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Evaluation of the 1996 Beef Cattle NRC M odd
Predictions of Intakeand Gain for Calves Fed Low
or Medium Energy Dendty Diets

Trey Patterson
Terry Klopfenstein
Todd Milton
DennisBrink?

The NRC model did not accu-
rately predict intake and gain of
growing calvesover awiderangeof
diets, and predicted gain differed
greatly from actual when low qual-
ity roughages were fed.

Summary

Data from feeding 54 diets in seven
previous beef cattle growing studies
were used to evaluate the 1996 NRC
model for the accuracy of intake and
gainpredictions. Calf weightsand diets
were inputs into the model, and actual
intakeswereusedto cal cul atepredicted
gain and actual gains were used to
calculate predicted intakes. The model
over-predicted calfintakesonlowqual -
ity dietsand under -predictedintakeson
high quality diets. The model over-pre-
dicted gains on high quality diets and
under-predicted gains on low quality
diets. The NRC model did not accu-
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rately predict performance of cattle on
low quality roughage diets.

Introduction

The 1996 Nutrient Require-
ments of Beef Cattle (NRC) comeswith
a software package that models the dy-
namic interactions between cattle type
(physiological state), cattle age, diet
quality, environment and other manage-
ment factors on cattle intake, gain and
nutrient requirements/balances. The
NRC model has been shown to predict
intakeof finishing cattlerelatively close
to actual values on average, whiletend-
ing to under-predict intake over the
course of the finishing period in some
studies (1998 Nebraska Beef Cattle Re-
port, pp. 80-83). Likewise, the model
tendstoaccurately predict gainof finish-
ing cattle at the mid-point of the finish-
ing period, while over-predicting gains
early and under-predicting gainslatein
thefinishing period. Thismay be attrib-
uted to the prediction equations being
developed using average weights and
gains over the course of the finishing
period. However, withaccurateestimates
of cattle intake and gain, the model ap-
pears to accurately predict the metabo-

lizable and rumen degradable protein
balances of cattle on afinishing diet.

Unlike typical finishing programs,
growing cattle diets use awide range of
feedstuffswith varying energy and pro-
teincontents. Inaddition, different grow-
ing programs target different levels of
gain. TheNRC model providesapoten-
tial means for producers and nutrition-
iststopredictintakeand gain of growing
calvesfed varying diets. Therefore, our
objectiveswereto usepreviousgrowing
trial data from the University of Ne-
braska to evaluate the accuracy of the
NRC model equationsin predicting in-
take and gain of growing calves.

Procedure

Seven growing trial studies previ-
ously conducted at the University of
Nebraska, incorporating 54 different di-
ets, were used to evaluate NRC predic-
tions. Dietsincluded low quality forage
diets, mediumaquality (silagebased) for-
agedietsand dietsincorporating various
levels of energy from non-forage fiber
products or concentrates. For more in-
formation regarding the details related
to specific diets and/or experiments, re-
fer to previous Nebraska Beef Reports



(1983, pp. 21-22; 1988, pp. 34-38; 1988,
pp. 40-42; 1988, pp. 51-56; 1990, pp.
49-50; 1991, pp. 25-27; 1993, pp. 34-
35).

Actua cattle weights and diets were
used asinputsinto themodel. No adjust-
ments were made for environment on
either intake or gain, asthe temperature
was set at 60°F, the temperature consid-
ered to be thermoneutral by the NRC.
Actua caf intakes were used to calcu-
lateapredicted ADG, and gainthenwas
forced to the actua gain by using the
NEm and NEg adjusters in the NRC
softwareto get the predictedintake. The
NEm and NEg adjusters can be changed
from80% (when gainisover-predicted)
to 120% (when gain is under-predicted)
to force the predicted gain to the actual
gain (100% is no change). Both NEm
and NEg adjustments were made by the
same magnitude in the same direction,
and will be subsequently referred to as
theNE adjusters. If predicted gaincould
not be reached by the NE adjusters (NE
adjusters >120% or < 80%), the pre-
dicted intake was recorded with gain as
closeas possibleto the actual gain. Pre-
dicted intake at the actual gain was re-
corded for both 11-month-old and
14-month-old calves. Linear regression
analyses were performed on predicted
versus actual values to determine the
statistical significance of the relation-
ships.

Results

The NRC model uses adifferent in-
takeequationfor growingyearling cattle
(12 months or older) than for calves
(under 12 months), based on data show-
ing that older “yearling” cattle eat more
aspercentageof body weight than calves.
However, intakechangesonacontinuum
rather than a break at 12 months. Most
cattle in growing programs will be be-
tween 8 and 14 months old (similar to
thoseinthevalidationstudies) andlikely
will have feed intakes more similar to a
calf compared with ayearling. Over the
range of the 54 diets evaluated, the calf
equation did a better job of predicting
intake than the yearling equation (16.0,
13.3, 14.3Ib/day for predicted yearling,
predicted calf, and actual intake, respec-
tively). However, when diet NEm was
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Figure 1. Actual intakeversusintakepredicted by the 1996 NRC model for 54 growing cattlediets

in seven studies (DM).
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Figure 2. Predicted and actual calf DMI across increasing dietary energy level.

greater than .70 Mcal/lb (n = 19), the
yearling equation predicted intakemore
accurately than the calf equation (16.4,
13.8,17.91b/day for predicted yearling,
predicted calf, and actual intake, respec-
tively). When diet NEm was less than
.70 Mcal/lb (n = 35), the calf equation
was more accurate (15.7, 13.2, 12.51b/
day for predictedyearling, predicted calf,
and actual intake, respectively). Poten-
tial reasonsfor thevarying accuraciesof
intake predictions across diet qualities
will be discussed. Subsequent referrals
to predicted intakewill be using the calf
equation.

Although the NRC model predicted
intake relatively close to actual intakes
onaverage (within 11b), it did not accu-
rately predictintakeover therangeof the

54 diets evaluated (Figure 1, R? = .35).
Themodel under-predictedintakeat high
actual intakesand over-predicted intake
at low actual intakes (slope=.15). Fig-
ure 2 shows both actual and predicted
calf intakes across dietary NEm levels.
The NRC model accurately predicted
intake at moderate energy levels (.58 -
.60Mcal/lb NEm), but over-predicted at
low and under-predicted at high energy
levels. There was one data point, where
the dietary energy level was extremely
low (.32 Mcal/lb NEm), that the pre-
dicted intake estimate was identical to
the actual intake. This appears as an
outlierinFigurel, whileother datafrom
the same experiment (but higher energy
levels) were similar to those in other

(Continued on next page)
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trials.

When actual intakes were used as
inputs, the NRC mode predicted ADG
(Figure 3) to increase twice as fast as
actual ADG (slope=2.2; R2=.75). The
model under-predicted ADG at low ac-
tual ADG, but over-predicted gainat the
high end of actual ADG. It isimportant
to note these values for predicted gain
arebased onmetabolizableenergy (ME)
allowable ADG, but the NRC model
also predicts a metabolizable protein
(MP) allowable ADG. Either MPor ME
will show the lowest ADG, depending
onwhichisfirstlimiting. Incertaincases
in these data where dietary energy con-
centrations were high, MP alowable
gain was dightly lower than ME allow-
able gain (n = 15). Although the MP
allowable predicted ADG was still
greater thantheactual gainsat thesehigh
energy levels, using MP allowable gain
in place of ME allowable gain in these
situationsdightly improvedthecorrela
tion between predicted and actual gains
(dope=1.7; R?=.80). Nevertheless, MP
was not limiting in these diets when
predicted gains were driven closer to
actual gains by decreasing the NE
adjusters. Thus, thefocusof thisdiscus-
sion will be on gains predicted by net
energy equations (ME allowable ADG)
and not on those equations involving
MP.

Figure 4 shows predicted and actual
caf ADGacrossincreasingdietary NEg.
Atlow levels of NEg, the model under-
predicted ADG, whileit over-predicted
ADG when dietary energy levels were
higher. The NE adjustersthus had to be
increased to get predicted ADG equal to
actual ADG at low energy levels, and
decreased at high energy levels. Table 1
shows predicted versus actua intakes
and gainsin the 54 diets evaluated, cat-
egorized accordingtodietary NEm. The
dietsin each NEm category fit into one
of six NE adjustment categories(theNE
adjustment required to get a predicted
ADG equal to actual ADG). These data
show, as previoudly discussed, that the
model -over predicted intake and under-
predictedgainatlow energy levels, while
the opposite was true at high energy
levels. Fifteen out of 21 dietsrangingin
NEm from .32 to .58 Mcal/lb (first 2
energy ranges) had NE adjustersgreater
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Figure 3. Actual ADG versus ADG predicted by the 1996 NRC model for 54 growing cattle diets
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Figure 4. Predicted and actual calf ADG across increasing dietary NEg.
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Table 1. NRC predictionsof intakeand gain ver susactual intakeand gain in growing calvesacr 0ss
dietsvaryingin energy concentration, and frequency of net energy adjustersrequired to

achieve actual gain in the model.2

Diet NEm, Mcal/lb

Item .32-.47 .51-.58 .59-.65 .66-.77 .78-.84
Number of diets 9 12 11 13 9
Diet NEg, Mcal/lb .19 .30 .32 41 .49
Predicted DM, Ib 12.0 13.4 13.8 13.7 139
Actua DML, Ib 10.8 12.8 13.3 15.9 18.6
Predicted ADG, Ib 14 .70 91 2.33 3.62
Actual ADG, Ib .65 1.35 1.30 1.58 2.05
Frequency,
NE adjusters:?
<80 0 0 0 5 7
81-90 0 0 0 3 2
91-100 0 0 0 3 0
101-110 0 1 3 2 0
111-120 1 4 8 0 0
>120 8 7 0 0 0

3Data collected from 54 dietsin 7 previous growing trials at the University of Nebraska.
bNet energy (NE) adjusters are used to adjust feed energy valuesto drive predicted gain to actual gainin
the NRC model. The units are in percent of normal (100 is no change). Given are the frequency of diets
in the given energy range that required adjustments in each category.



than 120, meaning the model would not
predict the actual ADG. Although the
model predicted intake accurately with
medium energy diets (.59-.65 Mcal/lb
NEm), it continued to under-predict
ADG. All 12 diets where the model
markedly over-predicted ADG (NE ad-
justers < 80) were from one study in
whichlecithinand soapstock weremixed
with soyhulls and added to a sorghum
silage, afafa, and corn diet at graded
levels replacing corn (1993 Nebraska
Beef Report, pp. 34-35) . Truly, data
from this study are the highest intakes
and gains represented in the seven re-
viewed studies.

When the predicted ADG of cattle
receiving all forage diets (no addition of
non-forage fiber based energy or con-
centrate) wasregressed on actual ADG,
the correlation was less (predicted gain
=-.37 +.85* (actua ADG); R?=.73)
thanif thesameregressionwasmadefor
cattle consuming diets that had added
non-forage energy (predicted gain = -
2.01 + 2.62 * (actual ADG); R? = .83).
When datafromthestudy wherelecithin
and soapstock were added to the diet
wereremoved and predicted ADG from
diets with added non-forage fiber or
concentrate were regressed on actual
ADG, the correlation was very high (-
1.09+1.65* (actual gain); R2=.92). The
model predicted performance closer to
actual when higher quality feeds were
fed, yet as indicated in Table 1, the
predictions drifted further from actual
values with diets of higher energy den-
sity.

The over-prediction of gain at high
energy levels could be related to envi-
ronmental temperatures at times when
the studies were conducted. Since the
temperature/weather conditions during
each of the seven trials evaluated were
not known, the diets were evaluated at
thermoneutrality. However, tempera-
tures were not likely at thermoneutral
when most of the growing trials were
conducted (fall and winter). Colder en-
vironmental temperatures will increase
theamount of energy required for main-
tenance and can increase DMI, depend-
ing on diet and duration of cold

temperatures. At colder temperatures,
the increase in the amount of feed that
goes to meet maintenance requirement
can be greater than the increase in the
intakeof feed, thustheamount of energy
available for gain is reduced and gains
decrease. However, theabove-mentioned
study, wherelecithinand soapstock were
added to the diet and gains were mark-
edly over-predicted by the NRC, was
conductedinthesummer. Extremely hot
or muddy conditions will also depress
gainsincattle. Environmental effectson
maintenance could partially explain the
over-prediction of gain by the NRC
model when higher quality diets were
fed, but other factors may also contrib-
ute to poor predictions of gain at high
energy levels. The energy available for
gaininlow energy dietsislessto begin
with, so the effects of extreme environ-
mental conditions on cattle gain are
magnified. Therefore, if environmental
conditions were included in the model,
the gain predictions on lower quality
dietswould be even further from actual
values. As Figures 3 and 4 indicate,
somegain predictionswereerroneously
at zero, even with no adjustment for
environment. Over the 54 diets evalu-
ated, predicted gaindifferedgreatly from
actual gainwhen low quality dietswere
fed.

The NRC model calculates the net
energy (NE) values of the feedstuffs
fromMEvalues, whicharederivedfrom
TDN estimates entered by the user. The
calculationsconvertingMEtoNEmand
NEg involve different estimates of the
efficiency of ME use for both mainte-
nance and gain, based upon the ME
concentration of the diet or feedstuff
(i.e. the forage/concentrateratio). Diets
with high ME concentration (low for-
age/concentrate ratio) have a higher ef-
ficiency of ME utilization for gain and
maintenance than feedstuffs with low
ME concentration (high forage/concen-
trateratio). Theefficiency of ME usefor
gainisaffected morethan that for main-
tenance when dietary ME concentra-
tions are low. For example, the NE
equations show dietswith 1.45 Mcal/lb
ME to have an ME efficiency of 68.6%

for maintenance and 47.3% for gain,
whereasdietswith.91 Mcal/lbME have
an ME efficiency of 57.6% for mainte-
nanceand 29.6 % for gain (NRC, 1984).
Itispossiblethat these equationsunder-
estimated the NE val uesof thelow qual-
ity feedstuffs in the roughage growing
diets, whichinturn under-estimated the
amount and efficiency of energy usefor
gain. Thiswould explain why gain was
under-predictedwhencattlewereonlow
quality diets. Thus, thelower end of the
calculated NEg values shown on Figure
4 may be erroneously low. The compo-
sition of gain likely hasan effect onthis
efficiency, asmuscleis deposited more
efficiently than fat. The use of the NE
system and the associated equations are
not new to the 1996 NRC, as the equa-
tionswere devel oped aspart of the Cali-
fornia Net Energy System in 1968 and
have been used in NRC publications
since 1976. The ability to use the Cali-
fornia Net Energy System equationsin
the 1996 NRC computer programallows
for potential errors in calculating ME
efficiency tobeillustrated. Truly, fewer
datareflecting the performance of cattle
consuming low quality dietswereavail-
ablewhentheNE equationsweredevel-
oped than for medium and high quality
diets.

In conclusion, the NRC model over-
predicted intake of low energy growing
dietsand under-predictedintake of high
energy diets. The model did not accu-
rately predict gain for growing cattle
diets, andwasespecially poor at predict-
ing performance of calvesgrownonlow
quality roughage. Thismay beduetoNE
equations, used in NRC publications
since 1976, calculating erroneously low
NEg values for the low quality diets.
Morework isnecessary todeterminethe
proper equations necessary to predict
intake and performance of growing
calves across multitudes of diets.

1Trey Patterson, research technician; Terry
Klopfenstein, professor, Todd Milton, assistant
professor, Dennis Brink, professor, Animal
Science, Lincoln.
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