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ABSTRACT. This study aimed to evaluate the effects of adding slow release urea to replace conventional
urea in diets for feedlot sheep on nitrogen metabolism and microbial protein synthesis. The substitution
levels used as treatments were 0, 20, 40, 60 and 80%. We used 25 Santa Ines x SRD sheep distributed in the
treatments in a completely randomized design. The animals were given 50% Tifton-85 hay and 50%
concentrate, comprising diets with approximately 12% crude protein. The ingestion, digestion and
excretion of nitrogen were not affected by the addition of slow release urea to the diet, in which the
digested nitrogen accounted for 72.98% of the ingested. The concentration of plasma urea-IN showed a
quadratic variation, with the maximum at the level of 72.18% substitution. The microbial protein
production and conversion efficiency of the protein into total digestible nutrients were not affected by the
addition of slow-release urea in the diets. The replacement of conventional urea with slow release urea in
the diet changes the concentrations of urea-N in plasma, however, does not affect the nitrogen balance, nor
microbial synthesis and efficiency.

Keywords: nitrogen balance, microbial efficiency, non-protein nitrogen.

Metabolismo do nitrogénio e sintese microbiana em ovinos alimentados com dietas
contendo ureia de liberagao lenta em substitui¢ao a ureia convencional

RESUMO. Objetivou-se avaliar os efeitos da inclusio de ureia de liberagio lenta em substituigio 2 ureia
convencional em dietas para ovinos confinados sobre o metabolismo de nitrogénio e sintese microbiana. Os
niveis de substitui¢io utilizados como tratamentos foram 0; 20; 40; 60 e 80%. Foram utilizados 25 ovinos
Santa Inés x SRD, distribuidos nos tratamentos na forma de delineamento inteiramente casualizado. Os
animais foram alimentados com 50% de feno de capim tiffon-85 e 50% de concentrado, compondo dietas de
aproximadamente 12% de protefna bruta. A ingestio, excregio e digestio de nitrogénio nio foram
influenciadas pela inclusio de ureia de liberagio lenta na dieta, em que o nitrogénio digerido representou
72,98% do ingerido. A concentracio de N-ureico no plasma variou de forma quadritica, com ponto
maximo no nivel de 72,18% de substitui¢ao. A produgio de protefna microbiana e a eficiéncia de conversio
da proteina em nutrientes digestiveis totais nao foi afetada pela inclusio de ureia de liberagio lenta nas
dietas. A substitui¢io da ureia convencional pela de ureia de liberagio lenta na dieta provoca variagio nas
concentragdes de N-ureico no plasma, entretanto, nio afeta o balan¢o de nitrogénio nem a sintese ¢ a
eficiéncia de sintese microbiana.

Palavras-chave: balanco de nitrogénio, eficiéncia microbiana, nitrogénio nio proteico.

Introduction

Protein is considered a key nutrient in ruminant
nutrition, not only by providing amino acids to the
animal, but also as a source of nitrogen (N) for
microbial protein synthesis (OLIVEIRA JUNIOR
et al., 2004a). The final protein supply to the small
intestine is formed by dietary protein (rumen
undegraded protein) and microbial protein
(CALDAS NETO et al., 2008). Microbial protein
synthesized in the rumen can supply more than 50%
of the amino acids absorbed by ruminants, being

considered a protein of high biological value (AFRC,
1993). Therefore, optimization of microbial
synthesis is one of the main objectives sought by
researchers in ruminant nutrition.

Microbial growth is dependent on the rate of
protein degradation and availability of ammonia
(N-NH,) in the rumen (BROOKS et al., 2012).
These authors reported that the lack of rumen
degradable protein (RDP) in the diet caused a
decrease in microbial N production, microbial
efficiency and degradation of peptides. Much of the
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RDP in the diet can be supplied by urea, a product
that stands out for its low cost, availability and ease
of use. Urea is hydrolyzed by microbial enzymes to
produce N-NH,, converted into
microbial protein, thus providing additional
protein to the host animal (CALSAMIGLIA et al.,
2008).

Besides the presence of N-NH; in the rumen, it
is also necessary to have available energy. The
inadequate supply of RDP in relation to fermentable
carbohydrates causes negative effects on fiber
digestion and, consequently, loss of energy
(KLEVESAHL et al., 2003; VAN KESSEL;
RUSSELL, 1996) and reduction of microbial
efticiency (HOOVER; STOKES, 1991). This is one
reason that limits the use of urea in ruminant diets
because it is soluble and makes N-NHj; available in
the rumen very quickly and, most often, there is no
balance with the availability of energy from the
degradation of carbohydrates.

In this line of research, we developed the slow-
release urea (GALO et al., 2003), type of coated urea
with controlled release of N-NHj;, which theoretically
can improve the rumen functionality and modify
metabolic profile. The slow-release urea is in the form
of pellets, so that the ammonia-N is slowly released
within eight h after intake (XIN et al., 2010), unlike the
conventional urea, which is hydrolyzed in 20-60
minutes. According to Broderick et al. (2009),
supplementation of slow-release urea in diets for
ruminants fed high levels of rapidly fermentable
carbohydrates can improve the ability of microbial
protein synthesis.

This study aimed to evaluate the effects of
replacing conventional urea with slow release urea
in diets for feedlot Santa Ines x SRD sheep on
metabolic parameters and microbial synthesis.

which is

Material and methods

The experiment was conducted at the Sheep and
Goat Farming sector, Department of Rural
Technology and Animal - DTRA, State University
of Southwest Bahia, Itapetinga Campus. We used 25
male Santa Ines x SRD sheep, non-castrated, ear
tagged, with initial body weight of 21.1 = 1.2 kg and
approximate age of four months.

Animals were dewormed and confined in pens of
1.20 x 0.80 m (0.96 m?) with slatted floor, with
access to individual feeder and drinker, distributed
completely randomized design. The
experimental period was 93 days; the first 21 days
for adaptation of animals to facilities, management
and diets, and the other 72 days were used for data
collection.

mto a
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It was evaluated the replacement of conventional
urea (CU) with (SRU)
[Optigen®I1], so that the equivalent protein from
these sources were equivalent: [T1: 1.5% CU in
total DM of the diet - SRU 0%, T2: 20%
replacement of CU with SRU, T3: 40%
replacement of CU with SRU, T4: 60%
replacement of CU with SRU, T5: 80%
replacement of CU with SRU]. The diets were
composed of Tifton 85 hay (Cynodon spp.) and
concentrate made up of ground corn grain, sugar
cane molasses, conventional urea, slow-release urea
and mineral mix (Table 1), in order to meet the
nutritional requirements recommended by the
NRC (2007) for average daily gain of 200 g (Table 2).

slow-release  urea

Table 1. Chemical composition of ingredients of experimental
diets.

Substitution level of
conventional urea (%)
0 20 40 60 80
Dry matter - DM(%) 89.31 8856 88.62 8836 8856 88.47
% in DM

Variable FT-85

Organic matter 9339 93.40 9343 9343 9331 9343
Crude protein 646 1824 18.08 17.80 17.62 17.51
Ether extract 158 204 208 223 234 222
Total carbohydrate! 8535 7312 7327 7340 7335 7370

Non-fiber carbohydrate 2 9.76 6296 6243 61.07 61.69 61.75
Neutral detergent fiber 7853 18.87 18.82 19.82 1850 17.97

NDFcp 7559 1586 16.18 1731 1629 16.22
Acid detergent fiber 5466 641 559 537 533 505
Lignin 1048 141 151 163 152 159
Mineral matter 6.61  6.60 6.57 657  6.69 6.57

1According to Sniffen et al. (1992); 2 According to Hall (2000).

Table 2. Proximate and chemical composition of diets containing
slow-release urea in place of conventional urea for finishing Santa
Ines x SRD crossbred sheep.

Substitution level of conventional urea (%)
0 20 40 60 80
Proximate composition

Ingredient (%)

Tifton 85 hay 50.00 50.00 50.00 50.00 50.00
Ground corn grain 43.00 4297 4294 4290 4286
Molasses 400 400 400 400  4.00
Conventional urea 1.50 120 0.90 0.60 0.30
Slow release urea 0.00 033 0.66 1.00 1.34
Mineral mix! 150 150 150  1.50 1.50
Chemical composition
Dry matter - DM (%) 88.94 8897 8884 8894 88.89
% in DM
Matter 9339 9341 9341 9335 9341
Crude protein 1235 1227 1213 12.04 11.99
NDIN? (% total-N) 1390 1478 1396 13.63 14.00
NPN_aed” (% total-N) 50.81 50.76 50.71 50.76  50.81
Ether extract 1.81 183 191 196 1.90
Total carbohydrate 79.23 7931 7937 7935 7952
Neutral detergent fiber 48.70 48.68 49.18 4852 4825
NDFcp* 4573 4589 4645 4594 4591
Acid detergent fiber 30.54  30.13 30.02 30.00 29.86
Non-fiber carbohydrate 3636 36.10 3541 3572 3575
Lignin 594 599 605 6.00 6.03
Mineral matter 6.61 6.59 659 6.65 6.59

IComposition: Calcium (0.48%); Phosphorus (0.35%), Sodium (0.59%); Sulfur
(0.072%); Copper (590 ppm); Cobalt (40 ppm); Chrome (20 ppm); Iron (1,800 ppm);
Iodine (80 ppm); Manganese (1,300 ppm); Selenium (15 ppm); Zinc (3,800 ppm);
Molybdenum (300 ppm). 2NDIN: neutral detergent insoluble nitrogen; *NPN uedt
non-protein nitrogen based on ingredients of the diet and NPN content tabulated
(VALADADRES FILHO et al., 2010); “NDFcp: neutral detergent fiber corrected for
ash and protein.
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The diets had forage: concentrate ratio of 50:50,
being offered at 7:00 and 16:00 hours, to provide
remains of 10% in relation to the consumption of
the previous day, in addition to supplying water ad
libitum. The amount of feed offered was registered
daily, and the remains was removed individually and
weighed, to evaluate the average daily consumption.

The collection of feces, urine and blood was held
from the 85" to the 93" experimental day. To carry
out the collection of feces, the animals were adapted
for five days to collection bags made up of sheepskin
leather attached by harnesses, continuing with the
total collection of feces from each animal for three
days. During the collection and
weighing of feces, always at 7:30 and 15:30 hours,
were taken samples equivalent to 10% total weight,
which were stored in a freezer for later analysis.

On the 93" experimental day, spot urine samples
were collected during spontaneous voiding of
animals, approximately four hours after supplying
the morning feeding. The samples were filtered
through gauze and a 10 mL aliquot was separated
and diluted in 40 mL of sulfuric acid (0.036 N)
(VALADARES et al,, 1999) which was aimed at
quantifying the concentrations of urea, nitrogen,
creatinine, allantoin, uric acid, xanthine and
hypoxanthine in the urine. Samples with pH above
three had the pH adjusted to avoid bacterial
destruction of purine bases in the urine and
precipitation of uric acid.

Simultaneously, four hours after morning
feeding, individual blood samples were collected by
jugular puncture, and kept in tubes (Vacutainer
TM) ethylenediaminetetraacetic acid (EDTA),
which were then centrifuged at 3500 rpm for 15
minutes to obtain plasma, which was placed in
Eppendorf tubes and freezer stored until analysis.

We conducted sampling of food supplied and
leftovers, placing the samples in plastic bags and kept
in a freezer for later analysis. Later, they were
thawed, and pre-dried in a forced air oven at 55°C
for 72 hours. They were then homogenized to form
composite samples per animal and ground in a Wiley
mill to particles of 1 mm.

The content of dry matter (DM), crude protein
(CP), ether extract (EE), mineral matter (MM) and
neutral detergent insoluble nitrogen (NDIN) were
determined according to Silva and Queiroz (2002),
and neutral detergent fiber (NDF), acid detergent
fiber (ADF), and lignin according to the
methodology described by Van Soest et al. (1991).
The organic matter (OM) was obtained by the
formula: OM (% DM) = 100 - MM (% DM).

consecutive
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The content of total carbohydrates (TC) was
calculated according to the equation proposed by
Sniften et al. (1992): TC (% DM) = 100 - (CP +
EE + MM), while the non-fiber carbohydrates
(NFC) were calculated according to Hall (2000).

The amount of total digestible nutrients (TDN)
was obtained from the summative equation: TDN =
DCP + 225 x DEE + DNDFcp + DNFC (NRC,
2001), in which: DCP = digestible crude protein; DEE
= digestible ether extract; DNDFcp = digestible
neutral detergent fiber (corrected for ash and protein);
DNEFC = digestible non-fiber carbohydrate.

The concentrations of creatinine and uric acid in
urine, and urea in urine and in blood plasma were
estimated using commercial kits (Bioclin). The
conversion of the urea in urea-N was performed by
multiplying the values by 0.4667. The purine
derivatives (allantoin, uric acid, xanthine and
hypoxanthine) were estimated by colorimetric
methods according to the technique of Fujihara
et al. (1987), described by Cx’hen and Gomes
(1992), and the total N content estimated by the
Kjeldahl method (SILVA; QUEIROZ, 2002).

Excretion of total purine (TP) was estimated by
the sum of the quantities of allantoin, uric acid,
xanthine and hypoxanthine excreted in the urine.
The absorbed microbial purine (X, mmol day™) was
calculated from the purine derivatives excretion in
the urine (Y, mmol day™) using the equation:

Y = 0.84X + (0.150B 75 o -o.zsx)

Being 0.84 the recovery of purines absorbed as
urinary purine derivatives and 0.150 BW*” is the
endogenous contribution for purine excretion
(VERBIC et al., 1990).

The intestinal flow of microbial nitrogen
(g N day™) was calculated according to the microbial
purine absorbed (X, mmol day) according to the
equation:

1 Xmmolday_1 x70
Y(gNday ): 0.83x0.116x1,000
where 70 is the nitrogen content in purines (70 mg
of N mmol” purine), 0.83, is the intestinal
digestibility of microbial purines, and 0.116 is the
ratio purine N: total N in the microbial mass
(CHEN; GOMES, 1992).

The N balance (N-retained, g day") was calculated
by the formula: NB = N;,, — Ny, — Ni, where:
NB = nitrogen balance (g); N,,, = nitrogen ingested
()5 Nyyinay = nitrogen excreted in the urine (g); Ny =
nitrogen excreted in the feces (g).
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The experimental design was completely
randomized with five treatments and five
replications, adopting the mathematical model:
Yij = m + Ti + Eij, where: Yij = observed value for
the characteristic analyzed, m overall mean,
Ti = eftect of adding slow release urea to replace
conventional urea, and Eij = random error common
to all observations.

The results were analyzed using the SAEG
(2007) version 9.1, with performance of descriptive
statistics for mean, standard deviation and coefficient

of variation program, in addition to regression
analysis by means of the F test a 0.05 level to review
the effect of replacing conventional urea by slow-
release urea nitrogen metabolism and microbial
protein synthesis. The criteria used to select the
model were based on the significance of the
the coetticient of

regression coefficients and

determination.

Results and discussion

The mean intakes of nitrogen (N) were not
affected (p > 0.05) by the inclusion of slow-release
urea, with mean value of 21.39 g day™ or 1.57 g kg''
BW"7 (Table 3). Typically, which may cause
variation in the intake of N is its concentration in
the diets (CAVALCANTE et al, 2006) or
differentiated consumption of DM (OLIVEIRA
JUNIOR et al., 2004b), so the fact that the diets
were isonitrogenous and the animals showed similar
consumption (97845 ¢ DM day") justifies the
observation. The results are consistent with those
reported by Zeoula et al. (2006) and Alves et al.
(2012), when worked with isonitrogenous diets fed

Alves et al.

to sheep and found no difference in the amounts of
N ingested.

The amount of nitrogen excreted in the feces
was not different (p > 0.05), with mean value of
5.79 day™ g or 0.42 g kg BW"” (Table 3). This may
be due to the lack of effect (p > 0.05) of including
slow-release urea on digested-N, with mean value of
15.6 g day™” g or 1.14 kg”! BW*”.

When there is no difference in digestibility of N
or CP of the diet, the fecal N excretion can be
related to the amount ingested, as verified in studies
where N excretion increased (CARVALHO et al.,
2010) or remained similar (ALVES et al. 2012;
ZEOULA et al. 2006) according to its ingestion.
According to Manatt and Garcia (1992), there is a
balance between nitrogen intake and excretion,
which can be obtained in different levels of N
consumption.

The urinary N was not influenced (p > 0.05)
by the addition of slow-release urea, with mean
value of 4.84 g day' or 0.36 g kg' BW’”
(Table 3). In accordance with Van Soest (1994),
the amount of N excreted in the urine is related
to the CP content of the diet, which could
enhance the excretion of urea in the urine when
there is an increase in the intake of N, because
this  behavior associated with a higher
production of urea in the liver. On the other
hand, a low intake of N leads to reduced excretion
of urea in the urine to maintain serum urea pool,
which is under physiological homeostatic control.
The diets used in this study were isonitrogenous
and with no effects on N intake, this explains the
similarity in the amount of N lost via urine.

1S

Table 3. Mean values of nitrogen balance and plasma urea-N of Santa Ines x SRD crossbred sheep fed diets containing slow-release urea

in place of conventional urea.

Substitution level of conventional urea (%)

Variable 0 20 m 0 30 P Regression CV %
N ingested

g day”! 19.82 21.74 20.33 22.59 22.48 0.11 Y =21.39 8.89

g kg BW'” 1.45 1.56 1.53 1.67 1.62 0.21 Y =157 9.56

N fecal

g day”! 5.19 5.55 6.01 6.03 6.17 0.42 Y =579 15.69

g kg BW'” 0.38 0.40 0.45 0.45 0.44 0.36 Y =042 15.64
N digested

g day”! 14.62 16.19 14.31 16.57 16.30 0.08 Y = 15.60 8.25

g kg BW'” 1.07 1.16 1.08 1.22 117 0.13 Y =1.14 9.29

% of the ingested 73.87 74.46 70.73 73.31 72.56 0.25 Y =7298 3.66
N urinary

g day”! 5.58 4.50 4.04 6.22 3.84 0.19 Y =484 36.43

g kg BW'” 0.41 0.32 0.31 0.46 0.28 0.21 Y =036 37.71
N retained

g day™ 9.05 11.69 10.27 10.35 12.47 0.07 Y =1076 17.16

g kg BW'” 0.67 0.84 0.77 0.77 0.89 0.13 ¥ =079 17.21

% of the ingested 45.77 53.77 50.19 46.01 55.53 0.18 Y =50.25 14.89

% of the digested 61.99 72.09 71.48 62.83 76.53 0.18 Y =68.98 15.48

Plasma urea-N
mg dL”’ 11.73 14.90 15.51 18.24 17.34 0.00 ! 7.80

'y = 11.772 + 0.1588SRU - 0.0011SRU?2, R2 = 93.45; CV = coefficient of variation.
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N retention is a result of the difference between
N intake and excretion of N in feces and urine. The
lack of change in the amount of N ingested and
excreted determined the similarity in the values of
N retention, with recorded means of 10.76 g day™,
0.79 g kg BW*”, 50.25% of the N ingested and
68.98% of the N digested. According to Kolb (1984),
the determination of N balance or N retention is
useful to assess whether the animal is in nitrogen
balance and whether under certain dietary
conditions occurs gain or loss of N. Whereas young
animals were used in this study, it was expected a
positive N balance once the animals are in the
growth phase.

The percentage of N retained both in relation to
ingested as digested N were higher than the mean
values (44.31 and 32.82% of the N ingested; 55.41
and 52.40% of the N digested) reported Zeoula et al.
(2006) and Alves et al. (2012), respectively. Greater
retention may indicate better utilization of dietary N
and possibly higher muscle deposition and weight
gain. It is noteworthy that younger animals are
prone to better use the N ingested, resulting in a
greater retention.

Mean concentrations of plasma urea-N (Table 3)
showed a quadratic trend (p < 0.05), with a peak of
23.23 mg dL"' with the inclusion of 72.18% slow-
release urea in the place of conventional urea. The
highest concentration of this metabolite with the
inclusion of slow-release urea may have occurred,
possibly because this type of urea provide balance in
the availability of ammonia-N in the rumen, thus
keeping constant the concentration of urea-N in
plasma. In diets with a higher share of conventional
urea, the supply of ammonia-N may have occurred
shortly after consumption and the peak of plasma
urea-N has occurred before four hours after eating,
when blood was collected from the animals.

The urea-N in plasma is used as a parameter to
indicate the N not used, particularly when the
dietary N is of rapid release, as is the case for urea
(RENNO et al., 2008; ZIGUER et al., 2012). The
concentration of plasma urea-N can also be related
to the content of non-fiber carbohydrates (NFC)
in the diet, since this type of carbohydrate quickly
provides energy to be wused by rumen
microorganisms. According to Valadares et al.
(1999), when the NFC content of the diet is less
than 35%, the utilization efficiency of the
ammonia-N is reduced by increasing absorption by
the rumen wall and N concentration in the
bloodstream. As in this work, the content of NFC
was similar between diets and was greater than
35%, this variable did not interfere with the
concentration of plasma urea-N.

59

The concentration of plasma urea-N in animals
may vary depending on the species or category of
animal, and further studies are required to establish
an ideal range for every situation. When too high
may indicate waste of N and energy expenditure,
and when too low may indicate N deficiency in the
diet. The values of urea-N in plasma (11.73 to 18.24
mg dL™") are in agreement to those reported by Alves
et al. (2012) who evaluated diets with increasing
levels of urea in sheep feeding. The ranges observed
in this study may indicate efficient use of N from
the diet, since they promoted no changes in urinary
excretion of N nor N retention.

Higher concentrations of plasma urea-N in sheep
were found by Ribeiro et al. (2003, 2004) and Peixoto
et al. (2010). Ribeiro et al. (2003) evaluated the
metabolic profile of grazing Corriedale ewe lambs at
different times of the year and found mean plasma
urea-N of 37.94 mg dL"". Similar results were verified
by Ribeiro et al. (2004) who examined the metabolic
profile of Border Leicester x Texel ewes during
pregnancy and lactation, and reported values of urea-N
in plasma from 5.20 mmol L' (31.14 mg dL™) to 7.61
mmol L' (45.57 mg dL™). Similarly, Peixoto et al.
(2010) on Ile De France sheep reported values of
plasma urea-N ranging from 35.68 to 38.11 mg dL™.

In beef cattle, Valadares et al. (1997) found that
the concentration range of plasma urea-N from
1352 to 15.15 mg dL' corresponded to the
maximum microbial efficiency, reporting that it
probably represents the limit from which would
occur nitrogen loss in these animals. Oliveira et al.
(2001) worked with lactating Holstein dairy cows
and showed values of plasma urea-N of 19-20 mg dL™!
as limits from which would occur dietary N losses.

Urinary excretions of allantoin, wuric acid,
xanthine and hypoxanthine were not affected
(p > 0.05) by the levels of slow-release urea in the
diet (Table 4). This was reflected in the mean values
of total purines, which also did not differ p > 0.05).
Similar trend was observed for microbial purines
absorbed, represented by the mean absorption of
5.04 mmol day'. The mean percentage value of
purine derivatives in relation to the total purines
were 49.07; 7.90 and 43.03% to allantoin, uric acid,
and xanthine * hypoxanthine, respectively.

According to Yu et al. (2002), the main factors that
can affect the excretion of allantoin, uric acid, xanthine
and hypoxanthine are the sources of dietary protein
and energy, body weight of the animals, feed additives
and animal species. This information contributes to
explain the results, since the absence of effect on the
excretion of purine derivatives may be related to the
similarity between the food sources and the weight of
the animals used in the experiment.
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Table 4. Microbial protein synthesis in Santa Ines x SRD crossbred sheep fed diets containing slow-release urea in place of conventional urea.

Substitution level of conventional urea conventional (%)

Variable 0 0 0 0 30 P Regression CV (%)
Urinary excretions (mmol day™)
Allantoin 2.82 2.87 2.55 3.00 2.38 0.99 ¥Y=272 32.87
Uric acid 0.34 0.49 0.49 0.49 0.40 0.99 ¥ =044 44.28
Xanthine and hypoxanthine 2.61 2.45 2.39 2.33 1.95 0.99 ¥ =235 29.30
Total purine (TP) 5.77 5.81 5.42 5.82 4.73 0.99 ¥ =551 27.04
Microbial purine (mmol day™)
Absorbed 5.24 4.24 5.11 5.31 4.08 0.99 Y =504 43.23
Purine derivatives (% of TP)
Allantoin 48.62 48.11 47.47 50.81 50.33 0.99 ¥ =49.07 13.58
Uric acid 5.88 8.19 8.61 8.51 8.32 0.99 ¥ =17.90 30.31
Xanthine + hypoxanthine 45.51 43.71 43.93 40.68 41.36 0.99 Y =43.03 17.43
Microbial production (g day™)
Microbial N 3.81 3.97 3.72 3.86 2.97 0.99 Y =3.66 43.23
Microbial CP 23.79 24.82 23.23 24.13 18.54 0.99 Y =22.90 43.23
Microbial efficiency
¢ CP kg! TDN 37.01 36.93 40.33 36.23 27.52 0.99 Y =35.60 45.75

CV = coefficient of variation; g CP kg”! TDN = grams of crude protein per kilogram of total digestible nutrients consumed.

The microbial production (Table 4) followed the
same pattern observed for the urinary excretion of
total purine and microbial purines absorbed, i.e., was
not influenced by the inclusion of slow-release urea
(p > 0.05), which is in according to the observations
of Puchala and Kulasek (1992), evaluating microbial
synthesis in sheep. According to the authors, there is
a high correlation between excretion of purine
derivatives in urine and microbial nitrogen flow in
the duodenum.

The microbial synthesis may vary depending on
the substrate availability in the rumen for
fermentation, in particular the N and organic
matter. Because of the similarity in the types of
ingredient and diet composition, probably there was
no difference in the amounts and proportions of
substrates available in the rumen for fermentation,
which contributed to the similarity of microbial
synthesis between treatments.

The mean values of microbial production
corresponded to 3.66 and 22.90 g day” N and CP,
respectively (Table 4). The low microbial protein
production may be related to the low NDF content
of diets, because as stated by Russel et al. (1992),
microbial protein production decreases accordingly
to the NDF content of diets. It is also possible that
higher passage rates of the digesta coupled with the
reduced rate and extent of degradation of ground
corn has made available lower amount of substrate
for fermentation in the rumen and, therefore,
microbial synthesis was reduced. Moreover, the
absence of a vegetable protein source in the diet
reduced the amount of amino acids and peptides
available to rumen microorganisms, which may have
limited microbial protein synthesis.

The results of microbial efficiency (g CP kg
TDN) observed in this experiment (Table 4) were
not influenced (p > 0.05) by the inclusion of slow-

release urea, with a mean values of 35.60 g CP kg
TDN. The synthesis of microbial protein depends
in large part on the availability of carbohydrates and
N in the rumen (CLARK et al., 1992; NRC, 2001),
so that microbial growth is maximized by
synchronization between the availability of
fermentable energy and degradable N in the rumen
(NRC, 1996, RUSSELL et al., 1992).

In the diets of this study were used carbohydrate
sources with different degradability, molasses as a
source of soluble carbohydrate (energy readily
available), corn as a source of starch (rapidly degradable
energy), and Tifton 85 hay as a source of slowly
degradable energy. Therefore, possibly, the energy
released by these carbohydrate sources did not limit the
use of N released by rumen microorganisms,
regardless of the speed of the release, i.e., has favored
the use of N from both types of urea used.

Conclusion

The replacement of conventional urea with
slow-release urea of up to 80% has no influence on
the intake of nitrogen. The nitrogen concentration
in the plasma increases up to 72.18% inclusion of
slow-release urea to replace the conventional urea in
the diet, however, the fecal and urinary nitrogen
excretion have no change. Likewise, this substitution
does not alter the microbial synthesis and efficiency.

Based on the results herein, there are no
advantages of using slow-release urea in relation to
conventional urea. Thus, in feedlot production
systems for growing lambs is recommended
conventional urea in the place of slow-release urea.

References

AFRC-Agricultural and Food Research Council. Energy
and protein requirements of ruminants. Wallingford:
CAB International, 1993.

Acta Scientiarum. Animal Sciences

Maringa, v. 36, n. 1, p. 55-62, Jan.-Mar., 2014



Coated ureain sheep feeding

ALVES, E. M,; PEDREIRA, M. S.; PEREIRA, M. L. A;;
ALMEIDA, P. ]J. P.; GONSALVES NETO, J.; FREIRE,
L. D. R. Farelo da vagem de algaroba associado a niveis de
ureia na alimentagio de ovinos: balango de nitrogénio, N-
ureico no plasma e parimetros ruminais. Acta
Scientiarum. Animal Sciences, v. 34, n. 3, p. 287-295,
2012.

BRODERICK, G. A,; STEVENSON, M. J.; PATTON,
R. A. Effect of dietary protein concentration and
degradability on response to rumen-protected methionine
in lactating dairy cows. Jounal of Dairy Science, v. 92,
n. 6, p. 2719-2728, 2009.

BROOKS, M. A,; HARVEY, R. M,; JOHNSON, N. F;
KERLEY, M. S. Rumen degradable protein supply affects
microbial efficiency in continuous culture and growth
in steers. Journal of Animal Science, v. 90, n. 9,
p- 4985-4994, 2012.

CALDAS NETO, S. E.; ZEOULA, L. M.; PRADO, . N.;
BRANCO, A. F; KAZAMA, R; GERON, L. J. V;
MAEDA, E. M.; FERELI, F. Proteina degradivel no
rimen na dieta de bovinos: digestibilidades total e parcial
dos nutrientes e parAimetros ruminais. Revista Brasileira
de Zootecnia, v. 37, n. 6, p. 1094-1102, 2008.

CALSAMIGLIA, S.; CARDOZO, P. W.; FERRET, A,
BACH, A. Changes in rumen microbial fermentation are
due to a combined effect of type of diet and pH. Journal
of Animal Science, v. 86, n. 3, p. 702-711, 2008.

CAVALCANTE, M. A. B.; PEREIRA, O. G
VALADARES FILHO, S. C.; RIBEIRO, K. G,
PACHECO, L. B. B;; ARAUJO, D.; LEMOS, V. M. C.
Niveis de proteina bruta em dietas para bovinos de corte:
pardmetros ruminais, balan¢o de compostos nitrogenados
e produgio de proteina microbiana. Revista Brasileira
de Zootecnia, v. 35, n. 1, p. 203-210, 2006.

CARVALHO, G. G. O.; RASMO GARCIA, R.; PIRES,
A.]J.V,; SILVA, R. R.; PEREIRA, M. L. A; VIANA, P. T ;
SANTOS, A. B, PEREIRA, T. C. J. Balanco de
nitrogénio, concentragdes de ureia e sintese de proteina
microbiana em caprinos alimentados com dietas contendo
cana-de-acicar tratada com O6xido de cilcio. Revista
Brasileira de Zootecnia, v. 39, n. 10, p. 2253-2261,
2010.

CHEN, X. B.; GOMES, M. J. Estimation of microbial
protein supply to sheep and cattle based on urinary
excretion of purine derivatives - an overview of
technical  details.  Bucksburn: ~ Rowett  Research
Institute/International Feed Research Unit, 1992.
(Occasional publication).

CLARK, J. H.; KLUSMEYER, T. H.; CAMERON, M. R.
Microbial protein synthesis and flows of nitrogen fractions
to the duodenum of dairy cows. Journal of Dairy
Science, v. 75, n. 8, p. 2304-2323, 1992.

FUJIHARA, T.; ORSKOV, E. R.; REEDS, P. J. The
effect of protein infusion on urinary excretion of purine
derivatives in ruminants nourished by intragastric
nutrition. Journal of Agricultural Science, v. 109, n. 1,
p. 7-12, 1987.

GALO, E.,; EMANUELE, S. M. SNIFFEN, C. J;
WHITE, J. H.; KNAPP, E. J. R. Effects of a polymer-

61

coated urea product on nitrogen metabolism in lactating
Holstein dairy cattle. Journal of Dairy Science, v. 86,
n. 6, p. 2154-2162, 2003.

HALL, M. B. Neutral detergent-soluble carbohydrates.
Nutritional relevance and analysis. Gainesville: University
of Florida, 2000.

HOOVER, W. H.; STOKES, S. R. Balancing carbohydrates
and proteins for optimum rumen microbial yield. Journal of
Dairy Science, v. 74, n. 10, p. 3630-3644, 1991.

KLEVESAHL, E. A.; COCHRAN, R. C.; TITGEMEYER,
E. C,; WICKERSHAM, T. A; FARMER, C. G;
ARROQUY, J. I; JOHNSON, D. E. Effect of a wide range
in the ratio of supplemental rumen degradable protein to
starch on utilization of low-quality, grass hay by beef steers.
Animal Feed Science and Technology, v. 105, n. 1,
p- 5-20, 2003.

KOLB, E. Fisiologia veterinaria. Rio de Janeiro:
Guanabara Koogan, 1984.

MANATT, M. W.; GARCIA, P. A. Nitrogen balance:
concepts and techniques. In: NISSEN, S. (Ed.). Modern
methods in protein nutrition and metabolism. San
Diego: Academic Press, 1992. p. 9-85.

NRC-National Research Council. Nutrient requirements
of beef cattle. 7th ed. Washington, D.C.: National Academy
Press, 1996.

NRC-National Research Council. Nutrient requirements
of dairy cattle. 7th ed. Washington, D.C.: National
Academy Press, 2001.

NRC-National Research Council. Nutrient requirements
of ruminants: sheep, goats, cervids, and new world
camelids. Washington, D.C.: National Academy Press, 2007.

OLIVEIRA JUNIOR, R. C.; PIRES, A. V.; SUSIN, I;
FERNANDES, J. J. R.;; SANTOS, F. A. P. Digestibilidade
de nutrientes em dietas de bovinos contendo ureia ou
amireia em substitui¢io ao farelo de soja. Pesquisa
Agropecuaria Brasileira, v. 39, n. 2, p.173-178, 2004a.

OLIVEIRA JUNIOR, R. C.; PIRES, A. V.
FERNANDES, J. J. R; SUSIN, L; SANTOS, F. A. P.;
ARAUJO, R. C. Substituigio total do farelo de soja por
ureia ou amireia, em dietas com alto teor de
concentrado, sobre a amoénia ruminal, os parimetros
sanguineos ¢ o metabolismo do nitrogénio em bovinos
de corte. Revista Brasileira de Zootecnia, v. 33, n. 3,
p- 738-748, 2004b.

OLIVEIRA, A. S.; VALADARES, R. F. D.; VALADARES
FILHO, S. C.; CECON, P. R; RENNO, L. N
QUEIROZ, A. C.; CHIZZOTTI, M. L. Produgio de
proteina microbiana ¢ estimativas das excregdes de
derivados de purinas e de ureia em vacas lactantes
alimentadas com ragdes isoprotéicas contendo diferentes
niveis de compostos nitrogenados nio proteicos. Revista
Brasileira de Zootecnia, v. 30, n. 5, p. 1621-1629, 2001.

PEIXOTO, L. A. O.; OSORIO, M. T. M.; OSORIO, ]J.
C. S.;; NORNBERG, ]J. L.; PAZINI, M. Desempenho
reprodutivo e metabdlitos sanguineos de ovelhas Ile de
France sob suplementagio com sal orginico ou sal comum
durante a estagio de monta. Revista Brasileira de
Zootecnia, v. 39, n. 1, p. 191-197, 2010.

Acta Scientiarum. Animal Sciences

Maring4, v. 36, n. 1, p. 55-62, Jan.-Mar., 2014



62

PUCHALA, R, KULASEK, G. W. Estimation of
microbial protein flow from the rumen of sheep using
microbial nucleic acid and excretion of purine derivatives.
Canadian Journal of Animal Science, v. 72, n. 4,
p- 821-830, 1992.

RENNO, L. N. VALADARES FILHO, S. Cj;
PAULINO, M. F.; LEAO, M. I; VALADARES, R. F. D.;
RENNO, F. P.; PAIXAO, M. L. Niveis de ureia na racio
de novilhos de quatro grupos genéticos: parimetros
ruminais, ureia plasmitica e excre¢des de ureia e
creatinina. Revista Brasileira de Zootecnia, v. 37, n. 3,
p- 556-562, 2008.

RIBEIRO, L. A. O. GONZALEZ, F. H. D.
CONCEICAQ, T. R;; BRITO, M. A.; LA ROSA, V. L.;
CAMPOS, R. Perfil metabdlico de borregas Corriedale
em pastagem nativa do Rio Grande do Sul. Acta
Scientiae Veterinariae, v. 31, n. 3, p. 167-170, 2003.

RIBEIRO, L. A. O.; MATTOS, R. C.; GONZALEZ, F.
H. D.; WALD, V. B.; SILVA, M. A; LA ROSA, V. L.
Perfil metabdlico de ovelhas Border Leicester x Texel
durante a gestagio e a lactagio. Revista Portuguesa de
Ciéncias Veterinarias, v. 99, n. 551, p. 155-159, 2004.
RUSSELL, J. B.;; O'CONNOR, J. D; FOX, D. G,
SNIFFEN, C. J.; VAN SOEST, P. J. A net carbohydrate
and protein system for evaluating cattle diets: I. Ruminal
fermentation. Journal of Animal Science, v. 70, n. 11,
p- 3551-3561, 1992.

SAEG-Sistema para Anilises Estatisticas, Versao 9.1:
Fundacio Arthur Bernardes. Vicosa: UFV, 2007.

SILVA, D. J.; QUEIROZ, A. C. Anilises de alimentos
(Métodos quimicos e bioldgicos). 3. ed. Vigosa: Imprensa
Universitaria, 2002.

SNIFFEN, C. J.; O'CONNOR, J. D.; VAN SOEST, P.
J.; FOX, D. G.; RUSSELL, J. B. A net carbohydrate and
protein system for evaluating cattle diets: II. Carbohydrate
and protein availability. Journal of Animal Science,
v. 70, n. 11, p. 3562-3577, 1992.

VALADARES FILHO, S. C.; MACHADO, P. A;
CHIZZOTTI, M. L.; AMARAL, H. F.; MAGALHAES,
K. A; ROCHA JUNIOR, V. R; CAPPELLE, E. R.
Tabelas brasileiras de composicao de alimentos para
bovinos. 3. ed. Vigosa: UFV, 2010.

VALADARES, R. F. D.; BRODERICK, G. Aj;
VALADARES FILHO, S. C.; CLAYTON, M. K. Effect of
replacing alfalfa with high moisture corn on ruminal
protein synthesis estimated from excretion of total purine
derivatives. Journal of Dairy Science, v. 82, n. 12,
p- 2686-2696, 1999.

VALADARES, R. F. D, GONCALVES, L. C;
RODRIGUES, N. M. VALADARES FILHO, S. C;
SAMPAIO, I. B. Niveis de proteina em dietas de bovinos.
Concentragoes de amoénio ruminal e ureia plasmdtica e

Alves et al.

excregbes de ureia e creatinina. Revista Brasileira de
Zootecnia, v. 26, n. 6, p. 1270-1278, 1997.

VAN KESSEL, J. S.; RUSSELL, J. B. The eftect of amino
nitrogen on the energetics of ruminal bacteria and its
impact on energy spilling. Journal of Dairy Science,
v. 79, p. 1237-1243, 1996.

VAN SOEST, P. J. Nutritional ecology of the
ruminant. 2nd ed. Ithaca: Cornell University Press,
1994.

VAN SOEST, P. J.; ROBERTSON, ]. B.; LEWIS, B. A.
Metthods os dietary fiber, neutral detergent fiber, and non
starch polysaccharides in relation to animal nutrition.
Journal of Dairy Animal Sience, v. 72, n. 10, p. 3583-
3597, 1991.

VERBIC, J; CHEN, X B.; MACLEOD, N. A;
ORSKOV, E. R. Excretion of purine derivatives by
ruminants. Effect of microbial nucleic acid infusion on
purine derivative excretion by steers. Journal of
Agricultural Science, v. 114, n. 3, p. 243-248, 1990.
XIN, H. S.; SCHAEFER, D. M; LIU, Q. P.; AXE, D. E.;
MENG, Q. X. Effects of polyurethane coated urea
supplement on in vitro ruminal fermentation, ammonia
release dynamics an lactating performance of Holstein
dairy cows fed a steam-flaked corn-based diet. Asian —
Australasian Journal of Animal Sciences, v. 23, n. 4,
p- 491-500, 2010.

YU, P; EGAN, A. R; BOON-EK, L.; LEURY, B. J.
Purine derivative excretion and ruminal microbial yield in
growing lambs fed raw and dry roasted legume seeds as
protein supplements. Animal Feed Science and
Technology, v. 95, n. 1, p. 33-48, 2002.

ZEOULA, L. M; FERELL F.; PRADO, I. N.; GERON, L.
J. V; CALDAS NETO, S. F.; PRADO, O. P. P.; MAEDA,
E. M. Digestibilidade e balango de nitrogénio de ra¢des com
diferentes teores de proteina degradivel no rtimen e milho
moido como fonte de amido em ovinos. Revista Brasileira
de Zootecnia, v. 35, n. 5, p. 2179-2186, 2006.

ZIGUER, E. A; ROLL, V. F. B;; BERMUDES, R. F,
MONTAGNER, P.; PEEIFER, L. F. M.; PINO, F. A. B. D.;
CORREA, M. N,; DIONELLO, N. J. L. Desempenho e
perfil metabdlico de cordeiros confinados utilizando casca de
soja associada a diferentes fontes de nitrogénio nio-proteico.
Revista Brasileira de Zootecnia, v. 41, n. 2, p. 449-456,
2012.

Received on July 13, 2013.
Accepted on November 5, 2013.

License information: This is an open-access article distributed under the terms of the
Creative Commons Attribution License, which permits unrestricted use, distribution,
and reproduction in any medium, provided the original work is properly cited.

Acta Scientiarum. Animal Sciences

Maringa, v. 36, n. 1, p. 55-62, Jan.-Mar., 2014



