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by Solutia

Use of Byproduct

Feeds in Growing and Finishing Diets

Dr. Todd Milton, Consulting Nutritionist, Midwest PMS, Inc.
Byproducts from the grain milling and oil seed processing industries are
commonly used in growing and finishing diets for beef cattle through the major cattle
feeding areas. Traditionally, the availability of bypro ducts is dependent upon the major
crops produced within a geographical region, processing facilities and the byproducts
ability to be transported in a dense form (i.e. pelleted). Today, it seems that there is an
increased availability of various bypro ducts across the cattle feeding region. This is most
likely a result of an increasing number of processing plants throughout the region, an
increasing feedyard size having the ability to use large quantities of byproducts, and
transportation arrangements to move wetter products further away from processing
plants.
The number of bypro ducts produced from grain milling and oil seed processing
are too numerous for this paper to provide a comprehensive review of each, and
therefore, will concentrate more on those commonly used in growing and finishing diets.
Generally, bypro ducts can be broadly categorized as either dry or wet. The chemical
composition of some commonly used bypro ducts as well as corn grain, alfalfa hay and
soybean meal are provided in Table 1. These bypro ducts are used to replace corn or
some combination of corn and alfalfa hay in finishing diets because the fiber fraction is
digested to a greater extent than that of alfalfa hay. Greater digestibility of these
byproduct fiber sources is due to reduced particle size and lignin content compared to the
fiber fraction of alfalfa hay. These types of bypro ducts are almost devoid of lignin,
whereas typical "feedlot quality" alfalfa may contain as much as 10% lignin. Byproducts
used to replace alfalfa hay, such as those from the cotton industry, have chemical and
physical characteristics more similar to alfalfa. With the exception of wheat midds, the
byproducts described in Table 1 contain little, if any, starch. Wheat midds can contain as
much as 30% finely ground wheat starch, whereas assays ofthe corn milling bypro ducts
(corn gluten feed and distillers grain) are typically less than 10% total starch. Because
bypro ducts are most commonly comprised of highly digestible fiber, animal responses
from inclusion in growing and finishing diets can vary due to several factors such as: type
of diet, degree of grain processing, associative effects of digestion between fiber and
starch, need to manage sub acute acidosis, level of feed intake, etc.
Wheat Middings: Most experiments using wheat midds in beef cattle diets has
focused on their use as a supplement in grazing situations. Experiments conducted by
Allison and Poore (1993) and Poore (1993) indicated that replacing corn and soybean
meal with wheat midds in growing diets based on sorghum silage or hay-based diets
yields similar performance. Experiments conducted by Blasi et al. (1998) evaluated the
use of wheat midds in conventional full-fed silage-based and limit-fed high-concentrate
growing programs. Wheat midds replaced 0 to 100% of rolled corn in both feeding
programs. In both feeding programs, a linear decline in daily gain was observed as the
level of wheat midds increased. Regression analyses conducted by Blasi et al. (1998)
predicted that for each 5% inclusion of wheat midds daily gain would decrease by .03
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Ibid. In the full-fed sorghum silage based diets, dry matter intake was reduced 10% when
wheat midds replaced 100% of the com compared to the other sorghum silage diets.
Feed efficiency was similar for the full-fed sorghum based diets, but reduced linearly as
the level of wheat midds increased in the limit-fed high-concentrate diet. Regression
analysis predicted that for each 5% replacement of rolled com with wheat midds a .06 lb
increase in the amount of feed required per unit of gain would be expected. These
authors concluded that wheat midds have a feeding value of about 95% that of com when
used in conventional full-fed silage-based growing diets but a value of 83% that of com
when used in com-based high-concentrate limit-fed diets.
Published experiments evaluating the use of wheat midds to replace either com
or alfalfa hay in finishing diets are limited. Brandt et al. (1986) fed wheat midds at 10,
20 and 30% of the diet (DM Basis), replacing dry-rolled com (Table 2). Daily gain
decreased and the amount of feed required per unit of gain increased linearly when wheat
midds replaced com. Dalke et al. (1997) observed a linear increase in feed intake and
feed conversion when wheat midds were fed at 5, 10 and 15% of the diet dry matter,
replacing dry-rolled com (Table 3). These linear effects appeared to be a function of
feeding the higher levels of wheat midds. When fed at 5% of the diet dry matter, feed
intake, daily gain and feed efficiency were similar to the control diet. Dalke et al. (1997)
also evaluated replacing 50 or 100% of the alfalfa hay (10% DM basis in control diet)
with wheat midds in dry-rolled com diets (Table 3). As wheat midds replaced alfalfa
hay, dry matter intake and calculated net energy intake decreased linearly. Daily gain
was similar among treatments, and although not significant, feed efficiency was
improved 4.5% when wheat midds replaced 100% ofthe alfalfa hay compared to the
control diet containing 10% alfalfa hay. Although wheat midds appeared to successfully
replace 100% of the roughage in the dry-rolled com diets of Dalke et al. (1997),
replacement of alfalfa hay in highly processed diets (steam flaked com) with wheat
midds may elicit a different response. These two experiments suggest that wheat midds
can replace approximately 5% of the dietary grain fraction. When fed at levels higher
than 5%, wheat midds may need to be used to replace both grain and roughage.
Soybean hulls: Numerous experiments have evaluated the use of soyhulls in low
and medium energy density growing diets. Klopfenstein and Owen (1988) added
increments of 12.5,25 and 50% com or soyhulls to a forage based ration containing equal
proportions of com stalklage, brome hay and com cobs and observed similar performance
between the addition of com grain or soyhulls. These data would indicate that soy hulls
have an energy value similar to com in low energy growing diets.
Shain et al. (1993) observed a linear decrease in daily gain and a linear trend for
reduced feed efficiency as soyhulls replaced com in a medium energy density diet
containing 25 alfalfa hay, 35% sorghum silage and 40% rolled com (DM basis; Table 4).
Recently, L6est et al. (2001) compared a high-energy growing diet (75% rolled com:15%
alfalfa hay; DM Basis) and a diet comprised of 92% soyhulls fed at either 1.5 or 2.5% of
body weight in growing heifers. Animal performance and calculated dietary NEg values
were lower for the soyhull-based diet compared to the com-based growing diet (Table 5).

2

These results indicate soyhulls have an energy value of approximately 75 - 80% of rolled
corn.
Experiments evaluating the use of soyhulls in finishing diets are limited. Ludden
et al. (1995) reported replacing rolled corn with soyhulls linearly decreased daily gain,
increased feed intake and linearly decreased gain efficiency in diets containing 80%
rolled corn and 15% corn cobs. Due to the current cost and availability of alfalfa hay as
well as other alternative roughage sources, soyhulls are being included in finishing diets,
replacing a portion of the alfalfa.

Corn Milling Byproducts: Commonly, the corn milling process is described as
dry milling or wet milling. Both produce bypro ducts in the wet (40 -70% moisture) and
dry (10% moisture) form, but these bypro ducts vary considerably (Table 1). In a dry
milling plant, grain is cleaned, finely ground and mixed with water. This mixture is
heated to gelantinize the starch and sterilize the mixture. This mixture is cooled and
dosed with enzyme for starch saccharification, and proceeds to fermenters for yeast
inoculation. After fermentation of the grain by yeast to produce alcohol and distillation
to recover the alcohol, the remaining material is called whole stillage. The whole stillage
is either screened or centrifuged to produce distillers gains and thin stillage. Thin stillage
is commonly called distillers solubles. The distillers grains contain the unfermented
portion of the parent grain (protein, fiber, fat, minerals, etc). Distillers solubles contains
yeast cells, soluble nutrients and very small grain particles. The distillers grains can be
dried and marketed as dried distillers grains (DDG) or marketed as wet distillers grains
(WDG). The distillers solubles can either be concentrated to a molasses like consistency
and marketed as condensed distillers solubles (CCDS), or remain with the distillers grains
in the dry or wet form. Dry milling plants basically produce fuel ethanol and feed
products. Although corn is most commonly used in dry milling plants, it is not the sole
grain that can be utilized. Distillers grains can originate from a variety of grains or grain
combinations.
Wet milling plants produce a much wider array of products including corn
sweeteners, corn starch, corn syrup, com oil, fuel ethanol and other precussors from com
starch for further manufacturing (i.e. degradable plastics). The primary feed bypro ducts
from the wet milling industry include com gluten meal, com gluten feed (either wet or
dry) and com steep liquor. Unlike the dry milling process, the wet milling process uses
only com grain. In the wet milling process, com is steeped in a mild sulfurous acid,
coarsely ground and the germ is separated from the rest of the kernel. The starch, gluten
protein and fiber are subjected another particle size reduction and milling that
preferentially removes the bran from other components. The bran fraction is washed free
of starch on a series of screens and may be subsequently dried. The starch and gluten are
separated for further processing. The wet milling process in based on the use water
throughout the process as a separating and cleaning agent. Fresh water enters the milling
process in the final stage of washing starch. Subsequently, the water runs countercurrent
with respect to the flow of com grain, passing through numerous screens and separating
implements, acquiring soluble nutrients at each step. This water will serve as the solution
in which com entering the processes is initially steeped. This water that is not absorbed
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by the com is drawn off as light steep and evaporated to approximately 50% dry matter,
commonly called com steep liquor. Because wet milling plants also produce ethanol,
distillers solubles are commonly blended with com steep liquor. Com steep liquor can be
marketed as a feed ingredient, or mixed with com bran which is marketed as com gluten
feed. Wet milling plants located away from major cattle feeding or dairy operations dry
and pellet com gluten feed which is marketed across the U.S. and internationally. Wet
milling operations in Nebraska, Minnesota and Iowa dry little, if any, and the com gluten
feed that is marketed to cattle feeding and dairy operations in the wet form (40 to 60%
moisture).
Wet Distillers Grains: Several researchers have evaluated the use of wet and dry
distillers grains in dry com-based finishing diets (Fanning et aI., 1999; Firkins et aI.,
1985; Ham et aI., 1995; Larson et aI., 1993). Calculated by substitution, estimates of the
net energy content of wet distillers grains ranges from 100 to greater than 140% the net
energy content of rolled com. In these experiments, the inclusion level of wet distillers
grains ranged from 5 to 40% of the dietary dry matter, replacing com. Fanning et aI.
(1999) fed wet distillers grains produced form either com or sorghum grain at 30% of the
diet dry matter, replacing com. The calculated energy value of wet distillers grains
produced from com grain was 30% greater than dry-rolled com, whereas the energy
value of wet distillers grains produced from sorghum was 25% greater than dry-rolled
com (Table 6). Additionally, Lodge et aI. (1997) demonstrated the digestibility of com
distillers grains to be greater than sorghum distillers grains. Although differences in wet
distillers grains may be small, these data indicate that the original grain source may have
some impact on feeding (energy) value.
Dried distillers grains contain less energy compared with the wet counterpart
(Ham et aI., 1994). Because of their energy content and price relative to com, dried
distillers grains are commonly formulated into growing and finishing diets based on
supplemental protein supply rather than energy content. Dried distillers are normally
priced relative to soybean meal, and there is considerable demand by the feed
manufacturing industry for the production of protein supplements and cakes.
Corn Steep Liquor: Using individually fed animals, Scott et aI. (1997b) replaced
dry-rolled com with 0, 15 or 30% (DM basis) com steep liquor in finishing diets. Daily
gain and feed efficiency were improved 34 and 18%, respectively, with the first
increment of com steep liquor addition. Feeding higher concentrations of com steep
liquor did not produce any additional benefit in performance. In a second experiment,
Scott et aI. (1997a) observed a 3.7% improvement in feed efficiency when com steep
liquor was fed at 11% of the diet dry matter, replacing 5% liquid supplement and 6% dryrolled com. In addition to supplying protein, energy and other nutrients to the diet, com
steep liquor can be used to "condition" the diet to improve palatability and aid in bunk
management. One concern with the use of high levels of com steep liquor (greater than
10%, DM Basis) is the increased dietary sulfur concentration that may lead to depressed
feed intake or sulfur toxicity. Com steep liquor contains about 2% sulfur (DM basis).
Additionally, secondary fermentation of com steep liquor can cause foaming and spillage
from storage tanks.
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Wet Corn Gluten Feed: Table 7 summarizes the change in dry matter intake,
daily gain and feed efficiency and calculated energy value of wet corn gluten relative to
dry-rolled corn. Wet corn gluten feed replaced between 22 and 87% of the corn in the
diet. Roughage levels were similar within experiments, and ranged from 7 to 10% (DM
basis) across the various experiments. On average, inclusion of wet corn gluten feed
increased dry matter intake by 1.4 pounds/head/day and gain by .36 pounds/day. The
average improvement in dietary energy content with the inclusion of wet corn gluten feed
was 4%, and the average energy value for wet corn gluten relative to dry-rolled corn was
110%. The two experiments that individually fed animals had the largest change in feed
intake and daily gain. With the individually-fed experiments excluded from the overall
average, inclusion of wet corn gluten feed increased daily dry matter intake by 1.0 pound,
increased gain .31 pounds/day, increased the dietary energy content by 3%, and the
average energy value for wet corn gluten feed relative to dry-rolled corn was 108%. The
energy value of wet corn gluten feed compared with dry-rolled corn ranged from 85% to
greater than 120%. Several reasons may explain this wide range such as degree of corn
rolling (course versus fine), bunk management, calves versus yearlings and
environmental feeding conditions.
Table 8 summarizes the change in dry matter intake, daily gain and feed
efficiency and calculated energy value of wet corn gluten feed relative to steam-flaked
corn. Wet corn gluten feed replaced between 22 and 60% of the steam-flaked corn in the
diet. Roughage levels were similar within experiments, and ranged from 7 to 9% (DM
basis) across the various experiments. On average, inclusion of wet corn gluten feed
increased dry matter intake by 1.2 pounds/head/day and increased gain by .13
pounds/day. The average improvement in dietary energy content with the inclusion of
wet corn gluten feed was 98%, and the average energy value for wet corn gluten feed
relative to steam-flaked corn was approximately 95%. Although it is difficult to
compared wet corn gluten feed inclusion levels across experiments, it appears that the
energy value of wet corn gluten feed in greater at inclusion levels between 20 and 30% of
the dietary dry matter compared with inclusion levels of 40% or greater.
Advantages and Disadvantage o[Feeding Byproducts: In addition to the changes
in animal performance with byproduct feeding, there are other issues that feedyards and
nutritionist may wish to consider. Some positive aspects include: 1) increase mill
capacity by reducing the amount of processed grain in the ration, 2) normally provide
additional nutrients to the diet (i.e. protein, phosphorus) reducing supplemental
requirements, 3) may replace a portion of bulky feedstuffs that are difficult to handle in
feedmills (i.e. alfalfa hay) and 4) normally reduce overall ration costs.
Some negative aspects of byproduct feeding may include: 1) increased inventory
management, 2) some bypro ducts like dried distillers grains bridge in storage bins
making inventory and flow through the feedmill difficult, 3) may not flow through air
lifts and legs or require flat storage versus overhead bins (i.e. wet byproducts), 4) require
additional labor and/or equipment to batch ingredients and 5) moisture variation with the
use of wet byproducts. Analysis of Sweet Bran 60 from January 2000 through December
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2000 for moisture averaged 40% with a standard deviation of. 77. The target moisture
content for this product was 40%, and it was consistent. Analysis of a wet distillers
byproduct during the same time period for moisture averaged 60% with a standard
deviation of 3.94. On average, the moisture specifications were at the pricing target of
60% for this supplier of wet distillers grains. However, in contrast the samples of Sweet
Bran 60, the moisture variation from sample to sample was much greater with the wet
distillers grains.
Due to their physical properties, wet bypro ducts create greater challenges than
most dry byproducts. Due to increased dry matter intake and higher moisture content,
use of wet bypro ducts (like wet corn gluten or wet distillers) increases the total amount of
feed batched, hauled and delivered compared to conventional corn-alfalfa type diets. A
second concern is shrink loss due to higher moisture content and methods of storage and
handling. Published values regarding the degree of inventory shrink with wet bypro ducts
are not available. Based on personal experiences, shrink of wet bypro ducts can be as
small as 1 to 1.5% and as great at 10%. Another issue that feedyards may wish to
consider is the recommended "on-hand" inventory. It is commonly recommended that at
least 2 to 3 days of product be inventoried to ensure adequate supply and reduce the need
for ration changes or abrupt removal of the product from the diet. It has been the
experience of this author as well as other nutritionist that abruptly removing all of a wet
byproduct from finishing diets results in challenges with maintaining adequate feed
intake. This may be due to the higher inclusion levels of these byproducts, ruminal
fermentation dynamics and disruption of feed intake patterns. Gradual reduction in the
level of these bypro ducts over 10 to 15 days is common practice among many
nutritionists to prevent problems with maintaining feed intake once the bypro ducts are no
longer being fed.
One of the greatest concerns with the use of bypro ducts listed in Table 1 is their
phosphorus content. Compared to conventional feedstuffs (corn and alfalfa), all of these
by pro ducts contain a higher concentration of phosphorus. Inclusion at low levels has a
limited impact on the total dietary phosphorus concentration; however, higher inclusion
levels (typically associated with the wet bypro ducts) can result in total dietary
phosphorus levels exceeding .4%. Using values from Table 1, a diet containing 87%
steam-flaked corn, 8% alfalfa hay and 5% supplement would contain about .28%
phosphorus, whereas, a diet containing 67% steam-flaked corn, 20% wet corn gluten
feed, 8% alfalfa hay and 5% supplement would contain about .47% phosphorus (DM
basis). Based on recent phosphorus requirement experiments, corn grain alone appears to
satisfy the dietary phosphorus requirement for finishing cattle. Phosphorus is currently
and will most likely continue to be one of the largest environmental concerns associated
with confined cattle feeding. It is difficult to determine the costs associated with these
aspects of byproduct feeding because they vary considerably across feedyards. However,
one may wish to consider them when making the decisions to feed and pricing
byproducts.
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Summary and Conclusions
Beef cattle have the unique ability to effectively utilize a variety of feedstuffs in
growing and finishing diets. Several bypro ducts from the grain milling and oil seed
processing industries contain highly digestible fiber that fit the nutritional niche of beef
cattle. Use of bypro ducts can enhance animal performance, increase feedmill capacity,
improve ration palatability, improve bunk management, reduce ration cost and improve
profitability when priced and formulated into growing and finishing diets appropriately.
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Table!.

Composition of bypro ducts commonly used in beef cattle growing and finishing diets.

Byproduct
Wheat
Midds
Soyhulls
Wet com
gluten feed
Dry com
gluten feed
Com steep
liquor
Wet
distillers
gams
Dried
distillers
grams
Com grain
Alfalfa hay
Soybean
meal

Percent (Dry Matter Basis)
Crude
Fiber
NDF
ADF

Fat

Phosphorus

Sulfur

11
40

3.5
2.0

1-1.1
.21

.20
.10

15

8-12

2-3

1-1.4

.5-.6

15

8-15

2-3

1-1.4

.5-.6

2-3

2-2.2

2.0

10-12

11-13

.8-1.0

.7-.8

15-20

10-12

11-13

.8-1.0

.7-.8

3-5
35

2.0
23-25

3.5
2.0

.28-.32
.24

.15
.3

6-7

1.5

.7

.5

Dry
Matter

Moisture

Crude
Protein

85-90
90

10-15
10

18
9-12

38-40
65

12-14
45-50

40-60

60-40

15-22

35-40

90

10

15-22

35-40

40-50

50-60

40-45

30-40

60-70

28-33

40

15-20

90

10

28-35

40

85
85

15
15

8-9
16-20

10
40-45

90

10

44-50
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Table 2. Effect of replacing rolled-com with pelleted wheat middlings on finishing
performance (Brandt et aI., 1986).

Item
Dry matter intake,
Ibid
Daily gaina, Ib
Feed efficiencl
a Linear effect (P < .05).

0%
22.0

Level of Wheat Middlings in Ration
10%
20%
23.4
23.3
3.89
6.00

3.92
5.59

9

3.74
6.22

30%
24.2
3.63
6.68

Table 3. Effect of replacing rolled com or alfalfa hay with pelleted wheat middlings on
finishing performance (Dalke et aI., 1997)

Item
0%
Dry matter intake , Ibid
21.6
Dailygain,lb
3.10
Feed efficiencl
6.9
For replacement of rolled com, linear
b For replacement of alfalfa hay, linear

Wheat Midds for Com
Wheat Midds for Hay
5%
10%
15%
5%
10%
22.0
23.4
23.6
20.9
19.6
3.17
3.08
3.12
3.10
2.95
7.0
7.6
7.6
6.8
6.6
effect of wheat middlings (P < .05).
effect of wheat middlings (P < .01).

Table 4. Performance of growing steers fed graded levels of soyhulls, replacing dry-rolled
com (Shain et aI., 1993)
Percent Soyhulls Replacing Com (DM basis)
100
75
50
Item
0
25
19.8
17.8
20.9
Dry matter intake, Ibid
20.7
19.7
a
2.04
1.66
2.40
Daily gain , lb
2.22
2.15
9.71
10.72
8.69
Feed efficiencyb
9.34
8.91
a Linear effect of soy hull inclusion (P < .05).
b Linear effect of soyhull inclusion (trend; P = .12).

Table 5. Performance of growing cattle fed com- and soyhull-based diets at 1.5 or 2.25%
of body weight (Leest et aI., 2001)
Treatmenta
Item
Rough
Com1.5
Com2.25
SH1.5
SH2.25
Initial wt., lb
559
584
573
569
575
Final wt., lb
714
650
758
619
708
Dry matter intake, Ibid
17.2
8.7
14.2
8.6
13.4
Daily gainb,C,lb
1.81
1.16
2.36
.79
1.63
Feed efficiencyb,C
9.62
7.46
5.99
10.64
8.20
NEg, Mcal/cwtb
41.7
67.1
65.3
56.7
52.6
a Rough= roughage-based diet fed at 2.75% ofBW, Com1.5= com-based diet fed at 1.5%
ofBW, Com2.25= com-based diet fed at 2.25% ofBW, SH1.5= soyhull-based diet fed at
1.5% ofBW, SH2.25= soyhull-based diet fed at 2.25% ofBW.
b Average of Com 1.5 and Com2.25 versus average ofSH1.5 and SH2.25 (P < .05).
c Average ofCom1.5
and SH1.5 versus average ofCom2.25 and SH2.25 (P < .05).
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Table 6. Effects of wet distillers grains produced from com or sorghum grain on
performance of finishing steers.
Finishing Dietsa
Com WDG
SorgWDG
22.9
25.4
3.95
4.11
5.81
5.97
65.2
63.0

Contrastsb
DRC/DIST
Corn/Sorg
.03
.37
<.01
.19
<.01
.31
<.01
.15

DRC
Item
DM Intake, Ibid
23.5
3.64
Daily gain, lb
6.48
Feed efficiency
58.2
Diet NEg,
Mcal/cwt
DRC= dry-rolled com control; ComWDG= com distillers grains; SorgWDG= sorghum
wet distillers grains.
b DRC/DIST= dry-rolled com diet versus average of diets containing wet distillers grains;
Corn/Sorg= com versus sorghum distillers grains.

Table 7. Change in dry matter intake, daily gain and feed efficiency of cattle wet com
gluten feed in dry-rolled com-based diets and calculated net energy values.

Source
Scott,2001a
Scott,2001a
Scott,2001b
Herold, 1998
Herold, 1998
Scott, 1997a
Scott, 1997a
Scott, 1997b 1
Scott, 1997b1
Richards, 1996
Richards, 1996
Richards, 1996
Richards, 1995
Richards, 1995
Richards, 1995

WCGF
Levela
22
32
35
23
38
21
38
30
60
42
44
87
25
25
50

DMI
Changeb
2.8
2.3
2.6
.17
1.76
1.85
2.1
4.8
4.5
-.14
-.68
-1.86
.66
1.08
.46

ADG
Changeb
.38
.34
.24
.08
.54
.37
.48
1.13
.99
.37
.32
.06
.24
.36
.27

Control
Feed/gain
5.35
6.02
6.00
6.02
5.88
5.68
5.68
6.99
6.99
6.63
7.06
7.06
5.60
5.60
5.60

WCGF
Feed/gain
5.52
6.08
6.30
5.93
5.51
5.61
5.51
6.29
6.45
6.01
6.29
6.41
5.43
5.38
5.35

FIG %

FIG %

DietaryC
96.8
99.0
95.0
101.5
106.3
101.2
103.0
110
107.7
109.4
110.9
109.2
103.0
103.9
104.5

WCGF
90.1
95.5
85.7
106.6
116.5
105.9
107.8
133.4
112.9
122.0
124.8
110.6
112.1
115.7
108.9

110
104
'.36
1.4
Average
Level of wet com gluten feed, replacing dry-rolled com (DM basis).
b Change in dry matter intake and daily gain when wet com gluten feed replaced com
(wet com gluten feed diet - com control diet).
CCalculated using animal performance.
1 Animals were individually fed.

a
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Table 8. Change in dry matter intake, daily gain and feed efficiency of cattle wet corn
gluten feed in steam-flaked corn-based diets and calculated net energy values.

Source
Scott,2001a
Scott,2001a
Texas Techl
Sindt, 2000
Sindt, 2000
Cactus
Researchl
Cactus
Researchl

WCGF
Levela
22
32
40
30
60
20

DMI
Changeb
1.6
1.0
1.1
.1
.8
1.42

ADG
Changeb
.27
.20
.12
.08
-.09
.18

Control
Feed/gain
5.13
5.56
4.91
6.06
6.06
5.71

WCGF
Feed/gain
5.18
5.54
5.05
5.95
6.49
5.82

F/G%
DietaryC
99.0
100.4
97.1
101.6
93.4
98.1

F/G%
WCGF
97.0
101.6
92.9
104.0
90.6
90.4

40

1.82

.12

5.71

6.02

94.6

86.4

94.7
97.7
.13
1.1
Average
a Level of wet corn gluten feed, replacing steam-flaked corn (DM basis).
b Change in dry matter intake and daily gain when wet corn gluten feed replaced corn
(wet corn gluten feed diet - steam-flaked com control diet).
CCalculated using animal performance.
I Data not yet published.
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Effects of steroid implants on the growth physiology in cattle.
Daniel U Thomson
Veterinary Research and Consulting Services
Greeley, CO 80634
Introduction
Estrogenic and androgenic hormones are commonly implanted in growing cattle to increase
growth rates and improve feed efficiency. The National Animal Health Monitoring System (1999)
reported that 96.1 % of all cattle on feed are implanted at least once, and that the estimated
economic advantage of implanting cattle with steroids was between $15 and $40 per animal.
Many excellent reviews have been written concerning the use of steroids in beef production
(Preston, 1999; Trenkle,1997; Hancock et aI., 1991; Hancock, 1989; Preston, 1987; Tucker and
Merkel, 1987; Roche and Quirke, 1986; Unruh, 1986; Galbraith and Topps, 1981; Buttery et aI.,
1978; Trenkle, 1976; Preston, 1975; Preston and Willis, 1970; Trenkle, 1969). Although steroid
implants increase the growth rates of cattle, questions remain as to the mechanisms by which the
combination of estrogenic and androgenic compounds increase protein deposition in beef cattle.
This paper will review possible mechanisms by which anabolic agents affect skeletal muscle in
ruminants.
Feedlot Performance of Beef Cattle
The use of trenbolone acetate and estradiol in combination increases the feedlot
performance of finishing beef steers. The TBA/E2 implants increase average daily gain
(Cecava and Hancock, 1994; Mader, 1994; Bartle et aI., 1992; Lee et aI., 1990; Fisher et
aI., 1986; Combs and Hinman, 1985; Heitzman, 1983; Heitzman et aI., 1981; VanderWal
et aI., 1975), dry matter intake (Mader, 1994; Fisher et aI., 1986; Combs and Hinman,
1985) and gain efficiency by steers (Mader, 1994; Combs and Hinman, 1985; Heitzman
et aI., 1981 ;).
The combination of trenbolone acetate with estradiol in an implant increases the
performance by growing cattle compared with estradiol alone. Indeed, before both were
contained in one implant, producers would implant cattle with separate estradiol and
trenbolone acetate implants. Heitzman et al. (1981) found that implanting both of these
implants given in the same ear resulted in increased ADG and improved feed efficiency
by cattle relative to cattle given the estradiol implant in one ear and the trenbolone acetate
implant in the other. However, the ratio oftrenbolone acetate to estradiol that provided
maximum growth performance in cattle had not been established.
Thomson et al.(l996a) examined performance by feedlot steers (n = 392)
implanted with nothing, 30 mg ofE2, 300 mg ofTBA, 10:100 mg ofE2:TBA, 20:200 mg
ofE2:TBA, 30:300 mg ofE2:TBA or 24:120 mg ofE2:TBA. Steers that received TBA
alone had lower DMI, while other implanted steers had increased DMI relative to nonimplanted steers. Steers that received 20:200,30:300 and 24: 120 mg ofE2:TBA had
increased ADG and improved feed efficiency over the 119 d feeding period relative to the
other treatments. There were no differences (P > .10) in performance between the 10: 1
TBA:E2 implanted steers and the 5: 1 TBA:E2 implanted steers. Hence, the optimum
E2:TBA ratio seems to be somewhere in the range of5:1 to 10:1.
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Nitrogen metabolism in beef cattle
Anabolic steroids do not increase the quantity of nitrogen absorbed but rather
increase the utilization ofthe absorbed nitrogen (Hancock et aI., 1991; Bouffault and
Willemart, 1980; VanderWal et aI., 1975). This increase is largely explained by
decreased urinary nitrogen loss (Bouffault and Willemart, 1980; VanderWal et aI., 1975).
VanderWal et aI. (1975) reported that steers implanted with E2 had 27% greater retention
of nitrogen than non-implanted steers.
Plasma urea nitrogen (PUN) concentrations have been used extensively as a
convenient marker of the anabolic response to diethylstilbestrol (DES), an estrogenic-like
substance (Preston, 1968) The PUN concentration is directly correlated to decreasing
urinary nitrogen losses resulting from increased nitrogen retention(Grebing et aI., 1970).
Cattle implanted with trenbolone acetate and estradiol benzoate had a significant decrease
in PUN concentrations as early as d 7 after implantation (Figure 1; Thomson et aI., 1996).
The depression of plasma urea nitrogen concentrations can be caused by either increased
protein synthesis, decreased protein degradation, or a combination of both. Thomson et
aI. (1996a) determined the PUN concentration for optimum growth rates in finishing
steers to between 6.8 and 8.8 mg/dL.
Shift in mature body size of beef cattle
Anabolic steroids alter the mature body size of beef steers (Preston, 1978; Loy et
aI., 1988). In these studies, steers that were implanted regularly with estrogenic steroids
had increased gains, hook heights, and weightheight ratio compared with non-implanted
steers. Preston (1978) found these results to be true for both small- and large-framed
steers. Even after 486 d, the non-implanted group never caught up with the implanted
steers in hook height. These results indicate that estrogenic steroids increase the mature
body size of finishing beef steers.
Carcass characteristics of beef cattle
Estrogenic and androgenic implants increase the percentage of muscle and
decrease the percentage of fat in the carcass. Implants increase hot carcass weight,
longissmus muscle area and the quantity of edible product in the carcass(Combs and
Hinman, 1985; Bouffault and Willemart, 1980; Preston, 1978). Steroids also can alter
carcass quality by decreasing marbling score of the carcass, thereby decreasing the
quality grade of the carcass (Duckett et aI., 1999; Combs and Hinman, 1985).
Duckett et aI. (1999) reported a decrease in marbling score when cattle were
implanted with estradiol benzoate and trenbo10ne acetate compared to controls.
However, the absolute quantity of fat present in the 10ngissmus muscle was similar in
implanted and non-implanted steers. Hence, the decrease in the marbling score was an
evident result of increased muscling and longissmus muscle area rather than a direct
decrease in intramuscular fat.
Thomson (1996e) found that implants did not decrease back fat thickness of
implanted steers compared to non-implanted steers; however, implants decreased
marbling scores. If one divides the back fat thickness by the longissmus muscle area or
by the hot carcass weight, the decrease in the ratios will mirror the decrease in marbling
score. Moreover, the product of the marbling score and longissmus muscle area was
equal for implanted and non-implanted steers.
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Preston et al. (1990) reported that implanted heifers and steers need to be fed 4
(16.8 kg) and 14 (39.5 kg) d longer, respetively than non-implanted heifers and steers,
respectively, to reach the same USDA quality grade. This line of reasoning results from
the increased mature body size for implanted cattle relative than for non-implanted cattle.
The NRC (1996) suggests an increase of 25 to 45 kg in the BW at which implanted cattle
reach finished condition compared with non-implanted cattle.
Direct effects on muscle cell protein synthesis and degradation
There are many estrogenic and androgenic receptors in skeletal muscle
(Sauerwein and Meyer, 1989; Bechet et aI., 1986; Meyer and Rapp, 1985). Bechet et al.
(1986) described two types of estrogen receptors in bovine skeletal muscle; 1) an
estrogen receptor that has a high affinity for estrogen when estrogen is at low
concentrations and 2) a receptor that has a lower affinity for estrogen when there are high
concentrations of estrogen. Bechet et al. (1986) showed that supplying radio-labeled
estrogen increased the binding of unlabelled estrogen to low-affinity receptors. In
addition, when zeranol, a plant-derived estrogenic-like compound, is administered, the
number of high affinity receptors increased. At this point and time, the physiological
significance of estrogen binding to the high affinity or low affinity receptors is not clear
and further research is needed.
Sauerwein and Meyer (1989) observed that estrogenic and androgenic receptors in
skeletal muscle are either inactive or active. Inactive estrogen and androgen receptors
float unbound in the cytosol. Steroids diffuse across the plasma membrane of the muscle
cell and bind to their receptor. The receptor is active once the steroid is bound. The
active receptor and its bound hormone then translocate to the nuclear membrane in the
cell where the complex is thought to stimulate protein synthesis.
The estrogen
receptors in skeletal muscle are similar in structure and affinity to those found in classical
estrogen target tissues (e.g. uterus; Meyer and Rapp, 1985; Dahlberg, 1982). Therefore,
skeletal muscle should be thought of as a target tissue for estrogen (Meyer and Rapp,
1985). The receptors in the uterine and skeletal muscle tissues have the same affinity for
estrogen; the main difference is that there are fewer receptors in skeletal muscle than in
uterine tissue. Freychuss et al. (1993) observed that a 10% decrease in receptor numbers
ablated the physiological response to estrogen treatment.
As in all steroid hormone research, it can be difficult to measure the binding of
hormones to target cells because of hormone metabolism and the ability of hormones to
bind to other steroid receptors. Meyer and Rapp (1985a) concluded that trenbolone
acetate does not compete with estrogen for estrogen receptors. However, Meyer and
Rapp (1985b) subsequently found that androgens can be aromatized to estradiol and then
bind to estrogen receptors. They also reported that trenbolone acetate does bind to
progesterone receptors. Androgens also have the capability to bind to glucocorticoid
receptors (Danhaive and Rousseau (1986). Cellular steroid hormone experimental
protocols must be carefully designed to yeild answers to very complex questions without
the confounding effects of other steroids or hormones.
Roeder et al. (1986) treated cultured rat L6 myoblasts and treated them with
estradiol benzoate, zeranol, progesterone, testosterone propionate and dexamethasone.
Neither protein synthesis nor protein degradation was affected directly as a result of these
steroid hormones; however, dexamethasone stimulated increased protein degradation.
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The authors concluded that steroid hormones indirectly affect skeletal muscle protein
synthesis and degradation.
Steroids do not have a direct effect on in vitro bovine muscle cell protein
synthesis and degradation. Thomson et aI.(1996b) treated primary cultures of bovine
myoblasts with estradiol, estradiol with trenbolone acetate, estradiol with progesterone,
and cholesterol (a common steroid implant carrier). None of the steroid treatments
affected protein synthesis, which have resulted from either too few estrogenic and
androgenic receptors in the myoblasts or from the response being too small to observe in
the experimental system.
Indirect effects on muscle cell protein synthesis and degradation
Many studies have been conducted in ruminants to examine the effects of
estrogenic and androgenic hormone treatment on the stimulation or inhibition of the
release of hormones that are known to affect protein or amino acid balance. Cortisol,
somatotropin, IGF-I, and insulin play roles in the regulation of amino acid balance in the
body, and these hormones have been evaluated with respect to changes in implanted
versus non-implanted animals.
Steroids and glucocorticoids
Cortisol is a glucocorticoid that is released from the adrenal cortex. Cortisol
increases protein degradation in the body (Sichuk and Leathem, 1962; Brake, 1993).
Roeder et aI. (1986) reported that anabolic agents do not alter glucocorticoid-induced
responses. However, Hayden et aI. (1992) observed that steers implanted with estradiol
had increased concentrations of circulating cortisol, but steers implanted with trenbolone
acetate alone had lower concentrations of circulating cortisol than non-implanted steers.
Hayden et aI. (1992) did not observe decreased protein degradation rate in response to
decreased cortisol concentration with trenbolone acetate administration. Brake (1993)
showed no differences in clearance rates of cortisol in implanted versus non-implanted
heifers. Therefore, anabolic agents do not seem to affect the responses by ruminants to
cortisol but might mediate the release of cortisol from the adrenal cortex.
Conversely, the effects of glucocorticoids on estrogen receptors have been
reported. Dexamethasome treatment alone did not affect estrogen receptor numbers in
the rat liver (Freyschuss et aI., 1994), but, when dexamethasone was administered in
combination with somatotropin it caused a synergistic increase in estrogen receptors
(Norstedt et aI., 1981; Freyschuss, et aI., 1994). Freyschuss et aI. (1991) reported that the
glucocorticoid, betamethasone, increased the number by 1.5 fold the number of estrogen
receptors in rat liver.
Steroids and insulin
Insulin regulates glucose and amino acid uptake by skeletal muscle and other
tissues in the body. Woods et aI. (1996) observed that when insulin was introduced to
primary cultures of bovine myoblasts it stimulated protein synthesis and decreased
protein degradation. Heitzman (1979) reported that steroids increased insulin secretion
by the pancreas. However, others have not observed similar responses in insulin
secretion in steers as a result of steroid implants (Trenkle, 1970; Hayden et aI., 1992).
Nonetheless, these latter results do not completely remove insulin from the picture.
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Insulin secretion could be mediated by steroid hormones indirectly through increased
feed intake and be masked by increased insulin binding to target tissues, thereby
increasing protein synthesis and decreasing protein degradation.
Somatotropin release, receptors and somatotropin binding protein regulation
The most extensively studied hormone with respect to the effects of estrogen and
androgens on protein deposition in ruminants is somatotropin. Previous research has
shown that when steroid hormones are administered to ruminants, somatotropin and
insulin like growth factor I (IGF -I) concentrations are increased (Brier et aI., 1988).
Somatotropin release is regulated by a negative feedback system on the hypothalamus
and anterior pituitary. Somatotropin releasing hormone is produced in the hypothalamic
region of the brain and transported to the anterior pituitary to stimulate the release of
somatotropin. Another hormone, somatostatin, is produced in the hypothalamus to act as
an inhibitor of the release of somatotropin from the anterior pituitary.
After somatotropin is released, it is carried in the systemic blood to target tissues
(i.e., liver and skeletal muscle). Somatotropin binds to its receptors and stimulates the
release of the hormone IGF-I, which is transported to target tissues and stimulates the
uptake of amino acids, which in turn stimulates protein synthesis in the cell.
Brier et aI. (1988) reported that regardless of the plane of nutrition, estradiol-17
beta increased circulating concentrations of somatotropin in steers. Estrogen receptors
are found in almost every tissue in the body. When these receptors are blocked with
tamoxifen, circulating concentrations of somatotropin and IGF-I decrease (Metzger and
Kerrigan, 1994; Malaab et aI., 1992); these researchers also found that when androgen
receptors are blocked, somatotropin secretion increases. When androgens cannot bind to
their receptors and are aromatized to estradiol, they can then bind to estrogen receptors
and increase somatotropin secretion. Men that were treated with nandrolone, an
androgen that cannot be aromatized to estradiol, had no changes in somatotropin
concentrations (Hobbs et aI., 1993).
Hypothalamic influence
Estrogen receptors are present in the hypothalamus where somatotropin releasing
hormone and somatostatin are present. When estrogen binds to its receptors, it stimulates
the secretion of somatotropin releasing factor, which results in somatotropin secretion
from the rat pituitary (Shirasu et aI., 1990; Painson et aI., 1992).
Literature describing the effects of estrogens and androgens on somatostatin
secretion is very limited. Argente et aI. (1990) observed that rats treated with estrogens
had less somatostatin mRNA, whereas rats treated with androgens had more somatostatin
mRNA in the periventricular nucleus in the brain.
Estrogens decrease the secretion of dopamine (Labrie et aI., 1978; Shirasu et aI.,
1990). Dopamine is an inhibitor of prolactin release from the anterior pituitary. The
effects of prolactin on growth are not understood fully; however, some cells
(mammosomatotropes) in the anterior pituitary are thought to secrete both prolactin and
somatotropin simultaneously, which would lead one to believe that the decrease in
dopamine might cause an increase in the secretion of somatotropin.
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Anterior pituitary influence
Steriods increase the size of the anterior pituitary gland. Struempler and
Burroughs (1959) observed a 27% increase in weight of the anterior pituitary glands in
steers administered DES relative to steers that did not receive DES. Carroll (1996) used
magnetic resonance imaging to examine the change in anterior pituitary size in sheep
implanted with zeranoI. They observed a 4.6-fold increase in size the anterior pituitary
glands at 2 wk after implant in implanted relative to the non-implanted wethers.
Estradiol directly increases the release of somatotropin from pituitary cells.
Copeland et al. (1990) treated primary cultures ofrat pituitary tissue with IGF-I, estradiol
and testosterone. Insulin-like growth factor I decreased the secretion of somatotropin
from pituitary cells, indicating that IGF-I is a negative regulator of somatotropin.
Estradiol added at physiological concentrations increased somatotropin release from the
pituitary and testosterone only increased somatotropin secretion when added at very high
concentrations.
Mammosomatotroph (MS) cells are found in the pituitary and contain estrogen
receptors (Frawley, et. aI., 1985). These cells secrete both somatotropin and prolactin.
Frawley (1989) observed that a higher percentage of these cells exist in juvenile
pituitaries, and that male pituitaries have a higher percentage of MS cells than females.
With both prolactin and somatotropin colonized within MS cells, the stimulation
of the release of one could cause the release of both. This means that estrogen could
stimulate the release of prolactin by inhibiting dopamine, and the MS cells would release
both prolactin and somatotropin. Bethea (1991) hypothesized that estrogen acts on a
population of somatotropin-secreting cells present in the pituitary of juvenile males,
which is not present in adult female pituitaries. Estrogen increased somatotropin
secretion from primary pituitary cultures from male monkeys under two yr of age; there
were no effects of estrogen on adult, male and female, or juvenile female monkey
primary pituitary cultures (Bethea, 1991).
Somatotropes, lactotropes, and mammosomatotropes have been observed in
abundance in bovine pituitaries (Kineman et aI., 1991). Bulls contain 9%
mammosomatotropes, 45% lacototropes, and 21% somatotropes of the total pituitary
acidophil population. In steers, mammosomatotropes represent 22% of the acidophils,
whereas somatotropes and lactotropes represent 8 and 46% of the acidophils,
respectively. Hence, the gonadal or physiological status of the animal regulates the
percentages of the various acidophils in the anterior pituitary, and the administration of
steroid implants could also influence these percentages.
Thomson et aI. (1996c) compared the acidophil population in the anterior pituitary
of non-implanted steers and steers that were implanted with trenbolone acetate and
estradiol benzoate 24 d before slaughter. At the time of slaughter, the anterior pituitaries
were harvested from these steers. The pituitaries were minced and the percentages of
various acidophils were measured using a reverse plaque assay (Kineman, 1991).
Implanting steers did not affect the percentage of lactotropes relative to non-implanted
steers; however, implanted steers had 27.8% somatotropes and 10.7%
mammosomatotropes, whereas non-implanted steers had 10% somatotropes and 20.8%
mammosomatropes. These data indicate that implanting steers with trenbolone acetate
and estradiol reverted the percentages of acidophils in the anterior pituitary in steers back
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to that of bulls. Implanting steers with trenbolone aceatate and estradiol increased the
percentage of cells secreting somatotropin by 30% (Thomson et aI., 1996c).
Liver hormone receptors
Not only do estrogenic and androgenic steroids affect the release of somatotropin,
they regulate the somatotropin receptors. The main target tissue of somatotropin and the
major tissue that releases IGF -I is the liver. The liver has high numbers of estrogen,
androgen and somatotropin receptors. When estrogen receptors are blocked with an
antagonist like tamoxifen, the number of somatotropin receptors decreases (Gabrielson et
aI., 1995). In contrast, when estrogen is given to rats, the concentration of both
lactogenic and somatogenic receptors was increased (Haldosen and Gustafsson, 1988),
and somatotropin receptor mRNA also was increased(Gabrielson et aI., 1995).
Like estrogen receptors in skeletal muscle, somatotropin has two types of
receptors in the liver of steers (Brier et aI., 1988). The two types of receptors (high and
low) are described by their affinity to bind somatotropin. Brier et aI. (1988) found that
administration of estrogen increased the number of low- affinity receptors by 50% and
the number of high-affinity receptors by 350%. This finding could explain why estrogen
has been shown to increase the binding of somatotropin to its liver receptors (Carmignac
et aI., 1993). Although it is not clear what physiological action the low-affinity receptors
regulate, it seems that the high-affinity receptors control weight gain and the release of
IGF-I.
IGF-I binding proteins
There are six different types ofIGF-I binding proteins that regulate IGF-I (Baxter,
1991). The IGF-I binding proteins bind to circulating IGF-I, but the roles of these
binding proteins are not completely understood. When IGF-I is bound to the binding
proteins, its half-life is increased considerably. Johnson et aI. (1996) found that
implanting steers with trenbolone acetate and estradiol increased the concentrations of
IGF binding protein 3. These data suggest that the increased IGF binding protein 3 could
help regulate the transport ofIGF-I to target tissues (i.e. skeletal muscle) to increase
protein deposition in steers.
Direct effects of somatotropin and insulin-like growth factor I on protein
metabolism
Muscle cells contain receptors for both somatotropin and IGF-I (Dickinson,
1993). The function of somatotropin is to regulate the release ofIGF-I (Bauman and
DeVol, 1991), and the role ofIGF-I is then to bind to receptors at the target tissues (i.e.,
skeletal muscle) to stimulate amino acid uptake and increase protein synthesis (FIorini,
1987). Most IGF-I secretion occurs in the liver, and some IGF-I secretion can come from
skeletal muscle (Bauman and DeVol, 1991).
Most researchers agree that at physiological concentrations, somatotropin alone
does not affect protein deposition, cell proliferation, or amino acid uptake in cultured
cells. The treatment of primary cultures of bovine myoblasts with somatotropin does not
affect protein synthesis or protein degradation (Gospodarowicz et aI., 1976). Roe et aI.
(1989) and Harper et aI. (1987) both showed that somatotropin had no effects on protein
synthesis or protein degradation in cultured ovine primary muscle cells.
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Other cell culture studies have shown that somatotropin has no direct effects on
protein deposition in other types of cells: rat L6 myoblasts (Ewton and FIorini, 1980); rat
muscle satellite cells (Allen et aI., 1982); chicken muscle satellite cells (Duclos et aI.,
1993); rat heart cells (Frelin, 1980); and rat liver cells (Tanaka et aI., 1978). However,
Bomboy and Salmon (1975) observed that somatotropin directly stimulated DNA
synthesis and cell proliferation in primary cultures of rat cartilage. These results indicate
that somatotropin must act through an intermediate or second messenger type hormone
(i.e. IGF-I) to affect protein deposition in skeletal muscle.
Insulin-like growth factor I receptors are located on the plasma membrane of the
cell and stimulate the release of a second messenger cAMP (Bomboy and Salmon, 1975).
These receptors are present in most, if not all, tissues in the body. IGF-I directly
increases amino acid uptake, protein synthesis, cell proliferation, and DNA synthesis and
decreases the rate of protein degradation. Roe et al. (1989) observed that IGF-I
stimulated protein deposition in primary cultures of ovine muscle cells. Similarly, Harper
et al. (1987) reported that IGF-I increased protein synthesis by 16% and decreased
protein degradation by 7% in primary cultures of ovine muscle cells. FIorini (1987),
along with Bomboy and Salmon (1975), reported that IGF-I increases DNA synthesis and
cell proliferation in a direct manner.
Muscle cells have the ability to produce a localized release ofIGF-I. Johnson et
al. (1998b) found that IGF-I mRNA concentrations were higher in the longissmus muscle
of steers implanted with TBA:E2 implants than of non-implanted steers. This finding
indicates that steroids not only stimulate an IGF-I endocrine response but also result in an
IGF-I autocrine or paracrine response that increases muscle cell protein deposition.
It would seem logical that treating cell cultures with serum from animals treated
with somatotropin or a compound that increases somatotropin release would provide an
indication of the compound's effects at the cellular level. Kotts et al. (1987) treated L6
rat myoblasts with porcine somatotropin directly and with sera from pigs that had been
treated with porcine somatotropin. Porcine somatotropin had no effect on cell
proliferation; however, cells given media containing sera from the pigs administered
somatotropin exhibited increased proliferation.
To test the indirect effects of steroid hormones on the protein synthesis and
protein degradation, Thomson et al. (1996d) treated primary cultures of bovine myoblasts
with serum from steers treated with TBA:E2 and BST, alone and in combination.
Steroids indirectly increased protein synthesis did not affect protein degradation. These
results agree with in vivo results concerning the effects of E2 and TBA on protein
turnover (Hayden et al. 1992). Serum from steers implanted with TBA:E2 also has
increased cell proliferation of rat C2 myoblasts (Thomson et aI., 1996; Johnson et aI.,
1996).
Satellite cell recruitment
Hyperplasia of muscle cells is complete after birth of the animal; however,
hypertrophy of muscle cells occurs during the growth of the animal. Satellite muscle
cells aid in hypertrophy of skeletal muscles. Satellite cells fuse with skeletal muscle cells
to provide a source of DNA to support the larger mass.
Estradiol and trenbolone acetate have been shown to influence satellite cells in
cattle (Johnson et aI., 1998). Satellite cells isolated from implanted (TBA and E2) steers
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had increased fusion rates in cell culture compared with those isolated from nonimplanted steers. Moreover, cultures of satellite cells from implanted steers had
increased number of cells and the satellite cells had more nuclei than the cultures of
satellite cells from non-implanted steers.
Conclusions
More than one mechanism exists by which steroid implants increase the growth
rates and improve the feed efficiency of beef cattle. Steroids increase protein retention
and increase the mature body size of beef cattle. Steriods affect the hypothalamicanterior pituitary axis, liver hormone receptors, IGF-I release (endocrine and
paracrine),IGF-I binding proteins, and satellite cell recruitment. Steroid implants
increase protein deposition in beef cattle which translates into a more biologically and
econimally efficient animal for food production.
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Recent Developments in Air Pollution from Cattle Feedyards
Brent W Auvermann, PhD
Texas A&M University Agricultural Research and Extension Center, Amarillo
Introduction
Air pollution from confined animal feeding operations (CAFOs) is an increasingly
prominent focal point for industrial and academic research, community debate and
regulatory activity in the High Plains. As the livestock industry has sought economies of
scale to remain globally competitive, the classic image of the "family farm" has been
replaced in public discussion by the powerful and polarizing image of the "factory farm"
or CAFO. The rapid growth of CAFOs in the High Plains, fueled by high-quality ground
water, sparse population, abundant feedstuffs and favorable climate, has drawn qualityof-life interests into the public dialogue, interests in which dust and odor are prominent.
In the Southwest and the High Plains, owners and managers of open-lot CAFOs, and the
organizations that represent them, need to be aware of the technical and regulatory
developments concerning air pollution.
Feedyard Dust, Manure Harvesting and the Summer of 2000
The record-breaking summer of 2000 brought all sectors of High Plains agriculture faceto-face with the value of water - as if they needed to be reminded! - and the need to plan
for the unexpected consequences of its scarcity. Beyond the predictable concerns about
heat stress and cattle health, availability of drinking water and other production-related
water issues, feedyards in the semi-arid High Plains faced more severe challenges with
dust control than usual. After high afternoon winds, high daytime temperatures and low
humidity accelerated the drying rate of manure on the corral surfaces, light evening winds
and temperature inversions occasionally created extreme, localized dust events at ground
level. These intermittent dust events pose risks to the respiratory health of cattle and may
create nuisance conditions for neighbors. Fortunately, a management tool already in use
by most feedyards - manure harvesting - can be used to reduce the severity of these dust
events dramatically.
Scraping pens is a familiar concept to the feedyard manager, who knows that deep,
uncompacted manure can nibble away at profit margins when muddy bogs, rain, snow or
cold weather combine to increase an animal's maintenance requirements. In that context,
scraping pens has connoted a defensive response to manure accumulation, and it hasn't
really mattered how the pens were scraped (e. g., frequency, method, machinery
selection) as long as the manure was removed before winter or before the rainy season.
Industry representatives and extension agricultural engineers have long extolled the
virtues of harvesting manure instead of scraping pens. The difference between the two is
subtle and relates more to objectives and attitude than simply to the act of scraping the
manure off the corral surface, but the implications are profound. Harvesting manure
means scraping the corrals with a pre-planned, well-conceived, holistic management
purpose that results in better manure quality, reduced mud potential, improved feed-togain performance, reduced dust and odor potential, improved corral drainage and
enhanced appearance. The Total Quality Manure Management Manual published by the
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Texas Cattle Feeders Association (TCF A) in June 1995 captured these holistic
management principles in a comprehensive way.
Despite the overall benefits of manure harvesting, however, its use specifically as a dustcontrol practice (Sweeten, 1991) has taken a back seat to applying supplemental water
through sprinkler systems or tanker trucks. During average weather years, that approach
is logical. Research in California, for example, has shown that downwind dust
concentrations increased by a factor of 18 when solid-set sprinkler systems were turned
off for several days (Elam et al., 1971). Sweeten (1991), Sweeten et al. (1988) and
Sweeten and Lott (1994) have proposed that keeping the moisture content of manure on
the corral surface between 25% and 40% (wet basis) will keep both odor and dust to
manageable levels. Clearly, moist manure is more cohesive than dry manure and is
therefore less prone to shearing and resuspending small particles in the air as a result of
the hoof action of livestock. Under normal conditions, a sprinkler system, a mobile
tanker or a reel-mounted "big gun" can reduce dust emissions significantly (Sweeten,
1991; Sweeten and Lott, 1994).
The summer of2000, unfortunately, was anything but normal in cattle-feeding country.
For example, in the Amarillo area, where nearly two-thirds of the 19-inch average annual
rainfall falls between May and September, essentially no rain fell from July through
September (Figure 1a).

Figure lao

Monthly rainfall in Bushland, TX, during 2000.
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The annual rainfall total was 6" below normal by October 1 (Figure 1b), when feedyards
that had solid-set sprinkler systems would ordinarily be draining the systems in
preparation for winter. Daytime highs in the upper 90s and low 100s were common into
the first week of October, and high temperatures exceeding 100 occurred 15 times, as
compared to the 60-year average of 4 times per year. Farmers were abandoning even the
drought-tolerant crops like sorghum and cotton as early as July as daily crop water use
exceeded 0.4" for weeks at a time (Figure 1c), with no rainfall in the forecast. Some
feedyard managers speculated that heat stress was increasing aggressive cattle behavior
in the late afternoon, increasing the hoof action that gives rise to feedyard dust. Adding
to the insult, hot autumn afternoons frequently gave way to cool, stable, calm evenings
that capped the dust plumes near the ground surface and allowed them to persist for miles
downwind, observable to motorists and residents for, in some cases, the first time in
years. In such extreme conditions, it became increasingly apparent that attempting to
control the dust by trying to keep pace with the daily evaporative demand (i. e., by
applying supplemental water or by increasing the stocking density) was a losing
proposition.
Dry Manure Depth: The Key to Dust Management Under Drought-Like Conditions
The mechanics of feedyard dust emission are relatively simple. Although some dust
results from wind scouring (similar to wind erosion from cropland, for example) and
from truck traffic on unpaved roads, the vast majority of the dust generated in a feedyard
results from the shearing action of cattle hooves on a dry, loose manure layer on the
corral surface. Typically, this shearing action is most prevalent in the late afternoon and
early evening when the cattle rise from their midday lethargy and (a) wander to the feed
bunk or water trough or (b) engage in playful or aggressive behaviors with other animals.
Furthermore, this period of increased hoof action tends to coincide with a decrease in
atmospheric turbulence as air temperatures and wind speeds drop, which tends to keep
the dust confined to a shallow layer «50 ft) of air immediately above the ground surface.
When the surface manure is several inches deep (Figure 2), all of the shearing force is
borne and dissipated by the loose manure layer instead of by the hard-packed soil and
manure underneath. When the manure is dry, hoof action pulverizes the powdery, loose
manure, lifting finer particles off the corral surface and suspending them in air to create a
dust event. When the surface manure is less than an inch deep across the corral (Figure
3), more of the hoof energy is sustained and dissipated by the hard-packed soil and
manure underneath. In this case, much less manure is pulverized, lifted and suspended in
the air, reducing the dust emissions (Figure 4).
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Figure 2. The surface
surface is 2-4" deep.

layer of loose manure

on this corral

Figure 3. The surface layer of loose manure on this recently scraped corral is less
than an inch deep.

31

Figure 4. The two rows of corrals in the foreground were scraped several days
before the photo was taken on a hot September evening in 2000. Corrals in the
background had not been scraped in several months. The difference in dust
emissions is visible and dramatic. Notice the occlusion of the lamps in the left ofthe
photograph as a result of dust emissions in the background. (A light breeze was
blowing from right to left when the photo was taken.)
Manure Harvesting: Making Supplemental Water Go Further
The benefit of frequent manure harvesting goes beyond direct dust control. Feedyards
whose primary dust control measure is supplemental water application, whether by solidset sprinkler systems, mobile tankers or reel-mounted "big guns," can make their precious
water go further for dust control by reducing the depth of manure to which the water is
applied. That is especially true during weather patterns like the one that gripped the
Southern High Plains in the late summer of2000.
The manure layer in Figures 2-4 had a moisture content of 10-15% (wet basis), far below
the 25-40% required to achieve dust control. To control dust by water application alone,
then, the feedyard manager would have to apply enough water to increase the moisture
content of the entire loose manure layer by 15-20%. As a rule of thumb, raising the
moisture content of a loose manure layer by 10% requires 6-9 gal/hd per 1" of loose
manure depth (based on a cattle spacing of 150 ft2/hd). For example, a 2" layer ofloose
manure would require at least 30 gal/hd just to raise the moisture content from 10% to
35%. Simply wetting the surface of a deep manure layer may eliminate dust from wind
scour, but a bovine hoof will easily penetrate the wetted surface and stir up the dry
material below. Where water is short, manure harvesting reduces the amount of water
needed to achieve dust control and increases the effectiveness of any applied water.
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Equipment selection should include tractor-drawn box scrapers or elevating paddle
scrapers. The collected dry manure should be removed immediately from pens, when
practical, so that cattle do not further disturb and/or redistribute the loose material that
has been collected. Water application may be used to suppress dust and accelerate
compaction if the loose material must be temporarily stockpiled in back of the corral.
Regulatory Activities on the Horizon
Fugitive Emissions, Emissions Inventories and Major Source Classification
Dust generated by hoof action on the corral surface is classified as afugitive emission,
which is conceptually analogous to non-point source (NPS) water pollution. Fugitive
emissions cannot be traced to a single emission point or a set of discrete emission points
such as the top of a stack or a cyclone outlet. As such, fugitive emissions - in particular,
climate-sensitive emissions like feedyard dust - are far more difficult to measure than
other emissions classes. In part because they are difficult to quantify and monitor,
fugitive emissions have generally been excluded from inventories used to estimate total
pollutant emissions from a single facility (e. g., in the permitting process) or from an
industry as a whole.
In recent years, however, the State of Washington has led the way in including fugitive
emissions in the permitting process for new industrial facilities, including feedyards.
Assuming that emissions estimates currently published by the EPA persist unchanged, the
cattle feeding industry will begin to see its permitting process complicated on a state-bystate basis by the introduction of Federal Operating Permits (FOPs) and emissions fees
applied to so-called major sources under Title V of the Clean Air Act. A major source,
which for now is defined as a facility that emits at least 100 short tons per year of any of
the seven criteria pollutants (03, Pb, PMIO, PM2.5, NOx, SOx and CO) or 25 short tons per
year of any hazardous air pollutant (HAP), is subject to emissions fees set by the
individual states. These emissions fees are on the order of $25-30 per year per ton of
emissions. Excluding fugitive emissions from the inventory, cattle feedyards are seldom
(if ever) classified as major sources; however, if fugitive emissions were included and
current EPA emissions estimates are used, feedyards as small as 8,000 head of one-time
capacity would be considered major sources. Annual emissions fees for these operations
would be on the order of $0.40 per year per head of capacity.
Application of Ambient Air Quality Standards at the Property Line
Airborne concentrations of the seven criteria pollutants listed in the previous section are
regulated under the National Ambient Air Quality Standards (NAAQS). The NAAQS
are health-based standards originally corresponding to a national monitoring network
wherein pollutant levels are monitored at designated sites where the risk of human
exposure to air pollution is high. As a result, these monitoring sites tend to be located in
populations centers such as Denver, Dallas and Philadelphia. Indeed, the term "ambient,"
whose literal meaning is "surrounding on all sides," is derived from a Latin word that
implies a condition that exists generally and pervasively in the surrounding atmosphere.
In the regulatory context, then, an ambient standard has traditionally been applied to
areas where a point measurement (i. e., by a fixed air quality monitor) can be reasonably
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thought to represent the pollutant concentrations to which great numbers of humans are
generally exposed in that geographical area.
In recent years, however, the term, "ambient," has taken on a new regulatory
interpretation that has not yet been fully tested in the courts. In the new interpretation,
ambient air quality standards such as the NAAQS are thought to limit pollutant
concentrations at the property line of any emitting facility. The theory behind the new
interpretation is that allowing the NAAQS to be exceeded on a neighbor's property (that
is, just across the fenceline) is tantamount to allowing an industrial emitter to pollute the
neighbor's air beyond levels that are deemed to pose a public health risk. Furthermore,
failure to impose the NAAQS at the property line is considered tacit permission for a
polluter to use the neighbor's property to disperse pollutants crossing the property line
and being carried downwind. In litigation, such an unauthorized appropriation of
property is considered a "takings."
In practice, application of the NAAQS as a property-line standard begins before a permit
is issued. In a recent case cited by Parnell (2000), a proposed cotton gin in a remote
region of an arid Southwestern state was denied an air permit when dispersion modeling
indicated that the NAAQS for PMIOwould be exceeded at the property line.
Interestingly, the community nearest to the proposed facility was miles away, and thus
the public health risk posed by gin emissions was therefore slight. Still, the permit was
denied, and the gin owner was forced to add expensive abatement measures to the gin
design before resubmitting the permit application. This use of ambient standards in the
permit evaluation process is a recent innovation, but it is taking hold across the nation
and likely to continue until and unless it is vacated by the courts.
The agricultural community in general, and CAFOs in particular, need to be aware that
the image of the "factory farm" has changed the way neighbors, towns and the legal
community look at agricultural producers and the way they apply regulatory policies to
them. Particulate matter (or, colloquially, dust) is but one pollutant to which these new
realities apply. Municipal ordinances and state regulations that create ambient standards
for odor intensity are also on the rise, and legal interpretations of terms such as "ambient"
will also apply to the odor standards.
Emission Factors
The EPA provides technical guidance to the states in estimating emissions from various
industrial processes, including livestock feeding and grain handling, for the purpose of
administering the Title V programs within their borders. The primary guidance
document is known as "AP-42: Compilation of Emission Factors." An emission/actor is
an estimate of how much pollutant is emitted by a facility per unit of capacity or
throughput. Thus, for a grain elevator, an emission factor might be the number of pounds
of PM 10 per ton of grain delivered. For a cattle feedyard, an emission factor is typically
expressed as the tons of pollutant emitted per day per unit of one-time capacity. The
1
current AP-42 emission factor for fugitive PMIOfrom cattle feedyards is 0.07 lb PMIO dhd-1• (Note that 8,000 hd x 0.07 x 365 d yr-1 x 1 ton (2,000 lb l = 102 tons PMIO/yr,
which is the major source threshold described previously.)

r
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Recalling that fugitive emissions are extremely difficult to measure directly, it has long
been recognized that AP-42 emission factors such as the one for fugitive dust from cattle
feedyards are crude estimates at best. The typical method for computing a fugitive
emission factor for a cattle feedyard is an indirect method consisting of the following
steps:
1. Measure downwind concentrations of the pollutant in question;
2. Use dispersion modeling to estimate the emission rate that would have given rise
to those downwind concentrations; then
3. Distribute that emission rate over the number of animals in the feed yard when the
measurements were taken.
Although virtually every research project conducted to date to compute a feedyard
emission factor has followed this general procedure, the range of computed emission
factors in the literature spans at least two orders of magnitude, and noone seems quite
sure which number is the best.
The major reasons for the wide uncertainty are at least twofold. First, early reports such
as Elam et al. (1971) and Peters and Blackwood (1977) had little detail concerning
weather conditions during the sampling events, feedyard size, feed yard shape or sampler
location relative to the source. All of that information is vital to the dispersion modeling
exercise, so these fundamental data must be estimated or assumed. Poor or unjustified
assumptions, of course, introduce errors of unknown magnitude.
Second, any emission estimate based on dispersion modeling is intimately tied to the kind
of model used. Early attempts used a so-called "box model," a simple, unsophisticated
approach rife with unjustified assumptions. Recent attempts have used a number of
different Gaussian plume models such as FDM, ISC3 and institution-specific variations
of each. Beyond the simple fact that all of these models are poor predictive tools, every
time a dispersion model is changed or improved, any correspondence between the new
values and the old values is lost.
Summary
It is certainly worth debating whether or not it is appropriate to apply industrial airpollution regulations to fugitive agricultural sources when the accuracy and precision of
emissions estimates for the latter are so poor. Still, the regulatory atmosphere in which
CAFOs are likely to operate in the foreseeable future differs vastly from that in which the
family farmer has traditionally operated. The "factory farm" is the predominant image
that the public and elected officials perceive of today's livestock production systems.
The CAFO industry will do well to anticipate the developments described above and
embrace scientific research and policy discussions that will (a) reduce the uncertainty
associated with current emission factors, (b) clarify the meaning of regulatory
terminology and (c) move environmental regulations into a risk-based framework that
ties the cost of abatement and compliance to the societal benefit that the regulations are
intended to achieve.
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Technology for Pre-harvest Evaluation of Fed Cattle - Ultrasound
John R. Brethour
KSU Agricultural Research Center-Hays
1232 240th Avenue, Hays, Kansas 65601
jbrethou@oznet.ksu.edu
The advent of marketing cattle on a formula or "grade and yield" basis has inspired
interest in technologies that can estimate carcass merit in the live animal. A particular
benefit is the ability to apply the technology early in the feeding period and predict the
future carcass merit of an animal and also estimate the time on feed that attains a desired
carcass end point.
Early applications of ultrasound were applied to market-ready cattle, but that had little
appeal to the feeding industry: For the technology to have useful merit, it was necessary
to move it upstream and apply it as a predictive tool. This presentation will focus on the
research that involved serial ultrasound evaluations and which resulted in establishing
models that described the development of carcass attributes.
There is an optimal number of days to feed each animal to maximize profit. That number
depends on the potential of the animal to attain desirable carcass specifications, the
penalties and discounts associated with different cells in a carcass price grid, and relative
cost of gain and market price. It is especially important to realize that there is often more
than a 120-day range from the time the first animal is ready for market until the last. The
practice of selling the entire pen on one day worked well when cattle were priced live and
there was little difference in market price between a pen of good cattle and those that
were mediocre. However, carcass-based pricing shifts the responsibility for carcass
quality to the producer. It will be difficult to avoid carcass penalties and exploit full
potential profitability without clustering cattle into outcome groups that can be
objectively marketed when profit can be maximized. This is adapting the same concepts
of precision agriculture to cattle feeding that are becoming pervasive in crop production.
Feedlot cattle are too diverse to avoid using sorting procedures, whether they are based
on weight, type or ultrasound evaluations. Our models indicate that there may be as much
as $1 per day lost profit for each day that an animal misses its ideal day when it is
harvested (Figure 1). When an entire pen is sold together, 32 percent of that pen is more
than 25 days off from the ideal date. Cattle held too long are those that have become too
fat and inefficient and incur Yield Grade #4 penalties. Those marketed too early have not
been on feed long enough to realize their gain and grade potential. Figure 2 shows the
response to sorting and indicates that a 3-way sort, which resulted in nearly $17
additional profit, appears especially effective. In addition, ultrasound technologies also
provide an objective estimate for the optimal harvest date for each group, which may be
worth as much as $10 per head.
Ultrasound is especially useful for determining both present and future carcass attributes.
When interfaced with a computer for automated measurement, it is fast enough to be
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applied in the feedlot. The two specific features that can be obtained quickly and with
sufficient accuracy to be useful are backfat thickness and marbling.
Backfat thickness is the most important indicator of USDA yield grade. Most carcasses
can be classified into YG# 1 to 4 according to backfat thickness of 0 - .2, .2 - .45, .45 - .8,
and over .8 inch, respectively. The increase in backfat can be modeled so that the
number of days to reach a target backfat level or to avoid a Yield Grade #4 can be
accurately estimated. The accumulation of back fat follows an exponential growth
equation as illustrated in Figure 3.The rate coefficient for the equation, which is usually
about 0.01, can be transcribed into doubling time by dividing it into 0.7. Figure 4 shows
how two animals with only 2 mm difference in initial backfat measures will diverge to a
difference of 8 mm after two doubling periods (140 days) The rate coefficient is higher
for older cattle and for heifers and less than 0.01 for calves and exotic breeds.
In most sorting schemes, feeding to a target backfat thickness that is low enough to avoid
yield grade #4 carcasses, but high enough to maximize quality grade is the normal
strategy. But, it is seldom possible to make backfat projections on incoming cattle
because they are often so thin that there is no measurable backfat. It is usually necessary
to have enough feedlot days so that the genetic difference in fattening can be expressed.
Consequently, it appears that the ultrasound technology to estimate days on feed might
best be used at reimplanting time.

Marbling increase fits a power function as shown in Figure 5. This is between a common
linear increase and the exponential curve. Cattle with only traces of marbling when they
are started on feed may barely grade Select 150 to 200 days later. Some cattle have
enough marbling to grade Choice when they arrive at the feedlot. These are the animals
that can grade Premium Choice and Prime 120 days later. In this model it took 114 days
to increase from Low Select to Low Choice, 70 additional days to reach Average Choice
and 96 more days to increase to Prime. These increases are illustrated in Figure 6. There
has not been sufficient research to determine if there are significant differences in
marbling rate among breeds. However, a small set of Wagyu X Charolais steers appeared
to fit the model (Figure 7).
Ultrasound does not capture any information that predicts future individual gain. We
were not able to obtain any correlation between hip height nor muscle size that was
effective in projecting gain, either. Certainly being able to sort for both future
performance as well as carcass merit would improve production efficiency. But, in grade
and yield marketing, carcass gain is more important than live weight gain and carcass
gain may be over 70% of live gain during the terminal phase of feeding and usually is
more than 2 pounds per day. Figure 8 shows results of three serial slaughter experiments
to estimate end-stage gain. These studies were conducted with cattle that normally would
have been shipped at the initial evaluation because that was hen the groups were sorted
and all cattle that could not have been kept for additional feeding were harvested. In other
words they represent the cattle that would be retained for additional feeding in an
ultrasound sorting procedure.
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Ultrasound has been effective in evaluating calves and feeder cattle to estimate their
potential to grade Choice or not. The present accuracy has been about 75%, but additional
research might improve that. With that level of accuracy it has been possible to rank
calves, select the top half and upgrade from 60% to 80% Choice. At some future time it
may be feasible to evaluate cattle at arrival and assign a marketing program to each
individual and then perform a time sort at reimplanting to establish actual marketing date.
Ultrasound has much unrealized potential for the cattle industry, especially with
marketing systems that reward superior carcass merit. Ultimately it might be used early in
the production scheme to determine future carcass potential of individual animals and
assign them to an appropriate management and marketing program. A second evaluation
about 80 to 100 days pre-harvest could then fine-tune the estimate of optimal harvest
date.
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Figure 1. Loss in relative profit by days from optimal marketing date.
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A Review of ACCU-TRAC@: A Technology System
For Pre-harvest Management of Fed Cattle
Matt Cravey, Ph.D.
Micro Beef Technologies, Inc.
Amarillo, Texas!

Introduction
Producing a more consistent carcass is rapidly becoming the expectation rather than the
exception. This is primarily true because more cattle are being sold on a "formula" or a "packer
grid" where premiums and discounts are applied based on whether certain specifications are met.
These grids usually stipulate a hot carcass weight range (e.g., 550-950 lbs.), and offer premiums
for cattle that reach quality grades of USDA Choice or better and exhibit USDA yield grades of
2 or better. Likewise, discounts are applied for carcasses that are too light (usually less than 550
lbs.), too heavy (usually greater than 950 lb.), have yield grades greater than 3.5 or 3.9, or have
quality grades less than Choice. Further discounts can be applied for carcasses that "cut dark" or
are hardbones (too mature). The point is that our industry has begun to value cattle on a carcass
basis. This is the infancy stage of economic signaling that will drive change in our production
process.
Accordingly, the difficulty cattle producers are now realizing are how to meet the specifications
in product and still maximize profit. Many in our industry have attempted to feed cattle to a
certain quality grade, such as low Choice. For example, they may feed cattle for an additional 30
days to try and allow the animal to reach adequate marbling deposition to grade Choice. The
problem is we often don't know the cost associated with getting the animal to this point, if we. get
him there at all. Furthermore, the calf may produce a yield grade 4 carcass at this point and
receive discounts of $20-$25/cwt of carcass. The management of trying to produce a carcass
with one specific characteristic as a goal would be similar to a cow-calf producer selecting bulls
on one condition such as the weaning weight of the bull's offspring.

Sooner or later the rancher

will be spending nights pulling heavy birth weight calves out of his heifers and cows. As with

1 Presented at the Spring meeting of the Plains Nutrition Council. April 5, 2001, San Antonio.
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bulls and cows, we must consider many traits in our management and selection process for red
meat. These traits should include tenderness, ribeye area, carcass weight, fatness or leanness,
etc.
The purpose of this paper is to describe the capabilities, accuracy and potential future
developments of Micro Beef Technologies' ACCU-TRAC@ System. The purpose of the system
is to optimize profit for each animal and increase consistency of the beef product. The
foundation of the system is the understanding of compositional gain along with the application of
software and hardware technologies, and the vision of a marketing target as a goal. The first two
sections that follow will provide a brief description of the system components and animal
processing for a clearer understanding of the system capabilities. The following sections will
briefly investigate accuracies and results exhibited by the system.

System Description

The ACCU- TRAC@ System, also referred to as Electronic Cattle Management (ECM), consists
of computer software (cattle inventory, feed inventory, animal health, and ECM real-time
software), as well as the physical facilities and cattle measurement equipment.

To assist in

managing cattle on an individual basis, electronic ID (EID) tags are placed in the ear of each
animal during processing at the feedyard. To maximize pen utilization and manage individuals
requires commingling of cattle across received lots and therefore, a cattle inventory system is
necessary to record animal pen movements. When interfaced with the cattle inventory and ECM
software, the feed inventory software enables proration of feed to each animal. Physical
facilities in the ECM barn include five working chutes, along with video imaging equipment,
scales, an ultrasound unit, antennae to read EID tags, and other typical equipment necessary to
process and work cattle. The five chutes mentioned are: (1) Sequencing Station - separation of
an individual animal from other cattle in the snake; (2) Video Imaging Station - automatic
measuring of external body dimensions; (3) EIDfWeigh Station - tag reader and automatic
measurement of animal weight; (4) Ultrasound Station - ultrasound measurement ofbackfat
thickness; (5) Processing Station _ individual animal processing and sort selection. All chute
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gates are automatically opened and closed by the use of sensors to facilitate ease of movement of
the cattle. The system was specifically designed to be a low-stress high volume working facility.
A single lane facility will accommodate the working and measurement of over 100 head per hour
with a d~uble lane facility providing twice that volume. All animal measurements are stored in
the software components previously mentioned and used to calculate the optimum days to finish
for each animal. As the animals leave the Processing Station they travel down a short alley
where one of six gates is automatically opened by the system and allows the animal to walk into
one of six sort pens.

Animal Processing and Management

When a load of cattle arrives at the feedyard, all information is entered into the cattle inventory
system including descriptive information, weights and purchase price. Weight and backfat
parameters and expected sales price are entered to prevent animals from receiving carcass
discounts due to excessive yield grades, and light and heavy carcasses. A fundamental objective
of the ACCU-TRAC@ system is to predict carcass and empty body weight composition so that
incremental live and carcass cost of gain, and quality and yield grade can be predicted as cattle
progress during the feeding period. A Cattle Performance Model in the software contains
numerous scientifically documented prediction equations to accomplish this objective. Included
in the Cattle Performance Model are two key software components, the Cornell Value Discovery
program and backfat deposition equations.

The Cornell Value discovery equations are a subset

of the Cornell Net Carbohydrate and Protein System (2000, Version 4.0.25) and are used to
predict energy requirements, carcass weight and chemical composition of the carcass.
Ultrasound technology developed at Cornell University and backfat deposition rates developed at
Kansas State University are used to predict carcass fat depth during growth.

The cattle are typically worked within 1-2 days after receiving. During the initial
working/measurement

of cattle the system typically sorts the cattle into two groups: (1) earlier

maturing and (2) later maturing. After a period of approximately 75 days (usually re-implant),
the cattle are measured again and sorted into more specific marketing groups based upon days to
fmish. This is the point at which commingling typically begins. If another implant is required,
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or if the manager chooses to measure the cattle again, the process is repeated. Pens of animals
with similar optimum finish dates are then scheduled for shipping at the appropriate time ..

.

At harve:t, all carcasses are individually measured for backfat thickness, rib eye area, and hot
carcass weight. The USDA grader records yield grade. This data is provided back to the
feedyard and furnished to Micro Beef Technologies so that carcass ID can be reconciled with
individual Ell.

The EID tags are shipped to Micro Beefs warehouse facility in Amarillo and are

cleaned, sterilized, checked for reading capability and sorted into feedyard owner groups. The
tags are then packaged and shipped back to the feedyards for re-use. Most tags are now being
used approximately 10 times (or 5 years) before being discarded.

All of the performance and carcass information associated with each individual animal is
prepared in report form by the feedyard staff and provided to their customers. Micro Beef
Technologies maintains a comprehensive database of all ECM managed cattle.

A small

example of some of the individual animal data that a feedyard can provide to their customers is
shown in Figure 1. Discussion on interpreting all of this information would be too lengthy for
the purposes of this paper. However, a few pieces of information warrant brief discussion.

First, the column labeled FE (feed efficiency) in Figure 1 could offer some insight for cow-calf
producers. After purchase price, the largest expense cattle producers have is feed costs. If a
rancher keeps records on the lineage of his calves, he could collect several years of calf FE data
and begin to analyze FE by bull or by cow to determine his most or least feed efficient genetics.
Secondly, the last column on Figure 1 is Market Adjusted Net Return (ADl). This information
reflects the standardized net return of all calves in a closeout with adjustments made to remove
market fluctuations over time. Since market fluctuations are adjusted out, it is as if all cattle sold
on the same grid with the same par value for a yield grade 3, low Choice animal. In other words,
this column indexes all calves on profitability and could be very useful if the sire and dam of the
calves are known. With several years of data a producer can determine which cows and bulls
produce the most profitable calves. However, caution must be taken in making culling decisions
on one trait alone. Prudent animal husbandry requires that we consider other important traits
such as cow fertility and longevity.
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In general, the system strives to allow animals to be fed to a target of 28% empty body fat weight
(low Choice). However, if it is profitable for animals to be fed past this point the system will
i

achieve t1?s. Likewise, if animals are performing poorly and their cost of gain exceeds their
sales price they will be indicated for shipping. Therefore, ECM allows for animals to continue to
be fed as long as it is profitable and within the pre-determined specifications of the grid, to avoid
carcass discounts. Figure 2 illustrates an example of a medium frame steer in the feedlot and the
associated measurements and projections described above. Points 1 and 4 indicate the days on
feed at which the animal will reach minimum and maximum hot carcass weights as stipulated by
the grid. Point 2 represents the time at which the animal will reach a low yield grade 3,
approximately 3.0 to 3.2. Point 7 reflects the point at which, if exceeded, would cause the
carcass to fall into the yield grade 4 discount classification.

Feeding animals beyond this time is

undesirable for obvious reasons. The days on feed represented by point 6 indicates when the
animal will reach its estimated mature weight or 28% empty body fat weight (low Choice). For
this example steer, points 3 and 5 reflect the time at which incremental cost of gain is slightly
below sales price and the time at which the system suggests selling the animal. This animal was
sold beyond the estimated point at which it will grade low Choice because it was still profitable
to keep it on feed.
Discussion of Accuracy of Feed Proration and Performance and Carcass Results

Feed Proration
The system allows for commingling of cattle into groups with similar physiological ages versus
chronological ages. Accordingly, tracking of all costs associated with each individual animal is
necessary. The most obvious question to ask is can the ECM system accurately prorate feed on
an individual basis? Guiroy and Fox (2000) evaluated a feedlot data set of 12,105 steers and
heifers that were managed under the ECM system at a commercial feedyard (Table 1). Total
feed DM delivered vs. the sum of each individual animal predicted DM required was compared.
Results show DM required was predicted with very little bias (under prediction of -0.91 % for
steers, and over prediction of 0.89% for heifers). The small bias for each sex indicates the model
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works equally well for steers and heifers. Since the system incorporates all costs associated with
the animals feeding period, cost of gain can be calculated. Until recently, the system was based
upon incremental cost of gain on a live weight basis but is now operating on a carcass cost of
gain basis. This is a more accurate calculation of the true cost-to-benefit ratio because the
carcasses are sold on a negotiated grid.

Cattle Performance

Another question that arises when cattle are commingled is "How is cattle performance in the
yard affected"? Table 2 illustrates a comparison ofECM managed versus commodity-managed
cattle. The data were combined from two feedyards and both groups of cattle were fed similar
rations, under similar management and environmental conditions. Granted, the cattle were of

'

mixed origin and type, but all other factors were similar. The mean body weight of ECM
managed cattle was 44 pounds less than commodity-managed cattle, which is reflective oftheir
lighter received weights. Feed to gain is lower for the ECM cattle but one would expect lighter
cattle to have better feed conversions. Average daily gain is higher for the commodity managed
cattle, but again, these cattle were heavier when entering the yard. The data indicates that cattle
grown under ECM management do not exhibit a reduction in feedlot performance.

The incidence of buller calves has been a question some have posed in discussions involving
commingling of cattle. Figure 3 is included to give some insight into this issue. Data
representing 95,836 head (86,810 ECM managed cattle and 9,026 commodity managed cattle)
were summarized from the year 2000. Although there were more ECM managed cattle, the
figure illustrates that on a percentage basis, there was actually more bullers from the commodity
managed group than the ECM group. Although not statistically tested, the data appears to
indicate that ECM management does not increase the incidence ofbullers.

Discussions with the

ECM managers reflect that they believe there are less bullers in their ECM managed group. If
this is true, what is the reason? Some have claimed that since cattle are sorted into like
physiological age groups versus chronological age groups, there is a positive affect on animal
behavioral patterns. This issue warrants further investigation.
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Carcass Results

Figures 4 through 7 are included to demonstrate,the carcass characteristics exhibited by ECM
managed'cattle.

The figures are represented by a data set involving 164,929 cattle sold between

1/1/97 and 12/31/00. The reason the ECM data is compared to National Beef Quality Audit
(NBQA) data is because in each case ribeye area and backfat are measured, and yield grade is
calculated. USDA grader data, although estimated by trained professionals, is somewhat
subjectively determined. For example, it is common knowledge that USDA yield grade (YO)
information contains fewer YO l's and YO 4's than measured data. Secondly, the NBQA
information is published and is of third party verification. It is obvious, when one reviews the
NBQA data that cattle were fed for longer periods in 2000, primarily due to inexpensive grain
prices. It is also evident in the increase in YO 4 and 5 carcasses shown in Figure 5 and 7. The
reader is left to make his own interpretation of the carcass distribution figures. However, the
significant reduction in discounted carcasses is an indication of the ECM system's ability to
minimize carcass discounts (17.6%,23.51 %, and 4.11 % discounted carcasses for NBQA 1995,
NBQA 2000, and ECM data, respectively).

Future Technologies and Applications

The ACCU-TRAC@ system is a work in progress. The technology is proving to add value to
cattle feeders by increasing profits, improving consistency and providing a wealth of individual
information back to the producer for follow-up management decisions. However, several
amendments and technologies will be added to the system in the future. Some are proprietary
and cannot be discussed herein. Others will most likely include the following:

(1) Chute-side implant strategies: based upon individual animal days to finish and type of
grid sold on (i.e., high-quality, lean yield grid, etc.).
(2) Pre-slaughter classification of carcasses: yield grade estimate, quality grade estimate.
(3) Marketing Alternative Calculator: a system component, which provides the user to have
multiple grids available as a profitability decision tree for each animal.
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(4) Data mining into veterinary/health aspects on an individual treatment basis, with
observation on feedlot performance.
(5) Ultrasound for ribeye area (muscle score) and possibly quality grade.
(6) P.re-feedlot applications: available through Midwest Microsystems.

Summary

ACCU-TRAC@ is a comprehensive technology system for the pre-harvest management of fed
cattle. The inherent technology of the system is also being applied to non-confined cattle for
pre-feedlot management of growing calves via Midwest Microsystems.

The system has

demonstrated the ability to increase profitability of fed cattle and increase consistency of the beef
product our industry markets, yet will continually be refined by the addition of new technologies
and implementation of scientific discoveries about cattle growth and biology. The foundation of
the system is the understanding of compositional gain along with the application of software and
hardware technologies, and the vision of a marketing target as a goal. As our industry continues
it's move toward value based marketing, a systems approach will be necessary to maximize
profitability and satisfy the demands of our customers.
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Figure 1. CHERR Y CREEK FEEDERS
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9
2
9
2
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2
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2
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2
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3
2
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DATEF ADJ
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1/21/00 104.87
102.36
12/10/99
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2/4/00
83.15
12/10/99
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12/10/99
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69.30
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Table 1. Prediction of individual feed requirements with actual
feedlot data (Mean :t SD).
Steers

Heifers

Total

Variable.

(n = 8,624)

(n = 3,481)

(n= 12,105)

Predicted EBF, %

28.22 1:2.25

28.371:2.26

28.26 1: 2.25

11661: 123

10851:126

11441:130

21.98

20.88

21.67

21.781:3.31

21.081:3.33

21.581:3.33

Predicted AFBW, lb.
Observed feed DM, lb.
Predicted DMI, lb.
Bias, %b
a

0.89

-0.91

-0.41

Adapted from Guiroy and Fox, 2000.
.
= ((Observed feed DM consumed - Predicted feed DM consumed)/Observed

b Bias

consumed)) X 100.
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feed DM

Table 2. Feedlot Performance of ECM Managed and Commodity
Managed Cattle.
ECMManaged
(164,927 hd)

Commodity Managed
(369,221 hd)

MBW,lb.

929

973

DMI, lb.

19.25

19.84

ADG, lb.

3.19

3.25

FG

6.03

6.10

DMI,%MBW

2.07

2.04

DOF

152

144

Sale Wt., lb.

1165

1204

Feed COG, $/cwt

42.24

42.73

Treatments, $/cwt

0.28

0.51

Processing, $/cwt

1.17

2.13

COG w/out interest, $/cwt

43.69

45.73
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Figure 3. Percent of Bullers
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Figure 5. Yield Grade Distribution
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Figure 6. Quality Grade Distribution
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Figure 7. Out (Discounted) Carcasses
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Managing cattle for carcass value
Anderson, P. T, R.L. Botts, D.L. Cook and TA. Murphy
Introduction
The U.S. beef industry is in the midst of a transition period. In the past most fed cattle
were sold based on weight only (live or carcass) and priced "at the market" such that
virtually all cattle sold in a given week received the same price per pound. In the system
that is emerging, carcasses are priced individually, with the group price occasionally
adjusted based on the averages of the group. In the past decade the industry has shifted
from most of the cattle being sold as groups to what we now call value-based marketing
where significant numbers of cattle are sold on a grid or formula basis.
Reasonable people can disagree about the merits of the system that is being adopted but
two items are undeniable: like it or not, it is happening and, cattle feeders need to be
prepared to have the best chance for success.
Changing the focus from selling live weight to individual carcasses results in numerous
new considerations for the manager. Often a strategy that would increase carcass value
would result in poorer live performance. Figure 1 illustrates the change in feed
conversion required to offset a loss of grade. These equivalent values will change with
each set of cattle and as market costs and prices change. Managers must become
comfortable in calculating these trade-offs and adjusting their programs in response to
marketplace changes.

Factors affecting carcass outcomes
From the perspective of the cattle feeder, the factors that affect carcasses can be grouped
into four general categories, with several subcategories:
Placement factors
Age, sex, initial weight
Genetic capability
Health
Pre-feedyard nutrition and management
Management
Diet/intake
Implant programs
Other factors
Endpoint selection
Days on feed
Harvest weight
Harvest fat thickness
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Marketing
Seasonality
Sorting
Marketplace conditions
Grid details
Branded program requirements
Choice:Select spread
Placement factors
On a population basis, carcass characteristics of steers differ from those of heifers.
Figure 2 includes data from approximately 2.5 million steers and 1.6 million heifers
slaughtered since 1996. These data, from the VetLife Benchmark database, support
earlier conclusions (Kreikmeier et aI., 1998, IBP data from 1989 and 1990) that compared
to steers, heifer carcasses will be lighter, have higher USDA quality grades and more
overfat (USDA Yield Grade 4 or 5) carcasses. More steer than heifer carcasses are
penalized for being too heavy and fewer steer carcasses are too light. Like Kreikmeier et
al. (1998) the incidence of dark cutters in the Benchmark database is similar between
steers and heifers but this is not true in some of the sub-populations that comprise the
larger averages.
Whether steers or heifers, cattle placed on feed at relatively light weight produce different
carcasses than those placed on feed heavy. In general, cattle placed on feed at less than
650 lb will dress and grade higher than 800 lb or heavier feeders. This may be a result of
greater days on feed in the lighter cattle or some other factor. It is possible that the
genetic capability of cattle placed as lightweights differs substantially from those placed
heavy. It is widely believed that calves do not grade as well as yearlings but if data are
necessary for approval this motion could die for lack of a second. There is a distinct
relationship between placement weight and live weight at harvest or carcass weight.
Cattle that come in to a feedyard heavy invariably go out heavy as well.
Incoming feeder cattle health is a placement factor with distinct effects on carcass
performance. The Texas A&M Ranch-to-Rail program has pointed out that every time
cattle are treated, their chance to grade Choice is reduced by about 20%. Those of us in
the pharmaceutical business like to believe that it is the sickness, not the medicine that
causes this. The Benchmark database reflects a similar trend. As spending on medicine
and processing increases, grade decreases. Those lots of cattle that receive less than $5
per head of medicine and processing grade higher than others. These are typically cattle
in programs that specify limited or no use of certain types of products, performance of
these cattle is usually sub-par. On the other extreme, those lots of cattle that consume the
most medicine grade poorly and perform poorly as well. This grade effect is not a
function of reduced slaughter weight (data not shown).
Most economically important carcass traits are highly heritable so the genetic capability
of incoming feeder cattle can have considerable influence on their ultimate carcass value.
Figure 3 includes data from the feeding portion of a selection experiment in which Angus
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bulls with high or low-marbling Expected Progeny Differences (EPD) were used. At the
conclusion of the feeding trial the cattle were similar in size and fatness but those sired by
high marbling EPD bulls graded 25-30 points higher. One way that cattle feeders can
increase the likelihood of producing valuable carcasses is to start with cattle that are
genetically capable of doing so.
Management
Cattle feeders make numerous management decisions that affect carcass performance of
their cattle. The numerous implant program choices available can produce vastly
different live and carcass outcomes (Fig 4). Research summaries indicate that implants
can improve live performance of steers by 5-25%. Expressed as a percentage of negative
control, improvement in ADG is usually greater than improvement in FIG. Effects in
heifers are slightly lower. Implant programs are also likely to reduce quality grade,
compared to non-implanted cattle, also with a large range in possible outcomes. Grade
reduction in response to TBA is much lower in heifers than in steers. Other carcass traits
can be affected as well, dark cutters may increase, YG 1 and 2 carcasses may increase,
the incidence of light or heavy carcasses could be affected, etc.
The effects of implants should not be considered in a vacuum. It is the interaction of
implant program choice and management strategies that produces the net effect (Fig 5).
In this work, implanted or non-implanted steers were slaughtered at three weight
endpoints. Because of performance differences, the treatment groups reached the
assigned weight at vastly different days on feed. When compared at weight endpoints,
the implants reduced grade substantially but when compared at time endpoints, effects
were slight.
Further, under research conditions, the reduction in quality grade with either TBA or
estradiol is the least in the highest energy diets (data not shown). Other research has
shown that dietary protein and fat can improve grade is cattle implanted with TBA. In
addition, Botts et aI., (1992) showed that breed types can respond differently to either
estradiol or estradiol+ TBA-containing implant programs.
All of these considerations, along with the seasonality of market conditions, like the
Choice:Select spread, suggest that implant programs should be periodically reevaluated
so that appropriate choices are made. Implant considerations are clearly different for
carcass sellers than in cases where cattle are sold by weight only. It is the opinion of the
authors that there are virtually no situations in which TBA should not be used in finishing
heifers. In limited cases, TBA could be a poor choice for steers, especially heavy steers
which will be subject to a wide Choice:Select spread.

Endpoint selection
Both live and carcass results are influenced by the selection of the harvest endpoint. As
cattle grow and get fatter, the following changes occur:
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Skeletal size increases slowly and the percentage of weight as bone decreases.
Muscle weight increases, muscle percentage decreases.
The quantity and percentage of carcass fat increase.
Energy content of gain increases.
Feed consumption plateaus and eventually declines.
Mean feed consumption increases slightly.
Feed required for maintenance increases.
Live weight gain slows.
Feed conversion (to live weight) becomes poorer.
Carcass weight gain, as a percentage of live weight gain increases.
Dressing percentage increases.
Marbling increases.

Each of these changes has economic significance, some are favorable, some unfavorable.
Hence, selection of the proper endpoint is a critical decision. Each change occurs at its
own rate in individual animals. On any given day, some cattle within a pen are becoming
more valuable, some are losing value and the value of the pen is changing in one
direction or the other. Until individual animal management systems are widely utilized,
it is the cumulative effects of the individual animals on pen value that will need to be
managed.
It is generally accepted that live performance (ADG and FIG) become poorer as cattle are
fed longer because growth slows and feed consumption is flat or only slightly decreased.
When expressed based on carcass weight, rather than live weight, these changes are less
dramatic, due to increased dressing percentage (Fig 6). Calculation of interim values
shows that late in the feeding period, 70-85% of live weight gain may be in the form of
carcass weight. There is evidence from other species that the mass of the digestive tract
and other organ systems can decrease as performance declines. If this occurs in feedlot
cattle, it could account for a portion of the increase in carcass yield. As a result, the
economics of adding days on feed differ between carcass sellers and live sellers (Fig. 7).
The illustration in Figure 7 is based on selling weight only, not value. If carcass value is
the variable of interest, numerous factors need to be considered. In addition to changes in
live performance and dressing percentage, the incidence and value of the various quality
and yield grades will change over time, as will the frequency of occurrence of light or
heavy carcass discounts.
Some of these factors can be predicted with some confidence and some cannot.
Numerous serial slaughter studies have reported percentage Choice + Prime but results
vary dramatically. For example, in the work of O'Connor et aI., (1993, Fig 8) steers
required as little as 23 days (Hereford * Angus yearlings) or as many as 38 days (high
percentage Limousin yearlings) to increase grade by 20 percentage points. In the work of
Anderson et aI., (1991) increases in grade occurred much more slowly, requiring 40-60
days to increase percentage Choice + Prime by 20 points.
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Predicting carcass value based on quality grade becomes difficult for several reasons.
Brethour (2000) has published prediction equations for mean marbling score (as
determined by ultrasound) based on days on feed. These equations indicate that marbling
deposition is curvilinear, increasing at a faster rate as days on feed increase. As a
practical matter, however, the curves are so nearly straight and the error large enough that
using straight lines to estimate marbling would probably produce satisfactory predictive
capability, especially within "normal" days on feed ranges.
Predicting (or even knowing) mean marbling score does not describe the economically
important trait, however because populations with differing marbling score variance
would differ in the percentage of Choice at a given mean marbling score. Further, since
marbling scores would likely be normally distributed within a population, any increase in
the mean due to more days on feed would not result in a predictable change in percentage
Choice. As the mode marbling score nears the minimum required for Choice, increases
would cause a high proportion of animals to cross the line (Fig. 9), whereas in other parts
ofthe distribution fewer cattle would cross the line with any increase in marbling score.
These predictions are further complicated by the fact that cattle (either as pens or
individuals) gain weight at different rates. Predicting the impact of an additional day on
feed could be less precise than predicting the impact of an additional unit of carcass
weight gain. In the work of O'Connor et aI., (1993) days on feed were more highly
predictive of mean marbling score in each of the three breed types but weight was more
highly correlated to percentage Choice. In this work both days and weight were
significant (P<.O 1) predictors of indicators of quality, with most of the r-squared values
for the individual breed types .85 or higher. As if all ofthat were not sufficiently
confusing, the data of Anderson et aI., (1991) showed that weight was the better predictor
(highest r-squared value) of marbling in non-implanted cattle but the number of days on
feed was the better predictor in implanted cattle.
Most research has focused on the percentage of cattle within a pen that grade Choice or
Prime with little emphasis on production of Prime grade carcasses. The advent of
premiums for upper Choice and other distinctions, as well as discounts for Standard, No
Roll and even the lower half of Select, have increased the need for more research and
reporting of more response variables. To fully characterize a population, the percentage
of each quality grade, the mean marbling score, and marbling score distribution need to
be reported.
One key to success for carcass marketing is managing the proportion of heavily
discounted carcasses. The proportion of these "out" cattle in a pen changes over time as
well. Out cattle, defined here as lights, heavies, yield grade 4 or 5' s dark cutters and
penalty quality grades, are a primary influencer of the economic value of a group of
carcasses. As weight increases, lights and penalty quality grades should decrease and
heavies and YG 4's should increase. A relationship between dark cutters and days on
feed is possible but has not been established.
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The incidence of a particular carcass penalty, and its rate of change over time are highly
dependant on the characteristics of the group of cattle. For example, Figure 10 illustrates
that the percentage of heavy carcasses is high in 800 lb steers and increases rapidly with
additional days on feed, whereas the incidence, and rate of increase are low in 600 lb
heifers. The opposite is true of lightweight carcasses. Of the severe carcass discounts,
heavyweight carcasses may be the easiest to minimize. Simple systems involving
individual animal weights and unique identification can result in a reduction the
incidence of heavies of 50% or more. More sophisticated systems can reduce heavies to
near zero.
Yield grade 4 carcasses are primarily a function of external fat thickness, adjusted for
amount of muscling. The equations of Brethour (2000) provide a basis for estimating
mean fat thickness of a group or the actual value for any individual. Along with visual
estimates of muscling, this provides an opportunity to identify cattle likely to produce YG
4 carcasses prior to harvest of an entire group.
When the price of cattle is high and/or the price of feed low, there is economic incentive
to add as much weight to cattle as possible. Under these conditions sorting out heavies
and YG 4's is particularly beneficial because this allows a higher mean weight of all
carcasses in the group. The cost of strategies to minimize out cattle must be compared to
the benefit. The correct strategy will certainly differ from yard to yard.
Most serial slaughter research is conducted with days on feed endpoints. This is the
simplest way to conduct the studies, is scientifically sound and is easy to relate to the
industry. Cattle marketing decisions, however, are often based on an estimate of the
fatness of the cattle. Marketing cattle at a fatness endpoint could improve carcass value
due to the predictable relationships between external fatness and other economically
important traits. A recent description of these relationships is provided by Lawrence et
aI., (2001, Figure 11). In this work, grade increased steadily until cattle reached
approximately .65 inches of external fatness, but only slightly beyond that point. As
expected, 50% of carcasses with .8 in external fat are yield grade 4, below that 4's are
less common, above that point most cattle are YG 4 or 5. In a population of unknown
genetic merit, there appears to be little grade-based incentive to feed cattle beyond .6 in
of external fat. More work is needed to describe populations with high genetic capability
to marble, their ideal endpoint could be much leaner than that of the general population.
Summary
Managing cattle for carcass value is a challenge for cattle feeders but the economic
incentives to learn how to do so are substantial. Placing cattle that can achieve high
carcass value increases the chance for success but since that is not always possible,
management, selection of the proper endpoint and marketing are critical as well. Cattle
feeders would benefit from learning more about biological changes that occur as cattle
fatten, relationship between fatness and other traits. Cattle feeders should prepare
themselves to consider trade-offs between live performance and carcass value as the
relative economic importance of carcass traits increase. Researchers are encouraged to
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report results in greater detail, allowing the reader to calculate carcass value for treatment
groups.
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Equivalent feed conversion
to offset grade reduction
example FIG = 6.5, 500 lb of weight gain
6.5

Based on $120/t feed cost

FIG

6.4
6.3
6.2
6.1
6.0
5.9
5.8
5.7
5.6
5.5

-5

points

-10 points
-15 points
...•.. 20 points
--25 points

$15

$9

$3

Choice:Select spread, $/cwt

I

Carcass
Benchmark

I

Figure 1

averages
data

1996-2000

Steers
HCW,lb
Dress, %
Prime, %
Choice, %
Low grade, %
YG 1+2,0/0
YG 4+5, %
Heavy, %
Light, %
Dark, %

782
63.6
1.2
47.0
5.9
64.1
2.1
2.3
0.5
0.9
Figure 2
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Heifers
718
63.9
2.0
53.4
4.6
61.0
3.5
0.6
1.6
0.9

Effect of selection for marbling
low vs. high marbling EPD Angus sires

steers
low
high
1101
1093

Wt,lb
Choice, %
Mean
. YO

heifers
low
high
1106
1064

47

77*

47

72*

2.8

2.9

2.5

2.5

* = P<.05
Vieselmeyer et al., 1994, U. of Nebraska
Figure 3

Implant Effects
yearling steer example: performance

Initial implant
Reimplant
ADG,lb
Out wt, lb
FIG
HCW,lb
Choice+prime, %

estradiol
none
3.23
1210
6.32
768
70

none
none
2.90
1160
6.80
737
75

Source: VetLife Implant Research Database, 2001

Figure 4

66

estradiol
TBA+E
3.46
1244
6.06
791
59

Effect of implant and days on feed
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Figure 5

Effect of days on feed
adapted from Synovex Plus TR-9
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PIL vs IXF: constant rrnrket price
7501b steer rrqjected to feed 140 days
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How: The Nuts and Bolts of Pricing

• Base Price Establishment
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The Leader in Trace Mineral Nutrition

Colorado State University Research Update
Dr. Tim 1. Stanton
Extension Feedlot Specialist
Department of Animal Sciences
With the recent emphasis on environmental regulation of concentrated animal
feedings operations (CAFOs) from both Federal and State agencies, our research efforts
have focused on nutrient management. How can we minimize nutrients in manure that
are of environmental concern without hurting growth performance or carcass
characteristics? Nutrient content of manure samples collected from feedyards suggests a
range of phosphorus of 0.74-1.96% and sodium of 0.29-1.43%. I think it is important to
re-evaluate the NRC requirements for the nutrients that are of concern. I have chosen to
look at salt and phosphorus, since both maybe a problem in fields that are adjacent to
feedyards and that have had an aggressive manuring history.
In one of our more recent studies (Flatt et aI., 2001), we looked at salt
supplementation in calf finishing diets. The NRC 1984 & NRC 1996 have a
recommendation of .06-.08% sodium which would be equivalent to .15-.20% salt.
Toxicity levels of salt in beef drinking water have been reported to be 12-20 giL (Weeth
et. aI., 1960). Can we reduce or eliminate supplemental salt in finishing diets?
We decided to conduct a study that evaluated the following treatments:
1. no supplemental salt 2. supplemental salt at 0.125% of dry matter 3. supplemental
salt at 0.25% of diet dry matter and 4. no dietary supplemental salt plus a Mortons 50 lb
white salt block in each bunk. There were 6 pens of 12 steers per treatment (288 total
steers; 670 lbs initial weight). The trial was conducted from December 1999 through
May 2000 at the Eastern Colorado Research Center (ECRC), south of Sterling, Colorado.
A randomized design was used. Cattle were allotted by weight and stratified by breed.
Growth performance was not significantly affected by salt treatment nor was feed cost of
gain. Dressing percent was linearly (P< 0.05) reduced as supplemental salt increased in
the diet. Hot carcass weight was linearly decreased (P<0.05) as the supplemental salt
level increased in the diet. Other carcass characteristics were not affected by dietary salt.
Percent choice ranged from 54.11 to 59.29% across treatments. Average dietary salt
consumption was 0.43, 0.83, and 1.22 ounces/head/day from treatments 1 through 3,
respectively. Salt consumption from water was estimated at 0.27 ounces per head per
day based on 98 mg of sodium/L (TDS was 694 mg/L) and an estimated 8.5 gallons of
water consumed per head per day. Salt block disappearance was .76 ounces per head per
day. Estimated total salt consumption was similar between treatments 3 and 4. It
appears that there may be good reason to consider reducing supplemental dietary salt.
Questions??? Would there be a similar response in a hotter environment? Individually
stalled cattle in a CSU metabolism trial consumed an average 10.7, 10.5 and 10.2
gals/head/day for treatments 1,2 & 3 respectively. This study was conducted in the
summer of 2000 and was in a much warmer environment. The cattle were not under heat
stress, however. In a study conducted at Oklahoma State University (La Manna et aI.,
1999), heifers (l122Ibs) fed 0.0.25, or 0.5% salt tended to increase feed and water
intake as salt level increased.
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Was the measured decrease in hot weight and dressing percent in our trial due to
increased water inside cells because of the sodium/potassium pump and its action on cell
volume? Cell volume decreases as sodium is pumped out of the cell. Can beeftendemess
be improved if there is more moisture inside cells at slaughter? Meat scientists at CSU
think that this might be the case.
In another study at CSU (Flatt et aI., 2001), we looked at removing supplemental
phosphorus (P) from a finishing diet at re-implant time. The supplemented diets
contained 0.34% P and the unsupplemented diet contained .24% P. There were four
pens per treatment of 25-28 head. Each treatment had two pens of steers and two pens of
heifers. Continuous phosphorus was fed for 147 days while the withdrawal P treatment
was reduced to 0.24% P at day 85 until slaughter. Growth performance'or carcass
characteristics were not affected by P withdrawal although carcass weight tended to be
heavier on the continuous P treatment. P withdrawal increased percent dark cutters
compared to continuous P (13.64 vs. 4.50%, respectively).
We are also involved in a series of trials evaluating microbial phytase in finishing diets.
The salt and phosphorus trials can be obtained from our website ansci.colostate.edu.
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Overview of Research Activities: South Dakota State University
R. H Pritchard, Ph.D.
Department of Animal and Range Sciences
Physiological Influences of Monensin
Physiological influences ofmonensin (other than toxicity) have received little attention.
S. Bierman looked at the effects of rumen or portal monensin administration on intake
patterns in steers. It appears there is physiological activity and that there may be
remarkable differences in monensin sensitivity between individuals. The principle intake
pattern response was to delay intake until later in the day. The greater influences on
intake observed when monensin was dosed into the rumen suggests that ruminal and
physiological effects of the compound may be additive.
Management Influences on Marbling
It has become increasingly clear that marbling begins earlier than originally thought. K.
Bruns characterized post weaning marbling development and has subsequently
demonstrated early sensitivity to growth promotants. There remain many unanswered
questions about the impact of specific management steps in commercial beef production.
We are pursuing lifetime implant exposure studies to determine how historical
management may interact with feedlot management to affect final product acceptability
as well as overall production efficiencies. The current experiments are looking at the
influence of age at initial implant exposure in calf feds. In the future, programs that
include backgrounding or stocker cattle, plane of nutrition, and flesh factors will be
worked into these evaluations.
Managing Cattle by Source
Larger strings of feeder cattle are readily available in the northern plains. We have been
tracking data by source over years of feedlot experiments. It becomes readily apparent
from those records that morbidity, mortality, and discounted carcasses are not uniformly
distributed among sources. It also appears that management techniques suggested for
assembled cattle may not show consistent efficacy in the source-related defects found in
larger groups. Genetics and nutrition are obvious candidates for source variation. To
look at genetics we are collating steer and dam records from a single source over the past
11 years. We will look for repeatability of health, growth, and carcass characteristics in
progeny and how age of dam and heterosis influence these variables. The first step in
nutrition is to evaluate trace mineral status at arrival and post-arrival trace mineral
nutrition interact to affect production variables (H. Blalock). This is being done with
cooperators that allow us access to pre-arrival data including nutrition, pastures, and
management. The initial focus is on Cu, Mo, Se, and Zn and potential interactions
caused by excesses of macro minerals.
Reducing N Losses in Feedlots
Last year we (C. Mueller) described an attempt to increase the efficiency ofN capture in
steers by synchronizing metabolizable protein availability and implant payout. A followup experiment looked at how early vs. delayed exposure to implants would affect carcass
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N retention and efficiency ofN use in long-fed steers. Implants certainly increase the
rate ofN retention. Unfortunately, both studies indicate there is minimal improvement in
the efficiency ofN retention available by simple manipulations of implant:metabolizable
protein strategies.
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Beef Cattle Nutrition and Management Research Update
Mike Brown
West Texas A&M University, Canyon, TX
A brief summary of recently completed studies follows, and further information is
available in posters presented at this meeting. We will begin posting electronic 'Progress
Reports' (www.wtamu.eduJresearch/feedlot)
in the near future and intend to compile an
electronic notification and( or) mailing list. If interested in this service, please provide an
E-mail address either by E-mail (msbrown@mail.wtamu.edu) or telephone (806/6512564).
Effect of Feed Intake Restriction on Animal Performance and Carcass
Characteristics of Finishing Beef Steers
Crossbred steers (684 :!:: 3.5 lb initial BW) fed a common 90% concentrate diet (based on
whole com) received one of four treatments: 1) ad libitum access to feed for the entire
study (ALI00); 2) 75% ofDMI of ALIOO for 65 d, 95% of ALI00 for 65 d, and ad
libitum access to feed for 21 d (AL85); 3) 80% of ALI00 for 65 d, 100% of ALI00 for
65 d, and ad libitum access to feed for 21 d (AL90); and 4) 85% of ALIOO for 65 d,
105% of ALI00 for 65 d, and ad libitum access to feed for 21 d (AL95). The study was
designed to include a final period of ad libitum access to feed (period 3). The remainder
ofthe projected feeding period was divided into two DMI restriction periods of equal
length (period 1 and 2), and the magnitude of increased DMI from period 1 to 2 was
similar across treatments. Feed was offered at approximately 110% of appetite for steers
allowed ad libitum access, and feed offered to restricted steers was adjusted weekly. All
steers were fed a similar quantity ofDM for 3 d prior to initial and interim BW
determination. Steer DMI by AL90 and AL95 did not exceed AL 100 (P < 0.10) as
intended or expected during the second 65-d period. Overall DMI was increased (P <
0.01) for AL 100 compared to the average of restricted steers and increased linearly (P <
0.01) with increasing DMI of restricted steers. Overall DMI:ADG was similar among
steers allowed ad libitum access to feed and the average of restricted steers (5.84 vs 5.93),
whereas overall DMI:ADG was numerically lowest for AL90 steers. Hot carcass weight
of restricted steers was decreased (P < 0.03) 13 to 42 pounds compared to steers allowed
ad libitum access to feed. The number of carcasses grading Choice, Prime + Choice,
Select, or Select + Standard did not differ (P > 0.14). Decreased carcass value exceeded
decreased feed cost (assuming a feed cost of $ 120/ton) by $4.56, $3.42, $30.29 for
AL95, AL90, and AL85, respectively (Poster to be presented).
Drinking Water Intake by Finishing Yearling Beef Steers
Sixty-six crossbred yearling steers (684 +/- 41b) housed in seven pens were used to
further define factors influencing water intake by feedlot steers fed a high-concentrate
diet. Steers were allowed ad libitum access to a 90% concentrate diet and water for 151
days. Refused feed was weighed and dry matter determined weekly, and weekly diet
samples were analyzed for sodium chloride content. Each pen was equipped with an
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individual water tank and serviced by a metered individual water line. Daily water
disappearance (gallons/pen) was summarized by week and average daily water
disappearance/steer was calculated. Weekly water disappearance (gallons/steer; includes
losses from evaporation and steer 'leisure' activities at the tank) was regressed against
weekly climatologic variables, weekly dry matter intake, and weekly dietary sodium
chloride using stepwise selection procedures. Models were selected on the basis of
adjusted R2 and that all variables in the model displayed a variance inflation factor
(measure of collinearity) less than 10. The equation that best described the relationship
was: daily water disappearance, gallons/steer = 7.08 + (0.14*Minimum Temperature, OF)
+ (-0.14*Minimum Relative Humidity, %) + (-5.18 X 1O-7*(SolarRadiation, Btu/ft2) 2);
R2 = 0.96, Sy.x = 0.48. In order to test the model, predicted water intake was determined
by each of two previously published equations and predicted water intake was regressed
against actual water disappearance with and without a zero-intercept model. Equation 1
(by Hicks et aI., 1988; Okla. Agr. Exp. Sta. MP-208:12) explained 80% of the variation
in observed water disappearance with a prediction bias of + 0.2%, whereas equation 2 (by
Winchester and Morris, 1956; lAS 15:722) explained 78% of the variation in observed
water disappearance with a prediction bias of + 32.6%. The present equation and
equation 1 seemed to accurately predict water intake of yearling feedlot steers, although
few predictive variables were similar between the two equations (Poster to be presented).
In Progress
Effects of degree of com processing on ruminal fermentation, metabolic hormone
profiles, and apparent nitrogen and phosphorus digestibility (N. A. Cole, L. W.
Greene)
Effect of dietary crude protein concentration on feedlot performance, carcass
characteristics, and liver P450 isozymes of cull beef cows (T. Montgomery, C.
Fisher)
Other
Expansion of our feedlot and feedmill facilities is scheduled to begin approximately 15
May 2001. An additional 30 pens will be built to double the current number of pens and
the feedmill is expected to be expanded in order to add the equipment needed to
precondition and process grain.
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The effects of grazing a brown midrib vs a conventional
performance and gain/ha.
1. P. Banta, F. T. McCollum, III, and L. W. Greene
The Texas A & M University System, Amarillo

sorghum

x sudan hybrid on animal

An experiment was conducted to determine animal performance and gainlha of beef steers (mean initial
wt.: 241 kg) grazing a conventional sorghum x sudan hybrid (C) versus its near isogenic brown midrib
(BMR) variety. The experiment was conducted during the summers of 1999 and 2000 in the Texas
Panhandle. During both summers 8 pasture plots (2.2 ha) were blocked by location and randomly assigned
either C or BMR. Fertilization and irrigation were similar for both varieties. Data were analyzed using a
model containing year, block, forage type, and year by forage type. The interactions were not significant.
Pastures were grazed using put and take stocking for an average of 41 and 58.5 d at an average stocking
rate of 6.71 and 5.10 headlha for years 1999 and 2000, respectively. Head dlha, gainlha, and ADG were
determined. Steers grazing BMR tended (P = .0651) to gain more rapidly (1.33 kg/d) than steers grazing
the C hybrid (1.19 kg/d). Gainlha (361.5 kg, P=.12) and head dlha (286.9, P=.98) were not different. BMR
varieties are known for less lignin content, which should result in improved digestibility and thus increased
ADG.
Key words: Beef Cattle, Forage, Digestibility

Effect of diets containing soybean hulls or rolled corn on the performance and mineral status of
newly received calves
HM. Blalock, HM., R.H Pritchard and W.B. Epperson, South Dakota State University, Brookings.
The objective of this study was to determine the effectiveness of soybean hulls as an energy source for
newly received feeder calves and their effects on ADG, DMI, feed/gain (FIG), morbidity rate (MR) and
mineral status. Steers from a single source were blocked into previously weaned (PW; n = 63; BW = 265 :t
2.9 kg) and non-weaned (NW; n = 92; BW = 264 :t 2.4 kg) groups, then allotted to one of two treatment
groups. Treatment diets consisted of the following: oat silage (45%), energy source (45%), as rolled com
(CRN) or soybean hulls (SBH), and supplement (10%) providing monensin @ 20g/ton, soybean meal,
vitamins and minerals. Only the CRN diet required supplemental Cu (as copper sulfate) and Zn (as zinc
sulfate) to meet NRC requirements for these minerals. Each diet was replicated in nine pens (PW, n = 4;
NW, n = 5). Liver biopsy and blood samples were collected at the initiation of the trial and again after 28 d
on feed. Liver samples were analyzed for Cu, Zn, Mo, S, K, Ca, P, Mg and Mn concentrations. Serum
samples were analyzed for Se concentration. Body weight was recorded prior to initial tissue sampling and
after 8, 28, 57 and 74 d on feed. Cumulative ADG (1.41 :t .02 kg) and morbidity rate (6.5%) were not
affected (P > 0.10) by diet or weaning group. Steers fed
CRN vs. SBH liver Mineral
CRN had lower ADG through d 28 compared to SBH
Concentration
(1.4 7 vs. 1.63; P < 0.10). After d 28, ADG was not
28 d
Initial
affected by diet. Previously weaned steers had a higher
(ppm)
(ppm)
ADG than NW steers through d 28 (1.63 vs. 1.47 kg; P <
88
89
CRN
Cu
0.10) with no diet x weaning group interaction (P > 0.10).

•
•

The SBH diets caused higher (P < 0.01) OMI than CRN
66
86
SBH
diets through d 28 (6.4 vs. 6.9 kg) and overall (8.1 vs. 8.9
142
189
CRN
Zn
kg). There was a diet x weaning group interaction for
130
176
SBH
OMI (P < 0.10) through d 28. Among PW steers, SBH
7.3
6.6
CRN
Mn
caused a greater increase in OMI (6.4 vs. 7.4 kg) than
8.3
7.0
SBH
among NW steers (6.1 and 6.7 kg). Feed efficiency was
not affected through d 28 (p> 0.10) but the cumulative 74
d FIG was lower for CRN than for SBH diets (5.85 vs. 6.24; P < 0.05). Liver Cu concentrations decreased
(P < 0.0 I) by 22% in steers fed SBH, but were unchanged in steers fed CRN diets. Previously weaned
steers had a greater loss of liver Cu compared to NW (-16.3 vs. -0.4 ppm; P < 0.0 I), perhaps due to the
greater initial liver Cu concentration in PW steers (120 vs. 55 ppm; P <0.01). Liver Zn concentration was
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affected by a diet x weaning group interaction (P < 0.05). In PW steers, decreases in liver Zn were similar
(35% and 30%) for each diet; however, NW steers fed the CRN had a smaller decrease in liver Zn (13% vs.
25%) than NW steers fed SBH. Previously weaned steers also had a greater decrease (P < 0.01) in liver P
(12% vs. 7%) and S (8% vs .. 3%). There were no other diet effects (p> 0.10) demonstrated on any of the
other nutrients assayed. These results suggest the use of soybean hulls in newly received calf diets has the
potential to stimulate DMI, and that Cu and Zn in soybean hulls may have limited availability.
Key words: Soybean hulls, Rolled com, Feedlot, Steers, Minerals

Effects of implant status during winter grazing and implant status and rate of gain during summer
grazing on performance by stocker steers.
T.N. Bodine, H. T. Purvis II, D.A. Cox, G. W. Horn, and C.R. Krehbiel
Oklahoma Agricultural Experiment Station, Stillwater
Two experiments were conducted to determine the effects of an implant during the winter grazing season
(Dec-Mar, 93 d) on performance by stocker steers, and to detect if carryover effects of the winter implant
varied with implant status or rate of gain during the summer grazing period (Apr-Sept, 152 d). Onehundred-twenty-five steers (2 I 7 :!:4 kg) received a Synovex-S implant (WIN+; n=63), or no implant
(WINO; n=62), were fed 2 kg of a 30% CP cube/(steer*feeding) 3X/week, and grazed dormant Old World
bluestem during the winter. In April, steers (240:!: 4 kg) in Exp. I, were either implanted with Synovex-S
(SUM+) or not implanted (SUMO), while all steers (238::!: 4) in Exp. 2 were implanted with Synovex-S and
managed at one of two rates of gain. To create different rates of gain (LOW vs HIGH), steers were stocked
at 100 AUD/ha (n=4; LOW) with no supplemental feed, or 60 AUD/ha (n=4; HIGH) with 2 kg of
supplement/(steer*feeding)
fed 3X/week. All steers were allowed to graze native tallgrass prairie pastures
during the summer grazing period. In Exp. I, no interactions were detected (P > 0.40) between winter and
summer implant status for any of the measured variables so only main effects are reported. Steers
implanted during winter grazing had increased (P = O.I0) ADG vs steers without an implant (0.38 vs 0.33
kg). Summer ADG was increased (P < 0.04) for steers with a summer implant (0.96 kg) vs steers without
(0.90 kg). Cattle implanted during winter grazing had reduced (P < 0.06) summer ADG (0.90 vs 0.96 kg)
vs steers without an implant. Daily gains across the entire grazing period (WIN and SUM, 269 d) tended
(P = 0.10) to be greater for summer implanted (0.63 kg) than non-implanted (0.60 kg) steers and were
similar (P = 0.40) for winter implanted (0.61 kg) vs non-implanted (0.62 kg) cattle. In Exp. 2, interactions
(P < 0.06) between winter implant status and summer rate of gain were detected for summer and total (DecSept, 269 d) ADG. Implanting during winter grazing increased (P < 0.09) ADG (0.38 vs 0.32 kg).
Summer ADG for steers at the LOW rate of gain did not differ (P = 0.19) between winter implanted (0.68
kg) vs non-implanted (0.63 kg) cattle. Previously implanted steers at the HIGH rate of gain (0.93 kg)
tended (P = 0.12) to have reduced gains vs steers without a winter implant (0.99 kg). Both had greater (P <
0.0 I) gains than steers managed at the LOW rate with or without a winter implant. Daily gain for the entire
grazing period (WIN and SUM) by steers at the LOW rate of summer gain was greater (P < 0.07) for steers
with a winter implant (0.47 kg) than without (0.43 kg), while cattle at the HIGH rate did not differ (P =
0.33) as a result of winter implant status (WIN+; 0.62 kg, vs WINO: 0.64 kg). All steers at the HIGH rate
of summer gain had greater (P < 0.0 I) total grazing period ADG than either winter implant treatment at the
LOW rate of summer gain. The use of a Synovex-S implant increased live-weight gain in either the winter
or summer grazing season. It appears that when summer gains are relatively high, the summer grazing
period is the most effective time to implant, and may be equally effective as implanting during both winter
and summer. Steers implanted during winter grazing with a reduced rate of gain in the summer tended to
maintain their advantage over the total grazing period.
Key words: Implants, Rate of Gain, Grazing Steers, Carryover Effects
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Effects of high oil corn and shade on feedlot performance, carcass characteristics, respiration rate
and acid-base balance of Angus and Bonsmara x Beefmaster steers.
T.C Bramble!, K.F. Wilson',CR. Richardson', G. V. Pollard', CP. Bridge', J. W. Hollowal, B.G.
Tech University, 2Texas
Warrington2, J.D. Thiebaucf, G.R. Chapman4, and F.N. Owenl'Texas
;J.gricultural Experiment Station, Uvalde, 3Texas Tech Howard Hughes Medical Institute, 4Amarillo, TX,
~DuPont Specialty Grains, Des Moines, IA.
This experiment was designed to determine if com source [high oil com (HO) or typical com (T)] would
alter performance, carcass characteristics, respiration rate (RR) and(or) acid-base balance (ABB) of
finishing steers with or without access to shade in partially slotted concrete outdoor feedlot pens. Steers,
Angus (A) (n= 59; BW = 322 :!: 2.2 kg) and Bonsmara x Beefmaster (B) (n = 56; BW = 294 :!: 2.1 kg)
breeding were fed for 150 d (July 17 to December 13,2000). Breed was nested within each of the 24 pens
and steers were blocked into pens by weight. Treatments were: NST (no shade, typical com, n = 29),
NSHO (no shade, high oil com, n = 29), ST (shade, typical com, n = 28), and SHO (shade, high oil com, n
= 29). The HO replaced T on a weight basis, in diets formulated to meet or exceed NRC (1996)
requirements, which consisted of 77.7% steam-flaked (.36kg/L, 281blbu) com grain, 10% roughage; and
protein, vitamin, mineral, and feed additive supplements. Shade structures were black, 80% light occluding
Z
polypropylene cloth fixed 3 m above pens, and covered 67% of the pen area (9.8 m of shade/steer). Steers
were weighed and blood samples were taken on d 0, 28, 56, 85, 115 and 150 into 2cc heparinized glass
syringes. Blood gas measurements [pH, pCOz, pOz, HC03, TCOz, and base excess (BE)] were taken to
assess the ABB of steers and were based on jugular vein blood samples (n = 24, I steer/pen, 12 A, 12 B).
Ultrasound scans were performed on all live animals on d 0 and 150. On 25 days throughout the study, RR
were measured for one A and one B steer in each pen (n = 48, 2 steers/pen, 24 A and 24 B) at 0730 and
1600. Shade impacted feedlot performance during the first 28 d by increasing (P = .05) DMI and improving
(P = .04) FE from d 28 to 56. Feeding HO increased (P < .10) FE and ADG over the entire 150 d feeding
period. Angus steers had higher (P < .01) ADG than B steers throughout the entire study. Neither HO nor S
had an effect on standard carcass characteristics, although ultrasound measurements indicate that
longissimus muscle area (LMA) of A steers grew faster (P < .0 I) and had more marbling (P < .0 I) than B
steers. The RR were 22% faster (P < .0 I) for NS than S steers and 80% faster (P < .0 I) for A than B steers
at 1600. On d 28 and 85 BE values were greater for shaded steers. Bicarbonate values were higher (P < .07)
for S cattle on d 28 and blood was more (P < .10) basic in pH on d 85 for cattle fed HO. Overall, supplying
high oil com improved feedlot performance. While carcass characteristics were unaffected by shade or diet
ultrasound measures indicate Angus cattle grow at a faster rate and deposit greater amounts of marbling
than Bonsmara x Beefmaster steers. Also, shades may increase the alkalinity of venous blood even though
they may reduce respiration rate. This suggests that respiration rate alone is inadequate as a predictor of
acid-base balance and that increased respiration rates are not indicative of decreased feedlot performance.
Finally, shaded Angus cattle, fed high oil com, had the highest ADG indicating an additive effect for shade
and com source.
Key words: High oil com, Shade, Bonsmara, Acid-base balance

The Effect of Anabolic Implant use on Allometric Growth and Carcass Composition of Steer Calves.
K. W. Bruns*, and R. H. Pritchard •.South Dakota State University.
Angus and Angus x Limousin steers (n= 179) were used to evaluate the influence of an estradiol-trenbalone
acetate implant (revalor - s) on production efficiency and carcass traits when administered at specific
stages of growth. Treatments (TRT) were as follows: NI) control No Implant; EI) Early Implant, d I,
BW=309 kg; or 01) Delayed Implant, d 56, BW=385 kg. Steers were procured at weaning and
backgrounded (40d) prior to the initiation of the trial. Steers were fed a 90% concentrate diet for 150 d.
Serial harvest was conducted at d I (n=5), d 56 (n=lO) and at the end of the trial (n=30). Rib sections (910-11) were removed and analyzed for fat, protein, and moisture content to predict whole carcass
composition. Regression equations were developed to quantify changes in carcass characteristics and
composition throughout. After 56 d, gain efficiency (GIF) was improved (P<.O I) by implants, NI vs. EI
(.227 vs .. 257). During 56 to 112 d, 01 caused higher ADG than Nl or EI (NI 1.65, EI 1.57,01 1.78 kg;
P<.05) and higher G/F (NI .155, EI .150, 01 .173; P<.O1). Cumulative ADG and G/F throughout 140 d
were improved by implants (1.65 vs. 1.73 kg; P<.05) and (.175 vs .. 186; P<.Ol) forNI vs I, respectively
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with no difference among implant.
Through 140 d cumulative DMI was
% 12th Rib Lipid Content x HCW
similar for TRT. At d 56 (n=1O) EI
increased HCW vs. NI (NI 227 vs. EI
243 kg; P<.05). Ribfat, REA, YG,
7
marbling score as well as whole carcass
ift.
6
protein (%) and whole carcass fat (%)
~ 5
c
were not different. At d 150 (n=164)
d
4
implants increased dressing percent
."
]3
(60.9 vs. 61.6 %; P<.05), and increased
(P<.OI) HCW (341 vs. 353 kg) and
~ 2
REA (76.5 vs. 81.4 cm2). Ribfat and
~ 1
I-Control,NI-1n..,tant309kg,E1-•• 1n..,tant385kg,Oq
KPH were unaffected by TRT.
o
Treatment had no affect on whole
160 180 200 220 240 260 280 300 320 340 360 380
carcass fat (NI 28.8, EI 28.4, DI
HCW,kg
28.1%), protein (NI 12.6, EI 12.7, DI
12.6%), or water (NI 44.8, EI 44.6, DI
44.9%). Implants advanced maturity
scores (A5l vs. A59; P<.OI). Marbling scores were reduced (P<.05) by EI but were unaffected by DI (NI
Sma1l65, EI Sma1l21, DI SmaIl35). Treatment affected (P<.I 0) the proportion of carcasses with marbling
scores greater than ModestO (NI 24, EI 8, DI 23 %). The PIMF of the L. dorsi was reduced (P<.1 0) by EI
and was unaffected by DI (NI 5. I, EI 4.0, DI 4.8 %). The PIMF content increased linearly and the slope of
development was greater (P<.1 0) for NI vs EI. Early implant exposure tended to reduce the rate of PIMF
development but delaying implant until 385 kg BW increased carcass production without decreasing PIMF
content. The results of this study indicate that delayed implanting can improve the percentage of carcasses
grading average Choice and higher without adversely affecting production rates and efficiencies.

Effect of Implanting on Performance and Carcass Characteristics of Finishing Steers.
W T Choat, C. R. Krehbiel, D. R. Gill, and R. L. Ball, Oklahoma State University, Stillwater.
The objective was to determine the effect of implant strategy on finishing performance and carcass
characteristics. Crossbred steers (n = 150; BW = 638:1:3.8 Ib) were blocked by weight and randomly
allotted to 30 pens (10 penslblock; 5 hd/pen) in a 180-d finishing study. Two penslblock were assigned to
one of five implant treatments. Treatments were: I) no implant (NC); 2) implant d 0; 3) two implants d 0;
4) implant d 0 and reimplant d 94; and 5) implant d 0, explant and reimplant d 94. All implants were a
combination of estradiol (24 mg) and trenbolone acetate (120 mg). Overall daily gain was 13.5% greater (P
< .001) for implanted steers compared with NC steers, and was 7.2% greater (P = .02) in steers with two
implants vs one implant. Overall DMI tended to be greater (P = .06) in implanted compared with NC
steers, whereas DMI did not differ (P > .70) among implanted steers. Similar to daily gain, implanted
steers had more efficient (P = .008) conversion of feed:gain than control steers (5.85 vs 6.33:1:.36), and
steers receiving two implants had more efficient (P = .03) feed:gain than steers receiving one implant (5.75
vs 6.13:1:.36). Implanted steers yielded 44 Ib more hot carcass weight than NC steers. No differences (P >
.10) were observed among treatments for skeletal maturity, lean maturity, ribeye area, marbling score, or
quality grade. Yield grade was lower (P = .03) in steers implanted with two implants on d 0 compared with
steers implanted on d 0 and reimplanted on d 94. Implanting steers decreased tenderness by 16% compared
with NC (11.0 vs 9.5:1:.32 Ib). Implanting twice resulted in greater performance and carcass weight
compared with implanting once. In general, performance and carcass traits were similar in steers implanted
twice on d 0 compared with steers implanted on d 0 and reimplanted later in the feeding period.
Key words: Implant, Performance, Carcass Traits
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Feedlot performance, carcass characteristics, and meat quality of steers supplemented with vitamin
E and organic or inorganic selenium
B. S. Clyburn, 1. H. Mikus, C. R. Richardson, 1. L. Montgomery, G. V. Pollard, A. D. Herring and M F.
Mil/er, Texas Tech University, Lubbock.
Effects of vitamin E level and selenium supplement form on performance and carcass characteristics were
evaluated in a completely randomized design involving 96 Angus crossbred steers (374 :!: 34 kg). Steers
were randomly assigned (four steers per pen and four pens per treatment) to one of six treatments: basal
diet containing no added vitamin E or selenium (control), organic form of selenium and vitamin E levels of
500, 250, and 125 IU/d, or an inorganic form of selenium and vitamin E levels of 500, 250, and 125 IV/d.
Organic selenium was supplied using high selenium yeast, while the inorganic diets utilized sodium
selenite; both sources provided 3 mg of selenium/hd/d. Vitamin E was supplied using graded levels of utocopherol acetate. Means were separated using orthogonal contrasts with pen as the experimental unit.
Typical feedlot finishing diets fed during this experiment were isonitrogenous, isocaloric, and formulated to
meet or exceed requirements (NRC, 1996) for CP, calcium, phosphorus, and vitamin A. Individual weights
were recorded at 28 d intervals and a final weight was determined on d 103. Performance variables
measured were ADG, OMI, and feed efficiency (FE). Carcass measurements were taken for hot carcass
weight (HCW), dressing percentage (DP), longissimus muscle area (LMA), final yield grade (FYG), fat
thickness, kidney, pelvic and heart fat percentage, and marbling score (MS). Meat quality was determined
using Warner-Bratzler shear force (WBS), and measuring retail display color characteristics [lean muscle
lightness (L *), measure of lean redness (a*), and lean muscle yellowness (b*)] on strip loin steaks for four
different aging treatments. Steers receiving organic selenium responded with an improvement (P < .10) in
performance during the first 56 d for AOG, OMI, and FE, however, neither selenium source or vitamin E
level affected performance over the entire 103 d experiment. Selenium source and vitamin E level did not
affect (P > .10) HCW, FYG, fat thickness, MS, or WBS values. Cattle receiving inorganic selenium and
250 IU of vitamin E had greater (P < .10) LMA. Strip loin steaks from steers not fed supplemental dietary
vitamin E or selenium at all four aging treatments showed no lean muscle lightness difference (P > .10)
from the organic selenium treatments with 125 IV and 500 IV of vitamin E nor the inorganic selenium
treatments at 35 d of aging. No differences were detected (P > .10) between treatments for all other retail
display color variables measured. These results indicate that organic selenium improved animal
performance during the first 56 d. However, carcass and meat quality measurements were similar among
treatments at the conclusion of the 103 d study.
Key words: Vitamin E, selenium, feedlot performance
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Utilization of malting indust')' byproducts in cattle feedlot diets

a
c
C. R. Dah/ena, K. Hachmeister, C.M Zehndera, M Dikemand, A. DiCostanzo , G.c. Lamb , L. R. Mil/era,
and H. Chester-JoneiaUniversity
of Minnesota, St. Paul, bSouthern Research and Outreach Center,
Waseca, cNorth Central Research and Outreach Center, Grand Rapids, dKansas State University,
Manhattan
Eighty crossbred steers (434 kg) were used to study the effects of including malting industry byproducts
(BP) in finishing diets on steer performance, diet OM digestibility (OMO, internal marker), and meat
tenderness and sensory traits. Steers were blocked by weight (heavy or light) and assigned to one of 16
pens. Pens were randomly assigned to one of four dietary treatments formulated using com grain (CG),
com silage (CSL), wet com gluten feed (WCGF) or BP and/or thin stillage (TS), and a supplement (Supp)
that provided protein, vitamins and minerals, so that diets contained .62 Mcal NEg, 12.5% CP, .6% Ca and
.4% P. Treatments (fed ad libitum) were: Control (78%CG, 16%CSL, 6%Supp), CGF (66%CG, II%CSL,
20%WCGF, 3%Supp), MBP (64%CG, 13%CSL, 20%BP, 3%Supp), and MBPTS (55%CG, 21%CSL,
14%BP, 7%TS, 3%Supp). A shrunk weight was used for initial weight. Final weight was estimated from
hot carcass weight divided by a dressing percentage of 63. Steers in heavy or light replicates were
harvested after 110 or 138 d on feed, respectively; 97 d after receiving a single implant (Component T-S).
Loins were aged at 2 °C for 14 d postmortem, then cut into steaks (2.54 cm thick) for analyses ofWB shear
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force, sensory and color evaluation. Steers fed MBP or MBPTS tended (P = .09) to have lower ADG than
those fed Control or CGF (1.83, 1.70, 1.61, 1.66 kg/hd/d for steers fed Control, CGF, MBP, or MBPTS
diets, respectively). There were no effects (P > .10) of diet on DMI (10.92, 10.36, 11.19, 11.00 kg/hd/d for
steers fed Control, CGF, MBP, or MBPTS diets, respectively). Steers fed MBP or MBPTS diets required
more (P < .05) DM/kg gain than those fed Control or CGF diets (5.97, 6.10, 6.93, 6.62 for steers fed
Control, CGF-Control, MBP, or MBPTS diets, respectively). Control and CGF diets were more digestible
(P < .05) than MBP and MBPTS diets (82.1, 83.7, 72.8, 75.2% for steers fed Control, CGF-Control, MBP,
or MBPTS diets, respectively). Diet did not (P > .10) influence hot carcass weight, back fat, rib eye area,
marbling, or kidney, pelvic and heart fat. Neither cooking loss nor WB shear force were affected (P > .05)
by treatment. Steaks from steers fed CGF had more desirable scores for myofibrillar tenderness than those
from steers fed Control (P = .004) or MBPTS (P = .08). A similar trend (P = .06) was observed for overall
tenderness. Steaks were found to be moderately juicy and intense of flavor, with practically no connective
tissue or off-flavors regardless of treatment (P > .10). Steaks from steers fed MBPTS tended (P = .06) to be
redder (higher 630/580 ratios) during display than those fed CGF, whereas steaks from steers fed Control
tended (P = .06) to be darker (lower L* values) than steers fed MBPST. Steaks from steers fed CGF tended
(P = .07) to be less red (lower a * values) than those fed Control, and less red (P < .05) than steaks from
steers fed MBPST. Results indicate that substituting some CSL or all CGF with BP alone or in
combination with TS led to slightly depressed ADG and reduced feed efficiency, but had no adverse effects
on meat tenderness or sensory traits. Thus, opportunity price of BP should be 87% the price of com gluten
feed.
Key Words: Malting byproducts, Tenderness, Beef

Impact of altered feeding time and sprinkling on body temperature and performance of steers
finished in summer
M. S. Davis and T. L. Mader, University of Nebraska, Northeast Research and Extension Center, Concord
This study was conducted to examine possible strategies to reduce heat stress of feedlot cattle finished in
summer months. One hundred, ninety-two Bos taurus steers (BW = 424.1 :t 1.9 kg) were used in factorial
design of treatment (24 pens, 8 hd/pen) with factors including; feeding time (800 [AM] vs 1400 h [PM])
and sprinkling (no sprinkling [DRY] vs sprinkling mounds in pens [WET]). Feed amount was adjusted
daily so that bunks were clean at 800 h, while sprinkling was done on days when predicted temperaturehumidity index was ~ 77 via overhead water sprinklers. Feed and water intakes were recorded daily, while
BW was determined on days 0, 21,56 and 82 (termination of trial). On days 0 - 21 all pens were managed
similarly with no sprinkling and with feed delivered at 800 h. Tympanic temperatures (IT) of steers (6
hd/TRT) and climatic conditions of pens were obtained on days 29 - 34 and 56 - 63. Body weight and
DMI were not affected by TRT (P > .10), however 56 - 83 ADG was increased 13% (P = .08) by sprinkling
(1.48 vs 1.68 :t .08 kg/d). Feed conversions were improved by sprinkling 15% (P = .06) and 5% (P = .09)
on days 56 - 83 and 21 - 83 (6.77 vs 5.89 and 5.84 vs 5.55, respectively). Water intakes was increased
13% from days 21 - 56 in AM/DRY vs PM/WET steers (feeding time x sprinkling interaction, P < .05)
with AM/WET and PM/DRY being intermediate. Water intake of AM/DRY steers averaged 13% and 11%
higher (P < .05) than all other steers on days 56 - 83 and 21 - 83, respectively. On days 30 - 33 TT of
AM/DRY steers were highest at all times sampled (P < .05). On days 62 - 63 IT of PM steers were higher
(P < .05) than AM steers from 1500 - 1900 h. Soil temperature of the WET mounds were lower (P < .05)
than DRY mounds at all times sampled, with temperature at .15 and. 76 m above the mound being lower (P
< .05) between 1000 - 1730 h on days 29 - 34 and 62 - 63. Adjusting feeding time and sprinkling cattle
can alter body temperature. Performance data suggest allowing cattle access to sprinklers during hot days
improves performance. Effects of AM vs PM feeding were not observed, although interactions were
apparent.
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Effect of Feed Intake Restriction on Animal Performance and Carcass Characteristics
of Finishing
Beef Steers
C. D. Drager, M S. Brown, M Jeter, P. Dew, and E. Cochran; West Texas A&M University, Canyon
An experiment was conducted to study the effect of the severity of OM I restriction on performance and
carcass characteristics offeedlot cattle. Crossbred steers (n = 256,684 :!: 3.5 Ib initial BW) were block by
BW, randomly assigned to one offour treatments (28 pens, 7 pens/treatment), and fed a common 90%
concentrate diet. Treatments were: I) ad libitum access to feed for the entire study (ALI 00); 2) 75% of
OMI of AL 100 for 65 d, 95% of AL 100 for 65 d, and ad libitum access to feed for 21 d (AL85); 3) 80% of
ALI 00 for 65 d, 100% of ALI 00 for 65 d, and ad libitum access to feed for 21 d (AL90); and 4) 85% of
ALiOO for 65 d, 105% of ALI 00 for 65 d, and ad libitum access to feed for 21 d (AL95). Feed was
offered at approximately 110% of appetite for steers allowed ad libitum access. Feed refused was weighed,
and ingredient and diet OM were determined weekly. Feed was offered for AL85, AL90, AL95 based on
OMI by AL 100 the previous week. All steers were fed a similar quantity of OM for 3 d prior to initial,
interim, and final BW determination. Overall OMI was increased (P < 0.01) for ALI 00 compared to the
average of restricted steers and increased linearly (P < 0.0 I) with increasing OMI of restricted steers (19.7,
20.1, 20.6, and 21.5 +/- 0.18 Ib/d for AL85, AL90, AL95, and AL 100, respectively). Overall AOG
(carcass-adjusted) was decreased (P < 0.01) for restricted steers compared to ALI 00 (3.21, 3.53, 3.47, and
3.68 :!: 0.07 Ib/d). Overall AOG and AOG:OMI (carcass-adjusted) responded quadratically (P < 0.04) with
increasing OMI of restricted steers. Hot carcass weight, ribeye area, and kidney, pelvic, and heart fat
percentage were increased (P < 0.03) for ALI 00 compared to restricted steers, and responded quadratically
(P < 0.07) with increasing OMI of restricted steers. The number of carcasses grading Choice, Prime +
Choice, Select, or Select + Standard did not differ (P > 0.14). The severity of restriction and pattern of
increasing feed intake resulted in 272, 212, and 136 Ib/steer less total OM consumed, decreased average
daily gain, and decreased gross carcass value an average of $ 25 for restricted steers.
Key Words: Restricted Feeding, Caloric Restriction, Feedlot Cattle

Effect of high oil corn and implant status on feedlot performance and carcass characteristics
steers.
MS. Eibs, B.J. Johnson, and B.D. Rops. South Dakota State University, Brookings.
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of beef

Objectives of these experiments were to investigate the effects ofrevalor-S (REV) implant (120 mg
trenbolone acetate and 24 mg estradiol) on feedlot performance and carcass characteristics of steers fed a
high oil com based diet. Angus-sired steer calves (n= 159, initial BW=391:!: 8.14 kg), were allotted by
weight to treatments: 1) rolled com (C: 79.5% of ration, n=5) without Rev (CN); 2) rolled high oil com
(HOC: 79.5% of ration, n=5) without REV (HN); or 3) rolled high oil com with REV (n=5) (HI), for 112
days. Cattle were harvested at a commercial packing plant. Carcass data were retrieved 24 h postmortem.
Cumulative AOG (1.66 vs 1.44 and 1.47 kg/d respectively) and cumulative GIF (0.166 vs 0.214 and 0.212
kglkg respectively) differed (P<.05) between HI and CN, HN. Cumulative OMI were not different (P>.05)
(10.02 vs 9.74 and 9.76 kg/d). HI had heavier (P<.05) hot carcass weights and more rib fat (P<.05) and
consequently a higher (P<.05) USDA yield grade compared to CN and HN (3.40 vs 3.19 and 3.15,
respectively). HI had a greater percentage of USDA Select carcasses (P<.05) compared to CN and HN
(15% vs 0% and 0%, respectively), using chi-square distribution. CN and HN were not different (P>.05) for
feedlot performance, but were different for dressing percent (P<.05) (61.03 vs 61.74%, respectively). These
data suggest that revalor-S elicits a similar response in feedlot performance for cattle fed high oil com as
compared to the literature for control com. Furthermore, high oil com did not affect feedlot performance or
characteristics compared to steers fed control com .

Phosphorus requirement of feedlot cattle
G. E. EricksonJ, C. T. Milton], and T. J. KlopfensteinJ

J University

of Nebraska; ]Midwest PMS

Phosphorus is a nutrient that is critical in terms of growth and maintenance of cattle but is also
environmentally challenged. Phosphorus is also expensive to supplement. For these reasons, P should be
fed to meet but not exceed requirements. However, P requirements of typical feedlot cattle fed high-energy
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diets have not been researched. Our hypothesis is that P requirements are lower than current NRC
predictions. Therefore, we conducted an experiment with 60 yearling steers (BW=850 Ib) and 45 steer
calves (BW=584 Ib) that were individually fed to determine the P required during the finishing period. The
yearling experiment has been published but is summarized here to cover the spectrum of feedlot cattle.
Yearling diets consisted of34.5% dry-rolled com, 22.5% com bran, 22.5% brewers grits, 7.5% cobs, 5%
molasses, 3% tallow, and 5% supplement. Calf diets contained 33.5% high-moisture com, 30% brewers
grits, 20% com bran, 7.5% cottonseed hulls, 3% tallow, 6% supplement. Concentrations ofP were .14, .19,
.24, .29, and .34% of diet DM for yearlings and .16, .22, .28, .34, and .40% P for calves. Supplemental P
was provided by NaH2P04 in both trials to increase P from basal levels of .14 (yearlings) and .16%
(calves). Daily gain, dry matter intake, and feed efficiency were not influenced by P level fed or grams of P
intake per day in either the calf or yearling trials. Because P can be resorbed from bone when dietary P
intake doesn't meet requirements for gain, bones were collected at slaughter to determine mineral content
and breaking strength. In the yearling trial, rib bone breaking strength and phalanx (lower leg) bone ash
were not influenced by P treatment. In the calf trial, phalanx and metacarpal (lower leg) mineral content
was not influenced by P treatment. However, when phalanx bone ash was expressed as a % of carcass
weight, there tended (P=.08) to be a quadratic response to P level in the diet with the lowest percentages for
the .16 and .40% levels. Blood samples were collected during the calf trial to determine plasma P and
osteocalcin enzyme activity. Osteocalcin is an enzyme responsible for bone building. Plasma inorganic P
did respond both linearly and quadratically (P<.OI) with steers fed .16% P having plasma P of 5.7 mgldL.
Based on literature, the lower threshold for plasma P is between 4 to 4.5 mg/dL resulting in signs of
deficiency. Averaged across all other P levels, plasma inorganic P was 6.9 mg/dL suggesting that plasma P
was adequate across treatments. Osteocalcin activity was measured for the .16 and .40% P treatments in
plasma and was not different suggesting that bone building was not different. Our hypothesis was that the
.14% P treatment may result in less bone building thereby having lower osteocalcin activity. These results
suggest that the P requirement is much lower for feedlot cattle than NRC recommendations as well as
concentrations commonly formulated for in the feedlot industry. Across both trials, P intakes were 70 to
190% of NRC-predicted requirements with no response.
Keywords: Phosphorus, Requirement, Beef cattle, Feedlots.

Influence of Restricted Intake and Reduced Dietary Starch on Colon pH and E. coli Prevalence.
Folmer, 1. D. J, C. B. WilsonJ, D. L. Baile/, M P. Blackford', T. W Loy', S. M Younts2, R. A. Moxle/, D.
R. Smith2, T. 1. Klopfenstein' 'University of Nebraska, Lincoln Animal Science, 2 University of Nebraska,
Lincoln Veterinary Science
Ninety feedlot steers (545 kg) and 18 pens (5 hd/pen; and 2 pens/trt) were used to test the effects of
reducing dietary starch and intake on colon (COL) pH, VFA, total and acid-resistant coliform, E. coli
populations, and E. coli a 157:H7 shedding. Using a 3 x 3 factorial design, three diets at three levels of
intake delivered varying amounts of unfermented starch to the colon. The low (L) diet contained com bran
and wet com gluten feed (WCGF), the medium (MED) diet contained WCGF and high moisture com, and
the high (H) diet contained dry rolled com. Diets were fed ad libitum for a 14d diet adaptation and intake
determination period. On d-I of the experiment diets were offered ad libitum (AL), 65% of ad libitum
(65%), and 45% of ad libitum (45%); and fed for the entire 10d fecal sampling. Cattle consuming Land
MED diets had significantly higher (P<.OI) COL pH values, than the H diet, 7.52, 7.25, and 6.90
respectively. In addition, the L diet reduced the amount ofVFA in the COL (P<.05) compared with the H
diet. As level of intake decreased, COL pH increased (P<.O I), with AL intake averaging a COL pH of 7.29
while pH increased to 7.35 and 7.46 for 65 and 45% intake, respectively. The amount of COL VFA
decreased (P<.O I) with intake restriction, from 150 to 131 and 110 mMol/g feces DM for AL, 65%, and
45% intake, respectively. The total number of coliform on d I did not differ (P>.05) among diets. Acidresistant coliforms (P<.O I), and acid-resistant E. coli (P<.05), were reduced by the Land MED diets. Total
number of E. coli was lower (P<.O I) for the MED diet compared with the other diets, and the L diet tended
to be lower than the H diet (P<.06). The daily number of cattle shedding E. coli a 157:H7 ranged from 0 to
18%. Daily prevalence of E. coli a 157:H7 was not affected by diet (P=.86) or intake (P=.58), however an
interaction between diet and intake was observed (P<.O I). Diets low in starch increased fecal pH, lowered
VF A, and reduce numbers of acid resistant E. coli in the feces.
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Ranch of Origin Management Factors Affecting the Occurrence of Respiratory Tract Lesions in
Feedlot Steers at Harvest
K. Grathwohl*,
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•

W.B. Epperson, B.J. Johnson, and S. W. Fausti, South Dakota State University, Brookings

The impact of ranch of origin management on the occurrence of respiratory tract lesions (RTL) at harvest
was investigated using data from 709 steers enrolled in South Dakota State University's CalfYalue
Discovery Program (1998 and 1999). Preliminary observations from 1998 data suggested ranch of origin
management was associated with the occurrence of RTL in feedlot steers at harvest. Groups of at least five
steers from 82 owners entered the feedlots in November 1998 and November 1999. Producers completed a
survey at feedlot entry, which described health and management practices at the ranch of origin. At feedlot
entry, steers were vaccinated, ear tagged and weighed. Steers were marketed on a carcass basis when
acceptable weight and finish standards were attained. At harvest, lungs were examined for evidence of
RTL. Steers were assigned a numerical lung score based on the severity of the lesions (0 = no lesions, 17 =
most severe). Steers with lung scores of ~ 7 were classified as having RTL. Logistic regression of SAS was
used to model factors affecting occurrence of R TL at harvest. Odds ratios (OR) were computed as
estimates of risk. Cattle vaccinated with a modified-live viral vaccine at the ranch of origin prior to feedlot
entry had reduced occurrence ofRTL (P < .05, OR = .56) compared to steers not vaccinated. Steers weaned
for ~ 30 days prior to feedlot entry had a 1.59 OR of RTL compared to steers not weaned (P < .05). Steers
known to be treated for respiratory illness in the feedlot had a 2.21 OR (P < .05) of having RTL at harvest
compared to steers not treated. Year and days on feed also influenced the occurrence of RTL at harvest (P <
.05). These data suggest ranch of origin management factors impact the occurrence of RTL in feedlot steers
at harvest. A more thorough understanding of these factors could reduce the incidence of RTL and improve
feedlot performance and carcass quality at harvest.
Key words: Beef Cattle, Lung Lesions, Health

Drinking Water Intake by Finishing Yearling Beef Steers
M B. Jeter, M S. Brown, D. B. Parker, and L. 1. Perino; West Texas A&M University, Canyon
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Sixty-six crossbred yearling steers (684 +/- 4 Ib) housed in seven pens were used to further define factors
influencing water intake by feedlot steers fed a high-concentrate diet. Steers were allowed ad libitum
access to a 90% concentrate diet and water for lSI days. Refused feed was weighed and dry matter
determined weekly, and weekly diet samples were analyzed for sodium chloride content. Each pen was
equipped with an individual water tank and serviced by a metered individual water line. Daily water
disappearance (gallons/pen) was summarized by week and average daily water disappearance/steer was
calculated. Mean, maximum, and minimum average daily water disappearance was 9.01,11.67, and 4.69
gallons/steer, respectively. The mean, maximum, and minimum were calculated for daily climatologic
data, and these data were summarized by week to be compatible with other variables. Mean, maximum,
and minimum values for average, maximum, and minimum temperature were 71.6, 81.8, and 51.6°F; 85.4,
96.0, and 62.6°F; and 58.5, 68.4, and 4l.6°F. Weekly water disappearance (gallons/steer) was regressed
against weekly climatologic variables, weekly dry matter intake, and weekly dietary sodium chloride using
2
stepwise selection procedures. Models were selected on the basis of adjusted R and that all variables in
the model displayed a variance inflation factor (measure of collinearity) less than 10. The equation that
best described the relationship was: daily water disappearance, gallons/steer = 7.08 + (0. I4*Minimum
7
2
Temperature, OF) + (-0.14*Minimum Relative Humidity, %) + (-5. I 8 X IO- *(Solar Radiation, Btu/ft ) 2);
R2 = 0.96, Sy.x= 0.48. In order to test the model, predicted water intake was determined by each of two
previously published equations and predicted water intake was regressed against actual water
disappearance with and without a zero-intercept model. Equation I explained 80% of the variation in
observed water disappearance with a prediction bias of + 0.2%, whereas equation 2 explained 78% of the
variation in observed water disappearance with a prediction bias of + 32.6%. The present equation and
equation I seemed to accurately predict water intake of yearling feedlot steers, although few predictive
variables were similar between the two equations.
Keywords: Water intake, Environment, Beef cattle
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Inclusion of concentrated separator by-product increases intake of newly-received feedlot steers.
E. R. Loe, M. L. Bauer, G. P. Lardy, and J. S. Caton. North Dakota State University, Fargo.
Over two years, 260 newly received crossbred steers, shipped approximately 300 km, were used to evaluate
effect of dietary inclusion of concentrated separator by-product (CSB; desugared molasses) and weaning
management on DMI, growth, and health. One hundred thirty-two steers (263.6 :t 0.8 kg initial BW) were
used in Yr 1; 128 steers (270.4:t 3.4 kg initial BW) were used in Yr 2. Upon arrival steers were allowed
free access to long-stemmed grass hay and water, weighed, and given a booster against BRVD, PI3,
respiratory syncitial virus, and Haemophilus somnus. Steers were stratified by weight and allotted
randomly to treatment. Treatments were arranged in a 2 x 2 factorial. Factors were dietary CSB (0 or 5%;
DM basis) and weaning management (weaned day of shipping, SHIP; or weaned 3 to 5 weeks prior to
shipping, WEAN). The diet with CSB contained 50% alfalfa-brome hay, 40.5% com, 5% CSB, and 4.5%
supplement; while, the diet without CSB contained 50% alfalfa-brome hay, 44% com, and 6% supplement.
Water was added to the diet without CSB at the same level (6.3% as fed basis) as CSB was added to the
diet with CSB to minimize differences in diet acceptability. Diets were formulated to contain a minimum
13.5% CP, 0.7% Ca, 0.32% P, and 1.4% K. Steers were fed for 27 d (Yr 1) and 28 d (Yr 2). Initial and
final weights were an average of two consecutive-d weights; whereas, 14-d weight was a single-d weight in
Yr I and an average of two consecutive-d weights in Yr 2. All weights were taken in the morning prior to
steers being fed. Orts were measured on weigh d. Performance data was analyzed within Yr using GLM
procedure of SAS and health data was analyzed within Yr using Chi-square. There were no CSB x weaning
management interactions (p> 0.37). In Yr 1, steers fed 5% CSB gained 19% faster (P = 0.08) during d 1
to 14 compared with 0% CSB-fed steers. Furthermore, 5% CSB-fed steers consumed 10% more feed (P =
0.03) and 9% more of their BW in feed (P = 0.02) compared with 0% CSB-fed steers. WEAN steers had
heavier initial, 14 d, and final weight (P < 0.001), gained 43% faster (P = 0.001) from d I to 14, and
consumed 23% more feed (P < 0.00 I) compared with SHIP steers. However, intake differences between
WEAN and SHIP steers were not detected when expressed relative to BW (P = 0.28). SHIP steers were
more efficient from d 15 to 27 (P = 0.02). During Yr 2, steers fed 5% CSB consumed 10% more feed from
d 1 to 28 (P = 0.09); furthermore, this difference was detected when expressed relative to BW (P = 0.02).
Initial weights were heavier (P = 0.07) and intake was greater (P = 0.09) for WEAN than SHIP steers.
Intake, expressed relative to BW, tended to be greater (P = 0.11) for WEAN steers vs SHIP steers. There
was no effect of CSB on morbidity (P > 0.34) or mortality (P > 0.89) in either year. In Yr one, 11% fewer
WEAN steers (P = 0.05) were treated for signs of BRD compared with SHIP steers; no effect of weaning
management on morbidity occurred (P > 0.55) in Yr 2. Weaning calves 3 to 5 wk prior to shipping to a
feedlot may reduce occurrence ofBRD. Addition of5% CSB (DM basis) to diets fed to newly received
feedlot cattle increases DMI, which may improve health and performance of calves under higher degrees of .
shipping stress.
Key Words: Concentrated Separator By-product; Receiving calves; Intake.

Comparison ofSynovex@ Plus™, Revalor@-H, and Finaplix@-H in feedlot heifers fed MGA@.
C.N.Macken'., C. T Milton', B.D. Dicki and D. McClellan. ' University of Nebraska, Lincoln,
2Cattlemen's Consulting, Lincoln, 3McClellan Consulting Service, Fremont, NE.
A commercial feedlot experiment using 1,558 heifers (760 Ib) randomly allotted to one of three implant
treatments (18 pens; 6 reps/trt) evaluated the use of Synovex Plus (PLUS), Revalor-H (REV) or Finaplix-H
(FIN) as the terminal implant. Heifers were fed a steam-flaked com-based diet containing MGA (0.4
mglhdld) for 139 d and exposed to their terminal implant 95 d. Dry matter intake was higher (20.3,20.1 vs.
19.5 Ibid; P < 0.05) for heifers implanted with PLUS and REV versus FIN, respectively. On a carcassadjusted basis (63% dress), heifers implanted with PLUS gained 4.0% (P < 0.10; 3.52 Ibid) faster than
heifers implanted with REV (3.39 Ibid) or FIN (3.38 Ibid). Feed conversion was similar among treatments
(P = 0.34). Carcass weight was 10.5 Ib (P < 0.05) heavier for heifers implanted with PLUS (787 Ib)
compared to those implanted with REV (778 Ib) or FIN (776 Ib). Longissimus muscle area was larger (P <
0.05) in PLUS implanted heifers compared to FIN, with REV being intermediate. Calculated yield grade
and 12th rib fat were similar among treatments. Marbling score was influenced (P < 0.10) by each of the
implant treatments, being highest for FIN (Sm4?) followed by REV (Sm3?) and PLUS (Sm26). A pooled
summary of three commercial feedlot studies having common treatments of Synovex Plus (PLUS) and
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Finaplix-H (FIN) was conducted using the above experiment and two previous experiments reported at the
Plains Nutrition Council 2000. All heifers were fed com-based finishing diets supplemented with MGA
(0.4 mg/hdJd) for an average of 137 d. The pooled summary contained 2,494 heifers (768 Ib) and 28 pens
(14 reps/trt) with an average exposure to the terminal implant of96 d. Dry matter intake was higher (P =
0.02) for heifers implanted with PLUS (20.36 Ibid) versus FIN (19.84 Ibid). On a carcass-adjusted basis
(63% dress), heifers implanted with PLUS gained 4.4% (P = 0.01; 3.40 Ibid) faster than heifers implanted
with FIN (3.26 Ibid). Feed conversion was improved 1.8% (tended, P = 0.11) for heifers implanted with
PLUS versus FIN (6.01 versus 6.12, respectively). Heifers implanted with PLUS had 10.3 Ib heavier (P =
0.0 I) carcasses and larger (P = 0.0 I) longissimus muscle area than FIN implanted heifers. Calculated yield
grade and 12th rib fat was similar between treatments. Marbling scores tended (P = 0.14) to be lower for
heifers implanted with PLUS (Sm42) versus FIN (Sm50). Carcass-adjusted cost of gain was $.84/cwt lower
(P = 0.05) and net return was $9.79/hd (P < 0.01) higher for heifers implanted with PLUS compared to FIN
implanted heifers. Carcass-merit ($1 Olcwt Choice/Select spread) net returns were similar (P = 0.80)
between treatments. Implanting heifers with a combination implant (PLUS or REV) reduced marbling
score compared with FIN. Based on the 3-trial pooled summary, implanting heifers with PLUS improves
daily gain, reduces cost of gain, and increases dressed basis net returns compared with FIN.
Key Word: Finishing, Heifers, Implants
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Performance of steers grazing native range pasture supplemented with Saccharomyces cervisiae in
the free-choice mineral.
K. W. McBride and L. W. Greene, Texas Agricultural Experiment and Research Station, Amarillo, TX.
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Ninety-four crossbred steers (average shrunk BW = 234 kg:t 2.82) were used to examine the effect of
supplemental Saccharomyces cervisiae (P7) in a free-choice mineral supplement on ADG and free-choice
mineral intake of steers grazing native range pasture during the spring and summer of 2000. Steers were
previously maintained on dormant native range for 105 days. On March 6, 2000 steers were removed from
dormant native range, allowed to fast overnight, and then weighed the following morning and sorted by
weight into 10 pastures consisting of five replications.
Treatments were assigned randomly to the pastures
and composed of free-choice mineral supplementation without yeast abstract (control) or free-choice
mineral supplementation with yeast abstract (yeast). Steers grazed continuously for 102 days and a 2%
shrink was used to adjust final BW. The steers receiving yeast consumed less free-choice mineral than
control steers (92.8 vs. 113.6 kg, respectively). Accordingly, steers receiving yeast had decreased daily
intakes of the free-choice mineral compared to control steers (0.118 vs 0.131 kg, respectively). However,
when the yeast was accounted for, daily intakes of free-choice mineral were similar among treatments.
Steers receiving yeast tended to have an increased (P < 0.14) average daily gain compared to control steers
(1.27 vs 1.18 kg). These results may indicate greater fiber digestibility among steers receiving
supplemental yeast in the free-choice mineral, and this enabled the steers to consume more forage and have
greater gains over the entire grazing period.
Keywords: Cattle, Yeast, Performance, Grazing

Effects of two Protein Supplementation
Systems on Performance and Nitrogen output by Feedlot
Steers
L. R. Mi/lero, A. DiCostanzoo, C. M. Zehndero, G.c. Lambh, and L. SmithC °Department of Animal Science,
University of Minnesota, St. Paul, hNorth Central Research and Outreach Center, Grand Rapids,
CNorthwest Research and Outreach Center, Crookston
A previous CP utilization model fitted to steers weighing> 340 kg indicated that the CP requirement for
optimum growth and efficiency under an aggressive implant strategy was 1,250 g/hdJd. A finishing study
was conducted using 226 medium-frame Angus and Angus-cross steers (initial BW, 297 kg) to determine if
this requirement would apply to lighter, younger cattle. Steers were stratified by weight into one of 16 pens
in a confinement facility. Pens were randomly assigned to one of two dietary treatments for a 145-d
finishing trial. Treatments consisted of supplementing the diet to achieve a constant percentage of dietary
CP (CPP; 13.5% dietary CP) or constant CP intake (CPI; 1,250 g CP/hdJday). Diets were formulated to
contain .61 Mcal NEg/ib DM, .6% Ca and .3% P, and were offered once daily ad libitum. Initial weights
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were the average of two consecutive days and were taken after withholding feed and water for 14 h. Final
weight was estimated from hot carcass weight divided by a dressing percentage of 62%. Steers were
implanted with Revalor-S on d 1 and d 70 of the study. By design, diet and daily CP intake were greater (P
= .0001) for steers on the CPP system verses steers on the CPI system (13.95% vs 12.54% CP and 1,426 vs
1,177 g CP/hd/d, respectively). There was no difference (P > .10) in DM digestibility (AlA was used as an
internal marker) of the CPP diet compared to the CPI diet at 56 d into the feeding period (60.9% vs 61.2%,
respectively). Dry matter digestibility of the CPP diet measured at 126 d into the feeding period was
greater (P = .004) than that of the CPI diet (66.9% vs 61.7%, respectively). There was no difference (P >
.10) in ADG between treatments (1.76 vs 1.80 kg/d for steers in the CPI vs CPP system, respectively).
Steers on the CPI system consumed less (P = .0001) total DM than those on CPP system (9.36 and 10.20
kg/d, respectively). Dry matter required/kg gain was less (P = .0003) for steers on CPI than CPP system
(5.33 and 5.69 kg DM/kg gain, respectively). No differences (P > .10) were detected for marbling, yield
grade, back fat, rib eye area, or kidney, pelvic and heart fat depot between treatments. Total daily N output
tended to be less (P = .055) for the CPI system compared to the CPP system (131.5 vs 151.2 g N/hd/d,
respectively) because ofa difference in urinary N output. Daily urinary N output was less (P = .0125) for
the CPI system compared to the CPP system (43.0 vs 63.0 g N/hd/d, respectively). Results indicate that
feeding 1,177 g CP/hd/d led to 13% lower total N output without detrimental effects on performance or
carcass characteristics oflightweight young steers under an aggressive implant strategy.
Key Words: Cattle, Performance, Nitrogen utilization

Performance of beef heifers limit-fed growing diets containing alfalfa hay and wet corn gluten feed.
S. P. Montgomery *, J. S. Drouillard, J. J. Sindt, T. B. Farran, N. J. Pike,
C. M Coetzer, H. J. LaBrune, A. M Trater, and R. D. Hunter, Kansas State University, Manhattan.
Crossbred beef heifers (n = 339, BW = 609 Ib) were used in a randomized complete block design to
determine optimum combinations of alfalfa hay (AH) and wet com gluten feed (WCGF) in limit-fed
growing diets containing steam-flaked com. Heifers were fed a common diet ad libitum for 15 days
preceding the growing study to minimize differences in gastrointestinal tract fill. Heifers were then
blocked by weight and allotted to pens containing four to seven head per pen, with six pens per treatment.
Treatments consisted of diets containing 10, 20, or 30% ground AH, and 0, 40, or 68% WCGF in a 3 x 3
factorial arrangement. All diets provided 30 g/ton ofmonensin and were fed once daily at 1.6% ofBW for
84 days. On days 8, 22, 37, 51, 64, and 79, unconsumed feed was removed from feed bunks 2 hours after
feeding, weighed, and returned to the respective feed bunk in order to measure rate of DMI. Prior to
obtaining final weights, cattle were fed a common diet ad libitum for 15 days. An interaction occurred (P <
0.05) between level of AH and WCGF level for both ADG and feed efficiency. ADG for the 99-day
growing study were 2.27, 2.11, 1.97, 1.99, 1.94, 1.84, 1.88, 1.98, and 1.71 :t .05 Ib/day and feed
efficiencies were 5.10,5.40,5.71,5.85,5.81,6.25,6.13,5.56,
and 6.54:t .141b gain/lb DM for
10AH/OWCGF, IOAH/40WCGF, IOAH/68WCGF, 20AH/OWCGF, 20AH/40WCGF, 20AH/68WCGF,
30AH/OWCGF, 30AH/40WCGF, and 30AH/68WCGF, respectively. Increasing the levels of AH or
WCGF reduced cattle performance with the exception of30AH/40WCGF, which supported ADG similar
(P> 0.10) to 20AH/OWCGF or 30AH/OWCGF, and improved feed efficiencies (P < 0.05) compared to
30AH/OWCGF. DMI 2 hours after feeding increased linearly (P < 0.01) with increasing AH, and
decreased linearly (P < 0.0 I) with increasing WCGF. This study suggests that 40% WCGF can effectively
replace steam-flaked com in limit-fed growing diets containing 20 or 30% AH.
Key Words: Wet com gluten feed, Alfalfa hay, Limit feeding.

Effects of wet corn gluten feed and intake level on diet digestibility and rumen passage rate in steers.
S. P. Montgomery*, J. S. Drouillard, E. C. Titgemeyer, J. J. Sindt, T. B. Farran,
J. N. Pike, C. M Coetzer, A. M Trater, and J. J. Higgins, Kansas State University, Manhattan.
Twelve ruminally cannulated Jersey steers (1175 Ib BW) were used in an incomplete Latin square design
experiment with a 2 x 2 factorial arrangement of treatments to determine effects of wet com gluten feed
(WCGF) and total DMI level on diet digestibility and rumen passage rate. Treatments consisted of diets
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fonnulated to contain 40% WCGF or no WCGF, fed once daily either ad libitum or limited to 1.6% of BW.
Two consecutive 24-day periods were used, consisting of 18 days for adaptation, 4 days for collection, and
a 2-day in situ period. Chromic oxide (10 g1hd) was fed as a digestibility marker, and steers were pulse
dosed with Yb-Iabeled alfalfa hay and a Co-EDTA solution via rumen cannula to measure solid and liquid
passage rates. Dacron bags containing 5 g of either steam-flaked com, WCGF, or ground (2-mm) alfalfa
hay were placed into the rumens of all steers and removed after 3,6, 12, or 48 hours. WCGF increased
total tract digestion of OM and NDF (P < 0.0 I), reduced total VF A concentration (P < 0.0 I), increased
rumen NH3 concentration (P < 0.0 I), increased rumen pH (P < 0.0 I), and tended (P < 0.06) to increase total
tract digestion of starch. WCGF also increased rumen passage rate of solid digesta (P < 0.0 I). Limit
feeding reduced (P < 0.01) total tract digestion of both OM and NDF, reduced total VFA concentration (P
< 0.01), increased rumen NH3 concentration (P < 0.01), and increased rumen liquid passage rate (P < 0.02).
Total tract digestion of starch was not affected by DMI level (P> 0.70). A DMI level x hour interaction (P
< 0.01) occurred for rumen pH. Limit feeding increased rumen pH at 0 and 12 hours after feeding, but
reduced rumen pH 4 hours after feeding. WCGF or DMI level did not affect (p> 0.25) rate of in situ DM
disappearance. This study suggests that WCGF increases OM and NDF digestion, and that limit-feeding
high-energy diets once daily may depress OM and NDF digestion.
Key Words: Wet com gluten feed, Limit feeding, Digestibility.

Effects of supplemental vitamin E on health and receiving and finishing performance in beef cattle.
1. D. Rivera', G.c. DujJ, M L. Galyean2, D. A. Walker' and G. A. Nunnery2. 'Clayton Livestock Research
Center, New Mexico State University, Clayton 2Texas Tech. University, Lubbock
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Three experiments were conducted to detennine effects of supplemental vitamin E on perfonnance and
health of newly received beef cattle. In Exp. I, 120 beef steers (Continental x British; average initial BW =
382 Ib) and in Exp. 2, 200 beef heifers (Continental x British initial BW = 450 Ib), were assigned randomly
at processing to one of three 70% concentrate treatment diets fonnulated to supply 285,570, or 1,140
IU/animal daily of vitamin E. Each treatment was replicated in four pens with 10 steers per pen (Exp. I)
and five pens with 12 to 15 heifers per pen (Exp. 2). All cattle were monitored daily for signs of bovine
respiratory disease complex (BRD). Suspect animals were removed from their pen, and those with a rectal
temperature of~103.5°F were considered morbid, medicated, then returned to their respective pens after
treatment. Cattle were weighed on d 14 and 28, and ADG, feed:gain (F:G), and DMI were calculated for
each pen. Perfonnance data were analyzed with pen as the experimental unit. Orthogonal polynomials were
used to evaluate responses to dietary vitamin E. Percent morbidity and percent re-treatment were analyzed
using a non-parametric procedure. Following the receiving period, cattle were stepped up to a
growing/finishing program. In Exp. 3, 17 Continental x English crossbred beef steers (average BW = 506
Ibs) were used to evaluate effects of the same dietary supplemental vitamin E used in the previous
experiments on humoral immune response. Ovalbumin vaccine (OVA) was given on d 0 to stimulate a
humoral response, and blood samples were collected on d 7, 14, and 21. For Exp. I, supplemental vitamin
E did not affect (P > 0.10) ADG or DMI for dO to 14. Similarly, ADG, DMI, and F:G for d 14 to 28 and
for the overal128-d period were not affected by vitamin E. A quadratic trend (P < 0.11) was noted for F:G
in response to vitamin E from d 0 to 14 with the lowest F:G observed for 285 IU. No effects were noted
regarding morbidity, however, cattle that received 1,140 ill had the lowest percentage re-treatment. In Exp.
2, a linear (P = 0.10) increase in ADG with increasing vitamin E was noted for the first 14 d; however,
ADG decreased linearly thereafter (P = 0.06) with increasing vitamin E. For the 28-d period, ADG did not
differ and daily DMI did not differ (P > 0.10) among treatments, and F:G was not affected by vitamin E for
the first 14 d. However, a linear increase (P = 0.04) was noted in F:G with increasing vitamin E for d 14 to
28, and an overall linear (P = 0.03) increase for d 0 to 28. There were no differences in percent morbidity;
however, cattle fed the 1,140 IU diet tended to have lower percentage morbidity. For Exp. I, an overall
quadratic effect (P = 0.07) in ADG (4.40,4.73, and 4.47 Ib/d for 285, 570 or 1,140 IU/d during the
receiving period, respectively) during the 91 d finishing period was noted. In addition, DMI during the
finishing period was greatest (P = 0.04) for cattle that received 570 IU during receiving. No effects (P >
0.10) were observed on perfonnance during the 98 d finishing phase in Exp. 2. In Exp. 3, no differences
were detected in serum IgG titers to OVA among vitamin E levels, but those receiving 1,140 IU of vitamin
E daily had the highest titer response. Results indicate that supplemental vitamin E had limited effects on
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performance and immune response in newly received beef cattle; however, carryover effects of vitamin E
noted in Exp. 1 warrant further research.

Ruminal degradability of different grains in the presence of Biosaf and P7 yeast strains
Scaglia, G., J. Williams, and L. W. Greene, Department of Animal Science. Texas A&M University,
Amarillo-AREC. 6500 Amarillo Blvd. W. Amarillo, TX 79106.
Feeding Biosaf or P7 (strains of Saccharomyces cervisiae) to beef cattle produces an increase in rumen pH
and digestibility of certain nutrients. The objective was to compare the effect of P7 and Biosaf on the dry
matter disappearance (DMD) of three different grains and on rumen pH. Three periods of 15 days in a 3x3
Latin Square design were used. Three ruminally cannulated cows were individually fed 7.7 kg of a feedlot
ration once daily with either 10 g of Biosaf, 5.3 g ofP7 daily or no yeast. Starting on day 13, feed was
introduced in nylon bags into the rumen at -0, -4, -8, -12, -24 and -48 h. All the bags were washed until
rinse water was clear, then dried at 60 C and weighed to determine DMD. Ruminal pH was measured at 0,
2, 4, 6 and 8 h after feeding. No significant difference was obtained when compared the mean value of
DMD for the different treatments at different times. There was no significant difference in pH among
treatments (p=0.1581). These data suggest that there was no effect of the yeast strains tested on the DMD
of the grains and on ruminal fluid pH.

Wet corn gluten feed and alfalfa hay combinations in steam-flaked corn finishing diets.
S. P. Montgomery', J. N. Pike', T B. Farran', C. M Coetzer', T J. Kessen',
R. T Ethington2; 'Kansas State University, Manhattan, 2Minnesota Corn Processors, Marshall, Minnesota.

J. J. Sindt*', J. S. Drouillard',

A 153-d finishing experiment and a digestibility study were conducted to determine optimum combinations
of wet com gluten feed (WCGF) and alfalfa hay (AH) in steam-flaked com (SFC) based diets. In the
finishing trial, 631 heifers (BW = 626 :t 17.4 Ib) were randomly allocated to pens and stratified by weight
to six treatments (2 pens per diet, 48 to 58 heifers per pen). Diets contained 25, 35, or 45% WCGF and 2 or
6% AH (25/2, 25/6, 35/2, 35/6, 45/2, and 45/6) on a dry basis in a 2 x 3 factorial arrangement of treatments.
Final diets provided 300 mg Rumensin, 90 mg Tylosin, and 0.5 mg MGA per heifer daily. On d 56 heifers
were re-implanted with Synovex Plus. DMI (16.7,17.2,17.5,17.9,17.3,
and 17.6Ib/d), and ADG (2.55,
2.56,2.55, 2.58, 2.55, and 2.51 Ib) were similar (P > 0.19) for cattle fed 25/2, 25/6, 35/2, 35/6, 45/2, and
45/6, respectively. Gain efficiencies (6.56, 6.70, 6.86, 6.94, 6.80, and 7.00 Ib DM/lb gain) decreased (P <
0.05) linearly as the level ofWCGF increased. Carcass weights and dressing percentages were not
different (P > 0.18) among dietary treatments. Fat thickness decreased (P < 0.10) linearly with increasing
dietary WCGF. Incidence of liver abscesses was lowest (P < 0.05) for heifers fed 35% WCGF. In the
digestibility trial, ruminally cannulated, mature Jersey steers (n = 12, BW = 1290 :t 106 Ib) were fed diets
consisting of25 or 45% WCGF and 0, 2, or 6% AH in a 2 x 3 factorial arrangement. An incomplete Latin
square design was used with three 14-d periods, each containing a 10-d adaptation and a 4-d sampling
period. Steers were offered ad libitum access to diets fed once daily. Chromic oxide (15 g) was fed as a
digestibility marker, and Co-EDTA was pulse dosed to measure rumen liquid passage rate. WCGF; SFC,
and AH were ruminally incubated in dacron bags and removed at 0, 3, 6, 12, and 48 h on d 12 and 13.
Feeding 45% WCGF reduced (P < 0.05) total tract digestibility of OM and tended to increase (P < 0.10)
ruminal pH. The undegradable fractions of AH, SFC, and WCGF were decreased (P < 0.06) by feeding
45% WCGF. Total VFA concentrations decreased quadratically (P < 0.05), whereas NH3 and butyrate
increased quadratically (P < 0.05) with increasing dietary AH. Ruminal pH, acetate, and acetate:
propionate increased (P < 0.05) linearly in response to additional AH, whereas propionate decreased (P <
0.01) linearly. The undegradable fraction of SFC in situ tended (P < 0.10) to decrease linearly as the level
of AH increased. Rate of liquid passage tended (P < 0.12) to increase linearly with increasing dietary AH.
Few interactions existed between WCGF and AH. Feeding WCGF at these levels may replace a portion of
alfalfa hay in steam-flaked com finishing diets.
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Responses to range supplements differing in glucogenic potential with or without propionate salt to
young postpartum beef cows.
R.C. Waterman, L. Canales, R.L. Ashley, J.E. Sawyer, 1.B. Taylor, G.D. Pulsipher, N.H. Wells, c.P.
Mathis, D.E. Hawkins, G.B. Donart, E.E. Parker, s.H. Cox, 1.A. Hartung, 1. Horton and MK. Petersen.
Department of Animal and Range Sciences, New Mexico State University, Las Cruces, NM 88003-8003,
Kemin Industries, Inc. Des Moines, IA 50301
Cattle grazing winter range forage may be limited by precursors for gluconeogenesis. The major precursors
are protein and propionate. A study conducted at the Corona Range and Livestock Research Center
evaluated supplements differing in source and quantity of glucogenic precursors, using supplements
varying in undegradable intake protein (VIP) content, with or without addition of propionate salt, to young
postpartum beef cows (n = 51 ). Supplements were fed at 908 g.hd-t.d-1 and provided 327 g CP, 118 g VIP
(loglu;); 360 g CP, 175 gUlP (midglu;); 360 g CP, 180 gUlP + 100 g propionate salt (higlu; NutroCal™,
Kemin Industries, Inc.). Supplements were formulated to be isoenergetic and approximately isoruminally
degradable. Supplements were individually fed for 90 d postpartum 2 x wk-1• Results were analyzed by
ANOV A and treatment effects were computed using contrasts loglu vs midglu + higlu and midglu vs higlu
and midglu vs higlu. Days to lowest BW post-partum were similar (P > 0.05) among supplemented cows
(43 vs 45 and 48 :!: 3.7 d for loglu vs midglu + higlu). Average daily gains were higher (P < 0.08) for
midglu and higlu supplemented cows from BW nadir to the end of breeding (0.33 vs. 0.35 and 0.47 :!: 0.05
kg.d-t for loglu vs. midglu + higlu, respectively). Also, greater gains (P > 0.02) were observed for the higlu
I
supplemented cows over midglu supplemented cows (0.35 and 0.47 :!: 0.05 kg"d- midglu vs. higlu,
I
respectively). Milk yields (g"d- were greater (P = 0.107) for midglu and higlu supplemented cows (4879 vs.
6261 and 5578 :!: 531 g.d-t for loglu vs. midglu + higlu, respectively). These results suggest young cows
receiving supplements higher in UIP with or without propionate salt can recover sooner from BW nadir
while producing more milk .
Keywords: Protein Supplements; Propionate, Glucogenic Precursors

Use of Remote Sensor Technology in Continually Monitoring Rumen Fluid Temperature
over a 24
Hour Period
1. 1. Williams, K. McBride and L. W. Greene, Department of Animal Science, Texas A&M University
Agricultural Research and Extension Center, 6500 Amarillo Blvd. Amarillo TX, 79110
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Four experiments were conducted to assess the potential of the Core Temp 2000 (CT 2000) ambulatory
recorder in remotely monitoring rumen fluid temperature in a ruminally cannulated cow. Experiment I
(exp 1): A digital thermometer (DT), a manual thermometer (MT), and an ingestible CT 2000 disposable
sensor (CT) were placed into a circulating heated water bath for 4 h. The distance between the sensor and
recorder was approximately 90 em. Manual temperature readings were taken every 30 min for each of the
3 temperature monitoring devices. The temperature of the water bath was elevated at a constant rate over
the entire 4 h testing period. Experiment 2 (exp 2): In exp 2, the recording equipment was programmed to
automatically monitor temperature every 2 min for a period of 5 h, with manual temperature readings being
taken at the beginning and end of the experiment for comparison. Temperature of the water bath was
increased at a constant rate over the entire 5 h period. Upon conclusion of the experiment recorded data
was downloaded to a personal computer (PC) via Microsoft Windows hyper-terminal (HT) and analyzed
using an excel spreadsheet. Experiment 3 (exp 3): A CT 2000 disposable sensor was suspended inside the
rumen of a ruminally cannulated cow for 24 h. The ambulatory recorder was placed in a zip lock bag and
mounted, approximately centered between the animals pin bones. The distance between the sensor and the
recorder was approximately 120 to 150 em. The recorder was programmed to catalog temperature readings
every 2 min for 24 h. Rectal temperature readings were taken periodically for comparison. At the end of
the experiment recorded data was downloaded via HT into an excel spreadsheet for analysis. Experiment 4
(exp 4): A CT was suspended inside the rumen of a ruminally cannulated cow. The recorder was placed
inside a zip lock bag mounted to the animals left side, approximately 7.5 em forward of the rumen cannula .
The distance between the recorder and the sensor over the entire 24 h period was approximately 60 to 90
em. At the end of the 24 h period, the recorder and sensor were removed and the data was downloaded
from the recorder to a PC via HT and analyzed using an excel spread sheet. During exp 1, the recorder
consistently measured to within .1°C of the MT indicating a strong level of precision. However, results do
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indicate that distance between the recorder and sensor must not exceed 90 cm so that accuracy is
maintained. Temperature ranges were consistently lower for CT than MT during exp 3. Actual
temperature ranges for CT and MT were 34.4 to 35.0°C and 38.3 to 38.9°C respectively. However, when
the experiment was repeated with the sensor and recorder in closer proximity, (ie. 60 to 90 cm) accuracy
was improved. In addition, results from exp 4 indicated drastic changes in ruminal core temperatures at
10:26 am, II: 18 am and 3:48 pm, most likely due to ingestion of frigid water.

Influence of Fish Oil Addition on Growth Performance, Immune Function, and Carcass
Characteristics
of Cattle
T.J. Wistuba, E. B. Kegley and J. K. Apple, Department of Animal Science,
In the U.S., intake of n-3 fatty acids by humans is - 1.6 g/d, of which 1.4 g is u- linolenic acid (ALA;
18:3) and 0.1 to 0.2 g is eicosapentaenoic acid (EPA; 20:5) and docosahexanoic acid (DHA; 22:6).
Presently, the primary sources of ALA are vegetable oils, principally soybean and canol a; the predominant
sources of EPA and DHA are fish and fish oils. Growing concerns about food safety and the
wholesomeness of product have been the impetus for a new gate to plate mentality. Inclusion offish oil in
ruminant diets may fortify the fatty acid composition of meats. Three experiments were conducted to
determine the effects of supplemental fish oil on growth performance and carcass characteristics of beef
calves. Experiment I (78-d study) used 48 crossbred steers (231 2: 22 kg initial BW) grazing mixed grass
pastures (n = 16) supplemented with 1.8 kg/d of the diets. Treatment diets consisted of: I) corn-based
supplement; 2) corn-based supplement with 1.5% fish oil; 3) wheat midd-based supplement; and 4) wheat
midd-based supplement with 1.5% fish oil. Fish oil supplementation had a negative impact on ADG when
added to the corn-based supplement and no effect when added to the wheat midd-based supplement (basesupplement x fish oil interaction, P < 0.03). Isolated lymphocytes from calves fed the corn-based
supplement with fish oil had a greater response to stimulation with concanavalin A than lymphocytes from
calves fed the corn-based supplement and there was no effect offish oil addition to the wheat midd-based
supplement (base-supplement x fish oil interaction, P < 0.0 I). In Exp. 2, the 48 steer calves from Exp. I
were moved to dry lots, stratified across dietary treatments (three calves/pen; eight pens/dietary treatment)
for a 56-d growing study. Dietary treatments consisted of: I) control (65% corn, 11% soybean meal, and
20% cottonseed hull-based diet); and 2) the basal diet with 3% fish oil. Calves supplemented with fish oil
had decreased ADG, feed intake and G:F (P < 0.01). In Exp. 3, 16 of the original steers (one from each pen
ofExp. 2) consumed the same treatment diets as in Exp. 2 in a 70-d feedlot study (cottonseed hulls reduced
to 10% of the ration, as-fed basis). Fish oil supplementation in Exp. 3 decreased feed intake (13.97 vs.
11.49 kg, P < 0.01), however it had no affect on ADG or G:F (P > 0.05). Fish oil did not alter color of
longissimus muscle, longissimus muscle area, carcass final yield grade, dressing percentage, carcass quality
grade, marbling, or 12th rib fat depth. However, fish oil supplementation decreased hot carcass weight (329
vs. 303 kg, P < 0.05) and tended to decrease percentage kidney, pelvic and heart fat (2.28 vs. 1.94, P =
0.12). Therefore, supplementation with fish oil decreased growth performance and subsequent hot carcass
weights and had varying results on immune function. However, no negative results were elucidated for the
effects of fish oil supplementation on individual carcass parameters. Further work is being conducted to
determine the effect of supplementing fish oil on the fatty acid composition of the carcass.
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