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Summary of the 2000 Texas Tech University Consulting Nutritionist Survey.
M. L. Galyean and J. F. Gleghorn
Department of Animal and Food Sciences
Texas Tech University, Lubbock 79409-2141
Introduction
Nutritional recommendations and practices of consulting nutntIonists can provide an
important indication of how nutrient requirement recommendations are applied in practice. For
example, Galyean (1996) surveyed six consulting nutritionists with regard to CP levels and
sources in feedlot finishing diets. Results indicated that consultants were recommending CP
levels in excess of those calculated with the NRC (1984) factorial approach but in close
agreement with those suggested by the NRC (1996) metabolizable protein system.
The present survey was conducted during Summer 2000 in an effort to provide a
comprehensive evaluation of current nutritional recommendations
by feedlot consulting
nutritionists.
The results should provide important information for future NRC beef cattle
subcommittees, in addition to providing reference points for use by academic, industry, and
technical service professionals.
Procedures and Survey Questions
Procedures.
Twenty-five consulting nutritionists were contacted to determine their
willingness to participate in the survey. These nutritionists were selected to represent practices in
all the major cattle feeding areas of the United States (e.g., Midwest, High Plains, Southwest).
All 25 consultants contacted agreed to participate;
however, some expressed reservations,
indicating that they would decide whether to participate after they reviewed the survey. The
survey was mailed to each participant, with a guarantee of anonymity of responses and a request
that completed surveys be returned at the earliest possible convenience.
Of the original 25
surveys mailed, two consultants declined to participate after review of the survey, and four failed
to return their surveys, yielding 19 complete responses to the survey .
. Results were tabulated in an Excel@ spreadsheet for each participant.
The number of
responses per question, and the mean, minimum value, maximum value, and mode were
calculated for questions with a numeric response.
Survey Questions. The full list of questions in the survey mailed to each of the 25 consulting
nutritionists is shown in the following section.

Ipreviously published as Texas Tech Univ., Dept. of Anim. and Food Sci., Burnett Center
Internet Progress Report No. 12. Accessible at
http://www .asft. ttu.edu/burnetC cen ter/progress_reports/.

General Information
1. What is the nature of your consulting practice (check one)?
a. Independent
b. Corporate
c.

Other (Please describe briefly)

2. Approximate number of cattle per year that your practice serves?
3. States in which your clients are located?
General Commodity Information for Finishing Diets
Grains and Grain Processing - Please classify mixtures of grains or grain processing methods as
a specific type of grain or grain processing method - e.g., primary grain = corn + wheat mixture,
or primary grain processing = steam flaking + high moisture harvesting.
1. Primary grain used by your clients in finishing diets?
Second most common grain used?
2. Primary grain processing method used in finishing diets?
Second most common processing method used?
3. Level of inclusion of grain in the finishing diet (% of DM)?
4. Bulk density and(or) starch availability recommended when steam-flaked grains are used?
a. Corn
b. Milo
Grain Byproduct Use
1. Percentage of your clients who use grain bypro ducts in finishing diets?
Primary grain byproduct used in finishing diets?
2. Level of inclusion of grain byproduct in finishing diets (% of DM)?
Roughage Sources and Level
1. Primary roughage source used by your clients in finishing diets?
Second most common roughage source used?
2. Level of inclusion of roughage in finishing diets (% of DM)?
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Supplements and Micro Ingredients
I. Percentage of your clients who use the following in finishing diets?
Liquid supplements
Pelleted dry supplements
Loose (meal) dry supplements
2. Percentage of your clients who use micro-ingredient machines?
Liquid Feeds
1. Percentage of your clients who use added non-fat liquids in finishing diets?
a. Primary non-fat liquid used in finishing diets?
b. Recommended level of non-fat liquid in finishing diets (% of DM)?
2. Percentage of your clients who use added fat in finishing diets?
a. Primary fat source used in finishing diets?
b. Recommended level of fat in finishing diets (% of DM)?
Formulation Information for Finishing Diets
Information Resources for Nutritional Recommendations
I. What is the primary source of information on nutrient requirements of beef cattle that you

use in formulating nutritional recommendations?
a. NRC (1976)
b. NRC (1984)
c. NRC (1996)
d. Other (please specify)
2.

If you use the NRC (1996) publication for beef cattle, do you use Level I, Level 2, or
both?

Protein Level and Sources
3. Protein level recommended for finishing diets (% of DM)?
4. Urea level recommended for finishing diets (% of DM)?
5. Primary natural protein source used by your clients?
Second most used natural protein source?
6. Do you formulate for degraded intake protein (DIP) and undegraded intake protein (UIP)?

3

Major Mineral Levels
1. Calcium level recommended in finishing diets (% of DM)?
Primary source of supplemental calcium?
2. Phosphorus level recommended in finishing diets (% of DM)?
a. Is supplemental P added to finishing diets?
b. Primary source of supplemental P if used?
3. Magnesium level recommended in finishing diets (% of DM)?
4. Potassium level recommended in finishing diets (% of DM)?
5. Sulfur level recommended in finishing diets (% of DM)?
6. Salt level recommended in finishing diets (% of DM)?
7. Extent to which concentrations of major minerals In basal dietary ingredients
considered in formulation (check appropriate answer)?
a. Basal mineral concentrations are given full value in formulation.
b. Basal minerals concentrations are given partial value in formulation.
Please provide the partial value assumed for each major mineral.
Trace Mineral Levels and Sources
1. Level of copper recommended in finishing diets (mg/kg of DM)?
a. Primary source of copper used?
b. Assumed value of copper in basal ingredients (% of total)?
2. Level of zinc recommended in finishing diets (mg/kg of DM)?
a. Primary source of zinc used?
b. Assumed value of zinc in basal ingredients (% of total)?
3. Level of manganese recommended in finishing diets (mg/kg of DM)?
a. Primary source of manganese used?
b. Assumed value of manganese in basal ingredients (% of total)?
4. Level of iron recommended in finishing diets (mg/kg of DM)?
a. Primary source of iron used?
b. Assumed value of iron in basal ingredients (% of total)?
5. Level of selenium recommended in finishing diets (mg/kg of DM)?
a. Primary source of selenium used?
b. Assumed value of selenium in basal ingredients (% of total)?
6. Level of iodine recommended in finishing diets (mg/kg of DM)?
a. Primary source of iodine used?
b. Assumed value of iodine in basal ingredients (% of total)?

4
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7. Level of cobalt recommended in finishing diets (mg/kg of DM)?
a. Primary source of cobalt used?
b. Assumed value of cobalt in basal ingredients (% of total)?
Vitamin Supplementation Practices
l.Vitamin A level recommended in finishing diets (specify IU/lb or IU/kg)?
2.Vitamin E level recommended in finishing diets (specify IUllb or IU/kg)?

Special Considerations for Stressed (Newly Received) Cattle
1. Recommended level of CP in the receiving diet (% of DM)?
2. Recommended level of roughage in the receiving diet (% of DM)?
3. Preferred grain for the receiving diet?
4. Preferred grain processing method for the receiving diet?
5. Is hay offered to cattle on arrival? If yes, for how long is hay fed?
6. Are grain byproducts used in the receiving diet, and if so, which byproducts?
7. Recommended levels of major minerals for stressed cattle in complete diet:
a. Calcium (% of DM)?
b. Phosphorus (% of DM)?
c. Magnesium (% of DM)?
d. Potassium (% of DM)?
e. Salt (% of DM)?
8. Recommended levels of trace minerals for stressed cattle in the complete diet:
a. Copper (mg/kg of DM)?
Recommended ratio of inorganic:organic sources?
b. Zinc (mg/kg of DM)?
Recommended ratio of inorganic:organic sources?
c. Manganese (mg/kg of DM)?
Recommended ratio of inorganic:organic sources?
d. Iron (mg/kg of DM)?
Recommended ratio of inorganic:organic sources?
e. Selenium (mg/kg of DM)?
Recommended ratio of inorganic:organic sources?
f.

Iodine (mg/kg of DM)?
Recommended ratio of inorganic:organic sources?

g. Cobalt (mg/kg of DM)?
Recommended ratio of inorganic:organic sources?

5

9. Recommended vitamin A level in receiving diets (specify IUllb or IU/kg)?
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10. Recommended vitamin E level in receiving diets (specify IUllb or IU/kg)?
Additional Questions
1. Have you altered or plan to alter recommendations on nutrient concentrations in finishing
diets as a result of environmental regulations or anticipated regulations? If so, which
nutrient recommendations have been altered or will be altered?
2. Are there any other nutrients besides those listed above, particularly minerals or vitamins,
which you supplement in finishing diets?
3. Are there any other nutrients besides those listed above that you think might be promising
supplements in finishing diets but for which additional research is needed before you
would recommend their use?
Results and Discussion
Summarized responses to most of the survey questions are shown in Table 1. Some
questions yielded sufficiently varied responses (e.g., protein and mineral sources used in
finishing diets) that we chose not to include a summary of them in Table 1.
Corn was clearly the principal grain used by the feedlots serviced by these nutritionists, with
steam flaking being the most important processing method. Alfalfa was the most common
roughage source, followed by corn silage. Use of other roughage sources seemed to be very
limited. For the most part, the average values for nutrient recommendations tended to agree with
recommendations of NRC (1984, 1996). Average CP level in the finishing diet was very similar
to that reported by Galyean (1996), and most major and trace mineral recommendations fell
within a range of from one to two times tpe NRC (1984, 1996) recommendations. The average
vitamin A level was approximately twice the NRC (1984, 1996) recommendation, whereas
vitamin E fortification practices seemed slightly lower than NRC (1984, 1996) recommendations.
Nutrient recommendations for diets of newly received cattle generally followed NRC (1996)
guidelines.
Summary and Conclusions
Nineteen consulting nutritionists representing all the major cattle feeding areas of the United
States responded to the 2000 Texas Tech University Consulting Nutritionist Survey. Nutrient
recommendations for receiving and finishing diets were generally in agreement with NRC (1984,
1996) publications on beef cattle nutrient requirements, and results of this survey should provide
valuable information for subsequent revisions of the NRC publication.
These results also
provide a benchmark of industry nutrition practices for evaluation and use by academic and
industry professionals.
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Table 1. Consulting Nutritionist Survey. 2000 . Overall Summary3
Question
Cattle serviced per year by practice
Primary grain used
Secondary grain used
Primary grain processing method
Grain in finishing diet
Corn bulk density, lb/bu
Corn starch availability
Milo bulk density, lb/bu
Milo starch availability
Primary roughage source used
CXJ

Secondary roughage source used
Roughage level in finishing diet
Client use of liquid supplement
Client use of pelleted supplement
Client use of loose meal supplement
Client use of micro-machines
Client use of non-fat liquid
Non-fat liquid level in finishing diet
Client use of fat
Fat level in finishing diet
Information source
Protein level in finishing diets
Urea level (x 2.87 for NPN)
Formulate with DIP and UIP

Mean

Count

Min

Max

Mode

735,278

18

20,000

2,500,000

600,000

17 = corn; 2 = corn & milo

19

6 = milo; 5 = wheat; 2 = barley; 3 = milo & wheat; 3 = not applicable
15 = steam flaked; 3 = dry rolled

19
66.00%
22

87.00%

80.00%

29

26

50
22
57.5

65
29

57.5
27

78.00%
26.97
57.40
25.89
63.25
13 = alfalfa; 4 = corn silage; I = cottonseed hulls; I = sudan hay
10=corn silage; 4 = alfalfa; 2 = cottonseed hulls; 3 = other
8.89%
58.37%
40.71%

18
18
16
10
14
6
19
19
19
19

4.50%
0.00%
0.00%
0.00%
0.00%

13.00%
41.63%
71.79%
4.13%

17
18
19
19
18

10.00%
1.75%

76.00%
3.68%

19
19

0.00%
2.50%

8 = 1984; 6 = 1996; 4 = both 1984 & 1996; I = both 1976 & 1996
13.31%

19
19

1.05%

13

14=No;

5=Yes

70

13.50%
100.00%
100.00%

9.00%
80.00%
20.00%

100.00%
100.00%
100.00%

0.00%
0.00%
100.00%
4.00%

7.50%
100.00%
6.50%

100.00%
2.50%

12.50%

14.00%

13.50%

0.78%

1.35%

1.1%

19

Calcium level in finishing diet

0.70%

18

0.60%

0.90%

0.70%

Phosphorus level in finishing diet

0.31%

18

0.25%

0.35%

0.30%

Magnesium level in finishing diet

0.21%

18

0.15%

0.30%

0.20%

Potassium level in finishing diet

0.74%

19

0.60%

1.00%

0.70%

Sulfur level in finishing diet

0.19%

13

0.10%

0.34%

0.20%
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Table 1 (Cont.). Consulting Nutritionist Survey - 2000 - Overall Summarya
Question

Mean

Count

Min

Max

Mode

Salt level in finishing diet

0.35%

17

0.25%

0.50%

0.25%

6
0.00%

20

20

100.00%

100.00%

15
0.00%

150
100.00%

50
100.00%

12
0.00%

80
100.00%

40
100.00%

0
0.00%

150

50

100.00%

100.00%

0.06
0.00%

0.3
100.00%

0.3
0.00%

0.1

Copper level in finishing diet, mg/kg
Value of basal ingredient copper

19
16

74.03

19

Value of basal ingredient zinc

59.94%

17

Manganese level in finishing diet, mglkg

38.28
63.13%

19

55.90
84.55%

16

Zinc level in finishing diet, mg/kg

Value of basal ingredient manganese
Iron level in finishing diet, mglkg
Value of basal ingredient iron
Selenium level in finishing diet, mglkg
Value of basal ingredient selenium
Iodine level in finishing diet, mg/kg
\.0

14.75
65.20%

Value of basal ingredient iodine
Cobalt level in finishing diet, mglkg
Value of basal ingredient cobalt
Vitamin A level in finishing diet, IUllb

0.21
46.33%

17
12
19
16
16

29.67%
0.24
41.25%

16

0.00%

1.5
100.00%

0.5
0.00%

18
17
13

0.59
100.00%
3,300

0.1
0.00%

2,070.2

0.06
0.00%
1,500

0.75

2,000

0
13.75%

10
16.00%

0
14.00%

33.67%

17
18

13.50%

48.00%

40.00%

0.78%

19

0.55%

1.00%

0.75%

Phosphorus level in receiving diet

0.35%

19

0.25%

0.40%

0.35%

Magnesium level in receiving diet

0.25%

18

0.18%

0.50%

0.25%

Potassium level in receiving diet

1.15%

19

0.70%

1.70%

1.10%

Salt level in receiving diet
Copper level in receiving diet, mg/kg

0.42%

19

0.25%

0.60%

0.50%

20.42

18

II

Organic copper use
Zinc level in receiving diet, mg/kg

17.50%

12

0.00%

40
50.00%

20
0.00% .

94.06

18

33
0.00%

150

150

75.00%

0.00%
50
0.00%

Vitamin E level in finishing diet, lUllb
Protein level in receiving diets
Roughage level in receiving diets
Calcium level in receiving diet

3.64
14.44%

12

Organic zinc use
Manganese level in receiving diet, mg/kg

23.85%

13

49.33

18

22

120

Organic manganese use

7.73%

II

0.00%

30.00%

Table 1 (Cont.). Consulting Nutritionist Survey - 2000 - Overall Summary3
Mean

Question

Count

Min

Max

Mode

16

0

ISO

50

66.3

Iron level in receiving diet, mglkg
Organic iron use
Selenium level in receiving diet, mg/kg

0.00%

8

0.00%

0.00%

0.00%

0.25

17

0.1

0.3

Organic selenium use
Iodine level in receiving diet, mg/kg

0.00%

9
17

0.00%

0.00%

0.3
0.00%

Organic iodine use
Cobalt level in receiving diet, mg/kg

47.5%

8

0.1
0.00%

2
100.00%

I
0.00%

0.33
3.89%

18
9
12

0.07
0.00%
1,600

I
30.00%
7,000

0.5
0.00%
3,000

13

0

60

IS

0.92

Organic cobalt use
Vitamin A level in receiving diet, IU/lb
Vitamin E level in receiving diet, IU/lb
a 19

3,66004
19.2

respondents total; Count indicates respondents per question .
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Protein Requirements - Concepts and Models
T. J. Klopfenstein, G. E. Erickson, C. Macken, H. Block, and R. Cooper
University of Nebraska
Beef cattle require amino acids for maintenance and growth. Those digestible amino
acids are supplied by microbial protein or feed protein that escapes rumen degradation. The
crude protein system that has been used in the past (NRC, 1984) does not directly account for the
amount of microbial protein synthesis and assumes all proteins are equal. The 1996 NRC
presents a metabolizable protein (MP) system that accounts for bacterial crude protein (BCP)
synthesis from degradable intake protein (DIP) and the amount of undegraded intake protein
(UIP).
Energetics. It is absolutely essential to have the "energetics" correct in the NRC (1996)
model before the protein requirements and supplies can be accurately predicted. Levell of the
NRC model contains net energy adjusters that can be used to achieve accurate prediction of gain
by altering the net energy values of the diets.

•

Data from 325 treatment means in 35 previous beef cattle feeding studies were used to
evaluate the 1996 NRC model for accuracy of gain predictions and to develop predictions of net
energy adjusters for use with the model (Block et aI., 2001). Gain predictions were found to be
precise with an R2 of 0.8741, but inaccurate, as the least squares regression equation (intercept =
0.7275, slope = 0.5387) was different (P < 0.05) from the isopleth (intercept = 0, slope = 1)
(Figure I). All predictions were made under thermal neutral conditions which would maximize
the prediction and contribute to inaccurate prediction any time the environment was severe
enough to affect performance. Therefore, over prediction of gains can be expected by assuming
thermal neutral conditions. More effective modeling of environmental effects on gains by
growing cattle would bring observed and predicted gains into closer agreement for rapidly
gaining cattle where gains were over predicted, but would result In greater discrepancy between
observed and predicted gains for slowly growing cattle where gains were under predicted.
The NE adjuster for finishing cattle averaged about 0.8. This reflects environmental
effects as these cattle were fed primarily during the fall, winter and spring months. The 1997 to
1998 feeding season for calf-feds was not especially cold but had considerable mud and the
adjuster needed was 0.836. Conversely, the 1999 to 2000 season was very dry and reasonably
mild. The adjuster needed was 1.0. This suggests to us that for our eastern Nebraska feeding
conditions, we would typically expect 0 to 20% increase in energy required due to environmental
factors. One could predict the environmental conditions expected and use the NE adjusters leaving the temperature at 68EF and wind speed at zero.

•

We would like to give an example of the necessity of having the energetics correct in the
NRC model. We have used data from an E. coli 0157:H7 experiment conducted during the
summer of 2001 when there would have been no cold stress and little heat stress. There were 216
steers in 28 pens; pen is used as the experimental unit. The diet was 40% wet corn gluten feed,
50% high moisture and dry corn, 7% alfalfa and 3% supplement. The cattle were "stepped up" in
21 days ..
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Dry matter intake (Ib/day) increased with days on feed (Figure 2) but decreased from 3%
of body weight at the start of feeding the finisher to about 2% at finish. Daily gains averaged
4.26 Ib/day after the step-up period (Figure 3) and feed conversion declined slightly with time on
feed. The midpoint weight was 1045 Ib so the data at that weight were put into the NRC (1996)
model (Levell). The cattle ate 3.6 Ib/d more than projected and therefore gained more than
projected (Table I). When the actual intakes were inputed, the gains were over projected. We
used temperature to reduce efficiency. Reducing the temperature increases NEm required. Using
actual intakes, it was necessary to lower temperature to 13°F to give gains equal to observed
gains. Note that this adjustment to correct energy use efficiency changed the MP requirement
from 929 grams per day to 856. That makes a great difference in diet formulation.
We then used the NRC model to predict cattle performance at the start and end of the
finishing period (800 Ib and 1,290 Ib). At the start of the finishing period, NRC underpredicted
intake by 7.4 Ib/day (Table 2). When actual intakes were inputed, daily gains were overpredicted
by 1.44 Ib/day. In order to get actual gains while using actual intakes it was necessary to adjust
the NEm and NEg to 80% plus reduce temperature to 6°F (NRC model only allows adjustment of
80 to 120%). The predicted MP requirement was reduced from 1,041 grams/day to 871 g/day by
making the adjustment. Without adjustment, the diet was predicted to be 107 g/d deficient in MP
but in excess after adjustment.
At the end of the feeding period, intake and daily gain were underpredicted (Table 3).
The feed conversion (7.93) fits the paradigm of many feeders that cattle become very inefficient
at the end of the feeding period. Our data clearly refute that paradigm. Feed conversion only
changed from 6.15 (800 Ib) to 6.64 (1,290 Ib) during the feeding period. The MP requirement
was increased by adjusting energetics. These data clearly indicate that the NRC (California Net
Energy System) equations do not accurately predict efficiency of energy utilization on the "ends"
of the feeding period. Quite frankly these are the important times in the feeding period. It is
important to meet MP needs at the "front end" and it is desirable to not overfeed at the end of the
feeding period.
Feedlot cattle customarily are stepped-up on feed in about 21 days. Once, the finisher is
introduced, dry matter intakes increase little as was shown in Figure 2. The increase in that
situation was about 3.5 Ibid. However, cattle weights increase considerably such that intake as a
percentage of body weight decreases. We summarized data from eight experiments (139 pens of
8 to 10 hd) where we had interim weights and daily feed intake records. Regression analysis was
used to estimate beginning, midpoint and ending weights and intakes. The data for each pen were
then used in the NRC model (thermal-neutral conditions) to determine the NEm and NEg
adjustment needed to obtain the correct daily gains given the observed feed intakes.
The NE adjusters were regressed on feed intake as a percentage of body weight (Figure
4). The relationship of intake (% BW) to the NE adjusters was quite good (R2 = 0.848). As
discussed previously, the high intakes and the need to adjust energy down (NE adjuster < I)
occur early in the feeding period and the lower intakes and need to adjust energy up occurs later
in the feeding period (right to left on the figure). Does this suggest that high intakes, those above
2.5% BW, reduce energetic efficiency? Maybe, but the important issue here is that we must get
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the energetics and intakes calculated correctly before we calculate protein requirements and
supplies.

DIP requirements.

Level 1 of the NRC (1996) model sets the dietary DIP requirement
equal to microbial crude protein (MCP) production. Microbial CP is calculated with the
equation: MCP = (0.13 x eNDFadj) x TDN; where 0.13 equals microbial N efficiency, eNDFadj
is an adjustment factor which lowers microbial N efficiency for diets that cause low ruminal pH
because of low roughage levels, and TDN equals the total digestible nutrient content of the diet
(g/d). Adjusted microbial N efficiency values for typical 90%-concentrate finishing diets are
usually between .08 to.09 ofTDN, depending on the roughage source.
Level 2 of the 1996 NRC and the updated version, the CNCPS model from Cornell have
been evaluated with the data sets described previously. We have the following comments:

•

1.
2.

3.

•
•
•

•
•

4.

The mechanisms being modeled are appropriate and represent the future of nutrient
requirement modeling.
Because there are no NE adjusters, it is not possible to get energetics correct at the
"ends" of the feeding period. Low temperature can be used to reduce energy use
efficiency early in the feeding period but there is no apparent mechanism to increase
energetic efficiency late in the feeding period.
These models use N recycling equations from the 1985 NRC. On our finishing diet,
we calculate 19.5% recycling. That markedly reduces the DIP requirement. However,
the 1985 NRC recommends using 15% recycling and also includes a 10% loss of
nitrogen from the rumen. That equates to 5% net recycling. The 1996 NRC (Level I)
has been mistakenly understood to imply there is no recycling. That is not the case it states that the net effect of recycling is zero when DIP is at balance. At the present
time our data do not support the 19.5% recycling and we do not support the logic in
the recycling equation. We support the Levell (1996 NRC) logic until it is proved
otherwise.
It is impossible to obtain the correct energy value from corn gluten feed in these
models. Our data clearly show that corn gluten feed has energy value from 95 to
110% that of corn. Because of the fiber content of the gluten feed and the
mechanisms in these models, it is not possible to obtain a TDN value equal to corn .
Therefore, we prefer to use appropriate manipulations of Level 1 of the 1996 NRC to
predict MP supplies and requirements for feedlot cattle.

Carbohydrate digestion in the rumen is likely the most accurate predictor of BCP
synthesis, and is used in Level 2 of the NRC (1996) model. However, few data are currently
available for the rates of passage and digestion of various carbohydrate fractions in feedstuffs
commonly fed in feedlot diets. Therefore, dietary TDN is used in Levell of the NRC (1996)
model because it is currently the most accurate and readily available estimate of energy value for
a diet. However, because Level I of the NRC (1996) model uses TDN to predict the dietary DIP
requirement, factors that shift the site of digestion of the dietary nutrients, such as grain
processing, are not appropriately accounted for.
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We have conducted several trials evaluating the effect of com processing method on the
dietary DIP requirement of finishing steers. Shain et, al. (1998) conducted two finishing trials
with a total of 304 yearling steers. Steers were fed 92.5%-concentrate dry-rolled com-based
diets that were supplemented with 0, .88, 1.34, and 1.96% urea (DM basis). Steers did not
respond to dietary urea levels above .88%, indicating that the dietary DIP requirement for a dryrolled com-based diet was met at 6.4% of DM.
Cooper et al. (2001) conducted three trials to evaluate the effect of com processing on the
dietary DIP requirement of finishing steers. In Trial 1, 252 steers were fed 90%-concentrate
high-moisture com-based diets which contained 0, .4, .8, or 1.2% urea (DM basis). Nonlinear
analysis predicted maximal feed efficiency at 1.09% urea which provided a dietary DIP value of
10.2% of DM. In Trial 2, 264 steers were fed 90%-concentrate steam-flaked com-based diets
which contained 0, .4, .8, 1.2, 1.6, or 2.0% urea (DM basis). Nonlinear analysis predicted
maximal feed efficiency at .83% urea which provided a dietary DIP value of 7.1 % of DM. In
Trial 3, 90 individually-fed steers were fed 90%-concentrate dry-rolled, high-moisture, or steamflaked com-based diets. Urea was factored across diets at 0, .5, 1.0, or 2.0% of DM. Dietary CP,
DIP, and finishing steer performance are shown in Table 4. For the dry-rolled com-based diet,
nonlinear analysis could not predict a requirement because feed efficiency was not improved
beyond the first increment of urea, suggesting that the DIP requirement was met at 6.3% of DM.
For the high-moisture com-based diet, nonlinear analysis predicted maximal feed efficiency at
1.14% urea which provided a dietary DIP value of 10.0% of DM. For the steam-flaked com
based diet, nonlinear analysis predicted maximal feed efficiency at 1.64% urea which provided a
dietary DIP value of 9.5% of DM.
These data suggest that dietary DIP requirements for dry-rolled, high-moisture, and steam
flaked com-based diets are approximately 6.4, 10.0, and 9.5% of DM, respectively. Levell of
the NRC (1996) model predicts that the dietary DIP requirement for a 90%-concentrate dryrolled com-based diet is approximately 6.8% of DM. The value of 6.4% is in close agreement
with the predicted value. Milton et al. (1997) in two separate finishing trials found dietary DIP
requirements of 6.9 and 7.1 % of DM for 90%-concentrate dry-rolled com-based diets.
Therefore, it appears Level 1 of the NRC (1996) model is relatively accurate in predicting the
dietary DIP requirement for dry-rolled com-based diets. However Levell does not
appropriately account for the increased ruminal starch digestion, and thus BCP production, in
high-moisture and steam-flaked com-based diets. We suggest that high-moisture and steamflaked com-based diets require about 25% more dietary DIP than a comparable dry-rolled combased diet.
VIP requirements. Dietary UIP requirements are equal to the MP requirement of the
animal minus MP supplied from BCP. Often, typical com-based finishing diets do not need to
be supplemented with additional UIP because base-diet UIP and MP from BCP are sufficient to
meet the needs of the animal. Com usually contains between 8 and 10% CP, with approximately
60% of the CP as UIP. In diets containing 85% com, this results in 4.1 to 5.1 % of the diet being
UIP (NRC, 1996). We have found that 4.6% UIP in addition to BCP is sufficient to meet the MP
needs of finishing yearling steers (Sindt et aI., 1994; Shain et al., 1998), indicating supplemental
UIP usually would not be needed in this case. However, supplemental UIP may be needed in
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diets with lower inherent UIP such as high-moisture corn, or in animals with high MP needs such
as rapidly-growing lightweight calves.
A good example of the difficulty in balancing for MP, without overfeeding, is shown in
Table 5. This diet contained an average of 25% wet corn gluten feed and 60% steam-flaked corn.
The UIP value of steam-flaked corn is at least as high as dry rolled corn. As indicated previously,
the site of starch digestion is shifted to the rumen when steam-flaked corn is fed. This increases
BCP production and increases the DIP requirement. The wet corn gluten feed increases rumen
pH (Krehbiel et aI., 1995) and thereby increases microbial efficiency further and increasing BCP
production and the DIP requirement.
Crude protein level was increased from 13% 0 13.7% and to 14.4% by addition of urea.
Gain and gain:feed increased with added protein and we estimate the crude protein requirement
to meet the DIP requirement is about 14% (Table 5). When these values are put into the NRC
(1996) model, the supply of MP is much greater than that required by the cattle (Table 6). These
were calf-fed steers and were about 700 Ib when they reached the finisher diet following
appropriate step-up diets. At that point the model predicts a surplus of 53 g/d of MP. This is
equivalent to 0.58 percentage units of CP in the diet. At the midpoint of the feeding period, the
calves were getting 105 g/d more MP than needed which was equivalent to 1.12 percentage units
of CP in the diet. At market weight (1300 Ib), the cattle were getting 190 g/d more MP than
required which was equivalent to 1.90 percentage units of CP. It appears that it was necessary to
meet the DIP requirement even though MP was excess. This suggests that DIP requirement
should be met to ensure starch utilization.

•
•

Changing MP Requirements. Level 1 of the NRC (1996) model predicts large changes in
protein requirements throughout the feeding period due to changes in intake, body weight, and
composition of gain. The DIP requirement (% of DM) remains constant (Figure 5). The UIP
requirement decreases as body weight increases due to both a larger supply of BCP from
increased feed intake and from a lower MP requirement because the composition of gain is
increasingly more fat and less lean. Figure 5 was developed with performance parameters
described in Table 7, which will be discussed later, and assumes a 90%-concentrate dry-rolled
corn-based diet with alfalfa as the roughage source. Because the type of protein needed (DIP vs
UIP) to meet the MP requirement changes with days on feed, a single finishing diet fed through
the feeding period is inadequate, being MP deficient up to body weight for which it was balanced
and excessive from that point on. Therefore, a series of finishing diets, fed in sequential order,
formulated to meet, but not exceed both the DIP and UIP requirements throughout the feeding
period (phase-feeding), should be beneficial.

•

It is important to note that in order to utilize phase-feeding as a nutrient management
strategy without adversely affecting performance, one must know or be able to accurately predict
the performance of a given group of cattle. Past feeding history is likely the best indication of
future performance. 'We have summarized the performance of finishing calves at the University
of Nebraska ARDC Beef Feedlot (Table 7). This summary contains approximately 640 animals
fed as calves from 1994 to 1997 on a high-concentrate corn-based diet. All animals were
implanted with at least one TBA-combination implant, and did not have a significant treatment
effect in their respective trial. Intermediate performance was based on intake records and
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intermediate weights which were pencil shrunk 4%. As stated previously, the 1996 NRC model
does not predict intake and NE requirement very well early and late in the feeding because the
equations are based on feeding period averages.
Erickson et al. (2000) conducted four finishing trials, two with calf-feds and two with
yearlings, to evaluate phase-feeding diets in order to minimize N excretion versus feeding a
typical high-concentrate finishing diet that was formulated to industry standards and fed
throughout the feeding period. The standard diet was 92.5% concentrate and formulated to
contain 13.5% CPo Phase-fed diets were also 92.5% concentrate and formulated to match DIP,
DIP, and MP requirements throughout the feeding period. For yearlings, three phase-fed
finishing diets were used which were fed for 28,28, and 54 days. For calves, eight phase-fed
finishing diets were used which were switched every 14 days, with the eighth diet being fed for
73 days. Finishing performance and N mass balance are shown in Table 8. In yearlings, phasefeeding diets to match protein requirements improved feed/gain by 5% compared to the standard
13.5% CP diet. Nitrogen excretion to the pen surface was reduced by 22%, while total N
volatilized into the atmosphere was reduced by 32% for the phase-fed diets compared to the
standard diet. In finishing calves, phase-feeding reduced feed efficiency by approximately 4%
compared to the standard diet. Nitrogen excretion to the pen surface was reduced by 13%, while
total N volatilized into the atmosphere was reduced by 15% for the phase-fed diets compared to
the standard diet. Differences in N volatilization between the yearlings and calves are likely due
to cooler temperatures during the calf-finishing studies (November to May) compared to the
yearling-finishing studies (May to October).
Phase feeding is a partial solution to saving money spent on protein and reducing
ammonia emissions. For some nutritionists and feedlot managers handling the logistics of phase
feeding seems insurmountable. To a few it isn't that much of a problem. For a nutritionist, the
larger problem is formulating diets low enough in DIP.
Balancing a diet for the 700 Ib calf-fed discussed previously is relatively easy (Table 9).
We increased microbial efficiency 27% for the high-moisture corn. The diet was 35% wet corn
gluten feed, 40% high-moisture corn and 15% dry corn. Both MP and DIP were "balanced".
Because of the declining MP requirement, the 1300 Ib calf-fed (Table 10) makes diet formulation
difficult as we discussed previously. In order to not overfeed MP (DIP) it was necessary to
increase (hypothetically) the DIP of the high-moisture corn to 65%. We would really like to
include 20% wet corn gluten feed to minimize acidosis. In that case the DIP content of the corn
would need to be 85% to balance for MP (DIP). These calculations show the difficulty in
actually "balancing" for MP.
Cooper et al. (2000) conducted a calf-finishing trial to evaluate phase-feeding of
metabolizable protein in order to match requirements. Treatments were: 1) one finishing diet
which matched requirements at initial body weight (700 Ib); 2) one finishing diet which matched
requirements at mid weight (950 Ib); and 3) six finishing diets fed in sequential order which
matched requirements throughout the feeding period (every 100 Ib increment in body weight).
No performance differences were observed. We projected performance differences; however,
due to mud during the feeding period, gain and efficiency were lower than projected for all
treatments, causing protein requirements to be over predicted. Phase-feeding metabolizable
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protein did maintain equal performance while reducing nitrogen excretion to the pen by
approximately 9% compared to the diet balanced for the initial weight of the steers. This trial
emphasizes the need for accurate predictions of performance in order to feed at, but not above,
metabolizable protein requirements of finishing cattle.
We believe that phase-feeding of metabolizable protein will eventually become a
common practice in the feedlot industry. Currently, the idea of incorporating multiple
supplements and finishing diets is not very popular in today's efficiency-driven feedlot industry.
Cost savings on protein supplementation are likely to be small and offset by additional
management needed for phase-feeding. However, we believe that environmental compliance,
rather than economics may be the primary factor that launches the management part of phasefeeding for finishing cattle .
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MP reg. g/d
apredicted DMI.
b Actual DMI.
c13° F

Table 1. Mid-point Projections (l045 lb, BW)
NRCa
NRCb
20.6
26.2
3.99
5.03
5.16
5.21
829
929

DMI,lb
ADG,lb
FIG

.

MP reg., g/d
MP balance, g/d
apredicted DMI.
b Actual DMI.
c80% NE adjusters, 6° F.

DMI, lb
ADG,lb
FIG

Table 2. Initial Projections (800 lb BW)
NRCa
NRCb
17.4
24.8
4.16
5.67
4.18
4.37
862
1041
-10.7
+35

Adj.C NRC
26.2
4.26
6.15
856

••
•
••
••
•

Adj.CNRC
24.8
4.23
5.86
871
+205

•
-

Table 3. Final Predictions (l,290 lb, BW)
NRCa
NRCb
20.4
28.3
3.12
3.57
6.54
7.93
738
772

MP reg. g/d
apredict DMI.
b Actual DMI.
c116% NE adjusters, 13° F.

Adj.CNRC
28.3
4.26
6.64
822
I

•
•
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Table 4. Dietary Protein 'Composition and Finishing Performance
Fed dry-rolled, High-moisture, and Steam-flaked corn-based
(Cooper et al., 2001; Trial 3)a
Treatment
1.0
0.5
0
Urea, % ofDM
b
12.4
10.9
9.5
Crude protein, % of DM
b
DIP, % ofDM
7.7
6.3
4.8
DRC
9.6
8.1
6.7
HMC
7.6
6.1
4.17
SFC
DM intake, lb/day
21.9
21.1
21.8c
DRC
c
21.4
21.1
23.0
HMC
d
f
20.8
22.3
17.8
SFC
Daily gain, lb/day
3.61 cd
3.38c
DRCg
3.39c
c
c
3.51 cd
3.45
3.70
HMCh
d
d
f
3.72d
3.79
2.99
SFC
Feed/Gain
6.49c
5.81
6.41
DRC
6.06cd
6.13
6.21
HMC
5.59d
5.85
SFCg
5.95
aDRC = dry:-rolled corn, HMC = high-moisture corn, SFC = steam-flaked
bBased on NRC tabular values.
c,d.eMeanswith unlike superscript within column differ (P < .10).
fQuadratic effect of urea level (P<.05).
gLinear effect of urea level (P<.05).
hCubic effect of urea level (P<.05).

for steers
Diets

1.5
13.8

2.0
15.3

9.2
11.0
9.0

10.6
12.5
10.5

23.4
21.8
21.9

22.8c
20.8d
18.7c

3.96
3.75
4.07

3.70c
3.32d
3.45cd

5.88c
5.81 cd
5.38d

6.17c
6.25C
5.38d

corn .

Table 5. Effect of Level of CP in Feedlot Diets Containing Corn Gluten Feed
and Steam-flaked Coma
CP levelb
14.4%
Item
13.0%
13.7%
631
Initial weight, lb
634
634
3.72
ADG,lb
3.50
3.72
20.8
DMI, lb
20.3
20.9
0.1784
GainlFeed
0.1720
0.1778
aBlock et al., 2002, average of 25% corn gluten feed in diet DM.
bSupplemental protein supplied by urea.
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Table 6. Metabolizable Protein Supplies to Calf-fed Steers Fed Com Gluten Feed and
Steam-flaked Cornu
Body weights, Ib
Item
700
975
1300
Degradable intake protein
Suppl/Required, gld
830
874
916
Metabolizable protein
Supply, gld
Required, gld
Excess protein, gld
Excess protein, % DM
uNRC (1996).

843
790

53
0.58

911
806
105
1.12

966
776
190
1.90

Table 7. University of Nebraska ARDC Beef Feedlot Performance
Parameters for Finishing Calves
Daily gain
DM intake
DM intake
Body weight
Feed/Gain
Ibid
Ibid
% of body weight
Lb
5.0
3.6
18.0
3.00
600
5.3
3.6
19.0
2.71
700
5.6
3.6
20.0
2.50
800
5.8
3.6
21.0
2.33
900
6.0
3.6
21.5
2.15
1000
6.1
3.6
22.0
2.00
1100
6.3
3.6
22.5
1.88
1200
6.4
3.6
23.0
1.77
1300
5.8
3.6
20.9
2.29
Average 950
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Table 8. Performance of Finishing Yearlings and Calves Fed
Either a Standard Finishing Diet or Phase-fed Multiple Finishing Diets In
To Match Protein Requirements (Erickson et aI., 2000)
TreatmentU
Urea, % ofDM
Standard
Phase-fed
Yearlings
DM intake, Ib
25.2
24.5
3.98
4.07
Daily gain, Ib
6.33
Feed/gain
6.02
N intake, total Ib
72.82
59.39
N retention, total Ib
7.90
7.92
N excretion, total Ib
64.92
51.47
N volatilization, total Ib
46.04
31.25

Order

P

=

.03
.27
.01
.01

.80
.01
.01

Calves
DM intake, Ib
20.3
20.7
.21
Daily gain, Ib
3.45
3.40
.43
Feed/gain
5.88
6.10
.04
N intake, Ib/head
81.40
72.23
.0 I
N retention, Ib/head
10.14
10.04
.28
N excretion, Ib/head
71.26
62.18
.01
N volatilization, Ib/head
29.31
24.91
.32
uStandard diet balanced to contain 13.5% CP; Phase-fed diets were fed in sequential order
and were balanced to match MP requirements throughout the feeding period.

Table 9. Balancing MP -700 Ib Calf Fed
•
MP req./supplied = 744 g/d
•
DIP req./supplied = 761 g./d
•
Microbial efficiency = 14.4% (+27%)
% DIP (% CP)
Ingredient
% Diet DM
60
HMC
40
40
DRC
15
75
CGF
35
75
Silage
10
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Table 10. Balancing MP -1300 lb Calf Fed

•

MP req.lsupplied = 773 g/d
DIP req.lsupplied = 903 g.ld
• Microbial efficiency = 15.5% (+27%)
% DIP (% CP)
Ingredient
% Diet DM
65 (85)
HMC
90 (70)
75
CGF
(20)
75
Silage
10

•
•

Figure 1. Accuracy of gain predictions. Each point represents a treatment mean (n

= 325).
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Figure 2. Intake response over days on feed.
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Overview of recent protein research for beef cattle
G. C. Duff,* M. L. Galyean ** , C. R. Krehbiel, t and + N. A. Cole
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Summary

\

This paper highlights current research programs evaluating protein concentrations and protein
sources for ruminants during various stages of growth. For newly received beef calves it appears
that the optimum level of urea to feed with a high-concentrate, processed grain receiving diet is
approximately 0.5% of the DM for maximum feed efficiency. Several research projects are
currently being conducted or in the planning stages for the Consortium for Cattle Feeding and
Environmental Sciences'. One study evaluating protein concentrations and protein sources for
finishing yearling steers suggests that gain and daily DMI can be increased by feeding diets with
13.0 % CP compared with 11.5 or 14.5 % CP diets; however, no differences in feed efficiency
resulted. Results from the Consortium projects will be used for development of a national feed
database and computer models/decision tools to predict optimum protein nutrition in feedlot cattle.
In a study conducted at Oklahoma State University, results suggests that high urea concentrations
can be utilized in steam-flaked com finishing diets without altering intake, nutrient digestion, or
ruminal kinetics.
Introduction

•

Protein requirements and protein utilization by ruminants have been extensively evaluated.
However, in recent years, protein nutrition is again the focus of research because of the potential
impact of nitrogen (N) on the environment. Excess nutrients (N, phosphorus, etc.) in manure can
pose a threat to soil, water, and air quality. Diet composition can influence the quantity and
chemical composition of manure produced, affect the composition of runoff from feedyards or
fields fertilized with feedlot manure, and also affect air quality by altering the emissions of
ammonia, dust, and odors from feedyards and fields. Research is currently being conducted to
match nutrient concentrations in diets with the nutrient requirements of livestock, to increase the
efficiency of utilization of feed nutrients by livestock, to determine the effects of diet on
subsequent environmental impact of nutrients excreted in the manure, and to compile this
information into databases and decision tools accessible to producers.
The nutrients of primary environmental concern to cattle feeders are N and phosphorus (P).
Nitrogen excreted in the feces and urine can be lost as ammonia and thereby potentially affect air
quality. Low N:P ratios in feedlot manure, caused by a combination of ammonia losses and excess
P excretion, ca~ limit its value as a fertilizer and can adversely affect soil and water quality as a
result of P accumulation in soils and P runoff from crop lands. Optimizing the utilization of Nand
P in the diet will decrease the excretion of these nutrients, decrease atmospheric losses of
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ammonia, and minimize adverse effects on soil, water, and air quality. However, because nutrient
requirements change as an animal grows, different diets may be useful at different stages of the
feeding period. Therefore, a series of studies has been initiated to concentrate on optimizing the
utilization of dietary N (crude protein, CP) and P by finishing beef cattle throughout the feeding
period.

•

Urea in Receiving Diets Experiment
Several dietary factors deserve consideration when formulating diets for newly received, highly
stressed beef cattle. Galyean and Duff (2002) reported that newly received beef cattle have a low
capacity for protein deposition during the first week or two after arrival because of low feed
intake. Furthermore, they suggested that protein source is not a critical factor as long as a natural
source of supplemental protein is used. Nonetheless, using non-protein nitrogen (NPN) sources
like urea might be one means to decrease protein costs. Cole (1996) suggested that intake of urea
be limited to less than 30 g per day during the first 2 wk after arrival. At the typical feed intakes
observed during the receiving period, this level calculates to be less than 1% urea in the receiving
diet. A study was conducted at the New Mexico State University Clayton Livestock Research
Center (CLRC) to determine the effects of urea level on performance and health of newly received
beef cattle.
Two loads of cattle (99 and 98 animals for Loads 1 and 2, respectively) were purchased from
an order buyer in southwestern Arkansas. Cattle from this order buyer are typically purchased
from auction barns in southwestern Arkansas and east Texas from Wednesday through Saturday
and are held in common pens at the order buyer's facility and fed grass hay until shipment. Both
loads of cattle were shipped on Sunday at approximately 1830 (CDST) and received at the CLRC
on Monday morning at approximately 0730 (MDST; 630 miles; 13.75 h in transit). Cattle in
Load 1 experienced a 5.3% shrink from a pay weight of 436 pounds, whereas cattle in Load 2
experienced a 5.7% shrink from a pay weight of 437 pounds. Cattle were processed immediately,
including individual weight and identification, branding, castration (51.5 and 53.1 % for Load 1
and 2, respectively) and hom tipping as needed (35.4 and 37.8% for Load 1 and 2, respectively),
vaccination with a clostridial antigen (Ultrabac-7; Pfizer Animal Health; Exton, PA), and an IBRPI3-BRD-BRSV vaccine (Bovishield-4; Pfizer Animal Health; Exton, PA) treatment for internal
(oxfendazole; Synanthic; Ft Dodge Animal Health; Overland Park, KS) and external (fenthion;
Tiguvon; Bayer Animal Health; Shawnee Mission, KS) parasites, and injection with vitamin
ND3 (AgriLabs, St. Joseph, MO). Treatments included (DM basis): 1) 0% urea, 2) 0.5% urea,
and 3) 1.0% urea in the receiving diet. Treatments were assigned randomly to individual animals
based on processing order. In addition, pens were assigned randomly to treatments (three pens per
treatment per load). After processing, steers were placed in their respective pens, offered
sorghum-sudan grass hay (first week only) and a 70% concentrate receiving diet (Table 1) in
quantities sufficient for ad libitum consumption during the first 14 d of the receiving period, then
switched to a 75% concentrate diet (Table 1) for d 14 to 28. Cattle were monitored daily for signs
of BRD (nasal or ocular discharge, labored breathing, lethargy and[or] emaciated body condition).
Cattle displaying signs were removed from their pens, taken to a processing facility, and their
rectal temperature was measured. When rectal temperature was greater than 103.5° F, tilmicosin
phosphate (Micotil; Elanco Animal Health, Indianapolis, IN) plus 10 mL of penicillin were given
as therapeutic antibiotics, after which the animals were returned to their respective feedlot pens.
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All cattle were weighed on d 14 and 28, at which time feed bunks were swept and any feed
remaining was weighed and sampled for DM determination. Bunk samples were obtained at
weekly intervals during the study and dried at 100DCfor approximately 22 h, and dietary
ingredient samples were obtained for DM determination.
Performance data were analyzed using GLM procedures of SAS (SAS Inst. Inc., Cary NC).
Pen was the experimental unit. The model included effects for urea level, block (Load), urea level
x block, and pen within urea level x block. Orthogonal contrasts were used to test linear and
quadratic effects of urea levels. Morbidity data were analyzed using non-parametric procedures
(Chi-square) of SAS with individual calves as the experimental unit.

I

\

••
•

No differences (P > 0.10) were noted among treatments for daily gain (Table 2) during d 0 to
14, 15 to 28, or for the 28-d receiving period. Likewise, no differences (P > 0.10) were noted in
DM intake of hay and total DM intake for d 0 to 14, or for the overall 28-d receiving period.
However, there were quadratic effects of urea level on DM intake of concentrate (P < 0.10) from d
o to 14 and DM intake from d 14 to 28 (P < 0.05), with lower DMI for the 0.5% urea treatment
than for the other two treatments. No differences were noted in the feed:gain ratio for d 0 to 14;
however, quadratic effects (P < 0.10) of urea level on feed:gain ratio were evident during d 14 to
28 and for the overall 28-d receiving period. No differences were noted among treatments for the
percentage of calves treated for BRD (average of 57.3% treated; Table 2) .
These results suggest that the optimum level of urea to feed to newly received beef cattle fed a
high-concentrate, processed grain receiving diet is approximately 0.5% of the DM for maximum
feed efficiency. Results might differ with higher CP levels than fed in the current experiment
(14%) and with different types of receiving diets (e.g., higher roughage levels).
Protein Source in Finishing Diets - Finishing Experiment
Procedures - Finishing Trial:

•

•

Cattle. Three-hundred crossbred (medium-framed; British x Continental; average BW =
788 Ib) beef steers were purchased from an order buyer in Mississippi (Prairie Livestock, L.L.C.,
West Point, MS; PL). Prairie Livestock maintains contracts on cattle grazing throughout the
United States. Cattle originated from the Arkansas/Oklahoma border and had grazed
fescue/ryegrass pastures. Steers were processed after arrival including individual identification,
branding, horn tipping as needed, vaccination with a clostridial antigen (Ultrabac-7; Pfizer Anim.
Health), vaccination with an ffiR-P!)-BVD-BRSV vaccine (Pyramid 4; Ft. Dodge Anim. Health),
treatment for internal and external parasites (Cydectin, Ft Dodge Anim. Health), and injection with
2 mL of a vitamin AlD3 preparation. After arrival, steers were sorted into 24 feedlot pens with 12
or 13 steers/pen and started on a 70% concentrate diet. Steers were fed approximately 5.0 Ib of
wheat hay in addition to the 70% concentrate diet during the first 3 d after arrival. Steers were
adapted to a 90% concentrate diet by decreasing the proportion of roughage over a 19 d period. A
70% concentrate diet was fed for 5 d, a 75% concentrate diet fed for 5 d, an 80% concentrate diet
fed for 5 d, and an 85% concentrate diet fed for 4 d before initiation of the study. Seventy-five
steers that have previously been used in receiving programs at the CLRC also were used. Steers
from the CLRC had been limit-fed a 90% concentrate diet (approximately 13 Ib/animal daily) for
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approximately 14 wk before initiation of the study. Steers were processed similarly to PL steers,
including vaccination with Ultrabac 7 and Pyramid 4 and treatment with Cydectin. At the same
time that PL steers are switched to an 85% concentrate diet, CLRC steers were also fed the same
diet to reduce any fill effects at the start of the experiment. All steers were weighed without feed
or water shrink I d before initiation of the study. Steer BW was stratified from heaviest to lightest,
and steers were then assigned to nine separate pens based on stratified BW. This procedure was
repeated until there were 10 steers/pen (Block I), and further repeated until all animals were
assigned to treatments within blocks. In addition, source of cattle (PL vs CLRC steers) was
equalized across pens. A total of 36 pens was used, with four blocks and nine treatments. All
steers received a zeranol implant (Ralgro; Schering-Plough Anim. Health) on d -1. Steers were
sorted into treatment pens on d O. Steers were reimplanted with Revalor-S (Intervet, Millsboro,
DE) on d 56.
Treatments 3 x 3 factorial:
1)
2)
3)
4)
5)
6)
7)
8)
9)

11.5%
11.5%
11.5%
13.0%
13.0%
13.0%
14.5%
14.5%
14.5%

CP;
CP;
CP;
CP;
CP;
CP;
CP;
CP;
CP;

100% urea.
50% urea:50% cottonseed meal.
100% cottonseed meal.
100% urea.
50% urea:50% cottonseed meal.
100% cottonseed meal.
100% urea.
50% urea:50% cottonseed meal.
100% cottonseed meal.

•

Weighing, feeding, and harvesting:
After initiation of the study, each calf was individually weighed on dO, 28, 56, 84, 112, and
140. Feed bunks were evaluated daily starting at 0730. On weigh days, feed bunks for each pen
were swept, and unconsumed feed was removed, weighed. and its DM was determined. Bunk
samples were obtained at weekly intervals for chemical analyses. Composite feed samples,
collected throughout the trial will also be analyzed for N, P, and acid insoluble ash. In addition,
ingredient samples were obtained every 2-wk for DM determination. Diet composition data are
presented in Table 3.
Steers were harvested when backfat thickness is estimated by ultrasound to be 0.4 inches. This
was accomplished first by visual evaluation of the animals, and when it is determined that
approximately 50% of the steers within a weight block had adequate finish to grade USDA
Choice, an ultrasound of the cattle was obtained at the next weigh period for verification of back
fat thickness. Cattle were shipped to IBP-Amarillo for harvest, and carcass data were collected by
Cattlemen's Carcass Data Service under the direction of Dr. Ted Montgomery (West Texas A&M
University, Canyon).

•
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Data and Statistical Analyses:
.I

Daily gain, feed intake, and feed efficiency were analyzed as a 3 x 3 fatorial arrangement of
treatments with pen as the experimental unit. The model contained effects for block, CP
concentration, CP source, and CP source x CP concentration.
Results - Finishing Trial

•

No CP concentration x CP source interactions (P > 0.10) were observed for performance data
or for carcass characteristics (Table 4). Likewise, no differences (P > 0.10) were noted in initial or
final BW for either CP concentration or source. A quadratic effect for CP concentration was noted
with increased daily gain (P < 0.05) and daily DMI for the overall feeding period with 13.0% CP
(Table 4). No difference (P > 0.10) was noted for the feed:gain ratio with increasing CP
concentration. No differences (P > 0.10) in daily gain, daily DMI, or the feed:gain ratio were
noted among CP sources (Table 4). A quadratic increased (P < 0.10) ribeye area was noted for the
13.0% CP diet and 50% urea:50% cottonseed meal diets. There were no other differences (P >
0.10) in carcass characteristics as a result of CP concentration. A quadratic (P < 0.10) increase in
fat thickness was noted for the diet containing 50% urea:50% cottonseed meal. No other
differences (P > 0.10) were noted in carcass characteristics with protein sources used in the study.
Galyean (1996) surveyed six consulting nutritionist and reported that percentage of CP in
finishing diets ranged from 12.5 to 14.4% with urea levels ranging from 0.5 to 1.5% of DM.
Dicostanzo and Zehnder (1999) reported that feedlot steers responded to higher CP diets (13.3 vs
11.4%) with increased gain, daily DMI, and improved feed:gain ratio. Our performance results
suggest that gain and daily DMI can be increased by feeding diets with 13.0 % CP; however, no
differences in feed efficiency resulted from feeding higher CP diets. Moreover, no differences in
performance were noted among the CP sources fed in our study. Sindt (1993) reported that
although not statistically significant, calves supplemented with natural protein sources were 7%
more efficient than calves supplemented with urea alone. No major differences occurred in
carcass characteristics with either CP concentrations or sources in our study. Dicostanzo and
Zehnder (1999) reported that CP concentrations affected the response to implants for carcass
weight, fat thickness, and yield grade.
Dietary Urea Concentration in Steam-Flaked Corn Diets - Nutrient Digestion, N Balance, and
Ruminal Kinetics
Urea is a commonly used source of supplemental N in finishing diets. Compared with true
protein, urea is a more economical source of ruminal degradable intake N, but is limited to
enhancing ruminal OM digestion only and does not contribute to undegraded intake protein.
Although urea provides no additional peptides, amino acids, or other growth factors that enhance
microbial growth (Zinn and Owens, 1983), performance by cattle fed finishing diets supplemented
with urea or true protein did not differ (Clark et al., 1970; Greathouse et al., 1974). The objective
of this experiment was to determine the effect of increasing urea concentration in isonitrogenous
and isocaloric steam-flaked corn finishing diets on intake, nutrient digestion, N balance, and
ruminal kinetics.
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Procedures - Fermentation Trial
Five ruminally and duodenally cannulated crossbred steers (initial BW = 375 :t 34 kg; ADG =
1.16 :t 0.13 kg) were used in a 5 x 5 Latin square design experiment to determine the effect of
increasing dietary urea level on total tract digestion, N balance, digesta kinetics, and ruminal
metabolism. Treatments consisted of isoca1oric and isonitrogenous (2.24% N) steam-flaked corn
diets with urea concentrations of 0, 0.8, 1.2, 1.6, or 2.0% (DM basis) fed in steam-flaked cornbased diets. Diets and dietary ingredients are presented in Table 5.
Diets were fed for ad libitum intake. Steers were housed in individual pens (5 x 4 m) in a
barn with slatted concrete floors and had free access to fresh water. All surgical procedures, postsurgical care, and the experimental protocol had been reviewed and approved by the Oklahoma
State University Institutional Animal Care and Use Committee.
Sampling
Experimental periods were 14 d. Days 1 through 9 were diet adaptation. On d 8 of each
period, steers were placed in metabolism stalls, and on d 10 through 13, total feces and urine were
colleted once daily at approximately 1600. Urine was sub-sampled (2.5% of the total volume),
composited across the four days, and frozen (-20°C). Three hundred milliliters of 6 N HCI were
added to each urine collection container to maintain urine pH below 3. Following each days
collection feces were sub-sampled; 2.5% of the total output was placed in a forced-air oven (60°C)
for 48 h, and an additional 2.5% was composited across the 4-d sampling period and later
lyophilized. On d 14 at 0800, steers were pulse dosed with 250 mL of Co-EDT A. Ruminal fluid
was collected at 0,3,6,9,
12, 15, 18,21, and 24 h after dosing. Immediately after collection, 200
mL of ruminal fluid were strained through four layers of cheesecloth and pH measured using a
combination electrode. A lO-mL aliquot was frozen (-20°C) for later Co analysis. Feed was subsampled daily throughout the experiment, and at the end of each period samples were composited
by diet and dried at 60°C for 36 h.
Laboratory analyses.
.
Ground samples of feed and feces were analyzed for DM and OM based on standard
procedures (AOAC, 1996). Nitrogen content of feed and lyophilized feces was determined by the
combustion method (Leco NS2000, St. Joseph, MO; AOAC, 1996), whereas N content of urine
was determined using the Kjeldahl procedure (AOAC, 1996). Acid detergent fiber concentration
of feed and feces was determined by the methods of Van Soest et al. (1991). Cobalt
concentrations of ruminal fluid were quantified using an Inductively Coupled Plasma
Spectrophotometer (ICP Spectro Analytical Instruments, Fitchburg, MA). Ruminal fluid samples
were thawed and prepared for analysis by centrifugation at 10,000 x g for 10 min. Ruminal
ammonia N was determined using procedures outlined by Broderick and Kang (1980).
Calculations and Statistics.
Dilution rate of Co was calculated by regressing the natural log of marker concentration on
time after dosing. Digestibility and fluid dilution data were analyzed as a Latin square design
using the Mixed procedure of SAS. The model included animal, treatment, and period. Fit
statistics were used to determine the proper covariance structure for each variable. Ruminal pH
data were analyzed as repeated measures with the Mixed model procedure using time as the
repeated variable. The model included animal, treatment, time, and treatment x time.
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Results - Fermentation Trial
Dietary urea concentration did not affect (P > 0.05) intake, fecal output, or digestibility of DM
(Table 6). Acid detergent fiber intake was greatest (P < 0.05) for steers consuming 0.8 and 2.0%
urea, intermediate for steers consuming a and 1.2% urea, and least for steers consuming 1.6%
urea. Starch intake was greater (P < 0.05) when 1.6% urea was fed than when 0.8% urea was fed.
Fecal output of DM was not affected (P > 0.05) by increasing urea, whereas ADF output was
greater (P < 0.05) when 2.0% urea was fed compared with 0, 0.8, and 1.2% urea. Urea
concentration had no affect (P > 0.05) on DM, and N digestibility. However, ADF digestibility
was greater (P < 0.05) when steers were consuming diets containing a and 0.8% urea compared
with steers consuming 1.6% urea. Fluid dilition rate (Table 6) and ruminal pH (data not shown)
were not affected (P > 0.05) by dietary urea concentration.
Nitrogen intake was greater (P < 0.05) when 1.2 or 1.6% urea was fed than when 0% urea was
fed, whereas urinary N output was greater when 1.2% urea was fed than when a or 2.0% urea was
fed (Table 7). Nitrogen balance (g/d or as a % of N intake) did not differ (P < 0.05) among
treatments.
Ongoing and Planned Research
The Consortium for Cattle Feeding and Environmental Sciences (CCFES) was formed by a
group of university scientists located in the Texas Panhandle and New Mexico. The original
mission of the group was to meet regularly to discuss current research programs in ruminant
nutrition, health, and environmental sciences. The Consortium was officially recognized by
administrations of each institution, and an administrative management committee was established
along with an industry advisory committee. The Consortium scientists have recently been awarded
a USDA-CSREES grant to study the impact of Nand P on various aspects of confined animalfeeding operations. Specific objectives of the CCFES projects include: 1) to determine the effects
of dietary protein concentrations and dietary ruminally degradable protein (DIP)/ruminally
undegradable protein (UIP) ratio in beef cattle finishing diets at different stages of growth on
animal performance, chemical composition of feedlot manure, Nand P excreted and retained by
steers, runoff of Nand P from the feedlot, atmospheric ammonia losses from the feedlot, site and
extent of N digestion, ruminal microbial protein synthesis, and estimated Nand P recycling within
the gut; 2) to determine the effects of degree of grain processing on P excretion and Pretention
by finishing steers, animal performance, site of starch and protein digestion, ruminal microbial
protein synthesis, and P recycling within the gut; 3) to determine the effects of stage of growth on
P excretion in feces and P retention by finishing steers; and 4) to develop a national database of
feed composition and nutrient bioavailability information and develop computer modes/decision
tools to predict nutrient composition of feedstuffs, the bioavailability of nutrients in feedstuffs, the
effects of diet on Nand P excretion, the effects of diet on runoff of Nand P from feedlot surfaces,
and the effects of diet and environmental conditions on atmospheric N emissions from the feedlot
surface.
1.
2.
3.
4.

All experiments in which diets are fed to cattle will have one common diet (Table 3).
The same implants and implanting sequence will be used in all trials.
All steers in performance trials will be slaughtered at a constant back fat thickness.
In nutrient balance trials, steers must have a DM intake of at least 2% of BW.
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The following experiments are either in progress or are in the planning stages for CCFES.
Trials I through 4: The effects of dietary protein concentration and DIPIUIP ratio on finishing
cattle.
1. In a series of experiments, feeder steers will be fed diets that contain 11.5, 13.0, or 14.5% CP
with varying supplement DIPIUIP ratios (lOO/O, 50/50, and 0/1 00 ratios of urea/cottonseed meal)
in a 3 x 3 factorial arrangement of treatments.
a) In three feedlot trials (Trial 1a, 1b, and 3) calf and yearling steer performance (weight gain,
feed efficiency), plasma urea N concentration, carcass characteristics, body composition, and
manure chemical composition will be determined. (Locations: Clayton Livestock Research Center,
Texas Tech, West Texas A & M Univeristy [WT AMU] , and Texas Agricultural Experiment
Station [TAES] and ARS at Bushland );
b) In two nutrient balance trials (Trials 2a and 2b) Nand P excretion (urinary, fecal, and total),
Nand P retention, and potential ammonia production (by in vitro and micrometeorological
methods) will be determined. (Locations: Texas Tech, ARS and TAES at Bushland, TX with
other ARS cooperators);
c) Using steers with duodenal cannula, the site (ruminal vs post-ruminal) and extent of N
digestion, P recycling within the gut, and ruminal microbial protein synthesis will be determined
(Trial 4; Location: WT AMU at Bushland);
d) In a feeding trial, composition of feedlot runoff and atmospheric ammonia losses will be
determined (Trial 3; Proposed Location: TAES and ARS at Bushland, TX);
e) Within Trials 1,2, and 3, data will be obtained at 28-d intervals in order to estimate the
optimum dietary protein composition at each stage of the feeding period and to design subsequent
experiments to study phase feeding of protein in feedlot diets.
Trials 5a and 5b: Effects of grain processing on P utilization.
1. In two trials the effects of the degree of com processing (25, 50, and 75% starch availability) on
P excretion, P recycling, and apparent P absorption will be determined at 28-d intervals.
(Locations - Clayton Livestock Research Station and WT AMU at Bushland).
Trial 6: Effect of stage of growth on P absorption and retention of beef cattle. (Objective 3)
1. Nitrogen and P excretion of steers will be determined at 45-d intervals during a 185-d feeding
period. (Location: TAES at Bushland).
Trial7: Development of a national feed database and computer models/decision tools to predict
optimum protein and phosphorus nutrition in feedlot cattle and swine. (Objective 4)
1. Data from all experiments will be compiled and incorporated into a National Animal Feed
Information System which will be used to address the following:
a) adjust compositional data of feed ingredients;
b) adjust bioavailability data of feed ingredients;
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c) obtain information on amino acids, fatty acids, and trace minerals of major feed ingredients
used in ruminant and non-ruminant diets; and
d) disseminate information on nutrient availability and composition in the form of on-line and
published reports.
2. Computer models and other decision tools will be developed to address the following:

•

a) measurement of environmental impact from nutrients originating from different varieties
and sources of grains, forages, and byproduct feedstuffs
b) estimate utilization and excretion of P and N from feedlot cattle and swine diets containing
different concentrations and different sources of protein and phosphorus and different DIPIUIP
ratios for cattle;
c) estimate bioavailability of nutrients in feedlot cattle and swine diets.
(Location - Texas Tech University - CFIRE).
At the University of Arizona, a series of studies will be conducted to evaluate the effects of
dietary protein on gene expression in the digestive tract. The first experiment will determine the
effects of gender and dietary protein concentrations for finishing cattle on intestinal gene
expression and carcass characteristics. A primary goal of feedlot producers has been to develop
protocols designed to maximize feed efficiency while minimizing costs, environmental impact,
and time spent in the feedlot. There are significant differences due to gender, with the amount of
lean tissue deposited greatest in bulls, intermediate in steers and least in heifers (Fox and Black,
1984; Vanderwert et aI., 1985); however, traditional feedlot diets have not accounted for these
differences. With heifers composing approximately 40% of feedlot placements (APHIS, 2000), a
greater understanding of the interactions between gender and protein requirement would provide
key information leading to more efficient production. Steers and heifers will be fed finishing diets
of three different CP concentrations. Following harvest, tissue samples will be collected at
different points along the digestive tract. Differences in gene expression will be compared
between heifers and steers and across CP concentrations. A second experiment will evaluate the
effects of phase feeding protein for heifers and steers on performance and gene expression in the
digestive tract.
Additional and Subsequent Studies
1. Effects
runoff,
2. Effects
3. Effects
4. Effects
5. Effects

of phase feeding of CP and P on animal performance, manure composition, feedlot
and ammonia losses.
of diets on excretion of potential pathogens such as E. coli 157:H7.
of diets on composting of manure.
of diets on subsequent availability to crops of Nand P in manure.
of diets on nutrient runoff from crop lands .

•
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Table 1. Ingredient composition of 70 and 75% concentrate diets with different urea levels fed to newly
received beef calves
% Urea, DM basis

o

0.5

Ingredient/Item

70%

75%

Sorghum sudan grass hay
Whole corn
Steam-flaked corn
Soybean meal
Molasses
Fat (yellow grease)
Limestone
Dicalcium phosphate
Salt
Urea
Ammonium sulfate
Premix3

29.93
9.39
41.76
9.52
4.70
1.98
0.74
0.49
0.30

24.91
9.37
46.40
9.93
4.69
1.98
0.74
0.49
0.30

0.24
0.95

0.24
0.95

1.0

70%

75%

70%

75%

29.88
9.36
44.80
6.09
4.69
1.97
0.74
0.49
0.30
0.49
0.24
0.95

24.87
9.35
49.36
6.56
4.69
1.97
0.73
0.49
0.30
0.49
0.24
0.95

29.83
9.35
47.75
2.73
4.69
1.97
0.73
0.49
0.30
0.97
0.24
0.95

24.82
9.34
52.40
3.11
4.69
1.97
0.73
0.49
0.29
0.97
0.24
0.95

3premix contained (DM basis): wheat middlings (83.11 %), vitamin A - 30,000 IU/g (.66%), vitamin E - 500 IU/g
(1.98%), Rumensin-80 (1.125%), Tylan-40 (1.125%), and trace mineral package (12%). Trace mineral package
contained (DM basis): calcium iodate (.269%), cobalt carbonate (.362%), copper sulfate (3.268%), ferrous sulfate
(19.445%), magnesium oxide (29.762%), manganous oxide (6.944%), zinc sulfate (28.169%), wheat middlings
(7.831%), and mineral oil (3.95%).

•
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Table 2 Effects of dietary urea levels on performance and health of newly received beef cattlea
Urea levels, % of DM
Item
No. of cattle
Initial BW, lb
Day-28 BW, lb
Daily gain, lb
Days 0 to 14
Days 14 to 28
Days 0 to 28
Daily DM intake, lb
Days 0 to 14
Hay
Concentrate
Total
Days 14 to 28
Days 0 to 28

•

Feed:gain
Days 0 to 14
Days 14 to 28
Days 0 to 28
Morbidity, %

0
66
410.0
486.2

SEb

1.0
66
414.2
491.2

0.5
65
416.0
493.5

C

Contrast

3.43
5.43

NS

0.22
0.12
0.12

NS
NS
NS

2.31
3.17
2.74

2.26
3.26
2.76

2.46
3.04
2.75

4.83
5.16
9.98
12.51
11.25

4.73
4.72
9.46
12.18
10.82

4.92
5.34
10.26
12.58
11.42

0.09
0.23
0.24
0.41
0.30

NS
Q (0.10)
NS
Q (0.05)
NS

4.39
3.95
4.10

4.41
3.73
3.94

4.47
4.19
4.18

0.35
0.14
0.09

NS
Q (0.10)
Q (0.10)

56.1

62.1

53.8

•

NS

aNo treatment x block (load) interactions were detected (P > .10). Therefore, data were analyzed across loads.
bPooled standard error of treatment means, n = six pens per treatment.
cObserved significance level (in parentheses) for quadratic (Q) contrast. NS = non-significant (P > .10)
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Table 3. Ingredient composition of concentrate diets for the Finishing Trial
Concentration, %
11.5
13.0
Ingredient/Item

14.5

100:0a 50:50

0:100

100:0

50:50

0:100

100:0

50:50

0:100

9.73
80.56

9.74
77.46
3.71
3.74
2.91

9.73
79.84

9.75
73.28
7.78
3.74
2.91
0.10

9.73
79.11

3.74
2.90

9.74
76.90
3.52
3.74
2.90

3.73
2.90

9.74
74.67
5.35
3.74
2.91

9.76
69.13
11.87
3.75
2.91
0.14

0.34
1.02
2.43

0.20
0.56
2.44

0.54
1.55
2.44

0.30
0.85
2.44

Alfalfa hay
Steam-flaked corn
Cottonseed meal
Molasses
Fat (yellow grease)
Limestone
Dicalcium phosphate
Urea
Premixb

3.74
2.90

9.73
79.26
1.67
3.74
2.91

0.15
0.49
.43

0.26
2.43

2.44

2.44

2.44

aIOO:O = 100% urea:O% cottonseed meal; 50:50 = 50% urea:50% cottonseed meal; 0:100 = 0% urea:100%
cottonseed meal.
bpremix contained (DM basis): ground milo (18.191%), limestone (47.059%), dicalcium phosphate (1.036%),
potassium chloride (8.000%), magnesium oxide (3.559%), ammonium sulfate (6.667%), salt (12.000%), cobalt
carbonate (0.002%), copper sulfate (0.157%), iron sulfate (0.133%), calcium iodate (0.003%), manganous sulfate
(0.500%), selenium premix, 0.06% (0.333%), zinc sulfate (0.845%), vitamin A - 30,000 IU/g (0.264%), vitamin E 500 IU/g (0.126%), Rumensin-80 (0.675%), Tylan-40 (0.450%).

Table 4. Effects of protein concentration and protein source on performance (Finishing Tria!)a
Concentration, %
Item/days
Initial BW, Ib
Final BW, Ib
Daily gain
dO to end
Daily DMI
dO to end
Feed:gain
dO to end

13.0
14.5
11.5
786
789
788
1,328 1,357 1,343

Sourceb

Contrast
L

Q

0.51 0.31

100:0 50:50
787
790
1,342 1,354

Contrast
0:100
786
1,333

L

Q

0.69

0.43

SE
1.3
8.2

3.85

4.08

3.99

0.12

0.04

3.97

4.03

3.92

0.55

0.23

0.06

21.57

22.62

22.26

0.05

0.02

22.00

22.42

22.03

0.94

0.17

0.23

5.60

5.55

5.60

0.92

0.45

5.55

5.56

5.62

0.32

0.66

0.05

62.4
14.1
38.9
0.43

62.5
13.8
38.5
0.43

0.21
0.85
0.47
0.24

0.76
0.06
0.32
0.29

62.5
13.9
38.6
0.42

62.2
14.1
39.1
0.45

62.2
13.7
37.5
0.39

0.43
0.31
0.25
0.24

0.61
0.08
0.22
0.09

0.20
0.11
0.56
0.02

1.8
1.9
0.25
0.91
1.8
1.9
1.8
0.40
2.7
2.7
0.15
0.72
2.7
2.7
2.6
0.41
43.6
35.0
38.1
48.7
31.9
x protein source interactions (P> 0.10) were observed.
cottonseed meal; 50:50 = 50% urea:50% cottonseed meal;

0.26
0.51

0.03
0.07

62.1
Dressing %
13.8
Ribeye area, sq in.
37.8
Marbling
Fat thickness, in
0.39
Kidney, pelvic,
1.8
heart fat
Yield grade
2.5
Percent Choice
40.3
aNo protein concentration
blOO:O = 100% urea:O%
urea: 100% cottonseed meal.
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Table 5. Ingredient composition of concentrate diets for the Fermentation Trial
Urea Concentration
Item
Alfalfa hay
Cottonseed hulls
Steam-flaked corn
Soybean meal
Urea
Molasses, cane
Fat
Supplement"

0.0

0.8

1.2

1.6

2.0

5.0
5.0
69.5
10.9
0.0
5.0
0.5
4.1

5.0
5.0
67.9
5.4
0.8
5.0
2.1
8.8

5.0
5.0
67.9
3.1
1.2
5.0
2.3
10.5

5.0
5.0
67.9
0.8
1.6
5.0
2.5
12.2

3.0
7.0
67.5
0.0
2.0
5.0
2.5
13.0

"Supplement included ground corn and wheat middlings. Diets were formulated to provide 0.12 ppm cobalt, 10
ppm copper, 40 ppm manganese, 0.22 ppm selenium, 30 ppm zinc, 30 g/ton monensin, 9.3 g/ton tylosin

•

Table 6. Effects of increasing dietary urea on intake, fecal ouput, total tract digestibility of nutrients, and
fluid dilution rate
Urea concentration
Item

0.0

0.8

Intake
DM (kg)
ADG (kg)
Starch (kg)

9.4
1.04'
2.53,.b

9.6
1.22b
2.44'

Fecal Output
DM (kg)
ADF (g)
Starch (g)
Digestibility
DM (%)
ADF (%)
Starch (%)
N (%)

•
•

1.00
343'
12.4

89.1
66.4,.b
99.1
85.9

1.06
370'
14.0

88.9
70.0b
98.9
85.9

1.2

10.1
1.07'
2.64,.b

1.16
398"b
15.3

88.5
62.8b.c
98.8
86.3

1.6

2.0

SEM

9.6
0.90c
2.79b

9.4
1.19b
2.71,.b

0.5
0.06
0.15

1.08
383"
16.1

88.5
55.5"
98.8
86.1

7.17
5.67
4.33
4.67
Dilution rate, %/h
,.b.cMeans within a row lacking common superscript differ (P < 0.05) .
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1.18
470b
15.6

0.08
32.5
1.9

87.5
60.4"'c
98.7
84.9

0.87
3.29
0.08
1.03

3.33

LSI

Table 7. Effects of increasing dietary urea on nitrogen balance
Urea concentration
Item

0.0

1.2

0.8

1.6

2lSa,b
232b
232b
209a
N intake (g)
31.4
31.8
30.4
30.6
Fecal N (g)
a,b
b
a
98.1
a,b
100.4
109.3
Urine N output (g) 80.0
100.4
102.3
7S.4
98.6
N balance (g)
N balance
41.1
43.8
3S.4
46.4
(% of intake)
a,b Means within a row lacking common superscript differ (P < O.OS).

2.0

SEM

214a,b
32.3
86.1a
9S.9

12.0
2.42
7.8
13.7

44.1

S.O
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Measuring fiber and its effectiveness in ruminant diets
David R. Mertens
US Dairy Forage Research Center
USDA-ARS, Madison, WI
INTRODUCTION
It appears that ruminants such as cattle and sheep evolved as forage consumers. Plant cell
walls, which we measure as fiber, cannot be digested by animals, but must be fermented by
microorganisms. Fermentative digestion of fiber is slow and incomplete, and ruminants have
developed many attributes that result in efficient digestion. They swallow large particles of
forage and selectively retain them in the rumen to allow adequate time for fermentation. They
regurgitate and rechew the large particles (rumination) to enhance digestion and allow passage
through the digestive tract. During chewing, they produce salivary buffers that help maintain the
pH in the rumen. Ideally, roughages should be an integral part of the diet of ruminants to take
advantage of their unique digestive capability. However, there are nutritional, operational, and
economic reasons for limiting the forage or roughage content in some ruminant rations.
To attain higher levels production, animals need higher energy densities in their rations.
Because forages or roughages are lower in digestibility and available energy than grains and other
concentrates, it is often desirable, nutritionally, to reduce fiber to minimum levels in the diet. In
addition, roughages tend to be more variable in nutrient content, which also makes it difficult to
use them in rations with consistent results. Economically, grains and concentrate feeds often are
less expensive sources of nutrients than forages. Operationally, roughages create difficulties and
additional expense in processing (chopping or grinding), in uniformly mixing and delivering
rations, and in obtaining consistent intakes without sorting. Thus, there are many practical
reasons for minimizing forage in rations of dairy cows and feedlot cattle. Although cattle can be
producti ve for short periods « 180 days) when fed high grain diets, their performance may be
compromised. The need for maintaining the long-term (multiple years) health and productivity of
dairy cows led to the development of minimum fiber or effective fiber requirements for
ruminants. However, it appears that these concepts may also be adapted to meet the fiber needs
of feedlot cattle under conditions of maximum performance.
Although it is a small portion of feedlot rations, the total quantity of roughage that is fed
daily in feedlot operations can be quite large. Given the nutritional, economic and operational
considerations in including roughages in feedlot rations, it is important to determine an effective
system for equating the roughage value or effective fiber of alternative fiber sources and to
establish appropriate guidelines for minimum fiber recommendations for feedlot cattle. My
objectives in this paper will be to discuss fiber measurement and the factors that influence its
effectiveness in maintaining ruminant performance. Most of the seminal research on this topic
has been done with dairy cows, but the principles learned and the methods of applying these
principles may have direct applicability to meeting the needs of feedlot cattle.
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MEASURING FIBER IN FEEDS FOR RUMINANTS
In animal feeding, fiber is a term used to define a nutritional, not a chemical or plant
anatomical concept. From the beginning, fiber methods were developed to measure the feed
components that represented the indigestible ballast in feeds (crude fiber - CF). Some
nutritionists define fiber as the any component in a feed that is not digested by mammalian
enzymes. Some of these components are soluble under mild extraction procedures and thus
result in "soluble" and "insoluble" fiber. Most constituents of soluble fiber (pectin, fructans,
beta-glucans) are readily fermented in the rumen and may even be readily fermented in the large
intestine of monogastric animals. Although they may have unique nutritional properties,
"soluble" fiber may contribute little to our understanding about the limitations that fiber plays in
the digestion and intake in ruminants. Thus, I prefer a more restrictive definition of fiber as the
"indigestible and slowly digesting, or incompletely available, fractions of feeds that occupies
space in the gastrointestinal tract" (Mertens, 1989), which defines fiber as insoluble components.
Nutritionally, fiber has both physical and chemical attributes that are related to the mechanical
processes of digestion (chewing and passage) and to enzymatic degradation associated with
fermentation.
Fiber methods isolate different chemical constituents in feeds (Table 1). The fiber with
the smallest magnitude is CF because the strong acid and alkali in this method leaves a residue
that is mostly cellulose with variable amounts of lignin and hemicellulose. Acid detergent fiber
(ADF) is next largest in magnitude because it recovers most, if not all, of the polymeric lignin
and cellulose in feeds, with some contamination from pectin, hemicellulose, tannin-protein
complexes, and ash. Of the three routine fiber methods only neutral detergent fiber (NDF)
isolates all of the insoluble fiber components in plants (hemicellulose, cellulose, and lignin) with
some protein contamination. In animal byproduct feeds, NDF isolates the nitrogenous material
that is indigestible or slowly digesting and thus meets the requirements of the nutritional
definition of fiber. Because ADF does not contain hemicellulose it is not an accurate estimate of
fiber in feeds. It was developed as a preparatory step for the determination of lignin (Van Soest,
1963a, b) and was never intended to be a measure of fiber in feeds.
The development of the NDF method was a significant advancement for the nutritional
characterization of feeds (Mertens, 1993). Van Soest (1964, 1967) recognized that an inadequate
understanding of the meaning and use of fiber prevented the development of methods to replace
CF. The principle on which the NDF method was founded was that feeds should be divided into
a readily digestible fraction what should be solubilized by the new fiber method and into an
incompletely digestible fraction that would be isolated as fiber (Van Soest and Moore, 1965).
Van Soest and Wine (1967) developed the NDF method to match the nutritional definition of
fiber and solubilize those components in feed that are readily available. Ideally we would like to
have chemical methods measure fractions that have constant availability across all feeds, so
called "ideal nutritive entities." Thus, if we know the amount of these chemical fractions we
automatically know their availability to the animal. Although NDF is not an ideal nutritive entity
because its digestibility varies with lignin concentration and other factors, neutral detergent
solubles (NDS) have ideal nutritive properties because they are almost completely digestible (95-
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98%), with the exception of the slowly digesting starch in some grains, and have relatively
constant endogenous losses (11-15% of dry matter intake).
Table 1. Conceptual partitioning of feeds into chemical and nutritional fractions.

CHEMICAL FRACTIONS:
M 0 isture 1-- ---- ----- --------- ---- ---------- ------------------- Dry Matter ----------------------- -------- ----- ---- ---- --- --- ----1Ash I ----------------------------------------------Organic Matter ------------------------------------------------I
I Lipid 1Protein I --------------- Carbohydrates, Organic Acids, and Complex Polymers --------------- I
h
c
I Sugars 1Starches I Org. Acids' I Pectins 1Hemicellulose I Lignins+ 1Cellulose 1
NUTRITIONAL

FRACTIONS -- Incompletely Digested:
1--------------------- Cell Walls ----------------------1
1-------- Neutral Detergent Fiber ------- 1
d
1Acid Detergent Fiber I
1 Crude Fiber I

NUTRITIONAL

FRACTIONS -- Readily Digested:
1------------------------ Nitrogen-Free Extrad ------------------------1--------------------- Neutral Detergent Solubles ---------------------- 1
I --------------------- NFC' --------------------- 1
g
I -- TNC or NSC -- 1
1 Starches I

• Organic acids, including the volatile fatty acids in silages and other fermented feeds.
h Includes
other soluble fiber such as beta-glucans and fructans.
Polymeric lignins and phenolic acid complexes (some of which may be soluble).
d Some phenolic
complexes and lignins with low molecular weight may be solubilized by acid detergent, especially
in grasses.
"Nitrogen free extract was supposed to represent the readily available carbohydrate in feeds, but does not because it
contains some lignins, phenolics, and hemicellulose, especially in forages.
f Nonfibrous
carbohydrates determined by difference (100 - Ash - Lipid - Protein - Neutral Detergent Fiber)
g Total nonstructural
carbohydrates (Smith, 1969) or nonstructural carbohydrates determined analytically.
C

Variation in dry matter digestibility (DMD) is related primarily to the concentration and
digestibility of NDF in feeds and a simple summative equation can be used to estimate
digestibility (Table 2):
DMD = .98*NDS + Dc*NDF - 12.9; where Dc = the variable digestion coefficient of NDF
and 12.9 = average endogenous loss of DM by the animal. Goering and Van Soest (1970)
reported equations that can be used to estimate the digestion coefficient of NDF from the ratio of
lignin to ADF. The summative approach has been modified by Conrad et al. (1984) and Weiss
(1993) who: 1) fractionated NDS into crude protein (CP), ether extract (EE), and nonfibrous
carbohydrates (NFC) and 2) related the digestibility coefficient of NDF to lignin (L) using a
complex surface law function. The most recent equation derived by Weiss (1993) is:
TDN1X = (e-.012*ADIN)*Cp+ .98*NFC + .94*2.7*(EE-l)
+ .75*(NDFcp - L)(1 - (LINDFcp)2/3) -7; where TDN1X is total digestible nutrients at one times
maintenance level of intake, ADIN is acid detergent insoluble nitrogen expressed as a percentage
of total nitrogen, NDFcp is NDF corrected for CP content, and 7 is the endogenous loss of TDN.
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Although complex, this equation indicates that the primary components affecting digestibility are
NDF and lignin concentration.
Table 2. Using the summative equation to estimate digestibility of feeds.

•

Component

Corn

Alfalfa

Grass

Neutral detergent fiber (% NDF)
Fraction ofNDF digested (Dc)
Digestible NDF (= Dc X % NDF)

10.0
.90
9.0

40.0
.46
18.4

63.0
.62
39.1

Neutral detergent solubles (% NDS)
Digestible NDS (= .98 X NDS)

90.0
88.2

60.0
58.8

37.0
36.3

97.2
-12.9
84.3

77.2
-12.9
64.3

75.4
-12.9
62.5

True DM digestibility (%)
Endogenous fecal DM excretion
Apparent DM digestibility (%)

There are high correlations among fiber methods within a feed type and, therefore some
nutritionists argue that it does not matter which fiber is chosen to develop feeding
recommendations. However, such feeding recommendations would only apply to a restricted set
of feeds and diets. Only NDF measures the differences within and among feed types and has the
potential for developing a system of general feeding recommendations across all feeds.
The NDF method has the reputation for being more difficult and variable than methods for
ADF or CF: The most important and controllable source of variation in NDF among laboratories
is due to differences in method and to poor laboratory technique. Both problems can be
minimized by following a standard NDF method exactly. Although the concept of fiber is based
on nutritional criteria, the chemical measurement of fiber is defined by the laboratory method that
is used. Modifications of the NDF method affect the "fiber" being measured, cause values to be
different among laboratories, and give the mistaken impression that NDF cannot be measured
accurately or precisely. Poor laboratory technique compounds these problems by increasing
filtration difficulties and decreasing the effectiveness of washing fiber residues.
The original NDF method (Van Soest and Wine, 1967; Goering and Van Soest, 1970)
used a boiling detergent solution with sodium sulfite to remove protein and EDT A to chelate
calcium and remove pectin. However, this procedure did not adequately remove starch from
concentrates or silages that contained grains. Robertson and Van Soest (1980) and Van Soest et
al. (1991) developed the neutral detergent residue (NDR) method, which uses a heat-stable and
detergent-stable amylase to assist in the removal of starch. They also eliminated the use of sodium
sulfite because it might remove phenolic compounds thought to be lignin. Although the NDR
method solved many of the problems associated with measuring fiber in starchy feeds, it did not
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eliminate all of the filtration difficulties or provide specific laboratory
needed to establish NDF as an accurate, routine method.

techniques

that were

My laboratory developed a NDF method that can be used on all feeds and is both
repeatable within laboratories and reproducible among laboratories. This method has been
published in the Forage Analyses Procedure Manual of the National Forage Testing Association
(Undersander et aI., 1993) and is being evaluated by the Association of Official Analytical
Chemists for recognition as an Official Method. Our amylase-treated NDF (aNDF) procedure
differs from the original NDF method (Van Soest and Wine, 1967) because it uses amylase and
differs from the NDR method of Robertson and Van Soest (1980) because it uses sodium sulfite
to remove protein contamination.
Unfortunately,
the results from all three methods (NDF, NDR, and aNDF) are often called
"NDF" even though values can be quite different (Table 3). Therefore, it is important to know
which "NDF" is being reported and to understand that some of the discrepancies among
laboratories in NDF results may be due to differences in methods. Although the differences can be
small for forages, when feeds are heated (such as distillers or brewers grains) the use of sodium
sulfite becomes crucial for the removal of protein that is denatured or bound with carbohydrates
in Maillard products. Because sulfite removes protein contamination,
aNDF will give
substantially lower values for fiber in heated feeds than the NDR method and will result in more
accurate estimates of fiber. Likewise, removal of starch by the use of amylase is crucial for the
accurate determination
of NDF in grains.
Table 3. Values obtained

using various methods to measure NDF (Hintz et aI., 1996).

Feed description

NDpa

Wheat strawd
Timothyd

(------------83.9
67.2
47.2

Alfalfa hal
Alfalfa silage
Corn silaged
Citrus pulp
Corn grain
Brewer's grains
Distiller's grains
Soybean meal

55.9

aNDPC
% of DM --------------)
86.0
82.8
68.0
65.1
50.4
46.3
43.6
42.2
55.0
52.6
20.2
10.1
40.9
27.9
12.4

21.3
11.4
52.3
38.6
18.5

aNDFINDR

(%)
96.3
95.7
91.9
96.8
95.6
94.8
88.6
78.2

72.3
67.0

Neutral detergent fiber - original method with sulfite, but no amylase (Van Soest and Wine, 1967).
b Neutral detergent residue - no sulfite, but with amylase (Robertson and Van Soest, 1980)
amylase-treated neutral detergent fiber - with sulfite and amylase (Undersander et aI., 1993)
d R.B. Robertson (personal communication,
1988)
a

C
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Given that it is possible to measure fiber accurately in all types of feeds by using the
aNDF method (or the original NDF method for feeds with little starch), it is unclear why there are
still difficulties in measuring fiber values for concentrates. Fiber values are provided in Table 4 to
give reference values for common feeds. Sometimes low test weights of grains can yield lower
than normal starch concentration, which has the effect of increasing fiber values. But NDF values
for concentrates are still reported that are unreasonably high, even in research publications. If
starch or total non structural carbohydrates (TNC) are measured, they can be used to validate NDF
results by comparing starch or TNC concentration to the calculated nonfibrous carbohydrates
(NFC) value. If starch or TNC are greater than NFC, it is an indication that NDF results are too.
high. Values that differ more than 10% from the NDF listed in table 4 should be suspected, but
recognize that occasional atypical values do occur.
Table 4. Chemical composition of selected feeds.

Feedstuff

cpa

EEb.

Ash

NFCc

TNCd

Starch

CF

ADFf

NDP

Alfalfa pellets, 3/8"
Alfalfa hay, mid bloom
Alfalfa hay, full bloom
Cool season grass, early veg.
Cool season grass, late veg.
Warm season grass, early veg
Warm season grass, late veg
Sorghum sudan, early veg.
Sorghum sudan, headed
Small grain silage
Com silage, well-eared
Com silage, average
Com silage, few ears
Com stover
Sorghum sil., (grain).
Sorghum sil., (forage) soft dough
Sorghum sil., (forage) milk stage
Barley straw
Wheat straw

17.2
17.2
14.3
16.5
11.5
13.7
9.4
15.0
7.0
11.3
8.0
8.4
8.6
5.9
9.4
7.2
7.7
4.4
3.6

2.4
2.1
1.5
3.8
2.6
2.4
1.9
3.9
2.8
3.3
3.1
3.0
3.0
2.1
3.0
2.2
2.3
1.9
1.8

10.6
9.1
8.9
8.5
7.1
6.9
7.3
10.5
9.6
7.7
3.8
4.2
4.6
7.0
7.0
5.1
4.7
7.5
7.8

22.3
24.1
23.2
15.8
13.6
8.2
8.0
11.6
10.6
21.3
42.1
36.4
30.8
15.0
27.6
20.3
12.5
13.7
6.8

20.1
21.7
20.9
9.1
7.4
6.1
5.3
8.8
8.1
20.2
39.5
30.7
27.4
14.3
26.8
15.4
9.5

4.5
2.6
2.0
2.1
1.6
2.3
2.6
2.6
2.4
17.0
35.6
27.7
24.7
12.8
24.1
4.6
2.8

29.8
29.8
33.7
24.8
30.5
28.3
32.0
28.0
34.0
27.0
20.0
23.0
26.0
33.0
26.0
26.3
32.6

36.0
36.0
40.0
30.0
36.8
32.9
38.7
34.0
42.0
34.7
24.0
28.0
31.0
42.0
32.8
34.4
38.6

2.0

1.0

42.0

50.0

47.5
47.5
52.1
55.5
65.3
68.9
73.3
59.0
70.0
56.5
41.0
46.0
51.0
70.0
53.0
65.2
71.8
71.5
80.0

Barley grain, heavy
Barley grain, light
Com and cob (ear com)
Com, high moist. ear, 1/2 cob
Com, high moist. ear, 1/2 cob
Com dry grain, light
Com dry grain, normal
Com, high moisture
Oats grain

13.5
12.5
9.0
9.0
9.0
11.0
10.0
10.0
13.3

2.1
2.3
3.7
3.7
3.7
3.7
4.3
4.3
5.2

2.4
2.5
1.9
1.9
1.9
1.9
1.6
1.6
3.4

63.0
54.7
59.4
67.4
67.4
71.4
74.1
74.1
48.1

62.2
53.6
58.8
66.7
66.7

59.7
52.0
57.6
65.4
65.4

4.5
6.5
9.4
5.0
5.0

6.0
9.0
11.0
6.0
6.0

73.4
73.4
46.7

71.0
71.9
44.0

2.6
2.6
12.0

3.0
3.0
15.0
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19.0
28.0
26.0
18.0
18.0
12.0
10.0
10.0
32.0

Table 4. Continued.

Feedstuff

CP"

EEb

Ash

Sorghum grain (milo)
Wheat grain, hard red
Beet pulp
Brewers grains, dried
Canola rapeseed meal
Citrus pulp
Corn cobs
Corn distillers grains wI solubles
Corn distillers grains wlo solub1es
Corn gluten meal
Corn gluten feed
Corn hominy feed
Cottonseed, whole, wlo lint
Cottonseed, whole, wI lint
Cottonseed hulls
Cottonseed meal, solv. extr.
Linseed meal, solv. extr.
Molasses, liquid
Molasses, dried on hulls
Peanut meal, mech. extr.
Peanut hulls, coarse
Peanut hulls, pelleted
Rice bran
Rice mill feed
Soybean hulls, fine grind
Soybean meal 44%CP
Soybean meal 48%CP
Soybean seeds, roasted
Sunflower meal wlo hulls
Sunflower meal with hulls
Wheat bran
Wheat middlings
Wheat shorts

II.5
13.0
9.7
28.0
40.0
7.2
3.2
29.0
25.0
67.2
21.0
11.2
25.0
23.0
4.4
46.5
38.8
5.8
10.3
51.0
7.8
7.8
14.1
7.0
15.0
49.9
55.1
40.8
49.0
30.0
17.1
18.0
18.6

3.4
1.8
0.6
7.0
2.8
3.8
0.7
10.3
9.4
2.6
4.0
6.5
23.0
20.0
1.7
1.5
1.7
0.1
0.9
5.6
1.7
1.7
15.3
5.7
2.4
1.5
1.0
19.0
3.1
1.7
4.4
4.5
5.2

2.0
1.9
7.5
4.8
7.4
6.6
2.8
5.0
3.0
1.4
6.5
2.6
4.5
4.8
2.8
7.0
6.5
13.1
13.3
5.2
4.6
4.6
12.0
15.0
5.0
7.3
6.5
5.7
7.5
6.7
6.9
5.2
4.9

NFCC TNCd

71.1
70.3
40.9
13.2
23.8
60.4
7.3
17.7
18.6
18.8
30.5
56.7
8.5
3.2
2.1
15.0
28.0
78.0
25.5
21.2
11.9
. 11.9
25.6
12.3
13.6
27.3
27.4
22.5
13.4
19.6
29.6
35.8
38.3

68.6
69.6
29.1
12.0
14.1
27.2
5.2
14.1
17.0
16.2
26.0
52.0
4:2
1.6
1.9
7.5
26.8
77.2
25.2
14.8
6.0
6.0
25.3
10.0
13.2
13.7
13.7
9.0
11.0
15.0
27.0
34.4
35.0

Starch

CF"

ADFf

NDFg

67.2
68.0
0.4
3.8
13.5
0.2
1.0
2.4
2.4
15.6
23.3
31.0
0.8
0.3
1.0
1.5
4.0
0.0
0.0
4.8
1.0
1.0
22.8
6.0
5.3
2.7
2.7
1.5
4.0
6.0
18.0
29.0
23.8

3.0
2.9
16.0
14.9
10.4
13.0
33.2
9.9
12.1
2.0
8.0
5.2
18.0
26.0
48.0
14.1
10.1
2.0
6.7
9.0
60.0
60.0
13.0
32.0
36.0
7.0
5.0
5.0
14.0
25.0
9.0
8.9
7.7

6.0
4.0
21.5
23.0
17.0
17.5
40.0
19.0
18.0
3.0
10.0
6.0
29.0
34.0
70.0
20.0
19.0
2.0
35.0
13.0
65.0
65.0
19.0
48.0
46.0
10.0
7.0
8.0
20.0
30.0
12.0
13.2
10.0

12.0
13.0
41.3
41.0
26.0
22.0
86.0
28.0
34.0
10.0
38.0
23.0
39.0
49.0
89.0
30.0
25.0
3.0
50.0
17.0
74.0
74.0
33.0
60.0
64.0
14.0
10.0
12.0
27.0
42.0
42.0
36.5
33.0

Crude protein.
b Ether extract or crude fat.
e Nonfiber carbohydrates
or neutral detergent soluble carbohydrates (= 100 - CP - EE - ash - NDF)
d Total non structural carbohydrates
measured analytically.
e Crude fiber.
f Acid detergent fiber.
g Neutral detergent fiber (various methods).
a
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Although aNDF measures the important chemical characteristics of fiber for ruminants, it
does not measure the physical properties, such as particle size, that influence the effectiveness of
fiber in meeting ruminant minimum requirements. When most of the fiber in rations is from long
or coarsely chopped forages, NDF concentration can be used to formulate rations to meet
minimum fiber needs. However, NDF is less effective in formulating minimum fiber rations when
finely chopped forages or ground nonforage fiber sources (byproduct feeds) are used.
FIBROUSNESS, FIBROSITY INDEX, ROUGHAGE VALUE
AND PHYSICAL STRUCTURE
The importance of the physical properties of rations is well established. Balch (1971)
proposed that chewing activity per unit of dry matter (DM) could be a biological measure of a
feed's physical properties that he called fibrousness characteristic. Sudweeks et a!. (1979,1981)
developed the concept of roughage value index (RVI), which was based on the minutes of total
chewing time per kilogram of DM. They standardized the procedure under which chewing activity
was measured by steers and established the RVI for a variety of feeds and defined a minimum
RVI for dairy rations.
Norgaard (1986) also used chewing activity measured under standardized conditions to
assess the physical structure of feeds for dairy cows. His system is based on type of feed (physical
structure group) and particle size (degree of grinding or chopping). Feeds in physical structure
group 1 (grains, concentrates, and pelleted feeds) were assigned a standard chewing time of 4 or
10 min/kg of DM for fine or coarse grinding, respectively. Feeds in physical structure group 2
(forages and nonforage fiber sources) were given a chewing time of 300 min/kg of CF intake
multiplied by a degree of chopping factor (fine = .25, coarse = .75, and long = 1.00). Sauvant et
a!. (1990) also observed a relationship between CF and chewing activity (min per kg of DM)
which they called fibrosity index. They concluded that fibrosity index provided only an indication
of ration adequacy and was not an additive feed unit that could be used to formulate rations. The
major limitation of these systems is the use of chewing time as a feed attribute. The variability of
chewing activity per kilogram of DM that is related to animal differences (even when attempts are
made to standardize measurements) limits its usefulness as a feed attribute.
EFFECTIVE FIBER, ROUGHAGE VALUE UNITS AND
EFFECTIVE AND PHYSICALLY EFFECTIVE NDF
The effects of the amount and source of fiber on milk fat production have been known for
a long time (Van Soest, 1963; Donefer, 1973). The concept of effective fiber was developed by
nutritionists to formulate rations that would maintain milk fat percentage in dairy cows.
Effectiveness of the fiber in a specific feed for maintaining milk fat production was estimated
relative to fiber in a standard or reference feed. Effective fiber values were based on several
standards such as cottonseed hulls, (Harris, 1984), hay (Gleaves et a!., 1973; Milligan et al.,
1981), or alfalfa silage (Clark and Armentano, 1993; Swain and Armentano, 1994), which made it
difficult to use these systems over the full range of feeds fed to ruminants.
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Roughages are coarse, bulky feeds that are high in fiber. The unique aspect of the term
roughage is that it implies texture, a physical property of feeds. If a high fiber feed is ground, it
loses its roughage property. Biologically, roughages are coarse, high-fiber feeds that stimulate or
require chewing, and also influence rate of passage and the biphasic nature of the rumen. Mertens
(1986) proposed a roughage value unit (RVU) system for measuring the effectiveness of feeds in
stimulating chewing activity that was based on a chemical measure of fiber (NDF) and a physical
measure of particle size. A standard or reference value with an RVU of 100 was defined as a
hypothetical feed containing 100% NDF with all particles large enough to stimulate chewing (a
long grass hay containing 100% NDF). Mertens (1992) standardized the effectiveness values of
Harris (1984), Gleaves et al. (1973), Milligan et al. (1981), Clark and Armentano (1993), and
Swain and Armentano (1994) so they would be based on a common scale using long grass hay as
the reference and developed roughage value adjustment factors that could be multiplied times
NDF to obtain RVU for feeds (table 4).
Although (Mertens (1986) related roughage value to the effectiveness of fiber in
stimulating chewing activity, the traditional definition of effective fiber was related to the ability
of fiber to maintain milk fat production or animal health (Gleaves et al., 1973; Milligan et al.,
1981; Harris, 1984; Clark and Armentano, 1993; Swain and Armentano, 1994). To clarify these
concepts Mertens (1997) proposed definitions for both effective NDF (eNDF) and physically
effective NDF (peNDF). The peNDF of a feed is related to the physical properties of its fiber
(primarily particle size) that stimulates chewing activity and establishes the biphasic stratification
of ruminal contents (floating mat of large particles on a pool of liquid and small particles). The
eNDF is related to the sum total ability of a feed to replace roughage so that the percentage of fat
in milk is effectively maintained. Because peNDF relates only to the physical properties of fiber,
it is a more restricted term and concept than eNDF. The peNDF will always be less that NDF,
whereas eNDF can be less than or greater than the NDF concentration in a feed (Figure 1).

Figure I. Illustration of the relationships among NDF, physically effective NDF, and effective NDF.
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The animal response associated with peNDF is chewing activity. The peNDF of a feed is
the product of its NDF concentration and its physical effectiveness factor (pet). The pef varies
from 0 when NDF in a feed stimulates no chewing to 1 when NDF promotes maximum chewing
activity. Because it is related to fiber concentration, particle size, and reduction in particle size,
peNDF is related to the stratification of ruminal contents, which is an important factor in the
selective retention of large particles in the rumen, the stimulation of rumination and ruminal
motility, and the dynamics of ruminal fermentation and passage. Salivary buffer secretion is an
important factor in maintaining ruminal pH at optimal levels; therefore, peNDF is related to
animal health and milk fat depression via its relationship to buffer secretion and ruminal pH.

••
•

Conceptually, peNDF is related to fibrousness characteristic (Balch, 1971), roughage
value index (Sudweeks et aI., 1979, 1981), physical structure (Norgaard, 1986), and fibrosity
index (Sauvant et aI., 1991) because all are related to chewing activity. However, peNDF differs
from these concepts because it is a feed attribute that is based on a fixed scale (0 to 1) and
reference value (long grass hay) rather than being a biological response (chewing minlDM) that
varies with the conditions under which it is measured. As indicated by Sauvant et aI. (1991),
chewing activity is a variable that is not constant or additive for feeds in a ration. Chewing
activity varies with breed (Welch et aI., 1970), animal size (Bae et aI., 1983), and level of intake
(Sauvant et aI., 1991) as well as fiber concentration and particle size (Jaster et aI., 1983, Mertens,
1986).
Variations due to animal and experimental differences are minimized because pef are
fractions in which the animal effects in the numerator and denominator cancel (pef = [min. of
chewing per kg of NDF in the test feed] / [min of chewing per kg of NDF in long grass hay D.
Thus, pef is a proportional change in expected chewing response that should be relatively
consistent among ruminants. It is well known that lactating cows at high levels of intake do not
chew the same amount per kilogram of intake as steers. However, we would expect that changes
in NDF content and physical form of a feed or ration would result in similar proportional changes
in chewing between these animals. Because peNDF is a constant for a feed and is additive in feed
formulation systems, variation due to the animal is attributed to the peNDF requirements and not
arbitrarily partitioned between feed characteristics and animal requirements. This implies that the
requirement for peNDF would be different between dairy cows and feedlot cattle, but an accurate
peNDF for each feed represents the proportional response of each animal type to the ration they
consume.

•

The animal response associated with eNDF is milk fat depression. Thus, eNDF is related
to the concept of effective fiber (Gleaves et aI., 1973; Milligan et aI., 1981; Harris, 1984; Clark
and Armentano, 1993; Swain and Armentano, 1994). Effectiveness ofNDF in maintaining milk
fat production can vary from < 0 when a feed depresses fat percentage in milk to > 1 when a feed
maintains fat percentage more effectively than it maintains chewing activity. Although the base
for measuring effectiveness is NDF concentration in the feed, the concept that effectiveness
values can be greater than 1.0 indicates that other factors in feeds that stimulate milk fat
production influence the eNDF value. Conversely, it could be hypothesized that eNDF values
could be less than zero when a feed has a detrimental effect on milk fat synthesis that is greater
than the stimulating effects of its NDF (e.g., molasses, purified starches). Because eNDF includes

49

the effects of peNDF, it is expected that eNDF should have a larger value (and range of values)
than peNDF for most feeds.
As illustrated in figure 1, eNDF includes the effects of peNDF that influences milk fat
percentage, but also includes other characteristics of the feed that affect milk fat production, such
as intrinsic buffering or acid neutralizing capacity, fat concentration and composition, soluble
protein or carbohydrate concentrations, and ratios and amounts of VFA produced during
fermentation that induce metabolic changes. Armentano and Pereira (1997) described a slope ratio
method for assessing eNDF that relates milk fat percentage to the intake of NDF from non forage
fiber sources. They assumed that concentrates had zero eNDF and plotted milk fat percentage
against dietary NDF from alfalfa and nonforage fiber sources. They determined the effectiveness
factor for NDF as the ratio of the slope of the test feed to that of the alfalfa silage reference. Their
plots have nonzero intercepts, which accounts for baseline differences in cows among
experiments.
DETERMINING peNDF USING CHEWING DATA
Fiber effectiveness is a nutritional concept that can be truly measured only by animal
response. The biological assessment of peNDF and eNDF differ because the animal response is
different. Using chewing activity to assign peNDF values to feeds in a unified, quantitative system
involved several aspects. The first step in developing a unified system for assessing pef was to
define a standard reference against which all feeds are compared. Mertens (1986) proposed that
the hypothetical standard should result in the maximum amount of chewing activity per kilogram
NDF. He suggested that the reference feed be a long grass hay that would be assigned a pef of
1.0. If the reference grass hay contained 100% NDF it would also have a peNDF of 100. Using the
data from dairy cows eating 0.4 to 2.0 times maintenance, Mertens (1986) reported that chewing
activity per kilogram of DM intake was highly correlated to percentage of NDF in the feed. Based
on equations generated from this data, Mertens (1986) estimated that the hypothetical long grass
hay with 100% NDF would require about 230 min. of chewing per kilogram of NDF by dairy
cows with an average intake of 1.1 times maintenance.
Mertens (1986) also summarized data to demonstrate that particle size reduction of the
feed by chopping or grinding reduced the chewing activity per kilogram of NDF intake (table 5).
Chopping feeds through screens with 40-mm (1.5 in) openings reduced chewing activity to 80%
of the unchopped feed. Chopping to a theoretical length of cut of 5 mm (1/4 in) decreased
chewing to 70% of that observed when the forage was chopped using a 20 mm (3/4 in) theoretical
length of cut. Grinding reduced chewing activity to 20 to 60% of that for long forage.
To estimate pef for NDF based on chewing activities of lactating cows consuming
concentrates and nonforage fiber sources, Mertens (1997) summarized the data from 45 published
experiments. The NDF intake from each source and physical form were determined for each of
the 274 combinations of cows and treatments. A physical form classification scheme was
designed to provide a uniform system for describing the particle size information provided by the
various researchers. Feeds were assigned to a physical form class based on the descriptions of the
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feed provided by the authors. If no particle size information was provided, feeds were assigned to
the median class for that feed.

Table 5. The effect of particle size of forages on the chewing activity of cows (Mertens, 1997).

Feed
Physical form

•
,

.

•

NDF

Alfalfa hay
long
chopped (38 mm, 1.5 int
Bermudagrass hay
long
chopped (38 mm, 1.5 in)a
Alfalfa hay .
long
chopped (38 mm, 1.5 in)a
Oat Straw
long
ground
Ryegrass
long
finely ground (1.2 mm, 1/8 in)a
Corn silage
19 mm, 3/4 in TLCc
13 mm, 1/2 in TLCc
6 mm, 1/4 in TLCc
Alfalfa hay
25 mm, 1 in TLCc
5 mm, 3/16 in TLCc

Total chewing activity
Chewing
min/kg
reduction
NDFI

Reference

54
54

134
109

100
82

Mertens, unpublished

72
72

149
118

100
79

Mertens, unpublished

53
53

117
84

100
72

Sudweeks et al. (1979)

84b
75b

194
113

100
58

Campling & Freer (1966)

65b
64b

139
29

100
21

Freer & Campling (1965)

68
62
60

97
96
66

100
99
68

Sudweeks et al. (1979)

55
45

95
66

100
69

Santini et al. (1983)

'Screen aperture diameter.
bNDF calculated from crude fiber concentration (Mertens, 1985b).
cTheoretical length of cut.
Kilograms of daily NDF intake from each feed and physical form were regressed on the
daily total minutes of chewing. A zero intercept linear model was used under the assumption that
no chewing activity would occur if no feed was consumed. The regression coefficients in these
equations represented the minutes of chewing activity per kilogram of NDF from each source and
physical form. In this data set, the mean chewing time for long grass hay was 150 min/kg of NDF.
Long grass hay was chosen as the standard (pef = 1.0) for calculating the pef for all other NDF
sources.
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The pef were estimated by dividing the observed total chewing time by 150 min/kg of
NDF and regressing this variable against the kilograms of NDF intake from each source. The
regression coefficients from this analysis are a direct estimate of the pef for the NDF from each
source and physical form relative to that for long grass hay. Most pef had standard errors of 0.05
or less with the exception of pef for byproduct feeds and concentrates. The NDF intakes from
many sources were combined for byproduct feeds and concentrates, which resulted in a imprecise
estimate of pef for these feeds. In addition, there were some inconsistencies in the pattern of the
pef within and among NDF sources. To rectify inconsistencies, pef were smoothed within each
NDF source to obtain a logical progression of factors in relation to physical form and they were
standardized to obtain a consistent pef within a physical form classification across all NDF
sources. After obvious outliers and experimental differences were removed, the r2 = 0.76 between
observed and predicted chewing activity based on the standard pef. These pef are given in table 6
and also in table 9 where they are compared to other estimates of fiber effectiveness.
Table 6. Physical effectiveness factors (pef) of NDF for various sources and physical forms.
Classification

Long
Chopped
Coarse
Medium-coarse
Medium
Medium-fine
Fine
Ground
Medium
Fine/pelleted
Rolled HM comb
Rolled barley
Ground
Cracked/coarse
Medium
Fine/pelleted

Dimension Grass
(inchesa)
hay

Grass
silage

Corn
silage

0.95
0.90
0.85

>.25
<.25

0.40
0.30

Alfalfa
silage

Concen
-trates

Byproducts

.95

1.00
>2
1-2
.5-1
.25-.5
<.25

Alfalfa
hay

0.90

0.95
0.90
0.85

0.90
0.85
0.80

0.85
0.80
0.70

0.85
0.80
0.70

0.40
0.30

•

0.80
0.70
0.60
0.40

>.5
.25-.5
<.25

0.40

0.30
Approximate dimensions of screen openings or theoretical lengths of cut.
b Rolled high moisture corn.

a

The pef in table 6 can be used to estimate peNDF for a specific feed by: 1) analyzing the
feed to determine its NDF concentration, 2) determining its physical form classification, 3)
obtaining the pef from table 6, and 4) multiplying NDF concentration by the pef (peNDF = NDF
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X pef). This approach was used to calculate the peNDF of several of the feeds (table 7). There
was no chewing activity for cottonseed hulls in the database compiled by Mertens (1997). Based
on the particle size and density of cottonseed hulls, it was estimated that the pef would be about
0.90 when some long hay (equivalent to 1.6 kg of NDF/day) was fed in the ration. Cottonseed
hulls are probably less effective as a fiber source when they provide the only unground fiber in the
ration. One of the desirable consequences of using NDF as the basis for describing the physical
effectiveness of feeds in stimulating chewing activity and ruminal function is that differences in
NDF concentration among specific batches of feed can be taken into account. This approach
should account for the major differences in peNDF among feeds, but is limited by the correct
selection of the appropriate physical form class in table 6.

•

Table 7. Calculated physically effective NDF concentrations of selected feeds .

•

.

Feed ingredient

NDF

Physical form

45
42
42
42
73
19
74
42
10
55
43
40
40
90
26
65
15
67

Pelleted
Alfalfa, dehydrated
Long
Alfalfa hay, early bloom
Medium chopped
Alfalfa hay, early bloom
Finely chopped
Alfalfa silage, early bloom
Long
Bahiagrass, late vegetative
Rolled
Barley grain
Bermudagrass, 15-28 days . Coarsely chopped
Brewer's grains
Medium ground
Com grain
Com hominy
Com distiller's grains
Coarse chopped
Com silage, well-eared
Fine chopped
Com silage, well-eared
Cottonseed hulls
Cottonseed meal
Coarsely chopped
Sorghum silage
Soybean meal, 44% CP
Soybean hulls
a

X

pef

=

0.40
0.95
0.85
0.70
1.00
0.70
0.95
0.40
0.40
0.40
0.40
0.90
0.80
0.90a
0.40
0.95
0.40
0.40

peNDF
18.0
39.9
35.7
29.4
73.0
13.3
70.3
16.9
4.0
22.0
17.2
36.0
32.0
81.0
10.4
61.8
6.0
26.8

Estimated based on particle size and density when some long hay is included in the ration .

'

DETERMINING peNDF USING PHYSICAL MEASUREMENTS
Although effectiveness can be truly measured only by animal response, it is clear that this
is not a feasible approach for determining peNDF values on specific lots or batches of feed. To
provide an accurate and specific peNDF value for a particular feed, both NDF and pef must be
determined using routine laboratory methods. Laboratory assessment of peNDF involves
compromises, but these compromises should have minimal consequences if they are made based
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on biological principles and if the feed values and animal requirements for peNDF are consistent
with one another.
Mertens (1986) proposed that only fiber particles that are large enough in size to be
retained in the rumen and to require chewing should contribute to roughage value or peNDF. This
suggests that measurement of chemically determined NDF and physical description of particle
size could be used to estimate peNDF. To implement this concept, the size of the particles that are
important in physical effectiveness must be determined. Dixon and Milligan (1981) reported
passage rates of 0.0004,0.010,0.025,0.041,0.048
and 0.059/h for particles retained on sieves
with apertures of 6.8,4.9,3.2,2.0,0.7,
and 0.25 mm, respectively. Their results suggest that
particles retained on sieves with apertures >3.2 mm pass out of the rumen slowly and require
additional chewing. Poppi et ai. (1985) concluded that particles retained on a I.I8-mm sieve have
a high resistance to passage in both cattle and sheep, suggesting that they are selectively retained
and chewed. Cardoza (1985) measured the particles size of feces from cows fed 40 combinations
of forage source and concentrate level to determine the threshold size for passage. He observed
that <5% of the particles were retained on 3.35-mm sieves and that the median particle size in
feces was retained on sieves with apertures of 0.4 to 2.0 mm (vertical shaking). His results
suggest that particles passing through a I.18-mm sieve readily pass out of the rumen and provide
little stimulus for chewing.
Mertens (1986, 1997) proposed a simple method of combining chemical and physical
laboratory measurements to estimate peNDF. A feed would be measured for NDF chemically and
the proportion of DM of dried samples retained on a I.18-mm sieve using vertical shaking would
be measured. The pef would be assumed to equal the proportion of DM retained on a I.I8-mm
sieve and the peNDF would be determined as shown in table 8. The primary limitation to laboratory
assessment of peNDF is that methods for measuring particle size have not been standardized.
Although sieving has promise as a laboratory method for estimating pef, the method used to
measure particle size distribution can have a substantial impact on results. Depending on the method,
Murphy and Zhu (1997) reported that the proportion of a forage retained on a I.I8-mm sieve
ranged from 0.75 to 0.90, which would have a substantial impact on the estimation of peNDF.
They observed that the range in the proportion of concentrate DM retained on a I.I8-mm sieve
was similar; 0.45 to 0.65. The methods they compared used horizontal motion to separate the
particles. Shakers that use a vertical displacement motion would be expected to obtain lower
proportional retentions on a I.18-mm sieve. Research using a vertical shaker (Mertens et aI.,
1984) indicated that this method tended to separate particles by their minimum cross-sectional
dimension. Long particles tend to bounce on end and pass through sieve openings lengthwise.
Mertens et ai. (1984) reported that the ratio of length to width of particles retained on sieves that
were vertically shaken was about 10: 1 for alfalfa and bermudagrass hay and 4: 1 for corn silage.
This suggests that to achieve the same particle size distributions, apertures for horizontally shaken
sieves would need to be 4 to 10 times larger than those for vertical shakers.
Lammers et ai. (1996) described a simple, 2-sieve system that is manually shaken using
horizontal displacement (Penn State separator). They reported that the 8-mm sieve retained 0.80,
0.65, and 0.45 of the particles for corn silage and 0.85, 0.70, and 0.45 of the particles for hay crop
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Table 8. Estimating the physically effective NDF (peNDF) of feeds using chemical (NDF) and
physical measurements (sieving) in the laboratory (adapted from Mertens, 1986).

Feed

••

•

•

Standard
Grass hay, long
Legume hay, long
Legume silage, coarse chop
Legume silage, fine chop
Corn silage
Brewers grains
Corn, ground
Soybean meal
Soybean hulls
Rice mill feed

pef

DM retained on
1.18-mm sieveb X

NDF

1.00
0.98
0.92
0.82
0.67
0.81
0.18
0.48
0.23
0.03
0.005

100
65
50
50
50
51
46
9
14
67
56

1.00
1.00
0.95
0.85
0.70
0.85
0.40
0.40
0.40
0.40
0.40

=

peNDF
100.0
63.7
46.0
41.0
33.5
41.5
8.3
4.3
3.2
2.0
0.3

aStandardized physical effectiveness factors based on chewing activity (from table 6).
bYertical shaking motion was used to separate particles.

silages that had longest, average, or shortest chop, respectively. Extrapolating the distribution
plots of Lammers et al. (1996) suggests that using their method with sieve apertures of 4 mm and
6 mm would yield retained proportions that correspond to pef (Table 6) for corn silage and hay
crop silage, respectively. Thus, using the total proportion of material retained on the two
sieves of the Penn State separator will slightly underestimate the pef observed by Mertens
(1997) that were based on chewing activity.

•

There are several difficulties in using the Penn State separator other than determining the
correct sieve apertures that are related to peNDF. One is separation technique. It is difficult to
standardize the method because shaking intensity, and perhaps duration, varies among
individuals. Perhaps more important is the moisture of feeds and how it affects both separation
and measurement. Particles tend to stick to one another when one or both are moist. This is
especially true of ground concentrates sticking to moist silage particles. This causes a bias in the
separation of undried materials because small particles stick to large moist ones and are measured
as weight or proportion of large particles. However, even more important may be the weight of
water in moist particles. For example, if a ration consists of corn silage, ground corn and soybean
meal, all of the large particles will be corn silage that contains 60-70% water and all the small
particles will be corn and soybean meal that contain only 10% water. Using undried weights
retained on sieves will greatly over estimate effective fiber.

)

Laboratory assessment of peNDF using dried samples is limited by the assumption that
fiber and DM distribution are similar among particle sizes. It is expected that larger particles
would have more fiber than smaller ones. Thus, using particle distributions of DM probably
underestimates physical effectiveness. This limitation could be overcome easily by directly
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•
determining peNDF as the NDF in particles retained on the 1.18-mm sieve (vertical shaking) as a
percentage of total DM. Finally, the limitation that not all particles larger than 1.18-mm will result
in the same amount of chewing could be overcome by using additional sieves with apertures
greater than 1.18 mm and weighting the NDF retained on each sieve by the amount of chewing it
should stimulate. More research is needed to relate chewing activity to particle size before the
weighting factors for the particles on each sieve can be determined.
COMP ARISON OF FIBER EFFECTIVENESS FACTORS
Various factors have been proposed for determining the effectiveness of NDF in
maintaining ruminant health, ruminal function and productivity (table 9). Mertens (1985a, 1986)
suggested that particles < 1.18-mm would not stimulate chewing or maintain ruminal function and
reported the proportion of DM retained on sieves with openings of 1.18 mm and greater for
several feeds (table 9). It appears that these data were used to develop effective NDF values (table
9) for the Net Carbohydrate and Protein System (NCPS). Although Mertens (1985a) was not cited
by Sniffen et al. (1992) as the source for the NCPS eNDF values, his work was noted in Fox et al.
(1990). It appears that these same effectiveness factors are used in the Nutrient Requirements of
Beef Cattle (NRC, 1996). Later, Mertens (1992) summarized all data that had been used to assign
fiber effectiveness values for lactating cows and expressed them on a common scale as roughage
value units. Most recently, Mertens (1997) derived physical effectiveness factors for NDF based
on chewing activity by cows.
Table 9. Comparison of neutral detergent fiber effectiveness factors from various sources.

Feed ingredient

Texture

Alfalfa, dehydrated

1/8" pellets
3/8" pellets
1/8" pellet
Long
Coarse chop
Medium chop
Fine Chop
Coarse chop
Medium chop
Fine Chop
Medium chop
Medium chop
Medium chop
Long
Coarse chop
Medium chop
Medium chop
fine chop

Bermudagrass (Coastal)
Alfalfa hay

Alfalfa silage

Wheat silage
Oats silage
Barley silage
Grass hays

Com silage, mature, well-eared

6

ef'

rvf

ef

pef

6

35

6

60
45
95

92

40
40
30
95

90
85
70

82

82

67

67

98

98

80

82

100
95
95
100

61
61

65
98

90
85
70
90

90
90

100
95

90
71
61

56

95

71

85
80

•

•

Table 9. Continued.

Feed ingredient

Texture

Com silage, average

Medium chop
fine chop
Medium chop
Fine chop

Orchard grass silage

Sorghum sil., forage variety
Sorghum sudan grass hay
Sorghum sudangrass silage
Barley straw
Wheat straw
Barley grain, heavy

Com dry grain, normal

Com, high moisture

Com and cob (ear com)
Com, high moist. ear, 1/2 cob
Oats grain

Sorghum grain (milo)

Wheat grain, hard red

PS'

ef'

81

81
71
88
73

rvf

Whole
Steam flaked
Crimped. rolled
Rolled
Medium grind
Fine grind
Whole
Steam flaked
Cracked/coarse
Medium grind
Fine grind
Whole
Medium rolled
Fine rolled
Medium grind
Rolled
Medium grind
Whole
Rolled
Medium grind
Steam flaked
Rolled
Medium grind
Whole
cnmp
rolled
Cracked/coarse
Medium grind
Fine

Barley malt sprouts

57

pef

81

85
80
90
85

95

81
98
41

100

100
98

85
100
90
85
100
100

34

(90)
(80)
70
40

95
100

95

Medium chop
Long
Medium chop
Fine chop
Long
Long

ef

99
34

34

99

100

48

60
48

100

100
70
48
56

40

20
40

60
48
0

20
30

0
80

35
50
50

56

40

34
34
34
34
0

100
76
34

(80)
60
40
30

20
100

40
80
60
(80)
40
(80)
60
40
(90)
(60)

34

20

0

40

45

34

40

Table 9. Continued.

Feed ingredient

Texture

Beet pulp
Beet pulp
Brewers grains, dried
Canola rapeseed meal
Citrus pulp
Citrus pulp
Corn cobs
Corn distillers grains wI solubles
Corn distillers grains wlo solubles
Corn gluten meal
Corn gluten feed
Corn hominy feed
Cottonseed, whole, wI lint
Cottonseed hulls

Whole
Pelleted

Cottonseed hulls, pelleted
Cottonseed meal, mech. extr.
Linseed meal, solv. extr.
Molasses, dried on hulls
Oat hulls
Peanut meal, mech. extr.
Peanut hulls, coarse
Peanut hulls, pelleted
Rice bran
Rice mill feed
Soybean hulls
Soybean hulls
Soybean meal 44%CP
Soybean meal 48%CP
Soybean seeds, roasted
Sunflower meal wlo hulls
Sunflower meal with hulls
Wheat bran
Wheat middlings

PSa

Whole
Pelleted
Medium grind

18
5
76
56
4

36
9
Whole
Whole, with long hay
Whole, wlo long hay

rvf

33

40

33

18

35
20

18
23

23
56
4

45
40
30
30
20
50
30
85
80

33

36
36
9
100

36

36
12
Fine grind
Whole
Fine grind

1
99
3
23

Whole

23
100

9
33
2

ef

ef'

33
2

65
30
20
30
60
30
85
25
50
10
20
20
20
50
30
30
45
50

4
36
36
100

36

36

0

2
23
23
100
23

2

pef

40
30
40
40
30
40
40
40
40
40
40
(90)
(90)
(40)
40
40
40
40
40
40
30
40
30
40
30
40
40
40
40
40
40

Proportion of particles retained on sieves with apertures> 1.18 mm (Mertens, 1985a, 1986).
Effectiveness factors in Net Carbohydrate and Protein System (Fox et aI., 1990; Sniffen et aI., 1992).
Roughage value adjustment factor proposed by Mertens (1992).
d Effectiveness
factor in Nutrient Requirements of Beef Cattle (1996).
e Physical effectiveness
factors proposed by Mertens (1997).

a

b
C
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There is surprising agreement among the values when it is considered that some are based
on particle size, others on summarization of independently derived values, and the remainder on
chewing activity (table 9). Most discrepancies are associated with grains and other concentrates
that can be processed in a variety of ways that might affect the effectiveness of fiber in these
feeds. Although grains contain little NDF, it appears that the NDF they contain is effective if the
particle size is large enough (whole, crimped or flaked) to stimulate chewing. Beauchemin et al.
(1994) used mature Hereford cows fed at maintenance to determine the chewing activity of whole
barley, corn, and wheat. They observed approximately 175, 190 and 195 min chewing per
kilogram of NDF from barley, corn and wheat, respectively. Comparing these chewing times to
dairy cows at maintenance intake eating the long grass hay standard (230 min/kg of NDF)
indicates pef of .75 to .85 for whole grains, which agrees with the value of .80 reported by
Mertens (1997) for high moisture corn.
Beauchemin et al. (2001) reported that the proportion retained on a 1.18 mm sieve was 97,
95, 91, and 86% for barley flaked without steam with thicknesses of 2.30, 2.17, 1.87 and 1.55
mm, respectively. Their data suggests that the pef of thin flakes would be about 90% of whole
barley. Hironaka et al. (1992) observed that thin (1.61 mm) and medium (1.74 mm) steam flaked
barley resulted in 75 to 85% of the rumination time of thick (2.00 mm) flaked or whole barley .
This suggests that thin flakes may disintegrate quickly in the rumen resulting in less chewing. The
rumination data of Hironaka et al. (1992) suggest that the pef for thin flake barley would be about
0.60. Hinman and Johnson (1974) reported that the proportion retained on a 1.00 mm sieve was
90, 74 and 22% for sorghum grain that was steam-flaked (335 gIL), rolled (kernels cracked) or
ground (4.76 mm screen), respectively. Their particle size data suggests that flaked sorghum
would have a larger pef than ground sorghum. Uchida et al. (2001) reported that dairy cows
chewed significantly more when flaked corn (3.18-mm thick) was fed compared to when ground
corn (3.8-mm screen) was fed, which suggests that the pef for flaked corn should be greater that
the 0.40 pef of ground corn.
Van Soest (1994) observed that when pelleted forages are fed the particle size of feces is
larger than when long forages are fed. He concluded that large fiber particles may trap smaller
ones in the ruminal mat and result is more extensive chewing of smaller particles. This logic
suggests that the effectiveness of grains and other concentrates with small particle size may
depend on the inclusion of some large particles in the ration. I observed when relating peNDF to
average daily gain (ADG), that the effectiveness of cottonseed hulls were quite different when
they were fed as the only roughage or when they were fed with a long or chopped forage.
DETERMINING MINIMUM peNDF REQUIREMENTS FOR RUMINANTS
Mertens (1997) observed asymptotic relationships between peNDF concentration in the
ration and both milk fat percentage and ruminal pH of lactating dairy cows. He recommended a
minimum peNDF concentration of 19-21 % of ration DM for dairy cows. These recommendations
are designed to maintain their long-term health and productivity. Feedlot production is a terminal
process that rarely lasts beyond 180 days. Given the short-term nature of feedlot production and
the need to maximize animal performance, the minimum fiber requirements for feedlot cattle may
be substantially lower than that for dairy cows. Because fiber has lower productive energy density
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than concentrates and is poorly digested in high concentrate diets, lower fiber concentration in
feedlot rations may improve animal performance and reduce manure excretion (Bierman et aI.,
1999).
Data from eight publications (White and Reynolds, 1969; Xiong et aI., 1991; Bartle et aI.,
1994; Hussein and Berger, 1995; Zinn and Plascencia, 1996; Calderon-Cortes and Zinn, 1996;
Bierman et aI., 1999; Rossi and Loerch, 2001) were used to derive relationships between peNDF
concentration in the ration and performance of feedlot cattle. The pef in tables 6 and 9 and NDF
values from table 4 were used to calculate peNDF concentrations in rations. The database
provided 27 comparisons in which differences in peNDF were evaluated. Differences in
performance among citations were adjusted statistically and data were expressed as deviations
from the average daily gain of all experiments (figure 2).
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Figure 2. Relationship of average daily gain in feedlot cattle to physically effective neutral detergent fiber
in the ration.

It appears that there are positive relationships between ADG and peNDF within trials
when peNDF is less than 10% of ration DM and negative relationships within trials when peNDF
is greater than 15%. Although Owens et al. (1997) indicated poor relationship between eNDF and
feedlot cattle performance, there was a good relationship between peNDF and ADG in this
database:
ADG = 1.19 + 0.0269*peNDF - 0.000883 peNDF2; R2 = .95 and reg. SE = :to.06 kg/d.
By taking the first derivative of this equation, the peNDF that maximizes ADG was determined as
15.3%. However, there is little difference in ADG when peNDF in the ration is between 12 and
18%. The optimum peNDF in the ration to minimize liver abscesses was about 22%, and the
peNDF that maximized intake was about 25%. The regression coefficients for the relationship of
ADG with peNDF were highly significant whereas the regression coefficients with NDF were not
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significant. Based on this database of feedlot performance it appears that the peNDF values
generated from chewing activity of lactating cows can be used to formulate feedlot rations.
The relatively broad range in acceptable peNDF (12 to 18% of ration DM) suggests that
recommendations can be modified to match multiple objectives and account for other factors that
may influence minimum peNDF requirements for feedlot cattle. For example, if minimizing liver
abscesses is a concern, then increasing the peNDF from the optimum of 15% to 18% will reduce
the incidence of liver abscesses and still maintain ADO. Alternatively, if reducing feed per gain is
desirable, then decreasing the peNDF concentration in the ration from 15 to 12% would be
recommended.
In addition to multiple objectives, there are nutritional considerations that influence
peNDF recommendations.

•
•

••
•
\

i

•.,

(

1. Decreased ease of particle size reduction of forages. Chewing per kilogram of NDF
increases as the NDF concentration of the feed increases (Mertens, 1986). Thus, a kilogram of
NDF from a very mature, high fiber forage or roughage will stimulate more chewing than the
same amount of NDF from a low fiber forage. For every 10%-units increase in NDF above 40%
for alfalfa and 55% for grasses, the peNDF requirement can be reduced by about 0.5%-units.
Thus, if a low peNDF ration is desired, a low quality source of NDF such as straw or mature hay
will be a better source of fiber than a high quality forage .
2. Decreased rate and extent of ruminal fermentation of forages. Mature or low quality forages
result in less fermentation acids being produced because their rate and extent of digestion is less.
When these sources of fiber are used the peNDF requirement can be reduced .
3. Increased use of byproduct feeds. In general, the peNDF of byproduct feeds or nonforage
fiber sources is 40% of their NDF concentration (Table 6). Thus, the NDF concentration of the
ration will be higher and NFC will be lower when an equivalent amount of peNDF is supplied by
byproduct feeds compared to forages. Because the fiber in byproduct feeds typically produces less
fermentation acids than the NFC it replaces, increased use of byproduct feeds in the ration should
allow the peNDF requirement to be reduced 1-2%-units depending on the proportion and
fermentability of the byproduct feed.
4. Decreased readily fermentable carbohydrates. In many situations, decreasing readily
fermentable carbohydrates is the inverse of increasing the use of byproduct feeds and high quality
forages. However, there are differences in the source, composition, and digestion kinetics of the
readily fermentable carbohydrates that can also have significant impact on fermentation acid
production and peNDF requirements. Sugars are very rapidly fermented and when there are
significant amounts of sugars (molasses, beets, bakery and candy byproducts) in the diet the
minimum peNDF requirement should be increased. Medium ground, dry grains vary in
fermentability with com and sorghum starch being the slowest fermenting followed by rice,
potato, barley, wheat, and oats starches. Harvesting and ensiling grains increases the rate of
fermentation as does steam flaking and fine grinding. Decreasing the proportions of processed
(steam flaked or finely ground) or high moisture grains, or reducing the amounts of starch from
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oats and wheat can allow the minimum peNDF requirement to be less than 15% of the ration DM
and increasing these factors would indicate that peNDF should be above 15% of the ration.
5. Increased fat concentration in the ration. When fat is added to a ration it is often possible to
reduce the starch content and increase the fiber content of the ration. Thus, the net result of
feeding fat is often a reduction in ruminal fermentation, which suggests that the minimum peNDF
requirement can be reduced when the fat content of the ration exceeds 5%.
6. Increased consistency in ration composition and feeding schedules. Both research and field
experiences suggest that ruminants can cope with rations that result in low ruminal pH «6.0) for
short periods of time. The key is to adapt animals to the ration slowly and then ensure that any
change in the ration or intake of the animal is minimized. A careful review of the research
literature indicates that acute acidosis can be accomplished consistently only with a dietary
change. Thus, all changes in the diet or intake of cattle must be minimized when attempting to
reduce the peNDF requirement to the minimum. One of the main culprits that creates variation in
the ration is changes in the DM concentration of the forage (especially decreases in DM). For
example, if a ration is being fed with minimum forage and it rains on silage in a bunker silo or
hay in a stack or pile, the weight of forage that will be mixed in the ration would contain
significant additional water resulting in less fiber in the ration. This change would cause the ration
peNDF to be below the minimum threshold for fiber that the animals can tolerate and acidosis
would probably occur. Similar problems occur when silage changes due to differences in fields,
varieties or cuttings within the silo.

•

Another problem in ration consistency is related to particle size, mixing effectiveness and
selection by animals. It is difficult, if not impossible, to uniformly mix and deliver rations
containing concentrates and coarsely chopped roughage, especially if the ingredients are dry. In
addition, animals will selectively eat roughage and grain when the forage is chopped coarsely
even if a uniform ration is delivered. Thus, there is a tendency to reduce the particle size of the
roughage to improve handling, mixing and delivery. When this occurs it is important that the
peNDF value of the roughage be adjusted to reflect its effectiveness. Conversely, if coarse, dry
mixed rations are delivered, the peNDF recommendation should be increased above 15% to
accommodate the inconsistencies in feed uniformity and animal selection that will occur.
The difficulty in maintaining a consistent ration is increased when rations contain only 4 or 5
ingredients. A change in moisture or fiber content or in palatability of anyone of the ingredients
can greatly affect diet composition or feed intake. Rations with numerous ingredients tend to be
more consistent because no single ingredient is a major portion of the ration and it is unlikely that
several of the ingredients would have the same change in composition at the same time. In
addition to consistency in the ration, there must also be consistency in feeding management when
rations with the lowest peNDF are to be fed. Cattle should be fed at the same times, total mixed
ration must be mixed thoroughly but without over mixing that can reduce particle size, bunks and
waterers must be kept clean, and the time that animals are without feed must be minimized. The
key to low fiber rations is consistency.
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7. Improved bunk management and increased frequency of feeding. It is crucial that animals
not be without access to feed for extended periods. When the bunk is clean for too long, cattle get
hungry and gorge themselves when new feed is provided. This greatly increases the fermentation
acid spike after eating, and results in ruminal acidosis. Similar things occur wben concentrates are
fed separately to dairy cows within a day. In effect, this results in an inconsistent ration within the
day. If bunk management is poor and frequent feeding of concentrates is impractical, the
minimum peNDF requirement should be raised above 15% of the ration.
8. Increased feeding of buffers or neutralizers (supplemental or intrinsic). Feeding
supplemental buffers can be used to replace some of the salivary buffer that is not secreted when
low fiber rations are fed. The peNDF concentration in the ration can be decreased about 1%-unit
for each 1%-unit of buffer that is fed. Also recognize that some feeds have more intrinsic
buffering capacity than others, e.g., alfalfa has greater buffering capacity than com silage. In
addition, the neutralizing effect of ammonia and buffering capacity of amino acids in the rumen
suggests that rations that are higher in soluble crude protein may be beneficial when low fiber
rations are fed.
CONCLUSIONS AND RECOMMENDATIONS
Both the chemical and physical characteristics of rations are important in determining animal
performance. Physically effective NDF attempts to take into account both the chemical and physical
nature of fiber that influences the chewing activity and ruminal function of ruminants. Although chewing
activity is important in providing salivary buffers for controlling ruminal pH, it is also an indicator of the
physical environment of the rumen (floating mat of large particles on a pool of liquid and small particles)
that helps to establish an optimal ruminal fermentation. Chewing activity can be used to establish physical
effectiveness factors for use in estimating peNDF. In addition, it may be possible to measure peNDF
directly in the laboratory using NDF and particle size analyses. The current minimum peNDF
recommendation for feedlot cattle is 15 % of ration DM with a range from 12 to 18%.
AREAS OF NEEDED INFORMATION
The quantitative description of fiber effectiveness is a relatively new phenomenon and
more information is needed to help us to understand the biological principles involved and
develop technologies that can be used to successfully feed rations with minimum fiber.
Additionally, research is needed to quantify the relationships among the chewing activity and the
NDF and physical form of feeds. We also need more measurements of chewing activity when
fibrous byproduct feeds are fed to accurately determine their peNDF. Practical use of peNDF
would be greatly enhanced if the relationship between feed particle size (using current sieving
methods) and physical effectiveness factors would be established so that field or laboratory
methods of assessing peNDF can be developed. Finally, more research is needed to determine if
more accurate physical effectiveness factors could be derived using feedlot performance data and
to define the minimum peNDF recommendations for both long term and short term feeding
situations.
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Feeds high in fiber are included in backgrounding diets to prevent excessive fat
deposition during early post weaning growth, to market forage and to change marketing date, and
in high energy finishing diets to control acidosis. In backgrounding diets, the fiber inclusion level
depends on maximum acceptable ADG to control fat deposition and cost of gain. In some
finishing diets, it is desirable to find the combination of forage and concentrate feeds that will
maximize ADG without reducing cell wall digestion. In most finishing diets, however the fiber
inclusion level is that needed to control acidosis and keep the cattle on feed. Historically, the
inclusion level for forage to achieve the above objectives has been set based on experience and
some experimental evidence. The effect of fiber level on animal performance is highly related to
its effect on rumen health and its functionality, and animal requirements relative to the end
products of rumen fermentation. To predict dietary fiber level required to achieve the desired
animal performance, the variables that must be accounted for are level of intake of fermentable
cell wall and non cell wall carbohydrates and their rates of digestion and passage, the effect of
fiber intake and particle size on rumination and rumen pH, microbial nitrogen requirements and
yield, intestinal digestion, and animal tissue requirements. Given the complexity of the
interactions among these variables, it is apparent that fiber requirement is not a constant, and
must be determined in each unique production situation. Therefore, a ruminal model is needed to
account for the effects of these variables and their interactions.
The ih Revised Edition of the National Research Council Nutrient Requirements of Beef
Cattle (NRC, 2000) included the rumen model of the Cornell Net Carbohydrate and Protein
System (CNCPS) as described by Russell et al. (1992), Sniffen et al. (1992), and Fox et al. (1992,
1995) in its' model level 2 solution to account for these effects. The most recent update of this
model is in CNCPS version 5.0, which also contains the NRC (2000) requirements. The purpose
of this paper is to explain how the CNCPS rumen model works and can be applied for evaluating
fiber level in feedlot diets, and how the new CNCPS rumen model under development will
evaluate diet fiber levels in a more dynamic way .

Prediction of Ruminal Degradation of Fiber and Non-Jiber Carbohydrates
Ruminal fermentation and nutrient escape in the CNCPS model is predicted from intake
of feed carbohydrate and protein fractions, their unique rates of digestion and passage, and
microbial growth on the fiber carbohydrates (FC) and non-fiber carbohydrates (NFC) consumed
at a particular rumen pH. The importance of stimulating salivary flow in buffering the rumen is
well documented (Beauchemin, 1991). The data of Welch (1986) indicate particle size and
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density, and hydration rate, affect chewing and rumination time. In the CNCPS, the growth rate
of bacteria that digest available FC and NFC depends on rumen pH, which is predicted from
percentage of NDF in the diet and effeCtiveness of the NDF in stimulating chewing and
rumination (eNDF). The percentages of FC and NFC that are fermented in the rumen vary,
depending on digestion and passage rates. Variable rates of digestion and passage have similar
implications for protein fractions in feeds. Those readily available will be degraded in the rumen,
while those more slowly degraded will be partially degraded in the rumen and partially degraded
post-ruminally, the proportion depending on rates of digestion and passage of the protein
fractions in the feeds. There are four N fraction requirements that must be met in evaluating a
ration with the CNCPS; for two microbial categories (ammonia for the FC and peptides and
ammonia for the NFC fermenting bacteria), and for two animal requirement categories (MP and
essential amino acids). In evaluating a diet, one must be able to determine how well all four
requirements are being met.
\

In the CNCPS, rumen microorganisms are categorized into those that ferment FC and
NFC, as described by Russell et aI. (1992). The FC microorganisms ferment cellulose and
hemicellulose and grow more slowly, and utilize ammonia as their primary N source for
microbial protein synthesis. The NFC microorganisms ferment starch, pectin and sugars, grow
more rapidly and can utilize ammonia and amino acids as N sources. The FC and NFC
microorganisms have different maintenance requirements (the CNCPS assumes 0.05 and 0.15 g
of carbohydrate per g of microorganism per hour, respectively), and efficiency of growth of NFC
digesting bacteria is optimized at 14% peptides as a percentage of NFC. These values are
conservative and are based on the observations that Streptococcus bovis, a primary starch
fermenter, has about 6 times the maintenance cost of Fibrobacter succinogenes, a representative
fiber digester. Thus, the degradable protein requirement is for supporting optimal utilization of
NFC and FC to meet respective microbial growth requirements. The rate of microbial growth of
each category is directly proportional to the rate of carbohydrate digestion, as long as a suitable N
source is available. When ruminal N is deficient, ruminal degradation of CHO fractions and
microbial protein produced are reduced to the level allowed by the N available in the rumen
(Tedeschi et aI., 2000). The extent of digestion in the rumen depends on digestion rates of FC
and NFC feed fractions and how rapidly these fractions pass out of the rumen. Therefore, the
extent of digestion depends on factors such as level of intake, particle size, rate of hydration,
lignification, and inherent characteristics of each carbohydrate and protein fraction.

Accounting for the Effects of Diet eNDF Content on Ruminal pH and Fermentation
Experimental data (Swingle et aI., 1990; Zinn et aI., 1990; Poore et aI., 1993; Knowlton et
aI., 1998) and evaluations with the CNCPS (Fox et aI., 1995) have indicated a high extent of
rumen fermentation is desirable to maximize total tract starch and fiber digestion and microbial
amino acid production. However, a high rate and amount of ruminal starch digestion leads to a
decline in rumen pH, causing a reduction in microbial protein synthesis (Russell et aI., 1992), cell
wall digestion (Pitt et aI., 1996) and acidosis (Owens et aI., 1996). Owens et aI. (1996) indicated
the level of and type of concentrates in the diet and degree of processing were all strongly related
to the rate of starch fermentation and level of sub-clinical acidosis. They indicated the most
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common management practices that help prevent acidosis are diluting the diet with roughage and
regulating starch intake. Beauchemin (1991) and Mertens (1997) indicated characteristics of the
feed that stimulate chewing and rumination are highly important in maintaining a desirable
rumen pH.
Smith and Waldo (1969) and Mertens (1985, 1986) found that this feed characteristic
(effective NDF) (eNDF) could be quantified by determining the feed NDF content, then
measuring the percent of the NDF remaining on a 1.18 mm screen after vertical shaking of the
dry feed. Mertens (1997) indicated particles smaller than this readily pass out of the rumen and
provide little stimulus for chewing. Values reported by Mertens (1986) were used to develop the
eNDF values in the CNCPS (Sniffen et aI., 1992), which were used in the NRC (2000) and
CNCPS feed composition tables. Some feed eNDF values reported by Sniffen et al. (1992) were
adjusted for density, hydration and degree of lignification of the NDF, based on practical
judgment of the authors. Using data in the literature, Pitt et al. (1996) evaluated several
approaches to predicting rumen pH; diet content of forage, NDF, a mechanistic model of ruminal
fermentation, or the eNDF values published by Sniffen et al. (1992). Pitt et al. (1996) developed
an equation (figure 1A) that gave predictions of ruminal pH similar to the mechanistic model for
diet eNDF values lower than 35%, with the advantage of simplicity and flexibility in application.
This equation is used in the CNCPS to predict pH. When diet eNDF is greater than 24.5,
computed ruminal pH is held constant at 6.46 (Figure 1A). Figure 1A indicates the points from
the steer diet eNDF data used in the development of the equation had a better fit than the sheep
and dairy cow data. These data points gave an equation in which pH = 0.0392xeNDF + 5.4929,
with an r2 of 75.4%. This equation gives nearly the same pH at a diet peNDF of 8% (typical of
high energy feedlot diets) as the Pitt et al. equation (figure I) used in the model (5.80 vs 5.76,
respectively). Thus the CNCPS pH equation is applicable to feedlot cattle.
Mertens (1997) differentiated between eNDF and physically effective NDF (peNDF),
which he described as the physical characteristics of fiber (primarily particle size) that influence
chewing and rumination activity; thus the percentage ofthe NDF retained on a screen with 1.18
mm openings after dry sieving is the procedure for measuring peNDF. Mertens (1997) found
that 71 % of the variation in rumen pH was accounted for by peNDF. Thus the CNCPS eNDF
values are more correctly defined as peNDF, since most are based on the % of NDF retained on a
1.18 mm screen as described by Mertens (1997). The CNCPS version 5.0 includes the CPM
Dairy feed library, in which the eNDF values have been revised to correspond to the peNDF
values of Mertens (1997).
The data of Russell et al. (1992) and Pitt et al. (1996) showed that rumen pH below 6.2
results in linear reductions in microbial protein production and FC digestion rate. In the CNCPS,
microbial yield is reduced 2.5% for each percentage unit reduction in eNDF below 20 percent,
and the equations of Pitt et al. (1996) are used to adjust FC digestion rate. Figure 1B shows the
decline in digestion rate for four forages with different digestion rates (4, 6, 8 and 10%/hour
when rumen pH is above 6.2). This figure shows that forages with high digestion rates under
optimum rumen pH conditions (typically those low in lignin) are the most affected by this
adjustment since this adjustment sets the NDF digestion rate to 2.2 to 2.4%/h at pH 5.7
independently of the optimum NDF digestion rate.
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Figure 1. (A) Relationship of eNDF and ruminal pH. (B) effect of ruminal pH on NDF digestion
rate for four forages with different Fe degradation rates at optimal rumen pH (4, 6, 8 and 10%/h).
Mertens (1997) developed the following table to use as a guide in determining peNDF
from his experimental data base. For example, a coarsely chopped grass hay with an NDF of 65%
has a peNDF of 62% eNDF (65xO.95).
Table 1. Physical effectiveness factors (PEF) for feeds with different physical forms
Physical form
class
Forage
Long
Coarse
chopped
Med. to coarse
chopped
Med chopped
Med. to fine
chopped
Fine chopped
Ground
Concentrates
Rolled
Rolled
Coarse
Medium
Fine

2

TLC
cm

PEF
factor'

Grass
hay

Grass
silage

Corn
silage

Alfalfa
hay

4.8 to 8

1.00
0.95

Long
Coarse

Coarse

2.4 to 4

0.90

Med.

Med.

Coarse

Coarse

1.2 to 2.0
0.6 to 1.0

0.85
0.80

Fine

Fine

Med.
Fine

Med.
Fine

0.3 to 0.5
0.15 to 0.25

0.70
0.40

Alfalfa
silage

I

Conc.

Long

Coarse
Med.
Fine

0.80
0.70
0.60
0.40
0.30

HM corn
Barley
Cracked corn
Medium corn
FinelPellet

Mertens (1997).
2 Theoretical length of cut.
3 Proportion of NDF effective in stimulating chewing and rumination.
I
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These tabular values for eNDF can be used as a guide in estimating peNDF of a feed.
Additional factors not accounted for in the peNDF system that can influence rumen pH are total
grain intake and its digestion rate, and form of grain (whole, rolled, and flaked corn will
stimulate rumination but corn meal may not; a higher proportion of the starch in whole corn will
escape ruminal fermentation compared to processed corn and other grains). Also forages that are
highly hydrated (fresh forage or low DM silage) may not stimulate chewing as much as the same
forage in a dry form. Therefore adjustments to peNDF must be made in these cases to make the
system reflect these conditions. The effect of Ionophores on acidosis needs to be modeled; they
inhibit the growth of Streptococcus hovis, which produces lactic acid, which is 10 times stronger
than the normal volatile fatty acids produced in the rumen. Fermentation of highly digestible
feeds that are high in pectin (soybean hulls, beet pulp, etc.) will not produce the drop in pH as
grains do.

Setting peNDF Requirements for Beef Cattle Feedlot Diets
We recommend peNDF requirements of 7 to 10% in the ration DM for high energy
rations. This recommendation is based on the eNDF predicted by the equation of Pitt et al. (1996)
required to keep rumen pH above 5.7, the threshold below which cattle typically reduce intake
(Britton and Stock, 1989). Strasia and Gill (1990) concluded that finishing rations for cattle
should contain at least 7% "high roughage" factor; the feedlot case study evaluation presented
later in this paper supports this recommendation. If the goal is to maximize cell wall digestibility
to optimize forage utilization, the requirement is a minimum of 20% peNDF in the diet DM.
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Accounting for peNDF Effects on Rate of Passage
The primary factors affecting passage rate of feeds through the digestive tract are intake
and the competition between intake, degradation, and passage rates (Van Soest, 1994). The
studies of Welch (1986) indicated particle size, density, and hydration rate also affect the passage
rate of feeds. Calculation of ruminal degradation and escape of carbohydrate and protein
fractions assume steady state conditions and are determined in the CNCPS by the following
formulas, using digestion rates for each carbohydrate and protein fraction, and the passage rate
equation which uses percentage of forage and percentage of eNDF (NRC 2000; Fox et al., 2000):
Ruminally degraded = Amount x (Kdij/ (Kdij + Kpj))
Ruminally escaped = Amount x (Kpj / (Kdij + KPij))
Where Kdij is degradation rate of the i'h fraction of the jlh feed and Kpj is passage rate of the fh
feed.

•

Digestion rates are feed specific, and depend primarily on type of starch and protein,
degree of lignification, and degree of processing (Sniffen et al., 1992; Fox et al., 2000). Ruminal
passage rates are a function of level of intake, feed type (forage vs. grain) and particle size, which
is represented by the feed peNDF value. Passage rates are computed as shown below.
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kpr = (0.38 + (22 x DMI I SBW.75) + 2 x FORAGE ) I 100
kpc = (-0.424 + (1.45 x Kpr)) 1100
Where DMI is dry matter intake, g/day, FORAGE is forage concentration in the diet, gig, kpr is
forage passage rate, kpc is concentrate passage rate, and SBW is shrunk body weight, kg.
2

The passage rates are adjusted for individual feed NDF and peNDF, using a
multiplicative adjustment factor (Af) computed for the jlh feed by the equations below.
For forages:
Afj = 100 I (NDFj x peNDFj + 70)
Kpj = kpr x Afj
For concentrates:
Afj = 100 I (NDFj x peNDFj + 90)
kpj = kpc x Afj
Where peNDFj is physically effective NDF concentration of of the fh feed, gig.

Evaluating peNDF Levels in Feedlot Diets with the CNCPS: A Feedlot Case Study
Data from closeouts over a 12 month period of 8,624 steers fed corn based rations in a
Kansas feedlot (Guiroy et al., 2001) were used to evaluate the effect of diet peNDF on predicted
rumen pH, rumen NDF and starch digestion, and feed energy values, using CNCPS version 5.0.
The steers had an average initial weight of 684 Ib and an average final weight of 1,173 Ib, DMI
was 21.9 Ib and ADG was 3.93 Ib/day. The ration contained 7% chopped mature alfalfa hay and
83.5% corn (50% cracked and 50% flaked).
Feed composition. The first step is to characterize the chemical and peNDF composition
of the feeds fed. Table 2 shows the feed composition values used for this case study. Feed
composition for use in the CNCPS rumen model is described by carbohydrate and protein
fractions and is used to compute the amount of FC and NFC available for each of the two
microbial pools. Digestion rates have been developed for common feeds, based on data in the
literature (Sniffen et al. 1992, NRC, 2000, Fox et al., 2000). Nearly all of the critical
carbohydrate and protein fractions can be routinely determined by feed testing laboratories, using
the methods described by Van Soest et al. (1991), such as NDF, lignin, CP, soluble protein,
neutral and acid detergent insoluble protein (NDFIP and ADFIP, respectively). The first section
of Table 2 shows the chemically determined fractions, the second section shows the peNDF
values, and the third section shows the digestion rates (kd) for carbohydrates (CHO) A (sugars
and short oligosaccharides), B 1 (starch and pectin) and B2 (ruminally available NDF) and for
protein (PROT) fractions with fast (B 1), intermediate (B2) and slow (B3) digestion rates. Based
on discussions with the feedlot's consulting nutritionist, the feeds and their chemical composition
and digestion rate information were chosen from the CNCPS version 5.0 feed library and the
peNDF values were chosen from Table 1. Total carbohydrates are computed from these chemical
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composition values as 100 - (Crude Protein + Fat + Ash). Then carbohydrates are partitioned into
fiber and and nonfiber by subtracting NDF from total carbohydrates, with the available fiber
being NDF - NDFIP - (Lignin x 2.4). Then the amounts of starch and sugars are computed from
their percentages in the nonfiber fraction.
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Table 2. Composition of feeds in the feedlot case study
Alfalfa hay Cracked corn
Units
Chemical composition
9.0
51.0
% ofDM
NDF
2.22
20.4
%
ofNDF
Lignin
9.80
13.0
% ofDM
Crude Protein (CP)
11.00
27.0
% ofCP
Soluble CP
73.0
70.0
% of Sol. CP
NPN
15.0
29.0
% ofCP
NDF Insoluble Protein
5.0
16.0
%
ofCP
ADF Insoluble Protein
98.5
64.0
% ofNFC
Starch
4.06
1.80
% ofNFC
Fat
1.46
9.00
% ofDM
Ash.
Physical composition
60
90
% ofNDF
peNDF
Carbohydrate
(CHO) and Protein (PROT) digestion rates (kd)
15.0
30
%/h
CHO B 1 kd (starch rate)
6.0
5.5
%/h
CHO B2 kd (NDF rate)
6.0
9.0
%/h
PROT. B2 kd
0.09
1.25
%/h
PROT. B3 kd
75.0
75.0
%
Starch intestinal dig.

Flaked corn
9.0
2.22
9.80
8.0
73.0
15.0
5.0
98.5
4.03
1.46
70
30.0
6.0
4.0
0.08
95.0

Ruminal fiber and non fiber carbohydrate degradation and microbial protein production is
predicted from the amounts of feed FC and NFC as described previously, and the integration of
their rates of digestion and passage, which in turn determines the N requireTDents of each pool,
microbial protein produced and MP available from this source, carbohydrates escaping digestion
and digested postruminally and ME derived from the diet. Simultaneously, the degraded and
undegraded protein pools are predicted, which are used to determine N balance for each of the
microbial pools, feed protein escaping undegraded and digested postruminally, and MP derived
from un degraded feed protein.
The protein fractions are expressed as a percentage of the CPo The soluble protein is
nearly all degraded in the rumen, and contains PROT A, which is the NPN, and PROT B 1,which
is true protein. The PROT B I is computed as the difference between soluble protein and NPN.
The acid detergent insoluble protein (ADFIP) is assumed to be unavailable, and is called the
PROT C fraction. Nearly all of the PROT B3 fraction or slowly degraded protein fraction
escapes ruminal degradation, and is computed by subtracting the value determined for ADIP
from the value determined for NDFIP. The PROT B2 fraction, which is partly degraded in the
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rumen, depending on digestion and passage rates, is estimated as CP - (PROT B 1 + PROT B3 +
PROT C). Intestinal digestibility of the amino acids is assumed to be 100% for those in the
PROT Bland PROT B2, and 80% for those in the PROT B3 protein escaping ruminal
degradation.
Predicted passage rate. Figure 2 shows the effect of eNDF on passage rate of the alfalfa
with the NDF at 40,60,80, or 100 % eNDF. Passage rate increases as eNDF decreases because
the smaller feed particle size does not have to be ruminated to pass out of the rumen. Note the
slight increase in passage rate with increased diet forage % due to its' the "push" effect.
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Model predictions for the case study. Table 3 shows predicted NDF and starch degraded
in the rumen, microbial protein produced, and diet NEm and NEg values for four situations:
1. For the actual ration fed (base ration),
2. The base ration fed at a maintenance level of intake,
3. The base ration with peNDF factor reduced to 0.80 and 0.30 in the alfalfa hay and corn
respectively, based on the values in Table 1, and
4. The proportions of alfalfa hay and corn changed to provide 20% diet peNDF.
The evaluation of the actual ration fed indicated it contained 8% peNDF, which results in
a predicted rumen pH of 5.8. In agreement with the actual ADG of 3.93 Ibid, the predicted ADG
was 3.92 Ibid. The ruminal degradability of the flaked corn is 11% higher than the cracked corn,
mainly because of a higher starch digestion rate (Table 2). As a result, a greater amount of starch
is digested, more MP'from microbial protein is produced, and the NEm and NEg are 4 and 6%
higher, respectively. The second evaluation shows these same values when this ration was fed at
maintenance level (no ADG). Ruminal digestibilities for NDF and starch increase because of a
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slower rate of passage; as a result, NEm and NEg values increased. The third evaluation shows
what happens if the peNDF factor is decreased to 0.80 for the alfalfa and 0.30 for the com. The
ration peNDF decreases to 5%, reducing the rumen pH to 5.6. As a result, percentage of the NDF
that is digested in the rumen declines to zero, due to a very slow digestion rate. As a result, the
alfalfa NEm is reduced from 0.41 to 0.24 and the NEg is reduced from 0.17 to 0.01, and MP from
microbial protein for all three feeds is reduced. The last comparison shows the effect of
increasing peNDF in the ration to 20%, the point above which NDF digestion rate is maximized.
Compared to the actual ration fed, a higher percentage of the NDF is digested in the rumen
compared to the actual feed fed, because of the higher rumen pH.

/
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Table 3. Effect of level of intake and ration eNDF level on rumen degradability and
NE values for a Kansas feedlot case study
Mature alfalfa hay
Cracked com
Flaked com
Actual ration fed (base): peNDF = 8%, pH = 5.8 and predicted ADG = 3.92Ib/d3
NDF, % rumen degraded
24.3
35.1
35.3
Starch, % rumen degraded
92.7
80.0
89.0
Starch rumen degraded, g/d
120
2535
2806
MP from microbial protein, g
28
256
315
NEm, Mcal/lb
0.41
0.99
1.03
NEg, Mcal/lb
0.17
0.68
0.71
Base ration at maintenance intake
52.1
NDF, % rumen degraded
31.6
51.9
95.1
Starch, % rumen degraded
96.4
90.7
1165
Starch rumen degraded, g/d
48
1115
133
MP from microbial protein, g
12
115
1.05
NEm, Mcal/lb
0.47
1.03
0.73
NEg, Mcal/lb
0.22
0.71
Base ration at peNDF of 5 %: pH = 5.6 and predicted ADG = 3.68 IbId
NDF, % rumen degraded
0
0
0
Starch, % rumen degraded
92.0
79.6
88.6
Starch rumen degraded, g/d
119
2521
2794
MP from microbial protein, g
19
222
272
NEm, Mcal/lb
0.24
0.96
1.00
NEg, Mcal/lb
0.01
0.65
0.69
Forage increased to 20% peNDF: pH = 6.3 and predicted ADG = 2.69Ib/d
NDF, % rumen degraded
29.6
46.3
46.5
Starch, % rumen degraded
92.0
78.3
87.9
Starch rumen degraded, g/d
624
1598
1786
MP from microbial protein, g
217
218
279
NEm, Mcal/lb
0.44
0.98
1.02
NEg, Mcal/lb
0.19
0.67
0.71
a Actual ADO was 3.92 Ib/day.
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Prediction offeed net energy and metabolizable protein values. The CNCPS uses the
feed carbohydrate and protein fractions digested ruminally and post ruminally to predict TDN.
This TDN value is sensitive to carbohydrate and protein fraction pool sizes and their digestion
rates, and passage depends on level of intake and particle size as indicated by feed eNDF value.
Then DE is computed from TDN, ME is computed from DE, and NEm and NEg are computed
from ME, using the NRC (2000) equations.
The coefficients used to predict intestinal digestibilities and fecal losses are based on
summaries of data in the literature. A more mechanistic approach is needed that incorporates the
integration of digestion and passage to predict intestinal digestion. However, the accuracy of
prediction of pool sizes digested depends on the accuracy of prediction of ruminal flows, and
therefore has second priority to prediction of ruminal fermentation, since high energy feedlot
diets are high in NFC and over 75% of most ruminally available NFC are ruminally digested
(table 3). Until carbohydrate digestion rates can be accurately and routinely measured, the use of
a more complex intestinal submodel could result in a multiplication of errors.
The equations used to predict ME from DE reflect the variation in methane produced
across a wide range in diets. The equations used to predict NEm and NEg reflect the wide
variation in metabolites produced from the range in diets fed to growing cattle, accounted for 89
and 58% of the diet NEm and NEg, respectively with little bias (NRC, 2000). A metabolic
sub model has to be able to predict heat increment and efficiency of use of absorbed carbohydrate,
VFA, lipid and amino acids for various physiological functions with changes in productive states.
However, we are currently lirriited to the use of transfer coefficients derived from equations for
an application level model because of the limitations in predicting end products of ruminal
fermentation, absorbed carbohydrate and amino acids, and the vast metabolic routes connecting
the numerous tissue and metabolic compartments, the multiple nutrient interactions, and the
sophisticated metabolic regulations which drive the partitioning of absorbed nutrients in various
productive states. Pitt et al. (1996) has described the prediction of ruminal VFA produced within
the CNCPS structure as a first step.

Developing a Sub-Model to Estimate Ruminal pHfrom VFA Production
As discussed previously, factors other than peNDF may have a more systematic and
predictive role in determining the ruminal pH. For example, Yang et al. (2001) reported that
starch processing had a large effect on ruminal pH. Water intake and saliva flow dictate the
amount of ruminal VFA that is washed out of the rumen. This wash out process has a large
impact on the amount of VFA that has to be absorbed via the rumen wall (Allen, 1997).
Therefore, the VFA content in the rumen and fluid dilution rate control the ruminal pH. Meng et
al. (1999) demonstrated that increasing the dilution rate from 2.5 to 20% per h resulted in an
increase on ruminal pH from 5.78 to 6.91. Russell (1999) suggested that when cattle are fed a
large amount of grain, ruminal carbohydrate digestion, VFA production, and consequently
ruminal VFA concentrations are much higher, but the fluid dilution rate is relatively slower than
animals fed primarily hay. Under these conditions, a high proportion of the VFA produced in the
rumen has to be absorbed there.
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A dynamic ruminal sub-model based on the structure of the CNCPS model is being
developed to account for the effects of ruminal VFA production, absorption, and fluid dilution
rate on ruminal pH. There are several variables that must be accounted for in developing this
dynamic model. The feeding behavior (feeding frequency, i.e. lx, 2x, 3x per d; time spent
chewing and ruminating, oscillation of eating pattern), has a large impact on the amount, type,
and the time that carbohydrate is available for the ruminal bacteria (Dado and Allen, 1994).
Accurate and consistent measurements of degradation rates have an effect on amount of
carbohydrate degraded in the rumen; there are differences between degradation rates derived
using different nonlinear functions (Fitzhugh, 1976). The fluid dilution rate (or liquid passage
rate) has to be as accurate as possible in order to estimate the amount of VF A washed out of the
rumen. Dynamics of VFA absorption in the rumen must be accounted for to ensure that models
can predict the amount of available VFA for animal production of meat or milk (Dijkstra et aI.,
1993). The water intake (influx in the rumen) is also a part of the VFA absorption dynamics
since it affects the rumen viscosity and therefore the free movement of VFA within the rumen
(Russell, 1999).
In this dynamic ruminal sub-model, the rates of degradation of carbohydrates are used in
an exponential function to estimate the amount of carbohydrates degraded and escaped during the
simulation interval. Then, the amount of carbohydrate degraded is converted to acetate,
propionate, butyrate, and lactate as described by Pitt et al. (1996) and Pitt and PeB (1997). A submodel of ruminal lactate dynamics is also incorporated to estimate the amount of lactate.
converted to VFA. The model described by Dijkstra et al. (1993) is used to compute the amount
of VF A absorbed and the liquid passage rate is used to compute the amount of VF A escaping the
rumen. Several equations for computing pH from ruminal VFA concentration (mM) have been
reported (Argyle and Baldwin, 1988; Tamminga and Van Vuuren, 1988). We developed an
exponential equation (as shown below) to compute pH from VFA (mM) from published
experiments. A sub-model for intake oscillation is currently being developed using System
Dynamics (Sterman, 2000) based on feeding behavior studies of heifers and dairy cows (Dado
and Allen, 1994; Deswysen et aI., 1987; Harb and Campling, 1985; Vasilatos and Wangsness,
1980).
Ruminal pH

= 7.2809 x Exp(-O.OO13x (VFA))

Where VF A is volatile fatty acids, mM.
The ration fed in the feedlot case study was evaluated with this model (Figure 3), using
the feed composition values shown in Table 2. Scenario 1 assumed three feeding times (8am,
1pm, and 6pm) with 30, 30, and 40% of the total daily ration intake fed at each respective time.
Scenario 2 assumed two feeding times (8am and 4pm) with 40 and 60% of the total daily ration
intake fed at each respective time. The simulations in Figure 3 were for a 24 hr period after the
cattle were adapted to the ration and the rumen had reached steady state conditions. The high pH
before the first feeding of the day is due to reduced intake and rumination during the night. Then
rumen pH drops as intake and accumulated rumen VF A increase during the day. Although the
average pH did not vary between simulations (6.20 and 6.22 for scenarios 1 and 2, respectively),
77

the pH range was shorter in the first scenario (5.8 to 6.76) than the second scenario (5.74 to 6.82)
simulations. This is due to the greater amount that is fed at each time in scenario 2 compared to
scenario 1.
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Table 4 compares the number of hours the rumen was at different ruminal pH levels.
Scenario 1, which had three feeding times, had longer periods of high ruminal pH (above 6) and
shorter periods of low ruminal pH (below 6) compared to scenario 2, which had only two feeding
times.
Table 4. Hours at various pH levels
Ruminal pH
Scenarios
Range
1
2
Above 6.4
5
6
6.4 to 6.3
3
3
6.3 to 6.2
3
3
6.2 to 6.1
3
5
6.1 to 6.0
5
1
6.0 to 5.9
1
1
5.9 to 5.8
4
2
Below 5.8
0
3

The fluctuation pattern of ruminal pH shown in Figure 3 and Table 4 will likely change
after the intake oscillation is modeled. It is expected that scenario 1 (3 feeding times) would have
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a smaller impact on ruminal digestibility than scenario 2 given the shorter fluctuations in ruminal
pH. Calsamiglia et al. (2002) found that ruminal pH kept constant at 5.7 had a negative impact on
digestibility of apparent DM, NDF and ADF, lower total and branch-chained VFA acids
concentrations, and lower acetate and higher propionate proportions than high ruminal pH kept
constant at 6.4. They also reported that varying ruminal pH between 5.7 and 6.4 for 4h each, did
not affect these parameters compared to ruminal pH kept constant at 6.4. Based on this
information, the amount of time the rumen pH stays below a certain pH value likely has an effect
on ruminal functions that affect microbial growth and consequently feed degradation. Future
versions of the CNCPS model will include a dynamic model to predict the best combination of
feeds, feed processing, feeding strategy and frequency to minimize the negative effects of low
ruminal pH on feed digestion and biological values.
Conclusions
The rumen sub-model in the CNCPS version 5.0 can be used to evaluate the adequacy of
diet peNDF content. However, it does not account for key variables affecting rumen pH,
including the interactions of starch intake, feeding frequency, and fluid dilution rate on ruminal
VFA level. Future versions of the CNCPS model will include a more dynamic ruminal submodel to provide the capability to evaluate the effects of diet fiber level, feed processing, and
feeding strategy on ruminal pH to maximize feed utilization by the ruminal bacteria and energy
available for animal production.
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Early-weaned Calves verses Yearlings
Objectives:

University
Larry

1. To compare the feedlot performance of individually
Angus and Wagyu calves and yearlings.

of Illinois
L. Berger

fed

2. To establisb the relationship among marbling score. 12'" rib
fat, feed efficiency and time for calves and yearlings using
ultrasound.

Yearlings

• Early weaned calves:

• Long-yearling heifers from the previous calf crop
Heifer Calves
12 ',4 Angus

1214 Angus

12 \/, Wagyu x \/, Angus
12 \/, Wagyu x 1-1
Weaned

Angus

180 d of age

Grazed on endophyteWeaned

142:t 4.1 d

infected tall fescue 16
months prior to

Immediately adjusted
to an 80% grain diet
(120 d)

entering the feedlot

Calves and Yearlings were harvested
at a constant marbling level

Management and diet
• I. Individually fed
using Calan gates

• Cattle were harvested
when it was estimated
that 50% would grade
USDA prime.

• 2. Diet was 90%
concentrate and 10%
corn cobs

• Wagyu genetics were
used because of their
proven marbling
ability

• 3. Both calves and
yearlings were
implanted once
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Effects of age and breed on final
weight (lbs)
Age

Angus

Wagyu

SE

P<

Calf

1045

1067

35.9

0.55

Yr!.

1250

21.3

1118

Effects of age and breed on
marbling score

0.01

Age

Angus

Wagyu

SE

Calf

1219

1323

49.4

Yrl.

1298

1349

1200= moderate,

1300= slightly abundant

Regression of Gain:Feed on Marbling

Effects of age and breed on yield
grade

~Yearlingbeifln
...•...

Age

Angus

Wagyu

SE

Calf

3.1

3.6

0.32

Yrl.

4.6

3.1

HeiferCalves

Intercept

Marbling Score

Breed within Age P<.OI

1600

*

*

P-1300

*

*

C-I000

.

** *
*

*

(;+1200
C 1100

p+1500

* *

*

P 1400

S

*

*

P+1500

*

*

*
*

*

*
*

p 1400

**
*
*

p.1300

*

C+1200

*

* *
*

*

C 1100

*

*

C-lOOO

*

900
5

6

(P<.O I)

Slope (P= 0.20)

7

8

9

S

10

900
5

Feed:gain (KglKg)

6

7

8

Feed:gain (kgIKg)
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Relationship of Marbling and
Backfat
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'"
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(KglKg)
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0.5
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S

.•
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.• .•
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3
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3.5
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4.5
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Calves
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.•

..•
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.

3.5

4
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900
1.5

2

2.5

3

4.5

Relationship of VF A's to site of
lipogensis
Acetate provided 70-80% of the acetyl uniL~ to in
vitro lipogensis in subcutaneous adipose tissue, but
only 10-25% in intramuscular adipose tissue.
Conversely. glucose provided 1-10% of the acetyl
units in subcutaneous adipose tissue, but 50-75% in
the intramuscular depot.

2
1.75
1.5
1.25
I
U.75

Smith and Crouse. 1984. J. NutL 114:792-800
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Relationship of Marbling and
Backfat in Yearlings
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Relationship of Marbling and
Backfat in Calves
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Calf-feds vs. Yearlings

VFA's and marbling deposition
• Is it possible to
increase the rate of
marbling deposition
relative to
subcutaneous fat, if
early-weaned calves
never experience a
high-acetate
fermentation?

vs.

I. Simmental X Angus cross heifers of the same
genetics were individually fed and feedlot performance
and lipid deposition (using ultrasound) were compared.

• Early-Weaned Concentrate (Cone.)

Materials and Methods

• Early-Weaned Haylage-soybean hull (Hay)
16 Angus x Simmental
heifers

80 Early-weaned (71 :t 5.9 d)
Angus x Simmental heifers

Early-weaned

• Weighed weekly, DMI of the
Conc heifers was adjusted to
equalize gains to those on
haylage

73 :t5.9 d

Grazed endophyteinfected tall fescue
18 months

Growing period lasted 119 d
16 EW Conc and 16 EW Hay
paired and finished as calves

Entered feedlot as long
earlin s(Yr!.)

Performance of early-weaned calves fed ad
lib haylage-soy hulls or restricted
concentrate (lbs)
Item

Conc.

Hay-

SE

p<

Age.d

73

69

5.9

0.63

Init. wt.

167

168

.73

0.45

Feedlot performance of calf-fed and
yearling heifers (lbs)
Item

Yr!.

Calf.fed
Hay Conc SE

Yrl vs
Cone

Cone.
vs

Hay

Final wt 345

345

8.7

0.96

AOG

Final 1525
wt kg
ADG 3.26

1.5

1.5

0.07

0.97

kgld

OMI

5.5

7.4

0.15

0.01

DMt 26.8

G:F

0.269

1130

1159

34.1

0.01

0.57

2.87

3.01

.11

0.10

0.42

19.8

19.4

.60

0.01

0.68

0.145

0.156

0.003

0.01

0.02

kgld
0.197

0.0073

0.01

Gain:

Feed
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0.121

Relationship between marbling and backfat

Effects of only high-concentrate
diets on maintenance requirements
Meyers et al. 1999
reponed that early weaned
calves that were never fed
a high forage diet had
lighter reticulorumens as a
percent of carcass weight
(3.18 vs 3.61%, P<O.OI)
than calves fed forage
(J19 d) prior to being fed
concentrate for 205 d.

....•...• Ycarlln~

P-

helrcn

c+
C

cS

Intercept (P=O.36)

Backfal, cm

Slope (P<O.OI)

Cooperative project evaluating ionophores for
early weaned calves conducted at Illinois,
Michigan State, Purdue, and Ohio State (Ibs)
Period

Int.wt

Endwt

Days

F:G

I

306

396

28

2.64

2

396

671

83

3.93

3

671

950

71

4.73

4

950

1177

69

6.18

1-4

306

1177

251

4.63

Summary
1. Early weaned calves are not young yearlings
2. Early nutrition (<200 DOA) may
determine quality grade at harvest
3. Controlling forage intake of early weaned
calves may reduce maintenance requirements
and improve feed efficiency
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Research Update: Texas Agricultural Experiment Station at Amarillo
L. Wayne Greene, Professor
Texas A&M University Agricultural Research and Extension Center at Amarillo
Texas A&M University, Department of Animal Science
West Texas A&M University, Division of Agriculture
Use of Sorghum-sudan Silage as a Roughage Component in Feedyard Diets to
Conserve Irrigation Water: Research in progress. With the decreasing water table
and increasing demand for silage crops, irrigation water is a potential limiting factor in
animal production in the Southern Plains. Sorghum silage requires less water per unit of
silage but growers have not widely adapted this crop because of discrimination against
sorghum silage by feedyards. Sorghum silage contains less energy but a similar roughage
value as corn silage. However, new varieties of brown midrib sorghums have energy
values intermediate to corn and conventional sorghum (Banta, MS Thesis, West Texas
A&M University, in press). The exact impact of these differences on feedyard cattle
performance is undocumented and currently being tested by our laboratory. Corn silage
(-2.5 acres) and brown mid-rib sorghum silage (-5.5 acres) was produced at the James E.
Bush Farm during the summer of 2001. Approximately 27 and 12 acre-inches of
irrigation water were applied to the corn and sorghum crops, respectively. The estimated
yields of corn silage and sorghum silage were 18 and 16 tons/acre.
Silages were
harvested at approximately 33% dry matter and stored in silo bags at the TAESIUSDA
beef cattle experimental feedlot. One hundred and twenty six cross-bred heifers (average
weight, 693 Ibs) were blocked into three weight groups and randomly assigned to six
pens per weight group (7 head/pen). Heifers were started on feed over a 14 d period.
Heifers are fed one of the following three dietary treatments: 1. 10% corn silage (lOCS),
2. 10% brown mid-rib sorghum-sudan silage (lOSS) or 3.7.5% brown mid-rib sorghumsudan silage (7.5SS). Heifer ADG for the first 112 d was 2.90, 3.15 and 3.24 Ib/d for
IOCS, lOSS and 7.5SS, respectively (P=0.09). No differences occurred in feed
conversion (intake/gain; P=0.37),
6.4, 7.2, and 6.6 for IOCS, lOSS and 7.5SS,
respecti vel y.
Performance and conservation of P in growing cattle in Heifers fed 0.22 or 0.33 % P
and with or without Brewers' Grain Yeast. One hundred forty four crossbred heifers
(average initial weight, 178 kg) were used in a 43 d receiving and 103 d growing trial.
Cattle were randomly assigned to 12 pens and fed ad libitum a diet consisting of 50%
steam flaked corn (SFC), 40% cottonseed hulls (CSH) and 10% supplement. Each pen
was randomly assigned to either 1.4 kg brewers' grain yeast (BGY; 28% crude protein)
top-dressed on the feed daily or no BGY. On d 44, growing diets were formulated using
either SFC (39.7%), CSH (5.0%), soybean hulls (38.8%), fat (3.6%) and supplement
(13.0%) to contain 0.22% P or SFC (69.7%) CSH (18.0%), fat (1.8%) and supplement
(10.5%) to contain 0.33% P. The P diets were assigned to the 12 pens in a 2 X 2 factorial
arrangement with BGY. During the growing period, diet intake was adjusted at ~ wk
intervals to produce a projected ADG of 0.9 kg/d. On d 146, cattle were weighed and
total pen manure weighed and sampled. Heifers fed BGY during the receiving period
consumed 6.5% more feed (P=.OOOI; 6.7 vs 6.2 kg/d) and gained 23.4% more (P=0.02;
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0.94 vs 0.76 kg/d) than those fed the control diet. Heifers fed BGY were 15% more (P =
0.01) efficient than those fed the control diet (0.137 vs 0.119 kg gain/kg feed). No
interaction occurred between BGY and dietary P during the growing period. Heifers fed
BOY consumed more feed (P = 0.03; 5.58 vs 5.47 kg), had greater ADO (P = 0.01; 1.0 vs
0.93 kg/d) and improved feed conversion (P = 0.04; 0.178 vs 0.169 gain/feed) compared
to those fed no BOY during the growing period. BGY did not affect (P = .50) Nand P
retention on the pen surface. Feeding 0.22% P did not affect feed intake (P = 0.98), ADO
(P = 0.15) or feed efficiency (P = 0.12) compared to heifers fed 0.33% P. However,
feeding 0.22% P reduced the amount of P retained on the pen surface by 29% (P = 0.03).
Feeding BOY during the receiving and growing period increased heifer performance.
Reducing dietary P in growing diets reduced the quantity of pen surface P without
reducing performance.
Improving Nitrogen Movement through Feedyards. Three projects have been funded
and initiated to study nitrogen and phosphorus movement through beef cattle feedyards.
These projects have been funded by USDA-IFAFS, USDA Section 224 and the Texas
Higher Education and Coordinating Board-Advanced Technology Program into the
Consoritum for Cattle Feeding and Environmental Sciences (CCFES). The CCFES
partners cooperating in the funded projects are Texas A&M University Agricultural
Research and Extension Center in Amarillo, USDA-ARS at Bushland, Texas Tech
University, New Mexico State University at Clayton and West Texas A&M University.
The objectives of these experiments are:
1. To determine the effects of increasing dietary crude protein concentrations and
changing DIP/UIP ratios on nitrogen and phosphorus balance, plasma ureanitrogen concentration and in vitro ammonia nitrogen volatization from a
simulated pen surface.
2. To develop and implement feeding management strategies that will increase the
conservation of nitrogen and phosphorus in open-lot beef cattle feedyards
3. To train graduate and undergraduate students in cattle feeding and environmental
sciences.
4. To improve the efficiency of utilization of feed N by beef cattle housed in CAFO
and to develop best management practices that can be employed to suppress the
environmental impact of volatile N.
We are presently conducting a project to determine nitrogen and phosphorus
balance in steers fed throughout the finishing period. This project is being replicated by
Dr. Reed Richardson's laboratory at Texas Tech University. Twenty-seven steers were
purchased and transported to TAES/USDA-ARS in Bushland. Before steers reached a
maximum weight of 350 kg, they were assigned to one of three outcome groups based
upon body weight and started in metabolism trials. Within each outcome group, each
steer was randomly assigned to one of nine dietary treatments. The dietary treatments
were three supplemental DIP/UIP ratios (100/0, 50/50, 0/1 00) and three crude protein
levels (11.5, 13.0 and 14.5%) in a 3X3 factorial arrangement. Feed, fecal and urine
samples have been collected in four metabolism trials and laboratory analysis is currently
being conducted. Preliminary data shows that arterial blood pH, pC02 and p02 is similar
across all levels and sources of protein.
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Implant strategy and feeding level during the growing and finishing period on
performance, carcass quality and composition of feedlot steers. This research is
being conducted by Guillermo Scaglia for his Ph.D. dissertation, and a portion is being
presented in this meeting as a graduate student poster. Two experiments were conducted,
one with weanling steers and one with yearling steers. In each experiment, steers were
allotted to 12 pens in a completely randomized design. Pens were assigned to either an
implant or no implant treatment and two levels of feeding in a 2X2 factorial arrangement
of treatments. The weanling steers were fed to gain 0.7 or 1.4 kg/d and implanted with
Synovex-S or no implant in a 2X2 factorial arrangement. When steers reached
approximately 320 kg, all steers were implanted with Synovex-S and fed a high
concentrate finishing diet ad libitum. Steers were reimplanted with Revalor-S after 70 d.
The yearling steers initial implant was Synovex-S or no implant and they were fed to gain
1.4 kg/d or ad libitum intake for 62 d. All cattle were implanted with Revalor-S after 62
days on feed and fed ad libitum until harvested. Implant and feeding level treatment
affected ADG and feed conversion during the period when treatment was imposed. In
yearling steers, implant and feeding level treatment affected ADG and feed conversion in
the subsequent period. In yearling steers, grams of rib fat (9th -II th rib) was higher (P <
0.039) for non-implanted/ad libitum fed steers than for implanted/ad libitum fed and nonimplanted/restricted with non-implanted/ad libitum fed steers being intermediate.
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Beef Cattle Research at Oklahoma State University: Impact of Nutrition on Health,
Performance, Carcass Merit, and Metabolism by Feedlot Cattle
C. R. Krehbiel, G. W. Horn, D. R. Gill, M. J. Hersom, W. T. Choat, and B. A. Berry
Department of Animal Science, Oklahoma Agricultural Experiment Station, Stillwater
Introduction
Current research being conducted at Oklahoma State University in the area of stocker and
feedlot cattle nutrition emphasizes the effects of nutrition and previous management on health,
performance, carcass merit and body composition, and metabolism by feedlot cattle. As beef
production systems become more coordinated, the effects of grazing and management programs from
birth and(or) weaning to the feedlot on body composition and metabolic processes in relation to
subsequent feedlot performance and carcass merit will be of increasing importance. In addition,
concerns about environmental quality will increase, and cattle enterprises will continue to be
scrutinized by state and national environmental agencies and other groups. This will put continued
pressure on cattle producers, especially feedlots, to reduce nitrogen and phosphorus waste. Therefore,
our research efforts have focused on specific production and management schemes that increase
efficiency of production of meat with desirable eating qualities, while maintaining or improving the
environment.
The long-term goals of our research are to improve efficiency of production by decreasing
input costs without adverse effects on production or the environment. The specific goals are to: A)
examine the impact of an animal's previous nutrition and management (hormonal and nutritional
manipulations as influenced by implants, grazing duration, quality and quantity of forage, past
performance level, disease, or medical treatment on metabolism, feedlot performance, carcass merit,
and body composition; B) determine the efficacy of specific feed additives, grain processing, and
feeding methods that impact ruminal function and thereby improve efficiency; and C) reduce
nitrogen and phosphorus loss while maintaining or improving animal performance.
Effect of previous rate of liveweight gain of growing steers on wheat pasture on carcass
composition, critical organ mass, tissue oxygen consumption, and subsequent feedlot
performance
In each of two experiments, 48 fall-weaned Angus x Angus-Hereford steers (244 :t 23 kg,
Exp. 1; 231 :t 25 kg, Exp. 2) from the same cowherd were randomly allotted to one of three winter
grazing treatments. Treatments were high (HGW; 1.28 kg/d) and low gain (LGW; 0.48 kg/d) on
wheat pasture and winter grazing of dormant tallgrass native range (NR; 0.21 kg/d). Stocking
density was used to produce the desired rates of gain on wheat pasture, and steers grazing NR were
offered 0.91 kg/d of a cottonseed-meal based 41 % CP supplement. No implants were used during
winter grazing. In Exp. 1, grazing was initiated on Dec. 7, 1999 and terminated after 119 d, whereas
in Exp. 2, grazing was initiated on Dec. 18,2000 and was terminated after 144 d. Liveweights of
steers were obtained after a five to six hour removal from forage and water. Final overall daily
bodyweight gains were 1.31, 0.54, 0.16, and 1.10, 0.68, 0.15 kg/d for HGW, LGW, and NR steers in
Exp. 1 and 2, respectively. Prior to placement into the feedlot, steers were sorted by weight within
winter grazing treatment, and four animals were randomly assigned to initial harvest for the
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determination of initial carcass characteristics. For both experiments, initial hot carcass weights
(HCW) and dressing percent were greatest for HGW followed by LGW then NR steers. In addition,
all initial measures of fat deposition: kidney, pelvic and heart fat, 12th-rib fat thickness, and marbling
score were greatest for HGW carcasses followed by LGW carcasses and then NR carcasses. In Exp.
1, longissimus muscle area in HGW carcasses was greater than LGW and NR carcasses, whereas in
Exp. 2 longissimus muscle area was similar among treatments. However, in both experiments initial
yield grade of HGW was greater than LGW and NR carcasses.
In Exp. 1, initial empty body weight (EBW) was greater for HGW steers than LGW, and both
were greater than NR steers (370)280>226 kg EBW, respectively). Liver mass (g/kg ofEBW) was
greater in HGW steers than LGW or NR steers, whereas the rumen and total gastrointestinal tract
(GIT) were greater in NR compared with HGW steers. Total splanchnic tissue (TST) was greatest
for HGW, intermediate for LGW, and lowest for NR. Initial EBW in Exp. 2 was similar to Exp. 1,
(382,303, and 245 for HGW, LGW, and NR, respectively). Liver, rumen, and small intestine (g/kg
EBW) were greater in NR than HGW or LGW. Similarly, GIT and TST were greater in NR than
HGW and LGW (80.3>51.8 and 57.9, and 108.3>90.0 and 90.2 g/kg EBW, respectively). Initial
oxygen consumption by the liver was greater in HGW and LGW than NR, whereas duodenal initial
oxygen consumption was greater in LGW than HGW or NR. Initial rumen epithelial oxygen
consumption was greater in HGW than NR.
Steers not harvested were implanted with Revalor-S and placed on a high-concentrate
finishing diet. In Exp.l, steers were fed in open pens (3 pens/trt, 4 steers/pen) at the Willard Sparks
Beef Research Center, Stillwater. In Exp. 2 steers were individually fed by the use of Calan
headgates in pens in an open-fronted building at the USDA, ARS Grazinglands Research Laboratory,
El Reno, OK. During the first 50 d of the feeding period in Exp. 1, LGW and NR steers gained 15
and 10% more weight than HGW steers. Native range and LGW steers compensated 7 and 17%,
respectively of weight not gained during winter grazing. In contrast, LGW and NR steers did not
gain BW faster than HGW steers during Exp. 2. Mean BW gain by all steers was similar (1.72 kg/d)
during the first 44 d. In both experiments, final carcass characteristics were similar among
treatments, with the exception of percent KPH being greater for HGW carcasses compared with
LGW and NR carcasses in Exp. 1.
In both experiments, rate of change of GIT across the feeding period was lower for NR than
HGW and LGW steers, whereas rate of change of!,ST did not differ among treatments. The lack of
response for TST was in part due to a greater increase in mesenteric fat across the feeding period for
NR compared with LGW and HGW steers. Similarly, at final harvest, oxygen consumption by
splanchnic tissues did not differ among treatments.
Smaller visceral organs coupled with lower oxygen consumption by splanchnic tissues could
relate to an increased efficiency of energy use for maintenance during feedlot finishing in NR steers.
However, compared with HGW steers, compensatory growth ofLGW and NR steers was minimal
across the finishing period, despite the heavier initial BW and greater body fat of HGW steers.
Effect of previous rate of liveweight gain of growing steers on wheat pasture on net portal
and hepatic flux of nutrients and oxygen
Ten fall-weaned Angus x Angus-Hereford steers (BW = 324:t 45 kg, age = 395 :t 11 d) were
used to determine the effect of compensatory growth on blood flow and oxygen consumption across
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splanchnic tissues during adaptation to a high-grain diet. Treatments were high (HG; 1.25 :t 0.14
kg/d) or low (LG; 0.73 :t 0.13 kg/d) daily BW gain while grazing wheat pasture. After steers were
grazed for 69 d, surgery was performed to place chronic indwelling catheters in the portal vein, a
hepatic vein, and a mesenteric artery and vein. Blood flow and oxygen consumption by portaldrained viscera (PDV) and liver were measured on d 0, 14,28,42,64, and 92 of a high-grain feeding
period. Compensatory growth was evident in LG steers (30% by d 28); ADG was greater for LG
steers during the first 28 d (2.13> 1.31 :t 0.18 kg/d) and was greater during the entire feeding period
(1.28> 1.06:t 0.07 kg/d). Similarly, ADG:DMI was greater for LG steers during the entire feeding
period (0.19>0.14:t 0.01 kg ADG/kg DMI). Blood flow through the liver in LG steers was greater
than HG steers (756)654 :t 40 L/h) and increased as days on feed (DOF) increased. Arterial O2
concentration did not differ among treatments but increased (P<O.OOI)with increasing DOF. Across
the feeding period, total splanchnic tissue (TST) oxygen consumption was greater in LG than HG
steers (780)603 :t 68 mmol/h). Steers that had low BW gain prior to high-grain feeding exhibited
increased liver blood flow and increased TST oxygen consumption when adapted to a high-grain
diet. This increase in energy use by TST occurred during compensatory growth by LG steers.
Effects of restricted versus conventional dietary adaptation on feedlot performance, carcass
characteristics, site and extent of digestion, digesta kinetics and ruminal metabolism
Three experiments were conducted to determine effects of restricting intake of the final
finishing diet as a means of dietary adaptation compared with diets increasing in grain over a period
of 20 to 25 d on overall cattle performance, carcass characteristics, digestibility, digesta kinetics, and
ruminal metabolism. In Exp. I, 84 Angus x Hereford yearling steers (initial BW = 418 :t 29.0 kg)
were fed for 70 d. Restricting intake during adaptation had no affect on overall daily gain and
gain:feed, but reduced DMI compared with ad libitum feeding of adaptation diets. In Exp. 2, 150
mixed crossbred steer calves (initial BW = 289 :t 22.9 kg) were fed for an average of 173 d.
Restricting intake decreased overall daily gain (1.51 vs 1.65 kg/d) and DMI (8.68 vs 9.15 kg/d)
compared with ad libitum fed steers; however, gain:feed was not influenced by adaptation method.
Experiment 3 used eight ruminally and duodenally fistulated steers (initial BW = 336 :t 20 kg) in a
completely random design. Steers were dosed with Co-EDT A and Yb-labeled dry rolled corn and
sampled every 3 h for a 24-h period on the seventh day of each adaptation period. Rumens of steers
were also evacuated at the end of each period 4 h after feeding to determine liquid and DM fill.
Restricting intake reduced daily DMI variation from d 1 through 7,8 through 14, and 22 through 28
compared with ad libitum feeding of three adaptation diets. Restricted steers had reduced intakes
and greater OM digestibilities on d 4 through 7, 11 through 14, and 18 through 21. Restrictedfeeding of the final diet as a means of dietary adaptation can be used in yearling cattle with few
problems from acidosis or related intake variation. Care is needed to ensure that the length and
degree of restriction is limited so that daily gains are not depressed to a point where increased days
on feed are required. This method of adaptation is also efficacious in calves. However, care should
be taken in order to avoid disruptions in intake during the adaptation period, which might result in
restriction for an extended period of time and ultimately increased days on feed and possibly reduced
Choice carcasses. The effects of restricted feeding during the initial 28 days of the feeding period on
site and extent of digestion, digesta kinetics, and ruminal metabolism appear to be minimal,
supporting few differences in performance across the finishing period.
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Effects of dietary energy and starch concentration on growth performance
newly received feedlot calves

and health of

Five hundred and seventy-two crossbred calves purchased from northern Texas and southern
Arkansas and Oklahoma auction barns were delivered to the Willard Sparks Beef Research Center,
and used to study the effects energy and starch concentrations on performance and health of stressed
calves during a 42-d receiving period. Upon arrival, calves were randomly assigned to one of two
dietary energy levels (0.85 or 1.07 Mcal NEg/kg feed DM) and one of two dietary starch levels (29 or
40% of dietary NEg from starch). Cattle were weighed and serum samples were collected on d 1, 7,
14,28, and 42. Daily gain (1.2 kg/d) and feed efficiency (ADG:DMI = 0.18) were not improved by
increased dietary NEg or starch concentrations. Calves offered low-energy diets tended to consume
more DM. No differences were detected in first, second, or third pull rates for calves fed highenergy compared with low-energy diets or calves fed high-starch compared with low-starch diets.
There were no energy or starch effects on M. haemolytica or P. multocida antibody titers. In
addition, serum concentrations of fibrinogen (Fb), haptoglobin (Hp), and serum amyloid-A (SaA)
were similar between dietary treatment groups on d 0 and throughout the receiving period.
Fibrinogen concentration remained constant over time, while Hp and SaA concentrations decreased
by d 28. The ratio of Fb/total blood protein differed significantly on d 0, 7, and 28 between calves
never treated for respiratory disease and those treated multiple times. Haptoglobin concentrations
differed between calves never treated, calves treated once, and calves treated multiple times on d 0
and 7, and differed between calves never treated and calves treated multiple times on d 14 and 28.
Results suggest that Hp might be useful for predicting the incidence of BRD in shipping stressed
calves.
Work in progress
Other projects in various stages of completion include: 1) effect of implanting during
summer grazing and(or) finishing on feedlot performance and carcass characteristics of steers; 2)
effect of protein level and source on ruminal metabolism and digestibility; 3) effect of copper level,
zinc level, and zinc source on feedlot cattle performance, carcass merit and liver mineral
concentrations; 4) effect of buffer and roughage level on ruminal metabolism and site and extent of
digestion by beef steers; 5) effect of roughage source and NDF level on feedlot cattle'performance,
carcass merit, ruminal metabolism and site and extent of digestion; 6) effect of energy level and a
fibrolytic enzyme on performance and health of newly received shipping stressed calves; 7) efficacy
of probiotics and other feed additives for newly received calves; and 8) use of PCR subtractive
hybridization to identify genes involved in differentiation of adipocytes in subcutaneous, kidney,
pelvic and heart, and intramuscular adipose depots of finishing steers.
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Applications for DNA technology in beef cattle from a feedlot perspective
Clare A. Gill
Department of Animal Science, Texas A&M University, College Station, TX 77843-2471
Introduction
In this age of genome sequencing, the beef industry has many expectations in terms of products
that will be delivered as a result of advances in biotechnologies. Various commodity groups
have made considerable investments in beef cattle genomics with little to show so far. This is
largely because the merits and timeline for commercializing biotechnologies have been oversold
to breeders and producers, while the effort required to make progress in this area has been
grossly understated.
The emphasis of this paper is to describe the current state of DNA
technologies in beef cattle, how they can be applied by feedlots and the future work that needs to
be accomplished before DNA testing can become widespread.
9

The bovine genome, like other mammalian genomes, contains about 3x 10 bases of DNA.
Based on estimates from the recently completed draft sequence of the human genome, it is
expected that there are 30,000 to 50,000 genes in cattle. The ultimate goal of genome scale
projects is to understand how networks of genes interact with one another, the environment and
the management system to affect animal physiology.
The current focus is on identifying
mutations in or around genes that cause genotypic variation in traits of economic importance to
the beef industry. Since the consumer continues to be a principal driver of trends in the industry,
the traits that have been concentrated on are those that affect the consistency and quality of meat
products. Until now, there has been little emphasis on other traits that are important in the
feedlot, such as feed efficiency and disease resistance, largely due to the expense of establishing
resource populations to investigate these traits. Individualized feeding and calorimetry for feed
efficiency, and disease challenges and animal containment for disease resistance make these
traits up to ten times more expensive to study. Collecting phenotypes remains one of the biggest
challenges for the beef industry if DNA technologies for complex traits are to be widely applied.
Performance of the feedlot animal involves an interaction between the genotype of the individual
animal and the genotypes of the rumen microflora. Improved efficiency can come about due to
higher feed conversion and to targeting the feeding regime to the genetic potential of the cattle
for quality grade. It is not possible, at present, to predict which individual steers or heifers will
achieve specific quality grade or feed conversion efficiency targets or which feeding regimes
will provide the most cost-effective means of reaching these targets. Identification of genes
associated with higher quality grade and feed conversion efficiency, but without adverse effects
on other traits, should benefit the beef cattle industry.
Gene Mapping
Numerous genes influence most economically important traits. The individual genes that affect
such traits are known as quantitative trait loci (QTL). The identity of these genes may be known,
but in many cases only the general location of the QTL on a chromosome is known. The Texas
A&M Angleton project, which commenced in 1990, was one of the first QTL mapping projects
in beef cattle. Researchers at USDA and in Australia have conducted similar gene mapping
studies. In the Angleton project, phenotypes for 62 lifetime traits were collected from families of
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Angus and Brahman cross cattle. The focus of the project was on growth and carcass quality.
Traits such as disease resistance and feed efficiency were not evaluated. Genome scans were
performed to identify the best-estimated chromosomal positions for QTL. Several QTL were
identified for each trait evaluated. The smallest QTL regions span 10 to 20cM or the equivalent
of 10 to 20 million bases of DNA. Comparative mapping data from humans reveal that there
may be up to 500 genes in a region of this size. A considerable investment, in terms of both time
and money, must be made to progress from identification of a QTL region to identification of the
individual gene(s) responsible for the genotypic variance in the trait of interest.
To identify markers or genes, a collection of phenotypes for the relevant traits must be available.
Texas A&M has recently initiated a new project to create a resource population to investigate the
genetic control of female fertility traits and the genetic mechanisms affecting nutritional status.
The term that has been coined to describe the latter field of study is "nutritional genomics".
Nutritional genomics is broadly defined as the study of genetic factors related to nutrient uptake
and energy metabolism in livestock. This new project will involve a long-term effort to collect
relevant phenotypes to identify QTL for improved animal production. The traits that will be
measured will be chosen following consultation with producers, feedlot representatives and
ruminant nutritionists. The long-term goal is to understand the genetic control of pathways that
influence appetite, feed efficiency and nutrient utilization.
DNA Tests
A utopian view of the future is that DNA tests will accurately determine the genetic merit of an
individual without the need for EPDs, phenotypes or other pedigree information. This common
misperception has come about because the potential of biotechnology has been oversold to
breeders and producers. A more realistic view is that genetic testing will be another tool used to
enhance the accuracy of selection, but will not replace EPDs in the foreseeable future and
breeders will need to continue to collect phenotypes (Thall man, 2000).
An intermediate step in the discovery of genes for economically important traits is the
identification of genetic markers that are closely associated with QTL. The closer a marker is to
the gene, the less likely the marker and gene will be separated by recombination events and the
more useful the marker is as a diagnostic test. With linked markers, the association between
markers and QTL must be established within each family. If the association between marker
alleles and traits is known in a parent, then the linked markers can be used to predict whether the
progeny inherited favorable or unfavorable QTL alleles. This approach is being used to validate
segregation of QTL in the Carcass Merit Project (see below).
The markers of choice for the last ten years have been microsatellites. These tandem repeats are
distributed throughout the genome and are highly polymorphic. Over 2000 microsatellites have
been isolated from cattle and they have been mapped in resource populations. Although it is
relatively inexpensive to develop a new microsatellite, genotyping costs using a gel-based
system are high. There are now several emerging technologies for low-cost, high throughput
genotyping based OJ} the detection of single nucleotide polymorphisms (SNPs). SNPs are single
base differences in DNA that occur about once every 200-300 nucleotides. With over 10 million
SNPs per genome these are the ultimate markers for products based on genotype. While the
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costs associated with genotyping can be reduced using SNPs, sample entry and reporting systems
are still expensive.
Once mutations that cause differences in traits have been detected, they can be tested directly and
there is no need to empirically determine which test allele has the favorable effect. Finding the
responsible gene can be expensive and time consuming and without the use of transgenesis
(knock-in or knock-out experiments) it can be very difficult to prove that a particular gene has
the observed effect on traits. The genes that will be identified first are likely to be those that
have very large effects, which may disrupt normal physiology of the animal. The more useful
differences will be more difficult to identify.
Direct tests for a number of simple traits (e.g. genetic disorders, coat color, double muscling) are
already commercially available. The Genestar marbling test (Genetic Solutions Pty. Ltd.) was
recently released and is the first genetic test for a complex trait. In the population sampled,
animals with two copies of the high marbling allele were twice as likely to be graded high choice
or prime as animals with one copy or no copies of the high marbling allele. The test is for a
recessive gene, so inheritance of one copy of the high marbling allele has no effect on marbling.
It will continue to be important to evaluate genetic tests across breed types and in different
environments. Using the GeneSTAR marbling test as an example, it was demonstrated that there
can be significant differences in allele frequency between breeds and the effect of the gene is
dependent on genetic background. The effect of production environment (e.g. the use of growth
promotants, feeding period, nutritional factors) on gene expression will need to be extensively
evaluated.
A novel application for DNA testing is product traceability. In the case of contaminated product,
the system can be used to identify other potentially contaminated product before it reaches the
consumer. Tracing high or low quality product from the packing plant back to the sire of origin
could enable retrospective selection for quality. The method could also be used for breed
identification to underpin branded beef programs.
Different segments of the industry will need different types or amounts of genomic information.
The feedlot/finisher is a high volume and low margin business. Predicted phenotypes based on
genotype are desirable since groupings are important for management. Feedlots need low-cost
tests with a rapid turnaround. Ideally, animals will be tested at the backgrounding stage or
genotyped before being allocated to pens. A key to capturing value and providing rewards for a
predictable product will be the implementation of sophisticated information management
systems to support low-cost genotyping.
Marker Validation
While efforts to identify genes affecting economically important traits in beef cattle need to
continue, there must also be a concerted effort to validate QTL and identify correlated effects in
commercial-populations
prior to commercialization of genetic tests. It is expected that QTL
effects will vary depending on the genetic background, environment and management
conditions.
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The Carcass Merit Project is an outgrowth of the Texas A&M Angleton project.
This
collaboration between Texas A&M University, Kansas State University, Cornell, MMI
Genomics Inc., 14 Breed Associations is coordinated by the National Cattlemen's Beef
Association and funded with Beef Check off dollars. This project is an industry-wide effort to
characterize bulls in U.S. beef breeds for carcass traits. One objective of the Carcass Merit
Project is to validate segregation of QTL for selected carcass characteristics within each breed
participating in the study. Eleven QTL are under investigation in the Carcass Merit Project: six
for Warner Bratzler shear force tenderness, one for tenderness as assessed by a sensory panel,
three for marbling and one for rib eye area. Each participating Breed Association has identified
ten bulls and fifty progeny for each bull for the QTL validation study. The validation component
of this project consists of scoring a bull and his progeny for DNA markers in the QTL regions.
Where possible, a pair of heterozygous markers was selected for each QTL and each bull to
validate the segregation of QTL in the half-sib progeny. Families have been completed for 32
sires representing eight different breeds. Five of the tenderness QTL were validated in two
breeds and two tenderness QTL were validated in one breed. Collectively, segregation of
tenderness QTL was validated in four of the five breeds tested. Two marbling QTL were also
validated in two breeds. None of the bulls tested thus far were detected to be heterozygous for
the growth QTL. Reasons for not detecting segregation in the half-sib families are (I) the QTL
found in the research phase was a false positive, (2) the QTL had a distinct allele in either Angus
or Brahman cattle used for discovery, (3) the QTL are segregating but the sample of bulls
completed thus far were simply homozygous, and (4) there were heterozygous bulls but the
effects were too small to detect with our sample size. Since the thirteen bulls are from five
different breeds, a more comprehensive analysis could not be done at this time (Pollak et aI.,
2001).
Summary
Despite a long-term investment in research, genomics has delivered relatively little to the beef
industry to date. Within the next 5 years, the heavy investment by public and private institutions
in beef cattle genomics will payoff as genomic technologies are commercialized.
There is a
continued need for investment in research and development, particularly in the areas of gene
discovery and functional genomics (understanding gene structure and function). Efforts should
continue to identify the genes underlying QTL and to develop diagnostic tests for the associated
complex traits. Tests for traits such as marbling should be available in the short term (3-5 years)
but tests for feed efficiency, disease resistance or reproduction will take longer to develop.
These traits are problematic either because they are difficult to measure, records are not routinely
kept or they require challenge with an infectious agent to validate animals with the appropriate
phenotypes. Functional genomics is the next big challenge. Since genes are parts of networks or
pathways, it may take 50 years to understand how gene function affects animal physiology.
Bibliography
Pollak, E.]., M. Dikeman, c.A. Gill, D. Moser, T. Holm and E. Westcott. 2001. Update on the
Carcass Merit Project. Proceedings of the 54th ASAS Reciprocal Meat Conference. pp. 103-104.
Thallman, R.M. 2000. Preliminary guidelines for marker assisted genetic prediction. Proceedings
of the Beef Improvement Federation 32nd Annual Research Symposium and Meeting. pp.86-97.

97

CLIMA TIC EFFECTS ON FEEDLOT CATTLE AND STRATEGIES TO ALLEVIATE

THE EFFECTS
Terry L. Mader!
and M. Shane Davis2
ABSTRACT: The performance, health, and well-being of feedlot cattle are strongly affected by
climate. Annually, a heat wave and/or period of severe winter weather cause significant losses
cattle feeding regions of the United States. Death losses have exceeded 5,000 head/event in
feedlots as a result of snowstorms and heat waves. In the past ten years, economic losses in the
cattle industry averaged over $20 million/year as a result of adverse climatic conditions in the
Northern Plains alone. Management systems are needed which incorporate information and
guidelines regarding cattle responses to weather challenges. Altering the microclimate by
providing protection from the environment is one of the most useful tools helping animals cope
with climatic conditions. For most feedlot cattle, facilities and management programs do not
need to eliminate environmental stress completely, but rather minimize the severity of the
environmental challenge and aid the animal in adapting to it. Inexpensive management
alternatives, such as the use of bedding in winter or sprinklers in summer, need to be considered.
When designing or modifying facilities, it is important that changes made to minimize impact of
the environment in one season do not result in adverse effects on animals in another season.
Using permanent wind barriers to minimize cold stress in the winter may require that shade or
sprinklers be provided in the summer to minimize heat stress. In addition to facility changes,
dietary manipulation may be beneficial for feedlot cattle challenged by environmental
conditions.
INTRODUCTION
While new knowledge about animal responses to the environment continues to be developed,
managing feedlot cattle to reduce the impact of climate remains a challenge (Hubbard et al.,
1999). In particular, additional environmental management strategies are needed to guide feedlot
managers when making decisions prior to and during periods of adverse weather (Hahn et al.,
1999; Mader and Dahlquist, 1992). In 1992, 1995, 1997, and 1999, individual feedlots lost in
excess of 100 head during severe heat episodes. The heat waves of 1995 and 1999 were
particularly severe with cattle losses in individual Midwestern states approaching 5,000 head
each year (Hahn and Mader, 1997; Hahn et al., 2001). The winter of 1996-97 also caused
hardship for cattle producers because of greater than normal snowfall and wind with some
feedlots reporting losses in excess of 1,000 head. Up to 50% of the newborn calves were lost in
many areas with over 100,000 head of cattle lost in the Northern Plains states. Early snowstorms
in 1992 and 1997 resulted in the loss of over 30,000 head of feedlot cattle each year in the
Southern Plains of the United States. Economic losses from reduced cattle performance likely
exceed those associated with cattle death losses by several-fold. In addition to losses in the
1990' s, in 2000-2001, feedlot cost of gains in both the Southern and Northern Plains feedlots
IDepartment of Animal Science, University of Nebraska, 57905 866 Road, Concord, NE 68728; (402) 584-2812
Consulting Nutritionist, Koers-Turgeon Consulting Service, Inc., 2000 Ridgeview Rd., Salina KS 67401; Phone:
719-547-1103
2

98

.•

/

increased 10% from previous years as a result of late autumn and early winter moisture
combined with prolonged cold stress conditions. These recent examples suggest rational,. cost
effective management systems are needed to reduce climate-related losses in feedlot cattle. Such
systems should incorporate recent tools and information about cattle responses to weather
challenges for managers to use in helping animals cope with adverse climatic conditions. This
report summarizes recent results that support improved environmental management of feedlot
cattle.
RESUL TS AND DISCUSSION
One of the quickest methods of minimizing cold stress is to provide insulation or shelter for the
animal. Although bedding is used extensively for non-ruminants and dairy animals it is seldom
used in the feedlot industry. The added residue contributes to added waste in the pens. In
addition, if the bedding constitutes a fibrous feed source, cattle sometimes consume it instead of
their normal high-energy diet, thereby reducing metabolizable energy (ME) intake and
performance. Nevertheless, a summary of two trials conducted in South Dakota (Birkelo and
Lounsbery, 1992) and Colorado (Stanton and Schultz, 1996) found that providing approximately
1 kg per head of straw daily as bedding during the winter feeding period improved gains 6.8 %
and efficiency of gain 6.6% (Table 1). The economic benefit of providing bedding averaged
$ll/head after taking into account bedding cost.
"

Additional feedlot studies (Mader, et aI., 1997a), involving both heat and cold challenges, have
been conducted at the University of Nebraska to evaluate year-round effects of shelterbelts or
tree wind breaks provided for winter wind protection. A series of feeding trials were conducted
in a continental climate during each season of a three-year period in which cattle were fed in
outside lots with access to a north and northwest tree windbreak or outside lots with no access to
shelter or a windbreak. Performance of yearling animals was not improved during the winter by
providing wind protection, possibly because normal to better than normal winter feeding
conditions existed during the years that trials were conducted (Table 2). Also, providing wind
protection or shelter resulted in decreased cattle gains in the summer. However, cattle fed in the
unprotected area did have greater fat thickness in the winter and greater intramuscular fat in the
winter and autumn than cattle fed in protected areas. In a follow-up study, performance of heavy
steers during an approximately two-month feeding period was severely impaired when protection
was not provided in the winter (Table 3). Data from these studies indicate that benefits of feeding
cattle in sheltered or protected areas in the winter can be offset by lower performance
experienced by cattle fed in those same areas in the summer. However, as cattle approach
slaughter weights, the benefits of providing protection from cold challenge are greatly increased.
In addition, fat deposition is enhanced in cattle exposed to moderate cold stress and maintained
by cattle exposed to more severe cold stress even though performance is reduced. In addition to
facility effects, other studies have shown that cattle fed high energy, finishing vs moderate
energy, growing diets were affected most by weather challenges (Mader, 1986).
In follow-up studies (Mader et al.,. 200 1), trials were conducted at the University of Nebraska to
evaluate the effect of diet energy level and( or) energy level adjustments on finishing
performance. In winter trials, two levels of alfalfa hay (7.5%, Low and 15%, High) along with
two diet switch feeding regimens (7.5% to 15%, Low-High and 15% to 7.5% alfalfa hay, HighLow), with the switch occurring under cold stress conditions, were fed in two facilities (with and
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without wind protection). The common feedlot practice of switching from low to high roughage
diets (Low-High) was not found to be beneficial. Feeding regimen High-Low appeared to be
beneficial in facilities without wind protection provided (Table 4). In other summer trials, two
levels of alfalfa hay (8 and 12%) were fed; higher feed intakes were found for steers fed the 12%
alfalfa hay diet (Dahlquist and Mader, 1993). Similar gains and efficiencies suggest that alfalfa
hay diets between 8 and 12% yield similar results in the summer. Interestingly, in this study,
feeding a higher level of roughage resulted in greater % of liver abscesses (21.2 vs 6.7%).
Other studies evaluating roughage level effects were conducted at the University of Queensland,
Australia (Mader, et aI., 1999b) individually fed animals exposed to hot (HOT) or thermoneutral
(TNL) environmental conditions while being adapted (stepped-up) to a finishing diet by
decreasing roughage level from 55% to 10% of the diet dry matter (DM). Only when the cattle
were fed the most energy dense diet (10% roughage) did heat exposure appear to result in a
significant reduction in ME and DM intakes. Intakes of individually fed cattle were maintained
when 40 and 25% roughage diets were fed regardless of environmental conditions. However,
rectal body temperatures (BT) increased and pulse rate, an indirect indicator of metabolic rate,
tended to increase in cattle as the diet energy density increased, under both TNL and HOT
conditions. Results suggest that feeding high-energy diets to feedlot cattle. increases body
temperature, tends to increase metabolic rate, and contributes to heat-related stress and that
stepping cattle up on feed under hot climatic conditions tends to enhance the stress level.
In related studies (Mader, et aI., 1999b), feedlot steers were housed under TNL or HOT
environmental conditions while being fed a 6 % roughage finishing diet ad libitum (HE), fed the
same diet restricted to 85 to 90 % of ad libitum (RE), or fed a 28% roughage diet ad libitum
(HR). Steers fed the HR diet tended to have lower respiratory rate and significantly lower BT
under HOT conditions than HE and RE fed steers, while RE fed steers had significantly lower
BT than HE fed steers (Figure 1). Steers fed RE diets had greater water intake than HE fed steers
when averaged across environmental conditions, which indicates that if cattle do not have feed
available to them they may consume water, possibly as a result of boredom. The lower BT of the
HR and RE fed steers would indicate that ME intake prior to exposure to excessive heat load
influences the ability of cattle to cope with the challenge of hot environments.
In contrast to hot environment results, when cattle were exposed to cold conditions at or below
TNL levels, higher energy diets were beneficial compared to higher roughage (lower energy)
diets (Mader et aI., 2001) An elevated metabolic rate is indicative of metabolic adaptation to
cold stress. Thus, a need exists for greater ME intake in the winter to minimize cold stress, while
in a hot environment animals must dissipate metabolic heat when there is a reduced thermal
gradient between the body core and the environment. The higher producing animals, which are
consuming more feed thereby creating greater metabolic heat, would appear to be more
susceptible to heat stress. Evaporation of moisture from the skin surface (sweating) or
respiratory tract (panting) is the primary mechanism used by the animals to lose excess body heat
in a hot environment. Under these conditions daily water intake becomes very important and
increases in both total amount per day and per unit of feed intake.
Water intake diminishes and/or helps offset the negative impact of metabolic heat during periods
of excessive heat load, but can be influenced or limited by available waterer space (Mader et aI.,
1997b). During heat episodes, as much as three times the normal waterer space (3 vs 1 inch of
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linear space per animal) may be needed to allow for sufficient room for all animals to access and
benefit from available water. In addition to waterer space allocation, greater benefit of restricted
feeding programs may be realized if cattle are fed late afternoon or evening vs morning to
minimize peak environmental and peak metabolic heat loads occurring simultaneously.
However, Gaughan et aI. (1996) found little or no benefit to evening vs morning feeding during
studies in which very little nighttime cooling occurred. A greater understanding of the
relationship among water intake (availability and cooling effect), feeding regimen (feeding time
and level) and diurnal climatic conditions (intensity and duration of hot conditions and cooler
recovery periods) are needed.
Other methods of modifying heat load include implementing a bunk management regimen
(Figure 2) whereby bunks are kept empty 4 to 8 hours during the day to minimize peak metabolic
heat load occurring simultaneously to peak climatic heat load. This method forces the cattle to
eat in the evening or at night. In addition to altering feeding regimen, sprinkling can be effective
in minimizing heat stress. Benefits of sprinkling tend to be enhanced if sprinkling is started in the
morning, prior to cattle getting hot (Figure 3; Davis, 2001). These data also show significant
benefits to sprinkling or wetting pen surfaces. Sprinkling of pen surfaces may be as much or
more beneficial than sprinkling the cattle. Kelly et aI. (1950), reported ground surface
temperatures in excess of 1500 F by 2 p.m. in the afternoon. Cooling the surface will provide a
heat sink for cattle to dissipate body heat, thus allowing the cattle to better adapt to
environmental conditions vs adapting to being wetted. Wetting or sprinkling can have adverse
effects, particularly when the cattle get acclimated to being wet and failed or incomplete
sprinkling occurs during subsequent hot days.

•
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Shade has been found to be beneficial for feedlot cattle, however, in research conducted in
Northeast Nebraska (Mader et aI., 1999a) positive benefits occurred only in the early portion of
the feeding period and only in cattle with wind barriers provided. In this study, three summertime trials were conducted over consecutive years, evaluating shade for cattle fed in pens with or
without wind protection provided. Feedlot cattle were fed high-energy finishing diets in facilities
with or without wind barriers and with or without shade using a 2 x 2 factorial experimental
design. In unshaded areas, air temperature and humidity averaged 21.6°C (70.9° F) and 77.9%
while 1500 h blackglobe-humidity index (BGHI) averaged between 84.0 and 89.1. In facilities
with wind barriers provided, airflow was reduced from the north and northwest by a 25-m-wide
shelterbelt containing six rows of trees. For cattle fed in pens with wind barriers provided, shade
increased gain from 0 to 56 d and improved efficiency of gain from 0 to 28 d. Performance was
similar for shaded and unshaded cattle fed in the facility without wind barriers provided. The
shade response, found in the facility with wind barrier provided, tended to be most pronounced
for cattle carrying more body condition. Shade use, although related to BGHI, tended to increase
with time cattle were on feed, suggesting that cattle must adapt to shade or social order around
and under shade before optimum shade use and benefit occurs. Although no heat-related cattle
deaths occurred in this study, results suggest that shade improves cattle performance in the
summer when they are fed in facilities that restrict airflow and have not become acclimated to
hot conditions. Once cattle are acclimated or hot conditions subside compensation by unshaded
cattle offsets much of the initial benefits of providing shade.
The benefits of shade may be limited to areas of greater temperature and solar radiation (Figure
4). More consistent benefits of using shade would likely occur the further south cattle are fed.
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Mitlohner et aI., (2001), found excellent results to providing shade for cattle fed near Lubbock,
TX. The economic benefits of shade may be limited, depending not only on location, but also on
cost of structures and maintenance. Also, heat stress is dependent not only on temperature, but
also humidity, solar radiation, and wind speed. Adjustments for humidity are shown in Figure 5.
Adjustments for solar radiation and wind speed have also been developed (Davis, 2001).
Proper pen layout and mound design are also crucial for minimizing effects of adverse climates.
Proper mound design in feedlot pens is essential to minimize mud problems during wet periods
and enhance air-flow during hot periods. Mud is our most costly weather hazard. While mud
cannot be eliminated, proper mound design can enhance cattle performance and reduce the
number of days cattle are on feed. The basic goal of using mounds is to remove water as quickly
as possible from the pen with minimum erosion of soil and manure. In conjunction with proper
pen layout and slope, proper water and waste management will reduce the number of fly
breeding areas within the pen, adding to summer comfort and gains.
For best results, incorporate most of the lot in the mounds and valleys. Building one mound in
the center of the lot with the waterer just behind the bunk apron, and connecting the mound to
the waterer apron, works well. Then build another mound on each side with the fence line
following the crest of these mounds. For maintenance purposes, fenceline mounds may be
smaller and flatter than center pen mounds. However, having the fence on the crest of the mound
results in manure working away from the fence, eliminating manure buildup under it, which
would become a fly breeding area during the summer months. When the general lot slope is in
the range of 3 to 6% away from the bunk, raise the crest of the mound to a height equal to or
above the water trough apron and continue it at this level to about % the length of the pen.
Most mounds need reshaping and soil added each year. The majority of dirt should be replaced
in spring to allow for good packing. Shape side slopes steeply enough to drain water, but flat
enough to allow cattle to rest on them comfortably out of the wind. Crown the top of the mound
a slight amount for good drainage. The top should be fairly narrow, 5 to 10 feet wide to help
maintain the crown. If possible, use clay to rebuild mounds, although a limited amount of packed
manure can be used since it forms a better seal than soil alone, allowing faster runoff and less
retention of water. Ideally, lots are designed so mounds are tied to concrete pads around waterers
and around feed bunks. That allows cattle to flow naturally from the mounds across the concrete
pads to the feed bunks. Feedlots utilizing mounds are most often found in the Northern Plains.
Southern Plains feedlots may not always see benefits from mounds, particularly if muddy
conditions do not exist, however, benefits of mounds are observed in the summer by providing
areas with enhanced airflow and helping to minimize bunching activity.
In regard to wind protection, previous research indicated that in many cases, northern cattle don't
necessarily need wind protection in the winter, however, if wind protection is provided place it
outside the pen to prevent excessive drifting of snow into the pens. Windbreaks will provide
protection downwind to a distance of 5 to 10 times their height. Tree shelterbelts should be a
minimum of 75 feet from fence lines, while other forms of protection, mainly temporary, can be
set closer. If a windbreak is located very near pens, it should have 10 to 20% open space to allow
some air movement through the windbreak to prevent excessive drifting in front of the shelter,
adding to snow buildup in pens. If possible, avoid having any wind protection near cattle in the
summer.
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In addition to the above-mentioned management strategies to mInImIZe climatic stress,
monitoring weather conditions within the feedlot to characterize the microclimate of the
livestock operation allows for proactive responses to periods of potential environmental stress
periods (i.e. heat and cold stress). Currently, most producers use manual documentation of
rainfall events, local weather forecasts, and some degree of intuition to monitor weather
conditions. Weather station technology exists to allow livestock producers to monitor on-site
weather conditions and automatically document these for future reference .
Numerous types of weather stations currently exist for use to monitor various weather
parameters. These devices range from simple hand-held units, which monitor temperature,
humidity, and wind speed, to comprehensive systems, which can monitor in excess of 15 weather
variables. Most producers likely can benefit from a moderately priced ($500-$1000) unit which
monitors and automatically records weather conditions. Such a system may record ambient
temperature, relative humidity, wind speed and direction, and rainfall amount. The stations are
configured such that data may be stored on the unit for future download, or may be directly
linked to a computer for automatic download. The station can also be set up to display the
weather variables remotely. This can allow producers to monitor the weather variables from their
desk, which can be useful in making management decisions. This application facilitates ease of
use without additional requirements of employee time. Weather stations also have uses for
documenting weather conditions for regulatory compliance and waste management purposes .
Feedlot cattle are traditionally housed outdoors with exposure to naturally-varying environmental
conditions. Cattle are particularly vulnerable to rapid changes in these conditions (Hahn, 1995).
Facilities and management programs for feedlot cattle do not need to eliminate environmental
stress completely but rather minimize the severity of the environmental challenge and aid the
animal in adapting to it. Inexpensive management alternatives, such as the use of bedding in the
winter or sprinklers in the summer, need to be considered to help cattle cope with adverse
conditions. When designing or modifying facilities it is important that changes made to minimize
the impact of adverse environments in one season does not result in negative effects on animals
in another season. Using permanent wind barriers to minimize cold stress in the winter may
require that shade or sprinklers (Mader, 1996) be installed in the summer to minimize heat stress.
In addition to facility changes, dietary manipulation may also be beneficial for feedlot cattle
challenged by environmental conditions. On-site weather monitoring equipment should be
incorporated into management strategies to evaluate and minimize impact of adverse climate.
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Table 1. Effect of adding bedding to feedlot pen surfaces during winter.
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-

None

Straw

South Dakota
Dry matter intake, lb
Daily gain, lb
Feed/gain

18.2
2.88
6.33

18.5
3.12
5.93

Colorado
Dry matter intake, lb
Daily gain, lb
Feed/gain

18.8
3.32
5.71

18.7
3.50
5.36

18.5
3.10
6.02

18.6
3.31
5.65

Mean

'\

}
}

Dry matter intake, lb
Daily gain, lb
Feed/gain

/

j

/
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Table 2. Effect of type of shelter and/or wind protection
(3-year summary).

on year-round

Type of shelter

as

Item
Average daily gain, Ib
Winter
Spring
Winter
Spring
Summer
Autumn
Average
Feed/gain
Winter
Spring
Summer
Autumn
3.31
Summer
Autumn
Average
Feed dry matter intake, Ib 7.39
Average
Fat th., in.
Winter
Spring
Summer
Autumn
Average
Marbling scored
Winter
Spring
Summer
Autumn
Average
Quality gradee
Winter
Spring
Summer
Autumn
Average

'os = overhead

shelter

enclosed

a

WB

3.09
3.
21.35
19.88

22040
23.23
21.71
6.97
5.99

7043
7.58
3.25
3.03b,c
3.09
3.13

NWB

3.17

3.23

20.95
19.57
22.06
23.38
21.49

21.54
19.72
22.89
23.10
21.81

6.66
5.93
7.52
7.52

6.77
6.10
7.04
33

2.96b
3.12
3.14

3.27c
3.14
3.22

6.99

6.91

6.83

0.55b'
0.55

0.54b
0.57

O.64c
0.59

0043

0041
0045
0049

0043
0049

5.37

5A7b
5.37
5.30

5040

5040

0.51
0.51

0.54

5A3

5AOb

5.83c
5.37
5.53
5.66
5.60c

7.20b,c
7.12
7.10
7.10b
7.13b,c

7.12b
7.11
7.05
7.08b
7.09b

7.30c
7.11
7.17
7.25c
7.21c

5.53b

5040
b

on the north side; WB = windbreak

protection.
b.cMeans in the same row with unlike superscripts
d4.5 = average slight; 5.5 = average small.
e6.5 average good; 7.5 average choice.

=

feedlot steer performance

differ (P <0.05).

=
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to north and northwest;

NWB = no wind
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Table 3. Effect of winter cold stress and wind protection on feedlot cattle .

'
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•

Heavy

Light

Average

Heavy

Light

Average

Initial wt., lb

1048

952

1000

1059

972

1015

Final wt., lbc

1174

1195

1184

1136

1163

1149

51

86

69

51

86

69

2.48

2.83

2.65

1.52

2.22

1.87

22.91

21.04

21.98

22,00

20.84

21.42

9.30

7.44

8.37

14.76

9.41

12,09

Fat thickness, in

.38

,38

.38

.37

.39

.38

Quality graded,e

7.02

7.31

7.16

7.08

7.25

7.17

2.3

2.2

2.3

2.3

2.3

2.3

Mean days on feed
Mean daily gain, lbb,c,d

Feed/gain b,c,d

••
•
••
•
••
•.

No Protection (NWB)

Weight group:

Mean daily DM feed intake, lbd

•.'
••
••

Windbreak (WB)

Feedlot location:

Yield grade

aCattle allotted to treatment based on initial weight.
bWB vs NWB (P <0.05) .
CAdjusted to 62% dress.
dHeavy vs light group (P <0.05) .
e6.5 = average select; 7.5 = average choice .

'
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Table 4. Effect of changing feedlot diet roughage level under cold stress
No wind
protection
Normal diet: (% roughage):
Cold stress diet: (% roughage):
Final wt., lbab

Wind protection
provided

IS
7.5

7.5
15

IS
7.5

7.5
15

1164

1149

1150

1163

Daily intakeb
DM,lb
ME, Meal

21.33
29.82

21.90
30.64

21.59
30.14

21.72
30.41

Daily gain, lba

2.64

2.48

2.42

2.58

Efficiencyb
DMigaina
ME/gaina
Fat thickness, inb

g
8.17
11.42

8.90f,g
12.44

.60

.58

8.97f
12.53

11.92

.57

.61

•
•
•
-

8.51 f,g

l .'

Quality grade

18.8

18.8

19.0

18.8

Choice grade, %

75.7

69.8

78.8

66.0

C

Yield grade

3.7d

3.5d,e

3.3e

3.4e

Liver abscesses, %

3. I

6.3

0

0

aBased on hot carcass weight assuming a 62% dressing percentage.
bDiet regimen by wind protection interaction (P < 0.10)
cSelect+ = 18, Choice" = 19.
d,eMeans with different superscripts differ (P < O.I 0).
f,gMeans with different superscripts differ (P <0. IS).
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Figure 1. Rectal temperature (BT) of cattle exposed to thermoneutral (fNL) or hot (HOT)
environments and fed a 6% roughage, high energy diet ad libitum (HE) or restricted to 90% of ad
libitum (RE) or fed ad libitum a 28% roughage diet (HR) .
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Figure 2. Tympanic temperature of steers during severe heat stress conditions (mean daily
temperature-humidity index> 77). ADLIB steers were fed ad-libitum at 0800 h. Bunk
management (BKMGT) steers were fed at 1600 h with bunks empty at 0800 h, while limit-fed
(LIMFD) steers were fed 85% of predicted ad libitum intake at 1600 h.
abMeans within a time with unlike superscripts differ (P < 0.05).
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Figure 3. Tympanic temperatures of steers during severe heat stress (mean daily temperaturehumidity index> 77). No water was applied to control (CON) mounds, while AM and PM
mounds were sprinkled between the hours of 1000 and 1200 and 1400 and 1600 h, respectively .
abMeans within a time with unlike superscripts differ (P < 0.05) .
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Figure 4. Areas of the mainland United States having selected categories of yearly hours above
85°F (Garrett, 1963; Hahn et aI., 2001). Areas> 700 hours would benefit the most from shade.
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APPENDIX
Heat Stress Management Strategies for Feedlot Cattle *
These strategies have been developed based on published research information as well as
personal experiences. They are intended to be used as a guide for producers, managers, and
nutritionists to use during times when weather conditions are conducive to heat stress of feedlot
cattle. These strategies were designed for implementation at the onset of heat stress (Emergency
Plan) or prior to the manifestation of such conditions (Strategic Plan) .
These guidelines are based on using the (Livestock Conservation Institute, 1970)
Livestock Weather Safety Index, which incorporates measurements of temperature and humidity,
in a single index value (Figure 5). During emergency conditions, prompt relief from heat stress
should be provided to improve animal well-being and prevent possible heat related deaths. For
best results, implementation of management strategies involving sprinkling, added waterers, or
other novel approaches, in which cattle are not accustomed, need to be implemented one or more
days prior to their intended need. This is done to minimize stress associated with the change .

EMERGENCY PLAN
(immediate, if strategic plan not used)

•

••
•

Conditions
THI ~ 79 at anytime during the day
Response
Particular attention needs to be given to animals that are most at risk to heat stress
(greater than 850 lbs, dark-haired, newly received, recently processed, and/or those in
pens with restricted airflow)
Sprinkle cattle
1) Main objective should be to wet cattle to provide immediate relief
2) Secondary objective is to cool the pen surface to allow for conductive and
radiative heat transfer away from the animal
Provide severely at risk cattle with an additional drinking water source
If cattle are to be fed in the afternoon, alter delivered amount to adjust for a 20 to
40% decrease in total dry matter feed intake

• Guidelines were developed by Dr. Terry Mader, Professor of Animal Science, University of Nebraska (Phone:
402/584-2812; E-mail: tmaderl@unl.edu) and Mr. Shane Davis, Graduate Student (Phone: 402/472-6737; E-mail:
msdavis@unlserve.unl.edu)
as part of a National Research Initiative Project, entitled "Dynamic Responses of
Feedlot Cattle Exposed to Heat Stress" .
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STRATEGIC PLAN
(immediate)
Conditions
THI ~ 70 any time between 7:00 and 9:00AM (based upon these conditions at this
time, there is a high probability that heat stress will be present during the day
assuming little or no wind or cloud cover is present)
Response
Alert yard personnel to the conditions
Begin to monitor cattle closely, paying particular attention to those animals most at
risk
Alter feeding regimen (one of three ways)
1) reduce morning feed amount to no more than 30% of total expected daily intake
2) deliver no feed until noon, to prevent high metabolic heat load occurring
simultaneous with peak environmental temperature
3) deliver feed at least 3 times per day with greatest amount fed during the last
feeding
If sprinklers are used, begin sprinkling pen surface by 10:00AM. For best results
avoid sprinkling areas around waterers
If possible, delay processing/re-processing to another day

STRATEGIC PLAN
(long-term)
Conditions
Begin strategies prior to or around July 1.
Response
1) Use one of the following
a) begin feed deliveries after 1 PM, keeping bunks clean between 8
AM and 1 PM
b) feed 3 or more times/day delivering no more than 20% for AM
feeding. If feeding 2 times/day deliver no more than 30% for AM
feeding
c) limit intake of cattle to 85% of ad libitum for at least 3 weeks from
early July to late-July or early-August
2) Use one or both of the following;
a) if pen surfaces are dry, periodically sprinkle or dampen surfaces to
maintain a cool environment for cattle to dissipate heat to
b) provide shade (20 ft2/head, if possible) at a height of at least 8' (10'
- 12' preferred) above pen surface
3) Add tank or other watering devices to insure a minimum of 2 linear inches
(3 linear inches preferred) of water space/head
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Danger 79-831

Dealing with environmental issues
Ted McCollum III
Texas Cooperative Extension/Texas A&M University System
Amarillo, Texas
Regulatory issues associated with water and air quality have presented challenges to
confined animal feeding operations. Revised regulations will affect a broader array of
operations, many of which are not as prepared or possibly financially capable of dealing with
the regulatory requirements.
The cattle-feeding industry has managed to keep abreast of regulations and stay
current in terms of on-site containment issues associated with liquid waste and manure as
well as disposal of manure. However, emerging issues with air quality are more difficult to
deal with.
The ability to dispose of manure is an issue of distribution which can be compounded
by nutrient balance in the manure. In some cattle feeding areas, the agricultural land available
for disposal is or may become limited, especially with the shift from N-based regulations to
regulations dealing with P. Other elements may become issues in the future. Although the
cost of disposal would increase, manure disposal problems can generally be addressed by
moving the manure to agricultural lands further away from the feeding operation.
Management at the feedyard to improve nutrient balance in the manure can affect the
distance manure must be moved for disposal.
In some cattle feeding regions, the water available for irrigated crop production is
declining and the non-agricultural demand for water is increasing. These changes in supply
and demand for water as well as the increasing costs of pumping water may result in fewer
irrigated acres. As irrigated acreage declines, so will crop yields and the nutrients required to
produce those crops.
Air quality issues, "fugitive" dust and odors, will be a greater challenge. These issues
must be addressed on site and will require additional costs associated with pen floor
management to suppress dust and abate volatilization of elements that contribute to odor.
Manure disposal
Recent crop production estimates (yr 200 I) from the High Plains and selected
counties in the South Plains region of Texas are presented in table 1. Based on P
concentration in the harvested commodities, these estimates suggest there is the capacity to
use about 24,000 tons of P annually.
During yr 2000, just under 6 million hd of cattle were placed in feed yards with more
than 1,000 hd capacity in the High Plains and South Plains of Texas (Table 2). Based on
NRC (1996) requirements for net P absorbed, and assuming an average feeding weight of
975 lb over a 140 d feeding period, these cattle would have excreted between 18,000 and
19,000 tons of P.
Based on these simple estimates, there is a cushion for disposing of P in manure in
this region. Some other considerations that affect the potential size of the disposal sink are:
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1. The P excretion estimates only account for cattle in feed yards in excess of 1,000 hd
capacity. Excretion by the growing dairy industry and the more than 0.75 million
hogs located in the northern High Plains is not accounted for.
2. These estimates do not take into account hay and silage production acres other than
corn. These acres represent an additional sink .
3. The crop production estimates in Table 1 do include some counties and cropping
systems that are well outside the distances that manure is normally hauled. Accessing
these areas will increase the cost of disposal.
4. These estimates are based on an "all in, all out" system of annually removing what
has been applied to the soil.
Phosphorus can be applied in excess of crop
requirements as long as the soil concentrations do not exceed regulatory action
thresholds. Hence the potential for disposal may be greater than
estimated by crop
production. But, over application will eventually bring soil concentrations to the
regulatory threshold. From that point on, applications will have to be in concert
with P removal by the crop in order to remain below the regulatory threshold.
5. Estimates of P removal in grazing systems are not included. Net removal of P by
grazing stocker cattle will depend on rate of gain and length of grazing season.
If a
stocker calf gained 1.5 Ibs/day, about 5 g P/d (NRC, 2000), or about 1.6- 1.7 lb P
over a 150 day grazing season, would be retained by the calf.
6. Rangelands and idle CRP land were not included in the estimates. Several issues
limit the use of rangelands and CRP for manure disposal in this region. The relatively
low productivity of rangeland systems and the restricted use of forage from CRP land
limits nutrient use and removal from the systems. These land resources represent
areas to bank P rather than cycle it through the system. Hence they are a sink but
with limits for manure nutrient disposal. Another problem is application of manure to
these lands. Some rangeland areas have topography and vegetation conducive to
spreading manure. The potential to spread manure on many rangeland areas is
limited by rough topography and brush species populating the landscape. Finally,
manure applied to cropland is incorporated into the soil. This will not occur when
manure is applied to rangeland and may present more runoff potential.
7. In table 1, irrigated crop production accounts for 82.5% of the estimated removal of
P. Corn and corn silage production account for 33.9% and irrigated cotton accounts
for 30.8%. As the costs increase, water levels decline, and non-ag demand for water
increases, the acreage irrigated and/or the crops produced will change and alter the
amount of P that can be removed annually.
Nutrient balance (N :P) in manure affects the amount of and frequency that manure
can be applied to an area. Based on the N:P ratio in grains and silages, crops remove 5 to 6
units of N for every unit of P that is removed. As the ratio of N:P in manure falls below the
ratio required by the crop, then (1) residual P will remain in the soil if manure is applied
based on N needs of the crop, or (2) additional N from another source will be required if
manure is applied based on the P needs of the crop. The N:P ratio in manure can be
improved by maintaining or reducing P excretion while increasing or maintaining N retained
in the manure.
Improving the N:P ratio of manure by increasing the N concentration without
reducing P excretion will not reduce the amount of cropland (or more appropriately - tons of

"
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crop production) required to disperse the P. The same total quantity of P is excreted and
therefore must be distributed. For instance, if manure contains enough P for 540 bushels of
com, then the manure can be used either in one year to fertilize 3 ac yielding 180 bushels/ac
or, can be applied once to 1 ac yielding 180 bu in each of three successive crop years.
However, the manure is a better N supply which (l) reduces the need for additional N inputs
when applied based on P needs of the crop, and (2) results in less residual P when manure is
applied based on N needs of the crop. The latter allows manure to be applied to land on a
more frequent basis.
Improving the N:P ratio by reducing P excretion reduces the amount of land required
to disperse the P because less total P is being excreted. This would result in lower cost of
disposal. However, reducing total P excreted will be difficult to accomplish without changing
diet formulations and possibly losing some production efficiency. So there is a tradeoff
between lower disposal costs and potentially higher production costs.
The daily intake of metabolizable protein by feedlot cattle in the High Plains and
South Plains is in excess of requirements. This excess consumption combined with excretion
associated with maintenance results in a significant amount of N on the pen floor. However,
a large amount of N is lost either through runoff or volatilization. Hence, in order to improve
the N:P ratio of manure (in the absence of reduced P excretion), more N must be captured in
the manure. This will come at some expense. Pen floor ammendments such alum or other
organic compounds have been used to trap more N in the manure. However, these treatments
are often short-lived relative to the time required to finish a pen of cattle. More frequent
manure harvest combined with these manure amendments will also improve N capture.
Improving N capture will not only improve manure quality and aid in disposal, reduced N
volatilization also addresses air quality issues facing cattle feeding facilities.
Reducing P excretion will require changes in diet formulations. As long as cereal
grains are the base for finishing diets, it will be difficult to dramatically reduce P intake.
However, it may be possible to make subtle changes that matter. Simply reducing P
consumption by 1 g/hd/d represents a 5% reduction in P excretion based on the estimates in
table 2. Reducing P consumption 1 g/d for 140 days on 10,000 hd represents the P used by
118 ac irrigated com, 275 ac irrigated grain sorghum, or 730 ac of dryland grain sorghum.
Every 1% of cottonseed meal (DM basis) in a diet contributes about 1 g P to daily
consumption. Other diet ingredients that contribute a relatively small amount to the total diet
may have a significant impact on P. Phosphorous consumption could be reduced by reducing
dietary CP concentrations and using less high P protein meal. If reduced CP concentrations
are not an option, then replacing protein meals with as much urea as possible and using
higher protein roughages would reduce dietary P. These changes mayor may not result in
increased costs of production. Reducing CP intake may also aid in air quality issues.
The primary challenge in disposal of nutrients in manure is the cost of locating
agricultural land and transporting manure to the land. Based on current crop production
estimates, enough land is available but some of the land is at distances greater than normally
considered economically feasible for hauling. Improved quality of manure can reduce the
need for hauling longer distances.
Air Quality
Air quality issues represent a greater challenge. These problems cannot be addressed
by simply paying to haul something further away.
Suppressing dust and reducing
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volatilization of chemicals from the pen floor are the two main objectives. These challenges
may be best approached with the philosophy of "doing 100 things, one percent of the time
rather than doing one thing 100% of the time". All measures are going to add cost.
Approaches used to address the problems may include:
I. More frequent manure removal to avoid excessive drying and potential for dust
emission. Taking manure out of pens more frequently prevents the accumulation of a
thick layer of powdery material of the pen surface. Preventing this layer from
accumulating increases the effectiveness of precipitation and management practices
used to increase moisture on the pen floor. The added cost of manure removal may
be partially offset by improved manure quality. The primary benefit is avoiding
problems associated with fugitive emissions.
2. Judicious use of water applied to pens and roadways to suppress dust. Water
applications can aid in dust suppression. However, to be effective, water application
must be accompanied by manure removal to reduce the quantity of water required and
increase the effectiveness of the water that is applied.
3. Increased stocking density in pens to maintain a moist pen floor. Limiting floor space
concentrates cattle and their waste in smaller areas. This increases moisture on the
pen floor and can reduce dust emissions. Care should be taken that stocking density
is not increased at the expense of bunk space. Most work examining this practice has
limited floor space, not bunk space. This is usually accomplished by fencing off the
back of pens rather than placing more cattle in a pen.
4. Practices to alter cattle behavior and reduce activity during periods of the day when
dust events normally occur. Time and frequency of feeding can affect cattle activity at
critical times of the day. Suppressing activity in the late afternoon early evening by
altered feeding times can reduce dust emissions. However, the effectiveness of this
approach may be limited by the size of the facility. It may be possible to feed a
portion of the yard or all of a smaller facility at an appointed time and reduce dust
emissions. But it may not be possible to implement this across a large facility where
feed deliveries are occurring over an extended period. Shades may benefit pen floor
conditions in the same manner as increased stocking density. Recent studies have
demonstrated production benefits from shades. If the shades attract cattle to restricted
areas of pens, this would tend to concentrate their waste in a fashion similar to
increased stocking density. Installation of shades will have a cost but improved
performance will partially offset that cost.
5. Application of chemicals to the pen floor to reduce volatilization of compounds that
contribute to odor and particulate matter. As mentioned with N capture on the pen
floor, chemical amendments are available that will reduce volatilization
of
compounds from the manure and reduce odor and chemical emissions. However the
effectiveness of these amendments is relatively short-lived.
6. Construction of water curtains to capture particulate matter at the boundary of the
facility. Another approach to reduce fugitive emissions is the construction of water
curtains. These apparatus are generally constructed on the downwind side of a facility
and are intended to capture particulates in water sprayed from the apparatus. The
water then falls to the ground and is captured with runoff or evaporates. So the
matter captured by the curtain still must be contained.
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7. Diet adjustments may reduce compounds that will volatilize from the pen surface or
attach to particulate matter and contribute to fugitive emissions. Volatilized ammonia
is an air quality concern. Adjusting diets to reduce potential ammonia losses can
make contributions to reducing emissions.
Air quality issues are a greater challenge than manure nutrient disposal. There are no
silver bullets available. Suppression is going to require the implementation of an array of
measures.
Table 1. Crop production in the Texas High Plains and selected areas of the South Plains,
20011
I
P removed~
Production
Crop
Acres Planted
2,712,556 tons
6,998 tons
624,000
irrigated
Corn
25,116 tons
65 tons
14,000
Dryland
1,167
tons
1,607,000
tons
77,000
Corn silage
1,054 tons
362,850 tons
234,000
Sorghum irrigated
244,450 tons
688 tons
555,500
Dryland
3,038 tons
922,740 tons
856,000
irrigated
Wheat
2,861 tons
1,411,000
892,950 tons
Dryland
36,650 tons
208 tons
36,400
Soybeans irrigated
7,405 tons
1,349,200
1,334,200 bales
irrigated
Cotton
107,200
bales
595 tons
438,000
dryland
24,079 tons
TOTAL
'Texas Agricultural Statistics Service, www.nass.usda.gov/txl.
2Based on P concentration in grain and seed (NRC, 1996); except cotton which is based on
P20s/bale.

Table 2. Estimated P intake and excretion
140 d1hd
Dailvlhd
28001bs
201bs
DM intake
l
28
g
3920 g
P intake
1960 g
14 g
P requirement
(absorbed)
P excretion2
14 g
1960 g
P excess
7g
980g
P maintenance
21 g
2940 g
TOTAL
IAssumes

140 d/l,OOOhd
1,400 tons
4.32 tons
2.16 tons

2.16 tons
1.08 tons
3.24 tons

)

~

251bs

per 5,795,000 hd5

18,764 tons

975 Ib average feeding weight with maintenance requirements of 0.73 g absorbed P/lOO cwt body
wt/d and 7.3 g absorbed P/d gain requirements (NRC, 1996).
2 Assumes P excretion = P excess + P maintenance;
P excess = P intake in excess of daily requirement for
absorbed P; P maintenance = absorbed P requirement for maintenance.
3Placements in High Plains and South Plains feedyards (> 1000 hd capacity), yr 2000 (Texas Agricultural
Statistics Service, www.nass.usda.gov/txl)
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Effect of organic matter addition to the pen surface on nitrogen balance in open-dirt feedlots.
l.R. Adams, G.E. Erickson, TJ. Klopfenstein, C.N. Macken, C.B. Wilson.
University of Nebraska, Lincoln.
Two experiments, calves fed 180d from November to May (WINTER) and yearlings fed 132d from May to
September (SUMMER), were conducted to evaluate the effects of directly adding organic matter (OM) to
the pen surface or indirect addition through decreased diet OM digestibility on N recovered in manure or N
lost through volatilization. In each experiment, 96 steers (WINTER: 7161b V 29, SUMMER: 829 Ib V 30)
were stratified by weight and assigned randomly to pens. Treatments were a control (CON) with a 75%
dry-rolled corn, 15% corn silage diet; a dietary treatment designed to decrease diet OM digestibility
(BRAN), which included 30% corn bran replacing dry-rolled corn; and a management treatment (SWD) fed
the CON diet with weekly sawdust applications (14 Ib/steer) to the pen surface. Sawdust was added at
approximately the same rate as OM excretion added above the CON with the BRAN diet. Fecal samples
were taken every 14 days and manure was removed from the pen surface upon completion of the feeding
period. The manure was sampled, weighed (as-is) and composted. Before each trial and after manure
removal, 16 soil core samples were taken from each pen. All samples were dried and analyzed for OM and
N. Runoff was collected in retention ponds when necessary, and was quantified, sampled and analyzed.
Since CON and SWD diets were identical, performance for both treatments were similar during WINTER
and SUMMER. The less energy dense BRAN diet increased feed conversion during WINTER (P < 0.05)
and SUMMER (P < 0.01). Fecal N was significantly higher with calves (P < 0.01) and yearlings (P < 0.10)
when diet OM digestibility decreased. Adding OM to the pen surface increased the amount of N in manure
removed from the pens in both experiments (P < 0.05). Amount of N lost was calculated as N excretion
minus runoff N minus manure N corrected for soil. During the WINTER trial, there was a 26% reduction
in the amount of N lost per steer by adding OM to the pen surface, but only a 9% reduction with the
SUMMER trial. In the WINTER, BRAN significantly reduced the percent N loss compared to the
CONTROL (37.2 and 52.8, respectively). Nitrogen losses in the SUMMER were not significantly different,
but BRAN was numerically lower in percent and amount of N lost. Impacts of OM addition to the feedlot
pen surface were more prevalent during the WINTER months than during the SUMMER. Adding OM by
decreasing diet digestibility (BRAN) appears to be more effective than applying OM as bedding (SWD).
SUMMER

WINTER
Item

CON

N intake, Ib/hd
N retention" Ib/hd
N excretionb, Ib/hd
Fecal N, Ib/hd
Manure N, Ib/hd
RunoffN,lb/hd

83.5°
8.8d
74.7d
23.6d
30.3d
0.94d

N lost, Ib/hd
N lossc, %

39.7
52.8d

0.57"

SWD
84.5d
8.9d
75.7d
22.5d
36.2de
0.57e

29.3
37.2e

31.4
41.4de

BRAN
87.2e
8.6e
78.6e
27.6e
42.le

SE

CON

BRAN

SWD

SE

1.3
0.01
1.2
0.1
2.6
0.12
4.4

71.4
9.1
62.3
16.3d
15.4d
0.004d

71.3
9.0
62.4

71.9
9.4
62.5
16.9d
18.4d
0.003e
41.2

1.3
0.2
1.3
0.1
1.0
0.06

5.2

"Calculated using NRC net protein and net energy equations.
bCalculated as N intake minus N retention.
cCalculated as N lost divided by N excretion.
d.eMeans within a column differ (P < 0.10).
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39.3
63.1

18S
20.le
0.004d
35.9
57.6

66.1

2.6
4.2

Effects of Sampling Date and Nitrogen Fertilization on Forage Yield, Quality and
Tetany Hazard of Soft Red Winter Wheat
c.R. Bailey, L.B. Daniels, W.K. Coblentz, E.B. Kegley,
TJ. WistUba, and LJ. McBeth
Department of Animal Science, University of Arkansas, Fayetteville, AR 72701, USA
A study was conducted from December 1999 through March 2000 using a completely randomized design
to evaluate forage yield, quality, and tetany hazard in soft red winter wheat (TriticUm aestivUm L.) forage
as influenced by nitrogen (N) fertilization rate and sampling date. Paddocks were randomly assigned to a
control (0 kg N ha-1), or one of two rates of ammonium nitrate fertilization (34-0-0) to supply 38 kg N ha-'
(Low), or 76 kg N ha-1 (High). Forage yield and lVOMD as well as DM, OM, ADF, NDF, CP. Mg, K, and
Ca concentrations were evaluated. Forage yield was determined by clipping three 0.25-m2 quadrats per 30.5
x 3.I-m paddock. Nitrogen fertilization had no effect on forage yield, OM, ADF, NDF, IVOMD, Ca, or
Mg. Forage dry matter concentrations decreased (P<O.OI ) while CP (P<O.OI ) and K (P<0.05) increased
linearly with increasing levels of N fertilization. Organic matter increased (P<O.Ol ) linearly with sampling
date. Dry matter yield, NDF, and ADF increased (P<O.OI), while CP decreased (P<O.Ol ) quadratically
with sampling date. Magnesium (P<0.05), K (P<O.OI), Ca (P<O.OI), and IVOMD (P<O.Ol ) decreased in a
cubic manner in respect to sampling date. Dry matter concentration reacted quadratically (P<O.Ol ) to
sampling date peaking in February and declining through the end of March. Results indicate caution should
be taken when grazing lactating cows on soft red winter wheat forage in the early spring as Mg and Ca
concentrations fall below required levels and DM decreases. Nitrogen fertilization of soft red winter wheat
increases tetany hazard as it increases CP and K and causes a decrease in DM concentrations. Although
forage quality decreased in respect to calendar date, nutritive value of soft red winter wheat forage remains
acceptable through the end of March if supplementary minerals are provided.
Key Words: Forage Quality, Nitrogen Fertilization, Sampling Date, Tetany Hazard

Effect of Dietary Cottonseed Meal Concentration on Feedlot Performance and
Carcass Characteristics of Cull Beef Cows
T.J. Biggs, M. S. Brown, and T. H. Montgomery
Division of Agriculture, West Texas A&M University, Canyon, TX 79016
Cull beef cows (N = 232, initial BW = 450 :t 6 kg) stratified by body condition score and number of
permanent incisors were used in a randomized complete block design (8 pens/treatment, 9 to II cows/pen)
to evaluate graded levels of supplemental cottonseed meal during a 57-d feeding period. Basal 92%
concentrate diets were formulated to contain 0.9% urea and were based on unprocessed corn. Supplemental
cottonseed meal replaced corn and tallow in isocaloric (NBg,) test diets formulated to contain dietary CP of
11.5, 13.0, or 14.5% of DM (0,4 and 8% of diet DM; degradable intake protein = 7.16,8.69, and 10.20%
of diet DM). Cows were adapted to diets by offering a restricted amount of the 92% concentrate diet on d 1,
and DMI was gradually increased until ad libitum access was achieved. Overall DMI (9.2, 9.3, 9.5 :t 0.15
kg/d) increased linearly (P = 0.07) as dietary cottonseed meal increased. Live ADO (1.23, 1.24, and 1.36 :t
0.07 kg/d) and live ADO:DMI (133, 133. and 143 :t 7 g/kg) did not differ (P > 0.14) among treatments.
Calculated diet NBg derived from animal performance was 99.3, 98.5, and 102% of expected for cows fed
0, 4, and 8% dietary cottonseed meal. Hot carcass weight, ribfat thickness, ribeye area, internal fat
percentage, average yield grade, lean and fat color, and carcass conformation did not differ (P > 0.18)
among treatments. The proportion of carcasscs displaying C (19.2, 7.7, and 19.5%) and E (46.6, 57.7,
29.9%) skeletal maturity, and C (43.7, 29.5, and 50.7%) and D (50.7, 64.1, and 40.3%) overall maturity
responded quadratically (P < 0.02) as dietary cottonseed meal increased. Quality grade distribution did not
differ (P > 0.59) among treatments; approximately 11.0, 12.8, and I 5.6% of carcasses graded Commercial
or higher for cows fed 0, 4, and 8% dietary cottonseed meal, respectively. Liver abscess incidence (13.7,
21.8, and 11.7%) responded quadratically (P = 0.07) but liver abscess severity was not analyzed because of
limited observations in each category. Increasing dietary crude protein using cottonseed meal increased
feed and numerically improved feed efficiency 8 to 9%.
Key Words: Cull Cows, Nitrogen, Protein, Feeding
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Carcass value as influenced by individual carcass traits.
O. L. Bishop!, T. E. Lawrencel, and T. H. Montgomery2
Kansas State University, Manhattan, 2West Texas A&M University, Canyon, TX

Individual carcass data (n=60,624) from the NCBA Cattleman's Carcass Data Service was analyzed to
determine the relationship between individual carcass traits and carcass value using pricing data from the
week of January 26, 2002. These prices included a $5.25 Choice-Select spread and quality grade premiums
of $6.65 for Prime and $4.69 for upper 2/3 Choice. Yield grade premiums were $6.00 for YO 1's, and $2.50
for YO 2's, whereas discounts were $15.00 for YO 4's, and $27.00 YO 5's. Light carcasses «550 Ibs) were
discounted $16.75, carcasses weighing 800 to 1000 Ibs were discounted $2.00, and heavy weight carcasses
(2:1000 Ibs) were discounted $20.75. The ANOVA procedure was used to test for differences in carcass
value stratified by hot carcass weight, 12th rib fat thickness, ribeye area, marbling score, and carcass value
within quality and yield grade. Carcass value increased (P < .05) steadily as hot carcass weight increased
until weights exceeded 1000 Ibs, after which value decreased because of heavyweight discounts. Increasing
backfat thickness up to 0.41 to 0.50 in. increased (P < .05) value, however backfat thickness over 0.50 in.
was associated with decreasing carcass value due to YO 4 discounts. Carcass value increased (P < .05) with
increasing rib eye area up to 17.1 to 18.0 in2, but then decreased because of heavy hot carcass weights and
inferior quality grades. Carcass value increased (P < .05) dramatically when a slight marbling score was
reached (USDA Select). Improvements in marbling score beyond slight showed smaller increases in
carcass value with values at moderate and moderately abundant marbling scores being decreased (P < .05)
slightly from modest (USDA average Choice) and slightly abundant (USDA Prime), respectively. Within
yield grades, carcass value steadily increased (P < .05) as quality grade increased. Within quality grades,
however, YO 2 carcasses tended to have lower mean values than YO 1 or YO 3. Carcass value is
maximized when marketed at a hot carcass weight of 750 to 999 Ibs, fat thickness of 0.20 to 0.60 in., rib
eye area of 13.0 to 18.0 square in., and marbling scores of Smalloo (USDA Choice) or higher. These data
reconfirm the importance of carcass weight, fat thickness, and marbling on overall value, and illustrate the
relative impacts of each.

Effect of days fed on live weight gains and carcass traits in feedlot heifers.
O.L. Bishop, T.E. Lawrence, J.R. Brethour,T.T. Marston and BJ. Johnson
Kansas State University, Manhattan
A serial harvest trial was conducted to quantify the effects of days on feed (DOF) on feedlot performance
and carcass characteristics of feedlot heifers. Moderate framed, crossbred heifers (n=160, BW=796 Ibs)
were processed, implanted with Synovex Plus, and allotted to different feed groups (92, 113, 134, and 155
DOF). Heifers were harvested at a commercial packing facility and carcass measurements were collected
approximately 24- hr post-harvest. Feedlot ADO was similar (p>.58) between feeding groups from d 0 to d
92. Overall ADO was similar (P>.07) for heifers fed 92 (2.67 Ibs/d), 113 (2.86 Ibs/d), and 134 d (2.67
Ibs/d) but decreased (P<.OI) for heifers fed 155 d (2.39Ibs/d). Final wt increased from d92 to d134 (P<.OI).
Heifers harvested on d 155 had similar (P>.39) final wt as their d 134 contemporaries. Incremental increases
(P<.05) in HCW were observed with increasing DOF (92=626 Ibs; 113=660 Ibs; 134=711Ibs; 154=734
Ibs). Dressing percentage (DP) was lowest (P>.07) at d92 and dll3 (59.6 vs. 58.8%, respectively),
intermediate (P<.Ol) at d134 (60.1%) and greatest (P<.Ol) at d155 (62.1%). Marbling scores were similar
(p>.54) between d92 and dll3, and increased from dl13 to d134 (P<Ol.). No differences (P>.50) were
measured in rib eye area (REA) between d92, dll3, and d134 heifers, but REA was greatest (P<.OI) in
heifers fed 155 d. Backfat increased (P<.05) from d92 to dll3, but dll3, d134, and d155 were not different.
Yield grade increased (P<.05) from d92 to dll3, but was similar (P>.05) for groups fed longer than 113 d.
Overall carcass maturity did not differ but tended to increase at d155 (P<.06). Increasing DOF causes heifer
carcasses to become fatter and heavier with greater marbling scores, while live weight gain decreases.
Keywords: Heifer, Serial harvest, Carcass
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Predicting Beef Carcass Value
G.L. Bishop', T.E. Lawrencea, and T.H. Montgomerl,
uKansas State University, bWest Texas A&M University
Increasing use of feeder cattle sorting systems allow producers to market cattie at optimum endpoints rather
than marketing an entire pen and accepting extreme variation
in carcass traits and lost revenue from carcass discounts. Knowledge of the importance that various carcass
traits have in determining carcass value can assist producers in maximizing revenue. Carcass data (n =
60,624) from the NCBA Cattlemen's Carcass Data Service were utilized on a grid to determine carcass
value using price data from the week of January 26, 2002. Those data were analyzed by regression analysis
to determine the variation in carcass value explained by hot carcass weight (HCW), 12th rib fat thickness
(FAT), ribeye area (REA), and marbling score (MARB). Univariate analysis indicated that HCW, REA,
MARB, and FAT2 explained 57,28,6, and 3% of the variation in carcass value. Multivariate analysis using
two, three, or four carcass traits explained 65,72, and 76% of the variation in carcass value. Although
carcass quality is rewarded, and excess carcass fatness is discounted by value-based marketing systems, hot
carcass weight and muscling remain the dominant factors influencing carcass value.
th

Table 1. Regression equations for predicting carcass value from hot carcass weight, ribeye area, 12 rib fat
thickness, and marbling score
RL
Individual carcass variables
2
FAT
MARB
REA
HCW
Intercept
0.57
0.943
94.188
0.28
34.762
359.225
0.06
2.881
692.172
0.03
-82.659
831.356
90.117
-31.694
30.882
157.173
375.189
682.725

0.997
0.806
0.921

-21.959
-143.359
-0.620
176.901

0.977
0.751
0.887

-143.248

0.842

-145.526
17.680
1.935
3.924

37.922
34.053

3.971
,

-26.712
-139.106

0.65
0.63
0.60
0.39
0.29
0.12

21.012
12.853
36.099

4.565

-177.502
-88.251

0.72
0.68
0.68
0.41

15.597

3.722

-163.078

0.76

3.385
2.688

-192.410

Evaluation

of Old World bluestem grazing management strategy on pasture, feedlot, and
carcass performance by steers
l
3
l
T.N. Bodinel, P.D. Kircher2, H.T. PurvisIII, G.W. Horn , C.J. Ackerman , and D.A. Cox
J Oklahoma Agricultural Experiment Station, Stillwater, 2 University of Missouri Outreach &
. Extension, Higginsville, and 30regon State University, Corvallis

In a 3-yr study, a total of 1098 steers (239 :t 11 kg) grazed 12 pastures (106 ha)/year of Old World
bluestem (OWB) to determine the effects of grazing management and protein supplementation on pasture,
feedlot, and carcass responses. In mid-May of each year, steers were weighed and randomly allotted to one
of four grazing treatments These included: 1) Intensive Early Stocking (IES; stocking density of 1340 kg
ha, 65d of grazing); 2) Half Intensive Early Stocking (HIES; 670 kg ha,65d of grazing); 3) Season Long
(SL; 670 kg ha 131d of grazing), and 4) Season Long Supplemented (SLS; same as SL and fed 1.3 kg of
protein supplement 3X/wk from mid-July to late Sept). Steers were placed in the feedlot (5 hd/pen; 24
pens) following grazing in yr 2 eIES HIES on July 20; and SLlSLS on Sept 28; n=120, 10/pasture). Early
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(IESIHIES) and late (SLlSLS) steers were fed a corn-based diet (13% CP, 2.2 and 104Mcal/kg of NEm and
NEg, respectively) for 173 and 139d. Steers were fed to I-em backfat and carcass data were collected after a
24-hr chill. Steers grazed with IES had reduced (P < 0.01) pasture ADG (0.50 vs 0.84 kg/d) than HIES
cattle and reduced gain/ha (178 vs 266 kg ha) vs late steers. Pasture supplementation (SL vs SLS) did not
affect (P > 0.36) pasture ADG (0.70 vs 0.73 kg/d) or gain ha (257 vs 274 kg/ha). Feedlot ADG was greater
(P < 0.06) for IES vs SLS steers (1.34 vs 1.23 kg d) and greater (P < 0.02) for SL vs SLS steers (1040 vs
1.23 kg/d) Steer daily DMI (9.8 vs 10.3 kg/d) tended to be lesser (P < 0.12) for IES vs late steers, but
greater (P < 0.01) as a percentage of mean BW compared with HIES and SLS (2040 vs 2.25%) Gain per
100 kg of feed was greater (P < 0.06) for IES vs late steers (13.6 vs 12.7 kg/lOO kg) and greater (P < 0.03)
for SL vs SLS steers (13.36 vs 12.08 kg/lOO kg). All carcass measure were similar(P > 0.21) across all
grazing treatments, except that IES steers had lesser(P < 0.01) KPH fat (1.6 vs 2.1 %) and fewer Choice
carcasses (40 vs 59.1 %) than late steers. Neither IES nor protein supplements were effective management
options for steers grazing OWB, nor did they affect carcass measures. However, feedlot ADG, DMI, and
G:F were greater for IES than SLS steers, because pasture protein supplements reduced ADG, DMI, and
G:F It appears that even though IES would not be sustainable at the stocking rates evaluated, use of IES
would resulted in greater BW gain and carcass production from the total system, with the economics
depending on the relative costs of gain on grass vs corn. Steers placed in the feedlot in the middle of the
summer with different previous rate of gain and BW had similar feedlot and carcass performance Yet, IES
steers outperformed heavier SLS steers that were placed at summer's end, suggesting that season of
placement and initial BW are more important than previous nutrition. However, BW and season of
placement are confounded in our study. For season-long, OWB-grazed cattle, protein supplementation did
not improve grass gains while it reduced feedlot performance, decreasing total system returns
Key words: Bothriochola ischaemum, Feedlot Performance, Carcass Characteristics
Efficacy of commercially available oral larvicide supplements in the control of horn and face flies.
B. Broce, J. N. Pike", J. S. Drouillard, and R. D. Hunter
Two studies were undertaken to ascertain the efficacy of oral larvicide supplements containing Rabon and
methoprene for control of horn and face flies. In both studies cattle were fed oral larvicide supplements 10
d prior to collection. Fecal samples were removed and transported to laboratory facilities were they were
evaluated as media for the development of fly larvae. The efficacy of supplements in preventing larvae
from reaching the adult stage was corrected by using values from the control without larvicide in Abbott's
formula: [(%T - %C)/(100 - %C)] X 100 where T and C equal the observed mortality in the treatment and
control group, respectively.
In Exp. 1 four steers were used per treatment. Treatments were: Rabon
molasses block fed at 0.5 Ib/head daily to deliver 0.08 g Rabon/l 00 Ibs body weight daily and Altosid
mineral fed add at 2.6 ounces/head daily to deliver 1.14 mg methoprene/lOO Ib body weight daily In Exp 2
three steers were used per treatment. Treatments were: Rabon molasses block fed at 2.5 Ib/head daily to
deliver 0.71 g Rabon! 100 Ib body weight daily (10 times greater than the maximum legal dosage), Altosid
mineral fed at 1.92 ounces/head daily to deliver lAS mg methoprene/lOO Ib body weight daily, Altosid
molasses block fed at 0.75 Ib/head daily to deliver 34.02 mg methoprene/lOO Ib body weight daily, and
14% protein molasses block with no larvicide.
In Exp 1 the Altosid mineral produced greater fly
mortalities of horn and face flies than the Rabon block (15.9, 16.1 vs. 8.6 and 404, respectively). In Exp 2,
Rabon block resulted in 99% mortality of face flies when fed at 10 times the prescribed dosage, and was
different from all other treatments except Altosid block (P<0.05). Mortality of horn flies was limited to
22% for cattle fed the Rabon block. Oral larvicide supplements were only marginally effective in
controlling horn and face flies.
Key words: Face Fly, Horn Fly, Larvicide, Rabon, Methoprene, IGR
Adequacy of the 1996 Beef NRC model to predict feedlot performance.
A. DiCostanzo and C.R. Dahlen., University of Minnesota, St. Paul
The 1996 Beef NRC model evaluates adequacy of protein supply based on DIP and MP requirements.
Because most high-grain diets contain relatively low concentrations of DIP, theoretically, this requirement
may not be met under these conditions. However, it is not clear whether DIP or MP imbalances affect
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performance of feedlot cattle. Therefore, data from studies conducted at the University of Minnesota were
compiled to determine whether theoretical estimates of DIP and MP balances are associated to actual
performance of feedlot cattle. Estimates of DIP and MP balances were obtained from values for CP and
DM measured on samples collected weekly and composited monthly for the duration of each study.
Effective NDF (eNDF) and DIP concentrations were applied as suggested by the University of Nebraska
for Midwestern feeds and byproducts. Twenty-six treatment means resulting from eight studies conducted
between 1996 and 200 I were utilized. All cattle received a trenbolone acetate-based terminal implant at
least 75 d before slaughter. Average daily CP intake was 1,195 g/hd and ranged from 1,041 to 1,370 g/hd.
Daily DMI, ADG and DM requiredlkg gain averaged 10.4 kg, 1.69 kg/d, and 6.15 kg, respectively.
Estimated DIP balance was positively (quadratic) correlated to ADG (r = .804) or negatively (quadratic)
correlated to DM requiredlkg gain (r = .844). Similarly, estimated MP balance was negatively correlated (r
= .88) to ADG or positively correlated to DM requiredlkg gain. At balanced DIP, ADG and DM
requiredlkg were 1.71 and 6.10 kg, respectively. These data indicate that DIP and MP balances calculated
by the 1996 Beef NRC model from measured CP and estimates of eNDF and feedstuff DIP concentration
are associated with actual feedlot performance. Furthermore, DIP and MP balances may provide a useful
diagnostic tool for feedlot performance. Data from additional experiments will be added to this dataset to
test these relationships under various other feeds and performance conditions, and to develop a diagnostic
system to evaluate or project feedlot performance.
Key words: Protein requirements, cattle, diagnostics

The Effect of Degree of Corn Processing on the Chemical Composition of Corn
I
I
I
?
C. D. Drager, P.F. Dew, M.S. Brown, and N.A. Cole/West Texas A & M University, Canyon, TX, 2USDA-ARS, Bushland, TX
An experiment was conducted to determine the effect of degree of processing on the chemical composition
of corn. Corn was processed by dry rolling to a bulk density of 0.59 kglL (46 poundslbushel, DR46) or
steam flaking to a bulk density of 0.36 or 0.28 kglL (28 [SF28] and 22 [SF22] poundslbushel,
respectively). Each treatment was prepared on a given day, and treatments were replicated on ten days. On
each day, unprocessed corn was cleaned and bagged (34 kg each), and bags were randomized to treatment.
Dry rolled grain was prepared initially, and SF22 and SF28 were prepared in random sequences; samples
of processed and unprocessed corn were collected. The coefficients of variation for nutrient concentrations
(% of DM) in unprocessed corn (includes assay variation, pooled across days) were: ash (14.5%); ADF
(17.1 %); NDF (8.5%); CP, automated N combustion procedure (2.70/0); CP, Kjeldahl N procedure
(3.3%); P (6.1%); Mg (7.5%); K (7.0%); Na (27.1%); total starch (8.8%); available starch (8.8%);
available starch, % of total starch (9.5%). For each variable, the unprocessed nutrient concentration was
included in the statistical model as a covariate for analyzing the corresponding processed corn nutrient,
and covariates remained in the model when significant (P < 0.10). Increasing the degree of processing
decreased ash content (linear, P < 0.001; 2.12, 1.76, and 1.59 :!: 0.09% of DM for DR46, SF28, and SF22,
respectively). A quadratic response (P = 0.03) was observed for ADF content (2.8, 2.8, and 2.4 :!: 0.1 %),
whereas NDF decreased linearly (10.9, 9.6, and 8.4 :!: 0.3%). Total starch (67.6, 69.8, and 74.4 :!: 1.3%),
Kjeldahl assay CP (9.2, 8.6, and 8.2 :!: 0.07%), and combustion assay CP (8.9, 8.3, and 7.9 :!: 0.07%)
decreased linearly (P < 0.002) as degree of processing increased. Potassium (0.42,0.32, and 0.26 :t.
0.0 1%), P (0.34, 0.24, and 0.18 :t. 0.0 I), and Mg (0.12, 0.08, and 0.06 :!: 0.004%) concentration decreased
linearly (P < 0.0001), whereas Na responded quadratically (P = 0.03; 0.07, 0.09, and 0.07 :!: 0.005%) as
degree of processing increased. The sum of assayed minerals of DR46, SF28, and SF22 accounted for 45,
41, and 36% of ash content, respectively. These data suggest that processing corn decreases the
concentration of phosphorus (29 to 47%), potassium (24 to 38%), magnesium (33 to 50%), crude protein
(8 to II %), and neutral detergent fiber (II to 23%). Further research is needed to determine potential
avenues of nutrient disappearance and (or) limitations in analytical determination.
I

Key Words: Corn, Grain Processing, Nitrogen, Phosphorus
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Effect of dietary crude protein level and degradability on performance and carcass characteristics
growing-finishing beef steers.
J. F. Gleghorn, N. A. Elam, and M. L. Galyean
Dept. of Anim. and Food Sci., Texas Tech University, Lubbock, TX

of

Two hundred twenty-five steer calves (British x Continental; initial BW = 673 lb) were used to determine
the effects of dietary CP level and source (degradability) on performance and carcass characteristics. Cattle
were blocked by BW into five blocks. Steam-flaked corn-based diets were arranged in a 3 x 3 factorial
with three levels of dietary CP (11.5, 13, and 14.5% of DM) and three sources of supplemental CP: 100%
urea (U), 50:50 blend of urea and cottonseed meal (B), or 100% cottonseed meal (C). Cattle were weighed
in 28-d intervals throughout the study. Ralgro was the initial implant, with Revalor S reimplanted 63 d
later. Cattle were ultrasonically evaluated for back fat as they approached the completion of the finishing
period and subsequently harvested by weight blocks. Individual carcass data were collected. Performance
and carcass data were analyzed using pen as the experimental unit. Carcass-adjusted ADG and adjusted
feed conversion were calculated using the trial average dressing percent (62.4 I %).
Orthogonal
polynomials were used to evaluate responses to increasing CP level and level of supplemental CP from
urea. Neither CP level nor source altered (P > O.10) ADG and DMI. The feed:gain ratio was not affected
by CP level, but orthogonal contrasts revealed a linear increase (P < 0.05) in carcass-adjusted ADG with
increasing level of urea as the supplemental CP source, as well as feed:gain (P < 0.10), and carcassadjusted feed:gain (P < 0.01). The CP level did not affect dressing percent or hot carcass weight, but
longissimus muscle area decreased (P < 0.05) with increasing CP level. Increasing level of urea as the
source of supplemental CP linearly increased longissimus muscle area (P < 0.01), hot carcass weight (P <
O.I0), and dressing percent (P < 0.0 I). Carcass back fat and yield grade were affected by a CP level x
source interaction (P < 0.0 I). Quality grade was not affected (P > 0.10) by either CP level or source.
Results from this experiment suggest that increasing the level of CP in steam-flaked corn-based feedlot
diets from 11.5 to 14.5% did not affect DMI, ADG, and feed:gain, and that carcass traits were generally not
influenced by CP level and source of the supplemental CP. Increasing the proportion of supplemental CP
supplied by urea increased carcass-adjusted ADG and adjusted feed:gain, longissimus muscle area, hot
carcass weight, and dressing percent.
Flaxseed and Flaxseed Products for Cattle: Effects on Health, Growth Performance,

and Carcass Quality.

E. J. Good, J. S. Drouillard, C. M. Gordon, T. J. Kessen, M. J. Sulpizio, J. J. Sindt, S. P. Montgomery and J. N. Pike
Kansas State University, Manhattan.

In previous research, ground flaxseed fed to feeder cattle at approximately 13% of the diet significantly
increased plasma concentrations of alpha linolenic acid and eicosapentanoic acid. These polyunsaturated
fatty acids are known to have potent anti-inflammatory and immunomodulatory effects in a variety of
animals. Feeding flax improved gain, efficiency and response to antibiotic therapy (for BRD) compared to
feeding full fat soybeans. Two experiments were conducted to evaluate the effect of feeding flaxseed and
flaxseed products on morbidity rate, mortality rate and growth performance. In Trial 1, 370 steer calves
(463 lb BW) were fed diets containing flaxseed at 0, 5, 10, 15, or 20% of the diet. Tallow at 4% of the diet
was also fed as a control. All dietary treatments were fed throughout a 35-d receiving period. In Trial 2,
365 heifer calves (474 Ib BW) were fed diets containing either no added fat, 4% beef tallow, 10% ground
flaxseed, 4% flaxseed oil, or a combination of linseed meal with 4% added tallow throughout a 43-d
receiving period. In each trial cattle were monitored daily for clinical symptoms of respiratory disease.
After completion of the receiving phase, cattle were placed onto common finishing diets. Carcass data,
including hot carcass weight, yield grade, marbling score, subcutaneous fat thickness, ribeye area, and
percentage of kidney, pelvic and heart fat, were determined for each animal. Also, retail display life and
sensory attributes of rib steaks were evaluated from rib sections of 20 carcasses in Trial I (0% flax and
10% flax) and 60 carcasses in Trial 2 (10 per treatment). In Trial I, feed intake responded quadratically
(P>0.04) to flax addition. Maximum feed intake, maximum gain and optimum feed efficiency were
achieved with 10% added flax. Incidence of respiratory disease was not different among dietary treatments.
Feeding 10% flaxseed in comparison to feeding no added fat increased marbling scores, and tended to
increase the percentage of carcasses grading USDA Choice. There were no differences in sensory attributes
or retail display life between the 0 and 10% flaxseed treatments. In Trial 2, feeding flaxseed or flaxseed oil
during the first 8 days resulted in higher feed intake (P<O.01) and weight gain (P<O.OI) compared to cattle
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fed tallow. Diets that included flaxseed or flaxseed oil improved response to antibiotic therapy (P=0.06) in
animals treated for BRD compared to diets containing tallow. Incidence of BRD and mortality were
decreased (P=0.09 and P=O.OI, respectively) by including any form of supplemental fat in the diet.
Feeding flaxseed, flaxseed oil, or linseed meal improved marbling scores. There were no differences in
sensory attributes or retail display life among the dietary treatments. Flax is an acceptable alternative to
animal tallow as a source of energy and may enhance health and carcass attributes of cattle.
Key Words:

Flaxseed, BRD, Performance

Effect of bodyweight gain during winter grazing on subsequent feedlot performance and carcass
characteristics of cattle
M. J. Hersom, O. W. Horn, and C. R. Krehbiel
Department of Animal Science, Oklahoma State University
Forty-eight fall-weaned Angus x AnguslHereford steers (244'2: 23 kg) were used in a completely random
design to determine the effect of previous winter bodyweight gain on subsequent feedlot performance.
Steers were randomly assigned to one of three treatments: 1) high gain wheat pasture (HOW; 1.28 kg/d); 2)
low gain wheat pasture (LOW; 0.48 kg/d); 3) native range (NR) in which steers grazed dormant winter
range supplemented with 0.91 kg /steer of a 40% CP supplement three times per week and gained 0.21
kg/d. The difference in ADO between HOW and LOW was achieved by adjusting stocking density. After
120 d, four steers from each group were harvested to measure carcass composition before entering the
feedlot. The remaining 12 steers from each treatment were placed into three feedlot pens per treatment. All
treatments were fed the same finishing ration that contained 1.38 Mcal/kg of DM. When average 12th rib
fat cover for each treatment group reached 1.27 cm as determined by ultrasound, steers were harvested.
Carcass measurements were taken after a 48-h chill. Initial carcass characteristics were different (P<.05)
between HOW and LOW or NR steers. Initial total gastrointestinal tract (OlT) g/kg empty body weight
(EBW) was greater (P=.02) in NR steers compared with HOW or LOW steers. Liver and mesenteric fat,
g/kg EBW, were greater (P=.OOI and P=.0003, respectively) in HOW steers compared with LOW and NR
steers. Daily gain during the first 50 d of the feeding period, was 15 and 10% greater (P=.02), DMI as a
percent of initial feedlot BW was 20 and 26% greater (P=.OOOI ), and gain efficiency was greater (P=.0005)
for LOW and NR compared with HOW steers. Throughout the entire feeding period, ADO was similar
between treatments (1.79 kg/d) as were gain efficiencies (0.17 kg/kg). However, dry matter feed intake (%
of initial BW) was greater (P=.OOOI ) in NR steers (3.87%) than LOW steers(3.35%), followed by HOW
steers (2.64%). Final harvest BW and EBW were greater (P=.02) for HOW and NR steers compared with
LOW steers. Final carcass characteristics were similar among treatments except for hot carcass weight
HOW (342 kg) > LOW (318 kg); (P=.03), and kidney, pelvic, heart fat %; HOW (2.19) > LOW (1.72) and
NR (1.68); (P=.02). Decrease of total OIT and increase of mesenteric fat (g'kg EBW,'l.d'l) during the
finishing phase was 55 and 38% greater (P=.06) respectively, for NR steers compared with HOW or LOW
steers. Decrease of liver (g'kg EBW"l.d'l) was greater (P=.OOOI ) for HOW steers than LOW or NR steers.
The increased DM intake, gain, and gain efficiency of LOW and NR steers during the first 50 d is
characteristic of compensatory growth. Reduced visceral organ mass and body fat of these steers when
entering the feedlot may have been one part of the compensatory growth mechanism.
Performance
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of beef steers limit.fed a high-concentrate growing ration once versus twice daily.
T. J. Kessen*, J. S. Drouillard, M. J. Sulpizio and E. R. Loe
Kansas State University, Manhattan.

Two hundred fifty-nine crossbred beef steers (BW = 667 :t 5 lb) were used to evaluate animal performance
when limit-fed a high-concentrate ration once vs. twice daily over a 56-day growing period. Steers were
housed in 42 pens (6-7 head/pen, 21 pens/treatment) and were limit-fed a common diet containing 68%
steam-flaked corn, 10% ground alfalfa hay, 10% steep liquor, 6% soybean meal and 6% vitamin and
mineral premix. All diets were formulated to provide 17% crude protein, 0.79% Ca, 0.46% P, 0.83% K and
30 g/ton of monensin. Dry matter intake was limited to 1.8% of BW. Treatments consisted of I) Once
daily feeding; all feed offered at 10:30 a.m., and 2) Twice daily feeding; 2/3 of feed offered at 9:30 a.m.
and the remaining 1/3 offered at 4:30 p.m. Prior to initiation of the study, all cattle were at ad libitum
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intake and were fed once daily. Pen weights were taken on day O. Pens were stratified by weight,
randomly assigned to and started on their respective feeding programs the following day. Cattle were again
weighed after a 14-day acclimation period to account for changes in gastrointestinal tract fill. Pen weight
on day 14 was used as the initial weight for the limit-fed period. Steers were subsequently weighed on
days 70 and 85, with day 70 being the end of the limit-fed period and days 71 through 85 being a transition
back to ad libitum intake and once daily feeding. Over the 56-day limit-fed period, twice daily feeding
improved (P< 0.02) ADG and tended (P= 0.07) to improve efficiency compared to once daily feeding (2.41
vs. 2.30 Ib/day and 0.185 vs. 0.178 Ib gain/lb feed, respectively). Dry matter intake did not differ (P> 0.4)
between treatments from day 14 to 70 (12.92 vs. 13.06 Ib/day, respectively), however dry matter intake
from day 71 to 85 tended (P= 0.13) to be greater for steers fed twice daily during the growing period (19.47
vs. 19.10, respectively).
The results of this study indicate that twice daily feeding of high-concentrate,
limit-fed diets can increase ADG and efficiencies of growing steers and can potentially increase their dry
matter intake during the finishing period.
Key Words:

Growing cattle, limit-feeding, feeding frequency.

The effects of Tasco ™ -14 supplementation on feedlot cattle.
W.M. Kreikemeier'*, T.L. Mader, M.S. Davis2 and D.P. Colling3
I University of Nebraska, Northeast Research and Extension Center, Concord, 2 University of Nebraska,
Lincoln, and 3Land 0' Lakes Farmland Feed, Kansas City, Missouri.
Tasco™-14 is Ascophyllum Nodosum seaweed meal that is harvested from the North Atlantic coast of
Canada and Europe. Three trials were conducted to assess the benefits of feeding TascoTM -14 supplement
to feedlot cattle. In Trial I (Tl), two commercial feedlots were utilized to determine the effects of Tasco
supplement to finishing steers exposed to heat stress. Trial 2 (T2) was conducted to evaluate the effects of
Tasco supplement in receiving feedlot steer diets. Trial 3 (T3) assessed the effects of supplemental Tasco
on performance and carcass characteristics when finishing feedlot heifers were exposed to heat stress. In
TI, treatments (TRT) were no Tasco supplement (CTRL) or Tasco supplement at 2.5% of diet DM
(TAS2.5) during 7 to 10 d of heat exposure. Data were collected during, pre-treatment, TRT and posttreatment periods; temperature humidity index for each period were 77 (alert), 81 (danger) and 70 (normal),
respectively. Panting scores based on pen observations differed (P=.OOl) with 84% of CTRL cattle and
68% of T AS2.5 cattle over panting score 2, with I being no elevated respiration rate (RR) and 4 = elevated
RR with open mouth and tongue hanging out. In T2, 240 crossbred steer calves (BW=619 Ibs) were utilized
and fed CTRL or a diet with Tasco supplement at 1% of diet DM (T AS I ). Tasco was fed for the first 4 d
with data collection continued for a total of 19 d. There was no difference (P > .05) in DMI or water intake
between TRT during the 4 d Tasco feeding period or over the 19 d study. In T3, 96 black hided yearling
heifers (BW=827 Ibs) were allotted to one of twelve pens. Pens were randomly assigned CTRL, Tasco
supplemented at .22 Ibs/head/d for two weeks (LIMT) and Tasco supplemented at .29 Ibs/pen/d throughout
the trial (CaNT). Performance data, PS, fly agitation score (AS), body temperature, °C and carcass
characteristics were all evaluated. There was no difference (P > .05) in ADG, DMI G:F or carcass
characteristics among treatments. Supplementing Tasco did not decrease (P < .05) PS or AS and did not
alter bunk score. Body temperatures for CTRL, LIMT, and CaNT were 102.49, 102.31, 102.22, OF (P >
.05), respectively. Supplementing feedlot cattle with TascoTM-14 decreased panting scores in commercial
lots but did not improve performance in receiving cattle or finishing feedlot studies.
Comparison of concentrated separator byproduct with cane molasses and the effect of arrival blood
glucose concentration on finishing heifer performance and carcass characteristics.
E. R. Loe*, J. S. Drouillard, T. J. Kessen, M.J. Sulpizio, S. M. Montgomery, and J. J. Sindt
Kansas State University, Manhattan
Three hundred ninety-four crossbred heifers (658 :t 4 Ib initial BW) were used to evaluate the effect of
blood glucose measured at arrival and dietary inclusion of either cane molasses (CANE) or concentrated
separator byproduct (CSB; desugared beet molasses) on finishing performance and carcass characteristics.
Blood samples were taken upon arrival (26 days prior to initiation of the finishing experiment) and 9 days
(day 165) prior to slaughter for analysis of glucose and lactate concentrations. Glucose and lactate
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concentrations of whole blood were analyzed on the initial samples and plasma was analyzed on the day
165 samples. A 2 x 2 factorial arrangement of treatments was used. Factors consisted of HIGH (78 ::!:2
mg/dL) vs LOW (57::!: 2 mg/dL) blood glucose as measured on arrival and cane molasses vs CSB (5% of
DM). The CANE diet contained (DM basis) 74.7% steam flaked corn, 8% ground alfalfa hay, 5% cane
molasses, 3.9% SBM, 3% tallow, 1.2% urea, and 4.2% premix containing vitamins, minerals, and feed
additives. The CSB diet contained (DM basis) 75.5% steam flaked corn, 8% ground alfalfa hay, 5% CSB,
3.1 % SBM, 3% tallow, 1.2% urea, and 4.2% premix. Diets were formulated to contain 14% CP, 0.7% Ca,
0.3% P, 0.7% K, 300 mg/head daily of monensin, 90 mg/head daily of tylosin, and 0.5 mg/head daily of
MGA. There were 12 pens in each dietary treatment; 6 pens of high and 6 pens of low blood glucose.
Heifers received the CANE and CSB diets for 148 days. Data were analyzed as a completely randomized
design and pen served as the experimental unit. No interactions were detected (P > 0.42). A common
carcass yield of 63.5% was used when calculating carcass adjusted BW and ADG. Blood glucose at arrival
and plasma glucose at day 165 were similar (P > 0.49) for CANE and CSB-fed heifers. Heifers that had
low arrival blood glucose had lower day 165 plasma glucose (P = 0.009; 114 vs 139 mg/dL) compared with
high-glucose heifers. Feedlot performance was similar between CANE and CSB-fed heifers (P > 0.10).
Heifers with low blood glucose consumed more feed (P
0.02; 18.1 vs 17.4 Ib/d for LOW and HIGH,
respectively); had heavier final live weights (P = 0.02); and tended (P = 0.09) to have greater carcass
adjusted daily gains. Feed efficiency was not affected by dietary treatment or glucose level (P > 0.20).
There were no differences in carcass characteristics of heifers fed CSB or CANE (P > 0.10). Low-glucose
heifers had 10.5% more fat over the eye (P < 0.05) and tended to have heavier carcass weights and fewer
standard carcasses (P < 0.08). Cane molasses and CSB had a similar feeding value when incorporated at
5% (DM basis) of a high-grain diet. Due to the differences in feedlot performance and carcass parameters,
initial blood glucose may be an indicator of subsequent feedlot performance. Feedlot cattle that have low
initial blood glucose may require fewer days on feed.

=

Key Words. Concentrated Separator Byproduct, Cane Molasses, Blood Glucose.
Sorting strategies for feedlot cattle
J.e. MacDonald, TJ. Klopfenstein, G.E. Erickson, e.N. Macken, J.D. Folmer and M.P. Blackford
University of Nebraska, Lincoln
Two experiments were conducted to determine the best sorting strategy for feedlot cattle. In experiment
one, three data sets were compiled to determine the relative values of collecting weight, ultrasound fat
thickness, and hip heights to predict carcass characteristics. Weight was the most precise indicator of
relative differences in carcass weight. There is likely little value in collecting hip height measurements
when accounting for the difficulty and time required to collect accurate measurements. Ultrasound may
give some indication of differences in carcass measured fat thickness. Correlation coefficients improve if
measurements are taken closer to the marketing date. In the second experiment, one hundred sixty mediumframed English-cross steers (540 lbs) were used in each yr of a 2 yr study to determine the effects of three
sorting strategies on performance, carcass characteristics, and profitability in an extensive forage utilization
beef production system. Treatments were 1) 40 head sorted by weight going to grass (PASTURE), 2) 40
head sorted by weight entering the feedlot (FEEDLOT), 3) 60 head sorted by weight and 12th rib fat
thickness at the end of the feeding period (PEN), and 4) 20 head that were not sorted and served as a
control (CON). PASTURE cattle were lighter entering the feedlot and had less variation in weight from the
time they entered the feedlot which resulted in less variation in carcass weight, and was the only treatment
which resulted in no overweight carcasses. No differences were found in carcass weight or profitability
when calculated on a value basis. While the PASTURE treatment may have the best chance of reducing
variation in carcass weight and avoiding discounts, it fails to improve profitability. While no sorting
strategy significantly increased carcass weight or improved profitability, numeric differences suggest that
the FEEDLOT treatment may show the most promise in accomplishing both of these objectives. It is a
logical sorting strategy since it can be implemented into most feedlot situation,; at little or no cost.
Key Words: Sorting Strategies, Weight, Hip Height, Ultrasound Fat Thickness
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Wet corn gluten feed in combination with degree of corn processing on finishing steer performance.
C. N. Macken*', H. C. Blockl, T. L. ScottI, T. J. Klopfenstein', G. E. Erickson', C. T. Milton', R. J.
Cooper2, and R. A. Stock2,
I University of Nebraska, Lincoln and 2Cargill Inc., Blair, NE.
Data from two trials comparing corn-processing methods in finishing diets with inclusion or no inclusion of
wet corn gluten feed (WCGF) were pooled for analysis. Within the two trials, 432 (755 Ib) steers were
allotted to 32 pens. Pens were assigned to 4 treatments: I) dry-rolled corn (DRC) , 2) DRC with WCGF, 3)
steam-flaked corn (SFC), and 4) SFC with WCGF based diets. The inclusion level of WCGF averaged 27%
(DM basis) in treatments that contained WCGF. An interaction occurred (P = 0.08) for DMI. Cattle fed
WCGF had higher intakes in both grain processing methods compared to those fed none, though the
increase was larger for steers fed DRC (11.7% increase) compared to those fed SFC (6.1 % increase).
Interactions for ADG and feed conversion (F:G) were not observed. Main effects of grain processing (P =
0.04) and WCGF (P = 0.01) were observed for ADG and a main effect for grain processing (P = 0.04) was
observed for F:G. Steers that were fed SFC had 4.7% and 7.2% improvements in ADG and F:G compared
to those fed DRC, respectively. Feeding WCGF improved ADG by 7.6% compared to steers fed none. An
additional treatment of high-moisture corn (HMC) with WCGF was added in both trials to compare degrees
of corn processing in diets, adding an additional I08 steers and 8 pens. Average daily gain was observed to
be similar for treatments fed DRC, HMC, or SFC diets with WCGF, though DMI was higher (P < 0.0 I) for
the cattle fed DRC with WCGF compared to HMC or SFC with WCGF. Feed conversion was improved (P
< 0.01) as intensity of processing method increased (DRC = 0.172; HMC = 0.178; SFC = 0.186). An
additional trial was conducted to determine the interaction of WCGF level and CP% in SFC based diets.
Three hundred sixty steer calves (634Ib) were allotted to 36 pens. Pens were assigned to 9 treatments.
Treatment design for this trial was a 3 X 4 unbalanced factorial design with factors of WCGF fed at 0,20,
30,40% of the diet and CP fed at 13.0, 13.7, and 14.4% of the diet (DM basis). At the zero level of WCGF,
only one CP level was fed, 13.7%, and at the 40% level, 13.0% was excluded due to infeasibility to
produce a 13.0% with the ration ingredients. Dry matter intake increased linearly (P < 0.05) as WCGF level
increased. Average daily gain and feed conversion responded in a quadratic fashion (P < 0.05). The
estimated gain from regression equations were 3.42, 3.66, 3.64, and 3.52Ib/day and F:G were 5.78,5.64,
5.72, and 5.90 for the respective levels of 0, 20,30, and 40% of WCGF. From these data, the optimal level
of WCGF in SFC based diets was in the range of 20 to 30%. Nonlinear (breakpoint) analysis was done on
CP% level in the treatments that contained 20 and 30% WCGF. A breakpoint of 13.9% CP (8.6% DIP) was
determined for ADG and a breakpoint of 13.7% CP (8.4% DIP) was determined for F:G. Feeding WCGF to
finishing steers maintained or improved ADG and F:G across types of corn processing.

Effect of implanting during summer grazing and (or) finishing on feedlot performance and carcass
characteristics of steers
Levi J. McBeth, Don R. Gill, and Clint R. Krehbiel
Department of Animal Science, Oklahoma State University, Stillwater

•

The objective of this study was to determine the effects of implantation with Ralgro@ during summer
grazing and (or) Revalor@ S during finishing on feedlot performance and carcass characteristics. Crossbred
steers (n = 180; BW = 280 :t 17.3) were randomly assigned to one of three treatments. Treatments were: I )
no implant during summer grazing or finishing (CON; n = 20); 2) no implant during summer grazing and
Revalor S implantation during finishing (IMPLF; n = 80); or 3) Ralgro implantation during summer grazing
and Revalor S implantation during finishing (IMPLGF; n = 80). Steers grazed native range for 74 d prior to
finishing. Upon arrival at the feedlot, steers were blocked by weight and randomly assigned to 36 pens (18
pens/block; 5 head/pen). The heavy and light blocks were fed for 132 and 147 d, respectively. Steers that
received Ralgro during summer grazing had 9.8% greater (P < 0.01) ADG (1.32 vs 1.19 kg/d, respectively),
and entered the feedlot heavier (378 vs 370 kg; P < 0.01) than steers not implanted. However, by d 56
IMPLF steers (445 kg) had similar (P > .10) BW compared with IMPLGF steers (451 kg), and IMPLF and
IMPLGF steers had greater (P = 0.01) BW than CON (429 kg). Steers that received an implant during
finishing had greater (P < 0.01) ADG throughout the feeding period (1.74, 1.85, and 1.46 kg/d for
IMPLGF, IMPLF, and CON, respectively). Dry matter intake did not differ (P = 0.36) across the entire
feeding period (avg = 12.0 kg); however, DMI was greater (P ~ 0.05) for IMPLF and IMPLGF steers from
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d 84 through 112 (11.1 %) and d 112 to the end of the feeding period (13.7%) compared with CON steers.
Steers that received an implant during finishing had higher (P < 0.01) ADG:DMI. No significant
differences (P > .10) were observed for dressing percent, kidney pelvic and heart fat, marbling, rib eye area,
yield grade or tenderness among treatments. However, IMPLF and IMPLGF steers had greater (P < 0.01)
hot carcass weight (370, 374, and 340 kg for IMPLGF, IMPLF, and CON, respectively) and 12th rib fat
thickness (P = 0.01) than CON steers. In this experiment, performance advantages gained by implanting
during the summer grazing period were compensated for by d 56 of the finishing period by cattle that
received an implant in the feedlot.
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Implant, Feedlot, Steers
Influence of Supplemental Sunflower Oil and Dexamethasone Therapy on Intramuscular
Tissue Development in Early Weaned Beef Steers
M. P. McCurdy*, D. D. Buskirk, A. C. Grant, and J. D. Cowley
Michigan State University, East Lansing, MI

Adipose

The purpose of this feedlot study was to investigate the effect of dexamethasone therapy and supplemental
sunflower oil on the development of intramuscular adipose tissue in early weaned beef steers. Twenty-four
early weaned steers were randomly assigned to a 2 x 2 factorial arrangement of dietary (basal diet only
(control) or basal diet with the addition of 8% high-linoleate sunflower oil) and drug therapy treatments
every 28 d (intramuscular injections of dexamethasone at 0.1 mg dexamethasone/kg body weight or equal
doses of physiological saline (control» for a period of 112 d. Steers were fed individually and amount was
fed weekly so that treatment groups has isocaloric intake. Following the 112 d treatment period, all steers
were fed a common basal diet until harvest. Steers were ultrasounded every 28 d throughout the trial.
Steer performance during the feeding period was evaluated and complete carcass data was collected after
harvest. Dexamethasone effectively lowered change in subcutaneous rib fat (P < 0.05), and rump fat (P <
0.01). Supplemental sunflower oil increased change in intramuscular fat (P < 0.01). It was also observed
that change in intramuscular fat, subcutaneous rib fat, and rump fat, were all highly correlated with DMI (P
< 0.0 I). Carcass marbling score, rib fat, and YG of treatment groups were not significantly different than
control. However, dexamethasone and oil both increased kidney, pelvic, and heart fat (P < 0.05 and P <
0.07, respectively).
Dexamethasone lowered ADG (P < .008), and feed efficiency (P < .02) during the
treatment period. However during the finishing period, dexamethsone increased ADG (P < .09), and feed
efficiency was increased by dexamethasone in combination with oil (P < .03). Furthermore over the entire
trial, an interaction between dexamethasone and sunflower oil appeared to decrease feed efficiency (P <
.03). In conclusion supplementation of sunflower oil may be a useful tool in increasing changes in
intramuscular fat over the feeding period. Additionally, dexamethasone may serve in increasing feed
efficiency and lowering changes in subcutaneous fat over the finishing period.
Using Allantoin in Spot Urine Samples to Predict Bacterial Protein Production in Finishing Heifers
R.A. McDonald*, T.J. Klopfenstein, G.E. Erickson, C.N. Macken, K.M. Whittet
University of Nebraska-Lincoln, Lincoln, NE.
Two trials were conducted to evaluate allantoin excretion in spot urine samples as a marker of bacterial
crude protein (BCP) production. In trial I, one hundred twenty heifers were blocked by initial weight
(BW=768 Ibs) and individually fed in a 3 x 5 factorial arrangement of treatments. The high-moisture corn
(HMC) diet (DM basis) consisted of 88.3 percent HMC, 6.7 percent cottonseed hulls, and 5.0 percent dry
supplement. The BRAN diet was identical to the HMC diet except 20.0 percent corn bran replaced HMC.
Five levels of urea were fed with these two diets at 0, 0.45, 0.90, 1.35, and 1.8 percent of the diet. The
BRAN diet was also fed with five levels of SBM at 0,3.89,7.78,
11.67, and 15.56 percent of the diet. Spot
urine samples were collected in the morning on d 19,20, and 21 and on days 61,62, and 63 and analyzed
for both allantoin and creatinine with the average used in statistical analyses. There were no significant
interactions or main effects of level for any of the response variables. Main effects of diet are included in
the table. Diet affected (P<0.05) ADG, DMI, feed conversion, allantoin in mmollday, and allantoin in
mmoillb DMI. Heifers fed HMC gained more (P=0.02) compared to heifers fed BRAN but not (P=0.74)
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SBM with SBM being higher (P=O.OI) than BRAN. Heifers consumed less of the HMC diet than BRAN
(P=0.04) or SBM (P<O.OI) diets. Feed conversion was higher for HMC than for BRAN (P<O.OI) or SBM
(P=0.07) with SBM being higher (P=O.OI) than BRAN. Allantoin in mmol/d or mmol/lb DMI was higher
for HMC compared to BRAN (P=O.OI and P<O.Ol) and SBM (P=0.02 and P<O.OI). BRAN and SBM were
similar for both allantoin variables. These data show that allantoin follows feed conversion and may predict
differences in BCP production due to energy .In trial II, six heifers were catheterized for total urine
collection and fed a finishing diet including dry-rolled corn and wet corn gluten feed. Urine was collected
every two hours for 5 d. Daily volume was calculated from creatinine concentration and compared to
measured volumes. There was a linear relationship (R2=0.86), but creatinine tended to overestimate
volume (slope=0.45). Additionally, there was a relationship (R2=0.52) between the daily average of the
allantoin:creatinine (A:C) ratio and the A:C ratio at 0800, but the ratio at 0800 overestimated the daily
value (slope=0.51). These' data show that creatinine in spot urine samples has the potential to be an
effective marker of urine volume. However, values may need to be adjusted to account for animal, diurnal,
and temporal variability.
Variable
ADO,lbs/d
DMI,lbs/d
Feed Conversion
Allantoin, mmol/d
Allantoin. mmol/lb DMI

HMC
2.82
18.46
6.58
149
7.24

BRAN
2.57
19.32
7.52
134
6.44

SBM
2.86
19.82
6.94
136
6.41

SEM
0.07
0.29
0.18
4

0.23

Keywords: Allantoin, Bacterial Crude Protein, Cattle

Effects of direct.fed

microbial products on feedlot performance

and carcass characteristics

of feedlot steers.

C. A. McPeake', C. S. Abney', K. Kizilkayal, M. L. Oalyean2, A. H. Trenkle 3, J. J. Wagner4, D. R. Ware
and S. R. Rust!
I Michigan State University, East Lansing, MI, 2 Texas Tech University, Lubbock, TX, 3 Iowa State
University, Ames, lA, 4Continental Beef Research, Lamar, CO, and 5 Nutrition Physiology Corporation,
Indianapolis, IN

5,

Data from six research trials (n = 1,249, 184 pens), conducted in four states, were assembled to summarize
the effects of varying concentrations and strains of Lactobacillus acidophilus (LA45 and LA51) and
Propionibacterium jreudenreichii (PF24) on feedlot performance and carcass characteristics of feedlot
steers. Treatments represented in the data set included: control (TRTI, no direct-fed microbial treatment
6
6
applied); treatment two (TRT2, 106 LA45 and 109 PF-24 cfu/hd/d); treatment three (TRT3, 10 LA45, 10
4
4
9
9
LA51 and 10 PF-24 cfu/hd/d); treatment four (TRT4, 10 LA45 , 10 LA51 and 10 PF-24 cfu/hd/d);
treatment five (TRT5, 2 x 106 LA 51 and 109 PF-24 cfu/hd/d); treatment six (TRT6, 106 LA45, 106 LA51
and 108 PF-24 cfu/hd/d); and treatment seven (TRTI, 108 LA45, 108 LA51 and 109 PF-24 cfu/hd/d). Pen
data for body weight (BW), average daily gain (ADO), dry matter intake (DMI), and feed:gain (F:O) were
collected during four periods. Periods 1 to 3 consisted of consecutive 28 d periods, whereas Period 4
represented d 85 to harvest. Overall ADO, DMI, and F:O values were calculated as averages across
feeding periods. Hot carcass weight (HCW), dressing percent (DP), quality grade (QO), percentage of
carcasses grading USDA Choice (PERCH), and carcass ADO (CARCADO), using an average 62%
dressing percent, were determined post-harvest.
Data were analyzed using the linear mixed model
procedure with repeated statements of SAS Statistical Software (Version 8). Because of unequal
replication of treatments at each location, the year and location were compressed to allow for data analysis
across experiments. Feedlot data were analyzed using initial weight as a covariate to account for location
differences in starting weight. Least squares means were separated using the Tukey adjustment factor for
all pairwise comparisons and orthogonal contrasts were used to test overall treatment effects between
selected treatments.
Contrasts performed to estimate differences between non-treated steers and steers
receiving diets inoculated with direct-fed microbials revealed greater final weight (FW) (P = 0.007), overall
ADO (P = 0.02), overall DMI (P = 0.07), HCW (P = 0.02), and CARCADO (P = 0.05) for treated steers.
Furthermore, contrasts for steers receiving diets inoculated with TRT3 compared to TRTI exhibited the
same trend with, FW (P = 0.007), overall ADO (P = 0.02), HCW (P = 0.008) and CARCADO (P = 0.01)
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being higher for treated cattle. Calculated feed energy values (Owens and Gill, 1980) tended to be greater
for diets containing microbials (NEm (P = 0.12), NEg (P = 0.07) and ME (P = 0.08». Likewise, a positive
linear effect was observed for DMI (P = 0.05) when contrasting TRT3, TRT4 and TRD; treatments
containing increased concentrations of Lactobacillus acidophilus. There was also a tendency for a linear
effect in F:G (P = 0.12), NEm (P = 0.21), NEg (P = 0.14) and ME (P = 0.16) between these same three
treatments. Results of these analyses suggest that feeding combinations of lactic acid-producing and
propionic acid-producing bacteria in diets of growing-finishing cattle might improve growth rate and
carcass weight in feedlot steers.
Keywords: Direct-fed Microbial, Probiotic, Feedlot, Steers

Effect of sulfate concentration in drinking water and different sources of zinc, manganese, copper,
and cobalt on in vitro dry matter disappearance and pH.
J. H. Mikus, C. R. Richardson, T. Bramble, and A. Gueye
An in virto digestion trial was used to compare the effects of chelate, sulfate, and oxide forms of zinc,
manganese, copper, and cobalt on in vitro dry matter disappearance (IVDMD) and pH. Animals donating
ruminal fluid consumed water containing sulfates at either 35 mglkg or 1,535 mglkg. McDougall's buffer
was either from the normal protocol (Harris, 1970) or buffer with an additional 1,500 mg/kg. In the
chelated source (Availa-4, Zinpro Corp.) zinc, manganese, and copper were in amino acid complexes, and
cobalt was bound to glucoheptonate. Sulfate and oxides sources were used at the same levels as the
chelated minerals. Minerals were provided in vitro at 0.5, 1, 2, and 4X the recommended level of the
chelated minerals for beef cattle. Ground corn and corn starch were used as substrates, and samples were
collected at 8, 16, and 24 h. The IVDMD was greater (P<0.05) for corn starch than for ground corn at 8
(69.96 vs 48.50%), 16 (89.13 vs 68.65%), and 24 h (91.20 vs 83.51%). Final culture pH was also lower
(P<0.05) for corn starch at 8 (6.54 vs 6.80), 16 (6.27 vs 6.68) and 24 h (6.29 vs 6.63) than for ground corn.
The IVDMD at 8 h was greater (P<0.05) for chelated minerals (60.17%) than for sulfates (58.47%).
Chelated minerals also had a higher (P<0.05) IVDMD than sulfate forms (79.34 vs 78.14%, respectively) at
16h, and the IVDMD for oxides also was greater (P<0.05) than for sulfates (79.19 vs 78. 14%)at 16h. At 24
h, chelates had a higher (P<0.05) IVDMD than oxides (88,59 vs 86.29%). At 8 h, culture pH was lower
(P<0.05) for chelates (6.66) than for both sulfates (6.68) and oxides (6.68). Similar results were found at 24
h with pH lower (P<0.05) for chelates (6.44) than for sulfates (6.47) or oxides (6.47). Source of rumen fluid
affected IVDMD at 24 h with lower (P<0.05) IVDMD for the donor consuming added sulfate than for the
donor consuming water without added sulfate (88.26 vs 86.45%, respectively). Donors with added sulfate
also had lower (P<0.05) culture pH values at 8 (6.59 vs 6.75), 16 (6.37 vs 6.59), and 24 h (6.37 vs 6.54)
than donors consuming drinking water with no added sulfate. Buffer with additional sulfate increased
(P<0.05) IVDMD compared with normal buffer at 8 (60.01 vs 58.45%) and 16 h (80.88 vs 76.90%). Buffer
with additional sulfate had higher (P<0.05) pH values at 8 (6.68 vs 6.66) and 24 h (6.48 vs 6.44) than
normal buffer. These data are interpreted to suggest that animals consuming water with high concentrations
of sulfate may experience a decrease in both digestion and ruminal pH.
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Key Words: Chelate, Sulfate, Oxide, Drinking Water
Energy supplementation of steers grazing early-season, native range: Effects on grazing and
subsequent finishing performance and carcass merit.
S. P. Montgomeri, D. A. Blasil, 1. C. Forcheri02, and R. R. Scott2,
J Kansas State University, Manhattan, 2 Purina Mills, St. Louis, MO.
Crossbred beef steers (n = 328, BW = 495 :!: 0.5 lb.) were used in a completely randomized design to
determine the effects of energy supplementation on the grazing and subsequent finishing performance and
carcass merit of steers grazing early-season, native range. Estimates of rib fat, rump fat, and rib eye area of
each steer were obtained using real time ultrasound 16 days prior to the 97 day grazing period. Treatments
consisted of either no supplemental energy or access to feeders containing a free choice, grain-based energy
supplement. On day one of the grazing period, steers were weighed and randomly allotted among eight
pastures, providing four replications per treatment, with pasture serving as the experimental unit. Stocking
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density was increased by 34% for supplemented pastures. At the end of the grazing period, steers were
weighed, scanned using real time ultrasound, transported to a commercial feedlot, and allowed ad libitum
access to a common finishing diet an average of 171 days. Each pasture of steers was finished in a separate
feedlot pen. Visual appraisal of fat cover was used to determine marketing date of each pen. Supplement
intake averaged 6.1 lb. :t 1.25 Ib.lday as fed or approximately 1.0% of BW during the grazing period.
Supplementation increased (P < 0.0 I) grazing period ADG and BW; with ADG consisting of 1.48 vs. 2.19
:t 0.113 lb. for non-supplemented
and supplemented steers, respectively. Supplementation increased (P <
0.0 I) grazing period ribeye area, back fat, and rump fat. Supplementation did not affect subsequent
fipishing performance or carcass merit; however, supplementation did reduce (P < 0.01) the amount of time
required during the finishing period by 18 :t 3 days. Energy supplementation of steers grazing earlyseason, native range resulted in more pounds of gain per acre due to improved grazing performance and a
34% increase in stocking density, and reduced the amount of time required during the finishing period.
Key Words: Energy supplementation,

Range, Steers.

Evaluation of three methods of delivering vitamin E to newly received beef steers
J. D. Riveral, M. L. Galyean2, G. C. Duff3 and D. A. Walkeri
!Clayton Livestock Research Center, New Mexico State University, Clayton 2Texas Tech University,
Lubbock, and 3University of Arizona, Tucson
One hundred twenty crossbred (English x Continental) steer calves (average BW 176 :t..2.8 kg,) were used
in a completely random design to evaluate the efficacy of three different methods of delivering vitamin E
on performance and health during a 28-d receiving period. Cattle were allotted randomly to either: I) oral
drench of vitamin E; 2) a subcutaneous injection of vitamin E; 3)or supplemental vitamin E added to the
70 % concentrate receiving diet. Each treatment was designed to deliver approximately 570 IV of vitamin
E/animal daily for a period of 5 d. Individual weights and DMI, were recorded on d 0, 14 and 28.
Performance data were analyzed as a linear model with pen as the experimental unit, and means were
separated using orthogonal contrasts. Cattle were monitored daily for bovine respiratory disease complex
(BRD) and suspect cattle were removed from their pen for a more thorough examination. Animals with a
rectal temperature ~ 39.7°C were considered morbid, and antibiotics were administered.
Following
treatment, animals were returned to their pen. Cattle continuing to display symptoms and with a rectal
temperature of 39.7 °C or greater 3 d following the initial treatment were considered retreaments and were
given antimicrobial therapy a second time. Percentage of morbidity and retreatment were analyzed using a
non-parametric procedure. No effects (P > 0.10) were detected for BW, ADG, and efficiency of gain;
however a trend (P = 0.15) was noted on d 14 BW, with cattle receiving vitamin E injections having a
greater BW than cattle receiving vitamin E via an oral drench. A trend for lower (P = 0.13) percentage of
morbidity was noted with cattle receiving either a drench or injection of vitamin E having a lower
percentage of morbidity than cattle receiving vitamin E in the feed. Alternate methods to deliver vitamin E
(injection or drench) might be more effective in reducing morbidity and warrant further research.
Key words: Vitamin E, Beef Cattle, Health.
Effect of implant strategy and feeding level during the growing period on performance, carcass
quality and composition of feedlot steers.
G. Scaglial, L.W. Greenel, F.T. McCollum IIIl and T.H. Montgomerl.
Texas A&M University. TAMU-AREC, Amarillo, Texas!. West Texas A&M University, Canyon, Texai.
Ninety-six yearling steers (335 kg) were allotted to 12 pens (8 steers/pen) in a completely randomized
design. Pens were assigned to implant and feeding level treatments in a 2 X 2 factorial arrangement.
Factors were: A) implant of Synovex-S (I) on day I or no implant (NI) and B) ad libitum feeding level
(AL) or restricted feeding level (RL) for a target gain of 1.4 kg/day (ADG). Every week the amount of feed
offered to restricted cattle was adjusted to maintain the target ADG. On d 62 all steers were implanted with
Revalor-S and provided ad libitum feed consumption until harvested. The diet fed was 80% steam rolled
corn, 10% cottonseed hulls and 10% supplement. Steers were harvested when the average fat thickness of
the steers in the pen was 10 mm as measured by ultrasound. The 9th_II th right rib section (RIB) from each
steer was obtained at harvest, dissected and weight of bone, lean, Longissimus dorsi, and fat tissue were
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recorded. Ground samples from each rib were analyzed for protein, fat, and dry matter. ADG was higher (P
< 0.05) for AL steers (1.96 kg) compared to RL steers (1.27 kg) from d 1 to 62. During d 63-116, ADG and
gain/feed (glf) for RL steers (2.2 kg and 0.19, respectively) were higher (P < 0.05) than for AL steers (1.67
kg and 0.14, respectively). From day 117 until harvest, ADG and g/f were similar (P > 0.05) for all
treatments. No difference among treatments in feed intake (P > 0.05) were detected after d 63. Implanted
steers had higher kidney, pelvic and heart fat (P = 0.0492) than NI. A treatment effect was observed for
grams of fat on the 9th-II th but not for grams of lean. In this experiment implant strategy only affected KPH
while a treatment effect was observed for the fat fractions of RIB.
Short Duration Protein Removal to Reduce Acid-Resistant E.coli in Finishing Steers
J. J. Sindt*, 1. S. Drouillard, H. Thippareddi, R. K. Phebus, E. R. Loe and J. J. Higgins,
Kansas State Univerity, Manhattan
Four ruminally cannulated Jersey steers (1630 Ib) were used in a crossover design to measure the effects of
supplemental nitrogen on the development of acid resistance by ruminal and fecal Escherichia coli (E.
coli). Steers were adapted to a high-concentrate, flaked corn-based finishing diet and were allowed ad
libitum access to feed for 10 days. In period one, rumen fluid and fecal grab samples were collected on
days I and 3 to obtain baseline E. coli populations. After collection, samples of rumen fluid and feces were
transported to the Kansas State Food Microbiological laboratory where they were tested for acid-resistant
E. coli by serial dilution of samples into pH 2, 4, (acid shock) and 7 citric acid/sodium phosphate buffer
solutions. On day 4, soybean meal and urea were removed from the diet of two steers and replaced with
flaked corn, providing diets with 14% CP (CON) or 9% CP (LOW). On day 8 and 10, samples of rumen
fluid and feces were sampled from all steers and tested for acid-resistant E. coli. On day II all steers were
readapted to CON diets for 10 days and baseline ruminal and fecal acid-resistant E. coli populations were
obtained on days 21 and 23. Steers receiving CON diets during period one were switched to LOW diets on
day 24, and ruminal fluid and feces were tested again for acid-resistant E. coli on day 28 and 30. Steers fed
LOW diets tended (P<O.IO) to have lower total ruminal E. coli populations (2.19 10glOCFU/mL and 1.01
10glOCFU/mL for CON and LOW, respectively). Feeding LOW diets reduced (P<0.05) the population of
ruminal E. coli surviving a pH 4 acid shock (2.73 10glOCFU/mL and 1.17 10glOCFU/mL for CON and
LOW, respectively).
However, ruminal E. coli populations surviving a pH 2 acid shock were similar for
cattle fed CON and LOW diets (1.73 10glO CFU/mL and 1.45 10glO CFU/mL for CON and LOW,
respectively). Total fecal E. coli populations were not different for steers fed CON and LOW protein diets
(6.83 10glOCFU/g and 6.41 10glOCFUlg for CON and LOW, respectively). Feeding LOW diets tended
(P=0.15) to reduce the population of E. coli that survived a pH 4 acid shock (6.51 10glOCFUlg and 5.78
loglo CFU/g for CON and LOW, respectively) and tended (P=0.08) to reduce the population of E. coli
surviving a pH 2 acid shock (3.34 10glOCFU/g and 2.43 10glOCFU/g for CON and LOW, respectively).
Development of acid resistance by E. coli may be partly conferred by protein or N in ruminant diets.
Further studies are warranted to determine if cattle diets can be manipulated by altering dietary protein
levels to reduce acid-resistant E. coli while maintaining animal performance.
Key words:
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Comparison of Dried, Full-Fat Corn Germ and Tallow in Finishing Feedlot Heifers
M. J. Sulpizio*l, J. S. Drouillardl, T. 1. Kessenl, E. R. LoeJ, S. P. Montgomeryl, J. N. Pikel, and J. J.
Sindtl, R. T. Ethington2;
J Kansas State University, Manhattan, 2Minnesota Com Processors, Marshall, Minnesota.
A trial was conducted using 588 finishing beef heifers (705 :t 8 lb initial BW) to compare tallow and dried,
full-fat corn germ as supplemental energy sources. Pens were blocked by previous treatment and randomly
allocated to finishing diets containing 1) tallow or 2) corn germ. The tallow diet consisted of (dry basis)
46% steamed flaked corn, 35% wet corn gluten feed, 3% alfalfa hay, 1.5% soybean meal and 4% tallow.
The corn germ diet consisted of 41 % steam flaked corn, 35% wet corn gluten feed, 3% alfalfa hay, and
10% corn germ. Premixes were formulated to provide 300 mg monensin, 90 mg tylosin and 0.5 mg MGA
per head daily. Diets were fed ad libitum once daily for 110 days. Average daily gains of 2.99 Ib/d for
tallow and 2.95 Ib/d for corn germ were not different (P > 0.20). Dry matter intake tended to be greater for
cattle fed corn germ than for cattle fed tallow (P = 0.10; 16.7 vs 16.4 Ib, respectively). Consequently, cattle
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fed germ were 304% less efficient than cattle fed tallow (P < 0.04). Hot carcass weight was not different
(P > 0040) between treatments. Corn germ fed cattle had more carcasses grading prime (P = 0.03); more
carcasses grading average choice or higher (P < 0.05); and tended to have more marbling (P = 0.08)
compared to tallow-fed cattle. Incidence of liver abscesses was higher (P < 0.02) for cattle fed corn germ
compared to those fed tallow (4.8% vs 1.8%, respectively). These results indicate that corn germ is a
suitable substitute for tallow in finishing rations.

•

Key words: Finishing cattle, Tallow, Corn Germ
Effects of MGA in Receiving Diets on Health, Performance, and Carcass Characteristics
M. J. Sulpizio*, J. S. Drouillard, T. J. Kessen, E. R. Loe, S. P. Montgomery, J, N. Pike, and J. J. Sindt.
Kansas State University. Manhattan.
A trial was conducted using 723 crossbred heifers (468 :t 5 Ib initial BW) to evaluate the effects of
including MGA in receiving diets on growth performance, morbidity, mortality and carcass characteristics.
Heifers were randomly assigned to dietary treatments: I) MGA included in the ration or 2) no MGA in the
receiving ration. MGA was fed at a rate of 0.5 mg/head daily. All diets were fed once daily and contained
42% steam flaked corn, 45% alfalfa hay, 6% steep liquor, and 2% tallow. Premixes were formulated to
provide 300 mg monensin and 90 mg tylosin. Receiving diets were fed for 35 days. After 35 days MGA
was fed to all heifers and cattle were stepped up to a common finishing ration. Cattle exhibiting clinical
signs of BRD were treated with Excenel (lcc/lOO Ib BW) for three days. Animals requiring a follow-up
treatment for BRD received the same therapy.
Cattle pulled a third time received oxytetracycline
(4.5cc/l 00 Ib BW) and Predef (5cc/head). Initial respiratory pulls (73.9 and 77.3% for MGA and no MGA,
respectively), re-treatments, and death loss were not different (P > 040) between treatments for the first 35
days. Cattle requiring a third antibiotic treatment tended (P =0.09) to be higher for heifers not fed MGA.
Death loss over the entire finishing was not different with MGA or no MGA (P = 0 .98). Average daily
gain (deads out) for the first 35 days tended to be higher in cattle fed MGA (P = 0.06). Dry matter intake
and G:F were not different between treatments for the first 35 days (P > 0.17). Gain throughout the 220day feeding period was higher for cattle fed MGA than cattle fed no MGA (P < 0.06; 2.77 vs 2.71 Ib/d for
MGA and no MGA, respectively).
Overall, DMI and G:F were not different (P > 0.50) between
treatments. Cattle fed MGA within the receiving period tended to have heavier carcass weights (P < 0.13).
No differences were detected in quality grade, yield grade or marbling (P > 0 .50). Overall, respiratory
treatments, re-treatments and death loss were not different between treatments (P > 0040), but cattle that did
not receive MGA in the receiving phase tended (P < 0.11) to have more chronics. These results indicate
that feeding MGA during the initial 35 days after arrival may improve gain and carcass weights.
Key words: Receiving Cattle, Melengestrol Acetate, Bovine Respiratory Disease

Effect of Urea Concentration

in Steam-Flaked

Corn Diets on Nutrient Digestion and Ruminal Kinetics.

S. S. Swanek, C.R. Krehbiel, and D.R. GiII
Oklahoma State University
Increasing urea concentration in isonitrogenous steam-flaked corn diets was investigated. Five ruminally
and duodenally cannulated steers (initial BW 375:t34 kg; 1.l6:t0.13 kg ADG) were used in a 5 x 5 Latin
square design to determine the effects of urea concentration on intake, nutrient digestion, and ruminal
kinetics. Isocaloric (NEm = 2.08 Mcal/kg; NEg = 1.31 Mcal/kg) and isonitrogenous (2.24% N) steamflaked corn diets with urea concentrations of 0, 0.8, 1.2, 1.6, or 2.0% (DM basis) were offered ad libitum to
steers. Following nine days of diet adaptation total urine and feces were collected for four days. On day 14,
ruminal fluid was colIected at 0,3,6,9, 12; 15, 18,21, and 24 h after pulse dosing with Co-EDT A. Dietary
urea concentration did not affect DM intake. Steers consuming diets containing 1.6% urea diets had the
lowest (P<0.05) ADF intake, while steers consuming 0.8 and 2.0% urea diets had the greatest (P<0.05)
ADF intake. Urea concentration had no affect on fecal output of DM, OM, and starch, or DM, OM, N, and
starch digestibility. Steers consuming diets containing 1.6% urea had lower (P<0.05) ADF digestibility than
steers consuming 0 and 0.8% urea diets. Urea concentration did not influence fecal N output, total N
balance, or N balance as a percent of N intake. Similarly, liquid dilution rate and pH were not affected
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(P>0.05) by urea concentration. Our data suggests that high urea concentrations can be utilized in steamflaked corn finishing diets without altering intake, nutrient digestion, or ruminal kinetics.
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Net feed intake (NFl) refers to the individual variation in feed intake (FI) between animals beyond that
related to differences in body weight (BW) and growth rate (ADG). NFl is an alternative measure of feed
efficiency that has been shown to be moderately heritable in cattle. Objectives of the study were to
characterize NFl in growing steers and to examine correlated responses with performance traits and
ultrasonic measures of composition.
Braunvieh-sired crossbred steers were individually fed a pelleted
roughage-based diet (ME = 2.2 Mcal/kg; 13.7% CP, DM) using Cal an gate feeders at College Station (N =
57) and McGregor (N = 112). Following a 30-d period of adaptation, weekly BW and daily FI were
measured for 77 d. NFl was calculated as difference between actual Fl and Fl predicted from multiple
regression of FI on mid-test BW.75 and ADG. Ultrasound measures of 12th rib (BF) and rump fat thickness
(RF), longissimus muscle area (REA) and percent intramuscular fat (1M) were obtained on day 70.
Overall ADG, Fl and NFl were 1.03 (SD = 0.21) kg/d, 9.74 (SD = 1.5) kg/d and 0.0 (SD = 0.82) kg/d,
respectively. NFl was not correlated with final BW, ADG, REA or 1M, but was correlated with Fl (r =
0.60; P < .00 I), feed conversion ratio (FCR, feed:gain ratio; r = 0.49; P < .00 I) and BF (r = 0.22; P < .0 I).
FCR was correlated with ADG (r = -0.72; P < .001) and initial BW (r = 0.29; P < .001), but not final BW,
Fl, BF, REA or 1M. The NFl of low « .5 SD below the mean; n = 54), medium (::t .5 SD from the mean; n
= 64) and high (> .5 SD above the mean; n = 51) steers were -0.98, -0.05 and 0.88 ::t .06 kg/d. High NFl
steers (less efficient) had higher (P < .001) Fl (10.7 vs 8.8 ::t .19 kg/d) and FCR (10.8 vs 8.8 ::t .28), but
similar ADG (1.02 vs 1.02::t .03 kg/d) and final BW (323.7 vs 325.0 ::t5.4 kg) compared to low NFl steers
(improved net feed efficiency). High NFl steers had greater (P < .05) RF (4.24 vs 3.89 ::t .13 mm), but
similar BF (4.23 vs 3.96::t .11 mm), REA (53.3 vs 52.8 ::t .9 cm2) and 1M (2.89 vs 2.84 ::t .08%) compared
to low NFl steers. The results demonstrate that NFl may provide opportunities to identify more efficient
cattle independent of growth traits. Increased leanness may have contributed to improved net feed
efficiencies of low NFl steers, but the magnitude of this contribution was small.
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Inclusion of fish oil in ruminant diets may fortify the fatty acid composition of meat and modulate the
immune system. Therefore, two experiments were conducted to determine the effects of supplemental
menhaden fish oil on growth performance, carcass characteristics and immune function of beef calves.
Experiment I (70-d study) used .16 crossbred steers (441 :t 31.7 kg initial BW) consuming a high
concentrate diet. Dietary treatments consisted of: 1) control (75% corn, II % soybean meal, and 10%
cottonseed hull based diet); and 2) the control diet with 3% fish oil replacing a portion of the corn. Fish oil
supplementation decreased daily feed intake (13.97 vs. 11.49 kg, P < 0.0 I); conversely it had no effect on
ADG or G:F (1.42 vs. 1.29 kg and 0.10 vs. 0.11; P > 0.05). Fish oil did not alter color of longissimus
muscle (LM), LM area, yield grade, dressing percentage, marbling, quality grade, fat thickness, chemical
composition of ground rib sections, cooking loss, or Warner Bratzler shear force. Though, fish oil
supplementation decreased hot carcass weight (329 vs. 303 kg, P < 0.05), and tended to decrease the
percentage of internal fat (2.28 vs. 1.94, P = 0.12). Addition of fish oil did increase the plasma
concentrations of linolenic (0.3 vs. 4.0 mg/l 00 mg; P < 0.0 I) and eicosapentaenoic acids (0 vs 5.95 mg/l 00
mg; P < 0.0 I). Fish oil supplementation increased the number of receptors expressed on lymphocytes (P <
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0.0 I), and tended to increase the ratio of the number of receptors on T lymphocytes compared to the
number of receptors on B lymphocytes (P = 0.06). Experiment 2 utilized 20 crossbred steers (438 :!: 28 kg
initial BW). Dietary treatments consisted of the same treatment diets as in Exp. 1 in a 72-d feedlot study,
except fish oil was reduced to 2% of the ration on an as-fed basis. Fish oil supplementation decreased ADFI
(14.52 vs. 13.28 kg, P < 0.05, as-fed); conversely, it had no effect on ADO or O:F (2.08 vs. 1.89 kg and
0.14 vs. 0.14; P> 0.10). There was no effect of fish oil on mitogen-stimulated lymphocyte proliferation on
dO, 21, or 63. However there was a treatment x time interaction (P < 0.01) because lymphocytes isolated
on d 42 from calves fed the diet with 2% fish oil had a smaller proliferation response to stimulation with
concavalin A (P < 0.01) and pokeweed mitogen (P < 0.01) and tended to have a smaller response to
stimulation with phytohaemagglutinin (PHA; P < 0.08) than lymphocytes from calves fed the control diet.
Skin-fold response to intradermal injection of PHA on d 71 did not differ among treatments. Fish oil
supplementation in these trials had no negative effects on growth performance or feed efficiency. Results
indicated that fish oil supplementation did modulate the immune system. However, more research may be
required to document or elicit the exact immunological changes that occur at the cellular level. In summary,
supplementation with fish oil decreased hot carcass weights; however, some of this decrease seems to be
from a reduction in the percentage of internal fat and 12th rib fat. As indicated by the increased
concentration of eicosapentaenoic acid in the plasma, fish oil supplementation has shown promise to
enhance the fatty acid composition of beef.
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