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ABSTRACT - The objective of this study was to evaluate the effect of substituting soybean meal for urea in diets based
on deferred buffelgrass on the performance of feedlot sheep. Thirty mixed-breed sheep with an average initial body weight
of 17+1.5 kg were distributed in a completely randomized design in which the experimental treatments consisted of five diets
with six replicates. Diets were composed of deferred buffelgrass plus concentrates and calculated to be isoproteic. Treatments
were represented by the substitution of soybean meal for the urea levels (0, 25, 50, 75, and 100%). Nutrient intake did not
differ among animals fed diets with urea levels. Hot and cold carcass weights, hot and cold carcass dressing percentages, initial
and final pH, and weight of commercial cuts did not differ among animal fed diets with urea levels. There was no difference
for non-carcass components among animals, except for the empty carcass, gall bladder, and perirenal fat weights, which were
influenced by dietary urea levels. Substituting the crude protein from soybean meal for the protein from urea provides a similar
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performance in sheep consuming deferred buffelgrass.
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Introduction

In the semiarid climates, for animals to maintain an
appropriate level of production throughout the year, high-
quality roughages must also be provided during the dry
season, since the demand for feed is present all year long.
Among the typical forage-preservation methods, haying is
a process aimed at rapidly drying the material to prevent
losses of carbohydrates and leaves; for this reason, the
plant should ideally have fine stems so that its drying time
is reduced (Castagnara et al., 2012).

One of the most prominent forage options for use
during the feed-scarcity period for hay-making in the
semiarid regions is buffelgrass (Cenchrus ciliares), a
crop widely used for its biomass yield, dense leaves,
fine stems that accumulate carbohydrates, and protein
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content that ranges from 3.04 to 4.52%, on a dry matter
basis (Moreira et al., 2007).

In the specific case of semiarid climates, buffelgrass
responds with an accelerated growth after rain events, ending
its phenological cycle and forming inflorescences (Freitas
et al., 2013). Subsequently, it enters senescence and rapidly
loses its nutritional value. Voltolini et al. (2010), evaluating
performance of sheep grazing deferred buffelgrass supplied
with urea, verified no more than 47 g daily gain and stated
this low performance is due to difficulty of grazing deferred
buffelgrass because pasture had high stem:leaf ratio. Thus,
the cut, processing, and use in feedlot could improve animal
performance.

Plant-derived protein supplements, as is the case of
soybean meal, are more expensive, which may incur higher
feeding costs. Thus, urea, a source of non-protein nitrogen
(NPN), is an option because, in addition to increasing the
nitrogen and crude protein contents of the feed, it affects its
digestibility, resulting in better animal performance.

However, the effects of substituting soybean meal as
a true-protein source for urea have not been evaluated in
sheep fed deferred buffelgrass hay in feedlot. Therefore, the
present study was conducted to evaluate the performance
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and carcass yield of feedlot mixed-breed sheep fed diets
containing deferred buffelgrass with levels of wurea
substituting true-protein sources derived from soybean
meal. The replacement of soybean meal for urea does not
affect animal performance.

Material and Methods

Research on animals was conducted according to the
institutional committee on animal use (case no. 019/2016).
The experiment was conducted in Pendéncia, located in
Soledade, PB, Brazil (7°8'18" S, 36°27"2" W, and 534 m asl).
The experimental period was from September to October
2015. Thirty male crossbred Santa Ines sheep with an
average initial weight of 17.0+1.5 kg were distributed in a
completely randomized design, in which their weight was
used as a co-variable and experimental treatments consisted
of five diets with six replicates.

Different levels of NPN in sheep diet were tested in
a completely randomized design. Diets were composed
of deferred buffelgrass and concentrate and treatments
were represented by the substitution of the crude protein
(CP) from the true-protein source (soybean meal) of the
diets for CP from the non-protein nitrogen source (urea),
as follows: 0% substitution of CP from soybean meal for
urea; 25% substitution of CP from soybean meal for urea;
50% substitution of CP from soybean meal for urea; 75%
substitution of CP from soybean meal for urea; and 100%
substitution of CP from soybean meal for urea.

The buffelgrass was harvested in July 2015 from a
closed pasture. The grass was harvested at 10 cm above
the soil with a backpack mower; next, the material was
transported to the experimental farm, where it was baled
and stored in a shed where the experiment took place.
Sheep were confined for 50 days, after a period of eight
days of adaptation to management, facilities, and diets.
Diets were provided ad libitum, supplied twice daily (at
07.00 and 15.00 h), during the entire experimental period.
Leftovers were adjusted to be approximately 20% of the
total provided per animal.

Animals were weighed every 14 days, starting at the
beginning of the experiment. On the first occasion, lambs
were deprived of solid feed for 16 h. Prior to the onset
of the experiments, they were identified with numbered
earrings, dewormed, weighed, distributed at random into
their treatments, and housed in individual 2.0-m? stalls
equipped with feeders and dinkers. Stalls were cleaned
periodically.

Samples of feeds provided and leftovers were collected
weekly to form composite samples corresponding to each

experimental period. These were placed in aluminum trays
and dried in an oven at 60 °C until reaching a constant
weight for the determination of the pre-dried matter. Next,
each sample was ground through a Wiley mill with 1 mm
sieves, stored in a plastic container, and identified for later
analyses of chemical components.

Dry matter (DM), crude protein (CP), mineral matter
(MM), and ether extract (EE) contents were determined
following the methodology described by AOAC (1990)
(Table 1). To determine the cell wall fraction, neutral
detergent fiber (NDF), and acid detergent fiber (ADF), we
employed the methodology described by Van Soest et al.
(1991). Lignin was obtained from the ADF residue, based
on the method described by Silva and Queiroz (2002),
treated with 72% sulfuric acid. In all samples, NDF was
corrected for ash and protein; for this, the residues from
digestion in neutral and acid detergent were incinerated
in a muffle furnace at 600 °C for 2 h. Corrections for
protein were performed using neutral detergent insoluble
protein (NDIP) and the concentrations of non-fibrous
carbohydrates (NFC), as recommended by Mertens (2002)
and Licitra et al. (1996).

Diets were formulated to be isoproteic and to meet the
requirements of the animals for an average daily gain of
200 g, according to NRC (2007) for mixed-breed lambs
(Table 2).

Lambs were weighed at the beginning of the experiment
and every 14 days on a mechanical bench scale with a cage
for small ruminants. The animals were weighed before the
first meal, after being deprived of food for 16 h, to monitor
the evolution of their weight and their daily weight gain.

After the experimental period, the animals were
weighed to obtain the final weight (FW) and then deprived
of solid feed for 16 h. Subsequently, they were once again
weighed to determine the slaughter weight (SW) for the
calculation of fasting weight loss, using the following
equation: FWL = (FW — SW) x FW.

Table 1 - Chemical composition of ingredients of diets (in g kg™

dry matter)
Ingredient
Item Deferred Soybean Corn Urea
buffelgras meal bran

Dry matter (g kg™' fresh matter) 822.0 866.2  857.1 99.0
Organic matter 911.2 9445  986.0 -
Crude protein 41.4 452.7 954 2813
Ether extract 7.3 19.6 53.7 -
Neutral detergent fiber 597.6 169.4 177.2

Acid detergent fiber 326.9 30.0 92.4

Lignin 52.9 13.3 11.6

Acid detergent insoluble nitrogen 6.4 6.8 17.3 -

Neutral detergent insoluble nitrogen 25.4 422.5 87.3 -
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Table 2 - Proportion of ingredients and chemical composition of
experimental diets

Experimental diet'
0% 25%  50%  75% 100%
Proportion of ingredients (g kg™' dry matter)

Item

Deferred buffelgrass 485.9 489.6 4844 4842 483.0
Corn 360.5 3827 413.8 440.0 463.1
Soybean 1252 923 59.5 277 00.0
Urea 00.0  04.6 10.4 15.1 20.8
Ammonium chloride 10.7 10.7 10.6  10.6 10.6
Mineral supplement? 16.6 18.9 20.1 21.3 22.5
Limestone 01.2 01.2 01.2 01.2 00.0
Chemical composition (g kg™! dry matter)
Dry matter? 8442 8445 845.1 8455 8459
Organic matter 916.5 9153 916.0 916.2 9175
Mineral matter 83.5 84.7 84.0 83.8 82.5
Crude protein 131.7 131.3  134.6 135.0 140.2

Neutral detergent fiber* 3755 376.0 3729 372.0 370.7
Non-fibrous carbohydrates 401.4 4079 4179 4262 4334
Ether extract 254 260 27.0 277 285

10, 25, 50, 75, and 100% substitution of the crude protein from soybean meal for
urea.

2 Mineral supplement (nutrient/kg supplement): vitamin A, 135,000 IU; vitamin D3,
68,000 1U; vitamin E, 450 IU; calcium, 240 g; phosphorus, 71 g; potassium,
28.2 g; sulfur, 20 g plus sulfur from ammonium sulfate to maintain the 9:1 ratio
(urea:ammonium sulfate); magnesium, 20 g; copper, 400 mg; cobalt, 30 mg;
chromium, 10 mg; iron, 2,500 mg; iodine, 40 mg; manganese, 1,350 mg; selenium,
15 mg; zinc, 1,700 mg; maximum fluorine, 710 mg; phosphorus solubility in 2%
citric acid (minimum).

3 g kg! fresh matter.

4 Corrected for ash and protein.

Lambs were stunned by brain concussion using a
captive bolt pistol; afterwards, they were bled by sectioning
their jugular veins and carotid arteries. Later, the animals
were skinned and eviscerated and their blood was collected
in a tared container for subsequent weighing.

After skinning and evisceration, head and feet
were removed to obtain the hot carcass weight (HCW).
Gastrointestinal tract, bladder, and gall bladder were
emptied and used in the determination of empty body
weight, which was estimated by subtracting the weights
of these organs from the slaughter weight (SW), to then
determine the carcass dressing.

Next, the carcasses were cooled in a cold room for
24 h (£2 to 4 °C) and later weighed to determine the cold
carcass weight (CCW) and cooling loss [CL = (HCW —
CCW)/HCW x 100].

The following morphometric measurements were taken
on the carcass, as indicated by Garcia et al. (2003): chest and
rump widths, chest depth, heart girth, rump circumference,
leg circumference, internal and external carcass lengths,
and leg length.

Carcasses were assessed subjectively for conformation,
by assigning the scores 1 = poor (concave), 2 = regular (sub-
concave), 3 = good (straight), 4 = very good (sub-convex),
and 5 = excellent (convex), and for fatness degree (scores
1 =too lean, 2 =lean, 3 = medium, 4 = fat, and 5 = too fat), as

proposed by Cezar and Sousa (2007). In the evaluation of the
carcass pelvic-renal fat, scores from 1 to 3 were assigned, as
follows: 1 = little (both kidneys uncovered), 2 = normal (one
kidney covered), and 3 = excessive (both kidneys covered).

After the subjective assessment of the carcass pelvic-
renal fat, the kidneys and pelvic + renal fat were removed and
their weights were recorded and subtracted from the hot and
cold carcass weights. Next, the hot and cold carcass dressing
percentages were calculated by the following equations:
HCD = (HCW/SW) x 100 and CCD = (CCW/SW) x 100.

Carcasses were divided lengthwise, along the midline,
and the left half-carcasses were weighed and sectioned
into the following five regions: shoulder — obtained by
sectioning the axillary region by cutting the tissues
joining the scapula and humerus to the thoracic region of
the carcass; ribs — resulting from two sections: the first
between the last cervical and the first thoracic vertebrae and
the second between the last thoracic and the first lumbar
vertebrae; loin — obtained by two sections: one between
the last thoracic and the first lumbar vertebrae and another
between the last lumbar and the first sacral vertebrae;
neck and leg — separated from the carcass at its upper end
between the last lumbar and the first sacral. As the cuts were
removed from the carcass, they were immediately weighed,
as described in Gonzaga Neto et al. (2006).

The carcass was sectioned in half using a bandsaw
(SF 42, G. paniz). A cross-section was made in the left
half-carcass between the 12th and 13th ribs, exposing
the transverse section of the longissimus dorsi muscle,
whose area was outlined using an appropriate pen onto a
transparent plastic film to determine the loin-eye area.

A regression analysis was applied to identify effect of
NPN levels on all variables in study, with a 5% significance
level. Linear and quadratic polynomials were tested.
Statistical Analysis System software, version 9.2, was used,
following statistical model:

y,=nta(mte,
in which Yy is the observed value for a dependent variable
in the ij-th sample; u is de average value for this variable;
is the regression effect of the t (0, 25, 50, 75, and 100%
substitution of soybean meal for urea); and e, is the random
residual term.

Results

The intakes of DM, organic matter, CP, NDF, EE, and
NFC, feed conversion, and feed efficiency did not differ
among animals receiving urea levels (Table 3). The DM

intake of the animals in the present study was, on average,
903.77 gd ™.
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None of the performance parameters (SW, total
weight gain (TWG), ADG, HCW, CCW, HCD, and CCD)
differed among the animals receiving diets with urea levels
(Table 4). In this way, the mean values for SW, TWG,
ADG, FC, and FE were 28.53 kg, 8.76 kg, 175.23 g d™!,
5.64 kg DM kg' ADG, and 194.34 g ADG kg' DM,
respectively. Mean values for HCW, CCW, HCD, and
CCD were 13.13 kg, 12.87 kg, 42.30 kg/100 kg of body
weight (BW), and 41.36 kg/100 kg BW, respectively.

Although the ADG of the animals fed diets with urea
did not differ statistically from that of the animals receiving
0% urea, it was lower than the 200 g established when the
diets were formulated.

The use of urea only as the main source of protein at
up to 2.08% in the dietary dry matter did not cause any
nutritional disturbances and provided similar performance
and carcass quality to sheep fed soybean meal as the main
source of CP (Table 4). The substitution of soybean meal
for urea in sheep feeding can thus be a viable alternative, as
it lowers production costs, allowing the producer to have a
better gross margin.

The morphometric measurements of the sheep
did not differ with the urea inclusion levels (Table 5),
except internal carcass length, which increased linearly
(P<0.05). This result can be explained by the age of the
animals, which did not allow for a greater bone tissue
growth, thereby preventing further measurements on the
carcass.

The lack of effect of nitrogen sources on the intakes
of DM and nutrients led to similar performances among
the sheep consuming deferred buffelgrass (Tables 3 and 4).
Likewise, their similar performance provided similarities
in their carcass morphometry and in most of the carcass
and non-carcass components (Tables 5, 6, 7, and 8).

Lambs fed the diets containing urea displayed no
differences in gall bladder weight (Table 8), likely because
of their EE intake (Table 3).

Cooling loss, carcass dressing, and loin-eye area did
not differ among animals fed the urea inclusion levels
(Table 6). The average CL, carcass dressing, and loin-eye
area values were 1.92 kg/100 kg BW, 0.55 kg/100 kg BW,
and 7.83 cm?, respectively.

Table 3 - Nutrient intake by sheep fed diets with deferred buffelgrass and different proportions of true protein and non-protein nitrogen

Diet! P-value
Intake SEM
0% 25% 50% 75% 100% L Q

Dry matter (g d™') 907.76 980.21 817.80 953.40 859.65 27.3775 0.9713 0.8819
Dry matter (g kg ' d”! BW) 35.73 36.75 33.15 37.35 34.28 0.5352 0.9260 0.9354
Organic matter (g d™') 837.31 899.87 750.07 876.93 794.38 25.1477 0.9119 0.9491
Crude protein (g d ™) 115.67 126.63 112.24 130.32 123.32 3.7227 0.7588 0.9130
NDF (g d™) 300.54 348.71 269.02 330.99 290.42 11.5421 0.8246 0.7137
NDF (g kg d' BW) 11.71 13.05 10.86 12.96 11.58 0.2761 0.6743 0.6240
Ether extract (g d ™) 22.54 22.48 21.97 26.54 25.40 0.7573 0.7151 0.9915
NEC (gd™) 396.02 425.21 380.48 437.24 406.00 11.3348 0.7597 0.8396
Feed conversion (kg kg™) 4.79 5.30 7.03 5.38 5.70 0.4733 0.2943 0.3517
Feed efficiency (g kg™) 217.44 195.42 182.02 194.23 182.56 8.9872 0.3729 0.5436

BW - body weight; NDF - neutral detergent fiber; NFC - non-fibrous carbohydrates; SEM - standard error of the mean; L - linear; Q - quadratic.

10, 25, 50, 75, and 100% substitution of the crude protein from soybean meal for urea.

Table 4 - Performance of sheep fed diets with deferred buffelgrass and different proportions of true protein and non-protein nitrogen

Diet! P-value
Parameter SEM
0% 25% 50% 75% 100% L Q

FW (kg) 31.69 32.34 30.07 31.54 30.07 0.5033 0.8833 0.9331
ECW (kg)? 24.10 19.66 17.92 20.15 19.56 0.5811 0.0047 0.0135
SW (kg) 29.10 29.66 27.56 29.00 27.33 0.6415 0.9244 0.8634
TWG (kg) 9.96 9.38 7.54 9.28 7.65 0.4457 0.4721 0.7467
ADG (gd™) 199.26 187.61 150.75 185.56 152.95 8.9137 0.4721 0.7467
HCW (kg) 13.51 13.55 12.61 13.16 12.78 0.2877 0.6099 0.7894
CCW (kg) 13.25 13.25 12.38 12.93 12.53 0.2763 0.6146 0.7919
HCD (kg/100 kg) 0.43 0.42 0.42 0.42 0.43 0.0031 0.2150 0.2618
CCD (kg/100 kg) 0.41 0.41 0.41 0.41 0.41 0.0031 0.4469 0.4933
CL (kg/100 kg) 1.94 2.20 1.76 1.77 1.94 0.0873 0.4518 0.6002

FW - final weight; ECW - empty carcass weight; SW - slaughter weight; TWG - total weight gain; ADG - average daily gain; HCW - hot carcass weight; CCW - cold carcass
weight; HCD - hot carcass dressing; CCD - cold carcass dressing; CL - cooling loss; SEM - standard error of the mean; L - linear; Q - quadratic.

! Q, 25, 50, 75, and 100% substitution of the crude protein from soybean meal for urea.
2Y¥ =-0.0295X +21.755 (12 = 0.29).
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Table 5 - Morphometric measurements of the carcass of sheep fed diets with deferred buffelgrass and different proportions of true protein
and non-protein nitrogen

Diet! P-value
Parameter (cm) SEM
0% 25% 50% 75% 100% L Q

Internal carcass length 58.76 57.85 58.16 58.64 59.39 0.2852 0.3217 0.1595
Chest width 14.33 13.83 13.33 13.33 13.16 0.1857 0.0078 0.3421
Rump width 18.33 18.00 17.33 17.83 17.83 0.2148 0.4319 0.2854
Chest depth 25.87 25.89 26.30 26.10 26.82 0.1370 0.1200 0.6182
Rump circumference 55.16 54.33 52.66 53.16 52.50 0.6489 0.4070 0.6492
Leg circumference 34.33 33.33 31.83 33.00 34.16 0.4005 0.0490 0.0471
Leg length 39.08 39.25 40.33 39.68 40.08 0.2943 0.2913 0.7673

SEM - standard error of the mean; L - linear; Q - quadratic.
10, 25, 50, 75, and 100% substitution of the crude protein from soybean meal for urea.

Table 6 - Quantitative traits of the carcass of sheep fed diets with deferred buffelgrass and different proportions of true protein and non-
protein nitrogen

Diet! P-value
Parameter SEM
0% 25% 50% 75% 100% L Q

Carcass dressing (kg/100 kg) 0.57 0.72 0.71 0.67 0.65 0.0271 0.1058 0.1289
Loin-eye area (cm?) 7.78 7.88 7.14 8.54 6.83 0.2481 0.6386 0.4869
Initial temperature (°C)? 32.06 33.73 32.91 33.86 34.50 0.2115 0.0032 0.8745
Final temperature (°C)? 5.98 6.01 7.21 7.30 8.73 0.1543 <.0001 0.1742
Initial pH 6.66 6.71 6.76 6.63 6.72 0.0221 0.5998 0.6188
Final pH 5.82 5.74 5.73 5.75 5.68 0.0344 0.6351 0.8684

SEM - standard error of the mean; L - linear; Q - quadratic.

10, 25, 50, 75, and 100% substitution of the crude protein from soybean meal for urea.
2Y =0.02X +32.417 (2= 0.27).

3Y =0.0271X +5.693 (12 = 0.26).

Table 7 - Weight of commercial cuts from the carcass of sheep fed diets containing deferred buffelgrass and ratios between true protein and
non-protein nitrogen

Diet! P-value
Parameter SEM
0% 25% 50% 75% 100% L Q

Cold half-carcass weight (kg) 6.76 6.50 6.16 6.49 6.26 0.0768 0.0723 0.2714
Neck (kg) 1.00 1.07 1.04 1.09 1.09 0.0218 0.6632 0.7784
Shoulder (kg) 1.19 1.17 1.20 1.12 1.19 0.0137 0.6761 0.9019
Ribs (kg) 1.63 1.69 1.80 1.67 1.72 0.0253 0.4740 0.4058
Loin (kg) 0.72 0.74 0.70 0.77 0.71 0.0112 0.8444 0.6571
Leg (kg) 2.13 2.06 2.05 2.08 2.13 0.0112 0.4504 0.5736
Yield (kg/100 kg) of BW

Neck (kg/100 kg) 15.28 16.59 16.49 16.98 16.90 0.3194 0.1198 0.4151
Shoulder (kg/100 kg) 18.35 18.25 18.69 17.64 18.19 0.1750 0.4557 0.9178
Ribs (kg/100 kg) 25.02 26.72 28.00 26.12 26.21 0.3435 0.4769 0.0600
Loin (kg/100 kg) 11.07 11.70 10.69 12.09 10.73 0.1847 0.8188 0.3298
Leg (kg/100 kg) 32.67 32.05 32.26 32.72 32.82 0.2366 0.5414 0.4615

BW - body weight; SEM - standard error of the mean; L - linear; Q - quadratic.
10, 25, 50, 75, and 100% substitution of the crude protein from soybean meal for urea.

Table 8 - Subjective assessment and thickness of fat from carcasses of mixed-breed sheep fed diets containing deferred buffelgrass and
sources of non-protein nitrogen

Diet! P-value
Parameter SEM
0% 25% 50% 75% 100% L Q

Renal fat (kg/100 kg) 0.26 0.31 0.24 0.29 0.32 0.0139 0.1269 0.1650
Pelvic fat (kg/100 kg)? 0.05 0.06 0.03 0.03 0.04 0.0031 0.0069 0.0576
Inguinal fat (kg/100 kg) 0.08 0.11 0.07 0.09 0.08 0.0057 0.6942 0.5544
Conformation (1-5)3 3.00 3.08 2.88 2.73 2.68 0.0354 0.0229 0.3106
Degree of fatness (1-5)* 3.00 3.08 2.88 2.73 2.68 0.0699 0.0007 0.4062

SEM - standard error of the mean; L - linear; Q - quadratic.

10, 25, 50, 75, and 100% substitution of the crude protein from soybean meal for urea.
2¥ =0.0003X + 0.0533 (> = 0.22).

3Y =-0.0032X +2.9567 (> = 0.18).

4Y =-0.0039X + 3.0733 (1> = 0.34).
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The initial temperature of the carcasses and the degree
of fatness of the animals were not different (P>0.05)
among urea levels. The weights of the commercial cuts
from the carcasses of the animals fed urea levels did not
show significant differences, either. Of all evaluated cuts,
the leg showed the highest weight and yield, which ranged
from 2.16 to 1.99 kg and 31.90 to 32.85 kg/100 kg BW,
respectively (Table 7).

Commercial cuts from the carcasses of animals
fed urea inclusion levels did not differ (Table 7). Cuts
considered first-class (leg and loin) accounted for 41.67
kg/100 kg, while second-class cuts (shoulder) represented
17.41 kg/100 kg, and third-class cuts (neck and ribs) were
40.98 kg/100 kg of the total left half-carcass. Therefore,
the cuts of greatest commercial importance, considered
first- and second-class, which are valued by the consumer,
had a higher participation in the carcass. There was also a
linear effect of diets on pelvic fat and carcass conformation
with reduction when urea was increased (Table 8). The
influence of diets containing higher protein content from
urea on the lower pelvic fat (Table 8) demonstrates that the
animals that consumed them had a lower degree of fatness
than those fed soybean meal only. As a consequence, the
carcasses of lambs consuming more protein from urea had
a worse conformation.

No effect of the diets was observed (P>0.05) on the
average urea and glucose values (Table 9).

Discussion

The DM intake of the animals in the present study
was, on average, 33.9% higher than the 43 g kg™! d”' BW,
recommended by NRC (2007) for sheep with the same
body weight and weight gain. The CP requirements
recommended by the same institute for these animals,
however, was 98.25 g (Table 3); these requirements were
met by the animals, probably because DM intake was
higher than estimated.

When associated with a low-quality roughage, inclusion
of rumen-degradable protein in the diet has a positive effect
on the intakes of DM and CP, which can be attributed to

the adequate nitrogen uptake for the activity of rumen
microorganisms (Azevedo et al., 2008). To reach ideal level
of NPN to increase microbial protein, the ruminants increase
the intake (Chandrasekharaiah et al., 2011). This intake
level can be changed by a physical distension of the rumen
brought about by NDF (Dado and Allen, 1995). However,
the urea inclusion did not increase the nutrient intake by
animals (Table 3). According to Van Soest (1994), an NDF
intake between 0.8 and 1.2% body weight maximizes DM
intake. The average NDF intake among the treatments
was within this range and, thus, intake was maximized, as
the animals were not under physical limitation. Thus, dry
matter intake by animals of the treatment without urea was
probably maximized and it was not possible to increase dry
matter intake of animals fed diets with urea. The maximum
urea inclusion level was 2.08%, on a dry matter basis (Table 2).
According to Gallo et al. (2015), supplementation with urea
must not exceed 2% of the total diet. These authors stated
that values higher than those lead to a decrease in feed
intake as well as in animal performance. However, none
of the urea-containing diets limited DM (g/day) or organic
matter (OM) (g/day) intake by the animals (Table 3). It is thus
observed that true-protein sources (soybean meal) can be
substituted for NPN sources (urea) without compromising
the animal intake.

The ammonia not used for protein synthesis in the
rumen is absorbed and carried out to blood coming at the
liver and then converted into urea. Thus, the blood urea
level is an indicator of nitrogen not used in the rumen
(Alves et al., 2012). In the present study, there was no
difference among treatments for blood urea concentration;
therefore, the efficiency of rumen urea use was similar
among treatments.

The recommended values of urea blood for sheep range
from 24 to 60 mg dL' (Gonzalez and Silva, 2006). The
observed values in the present study were according to these
authors (Table 9) and indicates that inclusion of up to 2.08%
urea in the diet does not decrease animal performance due
to the correct protein and energy ratio to be maintained.
Mendes et al. (2010) evaluated the partial substitution of
soybean meal for urea or starea in the feeding of lactating

Table 9 - Mean values for plasma urea and glucose concentrations of mixed-breed sheep fed diets containing deferred buffelgrass and

sources of non-protein nitrogen

Diet! P-value
Item SEM
0% 25% 50% 75% 100% L Q
Urea (mg dL™") 44.00 56.40 52.00 57.20 52.60 2.1913 0.1583 0.2386
Glucose (mg dL™) 77.00 78.60 69.80 76.80 66.40 2.1000 0.9941 0.6746

SEM - standard error of the mean; L - linear; Q - quadratic.

10, 25, 50, 75, and 100% substitution of the crude protein from soybean meal for urea.
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goats and also obtained no statistical differences for the
intakes of dry matter, crude protein, or neutral detergent
fiber. These authors observed a dry matter intake relative
to live weight ranging from 33.1 to 35.0 g/kg BW, which
are similar to the 33.2 to 33.7 g/kg BW found in the present
experiment.

Alves et al. (2012) investigated the association of
mesquite pod meal with urea levels in the feeding of sheep
(nitrogen balance, plasma urea N, and rumen parameters)
and also observed that addition of urea at up to 1.5% (DM
basis) did not influence nutrient intake. These findings
corroborate Paixdo et al. (2006), who stated that dry matter
intake will not be influenced by urea inclusion in the diet,
provided that the protein requirement is met. This effect
was also observed by Azevedo et al. (2015), who used
slow-release urea substituting soybean meal in the finishing
of feedlot cattle and did not observe alterations in their dry
matter intake.

The main carbohydrate-fermenting rumen microorganisms
need ammonia for the synthesis of amino acids; ammonia
may originate from true-protein sources and also NPN
(Berchielli et al., 2011). Thus, fermentation of fibrous
carbohydrates in the rumen will only be maximized if the
ammonia requirement of rumen microorganisms is met
(Valadares Filho and Pina, 2011). Detmann et al. (2011)
studied the in vitro degradation of neutral detergent fiber
of low-quality tropical forage and reported that NPN
sources benefited the fiber-degrading microorganisms as
compared with true-protein sources. Therefore, addition of
urea to roughages with low nutritional value improves the
potentially digestible NDF. The higher NDF digestibility
increases the passage rate of digesta, allowing for a faster
rumen emptying and providing an increase in DM and,
consequently, nutrient intake.

Similar results were found by Moraes et al. (2012),
who studied the intake and digestibility of nutrients in cattle
receiving different urea levels and observed an increase in
the intakes of DM and NDF as urea was added to the diet.
As stated by these authors, when NPN sources are added,
the energy uptake from the diet must be increased to allow
an appropriate rumen function, which can be attributed to
the maximization of microbial protein synthesis. However,
there was no improvement in the intakes of DM and
nutrients by the animals with addition of urea in diets. The
surplus ammonia produced in the rumen was likely not used
by the fibrolytic microorganisms for microbial synthesis
and consequently did not provide a higher degradation rate
of fibrous carbohydrates.

Detmann et al. (2011) and Moraes et al. (2012) used
Brachiaria decumbens with high lignin content, which

resulted in higher indigestible fiber. In the present study,
we used the deferred buffelgrass, which is a fast-growing
grass and presents lower lignin content (Table 1) (Santos
et al., 2005); hence, NPN inclusion did not increase dry
matter intake because it did not increase the digestibility
of buffelgrass.

In addition, Costa et al. (2009) found that, in
the presence of starch, the degradation of potentially
digestible NDF is reduced. According to these authors,
the microorganisms responsible for the degradation of
NFC grow faster than the fibrous carbohydrate-fermenting
microorganisms, capturing ammonia more quickly and
slowing the potentially digestible NDF degradation
process. Therefore, the higher NFC content originating
from corn might have affected the degradation of fibrous
carbohydrates.

The absence of effect for fiber degradation rate leads
to a similar passage rate of digesta and, consequently,
does not have a positive effect on the intakes of dry matter
and nutrients. Rezende et al. (2008) studied the intake
and digestibility of Brachiaria grass hay in cattle fed diet
supplemented with urea and observed that increasing the
CP level originating from the dietary NPN from 6.3 to
14.8% did not result in higher DM and NDF intakes.

This was probably a consequence of the N availability
in the rumen environment for the microorganisms to
increase microbial efficiency, thereby maximizing the
degradability and digestibility of the fiber, directly
affecting the rumination time, and reducing the feed
particle size to facilitate the degradation process, since
the fiber content and its physical form are the main factors
affecting the rumination process (Alves et al., 2009). This
may be attributed to the balanced ruminal concentration
of ammonia from nitrogen compounds used in the diets
and the source of fermentable carbohydrates that provided
similar ADG among the animals receiving the different
NPN levels, which in turn might have been caused by a
lower uptake of rumen undegradable protein (RUP) and the
fact that the intestine limited the animal performance due to
lack of metabolizable protein.

The sheep used in the present study were mixed-breed,
which might also have influenced their ADG results, given
that animal performance is highly correlated with nutrition
and genetics. As previously mentioned, all diets tested in
the present study met the CP requirements of the animals.
Since the fiber digestion was not influenced by NPN in
the rumen, animal performance would be associated with
metabolic events, mainly CP and energy requirements.

According to Aratjo Filho et al. (2015), the fat content
present in the carcass is an indication of the energy reserve,
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used mainly when there is a feed deficit. However, young
animals tend to deposit more muscle than fat. This fat
content is a very important variable, as it directly influences
the carcass dressing percentage.

In addition to a high proportion of muscles, carcasses
considered good-quality should present an adequate amount
of intermuscular fat to ensure meat juiciness and tenderness,
as well as a good amount of subcutaneous fat to prevent
excessive moisture loss during the entire cooling period.
Sheep will only deposit intermuscular and subcutaneous fat
after depositing abdominal adipose tissues like pelvic fat
(Bezerra et al., 2012).

All carcasses displayed conformation ranging between
2.68 and 3.02, which, according to Cezar and Sousa (2007),
characterizes carcasses as lean to medium conformation.
Considering the breed of the animals of the present study,
which does not allow for conformations greater than
medium (Costa et al., 2013), and the market in Northeastern
Brazil, these animals showed the minimum required traits.

The substitution of soybean meal for urea did influence
the fat deposition in the carcass, which can determine
a higher or lower percentage of loss according to its
thickness. Therefore, our results demonstrate that there
was imbalance between the protein and energy sources of
the diet. This provided uniformity among the slaughtered
animals, making it an important parameter for the sale of
the end product.

Young animals typically show a higher metabolizable
protein requirement and, although it is speculated that
protein can be better used when diets containing a larger
amount of RUP are included, lambs showed to make good
use of the rumen degradable protein. This fact contradicts
the NRC (1985) statement that lambs are an animal
category that requires rumen undegradable protein to bear
high growth rates (Mendes et al., 2006). Another important
point for consideration is the roughage source used, when
working with a basal forage resource. Mean values for
carcass dressing and loin-eye area were 0.55 kg/100 kg and
7.83 cm?, respectively; these did not differ (P>0.05) among
lambs receiving diets with urea inclusion levels.

Lambs that consumed the highest levels of urea
showed a linear increase temperature and worse carcass
conformation. The temperature rise was a result of the
amount of fat in the carcass, as it is known that the carcass
temperature is directly related to the amount of fat present
in the carcass. The carcass conformation was influenced
by the urea levels. This inferior carcass conformation may
be associated with the ruminal and metabolic efficiency
of the animal, given that the use of nitrogen by rumen
microorganisms is linked to the release of ammonia

originating from the hydrolysis of urea and presence of
energy for microbial synthesis. The hydrolysis occurs
rapidly and efficiently, mostly leading to nitrogen losses
through urea. For this reason, diets should be formulated to
have an adequate source of protein and energy so the animal
can obtain a better nitrogen use (Alves et al., 2012).

The complex effects of nitrogen on animal production
are increased when its metabolic availability has a direct
impact on the use of metabolizable energy. The nitrogen
retention in the animal body reflects in the efficiency of use
of all substrates involved in the composition of body and
products, resulting in weight gain and production in general.
The metabolic priorities of nitrogen compounds can be
understood through an evaluation of the nitrogen balance
in the rumen. Some studies have found negative hypotheses
for nitrogen balance in the rumen, meaning the flow of
nitrogen towards the abomasum is greater than the nitrogen
intake. In this way, there will be a greater dependence on
cycling so that the nitrogen in the rumen environment can
be better used. This implies inefficient use of metabolizable
protein for gain and an increased rate of mobilization
of muscle protein to meet the nitrogen requirements of
greater priority, culminating in low efficiency of the dietary
nitrogen (Detmann et al., 2014).

However, substitution of protein meals for urea changes
the amount of minerals available for rumen microorganisms
and for the animal. The sulfur added as supplement may
be less available than that naturally existing in the protein
(NRC, 1976).

Given the foregoing, we can state that, after a certain
level, the protein was probably not converted to muscle,
thereby compromising the carcass conformation. This
was probably because urea exceeded its ability to produce
microbial protein that reaches the post-rumen to be
absorbed by the animal, leading to a metabolic delay in
muscle protein formation.

In addition to a good proportion of muscle, good-quality
carcasses should have an adequate amount of intermuscular
fat to ensure the juiciness and tenderness of meat, as well
as an ideal amount of subcutaneous fat, which prevents
excessive moisture losses during the cooling process
(Bezerra et al., 2012).

Nevertheless, accumulation of fat in the carcass leads
to a high requirement or positive balance of energy in the
diet, causing this nutrient to be used reasonably in the
production system. Excess fat — either subcutaneous or
visceral — implies waste. However, the thin fat layer in
the carcass means insufficient energy uptake, revealing
insufficient productivity. The amount of subcutaneous fat is
of great value because it reduces drip losses and maintains
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the good aspect of meat during cooling, in addition to
preventing dryness and anomalies related to rigor mortis
(Aratjo Filho et al., 2015).

The diets provided the desired results from the
nutritional standpoint and also from the metabolic
perspective, which would be conversion of nutrients
into meat. However, because of the protein and energy
imbalance, the animal may come to accumulate fat without
accumulating muscle, causing the carcass characteristics
to be possibly compromised, since animals may obtain the
same gain, consisting of fat accumulation only, rather than
protein conversion into muscle.

Voltolini et al. (2011) studied the yield of commercial
cuts and non-carcass components of lambs receiving
increasing levels of concentrate, kept on a buffelgrass
pasture, and fed a diet formulated with 20% crude protein
and 75% total digestible nutrients, and observed that this
diet did not affect carcass weight, but influenced the carcass
yield of these animals.

Silva et al. (2010) evaluated the effect of
supplementation on the tissue composition of commercial
cuts from F1 (Boer x mixed breed) crossbred goats finished
on a native pasture, receiving supplementation levels (0.0,
0.5, 1.0, and 1.5% live weight, on a dry matter basis),
and slaughtered at 25.12, 26.62, 28.56, and 29.19 kg,
respectively, and observed that, as the supplementation
levels were increased, slaughter weight also increased.
Additionally, these authors observed an adequate degree
of fatness at the supplementation levels of 1.0 and 1.5%,
resulting in lower losses during the carcass cooling.
However, slaughtering these animals at a younger age and
at a lower live weight may be a viable alternative, since
their meat has excellent quality and a lower cost to the
producer, given the reduced permanence of the animal on
the farm (Yafiez et al., 2009).

The subcutancous fat provides better carcass
maintenance, with fewer changes in pH and temperature
(Marques et al., 2014). Thus, the animals that consumed
more urea had a higher final carcass temperature due to the
lower degree of fatness (Tables 6 and 9).

Similar results were found by Xenofonte et al. (2009),
who observed, among all cuts, highest weight and yield for
the leg, which ranged from 1.23 to 2.29 kg and 33.12 to
33.32%, respectively, in mixed-breed lambs, representing a
larger amount of muscle for sale.

Deferred buffelgrass hay, despite the low CP content,
is a fiber source of better digestibility than other grasses at
the same phenological stage and similar protein levels. This
is due to its low lignin content, which probably allowed
a higher ruminal digestion speed and favored the growth

of fermenting fibrous carbohydrate microorganisms, due
to the greater amount of energy availability in the rumen.
Thus, the performance of sheep fed diets with deferred
buffelgrass hay does not undergo interference from
nitrogen source because the ruminal digestibility of the
fibrous carbohydrates of this forage in diets are similar with
different nitrogen sources. On the other hand, there were no
metabolic problems at the levels of urea tested in this study
because blood urea was not significantly increased, which
explains similar performance of animals of all treatments.
Evaluating the results of this study, we observed that sheep
could receive diets with urea levels above 1% in the DM
without having their performance compromised; in cases of
high prices of soybean meal, the true protein could even be
fully replaced by a NPN source like urea. Although some
carcass characteristics were influenced by the substitution of
soybean meal for urea, these alterations did not compromise
the qualitative-quantitative aspects of these carcasses.

Conclusions

Substituting the nitrogen from soybean meal for
nitrogen from urea provides similar performance in sheep
consuming deferred buffelgrass hay.
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