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INTRODUCTION

Rangeland beef production systemsrequire cattleto
harvest energy from range forages and convert that
energy into amarketable beef product. Asrangeforages
mature, they becomelower in nutritivevalue. Whenthe
forageprotein contentin cattledietsdeclinestolessthan
about 7 percent, both forage intake and digestion are
suppressed and animal performance is reduced. Beef
producersmay providesupplemental proteinto mediate
deficienciesin the forage, so that forage intake and use
is optimized.

According to the Standardized Performance Analy-
sissummary for New Mexico cow-calf operationsfrom
1991 to 2001, supplemental feed for grazing beef cows
averages about $60 per cow each year, representing a
substantial variable cost. Stocker cattle grazing dor-
mant winter rangeusually areprovided aprotein supple-
ment as well. The primary protein sources in these
supplementsare plant proteins, such as cottonseed meal
and soybean meal. It is possible to reduce the cost of
range supplements by replacing a portion of the plant
protein with urea or other nonprotein nitrogen (NPN)
sources. However, excessive NPN levelsinthediet can
impair animal performance, so NPN should beincorpo-
rated into range cattle supplements in moderation.

The abjective of this circular isto discussincluding
ureaand other NPN sourcesin protein supplementsfed
to grazing beef cattleand to providegeneral recommen-
dations regarding the level of NPN inclusion and the
frequency of NPN-containing supplement delivery.

NONPROTEIN NITROGEN: HOW IT WORKS

Beef cattle and other ruminants rely on ruminal
microorganismsto break down fiber inforagesto useful
end products. These microorganisms require energy,
protein and other nutrients to grow and function prop-

erly. In addition to digesting forage, microorganisms
use nitrogen from the animal’ s diet to produce protein.
This microbial protein eventually flows out of the ru-
men to the small intestine whereit can be absorbed and
used by the animal astrue protein. The nitrogen used by
the microbes to produce protein does not have to come
from true protein; it can come from many nitrogen-
containing compounds. For many types of microbes,
especially those that digest fiber, ammoniais the pre-
ferred form of nitrogen. Thisammoniamay come from
digesting true protein or from other ingredients that
release ammoniain the rumen.

When cattle consume low-quality forages, nitrogen
intheform of ammoniaoftenisinlimited supply. If the
protein content of the forage diet islessthan 7 percent,
it is likely that the ammonia supply is inadequate for
maximum microbial function. Protein supplements are
fed to improve ammonia supply. Ammonia can come
from“natural” protein sourceslike cottonseed meal and
soybean meal, or from NPN sourcesthat are converted
to ammoniain the rumen.

The microbial need for ammonia is related to the
amount of energy available from the diet. In order for
ruminal microbesto effectively useammonia, adequate
energy must be available. Therefore, if the energy
content of the diet is low, ruminal ammonia require-
ments are low. If the ammonia concentration in the
rumen exceedstheamount of energy available, it cannot
be used by microbes and the excess ammonia is ab-
sorbed across the rumen wall into the blood stream and
transported to the liver. Free ammoniain the blood is
detoxifiedintheliver by convertingitinto ureaand then
excreting it in urine. If ammoniais absorbed from the
rumentoo rapidly and exceedstheliver’ sdetoxification
capacity, it passes into the main blood system and can
causedeath. Thepotential to oversupply ammoniaisthe



chief concern when using NPN sources to supplement
dietslow in energy, such as dormant range forage.
Despite the potentia for toxicity, NPN sources al-
most alwaysarelessexpensive per unit of nitrogenthan
plant protein sources. Crude protein is one way to
express nitrogen content. A feed testing laboratory will
analyze feeds for nitrogen content and then multiply
that value by protein’s average nitrogen content to
estimate crude protein (i.e., total nitrogen X 6.25 =
crude protein content). Urea (acommon form of NPN)
containstheequivalent of 291 percent crudeprotein. This
extremely high concentration makesureaand other NPN
sources relatively inexpensive per unit of nitrogen.

NPN SOURCES IN RANGE SUPPLEMENTS

Urea. Ureaisthe most commonly used NPN source
in range supplements due to availability and cost. Urea
canbeincorporated easily into dry and liquid feeds, and
it dissolvesrapidly inwater. Because ureaconsumed by
cattleisvery water soluble, itisrapidly broken downin
the rumen by microorganisms to form ammonia. Am-
moniacan beeasily provided by ureaat arelatively low
cost. Ureaisbroken down rapidly, and dormant forages
are digested slowly. Therefore, there has been some
concern that the rapidly released ammonia supplied by
ureawill exceeditspotential useby the microorganisms
in the rumen of cattle grazing low-quality, slowly di-
gested forages. This potential asynchrony may lead to
large amounts of ammoniaentering the bloodstream and
has generated interest in other NPN forms and sources
that may release ammoniamore slowly than urea.

Slow-release NPN. The rate of ammonia release
from NPN sources can beinfluenced both by the physi-
cal form of the NPN-containing feed and the specific
ammoniareleasing molecule. In recent years, severa
products have been devel oped inwhich ureaisboundin
a dow-release complex. It iscommon among products
of thisnature to combine ureawith starch from grain or
with molasses through treatment with heat and chemi-
cals. These products are designed to decrease the rate at
which ammoniaisreleased from ureain therumeninan
attempt toimprovethesynchrony of nitrogen availability
in the rumen with digestible energy from forages. These
products should lessen the danger of ammoniatoxicity.

Biuret is an NPN-containing molecule (two urea
moleculesbound together) that rel easesammoniainthe
rumen at aslower rate than urea, minimizing the possi-
bility of ammoniatoxicity. Thes ower rel ease of ammo-

niaal soimprovesthe synchronization of nitrogen avail-
ability withtheslow release of fermentableenergy from
forages and, potentialy, yields more efficient micro-
bial growth in the rumen. Unlike urea, an adaptation
periodisrequired for ruminantsto use biuret at maxi-
mum efficiency.

Althoughtheoretically attractive, thereisconflicting
evidence regarding the importance of synchronized
nitrogen and energy release for effective low-quality
forage use. In short, the added cost of incorporating
biuret or other slow-releaseureaformsintorangesupple-
ments, coupledwithinconsistent research findingsabout
the added benefit of slow-release nitrogen sources,
limits the appeal of incorporating these products into
range supplements.

NPN LEVEL INCLUDED
IN RANGE SUPPLEMENTS

Since NPN sources generally are less expensive per
unit of nitrogen than true protein sources, substituting
NPN for true protein can lower the cost of protein
supplements. However, animal performance must meet
expectationsto capitalize on this savings. Excess NPN
concentration may reduce animal performance because
of poor palatability (cattlerefuseto eat someor all of the
supplement), wasted ammonia or ammonia toxicity.
Optimizing NPN concentration is, therefore, a key to
successfully using these ingredients. This section will
summarize research findings to help establish an opti-
mum NPN level to include in range supplementsfed to
cattle consuming low-quality forage.

Dietary crude protein can be categorized into two
parts, that which is degraded in the rumen by microor-
ganisms (ruminally degradable protein) and that which
escapes the rumen without being atered by the mi-
crobes(ruminally undegradabl e protein/escapeprotein).
High protein feedstuffs of plant origin, such as cotton-
seed meal and soybean meal, generally contain 55to 70
percent ruminally degradabl e protein, with the remain-
ing 30 to 45 percent of the crude protein being escape
protein. Insituationswherethereisan adequate amount
of low-quality forage available and the objective is to
stimulate or sustain forage intake, meeting ruminally
degradable protein requirements should be the first
priority. Thisprovidesruminal microbeswith adequate
nitrogen, increasing forage digestion and use. NPN is
completely degraded in the rumen and only supplies
ruminally degradable protein. The most appropriate
way to determine the optimal NPN amount in aprotein
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Figure 1. Relative difference in body condition change between cows fed supplements with the same crude

protein content but different NPN levels.

supplement is to evaluate the proportion of the total
ruminally degradable protein urea supplies.

Cow supplements. Numerousexperimentshavebeen
conducted to evaluate the effect of increasing NPN
levels in protein supplements on cow performance. In
severa experiments, gestating beef cows showed dif-
ferences in body condition change when consuming
low-quality forageand supplementswith different NPN
amounts (fig. 1). NPN levels are expressed as propor-
tions of the ruminally degradable protein in the supple-
ment and are compared to body condition changes of
gestating cows supplemented with the same amount of
crude protein in a 100-percent true (“natural,” equal to
zero in fig. 1) protein supplement. Body condition
changedescribeshow the cowsrespondedtothesupple-
ments over time. A positive changeindicatesthat cows
improved in condition, while a negative change shows
that cows lost body condition.

Interestingly, when NPN constituted 40 percent or
less of the ruminally degradable protein in the supple-
ment (i.e. not more than about 10-percent equivalent
crude protein from NPN in a 38-percent crude protein,
cottonseed meal -based supplement), replacingruminally
degradable true protein had little effect on body condi-
tion change. These findings demonstrate that more
costly protein sources can bereplaced without affecting
body condition, as long as NPN supplies less than 40
percent of the ruminally degradable protein when the
supplement is fed daily to gestating cows. Research
from Kansashasindicated that when supplementsfedto
gestating beef cows contained as much as 60 percent of
the ruminally degradable protein as urea (i.e., 14-per-
cent equivalent crude protein from NPN in a30-percent

crudeprotein supplement), therewasvery limitedinflu-
ence on subsequent calf performance.

When supplementing prepartum cows, a conserva
tive target NPN level is 25 percent of the ruminally
degradable protein, which would be approximately 33
pounds of urea per ton in a 28-percent crude protein
cottonseed meal -based supplement or 43 poundsof urea
per ton in a 38-percent crude protein, cottonseed meal -
based supplement. The example (table 1) shows that a
relative savings in supplement cost of 8 to 12 percent
may be achieved when urea replaces 25 percent of the
ruminally degradable protein in 28- and 38-percent
crude protein supplements formulated using cotton-
seed meal, wheat middlings, soybean hulls, molasses
and urea.

It isimportant to note that limited research is avail-
able specifically evaluating NPN inclusion in supple-
mentsto beef cows after calving or during the breeding
season, so caution should be exercised when formulat-
ing NPN-containing supplements for lactating cows.
Nevertheless, a conservative target level of NPN in
protein supplements to postpartum cows grazing low-
quality forageis 15 percent of theruminally degradable
protein. In the example (table 1), this NPN level is
achieved by including ureaat 20 and 25 pounds per ton
in 28- and 38-percent protein supplements, respec-
tively, toyield cost savingsof 5to 7 percent. Thiswould
be about 2.9- and 3.6-percent equivalent crude protein
from NPN in the 28- and 38-percent protein supple-
ments, respectively.

Stocker supplements. Research also has been con-
ductedto evaluate optimal urealevelsin protein supple-
mentsfedto growing calvesonwinter nativerangelands
inNebraska. Inaseriesof four experiments, calveswere
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Figure 2. Relative differencein average daily gain for growing cattle fed supplementswith the same crude

protein content but differing NPN levels.

fed 1.5 pounds of a 40-percent protein, soybean meal-
based range supplement formulated to contain 0, 25 or
50 percent of the ruminally degradable protein asNPN.
The supplement was delivered daily. Average daily
gainswere 0.57, 0.55 and 0.42 pounds per day for each
treatment, respectively, over the 112- to 126-day treat-
ment. Theresearchersconcludedthat therewasamarked
declineinrate of gain, when ureawasincreased from 3
to 6 percent of the supplement, which wasequivalent to
increasing NPN concentration from 25 to 50 percent of
theruminally degradableproteininthesupplement. The
performance difference between calvesfed the supple-
ment with no urea and calves fed the supplement con-
taining 3 percent urea(NPN supplying 25 percent of the
ruminally degradable protein) was negligible, totaling
only about 2.5 poundsper head over theentiretreatment
period. These results and those from other trials that
evaluated the influence of including NPN in protein
supplementson growing animal performancerelativeto
100-percent true protein supplementsarecompiled (fig.
2). When NPN constitutes more than about 25 percent
of the ruminally degradable protein in supplementsfed
to growing cattle consuming dormant forage, the sup-
pression in performance may offset the cost savings
associated with including NPN in the supplement. A
conservativetarget for including NPN inproteinsupple-
mentsfed to stockers grazing low-quality forageis 15
percent of the ruminally degradable protein in the
supplement.

FREQUENCY OF NPN
SUPPLEMENT DELIVERY

Thefrequency at which a protein supplement can be
delivered to cattle grazing low-quality forages without
causing negative effectson performance hasadramatic

influence on labor requirements and the supplements
economic value. Research conducted at New Mexico
StateUniversity (NM SU) toeval uatedelivery frequency
of high-protein supplements (41-percent protein) re-
vealed no significant reduction in replacement heifer
performancewhen 10.5 pounds of supplement werefed
one time per week versus 3.5 pounds of the same
supplement fed three times per week (3.5 pounds X 3
feedings/week = 10.5 pounds). Additionally, transpor-
tation and labor costs were reduced by approximately
60 percent with less frequent delivery. No research is
available that evaluates animal performance when pro-
tein supplements containing an appreciable amount of
NPN are delivered only once per week. However,
recent research from Kansas evaluated daily versus
three times per week delivery of 40-percent crude pro-
tein supplements with 0, 15, 30 or 45 percent of the
ruminally degradable protein supplied by urea. These
supplements were fed to prepartum beef cows grazing
low-quality, tallgrass-prairie forage, such that all cows
werefed atotal of 28 pounds per week. Theresearchers
concluded that including urea in a 40-percent protein
supplement equivalent to or lessthan 15 percent of the
ruminally degradable protein appears to be compatible
with supplementing less frequently than every day.
Based on current knowledge, protein supplementswith
NPN replacing more than 15 percent of the ruminally
degradable protein should not be fed less frequently
than every day.

NITROGEN TO SULFUR RATIO

When NPN replacestrue proteininasupplement less
amino acidsare supplied because NPN doesnot contain
amino acids. More specifically, NPN does not provide
sulfur that is needed for ruminal microorganisms to



Table 1. Example of the savings associated with including urea at 15 or 25 percent of the
ruminally degradable protein in 28 and 38 per cent crude protein supplements.

Crude Protein Content 28 % 38 %

NPN?, % of Ruminally Degradable Protein 0 15 25 0 15 25
Equivalent Crude Protein from NPN, % 0 29 4.8 0 3.6 6.3
Cottonseed meal, Ibs 1000 850 700 1775 1500 1300
Wheat middlings, Ibs 500 500 500 125 375 557
Soyhulls, Ibs 450 580 717 0 0 0
Molasses, Ibs 50 50 50 100 100 100
Urea, lbs 0 20 33 0 25 43
$/tonP $143 $138 $131 $185 $172 $163
Savings from NPN Inclusion 5% 8% 7% 12%

aNPN=nonprotein nitrogen.

bCottonseed meal at $180/ton wheat middlings at $70/ton soybean hulls at $80/ton, molasses at
$125/ton, urea at $250/ton; all formulations include $15/ton for processing and are calcul ated

without including freight.

synthesiscertainamino acids. A nitrogen-to-sulfur ratio
(N:S) of 10 to 1 has been reported to be adequate for
ruminal microorganismsto synthesi stheseamino acids.
That means, in aton of supplement, one pound of sulfur
is needed for every 10 pounds of nitrogen.

A two-year, statewide survey by NM SU researchers
hasshownthat nativeforagesgenerally rangefrom 0.04
to 0.26 percent sulfur, with the majority of samples
containing between 0.08 and 0.11 percent sulfur. When
New Mexico range forage is dormant, we can expect it
to be about 5 percent protein and 0.8 percent nitrogen
(crude protein is 16 percent nitrogen; 5 percent x 0.16
= 0.008 or 0.8 percent). So, the forage' s expected N:S
ratio would be 10:1 (0.8:0.08). That means that the
grazed forage is in balance so the supplement also
should beinbalance. Rangesupplementsin New Mexico
that include urea or other NPN sources should contain
at least one unit of sulfur for every 10 units of nitrogen.
However, if water sources are high in sulfur, the N:S
ratio in the supplement isless critical.

CONCLUSIONS

Urea and other NPN sources can be used in range
supplements and havethe potential to reducethe cost of
supplementing cattle grazing low-quality forage. How-
ever, the crude protein concentration in the supplement
and forage species also may impact thelevel of supple-
mental NPN that can be fed while maintaining perfor-
mance. Slow-release sources and forms of NPN may
reduce the potential for ammonia toxicity, but they

generally are more expensive than urea. When formu-
lating NPN-containing range supplements, the target
NPN level should be based on the class of cattle (cows
versus stockers), production stage (prepartum versus
postpartum), delivery frequency (daily versusalternate
days or twice weekly) and sulfur content of the water
and forage supply.

RECOMMENDATIONS

* A conservative target level for including NPN in
protein supplements for gestating cows or stockers
grazing low-quality forage is 25 percent of the
ruminally degradable proteinin the supplement when
fed daily.

* A conservative target level for including NPN in
protein supplementsdelivered threetimesper week or
lessto cowsor stockers grazing low-quality forageis
15 percent of the ruminally degradable protein in the
supplement.

* Postpartum protein supplements should be formu-
lated so that no morethan 15 percent of the ruminally
degradable protein in the supplement is supplied by
NPN.

* Range supplementsin New Mexico that include urea
or other NPN sources should contain at |east one unit
of sulfur for every 10 units of nitrogen, unless water
sources are high in sulfur.
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