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ABSTRACT: A dataset complied from four years of research conducted with
individually fed calf-fed steers (n = 1,794) was utilized to 1) test currently published DMI
prediction equations (NRC-84, NRC, 1984; NRC-96, NRC, 1996; Owens-02, Owens et
al., 2002) and 2) utilize data from animals in yr 1, 2, and 3 to develop intake prediction
equations to be tested on intake during yr 4. Individual intakes were measured daily for
calf-fed steers fed 13 diets varying in diet NE, values by the use of GrowSafe feeding
system (GrowSafe Systems Ltd.). Dietary NE,, values were calculated by 1) using the
sum of the product of traditional NRC (1996) feedstuff NE, values and the feedstuff
inclusion (dNE,-NRC) and 2) by a quadratic equation from Zinn et al. (2002; dNE-
Zinn) from animal performance in response to dietary intake. Results showed predicting
intake from animal performance is more accurate and allowed for better model fit than
using assigned energy values from the 1996 NRC. Additionally, Owens-02 was more
accurate in predicting intake by having lower absolute bias within treatments compared to
NRC-84 and NRC-96. Models tested against yr 4 data were developed using dNEy,-Zinn
values, initial BW, shrunk BW and metabolic shrunk BW. Models were tested against yr
4 using both dANEm-NRC and dNEm-Zinn with initial BW, shrunk BW and metabolic

shrunk BW. Models containing dNEm and initial BW were determined to be the most

accurate with intermediate mean absolute bias, greatest r-squared values, the mean
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residual bias closest to zero compared to all other models with dNEm, shrunk BW, and
metabolic shrunk BW including NRC-96. However, models containing dNEm and
shrunk BW had the least mean absolute bias results but had the lowest r-squared values
overall. No difference was found between dNEm-NRC and dNEm-Zinn when testing
against yr 4 data. Ultimately, it was concluded that in relationship to diet energy values,
the addition of ethanol byproducts into feedlot diets limits model potential to accurately
predict DMI as model fit decreases and absolute mean bias increases with inclusion of
byproducts in diets. The inclusion of a BW variable is necessary to improve accuracy.
These results suggest further research into feedstuff energy value prediction is
recommended.

Keywords: Dry matter intake, prediction equations, finishing cattle, byproducts.

INTRODUCTION

Due to increased availability of ethanol byproducts and the increased feeding rate
of such high energy feedstuffs over the last decade, great interest has been observed for
the actual feeding value of byproducts like corn gluten feed (CGF) or corn distillers
grains with solubles (DGS). Feeding DGS or CGF has been shown to increase efficiency
and performance of finishing cattle (Klopfenstein et al., 2008). Energy values of the
feedstuffs have yet to be determined even though relative feeding value compared to
corn-based diets has been analyzed in both finishing diets (Stock et al. 2000;
Klopfenstein et al., 2008) and forage-based diets for backgrounding calves (Nuttleman et

al., 2009).
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The energy value of ethanol byproducts on a TDN or NE, and NE, basis within
the NRC (2000 update) is equal to that of soybean hulls, and less than corn even though
DGS contains 3 times the amount of protein, fiber, and fat compared to corn
(Klopfenstein et al., 2008) with CGF comparable to DGS from a feeding value standpoint
(Stock et al., 2000; Klopfenstein et al., 2008).

McMenimen et al. (2009) conducted a study to analyze DMI prediction equations
from NRC (1996) to determine if initial BW or dietary NE;, was more accurate for
predicting intake over the feeding period. From this analysis, initial BW may result in
simpler and more accurate predictions because initial BW is taken upon arrival while
dietary NE, is an arbitrary value (McMenimen et al., 2009). Still, energy values of the
feedstuffs drive carcass composition and value product potential (Owens et al., 1995).
Additionally, McMenimen et al. (2009) found the lack of association between dietary
NEr, adjusted intake and feed efficiency required further analysis. Therefore, the
objective of this analysis was to determine if reevaluation of feedstuff energy values is
required by use of predicted intake results from current models and to derive a new DMI

prediction equation for more accurate intake estimation.

MATERIALS and METHODS
Data collection

Data from 1,794 individually fed Angus, Simmental, and Simmental-Angus cross
calf-fed steers were collected over 4 yr and used to analyze predictability of three
currently published and well-known DMI equations for growing and finishing steers.

Animals were transported from the same Montana and Wyoming based ranches to the
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University of Illinois-Urbana for studies relating to ethanol byproduct feeding effects on
performance, as well as to evaluate growth and carcass changes over the feeding period
by intermittent ultrasound and weight collection. Cattle were housed in open back barns
with approximately 40 hd per pen and fed once daily. Daily intakes were measured for
individual animals by use of the GrowSafe feeding system (Model 4000E, GrowSafe
Systems Ltd., Airdie, Alberta, Canada).

Thirteen diets were fed over the 4 yr ranging in diet NE;, from 1.92 to 2.13
Mcal/kg and diet NEg from 1.28 to 1.48 Mcal/kg as calculated using the NRC (1996)
feedstuff energy values. All animals received implants and were fed monensin
(Rumensin, Elanco Animal Health, Indianapolis, IN) at 330 mg/hd/d during the finishing
period. The implant program consisted of yr 1, 3, and 4 steers receiving Component TE-
IS (80 mg trenbolone acetate, 16 mg estradiol, 29 mg tylosin tartate; Elanco Animal
Health, Indianapolis, IN) at the initiation of finish phase feeding, and re-implanted with
Component TE-S (120 mg trenbolone acetate, 24 mg estradiol, 29 mg tylosin tartate;
Elanco Animal Health, Indianapolis, IN) at 76 d on feed. The implant strategy for steers
fed in yr 2 were composed of Revalor-G (40 mg trenbolone acetate and 8 mg estradiol;
Merck Animal Health, Summit, NJ) given at trial initiation and re-implanted with
Component TE-S (120 mg trenbolone acetate, 24 mg estradiol, 29 mg tylosin tartate;
Elanco Animal Health, Indianapolis, IN) after 84 d on feed. All diets fed were
formulated to meet or exceed the minimum NRC (1996) requirements for maintenance
and gain and can be found in Table 1.

Animals used in these trials were managed according to the guidelines

recommended in the Guide for the Care and Use of Agriculture Animals in Agriculture
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Research and Teaching Consortium (1988). Experimental protocols were submitted and

approved by the University of Illinois Institutional Animal Care and Use Committee.

Prediction Equation Analysis

The three equations analyzed were originally published in the 1984 NRC (NRC-
84), the 1996 NRC (NRC-96), and Owens (2002; Owens-02). The 1984 NRC published
equation was the initial equation to predict DMI and is calculated from metabolic shrunk
BW (SBW") and diet NE,, (ANEy,) as shown:

DMI, kg/d = SBW°75 % (0.1493 * dNE,, — 0.046 * dNE,,> — 0.0196).
In 1996, the NRC published a DMI equation that corrected for sex, frame size, and age.
Coefficients were altered slightly compared to NRC-84 while maintaining the basis of
metabolic SBW (SBW®") and diet NE, (dNE;) and is below:

DMI, kg/d = [SBW®75 % (0.2435 * dNE,, — 0.0466 * dNE,,> — 0.1128)/NE,,],
where the intercept term is -0.0869 for yearling steers and heifers, instead of -0.1128
which is for calf-fed animals. This equation contains options for breed, ionophore
feeding, body fat content, temperature, mud, and implant adjustment as explained in the
1996 NRC and the 2000 update, which are multiplied to the listed equation. Besides this
equation, the NRC (1996) also contains a DM prediction equation based on initial BW.
McMenimen et al. (2009) analyzed the difference between the 1996 NRC initial BW
based equation versus that based on metabolic SBW and dNE, values and observed that
initial BW was a simpler prediction parameter. The third equation by Owens (2002) was
selected because it combined the concepts of initial BW (IBW), metabolic SBW, and

dNE,, values to predict intake levels over the feeding period as shown:
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DMI, kg/d = [(—3.99 + 0.3885 * SBW%678) — 3,788 * dNE,, — 0.000023 * IBW?],
where the metabolic SBW power is 2/3 because of the analysis conducted by Heusner
(1991) that revealed a relationship between large and small mammals is parallel in
regression lines with the slope of 0.678, thus maintaining the 2/3 power coefficient.

The previous equations discussed were compared through two ways of
determining dNE,. The first method utilized the NRC (1996) ingredient NE, values
listed in Table 2 to calculate diet energy composition (ANE,-NRC; Table 3). The second
method was a quadratic equation developed by Zinn et al. (2002) calculating dietary

energy values (dNEq,-Zinn) from animal performance and is shown:

[-b-((p+b-(2a0))"*)|

2a

dNE,,,Mcal/kg =

where a = -0.877 DMI, b = 0.877 SBW®™ + 0.41 DMI + RE, and ¢ = -0.41 SBW®",
Because dietary energy for gain (dNEy) is total energy intake subtract that required for
maintenance, the calculation is dNEg = 0.877*dNE, — 0.41. Because animal performance
is required for this calculation, dietary energy values will vary for each animal thus,
creating a varying dietary energy value and not a standardized value within diet feeding
group.

With animal as the experimental unit, DMI was calculated using the three
prediction equations with energy values derived from the NRC composition (ANE,-NRC;
Table 3) and animal performance (dNEn,-Zinn) resulting in six DMI predictions.
Prediction equation parameters were applied for each animal and each predicted intake
was analyzed within each treatment. Mean absolute bias was calculated for prediction
equation within diet to illustrate average bias regardless of over or under estimation

compared to observed animal intake (Table 4). This bias is the absolute value of the
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difference between the observed intakes and the predicted mean intake from each
prediction equation within diet. Coefficients of determination were calculated as the
variance of the residuals over the product of the variance of the predicted values, and the
variance of the observed intake from one for each diet by prediction equation effect
(Table 5).

R*=1- [O-rzes/o-ozbs]

Dataset-Specific Prediction Equation Development

The dataset was further used to create DMI prediction equations using different
combinations of parameters measured, dANEmM-NRC or dNEm-Zinn, with IBW, SBW, or
metabolic SBW. Parameters were also analyzed independently for correlations and the
correlation matrix is shown in Table 6. Models were derived from yr 1, 2, and 3 data and
were tested against animals fed during yr 4 with dNEm-Zinn (Table 7). If the quadratic
function of the parameter tested was not significant, the linear response was used.
Because weight gain is influenced by energy intake, the variables utilized are not
completely independent. However, variables relating to body weight were not included
in the same model nor were the two comparative dNEm values. The NRC-96 model was
also evaluated against the dataset performance models.

Observed DMI was tested as the dependent variable using the GLIMMIX
procedure of SAS against the independent variables of diet and residual bias of each
prediction equation (Observed DMI — Predicted DMI) within diet with animal as the
experimental unit. Year, breed, and their interactions were treated as random effects.

Mean absolute bias was used to determine the average bias of prediction equation
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regardless of over or under prediction (Table 8). R-squared values were calculated as
previously discussed to determine model fit (Table 9). Residual bias of prediction
equation was also calculated to illustrate the over- and under-prediction of intake

compared to the observed DMI (Figures 1-4).

RESULTS
Prediction Equation Comparison

Results shown in Table 4 of absolute mean bias of predicted intakes calculated
from either dNE,-NRC of dNE-Zinn energy values were the lowest most often for
Owens-02. This means that on average Owens-02 offers the best prediction of intake in
comparison with the observed animal intakes. On the other hand, both NRC prediction
equations displayed greater deviation from the observed animal intakes, though
improvement in prediction was noted when energy values were calculated using Zinn et
al. (2002) quadratic formula compared to NRC assigned feedstuff energy values. The
decrease in bias from the observed for dNEn,-Zinn was expected considering the energy
values are based on actual animal performance instead of arbitrary book values. By using
animal performance, Zinn et al. (2002) addresses the energy utilization efficiency each
animal has on a diet and therefore, performance alters diet energy values based on each
animal’s metabolic efficiency of production.

Mean absolute bias varied across diets for each of the prediction equations. As
byproducts were included in the diets fed, predicted animal intakes tended to vary more
from the observed intakes than those with 60% or more corn inclusion. The predicted

intakes from animals fed with no corn had the greatest mean absolute bias and the most
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deviation from the observed (Table 4). However, the anomaly which cannot be explained
from the data is that the animals fed diet 12 containing 50% corn and 25% modified DGS
and had a dNE,-NRC of 2.130 Mcal/kg consuming 12.62 kg daily, while those fed diets
1 and 2 with similar energy and feedstuff inclusion consumed only 9.59 and 9.70 kg per
d, respectively (Table 3).

Model fit measured via R-squared values were variable between predicted intakes
for all diets compared to the observed regardless of prediction equation. Differences in
trends for accuracy were noted between predictions based on dNE,,-NRC or dNE,-Zinn.
For predicted intakes from dNE,-NRC, NRC-96 offered the greatest R-squared values
more often than the NRC-84 with Owens-02 calculating the least model fit. This
response is inverse compared to the results of mean absolute bias with lower difference
and variance for the overall prediction versus observed data for intakes predicted via
Owens-02 compared to NRC-84 and NRC-96. Even so when energy values were
calculated from performance (ANEp-Zinn), NRC-84 had the best model fit within
treatment eight out of thirteen times. The model from Owens (2002) predicted intakes
similar to that observed intakes from animals fed the remaining five diets. The intake
prediction equation, NRC-96, was the least accurate for fit regardless of diet energy
calculation which mirrors the results of the mean absolute bias calculations.

Interestingly, NRC-96 adjusts for implant administration, monensin feeding, breed type,
and environment (NRC, 2000) which should reduce bias. The lack of fit from NRC-96
within this dataset could be due to the lack of variation between animals and diets since
animals were obtained from the same ranches every year, with the same sires, in the same

housing and fed diets similar in energy concentration.
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Regardless of equation, predicted intake varied 1.0 kg or greater from that of the
observed intake for diet 1. Diet 1 is an industry standard corn and corn silage based diet
(Klopfenstein et al., 2008), and the prediction equations were originally derived from
animals fed similar diets with energy values based from TDN calculations (NRC, 2000).
Bias for the observed values shows one of two potential parameter problems as both are
included in all models: 1) the energy value of corn has changed and therefore, all
feedstuff energy values may need to be reevaluated for more accurate predictability in
calculating diet energy values; or 2) the calculation of metabolic SBW may need to be
reconsidered, as growth and breed effects have potentially changed in the last 50 years
(Owens et al., 1995; Ferrell and Jenkins, 2008). Therefore, diet energy values

calculations and weight factors were evaluated.

Developed Prediction Equation Analysis

Models were developed from yr 1, 2, and 3 data with dNE,-Zinn to predict
intake for animals fed during yr 4. Variables of IBW, SBW, and metabolic SBW were
evaluated to predict DMI in relationship to both dNE,-NRC and dNE,-Zinn. Intakes for
models A, B, and C were calculated using dNEm-NRC with IBW, SBW, and metabolic
SBW, respectively. Similarly, intakes for models D, E, and F were calculated using
dNE,-Zinn for the corresponding variables to create a pairwise comparison between
dNE,-NRC and dNE,-Zinn. Additionally, models G and K were created strictly on the
basis of dNE, influence on DMI with each tested with dNE,,-NRC and dNE-Zinn
respectively. Model H is based on the influence IBW has on predicting DMI, with model

| depicting DMI response to SBW, and model J illustrating the influence of metabolic
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SBW to predict DMI. Interestingly, dNE, was only significant for the quadratic term in
models G and K, so the linear term was used in models A — F (Table 7).

Results from testing of models on yr 4 data showed models G, H, and K to be
unusable when predicting DMI after evaluation of mean absolute bias (Table 8) and r-
squared values (Table 9) from prediction, therefore illustrating dNE, and metabolic SBW
alone do not accurately predict DMI. With the exclusion of these three, the remaining
models from the performance data of yr 1, 2, and 3 resulted in less variation in predicted
DMI from the observed values compared to NRC-96 regardless of dNE, calculation.
Pairwise comparisons were made between models A and D, B and E, and C and F with
dNEr, -NRC energy values used in A, B, and C prediction equations while D, E, and F
were calculated with dNE, -Zinn values. Models B and E calculated the least mean
absolute bias which included dNE, and SBW as independent variables compared to all
other models. Models A and D had the greatest variation in prediction from performance
derived equations with models C and F being intermittent in the pairwise comparison.
Models I and J were intermittent of the performance derived models even if being
singularly calculated from SBW and metabolic SBW, respectively.

R-squared values are shown in Table 9 with the best model fit observed by
models A and D regardless of diet. Models I and J calculated the lowest model fit values
while C, F, and NRC-96 calculated by either dNE,, -NRC or dNE, -Zinn were
intermittent. The results of the pairwise comparisons depict no differences in model fit r-
squared values, even though modest differences are noticed with the mean absolute bias
calculations. From the mean absolute bias values in combination with the coefficients of

determination, model D more accurately calculates DMI for animals consuming diets 1
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and 4 while model A more accurately predicts intake for animals fed diets 7 and 13. This
is concerning from the standpoint that diet 1 was the traditional corn and corn silage-
based diet in which the NRC values were derived, but animal performance allows for
better parameter fit, substantiating the need for the reevaluated of feedstuff energy values.

With models A and D offering the best combination of bias and r-squared values
for the prediction of DMI for animals in yr 4, Figures 1 — 4 show each to have the
greatest variance in residual bias but the mean is closest to zero compared to all other
models. Even though NRC-96 minimizes the variation in bias more often than all other
models, the mean for each prediction of DMI is the farthest from zero which corresponds
with the mean absolute bias calculations and the lower model fit r-squared values
compared to models A and D. These results reinforce the need for the combination of
IBW and dNE, values to predict DMI. Even though SBW and metabolic SBW decrease
the residual bias variation comparatively, the mean predicted bias is no closer to zero

than that of the NRC-96 predictions.

DISCUSSION

Vasconcelos and Galyean (2008) conducted a technical review of determining net
energy values for treatments and analyzed the differences in calculations from
performance data using Zinn et al. (2002) and the NRC (1996) listed values. These
researchers concluded, as was determined in the current analysis, calculating energy
values based on performance data results in a more accurate intake prediction.
Vasconcelos and Galyean (2008) also concluded that if the same animals are fed year

after year, data collected can be used to determine more accurate intake predictions than
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that available from NRC (1996). Even though using the quadratic equation to calculate
diet energy value (Zinn et al., 2002) creates increased accuracy and model fit to predict
DM, the use of observed animal performance increases the variability in diet energy
values as it relies on the efficiency of the animal’s use of energy available from the diet.
This means energy values will vary between animals and a constant diet energy value is
not available unless averaged over individual animal intake. Agreed, variation is reduced
when calculations are applied on a pen level with numerous animals able to dilute the
outliers (MacNeil, 1983; McMenimen et al., 2009). However, animal performance is
collected at the end of the feeding period so diet energy values will not be available at
feeding initiation.

Regardless of the process for calculation of DMI for a feeding period, all systems
adjust feed values relative to intake and plane of nutrition (Ferrell and Oltjen, 2008). The
California Net Energy System (CNES) first calculated NE, and NEy from ME for
feedstuffs even though some were calculated from TDN values and others were measured
(Ferrell and Oltjen, 2008). The CNES was widely accepted by professionals and
consultants alike and incorporated into the 1976 NRC. However, the CNES was not
easily adaptable to changing environments, age, growth rate, or intake.

To more appropriately include rumen fermentation into the modeling of intake
and energy prediction, the Cornell Net Carbohydrate and Protein System (CNCPS)
predicted rates of rumen degradation, undegraded feedstuff passage rate, and the amount
of TDN and protein available to the animal. The CNCPS was incorporated into editions
of the NRC after 1987. Therefore, the 1996 NRC includes the most updated listed energy

values to include in the prediction of DMI. Among a diverse group of animals, the NRC-
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96 model increases the accuracy of predicting intake by including breed, frame size, age,
and growing promoting technologies (McMenimen et al., 2009). With the listed values
and the animal adjustments within the 1996 NRC, DMI can be predicted more accurately
than done previously when using diet energy values (McMenimen et al., 2010).
However, using animal performance is still a more accurate determinate of intake
(Vasconcelos and Galyean, 2008) like that of initial BW (NRC, 1996; McMenimen et al.,
2010).

To better illustrate the potential issues with CNCPS, feedstuff energy value
calculated feedstuff values are listed in Table 2. The corn included in diets fed to animals
in this analysis has the highest listed energy value in the NRC (2000). Even though DGS
can have upwards of 140% the feeding value of corn in applied feeding studies
(Klopfenstein et al., 2008), the reported energy values for each ME, NE, and NEg are the
exact same as fine ground corn and lower than dry rolled corn. Additionally, CGF is
listed as having the same energy values as that of soybean hulls outside of the fact that
CGF can have a relative feeding value of 120% compared to a traditional corn diet
without byproducts (Stock et al., 2000; Klopfenstein et al., 2008). The energy values
assigned by the NRC (2000) are based off of TDN calculations and because the NDF and
ADF components are still within the DGS and CGF, the calculated energy available is
decreased since fiber has a lower energy value compared to carbohydrate or protein
portions (Ferrell and Oltjen, 2008). Simply put, fiber contains less energy than
concentrates and the NRC TDN potentially calculates the portion of fiber to concentrate
values within the DGS and CGF incorrectly. The NDF within the grains have been

shown to be highly digestible and the threefold addition of protein and fat to DGS and
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CGF as compared to corn, and increases the energy density of the feedstuffs
(Klopfenstein et al., 2008). It is incorrect to assume that the fiber portion of byproducts
is not as highly digestible as corn considering that further processing of corn at any time
increases the fiber digestibility and starch availability of corn (Zinn et al., 2002; Macken
et al., 2004). Distillers grains have been shown to have greater NDF digestibility than
corn with any type of processing (Corrigan et al., 2009).

While systems for predicting energy in feedstuffs and for intake have not changed
much for many years, the main corrections have been to account for changes in
physiological states and to more appropriately represent advancements in determining
impacts of diverse genotypes (Ferrell and Oltjen, 2008). Issues are notable in Table 3
when comparing diet energy values for the current analysis. The traditional corn/corn
silage based diet 1 calculated the highest ME and NE,, values from the assigned NRC
(2000) values. However, diet 9 offers the most energy for gain (1.486 Mcal/kg) by
having the second highest corn inclusion level at 57% of the diet DM. However, diet 9
consists of only 8% corn silage while all other diets contained 15% corn silage. The
difference between diets 10 and 11 compared to diet 9 is that each corn silage portion was
replaced with fiber from brome hay and soybean hulls, respectively (Table 1). Less
forage or fiber in a diet can increase digestibility and decrease bulk density (Ferrell and
Oljten, 2008; Klopfenstein et al., 2008), and therefore, diet 9 is more energy dense than
all other diets and is shown by the maximized diet NEg values in Table 3. Interestingly,
diet 1 and diet 9 calculate similar diet ME values. However, with the more current TDN

based feedstuff energy values calculation, the lower forage level in diet 9 increases the
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energy available to the animal through passage rate and NDF as compared to that
calculated from animal performance.

In 2010, Owens et al. conducted an analysis of what was considered apparent
TDN and true TDN. Apparent TDN is that uncorrected for metabolic energy loss while
true TDN accounted for fecal energy loss from the digestive tract. Overall, results
determined better correlations of feedstuff energy values that were calculated from ADF
values compared to those from NDF. Additionally, a close relationship between fiber
intake and diet digestibility was found with low apparent digestibility of high fiber diets,
inaccurate prediction of digestibility from in vitro measurements, and increased energy
requirement within the digestive tract with high-fiber diets.

Therefore from the current analysis and that of Owens et al. (2010), it is suggested
that further research is required to determine a more accurate method of determining
feedstuff energy values past that of the current TDN and ME system available within the
NRC. While animal performance may be the most accurate measure of determining feed
energy value, it is suggested that extensive work be conducted from large nationwide
database analysis on feed digestibility and utilization for more accurate determination of

feedstuff net energy values.

IMPLICATIONS

The model developed in this analysis is an example of the increased need for
improved accuracy of model coefficients and diet energy values applied. It was
developed from a specific set of steers which offers some limitation for industry

application and therefore should be used with accepted knowledge of potential error in



application. Further analysis with variations in breed, sex, age, and growth promoting

technologies is needed to increase model accuracy as a whole.
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to model D. Models A and H are those which include DMI as an independent variable

for prediction and both tended to have more residual bias than model D at any time point.

DISCUSSION

When predicting fat deposition, or any tissue accretion, repeated measurement of
the same animal is more desirable (Owens et al., 1995) since changes in the animal can
be determined over the feeding period compared to serial slaughter analysis where
composition is only measured once (Brethour, 1992). Actual and ultrasound
measurements of fat thickness have been found to be highly correlated on several
different occasions (0.90, Brethour, 1992; 0.81, Griffin et al., 1999; 0.89, Greiner et al.,
2003). Ultrasound measurements are considered accurate and useful (Brethour, 2000),
validating the use of measurements within this dataset for model analysis and
development.

However, increased subcutaneous fat deposition can increase the difficulty of
obtaining clear and accurate measures of LM area and marbling score as the additional fat
layers can skew the image from light refractions (Greiner et al., 2003). Similar results
were observed with the current analysis when looking at the predicted values based from
BF measurements in model E. As DOF and UBF increased, accuracy of predicting UMS
decreased and mean absolute bias increased. Even so, Oltjen and Garrett (1988) found
that energy, protein and fat content of gain varied less with rate of gain than with body
weight and body type. Still, ADG was not included in the current analysis due to lack of

actual DMI at trial initiation and correlation with BW.
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Because ultrasound measurements were not taken after DOM 120 for the current
analysis, final MS was forecasted by use of derived model B. The correlation between
forecasted UMS and final MS was 0.506. This correlation was low compared to previous
research and led to the conclusion that measurements past 120 DOF are necessary to
better calculate the relationship between final MS and ultrasound measures. Hassen et al.
(1999) determined that increasing the number of images taken per animal should be
conducted to improve precision. Even so, Brethour (2004) found the correlation of
marbling to UBF measurements was greater with pen averages than with individual
measurements (0.72 to 0.10, respectively). Individual measurements are advantageous
for prediction model development because the model will then account for variation
instead of the residual error (Oltjen et al., 1986). But when analyzing main effects of a
research trial, the variation is accounted for by animals within pen. Still, measuring BF
thickness and marbling over the feeding period via ultrasound has been an accurate way
to predict carcass merit and value at slaughter (Hassen et al., 1999; Griffin et al., 1999;
Brethour, 2000; Crews et al., 2002).

Data have revealed that intramuscular fat deposition occurs at a rate similar to that
of other fat depots (Zinn et al., 1970; Pethick et al., 2004). If an animal is supplied
dietary energy past what is required from maintenance, growth rate increases causing
increased rate of protein accretion and fat deposition. The excess energy supplied is
utilized in all facets of growth and development including that of marbling as explained
by Pethick et al. (2004). Bruns et al. (2004) found that intramuscular fat is not
necessarily a late-developing tissue but instead increases with increased diet energy

content in calf-fed steers. Similarly, Zinn et al. (1970) noted marbling score to increase
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linearly as days on feed increased for both steers and heifers. However, Duckett et al.
(1992) and May et al. (1992) found marbling to increase in a quadratic manner with days
on feed. Like that of Bruns et al. (2004) and Zinn et al. (1970), Rhoades et al. (2009)
found marbling to increase linearly when expressed as a function of HCW. Both the
quadratic and linear functions for marbling deposition are correct, because MS and HCW
are both quadratic as function of days on feed but linear to each other (Rhoades et al.,
2009). Results from this analysis showed a quadratic response because each model is
based on DOM over the feeding period. Even so, when UMS was regressed on only BW,
model G was significantly quadratic.

Oltjen et al. (1986) first analyzed the difference between static and simulation
models and determined the availability to include biological responses of animals to
inputs makes the models more flexible and useful on an industry scale. Developing
models from large database information can improve predictability and overall accuracy,
ensuring that the model is not tested against the data it was previously developed from.
The usefulness of a model cannot be determined until tested on independent data
(MacNeil, 1983). The availability of repeated years of data with similar animals allows
for accurate model development and testing with the model trained from the previous
three years and tested on the fourth year. Increased variation in breed, sex, and end point
can increase the accuracy of prediction as shown by Rhoades et al. (2009). There may
not have been enough population diversity from yr 1, 2, and 3 to yr 4 to fully determine
model validity.

Limitations exist when only reporting correlation coefficients as correlations

could be affected by population variation such numbers and inability to reflect bias, and
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producers may not understand the true interpretation of the correlations (Houghton and
Turlington, 1992). These potential limitations for understanding the data explain the
value in the information presented. R-squared values are important in determining model
fit and the values reported here were calculated to correct for bias and variance
simultaneously. Even if producers may not understand the model fit, bias was presented
to illustrate the potential for over and underestimation of marbling over the feeding
period by both the difference in observed UMS and predicted UMS and mean absolute
bias. Data presented in this manner provide information of model response directly to the
observed UMS and around the mean UMS of the dataset.

Overall, all models reasonably predict UMS over the feeding period. However,
model accuracy increased with additional independent variables that influenced UMS
most. Model B maintained accurate prediction through minimum mean absolute bias,
low deviation in residual bias, and adequate coefficient of determination values. Even
though predictions from model D with UBF and Day observed greater model fit R-
squared values, the addition of fat at the end of the feeding period may skew data
collected from ultrasonic measurement. Therefore, BW is an advantageous addition to the
model and should be included in the calculation to predict marbling score over the

feeding period.
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Table 1. Diet composition fed from 4 yr of data collected at the University of Illinois — Urbana.

Diet
Item* 1 2 3 4 5 6 7 8 9 10 11 12 13
Corn Dry, 75 50 35 57 7 50
cracked
DDGS 25 40 25 40
MDGS 40 20 40 25 20
DCGF 40
WCGF 40 40 20 20
Soybean Hulls 35 35 35 35 35 35 35 25
Corn Silage, 50% 15 15 15 15 15 15 15 15 8 75 8 15 15
Brome Hay, 7.5
mature
Supplement? 10 10 10 10 10 10 10 10 10 10 10 10 10
Diet
Composition
DM% 71 73 71 51 56 51 53 74 79 49 79 53 52
cP 13.2 14.6 18 18.6 14.5 17.8 17.9 14.3 15.4 21.4 20.0 18.3 19.1
ADF 8.1 7.3 23.1 22.3 23.9 13.4 22.3 23.3 7.4 25.6 19.8 17.1 24.2
NDF 14.7 17.3 38.7 42.1 43.0 23.8 40.4 40.1 17.3 45.1 33.8 36.9 385
Ca 0.40 0.55 0.66 0.74 0.61 0.60 0.60 0.70 0.54 0.88 0.61 0.62 0.63
P 0.35 0.46 0.47 0.46 0.45 0.49 0.44 0.39 0.44 0.38 0.49 0.47 0.48

'DDGS = dry distillers grains plus solubles; MDGS = modified distillers grains plus solubles; DCGF = dry corn gluten feed; WCGF = wet corn
gluten feed.

“Supplement for Diet 1 contained: 46.3% protein, 4.1% Ca, 1.1% P. 3.3% salt, 0.41% Mg, 1.31% K, 0.35% S, 940 mg/kg Zn, 2.49 mg/kg of Co,
18.0 mg/kg Cu, 1.0 mg/kg I, 730 mg/kg Fe, 326 mg/kg Mn, 2.28 mg/kg of Se, 14,000 1U/kg vit A, 1,500 IU/kg vit D, and 41.6 1U/kg of vit E.
Diets 2 to 13 contained: 14.4% protein, 4.1% Ca, 1.1% P. 3.3% salt, 0.41% Mg, 1.31% K, 0.35% S, 940 mg/kg Zn, 2.49 mg/kg of Co, 18.0 mg/kg
Cu, 1.0 mg/kg I, 730 mg/kg Fe, 326 mg/kg Mn, 2.28 mg/kg of Se, 14,000 1U/kg vit A, 1,500 1U/kg vit D, and 41.6 1U/kg of vit E

80T
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Table 2. Correlation matrix for parameters® to predict marbling score.

UMS UBF, cm BW, kg DMI, kg/d
UMS 1.00
1.0

UBF, cm 0.219 1.00

<0.01 1.0
BW, kg 0.531 0.496 1.00

<0.01 <0.01 1.0
DMI, kg/d 0.292 0.118 0.548 1.00

<0.01 <0.01 <0.01 1.0

'UMS = Ultrasound Marbling Score where 500=small, 600= moderate, 700=modest; BF=backfat:
UBF = Ultrasound Backfat



Table 3. Marbling score prediction models® developed from 1,761 animals with serial ultrasound carcass measurement.

Intercept Day UBF* BW DMI
Linear Quadratic Linear Quadratic Linear Quadratic Linear Quadratic
Full 382.92 -1.2583 0.0104  48.1491 -11.6671 0.1355 0.0002 -7.1562 0.3603
P-value <0.01 <0.01 <0.01 <0.01 <0.01 0.226 0.148 0.113 0.010
Full —no BW 433.00 -0.8818 0.1096 58.8000 -13.4375 -6.9113 0.4537
P-value <0.01 <0.01 <0.01 <0.01 <0.01 0.014 0.001
Full—no DMI  386.29 0.0559 0.0029 38.7815 -12.4579 -0.1854 0.0005
P-value <0.01 0.454 <0.01 <0.01 <0.01 0.018 <0.01
Year 4 Test
A 437.84 -0.6992 0.0095 43.7147 -9.7087 -7.0021 0.4611
P-value <0.01 <0.01 <0.01 <0.01 <0.01 0.014 0.001
B 345.50 -0.0558 0.0025 21.7566 -8.8367 -0.0054 0.0004
P-value <0.01 0.521 <0.01 <0.01 <0.01 0.952 <0.01
C 395.66 0.6510 0.0019
P-value <0.01 <0.01 <0.01
D 382.36 0.4354 0.0035 34.8866 -10.9051
P-value 0.0005 <0.01 <0.01 <0.01 <0.01
E 377.96 64.6671 -7.8476
P-value 0.01 <0.01 <0.01
F 321.92 -0.0376 0.0020 0.1477 0.0002
P-value <0.01 0.662 0.01 0.083 0.018
G 338.12 0.0141 0.0005
P-value <0.01 0.824 <0.01
H 452.84 -0.4878 0.0086 -5.9368 0.4307
P-value <0.01 <0.01 <0.01 0.034 <0.01
| 479.54 -12.3231 0.9180
P-value <0.01 <0.01 <0.01

TPrediction models to evaluate influence of parameter from all 4 yr of data = Full, Full-no BW, and Full-no DMI; prediction models derived from 3 yr of data to
be tested against yr 4 to determine accuracy and precision = A — I.
UBF = Ultrasound Backfat.

0Tt
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Table 4. Average ultrasound marbling score’ compared to predicted ultrasound marbling
scores from model derived from animals fed during yr 1, 2, and 3 and tested against animals
fed during yr 4.

Day of Measurement B,’
0 42 84 120

Avg UMS® 397 425 456 531 1.064
Model*

A 492 405 435 486 0.007
B 396 425 465 515 0.978
C 396 426 463 500 0.873
D 394 423 462 508 0.947
E 402 413 422 443 0.327
F 398 426 463 507 0.900
G 398 429 463 504 0.875
H 453 490 521 572 0.964
| 480 449 453 458 -0.154
DMI Models®

A 405 435 486 1.026
H 490 521 572 1.043
| 449 453 458 0.116

Ultrasound Marbling Score = UMS, 500=small, 600=moderate, 700=modest.

?B, = slope of marbling scores from d 0 to d 120 for correlating model.

*Avg UMS = actual average ultrasound marbling score for animals in yr 4 across d.

*Models tested against yr 4 data and derived from yr 1, 2, and 3. Listed in Table 3.

°D 0 UMS excluded from models containing DMI as an independent variable because DMI is not
available on d 0. Slopes improve.



Table 5. Prediction equation within day mean absolute bias® of ultrasonic-measured marbling versus predicted marbling
calculated from yr 4 data.

Model®
Day A B C D E F G H |
0 101.14 45.76 44.09 4351 44.32 46.43 46.82 68.52 88.45
42 52.62 44.89 44 .95 43.89 42.49 4521 46.13 78.66 52.48
84 56.14 52.83 52.65 51.73 54.36 52.49 53.33 81.76 51.29
120 72.74 62.22 64.25 63.08 94.76 62.75 64.59 74.47 82.72

*Mean absolute bias = |Observed UMS — predicted mean UMS|/hd per DOM within model.
®Models tested against yr 4 data and derived from yr 1, 2, and 3. Listed in Table 3.

4%



Table 6. R-squared values® for ultrasonic-measured marbling versus predicted ultrasound marbling calculated from Year 4 data.

Model?
Day A B C D E F G H |
0 0.837 0.956 1.000 0.996 0.974 0.951 0.937 0.999 0.999
42 0.770 0.927 1.000 0.995 0.955 0.932 0.897 0.966 0.982
84 0.878 0.909 1.000 0.996 0.958 0.924 0.870 0.968 0.979
120 0.906 0.901 1.000 0.996 0.945 0.923 0.854 0.972 0.979

'R2=1- [Uvges/o-gbs]'

*Models tested against yr 4 data and derived from yr 1, 2, and 3. Listed in Table 3.

ETT
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Marketing strategy influences optimum marketing date of steers in relation to corn
price and days on feed

M. F. Wilken*!, PAS, J. C. MacDonald", PAS, G. E. Erickson®, PAS, T. J. Klopfenstein®,
C. J. Schneider!, K. M. Luebbe, and S. D. Kachman?

'Department of Animal Sciences, University of Nebraska-Lincoln, Lincoln, NE 68583
’Department of Statistics, University of Nebraska-Lincoln, Lincoln, NE 68583
ABSTRACT: Seven trials conducted at the University of Nebraska-Lincoln fed similar
diets were used to evaluate carcass weight change over the feeding period and to
determine the influence of corn price on profit potential on a live- (LW) and carcass-
weight (CW)-basis. Regression analysis of dressing percent change over the feeding
period was used to calculate CW gain and CW transfer in relation to LW gain.
Economics were calculated with diet costs at $3.50, $5.50, and $7.50/25.4 kg corn price
and cattle marketed at 75, 100 (1.2 cm backfat), and 125 percent days on feed on both a
LW and CW-basis. Results of the analysis demonstrate CW increased quadratically (P <
0.01) at an increasing rate while LW increased quadratically at decreasing rate (P < 0.01).
Transfer of LW to CW increased linearly (P < 0.01) reaching 90 percent at final days on
feed. Because DM increased linearly (P < 0.01) and ADG decreased for both LW
(linearly; P < 0.01) and CW (quadratically; P < 0.01), LW G:F decreased in a linear (P <
0.01) fashion, whereas CW G:F decreased in a quadratic (P < 0.01) manner. Economic
analysis showed, regardless of marketing scheme, cattle received similar returns when
marketing at 1.2 cm backfat for all corn prices. Feeding cattle longer and marketing on a
CW:-basis observed the greatest returns and minimized losses. Overall, feeding cattle
longer increased CW gain and profit potential when selling on a CW-basis which

provides a biological explanation for the incentive to feed cattle longer.

Keywords: Feedlot cattle, carcass weight change, profitability, market factors
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INTRODUCTION

Average profitability in the cattle feeding industry has been essentially zero over
the last 40 years (Walter and Hale, 2011). Factors influencing profitability have long
been studied and HCW has been deemed one of the most important (Langmeier et al.,
1992; Fuez, 2002; Pyatt et al., 2005; Walter and Hale, 2011; Tatum et al., 2012). Other
factors related to variation in profitability include initial calf price (Wilken et al., 2012),
Choice-Select spread (Pyatt et al., 2005; Wilken et al., 2012), and fed cattle price (Walter
and Hale, 2011). Additional influencers have been corn price (Langmeier et al., 1992) or
total feed costs (Pyatt et al., 2005; Tatum et al., 2012).

Because cattle are marketed on both a live and carcass-weight-basis, profit
potential from each scenario has been evaluated by several groups. Walter and Hale
(2011) noted that feeding for longer periods of time benefits both schemes but efficiency
of gain limits the profit potential for selling cattle on a live-basis more quickly than
marketing in the beef. Still, Streeter et al. (2012) noted that optimum marketing date can
change with the marketing scenario since cattle marketed on a carcass-weight-basis
should be fed longer compared to those marketed live. Feeding cattle longer is more
profitable with increased Choice-Select spread making marbling score a greater influence
of profitability (Fuez, 2002; Wilken et al., 2012). The additional weight and increased
quality grades can potentially overcome the discounts from overweight carcasses and YG
4 and 5 (Fuez, 2002; Streeter et al., 2012).

While it is assumed that G:F decreases over the feeding period because gain is
composed of fat rather than lean tissue, fat gain as a proportion of empty BW gain

remains relatively constant (Brethour, 2004). Weight transfer from live to carcass gain
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has been shown to increase over the feeding period to the point of 86 percent or more at
finishing (Walter and Hale, 2011; Streeter et al, 2012). Therefore, the objective of this
analysis was to demonstrate the impact of diet costs on cost of gain on a live- or carcass-

weight-basis for profit potential.

MATERIALS and METHODS
Data Collection

All animal care procedures were approved by the University of Nebraska’s Institute for
Animal Use and Care committee for the five years of data compiled from feeding trials conducted
at the University of Nebraska — Lincoln to evaluate the change in animal performance and carcass
performance over the feeding period. Trials for the dataset were selected for similar experimental
diets or where dietary treatments had no significant differences in animal performance resulting
in seven research experiments that included 298 pens with 2380 steers. Criteria for trial selection
also included 4 to 5 interim weights collected throughout the feeding period at approximately 30-
day intervals (Stock et al., 1983). Initial BW for all trials required 2- to 3- day consecutive
weights averaged after a limit-feeding period to minimize the influence of gut fill (Watson et al.,
2013). Additionally, interim weights were subjected to a 4 percent pencil shrink to account for

gut fill.

Average initial live BW (LW) was 348 kg (SD = 21 kg) with days on feed ranging from
117 to 159 and fed between May and October. All cattle were marketed for a projected industry
average endpoint of 1.2 cm backfat and averaged 1.3 cm backfat across trials. Trial averages are
shown in Table 1. Shrunk LW and carcass weight (CW) were used to calculate changes in BW,

ADG, G:F, and transfer of LW gain to CW gain for each of the interim period measurements.
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Change in dressing percentage over the feeding period was predicted from a
regression equation based off of previously derived equations from serial slaughter
analysis (May et al., 1992; Bruns et al., 2004). May et al. (1992; Eq. 1) observed carcass
changes with calf-fed steers while Bruns et al. (2004; Eq. 2) observed yearling changes

and equations are below, respectively:

[Eq. 1] y = 0.09 x + 55.5; R? = 0.93
and
[Eq. 2] y = 0.105 x + 53.9; R? = 0.99

where the dependent variable (y) is the resulting dressing percentage and the independent
variable (x) is days as a percent of days on feed. Because the regression response is
different for calf-feds versus yearlings (Owens et al., 1995), the dependent variables on
the final day of the feeding period were set to 100 percent days on feed rather than
observed days. By calculating the days on feed as a percent of the feeding period, the
adjusted equations responded by essentially matching with equal slopes and intercepts,
and the resulting equation was then used to calculate dressing percent and change in
carcass weight over the feeding period for the compiled dataset used for this analysis.
The regression equation is shown:

y = 0.097 x + 54.7; R? = 0.94.

Days on feed differed between trials included in this analysis. Therefore,
variation in days on feed between trials was corrected by regressing dressing percentage
on days on feed and extrapolating the data to the intercept at day 0 in order to achieve
dressing percent equivalent as percent days on feed. This allowed for the comparison of

trial results on a 100 percent days-on-feed-basis like that of the regression equation
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development for the dressing percent calculation discussed earlier. Thus, all results will
be reported on a percent days-on-feed-basis.
Economic Analysis

The influence of feed efficiency change over the feeding period on both a LW and
CW:-basis was evaluated through changes in cost of gain as subjected to three different
diet-cost scenarios. Varying diet cost was assessed because corn price can influence
profitability by up to 22 percent (Langmeier et al., 1992) and can explain cost of gain
variability to a large extent (Albright et al, 1993). Diet costs were considered equivalent
to $5.26/25.4 kg (+ $1.55, 5-year average; CattleFax, Englewood, CO). For the
profitability analysis, assumptions were: feeder calf price (340 kg or 750 Ibs) =
$116.36/45.4 kg (5-year average; CattleFax, Englewood, CO); yardage + interest =
$0.45/head/day; miscellaneous charges = $40/head,; live cattle price = $101.82/45.4 kg
(5-year average; CattleFax, Englewood, CO); and carcass price assuming 63 percent
dressed = $161.62/45.4 kg. Both live and carcass-based pricing were used to calculate
profit/loss from the difference of total costs and total revenue per steer.

Price variability was analyzed by first observing monthly average price trends for
feeder calf price (750/45.4 kg), live slaughter price, and corn price over 5 years as shown
in Figure 1. Historically, a relationship between live cattle price and corn price was
determined and found to influence the price slide of feeder cattle negatively (Dhuyvetter
et al., 2002). However, current market conditions may not be representative of previous
analyses. Therefore, correlations between live slaughter, feeder calf and corn prices were
tested with live and calf prices moving together at 0.9686 and corn price being highly

related but to a lesser extent at 0.8604 and 0.8056 for live and calf prices, respectively.
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These correlations are similar to those more recently calculated by Schulz (2013) where
live and calf prices were more similar at 0.9751 and lesser to corn at 0.8733 and 0.82009,
respectively. Therefore, live slaughter and feeder calf prices used in each scenario are
those prices averaged during periods in which corn averaged one of the three applied
prices. Due to increased relevancy in the industry, corn prices were analyzed at $3.50,
$5.50, and $7.50 per 25.4 kg and applied to diet cost. With methodology in accordance
with Dhuyvetter et al. (2002) and using 5-year monthly data (Figure 1; CattleFax,
Englewood, CO), live and calf price was averaged during months when corn was $3.50,
$5.50, and $7.50 per 25.4 kg (+/-$0.50 at each price level). Live slaughter price was
adjusted to $87.35, $98.23, and $118.14 per 45.4 kg and feeder calf price was set at
$98.97, $109.79, and $135.73 per 45.4 kg for changing corn prices, respectively. This
allowed for the use of numbers related to current market conditions on an averaged 5-
year-basis. Additionally, yardage and interest applied to input costs were collectively
assumed to be $0.45 per head per day.

To illustrate the ideal marketing strategy on a LW or CW-basis, three corn price
scenarios were generated to analyze corn price influence on ideal marketing date. The
three corn prices were applied to diet costs on a DM-basis equating costs of $158.96,
$249.79, and $340.63 per 907 kg DM, respectively. Marketing dates chosen to illustrate
effects of varying market date were selling early at 75 percent of normal (105 days on
feed), at industry average of 100 percent (1.2 cm backfat; 140 days on feed), and selling
late for additional weight at 125 percent of normal (175 days on feed). Parameter
estimates to predict performance with longer feeding were extrapolated from the seven-

trial dataset through regression analysis.
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Statistical Analysis

Trial selection was conducted in accordance with Alemayehu (2011). Trials were
regressed for linear and quadratic coefficients with pen as the experimental unit using the
GLM procedures of SAS (SAS Inst. Inc., Cary, NC). To estimate parameter response, a
pooled analysis of trials was conducted where the response variable was regressed to
percent days on feed. Linear and quadratic parameter estimates were determined using
the GLM procedures of SAS by obtaining intercept and regression coefficients for each
pen within trial for each parameter (intercept, linear coefficient, quadratic coefficient). A
pooled analysis was used since experimental unit parameters and responses were
available, rather than only treatment averages that are generally used in meta-analysis
studies (Berman and Parker, 2002). Regression parameter estimates were then centered
across trials using the MIXED procedures of SAS by including experiment in the model.
Significance of linear and quadratic parameters was determined by first including the
quadratic term in the model, and removing it if not significant (P < 0.05). Based on
regression response of feed efficiency, economic analysis was conducted to observe
changes in cost of gain on a LW and CW-basis in relation to $3.50, $5.50 and $7.50/25.4

kg corn price.

RESULTS AND DISCUSSION
Results of the LW and CW changes over the feeding period as a percent of days
on feed revealed that both LW and CW increase in a quadratic fashion and are shown in

Figure 2. Because the quadratic term is slightly negative for LW, it can be concluded that
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LW increased at a decreasing rate (P < 0.01); whereas, CW increased at an increasing
rate because of the slight positive response in its quadratic term (P < 0.01). Daily weight
gain over the feeding period decreased linearly (P < 0.01; Figure 3) for LW while daily
CW gain increased at an decreasing rate quadratically (P < 0.01) illustrated by the
negative quadratic term, similar to that of regression analysis conducted by May et al.
(1992) and Bruns et al. (2004). From serial slaughter analysis, both May et al. (1992) and
Bruns et al. (2004) observed LW and dressing percent to increase linearly (P <0.01) as
slaughter group increased and noted ADG decreased over the feeding period. For the
current analysis, Figure 3 shows the response of carcass ADG increasing more sharply in
the beginning of the feeding period and then slowly plateauing towards the conclusion.
Live weight feed efficiency declined linearly (P < 0.01; Figure 4) and CW feed efficiency
observed a positive quadratic response that decreased at the end of the feeding period
after experiencing an optimum G:F at 50 percent days on feed. Results from the current
analysis were similar to several other studies (VVasconcelos et al., 2008; Streeter et al.,
2012) with HCW increasing linearly and ADG and G:F decreasing linearly over the
feeding period when calculated from LW. Carcass feed efficiency has not been widely
reported.

The DMI response in Figure 5 increased in a quadratic manner (P < 0.01) by
reaching maximum intake at the end of the feeding period. Even though animals eat to
an energy level to meet maintenance and gain requirements resulting in increased intake
as weight increases during growth (Owens et al., 1995; Johnson et al., 2003), the
observed increase in DMI at feeding conclusion is counterintuitive since rate of weight

gain tends to slow towards the end of the feeding period like that seen in the current
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202  analysis. Additionally, previous research has demonstrated increased DMI at the

203 beginning of the feeding period followed by a plateau and then a decrease towards final
204  days on feed (Hicks et al., 1990a; Hicks et al., 1990b). Therefore, the increase intake
205  noted here could be a response to environmental conditions as yearlings experiencing
206  cooler fall temperatures tend to consume more energy because of reduced heat stress
207  compared to the summer months (Young, 1981; NRC, 2000). Therefore, the increased
208 rate of intake response was considered to be a function of environment and not biology.
209 As illustrated by Figure 6, a linear increase (P < 0.01) was observed for transfer
210  of LW gain to CW gain resulting in approximately 90 percent transfer by the end of the
211 feeding period, suggesting that 90 percent of every additional kg of LW gain was being
212 deposited in the carcass. Animals fed high energy diets like those used in this dataset
213 often have a lower visceral organ weight to LW ratio than those that may have been
214 restricted in energy (Johnson et al., 2003; Hersom et al., 2004). This transfer in weight
215  gained could ultimately alter the current paradigm that the price difference between LW
216 and CW is based on dressing percent at an industry average of 63 percent. To be more
217  analytical, 0.454 kg (1 pound) of gain added to LW would correspond to 0.409 kg (0.90
218  pounds) of weight gained in the carcass. Additionally, if market price for steers is

219  $115/45.4 kg (100 pounds) on a live-basis and $160/45.4 kg on a carcass-basis at 63
220  dressing percentage, $1.15 would be gained per extra 0.454 kg gained live while $1.44
221 (0.409 kg at $160/45.4 kg) would be added per 0.454 kg if selling in the beef. The

222  additional gain to the carcass and selling on a carcass-basis generates $0.29 per 0.454 kg

223  more revenue than on a live-basis.
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Figures 7 and 8 show the response curve for the change in cost of gain on a live
and carcass-basis, respectively, when corn is $3.50, $5.50, and $7.50 per 25.4 kg (1
bushel). As animals consume more feed and relative feed efficiency declines over the
feeding period, it was expected that cost of gain would increase on both a LW and CW-
basis. However, the response from live to carcass differed. Cost of gain on a LW-basis
(Figure 7) was significant at both the linear and quadratic term with positive responses (P
< 0.01) demonstrating that cost of gain increases at an increasing rate over the feeding
period. However, carcass cost of gain (Figure 8) was negative for the linear term and
positive for the quadratic slope (P < 0.01) noting an initial decrease in cost of gain with
an increase at trial conclusion. These differing responses exhibits the incremental
increase in cost of gain is greater on a LW-basis versus a CW-basis.

Hypothetical cost/benefit analysis was conducted with steer performance
projected at 75, 100, and 125 percent of actual marketing date (1.2 cm backfat) from trial
data in Table 1 in response to 5-year average corn, feeder calf, and live slaughter prices.
Predicted average performance for steers marketed at 75, 100, and 125% of actual
marketing date are shown in Table 2. For both LW and CW, the result of feeding cattle
additional days is an increase in salable weight, but a decline in the average (closeout)
gain, and feed efficiency. However, the apparent decline in closeout performance from
additional days may lead to improved profitability. Using 5-year average prices for corn,
feeder calves, and live cattle (Table 3), the greatest returns ($31.33 per head) were from
steers marketed at 125% days on feed on a CW-basis compared to all other marketing
schemes. When steers were marketed at industry average fat depth, similar returns were

observed whether on a LW or CW-basis, losing -29.03 and -29.23, respectively. Losses
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were observed for steers marketed at 75% days on feed with $15.46 on a LW-basis and
$90.99 lost per head when sold in the beef. These results illustrate the potential for
increased returns when marketing cattle on a CW-basis, but additional days on feed are
needed with this strategy since feeding until 100% days on feed or less inflates the loss
potential for carcass-based pricing compared to selling on a LW-basis.

In order to analyze the impact of changing corn price at $3.50, $5.50, and $7.50
per 25.4 kg (Table 4, Table 5, and Table 6, respectively) industry trends in price
fluctuations were maintained by adjusting feeder calf and live slaughter prices in
relationship to corn price as explained earlier and depicted in Figure 1. Profit was
maximized at 125% days on feed when corn price was $3.50/ 25.4 kg earning $108.44
per head (Table 4). Returns for steers sold live at 125% days on feed were $58.93 per
head. When steers were sold at 100% days on feed, returns were $38 per head regardless
of marketing scheme. However when steers were only fed for 75% of industry average,
profits were only observed for those sold live at $8.99 per head whereas, those sold in the
beef lost $31.34 per head.

When corn was $5.50/25.4 kg, the only positive returns of $6.38/25.4kg were
observed for cattle sold on a CW-basis at 125% days on feed (Table 5). However, steers
sold on a LW-basis at 125% days on feed lost $49.28 per head at $5.50 corn price. When
cattle were marketed at 75% days on feed, losses were minimized by selling on a live-
basis compared to a CW-basis as $48.63 and $93.98 were lost per head, respectively.

Losses were observed across the board regardless of marketing time and scheme
when corn was analyzed at $7.50/25.4 kg (Table 6). Losses were increased with

additional days on feed when marketed on a LW-basis while the inverse was observed
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when selling steers on a CW-basis. Still, losses were minimized by feeding cattle past
industry average and marketing on a CW-basis with negative returns of $76.82 per head
compared to the $143.77 lost per head when steers were sold live at 75% days on feed.

The overall results of the comparison of varying corn price mirrored that of
Streeter et al. (2012) where returns from LW marking strategies continually decreased
with increased days fed while returns increased with increased days when sold on a CW-
basis. Carcass weight has been shown to be the most important variable for profitability
with increasing feed costs (Pyatt et al., 2005; Wilken et al., 2012). Instead, the Choice-
Select (Ch-Se) spread offers more importance in profit variation concluding it is more
beneficial to feed cattle for longer periods of time as HCW and USDA Quality Grade
premiums will cover the discounts from overweight carcasses and USDA YG 4 and 5
from additional fat deposition (Fuez, 2002; Streeter et al., 2012). The impact of
overweight carcasses can be minimized to a certain extent by sorting and therefore,
minimizing the variation in final HCW at sale (Wilken et al., 2012).

Profitability for LW or CW based marketing is virtually the same at 100 percent
feeding period (industry average backfat) because carcass price is based on a 63 percent
dress. From a producer perspective, selling steers at 1.2 cm backfat results in similar
returns regardless if marketing on a LW-basis, or a CW-basis. Therefore, the profit
potential of feeding cattle longer should be considered due to the increased return at
lower feed costs and minimized loss during higher corn price scenarios. It should be
noted that cost of gain decreased on a CW-basis as days increased, whereas cost of gain
on a LW-basis increased with additional days across all market schemes in the current

analysis.
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The profitability response illustrates the increased transfer of weight to the carcass
as cattle are fed for longer periods of time. By feeding cattle longer, input costs are then
distributed over the additional mass which is the reason cost of gains decreased with
additional days over all corn price comparisons on a CW-basis. Carcass weight gain
(final CW — initial CW; Table 2) was 64, 69, and 73 percent of the live weight gain (final
LW- initial LW) for 75, 100, and 125 percent of the feeding period, respectively. The
increased percentage of carcass weight gain relative to live weight gain depicts the
increased proportional distribution of cost in relationship to weight. The additional cost
of gain by feeding longer is diluted over more weight in the carcass than that of LW. An
example is explained using the averages in Table 2. When applied to initial steer price,
$15/45.4 kg must be returned at a cost of gain lower than $1.15/0.45 kg due to initial cost
of $115/45.5 kg and live market price of $100/45.5 kg. Steers averaging 349 kg upon
entry require a compensation of $192.18 per head to overcome the negative margin (349
* $15/45.4 kg). If steers are marketed at the average 1.3 cm backfat, the LW gain is 249
kg with a negative margin of $35/45.4 kg of gain. Now, if those steers were fed 25
percent longer resulting in a LW gain of 304 kg, the negative margin is adjusted to
$29/45.4 kg from the purchase price because the cost is covered by more weight.

The complexity of feeding for longer periods is increased when animals are fed
past the industry average of 1.2 cm. The current analysis only carried the additional
backfat measurement to 1.4 cm by extrapolation of the dataset. Understanding feed
efficiency and carcass quality changes past this measurement is fairly uncertain because
protein accretion and fat deposition rates have been difficult to measure separately

although they are highly correlated (Owens et al., 1995). Later in the feeding period,
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there is a greater efficiency of dietary energy for gain to be used for laying down fat
rather than depositing protein (Old and Garrett, 1987) since protein accretion is related to
mature body size of an animal and fat deposition is influenced by energy intake (Carstens
etal., 1991; Owens et al., 1995). Longissimus muscle area continues to increase with
HCW as reported by Bruns et al. (2004) until skeletal maturity is reached. However
when measured in respect to HCW, LM area decreases through time (Streeter et al.,
2012). Even though the additional weight and quality grade premiums have been shown
to overshadow the discounts from overweight and YG 4 and 5 (Walter and Hale, 2011,
Streeter et al., 2012), Fuez (2002) noted the profit potential from more days on feed
would decrease with lower Ch-Se spreads showing a reward for YG-based marketing.
Wilken et al. (2012) found similar responses at lower Ch-Se spread values with a greater
potential for profit with increased importance found for feed efficiency, especially at
higher corn prices. Therefore, it is inappropriate to guarantee improved profitability
when feeding for longer periods of time and selling on a CW-basis. Still, greater final
CW can increase the potential for additional weight at lower backfat measurements
(Fuez, 2002) and can be achieved by delaying entrance into the feedlot for concentrate
feeding and thereby, delaying skeletal maturity (Owens et al., 1995) like that of yearlings
versus calf-feds. Additionally, CW can be increased by increasing energy intake (Owens
et al., 1995; Ferrell and Jenkins, 2008), administering hormonal implants (Duckett et al.,
1997; Trenkle, 1997; Roeber et al., 2000; Smith et al., 2007), and feeding beta-adrenergic
agonists (Kellermeier et al., 2009; Bryant et al., 2010, Scramlin et al., 2010). These
approaches have tended to increase skeletal maturity (Owens et al., 1995) which allows

for the potential of increased feed efficiency (Bruns et al., 2005), increased protein
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accretion (Duckett et al., 1997; Roeber et al., 2000; Smith et al., 2007) and delayed
intramuscular fat deposition until later in the finishing period (Hutcheson et al., 1997,
Bruns et al., 2005). Because of these potential alterations in carcass weight gain over the
feeding period, days on feed will vary in relationship to this analysis.

It is well understood that increased duration of feeding periods increases yield
grades, quality grades and carcass weight which emphasizes the impact of sorting
(Brethour, 2004). However, discounts are often applied to each parameter as the industry
threshold is met. Discounts for YG 4 and 5 carcasses may be compensated for by the
premiums received for quality grades of high Choice or even Prime with additional fat
deposition (Fuez, 2002; Walter and Hale, 2011) since marbling scores increase with
additional days on feed (Bruns et al., 2004). Carcass weight limits have been increased
and few discounts have been observed recently (Hoffman et al., 2010) increasing the
opportunity for producers to sell more weight for profit.

The addition of weight at the end of the feeding period has been highly discussed
because of the greater correlation between feeder calf and live slaughter prices than those
to corn price. Feeder calf prices have been shown to be less responsive to changes in
corn prices (Anderson and Trapp, 2000) than live slaughter prices (Dhuyvetter et al.,
2002) and thus changing feeding programs only minimally influence profit potential.
The additional energy and lower cost of ethanol byproducts as priced 90% relative to
corn can allow producers to maintain or increase gains and efficiency by feeding up to
40% of the diet (Klopfenstein et al., 2008). Trials included in this analysis contained
byproducts and results illustrate that corn price and therefore, diet costs are less of a

factor in profitability than that of feeder calf price.
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Overall, optimum marketing date is dependent upon the marketing strategy
employed. As observed in time of high feed costs, feeding for longer periods and
marketing on a carcass-weight-basis may minimize losses. Even so, selling cattle at the
industry standard will result in similar returns if marketed on a live or carcass-weight-
basis but profitability may be increased from selling in the beef after a longer feeding
period especially with increased dressing percentage potential with administration of
beta-adrenergic agonists. The limited availability of research on feeding cattle past

industry average requires further investigation.

IMPLICATIONS

Even though the profit potential is documented here, the optimum additional time
on feed in a literal sense cannot be derived from this report because this analysis is based
from extrapolated data of yearling steers. Instead, cattle type (calf-fed versus yearling,
steer versus heifer) and subsequent growth rate would need to be taken into
consideration. Since cattle are rarely fed to maturity (Owens et al., 1995; Ferrell and
Jenkins, 2008), the point at which cattle weight gain plateaus is hardly realized which
limits the opportunity to understand true CW transfer value. Further research of applied
feeding trials of steers, heifers, calf-feds, and yearlings marketed at greater than 1.2 cm

backfat is needed.
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536 Table 1. Performance parameter® averages by trial.

Trial LW, kg SE CW,kg SE DMl kg/d SE ADG,kg/ld SE CcADG,kgld SE G:F SE c¢GF SE
578 2.1 364 1.3 115 0.07 1.74 0.04 1.35 0.02 0.152 0.003 0.117 0.002
570 2.2 359 14 11.3 0.06 1.67 0.03 1.37 0.02 0.147 0.003 0.121 0.002
579 24 365 15 11.6 0.06 1.78 0.03 1.34 0.02 0.153 0.003 0.115 0.001
616 1.8 388 1.1 114 0.05 1.83 0.02 141 0.01 0.162 0.002 0.123 0.001
598 3.1 380 2.0 10.9 0.08 1.86 0.04 141 0.02 0.172 0.004 0.130 0.002
625 2.9 394 1.8 11.2 0.06 1.62 0.03 1.25 0.02 0.145 0.003 0.111 0.002
606 2.7 382 1.7 11.2 0.06 1.65 0.03 1.25 0.02 0.148 0.003 0.113 0.002
537 LW = Live Weight; CW = Carcass Weight; ADG = ADG on LW-basis; G:F= LW G:F (kg ADG/kg DMI); cADG = ADG on CW-
538  basis; cG:F= CW G:F (kg cADG/ kg DMI). SE= Standard Error of the Means.
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Table 2. Predicted average performance® of steers marketed at 75, 100, or 125% of expected days
on feed”.

Marketing Date, % of normal to achieve 1.2 cm backfat

Item® 75% 100% 125%
Days on Feed 105 140 175
DMI, kg/day 10.88 11.12 11.41
Live
Initial BW, kg 349 349 349
Final BW, kg 540 598 653
ADG, kg/day 1.81 1.77 1.73
G:F, kg/kg 0.168 0.161 0.154
Carcass
Initial CW, kg 204 204 204
Final HCW, kg 327 377 428
cADG, kg/day 1.26 1.23 1.12
cG:F, kg/kg 0.123 0.121 0.117

Performance estimated by pen within experiment from regression of equation developed
from the combination of May et al. (1992) and Bruns et al. (2004) to calculate dressing
percent change over the feeding period for carcass parameter changes as a percent of days
on feed. y = 0.097 x + 54.7; R? = 0.94

®Days on feed calculated as percent days on feed in relation to optimum marketing date at
1.2 cm backfat.

‘LW = Live Weight; CW = Carcass Weight; ADG = ADG on LW-basis; G:F= LW G:F
(kg ADG/kg DMI); cADG = ADG on CW-basis; cG:F= CW G:F (kg cADG/ kg DMI).
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Table 3. Predicted profit/loss® and cost of gain of steers fed corn priced at $5.26/25.4 kg and
marketed at 75, 100, or 125% of expected days on feed".

Marketing Date, % of normal to achieve 1.2 cm backfat

Item® 75% 100% 125%
Days on Feed 105 140 175
Costs
Steer cost, $ 894.82 894.82 894.92
Diet cost, $ 272.29 371.25 476.11
Yardage, $ 47.25 63.00 78.75
Miscellaneous, $ 40.00 40.00 40.00
Total Costs, $ 1226.36 1341.07 1461.68

Live Marketing

Revenue, $ 1210.90 1340.75 1464.21
Cost of Gain, $/0.45 kg 0.86 0.87 0.89
Profit, $ (43.98) (29.03) (26.38)

Carcass Marketing

Revenue, $ 1163.89 1340.55 1521.91
Cost of Gain $/0.45 kg 1.33 1.25 1.21
Profit, $ (90.99) (29.23) 31.33

®Profit/Loss = Revenue — Total Costs; Profit reported in () indicates a net Loss.

®Days on feed calculated as percent days on feed in relation to marketing date at 1.2 cm
backfat.

“Total Costs = Steer cost ($116.36/45.4 kg) + Diet cost ($238.44/907 kg/day) + Yardage,
including interest ($0.45/day) + Miscellaneous, including health ($40.00/head); Live
Marketing = Revenue ($101.82/45.4 kg); Carcass Marketing = Revenue ($101.82/45.4 kg
/0.63 dressing percent); Cost of Gain = (Diet costs + Yardage + Miscellaneous)/(Final
weight - Initial weight).
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Table 4. Predicted profit/loss® and cost of gain of steers fed corn priced at $3.50/25.4 kg and

marketed at 75, 100, or 125% of expected days on feed".
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Marketing Date, % of normal to achieve 1.2 cm backfat

Item* 75% 100% 125%
Days on Feed 105 140 175
Costs
Steer cost, $ 761.10 761.10 761.10
Diet cost, $ 181.53 247.50 317.40
Yardage, $ 47.25 63.00 78.75
Miscellaneous, $ 40.00 40.00 40.00
Total Costs, $ 1029.88 1111.60 1197.25
Live Marketing
Revenue, $ 1038.87 1150.27 1256.19
Cost of Gain, $/0.45 kg 0.64 0.64 0.65
Profit, $ 8.99 38.67 58.93
Carcass Marketing
Revenue, $ 998.54 1150.10 1305.69
Cost of Gain $/0.45 kg 0.99 0.92 0.89
Profit, $ (31.34) 38.50 108.44

®Profit/Loss = Revenue — Total Costs; Profit reported in () indicates a net Loss.
®Days on feed calculated as percent days on feed in relation to marketing date at 1.2 cm

backfat.

“Total Costs = Steer cost ($98.97/45.4 kg) + Diet cost ($158.96/907 kg/day) + Yardage,
including interest ($0.45/day) + Miscellaneous, including health ($40.00/head); Live
Marketing = Revenue ($87.35/45.4 kg); Carcass Marketing = Revenue ($87.35/45.4 kg

/0.63 dressing percent); Cost of Gain = (Diet costs + Yardage + Miscellaneous)/(Final

weight - Initial weight).
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Table 5. Predicted profit/loss® and cost of gain of steers fed corn priced at $5.50/25.4 kg and
marketed at 75, 100, or 125% of expected days on feed".

Marketing Date, % of normal to achieve 1.2 cm backfat

Item® 75% 100% 125%
Days on Feed 105 140 175
Costs
Steer cost, $ 844.29 844.29 844.29
Diet cost, $ 285.26 388.93 498.78
Yardage, $ 47.25 63.00 78.75
Miscellaneous, $ 40.00 40.00 40.00
Total Costs, $ 1216.80 1336.22 1461.82

Live Marketing

Revenue, $ 1168.17 1293.44 1412.54
Cost of Gain, $/0.45 kg 0.89 0.90 0.92
Profit, $ (48.63) (42.78) (49.28)

Carcass Marketing

Revenue, $ 1122.82 1293.24 1468.20
Cost of Gain $/0.45 kg 1.37 1.29 1.25
Profit, $ (93.98) (42.98) 6.38

®Profit/Loss = Revenue — Total Costs; Profit reported in () indicates a net loss.

®Days on feed calculated as percent days on feed in relation to marketing date at 1.2 cm
backfat.

“Total Costs = Steer cost ($109.79/45.4 kg) + Diet cost ($249.79/907 kg/day) + Yardage,
including interest ($0.45/day) + Miscellaneous, including health ($40.00/head); Live
Marketing = Revenue ($98.23/45.4 kg); Carcass Marketing = Revenue ($98.23/45.4 kg
/0.63 dressing percent); Cost of Gain = (Diet costs + Yardage + Miscellaneous)/(Final
weight - Initial weight).
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Table 6. Predicted profit/loss® and cost of gain of steers fed corn priced at $7.50/25.4 kg and
marketed at 75, 100, or 125% of expected days on feed".

Marketing Date, % of normal to achieve 1.2 cm backfat

Item® 75% 100% 125%
Days on Feed 105 140 175
Costs
Steer cost, $ 1043.78 1043.78 1043.78
Diet cost, $ 388.99 530.36 680.15
Yardage, $ 47.25 63.00 78.75
Miscellaneous, $ 40.00 40.00 40.00
Total Costs, $ 1520.02 1677.13 1842.68

Live Marketing

Revenue, $ 1405.00 1555.67 1698.91
Cost of Gain, $/0.45 kg 1.13 1.16 1.19
Profit, $ (115.02) (121.47) (143.77)

Carcass Marketing

Revenue, $ 1350.46 155.43 1765.86
Cost of Gain $/0.45 kg 1.76 1.66 1.62
Profit, $ (169.56) (121.70) (76.82)

®Profit/Loss = Revenue — Total Costs; Profit reported in () indicates a net loss.

®Days on feed calculated as percent days on feed in relation to marketing date at 1.2 cm
backfat.

“Total Costs = Steer cost ($135.73/45.4 kg) + Diet cost ($340.63/907 kg/day) + Yardage,
including interest ($0.45/day) + Miscellaneous, including health ($40.00/head); Live
Marketing = Revenue ($118.14/45.4 kg); Carcass Marketing = Revenue ($118.14/45.4 kg
/0.63 dressing percent); Cost of Gain = (Diet costs + Yardage + Miscellaneous)/(Final
weight - Initial weight).
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Figure 1. Five-year average feeder calf (dotted line), live slaughter (dashed line) and corn (solid line) prices per month from 2008 to

2012.
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Figure 2. Change in BW of yearling steers on a live weight (solid line) and carcass
weight (dashed line)-basis throughout the feeding period.
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Figure 3. Change in ADG of yearling steers on a live weight (solid line) and carcass
weight (dashed line)-basis throughout the feeding period.
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Figure 4. Change in feed efficiency of yearling steers on a live weight (solid line) and
carcass weight (dashed line)-basis throughout the feeding period.
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Figure 5. Dry matter intake of yearling steers throughout the feeding period.
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Figure 6. Percentage of live weight gain transferred to carcass weight gain throughout the
feeding period of yearling steers.
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Figure 7. Change live weight cost of gain at three different corn prices ($/ 25.4 kg)
throughout the feeding period of yearling steers.
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Figure 8. Change in carcass weight cost of gain at three different corn prices ($ / 25.4 kg)
throughout the feeding period of yearling steers.



