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The 2011 Plains Nutrition Council Spring Conference  
 
Thursday, April 14 
8:30 – 11:30 AM Pre-Conference Symposium – presented and sponsored by Pfizer 
11:00 AM-1:00 PM View graduate research poster presentations 
 

2010 Plains Nutrition Council Spring Conference  
1:00 PM  Welcome and Introduction - Dr. Jim MacDonald, President Plains Nutrition 

Council,  Texas AgriLife Research and West Texas A&M University, Amarillo 
 
1:10 Research Updates: Dr. Andy Cole, USDA-ARS, Bushland, Texas  
   Dr. Stephanie Hansen, Iowa State University, Ames 
    Dr. Brad Johnson, Texas Tech University, Lubbock 
  
2:40 Break and View Graduate Research Poster Presentations  

 
3:10 Rumen metagenomics and feed efficiency – Dr. Leluo Guan, University of Alberta, 
  Edmonton 
3:55 Mr. Trent Loos, Faces of Agriculture, Loup City, NE – Sponsored by Intervet 

Schering Plough 
4:55 ARPAS as a mechanism to influence policy – Dr. Bill Braman, President, 

Amercian Registry of Professional Animal Scientists, Chr. Hansen Inc., Milwaukee, 
WI 

 
5:00 View Graduate Research Poster Presentations 
5:30-7:30 Reception  Sponsored by RAMP – Sweet Bran (Cargill) 
 
Friday, April 15 
8:00 AM PNC Business Meeting 
 
8:15  Current market scenarios – Dr. Justin Gleghorn, Brock Thompson Trading, 

Amarillo 
8:35  A systems perspective to managing yearlings in the Northern Plains –  
  Dr. Terry Klopfenstein, Univ. Nebraska, Lincoln  
9:20  A systems perspective to managing yearlings in the Southern Plains –  
  Dr. Gerald Horn, Oklahoma State Univ., Stillwater 

 
10:05 Graduate student recognition and awards 
10:15  Break 
 
10:45 Dealing with high feed costs – Nutrition, Chemistry, and Physiology –  
  Dr. Fred Owens, Pioneer Hi-Bred International, Johnston, IA 
11:30 Audience questions and comments for the panel 
 
12:00PM Adjourn
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Rumen Microbial Ecology With a Particular Interest in Feed Efficiency in 
Cattle 

 
Leluo Guan 

Department of Agricultural, Food and Nutritional Science, University of Alberta 
 

Improvement of cattle feed utilization is a key research priority for beef/dairy industry because 
feed typically accounts for 60 – 65% of the total fixed costs of production. Ruminal microbial 
fermentation of ingested feed contributes fundamental components for cattle’s daily nutrition, 
production, and maintenance of health. The influence of rumen microbial structure and functions 
on host physiology remains poorly understood. This study aimed to investigate the interaction 
between the ruminal microflora and the host by correlating bacterial diversity to fermentation 
measurements and feed efficiency traits including dry matter intake, feed conversion ratio, 
average daily gain, and residual feed intake using culture-independent methods. 
  
Rumen fluid, digesta and tissue samples were collected from more than 300 steers with different 
residual feed intake. Total DNA was then extracted from all the samples and used for analysis. 
This report is mainly focused on a comprehensive analysis that was performed for rumen fluid, 
digesta and tissue for 58 steers under high and low energy diets. 
 
Universal bacterial and archaeal partial 16S rRNA gene products were amplified from ruminal 
fluid, rumen digesta, and rumen tissues collected from these 58 steers and were subjected to 
molecular profiling analysis. In total, 86 bacterial and 28 methanogenic phylotypes were 
identified from all animals under two different diets. Using multivariate statistical analysis 
developed in house, specific bacterial and methanogenic species were related to various feed 
efficiency traits and metabolites. Our results suggest that particular bacteria and methane 
producers and their metabolism in the rumen may contribute to differences in host feed 
efficiency under growing and feedlot diets.    
 
This is the first attempt to link microbial phylotypes to phenotypic characteristics of the host, 
specifically to feed efficiency. Improved understanding of the contribution of rumen microbes to 
feed efficiency will provide insight into the mechanisms that cause variation of feed utilization 
between animals and will contribute to the development of a rapid economic technology to select 
for more efficient animals and/or to improve their management. 
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A Systems Perspective to Managing Yearlings in the Northern Plains 
 

Terry Klopfenstein 
Animal Science, University of Nebraska-Lincoln 

Lincoln, NE  
 

Our feedlots deliver cattle for slaughter daily and need replacement cattle on a continuous basis. 
In the Northern Plains states most calves are born in the spring so a variety of backgrounding 
programs are needed to supply the continuous need for feedlot replacements. The need for 
feedlot replacements is a primary driver of backgrounding programs, but certainly, the 
economics of backgrounding and availability of feed resources are very important factors. Calf-
feeding, placing calves in the feedlot within a few weeks of weaning, is the alternative to 
backgrounding. Backgrounding programs are based primarily on use of forages while feedlot 
programs are based on grains and byproducts. With high commodity prices there is the 
opportunity to increase emphasis on backgrounding. This assumes forage gains are less 
expensive than feedlot gains. Because of the continuous need for feedlot replacements, it is not 
likely that there will be large scale shifts from calf-feeding to backgrounding. 
 
We have been conducting growing-finishing systems research since 1980 using 200 to 300 
calves per year in the research. The basic backgrounding system involves corn stalk grazing from 
late November until mid April. The calves then are placed on pasture until September when they 
enter the feedlot. The goal is to produce as much gain as possible with forage. The research is not 
intended to characterize forage as better or worse than grain feeding but to gather data that allow 
producers to make choices about backgrounding. 
 
One of the critical experimental issues in backgrounding research is gathering accurate weights. 
Rumen fill is the problem and high-forage diets can produce marked differences in rumen fill. 
Therefore, we developed a procedure which is strictly adhered to in all of our systems research 
(Stock et al., 1983). At the start of stalk grazing, the start of pasture grazing and entry into the 
feedlot, the cattle are weighed by this procedure. The cattle are fed a diet of 50% Sweet Bran and 
50% hay at 2% BW. This is slightly limiting, by design, so the cattle consume the diet by about 
noon. Sufficient bunk space is made available so all cattle can eat. After three to five days of the 
feeding regimen, the cattle are weighed on two consecutive days. The goal is to achieve the same 
amount of rumen fill at each of the weighing times. Final feedlot weights are based on carcass 
weights. We have two examples of the importance of accurate weights (fill). In the first case, 258 
calves were removed from cornstalks early in the morning, moved one mile on foot and weighed. 
They were then fed the standard diet five days and weighed two consecutive days. The change in 
weight was plus 17 lb to negative 86 lb from the “full” weight off stalks with an average 
difference of -28 lb. Similarly, 45 yearlings were removed from brome pasture in late September 
early in the morning and moved ¼ mile to the scales and weighed. They were then fed the 
standard diet for five days followed by weight collection on two consecutive days. Weight 
change ranged from plus 1 to plus 99 lb. with an average change of plus 37 lb. If the calves 
removed from stalks had been used for brome grazing and the “full” weights used, then a 
difference of 65 lb (-28 +37) would have accrued to the cattle gain which would have added .43 
lb/d to the daily gain. While we can’t prove the limit-fed weight is more accurate, we conclude 
that it is. 
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We receive a pool of 2,500 calves into our research program each October and November. The 
heavier 40% of these calves enter calf-feeding research studies and the remaining 60% are 
backgrounded, including the systems research cattle. Over an eight year period we compared the 
long yearling systems cattle to calf-feds. While they were selected from the same pool of cattle, 
the calf-feds were heavier, larger-framed and possibly older at feedlot arrival. The calf-feds 
averaged 642 lb and the calves for backgrounding weighed 526 lb. There was a total of 804 calf-
feds in 80 pens and 302 yearlings in 18 pens. 
 
Yearlings had heavier final weights, ate more feed/day in the feedlot, and gained more rapidly 
but less efficiently (Table 1). The yearlings were 116 lb lighter at initiation of backgrounding and 
were 83 lb heavier at slaughter. Therefore, the yearlings gained 199 lb more than the calf-feds. 
The yearlings were not as fat as calf-feds but graded as well or better (Table 2). There was a 
tendency to feed the calf-feds too long (11.9% yield grade 4) to achieve greater final weights and 
in an effort to avoid overweight carcasses the yearlings were not fed long enough. 
 
While the yearlings made over 50% of their gain during backgrounding, they still consumed 77% 
as much feed in the feedlot as calf-feds. That calculates to 2 lb feedlot diet per lb final weight for 
the yearlings and 2.8 lb for the calf-feds. Yearlings make their most efficient growth during 
backgrounding and are less efficient in the feedlot than calf-feds. 
 
We determined the economics of the calf-feds and yearlings in 2008 when corn prices spiked 
using $2.50 and $6.50/bu corn (Table 3). We set the purchase price of calf-feds to give $0 profit 
and used a price slide to calculate feeder price of the yearlings as calves. Yearlings were $35.00 
more profitable than calf-feds at $2.50 corn and $45.00 more profitable at $6.50 corn. We might 
have expected more than a $10.00 difference with the increase in corn price. However, the 
yearlings consumed 77% as much feed in the feedlot as calf-feds and the supplements fed in the 
winter reflected corn price. 
 
In the previous analyses, steers were sorted by weight at weaning into calf-feds and future 
yearlings. The theory of sorting into production systems had not been tested therefore we 
conducted research to evaluate the biology of three systems and sorting by weight into the 
systems. Calves were placed into a calf-fed system, a short yearling (summer-fed) system, or a 
long yearling system as described previously. The short yearlings were wintered on cornstalks 
with the long yearlings and placed in the feedlot in mid-May after about a month of brome 
grazing. In the unsorted systems, the calves were randomly allotted to calf-fed, short or long 
yearling systems. In the sorted systems, the heaviest 1/3 were placed in the calf-fed systems. 
After stalk grazing the next heaviest 1/3 were placed in the short yearling system, leaving the 
lightest 1/3 for the long yearling system.  
 
Calf-feds were lightest entering the feedlot, ate the least but were the most efficient (Table 4). 
Short yearlings were intermediate between the calf-feds and long yearlings. Short yearlings, fed 
in the summer, consistently graded poorer than either the calf-feds or long yearlings. Again we 
had a tendency to feed the calf-feds to a greater degree of fatness than the long yearlings. The 
long yearlings had 230 lb greater final live weight and short yearlings 130 lb greater final live 
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weight than calf-feds. Sorting did not affect overall feedlot performance. However, sorting 
reduced carcasses over 1,000 lb (17.7% vs 1.04%). 
 
On average, we would expect that calf-feeding and yearling systems would have similar 
profitability. Otherwise, prices paid for feeders of different weights would reflect differences in 
profitability. Therefore, to be successful (profitable), it is necessary for a backgrounder to be 
better than average. That isn’t “rocket science” but it is the primary reason for our research and 
the remainder of our discussion. We believe the important backgrounding systems influencers 
are: matching cattle to the system; winter gains and costs; summer costs (grass), gains and 
supplements; transportation costs; month of sale/purchase and, interest rates. 
 
Rate of winter gain affects cost of gain depending on feed costs, compensatory gain on grass and 
final slaughter weight. Two years of data showed that calves with 149 lb difference retained 77% 
of that (114 lb) at the end of grass and 120 lb at slaughter (Table 5). Our generalizations about 
compensatory gain on grass are: compensatory gain is difficult to predict; full season grazing 
gives 35 to 45% compensation and; partial season grazing reduces percentage of compensation. 
 
In the Northern Plains, we have three basic forage resources for backgrounding calves in the 
winter: cornstalks; winter range and, harvested hays and silages. In all of these situations it is 
necessary to supplement protein and probably energy. In the Northern Plains the most 
economical source for supplementation of protein and energy is typically corn gluten feed or 
distillers grains. Figures 1 and 2 show the gain responses to levels of Sweet Bran or DDGS from 
calves grazing cornstalks. Similar gains were made by calves grazing winter range and 
supplemented with DDGS (Table 6). In this case, comparisons were made to drylot with hay and 
winter range each supplemented with a corn and soybean meal supplement.  
 
Ethanol byproducts offer excellent opportunities to minimize supplement costs. Both gluten feed 
and DGS supply protein, phosphorus and energy at a price less than corn. Because of the absence 
of starch, the byproducts minimize negative associate effects with the forages. Both wet and dry 
DGS have 25 to 40% greater energy value in forage diets than corn (Table 7). Wet gluten feed 
also has greater energy than corn in these forage diets (Table 8). The costs of winter gains we 
have measured are summarized in Table 9 using current prices. Cost of gain for drylot on the 
farm using hay and WDGS was $.90/lb gain. This is high because of yardage costs and the cost 
of harvesting feed. Cost of gain for drylot on the ranch was $.93/lb and on range $.82/lb using 
corn and SBM because of the greater need for supplement compared to hay. Cost of gain for 
winter range with DDGS was $.65/lb gain. Cost of gain for cornstalk grazing with WDGS was 
very competitive at $.63/lb gain. The reduction in cost of gain is because of the low cost of stalks 
and relatively low yardage cost. 
 
Summer pasture gains are still very competitive from a cost standpoint because grazing lease 
rates have not increased at the same rate corn and byproduct prices have increased. Grass at 
$33/AUM is nearly $.05/lb dry matter and the cattle do the harvesting. Cattle gains on grass have 
a marked affect on cost of gain because the cost of the grass is essentially the same no matter the 
rate of gain. An example of this effect of rate of gain is shown in a summary of five years of 
grazing research where yearlings grazed brome continuously or rotationally grazed brome and 
warm-season pastures (rotation to warm-season pasture occurred in June). The warm-season 
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grasses are more productive in July and August and may be higher in quality compared to brome 
during this time. The yearlings gained 1.58 lb/d on brome and 1.8 lb/d on the brome-warm-
season rotation (Table 10). The cattle were followed through the feedlot and performance was 
similar suggesting the extra 27 lb gained on grass was maintained through the feedlot. That 27 lb 
would be worth at least $27. The pasture costs of gain would be $.59/lb for brome and $.51/lb for 
the brome-warm-season rotation at today’s prices. This reinforces the importance of good 
grazing management in long yearling systems. We have personal experience with poor pasture 
performance. 
 
Supplementation offers an alternative way to increase pasture gain. Even though forage quality is 
high during early season grazing, the yearlings are likely limited by metabolizable protein. As 
the season progresses, the energy value of the grass declines and ruminally degradable protein 
may be limiting as well. Ethanol byproducts can meet these nutrient deficiencies and over the 
past 10 years as the price of byproducts have declined relative to corn and soybean meal, the 
byproducts have become economical supplements for grazing yearlings. We have conducted a 
number of experiments where we supplemented DDGS to yearlings on grass ranging from brome 
to warm-season. As one would expect, cattle gains respond in a quadratic manner to increasing 
levels of DDGS (Figure 3). Response varies depending upon grass type and maturity, cattle 
weight (maturity) and previous cattle performance (compensatory gain). 
 
We have conducted two fairly long term and extensive studies that evaluate the response of cattle 
on pasture and subsequent feedlot performance. A summary of five years of supplementing about 
5 lb DDGS daily on brome pasture shows a .55 lb/d gain response over a 160 day grazing season 
(Table 11). In this experiment the DDGS is being used as a replacement for N fertilizer. Controls 
are fertilized and non-fertilized pastures. Fertilization did not affect cattle performance but did 
reduce acreage needed per animal by about 40%. At current prices, cost of gain on the fertilized 
pasture would be about $.63/lb gain. Because the DDGS substitutes for N fertilizer, the cost of 
gain for the supplemented yearlings would be about $.51/lb gain. 
 
In a three-year study, 720 yearlings have been used to evaluate MDGS supplementation on 
Sandhills range. The calves were wintered on cornstalks with 5 lb (DM) of Sweet Bran daily. 
They grazed brome from about April 20 to May 20 when they were shipped to the Sandhills. The 
yearlings entered the feedlot about September 15. The MDGS  was supplemented on the ground 
with a feed wagon at .6% BW (DM). Daily gains on range increased from 1.36 to 2.02 lb/d due 
to supplementation (Table 12).They entered the feedlot 106 lb heavier then unsupplemented 
cattle. We fed the unsupplemented cattle 24 fewer days to achieve similar slaughter weights. The 
feedlot efficiency was not statistically different between supplemented and unsupplemented 
steers. When sold at a similar finish endpoint, the unsupplemented steers did not exhibit 
compensatory gain or efficiency. 
 
We have collected diet samples on the ranch (Barta Bros.) where the yearlings grazed but not 
from the same pastures. Based on protein analysis including the mobile bag technique, it appears 
the unsupplemented steers were deficient in ruminally degradable protein during August and 
early September. While the MDGS supplies ruminally undegraded protein, it is fed in excess of 
MP needs which allows for urea recycling to supply ruminally degradable protein. It is ironic 
that within just a few years time we would be using a “bypass protein” source to economically 
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supply ruminally degradable protein. Alternatively, many commercial producers remove 
yearlings from Sandhills range in mid July, likely because of relatively poor gain due to low 
protein and energy in the grass. 
 
We have several producers in Nebraska that have successful long yearling programs. Bob Price 
located north of Burwell winters 4,000 calves per year on winter range and WDGS and distillers 
solubles. He follows this with summer grazing and sells off grass. Al Svajgr winters 4,000 per 
year on corn stalks in the Cozad area and supplements with byproducts and some corn silage and 
alfalfa. He places the yearling heifers on Sandhills range and retains ownership in Darr Feedlot. 
Jack and John Maddux winter about 5,000 calves on cornstalks supplemented with WDGS fed 
on the ground. They graze the yearlings on range in various locations. All of these producers 
have been successful using winter range or cornstalks and byproducts. To date none are 
supplementing DGS on grass although Svajgr supplements a small amount of protein and 
Rumensin. 
 
There are opportunities for producers to be better than average at producing long yearlings. 
Important considerations are: 
1.  Match cattle to system. 
2.  Make effective use of grazed forage. 
3.  Maximize use of grazed cornstalks. 
4.  Make strategic use of byproducts- protein, energy, P. 
5.  Optimize pasture management for good cattle gains. 
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Table 1. Animal Performance1 
Item Calf-fed Yearling Diff. 
Initial BW, lbs 642b 526c  -116 
FIWT, lbsa 642c 957b  315 
Final BW, lbs 1282c 1365b  83 
    
DMI, lbs/d 21.36a 30.56b  9.19 
ADG, lbs/d 3.81a 4.53b  0.72 
F:G 5.63a 6.76b  1.13 
DOF 168a 90b  -78 
Total feed, lbs 3592a 2754b  -838 
1Griffin et al. (2007). 
2Feedlot initial weight. 
a,bMeans within row with different superscripts differ P<0.05. 
 
 
Table 2. Carcass Characteristics1 
Item Calf-fed Yearling Diff. 
HCW, lbs 808 860 52 
YG 2.71 2.60 -0.11 
Marbling2 510 525 15 
Ft, in. 0.53a 0.47b -0.06 
Choice, % 58.4 65.0 6.6 
    
% Yield Grade 4+ 11.9 3.3 -8.6 
% Overweight 1.1a 11.3b 10.2 
1Griffin et al. (2007). 
2Marbling = 400 Slighto, 500 = Smallo. etc. 
a,bMeans within row with different superscripts differ P<0.05. 
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Table 3.  Calf-fed vs. Long Yearlings – Economics1 
 $2.50/bu corn $6.50/bu corn 
 Calf-fed Yearling Calf-fed Yearling 
Steer costa, $ 806  747 612 504 
     
Winter     
 Stalks, $ ---   48 --- 48 
 Sweet Bran, $ ---   35 --- 90 
     
Grass, $ ---  119 --- 119 
     
Feedlot     
 Feed, $ 188  142 444 334 
 Yardage, $  67    36 67 36 
 Interest, $  33    63 33 63 
 Profit, $  0    35 0 45 
1Griffin et al. (2007). 
2Based on breakeven for calf-feds at $92.10/cwt finished cattle. 
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Table 4.  Animal Performance as Simple Effects of Sorting (Sorted and unsorted) and Production System (Calf-fed, summer 
yearlings and fall yearlings)1 
 Sorted Unsorted  
 Calf-fed Summer Fall Calf-fed Summer Fall System*sort2 
Initial BW lb 648d 794c 869b 576e 789c   928a  <0.01 
ADG lb/day 3.55 4.08 4.15 3.59 4.10 4.28  0.80 
DMI lb 20.9d 25.3c 27.10b 20.1d 25.1c 29.0a  <0.01 
F:G 5.91c 6.27b 6.57a 5.59 6.18b 6.81a  <0.01 
DOF 167 113 116 167 133 116  --- 
HCW lb 811d 858c 873b 774e 856c 919a  --- 
HCW SD lb 58 41 62 67 67 88  <0.01 
Fat in. 0.55 0.57 0.47 0.52 0.53 0.50  --- 
Marbling3  572 516 565 566e +12 ---  0.33 
% > 1000 lb 1.19b 0.00b 1.04b 0.00b 2.08b 17.71a  <0.01 
1Adams et al. (2010a, b).  
2P-value for sorting by production system interaction. 
3USDA called marbling with 400 = Slightoo; 500 = Smalloo; etc. 
a,b,c,d,eMeans within a row with different superscripts are statistically different. 
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Table 5.  Effect of Winter Gain1 
 Winter supplement  

 Protein Protein/Corn Sweet Bran + wt.2 
Winter ADG, lb  0.49  1.43  1.48  149 
Summer ADG, lb  1.52  1.26  1.29  114 
Feedlot ADG, lb  4.69  4.83  4.77  120 
Feed/Gain  6.55  6.54  6.56  --- 
1Jordon et al. (2001b). 
2Additional weight at end of period. 
 
 
 
Table 6.  Weight and Average Daily Gain of Steers Fed a Corn/Soybean Based 
Supplement in a Dry Lot (CON) or While Grazing Native Winter Range or Fed 
Dried Distillers Grains While Grazing Range 6 Days Per Week 
 Treatment2 
 Drylot Corn/SBM DDG 
Initial BW, lb 468 468 470 
Final BW, lb3 562 570 558 
ADG, lb/day 1.51 1.65 1.42 
1Stalker et al. (2006). 
2Drylot-grass hay plus 4.2 lb supplement, Corn/SBM 6 lb/day on range and DDG 4.2 
lb/day. 
3Adjusted 4% for fill. 
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Table 7.  Hay and Total DMI, ADG, and G:F of Heifers Fed Supplements Based on Corn (DRC), Dry Distillers 
Grains Plus Solubles (DDGS), or Corn With Corn Gluten Meal (DRC + CGM) Fed at Two Concentrations1 
 Daily 
 LOW2  HIGH2 
Item DRC DDGS DRC + CGM  DRC DDGS DRC + CGM 
DMI, lb/d 12.9 13.4 13.6  16.2 15.7 16.9 
Supplement, lb/d 1.3 1.3 1.3  5.1 5.3 5.3 
Soybean hulls, lb/d .5 .5 .5  .5 .5 .5 
Hay, lb/d 11.1 11.8 11.8  10.6 9.9 11.1 
ADG, lb/d .79 .81 .81  1.56 1.96 1.98 
G:F 0.062 0.063 0.063  0.100 0.129 0.121 
1Loy et al. (2008). 
2LOW supplements were fed at 0.21% of BW daily; HIGH supplements were fed at 0.81% of BW daily. 
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Table 8. Gluten Feed vs Corn1 
 CON1 CORN DCGF1 WCGF1 
DMI 11.66 18.02 16.44 16.19 
ADG 1.16 2.25 2.15 2.36 
F:G 10.5 8.01 7.64 6.86 
1Oliveros et al. (1987). 
2Forage diet unsupplemented or supplemented with 40% corn, dry corn gluten feed or 
wet corn gluten feed. 
 
 
Table 9.  Wintering Costs of Gain1 
System $/lb gain 
East NE drylot $.90 
Sandhills Ranch drylot $.93 
Sandhills range, corn, SBM, hay $.82 
Sandhills, DDGS $.65 
Cornstalk grazing, WDGS  $.63 
1Corn = $6/bu.; hay = $.049/lb DM; WDGS = $.10/lb DM; SBM = $.18/lb DM; mineral 
= $.04/day; East NE drylot yardage = $.40 day; Ranch drylot yardage = $.30/day; range = 
$16.50/AUM, $.20/day yardage; stalks = $.14/day, $.30/day yardage. 
 
 
 
Table 10.  Data Pooled Across Five Years1 
Item Continuous brome Brome, warm-season 
Winter gain, lb/d .68 .68 
Summer gain lb/d 1.58 1.80 
Feedlot gain, lb/d 3.59 3.59 
Feed/gain 7.46 7.25 
Fat depth, inches .42 .42 
Quality grade2 18.7 18.7 
1Shain et al. (2005). 
220 = average Choice, 19 = low Choice, 18 = high Select. 
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Table 11.  Animal Performance on brome pasture1 
 Treatment  
 CONT FERT SUPP SEM 
Days 160 160 160 --- 
Initial BW2 726 724 726 6.6 
End BW, lb2 968a 961a 1049b 8.8 
ADG, lb 1.50a 1.47a 2.02b 0.04 
1Greenquist et al. (2009) and Watson et al. (2011). 
2Limit fed BW. 
a,bMeans without a common superscript differ (P<0.01). 
No TRT x Year interaction P = 0.65. 
 
 
 
Table 12. Modified Wet Distillers Grains (MDGS) During Summer Grazing1 
Item CON SUPP 
Initial BW, lb 498 497 
Spring BW, lb 697 697 
Summer BW, lb 915 1021 
Summer ADG, lb 1.36 2.02 
Feedlot BW, lb 1432 1431 
Feedlot DMI, lb 30.2 29.9 
Feedlot ADG, lb 3.99 3.88 
Feedlot GF 0.132 1.30 
Feedlot DOF, d 130 106 
BF, in 0.51 0.50 
MARB 613 557 
Profit, $hd 6.41 71.08 
1Rolfe et al. (2011). 
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Figure 1. Daily gain of steers  supplemented with wet corn gluten 
feed on cornstalks (Jordan et al., 2001a). 
 

Figure 2. Daily gain response to supplementation with DDGS (Gustad 
et al., 2006). 
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Figure 3.  Summary of grazing trials using DDGS supplementation (Griffin et al., 2007). 
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A Systems Perspective to Managing Yearlings in the Southern Great Plains 
 

P. A. Lancaster, G. W. Horn, D. L. Lalman, and C. R. Krehbiel 
Department of Animal Science 

Oklahoma State University, Stillwater 
 

Introduction 
 
The price of feed grains has dramatically increased in recent years because of increased demand 
for export markets and ethanol production. Corn grain on the Chicago Board of Trade is 
currently trading above $7.00 per bushel and finishing ration costs are in excess of $300 per ton 
of dry feed. Feed costs of this magnitude are not economically sustainable for the beef industry 
and utilization of less expensive ethanol co-products in finishing rations has limitations. Part of 
the solution to this problem will be to take advantage of the unique ability of beef cattle to utilize 
forages to grow them to heavier weights prior to placing them on feed. However, a myriad of 
stocker production systems exist and the influence of previous grazing systems on subsequent 
feedlot performance are not completely understood. Therefore, the objective of this paper was to 
evaluate the effect of stocker production systems in the Southern Great Plains on subsequent 
feedlot performance and carcass characteristics of finished cattle. 

 
Methods 

 
A total of 17 studies were obtained from the literature evaluating feedlot performance and 
carcass characteristics of steers from Southern Great Plains growing/finishing beef cattle 
production systems. Three datasets were compiled using treatment means to compare calf-fed vs. 
yearling production systems (Table 1), winter wheat pasture vs. winter/summer tallgrass native 
range stocker production systems (Table 2), or stocker production systems using intensive early 
stocking (IES) vs. season-long stocking (SLS) management on summer pasture (Table 3). Data 
comparing the different production systems were analyzed using a mixed model (Proc MIXED 
of SAS; SAS Institute Inc., Cary, NC) that included production system as a fixed effect and 
study as a random effect with the variance component option used for the var-(co) variance 
matrix structure. Carcass data were available for individual animals from 3 of the 4 studies 
(Winterholler et al., 2008; Hudson et al., 2010; McCurdy et al., 2010a) used in the calf-fed vs. 
yearling production system analysis. Carcass quality and yield grade distribution for the calf-fed 
vs. yearling production systems were analyzed using a generalized linear mixed model (Proc 
GLIMMIX of SAS) that included production system as a fixed effect with binomial distribution 
and study as a random effect with the unstructured option used for the var-(co) variance matrix 
structure. 
 
A fourth dataset consisted of treatment means of yearling production systems from the above 
studies plus 5 additional studies (Table 4), and was used to evaluate the relationship between 
performance during finishing and characteristics of the stocker period. Characteristics of the 
stocker period included length of the stocker period from weaning in the fall to feedlot 
placement, total BW gain during the stocker period, rate of gain during the stocker period, and 
placement BW.  Start dates for the stocker period and winter performance were not available for 
6 of the 31 treatment means (3 studies comparing IES and SLS systems), thus length of the 
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stocker period was estimated from December 1 and rate of gain during the winter portion of the 
stocker period was estimated at 0.50 lb/d for these observations based on previous studies of 
steers grazing dry winter forage (Gill et al., 1991; Choat et al., 2003; Hersom et al., 2004a; 
Sharman et al., 2010; Sharman et al., 2011). Regression of finishing performance traits (ADG, 
DMI, feed:gain) on stocker period characteristics was conducted using a mixed model (SAS Inst. 
Inc.) with study and study × independent variable interactions as random effects and the 
autoregressive 1 option used for the variance-(co) variance matrix structure (St-Pierre, 2001).  
 
A fifth dataset consisted of treatment means of growing programs (drylot or pastured) that 
included estimates of empty body fat at start of the finishing phase. Data were compiled from 6 
studies that included Gill et al. (1993a,c), experiments 1 and 2 of Hersom et al. (2004a), and 
McCurdy et al. (2010a) along with 2 additional studies outlined in Table 5. This dataset was used 
to evaluate the relationship between performance during finishing and initial finishing empty 
body fat. Regression of finishing performance traits (ADG, DMI, feed:gain) on initial finishing 
empty body fat was performed as described above.  The quadratic term was evaluated in all 
regression models (stocker period characteristics and initial empty body fat) and was observed to 
be not significant (P > 0.15) in all cases. 

 
Results and Discussion 

 
Comparison of Growing/Finishing Systems 
 
Calf-feds vs. Yearlings  Compared with calf-fed steers, yearling steers entered the feedlot at 
larger (P < 0.05) BW and required fewer (P < 0.05) days on feed to achieve acceptable carcass 
fatness (Table 6). Finishing ADG was similar between calf-fed and yearling steers; however, 
calf-fed steers consumed less (P < 0.05) feed and were more (P < 0.05) efficient. Over the course 
of the feeding period, yearling steers consumed 580 lb less feed than calf-fed steers. Individual 
studies reported inconsistent results for finishing ADG. Gill et al. (1993a), Winterholler et al. 
(2008), and Hudson et al. (2010) reported lower ADG for calf-fed steers compared with yearling 
steers, but McCurdy et al. (2010a) reported similar ADG. All 4 studies observed that calf-fed 
steers had lower DMI and lower feed:gain compared with yearling steers. 
 
Yearlings had heavier (P < 0.05) carcasses and larger (P < 0.05) REA compared with calf-fed 
steers, but calf-fed steers had larger (P < 0.05) REA per 100 lb carcass weight. There were no 
differences in marbling score or yield grade between calf-fed and yearling steers. However, 
yearling steers tended to have lower (P = 0.09) percentage grading USDA Select (23 vs. 32%), 
and had a greater (P < 0.05) percentage grading USDA Choice (76 vs. 66%) compared with calf-
fed steers. Yearling steers tended (P = 0.08) to have greater percentage of steers with USDA 
Yield Grade 3 and numerically lower Yield Grade 1 and 2 compared with calf-fed steers; there 
were no differences in Yield Grade 4 or 5. Gill et al. (1993b), Winterholler et al. (2008), and 
Hudson et al. (2010) observed that yearling steers had heavier carcass weights than calf-fed 
steers, but McCurdy et al. (2010a) observed that carcass weights were similar. Results of 
individual studies are in contrast to our meta-analysis regarding REA; only Winterholler et al. 
(2008) reported larger REA for yearling steers. Gill et al. (1993b) showed that yearling steers 
had greater marbling scores than calf-fed steers, but none of the individual studies reported a 
difference in yield grade. None of the individual studies reported significantly greater percentage 
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of steers grading USDA Choice between calf-fed and yearling production systems; however, 
yearling steers had numerically greater percentage USDA Choice compared with calf-fed steers 
in each study. These results indicate that yearling steers will consume less total feed over the 
entire feeding period while increasing saleable beef product of similar or greater marbling 
compared with calf-fed steers.  
 
Wheat Pasture vs. Native Range  Data for steers previously grazing winter wheat pasture vs. 
winter/summer tallgrass native range are presented in Table 7. Average daily gain during 
finishing was statistically similar between wheat pasture and native range steers, but numerically 
wheat pasture steers gained 0.3 lb/d less. Wheat pasture steers consumed less (P < 0.05) feed 
than native range steers, such that feed efficiency was similar. Carcass weight, ribeye area, and 
yield grade were similar between wheat pasture and native range steers, but native range steers 
had greater (P < 0.05) marbling scores than wheat pasture steers. Inconsistent results were 
reported among individual studies for ADG, DMI and feed:gain. Sharman et al. (2010) reported 
no differences in ADG, DMI, or feed:gain between steers previously grazing wheat pasture or 
native range. However, Gill et al. (1993a) reported that steers previously grazing wheat pasture 
had greater ADG and lower feed:gain, but similar DMI compared with steers previously grazing 
native range.  Sharman et al. (2011) observed that steers previously grazing native range had 
greater ADG and DMI, but similar feed:gain compared with steers previously grazing wheat 
pasture. In contrast to the finishing performance data, results for carcass weight, REA, marbling 
score, and yield grade were consistent among individual studies; carcass characteristics were 
similar between steers that previously grazed wheat pasture or winter/summer tallgrass native 
range.  However, in 2 of the 3 studies native range steers had numerically greater marbling 
scores than wheat pasture steers resulting in significantly greater marbling scores in our analysis. 
 
Managing Cattle on Wheat  Some key management practices for growing cattle on wheat pasture 
are (1) stocking rate, which is extremely difficult in an annual forage system, (2) planting date 
and wheat variety selection, and (3) use of various supplementation strategies. In any grazing 
program stocking rate is the “holy grail” of cattle performance. Winter wheat forage mass 
typically varies tremendously both within and among years. Using non-linear regression 
procedures to fit quadratic models with a plateau function,  plateaus for diet organic matter 
disappearance, forage intake, and estimated daily gain were achieved at forage allowances 
between 20 to 24 kg DM·100 kg BW-1·d-1, and decreased markedly at herbage allowances below 
this range (Redmon et al., 1995).  Similarly, Pinchak et al. (1996) reported that ADG of steers 
grazing wheat pasture increased as forage allowance increased up to 27.3 kg DM·100 kg BW-1·d-

1.  Further increases in forage allowance had little effect on ADG.  While these 2 studies are in 
good agreement, forage allowance expressed as kg DM·100 kg BW-1·d-1 is not a “user friendly” 
observable management variable. In a planting date by stocking rate study, Fieser et al. (2006) 
reported that ADG, total steer gain, and grain yield all responded in a quadratic (P ≤ 0.06) 
manner and peaked around a forage allowance of 700 kg DM/100 kg BW.  
 
Length of the grazing period and total weight gain by cattle on dual-purpose wheat are greatly 
influenced by the combination of planting date and variety selection.  Fieser et al. (2006) 
reported that all cattle performance measures were greater (P ≤ 0.01 for early- [September 4] 
than late-planted [September 25] wheat). Early planting provided 24 more grazing days than late 
planting (120 vs. 96 d). Averaged across all stocking rates, weight gain/steer and gain/acre were 
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increased 95 and 55 lb, respectively, by early planting whereas grain yield was decreased 8 
bu/acre.  Edwards et al. (2011) summarized 11 years of Oklahoma data comparing wheat grain 
yield from dual-purpose and grain-only systems. The dual-purpose system had an inherent yield 
disadvantage of 3.5 bu/acre that was primarily attributed to early planting. After adjustment for 
the early planting  penalty, wheat yield in the dual-purpose system was approximately 93% of 
that in the grain-only system.  The data indicate that once the decision is made to plant early and 
implement the dual-purpose system, the impact of grazing on grain yield is minimal. In studies 
reported by Horn et al. (1996) and Paisley (1998) stocking rate had a much greater effect on total 
gain per steer and gain/acre than wheat variety.  We have not conducted recent variety by 
stocking rate grazing trials. Date of first hollow stem can differ by as little as 14 days and as 
much as 21 days among hard winter wheat varieties in the southern Great Plains. Length of the 
grazing period for dual-purpose enterprises can be increased by selecting varieties that are later 
maturing with respect to when they reach first hollow stem.  
 
Horn et al. (2005) and Horn (2006) reviewed several supplementation strategies for growing 
cattle on wheat pasture.  One is a small-package monensin-containing energy supplement 
designed to provide (1) additional degradable OM relative to the excess degradable N in wheat 
forage and increase non-ammonia nitrogen supply per unit of ME, and (2) monensin to improve 
the economics of the supplementation program and to decrease bloat (Branine and Galyean, 
1990; Paisley et al., 1998a,b).  Feeding rate is 2 lb/head/day or 4 lb every other day, and ADG 
was increased by 0.44 ± 0.16 lb/day (7 trial summary) with a mean supplement conversion (lb of 
supplement per lb of increased weight gain) of 4.83 ± 1.22. In all trials control cattle had free-
choice access to a non-medicated high-calcium mineral mixture.  Analysis of the data using a 
normal probability distribution function shows that the probability of obtaining at least a 0.35 or 
0.40 lb/day improvement in ADG is 71% and 60%, respectively.   
 
Because of the added cost of hand feeding on pasture, Gibson (2002), Horn et al. (2002), and 
Fieser et al. (2007) evaluated the use of monensin-containing mineral mixture (“R1620”) on 
intake and weight gain of wheat pasture stocker cattle.  In each of 4 trials (i.e., 4 years), three 
common treatments were: (1) negative control (NC), no mineral or any other supplement; (2) 
free-choice non-medicated mineral (MIN); (3) free-choice, medicated mineral containing 1,620 
g monensin/ton (RMIN).  Mean daily intakes of the MIN, RMIN mineral mixtures, and 
monensin over the 4 trials were 0.46 ± 0.19 lb, 0.15 ± 0.07 lb and 121 ± 29 mg/head.  The RMIN 
increased ADG (P < 0.01) by 0.23 lb/day compared with MIN and by 0.47 lb/day compared with 
the NC. The probability of obtaining at least a 0.40 or 0.45 lb/day improvement in ADG due to 
providing RMIN was 70% and 54%, respectively.   
 
Intensive Early vs. Season-Long Stocking  Steers grazing summer pasture using season-long 
stocking management entered the feedlot at heavier BW compared with steers under intensive 
early stocking management (Table 8). Average daily gain, DMI, and feed:gain were similar 
between summer pasture production systems. Carcass weight, REA, marbling score, and yield 
grade were also similar between intensive early stocking and season-long stocking systems. 
Results of finishing ADG among individual studies were inconsistent. Brandt et al. (1995) and 
Gill et al. (1993a) reported that IES steers had greater ADG compared with SLS steers, but Gill 
et al. (1991), Gunter and Phillips (2001), and Bodine et al. (2002) observed no difference in 
ADG.  Although all studies consistently reported no difference in DMI between IES and SLS 
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steers. Similar to ADG, results of feed:gain were inconsistent among individual studies. Brandt 
et al. (1995) and Bodine et al. (2002) observed that IES steers had lower feed:gain compared 
with SLS steers, but Gill et al. (1991) and Gill et al. (1993a) observed that feed:gain was similar. 
Only Brandt et al. (1995) reported a difference in carcass weight with SLS steers having greater 
carcass weight than IES steers. Consistent among individual studies, no differences in marbling 
score or yield grade were observed between steers under intensive early stocking or season-long 
stocking systems. 
 
“Oklahoma Gold” Supplementation Program  The “Oklahoma Gold” supplementation program 
was developed to meet the degradable intake protein (DIP) deficiency, during mid- to late 
summer, of stocker cattle grazing tallgrass native range under season-long grazing management. 
The 38-41%, all-natural crude protein supplement was designed for a feeding rate of 1 
lb/head/day or 2 lb/head every other day.  In a summary of 7 trials evaluating this 
supplementation program, ADG was increased 0.38 lb/day and supplement conversion averaged 
2.77 (Lalman, 2008). Addition of monensin to this supplement to provide 100 mg/head/day has 
increased ADG by an additional 0.15-0.20 lb and decreased supplement conversion to about 1.9 
(Lusby et al., 1984; McCollum et al., 1988). This supplementation program has been a “game 
changer” for many of our producers and has greatly improved the profitability of season-long 
stocker programs on tallgrass native range. 
 
Thus, there are many ways by which the beef cattle industry can add weight to cattle and 
cheapen them back (i.e., decreased breakeven selling price) prior to placement on feed.  
However, mother-nature doesn’t give us many “free lunches”. In our analysis, feed:gain was 
similar for wheat pasture vs. winter/summer tallgrass native range cattle and IES vs. SLS cattle, 
although feed:gain was numerically 4 and 5% greater (i.e., poorer) for native range and SLS 
cattle, respectively.  In a comparison of multiple production systems, Gill et al. (1993a) reported 
that native range steers entered the feedlot 118 lb heavier, but had 26% greater feed:gain than 
wheat pasture steers (7.95 vs. 6.32; P < 0.05). Of the studies that we included in the IES/SLS 
dataset, the two-year study on tallgrass native range by Brandt et al. (1995) had by far the largest 
number of cattle (144/year).  In this study, SLS cattle were 78 lb heavier at feedlot placement, 
but feed:gain was increased 8% (6.51 vs. 6.03; P <.0.05) compared with IES cattle. Comparisons 
of feedlot performance of cattle in different production systems are confounded by different 
placement weights and potentially large environmental differences because they are in the 
feedlot at different times of the year. Drouillard and Kuhl (1999) included an excellent 
discussion of this in their review paper. Therefore, the positive attributes resulting from one 
segment (i.e., increased placement BW and decreased breakeven selling price) are often 
accompanied by decreased biologic efficiencies (i.e., lower feed efficiency during finishing) in 
the next segment. The obvious challenge is to find the optimums. 
 
Regression Analysis of Finishing Performance 
 
Regression coefficients of finishing performance with stocker period characteristics are 
presented in Table 9. Finishing ADG was not influenced by any of the stocker performance 
traits. Feed DM intake during finishing increased as length of the stocker period increased 
(Figure 1), total gain during the stocker period increased (Figure 2), and as placement BW 
increased (Figure 3). Feed:gain during finishing increased as total gain during the stocker period 
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(Figure 4) and placement BW (Figure 5) increased. The regression equation using placement BW 
only explained 29 and 39% of the variation in DMI and feed:gain during the finishing phase, 
respectively, but the model could predict DMI to within 0.58 lb /day and feed:gain to within 0.18 
lb feed/lb gain. Based on observed differences in the literature, these values are reasonably 
acceptable to estimate changes in feed intake and feed efficiency of feedlot cattle. For each 100 
lb increase in placement BW or total gain during the stocker period, feed:gain during finishing 
increases 4.3 and 4.0%, respectively, but carcass weight also increases (P < 0.05) 17 and 20 lb, 
respectively (data not shown). A 4% increase in feed:gain is very substantial, especially with 
high ration costs. However, the decreased total feed consumed and greater carcass weight may 
compensate for the increased feed:gain associated with adding an additional 100 lb BW during 
the stocker period. Using the relationships from our data, finishing a 700 lb steer to 1300 lb with 
a feed:gain of 6.00 lb DM/lb gain will require $540 in feed costs at a ration cost of $300/dry ton, 
but adding 100 lb of BW during the stocker period will reduce feed costs to $493 for a 800 lb 
steer to reach a finish BW of 1327 lb (assuming dressing percentage of 64%) even though 
feed:gain increased to 6.24 lb DM/lb gain (i.e., 4% greater than 6.0). Therefore, even though 
feed:gain is expected to be poorer as cattle enter the feedyard at heavier weights, a substantial 
savings in feed costs may be realized by increasing weight gain on pasture. 
 
Results are similar for total gain during the stocker period and placement BW because these two 
variables are inextricably linked. However, length of the stocker period can be independent of 
total gain and placement BW. Regression of finishing DMI on length of the stocker period and 
placement BW revealed that length of the stocker period was still significantly (P = 0.06) related 
to finishing DMI, and placement BW tended to be significantly related (P = 0.12).  This result 
indicates that cattle entering the feedlot at a greater age will consume more feed even though 
placement BW may not be larger (i.e., greater intake as percentage of BW). However, this may 
be confounded by previous diet. Cattle entering the feedlot at a greater age have most likely been 
backgrounded on dry winter forage followed by summer grazing programs where cattle consume 
moderate to low-quality forage leading to increased gastrointestinal tract weight (Hersom et al., 
2004a,b). In our analysis, cattle that previously grazed dormant winter/summer tallgrass native 
range (average length = 255 d) had greater feed intake as percentage of BW during finishing than 
cattle that previously grazed winter wheat pasture (average length = 121 d; Table 7). 
 
Regression analysis was conducted to evaluate the relationship between feed:gain during 
finishing and placement BW for IES and SLS stocking management systems (Figure 6). 
Consistent with our previous analysis (Figure 5), feed:gain increased as cattle entered the 
feedyard at heavier weights. However, the intercept by stocking management and slope by 
stocking management interactions were not significant (P > 0.30)indicating no difference in the 
relationship of feed efficiency during finishing with placement weight between IES  and SLS 
management systems. This suggests that type of summer pasture stocking management does not 
affect the relationship between feed:gain and placement BW. However, given the trend lines 
illustrated in Figure 6 and the fact that only 5 data points were available for each pasture 
stocking system, feed:gain for SLS steers may increase more rapidly  as placement BW 
increases. A larger dataset is needed to adequately evaluate whether differences exists between 
SLS and IES steers.  
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It is generally considered that ADG and feed efficiency decrease during finishing as initial body 
fat increases. In contrast, our analysis revealed that initial finishing empty body fat did not 
significantly affect ADG, DMI, or feed:gain (Figure 7) during finishing. In 2 experiments, 
Hersom et al. (2004a) observed no difference in feed efficiency during finishing of steers ranging 
in empty body fat from 4 to 20% at the start of finishing.  Gill et al. (1993a,c) observed that 
steers previously grazing wheat pasture had lower feed:gain than steers grazing winter/summer 
native range using intensive early stocking or season-long stocking management; however, 
wheat pasture steers were intermediate in terms of empty body fat percentage resulting in no 
clear relationship between empty body fat and feed efficiency during finishing.  Coleman et al. 
(1995a,b), Sainz et al. (1995), and McCurdy et al. (2010a) observed that fatter steers had 
improved feed efficiency during finishing, but these steers had been limit-fed a high-grain diet 
during the backgrounding period and this response may have been due to compensatory gain. 
Therefore, within the range of typical stocker and backgrounding programs, accumulating 
greater empty body fat during the stocker period may not negatively affect finishing 
performance. 
 
In Search of a Common Thread 
 
Reynolds et al. (1991) fed growing beef heifers two types of diet (75% alfalfa or 75% 
concentrate) at two levels of intake and measured the partitioning of ME between heat energy 
and tissue energy (i.e., energy retention).  Their conclusion was that the metabolism of visceral 
tissues dominates the partitioning of ME to heat energy and tissue energy.  Hersom et al. 
(2004a,b) grew steers on wheat pasture at low and high rates of gain and on dormant native range 
with protein supplement.  Live weight gains and empty body fat at the end of the growing phase, 
averaged across two years, were 2.66, 1.35 and 0.34 lb/day and 19.7, 13.0 and 5.5%, 
respectively, for the high-gain wheat pasture (HGW), low-gain wheat pasture (LGW) and native 
range (NR) steers.  Proportional mass of the total GIT, g/kg EBW, and calculated heat 
production (Mcal/100 kg EBW/day), as an estimate of maintenance energy requirements, were 
both lower (P < 0.05) for HGW than NR steers. Feed intake during finishing (% of mean BW) by 
HGW steers was lower than NR steers. However, even though empty body fat of HGW steers 
was considerably greater, empty body ADG and feed:gain were not different among the three 
treatments.  
 
McCurdy et al. (2010a,b) grew fall-weaned steer calves on three growing programs prior to 
placement on feed.  Growing programs were: 1) grazed on wheat pasture (WP); 2) fed a 
sorghum silage-based diet (SF); or 3) program fed a high-concentrate diet (PF).  Program-fed 
steers had higher ADG and lower feed:gain during finishing than steers fed the forage-based 
growing diets even though PF steers had the greatest empty body fat at feedlot placement. The 
improvement in feed:gain was attributed to less accretion of visceral organ mass resulting in 
decreased maintenance energy requirement of PF steers. Similarly, Sainz et al. (1995) reported a 
21% reduction in maintenance energy requirement during finishing for steers limit-fed a high-
concentrate diet during the growing phase compared with steers ad libitum-fed a forage diet, 
even though empty body fat was greater for the concentrate-fed steers. Collectively, these studies 
reinforce the concept that feed intake and type of diet (i.e. caloric density, forage to concentrate 
ratio, forage nutritive value, etc) during the growing phase affect visceral organ mass and 
maintenance energy requirements of beef cattle during the finishing phase.  
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These data suggest that performance of cattle making rapid gains on pasture before entering the 
feedlot contradicts NRC (1996) prediction that performance is negatively related to initial body 
fat. Variation in mass of specific organs/tissues of the portal-drained viscera resulting from 
stocker programs are most likely involved in altering maintenance energy requirements. 
Therefore, we suggest that type of diet, forage quality, and energy intake during the stocker 
period have a greater effect on energy retention and feed efficiency during finishing than empty 
body fat (i.e., fleshiness) of stocker cattle. 
 

Conclusions 
 

Use of Southern Great Plains stocker production systems to add weight to cattle can significantly 
decrease days on feed and total feed consumed while increasing carcass weight and quality grade 
compared with calf-fed cattle. There are many ways by which the beef cattle industry can add 
weight to cattle prior to placement on feed. In the Southern Plains, the primary stocker 
production systems include grazing winter wheat pasture prior to finishing, or grazing dormant 
winter forage followed by intensive early or season-long stocking on summer pasture prior to 
finishing. Results of our meta-analysis indicate minimal differences between these stocker 
production systems in feedlot performance or carcass characteristics. However, increasing 
weight gain on pasture reduces feed efficiency during finishing, but increases carcass weights 
and shortens days on feed. In addition, energy intake and type of diet can significantly affect 
gastrointestinal tract weight (i.e., low-quality forage increases gastrointestinal tract weight) and 
visceral organ mass (i.e., high energy intake increases liver mass), which increases maintenance 
energy requirement and decreases feed efficiency. Price relationships between feeder and fat 
cattle will dictate the profitability of increasing weight gain on pasture, but a substantial 
reduction in gain efficiency may be overcome by reducing days on feed and total feed consumed 
in combination with increased carcass weights. 
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Table 1. Description of studies included in the first dataset to evaluate the effects of calf-fed vs. yearling production systems on 
feedlot performance and carcass characteristics 

Study Treatment Description 
No. 

Animals System 
Feedlot 

Placement DOF 

Gill et al., 
1993a,b 

Fall-weaned steers placed on finishing ration 28 Calf-fed October 25 198 
Fall-weaned steers grazed winter wheat pasture prior to 

finishing 28 Yearling March 3 134 
Fall-weaned steers grazed dormant tallgrass native range 

followed intensive early stocking on summer native range 
prior to finishing 28 Yearling July 5 123 

Fall-weaned steers grazed dormant tallgrass native range 
followed season-long stocking on summer native range 
prior to finishing 28 Yearling August 30 101 

Winterholler 
et al., 2008 

Fall-weaned steers placed on finishing ration 61 Calf-fed October 16 169 
Fall-weaned steers grazed winter wheat pasture prior to 

finishing 62 Yearling April 26 88 

Hudson et al., 
2010 

Summer-weaned steers placed on finishing ration 69 Calf-fed July 25 139 
Summer-weaned steers grazed late summer and fall native 

range prior to finishing 70 Yearling October 17 125 

McCurdy et 
al., 2010 

Fall-weaned steers placed on finishing ration 62 Calf-fed November 18 196 
Fall-weaned steers grazed winter wheat pasture prior to 

finishing 58 Yearling March 15 123 
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Table 2. Description of studies included in the second dataset to evaluate the effects of winter wheat pasture vs. 
winter/summer tallgrass native range production systems on feedlot performance and carcass characteristics 

Study Treatment Description 
No. 

Animals System 
Feedlot 

Placement DOF 

Gill et al., 
1993a,b 

Fall-weaned steers grazed winter wheat pasture 28 Wheat March 3 134 
Fall-weaned steers grazed dormant winter native range followed by 

intensive early stocking on summer native range 28 
Native 
Range July 5 123 

Fall-weaned steers grazed dormant winter native range followed by 
season-long stocking on summer native range plus late-summer 
protein supplement 28 

Native 
Range August 30 101 

Sharman 
et al., 
2010 

Fall-weaned steers grazed winter wheat pasture at low stocking rate 15 Wheat April 20 83 
Fall-weaned steers grazed winter wheat pasture at high stocking rate 13 Wheat April 20 138 
Fall-weaned steers grazed dormant winter native range plus corn 

supplement followed by grazing summer native range plus late-
summer protein supplement 11 

Native 
Range August 10 112 

Fall-weaned steers grazed dormant winter native range plus protein 
supplement followed by grazing summer native range plus late-
summer protein supplement 11 

Native 
Range August 10 112 

Sharman 
et al., 
2011 

Fall-weaned steers grazed winter wheat pasture at low stocking rate 14 Wheat February 15 128 
Fall-weaned steers grazed winter wheat pasture at high stocking rate 14 Wheat April 26 126 
Fall-weaned steers grazed dormant winter native range plus protein 

supplement followed by grazing summer native range plus late-
summer protein supplement 14 

Native 
Range August 24 111 
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Table 3. Description of studies included in the third dataset to evaluate the effects of intensive early stocking (IES) vs. season-
long stocking (SLS) production systems on feedlot performance and carcass characteristics 

Study Treatment Description 
No. 

Animals System 
Feedlot 

Placement DOF 

Gill et al., 
1991 

Fall-weaned steers grazed summer native range using intensive early 
stocking management 20 IES July 18 142 

Fall-weaned steers grazed summer native range using season-long stocking 
management plus late-summer protein supplement 20 SLS Sept. 26 128 

Gill et al., 
1993a,b 

Fall-weaned steers grazed summer native range using intensive early 
stocking management 28 IES July 5 123 

Fall-weaned steers grazed summer native range using season-long stocking 
management plus late-summer protein supplement 28 SLS August 30 101 

Brandt et 
al., 1995 

Fall-weaned steers grazed summer native range using intensive early 
stocking management 144 IES July 20 122 

Fall-weaned steers grazed summer native range using season-long stocking 
management without late-summer protein supplement 144 SLS October 5 137 

Gunter 
and 
Phillips, 
2001 

Fall-weaned steers grazed summer bermudagrass pastures using intensive 
early stocking management 45 IES July 24 174 

Fall-weaned steers grazed summer bermudagrass pastures using season-
long stocking management without late-summer protein supplement 45 SLS October 2 154 

Bodine et 
al., 2002 

Fall-weaned steers grazed summer Old World bluestem pastures using 
intensive early stocking management 30 IES July 19 173 

Fall-weaned steers grazed summer Old World bluestem pastures using 
season-long stocking management plus late-summer protein supplement 29 SLS Sept. 27 139 
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Table 4. Description of additional studies with yearling production systems included in the fourth dataset to evaluate the 
relationship of finishing performance with length of stocker period, rate of gain and total gain during the stocker period, and 
placement body weight 

Study Treatment Description 
No. 

Animals 
Feedlot 

Placement DOF 

McMurphy et al., 
2011 

Summer-weaned steers grazed late summer and fall native range  34 December 1 147 
Summer-weaned steers grazed late summer and fall native range 

followed by winter wheat pasture 30 March 12 116 

Capitan et al., 
2004 

Fall-weaned steers grazed winter wheat pasture followed by summer 
pasture 48 August 19 83 

Fall-weaned steers grazed winter dormant native range followed by 
summer pasture 50 August 19 83 

Choat et al., 
2003 

Fall-weaned steers grazed winter wheat pasture 59 May 10 88 
Fall-weaned steers grazed winter dormant native range 38 May 10 130 

Hersom et al., 
2004; exp. 1 

Fall-weaned steers grazed winter wheat pasture at a low stocking rate 16 April 6 89 
Fall-weaned steers grazed winter wheat pasture at a high stocking rate 16 April 6 116 
Fall-weaned steers grazed winter dormant native range 16 April 6 163 

Hersom et al., 
2004; exp. 2 

Fall-weaned steers grazed winter wheat pasture at a low stocking rate 16 May 10 85 
Fall-weaned steers grazed winter wheat pasture at a high stocking rate 16 May 10 111 
Fall-weaned steers grazed winter dormant native range 16 May 10 158 
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Table 5. Description of additional studies included in the fifth dataset to evaluate the relationship of finishing performance 
with initial finishing empty body fat 

Study Treatment Description 
No. 

Animals DOF 

Coleman et al., 
1995a, b 

Weaned steers fed a sorghum silage-based growing diet for 145 days in drylot prior to 
finishing 32 105 

Weaned steers limit-fed a corn grain-based diet to match rate of gain of silage-fed 
steers for 145 days in drylot prior to finishing 32 105 

Sainz et al., 1995 

Weaned steers fed an alfalfa hay/oat straw-based diet in drylot to gain 240 lb body 
weight prior to finishing 30 111 

Weaned steers limit-fed a corn grain-based diet in drylot to match rate of gain of alfalfa 
hay-fed steers prior to finishing 30 89 
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Table 6. Feedlot performance and carcass merit of calf-fed and yearling steers. 
Item Calf-fed Yearling SEM1 P-value 
No. Steers 221 273   
No. Treatment means 4 6   
Finishing performance2     

Days on feed, d 175 115 11.0 0.01 
Initial BW, lb 550.6 843.6 42.7 0.01 
Final BW, lb 1185.0 1266.5 18.9 0.02 
ADG, lb/d 3.63 3.81 0.20 0.33 
DMI, lb/d 19.85 25.13 0.90 0.01 
DMI, % BW3 2.28 2.38 0.08 0.12 
F:G, lb feed/lb gain 5.44 6.83 0.36 0.03 

Carcass characteristics4     
HCW, lb 757.7 814.9 18.1 0.01 
Dress, % 63.90 64.11 0.81 0.51 
Ribeye area, in2 12.69 13.17 0.21 0.05 
REA, in2·100 lb HCW-1 1.67 1.61 0.03 0.03 
12th rib fat thickness, in 0.55 0.54 0.03 0.54 
KPH, % 2.50 2.35 0.21 0.21 
Marbling score5 433 444 16.1 0.14 
Yield Grade 3.12 3.12 0.12 0.98 

Quality grade distribution6     
Select, % 31.85 23.20 11.74 0.09 
Total Choice, % 66.88 76.84 11.88 0.05 
Upper 2/3 Choice, % 20.34 25.08 8.65 0.29 

Yield grade distribution6     
Yield grade 1, % 2.67 1.27 1.04 0.37 
Yield grade 2, % 44.43 38.89 5.61 0.30 
Yield grade 3, % 42.25 51.59 3.80 0.08 
Yield grade 4,% 7.66 5.48 5.40 0.35 

 1SEM = standard error of the mean. 
 2ADG = average daily gain; DMI = dry matter intake; F:G = ratio of feed to gain. 
 3DMI, % BW = DMI divided by the average of initial and final BW multiplied by 100. 
 4HCW = hot carcass weight; REA = ribeye area; KPH = kidney, pelvic and heart fat. 
 5Marbling grid: 300 = Slight00; 400 = Small00; 500 = Moderate00. 
 6Data includes Winterholler et al. (2008), Hudson et al. (2010), and McCurdy et al. (2010). 
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Table 7. Feedlot performance and carcass merit of yearling steers that previously grazed 
winter wheat pasture or winter/summer tallgrass native range 
Item Wheat Native Range SEM1 P-value 
No. Steers 84 92   
No. Treatment means 5 5   
Stocker performance     

Winter phase     
Length, d 121 161   
Total gain, lb 258.1 135.2   
ADG, lb/d 2.29 0.84   

Summer phase     
Length, d  94   
Total gain, lb  168.3   
ADG, lb/d  1.79   

Finishing performance2     
Days on feed, d 123 112 7 0.35 
Initial BW, lb 822.4 859.5 28.4 0.39 
Final BW, lb 1279.7 1311.1 30.9 0.24 
ADG, lb/d 3.72 4.02 0.33 0.27 
DMI, lb/d 23.72 26.08 0.72 0.01 
DMI, % BW3 2.26 2.41 0.05 0.05 
F:G, lb feed/lb gain 6.38 6.66 0.46 0.52 

Carcass characteristics4     
HCW, lb 812.3 820.9 15.4 0.49 
Dress, % 63.48 62.65 0.59 0.12 
Ribeye area, in2 12.80 13.22 0.61 0.36 
REA, in2·100 lb HCW-1 1.57 1.61 0.05 0.55 
12th rib fat thickness, in 0.61 0.55 0.04 0.24 
KPH, % 1.98 2.14 0.13 0.39 
Marbling score5 419 435 4.3 0.04 
Yield Grade 3.50 3.16 0.16 0.18 

 1SEM = standard error of the mean. 
 2ADG = average daily gain; DMI = dry matter intake; F:G = ratio of feed to gain. 
 3DMI, % BW = DMI divided by the average of initial and final BW multiplied by 100. 
 4HCW = hot carcass weight; REA = ribeye area; KPH = kidney, pelvic and heart fat. 
 5Marbling grid: 300 = Slight00; 400 = Small00; 500 = Moderate00. 
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Table 8. Feedlot performance and carcass merit of yearling steers from intensive early 
stocking (IES) and season-long stocking (SLS) grazing management systems 
Item IES SLS SEM1 P-value 
No. Steers 267 266   
No. Treatment means 5 5   
Stocker performance     

Winter phase2     
Length, d 161   
Total gain, lb 84.1   
ADG, lb/d 0.52   

Summer phase     
Length, d 72 142   
Total gain, lb 115.1 208.7   
ADG, lb/d 1.57 1.47   

Finishing performance3     
Days on feed, d 147 132 10 0.14 
Initial BW, lb 703.1 788.1 47.1 0.01 
Final BW, lb 1200.9 1227.7 15.6 0.25 
ADG, lb/d 3.52 3.39 0.22 0.32 
DMI, lb/d 23.46 23.48 0.90 0.98 
DMI, % BW4 2.46 2.33 0.07 0.03 
F:G, lb feed/lb gain 6.68 7.03 0.44 0.21 

Carcass characteristics5     
HCW, lb 758.1 768.9 15.1 0.52 
Dress, % 63.12 62.61 0.70 0.34 
Ribeye area, in2 13.00 13.12 0.22 0.55 
REA, in2·100 lb HCW-1 1.71 1.72 0.04 0.62 
12th rib fat thickness, in 0.46 0.45 0.03 0.91 
KPH, % 2.04 2.06 0.09 0.86 
Marbling score6 408 409 10 0.90 
Yield Grade 2.88 2.83 0.12 0.65 

 1SEM = standard error of the mean. 
 2Data for the winter phase of the stocker period was not reported except for Gill et al (1991). 
 Expected winter performance was estimated from December 1 to start of summer grazing for 
 each study using previously published results of cattle grazing dry winter forage as outlined 
 in the methods of this paper.  
 3ADG = average daily gain; DMI = dry matter intake; F:G = ratio of feed to gain. 
 4DMI, % BW = DMI divided by the average of initial and final BW multiplied by 100. 
 5HCW = hot carcass weight; REA = ribeye area; KPH = kidney, pelvic and heart fat. 
 6Marbling grid: 300 = Slight00; 400 = Small00; 500 = Moderate00. 
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Table 9. Intercept and slope (± SE) of the regression1 of finishing performance traits on stocker performance traits, placement 
body weight, and initial finishing empty body fat 
  

R2 RMSE3 Intercept Estimate 

Slope 
Independent 
Variable Dependent Variable2 Estimate P-value 

Stocker period 
length, d 

Finishing ADG, lb/d 0.23 0.0937 3.5595 ± 0.1817 0.001533 ± 0.001081 0.19 
Finishing DMI, lb/d 0.41 0.5285 21.4626 ± 0.7374 0.009857 ± 0.004136 0.05 
Finishing Feed:Gain 0.06 0.0637 5.9459 ± 0.2399 0.000945 ± 0.001524 0.55 

Stocker period total 
gain, lb 

Finishing ADG, lb/d 0.01 0.0243 3.8873 ± 0.1663 -0.00023 ± 0.000748 0.76 
Finishing DMI, lb/d 0.22 0.5562 21.8843 ± 0.7190 0.005916 ± 0.002842 0.06 
Finishing Feed:Gain 0.44 0.1786 5.6083 ± 0.1790 0.002259 ± 0.001035 0.05 

Stocker period 
ADG, lb/d 

Finishing ADG, lb/d 0.03 0.0545 3.9370 ± 0.1588 -0.07528 ± 0.1188 0.54 
Finishing DMI, lb/d 0.01 0.1128 23.2930 ± 0.6930 0.1537 ± 0.4775 0.75 
Finishing Feed:Gain 0.04 0.0851 6.0444 ± 0.2406 0.1179 ± 0.1820 0.53 

Placement body 
weight, lb 

Finishing ADG, lb/d 0.00 0.0072 3.8972 ± 0.4626 -0.00006 ± 0.0000624 0.92 
Finishing DMI, lb/d 0.29 0.5802 18.8058 ± 1.8449 0.006065 ± 0.002437 0.03 
Finishing Feed:Gain 0.39 0.1771 4.6511 ± 0.5521 0.001996 ± 0.000775 0.03 

Initial finishing 
empty body fat, % 

Finishing ADG, lb/d 0.05 0.0517 3.7593 ± 0.2615 -0.00799 ± 0.02100 0.72 
Finishing DMI, lb/d 0.05 0.2010 22.2426 ± 0.9683 0.03114 ± 0.07996 0.71 
Finishing Feed:Gain 0.17 0.2626 5.7054 ± 0.6421 0.04325 ± 0.04230 0.35 

 1Regression analysis was conducted by evaluating the relationship between each of the finishing performance traits and stocker 
 performance traits using a mixed model to adjust for difference in the relationship within individual studies. 
 2ADG = average daily gain; DMI = dry matter intake. 
 3RMSE = root mean square error, which is an estimate of the precision of the regression model. 
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Figure 1. Relationship between feed intake during finishing and length of the stocker 
period from weaning in the fall to feedlot placement. IES = intensive early stocking 
management system, SLS = season-long stocking management system, and Other = 
production systems described in Table 4.  See Table 9 for regression statistics. 
 

 

Figure 2. Relationship between dry feed intake during finishing and total gain during the 
stocker period. IES = intensive early stocking management system, SLS = season-long 
stocking management system, and Other = production systems described in Table 4. 
See Table 9 for regression statistics.
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Figure 3. Relationship between dry feed intake during finishing and placement body 
weight. IES = intensive early stocking management system, SLS = season-long stocking 
management system, and Other = production systems described in Table 4.  See Table 9 for 
regression statistics. 
 

 

Figure 4. Relationship between feed efficiency during finishing and total body weight gain 
during the stocker period. IES = intensive early stocking management system, SLS = 
season-long stocking management system, and Other = production systems described in 
Table 4.  See Table 9 for regression statistics. 
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Figure 5. Relationship between feed efficiency during finishing and placement body weight. 
IES = intensive early stocking management system, SLS = season-long stocking 
management system, and Other = production systems described in Table 4.  See Table 9 for 
regression statistics. 
 
 

 

Figure 6. Relationship between feed efficiency during finishing and placement body weight 
for steers that previously grazed summer pasture under intensive early stocking (IES; solid 
line) or season-long stocking (SLS; dashed line) management.  For IES, y = 4.1338 + 
0.003623*BW. For SLS, y = 0.1197 + 0.008773*BW. 
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Figure 7. Relationship between feed efficiency during finishing and initial finishing empty 
body fat. Treatment means of individual studies are represented by different symbols 
according to the legend.  See Table 9 for regression statistics. 
 

  

3

4

5

6

7

8

9

10

0 5 10 15 20 25 30

Fi
ni

sh
in

g 
Fe

ed
 E

ffi
ci

en
cy

, 
lb

 D
M

/l
b 

ga
in

Initial Finishing Empty Body Fat, %

Gill, 1993 Coleman, 1995 Sainz, 1995 Hersom, 2004 McCurdy, 2010



 

45 
 

 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 



 

46 
 

Dealing with High Feed Costs – Nutrition, Chemistry, and Physiology 
 

Fred Owens 
Pioneer Hi-Bred International 

 Johnston, IA 
 

Economic Sustainability of Cattle Feedlots 
 

For any enterprise to be economically sustainable, return from products must exceed all input 
costs. Feed typically accounts for 60 to 70% of total cost of feeding calves and yearlings 
(calculated from Lawrence et al., 2007), but with corn grain approaching $7 per bushel, today’s 
cost of grain by itself exceeds the total cost of feeding cattle in 2008!  Though grain prices may 
be lower in spot markets and various byproducts can be substituted for grain in feedlot diets 
where available and economical, high grain prices are a threat to survival of cattle feeding 
operations.  The quantity of grain demanded by various markets has exceeded supply drawing 
down reserves.  On the demand side, as long as energy (oil) prices remain high, subsidies for 
ethanol production continue, and exports continue to grow thanks to the cheap US dollar, 
competition for grain likely will maintain grain prices at levels considerably higher than seen in 
past decades.  From the supply side, a high grain price stimulates grain production, but expansion 
in the near future is limited by high input costs for grain growers (seed, fertilizer, energy for 
pumping irrigation water), competition for water, continuing depletion of aquifers, and 
increasingly fluctuating weather conditions.   
 
In spite of this bleak outlook, the object of this report is to consider potential budgetary 
alternatives in terms of feed supplies, diet formulation, and animal management that feedlots 
might consider.  “For every problem, there is an opportunity,” but “the trouble with an 
opportunity is that is always comes disguised as hard work.”  Options discussed below certainly 
are not feasible for all operations, but “a pessimist sees the difficulty in every opportunity while 
an optimist sees the opportunity in every difficulty.” 
 
Feed and nutrient losses  Grain scientists indicate that every time that feed is handled, some is 
lost.  This implies that if feed is handled enough times, shrinkage will cause it all to disappear!  
Certainly, some loss of energy and nutrients is inevitable during feed handling, processing, 
storage (seepage), from the face or surface exposed of fermented products (volatile loss, spoilage 
from inadequate covering, heating of fermented feeds), feed delivery (wind losses, spillage), 
from the feed bunk (sorting and scatter by livestock, consumption by birds or rodents, spoilage 
associated with precipitation), and incomplete digestion.  Seldom are such losses fully 
quantified.  Some of these wastes can be reduced by handling feeds that are wet (moist or 
moistened feeds or diets), limiting the supply of feed delivered or available (through slick bunk 
management, proper cable settings, prompt repair of pens, aprons, and bunks), reducing feed 
exposure time and use of silage additives, predator control, and appropriate feed processing or 
conditioning.  Although handling additional diets beyond a minimum number (often 3 or 4) 
complicates logistics and increases the potential for mixing and delivery errors, formulating diets 
that contain excessive amounts of certain nutrients usually adds unnecessary cost to the diet.  
Alternative mixing practices devised to simplify starting cattle on feed (mixing of multiple diets 
in the feed truck or mill or delivering alternate diets at different times of the day) should be 
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considered to provide customized diets for cattle at various stages of growth or age (calves 
versus yearlings) and to meet nutrient requirements more precisely.  Moving cattle from one area 
to another in the feedlot to reduce travel time involved with feed deliveries often can reduce fuel 
costs, as well.  Regardless of this effort, the most efficient animals in a feedlot always will be 
those not confined to a pen but instead roam the alleyways eating whatever feed is handy.      
 
Feed availability 
Grains are freely substituted for each other when least cost formulas dictate.  Might other crops 
be produced that could compete with the productivity of cereal grains currently produced and fed 
to livestock?  What is the relative yield of various cereal grains and crops within the US? To 
address this question, acreages and production of various crops for the US were gleaned from 
USDA-ERS (2010) tables; yield data are presented in Figure 1. 
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Figure 1.  Crop yields across the US from USDA-ERS information.  To convert kg of dry 
matter per hectare to pounds of dry matter per acre, multiply by 0.89. 
 
Per unit of land area cropped, the yield of dry matter was greater for corn silage than for any of 
the cereal grains or soybeans.  Among the seed crops, corn grain and rice had considerably 
greater yields than others.  Indeed, merely the INCREASE in corn grain yield over the past 28 
years has been greater than the TOTAL yield today from any of the other seed crops or soybeans.  
Yield of metabolizable energy calculated from ME value of these crops and their dry matter 
yields are presented in Figure 2. 
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Figure 2.  Yield of metabolizable energy from various cereal grains and soybeans from 
USDA-ERS data.  To convert Mcal energy per hectare to watts per acre, consult any high 
school student. 
 
Energy yields generally have paralleled dry matter yields.  Unfortunately, averaged over this 
time period, only 3 crops had yearly increases over 1.75% - corn grain, rice, and soybeans.  
Certainly, the growing environment and water availability can limit the crops feasibly grown in a 
specific plot and crops other than corn may prove more productive under a given set of 
conditions, particularly in areas where double cropping is practiced.  Yet, based on these data 
averaged across the US, under current conditions where these seed crops are produced, for both 
dry matter and energy yield corn is king and is not likely to be displaced by these other crops. 
What about other crops currently being produced for human consumption?  Might asparagus 
compete with cereal grains in terms of energy yield?  For this appraisal (Figure 3), USDA-ERS 
(2010) yield data were combined with energy values from various crops from the USDA-ARS 
(2010).  Among these food crops, calorie yield ranged from only 1% (asparagus) to 62% 
(potatoes) that of corn grain.  Root crops consistently had greater yields than vegetables, so 
perhaps turnips, sugar beets, or cassava could compete with corn grain for potential energy yield.  
Surprisingly, one crop had far greater caloric yield per unit of land area than all food crops and 
more than triple that of corn grain – mushrooms. Unfortunately, the feasibility and cost of 
growing grain crops in manure-filled trays in caves or in dark, multi-story, environmentally 
controlled houses seems doubtful.  Nevertheless, production of specific high value crops, 
particularly those with psychoactive properties, might prove to be a lucrative use and outlet for 
feedlot manure!   
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Figure 3. Calorie yield for corn grain and various food crops since 1985. 
 
Corn silage  Genetic and environmental factors limit productivity of all crops.  But proper 
harvest timing and processing can increase availability of nutrients harvested and available for 
feeding.  As noted in Figure 1, yield of corn silage is considerably greater than yield of corn 
grain, with metabolizable energy yield averaging 22% more (range 12% to 54% more) for corn 
silage than for corn grain over the past 28 years.  Although cattle fed diets rich in corn silage 
cannot achieve the high energy intakes needed to maximize rate of gain, having more corn silage 
in a diet, by displacing energy from grain, may reduce input energy costs.  However, all the 
additional costs involved with harvest, storage, handling, inoculants, and waste associated with 
silage production must be considered.  For maximum energy yield from corn silage, full season, 
high grain hybrids should be selected and harvested at the point of maximum dry matter yield 
(37 to 40% DM).  But at this late stage of grain maturity, kernels may need to be processed at 
harvest or prior to feeding to increase starch availability.  Although corn kernels are softened 
during silage fermentation, the digestibility of starch from mature corn silage can fall below 
75%.  To avoid this loss of energy, most large dairy operations kernel process corn silage during 
harvest.  Kernel processing increases starch digestibility, particularly for more mature grain, to 
values near or over 95%.  With a 50% corn silage diet for starting feedlot cattle, this increase in 
starch availability would be equivalent to feeding 0.6 pounds more flaked or high moisture corn 
grain per steer daily.  At $7 corn grain, kernel processing under these conditions should have a 
value of 7.5 cents per animal daily.  Whether this increase in value ($3.30 per wet ton of corn 
silage) would justify the additional cost of kernel processing at harvest seems doubtful, and, 
unfortunately with lower dietary corn silage levels in finishing rations, returns would be even 
more limited.  With dairy cattle, kernel processing reduces feed sorting and avoids rejection of 
cobs.  To maintain similar amounts of effective fiber, chop length typically is increased when 
corn silage is kernel processed.   The higher the concentration of corn silage in the diet and the 
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greater the dry matter content of corn silage, the greater the economic benefit from kernel 
processing.      
 
Corn grain  To simplify handling, storage, and transport, corn grain should be dry (<15.5% 
moisture) either from delayed harvest or heat or air drying.  Dry grain usually is processed 
extensively prior to feeding.  Although steam flaking markedly increases starch availability from 
dry grains, investments in and maintenance of expensive equipment and increasing costs for fuel 
often prove economically prohibitive, particularly for smaller feedlots.  As an alternative to 
steam flaking, cattle feeders can take advantage of the fermentation process by reconstituting dry 
corn or by early harvest of grain as high moisture grain or earlage (including the cob, husk, and 
variable amounts of shank with the grain).  Many dairy producers who have fed high moisture 
corn grain in the past now are switching to earlage.  After being fermented, grain at a sufficiently 
high moisture content has a starch digestibility equal to that of flaked grain and immature corn 
cobs in earlage are much more digestible than mature cobs.   
 
As compared with waiting for harvest as dry grain, harvest at this earlier (high moisture) stage as 
grain or earlage has several additional advantages.  These include reduced field ear drop and less 
loss of small kernels during harvest.  For each 1% decrease in moisture content at harvest, field 
measurements indicate that yield of grain dry matter is reduced by between 0.7 and 1.1%.  This 
loss of grain yield encourages grain growers to harvest and market grain in the high moisture 
form whenever and wherever possible.  In addition, harvest as earlage increases dry matter yield 
by 18 to 22%.  As compared with high moisture corn grain, earlage has “built-in” roughage 
(albeit small particle size) that can displace other roughage sources and reduce logistic, handling, 
processing bottlenecks associated with other roughage sources.  However, harvest mass and 
storage space are greater with earlage than with high moisture corn grain.  Difficulty in sampling 
and analysis further complicates purchase of earlage; payment for grain growers for the grain 
content of the earlage generally is calculated from moisture and starch content of the ground 
feed.  Though sampling earlage presents problems, this issue is not markedly different from that 
for corn silage.  Crop insurance adjustors are trained to estimate grain yield of the standing crop 
as well as acreage.  By substituting grain yield estimates for the sampling and weighing of 
earlage at feedlot arrival, the processes of delivery and ensiling could be markedly accelerated.  
As with corn silage, harvest of grain or earlage before black layer (ranging from 63 to 70% grain 
dry matter for most dent hybrids) reduces grain yield, but harvest of grain above 74% dry matter 
typically results in a fermented product with reduced net energy content as well as the yield 
sacrifice mentioned above.   
 
Dietary roughage level  Based on a survey of feedlot nutritionists (Vasconcelos and Galyean, 
2007), feedlot diets contain an average of 8.3 to 9% roughage, with corn silage or alfalfa being 
the primary sources of roughage.  Multiple factors are involved with the choice of roughage 
source and its dietary level.  These typically include local roughage availability, capacity of 
bunkers, trucks, and bunks, ability to handle or process the roughage, least cost NEg formulation, 
and tradition.  Is 9% roughage ideal for optimum rate and economic efficiency of gain?   
The optimum roughage level for feedlot cattle represents a balance between benefits of feeding 
higher amounts (decreased liver abscess incidence, higher rumen pH and higher feed intakes) 
against its detriments (lower diet density and ME, higher heat increment, higher 
acetate:propionate ratio, poorer feed efficiency, and, at high roughage levels, reduced energy 
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intake and gain due presumably to ruminal bulk fill).  Because roughage sources differ markedly 
in both concentration and composition of fiber (Figure 4), benefits and detriments might be 
expected to differ with roughage source as well as processing.  In addition, because grain 
processing alters site and extent of digestion of both grain and roughage, composition of the diet 
to which roughage is added also would be expected to influence the magnitude of the benefits 
and detriments.  
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Figure 4. Fiber characteristics of various roughage sources from NRC (1996). 
 
Intake of feedlot diets increases linearly as NDF content from roughage added to a diet based on 
the published literature summarized across 6 roughage sources by Galyean and Defoor (2003).  
Although some of this intake increase can be attributed to chemostatic regulation of satiety and 
the reduced net energy content of diets containing more NDF, other proposed explanations 
include a reduction in the incidence of subclinical acidosis, increased mastication, saliva flow, 
and mixing of rumen contents, and enhanced health and metabolic activity of the ruminal 
epithelium.  Might the increase in feed intake associated with dietary NDF compensate for the 
lower energy content of roughage so that rate of gain and gain to feed ratio could be increased by 
added roughage?  
 
Based on the derived equation projecting feed intake from added NDF and the ratio of ME to 
NDF in various forages, one can project ME intakes and rates of gain at a various NDF intakes 
from different roughage sources when substituted for flaked corn grain in diets.  In this example, 
intakes and energy requirements for 400 kg steers were used.  Expected daily gains are shown in 
Figure 5. 
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Expected Gain versus NDF from Various Roughages
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Figure 5. Projected gains with substitution of various amounts of NDF from different 
roughage sources for steam flaked grain. 
 
Based on these calculations, rate of gain should increase in a curvilinear fashion with addition of 
forage (NDF) to a feedlot diet though the response rate and maximum differs markedly with 
roughage source.  With corn silage, substantial increases in rate of gain would be expected at 
least to 20% dietary NDF (49% corn silage!).  Certainly, extrapolation of intake responses 
beyond the highest point that was used to develop these intake equations, about 11% NDF (for a 
mixture of corn silage and alfalfa hay fed at 24% of diet dry matter) is not appropriate.  At some 
point, feed and energy intake will be limited by bulkiness of the diet.  At a level of 10% added 
dietary NDF from roughage, a point within the range used for deriving the intake response 
equations, added roughage as a percentage of diet dry matter for corn silage, sorghum-sudan hay, 
cottonseed hulls, wheat straw, alfalfa hay, and corn cobs would be expected to increase daily 
gain above a zero roughage diet by 11.6, 8.7, 8.2, 6.2, 5.9, and 5.7%, respectively.  Note that 
10% NDF would provide levels of added roughage that would displace 24.4, 15.2, 11.3, 12.7, 
20.4, and 13.8% of the flaked corn in the diet.  These roughage levels all are greater than the 9% 
roughage typically fed. 
 
What feed efficiency responses would be expected?  Based on gains and projected intakes, 
effects of various added roughage sources and levels on feed efficiency also can be calculated 
(Figure 6).  A reduction in gain:feed ratio would be expected from including NDF from each of 
these sources of roughages with steam flaked corn diets, but the extent that efficiency of feed use 
decreased differed among these source of roughage.  The decrease in gain:feed ratio from adding 
10% NDF to the diet from corn silage, sorghum-sudan hay, cottonseed hulls, wheat straw, alfalfa 
hay, and corn cobs  calculate to be 2.8, 5.3, 5.7, 7.5, 7.7, and 9.0%, respectively.  These 
decreases in the gain:feed ratio vary among roughages, being smaller than the decrease in diet 
ME with most roughages but greater than the decrease in ME with added cottonseed hulls, the 
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roughage with the lowest ME to NDF ratio.  The decreases in diet ME from 10% added NDF 
from these roughage sources would be 4.8, 6.1, 6.3, 7.2, 7.4, and 8.0%, respectively.  Certainly, 
other components of roughages (protein, macro and trace minerals) also may be considered when 
selecting a dietary roughage level in least cost rations, but the level that some of these roughage 
sources could be fed without detrimental effects on performance illustrates that roughage could 
displace grains when roughages can be obtained economically and roughage handling and 
processing systems permit. 
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Figure 6. Expected impact from various levels of added NDF from different roughage 
sources on gain to feed ratio.  
 
Does the published literature support the concept that higher levels of dietary roughage can be 
fed without depressing performance?  Information from the literature from seven trials with corn 
silage and seven trials with alfalfa where more than two roughage levels had been fed with 
processed corn (high moisture or steam flaked) was compiled.  Unfortunately, in some of these 
trials, diets without added roughage served as the base for comparison as also was true in the 
trials used to develop the intake response equations.  Such a diet that may over-value the benefit 
from addition of a small amount of roughage.  Averaged within these trials, feed intake 
continued to increase with up to 30% of either alfalfa or corn silage as had been projected above.  
The intake response per unit of NDF was slightly greater than expected with corn silage but less 
than expected with alfalfa hay or silage.  This indicates that further information related to intake 
responses with different roughage sources may be needed to refine the intake-NDF relationship 
for different sources of roughage.  Carcass daily gain, chosen to avoid the lower dressing 
percentage effect often noted with diets rich in roughage, exhibited a significant quadratic 
response, peaking with both of these roughage sources with roughage at 16% of diet dry matter.  
Gain:feed ratios decreased but changes were small with up to 15% dietary roughage.  This 
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supports the concept that when evaluating the optimal level of dietary roughage, both stimulation 
of intake and the energy content of the dietary ingredients should be considered. 
 
Least cost energy calculations  Net energy for gain often serves as the base for contrasting 
energy values among feeds in least cost formulation programs.  Because ME values of diet 
ingredients are additive but NEg are not (instead NEg must be calculated from the ME of the 
feed or diet), use of NEg could be challenged on a theoretical basis.  But a logical or scientific 
basis, is NEg a valid standard for comparing energy value of feeds within diets for growing-
finishing feedlot cattle?  Consider the cow herd.  Should one use NEm or NEg to comparing 
feeds for the cow herd fed simply to maintain body weight?  NEm values certainly would be 
recommended because all the net energy is being used for maintenance.  Likewise, with 40 to 
55% of the energy consumed by finishing steers being used for maintenance, shouldn’t NEm 
values be considered for the fraction of net energy consumed for maintenance?  Figure 7 
illustrates these relationships considering only two feeds, corn silage and flaked corn.  Relative 
to corn silage, flaked corn has an NEm 31% greater while NEg is 40% greater.  If one considers 
that half of the energy supply is used for maintenance of a finishing steer, the mean of NEm and 
NEg might be employed to consider both uses for energy.  On that basis and considering the 
curvilinearity of the equations, flaked corn should have a feeding value 34.5% greater than corn 
silage.  As a general rule, the energetic and cost advantage of grains over roughages is reduced 
when one compares feeds based on an average of NEm+g instead of NEg alone.  Combined with 
the enhanced feed intake, changing the basis for energy comparisons from NEg to NEm+g 
should cause the economic ceiling for dietary concentrations of roughages in least cost feedlot 
diets to be extended to levels considerably higher than commonly fed.  Whether higher dietary 
roughage levels are justified economically still will depend on the price of NEm+g from 
roughages relative to grains.  
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Figure 7.  Ratio of energy value on different bases. 
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Grain flaking  As reviewed by Zinn et al. (2002), the higher the price of grain, the greater the 
economic reward for increasing its energy value through extensive processing.  Flaking to a 24 
pound flake weight may be justified with expensive corn even though a 28 to 32 pound flake 
may prove sufficient with lower cost grains and help to maintain high feed intakes.  As an index 
of energy availability, fecal starch appears useful as an index of net energy value of high 
concentrate diets (Zinn et al., 2007) and, though considered messy by consultants who check 
pens through closed car windows, should be considered as an alternative to trying to predict 
digestibility indirectly from feed analysis.  Further research to develop rapid methods for 
checking flake quality and maintaining flake consistency are needed.  Though flake weight is the 
most common and routine measurement for maintaining flake consistency, specific physico-
chemical effects of flaking on cereal grains deserve further research attention.  During flaking, 
the combination of heat and pressure increases the availability of starch partly through starch 
gelatinization and partly through liberating embedded starch granules within the vitreous portion 
of the kernel from the protein matrix by degrading protein.  Protein and prolamin denaturation 
appears temperature (and moisture) dependent, so standardizing the temperature of flakes 
dropping from the rolls might prove useful as an index of processing efficiency.  Starch 
availability is noticeably lower at startup when the flaking rolls are cool and grain is not 
sufficiently heated.  Sharper roll cuts that enhance heat transfer deep into the flake should 
increase starch availability at a given flake weight at some sacrifice in flake integrity.  If flakers 
operate only a few hours each day, it may prove preferable to flake on alternate days so a higher 
proportion of the grain being processed passes through hot rolls.  Air lifts, by cooling the flaking 
rolls, may decrease effectiveness of the flaking process, so logistic methods to isolate flakers 
from the rapid airflow of air lifts should be considered.  Whether rapidly cooling the flakes helps 
to retain high starch availability for the animal to the degree that it avoids chemically measured 
starch retrogradation remains controversial. 
 
Disruption of prolamins involves cleavage of disulfide bonds.  Chemical reducing agents (e.g., 
DMSO if it were not detrimental), protein solubilizing agents (e.g., urea), and pH adjustment 
may reduce the temperature needed to denature protein and help prevent reformation of 
crosslinks. 
 
Though flake integrity and flake freshness traditionally have been considered to be important 
characteristics for high value flakes, their importance has been questioned by research trials.  
These two factors may remain important as they help please the eye and the psyche of cattle 
owners who check feed being delivered to their pens of cattle.  Finally, considering the time 
needed for thorough water uptake by kernels or berries and enhance loosening of the pericarp, it 
seems logical to soak grain to be flaked in holding tanks for hours or a day before flaking rather 
expecting water uptake and kernel distribution to be complete within the relatively short time 
that grain is held in steam chambers. 
 
Impact of various performance measurements on return over feed cost  Walter and Hale 
(2010) summarized effects of various animal performance characteristics on net return for pens 
of feedlot cattle across many feedlots and several years.  They indicated that feed efficiency was 
related closely to net return.  After summarizing animal performance of multiple pens within one 
feedyard across several years, Hicks et al. (1990) concluded that subsequent feed intake by a pen 
of cattle could be predicted reasonably well based on dry matter intake between days 8 and 28 of 
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the feeding period and proposed that corrective measures (adjustments in pen size, diet, or 
management, culling) should be considered to enhance feed intake by pens of cattle with low 
feed intakes.  Though pen data are of primary economic interest for feedlots, individual data are 
needed to screen arriving cattle to remove individuals expected to depress performance of the 
pen and to select seedstock to be used to produce future generations.    
 
One popular approach now being used to appraise efficiency of individual animals, residual feed 
intake, is determined by selecting animals that deviate from their mates based on regression of 
gain against feed intake, preferably following adjustment for differences in metabolic size.  
Preferred animals are those that consume less feed than expected for their rate of gain.  
Efficiency of weight gain is reduced when maintenance requirements are elevated (e.g., with 
elevated cortisone also evident as animal nervousness or excitement that might be solved by 
supplemental alcohol or opiates), when energy required per unit of weight gain is greater (e.g., 
with a higher ratio of fat to lean in tissue being deposited that can be altered by androgenic and 
estrogenic implants and maturity relative to mature body size), when energy intake is low (so 
dilution of maintenance is reduced), and when availability and use of dietary energy is depressed 
(e.g., reduced digestibility, increased energy loss with fermentation in the rumen, or inefficiency 
of energy capture at the tissue level due to slippage in mitochondrial metabolism).  Because 
differentiating among these factors has proven difficult in the past, residual feed intake has been 
proposed as a method more suitable to detect and indentify individual animals that differ from 
the norm in energetic efficiency. 
 
The prime interest for cattle owners is return above input cost.  Net return on an individual 
animal basis must consider not only the slaughter or carcass value of the individual animals but 
also input costs (feed and medical).  Quality must be considered for cattle marketed on a quality 
grid, but quality often is irrelevant for cattle marketed on a live or hot carcass weight basis.  Feed 
intake data and performance data were compiled based on feed disappearance for individual 
cattle fed with Calan gates.  Estimates were assembled for 309 black steers obtained from a 
single ranch in Nebraska and fed in Iowa during four consecutive summers.  (Only steers smart 
enough to use Calan gates were retained in these trials.)  Return over feed cost was calculated 
using a single feed price whereas market value was calculated as weight gain multiplied by a 
constant average price ignoring the price differentials that can exist related to initial or slaughter 
weights.  Finally, the relationship to return over feed cost to specific individual steer 
measurements (dry matter intake, rate of carcass-adjusted weight gain, gain to feed ratio, residual 
feed intake [based on intake minus net energy requirements for maintenance and gain calculated 
by NRC (1996) or the Zinn et al. (2008) equations], initial weight, final weight, and carcass 
measures) was determined by regression (linear, quadratic, and cubic) with year effects included 
as a class variable.  These derived relationships are shown across the total range for each of these 
measurements (scaled from 0 to 1) in Figure 8. 
 
Among the factors measured, the measurement related most closely and linearly to return above 
feed cost was the gain:feed ratio.  Residual feed intake also was correlated with net return, but 
this relationship was curved, particularly when RFI was high.  Return above feed cost among 
these individual steers increased as daily gain increased, but again the relationship was 
curvilinear indicating that return above feed cost did not continue to increase among steers with 
extremely high rates of gain even though intake tended to be greater for these steers implying 
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Return vs Steer Measurements
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Figure 8.  Return above feed cost related to various individual animal measurements. 
 
that efficiency of feed use was not continuing to increase linearly with rate of gain.  Return 
above feed cost tended to increase with dry matter intake, but the main curvilinearity was at very 
low intakes where returns dropped drastically.  Return above feed cost tended to decrease as 
initial weight increased though Walter and Hale indicated that the relationship of return to initial 
weight varied from being positive to negative among years, probably reflecting the size of price 
premiums paid for cattle with lighter initial weights.  Other economic responses based on 
individual animals tended to parallel the economic responses by pen of cattle reported by Walter 
and Hale (2010). 
 
Would residual feed intake be preferable as a measure to select outstanding breeding stock that 
could produce cattle in the future to increase net return to feedlots?  The relationship of return 
over feed cost to RFI for individual steers in this data set is shown in Figure 9. 
 
For detecting problem animals that lose money, removal of steers with a high RFI should be 
useful.  But data fit, an index of the sensitivity and precision of selection of ideal animals, 
diminished markedly as RFI became more desirable (lower).  This response may reflect the fact 
that RFI selects animals for efficiency above the mean and does not necessarily reflect rate of 
gain, so efficiency can be high for reasons other than high feed intakes that dilute maintenance.  
By comparison, the relationship of return above feed cost to gain:feed ratio (Figure 10) seems 
closer and linear across the total range though again sensitivity tended to be slightly lower with 
either very high or very low gain:feed ratios. 
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Figure 9. Relationship of return above feed cost to RFI. 
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Figure 10. Relationship of return over feed cost to gain:feed ratio. 
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Carcass merit was not considered in these calculations and rate of gain of individual steers was 
based on carcass weights.  Live, not carcass weight, often is employed in RFI calculations.  
Discounts for heavy carcasses and premiums for high quality grades were not included in these 
calculations nor are they typically included as an adjustment factor to calculate energy retention 
when estimating RFI.  Based on limited observations with these individually fed cattle, one can 
question whether selecting individual feedlot animals or seedstock cattle based on RFI would 
increase return over feed cost and be preferable to gain:feed ratio for selecting breeding stock for 
optimal economic return for feedlots.  
   
Feed additives and feedlot practices  Table 1 provides a list of feed additives and practices 
available for feedlots as well as general recommendations by dairy nutritionists about usage of 
feed additives and their prevalence of use at dairies in the US.  As some added cost usually is 
involved with each of these practices that may or may not be justified economically, feedlot 
operators should visit with their consultants or with other knowledgeable specialists to determine 
whether specific additives or practices should be added to or deleted from those currently being 
used in an attempt to reduce total production costs.  The fact that a given practice is 
recommended and prevalent at dairies should be of interest to feedlot managers and consultants, 
but that alone should not serve as the basis for rejection or adoption of an additive or practice.  
Relative prevalence of use of various feed additive by feedlots would be of interest to include in 
future surveys of nutritionists.  
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Table 1.  Responses of feedlot cattle to varous feed additives and feedlot practices and prevalence of use by dairy producers.   

Feed additive Health 
Rate of 

gain 
Feed 

efficiency Marbling 
Grid 
value 

Meat 
quality 

Input 
cost 

Diet 
cost Organic? 

Dairy 
recommendation* 

Dairy 
usage 

2009** 
Added fat    +-  +-  +  +  ? Yes Higher Yes     
Anionic salts & products Early           Yes Higher Yes Recommended 4% 
Antibiotics  +    +       Yes Higher No     
Antioxidants            + Yes Higher Varies     
Aspergillus oryzae      +-       Yes Higher Yes? Variable response   
Beta carotene             Yes Higher ? Uncertain   
Biotin  +-           Yes Higher ? Recommended   
Ca propionate            +? Yes Higher ? Drench   
Choline             Yes Higher ? Recommended   
Direct fed microbials  ++  +-  +-       Yes Higher Yes Variable response 13% 

Enzymes, fibrolytic     
Diet 

dependent       Yes Higher Yes Uncertain   

Enzymes, starch     
Diet 

dependent       Yes Higher Yes Uncertain   
Essential oils      +?       Yes Higher Yes Uncertain   
Immune stimulants             Yes Higher Some Uncertain   
Ionophores  ++    ++       Yes Higher No Recommended 21% 
Liver abscess control  ++           Yes Higher No     
Magnesium oxide             Yes Higher Yes Recommended   
Methionine hydroxy 
analog             Yes Higher No Variable response   

Mycotoxin binders Varies Varies 
Diet 

dependent       Yes Higher Yes   23% 
Niacin             Yes Higher No? Variable response 14% 
Organic trace minerals             Yes Higher Yes Mineral dependent   
Prebiotics (nonviable)             Yes Higher Yes Uncertain   
Propylene glycol             Yes Higher Yes? Drench   
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Feed additive Health 
Rate of 

gain 
Feed 

efficiency Marbling 
Grid 
value 

Meat 
quality 

Input 
cost 

Diet 
cost Organic? 

Dairy 
recommendation* 

Dairy 
usage 

2009** 
Repartitioning agents    ++  ++ Neg   Neg Yes Higher No     
Short term high vitamin D    -  -      + Yes Higher ?     
Silage inoculants      +?       Yes Varies Yes Recommended   
Sodium bentonite             Yes Higher Yes Variable response   
Sodium bi-
/sesquicarbonate Varies           Yes Higher Yes Recommended 41% 
Vitamin E  +           Yes Higher ?     
Water on or in feed  +?    +       No? None Yes     
Yeast  +    +-       Yes Higher Yes Recommended 32% 
Yucca extract      +-       Yes Higher Yes Variable response   
Animal management                       
Black preference  -      +  +  + Yes None Yes     
Implant, androgen  -   ++  + Neg  Neg Neg Yes None No     
Implant, estrogen  -  ++  + Neg  Neg Neg Yes None No     
Implant, repeated  -  +?  + Neg  Neg Neg Yes None No     
Sorting, at marketing  -    +    +   Labor None Yes     
Sorting, on arrival  -    +       Labor Less? Yes     
Feeding practice                       
Acid feed preservative     Varies       Yes Varies Yes?   1% 
Bunk slickness  +    + Neg?     Labor? None Yes     
Feed analysis             Yes Less? Yes  +   
Feeding frequency    +?         Yes None Yes     
Flake thinness  -?    +       Yes Higher Yes     
Flaking frequency      +       No Less? Yes     
Grain processing  +-    +      -? Varies Varies Yes  +   
More numerous rations  +    +       No Less  Yes  +   
* Hutjens, 1993 
**Hutjens, 2010            
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Research Update:  The USDA-ARS Conservation and Production Research 
Laboratory, Bushland, Texas 

 
N. Andy Cole, Kristin, E. Hales, Richard W. Todd 

 
Effects of Corn Processing Method and Dietary Inclusion of Wet Distiller’s Grain with 
Solubles on Energy Metabolism and Enteric Methane Emissions of Finishing Cattle 
 
Few studies have used steam-flaked corn (SFC)-based diets to evaluate the effects of wet 
distiller’s grains with solubles (WDGS) in finishing cattle diets.  The effects of corn processing 
method and WDGS on energy metabolism, C and N balance, and enteric methane (CH4)  
production were evaluated in four Jersey steers using open-circuit, indirect respiration 
calorimetry.  A 2 x 2 factorial arrangement of treatments was used in a Latin square design.  The 
factors consisted of corn processing method (SFC or dry-rolled corn [DRC]) and inclusion of 
corn-based WDGS (0 or 30% on a DM basis).  The diets were balanced for degradable intake 
protein (DIP) and fat and cattle were fed at 2x maintenance energy requirements.  Each Latin 
square period consisted of 14 d diet adaptation and 7 d of fecal, urine, and gas (oxygen 
consumption, carbon dioxide and CH4 production) collections.  As a proportion of gross energy 
(GE) intake, grain processing method did not affect (P > 0.11) fecal, digestible, urinary, and 
metabolizable energy, or heat production.  In contrast, retained energy tended to be greater (P = 
0.09) for cattle consuming SFC- than DRC-based diets.  Feeding 30% WDGS did not affect (P > 
0.17) fecal, digestible, urinary, metabolizable, and retained energy, or heat production as a 
proportion of GE intake.  Steers consuming SFC-based diets produced less (P = 0.05) CH4 than 
steers consuming DRC diets (L/day; L/kg of DM intake, and % of GE intake).  When diets were 
balanced for fat content, feeding 30% WDGS did not affect enteric CH4 production.  Total C 
excretion (P < 0.01) was greater for cattle consuming DRC- than SFC-based diets; thus, cattle 
consuming SFC-based diets retained more C.  Inclusion of WDGS did not affect (P > 0.21) C 
balance.  Grain processing method did not affect N balance (P > 0.13), although apparent N 
digestibility was greater (P = 0.02) for cattle consuming DRC- than SFC-based diets.  Cattle 
consuming diets containing 30% WDGS tended to excrete more (P = 0.09) total N and excreted 
more (P = 0.02) N in the urine than cattle fed diets containing no WDGS.  We attribute this in 
part to greater N intake.  Apparent N digestibility (g/d and % of N intake; P < 0.03) and N 
retained (P < 0.01) were also greater in cattle consuming diets containing 30% WDGS.  Results 
suggest that when fed at similar energy intakes, cattle consuming SFC-based diets produce less 
enteric CH4 and retain more energy than cattle fed DRC-based diets; however, inclusion of 
WDGS at 30% of diet DM had little effect on CH4 production and energy metabolism.  Finishing 
cattle fed a DRC-based diet excrete a greater amount of C than cattle fed a SFC-based diet.  
Inclusion of WDGS at 30% of diet DM increased urinary N excretion. 
 
Nutrient Concentrations and Proportions in Particle Size Fractions of Corn Steam Flaked 
to Different Bulk Densities 
 
Previous studies have suggested the chemical composition of grains may change during the 
steam flaking process.  The particle size distribution that occurs during steam flaking could be 
responsible for the differences in the chemical composition noted between steam-flaked corn and 
unprocessed grain.  Corn was steam-flaked to bulk densities of 283, 335, and 386 g/L (22, 26, 
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and 30 lb/bu, respectively) and was dry-sieved to determine the proportions of the original corn 
in particle size fractions ranging from < 600  to >8,000 μm.  Total starch, CP, NDF, P, ether 
extract (EE), and ash concentrations were determined in the individual fractions.  Concentrations 
of CP, NDF, P, EE, and ash of the intact flakes were generally not affected (P ≥ 0.09) by flake 
bulk density.  The greatest proportion of particles in grab samples (DM basis) was in the >8,000-
μm fraction, with the smallest proportion associated with the 600-μm sieve fraction.  The 
proportions of NDF, P, EE, and ash present in particles >8,000 μm decreased (P < 0.05) as flake 
bulk density decreased.  In addition, the proportions of total starch within particle sizes of 4,760 
to 8,000 μm and 1,180 to 2,360 μm were greater (P ≤ 0.02) for 283 g/L flakes than for 335 and 
386 g/L flakes.  Within the range of bulk densities evaluated, certain nutrients such as P and fat 
were more concentrated in the finer particles created during the steam flaking process.  If smaller 
particles are disproportionately under- or over-sampled, flaked corn will appear to differ 
chemically from the original grain being flaked. 
 
 
Ammonia Concentrations and Flux at Feedyards:  A Summary of Research Results 
(see Hristov et al., 2011 for references) 
 

Table 1.  Summary of ammonia concentrations (µg/m3) at feedlots 

Reference Months/season Location Mean or Range 

Hutchinson et al. (1982) April-July Colorado 290 to 1,200 

McGinn et al. (2003) May Canada 66 to 503 

 July  155 to 1,488 

Todd et al. (2005) Summer Texas 90 to 890 

 Winter  10 to 250 

Baek et al. (2006) Summer Texas 908 

 Winter  107 

McGinn et al. (2007) Jun.-Oct. Canada 46 to1,730 

Rhoades et al. (2008) March Texas 305 

 August  540 

Cole et al. (2011) Summer Texas 360 

 Winter  605 
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Table 2. Summary of ammonia emissions from commercial beef cattle feedlots using 
N mass balance or micrometeorology techniques 

Reference Season 
Ammonia 
flux rate (g 

m–2 h–1) 

Ammonia 
emission factor 
(g head–1 d–1) 

% of N 
fed 

Hutchinson et al. (1982) April–July 0.061 - 0.241 50 - 
James et al. (1997) Summer - - 50 to 70 
Bierman et al. (1999) Summer - - 53 to 63 
Erickson et al. (2000) Winter/Spring - - 31 
Erickson et al. (2000) Summer - - 54 
Wood et al. (2001) -- 0.013 - 0.168 - - 
Harper et al. (2004) Summer - - 53 
Harper et al. (2004) Winter - - 29 
Todd et al. (2005) Summer 0.252 - 55 
Todd et al. (2005) Winter 0.121 - 27 
Todd et al. (2005) Annual 0.130 - 41 
Cole et al. (2006) Winter/Spring - 66 to 108 51 to 65 
Baek et al. (2006) Summer 0.220 - - 
Baek et al. (2006) Winter 0.019 - - 
McGinn et al. (2007) June–October 0.302 140 63 
Flesch et al. (2007) Summer - 150 64 
Rhoades et al. (2008) March 0.208 - 34 
Rhoades et al. (2008) August 0.258 - 42 
Todd et al. (2008) Summer - 126 68 
Todd et al. (2008) Winter - 68 36 
Todd et al. (2008) Annual - 97 53 
van Haarlem et al. (2008) Fall - 2621 721 
Staebler et al. (2009) September 0.230 to 0.317 204 to 283 - 
Todd et al. (2009) Annual - 82 to 149 51 to 69 
Cole and Todd (2011) Summer 0.230 123 52 
Cole and Todd (2011) Winter 0.130 65 27 
     
Summer Mean  0.252 138.7 56.7 
Winter Mean  0.090 68.0 30.2 
Annualized Mean  0.174 119.4 47.6 

1 20% crude protein diet  
 
 
Nitrogen and Phosphorus Balance of Beef Cattle Feedyards 

 
Large quantities of nutrients enter beef cattle feedyards in feed ingredients.  These nutrients 
subsequently “leave” the yard in finished cattle, manure, or through the atmosphere.  A better 
understanding of the movement of these nutrients would be helpful in developing nutrient 
management plans and technologies to capture more of these nutrients in usable form.  To that 
end, diet, fresh feces, and air dried manure samples were collected monthly at two commercial 
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feedyards in the Texas Panhandle over a year.  The feedyards provided data on cattle head 
counts, body weights, and feed consumption.   Nitrogen (N) and phosphorus (P) retention were 
calculated using NRC (2000) equations.  Diet digestibility was calculated using acid insoluble 
ash as an indigestible marker.  Urinary N and P excretion were determined by difference and N 
volatilization losses were estimated via the change in the N:P ratio between the diet and air-dried 
manure, and as N unaccounted for in the total N balance.  Daily N intake averaged 162 g/head 
(362 lb/ 1,000 head) and daily N retention averaged 23 g/head (51 lb/1,000 head).  
Approximately 141 kg (311 lb) of N was excreted daily per 1,000 head: 36 % in feces and 64 % 
in urine.  Approximately 67 kg (147 lb; 41 % of N intake) was subsequently captured in manure.  
Of the N intake, 25% in winter to 58 % in summer (mean 44.3 %) was apparently lost via 
volatilization.  When metabolizable protein (MP) intake exceeded animal requirements, N 
volatilization losses increased linearly (r2 = 0.53: P < 0.001)(Tables 3 & 4).  Daily P intake 
averaged 29 g/head (64 lb/1,000 head).  Approximately 23 kg (51 lb) of P was excreted daily per 
1,000 head; 63 % in feces and 37 % in urine.  Nitrogen excretion and volatilization losses were 
affected by diet and season. 
 
Table 3.  Effects of metabolizable protein-N (MPN) intake status on N metabolism 
averaged over two feedyards for one year.1 

Item Deficient Adequate High Excessive 
(MP-N intake) – 
(MP-N required) 

-10.70 8.87 19.26 27.65 

Ration N, % 1.83 2.13 2.36 2.41 
Ration P, % 0.36 0.36 0.33 0.52 
Manure N, % 2.95 2.95 2.92 2.65 
Manure P, % 0.74 0.85 0.78 0.98 
DMI, kg 7.72 7.90 7.88 8.01 
N intake, g/d 140.2 168.6 178.3 191.3 
N digestion, % 64.5 70.3 68.0 75.3 
Fecal N, g/d 48.7 49.2 57.4 47.7 
Urine N, g/d 67.3 93.9 96.2 119.0 
N volatilization, % 
of N intake 

21.0 41.2 45.0 53.9 

N volatilization,  
g/head daily 

29.8 69.5 79.9 103.1 

Manure N, % of N 
intake 

56.0 40.9 39.8 33.9 

1 MPNstatus = (Daily metabolizable protein-nitrogen intake) – (Daily metabolizable protein- 
nitrogen required). 
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Table 4.  Regression of MPN status vs. N volatilization losses from two feedyards 1  
Dependent variable & 

data set 
Equation R2 RMSE P < 

N loss, g/head     
   All data   47.7 + 1.444 (MPNstatus) 0.59 17.85 0.001 
   Negative MPNstatus 29.30 – 0.343 (MPNstatus) 0.03 12.50 0.500 
   Positive MPNstatus  40.14 + 1.852(MPNstatus) 0.53 17.70 0.001 
     
N loss, % of N intake    
   All data   30.24 + 0.602 (MPNstatus) 0.43 10.17 0.001 
   Negative MPNstatus  17.57 – 0.535 (MPNstatus) 0.12 8.47 0.131 
   Positive MPNstatus  26.62 + 0.801(MPNstatus) 0.41 9.89 0.001 

1 MPNstatus = (Daily metabolizable protein-nitrogen intake) – (Daily metabolizable protein- 
nitrogen required).  RMSE = Root mean square error. 
 
Effects of Fat, a Urease Inhibitor, Zeolite, and Distiller’s Grains on Ammonia Emissions 
from Beef Cattle Feedyards  
 
Ammonia emissions from beef cattle feedyards may comprise 40% or more of N intakes.  
Decreasing ammonia emissions would improve the fertilizer value of feedyard manure and 
decrease potential adverse effects on the environment.  Two trials were conducted to evaluate the 
effects of fat, a urease inhibitor (NBPT), and zeolite on potential ammonia emissions from a 
feedlot surface.  In Trial 1, fat (as corn oil), alum, NBPT, or potassium zeolite (clinoptilotile) 
were added to lab-scale flow through chambers that contained simulated feedlot surfaces.  
Ammonia losses were captured using acid traps.  In Trial 2, five beef steers were fed one of five 
high-concentrate finishing diets (0% added fat, 3% added fat, 6% added fat, 3% fat+1% zeolite, 
or 3% fat+2% zeolite) in a 5 x 5 Latin square design.  Each period of the Latin square was 21 
days in length. During the last five days of each period, total feces and urine output were 
collected to determine nutrient digestion and retention.  Feces and urine collected from each steer 
(1% of daily output) were then used in the lab-scale flow through chambers to estimate potential 
ammonia losses.  In Trial 1, zeolite, NBPT, alum, and fat additions to an artificial feedyard 
surface decreased ammonia losses by 51 to 86%; the effects of the NBPT and zeolite appeared to 
be synergistic (Table 5).  In the Trial 2, apparent protein digestion, N retention, and N excretion 
were not affected by dietary fat or zeolite.  In vitro ammonia losses from excreted feces and urine 
were not significantly affected by dietary zeolite; however, in vitro ammonia losses were greater 
(P < 0.05) when steers were fed diets containing no added fat (Table 6).  These results suggest 
that fat and zeolite additions to feedlot pen surfaces can potentially decrease ammonia emissions 
from beef cattle feedyards.  
 
Crude protein concentrations of finishing diets are normally increased to levels well above 
animal requirements whenever distiller’s grains (DGS) are included in finishing diets at 
concentrations above 15% of dietary DM.  Most of this excess N will be excreted in urine and be 
a potential source of ammonia emissions.  We measured ammonia emission from two Texas 
feedyards almost continuously for 25 months.  Two distinct feeding periods were recognized: (1) 
similar steam-flaked corn-based diets were fed at both yards (PRE-DG), and (2) inclusion of 
DGS (up to 25%) at Yard A but not at Yard E (FYA-DG).  During the Pre-DG period, dietary 
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CP averaged 13.5 to 14.4% at both yards and ammonia emissions per head at both yards were 
similar.  During the FYA-DG period, dietary CP averaged 16.3% at Yard A and 12.2% of DM at 
Yard E and ammonia emissions per head were 45% greater at Yard A than Yard E (149 vs. 82 
g/head daily).  Feeding DGS utilizes a valuable byproduct; however, it also complicates efforts 
to reduce ammonia emissions from feedyards. 
 
Table 5.  Effects of pen surface amendments on ammonia losses, and pH of simulated 
feedlot pen surface using an in vitro system 

Treatment NH3-N, 
mg/day a 

NH3-N, 
% decrease a Final pH 

Control (no 
additive 6.49 -- 7.53 

Alum, 36 g 1.60 75.3 5.66* 

Zeolite, 18 g 3.19 49.0 8.02 

Zeolite, 36 g 2.14 67.1 8.14 

Corn oil, 36 g 0.77 88.1 6.83* 

NBPT 2.74 57.9 8.05 

NBPT + zeolite 1.53 76.4 8.04 

SEM 0.27 4.19 0.14 
a All treatment means were significantly different from the control at P < 0.001 or greater.  * 
Significantly different from control, P < 0.01. 
 
 
Table 6. Effects of fat or zeolite in the diet on cumulative ammonia N loses from the in vitro 
chambers and N changes in the chamber over seven days. 
Item 0% fat 3% fat 6% fat 1% zeolite 2% zeolite SEM 

NH3-N lost, mg 853 d 271 c 323 c 245 c 211 c 54.1 
NH3-N lost, % of 
total N 56.0 d 23.8 c 25.3 c 19.0 c 20.1 c 6.9 

NH3-N lost, % of 
urine N 120.3 d 49.0 c 55.8 c 43.2 c 45.1 c 13.41 

Ending soil NHx-
N, mg 597 d 296 c 279 c 254 c 235 c 29.9 

NH3-N + NHx-N, 
% of added N  95.5 d 50.1 c 47.5 c 38.7 c 42.6 c 14.02 
ab  Means in same row without a common superscript letter tend to differ (P < 0.10). 
cd  Means in same row without a common superscript letter differ (P < 0.05). 
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Nitrogen Distribution in Pen Surface of Beef Cattle Feedyards and Effects of Urine 
Application 

 
Beef cattle feedlots can emit significant quantities of ammonia that may adversely affect air 
quality and decrease the fertilizer value of manure.  The major source of ammonia loss may be 
urinary urea.  We conducted three studies to evaluate the effects of urine on the chemistry of 
feedlot pen surfaces.  In Exp.1, samples were collected from the loose surface manure and the 
underlying layers (dry hard pack, wet hard pack, soil) of nine pens at each of three commercial 
feedyards.  Samples were collected from an area that had recent (less than 10 minutes) urine 
deposition, and an area devoid of urine.  The samples were analyzed for DM, ash, pH, electrical 
conductivity (EC), nitrate-N, ammonium-N, and total N, C, and P.  The loose surface manure 
from urine spots had lower (P < 0.05) DM content (59.7 vs. 88.2%), higher (P < 0.05) pH (8.08 
vs. 7.80), and greater (P < 0.05) EC (1.45 vs. 1.22 S/m), ammonium-N (6,755 vs. 2,381 ppm), 
total N (3.00 vs. 2.73%), and ammonium-N:total N (21.8 vs. 8.5%) than urine-free areas. In Exp. 
2 (Summer) and 3 (Spring), 4 L of deionized water or artificial urine (21.4 g of urea/L) were 
applied to 1 m square plots (6/treatment) on a feedlot surface.  The loose manure on the pen 
surface was sampled for 7 d and chemically analyzed.  Compared to untreated plots, ammonium-
N concentrations of plots treated with artificial urine increased (P < 0.001) from 391 to 6,343 
ppm and the pH increased from 8.1 to 8.5 in less than 5 min following application and remained 
elevated (P < 0.05) for 79 to 96 h.  Water applications caused a short term (2 to 4 h) increase in 
ammonium-N concentrations.  These results support the hypothesis that ammonia losses from 
feedlot pens occur rapidly from urine spots.  Therefore, (1) methods that do not take this into 
account will greatly underestimate ammonia emissions, and (2) for optimal effectiveness, pen 
surface amendments to control ammonia losses must continuously be on the pen surface.  
 
Challenges in Using Flux Chambers to Measure Ammonia Emissions from Feedlot Pen 
Surfaces and Retention Ponds   
 
Several methodologies are available to estimate ammonia emissions from livestock operations, 
but few have been adequately validated for accuracy.  Dynamic, flow-through flux chambers are 
frequently used; however, ammonia emissions from the surfaces are affected by atmospheric 
turbulence, atmospheric ammonia concentration, source strength, temperature, moisture, and 
media pH; several of which can be affected by the chamber. Studies have shown that ammonia 
emissions estimated using flow-through chambers are affected by air exchange rate; however, 
these chamber fluxes have not been directly compared to the flux from the same source when 
unaffected by a chamber.  In two studies, we compared measured ammonia losses from an 
“unaffected” source to the same source when the air exchange rate ranged from 0 to 4 turnovers 
per minute.  To simulate a feedlot retention pond, buffered ammonium sulfate solutions with pH 
values of 7.6, 8.6, or 9.6 were used as a surrogate ammonia source. To simulate a feedlot surface, 
similar buffer solutions were added to a cellulose media.  With both simulated retention pond 
and pen surfaces, ammonia losses increased with increased air flow.  Losses at 4 turnovers per 
minute were approximately 50% of losses from open-unaffected containers.  Losses at 0.5 
turnovers per minute were 25% or less of losses from the unaffected sources.  Based on fitted 
exponential equations, air turnover rates of 8.9 to 18.8 (mean = 14.9 turnovers/minute) were 
required to obtain N flux rates equal to 95% of the flux from the open chambers.  At low flow 
rates, source strength differences were sometimes not accurately determined.  Previous studies 
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have noted a large spatial variability in ammonia flux from pen surfaces with coefficients of 
variation ranging from 23 to 192%.  Because of this large spatial variability, the number of 
ammonia flux estimates required to be 95% confident that the estimated mean is within 20% of 
the true mean (determined as CV2/100) ranges from 5 to 369; with a mean of approximately 75.  
These findings indicate that flux chambers will not provide accurate estimates of ammonia flux 
from pen or lagoon surfaces and that large numbers of samples may be required when using 
chambers for treatment comparisons.  Ammonia emission factors determined using flux 
chambers must be viewed with extreme caution. 
 
Methane Emissions from a New Mexico Dairy Lagoon System 
 
Methane is a greenhouse gas with a global warming potential twenty-five times that of carbon 
dioxide.  Animal agriculture is recognized as a significant source of methane to the atmosphere.  
Dairies on the Southern High Plains of New Mexico and Texas are typically open lot, and the 
major sources of methane from these dairies are probably the enteric emissions from cattle and 
emissions from wastewater lagoons.  Our objective was to quantify methane emissions from the 
wastewater lagoons of a commercial dairy located in eastern New Mexico.  Research was 
conducted during seven days in August, 2009, at a 3,500-cow open lot dairy with flush alleys. 
Methane concentration over three interconnected lagoons (total area 1.8 ha or 4.5 ac) was 
measured using open path lasers.  Background methane concentration was measured using gas 
chromatography.  Wind and turbulence data were measured using a three-axis sonic anemometer.  
Emissions were estimated using an inverse dispersion model.  Background methane 
concentrations averaged 1.83 ppm and concentrations over the lagoons ranged from 3 to 12 ppm, 
with an average of 5.6 ppm.  Methane flux density ranged from 165 to 1,184 µg m-2 s-1 with a 
mean daily methane flux density of 404 kg/ha (360 lb/ac).  The per capita daily methane 
emission rate averaged 0.21 kg/head (0.46 lb/head).  These results indicate that uncovered 
anaerobic lagoons can be a significant source of methane emitted from Southern High Plains 
dairies; thus, lagoons could be a significant control point for reducing emissions. 
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Interaction of exogenous growth promotants and nutrition on skeletal muscle 

and adipose tissue growth and development in beef cattle 
 

B. J. Johnson, B. C. Bernhard, D. N. Finck, R. J. Tokach, S. L. Parr,  
R. J. Rathmann, and K. Y. Chung 

Department of Animal and Food Sciences, Texas Tech University, Lubbock 
 

Research conducted by our laboratory at Texas Tech University focuses on the effects of 
approved exogenous growth promoters on feedlot performance, carcass merit, and meat quality 
traits. In addition, we have worked with specific nutrients and their effects on altering 
metabolism and carcass composition in feedlot cattle, including their effects during the receiving 
period.  Finally, our group has conducted fundamental research in the area of marbling 
development in beef cattle.  This is a summary of the more recent research conducted by our 
group that has relevance to the practicing feedlot nutritionist. 
 

Receiving Cattle Nutrition and Health 
 

Chromium supplementation alters the performance, metabolism, and immune response of 
feedlot cattle during the receiving period  Bernhard, B. C.1, R. J. Rathmann1, N. C. Burdick2, 
D. N. Finck1, W. Rounds3, J. A. Carroll2, A. N. Loyd2, and B. J. Johnson1, Texas Tech University, 
Lubbock1, Livestock Issues Research Unit, USDA-ARS, Lubbock2, Kemin Industries, Inc., Des 
Moines, IA3 

Crossbreed steers (n = 180; 507 ± 13 lb) were fed during a 56-d receiving period to determine if 
supplementing chromium (Cr; KemTRACE®brandChromiumPropionate 0.04%, Kemin 
Industries) would improve feedlot performance and health of newly received cattle. A 
completely randomized block design (36 pens; 9 pens/treatment; 4 pens/block; 5 steers/pen) was 
used. Chromium premixes were supplemented to add 0 (Con), 100, 200, or 300 part per billion 
(ppb) of Cr to the total diet on a DM basis. Cattle were weighed every 14 d.  Shrunk body 
weights, ADG, DMI, G:F, and number of times treated for morbidity (treated if rectal 
temperature ≥ 103.5º F) were recorded. Feedlot performance and morbidity data were analyzed 
as orthogonal contrasts in the MIXED and GLIMMIX procedure of SAS, respectively. From d 0 
to d 56, BW (P=0.08) and DMI (P=0.12) displayed a tendency to increase linearly, and 
consequently ADG and G:F increased linearly (P≤0.05) as Cr concentrations increased. 
Morbidity results showed a tendency (P=0.07) for a linear decrease in the number of head treated 
at least once for respiratory symptoms as the Cr concentration was increased. Twenty additional 
steers (518 ± 9 lb) were fed 55 d to determine if supplementing Cr would alter the metabolism 
and immune response of newly received cattle. Cattle were supplemented with Con or 200 ppb 
Cr. Cattle were fitted with jugular catheters and rectal temperature (RT) recording devices on d 
52. A glucose tolerance test (GTT) and an insulin sensitivity test (IST) were conducted on d 53 
by infusing the steers with 45.4 mL of 50% Dextrose/100 lb of BW at 0900 h and 4.54 IU of  
bovine insulin/100 lb of BW at 1400 h, respectively. Blood samples were collected at -60, -45, -
30, -15, 0, 7.5, 15, 30, 45, 60, 90, 120, and 150 min relative to each infusion. On day 55, blood 
samples were collected at 30-min intervals from  -2 to 8, and at 24 h relative to a 
lipopolysaccharide (LPS) challenge (22.7 μg/100 lb of BW). All serum was isolated to determine 
glucose, insulin, and non-esterified fatty acid (NEFA) concentrations. During the LPS challenge, 
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steers were also assigned a sickness behavior score (SBS) from 1 (alert) to 5 (unresponsive) after 
each sample collection and concentrations of cortisol and cytokines were measured. Individual 
BW were recorded at cannulation, and 24 h and 7 d post-LPS. Data were analyzed using the 
Mixed procedure of SAS specific for repeated measures with fixed effects of treatment, time, and 
their interaction. Throughout the GTT, insulin concentrations post-infusion tended to be greater 
for the Cr steers (P=0.06); and NEFA concentrations were lower (P≤0.01) for Cr steers both pre- 
and post-infusion. During the IST, post-infusion glucose concentrations were greater (P<0.01) in 
the Cr steers; and NEFA concentrations were lower (P<0.01) both pre- and post-infusion for Cr 
steers. Steers did not differ in cannulation BW (P=0.37), but 24 h post-LPS, Cr steers had lost 
less weight (P=0.03). Overall BW (cannulation to 7 d post-LPS), Con steers tended to lose 
weight and Cr steers tended to gain weight (P=0.09). Post-LPS glucose levels peaked greater at 
0.5 h in the Cr steers (P<0.01). Post-LPS NEFA levels displayed that Cr steers produced greater 
peak NEFA levels at 0.5 h (P<0.04). Pre-LPS, Cr steers had greater RT (P<0.01), but post-LPS 
Con steers produced a greater change in RT (P<0.01). No differences detected in SBS pre-LPS 
(P>0.05), but Con steers had greater SBS post-LPS (P=0.03). Post-LPS TNF-α and IFN-γ 
concentrations increased, with Cr steers producing greater TNF-α and IFN-γ (P<0.01). 
Concentrations of IL-6 were greater in Cr steers pre- and post-LPS (P≤0.03). Results of this 
study indicate that supplementation of Cr to the basal diet can have beneficial effects on the 
performance and health of newly received steers during the first 56 d on feed. Our data also 
suggest that supplementation of Cr can alter insulin sensitivity, lipid metabolism, and immune 
response of newly received steers. 
 
Interactive effects of yeast and yeast cell wall material on steer performance during the 
receiving period of stressed beef cattle  D.N. Finck1, S.L. Parr1, T.R. Young1, J.A. Carroll2, 
J.R. Corley3, A.G. Estefan3, and B.J. Johnson1 Texas Tech University, Dept. of Animal and Food 
Sciences, Lubbock1, USDA-ARS, Livestock Issues Research Unit, Lubbock2, Lesaffre Feed 
Additives, Milwaukee, WI3  
Weaned crossbred steers (n = 184; initial BW = 203 ± 1 kg) were blocked by BW and randomly 
assigned to pen (4 pens/block; 5-6 hd/pen).  Pens within a block were randomly assigned to one 
of four treatments (9 pens/treatment): 1) control (CON; no yeast additive); 2) live yeast (LY; 5 
g.hd-1.d-1  live yeast),  3) yeast cell wall (YCW; 5 g.hd-1.d-1 yeast cell wall); 4) live yeast + yeast 
cell wall (LY+YCW; 5 g.hd-1.d-1 LY and 5 g.hd-1.d-1 YCW).  Daily DMI was recorded and 
individual BW was collected every 14 d for 56 d.  Data were analyzed using a randomized 
complete block design with the fixed effect of treatment and random effect of block (SAS Inst. 
Inc., Cary, NC).  A subset of 24 steers was utilized on d 38 for a subsequent lipopolysaccharide 
(LPS) challenge.  Calves were fitted with jugular catheters and indwelling rectal temperature 
measuring devices that measured rectal temperature at 1-min intervals, and were moved into 
individual stanchions. On d 39, blood samples were collected at 30-min intervals (-2 to 8 h) and 
then at 24 h relative to administration of LPS (0.5 μg/kg BW) at 0 h.  Blood samples were used 
to determine serum interleukin-6 (IL-6), tumor necrosis factor-α (TNF-α), interferon-γ (IFN-γ), 
cortisol concentrations, and neutrophil:lymphocyte (N:L)  ratios.  Data were subjected to 
analysis of variance specific for repeated measures using Statview (SAS Inst. Inc.) with sources 
of variation including treatment, time and their interactions.  Specific time point comparisons 
within treatment group were conducted using a Paired t-test to compare pre-challenge values 
with specific time points post-challenge.  Steers receiving LY or YCW showed a 7% numerical 
increase (P = 0.59) in ADG and a 7.7 ± 4.7  kg increase in BW at d 56.  Cumulative DMI 
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increased (P = 0.05) for the LY, YCW, and LY+YCW treatments compared to CON (5.47, 6.02, 
5.96, and 5.89 kg/d, respectively).  In response to LPS challenge, basal RT prior to LPS tended 
(P ≤ 0.06) to differ among groups with CON calves having higher RT compared to LY+YCW (P 
≤ 0.01) and LY (P ≤ 0.04) calves. Peak cortisol concentrations were 26.5 ng/mL greater (P ≤ 
0.04) in CON calves compared to LY+YCW calves. Interferon-gamma (IFN-γ) concentrations 
tended (P ≤ 0.06) to be greater in CON calves compared to YCW calves prior to LPS exposure. 
Collectively, these data indicated that the use of yeast additives increased total feed consumed 
and improved health during the receiving period. 
 

Biological Effects of Growth Promotants 
 

Performance of finishing beef steers in response to anabolic implant and zilpaterol 
hydrochloride supplementation 
Parr, S. L., B. J. Johnson, et al. 
The objectives of this research were to evaluate the dose/payout pattern of trenbolone acetate 
(TBA) and estradiol-17β (E2) implants and feeding of zilpaterol hydrochloride (ZH) on 
performance, carcass characteristics, serum hormone and metabolite concentrations, and 
peripheral receptor mRNA expression of finishing beef steers.  Four commercial trials were 
evaluated to determine the effect of implant dose and release pattern on performance and carcass 
traits of crossbred beef steers.  All data were analyzed as a randomized block or randomized 
complete block design with pen as the experimental unit.  Feeding duration varied across trials 
(ranging from 131 to 243 d) but treatments consisted of:  (1) no implant; (2) Revalor-S (REV-S; 
120 mg TBA + 24 mg E2); (3) Revalor-IS followed by REV-S (REV-IS/S total dose of 200 mg 
TBA + 40 mg E2); and (4) Revalor-XS (REV-X; 200 mg TBA + 40 mg E2).  The greater dose of 
TBA + E2 improved steer performance when steers were fed for longer periods.  These data 
indicate that when the TBA + E2 dose is equal, the sustained release of TBA + E2 associated with 
REV-X may improve steer performance and quality grade, but response depends on the duration 
of the feeding period and probably is more a function of timing of the terminal implant for the 
REV-IS/S treatment rather than REV-X payout.   
 
Crossbred steers (n = 168;  initial BW = 798 lb) were used to evaluate implant dose/payout in 
combination with feeding ZH.  A randomized complete block design was used with a 3 x 2 
factorial arrangement of treatment (total of 42 pens).  Main effects of treatment were implant 
(NI, REV-S, and REV-X) and ZH (0 or 7.56 g/ton of DM for 20 d with a 3-d withdrawal before 
slaughter).  Steers were fed for 153 or 174 d, and blood and LM biopsies were collected 
periodically throughout the trial.  No implant × ZH interactions were noted for cumulative 
performance data.  As TBA and E2 dose increased, shrunk final BW (1250, 1336, and 1376 lb for 
NI, REV-S and REV-X, respectively), ADG (2.76, 3.33, and 3.53 lb) and G:F (0.14, 0.16 and 
0.17) increased (P < 0.05) as well.  Implanting increased (P < 0.05) DMI, but DMI did not differ 
(P > 0.10) between REV-S and REV-X (19.4 for NI vs. 20.7 lb/d for the 2 implants).  Feeding 
ZH  increased HCW (42-lb difference;  P < 0.05).  Marbling score, 12th-rib fat, and KPH were 
not affected (P > 0.10) by implant or ZH.  Overall, a greater dose of TBA + E2 in combination 
with ZH increased ADG and HCW in an additive manner, suggesting a different mechanism of 
action for ZH and steroidal implants.  Both implanting and feeding ZH decreased serum urea-N, 
but a greater dose of TBA + E2 did not result in further decreases. Serum NEFA concentrations 
were not affected by implanting (P = 0.44).  There was a day × ZH interaction (P = 0.06) for 



 

76 
 

NEFA;  NEFA concentrations in steers not fed ZH did not differ (P > 0.10) on d -1, 11, and 19 
relative to feeding ZH, whereas steers fed ZH had increased (P < 0.01) NEFA concentrations at d 
11 of ZH feeding.  Serum E2 was greater (P < 0.05) for implanted steers by d 27 relative to 
implanting, but E2 concentrations did not differ between REV-S and REV-X.  Implanting did not 
affect LM mRNA expression of the estrogen or androgen receptor, but expression of IGF-I 
receptor and β1- and β2-adrenergic receptors were greater for REV-X than for REV-S at d 111 
relative to implanting.  Metabolic and peripheral receptor mRNA expression changes resulting 
from implanting and feeding ZH could aid in explaining steer performance and carcass responses 
to these growth promoting compounds. 
 
Zilpaterol hydrochloride alters insulin-like growth factor I mRNA abundance in bovine 
muscle cell cultures through the beta-2 adrenergic receptor   R. J. Tokach, K. Y. Chung, and 
B. J. Johnson 

Zilpaterol hydrochloride (ZH), a beta-2 adrenergic agonist, has been used for enhancing muscle 
growth in feedlot cattle.  Our laboratory group continues to conduct basic research to increase the 
understanding of the mechanism of action of this compound in increasing lean tissue deposition 
in cattle.  The aim of these in vivo experiments was to determine the effect of ZH on changes in 
enzymes and growth factors important in skeletal muscle growth.  We hypothesized that AMPKα 
expression increased in animals or cells treated with ZH.  A 2 x 2 factorial arrangement of 
treatments in a randomized complete block design was used. Main effects included; ZH 0 or 20 
days before slaughter and either a 3-d or 10-d withdrawal period (WD). Semimembranosus 
muscle (SM) was collected within 10 min of harvest for analysis of AMPKα and IGF-I protein 
and mRNA abundance. Western blot analysis revealed that the protein content of AMPKα in 
muscle from ZH-treated cattle with a 3-d withdrawal increased (P < 0.05) as compared to the 
control group. The aim of the in vitro experiments was to determine the effect of ZH, a β2-
adernergic receptor antagonist (ICI), and 5’-aminoimidazole-4carboxamide-1-β-D-
ribofuranoside (AICAR) on changes in enzymes and growth factors important in skeletal muscle 
growth.  We hypothesized that animals treated with ZH and AICAR would have increased 
myosin heavy chain (MHC) isoform IIX expression and ICI would attenuate the effects of ZH.  
Two experiments were conducted with primary cultures of bovine satellite cells (BSC) isolated 
from the semimembranosus muscle to determine the effect of treatment on IGF-I, MHC isoform, 
and AMPKα mRNA abundance. In experiment one, BSC were harvested after 120 h of ZH, ICI, 
or ZH plus ICI exposure.  In experiment two, BSC were harvested after 48 h of treatment with 
ZH, ICI, AICAR, AICAR plus ICI, ZH plus AICAR, ZH plus ICI, or ZH plus ICI plus AICAR.  
In experiment one and two, IGF-I mRNA abundance increased in cultures treated with ZH as 
compared to the control and the addition of ICI ameliorated these changes (P < 0.05). Myosin 
heavy chain I was significantly decreased (P < 0.05) in experiment one with treatment of ZH, but 
there was no effect of treatment on MHC I mRNA abundance in experiment two.  Myosin heavy 
chain isoform IIA was not effected (P > 0.10) in experiment one, but in experiment two ZH 
treatment decreased (P = 0.06) MHC IIA mRNA expression as compared to the control.  In 
experiment one, MHC IIX mRNA abundance tended to increase (P = 0.07) in BSC treated with 
ZH as compared to the control, ICI, and ZH plus ICI-treated BSC.  In experiment two, the 
relative abundance of MHC IIX mRNA was increased (P < 0.05) by treatment with AICAR as 
compared to the control cultures.  The abundance of AMPKα mRNA was not affected in either 
experiment.  Results indicated that ZH alters mRNA abundance of IGF-I and MHC isoforms and 
these effects may be mediated through the β2-adrenergic receptor.  Previous research has shown 
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IGF-I is responsible for increased protein synthesis and a decreased rate of protein degradation in 
muscle cells and these data provide a possible explanation as to how protein accretion occurs in 
animals administered ZH. 
 

Marbling Development 
 

Administration of estradiol (E2), trenbolone acetate (TBA), and TBA/E2 implants alters 
adipogenic and myogenic gene expression in bovine skeletal muscle  K. Y. Chung, T. J. Baxa, 
S. L. Parr, L. D. Luque’, B. J. Johnson 
Twenty crossbred yearling steers (421 kg) were used to evaluate the effects of implanting with 
trenbolone acetate (TBA;120 mg), estradiol-17β (E2; 25.7 mg), and the combination(120 mg 
TBA and 24 mg E2) on adipogenic and myogenic mRNA concentrations. Animals were blocked 
by BW, and within each block, assigned to one of four treatments. Animals were housed and fed 
in individual pens. There were 5 animals per treatment. All animals were weighed weekly, and 
muscle biopsy samples were taken from the LD of each steer on d 0 (prior to implantation), d 7, 
d 14, and d 28. Total RNA was isolated from each sample and real-time PCR was used to 
measure the quantity of CCAAT/enhancer binding protein β (C/EBPβ), peroxisome proliferator 
activated receptor γ (PPARγ), stearoyl CoA desaturase (SCD), myogenin and 3 isoforms of 
bovine myosin heavy chain (MHC) mRNA. Total BW gain from the 28-d period was adjusted to 
d 0 by use of covariant analysis, and implant group was tend to (P = 0.09) increase weight gain 
over CON steers. Analysis of the gene expression of MHC showed that neither implant nor day 
had a significant effect on the expression of type-I or -IIX MHC mRNA. There was also no 
treatment effect on MHC-IIA and myogenin, but increasing days on feed increased (P = 0.05) 
the expression of MHC-IIA mRNA. Relative mRNA levels of C/EBPβ, PPARγ, and SCD 
increased (P< 0.05) during days of feed but PPARγ decreased (P< 0.05) with the treatment of 
combined TBA/E2 implant. Results of this study indicate that implanting with TBA, E2, or both 
increased BW gain and decreased adipogenic gene expression of finishing steers without 
significantly affecting the concentration of type-I, -IIA, or -IIX MHC mRNA. Increasing days on 
feed increased both the levels of MHC-IIA and adipogenic gene expression in bovine skeletal 
muscle biopsy samples. We conclude that administration of steroidal implants has no effect on 
the proportion of the 3 different MHC mRNA isoforms but decreased C/EBPβ, PPARγ, and SCD 
mRNA in bovine skeletal muscle. 
 
In a second experiment (Rev-XS study above), we determined the impact of payout of implants 
(Rev-S, Rev-XS vs. negative control) on the expression of key markers of adipogenesis during 
the feeding period of steers.  The more rapid payout of Rev-S appeared to have a more 
detrimental effect on gene expression of adipogenic markers as compared to either the negative 
control group or the Rev-XS implanted steers.  These data match well with marbling score 
differences observed in large pen studies in which Rev-XS has been reported to have less of a 
negative effect on marbling score as compared to reimplant programs. 
 
The role of fatty acids on enhancing marbling development through bovine G coupled-
protein receptors (GPR)  K. Y. Chung, S. B. Smith, and B. J. Johnson 
Our goal of this research project was to utilize a cell culture model to investigate the effect of 
specific fatty acids on differentiation of muscle-derived and i.m. and s.c. preadipocytes.  Oleic 
acid increased not only phosphorylated AMP-activated protein kinase (pAMPK) but also GPR43 
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in muscle satellite cells that had been treated to trans-differentiate into adipocytes. It has been 
documented that these GPRs transduce extracellular signals across the plasma membrane, 
activating cellular responses through a variety of second messenger cascades such as AMPKα. 
AMPK complex, which regulates cellular energy balance, is an important enzyme regulating 
lipid metabolism in adipose tissue. Activation of AMPKα in muscle and adipose tissue triggers 
metabolic changes such as the switch from storing to consuming fats and carbohydrate. 
Phosphorylation of AMPKα is positively correlated with GLUT4 activity, which regulated 
glucose entry into muscle and adipose tissue (Zheng et al., 2001).  Both GPR41 and GPR43 are 
activated by short chain fatty acid (SCFA), such as acetate or propionate, but also show 
differential expression in adipose tissue during differentiation.  Hong et al. (2005) indicated that 
GPR43 is highly expressed in isolated adipocytes but is minimally expressed in stromal-vascular 
cells. These reports suggested that the physiological effects of SCFA or LCFA in peripheral 
tissues may be regulated through GPRs. Research in our lab has not detected GPR43 protein in 
bovine perirenal and subcutaneous (s.c.) adipose tissues. However, we found that GPR43 protein 
was abundantly expressed in bovine intramuscular (i.m.) adipose tissue as well as skeletal 
muscle tissue. This data supported that the sensitivity of fatty acid ligand for the GPR43 in i.m. 
adipose tissue are similar as that of skeletal muscle tissue. We have documented these GPRs 
transduce extracellular signals across the plasma membrane, activating cellular responses 
through a variety of second messenger cascades such as AMPKα. The AMPK complex, which 
regulates cellular energy balance, is an important enzyme regulating lipid metabolism in the 
adipose tissue. In addition, we compared the effects of oleic acid addition on primary cultures of 
muscle-derived cells and i.m. and s.c. preadipocytes. These data showed that these three bovine 
primary cells are differentially affected by oleic acid. The mRNA levels of the adipogenic 
transcription factors, C/EBPβ and PPARγ, increased in response to oleic acid in i.m. adipocytes 
but not to the same extent in s.c. adipocytes and muscle-derived cells.  Western blot analysis 
revealed that oleic acid increased PPARγ protein in both i.m. and s.c. adipocytes. These data 
demonstrated that oleic acid may have autocrine or paracrine effects in further stimulating 
marbling development, but is less important in regulating the development of s.c. adipose 
development.  Therefore, we concluded that oleic acid is a critical factor in enhancing in 
marbling adipose tissue.  Current ongoing research funded by the Beef Checkoff is investigating 
the potential impact of the GPRs on mediating the effects of specific fatty acids have on the 
regulation of marbling. 
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Research Update: Iowa State University 
 

Stephanie Hansen, Mary Drewnoski, Jim Russell and Dan Loy  
Iowa State University, Ames 

 
Recent research at Iowa State University related to feedlot cattle nutrition has focused on 
elucidating mechanisms related to sulfur metabolism and toxicity in cattle diets, and the use of 
treated biomass as a potential replacement for corn in cattle diets.  

 
Effects of elevated dietary sulfur concentration on rumen hydrogen sulfide concentration 
and bacterial population  E. L. Richter, M. E. Drewnoski, C. J. Ziemer (ARS), and S. L. Hansen 

Ninety-six crossbred yearling steers (321 ± 29 kg BW) were used to determine the effects of 
feeding cattle a high sulfur (S) diet on pasture prior to receiving a high S diet in the feedlot. 
Steers were blocked by weight, allocated to bromegrass pastures, and supplemented with either 
low S DDGS (0.3% total dietary S; LS; n = 4 plots) or LS DDGS with additional S (0.45% total 
dietary S, HS; n = 4 plots). After 35 d on pasture steers moved to feedlot where half remained on 
the previous S treatment while half switched treatments, resulting in 4 treatments (LS-LS, LS-
HS, HS-LS, and HS-HS; LS = 0.3% S; HS = 0.6% S; n = 6 feedlot pens). No interaction between 
pasture treatment and feedlot treatment was observed, so data were pooled by feedlot treatment. 
Rumen fluid was collected esophageally on d 36, during transition to the full feedlot diet (d 56) 
and near the end of study (d 155) for analysis of VFA and lactate proportions. Lactate was not 
affected (P > 0.50) by dietary S concentration. Rumen H2S concentrations were measured on d 
36, 45, 52, 59, 66, 91, 125, and 155. Rumen H2S concentrations did not differ among treatments 
until forage concentration decreased to 15% of diet DM (d 66; P = 0.04). Concentrations of H2S 
in HS steers continued to increase as forage percentage of the diet decreased during transition, 
even though S intake of HS steers remained consistent throughout this time (Figure 1 and 2). 
Two incidences of polioencephalomalacia were observed on d 88 and d 89 and coincided with 
elevated H2S concentrations measured on d 91. Sulfate reducing bacteria (SRB) populations 
from rumen fluid collected on d 155 were measured using real-time quantitative PCR targeting 
the conserved dsrA gene (LS-LS and HS-HS only, n = 6 per treatment). Gene copy numbers of 
total SRB and a SRB group representing the Desulfovibrio most common to the rumen were 
increased (P = 0.03) in HS steers vs. LS (Figure 3). Rumen H2S concentrations on d 155 were 
well correlated with total SRB populations (R2 = 0.6; P = 0.05). In conclusion, dietary roughage 
concentration influenced H2S concentration in steers fed high S diets and differences in steers fed 
high S diets and differences in rumen SRB populations partially account for the variation in H2S 
concentrations observed in this study. 
 
Effect of delaying the feeding of high sulfur until after adaptation to a finishing diet  
M. E. Drewnoski and S.L. Hansen 
Increased intake of sulfate has been shown to decrease intake and reduce gain and can lead to a 
neurological disorder called polioencephalomalacia (PEM). Sulfate, when fed to ruminants, is 
reduced to toxic hydrogen sulfide (H2S) by ruminal bacteria. The incidence of PEM and 
concentrations of H2S in feedlot cattle appear to be greatest during the first 30 days on a full 
finishing diet. The increased incidence of PEM early on in the feeding period coincides with a 
spike in ruminal concentration of H2S. The dramatic increase in rumen H2S concentrations that 
occur when cattle are first introduced to a high concentrate, high S ration maybe due a 
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combination of factors such as decreased ruminal pH, changes in bacterial and protozoal 
populations or bacterial metabolism. We hypothesized that delaying exposure to high sulfur diets 
until cattle are fully adapted to a high concentrate diet would reduce the peak ruminal H2S 
concentrations and thus reduce potential for toxicosis. Sixty Angus cross-bred cattle (386 kg) 
were blocked by weight and randomly assigned to 1 of 12 pens and one of 3 dietary treatments, 
including 1) a control diet (0.3% S) fed throughout the trial (C), 2) a high S diet (0.6% S) fed 
throughout the trial (HS), or 3) a control diet fed during the transition period and for the first 28 d 
of the finishing period then a high S diet for the remainder of the trial (DS).  Hydrogen sulfide 
concentration of the rumen gas cap and ruminal pH of two steers per pen were measured 6 hours 
after feeding on day 1, 7, 14, 28, 35, 42, 56, 70, 77, and 84 of finishing. Ruminal pH did not 
differ due to treatment but was greater on d 56 (5.85) compared to other days (5.57). Peak H2S 
concentration of DS (3425 ppm) occurred in week 8 (Figure 4) but was lower (P < 0.05) than 
peak H2S for HS (5288 ppm) which occurred on week 1(Figure 1). Additionally, DM intake 
(Figure 5) at peak H2S was greater (P < 0.01) for DS (12.65 kg/hd) than HS (10.77 kg/hd). This 
suggests that potential for toxicity was reduced by delaying feeding of high S until after steers 
had received a high concentrate finishing diet for 28 d. 
 
Potential of calcium oxide-treated corn stover and modified distillers grains as a partial 
replacement for corn grain in feedlot diets  J.R. Russell, D.D. Loy, and M. Cecava (Archer 
Daniels Midland Company) 
Effects of partial replacement of corn grain in the feedlot diets with calcium oxide (CaO)-treated 
corn crop residues and modified distillers grains with solubles (MDGS) were evaluated in sheep 
digestion and steer growth experiments. In 2009, corn stover (59.7% DM) was harvested and 
stored in silo bags untreated or treated with CaO at 5% of the DM. Large round bales of stover 
were also harvested, stored outdoors, and tub-ground prior to feeding. Baled stover was used as 
5% of a Control diet containing corn grain, MDGS, and a mineral-vitamin supplement at 70, 20, 
and 5% of the DM. Three experimental diets containing 20, 35, 40, and 5% DM from baled 
(Baled diet), untreated (Untreated diet), or CaO-treated stover (CaO diet) with corn grain, 
MDGS, and mineral-vitamin supplements were also prepared. Baled, Untreated, and CaO-treated 
stover diets were fed at 1.5 x maintenance to three lambs (39 kg) in a 3 x 3 Latin square 
digestion trial with 10-d adjustment and 5-day collection phases. Two-hundred ten Angus-cross 
steers (294 kg) were allotted to 35 pens and fed the Control, Baled, Untreated, and CaO-treated 
stover diets to finish or fed the Baled, Untreated, and CaO-treated stover diets during growing to 
454 kg and the Control diet to finish.  The DM digestion coefficients (P < 0.05) were 75.9, 75.5, 
and 83.2% for the Baled, Untreated, and CaO-treated stover diets.  Average daily gains (kg/d; P 
< 0.05) and feed-to-gain ratios (kg/kg; P < 0.05) of steers fed the Control, Baled, Untreated, or 
CaO-treated stover diets to finish and the Baled, Untreated, CaO-treated stover diets during 
growing and the Control diet to finish were 1.8, 5.5; 1.5, 6.2; 1.6, 5.8; 1.7, 5.2; 1.5, 5.8; 1.5, 5.5; 
and 1.6, 5.2 to finish. Steers fed the Control diet to finish had a higher (P < 0.05) marbling score 
than steers fed the stover diets. Economic returns per head of steers fed the CaO-treated stover 
diet to finish were greater than those fed the Control diet at a corn price of $4.00/bushel and 
became more favorable with increasing corn prices. 
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Figure 1. Dietary sulfur (S) intakes are affected by dietary S treatment (P < 0.01) and day 
of sampling (P < 0.01). 
 

 
Figure 2. Rumen hydrogen sulfide concentrations are affected by dietary S concentration 
(P < 0.01), day of sampling (P < 0.01), and the interaction (P < 0.01). * denote days when 
high sulfur steers exhibited rumen hydrogen sulfide concentrations greater than low sulfur 
steer (P < 0.05). 
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Figure 3. Dietary sulfur concentration quantitatively affects microbe populations in rumen 
fluid († P = 0.11, * P = 0.03). 
 
 

 
Figure 4. Ruminal H2S concentration of steers fed a finishing diet containing: 0.3% S 
throughout the trial (control), 0.6% S fed throughout the trial (high S), or  the control diet 
fed through week 4 of the finishing period then a high S diet for the rest of the trial 
(delayed S). 
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Figure 5. Dry Matter intake (kg/hd/d) of steers fed a finishing diet containing: 0.3% S 
throughout the trial (control), 0.6% S fed throughout the trial (high S), or  the control diet 
fed through week 4 of the finishing period then a high S diet for the rest of the trial 
(delayed S). 
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Graduate Student Poster Presentations 
 
Comparison of observational and necropsy derived diagnosis for cause of death for cattle 
in commercial beef feedlots  D. Anspaugh1; D.U. Thomson1, S. Guillossou1, B. Wileman1, M.D. 
Apley1, W. Taylor, and T. Noffsinger.  1 Kansas State University, College of Veterinary Medicine, 
Manhattan 
Feedlots routinely use necropsies to determine the cause of death of feeder cattle.  The necropsy 
results provide insight on the common causes of mortality while providing an ongoing 
surveillance mechanism for emerging diseases. Performing necropsies is dangerous to farmers 
and ranchers handling knives with zoonotic pathogen risks.  The objective of this study was to 
determine the agreement of a pre-necropsy mortality diagnosis to the mortality diagnosis from 
necropsy results which could result in decreased need for performing these tasks on a day to day 
basis.  All feedlot mortalities were assigned a cause of death by feedlot personnel based upon 
history of the animal, where it was found dead, physical appearance, and by past experiences.  A 
full diagnostic necropsy was then performed by trained personnel to determine the cause of death 
of the animal. Fifty-four head of feedlot cattle were identified that had pre- and post-necropsy 
observations recorded.  Cause of death was categorized into seven categories; 
respiratory/histophilus, AIP, Honker, Bloat, Buller/Injured, Peritonitis, and OB to compare the 
relationship between observational cause of death and cause of death determined by necropsy.  A 
standard kappa test was used to determine the correlation between the two causes of death.  The 
pre-necropsy and post-necropsy causes of death had a correlation of 0.6039.  A kappa test value 
in this range indicates a moderate correlation between observational and necropsy determined 
cause of death.  More research is warranted to determine the accuracy of pre-necropsy cause of 
death diagnosis as these data are from a small number of mortalities in a single feedyard. 
 
Effects of temperament classification and breed type on feed efficiency, feeding behavior 
and carcass value traits in heifers fed a high-grain diet J.C. Bailey, G.E. Carstens, J.W. 
Behrens, R.K. Miller, J.T. Walter, A.N. Hafla, L.O. Tedeschi and D.S. Hale, Department of 
Animal Science, Texas A&M University, College Station 
Objectives of this study were to evaluate the effects of temperament classification on 
performance, feed efficiency, and feeding behavior traits as well as carcass value traits in heifers 
fed a high-grain diet. Six trials were conducted over 3 consecutive yr with Angus (AN; n = 185), 
Braford (BO; n = 241), Brangus (BN; n = 266) and Simbrah (SI; n = 196) heifers from the 
Deseret Ranch; with trials conducted each yr during the fall (n = 415) and spring (n = 473). 
Initial ages were 337 and 501 ± 86 d for heifers in the fall and spring trials. Exit velocity (EV), 
defined as the rate at which heifers exit a squeeze chute, was used as an objective measure of 
temperament. Within trial, heifers were classified into calm, moderate and excitable 
temperament groups based on ± 0.5 SD from the mean EV. Growth, DMI and feeding behavior 
traits were measured for 70 d using a GrowSafe system. Thereafter, heifers were group fed until 
commercially harvested at a backfat thickness endpoint of about 1.2 cm. USDA Yield and 
Quality grade traits were collected, and Warner-Bratzler shear force (WBS) measured on top loin 
steaks after 1, 7 and 14-d of vacuum-packaged storage at 2°C.  Carcass value was based on 
premiums for QG (Prime = +0.11), and discounts for carcass weight (< 250 kg = -0.37;  > 454 kg 
= -0.44), QG (Select = -0.18; Standard = -0.44), YG (> 5 = -0.40; > 4 and < 5 = -0.24) and 
tenderness (WBS > 3.9 kg = -0.44). Initial BW (318 vs 308 ± 9 kg), final BW (425 vs 403 ± 11 
kg), ADG (1.45 vs 1.28 ± 0.06 kg/d) and DMI (10.29 vs 9.62 ± 0.46 kg/d) were higher (P < 



 

88 
 

0.001) for heifers with calm compared to excitable temperaments. Calm heifers had lower (P < 
0.01) F:G (7.36 vs 8.23 ± 0.21) than excitable heifers, but temperament class did not affect RFI.  
In BO and BN heifers, temperament class did not affect F:G, but in AN and SI heifers F:G was 
lower in the calm temperament group (EV x breed interaction; P = 0.02). Calm heifers spent 
more time (P < 0.0001) at the feed bunk (58.3 vs 50.6 ± 3.8 min/d) than excitable heifers. Meal 
frequency was not affected by temperament, however, meal duration (138 vs 132 ± 9 min/d), and 
the bunk visit per meal ratio (9.4, 9.3, 8.7 ± 1.1 events/meal) were higher (P < 0.02) for calm 
compared to excitable heifers. Calm-temperament heifers had heavier carcasses (295.7 vs 286.7 
± 2.59 kg), higher KPH (2.36 vs 2.18 ± 0.1%) and marbling scores (462.7 vs 435.3 ± 12.97), but 
similar backfat thickness and REA compared to excitable heifers. Calm heifers had higher (P < 
0.01) YG (2.98 vs 2.18 ± 0.11), lower (P < 0.01) WBS on days 1, 7, and 14 (3.41 vs 3.88; 2.51 
vs 2.90; and 2.38 vs 2.58 ± 0.11 kg, respectively), and higher (P < 0.001) carcass values (982 vs 
937 ± 10.4 $/carcass) then excitable heifers. In this study, heifers with calm temperaments grew 
13.5% faster, consumed 7.1% more feed, were 10.6% more efficient (F:G ratio), and produced 
carcasses with $45/hd greater grid-formula value than heifers with excitable temperaments.  
Results suggest that temperament classification upon feedyard arrival can be used to sort calves 
into outcome groups that differ in feed efficiency and carcass value, thereby improving 
performance predictability and beef-quality consistency. 
 
Chromium supplementation alters the performance, metabolism, and immune response of 
feedlot cattle during the receiving period  Bernhard, B. C.1, R. J. Rathmann1, N. C. Burdick2, 
D. N. Finck1, W. Rounds3, J. A. Carroll2, A. N. Loyd2, and B. J. Johnson1; Texas Tech University, 
Lubbock1, Livestock Issues Research Unit, USDA-ARS, Lubbock2, Kemin Industries, Inc., Des 
Moines, IA3 

Crossbreed steers (n = 180; 507 ± 13 lb) were fed during a 56-d receiving period to determine if 
supplementing chromium (Cr; KemTRACE®brandChromiumPropionate 0.04%, Kemin 
Industries) would improve feedlot performance and health of newly received cattle. A 
completely randomized block design (36 pens; 9 pens/treatment; 4 pens/block; 5 steers/pen) was 
used. Chromium premixes were supplemented to add 0 (Con), 100, 200, or 300 part per billion 
(ppb) of Cr to the total diet on a DM basis. Cattle were weighed every 14 d.  Shrunk body 
weights, ADG, DMI, G:F, and number of times treated for morbidity (treated if rectal 
temperature ≥ 103.5º F) were recorded. Feedlot performance and morbidity data were analyzed 
as orthogonal contrasts in the MIXED and GLIMMIX procedure of SAS, respectively. From d 0 
to d 56, BW (P=0.08) and DMI (P=0.12) displayed a tendency to increase linearly, and 
consequently ADG and G:F increased linearly (P≤0.05) as Cr concentrations increased. 
Morbidity results showed a tendency (P=0.07) for a linear decrease in the number of head treated 
at least once for respiratory symptoms as the Cr concentration was increased. Twenty additional 
steers (518 ± 9 lb) were fed 55 d to determine if supplementing Cr would alter the metabolism 
and immune response of newly received cattle. Cattle were supplemented with Con or 200 ppb 
Cr. Cattle were fitted with jugular catheters and rectal temperature (RT) recording devices on d 
52. A glucose tolerance test (GTT) and an insulin sensitivity test (IST) were conducted on d 53 
by infusing the steers with 45.4 mL of 50% Dextrose/100 lb of BW at 0900 h and 4.54 IU of  
bovine insulin/100 lb of BW at 1400 h, respectively. Blood samples were collected at -60, -45, -
30, -15, 0, 7.5, 15, 30, 45, 60, 90, 120, and 150 min relative to each infusion. On day 55, blood 
samples were collected at 30-min intervals from  -2 to 8, and at 24 h relative to a 
lipopolysaccharide (LPS) challenge (22.7 μg/100 lb of BW). All serum was isolated to determine 
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glucose, insulin, and non-esterified fatty acid (NEFA) concentrations. During the LPS challenge, 
steers were also assigned a sickness behavior score (SBS) from 1 (alert) to 5 (unresponsive) after 
each sample collection and concentrations of cortisol and cytokines were measured. Individual 
BW were recorded at cannulation, and 24 h and 7 d post-LPS. Data were analyzed using the 
Mixed procedure of SAS specific for repeated measures with fixed effects of treatment, time, and 
their interaction. Throughout the GTT, insulin concentrations post-infusion tended to be greater 
for the Cr steers (P=0.06); and NEFA concentrations were lower (P≤0.01) for Cr steers both pre- 
and post-infusion. During the IST, post-infusion glucose concentrations were greater (P<0.01) in 
the Cr steers; and NEFA concentrations were lower (P<0.01) both pre- and post-infusion for Cr 
steers. Steers did not differ in cannulation BW (P=0.37), but 24 h post-LPS, Cr steers had lost 
less weight (P=0.03). Overall BW (cannulation to 7 d post-LPS), Con steers tended to lose 
weight and Cr steers tended to gain weight (P=0.09). Post-LPS glucose levels peaked greater at 
0.5 h in the Cr steers (P<0.01). Post-LPS NEFA levels displayed that Cr steers produced greater 
peak NEFA levels at 0.5 h (P<0.04). Pre-LPS, Cr steers had greater RT (P<0.01), but post-LPS 
Con steers produced a greater change in RT (P<0.01). No differences detected in SBS pre-LPS 
(P>0.05), but Con steers had greater SBS post-LPS (P=0.03). Post-LPS TNF-α and IFN-γ 
concentrations increased, with Cr steers producing greater TNF-α and IFN-γ (P<0.01). 
Concentrations of IL-6 were greater in Cr steers pre- and post-LPS (P≤0.03). Results of this 
study indicate that supplementation of Cr to the basal diet can have beneficial effects on the 
performance and health of newly received steers during the first 56 d on feed. Our data also 
suggest that supplementation of Cr can alter insulin sensitivity, lipid metabolism, and immune 
response of newly received steers. 
 
Starting cattle on high levels of  SWEET BRAN® or RAMP™ in the Southern Plains 
feedlots R. G. Bondurant1,2, J. C. MacDonald1,2, and M. K. Luebbe1 ,1Texas AgriLife Research, 
Amarillo, 2West Texas A&M University, Canyon 
Two experiments were conducted to evaluate the effects of feeding high levels of Sweet Bran® 
(SB; Exp. 1), and the effects of feeding RAMPTM (RAMP) for varying number of days (Exp. 2) 
during the grain adaption period on steer performance and carcass characteristics. In both 
experiments, adaptation diets using SB or RAMP were compared to a traditional step-up 
procedure (CON) utilizing an initial concentration of 32.5% steam-flaked corn (SFC), 45% 
alfalfa hay (ALF), and 20% SB. All steers were fed a common SFC-based finishing diet 
containing 20% SB. In Exp. 1, 315 cross-bred steers (332 ± 4 kg) were used to compare CON 
with four strategies which utilized SB with ALF or cottonseed hulls (CSH). As steers were 
adapted to a common finishing diet, the level of SB or complete starter was decreased and the 
level of SFC, or finishing diet was increased. In Exp. 2, 303 cross-bred steers (319 ± 1 kg) were 
used to compare CON with five strategies utilizing RAMP. Steers were adapted to a common 
finishing diet using RAMP for 14, 18, 22, 26, or 30 d compared to CON at 22 d. As the steers 
were adapted, the dietary level of RAMP was decreased and the finishing diet was increased. In 
Exp. 1, feeding a high level of SB with either ALF or an optimal level of CSH resulted in steer 
performance equal to or greater than CON. Compared with CON, feeding SB with ALF 
improved ADG (1.47 vs. 1.55 kg/d; P = 0.04), tended to increase final BW (567 vs. 578 kg; P = 
0.06), and increased HCW (365 vs. 372 kg; P < 0.05). Feeding a high level of SB with ALF or 
an optimal level of CSH tended to improve marbling scores (P < 0.10) and resulted in 28 to 35% 
less roughage required to finish steers. In Exp. 2, compared with the CON, feeding RAMP 
tended to improve ADG (1.90 vs. 1.99 kg/d; P = 0.06), increased final BW (584 vs. 597 kg; P = 
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0.05), and increased HCW (372 vs. 380 kg; P < 0.05). As the adaptation period for steers 
consuming RAMP increased from 14 to 30 days, fat thickness tended to increase linearly (P = 
0.06) and YG increased linearly (P =0.01). Adapting steers to a finishing diet using a high level 
of SB or RAMP not only reduces the total amount of roughage by approximately 35% but 
increases animal weight gain during the entire finishing phase.  
 
Effect of supplementing dried distillers’ grains to cattle on low-quality South Texas forage 
M. C. Briggs1, K. C. McCuistion1, R. O. Dittmar III2, J. E. Zradicka1, D. Kinkel1, and T. A. 
Wickersham2,  1Texas A&M University, Kingsville, 2Texas A&M University, College Station 
Protein supplementation is often used in South Texas to improve cow performance on dormant 
forage.  However, little data is available evaluating the use of dried distillers’ grains (DDG) as a 
source of supplemental protein.  Therefore, we used 13 ruminally fistulated steers in a 13 × 4 
incomplete Latin square with 13 treatments and 4 periods.  Steers were provided ad libitum 
access to low-quality (3.6 % CP, 72.7% NDF) mixed grass hay.  Treatments were arranged in a 3 
× 4 factorial plus a positive control, alfalfa.  The first factor compared 3 supplemental protein 
sources: cotton seed meal (CSM; 42.2 % CP, 30.0% NDF), DDG (25.2% CP, 32.4% NDF) and 
DDG plus urea (DDGU; 35.6 % CP, 32.4% NDF).  The second factor consisted of 4 levels of the 
3 supplemental protein sources provided at 0, 52, 104, and 156 mg N/kg of initial BW.  
Experimental periods were 16 d long with 10 d for adaptation.  Forage OM intake (FMOI) 
increased linearly with DDGU (P ≤ 0.02; 44.9, 52.4, 52.2, and 56.1 g/kg BW0.75, for 0, 52, 104, 
and 156 mg N/kg BW, respectively) and CSM (P < 0.01; 46.9, 49.3, 53.3, and 57.1 g/kg BW0.75, 
for 0, 52, 104, and 156 mg N/kg BW, respectively).  However, increasing provision of DDG did 
not significantly affect FOMI (P ≥ 0.32).  In contrast, there was a linear (P < 0.01) increase in 
total OM intake (TOMI) when DDG was supplemented, with intakes increasing from 45.2 to 
51.7, 60.2, and 63.0 g/kg BW0.75, for 0, 52, 104, and 156 mg N/kg BW, respectively. Similar 
linear increases in TOMI were observed for CSM (P < 0.01) and DDGU (P < 0.01). Ruminal 
ammonia concentrations increased linearly with CSM (P < 0.01) and DDGU (P < 0.01) but were 
not affected by DDG (P ≥ 0.44) supplementation.  Both CSM and DDGU were effective at 
stimulating TOMI, with a portion of this response attributable to increased FOMI.  In contrast, 
DDG was effective at increasing TOMI, but this was largely driven by the intake of supplement.  
Supplementation with DDG alone may be most effective when forage quantity is limited and 
substitution is desirable.  
 
Performance and immune response to supplemental rumen-protected  
branched-chain amino acids in feedlot receiving steers B. H. Carter1, C. P. Mathis1, G. C. 
Duff2, J. B. Taylor3, K. M. Taylor1, B. C. Graham1, L. W. Hall2, J. D. Allen2, D. M. Hallford1, C. 
A. Löest1; New Mexico State University, Las Cruces1, University of Arizona, Tucson2, USDA-
ARS, Dubois, ID3  

Branched-chain amino acids (BCAA) have been shown to regulate protein synthesis, and our lab 
has previously shown that supplemental BCAA improved nitrogen balance of steers during a 
simulated pathogen challenge. The objective of this study was to determine the effect of 
supplemental BCAA on growth and health of newly-received feedlot steers. Steers (n = 120; 
initial BW = 376 ± 5 kg) were blocked by body weight and assigned to 12 pens and 2 treatments 
in a randomized complete block design. Treatments were no supplemental amino acids (CON) 
and rumen-protected BCAA, which was top-dressed to a receiving diet that was fed for 28 days 
after initial processing (day 0). On days 0 and 14, steers were vaccinated against ovalbumin. On 
days 0, 14, 28, and 56, blood samples and body weights were collected. Morbidity was recorded 
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throughout the experiment. No BCAA × day interactions (P ≥ 0.29) were detected for serum 
anti-ovalbumin IgG, insulin, white blood cell count, or plasma isoleucine, ieucine, or valine. 
Serum anti-ovalbumin IgG was greater (P = 0.02) for BCAA vs. CON steers. Serum insulin and 
plasma isoleucine, leucine, and valine concentrations were not different between treatments (P ≥ 
0.30). White blood cell count was not different (P = 0.56) between treatments, but differential 
proportion of neutrophils among total white blood cells was greater (P < 0.05) for BCAA than 
CON. From day 0 to 14, DMI, ADG, and G:F were not different between treatments (P ≥ 0.44). 
From day 15 to 28, DMI was less (P < 0.05), and ADG and G:F tended to be greater (P ≤ 0.11) 
for steers fed BCAA than CON. From day 29 to 56, DMI was not different (P = 0.50), and ADG 
and G:F were greater (P < 0.05) for BCAA than CON steers. From day 57 to finish, DMI, ADG, 
and G:F of steers were not different between treatments (P ≥ 0.60). Overall, DMI and ADG were 
not different (P ≥ 0.25), and G:F was greater (P = 0.05) for steers supplemented with BCAA 
compared to CON. Only one steer was treated for respiratory symptoms, and morbidity was not 
different (P = 0.99). Transportation and translocation stresses predispose newly-received feedlot 
calves to infection, which may increase the metabolic demand for BCAA. Our results 
demonstrate that BCAA supplementation may improve the adaptive immune response and 
efficiency of gain in feedlot receiving steers. However, lack of live infection precludes inference 
about improvements in effective immunity due to supplementation of BCAA. 
 
A Comparison of Two Diets and Two Methods of Adaptation on Feedlot Cattle 
Performance  D. L. Christensen, D. B. Burken, C. L. Maxwell, B. K. Wilson, C. J. Richards, D. 
L. Step, and C. R. Krehbiel, Oklahoma State University, Stillwater 
One hundred forty-four steers were used to evaluate the effects of two diets and two adaptation 
methods over a 28 d period of adaptation to the finishing diet.  Steers were blocked by weight 
and assigned to feedlot pens.  Pens were randomly assigned to one of four treatments: traditional 
diet (TRAD) using the step-up (STEP) method, TRAD diet using the two-ration blending (2RB) 
method, wet distillers grains with solubles diet (WDGS) using a step-down method STEP, and 
WDGS using 2RB method.  WDGS and dry rolled corn (DRC) were increased and roughage was 
decreased in TRAD using STEP by sequential changes of 60%, 70%, and 80% concentrate.  The 
finishing diet was increased while the 60% concentrate diet of TRAD was decreased in daily 
incremental changes with TRAD using 2RB.  The quantity of WDGS was decreased at levels of 
84%, 66% to 48% and DRC was increased from 0.0%, to 18% and finally to 36% in WDGS 
using STEP.  In WDGS using 2RB, WDGS was decreased in daily incremental changes while 
the inclusion of the finishing diet increased.  During the adaptation period of 28 d, steers were 
fed twice daily in proportions of each treatment according to STEP or 2RB adaptation methods.  
All steers received a 90% concentrate finishing ration from d 28 – 56.  Performance data was 
analyzed as a randomized complete block design with weight block included as a random effect.  
Treatments were assigned in a 2 x 2 factorial with pen as the experimental unit.  Cattle fed 
WDGS had lower (P < 0.01) ADG than cattle fed TRAD.  Lower (P < 0.01) DMI were found in 
cattle fed WDGS as compared to TRAD.  Cattle fed WDGS were more efficient (P = 0.02) in d 
0-28..  There was a tendency (P =0.12) for calves on TRAD to have heavier BW on d 28 and d 
56.  From d 0–28 and d 0-56, cattle fed WDGS had lower (P < 0.01) ADG and DMI.  Overall, 
there were no significant differences seen in using STEP or 2RB adaptation methods; however 
numerical interactions of increased ADG and DMI from d 28-56 explain the benefits of using a 
2RB adaptation method when feeding a traditional adaptation diet and using a STEP adaptation 
method when feeding a WDGS adaptation diet.  Low intake and gains for cattle fed WDGS as 
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compared to TRAD call for increased caution when using WDGS at high levels in adaptation 
diets. 
 
Effects of zinc and copper source and concentration on feedlot performance and carcass 
characteristics in yearling steers  M. G. Dib1*, J. J. Wagner1, K. Perryman2, J. W. Spears3, and 
T. E. Engle1.  Colorado State University1, Fort Collins; Heritage Technologies, LLC, Inc.2, 
Indianapolis, IN; North Carolina State University3, Raleigh 
Crossbred steers (n = 288; initial BW = 320 kg + 7.2) were used in a randomized complete block 
design to evaluate the effect of source and concentration of Zn and Cu on live performance and 
carcass characteristics. Steers were blocked by weight and randomly assigned to one of the 4 
treatments. Treatments included: 1.) 90 ppm of Zn from ZnSO4 and 15 ppm of Cu from CuSO4 
(Control); 2.) 67.5 ppm of Zn from ZnSO4 plus 22.5 ppm of organic Zn and 11.25 ppm of Cu 
from CuSO4 plus 3.75 ppm of Cu from organic Cu (Organic); 3.) 90 ppm of Zn from tetra-basic 
ZnCl and 15 ppm of Cu from tri-basic CuCl (Basic 100); and 4.) 54 ppm of Zn from tetra-basic 
ZnCl and 9 ppm of Cu from tri-basic CuCl (Basic 60). All steers were fed a typical high 
concentrate steam flaked corn based finishing diet twice daily. Steers were individually weighed 
on d -1, 0, 35, 70, 104, 173 and 174. On d 175, steers were transported to a commercial abattoir 
for slaughter. Initial and final BW, average daily gain, dry matter intake, and gain-to-feed were 
similar (P > 0.10) across treatments and averaged 318.9 kg, 586.5 kg, 1.54 kg/hd/d, 8.80 kg/hd/d, 
and 0.1753, respectively. Furthermore, hot carcass weight, subcutaneous adipose depth, 
Longissimus muscle area, calculated YG, marbling score and dressing percentage were similar (P 
> 0.10) across treatments. There was a trend (P < 0.12) for treatment to affect the likelihood that 
an individual carcass within each pen to grade USDA average Choice or higher (7.1, 9.7, 19.7, 
and 16.4% for the Control, Organic, Basic 100, and Basic 60 treatments, respectively). Results 
suggest that feeding 60% of Zn and Cu from tetra-basic ZnCl and tri-basic CuCl have the same 
impact on performance and carcass characteristics as compared to the sulfate and sulfate plus 
organic sources. Further research may be necessary to determine the response of different 
amounts tetra-basic ZnCl and tri-basic CuCl in the finishing diet on cattle performance and 
carcass merit.  
 
The effect of feed additive program and dietary sulfur concentration in steam-flaked corn 
diets containing wet distiller’s grains on feedlot performance and carcass merit in yearling 
feedlot steers E. M. Domby1, K. L. Neuhold1, J. J. Wagner1, T. E. Engle1, and M. Branine2, 
Colorado State University, Fort Collins 1 and Alpharma Animal Health, Bridgewater, NJ, 2    

Crossbred yearling steers (432, BW = 329 ± 10.5 kg) were utilized in an unbalanced randomized 
block design to examine the impact of feed additive program and dietary sulfur (S) concentration 
on performance and carcass merit. Treatment factors included ionophore and antibiotic 
[Rumensin/Tylan (R/T) or Cattlyst/Aureomycin (C/A)] and dietary S concentration (constant or 
variable) were arranged as a 2 x 2 factorial. High S diets were fed on random days to the variable 
(VAR) treatment. Low S diets were fed to the VAR treatment on remaining days and to the 
constant (CST) treatment all days. From d0-35, the high S diet was achieved by using a high S 
supplement; however S concentration in wet distillers grains (WDG) is associated with distillers 
solubles (DS) added to WDG and H2SO4 added to the DS, the VAR S diets were achieved from 
d36-d159 by using 2 DS sources at 0.99 versus 2.35% S. Cattle health was documented by 
diagnostics. No interactions between S and ionophore treatment existed for feedlot performance, 
therefore only main effects are presented. Steers receiving VAR had higher (P < 0.05) body 
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weight compared to CST supplemented steers. Overall dry matter intake was greater (P < 0.05) 
for VAR compared to CST steers. Average daily gain and feed efficiency were similar for CST 
and VAR. Steers receiving VAR diets had a mortality rate of 7.8X greater (P < 0.02) than steers 
fed CST diets. Feedlot performance and carcass merit were similar for feed additive treatments. 
Sulfur treatment did not affect most carcass variables. The S by feed additive interaction was 
significant (P < 0.05) for dressing percentage indicating that S treatment had no effect on 
dressing percentage if R/T was fed but when steers were fed C/A, dressing percentage was 
reduced by 0.72 % (P < 0.02) if VAR diets were fed. All other carcass characteristics were 
similar across S treatments. These data indicate that performance and carcass characteristics are 
not affected by ionophore/antibiotic treatment. Furthermore, varying S in diets increased 
mortality rate, however feedlot performance and carcass merit were not affected. 
 
Effect of location and sample processing on measures of nutritive value in distillers’ grains 
M.L. Drewery1, J.E. Sawyer1, W.E. Pinchak2, and T.A. Wickersham1, 1Texas A&M University, 
College Station, 2Texas AgriLife Research, Vernon 
Distillers’ grains (DG) are nearly ubiquitous as an ingredient in feedlot diets; however, they are 
not homogenous, and this variability creates challenges when formulating diets. Additionally, 
this variability makes it difficult to predict animal performance, maximize animal efficiency, and 
minimize input costs. The objective of this experiment was to quantify variation in nutritive 
value between and within ethanol plants. Additionally, we wanted to observe the effects of 
sample processing on estimates of protein and OM degradation. Samples of wet DG were 
obtained from 25 ethanol plants once daily over a period of 3 days. Samples were divided and a 
portion was frozen at -20°C while the remainder was dried at 55°C in a forced-air oven. Dried 
samples were ground with a Wiley mill to pass a 2-mm screen for in situ procedure. A portion of 
the samples were further ground to pass a 1-mm screen for chemical analysis, which included 
CP, ether extract, S, and P. Three ruminally cannulated steers fed a ration (15% CP) containing 
38.5% corn, 28% hay, and 28% dried DG were utilized to measure rate and extent of protein and 
OM degradation of both wet and dried DG samples (2-mm). Protein and OM were fractionated 
into A, B, and C.  Degradation rate of the B fraction was calculated as the slope of the natural log 
of N or OM. Rate of passage was set at 3%/h. Means and standard deviations for each nutrient 
were CP (27.4 ± 2.5%) and EE (10.4 ± 2.0%). Nutrient and mineral concentrations differed 
between ethanol plants (P < 0.01) and were more variable between locations than within 
location. Means and standard deviations for both S and P were 0.62 ± 0.13 and 0.79 ± 0.21%, 
respectively. For protein the A fraction was 24.0 and 43.3%, the B fraction was 70.0 and 52.1%, 
and the C fraction was 5.9 and 4.5% for the dry and wet samples, respectively. For OM the A 
fraction was 33.6 and 43.5%, the B fraction was 52.6 and 42.9%, and the C fraction was 14.35 
and 13.63% for the dry and wet samples, respectively. Fraction means were significantly 
different (P < 0.01) between dry and wet samples for A and B for both CP and OM.  Fraction C 
was different (P = 0.01) for CP, but not significantly different (P = 0.16) for OM. Rate of protein 
degradation was significantly different (P < 0.01) for the B fraction and was 1.86 and 1.31%/h 
for dry and wet, respectively. Rate of OM degradation was not different (P = 0.71).  Estimated 
protein degradability significantly different (P < 0.01) between dry (51.0%) and wet (59.4%) 
samples. Extent of OM degradability was different (P < 0.01) between dry (65.4%) and wet 
samples (69.2%). These results suggest DG nutrient and mineral concentrations vary between 
and within locations and diets should be formulated with regard to the range in nutritive values. 
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Additionally, these results suggest drying DG samples may result in underestimates of 
degradability of wet DG. 
 
Effects of dietary concentration of wet distillers grains on health and performance of newly 
received beef cattle, in vitro methane production and volatile fatty acid concentrations, and 
in vitro dry matter disappearance.  D. R. Smith, C. H. Ponce, N. DiLorenzo, M. J. Quinn, M. 
L. May, and M. L. Galyean,  Department of Animal and Food Sciences, Texas Tech University, 
Lubbock   
Two studies were designed to evaluate effects of wet distillers grains with solubles (WDGS) on 
health and performance of newly received beef cattle, in vitro methane production, volatile fatty 
acid concentrations, and in vitro DM disappearance.  In Exp. 1, 219 beef steers (BW = 209 kg, 
SE = 2.17 kg) were used in a randomized complete block design receiving study.  The 4 dietary 
treatments (DM basis) were a 65% concentrate, steam-flaked corn (SFC)-based receiving diet 
that contained 0% WDGS (CON) or 65% concentrate receiving diets that contained 12.5%, 25, 
or 37.5% WDGS.  There were no differences among the 4 treatments for BW (P ≥ 0.61), ADG 
(P ≥ 0.75), DMI (P ≥ 0.75), and G:F (P ≥ 0.35), and morbidity from bovine respiratory disease 
was negligible.  In Exp. 2, in vitro experiments were conducted to determine the effects of 
WDGS on IVDMD, total gas and methane production, and molar proportions and total 
concentrations of VFA.  Substrates used for the incubations contained the same major 
components as the diets used in Exp. 1.  Two ruminally cannulated Jersey steers (BW = 405 kg) 
were adapted to a 60% concentrate diet, and ruminal fluid was collected 4 h after feeding.  Total 
gas production was less (P = 0.03) for the average of the 3 WDGS substrates than for the CON 
substrate, and there was a linear decrease (P = 0.01) in total gas production as WDGS 
concentration increased in the substrates.  Similarly, there were linear (P < 0.01) and quadratic 
(P = 0.01) decreases in methane production as WDGS concentration increased, as well as a 
decrease in methane for the average of the 3 WDGS concentrations relative to CON (P = 0.05).  
The IVDMD was greater for the average of the 3 WDGS concentrations vs. CON (P ≤ 0.05) at 6 
and 12 h, and IVDMD increased (P ≤ 0.05) with increasing WDGS concentration at 6 (linear and 
quadratic) and 12 h of incubation.  At 36 h, there was a tendency (P = 0.06) for the CON 
substrate to have lower IVDMD than the average of the 3 WDGS treatments, as well as a 
quadratic tendency (P = 0.08) for increased IVDMD as the concentration of WDGS increased.  
At 48 h, there was also a quadratic effect (P = 0.05) for an increase in IVDMD with increasing 
concentrations of WDGS in the substrates.  Molar proportion of butyrate increased linearly (P < 
0.01) as the concentration of WDGS increased in the substrate, and the average of the 3 
substrates containing WDGS had a greater proportion of butyrate (P = 0.03) than CON substrate.  
There was a tendency for a linear decrease (P < 0.06) in total VFA concentration as WDGS 
increased in the substrates.  Performance data from Exp. 1 indicate that including WDGS in the 
SFC-based receiving diets can be an effective means of providing protein and energy, as well as 
beneficial in decreasing in vitro total gas and methane production. 
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Characterization of the lipolytic response varying energy substrates elucidate on ruminal 
lipase-producing bacteria in vitro  Holly D. Edwards*1, Robin Anderson2, Rhonda Miller1, 
Nathan Krueger2, T. Matthew Taylor1, Stephen Smith1, Margaret Hardin3, David Nisbet2, 
 1Texas A&M University, College Station, 2United States Department of Agriculture/Agricultural 
Research Service, Southern Plains Agricultural Research Center, College Station, TX,  and  3IEH 
Laboratories & Consulting Group, Lake Forest Park, WA 
Anaerovibrio lipolyticus and Butyrivibrio fibrisolvens have long been recognized as important 
contributors to ruminal lipolysis. Conversely, Propionibacterium species avidum and acnes are 
also known to express lipase activity but little is known regarding the contribution of these 
prominent anaerobes to rumen lipolysis. In order to further characterize and understand the lipase 
activity of these four bacteria, each was grown with four different energy substrates: olive oil, 
corn oil, flax seed oil, and glycerol. Each treatment was cultured in three sets of tubes each 
conducted in triplicate with tubes containing glass beads (which served as a solid support 
matrix), 6 ml of anaerobic medium containing vitamins, minerals, yeast extract, trypticase, and 
0.2 ml of the respective triacylglyceride-derived energy substrates. Tubes were incubated 
horizontally and agitated at 39ºC; growth and enzyme activity was stopped when tubes were first 
inoculated and when cells reached early log and stationary phase. Free fatty acid accumulation 
was measured colorimetrically. Results were analyzed using a general analysis of variance with 
Tukey’s separation of means. Olive oil and flax seed oil promoted the highest (p < 0.05) rates of 
free fatty acid accumulation for all bacteria, averaging 213.84 ± 37.94 and 245.76 ± 34.82 
nmol/ml per h, respectively, when compared to corn oil (76.72 ± 36.931 nmol/ml per h). 
Compared to the other bacteria, P. avidum demonstrated the most rapid rates (p < 0.05) of 
lipolysis, which were 649.99 ± 77.86 and 700.02 ± 69.64 nmol/ml per h for cultures grown with 
olive oil and flaxseed oil, respectively. These results demonstrate that corn oil exhibits 
considerable resistance to ruminal lipolysis and supports earlier findings that feeding corn 
promotes incorporation of unsaturated fatty acids in bovine adipose tissue. We hypothesize that 
increased passage of protected fats may differentially alter substrate availability for Δ-9-
desaturase in ruminal tissue, thereby selectively enhancing desaturation of stearic acid to oleic 
acid. Therefore the resistance corn oil displayed to ruminal lipolysis in this study lends support 
and justification that corn fed beef can be a healthy part of our diet.  
 
Effects of dried distillers grains with solubles on rumen pH, S metabolism, and organic 
acid concentrations T.L. Felix and S.C. Loerch, The Ohio State University, Wooster 
High dietary inclusion of distillers grains reduces feedlot performance, reduces quality grade, 
and increases the risk of polioencephalomalacia (PEM) in feedlot cattle. The effects of increasing 
dietary distillers grains on measures of rumen metabolism are not known. The objectives of this 
study were to examine the effects of 0, 20, 40, or 60% dietary inclusion of dried distillers grains 
with solubles (DDGS) on rumen pH, hydrogen sulfide gas (H2S), sulfide (S2-), and organic acid 
concentrations. Seven ruminally fistulated heifers (average initial BW = 1184 ± 55 lbs) were 
used in a 4x4 replicated Latin Square design with one missing cell. Dietary treatments were 0, 
20, 40, or 60% DDGS on a DM basis. The remainder of the diet was 15% corn silage, 20% 
supplement, and corn (to replace DDGS) on a DM basis. Dry matter intake decreased (linear; P = 
0.004) with increasing dietary inclusion of DDGS (means: 25.0, 25.1, 22.1, 19.4 lbs/d for 0, 20, 
40, and 60% DDGS diets, respectively). Rumen pH was less than 5.5 for all treatments from 1.5 
to 12 h after feeding, and rumen pH decreased (linear; P = 0.08) with increasing DDGS. A 
titratable acidity test of the DDGS used in this experiment was conducted with McDougall’s 
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artificial saliva. This analysis revealed that 8.3 gallons of saliva would need to be produced by 
the cattle just to buffer the acidity present in 13 lbs of DDGS (the consumption of DDGS in the 
60% DDGS diet). Rumen fluid S2- and rumen H2S gas concentrations were increased (linear; P < 
0.001) by increasing DDGS inclusion at all time points. At 3 h after feeding, concentrations of 
acetate, propionate, total VFAs and total lactate increased (P < 0.05) with increasing dietary 
inclusion of DDGS. Acetate to propionate ratio (A:P) ranged from 0.97 to 1.25 and was not 
affected (P > 0.20) by diet. Contrary to expectation, increasing dietary DDGS increased the risk 
of rumen acidosis. Total lactate remained below 6 mM regardless of DDGS inclusion or time 
after feeding, indicating acidosis was not lactate induced. The sulfuric acid present in DDGS is 
largely responsible for the ruminal acid load in cattle fed greater than 20% DDGS. Despite the 
observation that cattle consuming 40 and 60% DDGS were above the H2S PEM threshold 
reported by Gould in 1997, these cattle did not exhibit PEM symptoms. Cattle did, however, 
exhibit decreased DM intake. Despite the lack of starch in DDGS, propionate concentrations 
increased with increasing DDGS at 3 h after feeding. Low rumen pH contributes to increased 
production of H2S, alters rumen VFAs, and creates a hostile environment for fiber fermentation. 
Thus, the low rumen pH resulting from the sulfuric acid present in DDGS may be a primary 
cause for reduced intake, growth rate, and increased incidence of PEM when high dietary levels 
of DDGS are fed.   
 
Influence of Endovac bovi vaccine on feedlot steer performance  R. M. Harvey* and M.S. 
Kerley, Department of Animal Sciences, University of Missouri 
Gut health is realized to influence animal performance. Reducing overgrowth of gram-negative 
bacteria and subsequent endotoxin production in ruminant digestive tracts could hypothetically 
improve feed efficiency of feedlot cattle. An animal’s immune system can be activated to induce 
a response against gram-negative bacteria and endtoxin using existing vaccine technology. 
Objective of this study was to determine if vaccination would increase performance of feedlot 
steers. Sixty Angus-crossbred steers were placed on an 84-d trial to determine influence of 
ENDOVAC-Bovi® with Immune Plus® (IMMVAC vaccine, IMMVAC Incorporated, 
Columbia, MO.) on steer performance. Thirty steers were assigned to treatment group 1 which 
did not receive IMMVAC vaccine. The remaining 30 steers were assigned to treatment group 2 
and were administered the IMMVAC vaccine. Steers in treatment group 2 were dosed with 2mL 
intramuscularly (IM) 3 weeks prior to the start of experiment and received a 2mL IM booster on 
1-d of trial. Control animals were administered similar dosages of carrier placebo. GrowSafe® 
bunks were used to measure individual steer feed intake. Residual feed intake (RFI) (P= 0.03) 
was different among the steers that were vaccinated and those that were not (-0.21 and 0.20, 
respectively).Steers that were vaccinated had improved (P= 0.03) feed efficiency by 9.4% 
compared to non-vaccinated steers. Average daily gains for vaccinated steers was 2.12 and non-
vaccinated steers was 2.04 kg (P= 0.41). Dry matter intake tended to be different for vaccinated 
vs. non-vaccinated steers (P= 0.14) at 12.18 kg and 12.64 kg, respectively. Carcass traits 
including hot carcass weight, fat depth, rib eye area, yield grade, and quality grade were not 
different (P> 0.1).We concluded that immune modulation against gram-negative bacteria and 
endotoxin resulted in performance improvements by feedlot steers. 
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Impact of sorting prior to feeding Zilpaterol hydrochloride on feedlot performance and 
carcass characteristics of yearling steers  E.M. Hussey*1, G.E. Erickson1, W.A. Griffin1, B.L. 
Nuttleman1, T.J. Klopfenstein1, K.J. Vander Pol2, University of Nebraska-Lincoln, Lincoln, 
USA1, Intervet/Schering-Plough Animal Health , De Soto, KS, USA2 

One thousand crossbred yearling steers (755 ± 23 lb initial BW) were assigned randomly to one 
of 40 pens within 3 arrival blocks (25 steers/pen) to evaluate the effects of sorting and feeding 
Zilpaterol to steers on feedlot performance and carcass characteristics.  Five treatments consisted 
of an unsorted negative control (-CON), unsorted Zilpaterol fed positive control (+CON); and 
three treatments where the heaviest 20% of steers within the pen were sorted out and marketed 
28 d early and the remaining 80% were fed Zilpaterol.  The heaviest 20% of steers were 
identified at the beginning (EARLY), 100 d from slaughter (MIDDLE), or 50 d from slaughter 
(LATE) by weighing individuals within the pen.  Because the heaviest steers were sorted early, 
remaining steers in the sorted treatments were fed 14 d longer than the -CON and +CON as a 
treatment.  All steers fed Zilpaterol were fed Zilmax at 7.56 g/ton DM for 20 d followed by a 3 d 
withdrawal.  Steers were fed diets containing 40% wet corn gluten feed, 25% high moisture corn, 
25% dry rolled corn, 5% ground corn stalks, and 5% supplement on a DM basis.  Data were 
analyzed using Proc Mixed using a protected F-test and 3 preplanned contrasts.  Steers fed the 
+CON had 16 lb heavier (P<0.01) final BW than steers fed the -CON control.  Steers sorted 
EARLY, MIDDLE, and LATE were 76, 59, and 70 lb heavier (P<0.01) than -CON.  Intake was 
not different (P=0.32).  Gain and G:F were greater (P≤0.03) for the +CON than the -CON, but 
was not different (P≥0.29) between the +CON and the zilpaterol sorted treatments.  Carcasses 
from steers sorted EARLY, MIDDLE, and LATE were 61, 56, and 53 lb heavier (P<0.01) than -
CON.  Carcass weight SD was greater (P=0.01) for +CON than -CON, but was not different 
(P=0.16) between -CON and zilpaterol sorted treatments.  The percentage of carcasses over 1000 
lb was greater (P=0.05) in sorted treatments (average of 17.25%) than –CON (6.32%).  Fat depth 
and marbling were lower (P<0.02) in +CON than -CON, but not different between -CON and 
sorted treatments suggesting the extra 14 d allowed for fatness to not be negatively impacted by 
feeding zilpaterol.  Loin muscle area was greater (P<0.01) in +CON than -CON, but was not 
different (P=0.57) between +CON and sorted treatments.  Marbling score was lower (P<0.01) for 
+CON than -CON, but was not different (P<0.01) between -CON and sorted treatments.  Total 
cost of production was greater (P<0.01) for the Zilpaterol sorted treatments compared to the -
CON and compared to the +CON, but was not different (P=0.47) between the –CON and +CON.  
Break even costs, cost of gain, and live profits were not different (P≥0.27).  Grid and carcass 
profits were greater (P<0.01) for the +CON compared to the –CON and for the Zilpaterol sorted 
treatments compared to the –CON, but were not different (P≥0.42) between the –CON and the 
Zilpaterol sorted treatments.  Zilpaterol increased carcass weight, carcass weight variation, grid 
and carcass based profits.  Zilpaterol in combination with a weight sort to identify heavy 
carcasses increased carcass weight without increasing variation in carcass weight, and allowed 
for cattle to reach an optimum fat endpoint.  Zilpaterol in combination with a weight sort also 
increased grid and carcass profits compared to a negative control, despite additional production 
costs due to feeding zilpaterol and a greater number of days on feed.   
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Substitution of distillers grains and glycerin for steam-flaked corn in finishing cattle diets 
on performance and carcass characteristics  J Jaderborg*, D M Paulus, G I Crawford, A 
DiCostanzo,  University of Minnesota, St. Paul  
This study was designed to determine the effect of substituting modified distillers grains (DGS) 
or soy glycerin for steam-flaked corn (SFC) in finishing diets on performance and carcass 
characteristics of yearling cattle. Forty-eight crossbred yearling cattle (21 steers and 27 heifers) 
averaging 380 kg initial BW were blocked by sex and allotted to one of 48 individual feed bunks. 
Nine animals were removed from the study; one for health reasons, and the others were 
confirmed outliers resulting from feed stealing. Cattle were fed one of four dietary treatments 
once daily at 0800. Treatments resulted from the 2 x 2 factorial arrangement of DGS at 0% or 
35% of diet DM and glycerin at 0% or 10% of diet DM in SFC (0.47 kg/L) and grass hay (10% 
of diet DM) diets: 1) DGS and no glycerin, 2) no DGS and no glycerin, 3) DGS and glycerin, 4) 
no DGS and glycerin. Diets contained 16.5% CP, 1.48 Mcal NEg/kg DM, 0.75% Ca, 0.47% P, 
and from 0.17% to 0.25% S. Dry matter intake was greater (P < 0.003) for cattle fed diets 
containing DGS than for those fed diets without DGS (9.97 vs. 8.43 kg/d). Carcass-adjusted 
ADG (1.41 ± 0.24 kg) was not affected (P > 0.10) by feeding either co-product. A tendency (P = 
0.06) for greater carcass-adjusted G:F (0.171 vs. 0.145) was observed for cattle consuming diets 
without DGS . Carcass-adjusted G:F was similar (P > 0.10) for cattle fed glycerin and those fed 
no glycerin (0.159 vs. 0.157). Hot carcass weight (370 ± 28 kg), LM area (82.6 ± 6.45 cm2), 
12th rib fat depth (1.40 ± 0.37cm), yield grade (2.74 ± 0.64) and marbling score (530 ± 60) were 
not (P > 0.10) affected by dietary treatment. However, KPH was greater (P < 0.01) for cattle fed 
DGS diets than for those fed diets without DGS (2.71% vs. 2.42%). Iterated ME values of diets 
containing DGS were 13% lower (P < 0.05) than those without DGS. At the inclusion levels in 
this study, soy glycerin had a similar energy value and DGS a lesser energy value than SFC.  
 
Effects of including low fat, high protein dried distillers grains in finishing diets on feedlot 
performance and carcass characteristics of beef steers. J.M. Kelzer1, J.M. Popowski1, S. 
Bird2, R.B. Cox1, G.I. Crawford3, and A. DiCostanzo1, 1University of Minnesota, St. Paul, 2North 
Central Research and Outreach Center, University of Minnesota, Grand Rapids, 3University of 
Minnesota Extension, Hutchinson 
Compared to conventional dried distillers grains plus solubles (DDGS; 28% CP, 10.9% fat), the 
lower concentration of polyunsaturated fatty acids present in low fat, high protein dried distillers 
grains (HPDG; 39% CP, 5.1% fat) may reduce energy content of cattle diets and alter feedlot 
performance and carcass characteristics.  The objective of the experiment was to evaluate effects 
of partially replacing dry rolled corn (DRC) in traditional corn-based finishing diets with DDGS 
or HPDG on feedlot cattle performance and carcass characteristics.  Angus steers (n = 48) 
averaging 699 ± 18 lb initial BW were assigned randomly to one of three finishing diets (DM-
basis): 1) 82.5% DRC, 12.1% CP, 55% starch, 3.55% fat, 0.15% S, and 58.5 Mcal/cwt NEg, 
(CON); 2) 35% DDGS, 51% DRC, 17.1% CP, 34% starch, 5.96% fat, 0.42% S, and 58.3 
Mcal/cwt NEg, (DDGS); and 3) 35% HPDG, 51% DRC, 22.0% CP, 36% starch, 3.53% fat, 
0.37% S, and 57.2 Mcal/cwt NEg, (HPDG).  All diets contained 12% haylage and were 
formulated to supply 300 mg monensin sodium/steer daily.  Steers were fed for ad libitum intake 
once daily at 0700 using individual Calan gates.  Following 118 days on feed, steers were 
harvested at a commercial abattoir where carcass characteristics were collected following a 48-h 
chill.  Hot carcass weight was divided by the mean dressing percentage of the group (60.9%) to 
calculate adjusted final BW.  Final BW was similar (P = 0.54) among treatments and averaged 
1,219, 1,217, and 1,190 lb for CON, DDGS, and HPDG, respectively.  Overall DMI tended to be 
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greater (P = 0.08) for steers fed CON compared to HPDG (22.7 vs. 21.5 lb/d), but CON was 
similar (P = 0.58) to DDGS (22.4 lb/d).  However, DMI from d 28 through finishing was greater 
(P < 0.01) for CON than HPDG (23.9 vs. 21.9 lb/d), but CON was similar (P = 0.16) to DDGS 
(23.0 lb/d).  Overall ADG was similar (P = 0.49) among treatments and averaged 4.37, 4.38, and 
4.22 lb for CON, DDGS, and HPDG.  Overall F:G was not different (P = 0.59) among 
treatments and averaged 5.27, 5.13, and 5.11 for CON, DDGS, and HPDG.  Hot carcass weight 
was similar (P = 0.54) and was 743, 741, and 725 lb for CON, DDGS, and HPDG.  Longissimus 
muscle area, 12th rib fat depth, percent KPH, yield grade, and marbling score were similar (P ≥ 
0.18) among treatments.  Percent carcasses grading USDA Prime and Choice were similar (P = 
0.86) and were 81.3, 87.5, and 81.3% for CON, DDGS, and HPDG.  Percent carcasses grading 
upper 2/3 USDA Choice or higher were similar (P = 0.40) and averaged 41.6, 58.5, and 65.6% 
for CON, DDGS, and HPDG.  Although overall DMI tended to be reduced, HPDG may replace 
conventional DDGS or up to 35% DRC in feedlot diets as there were no deleterious effects on 
other feedlot performance variables or carcass characteristics. 
 
Analysis of the Stability of Rumen pH Measurements Obtained Post-Mortem  T.L. Lee, 
B.W. Wileman, and D.U. Thomson. Kansas State University, Manhattan 

Three hundred fifty-pound Holstein steers (n = 17) being used in a terminal vaccine efficacy 
study were utilized to assess the stability of rumen pH post-mortem.  Cattle were randomly 
assigned to a whole corn ration treatment group: 1) limit fed (7.5 pounds) or 2) ad libitum (9.5 
pounds) access.  Calves were humanely euthanized.  Rumen fluid was collected and pH 
measurements were taken at 0, 1, 2, 3, 6, 12, and 24 hours post-mortem.   A subset of 5 rumen 
samples per treatment at each sampling time was collected for later analysis of volatile fatty acid 
(VFA) content.  There were no significant time by feeding regimen interactions.  The average 
post-mortem rumen pH of calves fed ad libitum (5.7) was significantly lower than cattle limit fed 
(6.2; P = 0.03).   The pH of post-mortem rumen samples rose for the first 6 hours post-mortem, 
and then gradually fell over the next 18 hours back to initial pH readings (P < 0.01).  Rumen 
fluid total VFA concentrations tended to increase over time (P = 0.06).  Rumen fluid acetate 
concentration significantly increased (P < 0.05) and propionate concentrations tended to increase 
over time post-mortem (P < 0.08).  These data indicate that post-mortem ruminal pH could be a 
helpful diagnostic tool when used in conjunction with a full necropsy.   
 
The influence of diet ammonia-nitrogen supply on feed efficiency of feedlot cattle 
Y. Liang, J. H. Porter, W. J. Sexten and M. S. Kerley, Dept. of Animal Science, Univ. of Missouri, 
Columbia 
Rumen microbes can utilize non-protein nitrogen (RDN) to synthesis microbial protein. 
Microbial efficiency is maximized when RDN and peptide (RDP) supplies meets fermentation 
requirements. Our hypothesis was that balancing RDN supply to requirement would optimize 
animal growth performance when RDP was adequate. The objective of this study was to 
determine the ammonia-nitrogen status for optimal feed efficiency and to provide evidence that 
ammonia-nitrogen requirement could be predicted. Diets consisting of corn, Soyplus, bloodmeal 
and urea were formulated to provide adequate RDP and inadequate to adequate ammonia-
nitrogen. Four diets were fed to 60 crossbred Angus heifers. Diets varied in RDN levels by 
varying urea inclusion(0, 0.1%, 0.2% and 0.3% urea). The RDN balanced (RDN required- RDN 
supplies) expressed as CP percentage of diet was -0.98% (A), -0.77% (B), -0.59% (C) and -
0.38% (D).As RDN increased no significant differences were measured for DMI and ADG. 
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However, there was a quadratic response for gain to feed ratio. The greater efficiency occurred 
for diet B and diet C. Efficiency was maximized when estimated RDN availability was less than 
estimated requirement. Recycled nitrogen from rumen epithelium can compensate for RDN 
deficiency. Level of RDN deficiency for diets B and C were within potential for recycled 
nitrogen to meet RDN requirement. We concluded a quadratic response occurred because once 
microbial RDN requirement was meet an energetic cost of urea synthesis occurred in the animal.  
 

 Treatment, RDN balance1 
SEM 

       P2  
Item Diet A Diet 

B 
Diet C Diet D Lin Quad  Cub 

IBW, kg 357 354 354 350 11.6 0.71 0.94 0.88 
FBW, kg 489 497 494 490 15.6 1.00 0.68 0.90 
DMI, 
kg/d 

8.61 8.39 8.29 8.71 0.21 0.83 0.17 0.69 

ADG, 
kg/d  

1.16 1.25 1.23 1.22 0.04 0.40 0.29 0.49 

G:F 0.134  0.149  0.148  0.140 0.003   0.25 <0.01 0.47 
1RDN balance: grams of available ruminally degradable nitrogen minus grams of ruminally 
degradable nitrogen needed for diet fermentation.  
2Lin: Linear response of RDN; Quad: quadratic response of RDN; Cub: cubic response of RDN.   
 
Effects of castration method and antibiotic administration protocol on health and 
performance of high-risk calves   C. L. Maxwell1, B. K. Wilson1, B. T. Johnson1, D. L. 
Christensen1, J. J. Wagner1, J. L. Wahrmund1, C. J. Richards1, D. L. Step2, and C. R. Krehbiel1, 
1Department of Animal Science Oklahoma State University, Sillwater, 2Department of Veterinary 
Clinical Sciences, Oklahoma State University, Stillwater  
Bovine respiratory disease (BRD) continues to be an impediment in the growth and efficiency of 
young animals.  Different castration methods and antibiotic administration protocols could 
reduce the impact of BRD caused by castration stress in young calves.  Crossbred steers and 
bulls (n = 442; 63% bulls) were purchased at livestock markets in Oklahoma and Arkansas, and 
transported an average of 100 mi to the Willard Sparks Beef Research Center in Stillwater, OK.  
Calves were weighed, sex determined and after a 24 to 72 h rest period processed according to 
treatment protocol (20-26 hd/pen; 3-4 pens/trt).  Experimental design was comprised of a 3 × 2 
factorial (elastration [Band] vs. surgical emasculation [Knife] vs. Steer [Steer] × metaphylaxis 
[MM] vs. normal pull and treat protocol [NP]). During initial processing bulls were either 
castrated with a Newberry knife/surgical emasculation, or banded with callicrate bander loops.  
Calves randomized to receive metaphylactic treatment were administered tulathromycin (1.1 
mL/cwt).  Calves were fed a common 65% concentrate ration for 42 d.  Calves were visually 
appraised for signs of BRD twice daily during the first 14 d, and once/d thereafter.  Cattle 
deeming evaluation were pulled, rectal temperature was obtained, and antibiotic treatment was 
given according to protocol if temperature was  ≥ 104.0 °F.  There was no effect (P > 0.12) of 
castration method on feedlot performance.  Steers consumed 10% more feed (P < 0.01), gained 
weight 36% faster (P < 0.01) resulting in 29% improved feed efficiency (P < 0.01) compared to 
bulls castrated upon arrival.  Calves castrated by surgical emasculation experienced 34% greater 
morbidity than banded calves (P = 0.05), however, calves that were steers upon arrival 
experienced less morbidity than bulls (P < 0.01).  Calves administered tulathromycin at arrival 
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experienced 86% less total morbidity than NP calves (P < 0.01), and consumed 7% more feed 
during d 0-28 (P = 0.02).  Castration method and antibiotic administration protocol had no effect 
(P > 0.24) on cost of gain or calculated breakeven.  However, cost of gains and breakevens were 
lower (P < 0.02) in steers than in bulls.  Our results would indicate that further research is needed 
to determine the effects of castration method on health and feedlot performance; however our 
data would indicate that for improved performance and health, administering metaphylaxis to 
bulls upon arrival should be a consideration  Furthermore, for bulls to compensate for increased 
cost of gains due to increased morbidity and decreased feedlot performance a discount of 6.3% 
should be applied when purchasing bulls vs. steers of a similar weight and type. 
 
Whole corn substitution in steam-flaked corn-based diets with different concentrations of 
wet distillers grains plus soluble  M. R. McDaniel1, D. A. Walker1, K. M. Taylor1, N. A. Elam2, 
N. A. Cole3, C. A. Loest1; New Mexico State University, Las Cruces1, Nutrition Services 
Associates, Hereford, TX2, USDA-ARS Conservation and Production Research Laboratory 
Renewable Energy and Manure Management Research Unit, Bushland, TX3 
Substituting steam-flaked corn (SFC) with whole shelled corn (WSC) in finishing diets 
containing wet distiller′s grains with solubles (WDGS) could reduce grain processing costs 
without affecting feedlot cattle performance, feed conversion, and carcass characteristics. This 
study used 642 Angus-cross heifers (412 ± 18 kg initial BW) assigned to 36 pens in a 
randomized complete block design (3 blocks based on initial BW). Treatments (2 × 3 factorial) 
were 6 finishing diets based on SFC with 0 or 20% WSC replacing SFC, and 0, 15, or 30% 
WDGS replacing SFC (DM basis). Diets were formulated to contain equal concentrations of 
RDP and fat, and were fed to heifers for 108 d. No WSC × WDGS interactions (P ≥ 0.08) 
occurred for DMI, ADG, G:F, and carcass characteristics. Heifers fed diets containing 20 vs 0% 
WSC had greater (P < 0.01) DMI, but final BW, ADG, and G:F were not affected (P ≥ 0.11). 
The percentage of carcasses grading USDA Choice or better tended to be lower (P = 0.07), and 
the percentage grading USDA Select were higher (P = 0.03) for cattle fed diets with 20 vs 0% 
WSC. Other carcass characteristics were not affected (P ≥ 0.20) by WSC. Increasing WDGS in 
SFC diets decreased final BW (linear, P < 0.01), tended to decrease ADG (linear, P = 0.10), 
tended to increase DMI (linear, P = 0.08), and decreased G:F (linear, P = 0.01). Addition of 
WDGS to SFC diets tended to decrease HCW (linear, P = 0.09), but other carcass characteristics 
were not affected (P ≥ 0.18). In summary, substituting SFC with 20% WSC in finishing diets did 
not affect animal performance and feed conversion, but decreased carcass quality. In contrast, 
substituting SFC in finishing diets with increasing amounts of WDGS decreased animal 
performance and feed conversion, but did not affect carcass characteristics. Limited responses to 
the substitution of 20% WSC could in part explain the lack of WSC × WDGS interactions. Thus, 
it is not clear if grain processing could be reduced in finishing diets containing WDGS without 
affecting feedlot cattle performance and feed conversion. 
 
Use of residual feed intake (RFI) to improve feed efficiency in beef cattle  N.O. Minton*, R. 
L. Kallenbach, R.L. Weaber, and M.S. Kerley, Division of Animal Sciences, University of 
Missouri, Columbia 
The objectives of this experiment were to 1) evaluate the effect on F1 progeny feed efficiency 
from divergent matings of sires and dams of known residual feed intake (RFI) phenotype and 2) 
determine the agreement in RFI measured on dams as virgin heifers (RFIhfr) to RFI measured as 
mature cows (RFIcow).  We hypothesized parent RFI would influence F1 progeny RFI.  We 
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further hypothesized period of measurement of RFI would be correlated between heifers and 
cows.  Treatments (TRT) consisted of sire and dam matings RFI- by RFI- (TRT 1), RFI- by 
RFI+ (TRT 2) and RFI+ by RFI+ (TRT 3), respectively.  F1 heifer (nh) and steer (ns) progeny 
were assigned to TRT 1 (nh = 16 and ns = 11), TRT 2 (nh = 10 and ns = 6) and TRT 3 (nh = 6 and 
ns = 4).  Heifer and steer progeny were placed on feed post weaning where feed intake (FI) and 
BW were measured over 70 d and 120 d, respectively.  Comparison of RFIhfr to RFIcow consisted 
of two FI trials where RFI was measured as virgin heifers (n = 38) and again as mature three and 
half-year old cows.  Virgin heifers and cows were grouped by RFI phenotype (RFI-/RFI+) as 
well as by RFI category determined by 0.50 SD greater than (INEFF) and 0.50 SD less than 
(EFF) average (AVG) RFI.  Feed intake and BW were measured over a 70 d FI trial for both 
virgin heifers and lactating cows.  Feed intake and BW data were used to calculate AVG FI, 
ADG, FCR and RFI.  Unexpectedly F1 heifer progeny produced from TRT 2 had lower RFI (-
0.43 + 0.41 vs. -0.31 + 0.25) and FCR (5.21 + 0.37 vs. 5.54 + 0.21) than heifer progeny from 
TRT 1, respectively.   F1 heifer progeny from TRT 1 and TRT 2 had lower RFI (P < 0.03), FCR 
(P < 0.003) and DMI (P < 0.01) than F1 heifer progeny from TRT 3. Unlike F1 heifer progeny, 
F1 steer progeny from TRT 1 had lower RFI (-0.34 + 0.22) than steers from TRT 2 (0.02 + 0.30).  
F1 steers produced from TRT 1 and TRT 2 tended to have lower RFI (P < 0.06) and DMI (P < 
0.07) than steers from TRT 3 with no differences in FCR.  ADG between F1 heifer and steer 
TRT groups were not different.  RFI category groups between heifers and cows were not 
correlated, however; RFIhfr and RFIcow tended to be moderately correlated (rp = 0.29; P < 0.10) 
while RFIhfr phenotype and RFIcow phenotype were highly correlated (rp = 0.54; P < 0.001).  
Although heifers produced from TRT 2 had lower numerical RFI values than heifers produced 
from TRT 1, this may have been a result of RFI+ dams residing in the top two thirds of efficient 
cows, thus incorporation of an RFI- sire improved progeny feed efficiency.  Therefore we 
conclude selection upon reduced RFI will improve progeny feed efficiency.  We further conclude 
measurement of RFI post weaning in virgin heifers is an accurate prediction of feed efficiency as 
a mature lactating cow. 
 
Effect of Level of Supplemental Protein Provided Infrequently on Utilization of South 
Texas Grass Hay  G.R. Monson1, J.E. Sawyer1, R.O. Dittmar III1, M.L. Drewery1, C.P. Payne1, 
K.C. McCuistion2, and T.A. Wickersham1,  1Texas A&M University, College Station2Texas A&M 
University-Kingsville, Kingsville 
Reducing frequency of supplementation may effectively reduce costs of delivery; however, little 
research has evaluated the level of supplemental protein required with infrequent 
supplementation.Our objective was to quantify forage utilization when graded levels of protein 
were delivered infrequently. Five ruminally cannulated Angus × Hereford steers (BW = 410 ± 43 
kg) were used in a 5 × 4 incomplete Latin square, one period was omitted because of insufficient 
hay.Steers were provided ad libitum access to grass hay (2.3 %CP, 81.8% NDF).Supplemental 
protein, provided as a range cube (40.7% CP), was fed at 0645hto provide a specified level of N 
(0, 160, 320 or 480 mg of N/kg BW) daily (/d) or every third day (/3d), resulting in the following 
treatment combinations: 0/d, 160/d, 160/3d, 320/3d, and 480/3d.Experimental periods were 18 d 
long.Forage intake was determined from d 10 through 15 to correspond with fecal grab samples 
collected from d 11 to d16.Acid detergent insoluble ash was used as an internal marker to 
estimate fecal output.On d 16 to d 18of each period ruminal fermentation profiles 
wereevaluated.Hay OM intake was 4.41, 6.18, 5.46, 6.10, and 6.27 kg/d for 0/d, 160/d, 160/3d, 
320/3d, and 480/3d.Hay OM intake increased linearly (P< 0.01) with increasing protein within 



 

103 
 

the 3d treatment, but the 160/d rate did not differ from 160/3d, 320/3d, and 480/3d(P> 0.05) 
provision.Total OM intake responded in a similar fashion,but was lower for 160/3d than 160/d 
(P< 0.05; 7.08 and 5.83 kg/d, respectively).Total digestible OM intake increased quadratically (P 
= 0.06) with increasing protein provision within the 3d treatments (2.02, 2.82, 3.59, and 3.34 
kg/d for 0/d, 160/3d, 320/3d, and 480/3d, respectively). When protein was provided at 160/d, 
total digestible OM intake was 3.30 kg/d, which did not differ significantly (P> 0.05) from any 
treatment receiving supplemental protein. There were no significant effects (P> 0.05) on 
digestibility. In our study, reducing the amount of supplemental protein provided every 3d to 
66% resulted in the greatest intake of total digestible OM.  These data suggest that when protein 
is supplemented infrequently less maybe required to support adequate levels of forage intake and 
digestion.  Reducing both the frequency of supplementation and the level of protein provided 
may be an effective means of reducing cost. 
 
Cost Analysis of Cattle Feeding Systems   J. M. Mrozinski2, R. H. Pritchard1, B.P. Holland1, 
G.W. Warmann2 , 1Department of Animal and Range Sciences, South Dakota State University, 
2Department of Economics, South Dakota State University 
The objective of this study was to establish which cattle feeding system would be more cost 
effective in Southeastern South Dakota.  The data on cattle performance and non-feed expenses 
were collected at the South Dakota State University Foundation’s Opportunities Farm (Lennox, 
SD).  The Opportunities Farm is a 12-pen, 80-head/pen feedlot consisting of three feedlot 
systems: Open (OPN), Open with Shelter (OS),and Monoslope Confinement (MON).  Pen 
density is 275 ft2/head for OPN and 235 ft2/head (20 ft2 under roof and 215 ft2 of open space) for 
OS.  The MON system includes a monoslope building with a solid floor (45 ft2/head) with a deep 
bedding pack.The costsassociated with feed processing and handling, the cattle processing 
facility, and cattle health were assumed constant across systems and therefore omitted from the 
calculations.Cattle performance used in cost of gain calculations came from a separate study that 
included 24 system comparisons.  Using stocking density and thelocal land value to calculate 
land expense and the 2004 construction cost adjusted for inflation and amortized 20 years, the 
total daily fixed costs were $83.00, $115.58, and $103.53 per 1,000 head of capacity at 90% 
occupancy for OPN, OS, and MON, respectively.  To establish the daily non-fixed (variable) 
cost (machinery, labor, and bedding expenses), the amount of time required for pen maintenance 
was accumulated for a 36 mo. period. These inputs were multiplied by appropriate custom rates 
found in extension publications.  The variable costs were $124.64, $149.46, and $325.62, per 
1,000 head, for the OPN, OS, and MON, respectively.  The total relative expense (fixed + non-
fixed) was then divided by ADG to calculate a Non-Feed Cost of Gain (NFCG).  The NFCG/cwt 
was $5.91, $7.31, and $12.02 for the OPN, OS, and MON, respectively.  The difference of 
NFCG between the OPN vs. OS was due to the added Fixed Cost of the OS.The added NFCG 
($/cwt) for OPN vs. MON was primarily attributed to the variable costs ($5.57/cwt).The OPN 
was the least expensive facility to build and operate, but because of the less desirable (P<0.05) 
ADG, it was not the most cost effective.  The OS was the most expensive to build, but 
accounting for cattle performance, it was the most cost effective cattle feeding system for 
Southeast South Dakota.  The operating and fixed costs, combined, make the confinement 
building the most expensive facility (P< 0.05).  The improvement in F/G of cattle fed in the more 
expensive systems would lower the feed cost of gain.  The price of diets needed to offset the 
higher NFCG were calculated to be $121.74/ton for the OS vs. OPN and $488.80/ton for the 
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MON vs. OPN.  An equilibrium feed price for OS vs. MON was not calculated as the cattle 
performance in the two systems was statistically similar. 
 
Effects of delayed implanting on feeder cattle health, performance, and carcass quality 
R.D. Munson, D.U. Thomson, D.J. Rezac, and C.D. Reinhardt,  Kansas State University, 
Manhattan 
High-risk feeder calves (n=1,601; 603± 10.5 lb.) were used to examine the effects of delayed 
administration of the initial steroid implant on health, performance, and carcass characteristics of 
feedlot cattle. Control steers received a steroid implant (Revalor-XS, 20 mg estradiol and 200 mg 
trenbolone acetate) as part of normal processing procedures following arrival at the feedyard, and 
the Delayed Implant group received the same implant at 45 DOF.  Delaying the initial implant 
reduced the percentage of railers (1.8 vs. 3.3%; P = 0.02) and tended to decrease percentage 
morbidity (24.7 vs. 28.5%; P=0.13), carcass weight (842 vs. 853 lb; P=0.20), and average yield 
grade (2.10 vs. 2.24; P=0.16). There was little health advantage to delaying the initial implant, 
and delaying the implant 45 days, even in high risk cattle, could be detrimental to performance 
and economics. 
 
Comparison of three different dehorning techniques on pain, behavior, wound healing and 
performance in feeder cattle  C.D. Neely, D.U. Thomson, C.A. Kerr, D.J. Rezac, and C.D. 
Reinhardt. Kansas State University, Manhattan 
Cross-bred, horned steers and heifers (n = 40; BW = 693+10.5 lb.) were used to determine the 
effects of dehorning methods on pain, cattle behavior, wound healing, and performance.  Cattle 
were blocked by weight and randomly assigned to 1 of 4 treatments:  1) control (CNT); 2) 
banded using high tension elastic rubber (BAND); 3) mechanically removed (MECH); or 4) 
tipped (TIP).  Cattle were individually weighed on day 0, 7, 14, 21 and 28.  Vocalization and 
behavior were recorded during the dehorning process.  Wound healing scores, attitude, gait and 
posture, appetite, and lying were recorded daily for 28 d after processing.  Data were analyzed 
using the MIXED and GLIMMIX procedures of SAS (Cary, NC). Vocalization scores were 
highest for MECH cattle and BAND cattle vocalized more than TIP and CNT (P < 0.05).   
Attitude (P = 0.06), gait and posture (P = 0.06), and lying scores (P < 0.05) were higher for 
BAND cattle in the days following procedures compared to MECH, TIP and CNT cattle. BAND 
tended (P < 0.13) to have higher Appetite scores (poorer appetite) than the other methods. 
Wound healing scores (horn bud and bleeding) were higher for BAND cattle than MECH, TIP 
and CNT cattle (P < 0.05). There were no performance differences between cattle from different 
treatment groups.  These data indicate that MECH is a painful procedure for cattle at the time of 
the procedure.  Banding to remove horns from cattle is not recommended based on the 
discomfort observed subsequent to the procedure in this study. 
 
Effects of different ratios of steam-flaked corn and dry-rolled corn on finishing 
performance and carcass traits of feedlot cattle fed distillers grains with soluble   C. A. 
Nichols*1, K. H. Jenkins2, G. E. Erickson1, M. K. Luebbe2, S. A. Furman2, T. J. Klopfenstein1, 
1University of Nebraska-Lincoln, and 2University of Nebraska-Lincoln Panhandle Research and 
Extension Center 
A finishing trial was conducted to evaluate the effects of feeding different ratios of dry-rolled 
corn (DRC) and steam-flaked corn (SFC) in diets that contain 0 or 35% wet distillers grains plus 
solubles (WDGS, DM basis) on performance and carcass characteristics. This study utilized 480 
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crossbred yearling steers (779 ± 51 lb) in a RCBD with a 2 x 5 factorial treatment structure. One 
factor was ratios of SFC:DRC which were 0:100, 25:75, 50:50, 75:25, or 100:0 (DM basis) of the 
grain mix. The other factor were diets included either 0% WDGS with 81.5% corn (ratios of 
SFC:DRC) or 35% WDGS with 48.5% corn (ratios of SFC:DRC; DM basis). All diets contained 
7% corn silage, 3.5% alfalfa, and 6% liquid supplement. Urea and soybean meal were added to 
diets containing 0% WDGS to ensure protein requirements were met. Intake decreased 
quadratically (P < 0.01) as SFC replaced DRC. Steers fed diets with WDGS had greater DMI 
then cattle fed diets with no WDGS (P < 0.01). Cattle fed diets containing WDGS had greater 
ADG (P < 0.01) than cattle fed no WDGS. Changing corn processing ratio had no impact (P = 
0.43) on ADG. A WDGS x corn processing ratio interaction (P = 0.03) was observed for G:F. 
Cattle fed diets containing no WDGS with SFC as the sole source of corn had 11% greater G:F 
(P < 0.01; 0.189) compared to steers fed all DRC diets with no WDGS (0.170). As SFC replaced 
DRC in diets containing no WDGS, G:F increased quadratically (P < 0.01). A positive 
associative effect was observed due to the quadratic improvement in G:F as SFC replaced DRC 
in diets with 0% WDGS. Varying SFC and DRC ratio in diets containing 35% WDGS did not 
impact (P = 0.24) G:F. Steers fed SFC with 35% WDGS had only a 2% increase in G:F (0.193) 
compared to cattle fed DRC with 35% WDGS (0.189), which was not significant. No 
interactions between SFC:DRC ratio and WDGS inclusion were observed (P = 0.17) for carcass 
characteristics. Feeding WDGS increased HCW, and fat depth (P = 0.02) while feeding different 
ratios had no impact (P = 0.38) on carcass traits. Feeding 35% WDGS increased DMI, ADG, and 
G:F compared to feeding no WDGS. Feeding SFC improved G:F quadratically which resulted in 
a positive associative effect. Wet distillers grains appears to eliminate any positive impacts of 
feeding SFC in finishing diets when included at 35% of diet DM. 
 
Impact of corn processing method and soy glycerin on fecal shedding from cattle 
inoculated with Escherichia coli O157:H7   D. M. Paulus, R. Fink, F. Diez-Gonzalez, J.P. 
Jaderborg, G.I. Crawford, and A. DiCostanzo. University of Minnesota, St. Paul 
An experiment was conducted comparing the effects of soy glycerin (GLY), dry rolled corn 
(DRC), and steam flaked corn (SFC) on Escherichia coli O157:H7 shedding in cattle. Twenty-
eight Holstein steer calves (160 ± 18 kg) were assigned randomly to one of four dietary treatment 
resulting from a 2 x 2 factorial arrangement (DRC vs SFC and GLY vs no GLY) of treatments in 
a completely randomized design.  Diets contained (DM basis):  35% modified distillers grains 
with solubles, 8% grass hay, 9% supplement, and either 0 or 10% soy glycerin, with the balance 
of the diet made up of either SFC or DRC.  Soy glycerin replaced corn in the 10%  soy glycerin 
treatments. Cattle were inoculated with a dose of 1011 CFU per calf with a cocktail of four E. coli 
O157:H7 strains resistant to two specific antibiotics (nalidixic acid and rifampin) at the start of 
the 20-d experiment. Individual fecal samples from each animal were collected three times 
weekly over the course of the experiment. Concentrations of E. coli O157:H7 in fecal samples 
were determined through enumeration on selective medium and reported in CFU/g. Data were 
analyzed using the Proc Mixed procedure of SAS. No significant differences (P ≥ 0.05) in E. coli 
O157:H7 concentrations were found between the treatments. Overall average fecal counts of E. 
coli O157:H7 decreased (P ≤ 0.05) over time from 4.5 to less than 1.0 log CFU/g 20 days after 
inoculation. Results from this experiment indicate that neither soy glycerin inclusion nor corn 
processing method stimulated the shedding of artificially inoculated of E. coli O157:H7. 
Therefore, under the conditions of our experiment, we conclude that feeding soy glycerin and 
processed corn had little impact on the colonization of cattle by E. coli O157:H7. 
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Effect of protein supplementation on utilization of bermudagrass hays of divergent quality 
by beef cattle  C.P. Payne, T.M. Warnock III, J.E. Sawyer, and T.A. Wickersham 
Texas A&M University, College Station 
Coastal bermudagrass (Cynodon dactylon), one of the predominant forages in the southeastern 
U.S., varies in nutritive value in response to management and environmental factors. 
Supplementation recommendations are complicated by this variability. Our objectives were i) 
determine the effect of hay CP content (5.6, 6.3, 8.1, and 10.8% CP) on intake and digestion and 
ii) determine the effect of four protein supplementation levels (0, 82, 119and 155 mg N/kg BW) 
on the utilization of three bermudagrass hays (5.6, 6.3, and 8.1% CP). Thirteen ruminally 
fistulated Angus × Hereford steers (BW = 330 ± 19 kg) were used in a 13 × 4 incomplete Latin 
square with 13 treatments. Treatments were arranged as a 3 × 4 factorial plus a control 
bermudagrass hay (10.8% CP). Hay was provided ad libitum and protein supplements were 
offered as range cubes once daily. Periods were 15 d with intake determinations made on d 10 
through d 13 to correspond with fecal grab samples collected from d 11 through d 14. Acid 
detergent insoluble ash was used as an internal marker of fecal output. Hay OM intake in 
unsupplemented steers increased linearly (P < 0.01) from 75 to 77, 96 and 94 g/kg BW0.75 for 
5.6, 6.3, 8.1 and 10.8% CP hays, respectively. A cubic increase (P = 0.03) in OM digestibility 
for unsupplemented hays was observed with values ranging from 46 to 65%. This resulted in a 
linear increase (P < 0.01) in total digestible OM intake in response to hay nutritive valuefrom35 
to 45, 51, and 60 g/kg BW0.75for 5.6, 6.3, 8.1, and 10.8% CP hays, respectively. No significant 
effects on total digestible OM intake were observed when hays were supplemented. There was a 
tendency for forage OM intake of the 6.3% CP hay to increase linearly with supplemental protein 
(P = 0.08).Total OM intake increased linearly (P < 0.01) when CP was supplemented to the 
6.3% CP hay from 77 to 88, 92, and 98 g/kg BW0.75 for 0, 82,119, and 155 mg N/kg BW. 
Utilization of the 5.6% CP hay was limited by digestibility while 6.3% CP was limited by 
availability of ruminal N. Variability in hay OM digestibility of low CP concentrations (< 7%) 
hays complicates protein supplementation decisions and underscores the essentiality of 
determining OM digestibility prior to making supplemental CP recommendations. 

Condensed distillers solubles in finishing diets   A. C. Pesta, B. L. Nuttelman, W. A. Griffin, A. 
L. Shreck, T. J. Klopfenstein, G. E. Erickson, University of Nebraska-Lincoln   
Two studies were conducted to evaluate the effects of high inclusions of condensed distillers 
solubles (CDS) in finishing diets.  In Exp. 1: Two-hundred fifty yearling steers (BW = 782 ± 40 
lb) were utilized in a RCBD to evaluate the effects of feeding increasing levels of CDS on 
performance and carcass characteristics.  Dietary treatments consisted of: 0, 9, 18, 27, or 36% 
CDS, replacing a portion of both urea and a 1:1 ratio of dry-rolled corn and high-moisture corn.  
Urea was included at 1.58% in the control diet to provide 13.6% CP, and decreased to 0.35% in 
36% CDS diet with 14.7% CP.  All diets contained 7.5% alfalfa hay and 5% dry supplement.  
Dietary fat increased from 3.7 to 9.4%, whereas dietary sulfur increased from 0.12 to 0.48%, 
comparing 0 to 36% CDS.  Steers were blocked by BW, stratified by BW within block, and 
assigned randomly to pen.  Pens were assigned randomly to treatment within block with 5 
pens/treatment and 10 steers/pen.  Steers were fed for 132 d.  Intake decreased linearly (P < 0.01) 
as CDS inclusion increased.  A quadratic response was observed for ADG (P = 0.01), with 
maximum gain calculated at 20.8% CDS, with all inclusions increased versus 0% CDS.  A 
quadratic improvement in G:F was observed (P < 0.01), with a calculated maximum at 32.5% 
CDS, at which steers were 12% more efficient than those fed 0% CDS.  A quadratic response (P 
= 0.01) was also observed for HCW as CDS inclusion increased, with steers fed 18% CDS 
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having 33 lbs heavier HCW than control groups, and, all CDS levels were heavier than 0% CDS.  
No differences were observed for LM area, fat thickness, or marbling scores among treatments.  
Relative feeding value was calculated for each CDS inclusion versus 0% CDS by dividing the 
difference in G:F by the G:F of 0% CDS, then by percent inclusion of CDS.  Relative feeding 
values were 210, 166, 142, and 139% of corn for 9, 18, 27, and 36% CDS, respectively.  Feeding 
up to 36% CDS may effectively reduce dietary inclusion of corn, while improving gain and G:F 
in corn-based finishing diets, with maximal performance between 20.8 and 32.5% inclusion (DM 
basis).  A metabolism study utilizing 5 yearling steers (BW = 971 lbs) in a 5 x 5 latin square 
design evaluated the effects of feeding various levels of CDS alone or in combination with wet 
distillers grains plus solubles (WDGS) on ruminal pH and DMI.   Five 18 d periods with an 11 d 
adaptation period were used.  Ruminal pH was measured every minute for the last 7 d and fecal 
samples were collected for the last 5 d of every period.  Dietary treatments consisted of: CON, a 
corn-based diet; WDGS, corn-based diet plus 20% WDGS; CDS, corn-based diet plus 27% 
CDS; LowMix, 20% WDGS + 8.5% CDS; and HiMix, 20% WDGS + 17% CDS.  All diets 
contained 7.5% alfalfa hay and 5% supplement.  Treatment had no effect (P = 0.87) on DMI.  
Average pH differed between treatments (P = 0.04), with cattle fed diets containing CDS having 
lower average pH than cattle fed WDGS with no CDS present.  Steers fed diets containing no 
WDGS spent more time with pH < 5.6 than steers fed diets with WDGS.  Including additional 
CDS at up to 17% of the diet DM in diets already containing 20% WDGS may provide an 
opportunity to replace even more corn in finishing diets.      
 
The effect of  β–agonists on feedlot performance and carcass merit in yearling steers 
R. K. Peterson1, J.J. Wagner1, T.E. Engle1, and T.C. Bryant2, 1Colorado State University, Fort 
Collins, 2JBS Fiver Rivers Cattle Feeding, LLC, Greeley, CO  
864 Crossbred steers (BW = 347.3 kg +/- 7.67 SEM) were utilized in a randomized complete 
block design to examine the effects of β–agonist (BA) type on animal performance and carcass 
characteristics. Steers were blocked by arrival into two groups and by weight (n=9 hd/pen; 32 
pens/treatment) then randomly assigned to one of the three treatments. Treatments included: 1) 
Control (no BA), 2) 200 mg/hd/d from Optaflexx (OPT) for 28 d, 3) 75 mg/hd/d Zilmax (ZIL) 
for 20 d. A 3 d withdrawal from the ZIL treatment was used.  All steers were fed a typical high 
concentrate steam flaked corn based finishing diet twice daily until the initiation of the BA 
treatments. Cattle were slaughtered in three different groups by replicate with BA treatment 
beginning 28d before shipment for OPT and 23d before shipment for ZIL.  Gain-to-feed ratio 
was improved (P < 0.001) by 35% for steers fed BA compared to controls. Least squares means 
for HCW, adjusted for live weight at the initiation of the BA feeding period, was 9.23 kg heavier 
(P < 0.01) for ZIL compared to controls and HCW was heavier for ZIL (P < 0.05) than OPT. 
Dressing percentage was higher (P < 0.001) for steers fed ZIL compared to controls and OPT fed 
steers (64.4%, 63.4%, and 63.2, respectively). Longissimus muscle area for control carcasses 
(84.11 cm2) was smaller (P < 0.06) than OPT (85.8 cm2) which was smaller (P < 0.01) than ZIL 
(88.53 cm2). Yield grades (YG) were similar for OPT and ZIL supplemented steers. Steers 
receiving BA had reduced YG (P < 0.05) compared to controls. Average marbling score was 
similar for OPT and ZIL fed steers. However, marbling score for control carcasses was greater 
(P < 0.01) than for BA supplemented steers. Carcasses from steers receiving no BA had a greater 
likelihood (P < 0.01) of grading Low Choice or better than steers fed BA.  Steers fed ZIL, when 
compared to control, were more likely (P < 0.05) to grade Select.   
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Effect of timing of BRD vaccination on health and performance of high-risk stocker calves 
during receiving  *K. D. Poe, P. A. Beck, D. S. Hubbell, T. W. Hess, J. T. Richeson, Department 
of Animal Science, University of Arkansas, Fayetteville 
Stress of newly received stocker calves compromises immune function, thereby potentially 
reducing vaccine response and animal performance. The objective of this study was to evaluate 
the effect of timing of bovine respiratory disease (BRD) modified-live virus (MLV) vaccination 
on health and performance of stocker cattle. Treatments consisted of 1) Negative Control - no 
BRD MLV 2) AMLV - arrival vaccination with multivalent BRD MLV on d 0 and 14, or 3) 
DMLV - delayed vaccination with a multivalent BRD MLV on d 14 and 28. Crossbred bull and 
steer calves were received in 2 blocks during both the fall (n=184), and spring (n=186), weighed 
(Fall, initial BW = 211 ± 2.6 kg; Spring, initial BW = 213 ± 5.4 kg), processed identically except 
for timing of BRD MLV, and randomly assigned to treatment based on gender. Calves exhibiting 
≥ 2 visual signs of respiratory illness were removed and treated following a pre-determined 
antibiotic protocol if rectal temperatures were ≥ 40˚C, then returned to their respective pens. Calf 
BW was recorded full on d 14, 28, and 42 to evaluate performance. Daily gain was greater for 
DMLV than AMLV from d 14 to 28 (1.13 ± 0.44 vs. 0.74 ± 0.44; P < 0.01) in the fall and ADG 
of DMLV were greater than AMLV from d 28 to 42 (0.70 ± 0.18 vs. 0.27 ± 0.18; P <0.01) in the 
spring. In the fall, AMLV calves had greater ADG from d 28 to 42 (0.78 ± 0.22 vs. 0.40 ± 0.22; 
P <0.01). During the spring, morbidity rates for BRD were less than fall calves, but did not differ 
(P ≥ 0.26) due to treatment. Days to first treatment, percent mortality, and pasture ADG did not 
differ (P ≥ 0.14). Delaying BRD MLV vaccination 14-d might improve ADG of high risk newly 
received stocker without affecting morbidity during receiving.  
 
Effect of supplemental vitamin C on performance and carcass characteristics of cattle fed 
varying concentrations of dietary sulfur  D.J. Pogge and S.L. Hansen, Iowa State University, 
Ames 
Increased dietary sulfur (S) may create oxidative stress which negatively impacts performance of 
feedlot cattle and may contribute to S toxicity. Therefore, the effects of supplementing rumen-
protected vitamin C (Vit C) on performance of cattle consuming high S diets were evaluated in a 
finishing trial utilizing 120 Angus crossbred steers. Steers were stratified by initial BW (354.9 ± 
22.6 kg), and assigned to treatments (4 steers per pen, 5 pens per treatment). Treatments 
included: 1) low S, corn-based diet, 2) low S + Vit C, 3) medium S, 40% DDGS diet, 4) medium 
S + Vit C, 5) high S, medium S + 0.3% S from sodium sulfate and 6) high S + Vit C. Diets were 
formulated to average 0.2, 0.4, and 0.6% S, for low, medium and high S, respectively. Vitamin C 
supplementation was targeted at 10 g∙h-1∙d-1. Rumen hydrogen sulfide concentrations and blood 
sulfhemoglobin concentrations (n = 5 per treatment) were measured on d 0, 14, 28, 90 and 143 
and data were analyzed as repeated measures. Both hydrogen sulfide and sulfhemoglobin 
concentrations were greater (P < 0.05) in steers receiving medium and high S diets compared 
with steers receiving low S diets. Dry matter intake for the 148 d trial period was not affected by 
dietary S content or Vit C supplementation. Average daily gain was not affected by Vit C 
supplementation; however, ADG was negatively affected (P < 0.05) by the linear increase of 
dietary S. Increasing dietary S concentrations resulted in a linear decrease (P < 0.05) in quality 
grade and marbling scores with a tendency to decrease (P < 0.10) 12th rib back fat thickness. In 
summary, supplemental Vit C did not improve marbling scores in steers fed low or medium S 
diets, but did improve marbling scores in steers fed a high S diet. This improvement may be 
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related to altered fat metabolism in cattle supplemented with Vit C; alternately, Vit C may have 
decreased oxidative stress experienced by high S steers thereby improving carcass quality.   
 
Prevalence of Escherichia coli O157 in Cattle Fed Distillers Grains in Feedlots and 
Harvested Through a Commercial Abattoir in Minnesota  J. M. Popowski, R.C. Fink, J.P. 
Jaderborg, D.M. Paulus, J.L. Dahlberg, J. Anderson, G.I. Crawford, A. DiCostanzo, R. B. Cox, 
F. Diez-Gonzalez, University of Minnesota 
Cattle are reservoirs for Escherichia coli O157:H7 which can lead to contamination of food and 
water and may possibly result in human disease. As the ethanol industry grew it was suggested 
that feeding distillers grains (DGS), a byproduct of the ethanol production process, caused an 
increase in prevalence of E. coli O157:H7 in cattle. Previous research has yielded inconsistent 
results regarding this effect. The first objective of this research was to determine if DGS affects 
prevalence of E. coli O157:H7 in Minnesota feedlot cattle. Our second objective was to 
determine prevalence of E. coli O157:H7 in cattle fed DGS in the upper Midwest and in those 
harvested at a commercial abattoir.  Samples were collected from October 2010 through 
September 2011. Three farm sites were evaluated, comprising a total one-time capacity of 
approximately 7,000 cattle. The feedlots evaluated represented a wide variety of facility types 
(open, enclosed, slatted-floor) and cattle types (calves and yearlings).  Multiple pens of cattle 
within each site were sampled. Fresh fecal samples (n=1,339) were collected randomly from the 
feedlot floor at 5% of the pen population at least once monthly. Temperature, number of cattle 
per pen, days on feed, sex, age, and ration composition were recorded upon each sample 
collection. At the abattoir, fresh fecal samples (n=1201) were collected randomly once monthly 
for a year. Samples were collected from the perianal area of the animal prior to hide removal at 
30% of the lot population. The total population sampled consisted of 4,166 hd of cattle and 59 
lots. Escherichia coli O157:H7 was determined using a combination of EC broth enrichment, 
immunomagnetic separation, plating onto sorbitol MacConkey plates and confirmation of 
isolates by an immunoassay and multiplex PCR analysis of virulence-specific genes. 
Multivariate logistic regression was used to determine which factors best predicted prevalence 
and to estimate the magnitude of association between each factor and the outcome. We adjusted 
for other factors in the model using the Glimmix Procedure of SAS. Results from feedlot 
surveillance indicated an overall E. coli O157:H7 prevalence of 10.08% when averaged across 
the three farm sites. The odds of a positive sample to occur during summer and winter were not 
different (Odds ratio [OR] 1.67, 95% Confidence Interval [CI] = 0.79 to 3.54). A positive test 
was 7 times more likely in summer than fall (OR =6.95, 95% CI =3.71 to 13.04) and 4 times 
more likely in winter than fall (OR=4.15, 95% CI = 2.22 to 7.75). Dietary concentration of DGS 
(>25 vs. ≤ 25%, DM basis) had no effect on the odds of a positive test occurring (OR=1.05, 95% 
CI = 0.36 to 3.09). A positive test was 2 times more likely for yearlings than calves (OR=2.33, 
95% CI =1.48 to 3.67). Results from the abattoir surveillance indicated an overall prevalence of 
11.66% when averaged across all samples. Distillers grains had no effect on occurrence of 
positives (OR=1.02, 95% CI= 0.28 to 3.74). There was no significant effect on occurrence of a 
positive for region (OR=1.27, 95% CI=0.09 to 17.946), or sex (OR=1.58, 95% CI= 0.60 to 4.17). 
Results from this study indicate the inclusion of DGS in beef cattle feedlot diets did not affect E. 
coli O157:H7 prevalence in Minnesota-fed feedlot cattle and at a commercial abattoir. 
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Impact of Component TE-S and Component TE-S with Tylan on implant defects and 
performance in steers implanted under clean and dirty conditions   K.M. Retallick1*, 
D.B.Faulkner1, T.G. Nash1, R.L.Botts2, N.A. Pyatt2 and J.L. Bargen2, University of Illinois, 
Urbana-Champaign1; Elanco, Indianapolis2 

The objective of this study was to determine the impact of a Tylan pellet on implant defects and 
resulting performance in finishing steers. British x Continental steers (n=316) with initial two 
day BW of 314±18 kg were utilized in a 2 x 2 factorial plus negative control in a randomized 
block design. Treatments included: Control non-implanted (C), Component TE-S implanted with 
clean procedure (NTC), Component TE-S with Tylan implanted with clean procedure (TC), 
Component TE-S implanted with dirty procedure (NTD), and Component TE-S with Tylan with 
dirty procedure (TD). Clean procedure was defined as implant technique according to 
manufacturer’s recommendation; dirty procedure included no sanitation and implant needle was 
exposed to manure slurry. Steers were weighed and implants evaluated as proper, abscessed, or 
ruptured on days 0, 14, 28, 56, and 122. All treatments performed better (P<0.05) than the 
control for ADG on both a live and carcass-corrected basis. There was a treatment interaction 
(P<0.05) for final weight and DMI since the TD to NTD difference in performance was larger 
than the TC to NTC difference in performance. Steers implanted with the Tylan implant had 
improved (P<0.05) ADG on both a live and carcass-adjusted basis compared to the no-Tylan 
implant (1.88 vs. 1.80 and 1.62 vs. 1.55 kg/d respectively). Feed efficiency (FE) for the Tylan 
containing implant was improved by 2.86 % compared to the No-Tylan implant on a live basis 
(P=0.07) and by 3.20 % on a carcass-adjusted basis (P=0.06) which gave Tylan implanted steers 
a $19.49 advantage in carcass value (P < 0.05). There were no significant differences in 
performance for the clean vs dirty implant procedures but dirty implanting improved marbling 22 
units (P<0.01). On day 14 and 122, steers receiving the Tylan containing implant had a more 
desirable (P<0.05) percentage of proper implants (83.3 vs. 54.2%, respectively) and ruptured 
implants (5.3 vs. 24.8%, respectively) than steers receiving the No-Tylan implants. This 
reduction in defects on day 14 resulted in an improved carcass adjusted ADG (P=0.03), FE 
(P=0.07), and HCW (P=0.02). On day 14 and 122, clean implanting had a more desirable 
percentage of proper implants and ruptured implants (P<0.05) compared to dirty implanting. In 
conclusion, Tylan containing implants and clean implanting procedures reduced implant defects 
and improved resulting performance.  
 
Effects of SRP®E. coli vaccine technology on feeder cattle performance, health, and carcass 
characteristics   D.J. Rezac, D.U. Thomson, B.A. Butler, B.W. Wileman, C.D. Reinhardt, Kansas 
State University, Manhattan 
The use of SRP® E. coli vaccine technology effectively decreases the prevalence of E. coli 
O157:H7in feeder cattle, thus making it a valuable tool for increasing food safety in the beef 
industry.  However, the questions continue to be raised about the vaccine effects on economic 
drivers in cattle feeding.  Therefore, the aim of the study was to assess the effect of vaccinating 
cattle three times with SRP® E. coli vaccine technologyverses a placebo control onperformance, 
health, and carcass characteristics of cattle fed in commercial feedlots.  Sixty pens of feeder 
cattle (4,869 head, BW 728 ±12.7 lb.)  housed at four commercial feedlots in Kansas and 
Nebraska were administered one of two treatments: 1) injected subcutaneously with 2 ml of  SRP 
E. coliO157:H7 vaccine on day 0, and then revaccinated with a second dose between 21-29 DOF 
and given a third dose given between 42-57 DOF (VAC)or 2) injected subcutaneously with a 
placebo containing physiological saline emulsified with a commercial adjuvant on days 0, and 
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then revaccinated with a second dose between 21-29 DOF and given a third dose given between 
42-57 DOF (CON).Cattle were individually weighed on D 0 and pen weighed on the day of 
slaughter.  Daily feed delivery was captured by load cells on feed trucks and recorded on 
computer programs at the feedyard.  Animal health was observed by trained feedlot personnel 
and data were recorded into the animal health computer at the feedyard.  Pen closeout data were 
provided by each respective feedlot. Carcass characteristic data were collected and recorded by 
trained personnel at the commercial abattoir. LS Means were calculated using the MIXED 
procedures of SAS (SAS version 9.1.3; SAS Institute Inc, Cary, NC). No negative effects on 
performance or health were observed when feeder cattle were vaccinated with three doses of 
SRP®E. colivaccine compared to CON.  Average daily gain was not different between treatments 
(3.09 vs. 3.11 lbs. for CON and VAC, respectively;P=0.73). Likewise, CON and VAC did not 
differ in percent prime and choice (46.1 vs. 45.3%; P=0.61) or percent yield grade 1 and 2 (68.6 
vs. 69.1%;P=0.76).  Based on these observations, SRP®E. coli  technology may be used to 
reduce the prevalence of E. coli 0157:H7 without negative repercussions on factors relating to 
welfare and profitability of cattle feeding. However, it must be noted that CON was subjected to 
the same number of pen removals for revaccination as VAC, thus the need for examination of the 
effects of no vaccination and no pen removals verses multiple pen removals for vaccination is 
warranted.  
 
Effect of Implants and Nutrient Restriction Prior to Feeding on Carcass Quality  J. 
Robinette*, P. Beck, B. Barham, S. Gadberry, and J. Apple , University of Arkansas, Fayetteville 
The objective of this study was to determine the relationship between implant status and energy 
balance prefinishing and their effects on performance and carcass quality. Spring-born calves (n 
= 120) were finished as calves (CALF-FED) or placed on a growing program for ADG of 0.45 
kg/d (RSTR) or 0.91 kg/d (UNRSTR) before finishing. One-half of each backgrounding group 
received moderate potency hormonal implants (Synovex H/S, depending on gender) before 
finishing. At arrival at the feedyard, all calves were implanted with a moderate potency implant 
and were reimplanted at 100-d (CALF-FED) or 81-d on feed (UNRSTR and RSTR). Animal 
performance and carcass characteristics data were analyzed as a split plot design using the mixed 
procedure of SAS. Treatment least-squares means were separated using predicted differences. 
Implantation before finishing increased (P ≤ 0.02) prefinishing ADG and initial finishing BW but 
did not affect (P ≥ 0.15) finishing ADG, harvest BW, or HCW. Harvest BW and HCW of 
UNRSTR were greater than (P ≤ 0.02) CALF-FED and RSTR, which did not differ (P = 0.22). 
Finishing ADG of CALF-FED was 0.22 kg less (P < 0.01) than both UNRSTR and RSTR, which 
did not differ (P = 0.70). Prefinishing implantation reduced (P = 0.01) marbling score and 
percentage USDA Choice.  CALF-FED had a greater (P = 0.02) marbling score compared with 
RSTR and UNRSTR.  Implantation during a prefinishing period can have lasting impacts on 
carcass quality. 
 
Supplementation of yearling cattle on grass and subsequent feedlot sorting  K. M. Rolfe1, W. 
A. Griffin1, T. J. Klopfenstein1, D. M. Mark2, and G. E. Erickson1,1Department of Animal 
Science, University of Nebraska, Lincoln, 2Department of Agricultural Economics, University of 
Nebraska, Lincoln  
A 3-yr study was conducted to determine effects of summer supplementation and sorting at 
feedlot entry on long yearling steer performance, carcass characteristics, and profitability.  
Annually, crossbred steers (n=240; BW = 966 ± 101 lb) were backgrounded on cornstalks from 
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late fall to mid-spring (144 d).  After grazing cornstalks, steers first grazed smooth brome 
pastures (21 d), and were then relocated to graze Sandhills range (cool and warm season grasses) 
for the remainder of the summer grazing period (136 d) before entering the feedlot in early fall.  
Treatments were imposed on steers in a factorial arrangement:  1) steers received either 0.0 lb 
(CON) or 5.0 lb DM (SUPP) modified distillers grains with solubles (MDGS) while grazing 
Sandhills range; 2) steers were either sorted (SORT) by feedlot entry BW or not sorted 
(NSORT).  No differences (P > 0.14) were observed for winter performance or profitability.  At 
feedlot entry, SUPP steers were 106 lb heavier (P < 0.01) than CON steers; therefore, SUPP 
steers had 0.66 lb/d greater (P < 0.01) ADG than CON steers during summer grazing.  SUPP 
steers were $60.76/hd more profitable (P < 0.01) than CON steers in the summer phase.  Feedlot 
harvest date was targeted to equal fat thicknesses (0.50 in) between CON and SUPP steers; thus, 
rib fat thicknesses and final BW were not different (P > = 0.57) between the two treatments.  
However, it required 24 fewer days in the feedlot (P < 0.01) for SUPP steers to reach this point.  
Feed efficiency, DMI, and feedlot profitability were not different (P > 0.16) between CON and 
SUPP steers.  Total profitability of the long yearling system was increased $64.67/hd if MDGS 
was supplemented during the summer.  SORT steers were heavier (P < 0.01) at harvest than 
NSORT steers, but were in the feedlot eight days longer (P < 0.01).  Sorting yearlings by feedlot 
entry BW did not (P > 0.58) result in increased profitability in the feedlot phase.  Supplemental 
MDGS increased cattle gains during summer grazing, decreased days on feed in the feedlot, and 
resulted in increased profitability overall. 
 
Ruminal degradable sulfur and H2S in the role of animal performance and PEM   J.O. 
Sarturi*, C. A. Nichols, G.E. Erickson, T.J. Klopfenstein, J.T. Vasconcelos, M.K. Luebbe, D. 
Smith, J. Benton, K. Rolfe, W. Griffin, University of Nebraska-Lincoln 
Four studies were conducted to evaluate the effects of sulfur concentration and sources (organic 
and inorganic) in diets containing ethanol co-products on performance, intake, ruminal pH, 
hydrogen sulfide concentration ([H2S]) and PEM (meta-analysis) in beef cattle finishing diets. In 
Exp. 1, animal performance was evaluated. Steers (n = 120, BW=760 ± 75lb) were assigned to 1 
of 13 treatments [20, 30, and 40% DGS, wet or dry, and high or low S (0.86 and 1.16% in the 
DGS)], plus a control diet, resulting in a 3x2x2+1 factorial treatment design in a RCBD and fed 
individually for 151 d. In Exp. 2, effects of levels of S and sources of DGS on [H2S], ruminal pH 
and DMI were evaluated. Six ruminally cannulated steers (BW=840 ± 68 lb) were assigned to 1 
of 5 treatments (wet or dry DGS at high or low S) in an unbalanced Latin square design (6 steers 
and 5 diets) and fed for 5, 14-d periods. In Exp. 3, effects of sources of S on [H2S], ruminal pH, 
VFA and DMI were evaluated. Five ruminally cannulated steers (BW=1070 ± 86 lb) were 
assigned to 1 of 5 treatments (control, inorganic and organic source of S and WDGS) in a Latin 
square design and fed for 5, 21-d periods. In Exp. 4, a meta-analysis of University of Nebraska-
Lincoln finishing trials was conducted to evaluate the effect of dietary S on feedlot health using 
health records and diet information from 17,080 cattle from 69 feeding trials. In Exp. 1, DMI 
decreased linearly or quadratically (P < 0.01) when wet or dry 1.16% S DGS was included in the 
diet, respectively. Gain decreased linearly (P = 0.02) as wet DGS that was 1.16% S increased in 
the diet. Greater G:F was observed when wet DGS increased in the diet, with the greatest values 
at 20 and 30%, regardless of S content. In Exp. 2, DMI was 14% greater (P < 0.01) for steers fed 
dry vs. wet DGS, and 10% greater for low vs. high S DGS, respectively. [H2S] was 69% greater 
(P = 0.06) for wet DGS compared to dry DGS. High S DGS tended (P=0.13) to increase [H2S] 
compared to low S DGS. In Exp. 3, DMI tended (P = 0.12) to be 12% less for steers fed 
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inorganic source of S compared to other treatments. The inorganic source of S was able to induce 
greater [H2S] even though S intake was not greater for this treatment, suggesting that rumen 
degradability of S (RDS) is more important than total amount of S in the diet. RDS was able to 
explain 64.9% of the [H2S] variation (P < 0.01), whereas total S intake explained only 24.4%. 
Propionate was 16% greater (P = 0.02) for steers fed inorganic source of S than other treatments. 
In Exp. 4, an interaction between level of dietary S and forage NDF (P < 0.01) affected the 
incidence of PEM cases. The incidence of PEM increased as level of sulfur increased in the diet; 
and, risk for PEM decreased as forage NDF increased. Likewise, as level of RDS increased in 
the diet, the incidence of PEM increased, with a inflection point at 0.45 to 0.59% RDS with low 
roughage diets. High sulfur DGS reduces DMI, ADG and impacts H2S production, but depends 
on whether fed wet or dry with wet DGS being more prone to conversion of S to H2S in the 
rumen. Ruminal degradable sulfur better predicts ruminal [H2S] and PEM than total S. 
 
Use of complete-feed diets (RAMP) for receiving or grain adaptation compared to 
conventional feedlot diets C.J. Schneider, B.L. Nuttelman, K.M. Rolfe, W.A. Griffin, T.J. 
Klopfenstein, D.R. Smith, and G.E. Erickson, University of Nebraska, Lincoln 
Two studies compared complete feeds designed to minimize roughage handling in the feedlot to 
conventional feedlot starter diets. A receiving trial evaluated performance during the receiving 
period of cattle fed 2 complete feeds or a control ration. Crossbred steers (n=965; BW=576±14.5 
lb) were received over 2-d and processed within 12 h of arrival. Steers were blocked by arrival 
date and allocated to pens within block based on processing order, resulting in 15 and 20 
steers/pen for blocks 1 and 2, respectively, with 17 pens/treatment. Treatments included a control 
receiving diet (35% alfalfa hay, 30% Sweet Bran, 30% dry rolled corn, and 5% supplement; 
16.7% CP, 36.7% NDF) and 2 complete feeds: RAMP (21.9% CP, 41.9% NDF) and Test Starter 
(23.4% CP, 43.5% NDF). Both complete feeds contained a high level of Sweet Bran and a 
minimal amount of forage and were formulated and provided by Cargill Inc, Blair, NE. Cattle 
were offered ad libitum access to receiving diets for 30 or 31 d and limit-fed a common diet for 5 
d prior to collecting ending BW which was collected over 2-d. RAMP increased (P=0.03) ADG 
when compared to the control diet. Cattle fed Test Starter had similar ADG (P>0.11) as cattle fed 
control or RAMP. Ending BW, DMI, and G:F were similar (P>0.14) among treatments. 
Incidence of BRD was affected by DMI and ADG, consequently, variation in ADG and DMI 
were accounted for in the analysis of treatment effects on BRD. Feeding both complete feeds 
increased (P<0.03) the incidence of BRD with an overall incidence of 8% treated for BRD. A 
second study evaluated using RAMP to adapt cattle to grain. Yearling crossbred steers (n=229; 
BW=874 ± 62.6) were consecutively weighed over 2 d, stratified by BW, and assigned randomly 
within strata to 18 feedlot pens, with 12 or 13 steers per pen. Treatments were imposed during 
grain adaption (22 d) by decreasing RAMP inclusion while increasing corn (RAMP-1RAT) or 
decreasing alfalfa hay inclusion while increasing corn (CON). An additional treatment (RAMP-
2RAT) involved feeding 2 rations daily (RAMP and finisher), starting with feeding 100% RAMP 
and decreasing the amount of RAMP fed while increasing the amount of finisher fed. Adaptation 
steps for RAMP-2RAT were 4 d for first diet and 3 d for the 6 subsequent diets, with RAMP 
delivered as the first feeding for steps 1, 2, and 3 and the finisher as the first feeding for steps 4, 
5, 6, and 7. Step rations for RAMP-1RAT and CON were 4, 6, 6, and 6 d for steps 1, 2, 3, and 4, 
respectively. After being on a common finishing diet for 6 d, BW were collected and cattle 
remained on a common finishing diet for remainder of the feeding period. RAMP-1RAT and 
RAMP-2RAT tended to decrease DMI during the adaptation period when compared to CON 
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(26.2, 24.5 and 24.7 lb/d for CON, RAMP-1RAT, and RAMP-2RAT, respectively; P<0.09). 
Gain and G:F were similar (P>0.50) among treatments during the grain adaptation period. Steers 
adapted using RAMP-1RAT and RAMP-2RAT had greater G:F (P<0.01) than cattle adapted 
using CON. RAMP-1RAT tended to increase ADG (F-Test P=0.09; Mean comparison P=0.03) 
compared to CON. Intakes were similar (P=0.39) among treatments. Carcass traits were not 
affected (P >0.1) by adaptation method. Starting cattle on RAMP is a viable alternative to 
starting cattle on a mixture of grain and forage and using RAMP to adapt cattle to grain 
improved feed efficiency.  
 
Effects of energy supplementation and a combination grazing implant on grazing/finishing 
performance and carcass merit of wheat pasture stocker cattle E. D. Sharman*, P. A. 
Lancaster*, G. W. Horn*, and G. D. Hufstedlerǂ, *Oklahoma Agricultural Experiment Station, 
Stillwater, ǂElanco Animal Health, Guthrie, OK  
One-hundred ninety three crossbred steers (495 ± 49 lb) were used in a split plot design to 
determine the efficacy of dried distiller grains with solubles (DDGS) as a supplemental feedstuff 
and use of a combination grazing implant during winter wheat pasture on performance and final 
carcass characteristics.  Steers were stratified by BW and randomly assigned to one of 12 
pastures (18 to 24 ac) at a stocking rate of 0.82 steers/ac for an 111 d fall/winter grazing phase.  
Treatments consisted of: (1) high calcium, non-medicated free-choice mineral mix, control; (2) 
2.0 lb·steer-1·d-1 of a corn-wheat middling based energy supplement; and (3) 2.0 lb·steer-1·d-1 of 
an energy supplement containing 65% DDGS.  Both energy supplements contained 160 g/ton of 
monensin.  On d 0, half of the steers within each pasture were implanted with Component® TE-G 
with Tylan® (40 mg trenbolone acetate, 8 mg estradiol USP, and 29 mg tylosin tartrate).  
Following the fall-winter grazing phase, steers were comingled for a 37 d spring graze-out period 
at a stocking rate of 2.15 steers/ac.  Steers were transported to a commercial feedlot after graze-
out, implanted upon arrival with Component® TE-S with Tylan® (120 mg trenbolone acetate, 24 
mg estradiol USP, and 29 mg tylosin tartrate) and fed in a single pen for 130 d prior to harvest.  
Grazing and feedlot performance and carcass characteristics were analyzed using PROC MIXED 
procedure of SAS, whereas, quality grade distribution was analyzed as binomial data using 
PROC GLIMMIX.  The model included supplement treatment as the whole-plot and implant 
treatment as the sub-plot.  The supplement by implant interaction was not significant (P > 0.46).  
Mean mineral consumption was 0.29 ± 0.15 lb·steer-1·d-1.  Energy supplementation increased 
grazing phase ADG (2.08, 2.33, and 2.39 lb/d for supplement treatments 1 to 3, respectively; P = 
0.001) but the difference between type of energy supplements was not different (P = 0.17).  
Conversion of energy supplements were 8.00 and 6.45 lb of supplement per lb of increased BW 
gain for treatments 2 and 3, respectively.  ADG of implanted steers during the grazing phase was 
0.31 lb/d greater (P < 0.001) than non-implanted steers (2.41 vs. 2.10 lb/d).  Steers entered the 
feedyard averaging 803 ± 66 lb and gained 4.30 ± 0.55 lb/d.  Final BW (1363 ± 104 lb) was 
calculated using individual HCW and the mean dressing percentage of 62.96%.  Steers implanted 
during the grazing phase had 33 lb heavier HCW (852 vs. 819 lb; P = 0.001) and tended to have 
larger REA (12.88 vs. 12.64 in2; P = 0.09) compared to non-implanted steers.  Backfat, marbling 
score, quality grade, and yield grade averaged 0.68 in, 432, Choice-, and 3.69, respectively, and 
were not different (P > 0.23) between supplement or implant treatments.  Inclusion of 65% 
DDGS in a two-pound energy supplement for wheat pasture stocker cattle did not affect 
performance compared with a corn and wheat middling-based supplement.  Implanting steers 
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with Component TE-G increased ADG on wheat pasture and final HCW without decreasing 
carcass quality. 
 
Replacing Corn with Treated Crop Residues  A.L. Shreck1, C.D. Buckner1, K.M. Rolfe1, B.L. 
Nuttelman1, W.A. Griffin1, G.E. Erickson1, T.J. Klopfenstein1, and M.J. Cecava2,1University of 
Nebraska-Lincoln, Lincoln, 2ADM Research, Decatur, IL 
Studies were conducted to evaluate methods for treating crop residues to improve their DM 
digestibility and feed value in diets based on corn and wet distillers grain with solubles (WDGS).  
Three experiments were conducted to evaluate in vitro dry matter digestibility (IVDMD) of 
chemically-treated crop residues and their plant parts.  Experiment 1 was a 3X4X2 factorial, 
consisting of 3 residue fractions: corn stover (CS), corn cobs (CC), and wheat straw (WS), 4 
levels of alkaline treatment applied as (dry wt chemical:dry wt of residue) at control (0), 5% CaO 
(5:0), 4% CaO + 1% NaOH (4:1), 3% CaO + 2% NaOH (3:2), and two levels of DM  (35% or 
50%).  Experiment 2 was a 3X2X3X2 factorial with CS, CC, and WS treated with 5:0 or 3:2 at 
60% DM and stored for 7, 14, or 28 d and at 30°C or 40°C.  Experiment 3 was a 6X4 factorial 
with CS, CC, WS, corn leaf, corn stem, and corn husk treated with 5:0, 4:1, 3:2, or 0 and at 50% 
DM.  In all experiments, residue, water, and chemical were combined and stored in vacuum 
sealed plastic bags (3 or 4 replicates per treatment).  Across  experiments, chemical treatment 
increased IVDMD (P<0.01).  In Exp. 1, DM digestibility was greater (1.14% unit increase, 
P<0.01) for 50% compared to 35% DM.  In Exp 2, samples stored at 40°C vs. 30°C had 1.02% 
unit greater (P<0.01) IVDMD. Samples stored for 7, 14, or 28 d had similar digestibility values 
(P=0.38).  The average percentage unit improvement for IVDMD with chemical treatment was: 
WS 15.8%, leaf 12.8%, CC 9.7%, CS 8.2%, husk 7.4%, and stem 6.8%.  To test the feed value of 
treated residues, a cattle feeding trial used 336 yearling steers (initial BW 785 ±25.4 lb) in a 
RCBD with a 2 x 3 + 1 factorial arrangement of treatments.  Crop residues (CC, WS, and CS) 
were ground and fed (native) or hydrated to 50% moisture with 5% CaO applied before 
anaerobic storage (treated).  Residues replaced DRC and were fed at 20% of diet DM.  All diets 
contained 40% WDGS (DM basis). The control diet contained 10% roughage (equal parts cobs, 
straw, and stover; native form) and 46% DRC.  Intakes were not affected by diet (F-test P=0.30).  
An interaction between chemical treatment and residue (P<0.01) was noted for final BW, ADG, 
G:F and HCW. Greater final BW was observed for treated stover (4.6%) and straw (5.6%) 
compared with native residues; however treated and native cobs were similar. Treated straw 
(9.7%) and stover (12.5%) had greater ADG (P<0.01) and improved G:F (10.7% and 5.0%, 
respectively; P<0.01) compared with native forms. Treated and native cobs had similar G:F and 
ADG. Marbling score was similar among treatments.  Economic analysis revealed $6.46, $21.42, 
and $36.30 average profit per head advantage for diets containing  treated residues relative to the 
corn-based control when corn was priced at $3.00, $4.50, and $6.00 per bushel.  Digestibility and 
feed value of crop residues were improved by mild chemical treatment.  Moisture and 
temperature affected response to chemical treatment but extending  reaction times beyond 7 days 
did not improve digestibility.  The magnitude of response to chemical treatment depends on the 
type of residue (i.e., straw vs. stover) and plant part within residue (i.e., husk vs. stalk). Feeding 
chemically treated crop residues and wet distillers grains is a cost-effective strategy for replacing 
corn grain in feedlot diets without compromising performance or carcass quality. 
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Comparative efficacy of two ivermectin pour-on anthelmintics in beef steers in a 
commercial feedyard  A.J. Tarpoff1, D.U. Thomson1, S. Guillossou1, B.W. Wileman1, and T. 
Guichon2,  1 Kansas State University College of Veterinary Medicine, Manhattan, 2Feedlot 
Health Management Services, Okotoks, AB 
Data comparing efficacy of brand name anthelmintics to that of generic products in feedlot cattle 
are limited. The objective of this study was to compare the efficacy of Vetrimec® pour-on and 
Ivomec® pour-on by utilizing the fecal egg reduction test in newly arrived feedlot steers. Forty 
cattle per pen from 10 feedlot pens were randomly assigned to one of two anthelmintic 
treatments: 1) Ivomec pour-on or 2) Vetrimec pour-on. Rectal fecal samples were obtained at the 
time of initial processing prior to treatment on day 0, and again on day 14. Animal weights were 
obtained on day 0, and again at production sort date. Fecal egg counts were obtained using a 
modified Wisconsin technique.  Linear and mixed models were fit with treatment, pen and their 
interaction terms as predictors of net egg count difference and average daily gain using R version 
2.10.1. Fecal Egg Count Reduction percentages (FECR) were calculated and used to report 
treatment efficacy. There were no anthelmintic treatment by pen interactions for FECR or 
performance. No significant differences were observed in net egg count reduction between 
treatments (P= 0.15). Regardless of treatment, only 26% of animals had a FECR of >90% at day 
14. There were no differences in pre-treatment body weights between treatment groups (P=0.09).  
Cattle treated with Vetrimec pour-on had improved average daily gains compared to cattle 
treated with Ivomec  Pour- on (3.90 lbs/day vs 3.74 lbs/day, respectively; P=0.02). There were 
no differences observed in parasite control between generic and name brand products in this 
study.  
 
The effect of morbidity on longissimus muscle area and subcutaneous and intramuscular 
adipose deposition from in feedlot steers  K.M. Thompson*, J. J. Wagner*, C. M. McAllister*, 
B. W. Brigham*, R. K. Peel*, H. Van Campen†, G. H. Loneragan‡, R. L. Weaber§, J. L. Salak-
Johnson#, C. C. L. Chase¶ and R. M. Enns*3, *Department of Animal Science and †Department 
of Microbiology, Immunology, and Pathology, Colorado State University, Fort Collins, 
‡Department of Food Safety and Public Health, Texas Tech University, Lubbock, §Department 
of Animal Science, University of Missouri, Columbia, #Department Animal Science, University 
of Illinois, Urbana, and ¶Department of Veterinary and Biomedical Sciences, South Dakota 
State University, Brookings 
The objective of this study was to evaluate the impact of morbidity on longissimus muscle area 
(LMA) and subcutaneous (BF) and intramuscular (MARB) adipose accretion in feedlot steers 
over the course of a 237 d feeding period. Steers were blocked by arrival date, housed in pens 
containing approximately 200 steers per pen, and fed a typical steam-flaked corn-based diet at a 
commercial feedlot. Body weight (BW) and ultrasound measurements of LMA and BF and 
MARB adipose tissue accretion rates were obtained from 1,223 crossbred Angus steers on d 0, 
100, and 170 of the finishing period. On d 237 of the finishing period, steers were transported to 
a commercial abattoir, humanely slaughtered, and carcass data were obtained  For data analysis, 
cattle were assigned to one of two groups: 1) non-moribund steers (cattle not receiving any 
medical treatments throughout the feedlot period) or 2) moribund steers (cattle that were treated 
for any medical reason). A total of 94 steers were treated during the course of the feeding period 
(n = 76 steers were treated before d 100, n = 11 steers were treated between d 100 and 170, and n 
= 7 steers were treated from d 170 to the end of the study). Moribund steers had lower LMA (P < 
0.02), BF (P < 0.0001) and MARB (P < 0.001) adipose tissue accretion rates, and BW gain (P < 
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0.0001) compared to non-moribund steers. To achieve similar BF, MARB, and BW at slaughter, 
moribund steers would need to remain on feed for 16 additional d to achieve 1.27 cm BF adipose 
tissue depth at slaughter, 26 additional d on feed to obtain a MARB adipose tissue deposition 
indicative of low choice, and 20 additional d to achieve a BW of 552 kg. Although LMA 
accretion rate was affected by health status, prediction equations indicate that moribund cattle 
achieved similar endpoint longissimus muscle areas as non-moribund cattle. Data indicate that 
moribund feedlot steers need to remain on feed longer to achieve similar BW and carcass 
characteristics and the number of additional days on feed required may depend upon slaughter 
end point of interest (BF vs MARB vs BW). 
 
Effects of wet distiller’s grains plus solubles on health and performance of high-risk calves 
during the receiving period   J. J. Wagner, C. R. Krehbiel, D. B. Burken, B. K. Wilson, D. L. 
Step and C. J. Richards, Oklahoma State University, Stillwater 
A randomized complete block design experiment utilizing 180 high-risk crossbred steers (initial 
BW = 212.3 ± 1.9 kg) was conducted  to evaluate the effects of including wet distillers grains 
plus solubles (WDGS) in a receiving diet on steer performance and health over a 42-d period. 
Steers were sorted into light and heavy weight blocks and randomly assigned within block to 15 
pens, each with 6 steers.  Experimental treatments consisted of receiving diets with inclusion of 
0%, 15%, or 30% WDGS. Pens were considered the experimental unit and each treatment diet 
was fed to calves in 10 pens. Cattle were fed 2 times daily with approximately 50% of the daily 
allowance fed at each feeding. Feed refusals were measured following adverse weather and on 
weigh days. Steers were individually weighed at the start of the experiment, on d 14, and on d 
42. Average daily gain (P < 0.20; 0.96, 1.13, and 1.14 kg/d), DMI (P < 0.27; 4.75, 5.16, and 5.04 
kg/d), G:F (P < 0.79; 0.222, 0.213, and 0.212), and animals treated for BRD (P < 0.20; 0.19, 
0.20, 0.23) did not differ among treatments for 0, 15, or 30% WDGS, respectively. During the 
experiment, 3 steers on the 0% treatment were diagnosed as chronically morbid with bovine 
respiratory disease (BRD) and were removed from the experiment. There were no deaths during 
this experiment. Feeding WDGS receiving diets to high-risk calves did not negatively impact 
animal health or performance. We conclude that up to 30% WDGS can be included in receiving 
diets for high-risk calves. 
 
Effects of MIN-AD on growth performance and carcass characteristics of finishing steers 
J. O. Wallace1, M. S. Brown1, D. D. Simms2, C. W. Coufal1, C. L. Maxwell1, J. C. Simroth-
Rodriguez1, K. J. Kraich1,  and S. L. Thomas1,  1Feedlot Research Group, Department of 
Agricultural Sciences, West Texas A&M University, Canyon, 2MIN-AD, Inc., Amarillo, TX 
Two-hundred eighty crossbred steers (initial BW = 812 ± 23 lb) were used to evaluate the effects 
of feeding wet corn distiller′s grains with solubles (WCDG) and a commercial source of 
calcium-magnesium carbonate (MA, MIN-AD, Inc., Amarillo, TX) on growth performance and 
carcass characteristics.  Cattle were adapted to a common finishing diet, blocked by BW, 
implanted with Revalor-IS (80 mg of trenbolone acetate and 16 mg estradiol), and assigned to 
treatments of MA (0 or 1% of diet DM) and WCDG concentration (0 or 15% of diet DM).  Cattle 
were housed in 28 soil-surfaced pens with at least 180 ft2 of pen space and 12 in. of bunk 
space/animal.  Diets were fed twice/d for 169 d and cattle were reimplanted with Revalor-200 
(200 mg of trenbolone acetate and 20 mg estradiol) on d 48.  Interactions existed for both shrunk 
initial BW and longissimus muscle area (P = 0.04); however, there were no effects of either MA 
or WCDG on either variable (P ≥ 0.30).  Cattle fed MA consumed less feed (20.50 vs 21.04 lb/d 
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+/- 0.57) and had a lower ADG on both a live and carcass-adjusted basis (3% reduction; P ≤ 
0.05), resulting in a lower final BW and carcass-adjusted final BW (P ≤ 0.04) than for cattle not 
fed MA.  Feed efficiency on both a live and carcass-adjusted basis was not different for cattle fed 
MA when compared to those not consuming MA (P ≥ 0.37).  Cattle fed MA had a lower hot 
carcass weight (P = 0.02); however, marbling scores were higher (P = 0.04) for cattle fed MA 
than for cattle not fed MA.  Cattle fed WCDG consumed 3% more feed and had a higher ADG 
on both a live and carcass-adjusted basis (P ≤ 0.05) than cattle not receiving WCDG, resulting in 
a heavier final BW and carcass-adjusted final BW and improved feed efficiency (P ≤ 0.06) for 
cattle fed WCDG.  Feeding WCDG also increased hot carcass weight (P = 0.07), although 
dressing percent was decreased by feeding WCDG (P = 0.02).  An interaction for USDA average 
yield grade (P = 0.13) was evident; however, there were no effects of either MA or WCDG (P ≥ 
0.13) on USDA average yield grade and these data followed the same numeric trend as back fat 
thickness.  No interactions existed for yield grade or quality grade distributions.  Feeding MA 
increased the percentage of carcasses grading average Choice or better (P = 0.07) and feeding 
WCDG decreased the percentage of yield grade 2 carcasses (P = 0.03).  There were no 
differences in water consumption by treatment.  Results suggest that including MA in the diet at 
1% of DM under the conditions of this study reduced ADG, but did not alter feed efficiency; 
however, supplementing a steam-flaked corn-based diet with 15% WCDG on a DM basis may 
improve carcass-adjusted performance. 
 
Effects of residual feed intake classification on feed efficiency and feeding behavior traits in 
Angus based composite steers  J.T. Walter, J.C. Bailey, G.E. Carstens, A.N. Hafla, E.D. 
Mendes and L.O. Tedeschi, Department of Animal Science, Texas A&M University, College 
Station 
Objectives of this study were to evaluate the effects of residual feed intake (RFI) classification 
on performance, feed efficiency and behavior traits in feedlot steers. Individual DMI, ultrasound 
carcass and feed behavior traits were measured in Angus-based composite steers (N = 508) from 
the Rex Ranch (NE) during 3 trials. Steers were fed a high-grain diet (ME = 3.08 Mcal/kg DM), 
and DMI and bunk visit (BV) frequency and duration data collected for 70 d using a GrowSafe 
system. RFI was computed as the residual between actual and expected DMI derived from 
regression of DMI on ADG and mid-test BW0.75, and steers classified into low (n = 148), 
medium (n = 206), and high (n = 154) RFI groups (± 0.5 SD from trial mean RFI). Meals are 
clusters of BV events separated by short intervals that are differentiated from the next meal by a 
non-feeding interval that is long compared to the intervals within a meal.  The longest non-
feeding interval considered to be part of a meal is defined as meal criterion (MC). A 2-pool 
Gaussian distribution model was fit to log-transformed interval lengths between BV events for 
each animal using R mixdist package (2.9-2), and the intersection of the distributions computed 
as the MC. Individual MC was used to derive meal frequency and duration data. Initial BW (310 
± 4.6 kg) and ADG (1.68 ± 0.02 kg/d) were similar, but DMI (9.62 vs 11.39 ± 0.09 kg/d) and 
F:G (5.95 vs 6.95 ± 0.11 kg/d) were lower (P < 0.0001) for low- compared to high-RFI steers. 
Steers with low RFI had lesser (P < 0.001) backfat depth (0.66 vs 0.77 ± 0.02 cm) and lower (P 
< 0.05) intramuscular fat percentage (3.06 vs 3.27 ± 0.06%) than steers with high RFI. Final 
REA area was not affected by RFI classification. Steers with low RFI spent less time (P < 0.01) 
at the feed bunk (51.4 vs 64.6 ± 1.2 min/d) and had fewer (P < 0.01) BV events (53.1 vs 62.3 ± 
1.4 events/d) than high-RFI steers. Meal criterion (29.0 vs 24.9 ± 0.03 min) was longer (P < 
0.05) for steers with low- compared to high-RFI steers. Steers with low RFI had fewer (P < 0.05) 
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daily meals (4.97 vs 5.01 ± 0.07 events/d), shorter (P < 0.0001) meal durations (116 vs 136 ± 4 
min/d), and fewer (P < 0.01) BV events per meal (10.8 vs 12.4 ± 0.3) than high-RFI steers. 
Steers with low RFI consumed 15% less feed and were leaner, but had similar performance and 
REA compared to high-RFI steers. Steers with divergent RFI had distinctive feeding behavior 
patterns, suggesting that feeding behavior traits may be effective in predicting between-animal 
variation in feed efficiency of beef cattle. 
 
The influence of dietary crude protein regimen on nitrogen and dry matter digestibility  
 E.C. Westover*¹, J.J. Wagner¹, T.E. Engle¹, T.C. Bryant², S. Archibeque¹, and J. Ham¹ 
¹Colorado State University, Fort Collins, and ²JBS Five Rivers Cattle Feeding, Greeley, CO  
Crossbred steers were used to investigate the effects of dietary crude protein (CP) withdrawal 
and oscillation regimens on dry matter (DM) and nitrogen (N) digestibility, using acid insoluble 
ash (AIA) as an indigestible marker. Cattle were randomly assigned to various CP treatments 
that were applied to a 77% steam-flaked corn diet (DM basis). Cattle were assigned to one of the 
following treatments: High Crude Protein (HCP): 13.5% CP, 3.50% crude protein equivalent 
(CPE) from non-protein nitrogen (NPN) through slaughter; Oscillating Crude Protein (OCP): 
alternating an 11.62% CP, 1.55% CPE from NPN diet with the control diet (HCP) on 48-hour 
intervals; Intermediate Crude Protein (ICP): 12.56% CP, 2.53% CPE from NPN from d 22 
through slaughter; Low Crude Protein (LCP): 11.62% CP, 1.55% CPE from NPN from d 22 
through slaughter.  Urea and corn meal were used to modify dietary CP concentrations.  At the 
initiation of the experiment steers were implanted with 200 mg of trenbolone acetate and 40 mg 
estradiol. Steers were weighed and fecal grab samples were obtained every 28 days throughout 
the experiment. Weekly feed samples were collected, frozen, and then composited monthly. Feed 
and fecal samples were analyzed for DM, N, and AIA. Treatment was a significant (P < 0.05) 
source of variation for N digestibility. Steers receiving the HCP diet had similar N digestibility 
relative to steers receiving OCP and ICP diets. However, steers receiving the LCP diet had lower 
(P < 0.01) N digestibility when compared to steers fed HCP. Treatment was not a significant (P 
> 0.10) source of variation for DM digestibility, yet steers fed the HCP had numerically higher 
DM digestibility. Dry matter and N digestibility increased with increasing days on feed (P < 
0.01). Acid insoluble ash has been documented to be an accurate predictor of digestibility of DM 
and CP; however, digestibility can be overestimated due to low AIA content in feed and fecal 
samples. These data indicated that DM and CP digestibility can be influenced by dietary CP 
regimen.    
 
Effects of castration methods on health and performance of “high-risk” commingled calves 
purchased from livestock markets in Oklahoma, Arkansas, and Missouri  B. K. Wilson*, C. 
L. Maxwell*, D. B. Burken†, D. L. Step‡, B. T. Johnson*, J. J. Wagner*, J. L. Wahrmund*, D. L. 
Christensen*, C. J. Richards*, and C. R. Krehbiel*, *Department of Animal Science, Oklahoma 
State University, Stillwater, †Department of Animal Science, University of Nebraska, Lincoln, 
‡Department of Veterinary Clinical Sciences, Oklahoma State University, Stillwater 
Many calves purchased at livestock auctions in the Southeast and Southern Plains are 
mismanaged and have compromised health upon arrival to their subsequent destination.  These 
mismanaged or “high-risk” calves typically are weaned on the way to the auction, have not been 
dehorned or castrated, have not been administered an adequate vaccine regimen, and many times 
have not received sufficient nutrition to support their growth potential.  These calves are more 
vulnerable to health problems and are more difficult to manage and feed than higher-quality 
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“preconditioned” calves of the same live weight.  Consequently, “high-risk” bull calves are 
typically purchased at large discounts compared to “preconditioned” steers.  There is potential to 
greatly increase profits through castration and subsequent management of these calves, but there 
is also a substantial amount of risk involved.  One of the most important management 
responsibilities in processing these calves is castration.  In most production settings, physical 
methods are the most common means of castration.  Physical castration methods can be 
subdivided into procedures involving surgical removal of the testes, or methods that irreparably 
damage the testicles by interruption of the blood supply.  Due to the varied results and 
recommendations in the literature, additional research is necessary to determine the effects of 
surgical versus non-surgical castration on health and performance.  The objective of this study 
was to evaluate the effects of surgical castration versus non-surgical castration on health and 
performance of “high-risk” bull calves.  Crossbred steers (n = 124; initial BW = 599 lbs) and 
bulls (n = 266; initial BW = 586 lbs) were purchased from livestock markets in Oklahoma, 
Arkansas, and Missouri.  Bulls were randomly assigned to either the surgical castration treatment 
(Knife) or the non-surgical castration treatment (Band).  Across the receiving period, steers had 
lower first treatment rates (P = 0.02), lower second treatment rates (P < 0.01), and lower total 
morbidity (P < 0.01) than calves that arrived as bulls.  Steers also had fewer retreatments (P < 
0.01) and less mortality (P = 0.02) than bull calves.  Steers gained weight more rapidly (P < 
0.05) than bull calves across all periods.  Bulls that were banded had lower first treatment rates 
(P = 0.03), third treatment rates (P = 0.03), and lower total morbidity (P < 0.01) than calves that 
were surgically castrated.  Banded bulls also tended (P = 0.06) to have fewer retreatments than 
surgically castrated bulls.  The castration method utilized had no effect (P > 0.10) on 
performance in the present experiment.  Calves that arrived at the feedlot as steers had improved 
performance and less morbidity than calves that arrived as bulls.  Bulls that were castrated by 
banding exhibited less morbidity that bulls than were surgically castrated with no differences in 
performance.  Preferably, claves would be castrated prior to the stocker or feedlot phase to 
maximize performance and minimize health risks.  If calves must be castrated post arrival, 
banding may decrease morbidity. 
 
Effect of methanol infusion on intake and digestion of a grain-based diet by beef cattle 
K.N. Winsco, N.M. Kenney, R.O. Dittmar, III, J.A. Coverdale, J.E. Sawyer, and T.A. 
Wickersham,  Texas A&M University, College Station 
Methanol is used in biodiesel production, is found in significant quantities in crude glycerin, and 
has adverse effects on non-ruminants.  Currently, the maximum concentration allowed for 
methanol in ruminant feeds is 150 ppm, but there is little data describing effects of methanol 
concentrations in excess of 150 ppm on ruminants. Our objective was to determine effects of 
methanol concentration on intake and digestion in cattle consuming a grain-based diet.  Five 
ruminally cannulated Holstein steers (BW = 399 ± 34 kg) were used in a 4 × 4 Latin square with 
an additional column for steer, and provided ad libitum access to a grain-based diet (49% corn, 
14.7% CP, 32.1% starch).  Treatments consisted of 4 levels of methanol (0, 70, 140, and 210 g/d) 
infused directly into the rumen to prevent volatilization from feed.  Experimental periods were 
16 d, with 9 d of adaptation to treatment and 7 d of data collection.  Determinations of intake 
were made on d 10 through 14 of each period to correspond with fecal grab samples collected 
from d 11 through 15.  Titanium dioxide, dosed daily at 10 g/d, was used as an external marker 
to estimate fecal production.  Ruminal fluid was collected on d 16.  Methanol intake increased 
linearly (P < 0.01) from 0 to 6,563, 13,356, and 19,831 ppm diet for 0, 70, 140, and 210 g/d of 
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methanol, respectively.  Intake was not (P > 0.71) affected by methanol infusion (9.93, 9.93, 
9.73, and 9.83 kg OM/d for 0, 70, 140, and 210 g/d of methanol).  Methanol infusion did not 
affect (P > 0.12) OM or starch total tract digestion, which averaged 75.6 and 93.9%, 
respectively, across treatments.  Our results indicate that levels of methanol consumption in 
excess of the current recommendation of 150 ppm did not have adverse effects on intake and 
digestion in cattle.  These data suggest minimal risk in allowing ruminant diets to contain greater 
levels of methanol than non-ruminant diets. 
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