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Observations on Preconditioned and
Preweaned Calves
Robert Totusek and Norris Whitfield

Story in Brief

Calves were immunized against several diseases before weaning, and
taught to eat concentrates during a 12 day post-weaning period belore
shipment to market or a feedlot. These practices: (1) Did not result in
any appreciable gain during the 12 day post-weaning period, (2) Did
not prevent a typical 5 percent shrink during marketing, and (3) Did not
prevent the large shrink often observed after arrival of calves in the
leedlot.

Introduction

There has been much interest in the cattle industry about various
aspects of preconditioning calves due to the high death loss and large
shrink of feeder cattle after entering the feedlot. Various management
andfor disease prevention techniques are being explored in an effort
to decrease losses and improve early feedlot performance. Therefore,
the data in this report are being presented even though only a limited
number of cattle is represented.

Procedure

A total of 110 Angus and Herelord calves, both steers and heilers,
were included in the trial. They were out of 2, 5, and 4-year-old cows,
and were dropped in March, April and May.

All calves were weighed monthly to yield data for another experi-
ment. At the time they were in the corral for monthly weighing they
were treated against grubs by spraying with the systematic insecticide
CoRal on August 1 and September 1, and immunized against bovine
viral diarrhea (BVD) on September 1, infectious bovine rhinotracheitis
(IBR) on September 1, Leptospira pomona on October 1 and Clostridium
feseri septicum (blackleg) on October 1. In addition, a mixed culture
of inactivated parainfluenza-3 virus and Pasteurella bactrin, multocida
and hemolytica, (Bar-3)! was administered on August 1 and October 1.

The sssistance of Herh Soecd in caring for the cattle Is gratelully acknowledged.,

1 Elanco Products Company, Division of Eli Lilly Company, Indianapolis, Indiang, geneionsly
provided the Bar-8 wvaccime wsed in this trinl
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Calves were weaned and weighed (unshrunk) October 26 and placed
in three traps, each approximately 1 acre in size, Weights (unshrunk)
were obtained again on November 7, and 36 of the calves were hauled
to Stillwater (15 miles) to the experimental feedlot. The remaining 74
calves were continued on feed and water until the morning of November
9 at which time they were hauled to Oklahoma City (approximately 75
miles) and sold through the auction market.

Water and hay (prairie and alfalfa) were available at all times. In
addition, a concentrate mixture of the following composition was fed
{percent): milo, 50; dehydrated alfalfa pellets, 20; cottonseed hulls, 17.5;
cottonseed meal, 11.5; salt, .5; and dicalcium phosphate, 5.

Results and Discussion

Weight changes during the 12 day postweaning period are shown
in Table 1. The average gain was only 3 Ib. per head, with little ap-
parent difference between steers and heifers. Average daily feed intake
was 10.5 Ib. hay (5.75 |b. prairie hay and 4.75 1b. alfalfa hay) and 2.33 1b,
concentrate mix.

A greater weight gain than observed in this trial is necessary in
order to make preweaning attractive to the feeder call producer. This
might have been accomplished with a longer period between weaning
and marketing, or by a greater intake of energy. Weaned calves grazing
native or improved pastures in the fall occasionally make greater gains
than observed in this trial with calves in drylot. It is possible that

Table 1. Weight Changes of Preconditioned Galves

Weight, Per Head

Mo, Weani Weight Change.,
Classilication Calves 10-26-6 11-7-67 er Head
Ik, 1h. Ih.
Sex
Steers 47 425 427 +2
Heifers ] R 393 1
Total 110 405 408 4%
Breed and sex
Angus
Steers K] 452 454 +2
Heifers 29 407 421 +14
Total 0 431 438 +7
Hereford
Stecrs 16 3900 it —2
Heifers 34 73 ir4 +I
Total 50 378 7R 0
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greater gains could have been stimulated with an increased intake of a
more palatable concentrate mix, perhaps further facilitated by limiting
the intake of hay. Producers in the field have reported a high intake
of concentrates and good gains during a short postweaning period,
particularly with calves which had received at least small quantities
of grain previously. The calves in this trial had received no grain prior
to weaning. The health of the calves was good throughout the 12 day
postweaning period.

Feeders have frequently observed thal Angus calves start eating
more rapidly than Hereford calves. Although differences are not large,
compatative postweaning gains in Table 1 indicate that their observa-
tions may bhe correct.

Marketing shrink is shown in Table 2. A weight loss of 19 lbhs. per
head was observed from the prehauling weight to sale weight, This
5 percent shrink is as large as normally observed with newly weaned
calves shipped directly to market from our experimental range. It has
not been possible to obtain follow-up information on the subsequent
performance of the marketed calves to determine the value of the pre-
weaning immunizations and postweaning treatment which they received.

The performance of the 36 calves taken to the feedlot 12 days after
weaning is indicated in Table 5. Note the very large shrink of b6 b, per

Table 2. Marketing Shrink of Preconditioned and Preweaned Calves

Weight, Per Head

Mo Weniing Sale Shrink,Per Head
Calves S9N 1-26-67 11767 11-49-67
Ib. Ib. 1k, Ik,
4 373 376 357 19

1 Fauled 75 miles to market on 11-8-G7.

Table 3. Early Feedlot Gain of Preconditioned and Preweaned Calves

Weight, Per Head

M. Weanin Feedlot
Calves 10-26-6 11.57.671 11-16-67% 12-14-G79
Ib. 1b. 11, 1y,
36 468 470 414 468

! Unshrunk weighis.
2 Weight obtained after 16 hour shrink without feed and water.
% Weight obtalned after 16 hour shrink without water,
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head (12 percent) during the first 9 days in the feedlot after a haul
of only 15 miles. Only a part of the weight loss can be explained by a
difference in weighing conditions (unshrunk to shrunk weight). During
the subsequent 28 days sufficient gain was made to only return the
calves (o their weaning weight, During the first 9 days in the feedlot,
the calves were gradually shifted from the concentrate mix which they
had received alter weaning to a high concentrate ration containing
83 percent milo. Although this was a rather abrupt shift, the health
and appearance ol the calves remained good; only a few minor respiratory
infections occurred during the first 6 weeks of the feeding period.

Summary

The value of the immunizations could not be properly assessed in
this trial because the calves were not challenged by disease situations
during the period of observation. It should be recognized that immuniza-
tions are not likely to be of any value in the absence of disease, and
should not be wsed haphazardly and routinely with the expectation ot
benefit in weight gains, It has also been suggested that certain immuni-
zations might be of greater benefit after weaning than before weaning.

The calves in this trial were young (mostly 6-7 mo. old) and light
in weight {about 400 Ib. average), and the results which were obtained
are probably most typical for this kind of calf. Tt is obvious that simply
“preconditioning” and “preweaning” calves will not automatically insure
desirable weight changes during shipment and the early feedlot phase.
Il undesirable weight changes can be prevented in young, light weight
calves, conditions different from those used in this trial must be pro-
vided,
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One Versus Two Stilbestrol Implants
for Suckling Calves

Robert Totusek

Story in Brief

Angus steer calves which received one stilbestrol implant or two
implants approximately 90 days apart weighed 15 and 55 b, more at
weaning time than nonimplanted calves. In the case of Hereford steer
calves, either one implant or two implants 90 days apart resulted in a
58 Ib. advantage in weaning weight. A breed difference in response to
stilbestrol is suggested by the results. Two consecutive stilbestrol im-
plants produced no undesirable results and may be of greater benefit
than a single implant.

Introduction

Much previous research at Oklahoma State University has shown
an increased rate of gain from the implantation of suckling calves with
stilbestrol. The average increase in weaning weight was 25 Ib., with
both steer and heifer calves showing a response to the treatment. Con-
siderable variation among trials was observed; improvement in weaning
weight varied from 0 to 45 1. per head.

Feeder calf producers have been reluctant to implant calves with
stilbestrol because of possible buyer discrimination against the practice.
There is little basis for discrimination against implanted calves. Re-
search at this station has demonstrated that calves which have been im-
planted while suckling respond to stilbestrol in the feedlot as well as
calves without previous implantation. Research at the Texas Station
has shown that a response to stilbestrol could be obtained in two out
of three production periods (suckling, stocker, finishing). In previous
experiments at this station calves have been implanted at approximately
90 days of age. One 12 mg. implant was most desirable, providing greater
weight gain than one 6 mg. implant but without undesirable side effects
observed at higher levels of implantation. The objective of this trial
wis to compare (1) no stilbestrol, (2) one 12 mg. stilbestrol implant at
an early age, and (3) one early 12 mp. implant plus a second 12 mg. im-
ant 90 davs later. :

“The assistance of Herb Sneed in carlng fov cattle is gratefully ackoowledged.
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Procedure

Eighteen Angus steer calves and 27 Hereford steer calves were avail-
able for this trial. Within each breed the calves were divided into three
groups on the basis of birth date. One group received no stilbestrol.
The second group received one 12 mg. stilbestrol implant at an average
age of 46 and 42 days for the Angus and Herelords, respectively. The
third group received one implant at the same average age as the second
group, plus a second 12 mg. stilbestrol implant at an average age of
181 days. Approximately 90 days elapsed between first and second im-
plantations, and ‘also between the second implantation and weaning.
Stilbestrol pellets were implanted in the ear.

All calves were spring-dropped and out of T-year-old cows. They
grazed native pasture at the Lake Carl Blackwell Range, without creep
feed, and were weaned in October. Table 1 shows a summary of dates
and ages.

Resulis and Discussion

A summary of gains and weaning weights is presented in Table 2,
Two Hereford calves scheduled to receive two mplants disappeared
early in the trial. The rate of gain from birth to time of the first im-
plant was similar Tor all three groups within each breed, indicating tha
the groups were comparable in terms ol genetic potential for growth.
Differences in rate of gain among the three treatments between the
time of first and second implantation were small, although those calves
which had received an implant tended to gain [aster. All implanted
calves gained considerably faster than nonimplanted calves from the
time of second implantation to weaning. This was true for the calves
which had received only a single earlier implant as well as those which
received a second implant.

It appears that potential to respond to stilbestrol is limited in the
calf at a young age, but that this potential increases with age, and

Table 1. Dates and Ages of Calves at Implantation and Weaning

Date of i
Rreed Rirth lar Tmplant el Feplane Weaning
Angus 2-20 4.7 7-1 10-4
Hercfard 3-5 4-14 7-12 10-22
Age in Days at
st Implant Zned Implant Woeinnitng
Angus 46 131 226

Hereford 42 151 233
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Table 2, Influence of 0, 1, and 2 Stilbestrol Implants® on Rate of Gain
and Weaning Weight of Steer Calves

g : Weaning Wi,
Diaily Gain, Th. Advantage
M, To |sr 130w Bod 2nd Tmplant 15t Implant Weani Over

T realmest Calves Implant Tmplant o weaning to weaning ".'\-'e]g]ul,lﬁ:_ Implant, 112
Angus

0 Implant £ 1.46 2,15 217 2.16 54

I Implant fi 1.36 2.14 2.33 2.24 539 15

2 Tmplants f 1.40 2.24 2.64 245 577 53
Hereford

0 Implant 4 1.31 1.86 208 1.98 507

I Implant 9 1.50 2.0l 2.34 2.19 545 ki

2 Implants 7 1.27 1.99 2.39 220 545 38
Both Breeds

0 Implant 15 1.37 1.98 211 205 513

1 Implant 15 1.32 2.06 2.34 221 342 29

2 Implants 1% 1.35 2.10 2.50 2.32 558 46

12 mg, per implant,

turther, that a pellet implanted when the calf is very young continues
to release stilbestrol for a considerable period of time.

A second implant, compared to a single early implant, was of con-
siderable value in the Angus calves, resulting in 38 Ib. additional wean-
ing weight, but was without benefit in the Hereford calves. Numbers
were too limited in this trial to permit definite conclusions. The results
do suggest a breed difference in response to stilbestrol, with Angus
calves requiring a higher level for growth stimulation and beneliting
more from a second implant.

The results of this trial suggest that one 12 mg. stilbestrol implant at
a young age (40-50 days) followed by a second 12 mg. implant about 90
days later has no detrimental effect and may stimulate considerable addi-
tional gain, compared to a single implant. No side effects were observed
in any of the calves in this trial.
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A Comparison of Cottonseed Meal and Urea
in Low Protein Winter Range
Supplements for Cattle
D. L. Williams, Jq V. Whiteman, R. 5. Pittman and A. D. Tillman

Story in Brief

One hundred and ninety grade Angus cows, bred for spring calving,
were used to compare urea and cottonseed meal in low protein sup-
plements, when these were fed to beef cows grazing native range forage
during the winter season,

Animals fed the cottonseed meal supplement lost less weight and
were in hetter condition at the end of the supplemental feeding period.
Differences in weights and condition changes rom November 1 to
September 26 were small, but tended to favor cows receiving the cotton-
seed meal. Treatments did not alfect birth weights of calves, Dams which
had received the cottonseed meal during the winter season weaned
calves which averaged twelve pounds heavier than those receiving urea.

Treatments did not alfect blood levels of calcium, magnesiom, cop-
per, zinc or urea, but animals ru:civing the urea supplement had higher
levels of phosphorus and ammonia. The supplements were also fed to
steers, which were equipped with permanent rumen fistulae, and which
permitted sampling of rumen fluid at various times after the rations
were fed. Higher ruminal fluid ammonia levels were found in those fed
the urea-containing supplement.

These results indicate that the level of urea was too high for
this type of urea-containing ration.

Introduction

For many years ranchers have fed cottonseed and soybean meals
to supply protein to cattle kept on low-protein forages during the winter
season. However, the rapid increase in world population has increased
the demand for il meals in human nutrition and thereby has de-
creased the supply of these products for ruminant nutrition. Therefore,
the need for protein substitutes in ruminant nutrition is becoming acute.

Urea can be made from the products of air, and economics would
indicate a wider usage of it in ruminant rations. Research results indi-
cate that urea has high value as a protein substitute in ruminant fatten-
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ing-type rations; however, urca-containing supplements have not been
well-utilized when fed to cattle consuming high levels of low-quality
roughage.

The purpose of this study was lo compare a urea-containing supple-
ment to an isonitrogenous one containing cottonseed meal when both
were fed to beef cows grazing native range forages during the winter
SEHF0TL

Experimental Procedure

Trial 1.

One hundred and ninety grade Angus cows, bred for spring calving,
were divided into two equal groups on the basis of initial weight, age,
and sire-test group. Each of these groups was then further subdivided
into two groups and four groups were fed their assigned rations from
November 5, 1966, until April 25, 1967. Two locations on the north
side of the Lake Carl Blackwell Range area were utilized with both
rations being fed at cach location. Animals on the different treatments
within a location were rotated among the pastures in an attempt to
minimize the effect of pasture upon animal performance.

Each cow received three lb. per day of its assigned ration from
November 5§ until parturition, at which time her ration was increased
to four pounds per day, the level fed until April 25, All animals were
fed the supplements {Table 1} daily during the [eeding period. In addi-
tion, a poor quality grass hay was fed when snow covered the forage.

Each cow was weighed at the beginning of the experiment, when
supplemental feeding was discontinued, and when their calves were
weaned. The calves were weighed within 24 hours after birth, when sup-
plemental [eeding was discontinued, and again when weaned. Con-
dition scores were assigned to each cow at the initiation of the experi-
ment, when the supplemental feeding period ended, and again when
the calves were weaned. A score of one was assigned, arbitarily, to ani-
mals in the poorest condition of flesh, while those animals in betier con-
dition were assigned higher scores, up to a score of nine for those show-
ing the highest condition in the groups.

Five animals were randomly selected from each subgroup on March
1, 1967, and blood samples were taken from each of these animals 2
hours after [eeding. The plasma of each sampIr: was analyzed for its
content of calcium, phosphorus, magnesium, copper, zinc, ammonia and
Ured.
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Table 1. Percentage Composition of Rations!

Irsatmncois Hation 1 Ratiom 2
Tugredients
Ground milo 48.0 745
Alfalfa meal 5.0 5.0
Molasses 2.0 5.0
Wheat bran 20 3.0
Cottonseed meal 32.0 ks
Trace minerals—salt® 3.0 3.0
Diammonium  phosphate Lo 1.0
Dicalcium Fhosphatﬁ Lo 1.5
Vitamin A e i
Urea iy 4.0
Sodium phosphate e 1.0
TOTAL 1000 100.0
Chemical Analysis
Crude protein 20,8 21.0
Caleium .42 .45
Phosphorus 1.00 L.00

L Feerls growmd and lieted into three-quarter inch diameter pelles.
*To each 100 pounds of diet was added the following mincral salte in grams: NaCl, 1#06.2;
l'..nGCI ?H..U_. 0.4 Ul!‘rﬂ I'I_BIJ 1.7: 11:50 .l!.'.[.lJ 41.3; Ml'l,hﬂ H._BL'}, A6 K. Lo 0¥ and InS0 .

HJ} ]35
3 Each pound of supplement containg 10,000 LU, of vitamin A pabositale.

All cows were allowed to graze the indigenous green forage in two
dillerent locations during the subsequent spring and summer, allotment
to the locations being made on the basis of winter treatment and sire
group. The cows were rebred starting on May 1 and ending Aug. 1. In
order to determine the possible effect of previous winter rations upon
reproductive performance, the subsequent date of calving as well as
the weight of the calf were obtained on all cows,

Trial 2,

Steers, equipped with permanent rumen fistulae, were used to
determine the effect of the two rations, which were used in the first
trial {Table 1), upon ruminal fluid ammonia levels. The trial consisted
of two parts: In the first part, six steers, three per treatment, were given
their assigned rations for 10 days in order that they might adjust to
the supplements. Food was removed for 36 hours and they were then
fed four 1lb. of the assigned supplement and eight 1b. of poor-quality
grass hay. Rumen fluid samples were taken zero, 50, 60, 90, 120, 180,
240, 300, 360, 480, 600 and 720 min. alter feeding and analyzed for their

ammonis contents.

In the second part, four fstulated steers, two per treatment, were
used. Feeding, management, and sampling of the animals were the
same as described in the first part of the trial except no fasting period
preceded the feeding and sampling of the rumen [Muid,
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Results and Discussion

The performances of the cows in trial 1 are shown in Table 2.
Animals receiving the cottonseed meal supplement lost less (P=I.0H5)
weight during the winter feeding period and were in better (P<.005)
comdlition of flesh when the season ended.

Weight changes and condition scores during the total period from
November 1, 1966, to September 1, 1967, were small; however, both
measurements apparently favored the cows which received the cotton-
seedd meal. The cows did not consume the urea-containing supplement
readily and on some days they did not consume all of the supplement
for several hours after feeding. In contrast those receiving ration 1
consumed the feed within a very short time after feeding,

Meither birth weight nor weaning weight of the calves was al-
fected significantly by winter feed; however, there appeared to be a
trend in favor of the calves from mothers receiving the cottonseed meal-
containing  supplement. Winter treatments did not affect the sub-
sequent calving dates or birth weights.

Blood values on samples taken from five cows in each subgroup
are shown in Table 8. As location had no effect (P>.05) on any mineral,
each walue in Table 3 represents the average values from 10 cows,
Rations did not affect (P>.05) serum levels of calcium, magnesium,
COppEr, zinc or urea. However, the animals receiving the uwrea-con-
taining supplement contained higher levels (P<.005) of both ammonia
and phosphorus. The higher phosphorus level in cows receiving the
urea-containing supplement has two plausible explanations: (1) The
[orage in one pasture contained a higher level of phosphorus than the

Table 2. The Effect of Protein Supplements on Performance of the Cows

Diiet _

Iicm Ratign | Ratiom 2 SE2
C5M uren

Weicht change, winter® —80.4 —124.3 |
{_‘.onﬁitjon change, winter® — 1.5 — 21 0.13
Weight change, total’ 9.6 — 141 12.%
Condition change, total® — 0.52 — 0.83 0.17
Birth weight u{g calves' 63.9 62.9 1.4
Weaning weight of calves® 469.4 457.9 7.1

P Standard ermor of Ereatment mesns .

= The winter feeding period was from MNovember 5 to April 25, )

T The tmal period was from MNovember 1, 1966, 1o Seplember 26, 197,

1 Corrected for sex by moltiplving the heifer weight by 1IME, x ;

5 Corrected for 205 day weaning weight by fl:lml'g?g[ DG % 305 - hirth weight), and corrected

[or sex by multiplying the heifer weight by 1050,
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Table 3. Fitect of Protein Supplements upon Blood Serum Constituents
of the Cows

Diet
Tueme Ration 1 Ration 2 5E2
CSM e

Constiluents
Number of cows in 10
Caleium  (mg/ 100 ml.) [1.10 10,75 185
Phosphorus  [mg. /100 ml}) .79 8.18 230
Magnesium  (mg. /100 ml) 2,61 2,39 D44
Copper  (ppim) 0.80 0,77 034
Zinc (ppm) .80 0,79 {061
Ammonia (g 100 ml) .56 2.05 095
Urea (mg. /100 ml.) 514 7.16 1.09

Vaanddard ervor of treatment menns,

other three pastures and one group of cows from those fed the urea-
containing diet were in this pasture when blood samples were obtained.
(2) The urea-containing diet contained a higher proportion of inorganic
phosphorus than the other diet.

The higher blood ammonia values in cattle fed urea were ex-
pected: Urea is readily hydrolyzed by microbial urease present in ruminal

a0 | ]
______ C5M
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I 1 i i i 1 (] [l 1 | L 1 L i i ]

i 1 1 1
1ep 240 300 3460 480
Minutes Afer Feading

L T W
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Figure 1. The ctfect of protein supplement on ammonia concentration
in rumen fluid of steers.
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fluid to ammonia and carbon dioxide. If there are sulficient carbon
[ragments {alpha keto acids) from carbohydrate origin present, the am-
monia is incorporated into microbial protein. However, if there is not
a sufficiency of the carbon fragments present, the ammonia crosses the
rumen wall and goes into the blood. These results indicate combina-
tion of weathered runge grass and the supplement did not provide
enough carbon fragments and that much of the urea nitrogen provided
in ration 2 was wasted.

Ruminal fluid ammonia values of trial 2 are shown in Table 4 and
these values were greater (P<.005) in animals which had received the
urea-containing ration. These values along with the blood ammonia
values of Trial 1 indicate that protein synthesis in animals consuming
the urea-containing supplement was low. For this reason greater weight
loss and a poorer condition was found in these animals as compared
to those fed the cottonseed meal-containing supplement.

These results support the idea that the level of urea in ration 2 was
too high. Missouri workers have shown by uwse of artificial rumen

o o =

MG, MH3/100 ML Rumen Fluid
=

i i i i L 1 i 1 I i

T T [ L 1
J00  3&0 480 L1011 Fa

Minutes AFter Feeding

30 &0 90 120 1o 240

Figure 2. The effect of protein supplements on ammonia concentration
in rumen fluid of steers fasted Sﬁlimurs prior to feeding and sampling,
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Table 4. The Effect of Protein Supplements on Ammonia
Concentrations in Rumen Fluid

Diet
) Lation 1 Ranion 2 5EL
36 hour fasting (mg./100 ml.} 5,2 7.0 0.3
Mon fasting (mg./100 ml.) 4.0 16.0 1.8

! Standard error of treatment means,

studies that a ratio of 55 parts of carbohydrate is needed for optimum
protein synthesis when urea is the sole source of dietary nitrogen. As
feed grade urea contains about 45 percent nitrogen, these results would
indicate that a ratio of about 25 parts of NFE to one part of urea is
needed lor optimum urea utilization, More importantly, the NFE of
weathered range forage is slowly hydrolyzed, thus it is doubtful if the
NFE contained in these feeds is of much value for furnishing the carbon
Fragments needed for protein synthesis in the rumen. I this is true, all
of the required NFE for protein synthesis must be included in the urea-
containing supplement. This, of course, would place the upper level
of urea in most range supplements to around two percent,

These results of the present experiments offer a possible explana-
tion as to why Nelson and coworkers of this station never obtained
good urea utilization when urea-containing supplements were fed to
range cows.

The Association Between Sex and Certain
Lamb Carcass Characteristics
Lowell E. Walters, J. V. Whiteman and Melton Ezell

Story in Brief

Differences in economically important live animal and carcass
characteristics were observed belween sexes in lambs. Ram lambs grew
faster, reached slaughter weight at an carlier age, had higher daily gains
throughout life and produced more muscle and bone in a shorter period
of time than wether and ewe lambs. Ewe lambs grew slower, thus re-
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quiring more time 1o reach market weight, and produced carcasses that
were fattest of the sexes—with wethers intermediate with respect to these
characteristics. Carcass quality grade scores were highest for ewe car-
casses as were palatability scores for tenderness, flavor and meat juice.
Differences in growth and carcass composition were observed to be
greater among sexes than were the differences in quality and palatability
of prepared cuts ol the carcasses.

Introduction

Consumer preference for lamb with high ratios of lean to fat and
of lean to bone has been well established. During recent years, research-
ers have dealt with the problem of producing heavier muscled lamb
carcasses through selection and management techniques. Earlier studies
with cattle have demonstrated that the uncastrated male has a greaier
potential for muscle production with minimal fat than the casirated
male or the female.

This study was undertaken to investigate the differences among
sexes in lambs for (1) growth, (2) carcass composition (lean, fat and
bone) and (3) carcass quality and palatability.

Materials and Methods

Equal numbers of ram, wether and ewe lambs out of Dorser X
Rambouillet or Western ewes and sired by mutton breed rams, were
slaughtered in each of two years. The lambs were fall born and reared
on wheat pasture. Lambs were weaned at approximately 70 days of age
at which time the ewes were removed, and the lambs remained on wheat
pasture with access to creep feed. From this point in time, the lambs
were weighed regularly until they reached a slaughter "full” weight of
one-hundred pounds. Slaughter occurred after 18-hour shrink at which
time carcass component measurements and appraisals were made fol-
lowing accepted procedures.

Results and Discussion
Growth

Data presented in Table 1 summarize the influence of sex on certain
estimates of growth and carcass measurements.

Ram lambs were observed to grow faster by all measures of growth.
This difference has been observed in other species also. They were
heavier at 70 days and had higher average daily gains to slaughter weight
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Table 1. Mean Comparisons for Growth and Slaughter Measurements

Mean r

Measnremment " Ham T Wether Fowe:

70-day weight {lbs.) 56.4 52.7 52.1
ADG to 70-days (lbs.) 0.7 N6 0.6
ADG T0-dayz to slanghter {lbs.) 0.7 0.6 0.6
Age at slaughter (days) 137.3 154.9 (LR
Slaughter weight (lbs.) 923 .7 a0.3
Chilled carcass weight [lbs.) 40.7 5008 50.7
Clarcass weight per day of age (lbs.) 0.4 0.3 .45
Dressing percent 53.5 56.2 56.9

Carcass quality grade Ave, Ch. Hi. Ch. Low Pr.,

than wethers and ewes. There were only small differences in growth
rate between wethers and ewes. The somewhat lower dressing percentage
of the ram lambs is believed to be due to smaller deposits of fat than
wis the case with wether and ewe lamb carcasses. Also, some of the
ram lambs had heavy horns. Carcass quality differences were observed
as shown in Table 1. 'The fatter ewe carcasses had more feathering, fat
streaking in primary and secondary [lank and [lirmer flanks than
wethers and rams. Rams had lower gquality scores because they ex-
hibited less feathering and lat streaking and were softer.

Carcass Lean

The rate and efficiency with which meat animals produce muscle
is becoming more important since the consumer is placing more em-
phasis on the matter ol proportion of lean in retail cuts at the self-service
counter. Lamb carcass lean differences by sex are presented in Table 2,

Table 2, Mean Comparisons of Lean Measurements

Mean A

Measurement Ram Wether Ewe

Total lean wc:ght (Ths. ]l1 26.8 25.7 25.3
Percent carcass lean® 55.1 0.7 49.8
Percent lean of slaughter we® 29.0 28.0 27.9
Percent trimmed major wholesale 156 35.9 35.9

cuts?

Loin eye area (sq. i %1 23 2.9 2.2
Left trimmed leg v.nelg t (lba} 5.6 5.5 5.4
Percent left trimmed leg weight® 11.5 10.7 10.6

TLba. of lean per lamb.
2 Calculated a5 a percentage of carcass weight,
® Calculated a5 A percentage of slaughter weight.
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Rams weighed slightly more at slaughter than wethers and ewes,
and the total lean in the ram carcasses was found to be higher than
for wether and ewe carcasses, When lean was expressed as a percent of
slaughter weight, the rams yielded one percent more lean than the
wethers and ewes. When lean was expressed as percent of carcass weight,
rams were found o have 55.1 percent lean as compared to 50.7 and 49.8
percent respectively for wether and ewe carcasses. This apparent ad-
vantage however, is somewhat unrealistic because 1t does not take into
consideration the lower dressing percentage for rams. The presence ol
larger amounts of intermuscular fat, plainly visible in the wholesale
cuts of ewe and wether carcasses is thought to be responsible for the
hipher dressing percentages in these sexes as well as for the higher per-
cent of trimmed major wholesale cuts in ewe and wether carcasses.

Carcass Fat

While fat is essential to lamb carcass quality and to certain of the
palatability characteristics, the search for animals with superior muscl-
ing must consider the carcass component variable known from earlier
work to have the greatest magnitude—namely FA'T. Mean measurements
tor carcass fat by sexes are presented in Table 3.

In terms of fat trim from the 4 major cuts and total carcass fat
as determined by ether extract procedures, ram carcasses had significantly
less fat than wethers and wethers significantly less fat than ewes. Similar
rank order is observed in such carcass fal estimates as percent kidney
knob, average fat thickness at the 12th rib, thickest fat at 12th rib,
percent fat trim from the loin and loin fat trim expressed as percent
of carcass weight.

Table 3. Mean Comparisons of Fat Measurements

Mean

Measurement Ram Wether Ewe
Fat trim from four major cuts (lbs.) 5.4 6.8 7.5
Total carcass fat weight (lbs.) 153.1 16.4 17.8
Percent carcass fat 26.9 33.3 35.2
Percent kidney knob 2.0 4.0 4.7
Ave, fat 12th rib {in.) 0.2 0.2 0.3
Thickest fat 12th rib {in.} 0.5 n.7 0n.e
Percent left loin fat trim

{of carcass) 1.7 2.1 23
Percent left loin fat trim

[of left loin) 21.2 25.1 26.4
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Carcass Bone

Bone represents the remaining major carcass constituent. Because
of the association of growth characteristics with size and proportionae
development of the parts of the animal, certain estimates and measures
ol bone content in the carcass were observed. Mean comparisons of
certain of these are presented in Table 4.

Percent carcass bone was found to be significantly different for each
of the three sexes. Bone in the leg, expressed as weight or percent of
carcass weight was also found to be signiflicantly diflerent for each of
the sexes. It should be noted that rams have more bone by all measure-
ments. It should be further noted that excessive bone is just as objection-
able in the carcass as excessive fat.

Palatability

Tenderness, Havor and meat juiciness scores were obtained from a
waste panel for one-mch thick cooked rib chops from each carcass. For
season 11 of the study, dilferences in the 3 mentioned palatability charae-
teristics between sexes were small and non-significant. Rank order for
mean values of the panel scores for tenderness was ewe, wether and ram;
for flavor—ram, ewe and wether and for meat juice, the differences
were small and inconclusive, Warner-Bratzler shear force values Im
tenderness were determined. From these results, it appears that ewe
carcasses were more tender than wethers and wether carcasses more
tender than rams (taste panel results are in agreement).

Table 4. Mean Comparisons for Bone Measurements

Mean
Mansurement Ram Wether Ewa
Total bone weight (lbs.) 8.77 8.14 7.62
Percent carcass bone 18,03 16,03 15,10
Left leg bone weight (lba.) 1.14 1.02 0.95
Percent left leg bone weight 234 2.0 1.87

(carcass bagis)
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Observations Relative to Raising
Spring Born Lambs

W. A. Zollinger, A. A. Ovejera, 8. V. Tennery, J. V. Whiteman

Story in Brief

In the spring ol 1967, 354 lambs were born. They had an average
birth date of April 2, 1967 and an average weight of 9.6 pounds. They
were weaned in an average of 2.2 days and weighed 59.0 pounds. O
these, 345 were marketed at an average of 157.5 days ol age and 95.4
pounds,

Efficiency figures were L34 and 7.0 pounds of feed per pound
of gain, preweaning and postweaning respectively. Combining these
figures we have 5.74 pounds of feed per one pound of body weight
produced. Average daily gain from weaning to market was 0.47 pounds,

Introduction

A large percentage of the lambs in Oklahoma are born in the
fall. The existing opinion of sheepmen is that lambs born in the spring
ciannot make a profit because of the high incidence of internal para-
sites, the lower efficiency due to higher temperature and other adverse
conditions. The question that arises is, can proper management over-
come these conditions and make spring lambing profitable?

The purpose of this paper is to present observations from omne
spring born lamb crop at the Fort Reno Livestock Research Station.

Materials and Methods

The observations reported were obtained from the spring 1967
lamb crop of ewes lambing on a twice-yearly program at the Fort Reno
Livestock Research Station. The ewe flock consisted of 275 Dorset,
Rambouillet and Dorset X Rambouillet ewes. It should be kept in
mind that some of these ewes lambed the previous fall,

The procedures followed for the project were:

1. The ewes were bred over a period of sixty days beginning October
20, 1966. During the winter the ewes were on pasture and were not
supplemented with grain until February 13, approximately one
month before lambing. The grain supplement consisted of one
pound of milo per ewe per day. This supplement was continued
until the lambs were weaned.
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The breeding period was such that lambing occurred from March
15 to May I5, 1967. As the ewes lambed, they were placed in indi
vidual stalls for a period of 2-5 days depending upon the strength
ol the lamb, The animals were then removed from these pens and
put in larger ones with up to 10 other ewes and their lambs.

In these pens the lambs were docked within 24 hours, Alter
a three day retention the ewes and lambs were released into the
main corral area,
The ewes were separated from the [ambs once in the morning and
once in the alternoon for intervals of 13 hours and allowed to
graze on bermudagrass-alfalfa pasture. The lambs were retained
in the pen in an effort to reduce internal parasite infestation. As
the lambs grew older, the periods Je:ngthcnutl to & hours.
From the time the lambs were turned into the main pen, they had
access to a creep. The ration here was: 57 pounds ground milo:
10 pounds soybean oil meal: 5 pounds molasses: 28 pounds ground
alfalfa hay.
The lambs were lirst weighed when the oldest reached 45 days
and at 14 day intervals thereafter. They were weaned when they
attained a minimum age of 66 days and weight of 50 pounds. When
the number of lambs not meeting these requirements decreased (o
22, all were weaned regardless ol age and weight.
The weaned lambs were moved to a feedlot. All ewes and lambs
received phenothiazene mixed with salt until the lambs were
weaned, then the lambs received only salt. Also, two weeks after
the last lambs were weaned, the soybean oil meal in the ration was
replaced by an equal amount of alfalfa hay.
Observations on earlier spring lamb crops showed a decline in
gains as the temperature increased. In order to avoid this as much
as possible, the lambs were shorn when they showed heat stress.
Since this was a cool summer, only 55 lambs were shorn on August
15, 1967.
The lambs were marketed as they reached a minimum of 93 pounds,
Also, as in weaning procedures when the number of lambs under
93 Ibs. decreased to 28, the remaining were sold regardless ol
weight.

Results and Discussion

This report presents observations pertaining to birth, weaning,

murket weights and efficiency of gain of lambs born in the spring.
Table 1 contains the average weights and ages of this lamb crop.
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Table 1. Average weight and age of lambs at various life stages

MNumhber - Average -
Slnge of lambs Weight Ape indays
Birth 78 9.6 i
Weaning 354 59.0 72.2
Market 343 95.4 157.5

Birth

Of the 276 ewes in the [lock, 236 lambed. Lambing began on Mych
15 and ended on May 15, 1967. During this period 578 lambs wre
born with an average birth date of April 2, 1967,

Lamb weights ranged from 4.0 to 14.7 pounds with an avenge
of 9.6 pounds. The lambs were healthy and active on the whole mnd
developed normally.

Weaning

As the Jambs reached a minimum age of 66 days and 50 pound of
weight, they were taken from the lambing barn to the feedlot. The
last group weaned took all lambs regardless of age because of the small
number (22) remaining under 66 days of age.

Of the 378 lambs born, 354 lived and were weaned. Tetanus and
starvation caused the majority of deaths and no sign of internal para-
sites was noted. Owverall weaning averages were 59.0 pounds of body
weight at 72.2 days of age. The average weight adjusted to a standard
at 70 days was 57.0 pounds.

Market

Of the 354 lambs weaned, 343 were marketed. Internal parasites were
not the cause of any deaths, rather 10 of the 11 lambs were destreyed
because they had hemorrhoids.

The lambs were weighed at two week intervals and marketed as
they reached 93 pounds. The first group was sold on July 17 and the
last on November 15, 1967 which contained all remaining lambs re-
gardless of weight, The average market date was September 9 and the
average market age was 157.5 days. The average weight was 95.5 pounds.
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Efficiency
Perhaps the most significant data that can be given on any produc

tion program are [eed efficiency figures. Table 2 contains average daily
gains and feed efficiency figures.

These lambs gained 0.65 1b. per day or an average of 47.3 pounds
of body weight from birth to weaning. This weight, 16,752 pounds,
was gained on 22,500 pounds of creep feed plus mother's milk. Remember-
ing that part of the gain was due to mother’s milk before weaning, the
lambs gained one pound of body weight for every 1.34 pounds of feed
consumed,

More important, after weaning the lambs gained 047 pounds
per day. They were fed 86,025 pounds of feed and gained 12,242 pounds,
thus for every 7.0 pounds of feed consumed, the lambs gained one
poumnid.

The overall daily gain was 0.53% pounds and with a gain of 28,994
pounds on 108,525 pounds of feed; therefore, for every 3.74 pounds of
feed consumed, one pound was gained.

One factor should be explained. The temperature in the summer
of 1967 was lower than normal. This undoubtedly atfected the per-
[ormance of the lambs and the number that had to be sheared to ob-
tain satisfactory pr:rfurmance.

Table 2. Rate of gain and feed efficiency at various periods

Perind Daily Gain 11>, Feed fone b, gain
Birth-weaning .65 1.34
Weaning-market 0.47 7.03

Hirth-market .55 574
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The Age and Weight at Puberty of Some
Angus and Angus-Hereford
Crossbred Heifers

E. J. Turman, R. H. Edwards, R. L. Willham and R. E. Renbarger

Story in Brief

Seventy-four Angus heifers were started on sell-feeders containing a
60 percent concentrate ration one week after weaning. After 140 dayson
feed, 69 (93.2 percent) had attained sexual maturity (puberty) at an
average age and weight of 267 days and 514 Ibs. Average daily gun
during this period was 2.02 lbs. per day. In comparison, a comparable
group ol Angus heifers being developed as replacement heifers gaired
0.19 lbs. per day during the same period and 4 (15.5 percent) reached
puberty. Twentyseven Angus-Hereford crossbred replacement heilers
gained 0.53 1b. per day during this period and only 2 (7.4 percent) at-
tained puberty,

The Angus and crossbred replacement heifers were maintamed on
native grass pastures and fed the necessary supplemental feed (cottonseed
meal and ground milo) for the moderate level of winter gain (approxi-
mately 0.5 Ib. per day). Estrus observations were discontinued on April
16, at which time the average ages of the heifers were just under 14
months. Twelve (46.1 percent) of the Angus and 7 (25.9 percent) of the
crossbred heifers had attained puberty, The average ages and weights
were: Angus 375 days and 474 lbs; and crossbred, 383 days and 459
1bs. This response of the Angus and crossbred heifers is very similar to
that reported previously for Hereford replacement heifers on the mod-
erate level of winter feeding,

The data obtained in this study emphasized, again, the etfect ol
higher levels of nutrition in stimulating early sexual maturity in heifers.
It suggests that Angus and crosshred heifers must be fed during the
winter to gain faster than 0.5 Ib. per day if all are to reach sexual ma-
turity by 15 months of age.

Introduction

The age at which beef heifers start production is usually dictated
by the system of management. The most common management system
practiced by Oklahoma cow-calf operators is calving only during a
single limited season. This forces the cattleman to make the decision as
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1o whether heilers should be bred to calve First at 2-years of age or wait
until they are 3-year-olds.

The results of studies at the Fr. Reno Research Station have indi-
cated that if beel heifers are sulficiently well developed they may salfely
be calved at two-years of age. The results, as summarized in the 1963
Feeders' Day report {Dkl:!.. Agr. Exp. Sta. MP-T0, page 15), showed
there was no adverse effect of two-year old calving on later reproductive
performance, mature size, or life span.

I[ heifers are to be bred to calve at two-years of age they must have
reached sexual maturity (puberty), as evidenced by the establishment
ol a regular estrual cycle, by 15 months of age. Several factors are known
to influence age of puberty, the most important of which is the level
of nutrition fellowing weaning. It has also been reported that there are
delinite differences between breeds in age of puberty, although most
af these studies have been concerned with heifers of the dairy breeds.

A previous Feeders' Day report {Okla. Agr. Exp. Sta. MP-70, page
28) reported the average age of puberty for replacement Hereford heifers
being carried at three levels of winter feeding at the Ft. Reno Station.
The average ages and weights for heifers on the various levels were:
high level, 355 days and 540 1b.; moderate level, 373 days and 522 1b.;
and low level, 386 days and 475 lb. The average daily gain of the
heifers on each of these levels during the winter were: high, 1.05 Ihs/
day; moderate, 0.55 lb.l."d:jy; and low no gain.

Comparable observations have not been obtained for Angus heifers
at the Ft. Reno Station. This report is concerned with data collected
on the attainment of puberty of a limited number of Angus and Angus-
Hereford crossbred heifers that were being carried on two levels ol
post-weaning nulirition,

Materials and Methods

The data used in this report were obtained [rom: 100 Angus heilers
produced in an Experiment Station cow herd at the Lake Carl Black-
well range, Stillwater in 1965, and moved to the Ft. Reno Experiment
Station at time of weaning; and 27 Angus-Hereford crossbred heifers
produced in a Fr. Reno Experiment Station cow herd in 1965, Seventy-
four of the Angus heilers were immediately placed on [ull-feed for 168
days at the Fr. Reno Station, They are part of the 279 Angus described
in a previous Feeders' Day report (Okla. Agr. Exp. Sta. MP-79, page 51).
They were sell-led a 60 percent concentrate ration starting one weck
after weaning. The remaining 26 Angus heilers, plus the 27 crossbred
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heiters, were developed as replacement heifers to be used in &us
synchronization studies in the following spring. They were maintaecl
on i moderate level of winter l'Et:{Hng on native grass pastures receltg
114 1b. cottonseed meal per head per day starting November 15,Hus
ground milo as needed to obtain approximately 0.5 1b. per day gai

The occurrence ol estrus was determined by use of vasectowred
bulls running with the heifers. Estrus observations were terminatd in
the feedlot heifers on February 10, 1966. The observations wereion-
tinued in the replacement heifers until April 16, 1966 at which ime
hormone feeding was started.

Results and Discussion

The data reported in Table 1 compares the rate of reprodutive
m:llurit}r of [ull fed and limited fed beel heilers. The Angus hifers
used in this study responded to full feeding following weaning by mch-
ing sexual maturity at an average age of slightly less than 9 months. fter
140 days in the feedlot, 98.2 percent had reached puberty and begn to
cycle. This compares to only 15 percent of a comparable group of Mgus
heifers fed to gain only 0.19 lb./day during the same period, anl 7.4
percent of the crossbred heifers gaining 0.55 Ib. per day. Certainly, this
tlata does not suggest that any heterosis is associated with attainmet of
sexual maturity of crossbred heifers being fed only a limited amowt of
supplemental feed during the winter,

The data summarized in Table 2 suggests that there are diffeimnces
between sires in the rate at which their daughters reach sexual mawrity.
The difference of nearly a month in the ages at which heifers o the
various sire groups reached puberty {range 253.1 days to 277.1 days was

Table 1. Some measures of reproductive development of Angus and
Angus-Hereford crossbred heifers maintained under twio dil-
ferent levels of nutrition from weaning on September 28,
1965 until February 10, 1966—number attaining puberty and
age and weight at first estrus.

Dieseription Avi, First Bittus
£ . Wi, Heifer il Altaini Avg. Avg,
H;Elr.r Nao, !|IJ-','!"I -i.'-ﬁw J;erﬁ:m. !ER;I[;L r:f-:r::r'ﬂ“ .-"LE: “': Kl
- . (1. () (lb. fday) N N '.-‘i- Ifl:la_'r;}_ (Ih.y
Feedlot Heifers
Angus 74 401.2 6838 2.02 69 952 2674 Sl4.4
Replacement Heifers
Angus 26 4229 4488 019 4 15.4 3208  490.0
Cirossbred 27 3922 4628 053 2 74 325 4200

—_—
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Table 2. Some measures of reproductive development of sire progeny
groups of Angus heifers on full feed—number attaining
puberty during a 140 day feedlot period and average age and
weight at first estrus,

Avg.
Avg, W, /Heifer ]JaFlr First Estrug Attaining
Mo, 4-23-5 2-10-66 Gain Age Wi Pubcrty
Sire Teifers [{11%] {1y (b sday) {days) {1} Mo, k]
02303 7 3064 686.0 2.15 253.1 510.3 7 1000
02305 8 411.3 705.5 2.18 255.5 524.9 B Tk
02205 7 438.6 715.4 2.06 260.5 302.5 7 LAk,
N2222 9 3778 617.0 1.79 2635 458.8 7 7.8
nE2 ] 407.5 675.9 1.99 269.7 520.0 & 75.0
222y 8 388.1 6428 1.89 269.8 A02.8 6 5.0
2501 8 427.5 TH.6 2.04 275.3 5647 ¥ 87.5
0F302 9 1928 677.8 2.12 2771 5303 8 88.9

not statistically significant, but the differences in the groups in weight
at first estrus (range 458.8 lb. to 564.7 1b.) was significant (P<.05). This
suggests that the differences between sire groups in altainment of sexual
maturity are largely a function of differences in average rate of gain
of their daughters. The importance of rate of gain is further indicated
by the observation that the three groups in which all heifers had reached
juberty by February 10 were also the three groups with the youngest
average age at first estrus and included the top two groups and the fourth
ranked group in average daily gain.

Table $ presents data on the reproductive development of Angus
and Angus-Hereford crossbred replacement heifers wintered at a moder-
ate level (0.5 lb./day gain). Because of the necessity to start hormone
treatments on April 16, data on age and weight at [irst estrus was not
ohtained on all heifers in the experiment. At the time the observations
were terminated on April 16, the average ages of the heifers in ¢ach
breed group were; Angus heifers 13.7 months, and crossbred heifers,
159 months. Twelve (46.1 percent) of the Angus heifers had attained
sexual maturity at an average age of 375 days and a weight of 474 lbs.
Seven (25.9 percent) crosshreds had reached puberty at an average age
and weight of 383 days and 459 lbs., respectively. These limited data
obtained on the Angus and crossbreds compare very closely to the
average age at first estrus of 373 days observed in Hereford heifers win-
tered on the moderate level at Fr. Reno and relerred o previously
(Okla. Agr. Exp. Sta. MP-70, page 28). The average weight reported for
the Hereford heifers (522 lbs) was approximately 50 lbs. heavier.
However, it should be pointed out that these averages were obtained on
only one-half of the Angus and one-fourth of the crossbred heifers. Had
observations been continued until all heifers had reached puberty it is
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Table 3. Some measures of reproductive development of Angus and
Angus-Herelord crosshred replacement heifers maintained at
a moderate level of winter feeding—number of heifers at-
taining puberty by April 16, and average age and weight at

first estrus,
Avg. At First Estrus
o Aw, Wt /Heiler Daily Atraining Avg. Avg.
1-15-6i5 4.1 865 Gain Fuberty h;n Wi,
Breod N NIiN] (1) (1. Fday) Nao. g (days) Wt,
Angus 26 4315 491.9 .41 12 46.1 3751 474.2

Cirossbred 27 437.6 313.7 0.51 7 25.9 383 3 458.9

likely that the average age would have been older and average weight
heavier.

These observations confirm other reports of the importance of
level of nutrition on rate of sexual development. While complete data
was not available on the Angus replacement heifers, it would appear
that their performance is very similar to that observed in Hereford
heifers in previous years. When age of sexual maturity was checked in
Hereford heifers wintered at high (1.0 lb. per day gain), moderate
(0.5 1b. per day gain), and low (no winter gain) levels of feeding, it was
found that the group on the high level was the only one in which all of
the heifers had reached puberty by 15 months of age. In comparison, in
the moderate and low level groups respectively, 90 and 70 percent were
cycling by 15 months and, thus, could have been bred to calve at 24
months. Since only 46 percent of the Angus heifers maintained at the
moderate level had reached puberty by 15%% months of age, it would
appear that if data had been available for 15 months the number reach-
ing puberty would have been very similar to that reported for Herefords.

The results reported in this study emphasize, again, the stimulatory
etfect of high levels of nutrition (and, conversely, the suppressing ef-
fects of low levels) on sexual maturity of heifers. Of course there are so
many undesitable effects associated with full feeding of heifers that it
cannot be recommended regardless of its effect on attainment of puberty.
It appears, therefore, that the optimum level for developing replace-
ment heifers is somewhere between the full-feeding and the moderate
levels reported in this paper. Therefore, even though the high level
used in previous Fi. Reno research (1.0 1b. per day gain) was not studied
in this trial, the results obtained does not give any reason to alter the
recommendation that a level of winter feeding to give a gain of ap-
proximately 1.0 lb. per day is the level that will result in the optimum
aevelopment of replacement heifers.
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The Use of an Oral Progestogen,
Melengestrol Acetate (MGA), in Controlling
the Estrous Cycle of Beef Heifers

E. J. Turman, R, H. Edwards and R. E. Renbarger

Story in Brief

Melengestrol acetate (MGA) is a potent oral progestogen, that is
highly effective in suppressing estrus in heifers during the time it is in-
cluded as part of the ration. This is a report of a study ol the effective
ness of MGA in synchronizing estrus, T'wenty six Angus and 27 Angus
X Hereford crossbred heifers were wintered at a1 moderate level (015
Ib. per day gain) on native grass pastures at Ft. Reno. They were divided
into two comparable groups: one group (26 heifers) served as untreated
controls; the other group (27 heilers) were individually fed 0.5 mg.
MGA per head per day for 18 days, April 16, 1966 to May 3, 1966,

Estrus was effectively suppressed during the 18 days of MGA Feed-
ing, only 1 MGA fed heifer was observed in estrus compared to 7 control
heifers during the same period. Estrus was synchronized: BLS percent of
the treated heifers were in estrus within 7 days, and 74.1 percent were in
estrus within b days after the last feeding of MGA. In the same 5 day
period, 3.6 percent of the controls were in heat, Conception rate al the
lirst post-MGA estrus was only [fair, 59.1 percent, but no other undesir-
able effects were noted on fertility: only 1 MGA treated, as well as |
control, heifer were open at the end of a 90 day breeding season; 80
percent of the MGA treated and 53 percent of the control heilers calved
in the first 30 days of the 1967 calving season; and the average date of
calving of the MGA group was 8 days carlier than the controls, No detri-
mental side effects of any sort were noted.

The results obtained in this study indicate that MGA 1s a safe
and effective means of synchronizing estrus in non-lactating beef heifers,

Introduction

Precise control of the estrous cycle of beef heifers would offer many
possibilities for improvement of efficiency in cattle production. A very
important possibility associated with estrus control in beel cow herds
would be [acilitating the use ol artificial insemination. One of the big
factors limiting the use of AL in beel herds, particularly commercial

Melengestrol acetate was provided by Dr, R G Slmbelman, the Upjohn Company, Kalamams, Mich,
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herds, is the labor involved in heat detection. 1f the estrus cycle is
synchronized a high percentage of a group of heilers come into heat
within two or three predictable days and heat detection becomes less
of a problem.

Practical technigues [or estrus synchronization became possible fol-
lowing the development of the oral progestogens—compounds with the
same physiological activity as naturally occurring progesterone but, un-
like progesterone, effective when fed. Today several pharmaceutical
houses either now have, or soon will have, on the market, aral Jaro-
gestogens for use in synchronizing estrus in beel cows.

The 1967 Feeders' Day report (Okla. Agr. Exp. Sta. Misc. Publ,
MP-79, page 37) summarized estrus synchronization studies conducted
over a three year period at the Ft. Reno Research Station. These studies
utilized an oral progestogen, medroxyprogesterone acetate (MAP), fed
for 18 days at a level of 180 mg. per head per day. The response obtained
in post-partum lactating cows was variable and unpredictable. However,
excellent synchronization was obtained in non-lactating cycling heifers,
with estrus oceurring within 6 days after the last feeding of MAP in
M) percent of the heifers,

There are a number of other compounds that are similar to MAP
in their effect but are much more potent, and their characteristic ef-
fect can be obtained with a much lower dose than 180 mg. per day. One
of these compounds is melengestrol acetate (MGAY)?, which is reported o
be 300 to 900 times more potent than MAP in estrus suppression. It is
effective when fed and has also been extensively studied as a feed addi-
tive which will suppress estrus in feedlot heifers as well as stimulate
rate of gain and feed utilization,

The purpose of this study was to determine the effectiveness of
melengestrol acetate in synchronizing estrus in non-lactating cycling
heifers.

Materials and Methods

The data used in this report were obtained from 26 Angus and 27
Angus X Hereford crossbred yearling heifers, The heifers were main-
tained at the Ft. Beno Research Station during the 1965-66 wintering
season at @ moderate level of feeding on native grass pasture. They were

'_Rppn:.mix is the tmulemark for o premix containing medroxyprogesterone  acebale, the Upjeho
Comnpany, Kalamazos, Michigan,

2 AGA s the tademark Tor melengesivol acetate, The Upjohn Company, Kalamazoo, Michigan.
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fed 1% Ib. cottonseed meal per head per day starting November 15,
plus ground milo as needed to obtain approximately 0.5 Ib, per day gain.

The heifers were divided into two groups as equally as possible on
the basis of age, weight, breeding and whether or not they had attained
puberty. One group served as an untreated control and the other group
was fed 0.5 mg. MGA per head per day for 18 days with the first feed-
ing on April 16 and the last feeding on May 3. The MGA was thorough-
ly mixed with cottonseed meal so that 1% 1b. of cotlonseed meal con-
tained the daily dose of 0.5 mg. MGA, and the heifers were individually
fed to insure that each heiler received the allotted dosage. The control
heifers were group fed the same amount of cottonseed meal but minus
the MGA. Vasectomized bulls ran with the heifers at all times to de-
tect the occurrence of estrus.

Following the last feeding of MGA on May 8, the heilers were held
in drylot for 10 days to facilitate heat detection and hand mating. When
detected in heat the heifers were removed from the drylot and hand
mated to fertile Angus bulls. All heifers were hand mated at the Firs
estrus only if it occurred during the 10 day detection period, after which
all heifers ran in pastures with fertile Angus bulls until August 1. Pas-
tures were checked twice daily in an eHort to record all mating. The
heifers were checked for pregnancy on October 11. The crosshred heilers
remained at the Ft. Reno Station to calve in 1967, Five of the Angus
heifers, although pregnant, were culled and the remainder were move:l
to the Lake Carl Blackwell range area near Stillwater to calve in the
Spring of 1967,

Results and Discussion

The response ol the Angus and crossbred heilers o MGA is pre-
sented in ‘Table 1. Average daily gains during the wintering period
(November 15, 1965 to April 15, 1966) were: Angus heifers, 041 IDb.
per day; and crossbred heifers, 0.51 1b. per day.

While not one of the items under study, it is apparent that MGA
was effective in suppressing estrus during the period of feeding. Only
1 MGA treated heifer was observed in estrus during feeding, compared
to 7 control heifers during the same period of time.

Estrus was synchronized in the heifers used in this trial. Twenty
two of 27 MGA fed heifers (815 percent) were observed in estrus within
7 days after the last feeding of MGA, with 20 (74.1 percent) in estrus
within a 5 day period from day-1 to day-b post-MGA. In comparison,
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Table 1. Reproductive Performance of Angus and Angus X Hereford
Crossbred Yearling Heifers Fed 0.5 mg. MGA per Head per
Day for 18 Days (April 16-May 3, 1966), and Bred by Natural
Service at the First Post-Treatment Estrus.

Treatment _1‘.ir|:||.|E__

Ttem TG TContred
Number of heifers. 27 26
Avg, age on 4-16-66 (days). 419 407
Avg. weight on 4-16-66 (lb.) 510 512
MNumber observed in estrus:

Prior to start of MGA feeding. 9 ]
During period of MGA feeding, 1 ¥
Mumber in estrus, days 1-7 post-MGA:
Number on day-1. 4 5
MNumber on day-2, [ L]
MNumber on day-3. 5 2
MNumber on day-4, 3 2
Mumber on day-5. 1 0
MNumber on day-6. 1 1]
Number on day-7. 1 0
Number settling at first post-MGA estrus. 13 2
MNumber open after 3 months breeding season. 1 1
Number retained to calve in 1967, 26 20
1967 calving data:
Total number of heifers calving. 25 19
Mumber calving in first 30 days. a0 10
Avg. calving date, 2.25 35

during the same 5 and 7 day periods there were 9 control heifers
{84.6 percent) in estrus.

The conception rate at the first post-MGA estrus was only fair,
13 of 22 (59.1 percent) conceived to service at this estrus. Unfortunately,
complete conception data was not obtained on the controls in this study
for a comparison. However, one would expect to obtain a conception rate
of at least 65 percent with natural service. The conception rate obtained
is not greatly depressed below this level, and is better than has been
obtained with Hereford heifers fed MAP at Ft. Reno in previous years,

Other than the possibility that the conception rate was slightly
depressed, there was no other detrimental effect on fertility associated
with MGA feeding. Only 1 MGA treated, as well as 1 control, heifer
l[ailed to conceive during the 90 day breeding esason. Eighty percent of
the MGA treated heifers, compared to 53 percent of the control heilers,
calved in the first 30 days of the calving season. However, the remainder
of the controls were not far behind since there was only 1 week dif-
ference, in lavor of the MGA treated group, in average date of calving
in 1967,
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Only 33 percent of the heiflers had reached puberty by the time MGA
feeding was started, However, 815 pervent responded with a synchron-
ized estrus. This suggests that if heifers are at an age and weight at
which puberty should occur, its onset can be stimulated by the oral
progestogen, MGA, Similar observations have been made in Herelord
heifers fed medroxyprogesterone acetate (MAP),

No undesirable side effects ol any sort were noted to be associated
with the feeding of MGA. Therefore, the results obtained in this study
indicates that melengestrol acetate is a safe and effective means of
synchronizing estrus,

The Association Between Beef Carcass
Conformation and Carcass Composition
Lowell E. Walters, Everett L. Martin and Robert Renbarger

Story in Brief

Muscle development in slaughter cattle has become increasingly
more important during recent years as the result of increased emphasis
on high ratios of lean to fat and of lean to bone in retail cuts of beel
by the consumer. These studies suggest thar superior carcass conforma-
tion, as generally interpreted, is not closely related to percentage yields of
the thick, high value muscle in the carcass. With one exception, lower
conformation carcasses were found to be comparable to the higher con-
formation carcasses in the percentage yield of high value muscle.

The most striking differences between the carcass conformation
srades were found to be in fat and bone percentages. Standard and Low
Good conformation carcasses were observed o have more bone and less
fat than Choice conformation carcasses. Since differences in muscle con-
tent (on a carcass basis) were quite small, the sum of percentage fat and
percentage bone was observed to make up a rather constant percentage
of the carcass weight among conformation groups.

'I-':mlrl Oklalioma  Agricultural  Experiment  Station  Prooject  Contriboting  te Sowthern  Regiooal
Rescavch Project, SM-1i.
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Introduction

Beel carcass conlormation appraisals have traditionally been asso-
ciated with carcass value. The inclusion of carcass conformation in the
US. DA, Beel Carcass Grading Standards has been based on the beliel
that so-called superior carcass conlormation (width and fullness in rela-
tion to length, etc.) 15 related o yield of the preferred cuts ol beel.

Several studies have pointed out that fat tends to be a confounding
factor when visual appraisals for beef carcass onformation are made.
These studies [urther revealed the lack of positive and significant asso-
ciation between conformation and retail yield. On the other hand, some
researchers have observed a positive association between percent carcass
bone and retail yield. Since superior conformation has been assumed to
reflect a high ratio of lean to bone, there appears to be a contradiction
between what is commonly accepted as superior carcass conlormation
and measures of value based on muscle yields. The need to consider more
fully the associations between carcass conformation and carcass composi-
tion (thick muscle, thin muscle, total muscle, fat and bone) formed the
basis for this study.

Procedure

This research was conducted in two phases over a two-year period,
1966-19G7, Phase I (1966) involved feeding two different types of feeder
steers (Choice and Common) . Forty feeder calves were utilized,—twenty
of each type. Half of each type was fed a fattening type ration for 100
days, and the remaining steers were full fed for 140 days before slaughter.
The ration ted was a conventional fattening ration consisting of approxi-
mately 65 percent concentrates and 55 percent roughage.

Phase 11 (1967) involved dry-lot [eeding 15 Growthy Choice cross-
bred steers (Charolais X Angus), 15 Conventional Choice steers (Angus)
and 13 Common [eeder steers (Avyrshire) to a live weight, based on antic-
ipated dressing percentage, that would result in 600 pound carcasses,

At the end of each respective feeding period (1966) or at the time
proper live weight was reached (1967) the animals were weighed (alter
an overnight shrink) and trucked [rom the Ft. Reno Experiment Station
to Oklahoma City for slaughter. Routine carcass information was collect-
ed in the cooler, and the right side of each carcass was shipped to the
05U, Meat Laboratory for further study and processing. The cutting
method involved the determination of the yield of closely trimmed,
boneless “thick™ and “thin” muscles, fat and bone and expressed as a
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percentage of the cold carcass weight. Briefly, thick muscles consisted ol
muscles and /or muscles systems from the carcass considered to be suitable
for steak and roast (high value cuts). Thick muscles and/or muscle
systems were as follows: strip loin, tenderloin, top-butt, knuckle, top
round, bottom round, eye round, chuck roast and rib roast. Thin muscle
included all of the lower value muscle [rom the underline cuts, bone
trimmings, etc, This method differs from conventional retail cutting
tests in that a more critical differentiation is made between high value
thick muscle and lower value thin muscle.

Results: Phase I

Table 1 presents averages of certain of the production and carcass
characteristics. The Common [eeder steers were considerably lighter in
weight when they were placed on feed, and they produced lighter weight
carcasses than the Choice steers. While there were differences in initial
weight on feed between the two groups, their ages were quite comparable.
The thicker-fleshed choice steers were heavier for their age.

Choice steers had significantly higher dressing percentages, and the
carcasses graded higher than those of the Common steers. The Choice
carcasses graded, on the average, one and one-hall U.S.D.A. conformation
grades higher than the Common carcasses (high Choice versus low
Good) . On the average, Common carcasses had less [at thickness at the
12th rib. This may, in part, be a function of lighter average carcass
weight, It is not known if this difference in fat thickness would have
prevailed had the Common steers been fed to comparable Choice steer
weights. Differences between the two types with respect to predicted
U.5.DUA, cutability were small, however, the lighter weight Common car-

Table 1. Comparison of Some Average Production and Carcass
Characteristics (1966)

Foeder Grade
Conuminn Clinkce B
Trys on Feed Dayzs on Feod
Characteristic an 141 10 140
Mumber of steers 10 a s 10
Initial weight, 1bs, 430.5 423.8 564.0 555.0
Ciold carcass weight, Ihs. 406.1 +a6.1 20,6 575.7
Diressing  percent 38.3 59.2 64,1 62.9
Marbling score Slight Small Small Modest
Conformation score Good — Good Choice +  Cholee 4+
Final TI.5.D.A. grade Giood —-— Goad -} Choice —  Cheice
Average fat thickness
12th rib, inches 0.27 .42 0.52 0.67
Rib eye area, sg. inches 8.84 406 L1055 10_86

Cutability, U.5.D.A. prediction 51.43 49.72 19.87 48.25
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casses were slightly favored, primarily because of their lower lat measure-
ments,

Major carcass component yields and ratios are summarized in Table
2. Thick muscle, thin muscle and total muscle yields were very similar
between the two types—Common and Choice. Total muscle yields were
slightly higher for the two groups of Common carcasses when expressed
as percent of cold carcass weight, While little association was observed
between dillerences in carcass conformation and muscle COMmponent
yields, differences in fat and bone yields, on the other hand, were found
to be associated with differences in conformation.

Lower conformation Common carcasses were observed to have less
tat and more bome than the corresponding Choice groups. Increased
bone percentages in carcasses from Common sieers were offset by a lower
percentage fat while lower bone percentage within the Choice carcasses
were associated with higher percentages of fat. Thus, fat and bone com-
bined were found to make up a relatively constant percentage of the

T3

carcass weight among conformation groups or “types”.

Muscle-bone ratios were investigated and are presented in Table 2.
The Choice feeder steers produced carcasses with much higher ratios
of both thick and total muscle to bone than the lower conformation car-
casses produced from the Common feeder steers. However, it should be
pointed out that the ratios were higher within the higher conformation
carcasses because of a smaller percentage of bone and not because of
maore muscle.

Table 2. Average Percentage Yields! of Carcass Components and
Ratios (1966)

Feeder Grade
Caxminon Choice
Days om Feed Days on Feed

Lvnlp-untm L) 140 L0y 140
Thlrk musclr 30.99 29.92 30.30 28.41
Thin muscle 27.20 27.78 27.16 26,76
Total muscle® 38,19 57,70 5746 LLN )
Far® 20.20 22.29 23.94 26.34
Bone 17.30 14.97 13.60 12.58
Fat 4 Bone 37.50 37.26 37.54 38.91
Ratio thick muscle/bone 1.80:1 2,001 2.23:1 2.26:1
Ratio total muscle/hone 3.38:1 2.87:1 4.253:1 4.40:1

'A.x percent of cold carcass weight
2 5um of thick and thin muscle }I chils
“ Far does not include kideey, pelwde and feart fals
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Individual thick muscle and muscle system yield comparisons were
made between the two carcass classifications, a summary of which is
presented in Table 3. Again, results from the two types were strikingly
similar, Within both types, the yields decreased with an increase in
length of [eeding period, which was expected since increased amounts
of fat lower the muscle yields, Total thick muscle yields rom the hind
and fore quarters further suggested that muscle weight distribution was
effected very little by carcass conformation,

Results: Phase IT

Phase II differed [rom Phase I in that sieers were fed until they
reached a live weight that would produce 600 pound carcasses, rather
than on a time constant basis, as in Phase I. This procedure was followed
in order to reduce, as much as possible, carcass weight variation among
the test groups, Table 4 presents certain of the average production and
carcass characteristics. Average conformation grades ranged from high
Standard (Common carcasses) to average Choice (Conventional Choice
and Growthy Choice carcasses) . Conventional Choice carcasses averaged
(L78 inches of [at at the 12th rib as compared to 0.50 and 0.42 for the
Growthy Choice and Common carcasses respectively. Average predicted
US DA, cutability percentages (weight of boneless, closely trimmec
round, loin, rib and chuck expressed as a percent of the cold carcass
weight) were similar for the Common and Conventional Choice carcasses
(48.2 versus 48.9 respectively) while the Growthy Choice carcasses aver-
aged 50.8 percent—approximately two percent higher,

Table 5. Mean Percentage Yields' of Individual Muscles and
Muscle Systems (1966)

Feeder Grade

Common Chaoice

Irys on Feed _ Days on Feed
Muscle 1Mk 141 (L] 140
Hind Quarter
Strip 247 2.33 236 2.22
Tender 1.19 1.11 1.16 1.17
Top butt 247 2.31 240 2.23
Knuckle 3.09 2.90 290 2.67
Top round 3.94 3.71 588 3.60
Bottom round 3.71 3.59 3.50 340
Eve round 1.32 1.25 1.37 1.31
Thick muscle, hind 18.19 17.20 17.66 16,60
Fore Quarter
Rib roast 3.53 347 346 3.08
Chuck roast 9.25 .24 917 B.75%
Thick muscle, fore 12.78 12.71 12.63 11.81

' As percent of cold cancas weight
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Table 4. Comparison of Some Average Production and Carcass
Characteristics (1967)

Feeder Grade

Characteristic Commaon Conventlonnl Choice  Growt hy Choiee
Mumber 13 15 15
Initial weight, lbs, 472 562 555
Cold carcass weight, |hbs, 364 B0 597
Dressing percemnt LY. 61.9 61.1
Marbling score Modest — Modest 4 Small 4
Conformation score Standard 4 Choice Choice
Final U.S.D.A. grade Good Choice Choice —
Average [at thickness

12th rib, inches 0.42 0.75 (.50
Rib eye area, squarc inches 10.0 11.9 12.6
Cutability, 17.5.D.A, prediction 48.2 48.9 50,8

Major carcass components and ratios are summarized in Table 5.
The Growthy Choice carcasses excelled in all three categories of mus-
cling,—thick, thin and total muscle yields. They averaged 61.0 percent
total muscle as compared to 55.4 and 55.3 for the Common and Conven-
tional Choice carcasses respectively. Further study revealed that the
Growthy Choice carcasses excelled in muscling as compared to the Com-
mon and Conventional Choice carcasses because of less [at. Both the
Common and Conventional Choice carcasses were fatter at approximate-
ly GO0 p-r_mm'is carcass weights; therefore muscle yields were lower.

Muscle bone ratios are also presented in Table 5. Thick muscle
and total muscle to bone ratios were similar and not significantly differ-
ent for the Conventional Choice and Growthy Choice carcass. However,
since the Growthy Choice carcasses had a higher average bone percentage

Table 5. Average Percentage Yields! of Carcass Components
and Ratios (1967)

Feeder Grade

Conmponeint Cammpmon  Conventional Choice  Growthy Chaojee
Thick muscle 289 29.2 325
Thin muscle 26.5 26.1 28.2
Total muscle= 55.4 55.3 61.0
Fat? 232 27.7 21.5
Bone 14.7 11.6 12.9
Fat 4+ Bone 37.9 39.3 344
Ratio thick muscle/bone 1.98:1 2.54:1 2.53:1
Ratio total muscle/bone 3.79:1 +.81:1 4721

' As percent of cold carcass weight
#85um of thick and thin muscle yiclds
9 Fat doss not include kidney, fpefeic and heart fats
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Table 6. Mean Percentage Yields! of Individual Muscles and
Muscle Systems{ 1967)

Feeder Grade
M uscle Comman  Conventional Gholce Growthy Ghoire

Hind CQuarter

Strip 211 2.34 2.52
Tender 1.13 1.09 1.24
Top Butt 2.2% 227 2.58
Knuckle 2.94 270 3.11
Top round 341 364 4.05
Bottom  round 3.15 341 3.75%
Eye round 1.08 1.29 1.45
Thick muscle hind 16.05 16,74 18.70
Fore Quarter

Rily roast 3.45 143 362
Chuck roagt 9.34 9,19 10.17
Thick muscle-fore 12.79 12,6 13.79

' As peroemt of oold careass weight

than the Conventional Choice carcasses, they had a higher average per-
centage muscle yield.

It is of further interest to note that the Common and Conventional
Choice carcasses were similar with respect to thick muscle and toral
musele yields but had significantly different muscle bone ratios resulting
from a higher average bone percentage within the lower conformation
Common carcasses. Therelore, these data would suggest that carcass
conformation is associated with muscle-bone ratios,—the higher the con-
formation grade the higher the muscle to bone ratio. Furthermore, this
data suggests that muscle bone ratios do not adequately evaluate car-
casses and that percentage yield knowledge of one of the components
is necessary before ratios of muscle to bone are meaningful—an example
heing the Conventional Choice and Growthy Choice carcasses.

Individual thick muscle and muscle systems yield comparisons were
made among the three types—a summary ol which is presented in Table
6. Without exception the Growthy Choice carcasses excelled when these
muscles were expressed as a percent of cold carcass weight. On the other
hand, the Common and Conventional Choice carcasses produced very
similar muscle yields even though there was a difference of one and one-
hall of 17.8.D.A. conformation grades between the rwn types.

The Growthy Choice carcasses studied in Phase 11 were found to
be superior in muscling (i.e. thick and thin as well as total muscle) to
other conformation groups (types). It is theorized that, with such cattle
as have heavier mature weights, these animals were still growing muscle
at the time of slaughter, whereas, cattle from the smaller, earlier maturing
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groups had perhaps gone past the |]ETiﬂl:l of maximum muscle growth
and, hence, were laying down more fat. If this be true, the question ol
the most desirable mature size and growth characteristics in [eedlot
cattle becomes an important consideration (insofar as muscling is con-
cerned) .

Analysis of a Breed Herd
Classification Program'

James E. Tanner, Joe V. Whiteman, Richard L. Willham
and Dwight F. Stephens

Story in Brief
OMficial breed classifiers scored the same cows during the spring
and fall for two years. There was a general trend for increased agreement
between different classifiers from the first to fourth classification. Classi-
tiers agreed more closely with each other on scores for older cows than
for scores on cows which were 2 years old when first classified.

Individual classifiers were able to repeat scores at different times
on older cows with more accuracy than on younger cows. Correlations
between scores at different times on younger cows were generally low.
Differences in the correlations between scores at different times indicated
differences in individual classifiers’ abilities to repeat scores on the same
animals. Interactions between cows, seasons and classifiers were more
important in younger cows,

Correlations of spring scores near the time the cows were calving
with calf weaning weights and grades were near zero for 2 and 3 year
olil cows but were positive for older cows. Correlations of [all scores
after weaning with callf weaning weights and grades were essentially
zero for 3 and 4 year old cows but were negative [or 2 year old cows.
Correlations between scores of slaughter cattle and hot carcass weight, fat

1 This study was supported by a grant from the American Angos  Association, beadguariers, 5t
Joseph, Missouri.
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thickness per cwt., percent retail cuts and percent rimmed round indi-
cated classiliers scored heavier, fatter slaughter animals higher,

Introduction

Visual scores have been used extensively in classifying or evaluating
and comparing animals for many years. This study was conducted 1o
determine how well different classifiers agreed with each other on scores
given the same animals at the same time and to measure the agreement
beiween the same classifiers scores on the same animals at different times,
Also the association between scoves and certain measures of production
were investigated.

Materials and Methods

Five official Angus classifiers scored cattle at the Ft. Reno Livestock
Research Station during 1964 and 1965, Cattle were scored during the
spring and fall of each year, making a total of four classifications over
an eighteen month period. The majority ol this report involves 76 cows
which were classilied each time by the same tour classifiers. These cows
consisted of three age groups, 2, 8, and 4 vears and older based on their
age at the [irst classification in the spring of 1964, The older cows will
be referred to as 4 year olds in the remainder of this report. The cows
gither had calved or were about to calve in the spring and all had
weaned a call before being classified in the fall,

The score card was based on the following nine items with their
respective maximum points in parenthesis; conlormation (20}, size (109,
head and breed character (8), feet and legs (12), shoulder and foreribs
(8y, rib and back (10, loin (10), rump (10}, and round (12). The
first four were grouped as general appearance (50) and the last five
as beef character (50). A slightly different score card was used during
the first three classilications with conformation being divided into type
and quality scores but with a total score of 100 points possible in each
CASE.

The majority of this study involves correlations between scores,
Correlations can be used to measure the degree of association between
variables, Correlations range in magnitude from —1.0 to J-1.0, with a
correlation of —1.0 indicating a perfect negative association between the
variables and -}-1.0 a perfect positive association, A correlation of zero
would indicate no association between the variables. Many of the corre-
lations reported in this study are average (pooled) correlations obtained
by using a Z translormation. Before there is good agreement between
scores, the correlation should probably be at least 0.8 or higher.
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Results and Discussion

Correlations Between Scores at the
Same Time and at Different Times

If classification scores are to be meaningful, a classifier must be able
lo repeat scores given the same animal with a reasonable degree of ac-
curacy. Lileally there should also be close agreement between classifiers
if different classifiers score animals and any comparison is made on the
hasis of such scores.

Table 1 contains pooled correlations between total scores given by
each classifier and scores given by the other classifiers at the same time.
This was done separately for each of the three age of cow groups and
only scores of the four classifiers participating in dll four classifications
were used. The correlations in this table are a measure of the agreement
between classifiers for total score. In general, the correlations became
higher from the first classification in the spring of 1964 to the last classi-
fication in the fall of 1965. This indicates that classifiers were scoring
more alike during the latter periods. There were distinct differences be-
tween cow groups during the first classification but little difference
in the fall of 1965, This trend toward closer agreement during the latter
classilications was generally true lor all items making up total score,

Cormrelations between a classifier’s score each season with his score
every other season are presented in Table 2. Six between season correla-
tions were obtained, three between scores at six month intervals, two at
twelve month intervals and one with an eighteen month interval, There
was no general tendency for the totals at six month intervals to be more

Table 1. Within Season Correlations for Total Score Between Fach
Classifier and the Other Three Classifiers!

Classifiers
Ape of Cow Season T 3 z i
2 Spring "G4 0.49 0.55 044 0.53
all "64 0.63 0.62 0.73 0.68
8 'I"LH';L'{ 65 (.80 0.80 0.83 0.83
Fg.]l [i%] 0.91 LB6 0.91 0.90
3 Slprin;g "4 0.59 0.54 0.56 0.62
Fall ‘64 0.64 0.74 .80 0.77
Spring "65 0.70 0,66 0.77 0,76
Fall "G5 0.72 0.51 0,68 (.69
4 Spring '64 0.71 0,66 0.70 0.75
Fall "64 0.76 .67 0.76 0.77
Spring 'G5 084 (.81 0.84 0.81
Fall "65 0.72 0.85 0.85 0.85

All correlations were significant (P .00
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Table 2. Pooled Correlations Between Scores Given by Each
Classifier and His Scores at Following Classifications!

— Classifier o
Variable Age ol Cow | 2 I .|
Total Score i 042 0.62 0,58 0.41
3 .55 0.71 .57 0.47
4 0.73 0.83 .75 0.72

' AlL correlations were slgnificant tl‘{.!ll]

highly correlated than those at twelve and eighteen months and corre
lations were therefore pooled for each classilier. The correlations be-
tween a classifier’s total score at different times were in general low,
particularly between scores even at six month intervals in the younger
cows. While actual changes in the cows during these periods, particularly
in the younger cows, can account for some of the lack of agreement it
is probably due in part to the inability of even experienced classifiers
to repeat subjective scores.

The correlations tend to be higher between scores for the older
cows for each classilier. This may be partly the result of a smaller, more
select group ol cows but to some extent probably reflects more extensive
changes in the younger cows, Younger cows are likely o be more dras-
tically affected by stage of lactation and other environmental influences,
The higher correlations for classifier 2 indicate that he scored cows
more nearly the same from time to time than did the other classifiers.

Table § contains pooled correlations between a classifier’s score
with the other three classiliers within each season (W) and the pooled
correlations of an individual classifier's scores between each season (B},
These correlations reveal that the agreement is higher among different
classifiers at the same time (W) than between the same classifier at dil-
ferent times (B). This difference is much more pronounced in the
younger cows and probably indicates actual changes in younger cows,

Table 3. Pooled Correlations [or Classifiers with Themselves Between
Seasons and with Other Classifiers Within Seasons!

Age of Cow 2 A B S
Variable Wa ha W B [}
Total—Beef Character 0.7k 0.44 .56 0.53 0,70 0.71
Total Score 0.76 0.47 0.68 .58 0.79 0,77

1Al corvelations were significant (P~ .01}

¥ Classifiers with others within seasens
* Classillers with themselves between seasons
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While there is little difference in the respective correlations for
beel character and total score, the correlations between totals tended
to be consistently higher than for individual items. This would be ex-
pected since differences in the separate variables have a chance to be
canecelled out in the totals and would indicate that comparisons between
animals would probably be more meaningful based on totals rather than
individual items.

Scores of Variation in Scores of Cows Classified Four Times

In another part of this study scores given cows classified all four
limes were analyeed Lo determine the importance of cows, seasons, and
classifiers and the interactions of these factors as sources of variation.
Seasons in this case correspond to the four times of classification, It
would be desirable il cow differences accounted for most of the variation
in scores. If scores are to be consistent from one time to another, the
interactions must make up only a relatively small part of the variation,

The interactions were significant for most of the items and toials
analyzed. The percentage of total variation in total score accounted for
by each of the factors and interactions are listed in Table 4. Cow and
season  differences were important sources of variation in total score
for all age groups. However classifiers contributed only a small portion
ol the total variation. Interactions generally accounted for a larger por-
tion of the variation in scores of younger cows, indicating scores were
least consistent for younger cows.

Correlations Between Classification Scores and
Measures of Production

It would be desirable if classification scores, particularly total score,
were positively related to such performance traits as weaning weight and
grade. If not positively related, they should not be antagonistic to per-

Table 4. Components of Variance as a Percent of Total
Variance of Total Score

Age Group 85
Source of Varintion 2 Kl 4
Cows 23.1 32.1 41.6
Seasons 27.0 35.3 325
Classifiers 0.4 0.1 0.4
Cows x Seasons 15.6 14.0 6.7
Cows x Classifiers 6.9 5.0 6.0
Scasons x Classifiers 13.7 6.2 5.7
Cows x Seas. x Class. 13.3 1.3 7.3
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formance. Each score given a cow was correlated with the average wean-
ing weight and grade (feeder grade) of her calf. There were no large
dillerences among correlations obtained for different classiliers during
the spring and fall classilications. These correlations were pooled within
seasons and age of cow groups.

Table b contains correlations between average weaning weight and
grade with total score, The correlations between spring scores were es-
sentially zero For 2 and 5 year old cows, but were positive and signifi-
cantly greater than zero for 4 year olid cows, This pattern was generally
the same for most of the items making up total score. The larger corre-
lations for the smaller number of older cows may have been due in part
to @ few high scoring cows that had heavy calves or low scoring cows
with light calves and probably are not truly this high.

Correlations between [all scores and weaning weight and grade
present a different picture. Correlations between fall scores and average
weaning weight and grade were close to zero for 3 and 4 year old cows.
Significant negative correlations were obtained for 2 year old cows, the
correlation of —0.3 between total score and average weaning weight
would suggest that the beter producing younger cows were being pen-
alized. This was probably a result of the better milking cows being thin-
ner in the fall and consequently receiving a lower score. 1t would there-
fore seem advisable to score younger cows during the spring rather than
following weaning.

Yearling slaughter cattle consisting of 36 bulls, 35 steers, and 44
heifers were scoved in the spring of 1965, Classification scores were corre-
lated with hot carcass weight, rib eye area per cwt., fat thickness per
cwt., percent retail cuts and percent trimmed round. The correlations
did not differ appreciably between the sexes and were therefore combin-
ed. Table §i contains correlations of beef character and total score with
carcass measures. While many of the corvelations are significantly dif-

Table 5. Correlations Between Total Scores of Cows of Different
Ages and Average Weaning Weights and Grades of Their Calves

Spring ’ san _\F& P T T
Age of Cow i P T WA AR 5T RO 1
Weaning
Weight —.06 06 1 —.30 —. 10 07
Weaning
Grade 03 e A9 —.1% 14 —.13

Correlations equal to, leas than or greater than 018, 008, amd 4025 [or twoe, three, and
four year old cows, repectlvely, were significant (P 01).
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Table 6. Pooled Correlations Between Classification Scores of
Yearling Bulls, Stcers, and Heifers and Carcass Measurements

Beef Character Total Soore
Hot Carcass Weight 24 .28
Rib Eve Area Per Cwt, 26 — (i
Fat Thickness Per Cwt. 20 20
% Retail Cuts 26 29
% Trimmed Round —_12 —_ 12

Correlations equal 10 or greazer than G102 or equal to or less than —0.12 arc significant (P .00).

ferent from zero they were generally small. All significant correlations
between hot carcass weight and fat thickness per cwt. were positive
indicating that heavier, fatter animals were scored higher. All significant
correlations between percent retail cuts and percent trimmed round were
negative. This is probably a further refllection of the tendency to give
fatter animals higher scores.,

Methods of Processing Milo
for Fattening Cattle™

James R, Newsom, Robert Totusek, Robert Renbarger, E. C. Nelson,
Larry Franks, Vincent Neuhaus, and Willie Basler

Story in Brief

Six methods of processing milo-—coarse grinding, fine grinding, dry
rolling, reconstituting-rolling, reconstituting-grinding, and steam-process-
[Making—were compared in a high concentrate ration. All processing
methods signilicantly improved feed efficiency compared to coarse grind-
ing, with greatest improvements noted for reconstituting-rolling and
steam-process-flaking., Steam-process-flaking resulted in the fastest rate
of gain; gains on the other pl'ncessud grains were similar. Feed intake
was significantly lower on reconstituted-rolled milo, reflecting more effi-
cient utilization since rate of gain was not depressed. Carcass merit and
dressing percentage were not affected by processing method,

* Appreciation is extemdedd o Farmbond Indestries, Eansas City, Missouri, for partial financial
support of this research, E d

The cooperation of Wilson apnd Company, Oklnhoma City, Oklahoma, in obtaining slaughter
unal carcass data s gratefully acknowledged,

Thanks are also extended o personnel at Fuo Reno for valuable assistance in the conduct

of the experiment and collection of data.
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Introduction

Milo {sorghum grain) has been the most readily available and
cheapest grain for fattening cattle in Oklahoma and throughout the
Southwest, The wend toward increased cattle feeding in this area indi-
cates that milo will be even more widely used as a [feed grain in the
future,

Previous research has shown that the feeding value of milo is lower
than its chemical composition indicates, possibly due to a lower protein
digestibility and a lower starch availability compared to corn or barley.
The availability of starch is especially important, since starch cﬂmfn'ises
70-75 percent of milo grain, and milo is included in rations primarily
as a source of energy, Since many fattening rations today contain as much
as 8090 percent or more milo, any improvement in the feeding value of
mile would be of great benelit to the cattle feeding industry.

The most promising method of improving starch availability and the
utilization of the energy of milo, and thereby leed efficiency, is in the
area of grain processing. The milo kernel must be ruptured before feed-
ing to cattle, Whole milo grain, because of the hard, waxy seed coat,
passes through the animal undigested in large quantity. In the past, milo
has most commonly been coarsely ground, dry rolled or steam rolled
(“conventional” steam rolling, with 3-5 min. exposure to steam). Con-
siderable research at this station and elsewhere has indicated very little
difference in feeding value of milo processed by these three methods.

Previous work at this station showed that pelleting milo improved
its utilization 59 percent, but lowered carcass grade and dressing percent
were rather consistently ohserved. The high cost of pelleting is a Turther
and major deterrent to its use, A b percent improvement in feed effi-
ciency from fine grinding of milo, compared to coarse grinding, has also
beenn indicated, However, finely ground milo may present a problem
with dust and “fines,” especially in rations which contain no molasses,
fat or silage.

High moisture (25-35 percent) harvesting of milo has been reported
by the Kansas and Texas stations to improve dry matter utilization an
average of 10 percent. Reconstituting of milo (adding water to air-dry
milo to raise the moisture level to about 30 percent and subsequent [fer-
mentation with exclusion of air) has shown a similar improvement in
feed efficiency.

Work at the Arizona station has indicated a 4 percent or greater

improvement in feed efficiency, along with increased feed intake and
rate of gain, [rom the partial cooking of milo by live steam followed by
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“llaking” through a roller mill. Research at the California station has
indicated an occasional but inconsistent response from pressure cooking
ol milo followed by rolling.

The objective of this experiment was to compare six methods of
processing milo—coarse grinding, fine grinding, dry rolling, reconstitut-
ing-rolling, reconstitutinggrinding and steam-process-flaking—in a 90
percent concentrate ration.

Procedure

Seventy-two Hereford steer calves with an average weighe of 585 1b.
and an average age of 10 mo. were started on trial December 28, 1966,
They were selected from 154 calves, which were produced in Oklahoma
State University experimental herds., The calves were started on feed
four weeks before the trial was initiated. The starter ration consisted
of 48.5 percent coarsely ground milo, 10.0 percent cottonseed meal, 10.0
percent chopped alfalfa hay, 30.0 percent cottonseed hulls, 1.0 percent
salt and 0.5 percent bonemeal.

The steers were divided into four blocks on the basis of shrunk
weight and condition score, and randomly assigned to the six treatments
within each block. Four pens of three steers each were assigned to each
treatment. The six types of processed milo were fed in a high concentrate
vation, as shown in Table 1. All ingredients other than milo were com-
bined into a premix, which was mixed with the milo in the ratio of 83.4
|rercent milo to 16.6 percent premix. Proximate analyses of the premix
and the processed milo grains are shown in Table 2,

Table 1. Ration Composition

Tngredicnt Peroent
Milo 834
Alfalfa hay, chopped 6.0
Cottongeed hulls 4.0
Cottonseed meal (419 crude protein) 4.0
Urea (42% nitrogen) 1.0
Salt 1.0
Bonemeal 1.6
100.0
Added, Per b, of Ration
Vitamin A 1500 1. 11
Aureomycin
15t 40 days 10 mg.

Remainder of trial 5 mg.
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Table 2. Proximate Analyses

Myt Crinde? Etlyer® Cornele®

Matter Ash? Protein Extrace Filwr MN.F.10.1

z s R - L R Y A
Coarsely ground /7.0 1.92 10.03 2.4 1.70 381
Finely ground a871.3 1.85 10,00 342 1.58 B3.15
Diry rolled 87.3 2.03 10.11 2.79 1.76 B3.31
Recon, rolled 79.9 1.98 10,54 2.03 1.72 83.73
Recon, grownd B0.9 2.01 10,70 1.55 1.67 Bt.07
Steam-FProc.-Flaked 83.2 2,11 10,77 2.18 1.38 B3.56
Promix o0.4 7.48 36.99 4.08 16.33 35.12

' Average of 7 determinations.

TOne determination.

a Average of § determinations.

L100={snm of figures reportesd for nsh, coude protein, cther extract, aml cowde fiber).

Processing Methods

Coarsely and finely ground milo was produced with a hammer mill,
using 3/16 and 14 in, screens, respectively. Reconstituted milo was pro-
duced in a 14 x 27 [t glass-lined, air-tight Harvestore silo. Water was
added to the air-dry grain (14 percent moisture) as it was augured into
the silo, raising the moisture level to approximately 24 percent. Belore
[eeding, it was either rolled with :lppmx[m:ll.r:l}r 003 in. tolerance be-
tween the rollers, or pround through a 14 in. screen. Dry rolled milo
was produced by rolling air-dry milo with a roller olerance in excess

of 008 in.

Steam-process-flaking was accomplished by using the procedure re-
ported by Hale and co-workers at the Arizona station. Milo was sub-
jected to steam in an unpressurized steam chamber for 20 min. at 208° F.,
then rolled immediately with no tolerance between the rollers. The
steaming chamber was 1 x 2 x 5 ft., with a capacity of 500 Ib.

All milo used in this trial was produced on the Fore Reno station
andd was of the variety Northrup King 222. Airdry whole milo was stored
in a 14x 27 ft. Harvestore silo. All rolling was done through a heavy
duty Ross 18 x 24 in. roller mill.

Feeding

The three “wet” grains, reconstituted-rolled, reconstituted-ground
and steam-process-flaked, were processed daily, with the exception that
enough was processed on Friday to feed through the weekend. The
coarsely ground and finely ground grains were processed, combined with
premix and stored in guantities of one ton. The three rolled products
were combined with the premix by hamd in the feed trough to preserve
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the character ol the grain as produced by the processing methods. The
cattle were fed once daily in suffiicent quantity to assure availability of
leed until the next feeding. Feed was weighed to the nearvest .5 Ib. and
unconsumed feed was weighed and removed frequently. The steers had
access to opensided sheds and outside lots, with water (warmed in
winter) available at all times.

Data Obtained

Feed samples were taken at the end of each 21 day period [or
proximate analysis and dry matter determination. Dry matter percentages
were used to adjust all rations to an equal dry matter content (90 per-
cent} . The grains were sieved and test weights were taken to determine
particle size and density, respectively, as shown in Table 3.

Initial and [inal weights were taken after a 16-hr. shrink with no
teed and water, Intermediate weights were taken at 21 day intervals,
after a 16-hr. overnight shrink from water (feed was available). Per-
formance data were summarized after 149 days on feed (May 26, 1967)
because the steers were subjected 1o ultrasonic determinations and rumen
sampling following this period. Ration treatments were continued until
time of slaughter, which was on June 5, 6 and 7. Standard carcass data
were collected after a 24-hr. cooler chill. Bladders were collected at
slaughter and the amount of calculi in each bladder was determined,

Table 5. Particle Size' and Density* of Processed Milo

Screen Siee, in.

) 40 40 Wi per
19,60 16764 12064 Be6H 1012 1718 125 Mesh Mesh B,

7o Passed Ib.

% Retained on Sereen

Recon, ground 0 0 i} 24 194 1630 2004 26.79 3469 407
Fincly ground O ] 0 2% 194 13,78 20,13 3414 2976 474
Coarsely ground () 0 ] 293 934 2369 18.19 23.71 2214 49.7
Dry rolled A2 .30 A4 3011 1814 2789 1638 21.13 1269 388
Recon, rolled 44 109 549 2469 2689 1439 624 1160 917 284
Steam-Proc.-

Flaked 13.65 1908 40.25 1755 435 215 A0 1.28 79 23.3
Steam-Proc.-Flaked (after mixing in mechanical mixer) — e~ 35.7
Whole dey oo N oA 10 LA ol e . L |
Whole reconstituted _________________. e e e s T 50.2

! Particle size: Five [Ml-gm. samples were sieved [or each gralll :nd averapes are :rl.-purlncl.

# Test welghis reported are averages of several determinations throughout the trial. Considerably
lower values were oblained at times [or stenn-proc,-flaked and recom. rolled  (lowest valoes—
steam-proc.-flaked -16.6, recon.  rolled-26.6  Ib. o). Values are on oa 909%  dry  matter  hasis,
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Results

Note the effect of processing method on dry matter (100 percent
minus the percent moisture), shown in Table 2, and test weight per
bushel (density} and particle size, shown in Table 3. The air dry milo,
which was either rolled or ground, averaged approximately 13 percent
moisture, while the steam-process-flaking, reconstituting-grinding and re-
constituting-rolling procedures increased moisture levels to averages ol
16.8, 19.1 and 20.1 percent, respectively,

All of the processing methods decreased the density of milo as com-
pared to the whole milo, Steam-process-flaking and reconstituting-rolling
resulted in the greatest decreases in density (584 amd 47.2 percent less
than whole milo, respectively) . These two processing methods also pro-
duced the greatest change in particle size. However, steam-process-flaking,
compared to reconstituting-rolling, produced more large particles (flakes)
and much less fine material, The fine particles in both of the reconsti-
tuted prodocts (rolled and ground) were very [luffy in nature. This
characteristic resulted in a test weight per bu. for the reconstituted-
ground milo that was less than that for the finely ground air<dry milo
(15,4 and 48.9 Ib, per bu., respectively), even though the reconstituted-
ground milo contained slightly more fine material than the finely ground
dey milo (3469 and, 29.76 percent through the 40 mesh sereen, respec
tively) .

Feedlot performance is shown in Table 4. Table 5 presents a further
summary showing the relationship ol other processing methods to coarse
grinding in terms of rate of gain, feed intake and feed efficiency.

Although rate of gain did not differ statistically among the six treat-
ments, it is interesting to note that gains for coarsely ground, dry rolled,
reconstituted-rolled and reconstituted-pround milo were almost identical,
while the steers on [linely ground milo gained 3.2 percent faster and
those on steam-process-flaked mile 119 percent faster than those fed
coarsely pround milo,

Table 4. Feedlot Performance (149 days)

Method of Processing Milo

Coarsely Fincly llt[)r Recon.-  Recon - Steam-Process-

Ceramamid Cermviniel Rl ledd Rnlled Carmamd Flaked
No. Steers 12 12 11 11 10 11
Av, initial wt., 1b, 533 533 533 526 533 547
Av, final wt., lb. D09 920 A06 01 og 967
Av, daily I‘gain,, 1b. 2.52 2,60 2.51 2.52 2.52 2.82
Av, daily feed, 1b.' 16.98° 16.81° 16.27* 14.58" 16,167 16.42"
Feed/b. gain, Ib.' G.77* .47 i, 4% 5.82" 6, 44 590"

' Any 2 averages without a common letter differ significantly (P .05)
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Table 5. Summary of Effect of Milo Processing Method on Feedlot

Performance
% Change Compared to Coarsely Ground Miloe

Coprsely  Finely IH'{ Recon,- Keeom, - Steam-Process

Ground  Ground Ralled Ruolled Ciramanad Flaked

I,
Av. daily gain 2.52 3.2 —_ 8 = .1 — 3 11.9
Av. daily feed 16.98 —1.0 —4.2 —14.1" —4.8 — 33
Fewed /b, gain 6.77 —i 4 —3a.0 —14.0° —4.9 —129

* signilicantly different (1"~ .06) than value for coarse’s ground milo.

Significant dillerences in feed intake and feed elliciency were ob-
served, ‘The cattle fed steam-process-flaked milo required significantly
less feed per 1h, of gain (12,9 percent) than those fed coarsely ground
milo. Average daily intake of reconstituted-rolled milo was significantly
less than the other live treatments (14.1 percent less than cunrsei}-' ground
milo) resulting in an increase in feed efficiency of 14.0 percent over
coarsely ground milo. This difference was also statistically significant.

The six types of processed mile produced carcasses that were not
sipnificantly different for any of the criteria shown in Table 6. Quantities
of caleuli in the bladder were extremely small in all steers and apparent-
Iv unrelated to the processing method,

Discussion

The results of this trial, comparing processing methods of milo fed
in a high concentrate ration, were very similar to results of a previous
trial® at this station in which processed milo was fed in a conventional
ration containing approximately 26 percent roughage and 51 percent
milo. A summaty ol the feedlot performance as influenced by processing
method in the two trials is shown in Table 7, for those methods which
were included in both trials. Coarsely ground milo was used as the stan-
dard of comparison, Note the average results, Fine grinding resulted
in a slight increase in gain on a lower [eed intake, and a consequent
average improvement in efficiency of 6.0 percent. Reconstituting-rolling
affected gain very little, but lowered feed intake markedly and improved
feed efficiency 9.7 percent. On the other hand, steam-process-flaking in-
creased gain considerably with very little additional feed, resulting in
an improvement in feed efficiency of 8.8 percent,

1 hec Oklahoma Agr Fxpo Sia, dise, Polb, MI-70, po 79,
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Table 6. Slaughter and Carcass Information

Meothod of Processing Milo

Coarsely — Finely 1]"{c Recon.- Recon - Stemn-Process.
Cirmumnd Coroniind Raolled Rl ledd ol Flabked

Diressing St 62.2 61.9 61.9 61.8 1.8 61.7
Carcass grade® 9.7 9.0 9.4 9.0 9.5 9.7
Ribeye area, sg. in” 10.5 10.8 10.4 10.8 10.9 11.0
Fat thickness, in.* 0.65 0,67 .63 .60 0.52 0.72
Marbling® 12.9 12.8 15.8 1.9 12.9 148
Clutability, %° 49.2 49.2 49.1 49.8 0.0 48.7

! Calculated on basia of Ft. Renoe live shrunk welght and chilled careass weight.

*T1L.8.D.A, carcass grade converted io ul]muumi numerkcal designations: high prime-15, averige
srimes Hl '.?Inw prime-18, high choice-12, av. choice-11, low cheice-10, high  good-5, av. good 8,
oW g

1 Determined from tracings at the 12th rib,

£ Avera ni‘ thme MEAFUTENEniE on rjbm: tracing,

o Marbliing 1 1o 80, 11=slight, 12=slight plus, 15—amall mimes, (4=small, G—small plus.

9 Pereent nE hnnr!rn trimmed retail cuts on carcass hasis=61.84  (fat thickness)— 462 (% Eidoney

fat) o 740 (vibeye area)— 098 (chilled oarcass wt.).

Table 7. Summary of Effect of Milo Processing On Feedlot
Performance in Two Trials

9% Change Compared to Coarsely Gronnd 'M'llL't
Daily Gain Traily !I|1.I |kr O _,-'Iln. {ml.l:l 5
Tj rial 11 Trinl 22 Aw, T ri|1|_ 1 'T'rla.l 2 7 Aw, =y I T |.| I Trial 2 Av.
Finely Ground 33 32 32 —47 — 1.0 — 259 6 — 44 —6.0
Recon.- Rolled 4 —1 2 —50 —141 — 96 54 —140 --9.7
Steam-
Process-Flaked 82 119 100 43 — 3.3 1.0 -—3.5 —129 8.8

Urrlal 1-6% milo ration
20 rvial 2834 wmile vation

Both 5t,f:a|1|-pmoessa[|aking and reconstituting-rolling produced great-
er improvements in feed efficiency in this trial than in the previous trial
(8.5 and 5.4 percent in the first trial and 129 and 14.0 percent in this
trial, for steam-process-flaking and reconstitutingrolling, respectively).
The greater improvements in efliciency in this trial may have been due
to the higher concentrate ration which was fed, and the higher level
of milo in the ration (83.4 vs. approximately 54 percent) .

Dry rolled and reconstituted-ground milo produced very similar
results in all respects. It should also be noted that results from [ine
grinding and dry rolling were very similar. Fine grinding has a definite
atdvantage over coarse grinding, but little apparent advantage over roll-
ing. This is consistent with results obtained at the Kansas Station.

It is interesting to note that the percent increases in feed elliciency
paralleled the percent decreases in intake lor the dry rolled, reconstituted-
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rolled and reconstituted-ground grains, while for finely ground and
steam-process-flaked milo the increases in feed efficiency were of greater
magnitude than the decreases in intake. For the [irst three, energy intake
seemedd to be the governing factor; that is, if utilization of a grain is
increased, less is required to provide the same amount of energy. How-
ever, for the other two grains, particularly the steam-process-flaked, the
improvement in feed efficiency seemed to be the result of faster gain
without a signilicant decrease in intake, with the feed required for main-
tenance thus spread over a greater gain, Even if this is true, however, it is
obvious that advantages in rate of gain and apparent feed efficiency are
important economically. Furthermore, the faster gaining steers on the
steam-process-llaked milo could be marketed earlier, resulting in a real
improvement in leed efficiency not demonstrated in this experiment in
which steers were fed a constant time rather than to a constant weight.

Results of this research indicate that the mechanical process ol roll-
ing improved the efficiency of utilization of milo grain. Dry rolling was
superior to coarse grinding and reconstituted-rolled milo outperformed
reconstituted-ground milo. Work at the Arizona station has shown that
the success of the steam-process-flaking procedure depends on a flat tlake
produced by slow rolling with much roller pressure. The results of these
two trials indicate that significant improvements in utilization can be
nbtained by combining pr{ipur rolling with either the reconstitution pro-
cess or partial cooking with steam.

It should be pointed out that the “coarsely ground” milo used in
this trial, ground through a 3/16 in. screen, was considerably finer than
that used in many feedlots which is undoubtedly utilized much less effi-
ciently than the "coarsely ground” milo used in this trial.
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Energy Requirements of Mature Beef Cows as
Influenced by Weight and Level of Milk
Production

5. A. Ewing, Larry Smithson, Craig Ludwig and Dwight Stephens

Story in Brief

Twenty mature Hereford cows were led individually in deylot o
determine energy requirements during maintenance or gestation and
Lactation. The cows were selected to provide a range ol from 800 to 1300
pouneds in body weight, Digestible energy requirements were determined
lor each cow during a yearly cycle involving gestation and lactation.

For dry, mature and pregnant cows the daily digestible energy re-
quirement can be expressed by the formula DE (Mcal) —= 5669 4
(LODB3T 3 weight TDN requirements appear to increase about 0.4 to 0.5
pound per 100 pounds increase in cow weight, Estimates of energy re-
rjuirements of beel cows as affected by body weight and milk production
are presented. Such data will be useful in determining the energetic
elliciency of beef cows varying in body size.

Introduction

Previous research at the Oklahoma Station concerning level of win-
ter feeding has contributed to the establishment of recommended seasonal
weight change patterns for brood cows. Such weight change patterns ap-
pear to be consistent with both reproductive efficiency and winter feed-
ing economy. No previous work has been reported which would establish
the energy requirements to support these suggested weight changes f[or
the beef cow. In addition, much interest has been expressed by the in-
tdlustry relative to the influence of cow size on energy requirements and
the corresponding leed input.

The work reported herein was done with both of the above Factors
in mind to establish the energy requirements to foster desirable weight
change patterns during typical lactation and dry periods for the mature
beel cows representing a reasonably wide range ol weights,

Procedure

The experiment was conducted at the Ft. Reno Station during the
period from February 1965 to March 1966, Twenty mature Hereford

Acknowledgement is extonded to the American Herelord Association, Kansas Cil'.'r. Mo,
Ffor Fimancial assistmmce for this :1I|:||:lr anel to lerlqu Cattle Research, Foraker, Oklahona, for
permiiting  poarchase of cxperimental cows from  their  performance-tested  commercial  herd.
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cows from 6 to 7 years of age were selected as exim:rimenml anirmils.
Weights of the cows ranged from B00 to 1400 pounds when measured
at a point immediately prior to calving.

Four cows were not permitted to raise their calves and remained
open, These cows served to establish the energy requirements for main
Lenance.

The remaining producing cows were utilized to establish energy
requirements for the producing cow during a lactating period of 215
days post partum at which time the calf was weaned. This period was
followed by a non-lactating period from 215 days post partum to a poin
immediately prior to the following parturition. During the non-lactating
period the energy requirements for wintering dry, pregnant cows were
observed.

All cows were maintained in a large dry lot and were fed individual-
ly. The mixed ration fed during the lactation and dry periods contained
59 and 49 percent TDN, respectively. Digestible energy values for the
respective rations were 1.216 and 1067 Mcal/pound. Energy values were
determined by digestion trials conducted during each period using the
chromic oxide reference technique,

Weights were taken routinely at weekly intervals for the purpose of
adjusting feed allowance. All weights were obtained after a 12-hour
shrink periml without feed and water. The weight change pattern for
each cow was established as follows:

Cow
Period Time Weight Change

I, (lactation) From immediately prior Lose approximately 15 per-
to calving to 56 days cent of pre-calving weight.
post partum,

I, (lactation) From 56 days post partum  Gain approximately 8.5 per-
to 2153 days post partum, cent of pre-calving weight.

IT [non-lactation) From 215 days post partum  Gain approximately 6.5 per-
to immediately prior to the cent of pre-calving weight and
following parturition. as a result return to the

weight observed at the time
the cow was placed on ex-
periment prior to calving.

The calves were permitted to run with the cows except during leed-
ing periods each day. All calves were offered feed individually to sup-
plement that consumed in the form of milk.

Milk production was estimated at 14 day intervals for each cow bn
the call weight difference technique involving weights before and afies
nursing. Milk samples were taken periodically for fat analysis to permit
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the expression of milk yield on a [at-corrected basis. Energy reguive
ments determined during the lactation phase lor individual cows were
corrected for milk yield in order to express regquirements exclusive ol
that for milk production,

The weights of cows, expressed as the initial weight observed prior
to calving, and the numbers involved in each phase of the study are
shown in Table 1.

Results

The results of the study concerning Digestible Energy (DE) and
Total Digestible Nutrient, (TDN) requirements during the non-lactation
period are summarized in Table 2. It should be noted that the require-
ments stated are average requirements for the entire non-lactation period
of approximately 150 days or the last 5 months of pregnancy. No at-
tempt has been made at this writing to determine requirements for
advancing pregnancy during this period. Maintenance requirements for
dry, open cows are shown in Table 3.

Results [rom the lactation phase are shown in Table 4. The energy
vilues are baserdl on observed requirements for the pregnant cow corrvect-

Table 1. Initial Weights of Individual Cows Comprising the
Experimental Group

Lactation MNon-Lactation
Maintenance! Periml Periml
1320 1370 1370
1250 1315 1315
930 it 13152
780 1285 1285
1285 1285
1280 1280
S 1 260~
e 11408
el L1303
10404 o
1005 1005
15 TS
990 aad
980 980
9754 i
970 970
035 935

1y, open cows atilized for determini maintenance  requirement.

® Cows ot calves during lactation period, bot were ve-hred and wtilized dll:rl'ng non-lactation perviod.
3 Cows that were selected from Fto Beno range herd and conditioned for the non-Inctation peolod,
* Cowa remaved Trom test ot emd of the lactation perlod.
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Table 2. Energy Requirements for Wintering Mature, Pregnant Cows
During the Dry Period.

Thaily Emergy Requirement

Digestiblet Total Digestihie®

: Ener, Nutrients
Cow Weight (1) {Meal.) (1b.)
BOOD 12.51 5.80
a00 13.14 6.28
104 13.97 6,56
110 14.80 6.94
1200 15.64 732
1300 16.47 7.70

1 Daily DE (Mcal.) = 6669 4 000831 W
2Daily TN (b ) = 2.771 - 0.00379 W

Table 3. Energy Requirements for Maintenance (Dry-Open Cows)

Daily Energy Requirement

Digestible! Total Digestible2
NETRY Mutrienis
Cow Weight {1b.) (Meal.) (Th.)
B0 11.71 3.35
900 12,31 5.63
1000 12,92 5.91
1100 13.53 6.19
1200 14,13 6.46
1300 14.74 6.74

1 Diaily DE {Meal) = 6.8 = 0 MG06 W
#Taily TDN (lb.) = 5198 - 0.00277 W

ed for estimated yield of 4 percent fat-corrected milk, plus the energy
probably required in addition for a given yield of milk containing
1 percent butter far.

It should be noted that degree of activity and climate influence en-
ergy requirements, Therefore, these data should be interpreted with re-
gard to the location in which the work was accomplished, which was
central Oklahoma. Further, the degree of activity experienced in «dry
lot may be considerably less than under range conditions. It is generally
accepted that the energy requirement for walking is approximately one
percent ahove maintenance per 100 pounds of weight per mile.
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Table 4. Estimated Energy Requirement of Beef Cows Representing
Different Weights and Levels of Milk Production.

Daily Energy Reguitement

(i) Iail

Waeight Ml DMgestiblet Total Digestilale?
(Ih} Fraduction Energy Mutrients
(b} {Meal.) i)
i 19.90 Q.41
10 21.2% 10.07
12 22.55 10.73
B00 14 23.87 11.39
16 25,20 12.05
18 26,52 12.71
20 27.853 13.37
i 20.88 9.94
10 22.21 10,60
12 23.53 11.26
900 14 24.85 11,92
16 26.18 12.58
18 27.50 13.24
20 28.81 15.89
& 21.86 1047
10 23.19 11.1%
12 24.51 11.79
1000 14 25.83 12.45
16 27.16 13.11
18 26,48 13.77
20 20.81 1444
B 22.84 11,00
10 2417 1166
12 25.49 1252
1100 14 26,81 12.98
16 28.14 135,64
18 2946 14.30
n 0,79 14.96
B 23.82 11.55
10 25.15 12.19
12 26.47 12.85
1200 14 27,719 12.51
16 29.12 14.17
18 044 14.83
20 3177 15.49
& 24.80 12.06
10 26.15 12.72
12 27.45 13.58
1300 14 28.77 1404
16 30,10 14,70
18 3142 15.56
20 32.75 16.02

1 Dally DE {Meal.) = &7 0008 W 4+ (Daily Ib, 40 FOM 3 Otis)
ﬂD‘Ail; '1‘[l}§ (lh.) = 2520 00053 W - (Daily 1b, 4% FCM = R35D
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Effect of Supplemental Feed and Stilbestrol
Implants on the Performance of Heifer Calves
GrazingWinter Wheat Pasture
Robert Renbarger, S, A. Ewing and Dwight Stephens

Story in Brief

Heifer calves grazing winter wheat pasture consumed over 10 b,
per head daily ol a concentrate mixture, but gained only 0.61 Ib, more
per head daily than calves without supplement. Implanting with 12 mg.
stilbestrol increased gains of calves on wheat pasture without supplement
by 0.22 1b, per head daily, No response from the implant was oltained
when supplemental feed was available, The most profitable results were
nbtained by implanting with 12 mg. stilbestrol without additional con-
centrate.

Introduction

Numerous opinions are available on the best way to utilize winter
wheat pasture in Oklahoma. Procedures vary from straight pasture utili-
zation to a rotating program with various levels of supplemental feeds
being used by different producers. It is apparent that some reserve of
supplemental feed (roughage or concentrate) should be available to
maintain carrying capacity in those years which adverse climatic condi-
tions are encountered.

Procedure

The test involved forty head of weaner Hereford heifer calves weigh-
ing approximately 480 lbs. These animals were randomly allotted to
four ots of 10 heifers each, Lots 1 and 3 served as the control groups and
were maintained on wheat pasture nn]!l,.' from November 21, 1967, 1o
March 14, 1968. Lots 2 and 4 were placed on wheat pasture with access
at all times to a high concentrate ration during this same period of
grazing. The groups were rotated on the four pasture areas to eliminate
lield dilferences. The concentrate [eed consisted of:

Ground Milo 77.00 o,
Molasses 800 o
Chopped Alfalfa Hay 1500 27

Within each lot, one-half ol the calves were selected at random
to receive a 12 milligram stilbestrol implant at the beginning of the
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Table 1. Treatment Design for Wheat Pasture Study

Wheat Pasture Only W leat I}MHIIT!! + Energy Feol
Lot Lot & Lat Lot 4

12 mg, Stilbestrol 5 5 5 5

Mo Stilbestrol 5 5 5 5

test. Initial and final weights were taken after a 12 hour shrink without
feed and water. Wheat pasture was in good supply during the entire
grazing period; however, snow covered the pastures for a total of 11 days
during the grazing period. Lots 1 and 3 recetved 21 bales each, while
Lots 2 and 4 received 14 bales each of alfalla hay during this time, Mid-
term weights were taken at 58 days on tlest,

Results

The average response of calves 1o supplemental energy Feed on wheat
pasture are summarized in Table 2. Calves having access to a high-con-
centrate ration while on wheat gained .61 Ibs. daily more than the heifers
in the control lots, These higher gaining heifers consumed 10.7 1bs. of
feed daily in addition to the wheat pasture. It is reasonable to believe
that these calves consumed a limited amount of wheat pasture since
they were nearing their maximum energy intake by the guantity ol
concentrate feed consumed. Differences in plant growth of the four
lots could not be detected since stocking was at a rate to insure adequate
pasture,

Feed conversion based on total concentrate Feed consumed agains
total gains of these calves was a respectful 5.4 to 1. The realistic feed
conversion, however, [or that additional gﬂin which was apparently
obtained as a result of the concentrate leeding was a dismal 17.5 to 1.

Table 2. Response of Heifer Calves to High Encrgy Feed on
Wheat Pasture

Wheat Pasture Only  Wheat Pasture + High Energy Fred

Mo. of Heifers 20 20
Initial Wt (l];"ﬂfﬁ?{; Ibs, 481 482
Final Wt. (3/14/68), Ib. 637 708
Total Gain (114 daj, Ib. 156 236
Average Daily Gain, Ib. 1.37 1.08
Fred Consumed per head

Hay (during snow cover) b, 135 an

Concentrate Feed, Ib. 1216
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Results associated with the stilbestrol implants gave very similar
results to that work which was done in the preceding year. A marked
advantage in average daily gains of .22 Ib. per day was made by those
calves on wheat pasture only when implanted with 12 milligrams of
stilbestrol (Table %), This advantage was closely related to the .24 lbs.
per day advantage that was obtained in the preceding year. Results
were likewise repeated in this trial whereby no response was obtained
from stilbestrol implants on those calves that had access to a high con-
centrate feed,

The 12 milligrams may not be adequate for the higher energy intake
of these calves.

Summary

Four lots of 10 weaner Hereford heifers each were utilized to meas-
ure response to high energy feeding on wheat pasture and to evaluate
the response to stilbestrol implants. Access to high energy feed while
grazing wheat pasture resulted in an increase of .61 1b. of gain daily over
those calves on wheat pasture only; however, the added gain was much
oo low to offset the cost of high energy feed consumed. Stilbestrol im-
plants of 12 mg. showed an increase daily gain of .22 1b. on calves con-
suming wheat pasture ﬂnI}r; however, no TESPONSE WHS made on the
calves which had access to the high energy feed.

Table 3. Response of Heifer Calves to Stilbestrol Implants
Wheat Pasture Only  Wheat Pasture 4 High Energy Feed

Control T plant Control Implant
MNo. of Heifers 11 10 10 10
Initial Wt. (11/21/67) Ib. 481 480 478 486
Final Wt. {3/14/68) lb. 625 649 705 711
Total Gain (114 da) lb. 144 169 227 225
Average Daily Gain, b, 1.26 1.48 1.99 1.97

Daily Gain Advantage
over Controls, b, 4+ 22 - 02
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Milo vs. Wheat for Fattening Cattle*

Robert Totusek, Larry Franks, James R. Newsom and E. C. Nelson
Story in Brief

Wheat, milo, and a mixture of equal parts of wheat and milo were
compared in a feeding trial. Net energy and ruminal volatile fatty acid
values were also obtained. Dilferences in rate of gain, leed intake, and
feed efficiency were small and not statistically significant. The type ol
grain had little apparent effect on carcass merit, but the feeding of milo
resulted in more calculi in the bladder than did wheat. Dilferences in
production of yolatile fatty acids and net energy were small and non-
significant. Correlations between the production of volatile fatty acids

and feedlot performance are presented. The results of this trial indicate
that the wheat and milo which were used were similar in energy value,

Introduction

The price of wheat has usually been too high to allow it to be used
extensively as a livestock feed. However, there have been occasional pe-
riods in recent years when wheat has been available at a price to make it
competitive with feed grains, and there are likely to be such periods in
the future. Quantities of wheat unfit for human fod are also occasionally
available for livestock feed. In these instances it is desirable to know
the relative feeding value of wheat. Current information concerning the
feeding value of wheat for finishing cattle is limited. Some reports have
indicated best results when wheat does not comprise more than one-hall
to two-thirds of the ration. It is also generally recognized that milo is
lower in feeding value than other feed grains, and many cattle feeders
feel that milo is utilized more efficiently when mixed with one or more
additional grains. The objective of this experiment was to compare (1}
milo, (2) wheat, and (3} a mixture of equal parts ol milo and wheat,
[or finishing steers.

Procedure

Twentyseven steer calves with an average weight of approximartely
500 Th. and an average age of 9 mo. were obtained from the Experiment
Station herds. They were randomly allotted into 3 groups of 9 calves
each. All of the calves received a basal ration composed of (percent):
deh}'clratm’.l alfalfa pe][ets, 36; cottonseed hulls, 25.0; cottonseed meal,

‘I'he cooperation of Harris Packing Company, Oklahoma City, Oklahoma, in obtaining slaughter,
carcist aned specific gravity dawe is gratelully acknowledged,

Appreciztion i extended to Farmland Industries, Kansae City, Missoari, for partial  fnancizl
support of this reseanch,




Antmal Science Research, (948 %

40.0; salt, 1.0; and dicalcium phosphate, L0, Vitamin A was added at
a level of 2,000 LU./lb. of basal, and chlortetracycline was added in
necessary quantity to effect an intake of 75-100 mg. per steer daily. This
basal ration was fed in sufficient quantity to meet the maintenance re-
quirements of the calves, with daily allowances adjusted at 3 week in-
tervals, Grains were fed Lo appetite, in addition to the basal. The grains
were steam rolled.

The steers were individually fed twice daily in metal stalls approxi-
matel 3x 7 ft. in size. They were allowed to remain in the stalls about
90 min. at each feeding. The remainder of the time the steers were allow-
eil to run together in 4 pens and had access to an open sided shed and
an outside paved pen. Water was available in the outside pen but not
in the individual stalls.

Samples of rumen fluid (25 ml) were obtained by stomach tube and
analyzed for volatile fatty acid content by gas chromotography.

Initial and final weights were taken after a 16-hr. shrink without
leed and water. The [eeding period was 180 da. long. At the conclusion
of the feeding trial the steers were slaughtered at the Harris Packing
Company, Oklahoma City, and carcass information was obtained afier
a 48-hr. chill. Specific gravities of the carcasses were obtained and usel
o estimate caloric content. Net energy values were calculated by com-
paring feed intake to energy gained and used for mainienance, by the
method devised by Garrett and Lofgreen at the California Station.

Results and Discussion

Feedlot performance of the steers is shown inTable [ The rates
ol gain were smaller than those attained with group-fed cattle, but very
acceptable for cattle fed individually in stalls. Steers fed milo gained
slightly faster than those fed either wheat or a combination of mile and
wheat, with little difference between the latler two rations. However,
differences were not statistically significant. Steers receiving milo con-
sumed the most feed, those receiving the milo-wheat combination con-
sumed the least, with consumption of wheat intermediate between the
iwo. Milo produced the most efficient gains, with wheat second, and
milo-wheat third. Since differences in intake and feed conversion were
very small and not statistically significant, little importance can be at-
tached to them.

Slaughter and carcass data are presented in Table 2. All ditlerences
in dressing percent and carcass merit were small and non-significant and
the results indicate that cattle fed wheat as all or part of the grain pro-
duced carcasses equal to those produced by catle [ed milo. The type
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Table 1. Feedlot performance (180 days, 9 steers per treatment,
individually fed) :

Hoabioan =
14 Milo
Mile Wheat L Wheat
Imitial wt., lb, 506 509 510
Final wt., "I, 914 889 aa2
Draily a.m, Ib, 2.25 207 2.05
Dhaily feed, Ib,
Milo B 80 3.07
Wheat G.46 3.08
Basal B8.11 7.91 7.81
Total 14.91 14.37 13.96
Feed/lb. gain, Ib,
Cirain 3.02 3.05 3.00
Basal 3.63 3.91 4.08
Total 6.65 6.96 7.08
Table 2, Slaughter and carcass data
) Ration
L Mile
Ml Wlhieat [%] Whal
Diressing S0l h8.8 575 57.0
Fat thickness, in.2 A4 .29 26
Ribeye area, sq. in® 11.27 1101 11.57
Clutability, %
Clarcass basis® 51.4 5.8 52.4
Live hagis® 30.3 9.8 30.3
Carcass gradet 8.9 az &6
Urinary calouli?
Mo, without caleuli 5 8 4
No. with caleuli fi 1 5
Av. wt, of caleuli, gm.% 2,430 Law ).

1 Calenlated on basia of shrunk Ft. Reno live weight and chilled l:arusa welght,

2 Average of three measorements determinsd on tracings at the 12th wib.

# Determined by measurement of tracings of ribeye,

fCalculated as follows: percent of carcass s boneless irimmed n.-IH|'| cots fromy the Fl:mr mijor
wholesale cuts = §1.34 ([at thickness) - AG2 (percent kidney fat) 4+ 740 (ribeye area) — 093
{carcass m:igilrit

8 Irimmed retail cut plr,ld A% determined in footnote 4 multipliel Ly llrnmqr percent,

BUSDA carcass grode converted tn following numerlcal deslgnations: high prime — 15, average
prime — 14, low Imn — 18, h h choice — 12, average chodee — 11, low choice — 10, high good
— O, average low gooc T.

T Baged om contents 0E f:l]al:idc'r at time of slaughter,
# Average of those which had measureable calewli,
* The milo ration produced significantly more caleali (P .06) than the wheat ration.

of grain did influence the incidence of urinary caleuli, with a higher
incidence observed in the steers led milo than in those Fed wheat or a
combination of the two grains. Many cattlemen believe that milo pro-
duces more caleuli than other grains.
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The resulis of this experiment, considered alone, would indicaie
that milo and wheat, or an equal mixture ol the two, are similar in feed-
ing value for fattening cattle. The tendency toward a lower rate of gain
which was observed when wheat was included in the ration was also
nated in exper[mcma conducted at the Ft. Hays, Kansas Station (Bul
487, Kansas Agricultural Experiment Station) when wheat replaced milo.
However, in the Ft. Hays tests feed intake decreased more than rate of
gain so that efficiency of conversion of grain to cattle gain was 15 per-
cent better for wheat than milo. Furthermore, wheat had an especially
high feeding value (24 percent greater than milo) when fed in combina-
tion with mile in the Ft. Hays trials,

An advantage of wheat over milo was demonstrated by the Fi. Hays
trials in which the protein supplement was reduced when wheat rf:plﬂced
milo, with no decrease in cattle perlormance. Since the digestible protein
ol milo and wheat averages 7.0 and 10.7 percent respectively, each 1 1h.
replacement of wheat for milo results in a net gain of 037 1b digestible
protein. Supplemental protein can be reduced accordingly, The approxi-
mate digestible protein content of several protein feeds, and the amount
each could be reduced in the daily ration is indicated below,

Cotlon. 445 Lk B2oh 20 Alfalfa
aeed Soybean Soybean  Supple-  Supple- hay
menl mesl meal ment ment

% Digestible Protein 35 42 46 26 16 10
Reduction, Ib. daily A1 09 .8 A4 22 37

For example, if 7 b, milo in the daily ration were replaced by 7 b
wheat, cottonseed meal could be reduced .77 Ib. daily (11 x7 =.77).
The possible saving in supplemental protein cost in this way is obvious.

No significant differences were obtained in volatile fatty acids, as
shown in Table 3, This is to be expected, since the grains did not differ
significantly in feed elliciency. Correlations of volatile fatty acids with
feed intake and feed efficiency are shown in Table 4. Significant nega-
tive correlations were obtained for feed intake and acetic-propionic ra-
tio and for feed/1b, gain and total volatile fatty acid concentration. A
significant positive correlation between feed intake and percent propionic
acid was also obtained. A possible explanation is that as percent pro-
pionic acid increased and the acetic-propionic ratio therefore decreased,
feed intake increased and feed required per lb. of gain decreased. Also,
as total VFA concentration increased, feed /b, of gain decreased. It should
lie pointed out that these correlations indicate only a relationship be-
tween two variables; they do not indicate cause and effect.
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Table 5. Production of rumen volatile fatty acids'®

S Rittion
L4 Miloe
A il Wheat W Wheat
Acetic acid, %% 52.9 51.9 543
Propionic acid, % 33.9 4.7 34.2
Butyric acid, % 13.2 13.4 11.4
Acetic-propionic ratio 1.57 1.53 1.80
Total volatile fatty acid 85.0 79.7 090.7

cone., am/flitert

' Mone of the differences due to treatment were significant (1 o.05).
2 fumen samples from steers, obiained by tabing, were analyzed by gas chromoiography,
o Micrn males per liter,

Table 4, Correlations of volatile Fatty acids with feedlot performance!

E':ru]:liul:lil: N:ulit:-1:|r|_.1|ri.1nli|.' Total VFA

acul, %% rafidn COnEG, I-L"'Iml
Av, daily feed intake, Ib, 0,54 B 010
Feed/ b, gain, 1k — 3 041 — 562

VAN correlations were adjusted for treatment  effects,
* Rigniflicantly different from  zero [I‘{.ﬂ.ﬁ].

MNet energy values ol the total ration for maintenance and produoc-
tion, and of the grain for maintenance, produoction and maintenance
plus production are shown in Table 5. The NEp of the milo-wheat
combination was slightly lower than cither the milo or the wheat.
However, the differences were not statistically significant, and probably
were the result ol animal variation and not due to real differences in
net energy of the grains,

Table H. Net energy values of milo and wheat!*

Ration o

B T ammam T i Mile

Wil Wheat 4% Wheat

EE o — Megeal /100 b,
MEm-4p of total ration® 57.6 %3.2 57.4
NMEm4-p of graint 61.5 (7.0 63.7
MEm of grain® 69,3 67.8 63.4
NEp of grain® 46.7 45,2 420

" Met energy values were determined by ihe comparative slawghter technlgoe  develeped  ar the
Calilornia Station

2 Mone of the diferences due to trentment were significant (1 q-_:.ll!‘...l.

*Met energy of total ration Tor maintenance and  prodoction.

P Met energy of grain for maintenanee and  productbon, )

S Mel energy of grain for maintenance, determicd by multiplying NEp valoe by 15

U Met energy of grain for prodoction.
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Results of this wial and other research indicate that resulis with
wheat may be variable, but that acceptable feedlot performance and
carcass merit can be obtained with wheat in the finishing ration. For
comsistently best results, wheat should not replace over one-half of the
milo. The higher protein content of wheat should be recognized and the
supplemental protein reduced accordingly.

The Value of Vitamin E Injections
for Feedlot Calves*

Robert Totusek, James E. Tanner, Robert Renbarger
Larry G. Franks and Norris B, Whitfield

Story in Brief

Vitamin E injections were given to one-half ol a group of steers,
heifers and bulls during a 168-day [eeding trial. A total of 1500 1.
wis administered on the 28th day and again on the 84th day. The vita-
min E was without apparent affect on rate of gain and carcass trails,
It was concluded on this basis that the ration fed was adequate in Vita-
min E,

Introduction

Several research reports from other states have indicated a possible
deficiency of vitamin E in some cattle [linishing rations, and occasional
reports from the field have suggested a benefit from the administration
of supplemental vitamin L to feedlot cattle. The objective of this experi-
ment was to determine the value of vitamin E injected inte calves being
finished in drylot.

Procedure

A total of 138 Angus calves, including 44 steers, 48 heilers, and 46
ulls, was available for this experiment. The calves were dropped pri-
marily in February and March and placed in the feedlot immediately

“Fhe cooperation of Hoflman-Reche, Inc, Roche Chemical Division, Nutley, New Jersey, in
prowiding the vitamin E uwsed in this study is gratefully ackoowledged.
Thanks are also extencded e Dr, J. ¥V Whitewman for the wse of the experimental eattle, anrd
e persomne]l at the Fro Reno Experiment Station for caring for the cattle, : i
The coaperation of the Maurer-MNaver Packing Company, Atkansas City, Kansas, is obtaining
slavghter and carcasa data was very much appreciated.
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after weaning at an average age of seven months, The calves were sired
by eight bulls, and all eight sires were represented within each sex group,
The progeny of each sire within each sex group was randomly allotted
to one of two treatments, vitamin E or no vitamin E, so that equal num-
bers of each treatment were represented within each siresex group, The
calves were fed together by sex group; that is, all steers were fed tngt:lhur.
all heifers were fed together, and all bulls were fed together. Conse-
quently, it was not possible to obtain data on feed efficiency,

The [eeding period was 168 days long. At 28 days, those calves des.
ignated to receive vitamin E were injected as they passed through the
chute to be weighed. A second injection was given 56 days later, 84 days
alter the beginning of the feeding period. The vitamin E product used
contained 100 LU, of dl-alpha-tocopheryl per c.e. A total of 15 c.c., con-
taining a total of 1500 LU, of vitamin E, was administered at each in-
jection.

Injections were intramuscular and in each case were made at two
different sites in the rump. The ration consisted of (percent) : ground
shelled corn, 27.0; chopped alfalfa hay, 12.5; cottonseed hulls, 25.0; whole
oats, 10.0; wheat bran, 10.0; cottonseed meal, 10.0; molasses, 5.0; and sali
0.5 Chlortetracycline was fed at a level of 5 mg. per 1b. of ration. Feed
was available at all times in self feeders, The cattle were housed in open
sheds, with free access to outside pens paved with concrete. Water was
available at all times,

Results and Discussion

The rate of gain of the three sex groups, with and without injected
vitamin E, by accumulative period [ollowing each of the two injections,
is presented in Table 1. A summary of all sex groups, and for the total
[40-day period following the first injection, is also given in Table 1.

A trend in rate of gain due to treatment is not apparent. Differences
in rate of gain following either the first or second injection were not
consistent among sex groups. Differences in gain within sex groups, and
for the average of all sex groups, for the entire 140 day period, seemed
to be largely a reflection of genetic potential for rate of gain as indicated
by gains made during the 28 day preinjection period.

Average values obtained for various slaughter and carcass traits are
shown in Table 2. All differences between treatments were very small,
indicating that injected vitamin E did not affect carcass merit,

The results of this trial indicate that the ration which was fed was
atlequate in vitamin E, because there was no obvious benefit from in-



Table 1. Rate of Gain of Feedlot Calves as Affected by Vitamin E Injections

Average Daily Gain, Ib.

Na. Inirial Preoest After lat Imjection! After 2nd Injection?
Sew Vit. E Calves we, b 28 Days 78 Days 56 Diays 23 Days 56 Days 54 Days 140 Davs
Steers No s 480 291 3.67 2,76 2.55 2.62 .50 2.56
Yes 20 476 2.64 3.73 2.62 2.62 2.56 2,25 2.44
Heifers MNo 24 456 2.20 2.63 237 2.32 222 2.05 222
Yes 24 469 1.98 2,77 238 207 2.06 1.94 2.09
Bulls Nao 23 494 2 88 3.48 3.74 1.94 2.16 2.35 2.90
Yes 23 488 2.88 3.38 3.38 236 2.27 2.44 2.89
Total No a9 477 2.66 3.26 2.96 227 2.33 2.2% 2.56
Yes a7 478 2.50 3.30 2.86 2.33 2.30 221 247

1 The first injection consisted of 1500 LU. of dl-alrha-l.noophﬂnl given 23 duys after the beginning of the feeding trinl
= The second injection consisted of 1500 LU. of dl-alpha-tocopheryl given 84 days after the beginning of the feeding trinl.
aTwo calves were removed from test early in the trial and were not incloded in the data.

Table 2. Carcass Traits as Affected by Vitamin E Injections

Vit. Diress.t REA Percent? Fatt Kid. Fa® Markb.* Mac®
E Percent 5q. in. Round .n Percent Score Grade? Score Curability?
Steers Mo Gi.1 11.0 20.5 B0 2.7 5.4 10.3 16.7 49,2
Yes 64.0 10.9 0.1 B2 2.5 3.6 10.3 16.6 9.2
Heifers Mo (3.9 10.5 19.8 .79 3.3 6.2 10.9 17.2 48.6
Yes 63.8 10.6 19.6 i 3.1 6.2 11.0 17.2 49,3
Bulls Na 62.8 12.4 21.1 63 1.4 ) 8.8 17.8 52.0
Yes 61.4 12.1 21.1 B4 1.7 4.3 9.0 17.8 516
Total Mo 63.6 11.3 20.4 T4 .5 3.1 9.9 17.2 499
Yes 63.1 11.2 20.3 43 i a4 10.4 17.2 50.0

1 Based on shrunk Ft. Reno live wcdl,ght and chilled carcass weight,
1 Ril:;;;'c area measured on tracings of the ribeye.

4 Ba on trimmed round and chilled carcass weight.

* Average of three measurements on tracings at the twelfth rib.

8 Estlmated by wvisual ohservation.

U Fag on #=practically devoid, 3=trace, 4=slight, S=small, f=modest, Temoderate, B=slightly abundant. $=moderately abundane,
TUS DA, gradse with h prime=15, high choice=12, high good=1,

8 Based on A=17, B=14, C=11.

0 Estimated percent of carcass as bomeless trimmed  retnil cues,

FOsT “YLIDIEIY IINIIG JPUOHE

I
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jecting cattle with vitamin E at two times during the feeding trial. I is
possible that vitamin E could exert a beneficial influence on feed effi-
ciency, which could not be measured in this trial. It is also possible that
in other situations with different [eedstulls, supplemental vitamin E
might be of some value il the ration is deficient in vitamin E. Deficiencies
ol vitamin E in feedlot cattle do not appear to be wilespread, however.

Early Weaning vs. Normal Weaning vs.
Creep Feeding of Heifer Calves
Robert Totusek

Story in Brief

Angus and Herelord heifer calves were subjected to (1) low, (2)
medium, and (3) high planes of nutrition previous o weaning by (1)
weaning at ) days, (2) weaning at 240 days, and (3) creep leeding
and weaning at 240 days, resulting in over 100 1h, spread in weight a
2400 days of age. Compared to normal wcaui:]g, early w::.'u]ing has resuled
in a slight decrease in weight to 4 years of age, no permanent affect on
appearance and skeletal size, and an increase in productivity based on
the weaning weight of calves produced, while creep [eeding has resulted
in no permanent advantage in body size and no advantage in produc
tivity.

Introduction

Since feeder calves represent an important source of ugri{:uJLumI
income in Oklahoma, the development of the beel female for maximum
productivity (milk production) and reproductive performance is of ob-
vious imporiance, Milk prm]m:l.iun anl I'L‘]}I'thlutili\fr performance can
be markedly intluenced by both undernutrition and overnutrition dur-
ing the postweaning period of development. The harmbul effects of severe
undernutrition during the growth period on milk production of the beef
female have been recognized for many years. More recently the ]:-n.r.:ih][_-
detrimental influence of a high plane of nutrition during the postwean-

Ul assistance of Marris Whitelield in collecting and summmarizing data, and of Jim Newsem, Larry
Franks, Vincent Mewshaus, George Hall apd Curtis Albaber in collecting data, and Herl Sneed in

caring for the cartle I gratefully acknowledged.
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ing developmental period on the ultimate milk producing ability of
both beef and dairy cows has been reported. Similarly, it has been shown
that a low plane ol nutrition resulis in inlerior 1'eprocluf:t ive performance,
and that a high plane of nutrition may also result in suboptimum repro-

duction. Much of the research with beel cattle has been conducted at this
station and reported in Feeder's Day Reports {Iuring the Jrast 18 YEUTS.

Observations at this station have indicated a tendency for heifers
with the lowest preweaning gains to develop into the best milk produc
ers, and for heavy milking cows to 111'0{[{:{'{.* heifer calves with lowered
milk producing ability, These limited observations suggested that pre-
weaning plane of nutrition does influence the subsequent performance ol
beef females. Since no controlled research on this problem had been re-
|u:|-|_e4'_l, an experiment was initiated to determine the influence ol pre-
weaning plane of nutrition of heifer calves on (1) body development,
() milk production, and (3) reproductive perlormance.

Procedure

The experiment is being conducted under range conditions at the
Lake Carl Blackwell Range near Stillwater, and includes both Angus
and Herelords, Within each breed, three preweaning planes of nutrition
were imposed on heifer calves. A low plane was accomplished by weaning
heifers at 140 days of age, then maintaining a pgain of approximately
75 Ib. per day to an age of 240 days with a ration of either alfalfa hay
or prairie hay plus a protein supplement, A medium plane was obtained
by weaning the heifers at 240 days. A high plane was induced by creep
feeding during the suckling period and weaning at 240 days of age.

All heilers within each breed produced in the same year were kept
together alter the age of 240 days. They were wintered in a trap, on al-
falta hay or prairie hay and protein supplement, at a moderate level of
nutrition. After reaching 1 year of age, the heifers were allowed to graze
native pasture, supplemented with protein concentrate or alfalfa hay dur-
ing the winter. All heifers of the same breed born the same year were
bred to the same bull, and were bred to calve first at 2 years of age.

Results and Discussion

Although numbers are still limited, and insuffiicent to allow defi-
nite conclusions relative to many questions, some trends have become
apparent and the preliminary data are being reported.

Figure 1 illustrates weight changes to 4 years of age as inlluenced
by preweaning plane of nutrition. At 240 days of age normal weaned and
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Figure 1. Body weight is influenced by three pre-weaning planes of
nutrition.

creep fed heifers weighed 51 and 117 1b. more than early weaned heifers.
The early weaned heifers have remained slightly lighter in weight (about
400 Ib) to 4 years of age than the other heifers. Perhaps this difference
in size as measured by weight will be permanent. However, creep fed
heifers have not maintained their advantage in weight over the normal
weaned heifers, indicating that their weight advantage at 240 days was
largely [at rather than skeletal and muscle tissue,

The actual appearance of the heifers is rather accurately reflected by
condition score, shown in Figure 2. There was a great difference in ap-
pearance al 240 days of age. The early weaned heilers were thin and
appeared rather frail. The creep fed heifers were big and thick and
bloomy, and suggested potential for developing into large productive
cows. The normal weaned heifers were intermediate in appearance, Dil-
ferences in appearance were less apparent at 1 and 114 years of age, and
after the age of 2 years it has been difficult to identify the heifers ac-



Auwinmal Setence Reseaveh, 1968 73

15 |-
[f8)
o
o
i
=
o
[
=1
5
o 140
d g sssssnansares 240
\ s e o PO
140-240 11142 2-2142 3-31/2 4
AQE —
DAYS YEARS

Figure 2, Body condition score as influenced by three pre-weaning
planes of nutrition,

cording to preweaning treatment, even when they are sorted into their
treatment groups.

Changes in skeletal size as indicated by height at withers are illu-
strated in Figure 3, Skeletal size was affected less by preweaning plane
of nutrition than was weight. Differences in wither height between early
weaned and creep fed heiters did approach 2 in. at 240 days of age, but
these differences disappeared by 2 years of age.

Cow productivity as affected by preweaning plane of nutrition is
summarized in Table 1. About one-half of the data is for Firstecalf cows,
one-third for second-calf cows, and only onesixth for third-calf cows.

There was little difference in calving date, indicating that concep-
tion date was not greatly affected by preweaning plane of nutrition,
There was also very little difference in birth weight of calves due to
preweaning treatment of the cows. Conception rate, as indicated by per-
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Figure 3. Height at withers is influenced by three pre-weaning planes
of nutrition,

centage of cow calving, has tended o be higher for the cows which were
creep fed as heifers, although this advantage has decreased by weaning
time due to slightly greater losses at and following calving. More data
is definitely needed to justity conclusive statements in this regard,

Early weaned heifers have produced heavier calves than either of the
ather two groups, Creep fed heifers have produced calves only very
slightly lighter than normal weaned heifers. The advantage in weaning
weight of calves produced by the early weaned heifers has averaged 15 1o
20 1b, over the normal weaned heifers, and 19 10 24 1b. over the creep
fed heifers.

The preliminary data presented here suggest that a high plane of
nutrition of heilers previous to weaning has little permanent advantage
in terms of IM::I}' size andd [:-rml:i{:!ivit}', while a low plane of nutrition
has a slight depressing affect on body size but improves productivity in
terms of weaning weight of calves produced.
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Table 1. Effect of Preweaning Plane of Nutrition on Cow Productivity

Preweaning Treatment of Ciows

Weaned at eaned at Creep fed, weaned
140 days 240 clays at 240 days
1965 and 1966 Calves
Mo, cows bred 48 449 45
Calving date 4-4 5-31 4-8
Birth wt., Ib. 65 65 63
% calved 7 79 B4
e weaned Fi! 72 75
210-day wt., Ib, 42 a7 S84
1967 Calves
No. cows bred 49 46 al
Calving date 3-31 3-28 3-30
Birth wt., Ib. 68 68 0
% Calved a0 BS 490
% Weaned 78 74 76
210-day wt., lb. 430 410 406

Pertformance of Beef Calves During a
Three Week Pre-weaned Period

5. A. Ewing, Kern Hendrix, and Bob Renbarger

Story in Brief

Two hundred weaner beef calves were used to observe weight change
patterns during a three-week period after weaning. Steer and heifer
calves consuming limited amounts of supplemental feed while being
weined on pasture averaged 30 and 18 pounds of gain, respectively, dur-
ing 21 days alter weaning. The possibility of important sex differences
in gain immediately after weaning is suggested.

Introduction

Much interest in pre-weaning of [eeder calves belore they are shippexl
o the feedlor has occurred during the past two years. It appeared desir-
able to establish the weight change pattern ol calves alter weaning when
maintained on the farm or ranch for periods up to 3 weeks prior to ship-
ment, This test was conducted in the fall of 1967 at the Ft. Reno Re-
search Station.
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Procedure

Two hundred, spring-dropped, commercial beel calves were selected
as experimental animals lor this test. The group consisted ol 115 steer
calves and 85 heifer calves from research herds maintained at the FL
Reno Station, The calves were weaned at an average age ol approximate
ly 7 months.

Steers and heilers were maintained in separate Bluestem grass pas-
tures after weaning on October 3, 1967. All calves were weighed in-
dividually at weaning and at 7-day intervals thereafter (o measure weight
changes occurring during a typical § week weaning period. All weights
were non-shrunk weights following a one-quarter mile drive. The calves
had been previously vaccinated (at about § months of age) for blackleg
and no immunizations were given as a pre-weaning or pre-conditioning
treatment since the test was designed to observe typical weight changes
during a post-weaning period of the duration mentioned.

Supplemental feed was provided as follows: Free choice access to al-
falia hay for 6 days. From this point hay was eliminated and the calves
were started on 1 pound of a 50:50 mixture of ground milo and erimped
coats and remained near this level of grain intake for the balance of the
perioil,

Results and Discussion

The results concerning calf I‘J(_"I'[uT‘II'I:HﬂI‘:E, conlformation grade and
condition scores are summarized in Table 1.

The average increases in weight during the 21 day period were 30
and 13 pounds respectively for steers and heifers. Since the steers and
heifers were maintained in different pastures, the difference in weight
gain hetween the two groups should not be considered entively due to
sex differences. The question is raised, however, as o the velative aggres-
siveness of calves of dillerent sex [ollowing weaning.

The small difference observed in grade and condition scores sugges!
that these characteristics remained basically wunchanged during  the
period,

Hay consumption during the lirst week averaged about five pounds
daily, Grain consumption during the last two weeks averaged about one
pound daily. The low rate of supplemental feed consumption suggests
the calves were on good pasture, which was the case, It is likely that the
calves would have approached the gains observed without supplemental
feed.
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Table 1. Changes in Weight, Grade and Condition of Beef Calves

During A Three Week Period Following Weaning

Srecrs Heilers Avg,
No. of Calvest (Fio B5
Calf Performance, Ibs.:
Weaning weight (10-3-67)% 469 450 A6
Weight 21 days post-weaning® 4499 472 485
Total Gain (21 days) 30 1% 21
Daily Gain (21 days) 1.43 G2 104
Conformation Grade:®
At weaning 14.5 142 14.3
21 days post weaning 14.7 14.2 4.4
Condition Scores:*
Al weaning 10.9 11.4 11.2
1 days post weaning 1.6 11.3 11.4
Feed Consurnption per call (21 days) Ibs.:
Ground Miloe 8.9 a9 .5
Crimped Oats 7.4 1.5 74
Alfalfa Hay 35.8 33.3 34.5

P ANl ealves were dropped in late winter and early spring of 1967,
Al weights are non-shromk weights after approximately one-quarter mile drive,

% Scored based on following scale: .ﬂ.\[('rum-. 'pu'j:ruu:lli_.. average choice=I1%, average good=10 .
' Seores based om wisual :plpwalﬂl with 11 representing calves that would grade average choice
kLt

ane 10 low choice a8 slanghier ealves,

Sheers
{115 head)
5 Haiters
e {85 head) 497
4BB
=
= 480 |
K-
¥
T
e 448 —
ph 472
480 |- A4
458
440 i 1 1 1
o 7 14 1

Darys After Wianing

Figure 1. Weight change pattern of beel calves during a 3 week pre-

weaning period,
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The weight changes of steer and heifer calves are shown graphically
in Figue 1, It is apparent that essentially no gain was made the firsi
week. Both sexes exhibited the greatest weight gain the second week.
During the third week the heifers made essentially no gain while steers
exhibited a rate of gain of about 50 percent of that observed during the
previous week. These data sugpest that one week may not be sullicien
to recover or exceed weaning weight. Therelore, at the end of two o
three weeks weights could be comparable to those at weaning.

There are numerous factors that should be studied in conjunction
with pre-weaning and pre-conditioning of beef calves (i.e. vaccinations &
parasite control), Therelore, a total program must be designed to prop
erly pre-<condition calves.

Seasonal Variation in the Cmnlmsilion and
Digestibility of Midland Bermudagrass

J. E. McCroskey, N. E. Brackett and Robert Renbarger

Story in Briefl

The seasonal variation in in edétro dry matter digestibilicy and certain
chemical constituents are presented for samples of Midland bermuda-
grass taken at the Fort Reno Experiment Station during the years 1966
and 1967, Chemical analyses determined were crude protein, neutral
detergent solubles, neutral detergent [iber, acid detergent fiber and
acid detergent lignin. Also, s:mlphrﬁ were mm[}rzi_‘{l lor percent calcium,
pliosphorus, magnesium and potassium,

The data indicate a positive relationship between neutval deter-
gent solubles (cell contents), crude protein and in witre dry matter
digestibility. There is a negative relationship between dry matier
digestibility and all three [iber [ractions. It appears that Midland
bermudagrass is a high quality forage for only about the First sixty days
ol the growing season.
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Introduction

Bermudagrass continues to play an ever increasing role as a forage
[or beef cattle in Oklahoma, Its rapid and widepread acceptance across
the state has resulted from its ability to produce a large amount of forage
and withstand heavy grazing pressures. Much is known about the fertili-
zation requirements and expected dry matter yield but the data are
rather limited on its composition and nutritive qualities,

This report presents an average of two years” data on the composi-
tion and én witre dry matter digestibility of Midland bermudagrass sam-
ples collected monthly at the Ft. Reno Experiment Station during the
years 1966 and 1967 as a jrart of Project S1220. In 1966, two-hundred
pounds of nitrogen was applied per acre in three equal applications dur-
ing the spring and summer months. In 1967, one-hundred [ifty pounds
of nitrogen and 50 pounds each of phosphorus and potassium were ap-
plied per acre. The phosphorus and potassium were applied in one ap-
lication in the spring whereas nitrc:gen was divided into three equal
applications.

Procedure

Shown in Table 1 are some chemical constituents of the forage and
values for in wvitro digestibility of dry matter by months. The values for
neutral detergent solubles (NDS), neutral detergent fiber (NDF), acid
detergent fiber (ADF) and lignin were determined according to the
procedures developed by Van Soest (1963 and 1967) for evaluating for-
ages. Using these techniques the forage is divided first into cell contents
(NDS) and cell-wall constituents (NDF}. The NDS fraction represents

Table 1. Seasonal Variation in Chemical Eumpositiun and in Vitro
Dry Matter Digestibility of Midland Bermudagrass (2 Yr. Average)

N.D.5 M.D.F. In Vitro
Ciryle el {eell .M.
I"ristein contents) walls) AT, Lignin Digest,
Month
% of Iiry Matter
January 5.6 214 TB.6 43.5 6.1 37.5
February 6.6 23.7 76.3 44.1 6.1 39.6
April 24.2 50.3 49.7 23.1 2.8 70.2
May 20.6 33.6 66.4 31.0 38 67.3
June 16.9 30,0 70.0 34.2 4.3 59.9
July 13.2 27.7 72.3 344 5.1 58.1
August 15,4 22.6 77.4 37.1 5.0 54.8
September 15.8 25.4 4.6 5.2 +.8 57.8
Oetober 12.1 233 6.7 33.0 5.2 32.7
November 8.2 25.8 742 37.4 5.3 45.1
December 7.1 22,2 77.8 40.9 6.0 44.1
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the easily digested and more soluble parts of the forage (starch, sugars,
protein, fat etc.), whereas NDF contains the less digestible, high fiber,
cell-owall constituents (cellulose, hemicellulose, lignin etc.). The ADF
fraction includes primarily cellulose and lignin. From the ADF fraction
lignin is determined by treating with sulfuric acid. Dry matter digest-
ibility was determined in the artificial rumen according to the method
of Tilley and Terry (1963). Samples were digested for 48 hours in the
artificial vumen then subjected to pepsin digestion for an additional
48 hours.

Results and Discussion

Most forage researchers consider these chemical determinations and
this i vitro technique to be among the best laboratory technigues avail-
able for evaluating [orages. Animal gain data are not available for these
forage samples but most forage researchers agree that in witro digest-
ibility values arve rather closely correlated with animal response. There-
fore, some of the analyses values are compared with in witre dry matier
digestibility values in Figures 1 through 4.
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Figures 1 and 2 show a positive relationship of crude protein and
cell contents (NDS) to dry matter digestibility, Note the high values for
all three in the early growing months of April, May and June. Dry mat-
ter digestibility, NDS and crude protein all decline rapidly from April
to July. A rather high positive relationship between cell contents and
dry matter digestibility should be expected since cell contents consist
of materials which are almost completely digested. Cell-wall constituents,
on the other hand, are rather low in digestibility.

Figures 3 and 4 show a negative relationship between dry matter
digestibility and ADF and lignin. This is reasonable since fiber material
is relatively low in digestibility and lignin is considered completely un-
digestible. Although the range in lignin content throughout the year is
not great in terms of percent of dry matter, its effect upon digestibility
is quite marked (Figure 4).

Table 2 and Figure 5 show the percentages of some of the
minerals in  bermudagrass. It is interesting to note that the
curve for potassium (Figure 5) is similar in shape to that of v witre
dry matter digestibility (Figure 1), If we compare mineral content of
the grass with requirements of different classes of cattle we find that it
is adequate in the minerals shown for all classes of cattle during the
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Figure 2. In vitro D.M. digestibility vs. NDS (cell contents).
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Table 2. Seasonal Variation in Mineral Content of Midland
Bermudagrass (2 Yr. Average)

Calcinm Phosphorus Magmnesium Fotassinm

Month %% of Dry Matter

January 539 A2 A7 20
February 85 .11 14 25
April A48 A2 .25 234
May A1 .23 18 1.39
June 58 .22 20 1.36
July 56 .23 21 1.52
Angust A0 25 19 1.35
September 56 26 A8 1.26
COctober 41 21 A7 1.02
MNovemhber 6 A4 A5 69
December 27 09 A1 25

srowing season (April to October). During the winter months bermucda-
orass is definitely deficient in phosphorus and possibly some trace ele-
ments not shown,

When we consider the chemical composition and in vitro dry matter
digestibility of Midland bermudagrass throughout the year we see that
it is high in digestibility and low in fiber only during the spring and
early summer months. Some forage specialists state that in order for a
forage to be classed as “high quality forage” it must have a dry matter
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digestibility of 65 percent or more. Thus, il this be true, bermudagrass
is high in quality for only about 60 days of the year. This may explain
the reason why young, growing cattle gain well during April, May and
June but gain poorly during the remainder of the growing season. Fur-
thermore, research has shown that forage intake increases as digestibility
increases up to about 60 percent dry matter digestibility. Since digest-
ibility of bermudagrass is below 60 percent except for April, May and
June it is likely that cattle do not consume enough forage at other times
to promote rapid gains,

Factors Iuﬂuen{:ing Muscle Fiber Variation
R. L. Henrickson and W. A. Gillis

Story in Brief

Skeletal muscle libers vary greatly in size with respect to class ol
animal, muscle, and within muscle, These variations have been shown
to be affected by specie, size, breed, sex, age, and level ol nurrition. Post-
mortem influences on muscle fiber size, sarcomere length, percent kinky
fibers and shear force have been shown to be influenced by rigor mortis,
remperature, and muscle tension.

This investigation was designed to study the elfect ot four levels
of muscle tension on the shear force of the semitendinosus and semi-
membranosus muscles. Levels of tension used were 0, 1000, 2500, 5000 gm.

Fiber size varied inversely with sarcomere length. No significant
relationships were noted for fiber size and the percentage of kinky
libers.

Introduction

Skeletal muscle makes up approximately 40 percent of the live
body weight of which approximately 75 percent is muscle fibers. Any
variation as to quality and quantity of the muscle components can
ultimately affect tenderness. The structure of muscle is a function of the
relative amounts and kinds of the various component tissues. There-
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lore a thorough appreciation of the important tissues comprising muscle
must be realized before any consideration of fiber variation can be
made.

With the advent of technological advancements in electron and
light microscopy and new methods of tissue preparation the structure of
the skeletal muscle fiber has drawn considerable interest. A briel re-
view of the literature relative 1o striated muscle fiber will be given before
considering variations.

Walls (1960} described the muscle fiber as a cylindrical, elongated,
multinucleated syncytium that generally does not branch, however
Bardeen (1903) has shown that variations of this description do exist.
The muscle liber is surrounded by a connective tissue sheath that is
very similar to the plasma membrane and internal membranes of other
cells and 15 referred to as the sarcolemma. The sarcolemma is not a
perfectly smooth cylindrical membrane, but is marked by several small
vesicles and carveolae (Porter and Palade, 1957). Beneath the sarcolemma
there exists a fluid matrix referred to as the sarcoplasm, which is made
ol various soluble proteins such as myogen and myoglobin (color pig-
ment), The sarcoplasm serves a function similar to that of typical cellular
cytoplasm and contains the various cellular inclusions and organelles.
An organelle, the myolibril, has received considerable attention due
to its contractile properties. The myofibril is an elongated striated
structure  comprised of two different types of filaments. The
coarse filament is approximately 100 angstroms in diameter and 15
microns in length. The fine flament is approximately 50 angstroms in
diameter and 2 microns in length (Huxley and Hanson, 1957). The
thick filament, comprised of I:he.[.m:-l!:in myosin, is called the A band.
The thin filament is comprised of the protein actin and makes up what
is referred to as the I band. Between adjoining 1 bands there is another
band referred to as the Z disc. The distance from one Z disc to another
comprises the contractile unit of the myofibril, the sarcomere,

Inherent Variation

Walls (1960) reported that there is considerable variation in fiber
diameter, with a range of 10 to 100 microns commonly being accepted.
Fiber size differs in the major animal classes with fish having the largest
libers and birds the smallest (Mayeda, 1890). The fibers of one muscle
may be generally larger than those of another muscle in the same animal
(Hommond and Appleton, 1932). In addition, the fiber diameters vary
considerably within the same muscle. Other factors such as specie, size,
age, breed, sex, and level of nutrition also have been found to influence
this variation.
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Joubert (1956a) reported that muscle diameter had no clear rela-
tionship to size of species, however, an increase in liber diameter was
closely associated with relative increase in body weight.

Using cattle, Joubert (1956a) studied the effect of breed on fiber
diameter. He found that one breed of cattle, British Friesian, whether
crossbred or purebred had significantly larger [iber diameters than
another breed, Dairy Shorthorn. This breed significance was not shown
to be independent of hody weight. Other workers, Adametz (1888), Ham-
mond and Appleton (19323, Strateciuc (1933), Mehner (1938) and Gle-
bina (1952), have supported the lindings that interbreed differences do
exist, however, in most cases the difference is proportional (o dilferences
in body size

A review of carly reports caused Joubert (1956a) to conclude that
males generally have thicker fibers than females. However, taking size
into consideration he found that there was a slight tendency for females
to have thicker fibers than males. Adametz (1888) reported that muscle
fibers of hulls were appreciably larger than of cows, but that only slight
differences existed between bulls and steers. Other workers, Hammaond
and Appleton (1932) using sheep, Mchner (1938) with fowl, and Ishihara
et al. (953) in Japanese Black cattle, conlirmed these results.

Contradictory evildlence has been presented by Brady (1937), and
Satorius and Child (1938) that cows had significantly thicker muscle
[ibers than steers. The true relationship, if any, that does indeed exist
is still a matter of conjecture,

The effect of age on fiber diameter has been studied extensively by
many workers: McMeekan (1940-41), Thompson (1942) , Meara (1947},
Hiner et al. (1953), Joubert {1956a), Tuma et al. (1962), Carpenter
et al. {19G2) and Henrickson et al. (1963, and all are in agreement
that fiber diameter increases from birth to maturity and that it in-
creases in size rapidly while the animal is quite young and tends to level
ofl as the animal approaches maturity,

Yeates (1964) studied starvation changes and subsequent recovery
of adult beef muscle. The experiment revealed that with starvation of
the adult animal the shrinkage in cross sectional areas of the muscles,
after allowing for the loss of some intramuscular Fat, was associated
with the reduction in diameter of the individual fibers; thus, with
repair of live weight, recovery both of whole muscle dimensions and
muscle fiber diameter appeared to be complete.

Large fibers within a muscle are often closely associated with
“growthy” or meat type animals. Unusually large muscles possess many
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libers which are intermediate o grey-white in color. This condition
is first noted on the surface muscles of the thick portions of the carcass
and are most extensive on the periphery of the muscle bund'es. These
white fibers are characterized by being low in myoglobin, but high in
potassium and phosphorus, The K-40 content of total muscle may be
influenced greatly by the predominance ol white muscle [ibers. Con-
nective tissue surrounding the fibers are [illed with fluid and the muscle
is tleseribed as being soft, watery, and pale. Fibers such as these have
the ability to contract at a rapid pace. Thus, leading to death of the
animal often as a result of excitement, In less severe cases the animals
are slaughtered and the condition is detected as light colored muscle,

The chemical composition of white muscle in the red meat animal is
such that it leads to meat with undesirable quality. It would seem now
that such a condition in meat should be well guarded against as we
strive for improvement in the meat type animal.

Post-Mortem Variations

Another cause ol structure variation of the muscle [iber is the con-
ditions to which it is subjected after the animal is slaughtﬁrrztl.

Muscle contraction referred to as rigor mortis has received much at-
tention by investigators, Rigor mortis is defined as the physical and
chemical changes that take i]l:itﬂ' after death of the animal. This dis-
cussion will be limited to the physical effects of rigor en the muscle
fiber. The main observed physical change is from a highly extensive
elastic condition of muscle or freshly killed animals to the inextensible
and rigid condition of the muscle fiber in full rigor. This is a result of
the actin filaments becoming bound to the myosin filaments thus greatly
decreasing fiber extensibility. This actomyosin complex remains locked
in a contracted state until rigor resolves {Marsh, 1954). Along with this
change in extensibility, there is a gradual shoriening of the sarcomere
as rigor approaches, which leaves the muscle in a semi-contracted state
{ Locker, 19607,

Similar results with an increase in [iber diameter and a decrease
in sarcomere length were obtained at the Oklahoma Station. Another
well known physical effect of rigor on the muscle fiber is the presence
of rigor kinks found in localized areas along some fibers. In an attempt
to objectively determine the amount of kinkiness in different muscles
and as a result of different treatment Gillis and Henrickson (1967) have
devised a method of expressing the amount of kinkiness on a percentage
basis. This method consisted of subjectively assigning a value to the con-
dition of the muscle fiber, similar to the subjective appraisal of carcass
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grade, and then relating this measurement with other known estimates
of contraction.

The effect of temperature on the condition of the muscle fiber has
been shown to have considerable influence. Locker and Hagyard {193
showed that shortening of the muscle fiber occurs when exposed to very
cold temperatures. This phenomenon is referred to as cold shortening.
It is currently thought that cold shortening occurs simultaneously with
the formation of cross-linkages in rigor; a degree of mternal strain or
actual disorganization occurs, and actually increases the resistance of
the muscle to cleavage. Herring et al. {1965a) reported that slightly more
shortening appeared, as indicated by sarcomere length, to take place
in stretch-restrained muscle samples at 19 C. than at 5% C. It was pos-
tulated in this experiment that some cold shortening may have occurred
at this temperature as well,

Cook and Wright {1966) using samples ol unfroren and prerigor
frozen ovine semitendinosus muscle, incubated for 24 houwrs at six
temperature levels between 0% and 40°C., found that variations in tem-
perature caused muscle fibers to be in various states of contraction. The
variations in sarcomere length of unfrozen and pre-rigor frozen muscle
did not follow any specific course in relation to temperature, but a dil-
[erence did exist.

Harrison el al. (1949 noted that the differences between sections
of raw wwl cooked muscle were slight, however, the cooked sections
tended to have straighter fibers than the raw muscle seotions.

Paul et al. (1944} noted that the histological appearance of the
muscle fibers varied with biological aging. Harrison ef al. (194Y9) noted
that freshly killed beef muscle showed poorly differential straight to
slightly wavy fibers. After 1 day of storage at 1.7°C. the fibers and cross
striations were more distinet, and the longitudinal striations less distinet,
Contracture nodes, kinks, and waves increased in the [ibers with long
aging, however, they did tend to disappear after 4 to 9 days of storage.
Disappearance of cross striae in small, infrequent areas of the fibers was
noted on the second day of storage, and this disintegration tended to in-
crease in [requency and extent as the storage time increased.

Younger and Baigent (1965) studied Lhe ellect of precooking on
freeze-dried lamb and noted that uncocked freeze-dried meat appeared
to suffer much more fiber damage, in terms of fiber distortion and
shrinkage, than the cooked [reeze-dried samples. When rehydrated, the
samples revealed a similar pattern, the uncooked freezedried material
revealed considerable distortion of the fibers and many were smaller in
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dizmeter than normal. The cooked, freeze-dried samples very closely
resembled fresh meat. The fibers were restored almost completely in size
and shape, with no abnormal spaces between them,

Carcass position has a definite effect on sarcomere length and fiber
diameter, (Herring ef al. 1965D) . When the carcass is suspended verti-
cally certain muscles are in a stretched state, as indicated by sarcomere
length, while some are in a shortened state, In general, the differences in
sarcomere lengths were associated with differences in diameter., When
the muscles shortened, there was a corresponding decrease in sarcomere
length and an increase in fiber diameter.

Recent work at the Oklahoma Station, using the semitendinosus
and semimembranosus muscles [rom live choice grade sieers ol similar
age, weight, and genetic background, indicated that a positive relation-
ship existed between muscle tension and sarcomere length, fiber diameter,
and percent kinkiness. Both muscle types were removed from the carcass
post slaughter (45 min.), divided into four samples (Gx6x2lcm.) and
subjected to four degrees of tension (0, 1000, 2500, and 5000 gm. pull).
The samples were held in this state for 48 hr. post-mortem at $4°C. Hist-
ological amd shear samples were then taken,

An analysis of variance showed that a highly significant differ-
ence (P<.01) existed for sarcomere length for the different degrees of
tension. Further analysis, using Duncan’s new Multiple Range test,
clearly indicated that with succeeding increases in tension, a correspond-
ing increase in sarcomere length occurred. All ranges were highly signi-
ficant at the (P<.01) level except the range 2500-5000 which was
significant at the (P<.05) level.

These findings are in general agreement with those of Herring el al.
{1965) who noted that sarcomere length of the semitendinosus muscle
shortened as a result of prerigor excision, but that the prerigor ex-
cised  stretch-restrained semitendinosus muscles  generally exhibited
longer sarcomeres than the control samples,

A highly significant difference (P<.01) in fiber diameter was
[ound for the different degrees of tension. There was also a highly
significant difference (P<.01) between muscles, indicating that, with an
increase in the amount of tension there was a corresponding decrease
in [iber diameter, to a pniul..

Variation in percent kinkiness was found to be highly significant
(P<.01) for the different degrees of tension, significant differences at
the (P<.05) level were noted between muscles and for a muscle by
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tension interaction. The semimembranosus muscle and an average of
both muscles were found to have highly significant (P'<.01) differences
in percent kinkiness for ranges of 0-1000, 0-2500 and 0-5000 gm. pull.

Work at the Oklahoma Station by Reddy and Henrickson (1967}
on the effect of pre-rigor excision of three bovine muscles on fiber dia-
meter and percent kinkiness showed interesting relationships. Percent
kinkiness was greater (I*<.10) for the pre-rigor excised longissimus dorsi
muscle than the post-rigor excised muscle. However, the opposite was
true for the gluteus medius muscle thus supporting the postulation ol
Locker (1960 that different internal strains among muscles exist in the
vertically suspended carcass. This also is in agreement with the [ind-
ings of Gillis and Henrickson {lﬂﬁ?j that the percent kinkiness is 1o a
certain degree, a function of muscle tension.

We also [ound that fiber diameter of pre-rigor, exercised, semni-
tendinosus muscle was greater than those in postrigor, exercised muscles,
apparently because ol muscle shortening.

In a study 1o determine the relationship of fiber dimneter to tender
ness Hiner et al. (19553) showed that a corvilinear relationship exists
between fiber diameter and lenderness. He [ound that, up to a point,
an increase in [iber diameter results in an increase in shear force. Tender
ness in this report is considered to be the resistance Lo shear. A position
correlation does exist between the taste panel score for tenderness and a
mechanical shear force, Tuma et el (1G2) also reported that with an
increase in fiber diameter there was a corvesponding increase in shear
lorce among different age groups of cattle, However, when the effect of
age was removed little relationship existed. Carpenter el al (1962) on the
other hand [ound that with an increase in maximum Ffiber diameter
there was a decrease in shear force of raw longissimus dorsi muscle,
Opposite results were found for cooked Jongissimus dorsi muscles. They
postulated that for a given size core there may be more small than large
fibers per unit area, therefore more of the the sarcolemma and endo-
mysial connective tissue was present, resulting in a less tender product.

Herring et al. {1965b) noted that as fiber diameter increased ten-
ilerness decreased whereas the opposite was true when fiber diameter
decreased. It was also shown that a change in fiber diameter was related
Lo a change in sarcomere length, In a previous experiment Herring et al.
(1965a) found that stretching a muscle rather than not stretching it
increased tenderness and resulted in smaller fiber diameters. It was as
sumed that a greater number of fibers per unit area, were being severed
in the stretched sample. This assumption is in agreement with that ol
Carpenter ef al. (1962) in that the greater number of smaller fibers
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should theoretically make the muscle less tender. However, the stretched
muscle was more tender, indicating that the thickness of the sarcolemma
and endomysial connective tissue was reduced in thickness when the
libers were stretched (Cassella, 1950).

This fact is applicable to our work with muscles subjected to four
degrees of tension. An analysis of variance indicated a significant dif-
lerence (P<.05) in shear force. Further analysis indicated that shear
force decreased up to 1000 and 2500 gm. pull for the semimembranosus
and semitendinosus muscles, respectively,

Fiber diameter and shear force decreased as tension increased indi-
cating that the stretched samples with the smallest average diameters
were the most tender,

The relation of fiber size, amount of fat, and amount of connective
tissue per unit area undoubtedly all effect tenderness.

The degree ol muscular contraction as it effects tenderness has re-
ceived considerable interest in recent years. Locker (1960) first postulated
that different muscles in the carcass go into different states of contraction
in rigor as a result of different internal strains imposed on the muscles
of the vertically suspended carcass. In an experimental study of the ef-
[ects of pre-rigor excision of several muscles he concluded that muscles
in a relaxed state, as indicated by [ibrillar pattern, are more tender than
those partly contracted, To this effect Marsh and Leet (1966) studied
the effects of cold shortening on tenderness. They noted that with a
decrease in length of up to about 20 percent caused little or no toughen-
ing, but with 20 to 40 percent shortening the toughness increased several
fold. Beyond 40 percent shortening the meat became increasingly more
tender, and at 60 percent shortening it was cleaved almost as easily as
meat in which almost no shortening had occurred. They postulated that
the 40-60 percent range may be a zone ol progressive rupturing thus
causing a rapid decrease in internal strain in this phase, with consequent
realignment of previously distorted cleavage planes,

Our work agrees with that of Herring et al. 1965 and indicates that,
with increasing amounts of strain on a muscle, sarcomere length in-
creases to a point of physical limitation, and there is a subsequent in-
crease in tenderness,

The percent kinkiness decreased with the application of tension to
the muscle samples, The semimembranosus muscle tended to increase
in percent kinkiness greater than the 100 gm. pull treatment. A gradual
increase in shear foree was also noted, after the 2500 gm. pull treatment
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for this muscle, indicating that some [iber breakage may have occurred
when the amount of tension overcame the physical limits of the fiber, This
may have resulted in partial contraction of some of the broken fibers
which would account for the increase in shear. Theoretically this also
would allow these broken fibers to be distorted to a greater degree. A
similar response was noted by Herring et al. (1965) when they tried to
stretch the psoas major muscle; tearing and failure of the muscle to
regain its initial length resulted,

In summary, the condition in which the muscle fiber is found is
highly variable. Inherent differences of diameter and sarcomere length
as a result of species, breed, sex, age and level of nutrition exist. Dif-
lerences ocour alter the slaughter of the animal as a result of contraction
and distortion in rigor, due to temperature change, and as a result of
different amounts of tension on the muscle,

These structural variations affect the ultimate tenderness of the
muscle, It stands to reason then that some of the commonly associated
dilferences in tenderness with age, sex etc. may be due to the struc
tural condition ol the muscle fiber,

Further work appears necessary to clarily the relationship of sex to
muscle fiber size and liber size to muscle degeneration.
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Reproductive Performance of Gilts Following
Exposure to Heat Stress Prior to Breeding
and in Early Gestation'

Ronnie Edwards, 1. T. Omtvedt, E. ]. Turman,
D. R. Rule, I, F. Stephens and G. W, A, Mahoney

Story in Brief

Two trials were conducted to study the influence of high ambient
lemperatures prim‘ to breeding and in L'arl}r pregnancy on the reproduc-
tive performance of gilts. Two environmental control chambers were
used with one maintained at 74°F. continuously and the other elevated
to 100°F. for 17 hours daily and lowered to 90°F. for the remaining
7 hours,

When gilts were exposed to high ambient temperatures the cycle
belore breeding, the onset ol estrus was delayed by over 2 days, but no
significant changes were noted in the number of gilts conceiving, the
ovulation rates, or the number or size of embryos at 30 days postbreed-
ing.

Heat stress applied 1-15 days postbreeding was more detrimental to
productivity than heat stress 15-30 days postbreeding. Gilts maintained
in the hot chamber the first 15 days alfter breeding had lewer viable
embryos and lower survival rates than either those maintained in the
cool chamber or in the outside pasture lots.

Based on these results, heat stress during estrus and in early gesta-
tion is more critical than heat stress prior to breeding. Gilts are more
susceptible to high ambient temperatures the first few days alter breeding
than after implantation has occurred. Since August and September far-
rowed litters are smaller and pigs weigh less at weaning than those born
in January and Febroary, investigations to determine the influence of
heat stress during mid and late pregnancy are presently being pursued.

Introduction

Multiple [arrowing ol swine has become increasingly popular in
recent years, One disadvantage to this system of production is the lowered
reproductive performance from sows and gilts during the hot summer

| Department of Animal Science in cooperation with USDA, ARS, AHRD, and Department of
Avripulioral  Enmineering,
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moniths, Previous observations made at this station indicate that sows
Farrowing in August and September farrow and wean fewer pigs per
litter, and the [all pigs are lighter at weaning. This is readily apparent
when comparing the fall and spring litter production of control line (no
selection line) gilts for the past four years at Ft. Reno (Table 1),

This study was undertaken to investigate the effect of high ambient
temperatures Jaior to breeding and in early gestation on the estrual
cycle, conception rate and subsequent embryo survival of crossbred gilts.

Materials and Methods

Twa trials were conduocted utilizing two environmental chambers in
vach trial. These chambers were constructed inside a closed building at
the Fi. Reno Livestock Research Station. One chamber served as a con-
irol and was maintained at ap ambient temperature of 74°F. continuously.

The temperature in the other chamber was clevated 1o 100°F. for
17 hours daily (4 pom. to 9 aan) and lowered o 90°F, for the remaining
7 hours (9 am. to 4 pm.). No atempt was made to regulate humidity,
but it averaged approximately 35 percent in the heat chamber and 65
percent in the cool chamber, Each chamber was equipped with an art-
licial light source, but length of the photoperiod within the chambers
wis not strictly controlled. The dimensions and general layout of the
chambers are presented in Figures 1 and 2.

Each gilt was [ed 214 pounds of feed morming and evening and water
was supplied ad lilkdium. Yem']ing I-Inmps]ﬁ]'fr bouars were used to breed

the gilts in both trials.

Table 1. Comparison of Fall and Spring Farrowed Litters O Conirol
Line Population Gilts at Fort Reno Station’

MNumber Fartowing _ 42. ays o

E B ¥ f o . 13 - 1%

Year Seastm [Jil?cm ) lr:l;;lrzlr?r ?‘i’vtg. =l;£ ) I’Ft_ulllt;s: . _'I-A'r’? 111'!'\’{_ -
1964 Spring 1] 11.0 . & 495
Fall 16 6.7 2.5 b7 447
1965 Spring 14 10.5 26 7.5 43.1
Fall 14 2.1 2.6 7.3 392
1966 Spring 21 11.8 26 4.8 47.5
Fall 17 10.6 2.8 9.1 36.0
1967 Spring an 10.6 2.8 9.3 43.5
Fall 12 9.4 2.8 16 44,2
Chweerall Spring 65 11.0 2.7 a4 45.8
Fall 59 9.0 27 7.2 40.0

' Spring vefers to Janoary and February Brrowed lioers aml fall vefors o Aongost and September
favrowed ltters.
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Figure 1. Environmental control room showing location of environ-
mental control chambers, work area, and access walk for moving gilts in
and out of the chamber,

Rectal temperatures were obtained twice daily from each gilt in
each chamber. One reading was obtained at 4 p.m. before the heat was
increased and the other at 11 p.m. These times were selected in an ef-
lort to obtain the maximum and minimum body temperatures. All gilts
were slaughtered between the 30th and 35th day of gestation and intact
reproductive tracts were recovered. The uterine horns were dissected
and the embryos removed and examined. Crown-rump measurements
were made with embryos still enclosed in the amnionic sac. Hemorrhagic
and partially decomposed embryos were noted, but such embryos were
not measured. Ovaries were removed and corpora lutea counted and
verilied by dissection.

Trial 1, conducted from February through April of 1967, was de-
signed to study the influence of heat stress prior to breeding. Seventeen
gilts were assigned to the cool chamber and 22 were assigned to the
heat chamber for one estrous cycle prior to breeding. After breeding,
the gilts were maintained in outside lots until time of slaughter,



iog Oklafiomna Agricultural Experiment Station

Heoter i Exhaust
Air Vant
— Duct
I T
b
H==

ey )
s Al

—= Gonditioner

—_

E Goge

[ ]

< Instroment—.

l' Shelf
Plywood Wood Slats

f—
|

HOT CHAMBER

Figure 2. Cross section of high temperature environment control cham-
ber, showing location of air conditioners, heating facilities, instrument
cage and exhaust fan.

Trial 2 consisted of two replications. One was conducted during
March and April and the other during November and December of
1967. Sixty crossbred gilts were randomly assigned to four treatments
at time of breeding on first day of estrus. In treatment I the gilts were
maintained in the hot chamber for the first 15 days after breeding and
then were maintained in the regular Fi. Reno sow [acilities until slaugh-
ter at about 50 days postbreeding.

In treatment 2, gilts were kept in the regular outsicde sow [acilities for
the first 15 days after breeding and then placed in the hot room from
15-30 days postbreeding. Treatment 3 gilts were confined to the con-
trol chamber from breeding until slaughter at about 30 days post-
breeding, Treatment 4 gilts were maintained in the outside lots from
breeding until slaughter,
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Results and Discussion
Trial 1:

Average rectal temperatures for the gilts in trial 1 are presented
graphically in Figure 3. The gilts showed deflinite response to the high
temperatures for the lirst G-8 days of exposure and then apparently be-
came somewhat adjusted to the stress conditions. However, rectal tem-
peratures for the gilts exposed to the heat chamber remained well above
what is considered normal (102.5°F.) for the entire time of EXPOsuTe.
In contrast, rectal temperatures for gilts maintained in the cool cham-
ber were slightly below normal.

Five gilts exposed to the heat chamber in trial 1 died during the
heat stress period and one failed to conceive. The reproductive per-
[ormance of the remaining 33 gilts is summarized in Table 2. Among
gilts alloted 1o the control chamber, no significant differences were
found between the estrous cycle lengths during confinement and the
average of the two cycles prior to confinement. However, the cvcle
lengths were increased (P<.05) during continement for the gilts alloted
to the heat chamber, Other differences observed in reproductive per-
formance were not significant. The gilts exposed to the heat stress
suffered a severe loss of appetite and, as a result, lost significantly more
weight during conlinement than those confined to the cool chamber,

080

"‘““-\_\\_H__ Estimated Maximum Reading (11 p. m. daily}

1070

106,0

Estimoted Minimum Reading (4 p.m. daily)

Dagreas Fohrenhair
@ 8 o
() L (]
-] =T <

13 N

o | e
100.0 | _ Heat Chambar

L2 B S Coal  Chamber

8.0 L i L L L L : ; : L j

Day of Confinement

Figure 3. Average rectal temperatures for cool chamber and heat cham-
ber gilts during chamber confinement.
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Table 2. Influence of High Ambient Temperatures On
Estrous Cycle Prior to Breeding

Treatment

Cyele Before  Broeding =

Ftem Huol Room Cool Ronnm
Mo, gilts allotted 17 17
Mo, pregnant at 30 days 16 17
Length of estrous cycle, days:

Prior to conlinement 20 21.4

During confinement 22.4* 1.5
MNo. corpora lutea per gilt 15.5 15.9
Mo, viable embryos per gilt 11.5 144
Percent viable of ovulated 4.2 78.0
Adjusted embryo length, mm. 28.3 29.0

U2 Values with different superseripts significantly different (P o 05).

Trial 2:

Rectal temperatures of heat stressed gilts in trial 2 followed the
saume pattern as those in trial 1. Readings obtained from animals in
the heat chamber were significantly higher than those in the cool

chamber.

Of the 15 gilts assigned to treatment 1, four failed to conceive and
one died during the stress period. Two gilts in treatment £ and one
[romn treatment 4 also [ailed to conceive. The reproductive performance
ol the remaining 52 gilts is summarized in Table 3. Conception rates
were lowest among the gilts exposed to heat stress 1-15 days post-
Lreeding. No significant differences were found in number of corpora
lutea among the four treatments. However, gilts stressed 1-15 days post-
breeding had significantly (P<.01) fewer viable embryos and significant-

Table 3. Influence of High Ambient Temperatures During Early

Pregnancy

B Posthreeding  Treatment? -

“Hot Room Hot Room  Gool Room Fasture
ltem (1-15) [15-30 [1-50) {1-80
Mo, wilts allotted 15% 15 15 15
Mo, pregnant at 30 days 10 13 15 14
Mo, corpora lutea/gilt 14.6 15.4 15.2 13.8
Viable embryos/gilt 94" 12.8 12.6* 11.5
Pereent viable of ovalated 64,27 B34 82.8¢ &34
Adjusted embryo length, mm. 30.00 31.08 31.58 3L.76

! Figures In parenthesis refer 1o the days of postbrecding phase that gills expossd o ireatment,
? Includes one gilt that died doring sivess period.
a4 Values with different superscripts significantly diffevent (F 01}
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Iy (P<.01) lower survival rates. Embryos at 30 days postbreeding tended
to be smaller but these differences were not signilicant.

The results of this study indicate that heat stress during early gesta-
tion is more of a factor in embryonic mortality than heat stress prior
to breeding. It also appears that the embryo is more susceptible o hea
stiress during the lirst 15 days postbreeding than in the period 15-30
tlays posthreeding,

Summary Reports on Other Projects

Mineral Interrelationship Studies With Ruminants
Allen D, Tillman, T. E, Nelson and L. J. Bush

Procedures and Results

In work done on this project during the past year, it was found
that both adult sheep and laboratory rals responded to a calcium-free
diet in a similar manner: There was a linear decrease in blood plasma
calcium level for three weeks, but by the end of the fourth week the
levels had returned to a normal level and remained in the normal
range for the five-week period the rats were on test and for 25 weeks
in the case of sheep. Plasma phosphorus levels rose at the time the
calcium levels returned to normal, thus the calcium x phosphorus
product in blood plasma rose to high level. The data show that
a calcium x phosphorus product of 70 or above indicates that the animal
is receiving an insufficient amount of dietary calcium thus is drawing
this element from the bones.

Sheep, which had been on the calcium-free diet for six weeks or
more excreted injected phosphorus more rapidly than those maintained
on an adequate dietary level of calcium. These results indicate that the
parathyroid hormone activity was higher in calcium-deficient sheep. As
the kidney arterial-venous blood differences were greater in calcium-
deficient sheep than the controls, these results lend further support to
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the idea that the activity of the parathyroid was higher in the calcium-
deficient sheep,

That a calcium-deficient dier, when [ed to rats, affects the meta-
bolism and balance of other minerals was found in another series of
studlies.

These results indicate that a measure of parathyroid hormone activ-
ity in animals would he valuable in determining the calcium status of
vattle, sheep, swine and horses. Research is underway to develop an
adequate radioimmunological assay for this important hormone.

In another experiment, the interrelationship of calcium, magnesium
and phosphorus was studied using the laboratory rat. High levels of
magnesium affected phosphorus metabolism when dietary phosphorus
levels were low. If dietary magnesium and phosphorus levels were low,
high levels of calcium affected the utilization of both magnesium and

[Phospohrus,

Publications

The following articles have been published from this project dur-
ing the past year:

MNelson, 'T. E. and A, D, Tillman, 1967, Calcium status on adult sheep.
J. Animal Sci. 26:977. (Abstr.).

Nelson, T E. 1967, Mineral metabolism on a calcium deficient diet,
Thesis [or M.S. Degree. Oklahoma State University, Stillwater.

Nelson, T. E. 1967, Calciom status studies on adult sheep. J. Nutrition
03:475.

Fromtera, A. R, and A, D, Tillman. 1968, Estudio Sobre Las Inter-
relaciones De Calcio, Fosforo, y Magnessio. La Re vista de Investiga-
ciones Agropecuarias del IN'TA, (In press),

Future Work

Work continues on the developing of a method to determine ptH
:u'.l.ivity. Also, the effect of var}ring calcium: phosphorus ratios on the
utilization of calcium, phosphorus, sodium, potassium, copper, cobalt,
iron, manganese, tinc and other cations is being determined in young
sheep.
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Role of Vitamin E and Selenium in Sheep Reproduction

Allen D). Tillman, E. C. Nelson, B, I. Osburn
and J. E. Smith

Procedures and Results
An experiment was conducted to determine if the Oklahoma State

purified diet, which contains urea as the sole nitrogen source would
support reproduction in ewes. The diet contained selenium but no addi-
tional vitamin E except the small amount in corn oil, which was [fed
at a level of 19 of the diet. All lambs died at birth or shortly after-
wards and the ewes had symptoms of muscular dystrophy, indicating a
vitamin E deficient diet.

An experiment was then designed to determine the value ol selenium
andl vitamin E in the reproduction of the ewe. Four treatments are used
as [ollows: (1) negative control, having no added vitamin F or selenium,
(2) selenium added, (3) vitamin E added, and (4) both selenium amnd
vitamin E were added. Corn oil, from which the vitamin E had been
removed, replaced regular corn oil in the diets. Ewes which were about
four months of age were placed on the trial in the summer of 1967
and have been fed their assigned diets up to the present time. Breed-
ing was initiated in October and extended over a 60-day period.

The experiment is still underway and the observations are Loo in-

complete for further report at this time.

Publications
One article has been reported on this project.

Erlinger, L. E. 1967. Effect of a purified diet upon reproduction in ewes.
Thesis for M.S. Degree. Oklahoma State University, Stillwater,

Future Work
The experiment will be continued as outlined.

Non-Protein Nitrogen Studies With Ruminants
Allen D, Tillman, J. E. McCroskey, R, J. Panciera and E. L. Williams

Procedures and Results
As protein is the most limiting nutrient in the nutrition of man,

work is underway o determine means of [eeding more urea to ruminant
animals. This has been and continues to be an active project, During
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the past year, it was discovered that purified jackbean urease, when in-
jected subcutaneously in cattle and sheep, increased gains of these
antmals if urea was fed as the major nitrogen source in the diet. Anti-
hodies to urease are developed in the bodies of the animals and these
antibodies inhibit the rate of hydrolysis of urea to ammonia and car-
Bon dioxide, Ruminal and blood plasma ammonia levels are decreased
in the immunized animals as was the hydrolysis of urea decreased in the
ileum, cecum and colon. Many physiological studies are underway on
these animals and the results should provide more insight on the
mechanism of urea utilization. Results of such studies will provide the
knowledge necessary for the practical use of urea in cattle and sheep
rations.

Urea can be vtilized in diets containing high levels of cane molasses
it the phosphorus and zinc levels are adjusted upward. The higher
calcium level of cane molasses is the cause for these nceds. These resulis
have practical value in areas where cane molasses is an economical encrgy
SOrce,

Liquid hemicellulose, obtained by steaming and applying pressure
to wood in making pressboard, was found to be a good source of carbo-
hydrate in diets where urea was the major nitrogen source. A 1:1 mix-
ture of liguid hemicellulose and cane molasses gave excellent gains in
sheep. These resulls indicate that wood carbohydrates may be valuable
in the feeding of ruminants and that technology should be developed
so that these carbohydrate sources available for ruminant feeding at an
coonomical price,

Chemical urease inhibitors have not been found to be of value in
urea utilization., Most of these inhibit other enzymes and reduce overall
Feed ntilization.

A study is underway having as its goal Lo determine the effect of
“near” urea toxicity upon the subsequent reproductive performance of
pregonant cows. All animals were given enough urea via drench to causc
toxicily, but when severe symptoms of urea toxicity were evident, they
were given acetic acid (5% v/v) to neutralive the ammonia and death was
prevented. High levels of ruminal fluid and blood ammonia were ob-
tained on all treated cows. The project is designed to determine the
effects of the high blood ammonia levels upon the developing fetus and
upon the subsequent ability of the cow to conceive and produce another
calf. The experiment is underway and the results are incomplete at this
Lime.
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Publications
The following publications appeared last year:

Tillman, A. D. 1967. Urea utilization by ruminant animals. Soufiern
Veterinarian 3:8.

McCartor, M. M. and A. D. Tillman. 1967. The performance of beel
steers [ed isonitrogenous, isomineral all-concentrate rations. Okla.
Agr. Exp. Sta. M.P. 79:97.

Clifford, A. J., R. D Goodrich and A, D Tillman 1967. Elfects ofsup-
plementing ruminant all-concentrate and purified diets with vita-
mins of the B complex. J. Animal Sci. 26:400.

Merina, Hector Z. 1967, Effect of molasses on feed utilization hy sleep.
Thesis for M.S. Degree. Oklahoma State University, Stillwatr.

Cliflord, A. J. 1967. Urea utilization studies with ruminants, Thest Lor
I'h.D. Degree. Oklahoma State University, Stillwater.

Five additional papers have been prepared from results obtined
during the past year and four of these have been accepted by the

Journal of Animal Science,

Future Work

Additional practical tests to determine how to use urea under typical
Oklahoma winter range conditions are underway as are basic stidies
on the mechanism ol urea toxicity.

Development of Methods for Relating Forage
Properties to Intake and Digstibility

J- E. McCroskey

Rumen fistulated steers are being used to sample grazed bermuda-
grass and to compare different indicators for estimating forage intake.
Undigestible cellulose (determined by nylon bag technique) and lignin
are the natural grass constituents being compared as indicators of forage
digestibility. Chromicoxide and polyethylene glycol are external indi-
cators being compared in estimating fecal output. By the use of these
internal and external indicators intake of grazed forage is being calcu-
lated. Chemical composition of bermudagrass at various times during the
year is being related to voluntary forage intake,
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The Effects of Season and Exogenous Hormones on
the Reproductive Performance of Swine

J. C. Hillier and E. J. Turman

This project has involved several separate studies with gilts amd
boars, One study comparing lot-mating and hand-mating of gilts was
piblished in an earlier Feeder's Day report (Okla, Agr. Exp. Sta. Misc.
Publ. MP-78, p. 25) . No results are ready to be released [rom the present
study involving gilts in which various compounds are being studied for
their effectiveness in synchronizing estrus.

A study has just been completed on the effects of season and three
typpes ol shelters on semen quality of boars, Twelve Yorkshire boars were
divided into three groups and maintained in lots with access the year
round to an open shade only, an open fronted house and an insulated,
air conditioned house. Semen was collected three times weekly and eval-
vated once weekly, There was a marked decline in semen quality asso-
ciated with hot summer weather, and providing air conditioning did
not prevent this decline. In general the semen quality of the boars in
the open fronted house remained as good as that of boars in the insu-
latedd house, The data is now huing.anal}r;ﬁetl and the resulis will be
pullished at a later date,

Swine Breeding Research Program
I. T. Omtvedt

The swine breeding projects consist of a 90 sow herd at Fr. Reno
andd a 50 sow herd at Stillwater yielding approximately 280 litters yearly.
These herds are primarily involved in a basic selection study to deter
mine if performance can be improved by selection for crossing ability
in traits that reveal heterosis in crossing but have low heritabilities and
normally show very little response to direct selection. Two lines of breed-
ing are being selected on the hasis of their crosshred half-sisters’ produoe
tivity (litter size and weight at 3 weeks) . A zero-selection control line is
also maintained along with these two lines for the purpose of measuring
the changes that take place in the selected lines, Only Tour generations
of selection have been completed and it is oo carly to draw any con-
clusions at this time,
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Investigations are also being conducted on the inheritance of pork
quality traits such as color, firmness, marbling and tenderness. The in-
creased concern over the incidence of pale, soft, watery pork prompted
the initiation of this project in 1965. The two primary objectives were
to determine the genetic relationships between various measurements of
quality, and to estimate the extent to which these conditions are inherit-
ed. The data are presently being analyzed and the results will be avail-
able for the 1969 Progress Report.

In addition to the environmental physiology research partially re-
ported in this bulletin, studies regarding swine management and per-
formance testing are also being conducted. Three studies underway at
the present time are: (1) an analysis of sow weight and sow condition
scores (o determine their influence on reproductivc performance;  (2)
a study to develop selection indices involving various combinations of
economically important traits; and (3) an analysis of the performance
records of littermate boars, barrows and gilts to investigate the influence
of sex and siresex interactions in growth rate, probed backfat thickness
and carcass traits.

The Desirability of Pork Products Processed
Prior to Chilling

R. L. Henrickson, I. T. Omtvedt, Gopal Reddy, Allen Parr,
Earl Cagle and F. Arganosa

High temperature curing of porcine muscle appears to have practi-
cal value for the meat industry. Data are available which support the
view that muscle processed prior to chilling has a greater water-holding
capacity than muscle processed post-chill, Total moisture, press [luid,
and free fluids in the can all cause one to review rapid processing of
meat with renewed vision, Prechilled processed muscle tended (o take
up the cure more rapidly and provided a more stable cured tissue as
evident by nitrosopigment content.

Shear force values indicated that pre-chilled canned muscle is no
as tender as post-chilled muscle. This may be a practical advantage since
canned ham is often over heated resulting in poor texture. It is difficul
at this time to predict the significance of tenderness in canned ham
since it has not been possible to establish the desired tenderness level
for this product. Studies concerned with the size and condition of the
muscle fiber did not reveal great dilferences due to the procesing treat-
tent. However, there was some fiber variation between muscles.
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The Eating Quality of Beef as Influenced by Age

and Muscle Difference

R. L. Henrickson, S. G. Reddy, W. A. Gillis and W. L. Lee

The beef carcass is composed of over 200 individual muscles. Some
muscles are tender and are used for steak. However, numerous other
muscles particularly in the frontquarter, may have utility as steak. A
more efficient utilization of the beel carcass would be wise particularly
now as beef must meet competition from other protein sources.

Restricted funds has limited progress to the evaluation of techniques
for quality measurement. Methods have been employed for the excision
of individual muscles. Fiber size and variation in the degree of rigor
have been investipated, Other [actors evaluated were myolibril size,
sarcomere length, collagen, elastin, and mucoproteins, These investiga-
tions provided the following:

1.

Muscles and /or muscle systems can be more easily extracted from
the warm carcass than from one chilled,

Muscles within a carcass are under varied levels ol tension de-
pending upon its location within the carcass and the chilling

position,

4. Fiber diameter of muscles under 1000 gram tension were smalle

than those with no tension.

. No significant change was noted in muscles with additional levels

of tension,

. Both muscles studied exhibited less rigor [ibers when the muscle

was under 1000 gram tension than with no tension.

. Muscles and muscle fibers varied in the response o rigor mortis,

Factors Affecting the Energy Value of Feeds
and Energetic Efficiency of Ruminants

J. E. McCroskey

Two open-circuit respiration chambers for cattle have been installed
and will be used in the determination of energy values of various feeds
and rations and the influence of certain leed additives upon energy
utilization by cattle of different ages.
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Selection Procedures for Beef Cattle Improvement
Richard R, Frahm and Joe V. Whiteman

The beel cattle selection experiment being conducted at the Fort
Reno Livestock Research Station was designed to: (1) measure divect
genetic response to selection for increased body weight at 7 and 12
montths of age, (€} measure correlated genetic response of increased
weight at 7 months as a result of selection based on weight at 12 months
ol age, {3} measure correlated genetic response ol increased weight at
12 months resulting from selection based on weight at 7 months, and (4)
compare genetic response between lines selected on the basis of individual
performance with lines selected on a combination of individual and
progeny test performance. Table 1 outlines the design of this experiment.

Table 1. Design of Beel Cattle Selection Experiment

Line Number

m

i & T a H]
Breed: H = Hereford, A = Angus H H A A A A
Mumber of Cows per Line 50 50 50 50 50 a0
Selection Procedure:
Traits: Month of weight and grade 7 12 7 12 12 7
Criteria: I=Individual, P=Progemy I L I 1 ISP
Number males selected per year 2 i 2 572 5/2
Mumber years selected males used 2 2 2 2 2 2
MNumber females selected per year 10 10 10 1n 10 10
Ceneration Interval (Years) 4.5 4.5 4 4 L] 5
Year Line Closed 65 65 67 67 it} 68

Weight at a given age is the primary criteria for making selections
of both bulls and replacement heifers in each ol the selection lines;
however, conformation grade is also considered. In the progeny test
lines, 9 and 10, the top five bulls will be selected in each line on
the basis of their individual performance to be progeny tested. Based
upon the progeny test information, the top two bulls in each line will
be selected for use in their respective selection lines.

The process ol establishing this project is now complete, The Here-
tord lines were closed in 1965, Angus lines 7 and 8 were closed in 1967,
and the progeny test information was available this spring to evaluate
the first sires to be selected for lines 9 and 10, "This is a long term ex-
periment and it will be several years before enough data have been ob-
Lrined to make cven o preliminary analysis with respect to measuring
the genetic progress obtained from selection,
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