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ROLE OF POTASSIUM AND SULFUR DURING SUPPLEMENTAL
PROTEIN WITHDRAWAL IN YEARLING STEERS

R. L. Preston, W. B. Kunkle and V. R. Cahill
Department of Animal Science
Abstract
One hundred and eight yearling steers were fed for 107 days in a finishing experiment to study the role of sulfur and potassium during supplemental protein withdrawal.
This withdrawal occurred when a low level of either limestone-treated corn silage or
pelleted cob were fed as a roughage source or when steers were fed an all-concentrate
ration. Dry whole shelled corn was fed to all cattle. Removing supplemental soybean
meal after 28 days did not change feedlot performance. When soybean meal was removed,
the resulting ration contained between 8.8 and 9.1% crude protein on a dry matter
basis. The average weight of the steers at this time was 816 Ib.
Performance of steers fed additional sulfur after soybean meal withdrawal was
reduced when the ration contained an inadequate level of potassium. Steers fed a low
level of either corn silage or pelleted cob had better feedlot gains than steers fed
the all-concentrate ration. Carcass effects of these various rations were quite small,
Steers fed corn silage prior to this experiment gained faster than steers previously
fed chopped hay, especially during the first 56 days. At slaughter, these steers had
a lower incidence of liver abscesses and somewhat healthier rumen walls than steers
previously fed chopped hay.

Introdyction
Previous research at OARDC indicates that supplemental protein is not required
when steers have been started on a corn-corn silage ration after they weigh approximately 750 Ib. Additional mineral fortification has been used to provide calcium,
phosphorus, potassium, and sulfur equal to that found in soybean meal when this source
of protein is withdrawn from the ration. Since calcium and phosphorus were present
in the ration in adequate amounts without this additional supplement, there is likelihood that potassium and/or sulfur may be of special importance during the time of
supplemental protein withdrawal. Thus, the main objective of the experiment was to
study the role of these two minerals during supplemental protein withdrawal.
Additionally, limestone-treated corn silage and pelleted cob were compared as
limited roughage sources in comparison to an all-concentrate ration based on dry whole
corn and pelleted supplement. Since these roughage treatments resulted in various
levels of potassium in the basal ration, additional observations could be made on the
possible role of this mineral in finishing cattle rations.

Procedures
One hundred and eight steers were selected for this experiment from steers
wintered at the Southeastern Branch of OARDC. The results of this wintering trial,
as well as the initial receiving experiment after being shipped to Wooster, are
reported on pages 51 and 61 of this Research Summary. Hereford and Charolais crossbred steers were used and their average initial weights were 706 and 740 Ib., respectively. The influence of breed type as well as previous treatment effects on
gain and carcass traits were measured in this experiment.

Twelve pens of nine steers each were fed the following rations. Limestone-treated
(0.5°o) corn silage was fed at a rate of 10 Ib./head/day. Pelleted cob (Andersons) was
fed at a rate of 6% of the total ration. Dry, whole shelled corn was full-fed to all
cattle. A pelleted supplement (Table 1) was fed at a rate of 1.9 Ib./head/day. When
supplemental soybean meal was withdrawn from the ration at 28 days, 0.5 Ib./head/day
of the sulfur supplement or both the sulfur and potassium supplements (Table 2) were
fed to those pens designated to receive these minerals.
Because the cattle were being fed either corn silage or chopped hay prior to
starting this experiment, both of these roughages were fed in decreasing amounts during the first 10 days while the cattle adapted to the above rations. All steers were
implanted with Synovex-S at the start of this experiment. After a feeding period of
107 days, the steers were slaughtered for carcass evaluation. The condition of the
rumen wall and the incidence of liver abscesses were noted at this time.

TABLE 1 .—Supplement Composition.*
Ingredient

Percent

Corn (ground)

85.8

Limestone

8.0

Salt (trace mineralized)t

5.0

Dicalcium phosphate (Biofos)

1.0

Aurofac-50**

0.075

Vitamin A (30,000 units/gm.)

0.125

^Pelleted through 3/16-1n. die.
tHorton's trace mineralized salt.
**5Q gm. aureomycin per Ib.

TABLE 2. —Sulfur and Potassium Supplements.*
Ingredient

Percent

Sulfur supplement
Corn (ground)
Potassium-magnesium suifate (Dynamate)

90.0
10.0

Potassium supplement
Corn (ground)
Potassium chloride (Dyna-K)

85.0
15.0

^Pelleted through 3/16-in. die.

Results
The feedlot performance of these steers is shown in Table 3. Steers fed the
ration without roughage did not gain as well (2.79 Ib./day) as steers fed either corn
silage (3.15 Ib./day) or 6% pelleted cob (3.02 Ib./day). The dry matter efficiency
response was quite similar on all three rations (6.16, 6.24, and 6.25 Ib. DM/lb. gain,
respectively).
The overall response to supplemental protein withdrawal appeared to be dependent
on the level of sulfur and potassium supplied. Steers fed the protein withdrawal
ration performed similar to those fed soybean meal continuously (3.09 vs. 3.00 Ib./
day, respectively). Dry matter efficiency slightly favored those steers fed soybean
meal continuously, compared to those where soybean meal was withdrawn after 28 days
on feed (6.02 and 6.17 Ib./lb. gain, respectively). The average weight of the steers
at the time of supplemental soybean meal withdrawal was 816 Ib.
Addition of sulfur depressed performance, whereas the addition of potassium along
with sulfur appeared to overcome this depression. Adding sulfur during the supplemental protein withdrawal period increased the sulfur content from 0.10 to 0.14% of
the dry matter. Since both of these levels are well within a normal required range,
it is surprising that such a marked depression in gain (2.83 vs. 3.09 Ib./day) and
dry matter efficiency (6.51 vs. 6.17 Ib./lb. gain) was observed. Depending on the
roughage source, added potassium raised the potassium content of the supplemental
protein withdrawal ration from 0.40-0.47% to 0.56-0.65% of the dry matter. Thus,
potassium was deficient in the protein withdrawal ration since the potassium requirement is between 0.6-0.7% of the dry matter.
As mentioned previously, providing adequate potassium overcame the depressing
effect of added sulfur. This was not only true for those steers receiving the potassium supplement, but also in the steers receiving corn silage, compared to steers
receiving either no roughage or the cob-based rations. The silage-based ration provided a borderline level of potassium (0.5% of the dry matter) during the supplemental
protein withdrawal period. To the authors1 knowledge, such a potassium-sulfur interaction has not been reported previously.
The crude protein and dry matter contents of the feeds used in this experiment
are shown in Table 4. All protein values are well within the normal expected range
for these feeds. When supplemental soybean meal was withdrawn from the ration, the
crude protein content (dry matter basis) was 8,8% for the corn silage and cob-based
rations, and 9.1% for the all-concentrate ration. Those rations containing supplemental soybean meal contained 12.7 and 14.3% crude protein (dry matter basis), respectively.
Steers which were receiving corn silage prior to starting on this experiment had
significantly faster daily gains during this experiment (3.07 Ib.) compared to steers
which were receiving chopped hay (2.86 Ib.). This response occurred during the first
56 days of the feeding period. Charolais crossbred steers gained somewhat faster than
Hereford steers (3.06 vs. 2.95 Ib./day).
The carcasses of these yearling steers were not affected by the various treatments except for the following observations. The overall average hot carcass weight
was 635 Ib. Those steers fed either corn silage or pelleted cob had heavier hot carcass weights than steers which did not receive any roughage (645, 637, and 623 Ib.,
respectively). This is in line with the daily gain response of these steers. Interestingly, steers previously fed corn silage had heavier carcasses (641 Ib.) than steers

TABLE 3.-~Feedlot Performance of Yearling Steers as Affected by Supplemental
Protein Withdrawal, Mineral Supplementations and Roughage Source.
Supplement Treatments
Roughage
Source

SBM
Continuous

Item
Pen Number
No. of Steers
Initial Wt., Lb.
Final Wt., Lb.
Av. Daily Gain, Lb.
Av. Daily Ration:
Corn Silage, Lb.
Hay, Chopped, Lb.
Corn, Lb.
Soybean Meal , Lb.
Supplement, Lb.
Feed DM/ gain

Corn
Silage

Pelleted
Cob

No
Roughage

SBM Wi thdrawal at 28 Days
+S
Control
+ S and K

1
9
696
1053
3.34

2
9
712
1045
3.12

3
9
728
1058
3.08

4
9
714
1041
3.06

9.80
0.02
13.52
2.44
1.86
5.80

9.76
0.02
17.01
0.64
1.86
6.66

9.74
0.02
15.29
0.65
1.85
6.25

9.78
0.02
15.06
0.61
1.86
6.24

Av. Daily Gain, Lb.

5
9
713
1045
3.10

6
9
711
1049
3.15

7
9
742
1026
2.66

8
9
734
1067
3.11

Av. Daily Ration:
Corn Silage, Lb.
Hay Chopped, Lb.
Pelleted Cob, Lb.
Corn, Lb.
Soybean Meal, Lb.
Supplement, Lb.
Feed DM/gain

0.29
0.02
1.12
15.15
2.50
1.89
5.80

0.30
0.02
1.24
18.38
0.65
1.90
6.15

0.30
0.02
1.20
17.46
0.65
1.90
6.99

0.29
0.02
1.19
17.92
0.65
1.89
6.08

10
9
726
1046
2.98

11
9
728
1022
2.75

12
9
730
1039
2.89

0.35
0.03
16.86
0.65
1.90
5.69

0.35
0.02
17.24
0.63
1.88
6.28

0.35
0.02
17.96
0.65
1.88
6.20

Pen Number
No. of Steers
Initial Wt., Lb.
Final Wt., Lb.

Pen Number
No. of Steers
Initial Wt., Lb.
Final Wt., Lb.
Av. Daily Gain, Lb.
Av. Daily Ration:
Corn Silage, Lb.
Hay, Chopped, Lb.
Corn, Lb.
Soybean Meal, Lb.
Supplement, Lb.
Feed DM/gain

uric a LCCI

un

un i o

9
9
754
1026
2.54*
0.35
0.02
14.37
2.50
1.90
6.47

ui ca uiicii i* ya i lieu v cr j puui i j

\ i * U£.
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steer, average daily gain for this treatment is 2.75 Ib./day.

TABLE 4.--Crude Protein and Dry Matter Content of the Feeds Used
in This Experiment.
Dry Matter
Std. Dev.
Av.

Feed

Crude Protein*
Av.
Std. Dev.

Corn Silage

7.9

1.2

39.6

5.8

Pelleted Cobs

4.3

0.3

89.2

0.2

Whole Shelled Corn

9.2

0.2

86.4

0.6

1.1

87.4

0.3

0.2

89.0

0.6

Soybean Meal
Supplement

47.1
8.2

*Dry matter basis.
previously fed on chopped hay (623 lb.). This observation is also in line with the
daily gains observed in the feedlot. The average dressing percentage of these steers
(60.8%) was unaffected by any of the treatment factors except the level-impIanted DES
during the wintering period; 36 mg. DES resulted in a higher dressing percentage than
did 24 mg. (61.1 vs. 60.4%, respectively).
Lower cutability was observed in the steers fed corn silage (3.45) than in steers
fed either pelleted cob (3.20) or the all-concentrate ration (3.09); this was also
true when cutability was adjusted for differences in hot carcass weight. This difference was due to a thicker fat cover (0.62, 0.54, and 0.53 in., respectively) and more
kidney-pelvic-heart fat (3.0, 2.9, and 2.8%, respectively). Cutability was also better
in Charolais crossbred than in Hereford steers (3.0 vs. 3.5, respectively), which was
accentuated when cutability was adjusted to equal carcass weight. This was mainly due
to differences in fat cover (0.49 vs. 0.64 in., respectively).
Implanting these steers during the wintering period with 36 mg. DES resulted in
somewhat higher conformation scores and rib eye areas, compared to steers implanted
with 24 mg., and these differences remained after adjusting to equal carcass weight.
Marbling score was affected only by the interaction between the roughage fed
during the finishing period with the roughage fed during the receiving period. Thus,
when corn silage was fed during the finishing period, marbling was improved by the
feeding of corn silage during the receiving period compared to feeding chopped hay
(small vs. slight marbling, respectively). When either pelleted cob or the all-concentrate ration was fed during the finishing period, an opposite effect was observed
when either corn silage or chopped hay was fed during the receiving period (slight
vs. small marbling, respectively). The meaning of this interesting interaction is
not clear at this time, but it indicates that interactions may play a significant
role in the development of marbling in finishing cattle.
Removing supplemental protein from the ration after 28 days did not significantly
affect the carcass characteristics of these steers. Adding supplemental sulfur alone
during the protein withdrawal period tended to decrease conformation score, compared
to the other three treatments.
-5-

Characteristics of the rumen wall at the time of slaughter were affected primarily by source and level of roughage fed during the finishing period. Thus, the
accumulation of hair and clumping, sloughing, and color of the papillae were all
nearly normal when corn silage was fed and intermediate when 6% pelleted cob was
fed in the ration. Typical all-concentrate characteristics were observed when no
roughage was fed in the ration, such as some hair accumulation, clumping of the
papillae, sloughing of the rumen wall, and a grey to tan rather than a dark grey to
black color. There was some tendency for those steers fed previously on limestonetreated corn silage to exhibit more healthy rumen characteristics compared to steers
fed previously on chopped hay.
The incidence of liver abscesses was markedly increased when the all-concentrate
ration was fed (17%) compared to steers fed either limestone-treated corn silage (S%)
or 6% pelleted corn (2%). The incidence of liver abscesses was also less when corn
silage was fed prior to the finishing trial (3%) than observed in cattle which were
started on chopped hay and switched to corn silage (10%) or fed chopped hay (11%).
Thus, even though the characteristics of the rumen wall at slaughter were not markedly affected by the previous source of roughage, feeding corn silage prior to starting
cattle on high concentrate rations may allow for a more healthy condition of the
rumen wall, thereby decreasing the incidence of liver abscesses.
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PROTEIN LEVELS AND SUPPLEMENTAL PROTEIN WITHDRAWAL
AS AFFECTED BY ROUGHAGE SOURCE AND POTASSIUM
SUPPLEMENTATION IN FINISHING STEER CALVES

R. L. Preston and V. R. Cahill
Department of Animal Science
Abstract
One hundred and twenty steer calves were used to determine the role of potassium
during supplemental protein withdrawal when whole shelled corn was fed with either
limestone-treated corn silage or pelleted cob as roughage sources. Two levels of
protein were fed prior to supplemental protein withdrawal. Supplemental protein withdrawal on the cob-based ration reduced feedlot performance, whereas with the corn
silage-based ration, the change in performance was much less. This may be due to the
difference in the potassium content of these two rations. Potassium supplementation
greatly improved the performance of steers when protein was withdrawn from the cobbased ration. These results support the idea that potassium levels are important
during supplemental protein withdrawal.
There was no difference in overall performance between the two levels of protein fed during the first 56 days that these cattle were on feed, although initial
performance favored those steers fed the higher level of protein over those fed the
lower level (13.4 vs. 11.4% crude protein in the dry matter, respectively).

Introduction
Removal of supplemental protein from the ration of finishing calves fed corncorn silage-based rations has been shown to result in equal feedlot performance and
carcass characteristics, compared to steers fed supplemental protein continuously.
One of the conditions of these experiments has been mineral fortification to equal
that supplied by the soybean meal which was removed from the ration. In addition,
the cattle have been on grain for at least 28 days and have reached 750-800 Ib. before
supplemental protein was withdrawn.
In research with yearling steers (pages 1-6), potassium was shown to play an
important role in the performance of cattle, especially when sulfur was added to the
ration. Therefore, one of the objectives of this experiment was to further study the
role of potassium when supplemental protein is removed from the ration. Second, two
levels of protein supplementation were studied during the first 56 days of the finishing period. A third objective was to further compare the performance of steer calves
fed either limestone-treated corn silage or pelleted cob in the finishing ration.

Procedures
One hundred and twenty steer calves which were obtained from a ranch near Henrietta, Texas, and used in an initial receiving experiment (page 47) were used for this
experiment. Their average initial weight was 583 Ib. They were allotted to 12 pens
of 10 steers each. All of the steers were implanted initially with Synovex-S and
were reimplanted after 87 days.
Six pens were fed 15 Ib. limestone-treated (0.5%) corn silage/head/day and six
pens were fed 6% pelleted cob (Andersons) in the total ration. Within each of these
-7-

TABLE 1.--Supplement Composition.
Ingredient

Percent

Corn (ground)

85.8

Limestone

8.0

Salt (trace mineralized)*

5.0

Dicalcium Phosphate (Biofos)

1.0

Aurofac (50 gm./lb.)

0.075

Vitamin A (30,000 units/gnu)

0.125

*Morton's trace mineralized salt.
TABLE 2.—Influence of Supplemental Soybean Meal Withdrawal and Potassium Upon
the Feedlot Performance of Steer Calves.
Experimental Ration
SBM Withdrawal

Item

SBM
Continuous

Pen Number

Control

+ Potassium

13,14,15,16

17,18,19,20

21,22,23,24

40

40

40

585

581

582

Final Weight, Lb.

1104

1064

1080

Av. Daily Gain, Lb.

2.98

2.77

2.86

Corn Silage, Lb.

7.86

7.87

7.86

Pelleted Cob, Lb.

0.52

0.52

0.52

11.61

11.97

12.52

Supplement, Lb.

1.99

2.00

2.00

Soybean Meal , Lb.

1.65

0.53

0.53

5.68

5.87

5.86

No. of Steers
Initial Weight, Lb.

Av. Daily Ration:

Corn, Dry, Whole, Lb.

Dry Matter/ Gain
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roughage sources, three pens were fed 1.1 Ib. and the remaining three pens were fed
2.2 Ib. of soybean meal/head/day for the first 56 days. At this time, one of these
three pens continued on this same level of soybean meal, whereas supplemental soybean
meal was discontinued in the second and third pens, with supplemental potassium added
to the ration fed to the third pen. Potassium was added as potassium chloride (Dyna~IC
mixed and pelleted with ground corn; the amount of this supplement fed is included in
the total amount of corn consumed by the steers on this treatment. Dry, whole shelled
corn was full-fed to all pens and 2 Ib. of the supplement (Table 1) were fed/head/day.
After a feeding period of 174 days, the steers were slaughtered for carcass
evaluation .

Results
The daily gain response of these steers was significantly affected only by the
ration fed after the steers were on feed for 56 days, when their average weight was
|98 Ib* Thus, steers continued on supplemental soybean meal gained faster (2.98 Ib./
thaa steers where supplemental soybean meal was withdrawn (2,77 Ib./day). Howin steers where supplemental soybean meal was withdrawn and supplemental potas*
Itas added* their gain was intermediate (2,86 Ib./day). The average feedlot
to these three treatments is shown in Table 2.
The average crude protein contents of the feeds fed in this experiment are shown
in Table 3. When supplemental soybean weal was withdrawn, the average crude protein
^ontftnt* of the ration were 8.9 and 9.1% on a dry patter basis, respectively, for the
silage and cob -based rations,
of potassium in the ration after supplemental soybean withdrawal were
0*35% on a dry natter basis, respectively, for the silage and cob-based
Both of these are thought to be deficient since the requirement is near 0*71
ff the ration* Adding supplemental pot&ssium increased the potassium content of these
fatioiis to Q«?G and 0*55%, respectively* Removing supplemental soybean meal had a
pronounced effect on average daily gain with the cob-based rations (2.99 vs.
|*6i lb«) than with the silage-based rations (2*96 vs. 2.84 Ib.)- This may be related
to the difference in potassium content of these two rations, since adding supplemental

TABLE 3. —Crude Protein and Dry Matter Content of Feeds Used in
This Experiment.
Dry Matter
Std. Dev.
Av.

Feed

Crude Protein*
Std. Dev.
Av.

Corn Silage

8.2

0.5

40.8

2.5

Pelleted Cobs

5.1

0.6

91.4

2.3

Whole, Shelled Corn

9.4

0.7

86.5

0.5

49.9

1.5

87.3

0.6

8.9

1.1

88.5

0.4

Soybean Meal
Supplement
*Dry matter basis.

potassium to the silage-based ration resulted in a smaller improvement in daily gain
(2.84 vs. 2.91 Ib.) than with the cob-based ration (2.69 vs. 2.81 Ib.) when supplemental soybean meal was withdrawn from the ration.
The average daily gain of the steers fed corn silage or pelleted cob was 2.91
and 2.83 Ib./day, respectively; this difference was not statistically significant.
Efficiency was 5.94 and 5.67 Ib. dry matter/Ib. gain, respectively. Using National
Research Council TON values, the average daily TON intakes were 14.03 and 13.74 Ib.,
respectively, for the corn silage and pelleted cob-based rations; the TON required
per pound of gain were 4.83 and 4.85 Ib*, respectively. Thus, performance was essentially equal on these two roughage sources when fed at the levels used in this experiment. As mentioned above, potassium was more deficient with the cob-based ration than
with the corn silage-based ration. The performance of steers fed soybean meal continuously was similar with either silage or pelleted cob and was more nearly similar with
supplemental potassium than without when soybean meal was withdrawn from the ration.
Steers fed the two supplemental levels of soybean meal during the first 56 days
gained the same during the entire experiment (2.86 Ib./day). During the first 29
days, steers fed 2.2 Ib. of soybean meal daily gained somewhat faster than those fed
1.1 Ib. of soybean meal (5.15 vs. 4.96 Ib./day, respectively). A similar difference
was noted during the next 27 days (2.96 vs. 2.68 Ib./day, respectively. After 56
days, however, an opposite trend was observed.
Dry matter efficiency showed a similar result. During the first 56 days, 4.05
vs. 4.28 Ib. dry matter were required per pound of gain, whereas, throughout the
entire experiment, 5.78 vs. 5.83 Ib. were required, respectively, for steers fed 2.2
vs. 1.1 Ib. of soybean meal daily during the first 56 days. For steers continued on
these two levels of soybean meal for the entire experiment, the average daily gain
was 3.02 vs. 2.95 Ib., and the dry matter efficiency was 5.70 vs. 5.66 Ib./lb. gain,
respectively. Thus, during the first 56 days that these steers were on feed, there
was some benefit in feeding the higher level of soybean meal. Throughout the entire
experiment, however, there was little difference in performance between these two
levels of soybean meal.
Interactions were studied between the various treatments discussed above and
none were found to approach statistical significance. Other experimental treatments
used prior to the start of this experiment were examined for their effects during this
experiment and none were found to be of any significance. Treating half of these
steers with thiabendazole at the time they were received did affect daily gains
(2.88 vs. 2,85 Ib./day, respectively, for the treated vs. controls).
Hot carcass weight was significantly greater in steers fed corn silage than in
steers fed pelleted cob (700 vs. 683 Ib., respectively). Steers fed supplemental soybean meal continuously had heavier carcass weights (707 Ib.) than steers where supplemental soybean meal was withdrawn after 56 days (678 Ib.). Steers where supplemental
soybean meal was withdrawn and potassium was added had intermediate carcass weights
(689 Ib.). These results are in line with the gain response of these steers. Carcass
weights were unaffected by the level of soybean meal fed during the first 56 days,
and none of the treatments used prior to this experiment had any effects on carcass
weight when adjustments were made for differences in initial weight.
Few changes were observed in the carcass traits of these steers, especially when
these traits were adjusted to equal carcass weight. Average values observed were:
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Dressing percentage

63.9

Conformation

Choice (+)

Marbling

Small

Final grade

Choice (-)

Fat thickness

0.7 in.

Kidney-pelvicheart fat

2.4%

Rib eye area

11.6 sq. in.

Cutability grade

3.7

Dressing percentage was somewhat higher in steers fed corn silage than in those fed
pelleted cob (64.3 vs. 63.5%, respectively).

In contrast to previous results, removal of supplemental soybean meal from the
ration after steer calves had been on feed for 56 days and weighed 798 Ib. resulted
in a significant depression in daily gain (2.98 vs. 2.77 Ib.) and some decrease in
feed efficiency (5.68 vs. 5.87 Ib. dry matter/lb. gain). Feeding supplemental potassium during the time when supplemental soybean meal was withdrawn partially reversed
the decrease in daily gain (2.86 Ib.) but not in feed efficiency (5.86 Ib. dry matter/
Ib. gain).
Both of these effects were more pronounced when pelleted cob was the source of
roughage than with corn silage. This is probably related to the difference in the
potassium content of these two feeds, since corn silage is a good source of potassium
and added much more potassium to the ration than did pelleted cob. Thus, one of the
factors which may be important to the success of supplemental protein withdrawal in
cattle finishing rations is the potassium content of the ration. It is recommended
that the ration contain at least 0.7% potassium on a dry matter basis.
Two levels of supplemental soybean meal were studied during the first 56 days
of this experiment. Feeding 2.2 Ib. soybean meal/head/day resulted in some temporary
benefit in gain and efficiency during the first 56 days, but throughout the entire
feeding period, there was no benefit over feeding 1.1 Ib. soybean meal /head/ day.
Performance of steers fed dry, whole shelled corn with either 15 Ib. of limestonetreated corn silage or 6% pelleted cob was similar, except when supplemental potassium was not added to the ration. In this case, the corn silage-based ration resulted
in somewhat better performance than the cob-based ration.
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ROLE OF SUPPLEMENTAL PHOSPHORUS AND FREQUENCY
OF DES IMPLANTATION IN FINISHING STEERS

R. L. Preston and R. L. Stone
Department of Animal Science
Abstract
In two series of experiments involving a total of 74 steers receiving either
whole shelled corn and supplement or corn silage, whole shelled corn, and supplement,
the role of supplemental phosphorus was evaluated on the basis of feedlot performance
and carcass evaluation. Performance was compared in steers given one 36-mg. implant
to those reimplaiited after 56 days on feed.
The addition of supplemental phosphorus to the ration did not appear to affect
the feedlot performance or the carcass measurements. Since the basal ration in these
studies averaged 0*31% phosphorus (dry matter basis), it is concluded that this amount
is sufficient for cattle finishing rations. Significant differences were measured
between implanted steers vs» nonimplanted, but no benefit could be measured in those
steers receiving additional reimplants at 56-day intervals.

Introduction
Phosphorus is a required nutrient in all livestock rations. Current recommendations by the National Research Council for rations utilized in growing-finishing
cattle range between 0.18 and 0*41% of the ration dry matter, depending on body weight
and rate of gain. Rations based on corn grain, com silage, and soybean meal normally
contain 0.28 to 0*35% phosphorus on t dry matter basis* Sinc^ many feed Manufacturers
and feedlots add supplemental phosphorus to their feeds, and because of current prol)lems of market availability of phosphorus, the objective of this series of experiments
was to determine if additional phosphorus improves the performance of feedlot cattle.
A second objective in the first experiment was to determine if performance is
improved when steers are reimplanted with 56 mg. of DES 56 days af^er an initial implantation. Results reported in 1972 (OARDC Res. Summary 63) indicated that gain
stimulation from implanted DES occurred during the first 56 to 84 days following implantation.

Procedures
In the first experiment 27 steers of mixed beef breeding, weighing initially
about 615 lb., were allotted to two pens of 13 and 14 steers each. Prior to the
experiment, the steers were fed limestone-treated corn silage and supplement. Both
groups of steers were full-fed dry, whole shelled corn and one of two pelleted supplements shown in Table 1. During the first 10 days, the steers were programmed
down on corn silage after which no silage or other roughage was fed. The steers were
fed for 113 days and then were slaughtered for carcass evaluation (USDA Carcass Data
Service),
In a second experiment, 47 steers of mixed beef breeding were chosen. Twentyfour steers represented small, short Hereford or Angus, while 23 were tall, rangy
Charolais crossbred steers. All animals were previously fed either corn silage or
chopped hay and supplement prior to the experiment. During the experimental period,
all animals received 10 Ib. of corn silage and a full feed of whole shelled corn in
addition to one of two pelleted supplements shown in Table 1.
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TABLE 1.—Supplements.*
Composition (%)
Added P
Control

Ingredient

80.7

Soybean Meal (44% CP)

77.6

Urea (281% CP)

4.0

4.5

Limestone

8.3

6.1

Potassium Chloride (Dyna-K)

2.6

2.6

Potassium Sulfate (K-S)

0.6

0.6

Dicalcium Phosphate (Biofos)

-

4.8

Salt (trace mineralized)

3.6

3.6

Aurofac-50 (50 gm./lb.)

.075

.075

Vitamin A (30,000 units/gm.)

.125

.125

*Both supplements contain 48% crude protein, 3.5% calcium, 3.1%
potassium, 0.5% sulfur, 15,000 IU vitamin A/lb., and 35 mg. aureomycin/lb. The control supplement contains 0.5% phosphorus and the supplement with added phosphorus contains 1.4% phosphorus. Both supplements were pelleted through a 3/16-in. die.

TABLE 2.~-Feedlot Performance - Experiment 1.

Item

Level of Phosphorus
Control
Added P

13

14

Initial Weight, Lb.

621

608

Final Weight, Lb.

987

962

Number of Steers

Av. Daily Gain, Lb.

3.24

Av. Daily Ration:
Corn Silage, Lb.
Corn, Lb.
Supplement, Lb.
Feed Dry Matter/Gain
-14-

3.14

1.3
18.2
2.0

1.2
18.1
2.0

5.6

5.7

During the first 28 days, the animals were gradually programmed down on chopped
hay and the final level of corn silage was established. One-half of the steers in
each pen were implanted initially and after an 84-day interval with 36 mg. of DES.
All animals were housed in a barn enclosed on three sides and were bedded with straw.
The steers were fed for either 153 days or 223 days, depending on the breed type, and
then were slaughtered for carcass evaluation.

Results
The feedlot performance of the first experimental group is shown in Table 2. The
performance of the steers was not significantly affected by the addition of phosphorus.
The calculated phosphorus contents of the two rations on a dry matter basis were 0.34
and 0.44%, respectively.
Steers in the first experimental group which received the 36-mg. DES implant at
the beginning of the experiment gained 3.14 Ib./day, whereas those reimplanted with
36 mg. after 56 days gained 3.24 Ib./day. This difference was not statistically
significant.
The feedlot results from the second experimental group are in Table 3. No significant differences can be seen by the addition of supplemental phosphorus in either
breed group. The phosphorus contents of these two rations were 0.31 and 0.43% on a
dry matter basis, respectively. Implanted steers gained significantly greater than
nonimplanted steers (2.71 vs. 2.29 Ib./day).
Carcass data from the first experiment are in Table 4. None of these differences
are significant. The tendency for those steers fed additional phosphorus to be less
fat (as indicated by dressing percentage, marbling, fat thickness, kidney-pelvic-

TABLE 3.—Feedlot Performance - Experiment 2.
Breed Group
Item

Angus - Hereford
Added P
Control

Charolais Crossbred
Added P
Control

12

12

12

12

Initial Weight, Lb.

470

466

545

554

Final Weight, Lb.

850

818

1183

1171

No. of Steers

Av. Daily Gain, Lb.
Av. Daily Ration:
Corn Silage, Lb.
Chopped Hay, Lb.
Corn, Lb.
Supplement
Feed Dry Matter/Gain

2.48
10.1
0.2
10.7
2.0

5.90

2.30

2.86

10.1
0.2
9.4
2.0

10.1
0.1
14.0
2.0

5.91

6.16

2.77*

10.1
0.1
13.1
2.0
6.05

*0ne steer on this treatment gained poorly (1.92 Ib./day); excluding this
steer, the average daily gain for this treatment is 2.84 Ib.
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TABLE 4,--Influence of Supplemental Phosphorus on
Carcass Characteristics—Experiment 1.
Level of Phosphorus
Added P
Control

Item

586

608

Hot Carcass Wt. , Lb.
Dressing Percentage

61.6

60.9

Conformation Grade

C+

C

Marbling

SI

Tr+

Quality Grade

G

6-

Final Grade

G+

G

Fat Thickness, In.

0.6

0.5

Kidney, Pelvic, Heart Fat, %

2.7

2.5

11.1

11.3

3.3

2.9

Rib Eye Area, Sq. In.
Cutability Grade

TABLE 5.--Influence of Supplemental Phosphorus on Carcass Characteristics—
Experiment 2.

Item
Hot Carcass Wt., Lb,
Dressing Percentage
Conformation Grade
Marbling
Quality Grade
Final Grade
Fat Thickness, In.
Kidney, Pelvic, Heart Fat %
Rib Eye Area, Sq. In.
Cutability Grade

Breed Type
Angus-Hereford
Charolais Crossbred
Added P
Added P
Control
Control
542
63.3
C+
Sm6+
G+
0.6
3.8
10.9
3.3

513
62.7
C+
Sm+
C-

c-

0.5
3.0
11.1
2.8
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797
66.3
C+
Sm+
CQ_

0.8
2.8
13.0
3.9

798
65.8
C
Mod+
C
C
0.7
3.2
13.8
3.4

heart fat percentage, and cutability grade) is due primarily to a lighter, average
carcass weight. When evaluated statistically at equal carcass weight, most of these
small differences were reduced. Reimplantation with DBS increased conformation by
one-third of a grade (Choice vs. Choice +) and decreased marbling somewhat (Slight vs.
Trace +), which resulted in a somewhat decreased quality grade (Good vs. Good -).
Other carcass measurements were not affected by reimplantation.
In the second experiment (Table 5), slight differences were noted in the smaller
Angus-He re ford steers, but this appears to be related to differences in carcass weight.
Phosphorus-supplemented steers tended to be somewhat lighter and vtete thus less fat.
This tendency was not seen in the heavier Charolais steers. No significance could
be seen between supplemented Charolais steers vs. their controls. In both groups,
a slightly higher marbling score was observed in the phosphorus-supplemented cattle.
This tendency was not seen in the first experiment. When adjusted to equal carcass
weight, the differences decreased but still tended to be somewhat greater in animals
receiving supplemental phosphorus. Implanted steers in the second experimental group
had significantly less fat thickness and higher cutability grades than nonimplanted
steers.

Conclusions
These experiments indicate that steers ranging in weight from 500 to 1,200 Ib.
and gaining ffom 2.3 to 3.2 Ib./day can be expected to perform adequately when the
phosphorus level of the ration is approximately 0.31% on a dry matter basis. Reimplanting these steers with 36 rag. of DES 56 days after an initial implant resulted
in only a small increase in daily gain
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RESPONSE OF GROWING-FINISHING STEERS TO
INJECTED SELENIUM

R. L. Preston and A. L. Moxon
Department of Animal Science
Abstract
Six experiments involving 344 growing-finishing steers were used to determine
the role of injected selenium given initially after calves are received and at 84-day
intervals during the growing-finishing period. No response was observed in feedlot
gains following injection of selenium, with the possible exception of calves being
full-fed on corn silage. This is in contrast to preliminary results reported in
1973. Until further research clarifies these results, routine injection of feedlot
cattle with selenium is not recommended. Injecting selenium or feeding feeds high
in selenium result in significant increases in whole blood selenium levels.

Introduction
In 1973, data showed that feedlot gains of growing-finishing steers may be increased following the injection of selenium (Se). This response is not unexpected
since many of the feeds used in the experiments, like many Ohio-grown feeds, are
deficient in Se. Presently, addition of Se to cattle feeds is not permitted by the
Food and Drug Administration, mainly because there is insufficient data to determine
when Se should be added and whether any harmful residues may result.
Because of the results observed in 1973, approximately half of all steers received
as feeder calves during the fall of 1973 were injected with a commercial injectable
selenium product. Since the results obtained in 1973 indicated that the growth
response to an injection of Se occurred within 84 days of the injection, the steers
in 1974 were reinjected every 84 days.

Procedure
Steer calves came from three sources: graded Ohio feeder calf sales, breeding
project steers, and from a single ranch near Henrietta, Texas. All were used in a 1
short-term receiving experiment prior to reallotment to their final growing-finishing
experiment. The basic feeds used in all experiments were corn grain and limestonetreated corn silage. Other feeds will be mentioned in relation to specific experiments. Approximately half of these steer calves from each source were injected with
Se (MU-SE, Burns Pharmaceutical) according to the amounts recommended and reinjected
at 84-day intervals, allowing at least 60 days between the last injection and slaughter of the steers.
Results
Receiving Experiments

One hundred and twenty-four steer calves were purchased at Ohio graded feeder
calf sales and allotted to four rations: hay, hay plus lactic acid, corn silage, or a
high-concentrate ration. Results from this experiment are reported on page 55. This ,
experiment lasted 61 days. Control steers gained 1.60 Ib./day and Se-injected steers
gained 1.68 Ib./day, This difference was not statistically significant. There did not
appear to be any differential response of steers to Se injection related to the ration

-19-

being fed. The initial whole blood Se level of these steers was 71 parts per billion
(p.p.b.); 12 days later, the whole blood Se levels of the control and Se-injected
steers were 53 and 80 p.p.b., respectively. The value for the control steers is believed to be a deficient level of Se.
Seventy-six steer calves were obtained from the cattle breeding research projects and were fed limestone-treated corn silage with or without urea as a protein
supplement. The results are presented on page 43. This experiment lasted 56 days.
Those steers injected with Se did not receive this injection until the 28th day of
the experiment. Control steers and Se-injected steers gained the same (1.02 lb./
day). Blood samples were not obtained from these steers.
One hundred and forty-two steer calves purchased from a single ranch near Henrietta* Texas, were used in an experiment to study protein level and protected protein. These results are presented on page 47, This experiment lasted 54 days.
Control steers gained 1.37 and Se-injected steers gained 1.29 Ib./day. This difference was not statistically significant. The initial whole blood Se level in these
steers was 142 p.p.b.; 13 days later the whole blood Se level averaged 127 and 142
p.p.b., respectively, for the control and Se-injected steers.
Growing-Finishing Experiments
One-hundred and twenty steer calves obtained from graded Ohio feeder calf sales
(96 head) or from the cattle breeding projects (24 head) were fed high-concentrate
rations based on corn grain to which various roughage sources were added in limited
quantities. These roughages were limestone-treated corn silage, brewers grains, and
pelleted corncobs. Some steers were fed on an all-concentrate ration. The finishing
experiment lasted 157 days. Average daily gain of the control steers was 2.86 Ib./day
and 2.81 Ib./day for the Se-injected steers. This difference was not statistically
significant.
Ten days after the second Se-injection, the whole blood Se levels for the controls and Se-injected steers were 60 and 96 p.p.b*, respectively. Fifty-six days
after this injection, whole blood Se levels were 67 and 92 p.p.b., respectively. It
is interesting to note that steers fed corn-based rations (corn grain, silage, and/
or cob) had lower whole blood Se levels at both times (66 and 57 p.p.b., respectively)
than steers fed rations containing 5-10% dried brewers grains (95 and 118 p.p.b.,
respectively). This no doubt reflects the higher Se content of dried brewers grains
as will be discussed later. When the gain response to injected Se was compared for
steers fed these two rations, however, steers fed the corn-based rations did not show
any increased response (2.96 vs. 2.88 Ib./day, respectively, for control and injected
steers) compared to steers fed rations containing brewers grains (3.06 and 3.07 lb./
day respectively).
One hundred and twenty steer calves obtained from a single ranch near Henrietta,
Texas, were fed varying protein or supplemental protein withdrawal rations using either limestone-treated corn silage or pelleted cob as the roughage. Results from
this trial are reported on page 7. Control steers gained 2.89 and Se-injected steers
gained 2.84 Ib./day. This difference was not statistically significant. Seventyeight days after the second Se injection, whole blood Se levels were 49 and 77 p.p.b.,
respectively, for control and injected steers; 14 days after the third injection, the
values were 46 and 91 p.p.b,, respectively.
Thirty-two steer calves were full-fed either limestone-treated corn silage or
dry whole shelled corn and 5 lb. of limestone-treated corn silage daily, along with
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2 Ib. of supplement. The calves used in this experiment were obtained from the
cattle breeding projects. After 168 days, the overall average daily gains were
2.90 and 3,07 Ib./day, respectively, for control and Se-injected steers. This difference was not statistically significant. Steers full-fed on silage showed a gain
response to injected Se (2.45 vs. 2.78 Ib./day, respectively). However, steers
full-fed whole shelled corn and limited corn silage did not show a response to injected Se (3.35 vs. 3.36 Ib./day, respectively). Blood samples were not obtained
in this experiment.
Selenium Analyses of Feeds

Samples of various feeds have been analyzed for Se with the following results
(air dry basis):

Corn, grain

0.016 - 0.044 p.p.nu

Corn silage, limestone
treated

0.015 - 0.316 p.p.m.

Soybean meal

0.071 - 0.079 p.p.m.

Brewers grains, dried

0.672 p.p.m.

Thus, dried brewers grains are an excellent source of Se, accounting for the
higher whole blood Se levels observed when brewers grains were fed. If the Se requirement is 0.1 p.p.m., it is obvious that most of the above feeds grown in Ohio
are deficient in Se.

Conclusions
In contrast to the 1973 results, a gain response was not observed in growingfinishing cattle when injected with selenium. The only exception to this was when
steers were full-fed on corn silage where a sizeable response (+13%) was observed; in
contrast, similar steers fed a high corn grain ration did not show any response.
Therefore, a definite conclusion cannot be made from the 1974 and 1973 results. Injecting growing-finishing steers with Se does not appear to be harmful to their feedlot performance and may, under certain circumstances, result in increasing gains.
However, the injectable product is somewhat expensive, and the results to date do not
indicate routinely injecting feedlot cattle with selenium.
The data presented above show that blood Se levels are increased following the
injection of Se and that this increase is observed within 10 days and lasts for at
least 78 days following injection. When given at the recommended dose rate, the average increase in whole blood Se was about 30 p.p.b. The data also show that feeding a
low level (5-10%) of a feed (dried brewers grains) which is high in Se (0.67 p.p.m.)
will increase the whole blood Se level 30 to 60 p.p.b. Steers of different origins
(Texas and Ohio) were found to differ markedly in their initial whole-blood Se level.
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COMPARISON BETWEEN TREATED AND UNTREATED HIGH MOISTURE SHELLED CORN
WITH DRY WHOLE SHELLED CORN WHEN FED WITH VARYING LEVELS OF CORN
SILAGE TO GROWING-FINISHING STEER CALVES
R. L. Preston and V. R. Cahill
Department of Animal Science
Abstract
Sixty steer calves were used to study the performance of cattle fed acid-treated
and untreated high moisture, and dry whole shelled corn when fed as an all-concentrate
ration or when fed with 15 Ib. of corn silage daily. Daily gains were unaffected by
either the form of corn or the level of silage. Feed efficiency was better in the allconcentrate ration when either form of high moisture corn was fed; however, there was
little difference in efficiency when any of these forms of corn were fed with corn
silage. Steers fed high moisture corn tended to be somewhat fatter than those fed
dry whole shelled corn. Feeding the acid-treated high moisture corn lowered the incidence of liver abscesses, especially when fed in the all-concentrate ration.

Introduction
Most research indicates that feeding high moisture corn results in an equal rate
of gain and somewhat better feed efficiency, compared to dry corn, when fed to growingfinishing cattle. Research at OARDC shows that feeding dry whole corn will result in
better feedlot performance whdn the ration contains up to 20% roughage than when dry
crimped corn is fed.
Treating high moisture corn with propionic acid or a mixture of propionic and
acetic acids prevents the growth of mold and allows high moisture corn to be stored
for long periods of time in open storage structures (grain bins) instead of requiring
anaerobic storage structures (silos). Most research on the value of treated corn has
compared either treated and untreated high moisture corn or treated high moisture corn
and dry corn* Because of the importance of roughage level upon the value of different
physical forms of corn, this study was conducted to compare the value of treated whole
high moisture corn, rolled untreated high moisture corn, and dry whole shelled corn
when fed with two levels of corn silage.

Procedures
Sixty steer calves were used for this experiment. They were purchased from
graded Ohio feeder calf sales and were fed on a 47-day receiving experiment, where
they were fed either chopped hay or corn silage and supplement after being received
as feeder calves. Their average initial weight was 498 Ib. They were allotted
equally to six pens of 10 steers each on the basis of breed type (Hereford, Angus,
and Charolais crossbreds) and the type of roughage fed during the receiving experiment.
Three pens were fed limestone-treated corn silage at the rate of 15 Ib./head/
day. The other three pens were fed only corn and supplement, with corn silage being
eliminated from the ration during the first 10 days of the experiment. High moisture
corn was rolled as it was placed in the silo and served as one source of corn for this
experiment; the average moisture content of this corn at the time of feeding was 34.4%.
Whole high moisture shelled corn was ensiled after first treating it with a mixture of
acetic and propionic acids (ChemStor) at the rate of 1.5% of the wet weight; the average moisture content of this corn at the time of feeding was 33.8%. The third source
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of corn was dry whole shelled corn containing 14.1% moisture on the average at the time
of feeding.
The steers were full-fed their respective forms of corn along with 2 Ib./head/
day of the supplement shown in Table 1. All steers were implanted with 30 mg. of
DES at the start of the experiment. Due to the temporary ban on DES enacted during
the course of this experiment, the steers were not reimplanted. After a feeding
period of 185 days,, the steers were slaughtered and their carcasses were evaluated.

TABLE ].--Supplement Composition.
Ingredient

Percentage

Soybean Meal, 44% Crude Protein

80.7

Limestone, Ground

8.3

Potassium Chloride (Dyna-K)

2.6

Urea, Prilled, 281% Crude Protein

4.0

Salt, Trace Mineralized*

3.6

Potassium Sulfate (K-S)

0.6

Aureofac 50 (50 Gm./Lb.)

.075

Vitamin A (30,000 Units/Gm.)

.125

*Morton's trace mineralized salt.

TABLE 2.--Feedlot Performance of Steers Fed Various
Forms of Corn, With and Without Corn Silage.
Av. Daily
Dry Matter/
Gain (Lb.)
Gain

Ration

No Silage* All-Concentrate
Dry Whole Shelled Corn
2.65
Treated Whole High Moisture Corn 2JO
Rolled High Moisture Corn
2.68

5.24
4.88
4.80

15 Ib. Corn Silage Daily
Dry Whole Shelled Corn
2,68
Treated Whole High Moisture Corn 2.72
Rolled High Moisture Corn
2.66

5.54
5.91
5.58

-24-

Results
The average daily gain and dry matter efficiencies of these steers are shown in
Table 2. Performance of all steers was quite good. Of note is the fact that two of
the rations produced gains on less than 5 Ib. of dry matter per pound of gain. Gains
were essentially the same on all rations. Feed efficiency was markedly improved when
high moisture corn was fed in the all-concentrate ration3 compared to dry whole corn.
When 15 Ib. of corn silage was fed/head/day, dry matter efficiency was not consistently affected.
Average carcass characteristics measured in this experiment were:

Hot carcass weight

627 Ib.

Dressing percentage

63,0

Conformation

Choice

Marbling

Small (-)

Final grade

Good (+)

Fat thickness

0.55 in.

Kidney-pelvic-heart fat

3.3%

Rib eye area

11.2 sq. in.

Cutability grade

3.3

The only carcass characteristic affected by the ration fed was the degree of
fatness, which tended to be greater on the treated high moisture corn ration than on
the untreated high moisture corn or the dry whole shelled corn rations. Fat thick-

TABLE 3.--Gain and Carcass Characteristics of Feeder Steers Used in This
Experiment.
Item
Number
Av. Daily Gain, Lb.

Hereford

Angus

Charolais
Crossbred

30

6

24

2.61

2.51

2.78

Marbling

Small (-)

Modest (-)

Small (-)

Final Grade

Good (+)

Choice {-)

Good (+)

Fat Thickness, In.
Rib Eye Area, Sq. In.
Cutability Grade

0.60

0.70

0.46

10.9

10.9

11.5

3.6

3.8

2.9
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TABLE 4.—Rumen Wall Characteristics and Incidence of Liver Abscesses,
Hair
Accumulation

Clumping

Sloughing

Liver
Abscesses

No Silage, All-Concentrate
Dry Whole Shelled Corn
Treated Whole High Moisture Corn
Rolled High Moisture Corn

Moderate
Moderate
Medium

Moderate
Moderate
Medium

Little
Little
Little

40%
10%
50%

15 Ib. Corn Silage Daily
Dry Whole Shelled Corn
Treated Whole High Moisture Corn
Rolled High Moisture Corn

None
None
None

None
Little
Little

None
None
Little

0%
0%
40%

Ration

ness (0,67, 0.54, and 0.55 in,, respectively), kidney-pelvic-heart fat (3.5, 3,2,
and 3.2%, respectively}, and cutability grade (3,8, 3.3, and 3.4, respectively) all
reflect this trend. Contrary to what might be expected, steers fed 15 Ib. of corn
silage daily had a somewhat higher dressing percentage (63.6%) than steers fed the
all-concentrate rations (62.8%).
The average daily gain and carcass characteristics significantly affected by the
three types of feeder steers used in this experiment are shown in Table 3. Angus
steers gained slower, had lower cutability, but had more marbling and therefore
graded higher, whereas the opposite was true for Charolais crossbred steers.
Characteristics of the rumen wall and the incidence of liver abscesses were noted
at the time of slaughter. The presence or absence of corn silage in the ration markedly affected the characteristics of the rumen wall (Table 4). The degree of hair
accumulation, clumping, and sloughing of the rumen wall in those steers fed the high
concentrate ration is quite typical. Corn silage in the ration resulted in completely
normal rumen wall characteristics. The incidence of liver abscesses was also tower
in steers fed 15 Ib. of corn silage daily compared to those fed the all-concentrate
ration.
An unexpected finding was the low incidence of liver abscesses in steers fed
the all-concentrate ration when treated whole high moisture corn was the form of
corn used in the ration. Since the rumen wall characteristics of these steers was
similar to other steers fed the all-concentrate rations, the explanation for this
result is not apparent. The high incidence of liver abscesses in steers fed rolled
high moisture corn with corn silage also is difficult to explain. Hereford and Angus
steers tended to have a higher liver abscess incidence than Charolais crossbred
steers (27, 33, and 8%, respectively). This may be related to the greater hair accumulation, clumping, and sloughing of the rumen wall observed, especially in the Angus
steers.
Feeding corn silage or chopped hay prior to the start; of this experiment did
not affect overall rate of gain (2,66 vs. 2.61 Ib./day, respectively). During the
first 28 days, however, steers previously fed corn silage gained faster than those
previously fed chopped hay (3.04 vs. 2.48 Ib./day, respectively). Although the characteristics of the rijuiten wall were not affected by the previous source of roughage,
there tended to be fewer liver abscesses in the steers previously fed chopped hay
compared to steers previously fed corn silage (17 vs. 30%, respectively).
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Conclusions
High moisture corn resulted in more efficient gains in steers compared to dry
whole shelled corn when fed in an all-concentrate ration. No difference in efficiency
was observed when the ration contained 15 Ib. of corn silage/head/day. Gains were
produced with high moisture corn on less than 5 Ib. of dry matter when fed as an allconcentrate ration. Little difference in performance was observed between steers fed
treated or untreated high moisture corn. Carcasses from steers fed high moisture
corn tended to be somewhat fatter than steers fed dry whole corn. The incidence of
liver abscesses was markedly reduced when acid-treated corn was fed, especially in
the all-concentrate rations.
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THE INFLUENCE OF SOME SELECTED ADDITIVES ON THE PALATABILITY OF CORN SILAGE

K. E. McClure and R. L. Preston
Department of Animal Science
Abstract
Five corn silage treatments were compared in a 5 x 5 Latin Square design palatability trial using five mature wether sheep. In this experiment, all of the additions to corn silage (limestone, urea, and cane molasses) increased intake over the
control silage. The highest intake level resulted from the addition of limestone,
whereas the least increase in intake resulted from the addition of urea.

Introduction
Previous work at OARDC has indicated that the additions of limestone and urea
have improved the utilization of corn silage by beef cattle. However, the specific
reasons why this is true have not been completely understood. Increased lactic acid
content of the silage may be part of the reason for this increased utilization. This
experiment was conducted to evaluate the influence of limestone, urea, and cane molasses additions to corn plant material, prior to ensiling, relative to their effects on
intake.

Procedures
The following corn silage treatments were prepared from a single forage wagon
load of chopped, whole plant corn: 1) control—untreated, 2) 0.5% limestone, 3) 0,5%
urea, 4) 2.5% cane molasses, and 5) 0.5% urea + 2.5% molasses.
Each treatment consisted of approximately 1,200 Ib. of corn plant material (39.0%
D.M.) which was mixed in a 2-ton feed mixer with the designated additions. All silages
were treated with 0.1% Dynamate to supplement the silage with sulfur. The silages
were then packed in 55-gallon plastic barrel liners and sealed.
Five mature, black-faced wethers were treated for internal parasites and then
fed limestone-treated corn silage for 2 weeks prior to the start of the experiment.
Each sheep was fed once daily an amount of silage which was 5.0% more than consumed
the previous day.
Each experimental period was 3 weeks in length. At the end of each period, the
sheep were switched immediately to the next silage treatment. Trace mineral salt and
water were available at all times.

Results
Although individual animal variation was observed throughout this experiment,
it was apparent that all additions to the corn plant material influenced the intake
of the resulting corn silage. The average intakes for the five sheep fed each silage
are summarized in Table 1.
The addition of 0.5% limestone resulted in the highest level of intake, with
2.5% cane molasses being almost identical. Urea contributed the least toward increasing intake and appeared to inhibit the increased intake observed with the 2.5%
molasses addition (treatment 4 vs. treatment 5).
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TABLE 1.--Intake of Corn Silages Treated with Limestone, Urea, or Cane Molasses.
Average Daily Silage Intake
D.M.
As Fed
D.M.
Gm./Met. Wt.*
Kg./Head Kg./Head

Silage Treatment

2.29
2.92

Untreated
Limestone, 0.5%
Urea, 0.5%
Cane Molasses, 2.5%
Urea (0.5%) + Cane Molasses (2.5%)

2.49
2.77
2.66

.932
1.150
.988
1.131
1.075

47.4
57.6
50.1
56.8
53.7

*Met. wt. = Metabolic size, derived from a formula to equalize variation in
animal weight.

Conclusions
The responses observed in this experiment indicate that
stone, urea, or cane molasses to corn plant material results
compared to untreated corn silage. Further research appears
above results to optimize the intake of corn silage by sheep
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the addition o£ limein increased intake when
warranted in view of the
and cattle.

INFLUENCE OF TYPE AND LEVEL OF ROUGHAGE
FED WITH DRY WHOLE SHELLED CORN FOR
GROWING-FINISHING STEER CALVES

R. L. Preston, V. R. Cahill, K. E. McClure,
E. W. Klosterman, and W. E. Kunkle
Department of Animal Science
Abstract
Eighty steer calves were used in a study to determine the role of various potential roughage sources when full-fed on dry whole shelled corn. Limestone-treated
(0.5%) corn silage, pelleted cob, and fermented cattle manure were compared as roughage sources with steers fed an all-concentrate, no roughage ration. Feedlot performance was quite good with all rations, including the all-concentrate ration. Steers
fed 15 Ib./day of fermented cattle manure had to be restricted in corn intake to
force them to consume this level of roughage, which reduced their performance during
most of the experiment.
All levels of pelleted cob used resulted in excellent performance, as did the
feeding of either level of corn silage. Inspection of the rumens of these cattle
indicated that all roughages prevented the apparent undesirable characteristics
observed in the rumen walls of the steers fed the all-concentrate ration; 3% pelleted
cob was less effective in this regard than either 6 or 12% pelleted cob. The incidence of liver abscesses was quite high for those steers fed the all-concentrate
ration. This problem was lessened by the feeding of 5 Ib. of corn silage daily or
by including 3% pelleted cob in the ration, and the problem was eliminated by feeding
6 or 12% pelleted cob, 15 Ib. of corn silage, or 5 or 15 Ib. of fermented cattle
manure.

Introduction
Previous research at this and other stations indicates that dry whole shelled
corn results in better performance when fed to finishing cattle than dry rolled or
crimped corn, provided the roughage level in the total ration is less than approximately 20%. If greater amounts of roughage are fed, crimped corn will result in
better performance.
Since most of the above research was conducted using corn silage as the roughage,
the experiment reported here was designed to study several roughage sources to be fed
with dry whole shelled corn as well as to study the feeding value of fermented cattle
manure as a potential source of roughage.

Procedure
Eighty steer calves from graded Ohio feeder calf sales were used in this experiment. They were selected from a larger group following a 47-day receiving period
when they were fed either chopped hay or corn silage and supplement after they were
received as feeder calves. Their average initial weight was 504 Ib. Three types of
steers (Hereford, Angus, and Charolais crossbreds) were equally allotted to eight pens
of 10 each. Additionally, the steers were allotted so that an equal number in each
pen had been previously fed either limestone-treated corn silage or chopped grass hay.

-31-

TABLE 1 .—Supplement Composition.
Ingredient

Percentage

Soybean Meal, 44% Crude Protein
Limestone, Ground
Potassium Chloride (Dyna-K)
Urea, Prilled, 281% Crude Protein
Salt, Trace Mineralized*
Potassium Sulfate (K-S)
Aureofac 50 (50 Gm./Lb.)
Vitamin A (30,000 Um'ts/Gm.)

80.7
8,3
2.6
4.0
3.6
0.6
.075
.125

*Mortonfs trace mineralized salt.
Dry whole shelled corn was full-fed to all pens. The types and levels of roughage fed were:

No roughage — all-concentrate
5 Ib. limestone-treated (0,5%) corn silage/head/day
15 Ib. limestone-treated (0.5%) corn silage/head/day
3% pelleted corncob (Andersons) in total ration
6% pelleted corncob (Andersons) in total ration
12% pelleted corncob (Andersons) in total ration
5 Ib. fermented cattle manure/head/day
15 Ib. fermented cattle manure/head/day
The fermented cattle manure was prepared by feeding cattle an all-concentrate
ration. They were bedded weekly with chopped wheat straw at the rate of 8 Ib. per
head per day. After approximately 60 days1 accumulation, the manure produced was
placed in a forage wagon. Ground shelled corn was added at a rate of 10% of the wet
manure weight, on top of each load,, and blown into an 8 x 40-foot concrete stave silo
for anaerobic fermentation. The material was stored for 2 to 3 months prior to feeding.
All steers were implanted with 30 mg. of DES at the start of the experiment.
Due to the temporary ban on DES enacted during the course of this experiment, the
steers were not re Implanted. All steers were fed 2 Ib,/head/day of the supplement
shown in Table 1.
After the feeding period of 185 days, the steers were slaughtered for carcass
evaluation.

Results
The daily gains and dry matter efficiency response of these steers are shown in
Table 2. While the differences were not statistically significant, the steers fed
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TABLE 2.--Daily Gain and Dry Matter Response of Steer Calves to
Various Levels andSourcesof Roughage in the Finishing Ration.
Roughage Source
and Level

Av. Daily
Gain (Lb.)

Dry Matter/
Gain

None, All -Concentrate

2.65

5.24

5 Lb. Silage/Day

2.62

5.43

15 Lb. Silage/ Day

2.68

5.54

3% Pelleted Cob

2.92

5.42

6% Pelleted Cob

2.68

5.86

12% Pelleted Cob

2.63

5.98

5 Lb. Fermented Manure

2.61

5.76

15 Lb. Fermented Manure

2.45

6.68

15 Ib. of fermented manure/day were limited in corn intake to force them to consume
this quantity of fermented manure during the first 140 days of the experiment. At
this time, their average daily gain was 2.11 Ib., compared to 2.74 and 2.84, respectively, for steers fed 5 Ib. of fermented manure daily or steers fed the all-concentrate ration. During the last 45 days, the level of fermented manure was reduced to
7.5 Ib. daily, which resulted in a marked increase in corn consumption and average
daily gain (3.52 Ib.) compared to the other two treatments (2.48 and 2.85 Ib.,
respectively).
Performance of steers fed the other roughage treatments, including steers fed
the all-concentrate ration, was exceedingly good and did not differ in any consistent
way. Steers fed the 3% pelleted cob ration gained more rapidly than steers on the
other rations, but when viewed in relation to steers fed the other levels of pelleted
cob and those fed the all-concentrate ration, this result does not appear to be consistent. During the first 84 days, there was a trend for steers fed the pelleted
cob rations to gain faster than steers fed the all-concentrate ration. With corn
silage, however, this type of response was not observed.
Table 3 shows the daily intakes of roughage and dry whole shelled corn. Using
the substitution value of these roughages for corn indicates that limestone-treated
corn silage has approximately 80% the value of corn on a dry matter basis, and compares favorably with that predicted from the TON value of these two feeds (70 and 91%
of the dry matter, respectively). The same comparison with fermented cattle manure
indicates a substitution value of between 30% and 50% the value of corn. Since
approximately 22% of the dry matter came from the ground shelled corn added at the
time of ensiling, the replacement value of the ensiled manure would be between 8%
and 28% the value of corn on a dry matter basis.
A similar substitution calculation for pelleted cob is not possible since the
addition of pelleted cob tended to increase corn consumption in the case of the 3%
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TABLE 3.--Daily Intake of Dry Matter from Roughage and Dry Whole
Shelled Corn.
Daily Intake
Roughage
Dry Matter
(Lb.)

Corn
Dry Matter
(Lb.)

0

11.89

5 Lb. Silage/Day

1.70

10.50

15 Lb. Silage/Day

5.01

7.88

3% Pelleted Cob

0.49

13.35

6% Pelleted Cob

0.98

12.73

12% Pelleted Cob

1.95

11.74

5 Lb. Fermented Manure

1.53

11.46

15 Lb. Fermented Manure

4.48

9.88

Roughage Level
and Source
None, All -Concentrate

TABLE 4.—Gain and Carcass Characteristics of Feeder Steers Used
in This Experiment.

Item
Number
Av. Daily Gain, Lb.
Marbling
Final Grade
Fat Thickness, In.
Rib Eye Area, Sq. In.
Cutability Grade

Hereford

Angus

Charolais Crossbred

40

8
2.43
Modest (-)
Choice (-)

32
2.73
Slight (+)

2.64

Small (-)
Good (+)
0.67
11.0
3.8

0.85
11.0
4.3

-34-

Good (+)
0.42
11.6
2.8

level, which also increased gain, or to result in little change in corn consumption
with little change in gain in the case of the 6°o and 12°o levels. This result indicates that pelleted cob was serving physically as a roughage with little value as
an energy source or corn replacement at these low levels.

Average carcass characteristics measured in this experiment were:
Hot carcass weight

632 Ib.

Dressing percentage

63.4

Conformati on

Choi ce

Marbling

Small (-)

Final grade

Good (+)

Fat thickness

0.58 in.

Kidney-pelvic-heart fat

3.3%

Rib eye area

11.3 sq, in.

Cutability grade

3.4

In general, there was little consistent effect of the ration fed upon these
characteristics except that steers fed the pelleted cob rations tended to be somewhat fatter (av. fat thicknesses of 0.60, 0.69, 0.69, and 0.66 in., respectively,
for steers fed the all-concentrate, 3%, 6%, and 12% pelleted cob rations). Dressing
percentage was also higher in these steers but cutability was lower.
The average daily gain and carcass characteristics significantly affected by
the three types of feeder steers used in this experiment are shown in Table 4. Angus
steers gained slower, had lower cutability, but had more marbling and therefore graded
higher. The opposite was true for Charolais crossbred steers.
Characteristics of the rumen wall and the incidence of liver abscesses were
observed at the time of slaughter and these data are in Table 5. Feeding either the
low level of corn silage, 6% or more of pelleted cob, or the low level of fermented

TABLE 5.—Rumen Wall Characteristics and Incidence of Liver Abscesses.
Roughage Source
and Level

Hair
Accumulation

None, All -Concentrate
5 Lb. Silage/Day
15 Lb. Silage/Day
3% Pelleted Cob
6% Pelleted Cob
12% Pelleted Cob
5 Lb. Fermented Manure
15 Lb. Fermented Manure

Moderate
Little
None
Medium
Medium
Little
Little
None

Clumping
Moderate
Medium
None
Moderate
Medium
Little
Medium
Medium
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Sloughing
Little
None
None
Little
Little
None
None
None

Liver
Abscesses
40%
20%
0%
20%
0%
0%
0%
0%

cattle manure resulted in healthy appearing rumen walls. In contrast, steers fed the
all-concentrate ration had considerable hair accumulation and clumping, and some
sloughing of the rumen wall. A high incidence of liver abscesses was observed in
these steers, even though they were fed 75 mg. of aureomycin dally. Feeding either
5 Ib. of corn silage or 3°o pelleted cob markedly reduced the Incidence of liver
abscesses (20°o). Feeding 15 Ib. of corn silage, 6°o or 120o pelleted cob, and 5 or
15 Ib. of fermented cattle manure eliminated this problem. Interestingly, Angus
steers tended to have greater hair accumulation, clumping, and a higher liver
abscess incidence than either Hereford or Charolais crossbred steers (20, 10, and 0°o,
respectively).
There appeared to be some carryover effect of the medication used during the
receiving experiment upon the gains of these steers. Steers which did not receive
medication or were fed Aureo S-700 gained significantly faster than those which
received sulfa-treated drinking water (2.71, 2.64, and 2.45 Ib./day, respectively),
Feeding corn silage or chopped hay prior to the start of this experiment did not
affect overall rate of gain (2,57 vs. 2.63 Ib./day, respectively). During the first
28 days, however, steers previously fed corn silage gained faster than those previously fed chopped hay (2.91 vs. 2.54 Ib./day, respectively). Although the characteristics of the rumen wall were not affected by the previous source of roughage, there
tended to be fewer liver abscesses In the steers previously fed corn silage compared
to steers previously fed chopped hay (10% vs. 15%, respectively).

ConclusiQns
All roughage sources used in this experiment resulted in good feedlot performance
of steers except perhaps the higher level of fermented cattle manure. Steers fed an
all-concentrate, no roughage ration also performed quite well. The source of roughage fed prior to placing these steers on feed affected early performance and the
incidence of liver abscesses. Limestone-treated corn silage gave more favorable
results in this regard than did chopped hay.
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METHODS OF FEEDING CORN SILAGE AND SHELLED CORN TO FINISHING CALVES:

II. Backgrounding on Corn Silage and Finishing on All-Concentrate Diets
vs. All-Concentrate Rations for Hereford and Charolais-Hereford Crossbred Calves
H. W. Newland, D. L. Reed, R. L. Preston, and V. R. Cahill
Department of Animal Science
Abstract
Hereford and Hereford-Charolais steer calves from southeastern Ohio were used to
compare two rates of energy for finishing, two housing systems, two breeds of calves,
and two hormone treatments.
Calves backgrounded 127 days on all corn silage, then finished on shelled corn
and protein, gained more slowly then those fed whole shelled corn and protein for the
total feeding period. This is in contrast with results at the OARDC in a former
trial. In the corn silage group, gains were almost as good during the backgrounding
phase as during the finishing phase on shelled corn. This was apparently due to the
hot weather during the latter period. Cattle fed outside gained 6.7% (nonsignificant)
faster than those inside, Charolais cross calves gained 4.9% (nonsignificant) faster
than Hereford calves. Implants of DES and Ralgro produced significantly faster gains
than controls. Charolais cross cattle had significantly less back fat, larger rib
eye, and higher yield grades than Herefords.

Procedure
Forty Hereford steer calves and 40 Charolais-Hereford crossbred steer calves,
purchased from southeastern Ohio graded feeder calf sales, were allotted uniformly
into eight lots of 10 head. Each lot had five Hereford and five Charolais crossbred calves. Nutritional and housing treatments were:
Inside Lots:
Lot 1 -- full-fed whole shelled corn and protein supplement entire feeding
period
Lot 2 -- full-fed whole shelled corn and protein supplement plus 10 Ib. corn
silage entire period
Lot 3 ~~ backgrounded on corn silage first phase, finished on whole shelled
corn and protein
Lot 4 -- backgrounded on corn silage first phase, finished on whole shelled
corn and protein plus 10 Ib. corn silage
Outside lots:
Lot
Lot
Lot
Lot

5
6
7
8

~~
—
---

same
same
same
same

as
as
as
as

lot 1
lot 2
lot 3
lot 4

Backgrounded groups were changed to all concentrates after approximately 250 Ib.
of gain. The backgrounded groups were fed protein supplement A and the corn groups
protein supplement B (Table 1). Approximately 2 weeks were required to change over
to shelled corn at the end of the backgrounding phase.
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Within each lot, breed and hormone comparisons were made h> leaving one animal
of each breed as controls, Implanting two of each breed with Stilhestrol and two
with Ralgro.
In the corn groups, whole shelled corn was full-fed at all times and protein
supplement was restricted to 2 Ib. per head daily. As the animals approached market
weight, visual appraisals were made weekly, and those considered low choice grade or
higher were sent to market, regardless of lot or treatment. This procedure automatically terminated the high concentrate or corn groups first, and before very hot
weather as compared to the backgrounded groups. Carcass evaluations were made at
the packing plant.

TABLE 1.--Protein Supplements.

A
Lb.

B
Lb.

Soybean Meal (4«)

709.5

773.4

Urea (281% C,P.)

112.0

43.0

Ingredients

Dehydrated Alfalfa Meal (17% C.P.)
Limestone

60.0
--

Dicalciuni Phosphate

104.0

56.0

Dyna K (50% K)

—

35.0

56.0

43.0

Vitamin A (30,000 I.U./Gm.)

3,0

1.0

Vitamin D (9,000 LU./Gm.)

3.5

Trace Mineral Salt

Aureomycin - 50

__LI_

__JLJL

Total

1000.0

1000.0

64.0

47.5

Calcium, %

1.3

4.2

Phosphorus, %

1.0

0.5

Calculated Composition
Crude Protein, %
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Results
Methods of Finishing

Detailed results are in Table 2. Cattle fed whole shelled corn all the way
gained significantly faster and reached finished grade more quickly than those backgrounded on silage and then finished on shelled corn. Performance during the backgrounding phase was good, with all groups averaging more than 2 Ib. daily. However,
hot weather during the finishing phase probably influenced results, since during
this phase the cattle did not perform as well as expected, nor as well as in the

TABLE 2.—Comparison of Calves Backgrounded on Corn Silage and Finished on
Corn Total Period(StartedNov.16, 1972, Last Group Marketed Aug. 16, 1973).
Background on Corn
Silage; Finish on
Shelled Corn
Shelled Corn
Total Period
Level of Corn Silage during Finishing
0
10 Lb.
0
10 Lb.
Lot Numbers
No. Steer Calves
Days on Exp., Total
Days Backgrounded
Av. Initial Wt., Lb.
Av. Wt. at End of
Background Phase
Av. Final Wt.
Av. Daily Gain, Lb.
Background Phase
Finishing Phase
Total Period
Av. Daily Feed, Lb.
Corn Silage (33% D.M.)
Whole Shelled Corn
Protein Supp., 64%
Protein Supp., 47%
Salt and Min.
Total D.M. Intake
Daily D.M. Intake
per 100 Lb. Body Wt.
Feed D.M. per Lb. Gain

3 and 7
20

4 and 8

259
127
478

20
266
127
474

750
1050

732
1022

1 and 5
20
244
—
476

2 and 6
20
243
—
477

—
1040

—
1050

2.15
2.27
2.21

2.04
2.08
2.06

18.01
7.79
.49
.95
,06
13.86

21.15
6.47
.48
.97
.07
13.93

0.95f
12.87
—1.92
.03
12.96

—1.91
.04
14.37

1.83

1.86

1.70

1.89

6.29

6.78

5.07

5.84

2.56**
t

2.47**

9.48
11.07

*Intakes in lots 3, 7, 4, and 8 are averages for both backgrounding and finishing phases, for intakes of each phase see Table 3.
f

All of the silage intake in these lots was during the initial 2-week adjustment period.
**Significantly greater (P<.01).
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former trial (Research Summary 53). To substantiate this belief, it was noticed
that during the first 60 days after the corn silage cattle were switched to shelled
corn, gains averaged more than 3 Ib. daily, but averaged only 1.5 Ib. daily during
the last 50 days.
There were no significant differences in carcass characteristics between cattle
started on silage and finished on shelled corn, compared with those fed shelled corn
for the total period (Table 4).
Daily dry matter intake and dry matter per 100 Ib. of body weight did not differ
greatly between groups for the entire period. However, dry matter intake per 100 Ib.
body weight was considerably less during the finishing phase compared to the backgrounding phase (Table 3).

TABLE 3,--Daily Feed Intake During the Backgrounding and Finishing
Phases of the Corn Silage Groups.
Backgrounded on Corn Silage
and Finished on Shelled Corn
Level of Corn Silage During Finishing
0
10 Lb.
Lot Numbers
During Backgrounding

3,7

4,8

(1st 127 days)

Corn Silage (33% D.M.)

34,54

32.86

Protein Supp., 64%

.99

,99

Min. and Salt

,07

,10

12,48

11,91

2,03

1.98

1606

1611

Corn Silage

—

9,59

Shelled Corn

15,96

13,13

1.93

1,92

.03

,04

15,19

15,80

1.69

1.80

Total Daily D.M., Lb.
Daily D-M./100 Lb. Body Wt.
Corn Silage per Cwt. Gain, Lb.
During Finishing Phase

Protein Supp., 47%
Salt
Total Daily D.M.,
Daily D.M./TOO Lb. Body Wt.
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Half of the corn-fed groups received 10 Ib. of corn silage daily for the total
period, and the same procedure for half of the backgrounded groups after switching
to shelled corn. In this trial, animal performance and feed efficiency were slightly
reduced with the 10 Ib. of silage, although not statistically significant (Table 2).
Hereford vs . Chdrol^
Lach lot was composed of five Hereford and five Charolais-Hereford cross calves.
For a more equitable comparison, an attempt also was made to market each animal as it
reached low choice grade, regardless of weight. As can be seen in Tables 4 and 5,
the Charolais cross cattle gained about 5% faster, had significantly heavier carcass
weights, larger loin eye, less back fat, and higher cutability.
Housing
This year, cattle fed outside gained 6.7% faster (approaching significance) than
those inside (Table 5). Dry matter per pound of gain was 5.9 Ib. for cattle inside
and 6.09 Ib. for those outside.

TABLE 4.--Carcass Evaluation.

Silage to
Shelled Corn
Shelled Corn Total Period Hereford
Number Cattle
Carcass Wt. , Lb.
Dressing Percent

Charolais-Hereford
Cross

35

38

36

37

658

684

651

691*

63.6

63.3

63.3

63.5

Carcass Grade

G

G+

6+

G

Marbling Score

Sm-

Sm

Sm

Sm-

Fat Thickness, Inches
Kid., Heart, Pelvic Fat, %
Ribeye Area, Sq. In.
Cutability Grade

.72**

.41

.52

.60

3.13

3.19

3.17

12.41

12.08

11.58

12.91**

2.93

3.37

3.67

2.63**

*Significantly greater (P<.05), breed comparison only,
**Significantly greater (P<.01), breed comparison only.
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3.15

TABLE 5.--Comparison of Housing* Breed and Hormone Effects,
Av. Daily Gain
Housing
Inside
Outside

2.23
2.38 (+6.7%)

Breed
Hereford
Hereford X Charolais

2.25
2,36 (+4.9%)

Hormone
Control
Stilbestrol Implants
Ralgro

2.10
2.52* (+20%)
2.29* (+9%)

^Significantly greater than controls (P<.05)t

Hormone Comparisons

Both DBS and Ralgro implants produced gains significantly faster than the control
animals. It can be seen in Table 5 that the percentage increase for DBS was 201 and
for Ralgro it was 9%.

Dlscussion
Calves backbrounded on corn silage, balanced with protein for the first phase
of the feeding period, gained more than 2 Ib. per head daily, which was similar to
those in an earlier trial at the OARDC (Research Summary 65). When these calves
were switched to shelled corn for finishing, gains did not increase appreciably as
in the previous trial. It seems apparent that this was due to a difference in termination dates. In the former trial (Research Summary 63), all cattle were marketed
by June 22. In this year's trial, the last group was not marketed until August 16.
It was observed that performance during the last 40 to 60 days was extremely poor,
averaging about 1.5 Ib. of daily gain.
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UTILIZATION OF UREA BY LIGHT-WEIGHT FEEDER CALVES

R. L. Preston
Animal Science Department
Ijitrpductlon
Some confusion has arisen recently concerning the advisability of feeding urea
to light-weight feeder calves. This is partially because calculated protein requirements for calves of this weight indicate a need for supplemental protein fed as preformed protein (e.g., soybean meal) rather than a nonprotein nitrogen such as urea.
Another reason there is confusion on this point is because when cattle are first fed
a supplement containing urea, they do not gain as well as cattle supplemented with
preformed protein. Thus, calves starting on feed and fed urea do not perform as
well initially as those fed soybean meal. Following this adaptation period, however,
cattle fed urea gain as well. If the feeding period is long enough (greater than
120 days), their overall performance will generally equal that of cattle supplemented
with preformed protein.
The purpose of this experiment was to specifically answer the question, "Will
light-weight calves benefit from the feeding of supplemental urea?11 It was not the
intention of this work to compare urea with soybean meal as a source of supplemental
protein for light-weight calves.

Procedures
Seventy-six steer calves of mixed breeding were divided equally into two lots.
Both lots were full fed limestone-treated corn silage and one of the supplements
shown in Table 1. The control supplement was made up with corn grain and therefore
did not supply a significant amount of supplemental crude protein. The second supplement contained urea and corn grain in proportions to yield a crude protein level
similar to soybean meal. The quantity of supplement fed (0.5 Ib. daily) provided a
marginal level of supplemental protein and will be discussed later. Both supplements were pelleted prior to feeding. During the first 28 days, all calves received
Aureo S-70Q at the prescribed level. The total feeding period was 56 days.

TABLE 1 .--Supplement Composition.
Supplement (%)
Control
Urea

Ingredient
Corn, Shelled and Ground
Urea, Prilled (282% CP)
Potassium Sulfate
Dicalcium Phosphate (21% P)
Potassium Chloride
Salt, Trace Mineralized
Vitamin A (30,000 units/gm.)

84.5
1.6
1.9
1.7
10.0

0.294
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72.2
12.3
1.6
1.9
1.7
10.0
0.294

ResuVU
The feedlot performance of these calves Is shown In Table 2. Without question,
these calve^ benefited by the addition of urea to the ration. Daily gain was significantly increased 44% and feed efficiency was improved 25°o. This improvement was
rather consistent throughout the 56-day period and was observed during the first 14
days of the experiment (1.11 vs. 1.66 Ib./day).
As mentioned above, the level of supplemental urea was believed to be marginal.
Other calves fed either 0,5 or 1.0 Ib. of soybean meal daily gained at a rate of 1.24
and 1.49 lb,/days respectively. While these results are not from the same experiment, it can be seen that the calves may have benefited from somewhat more supplemental urea.
Considerable research indicates that calves fed preformed protein will perform
better than those fed urea during the initial feeding period. Results from a recent
experiment at Kentucky (Progress Report 196, 1971) are shown in Table 3. The total
feeding period was 126 days. All protein supplements increased feedlot performance

TABLE 2.—Feedlot Performance.
Item

Control

Supplement
Urea

38

Number of Steers
Av. Initial Weight, Lb.
Av. Final Weight, Lb.
Av. Daily Gain, Lb.
Av. Daily Ration
Corn Silage, Lb.
Supplement, Lb.
Dry Matter/Gain

382
430
0.87

38
386
456
1.25

18.7
0.54
10.1

20.3
0.54
7.6

TABLE 3.—Feedlot Performance of Calves Fed Varying Sources and Amounts of
Protein Supplement (Kentucky, 1971).
Item

None

Number of Steers
Av. Initial Weight, Lb.
Av. Final Weight, Lb.
Av. Daily Gain, Lb.
Av. Daily Ration
Corn Silage, Lb.
Supplement*, Lb.
Dry Matter/Gain

24
402
469
0.53
24.0
—
15.8

1 Lb. SBM

Supplement
1.5 Lb. SBM

24
397
572
1.39

24
390
579
1.50

24
402
524
0.97

27.0
1.0
7.4

32.7
1.5
8.5

24.9
1.0
9.0

Urea

^Supplement was either soybean meal (44% CP) or a mixture of 13% urea (281% CP)
and 87% ground shelled corn.
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over steers which did not receive supplemental protein. There was little difference
in performance between the calves fed 1.0 or 1.5 Ib, of soybean meal daily. When urea
was fed to supply the same level of crude protein as supplied in 1.0 Ib. of soybean
meal, feedlot performance was somewhat reduced.

Cone]usIons
Light-weight steers (385 Ib.) can make use of urea when fed a full feed of corn
silage as shown by improved gain (44%) and feed efficiency (25%) over calves which
did not receive any supplemental crude protein.
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ROLE OF PROTEIN LEVEL, PROTECTED SOYBEAN PROTEIN, AND
ROUGHAGE ON THE PERFORMANCE OF NEW FEEDER CALVES

R. L. Preston and C. K. Smith
Departments of Animal Science and Veterinary Science
Abstract
One hundred and seventy-eight calves were used to study the role of protein
level (provided from soybean meal) and protected soybean protein (formaldehydetreated soybean meal) on the performance of feeder calves immediately following shipment. The value of feeding chopped hay initially also was compared to results
obtained when limestone-treated corn silage was fed. Other observations were made
on the effects of sex (bulls, steers, heifers) and thiabendazole drench upon initial
performance. The total feeding period was 54 days.
Feeding protected soybean protein resulted in improved performance, especially
during the first 26 days after these calves were received. During this time, feeding 1.0 lb. soybean meal daily resulted in better performance than did 0.5 lb.;
feeding 0.5 lb. of the treated soybean meal resulted in performance nearly equal to
that obtained with 1.0 lb. of untreated soybean meal. Feeding chopped hay initially
increased performance. However, when these calves were switched to corn silage, performance was reduced. Overall performance between these two rations was identical.
Drenching with thiabendazole resulted in some increase in daily gain. Bulls, steers,
and heifers gained 1.92, 1.36, and 0.86 Ib./day, respectively, during this initial
feeding period.

Introduction
When calves are first received, it is believed that nutritional requirements
may be higher due to the stress of shipment. Previous Ohio research (OARDC Res.
Summary 43, 1970) did not show any advantage of feeding extra protein to calves being
started on corn silage. Thus, feeding 1.9 lb. of soybean meal daily was no more
beneficial than feeding 1.2 lb. along with 0.7 lb. of corn. Recently, beneficial
results have been shown in research at Illinois and other stations in the use of formaldehyde-treated soybean meal (protected protein). This treatment prevents the
breakdown of the protein in the rumen, yet allows it to be digested by the animal in
the lower gastro-intestinal tract. In the case of a high quality protein, such as
soybean meal, this should be advantageous. Milk obtained by nursing the cow bypasses
the rumen due to reflex closure of the esophageal groove. Thus, newly weaned calves
may benefit by the feeding of protected protein.
In previous work (OARDC Res. Summary 68, 1973), it was shown that calves fed
chopped hay immediately upon receipt gained more rapidly during the first week than
calves fed corn silage. After this, however, calves fed corn silage gained more and
were more efficient. Thus, there may be an advantage in starting calves initially
on chopped hay and then switching them over to corn silage.

Procedures
One hundred and seventy-eight calves were purchased from a ranch near Henrietta,
Texas. There were 13 bulls, 142 steers, and 23 heifers in the group. The calves
were weaned and trucked to Wooster, and placed immediately on one of the following
rations. All calves received 0,5 lb. daily of the supplement shown in Table 1. Half
of the calves received a full feed of chopped hay for the first week and were then
gradually switched to a full feed of limestone-treated corn silage during the second
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TABLE 1.--Supplement Composition.
Percentage

Ingredient

89.7
10.0
0.294

Soybean Meal* (44% CP)
Salt, Trace Mineralized
Vitamin A (30,000 Units/Gm.)

*Either soybean meal or formaldehyde-treated soybean meal was used,

TABLE 2.—Role of Supplemental Soybean Meal, Protected Soybean Meal, and
Roughage Source in the Performance of New Feeder Calves.
Supplemental Protein

0.5 Lb.

1.0 Lb.

TRT
SBM
0.5 Lb.

29
510
573
1.174

31
498
583
1.577

30
496
568
1.334

SBM

Ration
Corn Silage

Hay Changing
to Corn Silage

Average

Item
No. Calves
Av. Initial Wt. , Lb.
Av. Final Wt. , Lb.
Av. Daily Gain, Lb.
Av. Daily Ration:
Silage, Lb.
Corn, Lb.
Supplement, Lb.
Soybean Meal , Lb.
Dry Matter/ Gain
No.
Av.
Av.
Av.
Av.

Calves
Initial Wt. , Lb.
Final Wt., Lb.
Daily Gain, Lb.
Daily Ration:
Silage, Lb.
Hay, Lb.
Corn, Lb.
Supplement, Lb.
Soybean Meal , Lb.
Dry Matter/Gain

Daily Gain, Lb.
Dry Matter /Gain
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19.52
0.48
0.49
—
8.27
29
525
596
1.318

21.41
-0.50
0.49
6.72
30
502
578
1.407

18.84
0.68
0.50
0.49
—
7.61

19.13
0.74

1.25
7.94

1.49
6.98

—
0.48
0.49
7.24

20.27
0.49
0.49
....

7.54
29
503
581
1.439

19.07
0.85
0.50
0.49

—
7.13
1.39
7.34

week. ^ They then received a full feed of limestone-treated corn silage for the remainder of the experiment. The remaining calves were fed limestone-treated corn silaoe
from the beginning.
*
Within each of these roughage treatments, the calves were fed either 0.5 Ib. of
crimped com and 0.5 Ib. soybean meal, or 1.0 Ib. soybean meal. Those calves receiving the formaldehyde-treated soybean meal received 0.5 Ib. daily of the supplement
shown in Table 1, using treated soybean meal instead of soybean meal and 0.5 Ib.
crimped corn. All calves received Aureo S-700 during the first 30 days after
receipt. Each ration was fed to two pens of calves. The bulls, steers, and heifers
were distributed between the 12 pens used for this experiment. The total feeding
period was 54 days.
Protection of the soybean meal was accomplished as follows. The required amount
of^soybean meal was placed in a horizontal mixer. Formaldehyde equaling 0.6% of the
weight of soybean meal was poured on the soybean meal while mixing as a solution
equaling 3% of the weight of soybean meal. The total mixing time was 15 minutes.
The mixture was allowed to stand in the mixer overnight, after which it was blended
with the other ingredients in the supplement and pelleted. The untreated soybean
meal was also pelleted prior to feeding.
When the calves were first received, half of the calves were treated with thiabendazole (75 ml. TBZ drench, Merck), and all calves were treated for grubs (Bo-Ana,
American Cyanamid).
Results
The calves arrived in Wooster approximately 36 hours following shipment. Their
overall shipping shrinkage was 9.1%. The shipping shrinkages of the bulls, steers,
and heifers were 8.6, 9.1, and 9.2%, respectively.
The performance of the calves fed the various rations during the 54-day feeding
period is shown in Table 2. Feeding a total of 1.0 Ib. of soybean meal significantly
increased the gain and feed efficiency of the calves over those receiving 0.5 Ib. soybean meal and 0.5 Ib. crimped corn. Feeding the treated soybean meal at the rate of
0.5 Ib. daily resulted in improved gains, especially during the early part of the
feeding period. This is shown in Table 3. Here it can be seen that 0.5 Ib. of the

TABLE 3.--Role of Supplemental Soybean Meal and Formaldehyde-Treated Soybean
Meal on the Performance of New Feeder Calves.
Period Daily Gain (Lb.)
Period
(Days)

0 - 5
5
12
19
26
40

-

12
19
26
40
54

SBM

Accumulated Daily Gain (Lb.)
TRT-SBM
SBM
0.5 Lb . 1.0 Lb. 0.5 Lb.

TRT-SBM

0.5 Lb.

1.0 Lb. 0.5 Lb.

0.84
0.07
2.78
0.70
1.67
0.42

1.32
1.48**
3.03
1.74**
1.68
0.59

0.84
0.48
1.33
1.16
1.33
1.25

1.48
1.40**
3.19
1.71**
1.58
0.28

^Significantly greater (P<.05).
^Significantly greater (P<,01).

.49.

1.32
1.36**
1.98**
1.91**
1.83**
1.49*

1.48
1.45**
2.09**
1.99**
1.85**
1.39

TABLE 4.--Role of Roughage Source on the Performance of New Feeder Calves.
Period
(Days)
0512 19 26 40 -

5
12
19
26
40
54

Period ADGiLb.)
1
Hay to Silagef
Silage" "
0.17
1.58**
2.72
1.34
1.88*
0.30

Accumulated ADG (Lb.)
Silagef
Hay to Silagef
0.17
1.01
1.64
1.56
1.66
1.36

2.26**
0.38
3.29*
1.43
1.42
0.56*

2.26**
1.19
1.96
1.82
1.68
1.39

*Significantly greater (P<.05).
**Significantly greater (P<.01).
"^Qnly silage and supplement were fed.
tHay and supplement were fed between 0-5 days, switched from hay to corn
silage between 5-12 days, and fed only silage and supplement after 12 days.
treated soybean meal was as effective as 1.0 Ib, of untreated soybean meal in promoting the gains of these calves, whereas 0.5 Ib. of untreated soybean meal resulted
in lower gains. Thus, it would appear that treating the soybean meal may be more
valuable early in the feeding period shortly after calves are weaned.
The effect of initial roughage source is also shown in Table 1. During the
entire feeding period, there was no difference in daily gain (1.36 vs. 1.39 Ib./day)
or feed efficiency (7.5 vs. 7.4 Ib. DM/lb. gain) in calves receiving either corn
silage or chopped hay initially. However, there were marked differences between
these two rations during the feeding period (Table 4). During the first 5 days,
calves fed chopped hay gained significantly more than calves fed corn silage. From
5 to 12 days, however, when the calves were being switched to corn silage, the calves
started on hay gained significantly less than those started on corn silage. After
becoming accustomed to the silage, these calves gained significantly more between the
12th and 19th day of the experiment. After this time, the differences in performance
between these two groups were small.
Bulls gained significantly faster than steers and steers gained faster than
heifers (1.92, 1.36, and 0.86 Ib./day, respectively). Drenching the calves with TBZ
increased gains somewhat (1.31 vs. 1.44 Ib./day).

Conclusions
These results are from an initial experiment to study the role of protected
protein in the performance of new feeder calves. It appears that 1.0 Ib. of soybean
meal is sufficient for new feeder calves being full-fed corn silage. Protected soybean protein (formaldehyde-treated soybean meal) resulted in markedly improved gains,
particularly during the first 26 days after the calves were received.
Feeding chopped hay resulted in markedly faster gains during the first 5 days
after calves were received. However, when these calves were being switched to corn
silage, their gains were reduced, Overall performance was not altered by the initial
feeding o£ chopped hay. Therefore, if corn silage is the roughage to be fed to new
calves, there does not appear to be any advantage in starting calves on chopped hay
prior to feeding corn silage.
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ROLE OF ROUGHAGE SOURCE IN THE RECEIVING RATION
OF YEARLING FEEDER STEERS

R. L. Preston and W. E. Kunkle
Department of Animal Science
Abstract
One hundred and sixteen yearling steers were used in an experiment to study the
role of roughage source on the performance of cattle"* immediately following shipment.
Corn silage (limestone-treated) and chopped grass hay were compared. Steers were
started initially on chopped hay and gradually were switched to corn silage. The
experiment was during the initial 55 days after the steers were received, after which
they were reallotted to a finishing experiment.
Feedlot response of these steers varied widely between roughage sources, depending on the time during the experiment. Steers started initially on chopped hay consumed more feed and gained markedly faster than steers fed corn silage. After the
first 12 days,, steers fed corn silage gained faster than steers fed chopped hay.
Steers started initially on chopped hay and gradually switched to corn silage actually
lost weight during the change-over period, due to reduced feed intake during this
time. The overall performance of these steers was lower than steers fed either corn
silage or chopped hay.
The effect of previous winter management factors was also measured in this receiving experiment. Charolais crossbred steers gained faster than Hereford steers.
Steers wintered outside gained somewhat faster than steers wintered in a barn with
an outside lot.

Introduction
Other reports in this research summary describe results observed when feeder
calves are fed initially on either chopped hay or limestone-treated corn silage. In
general, these results indicate that calves will perform better on corn silage even
though their feed intake and rate of gain may be low when they are first offered
corn silage.
The purpose of this experiment was to compare chopped hay or limestone-treated
corn silage for starting yearling feeder steers and to see if starting yearlings
initially on chopped hay and gradually changing them to corn silage would result in
better performance than starting them initially on corn silage.

Procedures
One hundred and sixteen yearling steers which had been wintered at the Southeastern Branch of OARDC were used in this experiment. Charolais crossbreds and Herefords were used. They were allotted to 12 pens and full-fed one of three roughage
sources (chopped grass hay, chopped grass hay initially while gradually changing to
corn silage, or corn silage). The hay was medium quality mixed grass hay chopped into
approximately 1 to 1%-inch lengths. Those steers started on grass hay and changed to
corn silage were fed chopped hay during the first 12 days. They were fed gradually
increasing amounts of corn silage and decreasing amounts of chopped hay between the
12th and 19th days and a full feed of corn silage thereafter. The corn silage was
treated with ground limestone (0.5%) at the time of ensiling. In addition, all
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TABLE 1.--Supplement Composition.
Ingredi ent

Percentage

Soybean Meal (44% CP)
Salt, Trace Mineralized*
Vitamin A (30,000 Unlts/Gm.)
Aureo S~7QQt

87.7
10.0
0.294
2.0

*Morton"s trace mineralized salt.
"^Contains 35 gm. aureomycin and sulfamethazine/lb.
steers received 1.2 Ib. of pelleted soybean meal for every 20 Ib. of corn silage or
every 7 Ib. of hay consumed. The amount of soybean meal included 0.5 Ib./head/day
of the supplement shown in Table 1. After 33 days, the steers were reallotted to a
final finishing experiment.

Results
Performance of these steers during the receiving period is in Table 2. The
overall average daily gain of these steers was greatest when fed either the chopped
hay or corn silage compared to steers fed chopped hay initially and then changed to
corn silage. During the first 12 days, steers fed chopped hay gained faster than
those fed corn silage (5.13 vs. 3.71 Ib./day, respectively). From 12 to 19 days,

TABLE 2.—Feedlot Performance of Yearling Feeder Steers Fed Various Sources
of Roughage.
Item

Chopped
Hay

Chopped Hay
to Corn Silage

Corn
Silage

Pens

13,16,19,22

14,17,20,23

15,18,21,24

Number of Steers

39

39

38

Initial Wt., Lb.

652

638

632

Final Wt., Lb.

732

706

714

Av. Daily Gain, Lb.

2.43

2.05

2.47

Av. Daily Ration:
Corn Silage, Lb.
Chopped Hay, Lb.
Soybean Meal , Lb.
Supplement, Lb.
Dry Matter/Gain

14.4
5.7
1.4
0.5

30.0

14.4
2.0
0.5

6.1

5.9

4.9
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1.4
0.5

when steers started on chopped hay were being switched to corn silage, these steers
lost weight (-2.84 Ib./day), whereas steers continued on chopped hay or corn silage
continued to gain weight (1.26 and 1.78 Ib./day, respectively). From 19 to 26 days,
the steers changed to corn silage compensated and gained faster (2.58 Ib./day) than
steers fed either chopped hay or corn silage (1.62 and 1.95 Ib./day, respectively).
Between 26 and 33 days, the steers fed chopped hay actually lost weight (-0.28 lb./
day) compared to steers changed to corn silage or fed corn silage continuously (1.77
and 1.56 Ib./day, respectively).
Dry matter efficiency was greatest in steers started on corn silage, followed
by steers started on chopped hay and switched to corn silage. Steers fed chopped
hay were the least efficient. These results are to be expected since corn silage
contains corn grain and therefore has a higher energy value than hay,
During this experiment, Charolais crossbred steers gained faster than Hereford
steers (2.46 vs. 2.20 Ib./day, respectively). The wintering treatment had a significant carryover effect on rate of gain. Steers wintered outside on round bales, corn
stalks, winter fescue pasture, and supplement gained faster than steers wintered in
a barn on hay and supplement (2.55 vs. 2.10 Ib./day, respectively). The other wintering treatments (DES implant level or initial sulfa treatment) did not affect performance during this receiving experiment. The results of the wintering trial are
reported on page 61 of this summary.

-53-

This page intentionally blank.

THE ROLE OF CERTAIN FEEDS IN ADAPTING
NEW FEEDER CALVES TO THE FEEDLOT

R. L. Preston, W. E. Kunkle, and C. K. Smith
Departments of Animal Science and Veterinary Science
Abstract
One hundred and twenty-four steer calves purchased at graded Ohio feeder calf
sales were used to study the effects of various rations in adapting calves to feedlot rations during a 61-day feeding study. Feeding chopped hay resulted in a slower
rate of gain and decreased feed efficiency than the feeding of corn silage or a
ration containing corn grain. Adding lactic acid to the hay did not significantly
alter feedlot performance. The influence of these rations on the ability of steers
to adapt to rations high in concentrate will be reported later.
Feeding Aureo S-700 markedly improved rate of gain and feed efficiency, a
response which has been quite consistent for several years. Adding pasturella organisms to the drinking water during the first 2 to 3 days after the calves were
received did not alter feedlot performance.

Introduction
Starting new calves on feed following weaning and shipment is an uncertainty
which feeders face with each new shipment of calves. Many procedures are used by
various feeders and certain feeds seem to be more or less suitable for this purpose.
Because of the importance of this period of time in the overall outcome of the total
feeding period, the authors have been studying the value of various practices and
feeds in adapting new calves to the feedlot.
Since calves do not readily consume corn silage when it is first offered and
will more readily eat hay, their initial performance is better when hay is fed. During a 50 to 60-day adaptation period, however, they will perform better when fed corn
silage (OARDC Res. Summary 68, 1973). When calves are placed on high-concentrate
rations, there is an adaptation period during which increased production of certain
end products of rumen fermentation may cause cattle to go off feed and become foundered. Lactic acid is one of the end products to which cattle must adapt in the
process of starting on a full feed of grain.
Past research has indicated the value of medicated feeds, especially the combination of aureomycin and sulfamethazine (AS-700), in the performance of new feeder
calves.
Therefore, the main purpose of this experiment was to study the role of various
feeds in adapting calves to feedlot rations. Limestone-treated corn silage, chopped
mixed hay, and a high concentrate ration were studied. Prefeeding of lactic acid to
calves was tested to see if calves could be flpreadaptedff to high grain rations. This
was accomplished in two ways: feeding limestone-treated corn silage known to contain
8-12% lactic acid (dry matter basis) or adding food grade lactic acid to hay just
prior to feeding.
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TABLE 1.--Supplement Composition.
Amount

Ingredient

89.7%
10.0%
0.294%

Soybean Meal (44t CP)
Salt, Trace Mineralized
Vitamin A (30,000 Units/Gin.)

Procedures
One hundred and twenty-four steer calves were purchased at graded Ohio feeder
calf sales and trucked to Wooster. These calves consisted of 81 Herefords and 43
Angus, Upon arrival, the calves were weighed and treated for grubs (Bo-Ana, American
Cyan amid) and half of the calves were drenched with thiabendazole (75 ml. TBZ, Merck),
Four rations were fed: chopped mixed hay, chopped hay with added lactic acid,
limestone-treated corn silage, or a high-concentrate ration. One-half pound of the
supplement shown in Table 1 and one-half pound of soybean meal were fed daily to all
calves. The hay was of poor to medium quality, containing 10.8°o crude protein, 0.4°6
phosphorus, and 0.5% calcium. The corn silage was good quality and was treated with

TABLE 2. — Influence of Various Rations on the Feedlot Performance of New
Feeder Calves.
Ration
Item

H*

No.
Av.
Av.
Av.
Av.

33
412.5
483.8
1.17

32
413.0
493.1
1.28

8.52
—
—
—
0.50
0.50
7.24

8.57
0.90

of Steers
Initial Wt., Lb.
Final Wt., Lb.
Daily Gain, Lb.
Daily Ration:
Chopped Hay, Lb.
Lactic Acid Syrup, Lb.
Corn Silage, Lb.
Whole Dry Corn, Lb.
Supplement, Lb.
Soybean Meal , Lb.
Dry Matter/Gain

—
—0.49
0.50
7.22

$**

HSCf

30
409.2
524.2
1.90

29
424.2
551.9
2.11

—
—
20.86
—0.49
0.50
5.32

^Chopped grass hay.
"'"Chopped hay treated with lactic acid.
**Lime$tone~treated corn silage.
fHay, 0-5 days; hay to silage, 5-12 days; reducing silage and
increasing whole shelled corn, 12-19 days; limited silage and
full feed of whole shelled corn after 19 days.
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0.73

—5.00
6.94
0.49
0.49
4.66

limestone (10 Ib./ton) at the time of ensiling. Food-grade lactic acid (Monsanto Co.)
was added as a syrup to the hay at the rate of 12% of the hay. Initially, the cattle
were gradually adapted to this level over a 10-day period. The syrup contained between 50-60% D,L lactic acid. The cattle receiving the high concentrate ration were
fed chopped hay between 0 and 5 days, gradually switched to corn silage between 5
and 12 days, fed increasing amounts of shelled corn between 12 and 19 days, and fed
a limited amount of corn silage ( 5 Ib. daily) and a full feed of whole shelled corn
after 19 days.
Within each of the above rations, two treatments were compared to untreated controls for their role in preventing shipping fever and in improving feedlot performance. AS-700 was fed at the recommended rate for 33 days to one group of calves.
Drinking water treated with pasturella organisms was given to a second group during
the first 2 to 3 days after shipment. A third group served as a control and did not
receive any treatment. Beginning with the 34th day, all calves receiving the highconcentrate ration were fed 70 mg» of aureomycin daily.
The total feeding period was 61 days, after which the calves were realloted to
other experiments.

Results
The overall average shipping shrinkage for these calves between their sale weight
and arrival weight in Wooster was 7.7%.
The influence of the various rations on the overall performance of the calves is
shown in Table 2. Feeding either corn silage or the high concentrate ration markedly
improved performance over calves fed the chopped hay. The results with silage and
hay are similar to those reported in 1973 (OARDC Res. Summary 68). As expected,
calves fed the high-concentrate ration gained faster and were more efficient than
those fed corn silage, but this difference was not statistically significant. Likewise, the difference between the calves fed lactic acid-treated hay and those fed
straight hay was not significant.

TABLE 3.—Role of Roughage Source on the Performance of New Feeder Calves.
Period Daily Gains (Lb.)

Period
(Days)

H*

H(L)t

st

0 - 5
5-12
12 - 19
19 - 26
26 - 40
40 - 61

4.71
0.84
2.16
1.38
0.48
0.50

4.97
0.24
1.34
2.76
0.50
0.49

4.06
1.70
2.83
0.72
2.05
1.47

HSC**

4.81
-1.01
1.65
4.20
1.75
1.86

Accumulated Daily Gains (Lb.)
H

H(L)

S

HSC

4.71
2.67
2.47
2.18
1.58
1.17

4.97
2.74
2.21
2.36
1.77
1.28

4.06
2.67
2.74
2.19
2.15
1.90

4.81
1.61
1.63
2.53
2.26
2.11

^Chopped grass hay.
tChopped hay treated with lactic acid.
fLimestone-treated corn silage.
**Hay, 0-5 days; hay to silage, 5-12 days; reducing silage and increasing whole
shelled corn, 12-19 days; limited silage and full feed of whole shelled corn after
19 days.
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The gain response of these calves during the 51-day feeding period was quite
variable ( Table 3), Calves fed chopped hay initially gained somewhat faster during
the first 5 days than those initially fed corn silage. Between 5 and 12 days, calves
fed corn silage gained significantly faster than those fed chopped hay. Those calves
being switched from hay to corn silage during this time actually lost weight. While
the gains were higher? a similar trend occurred between 12 and 19 days. After 19
days* the difference between the hay and silage-fed calves was somewhat inconsistent,
although in general the silage-fed calves gained faster than those fed hay. When
whole corn was added to the ration of the high-concentrate fed calves on the 20th day,
gains were generally increased over those of calves fed corn silage.
The effects of feeding AS-700 and the treatment of the drinking water with
pasturella organisms are shown in Table 4. Feeding AS-700 significantly Improved
daily gain (+ 20%) and feed efficiency ( -t 11%). This response was fairly consistent
during the entire experiment, even after the AS-700 had been removed from the ration,
Treating the drinking water with pasturella organisms did not alter rate of gain;
feed efficiency may have been reduced somewhat. In general, the response of the
calves to these treatments was similar with the four rations.
Drenching these calves with TBZ did not significantly affect rate of gain (1.70
vs. 1.59 Ib./day, respectively, for control and fBZ-treated calves). Angus calves
used in this study gained significantly faster than Hereford calves (1.74 vs. 1,55
Ib./day).
At the end of this feeding trial, the calves were reallotted to another experiment involving the feeding of high-concentrate rations. The effects of the various
ration treatments reported above will be noted to determine their importance in
adapting cattle to high-concentrate rations,

TABLE 4.--Effects of Medication and Pasturella Treatment of the Drinking Water
Upon Performance of New Feeder Calves,
Item
No.
Av.
Av.
Av.
Av.

Control

of Steers
Initial Wt. , Lb.
Final Wt., Lb.
Daily Gain, Lb.
Daily Ration:
Chopped Hay, Lb.
Lactic Acid Syrup, Lb.

Corn Silage, Lb.
Whole Dry Corn, Lb.
Supplement, Lb.
Soybean Meal, Lb.
Dry Matter/Gain

40
411.6

Treatment
Aureo S-700

Treated Water*

505.1
1.52

42
418.3
529.2
1.83

42
414.4
505.5
1.50

4.46
0.23
6.35
1.53
0.49
0.50
6.17

4.76
0.24
6.42
1.92
0.49
0.50
5.51

4.16
0.20
6.62
1.76
0.49
0.50
6.65

*Pasturella»treated drinking water during the first 2 to 3 days after the
calves were received.
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Conclusions
The results Indicate that when corn silage is the main roughage fed, there does
not appear to be any advantage in starting calves on chopped hay. Their initial
gains may be greater, but while these hay-fed calves are being switched to corn
silage, performance is markedly reduced.
Adding corn grain to the corn silage-based ration improved gain and efficiency
as expected. Adding lactic acid to chopped hay at a level commonly found in limestone-treated corn silage did not alter feedlot performance. The effects of these
various rations will be studied further to determine if they alter the ability of
cattle to adapt to high-concentrate rations.
Feeding Aureo S-700 again markedly improved the performance of new feeder calves,
This has been a rather consistent response for several years.
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WINTER MANAGEMENT OF STOCKER CALVES

R. L. Preston, R. R. Bishop, C. K. Smith, and R. Lich
Department of Anirnal Science
Abstract.
One hundred and sixteen stocker steer calves were used in a winter management
study. During the 226-day experiment, Charolais crossbred steers gained faster than
Hereford steer calves. Steers housed in a barn with an outside lot gained somewhat
slower than those wintered outside without shelter. Treatment of the drinking water
during the first 28 days after the calves were received depressed gains in those
steers housed In the barn, whereas steers without shelter showed a marked increase
in gain, especially during the first 42 days. Steers implanted with either 24 or 36
mg. of DES gained similarly.
Concentrate consumption was regulated in both groups of cattle by the addition
of salt* Salt (11%)
required in the concentrate mix to restrict consumption to
approximately 5 Ib. per day* Thus9 it appears that the daily limit of salt intake
by 500-lb. steer calves is near 0.55 Ib, per day. Mixing the daily amount of concentrate or supplement with this quantity of salt should limit the intake and allow the
mixture to be self- fed.

Supplying beef throughout the year requires that cattle be managed differently
to space the marketing of finished cattle, since a large portion of the feeder calves
are available in the fall. At the Southeastern Branch of OARDC, facilities are available for wintering calves for later finishing in the experimental unit at Wooster.
Therefore, certain winter management procedures were studied and are reported here.

One hundred and sixteen feeder steers were purchased from Ohio graded feeder
calf sales and trucked to the Southeastern Branch. There were 58 Hereford and 58
Charolais crossbred calves. Upon arrival, the calves were ear tagged and weighed.
Their average initial weight was 547 Ib. Half of the calves were wintered outside
and the other half were kept in a barn with an outside lot. Half of the steers in
each location received sulfamethazine-treated drinking water during the first 28 days.
After about 60 days, the steers were implanted with either 24 or 36 mg. of DES.
Steers in the outside group were wintered on pasture containing round bales
(orchardgrass with some alfalfa) and approximately 2 acres of standing corn. Later,
they were full-fed hay similar to that in the round bales. A pelleted concentrate
(Table 1) was self-fed, adjusting intake by the level of salt included with the concentrate. Steers wintered inside were full-fed similar hay and self- fed a concentrate
with added salt to regulate consumption.
The wintering period lasted from October 10 to May 24 (226 days), at which time
the steers were shipped to Wooster for finishing. The carryover effects of the management factors used in this experiment were studied in subsequent receiving and finishing experiments, and are reported elsewhere in this summary,

1.—Concentrate Mixture O o r i t a i n i n g ^
Ingredient

Percent

Corns Ground Shelled
Salt, (Evaporated)
Pellet Binder (Dura Bond)
Soybean Meal (44%)
Urea, Prilled (281%)
Alfalfa Meal , Dehydrated (17%)
Salt9 Trace Mineralized
Limestone
Potassium-Magnesium Sulfate (Dynamate)
VItaiin A (30,000 UnitS/Gm.)

68.0
10.0
2.0
15.69
0.76
l.QQ
1.00
1.20
0.30
0,05

The overall average daily gain as affected by the various management factors
Is shown in Table 2. Steers housed Indoors gained somewhat slower than those housed
outside. Until April 2 (through the cold winter period), the steers fed In the barn
gained faster than those fed outside (1.65 vs. 1.47 Ib./day, respectively). After
this time, the steers fed outside gained much faster than those fed In the barn (2.08
vs. 1.J6 Ib./day, respectively). Charolals crossbred steers gained significantly
faster then Hereford steers.
The treatment of drinking water with sulfamethazine had an opposite effect on
gain, depending upon the housing conditions. Gain was somewhat depressed by sulfatreated water in steers housed in the barn, whereas gain was markedly increased in
steers fed outside. This differential response was especially true during the first
42 days of the experiment* Similar gains were observed in steers implanted with
either 24 or 36 mg. of DES (1.56 and 1.61 lb*/day, respectively).

TABLE 2.--Role of Winter Management Factors on the Gain of Stocker Calves,
Management Factor

Av. Daily Gain (Lb.)

Housing:
Outside
Barn

1,65
1.52

Breed Type:
Hereford
Charolais-Crossbred

1.45
1,72

Sulfa Water Treatment:
Control - outside housing
Control - barn housing
Sulfa - outside housing
Sulfa - barn housing

1,57
1.57
1.72
1.48
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Because the calves wintered outside consumed winter pasture, round bales, and
standing corn, it is impossible to determine their overall feed intake. 0£ the feeds
which were fed, these steers consumed 5.30 Ib. of concentrate and 4.37 Ib. of hay per
day. In comparison, the steers in the barn consumed 5,29 Ib. of concentrate and 6.42
Ib. of hay per day. To limit consumption of the concentrate to approximately 5 Ib./
head/day required the addition of 11% salt (10% evaporated and 1% trace mineralized
salt) to the concentrate. Initially, 9% salt was used and the cattle consumed nearly
6 Ib. of concentrate per day. Therefore, to restrict the intake of a feed in 500-lb,
steers with salt appears to require the incorporation of approximately 0.55 Ib. of
salt into the quantity of feed which is to be consumed daily.
Feeding this level of salt caused the bedding of the steers fed in the barn to
become exceedingly wet. Much more bedding was required as a result. Obviously, the
high salt intake increased water consumption and urine volume.
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THE ROLE OF PROTEIN AND ENERGY LEVEL IN BACKGROUNDING
RATIONS FED TO STEER CALVES

K. E. McClure, C. A. Morrison, and R. I. Preston
Department of Animal Science
Abstract
One hundred and thirty-seven steer calves (70 Herefords and 67 Charolais crossbreds), averaging 426 lb., were fed mixed hay and two levels of supplemental protein,
resulting in rations which contained either 14.5% or 9.2% crude protein (dry matter
basis) for a period of 110 days. During this period, the daily gain and dry matter
intake per pound of gain were 1.01 and 9.96 lb«, respectively, for the lower protein
level ration and 0.90 and 10.52 lb., respectively, for the higher protein level ration,
The cattle were then reallotted so that half from each protein level were
assigned to one of two energy levels. One lot was fed corn silage and the other
was continued on mixed hay. Both lots were fed the higher protein supplement for
an additional 99-day period. The average daily gain and dry matter intake per pound
of gain were 2.06 and 6.71 lb,, respectively* for the corn silage-fed cattle, compared to 1.53 and 9.42 lb., respectively, for the hay-fed cattle. The Charolais
crossbred cattle gained faster than the Herefords throughout the 209-day experiment.

Introduction
Previous research at OARDC indicates that protein requirements in growingfinishing beef cattle may differ from protein requirement standards at certain times
during the feeding period. In previous experiments, feeding supplemental protein
for only the first 56 or 112 days resulted in feedlot performance which was similar
to that observed in steers fed soybean meal continuously,
It is assumed that supplemental protein requirements are more critical in younger
animals. This study was conducted to determine the role of protein and energy levels
during a backgrounding period and to compare the response of two breed types of feeder
calves during this period.

PrQcedyres_
One hundred and thirty-seven steer calves (70 Herefords and 67 Charolais crossbred) were purchased at Ohio graded feeder calf sales in October 1975 for use in this
experiment at the OARDC Mahoning Branch, Canfield. The breed types were divided
equally into two groups, weighed, and started on test Nov. 1, 1973. At the beginning
of the experiment, all steers were treated for grubs with 4 ounces of Ruelene poured
down the center of the back.
During the first 110 days, both lots were full-fed on timothy-alfalfa hay plus
one of two levels of supplemental protein. The animals in lot 1 were fed 1.5 lb. per
head daily of a supplement containing soybean meal (44.4% C.P.) and those in lot 2
were fed 1.5 lb. per head daily of a supplement containing corn grain 7.5°o C.P»)»
The composition of the supplements is shown in Table 1. In addition, the animals
were all supplemented with Aureo S-700 for the first 24 days* The dry matter and
protein analyses of the feeds are shown in Table 2.
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TABLE 1.—Supplements Fed in the Backgrounding Rations at the Mahoning Branch.
Supplement
Ingredient
B91*
B9Q*
of

Ground shelled corn
Soybean meal (44% C.P.)
Salt, trace mineralized
Limestone (calcium carbonate), feeding
Biofos
Dynaniate
Vitamin A- 30 (30 ,000 units/gm,}
Aureomycin-50

90.76 %
5.00
1.00
—
3.00
0.15
0.09

87.96 %
—
5.00
1.00
2.00
3.80
0.15
0.09

100.00 %

100.00 %

•"—

A>

*Pelleted through a 3/16" die.

TABLE 2.—Analysis of Feeds Fed in the Cattle Backgrounding Trial at the
Mahoning Branch.
Crude Protein,
Dry Matter,
Percent Moisture Free
Feed
Percent
Corn silage
Mixed hay
Supplement B90
Supplement B91

8.0
9.5
44.4
7.5

31.3
91.2
88.2
90.0

TABLE 3.--Performance of Cattle on Two Levels of Protein in the Backgrounding
Rations Fed at the Mahoning Branch.
Supplemental
Protein
Level

Days
on
Test

Percent
C. P.
in
Ration

7.5% C.P.
44.4% C.P.

110
110

9.2
14.5

Daily Dry Matter Intake (Lb.)
Intake/Head

10.06
9.50
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Intake/Gain

9.96
10.52

Average Daily
Gain (Lb.)

1.01
0.90

Between Nov. 1, 1973, and Feb. 19, 1974 (110 days), 12 head of cattle were lost
from the experiment. The results of the post-mortem examinations indicate that two
of the animals died from encephalitis and the balance died from pneumonia.
On Feb. 19, the cattle were reallotted so that the steers from each of the previous protein levels were divided equally between two energy treatments. One lot was
changed gradually (over a 10-day period) to a full feed of corn silage and the other
lot was continued on a full feed of hay. Both lots were fed 1.5 Ib. per head daily
of the supplement containing soybean meal for the duration of the 99-day experiment.
This experiment was then terminated and the cattle were shipped to the OARDC at
Wooster for subsequent finishing trials.
Results
The results observed with the steers during the supplemental protein feeding
phase are in Table 3. The slightly better gains by steers on the lower protein level
were not anticipated. It is possible that the lower protein level fed was adequate to
meet their requirements for the level of energy fed and the rate of gain observed.
It is apparent that the steers fed the 14.5% crude protein ration did not gain better
than those fed the 9.2% crude protein ration.
The performance of the steers on the two levels of energy fed in this experiment
are reported in Table 4. During the 99-day energy level feeding period, the average
daily gains were 1.53 and 2.06 Ib. for the hay and silage-fed cattle, respectively.
The corn silage-fed steers consumed 96% as much dry matter and required only 71% as

TABLE 4.—Performance of Steers on Two Levels of Energy in the Cattle Backgrounding Experiment at the Mahoning Branch.
Energy Level*

Days
on Test

Daily Dry Matter Intake (Lb.)
Intake/Head
Intake/Gain

Average Daily
Gain (Lb.)

Mixed Hay

99

14.4

9.42

1.53

Corn Silage

99

13.8

6.71

2.06

*The performance of these two groups of steers was identical during the preceding 110-day hay feeding period.
TABLE 5.--Performance of Two Breed Types of Steers in the Cattle
Backgrounding Experiment at the Mahoning Branch.

Breed Type
Hereford

Average
Beginning
Weight (Lb.)*

Number of
Animals

424

65

0.87

1.25

427

60

1.04

1.45

Average Daily Gain (Lb.)
110 Days
209 Days

Charolais
Crossbred

*The average beginning weight for all cattle was 426 Ib.
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much dry matter per pound of gain as the hay-fed steers. The average daily gains
for the two breed types of steers in this experiment are reported in lable 5. The
Charolais crossbred steers gained faster than the Herefords.

Conclusions
The lower protein level fed in this experiment (9.2% C.P. dry matter basis) was
adequate to meet the steers1 requirements under these environmental and nutritional
conditions. Further backgrounding studies with lower levels of protein with different energy levels at different intervals should be conducted.
The influence of the backgrounding treatments on performance during the finishing period and on carcass composition and quality will be reported after completion
of the finishing experiment.
It should be noted that the percent loss in weight from Canfield to Wooster was
2.3% for the silage-fed cattle and 4.6% for those fed hay.

PERFORMANCE OF CATTLE SELF-FED HIGH-CONCENTRATE
RATIONS IN A STRIP MINE FEEDLOT

K. E. McClure, C. B. Boyles, E. W. Klosterman, C. F. Parker, and R. L. Preston
Department of Animal Science
Abstract
Beef cattle finishing trials have been conducted in a strip mine feedlot at the
Eastern Ohio Resource Development Center (EORDC) near Caldwell since 1968. In
1972-73, 100 steers and 35 heifers from five sire groups were implanted with hormones
and fed dry whole shelled corn plus pelleted supplement with or without 12.5% dried
brewers grains for 181 days.
The average daily gain and feed required per pound of gain were 2.54 and 6.06
lb., respectively, for the corn plus supplement fed cattle and 2.48 and 6.27 lb.,
respectively, for the cattle receiving dried brewers grains.
The steers and heifers gained 2.58 and 2.43 lb. per head daily, respectively.
The best gain response observed was with steers implanted with Synovex-S. There was
no improvement in daily gain with any of the hormone implants used in heifers.
The average daily gain observed among the sire groups would rank them from
greatest to least as follows: 1) Brown Swiss, 2) Charolais, 3) Hereford, 4) Angus,
and 5) Jersey.

Introduction
Cattle have been finished successfully in a strip mine feedlot at the EORDC for
the past several years. The results of these feeding trials are reported in earlier
OARDC Beef Cattle Research Summaries.
The feedlot is located on about a half-mile section of an abandoned coal haul
road. A high wall on one side serves effectively as a fence and windbreak. The
other side and ends of the feedlot are enclosed with barbed wire. Water is supplied
from a pond and no shelter is provided other than the high wall. Since 1970, the
feedlot has been divided into two lots.
The performance of the first group of cattle fed in this lot (in 1968) was
nearly identical to a counterpart group fed in the new slotted-floor beef unit at
the OARDC, Wooster.
Because the strip mine lot is best suited for self-feeding all-concentrate
rations, or rations with only limited amounts of roughage, studies are being conducted on the role of potential roughage sources which can be self-fed with dry
whole shelled corn and pelleted supplement,

Pjrocedures.
In 1972-73, an experiment was conducted to study the performance of steers and
heifers in the strip mine feedlot from five sire groups which were fed two ration
treatments and implanted with various hormones.
The cattle were vaccinated for enterotoxemia. The steers and heifers were
equally divided between the two lots. They were put on a starter ration on Nov* 8,
1972. The rations fed in this experiment are in Table 1.
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TABLE 1.—Rations for Strip Mine Feedlot, EORDC.

Fi nishing Rations
Added Brewers Grains
Control
Lot 2
Lot 1
(Percent)
(Percent)

Starter
Ration*
(Percent)

Ingredient

50.0
13.0
35.0
1.0
1.0

Corn, Ground Shelled
Soybean Meal (44%)
Corncobs, Ground
Limestone
Salt, Trace Mineralized
Corn, Dry, Whole, Shelled
Supplement (B60)*
Supplement (B72)*

77.0
—
23.0

87.0
13.0
""* *"

*Pelleted through 3/16-inch die.
TABLE 2.—Supplements for Strip Mine Feedlot, EORDC.

Supplement
B6Q*
Percent

Ingredient

B72*

Percent

—«.

Dried Brewers Grains
Soybean Meal (44%)
Limestone
Potassium Chloride (Dyna-K)
Urea, Prilled (281%)
Salt, Trace Mineralized
Potassium Sulfate (K-S)
Dicalcium Phosphate (Dynafos)
Aurofac 50 (50 gm./lb.)
Vitamin A (30,000 units/gm.)
TOTAL

80.7
8.3
2.6
4.0
3.6
0.6
—
0.075
0.125

54.124
30.396
5.840
2.674
2.814
2.533
0.915
0.563
0.053
0.088

100.000

100.000

*Pelleted through 3/16-inch die.
TABLE 3.—Performance of Cattle Fed Dry Whole Shelled Corn Plus Pelleted
Supplement With or Without Dried Brewers Grains.
Days on
Feed

Number of
Animals

Av. Daily
Gain

Av. Daily
Ration (Lb.)

Feed/
Gain

Lot

Ration

1

Whole Shelled Corn
+ Supplement

181

67

2.54

15.46

6.06

2

Whole Shelled Corn
+ Supplement +
Brewers Grains

181

68

2.48

15.46

6.27
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The self-feeders In each lot were filled Initially with 3 tons of the starter
ration. Eight days later, the feeders were filled with 50% of the starter ration
and 50°o of the respective finishing rations shown in Table 1. The third time the
feeders were filled with the finishing rations shown in Table 1. These rations were
fed for the duration of the trial. The composition of the supplements fed is shown
in Table 2.

Results
The performance of the cattle fed dry whole shelled corn plus pelleted supplement (Lot 1) is compared to those receiving dried brewers grains (Lot 2) in Table 3.
The average daily gains of the two lots of cattle were very similar, although
those receiving the higher level of corn in the ration did gain slightly faster.
The cattle fed the dried brewers grains required 3.5% more feed per pound of gain.
The influence of hormone implants on the average daily gains of cattle in the
strip mine feedlot is summarized in Table 4. There was no difference in average
daily gain between steers and heifers in the control group. It appeared that all
hormone treatments used with the steers improved rate of gain. The best average
daily gain observed among all treatments was with steers implanted with Synovex S.
TABLE 4.--The Influence of Hormone Implants on Average Daily Gain of Cattle in
the Stripmine Feedlot.

Steers

Heifers

(100 Head)

(35 Head)

Steers and Heifers

(135 Head)
No. of

No. of

No. of

Hormone
Implant

Animals

Av. Daily
Gain (Lb.)

Animals

Av. Daily
Gain (Lb.)

Animals

Av. Daily
Gain (Lb.)

Control

32

2.48

24

2.47

8

2.50

DES

46

2.48

33

2.56

13

2.40

Synovex H

37

2.42

23

2.59

14

2.25

Synovex S

20

2.65

20

2.72

—

—

--

100

2.58

35

2.43

Average

—

TABLE 5.—Average Daily Gain of Cattle From Five Sire Groups Finished in the
Stripmine Feedlot.

Charolais

Angus

Sire Group
Brown Swiss

Number of Animals

45

67

11

7

5

Average Daily Gain

2.66

2.45

2.68

2.19

2.56
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Jersey

Hereford

There was no improvement In average daily gain noted with either DES or Synovex H
when used in heifers.
The average daily gains of cattle from five sire groups are reported in Table 5,
Both the largest and smallest average daily gains were observed with cattle sired by
dairy-type bulls.
Since the cattle were fed in two groups,, it was impossible to obtain feed efficiency data comparing hormone implants or sire groupings.

Conclj^ions,
The results of this experiment further demonstrate the feasibility of finishing
cattle in strip mine areas in Ohio. Gain and feed efficiency were quite acceptable.
The efficiency of the cattle in this trial was similar to finishing trials in this
same feedlot reported previously. These data demonstrate that DES, Synovex H, and
Synovex S implants improve average daily gains in steers. The addition of brewers
grains did not result in improved performance over a straight, dry, whole shelled
corn-pelleted supplement ration, a ration very convenient to use in self-feeders.
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RATE OF MATURITY AS A MEASURE OF EFFICIENCY IN BEEF CATTLE PRODUCTION
C* F. Parker, Earle W. Klosterman, and F. E. Livesay
Department of Animal Science
Introduction
The major input for the production of carcass beef is the tota] feed required
by the breeding herd and finishing cattle. Recent studies at the OARDC have shown
that of the total digestible nutrients (TDN) required to produce a slaughter animal
to a low choice carcass grade, an average of 55.5% is required by the cow and 44.5%
by the calf. Therefore, a high reproductive rate and maximum slaughter weight of
offspring for a given cow size are obvious important efficiency traits to improve
net efficiency in the production of beef.
Rate of growth has been highly emphasized as an important production trait in
beef cattle. However, the relationship between growth rate and feed utilization
among cattle of various types and sizes fed to a similar carcass grade or degree of
fatness has not been significant. Kleiber1 stated that feed efficiency was independent of absolute rate of gain except for animals of the same size. This suggests
that cattle with a similar slaughter weight potential but a higher rate of growth
would therefore be earlier maturing and more efficient utilizers of feed.
The purpose o£ this paper is to report the relationship of rate of maturity
with total feed required (cow and calfj per edible unit of low choice grade beef.
The measurement for rate of maturity in this study was derived from the following
expression:

Weight per Day of Age
Slaughter Weight
which reduces to:

1

Age at Slaughter
It should be noted that this function measures rate of growth relative to the
body weight at which time the estimated body condition (fatness) would yield a low
choice grade carcass. Weight and time on feed do not influence this measure of
maturity, nor were they considered for determining the end test point for slaughter
of cattle in this experiment.

PrQcedure
The 133 straightbred and crossbred steers and heifers in this study were produced during a 4-year period from matings which included mature straightbred Hereford and Charolais cows, F x Hereford X Angus and Hereford X Charolais cows, and
Angus, Hereford, and Charolais bulls. Cows were individually fed in dry lot according to their nutritional requirements throughout pregnancy and lactation until
weaning. The calves were full-fed a high energy diet on an individual basis from
weaning until slaughter, with subsequent data collected on each carcass at The Ohio

Utilization.

M. 1936, Problems Involved in Breeding for Efficiency of Food
Proc., Amer, Soc. Anim. Sci., p. 247.
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TABLE 1.—Feed Utilization Traits.*
Unadjusted
Means (Lb.)

Standard
Deviation

Total TON (Cow and Calf)

6439

612

TDN/Carcass Cutout

17.2

1.70

13.4

1.54

Trait

Meg. Cal . Carcass

X 100
Meg. Cal. Feed

*Values in this table were from 133 cow-calf
records where the average cow weight was 1035 lb.
and the average slaughter weight was 930 Ib.
State University Meats Laboratory. The end test point for slaughter was determined
when an estimated low choice grade condition was reached. Total feed required by
the cow to weaning time and the calf (pre and post weaning) to slaughter were used
to determine the feed utilization traits,

The overall values used to study feed efficiency were total digestible nutrients
(TON) for the cow and calf, pounds of TDN per unit of carcass cutout (retail product),
and total energy in the carcass (inetabolizable energy) per unit of metabolizable
energy available from the total feed fed to the cow and calf to slaughter. The overall means for these traits are in Table 1*
The least squares method for analysis of variance was used to analyze the experimental data. The statistical model included breed of sire and dam of the calf, sex
of calf, year of birth, and a number of covariates, including I/age at slaughter x
100 to measure rate of maturity.
As a covariate, I/age at slaughter x 100 had a highly statistically significant
influence on the three feed utilization traits presented in Table 1. The average
age at slaughter was 414.5 days and when expressed as I/age at slaughter x 100 is
equal to .2412 with a standard deviation of .0172. The correlation calculated from
the residual sums of squares and cross products from the least squares analysis between I/age at slaughter and total TDN was -0.52, indicating that animals with faster
rates of maturity were more efficient utilizers of feed. This relationship was highest with TDN required during the post-weaning period (r * -0.63) and less (r = -0.22)
with TDN required by the cow. There was a slight relationship between TDN consumption during the pre-weaning period with rate of maturity (r = 0.13), indicating that
faster maturing calves consumed more TDN up to weaning. When I/age at slaughter was
studied as a dependent variable, only the yearly variation and milk production of the
dam were statistically significant effects on the total variability of this trait.
Higher rates of milk production hastened the rate of maturity; however, higher milk
production was not directly related to improved feed utilization.
The data from this study indicate that, within a given environment , rate of calf
maturity (I/age at slaughter) to a low choice carcass condition is an important com-
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ponent of total feed utilization in the production of beef. The importance of this
trait in a selective breeding program needs further study to determine the percent of
total variation which would respond to selection and its interrelationship with other
important traits. The relative importance of rate of maturity among varying sets of
environmental conditions also warrants further consideration. For highly intensified
beef production systems, a rapid rate of maturity may become a more prominent production characteristic of cattle genetically developed for optimal utilization of the
available resources.
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TOTAL FEED EFFICIENCY OF BEEF COWS OF DIFFERENT SIZES AND BREEDS

E. W. Klosterman, C. F. Parker, V, R. Cahill ? and F. E. Livesay
Department of Animal Science
Abstract
Individual feed consumption records of cows for a full year and their calves to
slaughter weight have been obtained during a 4-year period for 133 cow-calf pairs.
Milk production of the cows and weights, gains, and carcass data of their calves
were recorded. These included mature Hereford, Hereford X Angus, Hereford X Charolais,
and Charolais cows varying in size and bred to either Hereford or Charolais bulls.
The cows were divided into three weight classes which averaged 874, 1022, and
1210 Ib. The heavier cows had greater weight-to-height ratios and weaned significantly heavier calves. They required more total feed and their calves ate more feed
prior to weaning. The differences among weight classes in TDN required per pound of
weaning weight were small. Differences in post-weaning performance were not significant among weight classes, but calves from the largest cows produced carcasses which
were significantly heavier. Hereford X Angus cross cows produced the most milk,
weaned the heaviest calves, and required the least TDN per pound of weaning weight.
However, their calves were the least efficient on feed post-weaning.
Differences in carcass traits among calves out of the cow breeds were not significant, except those from Charolais cows graded slightly lower. Net efficiency (total
TDN consumed by the cow and calf divided by pounds of edible portion produced} tended
to be similar for all sizes and breeds of cows as there were no significant differences among them in this trait.

Introduction
The interrelationships of mature size, rate of gain, and efficiency of gain are
of considerable importance to the beef cattle industry. Numerous reports have shown
significant correlations between rate of gain and efficiency of gain. There is also
a direct relationship between rate of gain and mature size. Thus, larger cattle are
likely to result when selection is made for rate of gain.
A beef cow must be fed and maintained for a full year to produce an average of
somewhat less than one calf. The larger the cow, the more feed required for maintenance. The Charolais breed is now well established in this country and a number of
other large breeds have been introduced. Will the calves produced by these cattle
have a sufficient increase in efficiency of feed utilization to more than offset the
increased feed cost of a larger breeding animal?
The objectives of this experiment were:
1.

To determine the total feed nutrients required to produce a unit of
edible beef.

2.

fo compare various breeds and crosses in their total efficiency of beef
production.

3.

To study the effects of size of cattle upon total feed cost per unit of
beef produced.
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Cows of different breeds and sizes were bred for spring calving. Starting in
the fall, they were individually fed once daily the amount of feed calculated from
NRC requirements to meet the needs of dry and lactating cows of their specific weight.
The NRC energy requirement for each individual cow was adjusted for her initial condition according to her weight/height ratio as outlined by KJosterman, et al. (2).
When the calves reached 2 months of age, they were tied to individual feeders while
their dams were fed, but were allowed to nurse the remainder of the day.
The calves were weaned at 205 days of age and fed in individual pens until they
reached slaughter condition. Then carcass weight, grade, area of rib eye, fat thickness over the rib eye, and percent kidney, heart, and pelvic fat were obtained. Milk
production of the dams was determined by the calf consumption method at least twice
during the nursing period. By use of appropriate carcass measurements and formulas,
the percent of edible portion in the carcass (1) and calories of energy in the empty
body (3, 4) were calculated.
When the calves were weaned, the cows were removed from the experiment and a
different group of bred cows brought in for the next year's experiment. The amount
of feed which would have been consumed by each dry cow of her weight during this transition period was extrapolated so that the amount of feed consumed by each cow for a
full year was included in the total feed. To prevent the consumption of bedding, the
cows and calves were bedded with sawdust. Following weaning, the calves were fed in
slotted floor pens.
In each yearfs experiment, 10 head each of Charolais, Hereford, crossbred Charolais X Hereford, and crossbred Angus X Hereford cows were used. Half o£ each breed
group were bred to a Hereford bull and half to a Charolais bull. In the first yearfs
study, a complete mixed ration was fed. Some trouble was encountered from cows eating the sawdust bedding. Therefore, hay, corn silage, and soybean meal were fed to
the cows during the remaining 3 years. Due to a number of causes (death loss of cows,
cows which proved to be open, abortions, loss of calves at birth, and death loss of
calves), final carcass data were obtained OB 133 calves.

Resujts,
The results obtained were studied by least squares analyses of variance. Since
only a limited number of sires of each breed have been used, this variable was not
included in the analyses.
The overall least square means obtained for the 133 cow-half pairs and means for
three weight classes of cows are presented in Table 1. The weight-height ratio
t kg./cm.) has been shown to be a good indication of the condition o£ a cow regardless
of skeletal size, a ratio of about 4.0 being indicative o£ a cow in thrifty condition. This ratio indicated that the heavier cows were carrying more condition than
the lighter cows.
The average weaning weight was somewhat below that normally expected from these
cows and was probably due to the ration problems encountered in the first year. As
indicated In Table 1, the heavier cows produced more pounds o£ calf, but they and
their calves also consumed more feed* So differences in pounds of TDN required per
pound of edible beef produced were small.
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Results obtained according to breed of cow are presented in Table 2. Ihe numbers
of cows of each breed included in this experiment are too limited to draw definite
conclusions. However, the Hereford X Angus cross cows produced the roost milk and
their calves were the heaviest at weaning. Very likely for this reason, the calves
were also less efficient on feed post-weaning and tended to be slightly fatter at
slaughter. In this study, there was no significant difference in age of calves at
slaughter.
It was the objective of this experiment to feed all calves, regardless of sex,
breed, weight, or age,, to choice slaughter grade. This was attained with 84ft« of the
total slaughtered, with only 2°o grading below high good. The least square means were
well within the choice grade and varied less than one-third of the grade* However,
there was a tendency for calves out of Charolais cows to be older at slaughter and
to grade slightly lower.
It is of interest that only 13°o of the metabolisabie energy fed to the cow and
calf was recovered as net energy in the calf at slaughter. Thus, 871 was required
for maintenance and other nonproductive functions. The data included here are only
for cow-calf pairs which completed the experiment and hence are based on a 1001> calf
crop slaughtered. Actual efficiency of production is somewhat lower than this,
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GROWTH OF REPLACEMENT HEIFERS OF VARIOUS
BREEDS FED TWO LEVELS OF FEED INTAKE
E. W. Klosterman, C. F. Parker, R. L, Preston, and F. E. Livesay
Department of Animal Science
Abstract
Two groups of weaning heifer calves sired by Angus, Charolais, Jersey, and Brown
Swiss bulls out of Angus and Charolais dams were individually fed at either 1.5 or
2.0 times their maintenance energy requirement. When fed according to their weight,
there were no apparent differences in absolute rate of gain among them, indicating
that recommended energy requirements are accurate when applied to different breeds,
crosses, and sizes of cattle. However, heifers with Angus breeding tended to gain
more rapidly per unit of weight (relative gain) and to require less feed per unit
of gain.

Introduction
A great variety of sizes and breeds of cattle are presently used for beef production in this country. These include a number of exotic breeds as well as the more
established beef and dairy breeds. There is a high relationship between size and
growth rate in cattle. The energy requirements for maintenance of cattle of various
weights and for various rates of gain have been established by numerous feeding experiments. However, many of these experiments have not included the wide variation in
size and growth potential represented by the present day breeds. A question has been
raised as to whether or not current energy requirements are applicable to crossbred
cattle of various types.
There is also a relationship between mature size and rate of maturing in cattle.
A second question investigated in this experiment was to determine if an interaction
exists between size of heifer and level of feeding during post-weaning development as
measured by subsequent reproductive performance.

Procedure
The heifers used in this experiment were from herds maintained at outlying
branches involved in a breeding experiment designed to compare the combining ability
of various breeds of beef and dairy cattle. The mating plan used to produce these
heifers is in Table 1.

TABLE 1.—Mating Plan for First-Cross Calves.
Breed of Sire
Breed
of Cow

Angus(A)

Charolais(C)

Oersey(J)

Angus

A x A

C x A

J x A

BS x A

Charolais

A x C

C x C

J x C

BS x C
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Brown Swiss(BS)

Heifers from these eight matings were born in tne spring, were on pasture with
their dams without creep until weaned, and were taken to Wooster in the fall. After
a short adjustment period to weaning and to being tied to individual feeders, they
were started on experiment. They were fed for 212 days in 1972-73 and 210 days in
1973-74. Hereford bulls were turned with the heifers during the last 42 days of these
feeding periods and remained with them after they were hauled to pasture at the
Eastern Ohio Resource Development Center.
Half of the heifers of each breed or cross were fed at 1,5 times their energy
requirement for maintenance and the other half at 2.0 times maintenance. They were
tied to individual feeders once daily and were fed a constant amount of corn silage

TABLE 2.--Performance of Heifers of Different Breeding When Fed at 1.5 or 2.0
Times Maintenance, Least Square Means,
Number
of
Heifers
Level of Feeding
1972-73
1.5 x M
2.0 x M
1973-74
1.5 x M
2.0 x M
Breed of Sire
1972-73
Angus
Charolais
Jersey
Brown Swiss
1973-74
Angus
Charolais
Jersey
Brown Swiss
Breed of Dam
1972-73
Angus
Charolais
1973-74
Angus
Charolais

Initial
Wt.
(Lb.)

38
40

N.S.1"
404
403

34
35

N.S.
353
357

20
27
12
19

N.S.
393
419
393
407

Final
Wt.
(Lb.)

Average Average Daily Feed
Grai n
Corn
Daily
Silage
Mixture
Gain
(Lb.)
(Lb.)
(Lb.)

**
609

**
0.97

727

1.53

TON/
Gain

N.S.
6.90
7.17

**
4.32
7.41

N.S.
5.26
4.98

**
3.95
7.00

N.S.
5.29
4.96

548
666

0.93
1.47

N.S.
7.35
7.25

N.S.
683
689
630
672

*
1.37
1.27
1.12
1.25

N.S.
7.01
7.14
6.88
7.11

N.S.
5.76
6.15
5.49
6.06

*
4.51
5.21
5.41
5.35

N.S.
1.19
1.13
1.23
1.24

N.S.
7.34
7.20
7.39
7.31

**
4.73
5.54
5.56
6.08

**
4.63
5.43
5.03
5.41

**

**

17
16
17
19

300
375
350
396

**
550
614
608
655

40
38

*
389
417

*
652
685

N.S.
1.24
1.26

N.S.
6.94
7.13

5.62
6.11

N.S.
4.96
5.27

34
35

N.S.
350
360

N.S.
608
605

N.S.
1.23
1.18

N.S.
7.31
7.31

N.S.
5.42
5.53

*
4.95
5.29

**

N.S. = non-significant, * and
respectively.

**

= significant at the .05 and .01 levels.
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and a sufficient amount of a grain mixture to furnish the specified levels of energy.
Urea, limestone, and sulfur were added to the corn silage at ensiling time and the
grain mixture was calculated to be adequate in protein so that variable amounts of
the two could be fed without significantly changing the protein content of the total
ration.
Maintenance requirements were calculated from the formula:
75

MTDN = 0.0355 w-

with TDN and body weight (W) both expressed in pounds.1 The heifers were weighed
and the amount of grain mixture was adjusted for weight changes every 14 days. Any
refused feed was subtracted from the ajnount offered.

Results
The results obtained with these two groups of heifers were analyzed by the
method of least squares (Table 2). As expected, heifers fed the higher level of feed
gained significantly faster and were heavier at the completion of the experiment.
Heifers fed the higher level also required less TDN per unit of gain ~ differences
which were consistent in both years but which were not significant at the .05 level
when years were analyzed separately.
Initial and final weights of heifers according to breed of sire and breed of dam
were variable between the 2 years. Heifers sired by Angus bulls gained faster than
those sired by Charolais, Jersey, or Brown Swiss bulls in 1972-73. However, this was
not true in the second year and in neither year were there significant differences in
gain between calves out of Angus or Charolais dams. Thus, there appears to be no real
difference in rate of gain of heifers of different breeding when fed according to
their weight to the three-fourths power. Therefore, it can be concluded that energy
requirements for maintenance and gain are applicable to different breeds and crosses
of cattle of different weights and gaining at different rates.
Even though absolute rates of gain of heifers of different breeding were related
to their energy intake, it is of interest that heifers with Angus breeding tended
to have higher relative gains, i.e., gain per unit of weight. Even though they averaged lighter in weight, they gained as rapidly as those from heavier breeds. The
2-year average, relative gains (ADG/Mid. wt.-75 x 100} for calves sired by Angus,
Charolais, Jersey, and Brown Swiss bulls were 1.25, 1.03, 1.12, and 1.12, respectively.
These differences in relative gain are expressed in efficiency of gain as measured
by the amount of TDN required per unit of gain. In both years, calves sired by Angus
bulls required significantly less TDN per unit of gain. Also, the difference in TDN
per unit gain between calves out of Angus or Charolais dams agreed closely in both
y§ars and was statistically significant in 1973-74. These results suggest that some
difference may exist in the metabolic rate of calves with Angus breeding.
The subsequent reproductive performance of these heifers of different breeding
grown at different rates through first breeding will be measured and reported in a
later publication.
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