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Phase-feeding M etabolizable Protein
for Finishing Steers

Rob Cooper
Todd Milton
Terry Klopfensteint

Phase-feeding metabolizable
protein can reduce nitrogen excre-
tiontotheenvironmentwhilemain-
taining equal performance. In this
trial, performance was lower than
projected causing metabolizable
protein requirements to be
overpredicted.

Summary

A finishing trial was conducted to
evaluate phase-feeding of metaboliz-
able proteinin order to match require-
ments. Treatmentswere: 1) onefinishing
diet which matched requirementsat ini-
tial weight; 2) onefinishing diet which
matched requirements at mid-weight;
and 3) six finishing diets fed in sequen-
tial order which matched requirements
throughout thefeeding period. The 1996
Beef NRC was used to determine
metabolizable protein requirements.
No performance differences were
observed. Gains and efficiencies were
lower than projected, likely dueto mud,
causing proteinrequirementstobeover-
predicted. Phase-feeding metabolizable
protein maintained equal performance
and reduced nitrogen excretion com-
pared to treatment 1.

Introduction

Typical feedlot diets often contain
higher crude protein levels than pre-
dicted by the 1984 NRC. Thisis prima
rily because the factorial system (1984
NRC) doesnot account for themicrobial
nitrogen requirement. Therefore, typi-
cal feedlot diets are formulated with
excessivecrudeproteinlevelsinorderto
ensure maximum performance.

The 1996 NRC uses ametabolizable
protein (M P) systemwhich accountsfor

both the protein requirement for theani-
mal as well as for the rumen microbia
population. Because the metabolizable
protein system moreaccurately predicts
protein requirements, it may be effica-
cioustofeed proteinlevelsat or near the
predicted requirement and still ensure
maximum performance.

The primary reason for feeding pro-
teinlevelsat, but not above, therequire-
ment is pending environmental
regulations. In trials conducted at the
University of Nebraska (1999 Nebraska
Beef Report, pp. 60-63), yearling steers
werefedfinishingdietscontaining 13.5%
crudeprotein, whichwasapproximately
123% of the predicted requirement.
During the 137-day feeding period from
May to September, each steer excreted
approximately 65 pounds of nitrogen
onto the pen surface, of which about
71% volatilized into the air. In 192-day
calf-finishing trials conducted from
OctobertoMay, steersexcreted approxi-
mately 71 Ib of nitrogen onto the pen
surface, of which, approximately 41%
volatilized into the air.

The metabolizable protein system
(1996 NRC) predicts large changes in
the protein requirement throughout the
feeding period dueto changesinintake,
body weight and composition of gain.
The overal MP requirement does not
changesignificantly; however, thecom-
positionor typeof proteinrequired does.
Thedegradableintake protein (DIP) re-
quirement increases due to a gradual
increase in intake. The undegradable
intake protein (UIP) requirement de-
creases due to both a larger supply of
microbial protein and from a lower re-
quirement because the composition of
gain is increasingly more fat and less
lean. Therefore, because the require-
mentsarechanging, aseriesof finishing
dietsfed in sequential order in order to
meet, but not exceed both the DIP and
UIP requirements throughout the feed-
ing period (phase-feeding), should be
beneficial. Therefore, objectives of the
current trial were to evaluate phase-

feeding of metabolizable protein in or-
der to match requirements of finishing
calves.

Procedure

Onehundred andfifty crossbred steer
calves (averageinitia weight = 585 |b)
were used in a completely randomized
designto evaluate phase-feeding of me-
tabolizable protein. Steers were strati-
fied by initial weight into oneof 15 pens
(10 steersper pen). Penswererandomly
assigned to one of threetreatments (five
pens per treatment). Treatments con-
sisted of: 1) one finishing diet fed
throughout thefeeding periodwhichwas
formul atedto match M Prequirementsat
7001b body weight; 2) onefinishing diet
fed throughout thefeeding period which
was formulated to match MP require-
ments at 950 |b body weight; and 3) six
finishing dietsfed in sequential order to
match M Prequirementsfor every 1001b
increment in body weight change
throughout the feeding period.

The 1996 NRC was used to deter-
mine the appropriate MP requirements.
In order to use the 1996 NRC model to
predict requirementsthroughout thefeed-
ing period, accurate projections of body
weight, intake and gain are needed. We
summarized all appropriate calf finish-
ing trials conducted at the University of
Nebraska ARDC Feedlot. Using inter-
mediate weights, performance param-
etersfor each 100 Ib increment in body
weight were calculated and shown in
Table 1. These parameterswere used as
inputs in the NRC model to formulate
the appropriate diets. Treatment 1 was
formulated for 700 Ib which was the
initial weight of the steers when they
reached the finishing diet. Treatment 2
was formulated for 950 Ib body weight
because it was the mid-weight of the
feeding period. BecausetheUIPrequire-
ment decreases during the feeding
period, treatment 1 should match the
UIP requirement initially, but then

(Continued on next page)
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overfeed UIP increasingly throughout
the feeding period. Treatment 2 should
be deficient in UIP up to the midpoint
(950 Ib), then become excessive for the
remainder of the feeding period. Treat-
ment 3 should match the UIP require-
ment throughout thefeeding period. Our
hypothesis was that treatments 1 and 3
wouldperformsimilarly, and bothwould
perform greater than treatment 2. Treat-
ment 3 would be the most economical
because of less UIP supplementation
compared to treatment 1, and improved
performance compared to treatment 2.

Finishingdiet compositionsareshown
in Table 2. In treatment 3, because dry
rolled corn (60% UIP) and high mois-
ture corn (40% UIP) have opposite DIP
and UIP profiles, we altered the combi-
nation of thesetwo ingredientsinthesix
finishing diets in order to match the
predicted requirements. Feathermeal and
bloodmeal were added in order to meet
UlPrequirementsbeyondwhat dry rolled
corn could provideindietsA, B, and C.
The average dry matter percentages of
dry rolled and high moisture corninthe
six finishing diets of treatment 3, were
about the same as those used in the
finishing dietsof treatments1and 2. All
finishing diets were formulated to con-
tain a minimum of .7% calcium, .3%
phosphorus, .8% potassium, 27 g/ton
Rumensin, and 10 g/ton Tylan (DM
basis). Steers were brought up to full-
feed in 21 days using four step-up diets
containing 45, 35, 25, 15% alfalfa(DM
basis).

Steers were weighed initially after
being limit-fed at 2% of body weight for
fivedaysto minimizedifferencesin gut
fill. Steerswereimplanted with Revalor
Sondays1and85and fed for atotal of
203 days. Final weightswerecal culated
using hot carcass weight adjusted to a
common dressing percentage (62%).

Results

Results are shown in Table 3. No
differences were observed (P > .10) for
any performance or carcass parameters
for treatments 1, 2, or 3. Based on past
feeding experience with similar calves
and diets, we projected these steers to
consume21 b of feed and gain about 3.6
Ib/day (Table 1). The steersin thistrial
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Table 1. University of Nebraska-Lincoln Feedlot performance parameters for finishing calves.

Body weight DM intake DM intake Daily gain Feed/Gain
Ib Ib/d % of body weight Ib/d
600 18.0 3.00 3.6 5.0
700 19.0 271 3.6 5.3
800 20.0 2.50 3.6 5.6
900 21.0 2.33 3.6 5.8
1000 215 2.15 3.6 6.0
1100 22.0 2.00 3.6 6.1
1200 225 1.88 3.6 6.3
1300 23.0 1.77 3.6 6.4
Average 950 20.9 2.29 3.6 5.8
Table 2. Composition of finishing diets (% of diet DM).
Treatment?®
1 2 3
A B C D E F
Dry rolled corn 46 46 67 67 67 29 20 14
High moisture corn 21 21 — — — 38 47 55
Wet corn gluten feed 20 20 20 20 20 20 20 20
Alfafa 75 75 75 75 75 75 75 75
Dry supplement 55 55 55 55 55 55 55 55
Feathermeal 1.32 a2 1.04 .96 20 — — —
Bloodmeal .33 .03 .26 .24 .05 — — —
Crude protein 12.7 11.7 12.7 12.6 12.0 11.4 11.3 11.2

aTreatment 1 was balanced for initial weight, Treatment 2 was balanced for the mid-weight, and dietsin
Treatment 3 were fed in sequential order and balanced for every 100 Ib increment in body weight.

Table 3. Performance, carcass, and nitrogen balance results.

Treatment
1 2 3 P=
DM intake, Ib 21.2 20.9 21.0 .69
Daily gain, Ib 3.29 3.20 3.21 21
Feed/gain 6.45 6.54 6.54 .30
Fat depth, in. 49 .50 .48 .79
Marbling score? 505 506 503 .98
Yield grade 2.4 22 22 27
Nitrogen intake, Ib/head 87.2¢ 79.4d 80.54 .0001
Nitrogen retention, Ib/head 10.7¢ 10.54 10.54 .03
Nitrogen excretiond, Ib/head 76.6° 68.94 70.0d .0001

aTreatment 1 was balanced for initial weight, Treatment 2 was balanced for the mid-weight, and dietsin
Treatment 3 were fed in sequential order and balanced for every 100 Ib increment in body weight.

bMarbling score of 500 = Small 0, 600 = Modest 0.

cdMeans in arow not bearing a common superscript differ (P < .05).
fNitrogen retention based on ADG, NRC equation for retained energy and retained protein.
9Nitrogen excretion calculated as intake minus retention.

consumed the amount we projected, but
only gained about 3.2 Ib/day. Thistrial
was conducted during the winter and
spring of 97-98. During this period, we
experienced very poor feeding con-
ditions with a lot of mud. It is our

conclusion that the mud increased the
steers NEm requirement, increasing
feed required per Ib of gain by approxi-
mately 12%. Because gainswere lower
than expected, MP requirements were
overpredicted. Treatment 2 provided



the lowest level of supplemental UIP
and should have been deficient during
thefirst half of thefeeding period, based
on our projections. However, the actual
UIP balance was positive during the
entire feeding period for treatment 2, as
well asfor thetreatments1and 3. There-
fore, no performance differenceswould
be expected.

Due to performance lower than pro-
jected, the results of this study do not
properly evaluate phase-feeding of MP.
Analysis with the 1996 NRC model
agreeswith the performance datain that
the model predicts no response because
all treatmentswereexcessiveinUIPand

MP. However, there was a treatment
differenceinnitrogenexcretionontothe
pen surface. Treatment 1 consumed and
excreted more nitrogen (P < .05) than
treatments 2 or 3 (Table 3). Asaresult,
treatment 1 not only had the highest
ration cost, but also poses the greatest
environmental concern. Inthistrial, treat-
ment 2 was optimal because of lowest
protein supplementati on cost with equal
performance. However, we would
project under good feeding conditions,
theperformanceof treatment 2wouldbe
reduced comparedtotreatments1and 3.

This trial emphasizes the need for
accurate predictions of performancein

order to match MP requirements. Opti-
mizing protein supplementationinorder
to minimize excretion and maintain
maximum performance will become a
very important issue for cattle feeding.
Phase-feeding of MP throughout the
feeding period may be efficacious;
however, additional research is needed
to validate this concept.

1Rob Cooper, research technician; Terry
Klopfenstein, professor; Todd Milton, assistant
professor, Animal Science, Lincoln.
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