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ABSTRACT: Five wethers (39 + | kg BW) were used in
an incomplete 5 x 4 Latin square with four 24-d periods
to determine the influence of supplemental non-protein
nitrogen (NPN) source and supplementation frequency
(SF) on efficiency of N use in lambs consuming low-
quality forage (4.3% CP). Treatments included an
unsupplemented control (CON) and a urea (28.7% CP) or
biuret (28.6% CP) supplement provided daily (D) or
every other day (2D) at 0700. Lambs were provided
forage at 120% of the previous S d average intake in two
equal portions at 0715 and 1900. Experimental periods
were 24 d with an 18 d adaptation period. Feces and
urine were collected on d 19 to 24. Blood samples were
obtained 2, 4, and 6 h post-supplementation on d 19 to 24
for analysis of plasma urea-N (PUN). DMI, OM intake,
N retention, DM, OM, and N digestibility, and digested N
retained were greater (P < 0.02) for supplemented wethers
compared with CON with no difference (P > 0.05)
because of NPN source or SF. However, it is of interest
to note that, even though no statistical difference was
observed for digested N retained between NPN sources,
digested N retained was 110% greater for biuret compared
with urea. Supplemented lambs had increased PUN
compared with CON (P < 0.01) and urea treatments had
greater PUN compared with biuret (P < 0.01). Also, PUN
was increased (P 0.02) for D compared with 2D
treatments. In addition, data suggest that PUN exhibited
less fluctuation on the day of a supplementation event for
biuret compared with urea. These results suggest that
supplements containing urea or biuret as the supplemental
N source can be effectively used by lambs consuming
low-quality forage without adversely affecting N
efficiency, even when provided every other day. In
addition, biuret should have greater utility for use in
supplements offered infrequently to ruminants because it
is comparatively nontoxic compared with urea.
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Introduction

It has been 36 yr since - Virtanen (1966)
demonstrated that ruminants could convert non-protein
nitrogen (NPN) to milk protein. Sources of NPN are an
attractive protein replacement due to their low cost
compared with natural proteins (per unit of nitrogen).

Consequently, numerous studies have been conducted
evaluating NPN as a source of supplemental nitrogen.
Urea, the most commonly used NPN source, is extremely
soluble in water and is rapidly hydrolyzed to ammonia
within the rumen. This can led to ammonia toxicity if
urea is consumed in large quantities within a short period
of time (Raleigh and Wallace, 1963; Helmer and Bartley,
1971, Bartley et al., 1976). In contrast, biuret is not very
soluble in water and is degraded to ammonia at a slower
rate compared with urea (Fonnesbeck et al,, 1975). As a
result, biuret is comparatively non-toxic (Hatfield et al.,
1959) and, therefore, can be incorporated into
supplements at higher concentrations than urea. Also,
biuret does not elicit the negative effects on palatability

and intake often observed with urea (Fonnesbeck et al.,
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1975; Clanton, 1978).

Decreasing the frequency of supplementation is
one management practice that decreases labor costs.
Nolan and Leng (1972) suggested that recycling of
absorbed N to the rumen may support fermentation
between times of supplementation. In addition, research
has shown that protein supplements can be fed at
infrequent intervals and still maintain acceptable levels of
performance (Hunt et al., 1989; Huston et al., 1997,
Bohnert et al., 2001); however, data is limited comparing
the effects of urea and biuret supplemented at infrequent
intervals on forage intake, forage digestibility, and
efficiency of N use. The objective of this research is to
compare daily and alternate day supplementation of urea
or biuret on utilization of low-quality forage by
ruminants. This knowledge will assist in developing
management strategies that help reduce winter feed costs
while maintaining acceptable levels of production.

Materials and Methods

Five wethers (39 + 1 kg) were used in an
incomplete 5 x 4 Latin square design to evaluate the
efficacy of N use in lambs supplemented with a urea or
biuret supplement (Table 1) every day or every other day.
Wethers were randomly allotted to treatments and housed
in individual metabolism crates within an enclosed barn
with continuous lighting.

Wethers had continuous access to fresh water
and low-quality grass seed straw (Table 1). Treatments
were arranged as a 2 x 2 factorial, two sources of
supplemental NPN and two supplementation frequencies
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(SF), with a ncgative control (CON | no supplementation)
Crude protein supplements were offered every day (D) o
every other day (2D) at 0700, The urca and biuret
treatments reccived the same amount of total
supplemental N over a 2 d period; therefore, the 2D
treatments received double the quantity of supplemental
N on their respective supplementation day compared with
D treatments. Urea and biuret intake was approximately
175, 350, 207, and 416 gkg BW on each
supplementation day for urea D, urea 2D, biuret D, and
biuret 2D, respectively. The amount of CP supplied by
each supplement was approximately 0.10% of BW/d
(averaged over a 2 d period). Forage was provided daily
at 120% of the average intake for the previous 5 d in two
equal portions (0715 and 1900), with feed refusals from
the previous day determined before the 0700 feeding.
Also, 35 g of a trace mineral salt mix (2.4% Ca, 2.3% P,
20.4% Na, 31.65 Cl, 0.2% K, 0.4% mg, 0.1% S, 1309
ppm Mn, 2046 ppm Fe, 7 ppm Cu, 1930 ppm Zn, 42 ppm
Co, 120 ppm I, 16 ppm Se, 1325 [U/kg Vitamin E, and
552 and 50 kIU/kg Vitamins A and D, respectively) was
provided daily to each lamb at 0700 In addition, an
intramuscular injection of vitamins A, D, and E (200,000,
20,000, and 600 U of Vitamins A, D, and E, respectively;
Vitamin E-AD 300; AgriLabs; St. Joseph, MO) was
administered to each lamb at the onset of the trial to
safeguard against deficiency.

Experimental periods were 24 d with at least 3 d
between periods (to remove wethers from metabolism
crates). Dry matter intake was determined on d 17 to 22.
In addition, samples of grass seed straw and protein
supplements were collected on d 17 to 22, while orts were
collected on d 18 to 23. Samples of feed and orts were
dried at 55°C for 48 h. On d 19 to 24, total fecal and
urine output was collected. Urine was composited daily
by wether (50% of total; weight basis) and stored at 4°C.
Sufficient 6 N HC] (100 mL) was added daily to urinals to
maintain urine pH < 3. A sub-sample of each daily fecal
sample (7.5%; wet weight basis) was dried at 55°C for 96
h for calculation of fecal DM. On d 19 to 24, 12 mL of
blood was collected via jugular venipuncture 2, 4, and 6 h
after the 0700 feeding using a heparinized syringe. Blood
samples were immediately transferred to vacutainers
(Fisher Scientific, catalog no. 0268360), placed on ice for
transport to the lab, centrifuged (5000 x g, 4°C, 15 mun),
and plasma harvested and stored (-20°C).

Dried samples were ground through a Wiley mill
(1-mm screen). Samples of ground grass seed straw and
CP supplements were composited by period and daily orts
composited by lamb (within period) on an equal weight
basis (20% as-fed). Feed, orts, and fecal samples were
analyzed for DM and OM (AOAC, 1990) and NDF
(Robertson and Van Soest, 1981) and ADF (Goering and
Van Soest, 1970) using procedures modified for use in an
Ankom 200 Fiber Analyzer (Ankom Co., Fairport, NY).
Feed, orts, fecal, and urine samples were analyzed for N
(Leco CN-2000, Leco Corporation, St. Joseph, MI).
Plasma samples were assayed for urea-N using the Sigma
Diagnostics Procedure 535 (Sigma Chemical Co., St.
Louis, MO) and a UV/VIS spectrophotometer (Spectronic
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710 Spectrophotometer. Bausch & Lomb. Inc . Rochester,
NY)

Data were analyzed as an incomplete 5 x 4 Latin
square using the GLM procedure of SAS (1996). The
model included period, wether, and treatment. Because
the treatment structure consisted of a 2 x 2 factorial plus a
negative control, orthogonal contrasts were used to
partition specific treatment effects. Contrast statements
included: 1) Control vs CP supplementation; 2) Urea vs
Biuret; 3) D vs 2D; 4) NPN source x SF. Response
variables included: 1) DM and OM intake; 2) total tract
digestibility of DM, OM, and N; 3) N balance; and 4)
digested N retained. Plasma urea-N was analyzed using
the REPEATED statement with the MIXED procedure of
SAS (1996). The model included lamb, period, treatment,
hour, frequency, treatment x frequency, treatment x hour,
and treatment x hour x frequency. In addition, lamb x
period x treatment was used to specify variation between
animals (using the RANDOM statement). Autoregression
was used as the covariance structure. The same contrasts
noted above were used to partition treatment sums of
squares.

Results and Discussion

Intake of hay DM and OM by lambs was not
affected (P > 0.10) by CP supplementation while there
was a tendency (P = 0.08) for hay DM and OM intake to
decrease as SF decreased (Table 2). Total DM, OM, N,
and NDF intake increased (P < 0.05) with
supplementation. Also, total DM and OM intake tended
to decrease (P = 0.08) as SF decreased, while NDF intake
decreased (P = 0.04) as SF decreased.

Total tract digestibility of DM, OM, N, NDF,
and ADF were increased (P < 0.03) with CP
supplementation (Table 2). This agrees with other studies
in which N supplementation of low-quality forage
resulted in increased digestibility compared with an
unsupplemented control (DelCurto et al., 1990; Scott and
Hibberd, 1990). Daily fecal and urinary N excretion
(g’kg BW) was increased (P < 0.01) with CP
supplementation. However, no differences were noted
because of NPN source or SF. Daily N balance and
digested N retained (g'kg BW) were greater (P < 0.03)
with CP supplementation with no difference because of
NPN source. However, it is of interest to note that even
though no statistical difference was observed between
urea and biuret, average digested N retained with biuret
supplementation was, numerically, 110% greater
compared with urea.

Treatment x hour and treatment x SF interactions
(P < 0.01) were observed for plasma urea-N. However,
after considering the nature of the interactions, we
concluded that discussing treatment means while
providing the treatment x hour figure would aid in
interpretation and discussion of the data. Lamb plasma
urea-N was greater (P < 0.01) for CP supplemented lambs
and urea had greater (P < 0.01) plasma urea-N than biuret
(Table 2). Also, plasma urea-N decreased (P = 0.02) as
SF decreased. This agrees with the findings of Bohnert et




al. (2001). They supplemented lambs consuming low-
quality forage with degradable or undegradable intake
protein every day, every third day, or every sixth day.
They noted that plasma urea-N was increased with CP
supplementation and decreased as SF decreased. Figure 1
provides an illustration of plasma urea-N means for the
day of and day before supplementation over the six day
collection period. Interestingly, plasma urea-N was fairly
constant on the day of supplementation for UD but
increased from 2 to 6 h post-supplementation for U2D. In
contrast, plasma urea-N was similar over the collection
period on the day of supplementation for BD and B2D.
On the day before supplementation, plasma urea-N
responded in a like manner for the U2D and B2D
treatments (decreasing over the collection period).
However, the difference between daily and alternate day
treatments was less for BD and B2D compared with UD
and U2D.

Implications

Ruminants consuming low-quality forage (< 6%
crude protein) can effectively use supplemental non-
protein nitrogen. In addition, daily and alternate day
supplementation of non-protein nitrogen results in similar
efficiency of nitrogen use. Ruminants appear to have the
ability to conserve nitrogen over extended periods,
thereby storing it for use between supplementation events.
Infrequent supplementation of non-protein nitrogen,
primarily urea, should be conducted with caution because
of the potential for ammonia toxicity. However, biuret is
safer compared with urea because of its decreased
solubility and slower hydrolysis to ammonia.
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supplementation frequency on lamb plasma urea-N (mM)
on the day of (A) and the day before (B) supplementation.

Table 1. Supplement composition and feedstuff nutrient Columns from left to right for each treatment represent

___content lamb plasma urea-N at 2, 4 and 6 h post-supplementation.
[tem Hard Fescue Urea Biuret Treatments were: Control; UD = Urea supplement every
Straw Supplement®  Supplement’ day; U2D = Urea supplement every other day; BD =

Urea - 5.3 - Biuret supplement every day; B2D = Biuret supplement
Biuret - - 6.1 every other day
Soy Hulls - 91.0 90.2
Dried Molasses - 3.7 37
Nutrient
Composition

CP, % DM 4.3 28.7 28.6

DIP®, %CP 76.0 83.0 84.2

OM, % DM 93.6 90.2 92.4

NDF, % DM 73.8 57.9 55.4

ADF, %DM 32.0 38.1 38.2

* Pelleted supplements were provided by ADM Alliance
Nutrition, Inc., Quincy, IL.

® Degradable intake protein. Estimates are based on
dacron bag degradabilities. Techniques were similar to
those described by Mass et al. (1999) and Bohnert et al.
(1998) for straw and supplements, respectivly.
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