, and NB
of the diets were determined according to methodologies
described by Silva and Ledo (1979). The AD was calculated
by subtracting the ingested DM by the excreted DM,
divided by the ingested DM. The gross energy content (GE)
of feeds, feces and urine was determined using a bomb
calorimeter and the DE was calculated by difference. The
values of nitrogen consumption (NC), nitrogen excreted
in feces (NF), and nitrogen excreted in urine (NU) were
obtained by multiplying nitrogen levels by the amounts of
feed intake and of feces and urine excreted, and NB was
calculated as NB = NC — NF — NU.

The study of degradability in sifu was conducted using
a rumen-fistulated steer (Tomich and Sampaio, 2004).
The animal was fed corn silage supplemented with 1 kg
concentrate daily, at 07.00 h and 16.00 h. After 45 days of
ensilage, silos were opened and samples of the silages were
collected for the trial. Samples were pre-dried in a forced-

ventilation oven at 60 °C for 72 h, processed in a knife mill
with 5 mm sieve, and homogenized for later incubation.

Five levels of addition of the by-product were
tested, with three replicates and five times of incubation
with an animal. The experimental design was completely
randomized, with split-plots, in which the proportions of
DCBP were the treatments (plots), the different silos were
the replicates, and the incubation times were the sub-plots.

The feeds were incubated in 9 x 20 cm nylon bags with
50 um porosity containing 10 g of the pre-dried material.
Bags were inserted in the rumen at 08h00 and removed in
sequential order at 6, 24, 48, and 96 h, and then washed
manually in running water. To determine zero time (t = 0),
three nylon bags were used per treatment with the same
amount of sample utilized for the other incubation times;
these were sealed and washed manually in the same manner
as the other times. Afterwards, they were dried in a forced-
air oven at 60 °C and weighed, and samples were analyzed
to determine DM and CP according to methodologies
described by AOAC (1990; Methods 934.01 and 984.13,
respectively). The NDF level was determined in accordance
with methodologies described by Van Soest et al. (1991).

Means were compared and coefficients of the model
proposed by Orskov and McDonald (1979) were determined
using the SAS software (Statistical Analysis System,
version 9.2). After determining the model parameters,
the effective degradability (ED) was estimated by adopting
the rumen passage rates of 0.02, 0.05, and 0.08 h!
(McDonald, 1981).

The model was evaluated by Akaike’s information
criterion (AIC):

AIC=-2InL+2 (p+1),
in which L is the likelihood function; n is the sample size;
and p is the number of free parameters of the model.

Intake, apparent digestibility, and nitrogen balance
data were analyzed using the MIXED procedure of SAS
(Statistical Analysis System, version 9.2). The following
statistical model was used: Y, =utote, in which Y, is
the value observed for the dependent variable studied; p is
the overall mean; . is the effect of inclusion of DCBP; and
e, is the random error associated with each observation.
The most suitable model for each variable was chosen based
on the significance of the linear and quadratic coefficients,
using Student’s t test at the probability levels of 0.01 and
0.05, and in the coefficient of determination.

Results

The intake of dry matter (DM) from the silages increased
as DCBP was added (Table 3). In the regression analysis, a
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linear effect (P<0.01) of the levels of DCBP was observed on
the silage DM intake, which increased by 20.47 g d! with
every 10.0 g kg”' DCBP added to the silage (as fed basis).

Despite the low CP (68.0 g kg! DM) and high ADIN
(196.0 gkg' DM) contents of the silages, which may restrict
intake by reducing the availability of nitrogen to the rumen
microflora, and the high NDF levels (728.0 g kg”! DM) of
the silages, which reduce intake by the accumulation of
fibrous mass in the rumen (Van Soest, 1994), the highest
level of DCBP (140.0 g kg') provided an increase of
approximately 80% (P<0.01) in DMI as compared with the
silage of elephant grass alone (Table 3). Thus, DCBP seems
to have improved the nutritional properties of the elephant
grass silage.

The levels of DCBP had a linear effect (P<0.01) on CP
intake, which increased by 0.04 g d' or 0.04 g kg™'d"' LW®7
with every 10.0 g kg”' DCBP added to the silage (as fed

basis). Addition of DCBP provided an increase of over
200% in CP intake when 105.0 and 140 g kg™' of DCBP
(as fed basis) were used, compared with the silages of
elephant grass (Table 3).

The intakes of neutral detergent fiber (NDF) and
acid detergent fiber (ADF), in g d"' and g kg 'd'LW®7,
increased linearly (P<0.01) with the levels of DCBP used
in the ensilage of elephant grass (Table 3).

Regarding the intakes of hemicellulose and cellulose,
no effect of the levels of addition of DCBP in the ensilage
of elephant grass was recorded (P>0.05). The mean values
observed for hemicellulose intake were 119.49 g d! and
5.5 g kg d' LW. Mean values for cellulose intake were
122.01 gd!and 5.7 g kg 'd ' LW (Table 3).

The digestible DM, CP, and NDF intake values and the
DE intake increased linearly (P<0.01) with the addition of
DCBP, by 8.25gd",0.04 gd "', 5.88 gd!, and 0.03 Mcal d!,

Table 3 - Regression equations and coefficients of determination (R?) for the intakes of nutrients and digestible energy from silages

DCBP
Ttem 0.0 35.0 70.0 105.0 140.0 R?
Dry matter
(gd)! 325.7 337.9 493.4 647.5 529.2 0.34*
(g d!'kg ' BWO7)? 335 344 49.0 65.2 51.3 0.32%
Crude protein
(gd!') 17.4 20.6 40.2 59.7 55.7 0.67*
(g d' kg ' BWO7)* 1.8 2.1 4.0 6.0 5.4 0.67*
Neutral detergent fiber
(gd?ty 240.8 261.1 373.3 468.8 388.4 0.31*
(g d" kg BW)* 12 1.2 1.7 22 1.7 0.28%
Acid detergent fiber
(gd!y 144.0 169.4 241.4 3104 270.1 0.42*
(gd'kg'BW)* 0.7 0.8 1.1 1.5 1.2 0.40%
Hemicellulose
(gd™h) 96.8 91.9 132.0 158.4 118.2 ns
(gd'kg'BW) 0.5 0.4 0.6 0.7 0.5 ns
Cellulose
(gdh 100.0 108.6 137.0 152.4 111.8 ns
(gd' kg'BW) 0.5 0.5 0.6 0.7 0.5 ns
Digestible dry matter
(gd!y 154.8 145.3 224.6 281.0 232.5 0.27*
Digestible crude protein
(gdhHw 4.4 1.9 8.1 13.6 9.2 0.23*
Digestible neutral detergent fiber
(gd™H" 125.3 133.8 191.5 214.8 188.4 0.22%
Digestible energy
(Mcal d™)"? 0.6 0.5 0.8 1.1 0.9 0.33*

DCBP - by-product from dried cashew apple.

*(P<0.01) by the t test (student); ns - not significant.

1Y =323.44 +20.47X.
2Y=33.43 + 1.89X.
3Y =1.22+0.04X.
4Y =0.23 +0.04X.
SY =246.09 + 14.36X.
0y =1.19 +0.06X.
7Y = 148.47 + 11.23X.
8Y=0.72+0.05X.
7Y =151.55 + 8.25X.
10y =0.40 + 0.04X.
1y =130.78 + 5.88X.
12y =0.55 +0.03X.
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respectively, with every 10.0 g kg™' of inclusion of DCBP
(Table 3). These data suggest that addition of DCBP improved
the nutritional value of elephant-grass silage in this work.

The levels of addition of DCBP to the ensilage of
elephant grass did not affect (P>0.05) the coefficients of
DA of the nutrients or the DE and NB values of the diets
(Table 4). The levels of DCBP had no effect (P>0.05) on
NB. Only the silages with 105.0 g kg! of DCBP showed
positive values.

The incubation period and the levels of addition of
DCBP (P<0.05) in the ensilage of elephant grass interfered
with the disappearance of DM (Table 5). For soluble
fractions at time zero (0), the values varied from 189.4
to 221.6 g kg! DM. Throughout the incubation time, the
silages showed increasing rates of disappearance of DM
until 96 h (P<0.05).

In the determination of the disappearance of CP, both
the incubation time and the levels of addition of DCBP
in the ensilage of the elephant grass interfered with the
disappearance of CP (Table 5). For NDF, an effect of
incubation period and levels of addition of DCBP (P<0.05)
was observed in the ensilage of elephant grass (Table 5).
Regarding the soluble fractions at time zero (0), values
varied from 72.1 to 115.7 g kg™! NDF.

At the incubation time of 96 h, the exclusive silages of
elephant grass and the silages with 35.0, 70.0, 105.0, and
140.0 g kg ! (as fed basis) of the DCBP showed the highest
(P<0.05) NDF disappearance values, compared with the
other incubation times. In this period, the silages with
addition of DCBP showed similar mean NDF disappearance
values (P>0.05) to that observed in the exclusive elephant-
grass silage (Table 5).

Table 4 - Apparent digestibility of nutrients, digestible energy values, nitrogen balance, and coefficients of determination (R?) of the

silages
DCBP
Nutrient 0.0 35.0 70.0 105.0 140.0 R?
Dry matter' 475.0 417.6 452.4 437.7 437.5 ns
Crude protein' 244.1 50.6 190.8 234.7 162.2 ns
Neutral detergent fiber! 518.4 502.6 5114 461.5 483.0 ns
Acid detergent fiber! 483.4 442.7 476.5 418.1 459.0 ns
Hemicellulose' 569.2 613.5 574.4 546.8 540.5 ns
Cellulose! 619.5 660.6 797.0 833.1 891.6 ns
Digestible energy? 456.8 391.1 421.2 413.1 418.8 ns
Nitrogen balance? -2.27 —2.46 —1.34 0.26 -1.32 ns

DCBP - by-product from dried cashew apple.
ns - not significant.

1 g kg’l.

> Mcal kg' DM.

Sgdt

Table 5 - Average disappearance (g kg™') of the nutrients from silages at time zero and at different rumen-incubation times

DCBD
Time (h) 0.0 35.0 70.0 105.0 140.0
Dry matter
0 194.3cdE 221.6aE 212.9abE 202.7bcE 189.4dE
6 225.9dD 261.6aD 239.8bcD 244.8bD 228.2cdD
24 341.8aC 323.9bcC 317.7¢C 335.2abC 323.7bcC
48 454.5bB 493.4aB 472.9bB 468.2bB 469.8bB
96 610.4aA 607.9aA 597.8abA 613.5aA 581.1bA
Crude protein

0 165.4aE 122.0bE 113.7bE 92.3cE 82.9cE

6 250.6bD 280.3aD 249.1bD 282.6¢D 228.2¢D
24 368.7aC 344.5bC 328.4cdC 337.8bcC 314.7dC
48 471.70B 490.9aB 475.2bB 441.1cB 421.7dB
96 648.2aA 589.0bA 574.1cA 550.2cA 521.8¢A

Neutral detergent fiber

0 72.1bE 104.2aE 115.5aD 112.7aD 115.7aE
6 130.8abD 130.6abD 137.1aD 107.9bD 142.4aD
24 184.8¢C 199.1bcC 195.2¢C 221.2abC 212.9aC
48 332.1cB 406.7aB 386.9aB 357.4bB 384.3aB
96 533.7abA 544.5abA 542.4abA 548.1aA 521.2bA

DCBP - by-product from dried cashew apple.
a, b, ¢, d, e - means followed by different letters in the row are different by the t test.

A, B, C, D, E - means followed by different letters in the column are different by the t test.
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Concerning the parameters of ruminal degradation of
DM, it was observed that in the soluble fraction, the silage
with 35.0 g kg' DCBP showed the highest numerical
value, when then a decrease was seen in the values of
fraction a with the levels of addition of DCBP (Table 6).
All degradation rates of fraction b (c) remained with values
below 0.02 h'. The digestible-energy values remained
practically constant with the levels of addition of DCBP;
the same response was observed for the AD of these silages
(P>0.05) (Table 4). The presence of tannin in the DCBP
may also be a factor of reduction in disappearance of DM,
since the main impact of tannins in animal nutrition is the
ability of these compounds to form complexes with various
types of molecules.

Discussion

The increase in DM intake (g d™' and g kg' d™' LW®7)
with addition of DCBP (Table 3) may stem from the greater
DM content, as observed by Muck (1988), who stressed
that this increase may be more closely related to the
improvement in the silages’ fermentation process, provided
by the increased DM content, than to the moisture content
in the silage. It is also evidenced that the intake of feeds has
a close relationship with the amount of DM present in the
diet, since the proportion of roughage, associated with the
higher levels of water, determines the space occupied in the
rumen, which may limit intake due to the rumen distension
effect. Therefore, addition of DCBP to the ensilage of
elephant grass may increase intake by improving the
fermentation process and reducing the moisture content
of the silages, as both occurrences were observed in the
present experiment.

In this regard, the low voluntary intake of the silages
was likely a combined effect of the nutritional value of the
elephant grass and the concentrations of NDF and ADIN
in DCBP.

Teles et al. (2010) did not observe an effect of the level
of addition of DCBP in the ensilage of elephant grass on
DM intake, possibly due to the effect of the ADIN content,
which was greater than that observed in this study. This
high ADIN content may be related to the Maillard reaction
(Van Soest and Manson, 1991), because of possible heating
during the ensiling process.

The linear effect of DCBP on CP intake (Table 3) may be
a consequence of both the elevation in the CP contents and
the DM intake from silages containing DCBP. According to
the NRC (2007), the necessary CP intake for sheep weighing
25 kg is 32 g d''; this requirement was met after the level of
70.0 g kg! of inclusion of DCBP (as fed basis).

The greater intakes of NDF and ADF result from the
increase in the DM intake from silages with DCBP (Table 3).
It is possible that this result also contributed to the increase
in DM intake from silages, since, according to Mertens
(1992), the ideal NDF level in the diet is not fixed, and
it varies according to the net energy requirements of the
animal. Thus, when the roughage aspect of the diet is a
limiting factor, i.c., when the diet has a high NDF content,
the animal needs to consume more to meet its energy
requirements.

Lousada Jr. (2003) evaluated the NDF intake from
pineapple, acerola (Malpighia emarginata), guava, melon,
and passion fruit by-products and emphasized that despite
the similarities in origin (by-products from fruit processing),
the by-products have a large variation in NDF intake
because of the nature of the fiber, which demonstrates the

Table 6 - Parameters of degradability and effective degradability, and coefficients of determination (R?) of the nutrients of silages for the

passage rates of 0.02, 0.05, and 0.08 h™!

Parameters' Effective degradability
DCBD a b c 0.02h" 0.05h" 0.08h" R
Dry matter
0.0 187.3 520.0 15.7 41.6 31.2 273 0.99
35.0 213.9 520.0 1.43 43.0 329 29.3 0.97
70.0 200.7 520.0 1.42 41.7 31.6 27.9 0.98
105.0 198.4 520.0 1.52 423 32.0 28.1 0.99
140.0 183.8 531.9 1.47 40.9 304 26.6 0.99
Crude protein

0.0 186.6 626.1 1.36 44.0 32.0 27.8 0.98
35.0 156.9 470.0 2.55 42.0 31.6 27.1 0.95
70.0 140.3 479.4 2.42 40.3 29.7 25.2 0.97
105.0 140.1 420.3 3.00 39.2 29.8 25.5 0.91
140.0 114.0 427.0 2.80 36.3 26.7 22.5 0.97

DCBP - by-product from dried cashew apple.

"'a - soluble fraction (g kg); b - potentially soluble fraction (g kg™); ¢ - degradation rate of b (g kg™'h™).
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concept stated in NRC (2001), that the intake limit of
14.0 g kg”'d' LW of NDF in cattle should not be applied
to diets containing by-products.

Pimentel et al. (2011) evaluated the intake of nutrients
in sheep fed diets containing cashew nut meal (CNM)
at the levels of 0, 100.0, 200.0, and 300.0 g kg' of the
concentrated diet. Neither dry matter nor crude protein
intake was influenced by addition of CNM; however, the
intakes of NDF and ADF showed a quadratic response to
the increase in the dietary lipid level.

Although the addition of DCBP improved some
chemical characteristics of the silages, e.g., the CP
content (Table 2), this alteration was not sufficient to
provide a better use of these feeds by the animals, based
on coefficients of DA of the nutrients or the DE and NB
values of the diets (Table 4). A possible explanation for
this fact is the high percentage of NDIN and ADIN, which
have their use limited by the rumen microorganisms (Van
Soest and Manson, 1991; Van Soest, 1994). Thus, because
a good portion of the nitrogen present in the feed formed
complexes with fibrous components (NDIN and ADIN),
this might have contributed to the low digestibility values
of the silages’ nutrients.

In diets with low availability of nitrogen compounds
and rich in NDF, the supply of rumen-degradable protein
is limiting to microbial growth; thus, the cell wall
digestion is compromised and feed intake is reduced
(Van Soest, 1994).

The lignin contents of the silages also increased as the
inclusion of DCBP in the ensilage of elephant grass was
increased (Table2). Dietsrichinlignin may limitthe potential
of digestion of fibrous carbohydrates. Hence, even if the
partially digestible components were increased by elevating
the inclusion of DCBP, the indigestible components were
also increased, which might have contributed to the lack of
alterations in the AD of the nutrients from the silages when
assessed in vivo.

Thus, the low AD contents of the nutrients obtained in
this study may be a consequence of both the low availability
of nitrogen in the silages, through the increased ADIN, and
the increased amounts of lignin in the silages with addition
of DCBP (Table 4). Evaluating levels of addition (0, 40.0,
80.0, 120.0, and 160.0 g kg™'; as fed) of dried cashew apple
in the ensilage of elephant grass, Teles et al. (2010) also did
not observe effects of the by-product on the AD of DM, CP,
NDF, EE, or total carbohydrates, although they observed a
linear decrease in the AD of the silages” ADF.

Working with pineapple, acerola, guava, passion
fruit, and melon by-products, Lousada Jr. (2003) found
AD values of NDF and ADF of 508.0 and 518.0; 168.0

and 82.0; 177.0 and 130.0; 562.0 and 654.0; and 386.5 and
387.4 g kg' DM, respectively, stressing that the highest
AD values of NDF were observed in the by-products with
the lowest lignin content. Pimentel et al. (2011) found that
the AD of DM, CP, NDF, and ADF were not influenced by
addition of CNM to the diets. Teles et al. (2010) observed
an increasing linear response of NB to inclusion of dried
cashew apple in the ensilage of elephant grass.

The soluble fraction values can be considered high,
since they refer to fragmented feeds (Table 5). Thus, the
soluble fraction would be represented by the sugars,
remaining nitrogen compounds from the fermentation in
the silo and sample loss. Throughout the incubation time,
the silages showed increasing rates of disappearance of
DM until 96 h (P<0.05). It is believed that at this time the
silages had already reached the maximum disappearance
of DM. According to Sampaio (1994), the incubation period
of 96 h is sufficient for studies of ruminal evaluation in situ
of roughages, because it is considered that until this time
it is possible to detect changes in the degradability of the
material. However, considering the levels of addition of
DCBP in every period individually, no consistent variations
were observed in the values of disappearance of DM.

The results of disappearance of CP (Table 5) confirm
the low values found for AD (176.0 g kg' CP in DM) of
this parameter (Table 4), and also help to explain the low
intakes detected. The initial loss of the fibrous fraction
(NDF) (Table 5) was probably caused by the greater loss
of material through the pores of the bags at the time of
washing, since the fibrous fraction is predominantly
soluble. Despite the increase in the concentrations of lignin
and ADIN, it was demonstrated that the waste displayed
good use of the fiber as compared with the silage with
elephant grass only, which may be related to the particle
size of the by-product, providing a larger contact area for
the activity of rumen bacteria.

Degradation rates of fraction b (¢) with values below
0.02 h™! (Table 6) may indicate longer residence of the feed
in the rumen, which may lead to reduced intake through
the distension of the gastrointestinal tract, before the
energy requirements are met. Sampaio (1994) stated that
a degradation rate lower than 0.02 h™! is indicative of low-
quality feeds, as it requires a long period in the rumen for
proper digestion. Therefore, it is possible that addition of
DCBP to the ensilage of elephant grass compromises the
nutritional quality of the feed, due to its reduced rate of
utilization by rumen microorganisms.

Regarding the CP, despite the increase in the
degradation rate (¢) of the silages with inclusion of DCBP,
a reduction was observed in the DE values (Table 6) with
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inclusion of the by-product, possibly due to the reduction
of the soluble fraction.

Régo et al. (2010a) studied the degradation in situ of
DM, CP, and NDF of elephant-grass silages containing five
levels (0, 40.0, 80.0, 120.0, and 160.0 g kg'; ensiled as
fed basis) of inclusion of annatto seed by-product (ASB).
The authors found an increase in disappearance of DM
until the level of 133.7 g kg! of addition of ASB to the
ensilage of elephant grass for 28 h of incubation. Similarly
to the present study, the disappearance of NDF at 96 h of
incubation increased up to 160.0 g kg™!' of addition. For the
studied set of degradation parameters, it was observed that
the inclusion level of 160.0 g kg! ASB displayed higher
values for the potential and effective degradability of the
studied variables. The authors concluded that inclusion
of the annatto seed by-product in the ensilage of elephant
grass resulted in silages with greater potential and effective
degradability, which was not observed with DCBP.

The type of response found for silages with DCBP may
be due to the greater difficulty that the microorganisms
had to reach the protein matrix, which is protected by the
fibrous fraction and by the interactions existing with lignin
and/or tannins.

In this regard, the results obtained in this study indicate
that there is a need for protein supplementation in diets
that include DCBP. Based on the rumen-degradation
characteristics, the supplements should present decreasing
rates of ruminal degradation of CP.

Conclusions

The addition of by-product from dried cashew apple
improves the nutritional value of elephant-grass silage
mainly by improving nutrient intake. Dried cashew apple
can be included at up to 140 g kg! (as fed basis), in silages of
elephant grass, but high levels of acid detergent insoluble
nitrogen may compromise the use and availability of
nitrogen to animals.
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