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The Experimental Production of Multiple
Births in Beef Cows by Hormone Injections

E. J. Turman, D, B, Laster, R. E. Renbarger,
D. F. Stephens and R, H. Edwards

Story in Brief

The injection of beef cows with a sequence of two subcutaneous
doses of PMS (pregnant mare serum) , 1500 i.u. on day 4, 5 or 6 and 2000
iw on day 16, 17 or 18 resulted in a marked increase in the incidence
of multiple births. Of B1 cows so treated, 10 failed to conceive during a
3 months breeding season, while 52 conceived at the first heat following
the second PMS injection. These 52 cows produced 29 single and 25 mul-
tiple births (12 sets of twins, 8 sets of triplets, 2 sets of quadruplets and
1 set of quintuplets) .

Average birth weights were: singles, 83.3 1b.; twins, 63.0 1b.; triplets,
46.2 Ib.; quadruplets, 37.5 lb.; and quintuplets, 30.0 Ib. Numbers of
calves surviving until weaning and adjusted 205 day weaning weights
were, respectively: singles, 28 and 462 Ib.; twins, 23 and 398 1b.; triplets,
12 and 349 1b.; quadruplets, § and 348 1b.; quintuplets, 2 and 316 1b.

Multiple births were not associated with an increased incidence of
calving difficulty, Eleven of the 23 cows producing multiples had retain-
ed plar_'enl:na, however, this did not appear to be a factor related to delay-
ed rebreeding. T'wenty-five percent of the cows nursing twins were delay-
ed in rebreeding. Five cows nursing twins had failed to settle during the
normal 3 months breeding season, but all subsequently settled. Calf crop
percentage weaned was 109 percent based on the 81 cows placed in the
breeding herd, or 124 percent based on the 71 cows that were wintered.

Introduction

The beef cow is one of the least efficient of all of the meat animals,
She is maintained year long to produce only one useful product, her
weaner call, and her production efficiency is measured by the weight
and grade of this calf. If she fails to wean a calf, her contribution for
that year is nil, and her maintenance costs must be borne by the pro-
ductive members of the cow herd.

The percent call crop in the United States is variously estimated
to be from 65 to 90 percent annually, with B5 percent suggested as the
average for some of the more productive areas of the country. Thus, the
average cow herd owner must maintain one hundred cows for every
eighty-five calves he weans. However, if he is to maintain this rate of

In eooperation with USBDA Agri. Research Service, Animal Husbandry Research Division,
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production, he normally must add replacement heifers for approximately
20 percent of the cow herd each year. Therefore, he has only sixty-five
marketable calves per one hundred cows weaning an 85 percent calf crop.

The primary means available for improving productive efficiency in
the beef cow is to wean a greater number of calves each year. This would
mean that with no increase in cow numbers, and only a limited rise in
production costs, a substantial increase in net income could be achieved,
One way in which this could be accomplished would be to increase the
rate of twinning in the beef cow,

Unfortunately, the incidence of natural twin births is low. It occurs
much more frequently in the dairy breeds, averaging about one set in
every 55 births. However, it is a much less frequent occurrence in the
beef breed with twins being born in only about 4.4 percent of all hirths,
or one time in every 250 births. Also, most studies have indicated that
the heritability of the tendency to produce twins is low. Thus, selection
for increased twinning rate should have little or no effect on twinning
rate. ‘Therefore, some other means for increasing twinning rate must he
developed.

Means for experimentally increasing twinning rate was provided
by the hasic research that was conducted in the early 1930°s on the rela-
tionship of the gonadotropic hormones of the anterior pituitary pland
to ovulation. It was determined that a specific hormone, follicle stimu-
lating hormone (usually referred to as FSH) was released by the pitui-
tary and carried by the bloodstream to the ovary where it stimulated
the growth and development of a structure called the follicle within
which the egg matured. When the egg was ready to be fertilized, the
follicle ruptured and the egg was expelled (a process called ovulation)
Ovulation was brought about by another gonadotropic hormone of the
anterior pituitary gland, leuteinizing hormone or LH,

These early research studies also demonstrated that the injection of
gonadotropic hormones would result in stimulation of the ovary to de-
velop and ovulate more than the normal number of follicles (super-
ovulation) . In the early 1940's, superovulation was reported in a large
number of research studies involving cows, sows and ewes as a result of
the injection of gonadotropic hormones. The usual source of the gonado-
tropic hormone used in these early studies was extracts of pituitary
glands obtained from slaughterhouses. “This was not a reliable source, it
was costly and quantities were restricted. In the late 1950's, researchers
at the University of California reported the presence of a potent gonado-
tropic substance in the blood of pregnant mares during part of the gesta-
tion period. This substance, called pregnant mare serum or PMS, readily
induced superovulation in females when injected, Thus, one of the most

6 Ohlahoma Agricultural Experiment Station



practical methods for the experimental production of superovulation
was developed.

Pregnant mare serum, as the name implies, is the blood serum from
pregnant mares. It is rich in a gonadotropic substance that is similar in
physiolagical activity to that of FSH. This substance appears in the blood
of mares about the 40th day of pregnancy, reaches a high point between
the 70th and 120th days, then declines to nearly zero by the 180th day. It
is produced by the structures in the uterus that are associated with the
placenta or fetal membranes. Thus, it is one of a group of substances
referred to as placental gonadotropins.

A second type of placental gonadotropin is produced by the pregnant
woman (and other primates) . It is produced by the chorion, one of the
membranes of the placenta, and is called HCG or human chorionic
gonadotropin. It has a physiological activity similar to that of the leu-
teinizing hormone of the anterior pituitary; thus, when injected, should
stimulate ovulation of mature follicles. HCG reaches a peak in the urine
of pregnant women by about the 50th day and declines to a low level by
the 140th day. It is the basis of several tests for pregnancy in women.

Pharmaceutical supply houses process human pregnancy urine and
blood from pregnant mares. Thus, commercial preparations of PMS and
HCG are readily available to veterinarians, and have been routinely used
by them for many years in treating reproductive problems in farm ani-
mals. These hormone preparations are restricted by federal law to be sold
only on the order of a licensed veterinarian. Therefore, any livestock
producer interested in using them for any purpose will find it necessary
to work with his veterinarian,

Many research studies have been reported concerning the effective-
ness of PMS in inducing superovulation. However, very few have been
directed toward determining whether not only superovulation but also
superfetation (increased number of embryos) could be established and
multiple births obtained. The few studies that have been reported were
not highly successful and pointed up many problems that were involved.
In 1963, research workers in Germany reported very promising results
from a limited study involving a sequence of two PMS injections on the
5th and the 16th to 18th days after the last heat. This report, and others,
stimulated the initiation of a large scale project at the Fort Reno Station
to determine whether it was possible to develop a practical means for in-
creasing the occurrence of multiple births by the use of PMS. This paper
is a report of the progress of this project to date.

Animal Science Research, 1969 7



Materials and Methods

‘The cows used in this study were in a herd at the Fort Reno Re-
search Station and were maintained on native grass range. The PMS
treatments were given in June and July of 1967. The cows were lactating,
of mixed ages and breeding as shown in Table 1. They were assigned as
equally as possible on the basis of age, weight and date of calving to one
of three groups to receive their first subcutaneous injection of 1500 iu.
of PMS on either day 4, 5 or 6 of the cycle, counting the day of estrus as
day 0. The cows were further sub-divided within cach of these three
groups (o receive a second subcutaneous injection of 2000 iu. of PMS
on either day 16, 17 or 18. The PMS used was “gonadin” prepared by
the Cutter Laboratories and obtained through the OSU Veterinary Clinic.

Sterilized bulls were placed with the cows to detect their estrus period
prior to the first PMS injection and (o determine whether estrus occurred
between the first and second PMS injections, Immediately following her
second PMS injection, each cow was placed with a fertile bull. On day
of first esrus following PMS (first postPMS estrus) when a cow was ob-
served to have mated, she was immediately removed from the pen, given
an intravenous injection of 2500 iu. of chorionic gonadotropin and
hand-mated to a different bull, Following the first postPMS mating, all
cows were pasture exposed to fertile bulls for 2 to 3 months. The pastures
were checked twice daily for signs of estrual activity. The cows were
examined for pregnancy by rectal palpation in early November. No ar-
tempt was made to determine the number of embryos in the uterus he-
cause such would require excessive handling that might damage the de-
veloping embrvos,

The cows were wintered on native grass pastures with a moderate
level of protein supplement. At time of calving, the surplus multiple

Table 1. Summary of 1968 Calving Performance of All Cows
Treated with PMS in 1967,

Wﬁ'n Mo, Conceived Mo, of Cows Producing
Breeding Treated Body Wi,  Tomal  at lat Post- Moo
of Cows (years)  {Ibe.y  Treated M T:-lrus Open Singles Twing J.':rl]:ls Quzds Quints
Clrosshred 2 /M7 26 IE 2 b B 4 L
i1
Hereford 4 1188 43 29 6 19 L 1 0
10
Angus 54 1110 12 7 2 5 L .. 0 1
2
Total for All Cows a1 52 in e I 2 kT
23
Live Calves a8 24 12 3 2
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calves from triplet and quadruplet sets were wansferred to cows with sin-
gles or to cows that had lost their calves so that no cow reared more than
twins. The cows rearing twins were maintained in a separate pasture with
creep feed provided for the calves. Single calves were not creep fed. The
calves were weaned in early November at an average age of 7 months.

Results and Discussion

Table 1 presents the results obtained in the 1968 spring calving sea-
son for all cows in the study, The data given under the heading “No. of
Cows Producing Singles, T'wins, Triplets, Quadruplets and Quintuplets”
refers only to the cows that conceived at the first estrus following the
second PMS injection. This is the only group of cows that would be ex-
pected to be stimulated to produce multiple births as a result of the
PMS treatments.

A total of 81 cows were treated, with 52 (or 64.2 percent) conceiving
at the first estrus following PMS. Of these 52 conceptions, 23 (or 44.2 per-
cent) resulted in a multiple birth with the type of multiple births distrib-
uted as shown in Table 1. The results are not broken down on the basis
of time of receiving the PMS injections. It was found that there were
no differences in the response of cows, in terms of numbers of multiple
births, associated with whether the first PMS injection was given on day
4, b or 6. Likewise, there was no difference in the occurrence of multiple
births in cows receiving the second PMS injection on either day 16 or
17. However, there was good evidence that day 18 was too late, since few-
er cows receiving their second PMS injection on day 18 produced mul-
tiples.

The figures given in Table 1 for live calves are for calves surviving
at least one month. The survival rate of twins in this study was 100 per-
cent, but fairly heavy death losses were suffered among triplets, quad-
ruplets and the set of quintuplets. However, despite these losses, there
were still more live calves than cows in every multiple birth group.

There were three age groups of cows, However, for all practical pur-
poses, the results on the Hereford and Angus groups can be combined.
Over 24 of the conceptions (6B.8 percent ) in the Angus-Hereford cross-
bred heifers resulted in multipIes; whereas, 34.5 percent af the concep-
tions in the Hereford and 28.6 percent of the conceptions in the Angus
resulted in multiple births. Just what caused this greater response in the
two-year old crossbred heifers cannot be determined from the results
obtained in this study. It could be due to the age and body weight dilfer-
ence, or it could be a heterotic effect because she was a crosshred.

The 12.5 percent incidence of open cows is somewhat high when
compared to other cow herds maintained at Fort Reno. The Open cows

Animal Science Research, 1969 9



were marketed with no attempt being made to examine the reproductive
tracts for possible abnormalities as a result of PMS treatment. However,
there was no indication of any abnormalities of the reproductive tracts as
a result of the PMS treatments. All cows were observed in estrus follow-
ing the removal of the bulls, and their ovaries appeared normal when
checked by palpation. One factor that may have contributed to the great-
er number of open cows was the fact that the breeding season for this
particular group of cows did not start until mid-June and this meant
that most of the matings occurred during hot weather. In contrast, in
the other herds at Fort Reno, the breeding season hegins May 1, and
most of the cows are pregnant prior to the onset of hot weather. There
seems to be little doubt that breeding efficiency is reduced during periods
of high temperature,

As might be expected, there were ditferences in the hirth weight of
single calves as compared to calves [rom multiple births. The average
birth weights were: singles, 83.5 lb.; twins, 63.0 1b.; wriplets, 46.2 1b.; quad-
ruplets, 37.5 lb.; and quintuplets, 50.0 b, It is very likely that this reduc-
ed birth weight is one of the important reasons why only two cows pro-
ducing multiple births required assistance at time of calving.

Multiple births were also associated with a shorter gestation period.
The average gestation lengths were: singles, 280.8 days; twins, 277.4 days;
triplets, 269.2 days; quadruplets, 262.5 days; and quintuplets, 258.0 days.
This reduction in gestation length of nearly three weeks in the case of
quadruplets and quintuplets and of nearly two weeks for triplets has
very important implications, These calves are physiologically much less
mature than are calves born after a gestation of normal length. It is likely
that these calves would be much more susceptible to many forms of stress
such as exposure to cold weather. Therefore, one might expect higher
death losses among these calves unless they receive special attention and
protection not required by calves born after a normal gestation.

One problem that was anticipated was that of retained placentas
(afterbirth) . Eleven of 23 cows producing multiple hirths suffered re-
tained placentas compared to only one cow of the 29 producing singles.
However, the occurrence of retained placentas at time of calving did not
appear to be associated with failure of the cows to rebreed.

Table 2 presents the weaning data on the calves (both singles and
multiples) droped by the cows that conceived at the first estrus follow-
ing PMS. With a few exceptions, all calves from multiple births were
raised as twins and had access to creep feed. Single born calves were rear-
ed as singles and were not creep fed,

In terms ol total number of calves, the increased incidence of mul-
tiple births had a decided effect on calf crop percentage weaned. The 71
pregnant cows that were wintered weaned a total of 88 calves, or a calf
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Table 2. Pre-Weaning Performance of Calves Conceived at the First
Post-PMS Estrus.

Type of Rirth

liem Singles Twins Trips Chuads Quinis,
Total Sets 29 12 8 2 1
Total Calves Born 29 24 24 8 L
Total Calves Weaned 28 23 12 3 2
Avg. Wean. Wi, (Ib,) 462 308 349 348 316
Gain-Birth to Wean. 379 335 303 310 286
Lb. Calf/Cow 462 796 6o8 696 632
Lb. Creep Feed/Calf 0 550 550 550 550

crop percentage of 109 percent, It is evident that this technique has great
potential for increasing cow productivity, particularly if additional re-
search will enable reducing the number of open cows and death loss
among multiples and increasing the number of cows producing multiples,

It is apparent that the calves reared as twins did not grow as rapidly
from birth to weaning as did the singles even with the help of creep feed.
There are two possible reasons for this: (1) the beef cows used in this
study did not produce enough milk to allow two calves to grow as rapidly
as a single calf, Free access to creep feed could not overcome the early
retardation that occurred at the time the call was dependent entirely on
milk; (2) calves from multiple births are born after a shorter gestation
and at a lighter birth weight. As has been pointed out, they are physio-
logically less mature than are singles; and, as a result, they are actually
younger than their chronological age as counted from birth. It is likely
that neither of these fully explains the results, and the real reason for the
lighter weaning weights is a combination of these two [actors. However,
despite the reduced weaning weight per calf, it is apparent that total
production per cow is increased. In the case of twins, an additional 554
Ibs, of calf was obtained. The very good record in liveability and growth
rate of twins suggests the need for additional research to not only in-
crease the incidence of multiple births but to limit it to twins.

This report covers nnl}' one year's results, and it must be understood
that this project is continuing and additional results will be obtained
and reported, Therefore, it should be emphasized that many questions
still remain to be answered; and, as a result, there are many limitations
associated with the use of PMS to obtain multiple births. A listing and
discussion of the more important of these limitations follows.

(1} Retained placentas appear to be a problem associated with multiple
births. A total of 11 out of the 23 cows were so affected. This could
affect the rebreeding of the cows, although in this study it did not
appear to be a factor causing cows to not rebreed,

{2y A greater than normal number of cows dropping multiples may he

Animal Science Research, 1969 [}



(3)

()

()

(6)

(7

12

delayed in rebreeding. In this study approximately 25 percent of the
cows raising twins failed to rebreed during a normal § months breed-
ing season while they were nursing calves. This may have been a
result of their having produced a multiple birth, However, it is more
likely the result of the stress of the additional lactation required to
nurse twins, since all of the cows conceived in a subsequent breeding
season begun soon after the calves were weaned, This delayed re-
breeding is definitely a problem that will have high priority in the
additional research that will be conducted.

Under present conditions, these treatments are costly, "The hormone
cost was approximately $7.00 per cow treated. This meant a total
of §567 lor the 81 cows to produce the 23 sets of multiples. It is hoped
that additional research will show ways to reduce the cost per extra
call by: (a) increasing number of cows producing multiples; (b)
saving more of the calves from multiple births; and (¢) reducing
the cost of the hormone by pointing to new and cheaper sources
of gonadotropins reducing levels required, and by the increased de-
mand for these hormones, encouraging pharmaceutical houses to
go into quantity production, and thus reduce production costs.
There are large labor requirements under the present system of treat-
ments. Research is now underway to combine these treatments with
estrus synchronization. This will permit giving all injections on the
same day and reduce the need for heat detection and injections of
a few heifers every day.

These procedures are not adapted to extensive systems of production
such as are typical of most of our beef cattle herds. Careful and fre-
guent observations are required, not only during the breeding season
but during the calving season. It appears best adapted to some type
of confinement system.

The restricted milking ability of most beel cows greatly limits the
usefulness of this technique in beef herds. It would appear to be
most useful if the cows were dairy-heef crossbreds or if the surplus
calves were reared artificially.

Approximately 90 percent of the heifers born twin to a bull are
“freemartins” and are incurably infertile. Since at least one-half of
the twin pairs would be expected to be unlike sexed, increased rate
of twinning would not be expected to increase the number of breed.
ing heifers. At best, one would just break even. Since higher death
losses would probably result, the number of breeding heifers would
probably be reduced somewhat. For this reason, until methods for
controlling sex of call arve developed, an increase in occurrence of
multiple births would probably appeal most to the commercial breed-
er who intends to send all calves to market lor slaughter.

Oklahoma Agricullural Experiment Station



Summary

The results reported in this paper definitely indicate that the in-
cidence of multiple births in beef cows can be greatly increased by injec-
tions of PMS. It should be emphasized, however, that many questions
remain to be answered by further research. It, therefore, should be con-
sidered to be still in the research stage and not ready for routine use in
cattle production.

Evaluation of the K* Counter as A
Predictor of Lean in Beef Cattle
C. R. McLellan, Jr., J. V. Whiteman, L. E. Walters and G. V. Odell

Story in Brief

Sixteen Angus heifers and fifteen Angus steers were counted in the
potassium-40 (K-40} whole body counter at the OSU live animal evalua-
tion center during the spring of 1968. The 31 head were divided into
four groups and each group was counted after shrinking periods of 24
and 72 hours. The animals were slaugltered and the carcasses were
counted after chilling about 40 hours. The right side was separated into
lean, fat, and bone; and chemical determinations were made to obtain
an estimate of the amount of fat-free lean (FFL).

The data was first analyzed to see how well the two counts on the
same amimal during the same shrink period agreed. The results suggested
that shrinking 72 hours improved the extent to which the two counts
agreed. The agreement between carcass counts was better than the 24-
hour counts, but was not as good as the agreement between 72-hour
COUts,

Each live and carcass count and the average of the two counts for
each counting period was examined to observe the relationship between
count and pounds of FFL. Significant positive relationships were obsery-
ed between all live and carcass counts and pounds of fat-free lean, The
72-hour count did not, however, predict fat-free lean any better than the
24-hour count. Other relationships such as count to percent FFL, count
to live weight, and live weight to pounds of FFL were also studied.

In .Enopef.aﬁun wﬁh USDA Agrl. Research Serviee, Animal Husbandry Research Tivision.
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Statistical procedures were used to study the overall relationship
between count, weight, and pounds of FFL, and the ability to predict
pounds of FFL when live weight and K40 count were considered to-
gether. The analysis of this data indicated that the K-40 counter may
be of some benefit for detecting the meatier animals,

Introduction

In the beef cattle industry, both commercial and purebred producers
are becoming increasingly interested in methods to accurately predict the
lean content in their cattle. The potassium-10 (K% whole body counter
is one method of live animal evaluation that is presently undergoing
evaluation at the OSU evaluation center.

The K counter is designed to take advantage of the following hi-
ological principles:

(1} Potassium in the animal’s body is found primarily in the muscle

Lissite,

(2) i gamma rays are emitted from potassium ions at a consiant rate.

If the K Counter can accurately detect a constant percentage of
the K gamma rays, then the amount of potassium in the animal's body
can be estimated and from this, the amount of lean in the ammal. Potas
sium in the viscera and other non-muscle compeonents (i.e. feet, hide,
head, bone, fat, etc.) increases the difficulty of obtaining an accurate
count of the potassium in the muscle.

The purpose of this report is to present the results obtained from
31 head of Angus which were counted ancl slaughtered during the spring

of 1968,

Materials and Methods
Animals

Sixteen Angus heifers and sixteen Angus steers were selected ail ran-
dom from the progeny test herd at the Lake Blackwell range. The animals
were weaned at an average age of 205 days and taken to the Tort Reno
Livestock Research Station for the fattening phase. They were fed at the
station until they were weighed off feed and trucked to the evaluation
center. One steer died from bloat so the test was conducted with 16 heif-
ers and 15 steers.

Following is a description of the groupings made when the animals
were weighed off feed for counting and slaughter.

Group L

On March 30, the seven heaviest calves were weighed off feed. T'his
group consisted of 5 steers and 2 heifers that weighed off feed at an aver-
age of 992 pounds with a range of 950 to 105D pounds.
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Group 1L

This group was weighed off feed on April 13, and was made wp of
the 8 heaviest calves remaining at the station. There were G steers and
2 heifers in this group that ranged from 910 to 965 pounds with anaver-
age of 932 pounds.
Group IIL

The eight heaviest of the remaining 16 calves were weighed off feed
on April 27. There were 6 heifers and 2 steers that weighed beween
850 and 955 pounds and averaged 912 pounds.
Group IV.

The last eight animals were weighed off feed May 11, and tl six
heifers and two steers in this group ranged in weight between 740 and
870 pounds and had an average weight of 812 pounds.

Counting Procedure

Each of the four groups were handled in the following manner vhen
designated for counting and slaughter.

Friday — Animals were weighed off feed at 8:00 a.m. and trrked
to Stillwater. On Friday afternoon the animals were tranquilized and
washed. Groups 1 and II were washed with water only and Group ITI
and IV were washed with soap and water. All groups were thenheld
without feed and water until they were slaughtered on Monday.

Saturday — Each animal was counted twice on Saturday begining
at 8:00 a.m. The animals were coded and were run through in a radom
order until each had been counted once. They were then recodedand
run through a second time in another random order. A ten minute lack-
ground count before and after each animal count was used to detenine
the average background. The animal was counted for ten minuteand
the average background was subtracted from this count to arrive aty net
animal count. The net animal count was the count used in the mules
discussed in this report.

The distance from the detectors to the shoulders, last rib, ant hip
bhones of each animal was measured so the effects of animal size cowl he
studied. Any unusual circumstances, such as difficulty in loading, filing
down in the counter, or other abnormal activity, was recorded L the
event these occurrences might have affected the accurate counting 4 the
animal.

The Saturday count is referred to in this report as the 24-hour sink
count. Table 1 shows the amount of weighe lost during the 24-hour sink
period from Friday to Saturday, and the additional 48 hour periodrom
Saturday to Monday.

Monday — After 72 hours of shrink (see Table 1), the animalsyere
again counted twice, The counting procedure was the same as thaised
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Table 1. Average Weights of Each Group for off Feed Weight, Saturday
(Z4-hour shrink) Weight and Monday (72-hour shrink) Weight.
Average Weight Lost During Each Shrinking Period in Paren-

theses,

i Ave. Wi Avg WL Avg, Wi, Mg, Wi LWt ]

MY Amw . . e g

{ Fridav) 4 Honr Saturday 48 HMoaurs Muonday Limg

CGroup 1 L (Bl 911 (38) &73 (119)
Group 11 932 (1 HG6 (38) 828 (104}
Group 111 912 (67) 845 {29) Bl& { 96}
Group IV 812 (48] 764 {28) 736 { 76)
Average 912 {66) 846 (33 813 {993

on Saturday, After the second count, the animals were hauled to the
OS5U Meat Laboratory and slaughtered. The Monday count is referred
to as the 72-hour shrink count.

Slaughter floor data was obtained but has not been analyzed at
present; therelore, it is not included in this report. 'T'he carcasses were
not split and were mounted on racks so they assumed the same position
relative to the counter as the live animals.

Wednesday—On Wednesday the carcasses were taken to the evalua-
tion center for counting. Two ten minute counts were again used, but
a different procedure was followed. Usually only one carcass count sepa-
rated the first and second count on the same carcass. Carcasses were posi-
tioned in the counter so that the topline of each carcass was the same
distance from the detectors.

Thursday — Separation of the right side of the carcass into separable
lean, fat and bone started on Thursday and was usually finished on Mon-
day or Tuesday of the following week, The separable lean from each half
carcass was first ground through a 1 inch plate. This coarsely ground
bulk of lean was ground through a 34 inch plate and then through a 14
inch hamburger plate. The ground lean was sampled as it emerged from
the final plate. Nine random grab samples were taken at estimated uni-
form intervals so that representation of each portion of the bulk might
be obtained. These nine samples were then randomly allotted to three
bottles. As much of each sample was nsed as was needed w fill a 1 x 4¢
round bottle one-third full. The rest of the sample was then returned
to the bulk, The lean from each of the bottles was then emulsified in a
high speed ommni-mixer until it had a pasty consistency. This paste-like
lean was divided evenly into two bottles. There were, therefore, six sub-
samples for each animal which were frozen and later used for chemical
determinations.

In the summer of 1968 each sub-sample was analyzed in the Bio-
chemistry Department at OSU. Moisture, protein, ether extract {fat), and
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ash (minerals) content was determined on two four-gram portions taken
from each hottle, The content was converted to a percentage figure which
was then used to estimate the composition of the separable lean obtained
from each carcass.

Since the ether extract procedure is an accurate method of deter-
mining fat content, these values were used to obtain an estimate of the
amount of fat contained in the separable lean from each half caress.
The amount of fat thus obtained was subtracted from the pounds of
separable lean to arrive at fat free lean (FFL). This figure was multi-
plied times two to put fat free lean on a whole carcass basis. An analysis
of the results obtained from these determinations indicated that this
method of sampling and chemical analysis was a precise way of estinat-
ing the amount of fat in the separable lean. Correlations reported inhis
study invelving lean were calculated on this content of fat free lean,

Results and Discussion
Repeatability

In the process of evaluating a new piece of equipment designel 1o
estitnate hard to measure traits, it is desirable to know if two indepenlent
estimates on the same animal agree. Since the trait being measured (JFL,
in this case) remained relatively constant over the time of measurenens,
then it was expected that the two measurements (counts) taken onthe
same animal during the same day would be close together. Repeatabiity
is the term used to express the extent of agreement. If the two cants
taken on the same day were very close for each animal, the repeatabliy
would be close to 1.0. The farther apart the two counts on the samelay
were, the lower the repeatability would be. Many factors determing vhat
would be a desirable repeatability estimate, but, in general, the 1ore
sophisticated and expensive a measurement is the higher the repeataliicy
must be to justify the cost

Repeatability estimates for this data were calculated for each shink
period since variation in GI tract content from count to count wipx-
pected to be less after 72 hours than after 24 hours, Table 2 showshe
repeatability estimates for each group after 24 and 72 hours of shiylk,
On Saturday the estimates of repeatability for the individual groups ng.-
ed from .75 to 0.89. The pooled within group value, which is a kit of
average, was 0.79. The pooled values are the most meaningful since hey
were obtained from the counts on all 31 animals and not just 7 orf 55
were the individual group estimates, On Monday the individual grap’s
repeatability estimates ranged from 0.81 to 0.93 with a pooled valy of
0.90. Those values indicate that, as was expected, the repeatability jas,
on the average, higher on Monday than on Saturday, This increas jn
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agreement between counts may have been a result of the weight lose
which averaged 33 pounds from Saturday to Monday.

A second method of obtaining repeatability estimates was used to
examine how well the K# counter would repeat itself with weight held
constant. In other words, if two animals weighed the same and one had
considerably more FFL than the other, the counter should count this
meatier animal higher on every count. To study this aspect of the counter,
each count on Saturday was adjusted to 844 pounds which was the mean
weight of all animals on Saturday. Each count on Monday was adjusted
to the mean weight on Monday of 811 pounds. As can be seen from Table
2, the pooled repeatability of the adjusted counts was similar to that of
the unadjusted counts. In this instance the counter repeated itself about
as well on cattle of the same weight as it did on cattle of different
weights.

Since the carcasses were stationary and a fixed distance from the
detectors, and since no {ill or offal was involved, the carcasses should
have changed less from one count to the next. Therefore, it was expected
that estimates of repeatability would be higher for carcass counts than
for live animal counts, Table 2 illustrates the fact that carcass count
repeatabilities were generally lower than the repeatabilities of the Mon-
day counts. This indicates that there may be some different factors affect-
ing the live and carcass counts. More evaluation of data is planned to
discover explanations for these differences.

Correlations

Once it has been established that a measurement does or does not
repeat itself at an acceptahble level, the next step in evaluation can take
place. If the machine does not repeat itself in line with its expense and
expectation, il is usually rejected as a satisfactory tool. If, on the other
hand, the measurement is rather highly repeatable the next step is to cal-
culate correlations. Correlations, which are measurements of the depree

Table 2. Repeatability Estimates by Groups for Each Shrink Period,
Carcass Counts, and Live Counts Adjusted to a Constant

Weight,
Repeatability {Correlation B{‘['Il.'ttl!l_ﬂuuhu I & 2)
Saturday Moanday Saturday Monday Carias
{2 hr.) {72 hr.) g:ulj. o {Adj. to Counts
LE ELRE: 3]
Group I 0.84 0.81 0.88 0.88 006
Group I (.84 0.93% 0,76 0.88 0.9
Group IIT .89 0.92 0.90 0.91 0.82
Group IV 0.75 .95 0.61 089 .94
Pooled (.79 01.910 077 089 0.87

18 Ohklahorma Agrienltural Experiment Station



of association between two variables, are determined to see if the measure-
ment is actually estimating the trait it is designed to measure, In this
study the association between count and pounds of fat free lean was the
relationship examined,

Correlation coefficients range from —1.0 to 4-1.0. A negative corre-
lation, in this case, would mean as count went up pounds of FFL went
down. Conversely, a positive correlation would indicate that as count
went up, pounds of FFL went up. A coefficient of zero would indicate
that there was no apparent association between the two traits heing
studied,

Each count on Saturday and on Monday was correlated to pounds of
fat free lean, ‘The average of the two counts for each day was also corre-
lated to pounds of FFL since il one count was a pood estimate of FFL,
then it was expected that the average of two independent counts would
be a better estimate than either of the two counts

Table 3 shows the correlation coefficients by groups when count 1,
count 2, and the average of the two counts for each day and for the
carcass was correlated o pounds of fat free lean. Table 4 gives the pooled
within group coetficients for each of these counts. From Table 5 it is
obvious that accurate estimation of correlation coefficients from groups
of only seven or eight is almost impossible. Each of these cocfficients
from 0.6 to 0.95 were estimating the association between count and
pounds of [at free lean. The pooled values in Table 4 are more reliable
figures since they were obtained from calculations involving all 51 anj-
mals. All of the values in this table were significantly different from zero
(P =2 .01} indicating that there is a positive association between count
and FFL. It was interesting to note (Table 3) that groups IT and IV had
high correlation coefficients for all counts considered and groups I and
111 were consistently low.

Carcass counts correlated to pounds FFL exhibited the same pattern
as the live counts with a range from 0.37 to 0.97 and a pooled value
arpund (L80 as can be observed from Table 5.

Table 3. Correlations Between Count and Pounds of Fat Free Lean for
Each Group for Each Count and the Average of the Two
Counts on Saturday, Monday & Carcass Counts.

Saturday Saturday Average Monday Monday Average Carcass Carcass  Average
Connt Count  Saturday Count  Count Monday Count Count Carcass
I Caounta 1 2 Caounts 1 2 Coumts

Group I N 062 072 066 D74 074 037 077 0ED
Group 11 086 095 091 089 092 093 097 095 (.97
Group 111 065 0356 053 049 063 057 071 069 073
Group IV 094 088 0% 09 087 058 08% 086 086
Fooled 080 075 081 075 080 079 077 08 082
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Table 4. Pooled Correlation Coefficients Between Counts (Saturday,
Monday and Carcass) and Fat Free Lean (FFL).

Saturday Momabay Carcass
Count 1 0.80 0.75 0.77
Count 2 0,75 0.80 0.81
Average of Counts 0.81 0.79 .82

Correlatons between count and percent of fat free lean were deter-
mined for the live counts. The pooled estimates tended to be close to
0.70 which, although significant (P < .01), was 0,10 lower than those
obtained for pounds of FFL.

Correlations between count and live weight were calculated to ex-
amine the extent to which weight influenced count. Individual group
values ranged from —(L18 to 0.81 and the pooled within estimates were
all around 0.32. These extreme individual group values were easily ex.
plained. In the group with a coefficient of —0.18 the heaviest animal
had the lowest count while one of the lighter animals had a high count.
At the other extreme, 0.81, the lighter animals in this group counted low
and the heavier animals counted high. Groups IT and IV had the high
significant count to weight correlations while groups 1 and 111 both had
coefficients that were not significantly different from zero. Since this was
in line with the high and low count to pounds FFL correlations, further
evaluations of this similarity is suggested.

Since it is logical that heavier animals will, on the average, have
more pounds of fat free lean; correlations between weight and pounds
FFL were determined for comparison with count of pounds FFL correla-
tions. The individual group coefficients ranged from 0.48 to 0.69 and
the pooled estimates were around 0.54 (P < .01) when the average
weight on Saturday and the average weight on Monday was correlated
to pounds of FFL. This pooled estimate was lower than most reported
figures due to the fact that the heaviest animal of the 31 was third from
the bottom in terms of percent fat free lean,

Multiple Correlations

Since it has been established that both count and weight are corre-
lated to pounds of fat free lean, it would be desirable to chserve the as-
sociation when all three variables are considered together. Multiple corre-
lation coellicients were calculated on the data to study this association.
The multiple correlation on a pooled basis between count, weight, and
pounds FFL was 0.85. This illustrates that considering both count and
weight is better than considering either one alone when trying to estimate
pounds of FFL.
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Another way to show this is to use the "average miss” concept. The
basis for this concept is that each time information about an animal is
added to what is known, then the estimate {or guess) of the pounds
of FFL in that animal should miss by a fewer number of pounds, The
group of cattle in this study had an average of 228 pounds of FFL. Since
the standard deviation (average deviation) was 18 pounds, each animal
could have been estimated as having 228 pounds and the average miss
would have been 18 pounds. If the weight of the animal was known,
one could estimate on the basis of the relationship between weight and
FFL. The average miss would have been 15 pounds. Knowing both
weight and count permits one to use both in predicting, When this was
done the average miss was reduced to 9 pounds. This indicates that the
K count increased the ability to estimate pounds of fat free lean in the
live animal. How this would compare to prediction based upon body
weight and the estimate of a good judge is not known.

Sire-Sex Interactions and Sex Differences in
Growth and Carcass Traits of Cattle and
Carcass Traits of Lambs

James E. Tanner, Richard R. Frahm, Joe V. Whiteman and
Lowell E. Walters

Story in Brief

This study was designed to investigate the consistency of differences
in performance of progeny of different sexes by different sires. A differ-
ential sex performance of the progeny of different sires is measured as
a sire-sex interaction. The bull, steer and heifer progeny of 24 Angus
sires over a § year period were analyzed for various growth and carcass
traits. Preweaning gain and weaning weight analyses involved 487 indi-
viduals and postweaning performance and carcass data were analyzed on
394 individuals. Sire-sex interactions were investigated for various carcass
traits of 120 lambs involving equal numbers of ram, wether, and ewe
progeny of 18 sires studied over a 2 year period. Estimates of differences
between bulls (rams) and steers {wethers) and between steers (wethers)
and heifers (ewes) are presented.

In cooperation with_l'JEDA Agri, Research Service, Animal Hushandry Research Division,

Animal Science Research, 1969 21



There were no significant sive-sex interactions for beef growth or
carcass traits and the only one of thirteen lamb carcass traits analyzed in
which there was an indication (P < .10} of an interaction was percent
carcass lean. These results suggest that differences between the sexes for
the various traits are similar for different sives and sives evaluated on the
hasis of progeny tests involving one sex would be ranked in a similar
manner if evaluation were based on the performance of a different sex.
This study indicates that reliable progeny tests of bulls and rams can be
based on performance of different sexes or unequal proportions of a par-
ticular sex it adequate adjustment factors ave available,

Introduction

Sire evaluation based on the performance of ollspring (progeny test)
is an effective means of measuring genetic worth,. Although the time and
expense involved in progeny testing sives has limited its practical use in
many breeding programs, progeny testing may be advisable in situations
where selected sires can he wsed extensively as in artificial insemination
or where selection is for those traits that are not directly measurable on
the animal being evaluated.

Sex differences have been demonstrated to exist in many important
growth and performance traits of cattle and sheep. A possible problem
may arise in progeny testing if sex differences are not similar among the
progeny of different sires, This differential sex response could be in the
form of large sex differences in performance among the progeny of some
sires and relatively small differences among the progeny of other sires.
A more extreme example would be a case in which the performance of
male progeny exceeded that of female progeny of certain sires while the
performance of female progeny of other sires was superior to that of the
male progeny. A differential sex performance is measured statistically as
a sire-sex interaction,

If sire-sex interactions are important, the estimated breeding value
of a sire would depend on the sex of the progeny involved in the evalua-
tion, This would indicate the necessity of evaluating sires on the perform-
ance of a given sex or equal proportions of different sexes. If sire-sex in-
teractions are not important, sive evaluation could be based on the ree-
ords involving different sexes providing sex adjustments were available.

The purpose of this study was to investigate the importance of sire-
sex interactions in growth and carcass traits of bulls, steers and heifers
and carcass traits of ram, wether and ewe lambs, Estimates of sex differ-
ences were also obtained.
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Materials and Methods

The cattle used in this study were Angus calves raised during a 3
year period in the Experiment Station herd at Lake Blackwell Range,
Stillwater. Calves were the progeny of 24 dilferent sires, 8 used each year.
There were 139 bulls, 121 steers and 227 heifers involved in the analysis
of preweaning average daily gain and weaning weight. The analyses of
feedlot gain, yearling weight and carcass traits included 126 bulls, 113
steers and 155 heifers.

About one-half of the male calves from each sire group were random-
Iy selected for castration at an average age of 5 months, Calves were wean-
ed at an average age of 205 days and shipped to the Fort Reno Livestock
Research Station where they were fed for a 168 day period. After com-
pleting the feeding period, all animals were shipped to a commercial
packing plant where they were slaughtered and carcass data obtained.

One-hundred twenty lambs from the Fort Reno Station, consisting
of equal numbers of ram, wether and ewe progeny for each ol 18 sires
involved in the analyses of lamb carcass traits, All lambs were out of
grade Ramhouillet or Dorset x Rambouillet ewes and Dorset, Hampshire
of Suffolk rams. All lambs were raised as twins on wheat pasture with
access to creep feed. Lamhbs were weaned at approximately 70 days of age
and weighed every two weeks until reaching a minimum full weight of
100 Ib., at which time they were transported to Stillwater for slaughter
and carcass evaluation.

Statistical analyses for testing sire-sex interactions were conducted
separately for each year and the results pooled or combined over all years,
Previous Feeders” Day reports contain sex means for the first two years
of the cattle data (Okla, Agr. Exp. Sta. MP-79, page 51) and for the lamb
data [Okla. Apr. Exp. Sta. MP-B0, page 16) , consequently sex means have
been omitted from this report.

Resulis and Discussion

The existence of a possible sire-sex interaction for each trait was
tested statistically by the analysis of variance. The results of the tests for
sire-sex interactions in beet growth and carcass trails are presented in
Table 1. The ratio (F value) obtained from the comparison of mean
squares is expected to be one (L0} if the interaction troly does not exist,
with an equal likelihood of deviating slightly above or below the expected
F wvalue due to chance. None of the traits analyzed exhibited significane
evidence of sire-sex interactions. This would indicate that sex differences
were similar for the progeny of different sires. These results do not sup-
port the helief that some bulls tend to sive better progeny of one sex than
they do of the other,
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Table 1. F Values Obtained in Tests of Significance for Sire-Sex
Interactions in Beel Growth and Carcass Traits

Teeraciion F Value?

ADG? (birth to weaning), Ib, 0,86
Adjusted weaning weight, Ih, 0.80
ADG? (feed lot}, Ib. 0.73
Adjusted vearling weight, Ih, 0.96
Trimmed round percent® 0.08
Carcass wt./day of age 0.89
Rib eye area, in.? .94

Rib eye area/ 100 |b, carcass H
Average fat thickness at 12th rib, in. 0.
Single fat thickness/100 Ib. carcass 0.
Estimated percent kidney fat 0
Carcass conformation 1
Marbling score ]
Carcass grade 0
Cutability percent®

'Ein'ui:uinwa:-::ﬂ
S in B S =k b3

2 Average daily galn
A Percent of hot carcass weight
Estimated percentage boneless retail cuts from round, loein, vib and chack

Estimates of sex differences between bulls and steers and between
steers and heilers are presented in Table 2. Bulls had a small but non-
significant advantage over steers in gain from birth to weaning and wean-
ing weight, while steers were superior to heifers in these traits. The 7.7
Ib, advantage of bulls over steers in weaning weight is less than that gen-
erally reported, but should be a realistic difference since calves to be
castrated were randomly selected from each sire group. Bulls gained more
rapidly in the feedlot than steers and had a significant advantage in car-
cass weight per day of age. Bulls had leaner carvcasses than steers, less
marbling and a lower carcass grade, Heiler carcasses had more kidney
fat than steer carcasses, while there was little difference in carcass grade
or marbling score. Bulls were significantly higher than steers in estimated
carcass cutability, while there was no dilference between steers and heif-
ers. The values contained in Table 2 can be used to adjust for sex differ-
Cnces,

Table 3 contains the F values for statistically testing for the exist-
ence of sire-sex interactions for each of the lamb carcass traits. Six of
the F values were less than 1.0 and seven were greater than 1.0 which is
the expected result due to chance variation about the expected F value
of 1.0 when there are no sire-sex interactions. The only trait which gave
any indication of a sire-sex interaction was percent carcass lean, which
was significant at the 10 percent level of probability. This provides some
evidence, although not strong, of an interaction. However, considering
the number of traits analyzed, it would not be unusual to obtain at least
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Table 2. Differences Between Bulls and Steers and Between Steers and
Heifers in Growth and Carcass Traits.

Bulls-Stecra Steers.Heifers
ADG (birth to weaning), Ib. 0.038 0.1)7*=
Adjusted weaning weight?, Ih, 1.7 R
ADG (feed lot), lb. 0.376%% 0.466**
Adjusted yearling weight, Th. 68. 10** 100.114=
Trimmed round percent (.59%= 0.8
Carcass wt./day of age [.108%# 0.165%#
Rib sye area, in® L.GT*E D.44%*
Rib eye area/100 b, carcass 01554 —. [ 4g**
Av, [at at 12th b, in. — g —.5%*
Single {at/100 Ib. carcass 37 ** —.001
Estimated percent kidney fat —.BGE e
Carcags conformation® 0.04 0.67
Marbling score? —]. 50 —.12
Carcass grade? —2.08%#* 0.23
Cutahility percent 2.49%4 (.00

** Differences were signit.i.unr. (F o O

A L S—

cHYvE| to the following numerical designations: low prime-13%, high choice-12, hioice-
11, low cholce-10, high good-9, average ;uud.il. i i R RS
3 Marbling sore equivalenis: moderate-7, modest-6, small-5, slight-4.

Table 3. F Values Obtained in Tests of Significance for Sire-Sex
Interactions in Lamb Carcass Traits.

Interactlon F Valuel

Percent carcass bone 1.04
Percent carcass fat 1.18
Percent carcass lean 1.60%
Carcass wt./day of age 0.75
Percent trimmed wholesale cuts 1.32
Percent trimmed leg .64

Loin eve area, in2 1
Carcass conformation grade 0
Carcass quality grade 0.
Carcass grade 0,
Fat thickness at 5th rib, in. 1
Fat thickness at 12th rib, in, 1
Specific gravity of carcass 0

*Sigmificant (P10}
LIE the interaction truly dees not exist, the F value should be near 1.00

one significant interaction due to chance. Consequently, the slight indi-
cation of a siresex interaction for percent carcass lean probably should
not be taken too seriously. It seems more likely from considering all data
analyzed that sire-sex interactions are not a significant factor. Further-
more, the Hampﬁhire, Suffolk and Dorset sires used in this study probably
represented larger gentic differences among sires than those normally
found within a breed, and consequently should have enhanced the likeli-
hood of detecting sire-sex interactions if they exist.
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Estimates of sex ditferences in lamb carcass traits are given in Table
4. The only signiticant differences between wether and ewe carcasses were
in fat thickness, with wethers having slightly less fat cover at the 5th and
12th ribs. When making sex comparisons it should be kept in mind that
lambs were killed on a weight constant basis rather than following a con-
stant feeding period. Definite differences were obtained between rams
and wethers in body composition based on chemical analysis of bone free
tissue. Ram carcasses were significantly lower in percent fat and higher
in percent bone and lean than wether careasses, Ram carcasses had less
fat cover than wether carcasses. Ram carcasses tended to grade lower than
wether carcasses and wether carcasses lower than ewe carcasses, although
the differences were nonsignificant. The sex differences in Table 4 can
be used as adjustment factors in situations similar to those in this study.

In view of the number of traits analyzed for siresex interactions in
beel cattle and lamb data and the similarity of the results, it does not
seem probable that siresex interactions are of major concern in sire eval-
uation. These results suggest that differences between the sexes are sim-
ilar for different sires and that observed discrepancies can be attributed
to random variation. This means that sives evaluated on the basis of
progeny tests involving one sex would be ranked in a similar manner if
evaluation had been based on the performance of a different sex. This
study indicates that reliable progeny tests of bulls and rams could be
conducted in which sires were represented by different sexes, or unequal
numbers of a particular sex providing adequate adjustment factors were
available,

Table 4. Differences Between Rams and Wethers and Between Wethers

Rams-Wethers Wethers-Ewes
Percent carcass bone 0.85% — .23
Percent carcass fat? —f. o 1.82
Prereent carcass lean? 4 g 3us (.86
Carcass wt. /day of age (h02ge= n.o1t
Percent trimmed wholesale cuts 28 — .04
Percent trimmed leg 0.77#= 0.17
Loin eve area, sq. in, 0,09 0.0%
Carcass conformation %md-:-q 0.35 0,20
Carcass guality grade 0.22 013
Carcass gradef 019 0.59
Fat thickness at 5th rib, in. . lgw= — [gEE
Fat thickness at 12th nib, in. — [p** — [g=E
Specily gravity of carcass n.no2s 000132

“Differences were significant (P A5}
"*IMfferences were significant (P~ A1)

! Determined from chemical analysis of bone free thesue

2 Caleulated by difference wsing percent bone and  Fat

5 Converted to the following nomerical desipnations: high prime-0, average prime-1, low prime-2,
high choice-3, average choioe
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Observations on Certain Aspects of
Preconditioning Calves
Robert Totusek and Dwight Stephens
Story in Brief

Three trials to compare various weaning management practices and
rations for weaned calves were conducted. Total Th. gain per calf for the
28-day experimental period by treatment in each trial were as follows:
Trial I: Unweaned on pasture, 26; weaned on pasture, 14; weaned in a
pen, 25. Trial 11: High concentrate ration, 7; high concentrate plus
roughage, 41; all roughage, 40. Trial I1I: Unweaned on pasture with
creep, 34; weaned in trap, 32; weaned in drylot, 54.

In this experiment, (1) a high roughage ration was much superior
to a high concentrate ration for newly weaned calves, (2) calves weaned
in a pen performed better than calves weaned on pasture, but there was
little difference between pen weaned and trap weaned calves, and (3)

unweaned calves in the pasture, with or without creep, returned more
above feed cost than weaned calves.

Introduction

Because of poor performance, excessive sickness, and high death loss
of many newly arrived cattle in the feedlot, there has been much interest
in preconditioning cattle previous to their transfer to the feedlot.

Preconditioning is not a clearly defined term. Some of the practices
implied by preconditioning include, (1) weaning calves previous to ship-
ment, (2) teaching calves to eat a grain ration, (3) conditioning calves
to a confined environment with water and feed facilities similar to a
feedlot, (4) treating for grubs, (5) treating for internal parasites, (6)
Immunizing against various diseases such as blackleg, IBR, BVD, para-
influenza and pasteurella, (7) castrating, and (8) dehorning,

Some of these jobs, such as castrating and dehorning, are done rou-
tinely by good operators. Certain of the jobs, such as treating for grubs,
treating for internal parasites, and immunizing against certain diseases,
can undoubtedly be done most economically and efficiently by the feed-
lot operator, who is well equipped to perform many of the operations,
and buys supplies in large quantities at a lower price than most ranchers.

The most important preconditioning jobs which can be performed
on the ranch are weaning calves and teaching them to eat. This involves
labor, [eed, capital and risk. These added costs must either result in 2

in cooperation with USDA Agri, Research Service, Anlmal Husbandry Research Division.
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premium selling price for the calves, or in a profitable weight gain of
the calves, or both, of sufficient magnitude to justily the pructicus. Other-
wise, the rancher will have little interest in preconditioning,

Whether a bonus will be commonly paid for preconditioned calves
remains to be seen. The possibility is good in the case of large groups of
calves accompanied by good assurance that certain preconditioning prac-
tices have occurred. The possibility is poor for small groups of calves,
particularly if their identity is lost in marketing channels.

The rancher considering the practices of weaning calves and teaching
them to eat must consider weight changes which will occur with certain
management and feeding regimes. Three trials to obtain such informa-
tion were conducted.

Trial I

This trial was conducted at the Ft. Reno Experiment Station, El
Reno, Oklahoma.

Procedure

One-hundred-twenty steers and heifer calves, most of which were
grade Hereford, were divided into three groups at a normal weaning age
of T months in early October. Three practices were compared, as follows:

{13 In Group 1, calves were not weaned. They were allowed to re-
main on their dams in the pasture, without creep feed.

{2y In Group 2, calves were weaned and placed in a 40-acre native
grass (bluestem) pasture which had not been grazed during the summer,
A supplement (equal parts milo and cottonseed meal) was fed at the
rate of 2 1b, per head daily. A small amount of alfalfa hay was fed initial-
Iy to encourage the calves to start eating out of feed bunks in the pasture.

(5) In Group 3, calves were weaned and placed in a bermuda grass
pen approximately one acre in size without shelter. Prairvie hay was offer-
ed free-choice, and supplement (equal parts milo and cottonseedd meal)
was fed at the rate of 2 I per head daily,

The trial was conducted for 28 days. Initial, 14d-day, and 28.day
unshunk weights were obtained. Following the 28-day weighing, the
calves were shrunk for 20 hr. without feed and water and weighed again,

Results

Results are summarized in Table 1. Calves on all treatments gained
more during the fivst 14 days than during the second 14 days, possibly
hecause of cool weather at the time of the 28-day weighing which prob-
ably reduced the water fill at that time. No sickness occurred in any of
the groups.
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Tahble 1. Results of Trial 1.

Wcanl-ng Treatment
Unweaned- Weaned- Weaned-

PFasture Pasture Pen
Ist 14-day gain, Ib, 27 13 2%
2nd 14-day gain, lb. —1 1 3
28-day gain, lb. 26 14 23
Shrink, Fo 4.5 +.9 5.3
Daily feed, Ib.
Supplemant =0 a0 20
Frairie hay e 22t a3

Total feed, b,

Supplement . 56 36
Frairie hay ey Ay 260
Cost and returns, per head
Value of gain, §! 7.28 3.92 7.00
Feed costs, $2
Supplemental feed ] 1.85 445
ture 1.50 1.50 0
olal 1.50 3.35 4.45
Difference, gain less cost, § 5,78 a7 2,55
LA BB¢/1h

= AL 3.3#.-‘1}:;. for supplement, 1.0¢/1b. for prairle hay, and §1.50/head for pasture.

There was little difference in performance between the unweaned
calves and those weaned in a pen. Both groups outgained the calves wean-
ed in the pasture. Differences in shrinkage were not large,

Value of the 28-day gain, feed costs, and returns above feed costs are
shown in Table 1. On the basis of assumed prices, the calves weaned in
a pen were more profitable than those weaned on pasture. However,
those calves which remained unweaned in the pasture were considerably
more profitable than either weaned group. This advantage would be a
valid one il the calves were weighed for delivery on the ranch. If the
calves were delivered to a market, the weaned calves would probably re-
gain some of their disadvantage because they would probably eat and
drink more at the market.

The results of this trial indicate that, considering the advantage for
unweaned calves of less feed cost, less labor cost, and less risk from po-
tential sickness following weaning, a premium would be required to
justify the preweaning of calves before selling.

Trial II

The trial was conducted at the Lake Carl Blackwell Range near
Stillwater, Oklahoma.

Procedure
One-hundred-twenty calves, mostly Angus and Hereford, both steers
and heifers, were weaned in early October at an average age of 6 months.
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They were divided into three similar groups and each group was placed
in a trap approximately 1 acre in size, with no shelter, Water was avail-
able in automatic tank type waterers, ‘Three types of rations were fed:

(1} High concentrate. The ration was 90 percent concentrate (high
in rolled milo), 10 percent roughage, and was offered Iree-choice. Prairie
hay was offered free-choice the first day, and was gradually withdrawn
within 3 days.

{2) Concentrates plus roughage. Prairie and alfalfa hays were offer-
ed freecchoice, and the 90 percent concentrate mix was fed at a level
of approximately 1 1b./100 b, weight of the calves.

(3) All roughage. Prairie and alfalfa hays were offered free-choice,

The trial was conducted for 28 days, and weights were taken in the
same manner as in Trial L

Results

Results are summarized in Table 1. The gain performance of the
calves fed the high concentrate ration was obviously poor. These calves
went on feed rapidly and appeared to be doing well. However, a cold
rain occurred during the night near the end of the first week, and within
the second week many calves became sick, The disease was diagnosed as
“shipping fever complex.” A total of 7 calves quit eating completely, and
an additional 10 calves were treated. Two calves died, Acidosis caused
by the high concentrate ration was probably a factor contributing to the
difficulty. A small amount of prairie hay was fed until the calves were
again consuming the high concentrate ration.

In contrast, groups of calves receiving roughage free-choice perform-
ed well. Of the calves fed concentrates plus roughage, none went “off-
feed” and only two were treated for shipping fever. OfF the calves fed
roughage only, none went off feed and none required treatment.

Gains of calves fed roughage only and those fed concentrates in addi-
tion to roughage were almost identical. As in Trial I, gain was hetter the
first 14 days than the second 14 days, probably for the same reason,
Shrinkage increased as the level of roughage in the ration increased, prob-
ably because of greater fill in the digestive tract.

With the prices which were assumed in Table 2, the calves fed rough-
age only showed the greatest return above feed cost for added pain during
the post-weaning period, followed by the calves which were fed concen-
trates in addition to roughage. Calves fed the high concentrate ration
showed a considerable loss, especially considering the death loss which
occurred, This substantiates the commonly recommended practice of
feeding considerable roughage when starting weaned calves on feed.

The return above feed cost by the calves fed roughage is sufficient
to pay labor and interest costs and still show some profit, and might en-
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Table 2. Results of Trial I1.

- Ration

High Concentrate + All
Concentrate  Roughage Roughage
Ist 14-day gain, b, B a0 33
Ind 14-day gain, lb, 2 11 7
2B-day gain, Ib. 7 41 40
Shrink, % 32 5.0 6.4
Daily feed, b,
Concentrates 6.0 3.2 0
Prairie hay 1.4 2.5 3.5
Alfalfa hay 9.5 10.9
Total feed, lb.
Concentrates 168 107 0
Prairie hay 39 70 98
Alfalla hay 0 266 305
Costs and returns, per head
Value of gain, $1 1.96 11.48 11.20
Feed costs, $¢
Concentrates 4.20 2.67 0
Prairie hay .39 0 4
Alfalfa hay 0 3.99 4.57
Total 4.59 7.36 5.55
Difference, gain less cost, § —2.63 +.12 265
Death loss —56.50
Total —9.13
AL 284/1b,

tAL Eh¢sb. for concentrates, 1.0¢/1b. for praivie hay and 1.6¢/1b. for allalfa hay.

courage consideration of such a practice by the rancher. The weaned
calves might even do better, relatively, if shipped to market because of
better eating and drinking, and consequently higher selling weight, than
unweaned calves. On the other hand, there is always the risk of sickness
and death loss of weaned calves, especially due to cool nights and cold
rain often encountered in the [all,

Trial III

This trial was conducted at the Lake Carl Blackwell Range near
Stillwater, Oklahoma.

Procedure

Fifty-four Angus and Hereford calves, both steers and heifers, were
divided into three groups in early October at a normal weaning age of 7
months, Three practices were compared,

(I} Calves in Group 1 were not weaned. They were allowed o re-
main with their dams on pasture, with access to a mixed ration in a
creep feeder,

{2) Calves in Gmup 2 were weaned, placed in a small drylot pen for
§ days, then turned into a 5-acre trap which contained a pond and some
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trees for shelter. They were allowed [ree access to prairie hay when wean-
edl; the prairie hay was gradually withdrawn during the first week follow-
ing weaning as the calves increased consumption of the mixed ration.
The mixed ration was offered free choice after 24 hr, following weaning,

(3) Calves in Group 3 were weaned and placed in a small drylot
pen without shelter with access to an automatic tank type water, These
calves were shifted from prairie hay to the mixed ration in the same man-
ner as the calves in Group 2.

Calves in all three groups received the same mixed ration which con-
tained 38 percent roughage (28 percent cottonseed hulls, 10 percent de-
hydrated alfalfa pellets) and 62 percent concentrates (mostly rolled milo
and cottonseed meal). Unshrunk weights were obtained initially, av 14
days, and at 28 days when the trial was terminated.

Resulis

Results are summarized in Table 3. During the first 14-day period
the unweaned calves with access to areep feed gained considerably more
than the weaned calves. During the 2nd 14-day period the weaned calves
outgained the unweaned calves, in spite of the fact that about 80 percent
of the creep consumed by the unweaned calves was consumed during this
period. For the total 28-day period, there was little difference in gain
among the three (reatments.

Table 3. Resulis of Trial 111,

Treatment
Weanesd in
Fasture,  Weaned in Weaned in
Creep Trap Dirylot
Ist 14-day gain, Ib. 1 & 1
Ind 14-day gain, lb. 13 26 33
2f-day gain, lh. 34 32 34
Daily feed, Ih,
Concentrate mix 4.4 59 i |
Prairie hay 0 L5 I |
Total feed, Ib,
Cloncentrate mix 123 165 199
Prairie hay i 42 40
Costs and returns, per head
Feed costs, §2
Value of gain, §1 9.52 3.06 9.52
Concentrate mix 2.83 3.74 4.58
Prairie hay i} 42 A0
Pasture 1.50 0 0
Taotal 453 416 4.98
Difference, gain less cost, $ 5.19 4.80 4.54
LAt 28¢/1h,

T g‘j]h. for concentrale mix, i.ﬂ_.."!lr. tor prairle hay and §1 .!ilﬂ_l,n"llra.n,l for pasiure,
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Calculation of value of the gain and return above feed cost showed
a similar potential profit for the three groups of calves, with the unwean-
ed calves the highest.

There was no sickness among the unweaned calves during the trial,
while several calves in the weaned Toups suffered from mild respiratory
infections; 3 calves in the drylot group and 1 calf in the trap group re-
quired treatment with antibiotics.

If the calves in this experiment had been sold on the basis of ranch
weights, there would have been no advantage in preweaning. The wean-
ed calves actually returned less above feed costs than the unweaned calves,
and presented more risk {rom sickness., Had the calves been hauled to
market, the weaned calves should have had some advantage in regaining
hauling shrink due to betier eating and drinking at the market,

There was no advantage in these trials for preweaning calves in
terms of increasing returns above feed costs. Had the calves been market-
ed at a central or auction market, the results might have been somewhat
different, Furthermore, if calves were being sold dirvect, the possible su-
perior performance of weaned calves might result in repeat sales, or pos-
sibly a premium, in sulxsequem years.

Methods of Harvesting and Processing the
Sorghum and Corn Plants for Finishing Cattle

Jerry Martin, Raymond Peck, Milton England,
Jack Alexander and Robert Totusek

Story in Brief

Yearling steers were used to compare four rations: (1) dry-harvested
milo plus corn silage, (2) dry-harvested milo plus sorghum stover (silage
or dry), (8) high-moisture-harvested milo plus corn silage, and (4) high-
moisture-harvested corn plus eorn silage. A supplement was added to all
rations. The replacement of corn silage with sorghum stover resulted in
little change in daily gain (0.1 Ib. less), but a 9.3 percent improvement
in feed efficiency. Steers on high-moisture-harvested milo or corn gained
10 percent faster and 9.0 and 25.9 percent more efficiently, respectively,
than steers on dry milo. Net energy values followed the same trends as
feed effiicency. Carcass traits were not significantly affected by rations.

In cooperation with USDA Agri. Research Serviee, Animal Hushandry Research Division.
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Introduction

Sorghum grain (milo} is the principle feed grain produced in the
Panhandle areas of Oklahoma and Texas at the present time. However,
with the increasing use of irrigation, corn production is increasing and
the future outlook is for a continued increase in production of this feed
grain. The predicted competition between the sorghum and corn grains
raises (uestions that need to be answered regarding their production
capacities and relative feeding values,

Research studies in Oklahoma and elsewhere have pointed to the
relatively inefficient utilization of milo by beef cattle. This has stimulat-
ed a search to find methods of preparation that will increase the efficiency
of utilization of the feed grains, particularly the sorghums, Results ob-
tained with high-moisture grains for beef cattle in research and in the
feedlot have been encouraging, Expensive structures have not been re-
quired for the satislactory preservation of these high-moisture-harvested
grains when stored in the ground form. Both ground milo and ground
corn harvested at about 30 percent moisture have been preserved in large
conventional concrete floored trench silos with very little loss from spoil-
e,

When the grain is harvested at a moisture content of about 30 per-
cent, the forage portion of the plant is relatively green and at a moisture
content of about 65 percent. This level of moisture in the forage is ade-
quate for satisfactory preservation as ensilage and the nutritive value of
the potential feed source for feedlot cattle needs to be determined.

The agronomic phase of the present study was designed to study and
measure the comparative yield of dry matter from the conventional and
high moisture (30 percent) harvested milo the efficiency of harvesting of
high moisture corn and milo grains, and the storage of these grains from
harvesting to feeding,

The feedlot phase of the siudy was designed to measure the relative
feeding value of the following ration treaiments:

1. Dry harvested milo plus corn silage

2. Dry harvested milo plus sorghum stover silage

3. High-moisture-harvested (HMH) milo plus corn silage

4. High-moisture-harvested (HMH) corn plus corn silage,

Materials and Methods

This experiment was conducted at Panhandle State College at Good-
well, Oklahoma. Sixty head of 690 1b. yearling Hereford steers were used
in a 142-day feeding trial. Four representative steers were selected from
the initial group of 60 steers for initial body composition measurements.
The remaining 56 head were divided into eight groups of seven steers
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each according to body weight and conformation. These weight groups
were randomly assigned to the four ration treatments listed above, two
replicates per treatment. The steers on Treatment 2 received sorghum
stover silage the first 46 days, then dry sorghum stover the remaining
96 days.

The HMH corn and milo contained 25 to 30 percent moisture when
harvested. These grains were ground through a conventional type ham-
mer mill using a three-eighths in. screen and blown into two small above
ground horizontal concrete trench silos. 'The silos were 50 fr. x 4 ft. x 4
feet. The ground grains were packed by tramping as they were blown
into the silos. Grain in the filled silos was covered with polyethelene
sheeting and green chopped sorghum and corn forage. A sheet of the
polyethelene was placed next to the grain, then six to eight in. of the
green chop was added, and then another sheet ol polyethelene was placed
over the green chop. Used tires were placed on top to protect against
wind,

The ration of all steers consisted of ground grain, silage or stover,
and supplement, plus plain block stock salt free choice. The sieers were
to receive B0 percent of their daily dry matter intake from the concen-
trate portion of the ration and 20 percent from the forage portion. The
protein supplement shown in Table 1 was fed at a constant level of 1.6
Ib, per steer per day throughout the feeding period, Initially, the steers
were started on a concentrate: roughage ratio of 5050 on a dry matter
basis; this ratio was gradually changed during a 28-day period to an
80:20 concentrate: roughage ratio.

The four steers selected for the initial body composition measure-
ments were slaughtered after a 16-hr. shrink without feed and water.
Initial body composition was estimated from carcass specifc gravity using
the procedure outlined by Lolgreen ef al. at the California Station,

Initial and final weights in the feeding trial were taken after a 16-hr,
shrink. All steers were slaughtered at the end of the feeding period and

Table 1. Ingredient Makeup of the Supplement.

Ingredicnt Amount (Percent)
Dehydrated alfalfa meal (179) 37.0
Soyhean meal (50%) 40.0
Urea [(45% nitrogen) 10,0
Stock salt 30
Dicalcium phosphate 2.0
Calcium carbonate 6.0

10:0.0
Aureomycin 87  gms/ton
Stilbestrol 12 gms/ton
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nnal body composition estimated by the speabc gravity method. (Other
pertinent carcass data were also collected. The net energy value of the
rations was calculated [rom feed consumption and body composition cata.

Results and Discussion

The HMH milo and corn grains were harvested four and three
weeks, respectively, prior to the initiation of the feeding trial. When the
silos were first opened, only a very small amount of .'spuilage was ob-
served in the first four to six in. layer at the entrance. Very little addi-
tional spoilage was encountered, The appearance of the corn was similar
to that at the time of ensiling while the milo was somewhat darker in
color. Both grains had a pleasant yeasty aroma and were moist and
crumbly. There was a slight but distinct odor difference beiween the
corn and milo with the sorghum having more of an alcohol aroma than
the corn,

Periadic dry matter determinations of the ensiled grains and other
ration ingredients were made and are shown in Table 2. There was very
little change in the moisture content of the HMH grains as they were
fed from the silo; the corn was particularly consistent in dry matter
Content.

No difficulty was encountered in bringing the steers to a full feed,
with no difference due to ration treatment noted. No digestive disturb-
ances were noted at any time during the feeding trial and visual signs
of bloat and vrinary calculi were absent.

The feedlot performance of the steers is shown in Table 8. The
steers on the dry milocorn silage ration gained on excellent 2.9 b, per

Table 2, Dry Matter of Feeds in Percent,

Lorghum

¥
Comn Stover Sorglium HMH HMH "h!'\r"."‘rﬂllbd

Date Silage Silage Srover Corn Miler Milo  Sopplement

11-14-67 23.03 68.17 70.90

12-12-67 30.06 33.04 71.65 75.18 87.73 93.05

12-19-67 39.17 3297 70,91 715.64 88.76 9263
1- 4-68 26.83 33.23 70.78 74.65 87.29 93.05
1-11-68 25.23 79.11 7111 74.71 83.23 92.28
1-19-68 25.67 73.22 71.23 76.42 B8.13 93.69
1-26-68 27.16 A3.18 70,92 71.56 88.30 93.73
2- 1-b68 21.39 a2.81 0.7l 70.80 87.97 93.63
2- B-68 25.58 ar.21 71.57 70.20 88.34 93.59
2-15-68 25.48 79.07 70.11 73.26 87.60 93.29
2-22-68 24.25 B1.97 70,49 73.79 g2y 93.92
2-29-68 24.96 8271 71.11 73.58 88.16 93.16
3. 7-68 28.70 B5.92 71.10 7425 a8.12 93.36
3-15-68 26.93 B6.18 71.11 74.90 87.96 93,84

Average 2717 A58 82.14 710.79 73.56 87.65 93.32
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Table 3. Feedlot Performance and Net Energy Data.

e e Treatment
Diry Milo Dy Milo FIMH Milo HMH Milo
Corn Silage  Sorghum Stover  Corn Silage Corn Silage

No. steers 14 14 14 14
Initial wt., Ih. 701 682 671 706
Final ft., 1b. 1116 1081 1125 1156
Daily gain, Ib. 2.9 2.8 3.2 2.2
Daily {eed, Ib1

Grain 18.6 17.2 16.4 15.2

Silage 5.6 4.0 5.3 5.0

Supplement 1.6 1.6 1.6 1.6

Total 25.8 22.8 23.3 218
Freed/1b. gain, 1b.1

Grain 6,52 6,20 516 4,80

Total 9.05 8.21 7.33 G.89

Met Energy Data (megeal. per 100 Ib.)

NEm-+p of total ration 55.4 59.4 644 71.1
NEm-p of grain 58.0 0.6 a0.1
MEm of grain G624 78.6 9.6
NEp of grain 41.6 52.4 59.7

LA feed walues are expressed on a 90% dry matter basis,

day on 9.05 1b. feed per 1b. of gain, a rather normal feed conversion for
the type of ration and size of steers involved. The steers on the dry milo-
sorghum stover ration gained only slightly less, but consumed 3.0 1b.
less feed per day, consequently their feed efficiency was 9.3 percent better,
This result was unexpected. It should be noted that the concentrate:
roughage ratio was higher for the dry milosorghum stover ration than
for the dry milo-corn silage ration, because less of the dry sorghum stover
was consumed, It is also possible that a slower passage of the dry stover
ration in the digestive tract resulted in a higher digestibility of the dry
milo-sorghum stover ration.

The steers on both FIMH grains gained about 10 percent faster than
those on dry milo. This advantage in gain for high moisture grain has
been observed in some but not all other trials.

The advantage in feed efficiency for the HMH grains over dry milo
was even more striking since rate of gain was up and feed intake was
down. The HMH milo and corn rations were utilized 19.0 and 23.9 per-
cent more efficiently than dry milo. A dry corn treatment was not used
in this trial, but a current trial at Goodwell includes a comparison of
dry vs&. HMH shelled corn as well as dry vs. HMH ground ear corn,

The net energy values of the rations determined from feed consump-
tion and body energy gain is shown in Table 3. The net energy values
are very consistent with the feed conversion figures which were observed.
The HMH milo-corn silage ration contained 64.4 megceal. of NEm--p

Animal Science Research, 1969 37



PEr 1uu D, Io — Wil wis b2 percent greater than the value ot 553
obtained for the dry milo-corn silage ration, The HMH corn-corn silage
ration had a value of 711 megeal. of NEm--p per 100 b, 28.3 percent
greater than the value lor the dry milo-corn silage ration and 10.4 per-
cent greater than the value for the HMH milo-corn silage ration. Calcu-
lation of NEm-}-p, NEm, and NEp of the grain portion of the ration
resulted in even greater advantages for the HMH grains, It is not known
whether the greater net energy value of the HMH grains was due to an
improvement in digestibility, an improvement in utilization of digested
nutrients, or both. Previous work at the Oklahoma and Texas Stations
has shown that high moisture milo is digested to a greater degree than
dry milo.

There was an increase of 7.2 percent in the NEm--p value of the
dry milo-sorghum stover ration compared to the dry milo-corn silage
ration,

The carcass characteristics of the steers on the ration treatments are
shown in Table 4. There was no significant treatment effect on any of
the carcass traits measured.

Table 4, Carcass Data.l

Treatment
ey Mile Dy Mile HAMEL Mo HMH Milo
Corn Bilage Sorghom Stover  Corn Silage Corn Silage
Dressing %2 60.9 61.1 0.7 60.7
Clarcass Graded 9.7 10.4 10.6 9.9
Ribeye Area, sg. in. 11.4 11.8 11.4 11.9
Fat Thickness, in. 66 it s ol
Marbling* 14.8 16.4 17.0 14.9
Cutability,h & 48.4 449.0 48.1 48.3

I " Treatment |:'Ili.| meH slgnlflnnl!r_nﬂ'ﬁ.t any of Il;_:.n.-h-ﬂ_w; Ernils {P.-‘ J5).

8 Calculatedd on the basis of final shrunk weight (Goodwell) and rJuIInfl carcass weight (Okle. Gity),
* Carcasa grade; low cholce=10, average choice—11, high choice=12,

* Marbling: | 1=—alight, Tesmall, 17=modest.

B Estimated from ribeye area, fat thickness, kidney fat and carcass weight,
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Grinding Milo Before vs After Reconstitution

Dennis White, James Newsom, Vincent Neuhaus
and Robert Totusek

Story in Brief

Milo reconstituted and stored in the whole form, then ground before
feeding (reconstituted-ground), was compared to milo which was groumnd
before being reconstituted and stored (ground-reconstituted) and both
were contrasted to dry finely ground milo. Compared to dry milo, the
reconstituted-ground milo produced 11.6 percent greater gain and 9.0
percent better feed efficiency, whereas the ground-reconstituted milo
produced 1.8 and 3.5 percent decrease in gain and efficiency, respectively.
Apparently, at the moisture level used in this trial, milo must be in the
whole form to benefit from reconstitution.

Introduction

Milo is the best source of feed grain for fattening cattle in the South-
west; as the number of cattle fed in the Southwest increases, milo will
increase in importance as an energy source.

High moisture processing (both high moisture harvesting and re-
constituting) of milo has received considerable attention as a method
of improving utilization over the dry product. Reconstituting milo (add-
Ing water Lo air-dry milo to raise the moisture to about 30 percent, follow-
ed by storage under oxygen-free conditions) has increased feed efficiency
an average of 8 percent in previous research. In some comparisons the
improvement has been greater. There are still many unanswered ques-
tions concerning the optimum conditions of harvesting storing, process-
ing and feeding high moisture milo,

Reconstituted milo is usually stored in either an upright air-tight
structure or packed in a trench silo to exclude air. The upright structure
i5 versatile in that the wet grain can be stored in either whole or ground
form. However, due to packing problems, the wet whole grain cannot be
satisfactorily stored in a trench silo without considerable spoilage.

This experiment was designed to determine the effect of storage
form (ground vs. whole) on the subsequent utilization of milo in a fat-
tening ration. The following three milo processing methods were com-
pared: (1) fine ground, grinding of dry milo, (2) reconstituting of
whole milo, followed by storage for 21 days, followed by grinding before
feeding (reconstituted-ground), and (3) grinding of dry milo, followed

In cooperalion with USDA Agri. Research Service, Animal HMushandry Research Division,
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by reconstitution and storage for 21 days belore feeding (ground-recon-
stituted) .

Materials and Methods

Thirty-six Hereford, Angus, and crossbred (Hereford x Angus) steers
and heifers with an average weight of 415 1b. and an average age of 8
months were started on trial November 16, 1967. The calves were from
the Oklahoma State University experimental herds., The calves were
started on feed one week before the trial began on a starter ration con-
sistng of 0.0 percent dry ground milo, 24.0 percent cottonseed hulls, 20,0
percent dehydrated alfalfa pellets, 5.0 percent cottonseed meal, 0.5 per-
cent bonemeal and 0.5 percent salt.

The calves were divided into three blocks on the basis of sex, breed,
weight and age of dam and randomly alloted to the three treatments
within each block. Three pens of four calves each were assigned to each
treatment. The three types of processed milo were fed in a high concen-
trate ration, shown in Table 1. All ingredients other than milo were com-
binded into a premix which was mixed with the processed milo in the
ratio of 83 percent milo to 17 percent premix. Proximate analyses of the
processed milo grains and premix are shown in Table 2,

Grain Processing Methods

The reconstituted milo was produced by adding water 1o dry milo
and mixing in a cement mixer to bring the moisture level to approxi-
mately 30 percent, The reconstituted-ground milo was prepared by add-
ing water to the whole grain, The ground-reconstituted milo was ground
through a 14 inch screen before the addition of water. Both treatments
were then storved for 21 days in airtight plastic bags containing 90 1b. per
bag. The dry ground milo and reconstituted-ground milo were ground
through a 14 inch screen just prior to feeding,

Table 1. Ration Composition,

Ingredient Amount [ Percent )
Milo 83.0
Dehydrated alfalfa pellets (179 C.P) f.4
Cottonseed hulls 4.2
Cottonseed meal (41% C.P.) 4.2
Urea (45% Nitrogen) 1.0
Salt 0.6
Steamed bonemeal 0.
10000

Added, per 1b. of ration

Vitamin A 2040 1.1,

Aureomycin 5 ma.
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Table 2, Proximate Analyses in Percent.

Drry? Crudes Ether® Crudes
Feed Matrer Ash? Frotein Exlract Fiber NFE?
Milo
Divy-finely ground a7.4 1.43 9.92 3.55 2.80 82.30
Recon.-ground 71.8 89 8.53 2.70 1.83 86.03
Ground-recon. 67.6 5 860 3.25 2.00 85.12
Premix 905 11.55 29.73 6,35 2280 2957

TAverage of 24 determinations,
FAverage of 2 determinations.

A - (sum of figures reported for ash, crode protein, ether extract, and crude filber),

Feeding

The three rations were fed daily in quantities to assure availalility
of feed until the next feeding. Unconsumed feed was weighted back fre-
quently to assure that fresh feed was available at all times, The reconsti-
tuted-ground milo was ground daily except that enough was processed
on Friday to supply the amount needed over the weekend. The calves
had access to open-sided sheds and outside lots, with water (warmed in
winter) available at all times.

Data Obtained

Feed samples were taken at regular intervals during each 28-day
period for proximate analysis and dry matter determination. Dry matter
percentages were used to adjust all rations to a 90 percent dry matter
basis. The prains were sieved and test weights were taken to determine
particle size and density, respectively as shown in Table 5.

Initial and final weights were taken after a 16-hr. shrink off feed
and water. Intermediate weights were taken at 28-day intervals, after a
16-hour shrink with no water (feed was available) . The calves were fed
189 days, then slaughtered the following day; carcass data was collected
after a 36-hr. cooler chill.

Table 3. Particle Size! and Density? of Processed Milo.

N _ Screen Slze, in, wWee

40 Al Fer

Process 864 112 1718 1,/25 Mesh B esh Bu.
o % Retained on Screen Through 1.

Finely ground 0 02 8.4 37.2 324 21.8 42.7
Recon.-ground 7.1 27.1 28.3 14.6 17.6 53 6.4
Ground-recon. 1.5 2.2 17.8 179 4.4 6.2 4.9

1 Particle size: Four |00 gm. samples of ench grain were sieved.
2 Test weight's reported are the average of four determinations amd are on a WG dry matter hasis,
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Results and Discussion

The moisture percentage of the dry ground, reconstituted-ground
and ground-reconstituted milos averaged 12.6, 28.2 and 32.4 percent, re-
spectively. The reconstituted-ground and ground-reconstituted milos were
38 and 18 percent less dense, respectively, than dry ground milo. The
amount of fine material was reduced considerably in the reconstituted
grains,

Feedlot performance, including daily gain, feed intake, and feed ef-
ficiency, is summarized in Table 4. The cattle fed reconstituted-ground
milo gained considerably [aster than those fed dry ground or ground-
reconstituted milo, and required 9 and 12 percent less feed per pound
of gain, respectively, than the cattle on dry ground and reconstituted-
ground milo. Feed intake, adjusted to a 9 percent dry matter basis, was
almost identical for all three treatments,

Carcass information is shown in Table 5. Differences in carcass merit
were small and apparently not affected by grain processing method.

These results indicate that, at a moisture level of approximately 30
percent, milo grain must be reconstituted and stored in the whole form
in order to obtain an improvement in feed efficiency, The reconstitution
of whole grain apparently results in partial germination which converts
the starch into simpler carbohydrates more available to the rumen micro-
organisms. The milo carbohydrates, alfter partial germinatinn, may be in
a form similar to that of high moisture harvested milo. This would ex-
plain the similarities in feeding value of the two forms of milo. In ground-
reconstituted milo the enzyme system necessary for the germination proc-
ess has apparently been disrupted. This would explain the lack of im-
provement in feed efficiency with this process,

Extensive laboratory analysis of several reconstituted and high mois-
ture harvested milo samples is currently underway to determine changes
in the various chemical constituents of the grain.

Table 4. Feedlot Performance (189 days).

Milo F:r:mi;:g Method

Dry B, Grounid-
S ) GHH.III::]_ i Grouned Recon.
Mo. steers 12 12 10
Av, initial wt. Ib. 410 416 419
Av, final wt. b, B12 O B3l
Av, daily gain, 1b.? 2. 150, 2510 2.20m
% change? 11.6 —1.8
Av. daily feed, 1b. 14.6 14.6 14.8
Feed/1b, grain, 1b. .34 577 .56
% change® 9.0 —5.5

L Any 2 averages withoul a r.mn;-';n letter ﬂﬁt:l.sign[ﬂl:antlr (P < A5,
2 Compared o dry finely ground,
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‘The specific gravity of each carcass was determined to allow calcu-
lation of the net energy value of the grains. These will be reported later.

Table 5, Slaughter and Carcass Information.

Method of Processing Milo
Finely Recon, - Ground.
. Ground Groatnd Becon.

Dressing %" 61.29 61.72 f1.89
Carcass grade® 10.54 10,05 9.87
Ribeye area, sg. in.* 11.14 10.58 10.30
Fat thickness, in.! 0.83 (.85 0.73
Marbling® 13.28 15.54 12.73
Cutability, F&° 48.02 48.25 48.91

* Calculated on basis of Seillwater live shrunk weight and chilled carcass weighe.
2UADLA, carcass grade converted to [ollowing numerical  designations: high prime—15, average
prime—14, low prime—13%, high choice—12, av, choice—I1, low choice—I0 good—9, av. good—8,

lovwr good—7.
A Determined from tracings at the 12th rib,
4 Average of three measnrements determined on tracing at th 12th rib,
& Marbling scores: 1 to M), 11=slight, 12=slight plus, ]FS—smal! minus, l4=small, 15=small plus,
S Percent of boneless trlmmed vetall euls on carcass basis—51.54 =578 (Fat thicknes) —A462
(% kidney Fat) + .T40 (ribere aveas) 0083 (chilled carcass wit.).

The Effect of Moisture Level on the
Feeding Value of Reconstituted Milo

Dennis White and Robert Totusek
Story in Brief

Five methods of processing milo were compared in a high concen-
trate ration for finishing heifers: (1) dry rolled, (2) reconstituted to 22
percent moisture — stored 21 days, (3) reconstituted to 30 percent mois-
ture — stored 21 days, {4} reconstituted to 38 percent moisture — stored
21 days, and (5) reconstituted to 38 percent moisture — stored 1 day. Dif-
ferences in rate of gain were not significant. Heifers on 30 and 38 percent
reconstituted milo stored 21 days utilized their feed 11.8 and 12.1 percent
more elliciently, respectively, than heifers fed dry rolled milo. Utilization

In cooperation with USDA Agri. Research Service, Animal Husbandry Research Division.
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of milo reconstituted to 22 percent and stored 21 da}'ﬁ, or 38 percent anl
stored 1 day was not improved significantly over dry milo, These results
suggest (1) a definite advantage in raising the moisture level of recon-
stituted milo from 22 to 30 percent, but no advantage in an additional
moisture increase to 38 percent, and (2) storage of reconstituted milo
for one day is not sufficient to improve utilization appreciably,

Introduction

Previous work at the Oklahoma and Texas Stations has shown that
reconstituting of milo markedly improved feed efficiency. In most studies,
milo has been reconstituted to a moisture level of approximately 30 per-
cent, but the optimum moisture level for reconstituted milo has not
been identified. Some preliminary in witro digestibility work with the
“artificial rumen™ at this station indicated (1) that as the moisture level

of high moisture milo increased, to a level of 38 percent, digestibility also
increased, and (2) a large part of the improvement in digestibility oc-
curred the first day following reconstitution. The objective of this experi-
ment was to determine the optimum moisture level for reconstituted milo
in order to realize the greatest benefit from the reconstituting process,
The five milo treatments were as follows: dry rolled, 22 percent mois-
ture — stored 21 days, 30 percent moisture — stored 21 days, 38 percent
moisture — stored 21 days, and 38 percent moisture — stored 1 day.

Methods and Materials

Fifty Hereford, Angus and crossbred (Hereford x Angus) heifers
with an average weight of 377 1b. were started on trial July 2, 1968, The
heifers were purchased at the Oklahoma City stockyards. The calves were
divided into two blocks on the basis of weight, breed and condition score
and randomly allotted to the five treatments within each block. Two pens
of five calves each were assigned to each treatment.

The calves were placed on a starter ration consisting of 40 percent
dehydrated alfalfa pellets, 10 percent cottonseed meal, 48 percent cotton-
seedd hulls, 1 percent salt and 1 percent bonemeal for 20 days prior to
the start of the trial. At this point, the processed milo was introduced
into the ration at the rate of 10 percent. The milo was increased 5 per-
cent per day until the calves were on full feed. The five types of processed
milo were fed in a high concentrate ration as shown in Table 1. All in-
gredients other than milo were combined into a premix, which was mixed
with the processed milo in the ration of 84 percent milo to 16 percent
premix.
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Tahle 1. Ration Composition

Ingredient Amount Fercent
Milo g4.0
Dehydrated alfalfa pellet crumbles {175 C.I.) 4.93
Cottonseed hulls 4.93
Sovbean meal crumbles (44% C.P.) 4.30
Urea (45% nitrogen) 064
Salt 0.60
Bonemeal .60
100,00

Added, per lb, of ration

Vitamin A 1600 117,

Aureomycin 5.0 meg.

Grain Processing Methods

The 22 and 30 percent reconstituted milo was produced by adding
water to dry milo and mixing in a cement mixer to bring the moisture
to the desired level. The 38 percent reconstituted milo was produced by
soaking the dry milo in an open container for approximately 10 hours.
The excess water was then drained off. The reconstituted milo that was
stored for 21 days was placed in airtight plastic bags containing 90 Ib.
per bag. The 38 percent-1-day milo was allowed to stand 24 hr. in an
open container prior to feeding. The dry and reconstituted milo was
rolled with a roller tolerance of approximately 003 in. just prior to
feeding,

Feeding

The five ratons were fed daily in quantities to assure availability
of feed until the next feeding. Unconsumed feed was weighed back daily
to assnre that fresh feed was available at all times. All rations were proc-
essed daily. The calves had access to open-sided sheds and outside lots
with water available at all times,

Data Obtained

Feed samples were taken at regular intervals during each 28-day
period for proximate analysis and dry matter determination. Dry matter
percentages were used to adjust all rations to a 90 percent dry matter
basis, The grains were sieved and test weights were taken at 28-day inter-
vals, alter a 16-hr. shrink with no water (feed was available). Perform-
ance data was summarized after an average of 112 days on feed. The
heifers were then taken to the Live Animal Evaluation Center where
they were subjected to measurement by the K* counter and ultrasonic
equipment,
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They were then slaughtered and carcass data was collected after a
24-hr, cooler chill. Specific gravity determinations were made on each
carcass to allow calculation of net energy values, which will be reported
later,

Results and Discussion

The moisture level of the dry rolled, 22, 30, 38, and 38 percent-1-day
averaged 86.9, 77.5, 68.6, 62.0 and 64.7 percent, respectively, for the five
treatments.

The density of the milo was reduced 33 to 45 percent by reconstitut-
ing and rolling, compared to the dry rolling. The particle size (Table 2)
was very similar for the 22, 50 and 38 percent reconstituted milo,

A complete sumary of feedlot performance is shown in Table 3. The
differences in average daily gain were not statistically significant. The
heifers on 22 percent milo gained 8 percent faster, while the heifers on
30, 38 and 38 percent-1-day milo gained 2.4, 7.6 and 2.4 percent slower,

Table 2. Particle Size! and Density? of Processed Milo.

Screen Sire, in. ;ur:.:

Process ShE AET 0% .0ie 20 00 00§ 005 Bu,
oy Retained on Sereen % Thru lh.
Dry rolled n 0% 309 k1.8 3.0 30 05 0.5 40.7
Recon.—22% 0D 428 438 61 2.8 1) 14 0 212
Recon.—30% 0 414 355 86 93 4% 03 0 24.5
Recon—389% 0 502 38.7 59 42 10 0 0 22.3
Recon—38%-1-day 0 03 433 416 82 45 21 0 231

! Particle size: Four 100 gm. samples of cach grain were sieved.,
2 Test weights veported ave the average of six determinations, amd are on o 90% dry matter basis.

Table 5. Feedlot Performance (112 days)

Method of Processing Mila

Dy Recon, Recomn. Recomn. Roeoon,
rolled ny e, 8% 38%-1-day
Mo, heifers 10 10 10 10 10
Initial wt., lh, 380 376 381 366 381
Final wt., Ib, G0 GRO 656 638 654
Daily gain, Ib, 2.51 2.71 240 232 2.45
%, change' B.0 —2.4 7.6 —2 4
Daily feed, b, 16.8 17.4 14.3 13.6 16.1
Freed/lb, gain, Ib.? f.78n 6.51n 5.0480 5.960 A.Gn
% change' 4.0 1.8 12.1 24

! Compared 10 dry m.”l.'tl. .

2 Apy 2 avernges without a common letter difler significamily (P .~ 06
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respectively, than the heilers on dry rolled mile. It is interesting to note
that the heifers on 50 and 38 percent milo consumed 15.0 and 19.1 per-
cent less feed, but because of similar gain, were 11.8 and 12.5 percent
more efficient in utilizing feed, respectively, than the heifers on dry roll-
ed milo. This advantage in feed efficiency was statistically significant,
Feed intake and feed efficiency for the heifers on dry rolled, 22 and 38
percent-l-day milo were similar,

Apparently, the energy in the 50 and 38 percent reconstituted grain
stored for 21 days was utilized more efficiently that that in the other milo
treatments. The results suggest that there is a real advantage in reconsti-
tuting to a moisture level of 30 percent, but no additional advantage in
raising the moisture level to 38 percent. Carcass merit was apparently
unrelated to treatment for any of the criteria shown in Table 4.

The results of this trial further indicate that the storage of 38 per-
cent moisture milo for one day is not sufficient to benefit from the re-
constituting process.

Additional screening work is now under way using the in vitro sys-
tem to determine the feasibility of reconstituting both whole and ground
grains at even higher moisture levels.

Table 4. Slaughter and Carcass Information

Method of Processing Mile

Diry Recon Recon. Recon, Recon.
rodled 2 0% 385 B87-1-day
Dressing 0t 59,30 59.39 59,42 58.80 59.21
Carcass grade? 0.8 9.9 9.3 10.2 9.8
Ribeye area, sg. int® 9.08 046 9.59 8.57 9.08
Fat thicknsss, in* (LG0 (.63 (.56 .61 061
Marbling® 13.7 14.3 13.8 15.1 13.6
Cutability" 5000 50,22 3041 49.64 5024

! Caloulated on basis of Stillwater live shrunk weight and chilled carcass weight.

EILE DA, carcass grade converted to following sumerical designations; high prime-15, average
rimr:]l;:{ ?luw prime-15, high choice-12, av., choice-11, low chobce-10, high good-9, av. good-8,
ow o -,

E Determined from tracing at the 12th rib.

{ Average of three measurements on tracing at the 12th rib,

& Marbling scores: | o 80, [1=—slight, 12=slight plos, 13=—small minus, 14=small, 15=small plus,

% Percent of boneless trimmed retail cofs on carcass base=51.14—-878 (fat thickness) — 462 (%

kidney fxt) . 740 (ribeye arens) — 0093 (chilled carcass wi).
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A Comparison of Dry and High Moisture
Methods of Processing Milo

Dennis White, Robert Renbarger, James Newsom,
Vincent Neuhaus and Robert Totusek

Story in Brief

Seven kinds of processed milo — coarsely rolled, finely ground, very
finely ground, high moisture harvested (HMH)-ground, high moisture
harvested (HMH) rolled, reconstituted-ground and reconstituted-rolled
— were compared in a high concentrate ration for finishing cattle,

Calves fed HMH-rolled and reconstituted-rolled milo gained con-
siderably Faster than the other treatment groups. Differences in gain
among the other weatments were small, OF the dry processing methods,
very fine grinding resulted in the best feed efficiency, 6.7 percent better
than fine grinding; the finely groun:d milo in twrn was utilized 6.7 per-
cent more efficiently than the coarsely ground grain. Grinding of HMH
and reconstituted milo improved efliciency of utilization about the same
as very fine grinding of the dry product, 9.1 and 7.3 percent better than
fine grinding. The largest improvements in efficiency resulted when the
wel grains were rolled. The HMH-rolled and reconstituted-rolled grains
were utilized 188 and 169 percent more efficiently, respectively, than
finely ground milo,

Introduction

Several trials have shown very little difference between dry rolled
and finely ground milo, However, work at this station has indicated that
il milo is ground, it should be ground rather finely for most efficient
utilization (14 in, screen). A L4 in. hammermill screen has been the
smallest used in previous research,

Milo which is dry rolled is often rolled very coarsely, with maity
kernels passing through the roller unbroken. Whaole milo is not well
utilized! by cattle,

Previous research has shown that both reconstituted milo and high-
moisture-harvested milo are more efficiently utilized than dry milo. Re-
ports of a 10 percent or greater increase in feed efficiency due to high
MOISLUre Processing are not icomimon,

Results of another trial at this station indicate that at a moistere
level of 30 percent, reconstituted milo must be stored in the whole form
to henefit from the reconstituting process.
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The objective of this experiment was to compare three dry and four
high moisture types of processed milo — coarsely rolled, finely ground,
very finely ground, high moisture harvested-ground (HMH-ground),
high moisture harvested-rolled (HMH-rolled), reconstituted-ground and
reconstituted-rolled.

Methods and Procedures

Eighty-four Hereford and crosshred {Angus x Hereford) steers with
an average weight of 511 1b. and an average age of 9 months were used
in a feeding trial. The calves were divided into two blocks on the basis
of shrunk weight, condition score and breed, and then were randomly
assigned to the seven treatments within each block. Four pens of three
steers each were assigned to each treatment.

The calves were started on feed 6 days belore the trial began. The
initial ration consisted of 8 1b. of test ration and 4 lb. of cottonseed hulls
per head per day. The test ration was gradually increased until the steers
were receiving 13 Ib. of the test ration on the sixth day following initial
feeding, at which time the feeding trial startec.

The compaosition of the ration is shown in Table 1. All ingredients
other than milo were combined into a premix, which was mixed with
the processed milo in the ratio of 83.4 percent milo and 16.6 percent pre-
mix. Stilbestrol was not used in this trial. Proximate analyses of the proc-
essed milo grains and premix are shown in Table 2,

Processing Method

Coarsely rolled milo was produced by setting the rollers to allow
approximately 25 percent of the mile grains to be unbroken. Finely and
very finely ground milo were produced with a hammer mill, using 14 in.
and 1/16 in. screens, respectively. The HMH milo was combined when
it had matured to a moisture level of 50-31 percent, then stored in the

Table 1. Ration Composition.

Ingredient Amount Peroent
Mila 834
Alfalfa hay, chopped f.00
Uottonaen.-r:? hulls 4.0
Cottonseed meal 4.0
Urca (42%: nitrogen) 1.0
Zalt 1.0
Bonemeal B
100.0

Added per b, of ration

Vitamin A 1500 1.7,

Aureomycin 5 me,
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Table 2. Proximate Analyses,

Dyt Crucen Ethert  Crodes
Feed Matier Ash® Prodein Extract Filser MFE2
PPercent

Mile
Coarsely rolled 85.3 1.37 B.86 3.85 195 83.97
Finely ground 85.5 116 9.35 3.0 2.1 84.39
Very finely ground 85.5 .31 10.28 3.65 1.95 #82.81
HMH-ground 0.1 94 B.36 2.3 1.1 87.3
HMH-rolled 68.9 a1 8.06 1.8 85 88,38
Recon,-ground 74.3 1.27 B.77 3.4 1.45 85.11
Recon.-rolled 734 1.03 9.05 29 1.40 85.62

Premix 009 i0.82 367 605 257029 21.14

' Average of determinations of 24 samples,
2 Average of 2 determinations.
1M — (Sum of flgures reported for ash, crude protelnm, cther extract, and crude fiber),

whole form in a 14 x 27 fe. Harvestore structure. Reconstituted milo was
produced in a 14 x 27 ft. Harvestore structure by adding water to the
air-dry grain as it was aurgered into the structure, raising the moisture
level to approximately 26 percent. Both reconstituted and HMH milos
were cither ground (L4 in screen) or rolled (003 in. tolerance between
rollers) just prior to feeding.

All milo used in this trial was of the variety Northrup King 222 and
was produced in the same [ield on the Fort Keno Station. In order to
minimize variation in the milo due Lo location in the field, the milo was
strip combined so that all areas of the lield were represented in all treat-
ments. All rolling was done with a heavy duty Ross 18 x 24 in. roller mill.

Feeding

The coarsely rolled, finely ground, and very-finely ground grains
were processed, combined with the premix, and stored in one-ton quanti-
ties. The four "wet” grains (HMH-ground, HMH-rolled, reconstituted-
ground and reconstituted-rolled) were processed daily, wih the exception
that enough was processed on Friday to feed over the weekend.

The steers were fed once daily in sufficient quantities 1o assure avail-
ability of feed until the next feeding. Unconsumed feed was removed
and weighed back as necessary to assure that only fresh feed was available
at all times. The steers had access to openssided sheds and outside lots,
with water {(warmed in winter) available at all times.

Data Obtained

Feed samples were taken at regular intervals during each 28-day pe-
riod for proximate analysis and dry matter determination, Dry matter
percentages were used to adjust all rations to a 90 percent dry matter
basis. The grains were sieved and test weights were taken to determine
particle size and density, respectively, as shown in Table 3.
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Initial and final weights were taken after a 16-hr, shrink off feed
and water. Intermediate weights were taken at 2B-day intervals, alter a
16-hr. shrink with no water (feed was available) . The steers were slaugh-
tered on two different days after an average of 174 days on trial, Carcass
data was obtained after a 36-hr. cooler chill. Bladders were collected at
slaughter, and the amount of calculi in each bladder was determined.

Results and Discussion

HMH-rolled and reconstituted-rolled milo was 57.8 and 52.9 percent
bulkier, respectively, than finely ground milo (see Table 3). The very-
finely ground and the HMH-ground milos were very similar in particle
size; however, the flufty nature of the high moisture grain was very evi-
dent as shown by the test weight per bushel (density) of the two process-
ed grains (40.8 and 1.3 1b. per bushel, respectively, for very finely g‘rnund
milo and HMH-ground milo).

Performance information is summarized in Table 4. Statisticaliy, rate
of gain was not siginificantly affected by method of mile processing; how-

Table 3. Particle Size! and Density® of Processed Milo.

Screen Size, In. WiE

40 i Per

Proces 12064 BAd 1/12 118 /25  Mesh Mesh B

- % Retained on Screen o, Thru b,
Coarsely rolled L] 334 59.8 LE:) b2 A7 AR 3328
Finely ground L] 14 .90 964 1B.1 32.6 8.6 447
Very finely ground 0 A2 A2 39 417 286 666 40.8
HMH-groun 0 111 1.9 59 9.0 18.3 64.3 31.3
HMH-rolled 6.2 266 19.8 7.8 3.3 9.0 272 1B
Recon.-ground 0 .19 1.0 11.6 14.7 22.8 49.7  37.6
Recon,-rolled 16 27.2 24.3 10.9 38 1.2 220 30.1

1 Parvicle size; Four 100 gm. samples of each grain were sicved,
= Test weights reported are an average of lour determinations, and are on o 90% dry matter hais,

Table 4. Feedlot Performance (174 days).

Coarsely

Finely Very Finely HMH HMH Recon,  Recon,
Roolled Ground  Ground  Ground Ralled Granned Rolled
Mo. steers 12 12 11 11 12 12 i1
Initial wt., 1b. 513 514 518 495 513 S0 516
Final wt., Ib. a0z 930 a0a8 386 972 908 981
Daily gain, Ib. 2.23 2.34 2.18 2.18 2.58 2.62
% change' —4.7 —6.8 —6.8 10.3 12.0
Daily feed, 1b*? 16.9¢ 16 @ 1478 15 4e 15,20 150k 1574
Feed/lb. gain, Ib.? 7,60 7.1 G640 G470e 5784 600 5.9%e.
% change' —5.7 6.7 9.1 18.8 16.9

1 Compared o finely grouwmnd mila.

®Any 2 averages wilhout a common letter differ significantly (' - 05,
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ever, it is interesting to note that the calves [ed HMH-rolled and recon-
stituted-rolled milo gained faster than those fed dry milo or the ground
“wet” milos.

The feed intake of the calves fed very finely ground milo, HMH-
ground milo, HMH-rolled milo, reconstituted-ground milo and reconsti-
tuted-rolled milo was significantly lower than that of calves fed coarsely
rolled milo and finely ground milo. This is simply a reflection of im-
proved feed utilization; note that the feed efficiency figures for these
treatments followed the same pattern, and these differences were also
significant.

Rolling of HMH milo and reconstituted milo markedly improved
feed efficiency over the other processing methods in this trial. Apparent-
ly the rolling process imparts a beneficial effect to "wet” grains, similar
to that which has been observed with both dry and streamed milo.

The results of this trial indicate that if milo is dry rolled, no
grain should pass through the roller unbroken, It was also apparent that
very finely ground milo was utilized more efficiently (6.7 percent) than
was the finely ground milo, and a marked decrease in feed intake and
gain due to a very floury texture did not occur.

Carcass merit and dressing percentage were not signiflicantly affected
by processing method, as shown in Table 5. Quantities of calculi in the
bladder were very small and unrelated to the processing method.

Table 5. Slaughter and Carcass Information,

Method of Processing Milo

Coarsely Finely  Very Finely HMH HMH Recon. Recomn,
Rolled  Groomd Grownd  Ground  Rolled Ground Rilled

Diressing %" 5.6 B0.6 59.4 6l.4 60,2 59.2 60,0
Carcass grade® 9.7 9.7 4.0 4.5 9.8 9.3 9.9
Ribeye area, sq. in? 10.8 n.7 110 10.6 11.5 10.5 11.0
Fat thickness, in.' {1.66 0.75 0.68 0.65 0.71 068 0.76
Marbling score® 1.9 12.9 11.7 124 13.3 12 14.3
Cutability, 7* 49.5 48.7 49.6 49.5 49,5 49.3 49.9

1 Calewlnted on basis of Fr. Reno live shrunk welght and chilled carcass weight,

11,504, carcass grade converted to following numerical designations: av. choice-11, low choice-140,
high good -9, av. geod-8, low -1,

3 Defermined from tracing at the 12th rib,

+pverage of three mensurements determined on teacing at the 12h vib,

8 Marbling scores. 1 to 90, )]==slight, 12==slight plus, 18=small minus 14=small, 15=small plus.

@ Percent of boneless trimmed retail cols on cavenss bagla==51.94 — 578 (fat thickness) — 462 (%
kidlney fa) + 740 {ribeve area) = 0003 (chilled carcass wit.).
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Winter Supplementation of
Spring Calving Cows Grazing
Midland Bermudagrass Y ear-Long

J. E. McCroskey, Stephen Armbruster, Robert Renbarger,
Darrell McNutt and Jack Eason

Story in Brief

This report is a summary of a three-year study to determine the el-
fects of feeding three levels of cottonseed meal (1, 2 and 8 pounds per
head daily) to mature, spring-calving Hereford cows. All cows prarzed
& COMMon pasture of Midland bermudagrass year-long and were fed their
respective winter supplements in individual stalls.

Winter weight loss of the cows was slightly less with each increase in
level of supplement. There was also a slight increase in milk production
of the cows and in calf weaning weights with each increase in winter sup-
plement. Although increasing the level of supplement reduced weiglt
losses of cows during the winter, all losses were within the safe range for
cattle of this age. Results of the study indicte that one pound of cotton-
seed meal daily was adequate for wintering cows under these conditions,
However, under less than optimum grazing conditions it would be ad-
visahle to feed a higher level.

Introduction

The use of bermudagrass as pasture for beef cattle has increased
considerably in the past 10 years. Because of the nature of the grass it
appears to be better adapted to cow-call operations than to stocker pro-
grams. The need for information regarding supplemental feeding of cows
grazing bermudagrass duving the fall and winter months prompted this
study. This report summarizes a three-year study of the elfects of differ-
ent levels of protein supplment upon cow and calf performance.

Methods and Materials

The study was initiated in the [all of 1965 with 48 grade Hereford
cows ranging in age from three to four years, bred to calve in February,
March and April. The cows were divided into three groups of 16 based
on age, weight and previous treatment, Lots 1, 2 and 3 received one, two
and three pounds of cottonseed meal (41 percent C.P.) per head daily,
respectively. All three treatment groups grazed a common pasture year-
n cooperation with USDA Agri. Research Service, Animal Husbandry Research Division,
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long and were fed their respective winter supplements in individual stalls,
Cows were fed a two-day allowance of feed every-other-day to reduce
labor,

The pasture contained approximately 140 acres of non-irrigated Mid-
land bermudagrass which was cross-fenced to permit rotational grazing.
In 1965 two hundred pounds of nitrogen was applied per acre in three
equal applications during the growing season, In 1966, 1967 and 1968
fertilization consisted of the application of 50 pounds each of nitrogen,
phosphorus and potassium per acre in the spring followed by two appli-
cations of 50 pounds per acre of nitrogen in mid and late summer. Cattle
were rotated from one pasture to the next about every 7 to 10 days de-
pending on rainfall and amount of grass. Pastures were mowed and drag-
ged as needed. .

Data were collected on cow weight change, milk production, blood
minerals, call birth weight and weaning weight. Milk prmluctiml was
determined by weighing the calf before and after nursing, Blood samples
were taken from one-half of the cows in each treatment group at the start
(December) and at the end of the wintering period (April) .

Results and Discussion

Table 1 shows the effects of three levels ol winter supplementation
upon cow and call performance. Cow weight loss through calving de-
creased with each increase in amount of supplement, However, weight
losses of all groups were within the range found to be allowable for ma-
lure cows in previous studies,

Average daily milk production and calf weaning weights increased
slightly as level of winter supplement increased. Calf hirth weights were
slightly Iewer when cows were fed one pound of cottonseed meal daily.
An economic comparison of returns from cattle on the three treatments
is also shown in Table 1. Although the gross returns were slightly higher
with each increase in level of winter supplement of the cows, net returns

Table 1. Effects of Level of Winter Supplement on Performance
of Spring-Calving Cows Grazing Midland Bermudagrass

Level of C5.M. (lb. /head /day) 1 H 3
Cow wt. loss including calving logs (9% of fall wt.) 13.5 11.5 10.4
Ave. daily milk ﬁrnduttiun (1h.} 12.7 13.0 13.6
Calf birth wt. {lb.) 74 78 78
Calf weaning wt. {Ib.) 470 477 481
Ave, Gross Return/ealf (@ 28¢/1b.) $131.60 $133.56 $134.68
Ave. Winter Feed/cow (145 days)® 6.53 13.06 19.59

Ave. Net Return/cow {calfl value minus feed cost) ..'.BIEE.{II? ilEﬂ.f;lEl-

$115.00

.1.{.:_:-:1 based on SE!}.rﬂ}_n:r Ly I'n.r" ﬂ!tlll"l'll-CL‘.il meal,
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were greatest for the lowest level due to the increase in cost of winter feed
on the other treatments, Conception rate and calving percentages are not
shown but were essentially the same for the three groups.

Figure 1 shows the average monthly weights of the cows during the
three-year period. Cows ted one pound of cottonseed meal daily lost more
weight and were lighter from January to May than the other two lots.
However, it is important to note that by July the Lot 1 cows were equal
in weight with the other treatment groups. There was very little differ-
ence in cow weights at any time during the year between the groups re-
ceiving two and three pounds of supplement daily,

Figures 2 and 3 show the levels of certain minerals in blood serum
of cows in December and April, respectively, Level of winter supplement
apparently had no effect upon the level of any of the minerals measured
at either sampling time,

The data from the three trials indicate that there was little or no
advantage in feeding more than one pound of cottonseed meal per head
daily to spring calving cows under these conditions. However, it is im-
portant to point out that the quality and quantity of winter forage were
excellent during all three years,

In situations where forage is poor in quality and somewhat limited
in amount it would probably be advisable to feed two pounds of protein

Lat 1
—=—==Lo} 2
1200 ——Lal }

1o

Cow Weight |Lb.}

1090

00 L 1 ] 1 1 L 'l i i i
[ee dan Feb Hapeh Mgt Nay Jung luly Asg Sepl et
Wanfhks

Figure 1. Monthly Cow Weights (Ave. of 3 Years)
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Figure 2. Mineral Content of Blood Serum Taken in December (Ave.
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supplement per head daily, It is important to consider the condition of
the cattle, and feed enough supplement to keep the winter weight loss to
about 15 percent of the previous fall weight. This may require feeding
some grain as well as protein supplement during the winter if forage is
quite deficient,

A Gompariaun of Hormones for
Heifers Grazing Wheat Pasture
J- E. McCroskey, Robert Renbarger and Jack Eason

Story in Brief

This study consisted of two trials comparing different hormones with
heifer calves grazing wheat pasture. In Trial 1 Melengestrol Acetate
(MGA) and Synovex-H were compared using 72 heifers averaging 431
pounds in weight. In Trial 11, 20 heiler calves weighing approximately
260 pounds were used to compare Diethylstilbestrol and Synovex-H.

In Trial 1 Synovex-H increased gains 169 percent while MGA de-
creased gains 17.9 percent, when compared with controls. Cattle receiving
both MGA and Synovex-H gained 7.5 percent less than controls, In Trial
IT gains were almost identical for calves receiving Diethylstilbestrol and
Synovex-H.

Introduction

In recent years various hormones have been shown to improve per-
formance of cattle in the feedlot. Most data indicate increases in gains
of grazing cattle implanted with Diethylstilbestrol, There is only limited
data available on the effects of other hormones upon grazing cattle,

This study was conducted to determine the influence of Diethylstil-
bestral, Melengestrol Acetate (MGA) and Synovex-H upon gains of
heifers grazing wheat pasture,

In eooperation with USDA Agri. Research Service, Animal Husbandry Research Division.

Animal Science Research, 1969 57



Methods and Materials
Trial L.

Seventy-two spring-born Hereford and Angus heifers calves were se-
lected from the experiment station herd and divided into four equal lots
of 18 based on weight and previous treatment. Lot 1 served as controls
and received no hormones; lot 2 was fed 0.4 mg. MGA per head daily in
a small amount of grain; lot § was implanted with Synovex-H (200 mg,
testosterone and 20 mg. estradiol) ; and lot 4 received both MGA and
Synovex-H., MGA was mixed with ground milo so that each pound of
grain contained approximately 0.4 mg. of MGA, This mixture was fed
at the rate of one pound per head daily. The two lots which received no
MGA were fed one pound of grain per head daily to equalize the effect
of grain feeding among all lots,

Heifers were put on pasture November 11, 1968, and weighed off
March 18, 1969, for a total of 126 days on pasture. Initial and final
weights were taken following an 18-hour shrink (without leed and wa-
ter) . All lots had free access to wanter and a mineral mixture composed
of two parts salt and one part steamed bonemeal, The stocking rate was
about 1.5 acres per heifer. The pasture was divided into four egual lots
amd cattle were rotated between lots once each month,

Trial I1.

Twenty lightweight Hereford and Angus heifer calves averaging 266
pounds were used to compare Diethylstilbestrol and Synovex-H. The
calves were divided into two groups of 10 on the basis of weight, Lot 1
was implanted with 12 mg. of Diethylstilbestrol while Lot 2 received an
implant of 20 mg. of estradiol and 200 mg. testosterone (Synovex-H) .,

Both groups grazed the same pasture and had no supplemental feed.
Water and the mineral mix described in Trial 1 were available free-
choice. The stocking rate in this trial was approximately two acres per
head. Cattle were implanted and started on trial November 15, 1968 and
[inal weights were taken on March 18, 1969 — a period of 122 days.
Initial and final weights were taken following an 18-hour shrink.

Results and Discussion
Trial L.

Table 1 shows the gains of the four groups of heifers, The lot im-
plamed with Synovex-H gained 16.9 percent maore while those fed MGA
gained 17.9 percent less than the control lot during the 126-day grazing
period. The lot receiving both MGA and Synovex-H gained 7.5 percent
less than controls.
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The percentage increase in gain due to Synovex-H is similar to the
improvement frequently observed in the feedlot. Feedlot studies with
heifers of this weight have normally shown about an 11 percent improve-
ment in gain when MGA was fed. The reason for the decreased perform-
ance of MGA-fed cattle in this study is not apparent.

Trial II.

Table 2 presents the results of the study comparing the effects of
Diethylstilbestrol and Synovex-H on gains of lightweight heifers grazing
wheat pasture. There was essentially no difference in the gains of the two
groups of heifers. It is interesting to compare the gains of both lots of
heifers in this study with those in Trial I. One factor which may account
for greater gains in this trial is the lighter stocking rate and considerably
more available forage, Another point to consider is the difference in

weight since the heifers used in this study were about 165 pounds lighter
than those in Trial 1.

Table 1. Effect of MGA and Synovex-H Upon Weight Gains
of Heifers Grazing Wheat Pasture!

Lot No. ' 1 z 3

H‘G.ﬂ

Treatment Control MGA Synovex-H Synm:;:-'il
Mo. of heifers 18 18 18 18
Imitial wt. (Ib.) 432 427 433 431
Final wt, (Ib.) 565 537 589 555
Tatal gam {Ib.) 133 110 156 124
Gain/day (Ib.) 1.06 0.87 1.24 0.98
Gain index (%) 100.0 82.1 116.9 9‘25

PMGA was fed st the vate of 0.4 mp/head/day mixed with grownd ||:||]r_'r. SpmuxH {?ﬂ mn
estradiol, M mg. testosterone) was implanted at the hase of the ear,

Table 2. Effect of Diethylstilbestrol and Synovex-H Upon Weight Gains
of Lightweight Hti[ers Graung Wheat Pasture

Lot Mo, 2
Treatment D[-;:hﬂarl]bgumll Synovex-H:*
Mo, of heifers 10 10
Initial wt. {lb.) 262 270
Final wt, {Ib.} 456 462
Tulalli in (1b.) 194 192
Gain/day (Ib.) 1.59 1.57

12 mg diethylstilbesirol implanted at the h:se of the cu-.r.
B2 mg. estradiol and 200 mg, teswsterone implanted at the base of the car,

MIGA turnléhud. b_r TUCD Products Company, Division of The Upjohn Company, Hala-
mazoo, Michigan
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Urea in Rumimmant Nutrition
Allen D, Tillman
Story in Brief

Protein is one of the most important nutrients in the nutrition of
man and his domestic and wild animals. Thus, it belwoves him to use
protein judiciously and to utilize substitutes whenever possible,

Urea can be made from the products of air and many workers have
shown that urea plus grain may be used to replace vegetable protein sup-
plements in beel, dairy and sheep rations providing the level of grain is
high. Tillman (1}! has discussed in some detail how ruminants utilize
urea and the reader is referred to this article for this background infor-
mation, The purpose of this paper is to discuss the using of urea in the
rations of beel cattle,

Introduction

Most beel fattening rations contain urea. The compound is mixed
with other feeds to formulate o premix, which contains a high level of
urea, minerals, vitamins, and other items considered impm’r.nnt by the
feeder such as antibiotics and stilbestrol. The premix is then mixed with
other feeds in a mobile mixer while the feed is enroute from the weighing
area to the feed bunk. Examples of such mixtures are shown in Table 1
(2,3) . Urea consumption under these conditions will be from 0.15 to 0.20
I fday, representing a protein potential of 0.4 to 0.5 b,

Table 1. Percentage Composition of Premixes! for Beel Cattle Fcl:ding.

Hations m“l'n'rtlnc fid - Iﬂw_:_FII‘-I
Dried molagses e 313.0
Cane molasses 40 s
Allalla meal 510 R
Bone meal 10.4 A
Todized salt 3.5 TN
CaHPO, ey 20,0
CaCaoy e 12.0
Trace minerals I 1.0
Stilbestrol premix R 20
Vitamin A mix e 2.0
Urea 21.1 30.0

Total 100.0 100.0

1 Begson & al. (2)
* Burroughs et al. (3)

' Mumhbers in parentheses are references which appear at the emd of the anlele.
In epoperation with USDA Agri. Research Service, Animal Hushandry Research Division,
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Urea has been used in “all concentrate” diets and an example is
shown in Table 2. It will produce results comparable to the vegetable
protein supplements as was shown in North Carolina studies (4). Okla-
homa studies (5) are shown in Tables 3 and 4 in which milo was the
grain. One-hundred and ten steers were used in these trials and treatments
did not affect (P<.05) animal performance; however it will be noted
that rations containing urea produced greater financial returns than
those containing the vegetable protein supplement. An interesting aspect
of this study concerns the improvement obtained by adding altalfa meal
to the urea-containing ration even though the mineral content of that
ration met requirements as set forth by the National Research Council.
Other workers have also found that alfalfa hay improved similar rations.

Results and Discussion

In general, it may be considered that 7 Ib of milo plus 1 Ib, of urea
(15 percent Ny will be isonitrogenous with 8 Ib. of a vegetable protein
supplement. If urea sells for 4 cents, milo 2 cents and cottonseed meal 4
cents/lb, the following calculations are relevant to the economics of urea
utilization in fattening rations:

Table 2. Percentage Composition of an All-Concentrate Diet for
Beef Cattle?

Ingredient Percent

Ground shrlll::d Corn 95.1
Urea 1.0
Cottongeed oil 20
MNaCl 0.5
CaCO, 0.7
Defluorinated phosphate 0.2
Trace minerals 0.4
Vitamin A & D 0.1

Total 100.0

1 “:'i!e t!_ uﬂ.. (1)

Table 3. Percentage Composition or the Diets!

Diets

Ingredicns 1 2 | f e 5 =
Ground milo 87.50 84.75 96.25 91.50 B87.70
Dehydrated alfalfa ke 5,00 S 5.00 5,00
Cottonseed  meal B0 7.00 S B 3.20
Ureal i aSrielids 0.96 0.84 0.46
Premix 4.40 3.25 2.77 2.66 3.59

Total 100,00 100,00 10000 100,00 100,00

;M;.E:“rl.ur mLi Tillman :5:“
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Table 4. Feedlot Ferformance of Stecrs (145 Lray- L est)*

Trem CHM CHM -2 Ureafuy* L4 CEM U4
Animal, Nos. 23 21 23 22 18
Final weight, Ib, 1070 1050 1055 1066 1056
Imitial weight, Ib. 716 714 Ti4 722 721
Daily gain, 1b. 248 2.35 2.38 2.40 234
Daily feed, b, 19.99 19.72 19.77 19.83 19.53
Feed/lb, gain, Ib. 8.06 8.59 B8.31 8.23 8.35
Final value-dollarst 273.00 268.00 269.00 272.00 269.00
Initial value-dollars 200,00 199.50 199.50 202.00 202.00
Increase-dollars 75,00 68,50 69,50 70.00 67.00
Feed cost-dollars® 66,92 50.06 55,99 55.02 55,50
Return over feed-dollars 6.08 844 13.51 14.98 11.60

1 McCartor and Tillman (5)

B OSM =Cottonaced  meal

3 D= Dehydrated alfalfa meal

t Appralsals used For initlal and final values.
B Aciual feed cost only.

Cost of protein from cottonseed meal will be 8 X 4 = 32 cents.
Cost of protein from urea -|- grain:
Urea 1l X4 = 4 cts.
Grain 7 X 2 = 4 cts.
Total 18 cts.

The costs of 18 vs. 82 cents [or 8 b, of [eed, is significant, and is of
course, reflected in the financial statement of the Oklahoma results,

The major problem in heel cattle nutrition concerns the poar utili-
zation of urea by mature cows allowed to graze low-protein forages dur-
ing the winter season. Such forages are, of course low in protein, plms-
phorus, certain trace minerals, and available energy. Vegetable protein
supplements, such as cottonseed meal and soybean meal, have always
found wide usage as supplements when cattle are allowed to graze these
forages during the winter season. As there is great demand for the vege-
table protein supplements [or feeding of poultry and swine, and even in
human nutrition, the price per unit of nitrogen is higher for these prod-
ucts as compared to urea-grain mixtures; therefore, economics dictate the
usage of urea in range supplements,

Early Oklahoma research (6) indicated that urea could be used in
range supplements if the level of urea in the mixture was low. However,
in later Oklahoma studies involving 16 tests using 879 cattle in which
urea supplied one-third of nitrogen in the supplements which were isoni-
trogenous with cottonseed meal, it was found (7) that animal perform-
ance was always lower on the urea supplements even though the urea con-
taining supplements were always improved by addition of trace minerals
or alfalfa meal. Many feedmen and applied nutritionists often forget that
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urea is a pure compound and that it replaces a vegetable protein supple-
ment, which contains phosphorous, trace minerals, and energy. Urea must
be fed in balanced rations for good results,

Another factor to consider in urea utilization on the range concerns
the amount of energy in the supplement. Oklahoma results (8) indicate
that the supplement should contain a N.F.E.:N ratio of at least 30:1 and
that urea-containing rations, in which grain is the carrier should not con-
tain over 2 percent urea. Higher levels of urea produce poorer results
than when vegetable protein sources are the control rations.

Berry et al. (9) fed range cattle a liquid mixture compound of cane
molasses, urea, phosphoric acid, trace minerals and vitamin A, The sup-
plement contained about 10 percent urea and the phosphoric acid content
was varied so as to regulate intake when the mixture was fed free choice,
It is believed that the slow rate of intake improved urea utilization but
definitive experiments have not been conducted. Because of their labor
saving potential, liquid supplements are finding increasing interest and
use in Oklahoma. In most of these supplements, intake is also limited by
mechanical means. If labor is not a factor, the liquid supplements, during
most years, cannot compare economically with vegetable protein 5up|:r|e-
ments or with supplements containing grain plus urea. Molasses are low-
er in energy and are a more expensive source of energy as compared to
milo. The liquid supplements must be protected from rain or toxicity will
result; water will dissolve the urea and the animal will drink this in the
absence of a carbohydrate source.

A major difficulty of feeding urea supplements concerns possibility
of urea toxicity. Oklahoma workers (10) have studied in detail urea
toxicity symptoms and these are as follows:

1. From 30 to 60 minutes after ingesting urea, sieers showed uneasi-
ness, staggering and kicking at the flanks.

2. These symptoms were [ollowed by more serious incoordination,
tetany and finally prostration.

3. These animals went down within 30 o 60 minutes alter dosing,
While prostrate, the most pronounced symptoms of distress were
severe convulsions, slobbering at the mouth and bloating,

4. Ammonia levels of rumen contents were high, This was quickly

followed by high ammonia levels in peripheral blood,

. Blood urea levels were high but cannot be taken as an indicator
of severity of toxicity. When tetany begins, blood urea levels he-
gin to drop,

6. Bloating was always present and the rumen contents had pH

readings consistently above 8.0.

(&2
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7. The amount of urea necessary to produce toxicily was aboul 14
grams per 100 1h. body weight,

5. All animals were dead within one to three hours after dosing.

Florida workers (11) repeated and extended the Oklahoma experi-
ment and found that acetic acid, if administered prior to the onset of
tetany, would alleviate toxicity symptoms, It required 2 moles of acetic
acid lor each mole of urea consumed. For example, a 1000 1b. cow requir-
ed about 140 gm. of urea to cause toxicity. It would require 280 gm. of
pure acetic acid to neutralize the amomnia liberated by catalysis of the
urea. Since concentrated acetic acid would cause phosiological harm to
the animal, it is diluted to a 5 percent vjv solution and pumped direcily
into the romen. If the 280 gm, of acetic acid needed is converted to vol-
ume of 5 percent selution, it is found that 4600 ml, are needed. As vine-
gar contains about 5 percent acetic acid, about one and one-half to two
gallons of vinegar would be just as effective.

Later Oklahoma work indicated (12) that a second dese of acetic
acid or vinegar given about 160-170 min. after the first prevents reappear-
ance of urea toxicity symptoms. The second dose should be one-half as
much as the first dose, about one gallon of vinegar.

Oklahoma workers (13) conducted further research on feeding con-
ditions which might cause urea toxicity and their results indicate that
there are predisposing factors which increase the susceptibility of catile
and sheep to urea toxicity, These are as follows:

L. Animals which have never consumed urea appear to be the most

susceptible,

2. Animals which have previously been consuming only low-nitrogen
roughages and are in a semi-starved condition will consume urea-
containing feed rapidly.

3. Individual animals within the herd which are aggressive and
consume their feed rapidly are more susceptible. In many cases
where urea toxicity in the field has occurred, the rancher reports
that his best animals were the victims.

4. Animals which have had previous access to urea-containing feeds
will consume the diet slowly and will not consume enough urea
to cause toxicity, In Oklahoma studies, sheep weighing 75 1h.
have consumed over 80 grams of urea per day but consumption
was slow; the animals simply nibble the feed and spend much
more time at the feed trough. Also cattle weighing 500 1b. con-
sumed in a similar manner over 400 grams of urea with no toxic-
ity symptoms becoming apparent.

Oklahoma workers (12) produced urea toxicity symptoms in preg-

nant cows by drenching at two stages in the gestation cycle, 90 days and
415 months after breeding. When toxicity symptoms became apparent
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(15 min., after urea ;in’.lministr;ttiunj . 5 percent acetic acid was pumped
via stomach pump directly into the rumen; the urea: acetic molar ratio
was 2:1. After an elapse of 165 min., acetic acid at a urea: acetic ratio
of 1:1, was administered as before,

Rumen fluid and blood ammonia levels were high in all treated
cows at the time of acetic acid administration and urea toxicity symptoms
were apparent. In fact, several animals died in spite ol all precautions.
When acetic acid was administered rumen fluid blood ammonia levels
dropped quickly and the cows showed no signs of distress. All cows, which
recovered, completed the normal term of pregnancy and produced normal
calves, Subsequent breeding performance was as good as that obtained
in the controls, Thus it appears that if pregnant cows recover from urea
toxicity symptoms that reproductive performance is not affected.
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Repruduﬂive Performance of Ewes Involved

in A Twice-Yearly Lambing Program
W. A. Zollinger, M. B. Gould, 5. V. Tennery, and J. “’fﬂ Whiteman

Story in Brief

Over a four year period, 182 ewes produced 1,049 Jambs or an aver-
age of 1.86 lambs per ewe annually. Seven hundred and ninety five or
75.8 percent, of these lambs were produced in the spring lambing season,
Of 537 ewes having an opportunity to conceive in the spring, only 188,
or 35 percent, actually lambed the following season; whereas, of the 591
ewes, 495, or 85 percent, conceived in the fall and lambed in the spring,
These results are associated with the fact that 71 percent of the ewes
lambing in the fall rebred and conceived, but only 23 percent of the
spring lambing ewes rebred and conceived. Also, spring lambing ewes
required 27 more days to rebreed post-partum and had a 22 day longer
interval from lambing to conception than did the fall lambing ewes.

A comparison of breed differences indicated post-partum perform-
ance was low for all three breeds studied. OF these breed groups, a lower
percentage (16 percent) of the Rambouillet group lambed, rebred and
conceived in the spring; however, in the fall a larger percentage (81 per-
cent) of the Rambouillet ewes conceived post-partum than either of the
other breed groups. Just the reverse trend was ohserved in Dorset ewes,
The interval from lambing to conception was slightly shorter for Ram
bouillets and longest for crosshred ewes in hoth seasons. With respect to
lamb production, crossbred ewes produced more lambs per ewe per year
(207} than either the Dorset or Rambouillet ewes, 1.77 and 1.73, re-
spectively. Also, crosshred ewes produced more lambs per ewe lambing
in both the spring and fall seasons; however, Rambouillet ewes raised
a larger percent of lambs horn.

Introduction

Presently sheepmen with limited capital and resources are searching
for management practices whereby they can intensily their production
programs. In general, two methods may be employed: (1) increase the
mumber of lambs born per ewe at each lambing, or {2) increase the num-
ber lambings per year. Since a ewe has difficulty producing and raising
three or more lambs at a time, the latter production method would ap-
pear more feasible,

Ewes have been known to produce more than one lamb crop within
a one year period, Possible programs include lambing every six months,

In eooperation with TSDA Agri, Research Service, Anlmal Huzshandry Rosearch Division,
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thus producing two lamb crops within a one year period, or lambing
every eight months which results in three lamb crops within a two year
period. In 1963, Oklahoma State University initiated a program of twice-
yearly lambing at the Fort Reno Livestock Research Station o evaluate
the problems associated with such a program. This paper presents results
relative to the ewe reproductive performance under this program,

Materials and Methods

The breeding [lock consisted of 182 ewes, of which 60 were of Dorset
breeding, 60 of Rambouillet breeding, and 62 of the cross between these
two breeds. Ten crossbred ewes were obtained from the existing ewe flock
at Fort Reno. The other 52 crossbred ewes and 60 Dorset ewes were pur-
chased from various [locks within Oklahoma. The 60 Rambouillet ewes
were oblained from several sources in Texas, In 1963, sixty spring-born
ewes (20 of each breed proup) were purchased. Sixty fall-born ewes of
similar origin were obtained about six months later. In 1964, another
purchase of 60 spring-horn ewes completed the breeding flock.

The ewes were purchased from flocks that normally were lambed
both in the fall and late winter or early spring. As the ewes were obtain-
ed, they were added to the flock and each group was first bred when they
were approximately one year of age. Thus, part of cach breed group were
bred first in the fall and the remainder during the spring seasons.

The following breeding, lambing and management procedures were
followed:

1. Figure 1 illustrates the breeding and subsequent lambing periods
used in this twice-yearly lambing program. Spring breeding extended
for a 60 day interval beginning on April 20 and continuing through
June 1% thus, fall lambing began about September 15 and ended
about November 15,

2. Similarly, fall breeding extended for 60 days from October 20 through
December 19, and spring lambing extended from March 15 through
May 15.

3. Ewes lambing more than ten days prior to the next breeding season
were exposed to a vasectomized teaser ram daily to detect estrous

JAN FEB

Figure 1. Breeding and Subsequent Lambing Periods Associated with a
Twice-Yearly Lambing Program,
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untl the breecing season began, alter wlich they were exposed to
fertile rams. Later lambing ewes were exposed to a fertile ram approx-
imately ten days after lambing. Both marking harness and visual ob-
servations were used to detect ewes in heat,

For approximately three days post-partum, the ewe and her lamb (s)
were confined to a small pen. Afterwards, they were transferred to a
large pen with about ten other ewes and their lambs, Herve the Tambs
were docked, and after approximately one week, the animals were
released into the main lots,

All lambs were weighed biweekly and were weaned when they reach-
ed a minimum age of 66 days and a minimum weight of 50 pounds,
Upon weaning, the lambs were moved to a finishing feedlot.

In an effort to make a record of ewe’s condition relative to [atness,
all ewes were weighed and scored (for fat covering) prior to each
lambing season and at the end of each breeding season.

All ewes were shorn about one week before spring lambing began
and tagged about one week before fall lambing began.

Fall lambing ewes were supplemented with one pound of milo daily
plus alfalfa hay during the last month of gestation and during the
lactation period. In addition, the ewes and their lambs were allowed
to praze on wheat pasture. After weaning the ewes were returned to
a separate pasture with the other dry ewes.

spring lambing ewes were similarly supplemented amnd were allowed
to graze on small grain or a bermuda grass-allalfa pasture. However,
in an effort o reduoce internal parasite infestation in the spring-born
lambs, they were not allowed to graze but were retained in the dry
lot while the ewes prazed.

Results and Discussion

Talde 1 presents a summary of the reproductive performance of ewes

under this program. Records were available for the lamb crops produced

Table 1. Summary of Reproductive Performance of Ewes on
a Twice-Yearly Lambing Program,

Item Fall Spring Toaal
Year 10 65 66,67 1965 56,67 68 6 - 68
Mo, Fwe seasons 537 591 1,128
Mo. Ewes lambing 188 495 GRS
% FEwes lambing 45 84 it}
Mo, lambs born 254 795 1,045
Lambing rate® 1.35 1.60 1.53
Mao. lambs rearcd 202 726 928
% lambs reared 79.5 BB.5

91.3

P Number of recovds availalle
= Basedd on ewes that lamiwed
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from the fall of 1964 to the spring of 1968, inclusive. In that time period
the equivalent of 1,128 ewes had an opportunity to lamb, but only 683 or
60 percent actually lambed. These 683 ewes produced 1,049 Iambs, or an
average of 1.53 lambs per ewe lambing. The survival rate on these lambs
was B85 percent or, of the 1,09 lambs, 928 were reared.

When one figures that one ewe in the total constitutes two ewe sea-
sons, then 564 ewes had an opportunity to lamb twice each year. Using
these data, each ewe in the flock produced an average of 186 lambs per
year. An estimate of average herd production in Oklahoma would be
approximately 1.15 lambs per ewe. Although the figure 1.86 represents
a marked increase in production, the lambing rate potential should be
approximately double that of & normal production program. Since this
figure is not double, where does the program fall short of its potential?

Spring vs. Fall Performance

Table 1 indicates a marked difference in the two seasons’ perform-
ances, Of the 537 ewes having an oppotrunity to lamb in the fall, 188
or 3% percent lambed; whereas, in the spring 84 percent or 495 of 591
ewes lambed. These results are in response to the hreeding performance
in the alternate season, i.e, ewes lambing in the fall season must breed
and conceive in the spring and vice versa. The number of ewes lambing
in the fall indicates lower conception performance in the spring.

The primary emphasis should be placed on getting a ewe to lamb
and then rebreed in time to produce another lamb the next season. Table
2 presents data collected on ewe post-partum performance. Of the 188
ewes lambing in the fall, 159 or 85 percent remated; whereas, only 50
percent (248 of 495 ewes) remated in the spring. From these data, more
ewes are likely to become pregnant in the fall than in the spring. OFf the
188 ewes lambing in the fall, 154 or 71 percent rebred and conceived,
while only 113 of the 495 (23 percént) ewes lambing in the spring con-

Table 2. Post-Partum Breeding Performance of Ewes Involved
in a Twice-Yearly Lambing Program.

Fall Spring

Mo, ewes lambing 188 495
Av. lambing datc Oct 12 Apr 4
Mo, ewes mating 158 148
% ewes mating 85 50
Av. int, lambing to first mating 32 59
Me. lamb., rebred, conc.? 134 113
% lamb., rebred, conc.? 71 25
Av. int. lamb. to conc. 4 66
Av. conc. date? Mow 29 June 1

Vimdleates those ewes than lambed, rebired and oonoeived
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ceived. Relative to lamb production, 795 or 758 percent of the 1,049
lambs produced under this program were born in the spring season. These
differences indicate that the ewes were more sexually active and lertile in
the fall. Since the ewe's natural breeding period is in the [all, one could
expect these observations. More information is obtained when studies
are made of the intervals from lambing to first mating and conception.

Intervals Associated with the Program

In order to sustain a continuous program of twice-yearly lambing, a
ewe must lamb, rebreed and conceive within 35 days. A ewe on such a
program will carry lambs for 204 days out of the year {147 day pestation
period) ; thus, within the remaining 71 days, she must lamb, rebreed and
conceive twice. Table 2 presents averages relative to these post-partum
intervals. Ewes lambing and remating in the fall had an average interval
of 32 days to lirst mating. This length would allow slightly more than
lalf of the ewes to remate within the requirecd limits outlined; however,
the spring interval is an average of 27 days longer or 59 days. This inter-
val length lowers the efficiency or potential of the program.

An examination of the interval from lambing to conception indicates
that a large percentage of the ewes in both the spring and the fall did
not conceive soon enough to maintain a successful program over a periocd
of years. Ewes that conceived required an average of 44 days post-partum
in the [all but requirved 22 additional days or 66 days to conceive in the
spring,

The evaluation of this program indicates where further studies need
to be done, Before a program of twice-yearly lambing can be successfully
installed into production, these intervals, especially the intervals within
the spring season, need to be shortened. Ways need to be discovered to
increase the sexual activity and fertility of ewes in the spring season.

Breed Comparisons

One of the primary objectives of the program was the evaluation of
the performance of the three breed groups. Table 8 summarizes the per-
formance of the three breeds within each season. A smaller percentage
of the Rambouillet ewes lambed in the fall than either Dorset or cross-
bred ewes, indicating that less Rambouillet ewes conceived in the spring
Although approximately the same percentage of the three breeds Tambed
and remated in the fall, fewer Dorset ewes (56 percent) conceived Lo
these matings than either crosshred (77 percent) or Rambouillet ewes
(81 percent). The average intervals from lambing to fivst mating and
conception were approximately the same length for the three breed
BIOL 5.
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Table 3. Reproductive Performance of Dorser, Rambouillet and
Dorset x Rambouillet Ewes Involved in a Twice-Yearly
Lambing Program.

Semgon

o Fall Spring i

Dreed group? I DxR 23 L¥] Dx R
Mo, ewe scasons® 163 189 185 178 07 206
MNo. cwes lambing £41 4 54 152 178 L85
Yo ewes lambing 37 39 25 74 85 89
Mo, ewes remated? 48 (i) 46 a2 11 70
U6 ewes remated a0 a7 83 i) 53 37
Mo, ewes lamb. rebred. cone, 34 56 44 36 46 41
%o ewes lamb, rebred. conc. 56 77 al 26 25 16
Av. cone, date’ Mov 21 Dee 7 Mov 25 May 31 June 2 May 23
Av. intv. lamb-1st matg. a2 52 33 52 63 65
Av, inty, lamb-conc, 44 46 41 63 it 66
Mo., lambs born 81 105 6B 220 305 270
Lambing rate® 1.35 1.41 1.25 |.66 1.71 1.45
No. lambs reared 56 86 60 194 T80 252
%o lambs reared L] Bl BE it 91 93

fD—Dorser, 1 x R=Dwrset x Rambouillet, R-=Rambouillet
2Mumber of records avallable for each season

? Based on the ewes that lambed

4 Based on those ewes that lambed, rebaed, and conceiver]

With respect to lamb production, the crosshred ewes produced more
lambs per ewe lambing, 1.41, than the Dorset or Rambouillet ewes, 1.35
and 1.25 respectively, Rambouillet ewes raised a larger percentage (88
percent) of their lambs than did the crossbred (81 percent) and Dorset
{69 percent) ewes; however, a larger number of lambs from crosshred
ewes were actually horn and reared.

The spring performance indicaterdl that although a higher percentage
of the Rambouillet ewes lambed, only 87 percent remated as compared
to B2 percent of the Dorsets remating and 58 percent of the crosshred ewes
remating. Of the ewes lambing, only 16 percent of the Rambouillets con-
ceived post-partum; whereas, 26 percent of the Dorset ewes and 25 per-
cent of the crossbred ewes conceived. Although these percentages are low
for all three breeds, the latter two have an advantage over the Rambouil-
lets. An examination of the intervals indicated that although Dorset ewes
mated an average of 10 days earlier (52 vs. 63 days) than the other two
breeds, the three breeds conceived at approximately the same time after
lambing.

An examination of lamb production indicated the same trend as
was seen in the fall. Crosshred ewes produced more lambs per ewe lamb-
ing, 1.71, than either Dorset ewes, 166, or Rambouillet ewes, 1.45, but
were intermediate in the percentage of lambs raised, The crosshred ewes
also raised more lambs (280) than either Rambouillet {252) or Dorset
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ewes (181) . lable 4 presents compined mn proauction over e two
seasons, The 198 crossbred ewes produced 410 lambs or an average of 2,07
lambs per ewe; whereas, the Dorset ewes produced 1.77 lambs per ewe
and the Rambouillet ewes produced 173 lambs per head. Although cross-
bred ewes tended to have an advantage in number of lambs produced, it
is believed that none of the three breeds performed up to the potential
of this management prograim.

Table 4. Lambing Rate Under a Twice-Yearly Lambing Program.,

Spring and Fall Combined
Breed group! 4] xR [

No. of cwes 170 198 195
No. of lambs horn 301 410 338
Flock lambing rate® 1.77 2.07 1.73

e [boract, 1) x R=Dorsel x Bambowilber, B BEambouillet
2 Lambs born per ewe in the flock per yvear within breed

The Association Between Potassium?

Measurement and Measures of
|.canness in Swine
B. D. Moser, L. E. Walters, J. V. Whiteman, J. C. Hillier, & G. V. O'Dell

Story in Brief

Potassium*® gamma radiation measurements were made in 1968 on
fifty-three Yorkshire barrows representing five weight groups: 100, 150,
200, 250 and 300 pounds, Each pig was taken off feed and "counted” at
each weight interval, irrespective of linal slaughter weight, and was plac-
el back on feed until it reached the predetermined slaughter weight,
The pigs were slaughtered at their pre-determined slaughter weight im-
mediately following live counting. The carcasses were counted and then
cut into standard wholesale cuts; the right side was separated into lean,
fat, and bone,

Correlation coeflicients between flivst and second K'Y counts were
determined on the live animals and the carcasses to determine how well
counts taken at dillerent times agreed, Correlations between first and
second carcass K counts were in closer agreement than those obtained

In cooperation with USDA Agrl. Research Service, Animal Husbandry Research Division.
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for the live animal. From studies designed to find out how important
length of counting time may be, there was essentially no difference be-
tween 10, 20, and 30 minute counting times for the live animals.

Correlations between K counts on live hogs, and pounds of fat-
free lean and percent fat-free lean increased as live weight increased,
This is interpreted to mean that the counts predicted the fat-Tree lean
in the heavier weiglht hogs better than in the lighter weight hogs. ‘The
higher correlations for the heavier weights suggested that the procedure
was more reliable than in the lighter weights. Similar trends held true
for correlations among K49 counts on live hogs and lean cuts through
the 250 pound weight group. Correlations between carcass KA counts
and lean cuts or fai-free lean followed basically the same trend as for the
live animal—Dbeing higher in the heavier weights and lower in the lighter
weights,

Introduction

The increased emphasis placed on muscling in meat animals in re-
cent years has brought about a greater need for more accurate means
of evaluating live animals with respece to fat and muscle development.
Through their buying practices, consumers have expressed a strong pre-
ference for meatier, heavier muscled retail cuts of meat with a minimum
of trimmable fat. Animals of similar ages and market weights have been
shown to differ greatly in the lean-to-fat ratio in their carcasses. These
differences are observed not only within breeds but also within family
lines as well as within sire progency. Since most carcass traits are mod-
erately to highly heritable, more effective tools than are now available
for meat animal appraisal are needed to estimate more accurately the
hn-d].r composition of animals for I}ree{ling purposes, as well as for slaugh-
Ler.

These studies involved the use of a new concept in live animal ap-
praisal, the whole-body K* counter,

Principle of the K* Counter

This method makes use of two basic principles:

(I} Most of the potassium in the body of a live animal is found in the
muscle.

(2} Potassium contains a fixed proportion of naturally occurring radio-
active atoms (called K4, hence the name) which give off very small
amounts of gamma radation which may be measured.

In view of these principles, if K" can he measured accurately, it fol-
lows that the amount of K4 present in a substance should become useful
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as a predictor of total potassium. Total body potassium then, may, in
turn become useful as a predictor of total lean (muscle) in the animal
since much of the potassium in an animal is found in the muscle. The
instrument is designed to measure the K samma-ray emission from the
live animal. The gamma-rays emitted by K* enter a “detector” and upon
entry produce very minute bursts of light (scintillations). These scintil-
lations are fed into a light sensing mechanism, the photo-multipler tube,
which converts the light energy into amplified electrical signals that can
be counted electronically.

Methods and Materials

Filty-three Yorkshire barrows averaging 62 pounds were randomly
alloted by slaughier weight groups — 100, 150, 200, 250, or 300 pounds.
Each pig was taken off feed and “counted™ at each weight interval, ir-
respective of final slaughter weight and was placed back on feed until
it reached the pre-determined slaughter weight. The pigs were self-fed
a milo-soybean meal ration containing 16 percent protein.

In preparation for counting, feed and water were removed from the
pigs 36 hours prior to counting and they were thoroughly washed to re-
move possible potassium containing foreign materials. They were then
placed in the counter in a suitable restraining erate allowing for com-
parable positioning of the animal in the counter among readings. The
net K¥ count for each animal was obtained in the following manner:
two 10-minute background counts (o determine environmental radia-
tion) were obtained for each animal by measuring the background K+
activity of the empty counter, one prior to, and one immediately follow-
ing the 10-minute counting period for the animal. The average of the
two background measurements was subtracted from total count {animal
count - environmental gamma radiation) to oltain net K4 count for
each animal at each counting period. Tlus total count was converted o
counts per minute, which was used in the analysis of the data. This count-
ing procedure was repeated for each animal with an interval between
the first and second counting of not less than one hour nor more than
four hours,

Ten, 20, and 30 minute counting periods were used to determine the
possible influence of length of counting time on repeatability of K
measurement on the same pig the same day. As animals reached the pre-
determined slaughter weight, they were counted and slaughtered on the
same day,

At the time of slaughter, the unsplit carcasses were mounted on a
carcass rack in such a way as to simulate the standing position of the live
pig. This was done in order to study possible effects and interrelation-
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ships of “dress-off” items on net K4 count. The counting procedure used
for the carcasses was the same as that for the live animal—obtaining a
1l-minute net count. The right side of each carcass was then separated
into standard trimmed wholesale cuts following the procedure describecd
Ly the American Meat Science Association. Weights of all cuts as well
as Lotal separable lean, fat and bone were obtained.

The total separable lean mass from the right side of each carcass
was ground once through a 3§” meat grinding plate and thoroughly mix-
ed. The lean mass was then ground and mixed in a combination meat
mixer-grinder through a 14" plate. As the mass came from the mixer-
grinder, two sets of four grab samples each were randomly taken and
placed in airtight sample jars for storage and subsequent proximate
chemical analysis. These analyses included moisture, ether extract (fat),
]:rrmein, and ash determinations. Percent fat-free lean in the carcass |:ilTld
live animal) was determined by subtracting the ether extract from total
separable lean.

The data were analyzed to determine (1) the degree to which the
K4 counter repeated itself and (2) the association between net counts
per minute and pounds of lean cuts (trimmed ham, loin and shoulder)
and fat-free lean; and percent lean cuts and fat-free lean, hoth live and
in the carcass.

Results and Discussion
Correlation

In order for any method or tool to be of value in a rvesearch effort,
it must first of all be repeatable. The term vepeatable means that two
independent counts taken on the same animal on the same day are in
close agreement. Studies were made to determine the degree to which
this instrument would repeat itself, To accomplish this, it hecame neces-
sary to calculate the degree of association between variables under in-
vestigation, For example, coetficients were calculated to express the asso-
ciation between two K4 counts on the same animal at different times on
the same day and which became important criteria for measuring the de-
pendability of a procedure,

Correlation coefficients range from —1.0 to 1.0, A high positive
correlation would mean strong agreement between two readings. A corre-
lation near zero would mean little agreement and onreliability in the
procedure,

Live Animal Studies

The correlation coeflicients between first and second live K counts
for three different lengths of counting time (10, 20, and 30 minutes) and
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for five different weight groups are presented in Table 1. The correlation
coefficients between the two 10 minute counting periods ranged from
461 to .94, These correlations were all significant (P < .01). These
positive coefficients indicate that there was fair to pood agreement be-
tween the two readings and thus the instrument was found to be repeat-
ing itself fairly well.

There was a trend for correlations to be lowest in the lighter weights
and highest in the heavier weights. The correlations for the 20 and 30
minute counting periods followed the same general trend with a range
of 444 to .90 for the 20 minute period and .53 to J-.90 for the 30
mimute period. These data indicate that increasing the counting periods
to 20 and 30 minutes did not increase the agreement between first and
secondl live counts, Therefore, the 10 minutes counting period was used
in the analysis of the data when correlations were obtained between count
and measures of leanness,

Table 2 presents the correlation coefficients hetween first and second
live K4 counts and the average of the two live counts for each weight
group taken on the same day with pounds of lean cuts and fat-free lean
andl the percent of lean cuts and fat-free lean. The correlations obtained
for the 100 pound weight group between count and pounds of lean cuts
ranged from —37 to .07 and between count and percent lean cuts
ranged from —.08 to 441, When count and pounds of fat-free lean and
count and percent [at-lree lean were considered, the range was —.05 to
0 and .24 to |26 respectively. These correlations proved to be low and
non-significant, meaning that there was lititle agresment hetween count
and lean cuts expressed as pounds or as percent.

The 150 pound weight group showed basically the same trend. The
range of correlations between count and lean cuts and count and fat-free
lean was +.18 to ++.47 and --18 o .07, respectively. The negative
correlations obtained in the 0 and 150 pound weight groups show a

Table 1. Correlation Coefficients Between First and Second
Live K Counts Per Minute

[Tength of Cownting Time {MMinutes)]

Ave, 1] 2n ELY
Group  Live Wi N ¥ N T N T
1 103 (49} A (2% B X il (243 hG=e
2 151 {40] 1w [1B) Ad4® {18) .53%
3 199 {32} TR (15 AoEE (15) BeEE
4 250 {22} JTGHE (1] Oy {103 g
3 296 { 9} g un
N = numher of animals o e =
r o= correlation ceeflicient
P o B)
R |}
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Table 2. Correlation Coefficients Beiween K* Live Counts

Per Minute and Measures of Leanness
[Weight Group at Slanghter [ Pounds)]

Mensures 100 150 20 250 Rl

i Kan
Lu:m?'arsn Cosunits Lhs, % Lhs. % Lhs. % Lhs. % Llss. %
Lean  First — 37 —08 47 43 38 96 g1+ ggEE 48 2 52
Cuts Second D7 4l 23 .18 52 A9 Jase ples Tos J1e

Average —20 .6 39 33 48 .45 AEE* _BG** 6l 63

Fat- First — 24 07 05 62%F 58  QIF% fqe gOER Je=
Free  Second 0 26 —14 —18 56 .52 .7I%  J4e% paEs QO
Lean  Average —.05 .24 —04 —07 .52* 58  B5%® gi=e jiwe poke
;-F.]w:l:l animals in all weight groups except 300 pound, (with 1,I:|.- SR
=P < D1}
il S L))

reverse order agreement; as count went up, lean cuts and fat-free lean
went down; and thus in this case, the method proved to be unreliable,

The correlations obtained between count and measures of leanness
for the 200 pound weight group were higher than in the case of the light-
er weight groups discussed above. The correlation between count and
lean cuts and count and fat-free lean ranged from .38 to .96 and
+-.52 to |-.62, respectively. Although there were some signilicant correla-
tions in this group, there still was a low agreement between count and
lean cuts or count and fat-free lean for this weight group.

The correlations for the 250 pound weight group were substantially
higher than those previously discussed for the lighter weights. These
correlations were all significant (P < .05) and most were h.zi]'._l;hl!‘,.I signi fi-
cant (P <= .01y, The range in correlations for this group was .78 to
.91 between count and lean cuts and --.72 10 --.92 between count and
fat-free lean, These relationships indicate that the live K counts per
minute were highly associated with pounds and percent lean cuts as well
as pounds and percent fat-free lean. In this case the counter proved to be
rather precise as a predictor of leanness. Similarly, live K counts per
minute were found to be significantly associated with pounds and percent
fat-free lean in the 300 pound weight group with a range of .71 to |84
which were all statistically significant (P < .05}, also indicating close
agreement between counts and measures of leanness. Correlations obtain-
ed between count and lean cuts were not as high, for this group, as those
for count and [at-free lean, with only two (.72 and .71} being signifi-
cant (P < .05).

There was a trend toward higher correlations between K4 count
and both pounds and percent of Fat-free lean with increase in live weight,
When K4 count and pounds or percent lean cuts were correlated, a sim-
ilar trend was noticed through the 250 pound weight group. Correlations
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between count and lean cuts for the 300 pound weight group, however,
were lower than in the 250 pound group. There is no explanation for
the apparent decrease in accuracy considering these variables in this
weight group.

Carcass Studies

Table 3 presents the correlation coefficients for the first and second
carcass counts for the respective weight groups. As with the live animal,
the counting period was for 10 minutes. Correlations between counting
times in all weight groups were found to be significant (P < .01 and
ranged from .88 to -|-.96. "T'his is interpreted to mean that the readings
from the instrument from one count to another on the same day were
in good agreement. Between-count correlations are expected to be higher
for carcasses than for the live animals because the carcasses were held
firmly in place and at a fixed distance from the detectors, and the counts
were not influenced by inedible offal such as hair, gastro-intestinal tract
and contents.

The data presented in Table 4 indicates the same general trend as
was found for the live animals: namley, lower correlations in the lighter
weights and higher correlations in the heavier weights. The correlations

Table 3. Correlation Coefficients Between First and Second
Carcass K Counts Per Minute!

Carcass Mumher nf Cotrelation
Group Weight (Ih.) Carcasacs Caefficients
1 71 11 ) b
2 108 11 Age=
o 146 11 aes
4 187 11 AoE=
5 224 Q R

(P - 0l
L0 minute counting period

Table 4. Correlation Coefficients Between K Carcass Counts per
Minute and Measures of Leanness (Pounds)

Kae 1My 15

i 200 it} a0
Counts Lean Fat- Tean Fat- Lean Fat. Lean Fat- Lean Fat-
Ier Cuts Free Cuns Froe Cuts Free Cuts Free Cuts Fres
Minnte Lean Lean Lean Lean Lean
First .29 A4 T4 A .26 Nt B0 60 15 B

Second 15 A7 el 24 31 J4% 70* 72E gles ghes#
Average 22 16 Ll A3 .29 3% GhR* G7* TRE RAHe

L] {!l { _n'l} -------
L P )
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for the 100 pound weight group ranged from --.14 to .25 between car-
cass K4 count and pounds of lean cuts and fat-free lean. These correla-
tions were low and non-significant. The correlations between carcass K40
count and pounds of lean cuts or fat-free lean for the 150 pound weight
group were also nom-significant with the exception of the one .74
between first count and pounds of lean cuts. In the 200 pound weight
group, correlations hetween carcass K4 count and pounds of fat-free lean
were all statistically significant (P < .05) with a range of 4-.69 1o .73,
When count was correlated with pounds of lean cuts none of the three
was significant.

In the 250 pound weight group, all correlations were significant
(P < .05) with the exception of the correlation between first count and
pounds of lean cuts or fat-free lean. The range for this group was from
.60 o .72, There was a substantial increase in the correlations for
the 300 pound group over those previously discussed for the lighter
weight groups. The correlation between count and lean cuts and count
and fat-free lean was from .75 to 4-.85, which were all significant (P
< 05y and most were highly significant (P < 01}, This suggests that
there was good agreement with both K4 count and pounds of lean cuts
as well as K count and pounds of fat-free lean.
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Heritabi]ity Estimates and Phcn.ﬂt}’pic
Correlations for Various Measures of
Carcass Meatiness in Swine!

V. G. Arganosa and L. T. Omivedt
Story in Brief

Swine carcass data were analyzed to estimate heritahilities and
phenotypic correlations among various measures of carcass meatiness,
The results revealed that the various measures of meatiness, such
as percent lean and ham-loin index, tended to be highly heritable
(h* = .40). Ham-loin index was more closely correlated with total lean-
cut weight and percent lean cus than was loin eye area but showed no
advantage over percent ham of slaughter weight. Ham-loin index account-
ed for 71 percent of the variation in percent lean of live weight, while
percent ham of slaughter weight accounted for 69 percent of the variation
in percent lean of live weight,

Introduction

Ham-loin index is commonly used in pork carcass evaluation as a
measure of muscling. However, the heritability of this measurement or
its relationship to other measures of carcass merit are not known. This
study was initiated to estimate the heritabilities of various measurements
of carcass meatiness and (o determine the phenotypic correlations ATTOTLE
them,

Methods and Materials

The data used in this report was collected from 1964 fall through
1966 fall involving 650 pigs out of 280 dams, 89 sires and seven lines of
breeding. All pigs were sell-fed in confinement in groups of six pigs per
pen from approximately eight weeks of age to 200 pounds live weight
Carcasses were evaluated 48 hours alter slauvghter,

Closely trimmed hams, loins, and shoulders were used to evaluate
meatiness. These three lean cuts were expressed as total lean-cut weight,
as percent of slaughter weight, and as percent of chilled carcass weight.
Percent ham, percent loin, percent ham and loin, and ham-loin index

1 Department of Animal Sciences and Todostry in cooperatlon with TSDA, ARS, AHRED and the
Regional Swine Breeding Labovatory, Data from  Project ¥

In cooperation with USDA Agri, Research Serviee, Animal Hushandry Research Division,
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were also calculated. The ham-loin index was computed using the follow-
ing method:

H-L Index = 10 (9 ham of sl. wt. — 10) 4 10 (loin eye area).

Loin eye area was measured between the 10th and 1lth ribs, carcass
backfat was measured at the first rib, last rib and last lumbar vertebra
at the midline.

All data were adjusted to a barrow equivalent basis. The analysis
of variance for a nested classification with unegual number of sulrclasses
was used to account for the season and line of breeding elfects. Heritabil-
ity estimates of the different traits were calculated using the paternal half-
sib correlation analysis. Phenotypic correlations among the traits were
also calculated on a within year-scnsml-finf_ af ln‘eeding hasis,

Results and Discussion

The means and standard deviations of the different traits studied are
presented in Table 1, the heritability estimates in Table 2, and the pheno-
typic correlations in Table 3.

Heritability Estimates:

The heritability estimates obtained for the different measures of
meatiness tended to be high; ranging from 0.47 (loin eye area) to 0.82
(percent ham -} loin of carcass weight) .

Expressing lean-cut weight either as percent of slaughter weight or
as percent of chilled carcass weight did not affect the magnitude of the
heritability estimates. This was attributed to the small amount of varia-

Table 1. Means and Standard Deviations for Traits Studied.

Stamdard
Trait Bean Deviation
Percent of slaughter weight:
Ham 14.1 60
Loin 12.0 56
Ham 4 loin 26.1 99
Ham + loin 4 shoulder 37.0 1.30
Percent of carcass weight:
Ham 20.1 7B
Loin 17.0 il
Ham -4 loin 371 1.26
Ham <+ loin -+ shoulder 5.5 1.69
Ham-loin index BL.6 8.48
Lean cut weight, Ib. 76.0 2.89
Loin cye area, 6q. in. 4,02 39
Carcass backfat, in. 1.37 12
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Table 2, Heritability Estimates and Standard errs tor ‘L'raus Studied.

b 4 SE

Percent of slaughter weight:

Ham 0.58 = .17

Loin 064 += |18

Ham -} loin 075 = .19

Ham 4+ loin 4 shoulder 062 = .18
Percent of carcass weight:

Ham 057 = .17

Loin 0.65 = .18

Ham - loin 082 = .20

Ham + loin 4 shoulder 0.64 = .18
Ham-loin index 069 = |18
Lean cut weight 0.68 = .18
Loin eye area 0.47 == 15
Carcazs backfat 0,53 = .16

Table 3. Correlations Among Various Measures of Meatiness,!

Tatal lean Tercent lean cuts of: Ham-loin
cut welght alaughter wr, CATCAEA W, index
Peroent of slaughter weight:
Ham 0.70 (.83 0.67 0.91
Loin (.68 (.78 065 01,56
Ham + loin .41 .94 N7 0.87
Ham -} loin < shoulder (.85 A 083 .84
Percent of carcass weight:
Ham (.58 0.67 n.7a .78
Lin .54 (.60 .75 038
Ham -} loin .68 0,78 .95 0.7z
Ham + loin 4 shoulder 0.72 083 e 0.68
Ham-loin index 0.74 (.84 .68 A
Loin vye area .54 (1.56 047 0.78
Clarcass bm.kl'ﬂt — 37

— .36 — .49 — .23

1Al |um.!.u.mna s:p.mr:cam at F = .M

tion present in slaughter and/or carcass weights of the animals used in
the study.

The heritability of 0.69 for ham-loin index was similar to those ob-
tained for the other measures of carcass meatiness. The heritabilities for
loin eye area (0.47) and carcass backfat (0.53) found in this study were
in close agreement with those previously reported in the literature,

Phenotypic Correlations:

Table 3 shows the phenotypic correlations among the dillerent meas.
ures of meatiness, Percent loin had lower phenotypic correlations with
total lean-cut weight and percent lean-cuts than did percent ham or per-
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cent ham —+ loin. Ham - loin percentage was more closely correlated
with the other traits than was percent ham alone. Loin eye area was less
closely associated with total lean-cut weight and percent lean cuts than
was the other measures of meatiness. Carcass backfat thickness accounted
for only a small percentage of the variation in total lean weight or per-
cent lean cuts,

Ham-loin index accounted for 71 percent of the variation in percent
lean cuts of slaughter weight, while percent ham of slaughter weight ac-
counted for 69 percent of the variation in the percent lean cuts of slaugh-
ter weight. However, loin eye area accounted [or only 31 percent of the
variation in percent lean cuts of slaughter weight. Ham-loin index was
also more closely correlated with total lean cut weight than was either
percent ham or loin eye area.

Some Genetic Aspects of Pork Quality’
L T. Omivedt, V. G. Arganosa and L. E. Walters

Story in Brief

Data from 650 pigs sired by 89 sires from seven lines of breeding were
used to estimate heritabilities and to calculate genetic and phenotypic
correlations among various measurements of carcass quality, Backfat
thickness, carcass length, loin eye area, lean cut yield, ether extract, and
total meisture were highly heritable (h* Z= 40) while marbling score,
firmness determinations, and shear value were moderately heritable ({20
= h* = 45). In these data color score was lowly heritable (h? = 20},

Based on genetic relationships obtained, it was concluded that back-
fat thickness can be decreased and muscling increased and still have an
acceptable degree of marbling and firmness through proper selection pro-
cedures. The results indicated that selection for less bhackfat thickness
would increase percent lean cuts without significant effects on loin eye
area, color, firmness or moisture content. Selection for larger loin area
would tend to increase lean cut yields, bhut would decrease color score

"IThis stndy was supported by a grant-in-aid from the American Meat  Institute  Foundation
Chicago, Tllinois.

In cooperation with USDA Agri. Research Service, Animal Hushandry Research Division,
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and increase softness. Most of the genetic relationships among quality
traits were moderately high and compatible, For example, selection for
marbling would increase ether extract, Frmness and color,

The results obtained in this study provide justification from a gene-
tic standpoint for including pork quality as a trait to consider in the se-
lection of breeding stock.

Introduction

The swine industry has made tremendous strides in increasing the
lean-to-fat ratio of their product in recent years. But now the industry
is concerned about the possibility that the increased incidence of pale,
soft, watery pork may be a result of intense selection against fat and for
greater muscling. For all practical purposes, meat quality has been com-
pletely ignored by swine breeders in selection. But before we can justify
placing emphasis on quality characters in our breeding programs, we
need to know how heritable these traits are and how they are related to
other traits being considered.

Quality has been described in many ways, but perhaps it may most
apprapriately be defined as the combination of characteristics that pro-
vide for an edible product that looses a minimum of constituent, free of
spoilage during processing, attractive, appetizing, nutritious and palat-
able. Marbling, firmness, color and tenderness are some of the most im-
portant predictive guides presently used in appraising pork quality,

This study was initiated in 1964 to estimate the heritabilities of va-
rious carcass quality measurements and to determine the genetic and
phenotypic associations between quality factors and other carcass measure-
Menes.

Methods and Materials

Carcass data from 650 pigs sired by 89 boars [rom seven lines of
breeding in the Oklahoma swine breeding project were used in this study.

All pigs were seli-fed in confinement in groups of six pigs per pen
from approximately 8 weeks of age to 200 Ib. live weight. Carcasses were
evaluated 48 hours after slaughter, Quality was evaluated in terms of fat
content, water content, marbling, color, firmness and tenderness of the
loin eye muscle (L dorsi) at the 10th rib. A committee of at least two
persons scored each loin for marbling, color and firmness using a scoring
system ranging from one (extremely low quality) to seven (high qual-
ity) . Ether extract and total moisture determinations were obtained on
samples taken at the 10th rib. In addition to using the firmness score,
penetrometer determinations were also used to evaluate firmness, Tender-
ness was measured in terms of the shear [oree 'I'E!(ll]i:i"f‘(] to cut a one-inch
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core of deep-fried meat cooked to an internal temperature of 160° F.

Backfat measurements were taken at the [irst rib, last rib and last
lumbar vertebra approximately 134 inches from the midline on the live
pig and at the midline on the carcasses. Loin eye area was measured be-
tween the 10th and 1th ribs. Lean cuts represented the weights of closely
trimmed hams, loins and shoulders,

Since no large differences in variances were noted for sex or lines
of breeding, the data were adjusted for sex and analyzed on a within line
of breeding basis and pooled over breeding groups. Heritability estimates
were based on the paternal half-sib correlations obtained.

Results and Discussion

The means and standard deviations for the waits evaluated are pre-

sented in Table 1. It should be noted that the pigs used in this study
were considered to be of average quality and meatiness with very few in-
dividuals exhibiting extremely low quality carcasses.
Heritability Estimates. Table 2 shows the heritability estimates for the
various traits studied. With the exception of color scores, most of the
measurements of pork quality were considered moderately heritable .20
= h? = 45) indicating that selection could be effective in changing qual-
ity. Variations in color score were lowly heritable (h? = .10). It should
be noted that quality attributes had lower heritabilities than did lean
cut yield, loin eye area, backfat thickness or carcass length, which all tend-
ed to be highly heritable (h? = 45).

Table 1. Means and Standard Deviations for Traits Studied.

“I'rait Mlean Standard Deviation
Marbling score' 3.78 1.05
Ether extract, 9 5.12 1.66
Firmness score’ 4.41 1.07
FPenetrometer, mm. 4.08 0.89
Cofor score” 3.90 .81
Total moisture, T 0.9 1.49
Shear value, Ib. 11.9 1.97
Probe backfat, in, 1.40 0.12
Carcass backfat, in. 1.37 n.1z
Loin eye area, sq. in. 4.02 0.39
Carcass length, in. 29.6 0.56
Total lean cut wt., lbs. 76.0 2.89
% lean of full wt. 7.0 1.30
% lean of carcass we, 52.5 1.69
Hame-loin index® &1.6 848

A seore of one indicates extremely low guality and a score of seven represents exceplionally
high quality with a score of four considered average.

BColor scored from ome o sevem with one being  extremely pale, [our belng moderately pink
and seven being dark.

i Ham-loin index = 10 (% ham of full wi. — 19} 4 10 (loin eye area).
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Table 2. Heritability Estimates and Standard Errors for Various

Carcass Traits Studied,
Trait N ' - hE 5 B,
Marbling score 0.28 = .12
Ether extract .42 = .16
Firmness score 0.30 + .13
Penetrometer value 0,30 = .14
Color score 0.10 = .10
Total moisture 0.52 = .18
Shear value 0,33 = .18
Probe backfat thickness D.62 + .19
Carcazs backlat thickness 0.3% = .16
Loin eye area 047 = .15
Carcass length 0.96 =+ .23
Total lean cut wt. nGe = .18
% lean of slaughter wi. 062 = .18
% lean of carcass wt, D64 4= 18
Ham-loin index 0.69 + .18

Genelic and Phenatypic Gorvelations, The correlations between various
traits are presented in Table 3. Phenotypic correlations represent the ob-
served associations hetween various traits while penetic correlations meas-
ure the extent to which two traits arve affected by the same penes. Both
are important considerations in a breeding program in that bhoth influ-
ence the amount of selection progress possible.

In most cases the genetic relationships between traits were similar
to the phenotypic relationships obtained. However, there was a tendency
for the genetic correlations to be slightly higher than the phenotypic
correlations.

The correlations obtained reveal thar reduced backfat thickness was
associated with increased carcass length and higher yield of lean cuts but
that backfat thickness was not closely related to the various measurements
of pork quality. Loin eye area was favorably correlated with lean yield,
but the phenotypic correlations indicated that increased lion eye area was
associated with decreased quality. An increase in lean cut yield was asso-
ciated with decreased firmness, increased toughness and lower color scores.
The genetic and phenotypic relationships among most of the quality
measurements were moderately high and compatible, These data show
that selection for marbling should result in an increase in ether extract
and firmness and a decrease in total moisture.

Conclusions

Addittonal studies are needed hefore drawing final conclusions on
the inheritance ol pork quality factors, but based on the data available
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Table 3. Genetic and Phenotypic Correlations Among
Various Traits Evaluated,

Traits Correlated Genetic F]mmu
Correlations Correat nm

Careais Back_,ful and:

carcass length — B2 = .12 — J3E#
loin eye area — 22 = 21 — 05
lean cut yield — .38 = .14 S L
marhling score — .56 %= .18 — D¢
ether extract — 1B += .26 — 02
firmness score . 16 == .25 0.06
color score — 05 = .39 0.04
shear value — 17 = 31 — |7
Loin Eye Area and:
carcass length — 51 = 14 — .19%%
lean cut yield 077 += 09 0.47%=
Marbling score — A =27 — .lg*=
cther extract 0.37 = .23 — 23
firmness score — 39 =+ 22 — 25
color score — .73 = .19 — .18
shear wvalue 041 = 2B 0. 16%#
Lean Cut Yield and:
marbling score 048 + 19 — 08
cther extract 036 = 21 — 08
firmness score — .11 = 24 — 22%%
color score — 5 =+ 26 — e
shear value 041 = .28 0.19%s
Marbling Score and:
cther extract 0.94 =+ 05 N.66%=
[irmness score 0.75 = .14 D.48%*
color score 0.53 == .34 [.29%=
shear value 0.36 = .33 — .12%
maoisture content — 71 = .18 Age=
Firmness Score and:
penetrometer reading —1.00 = .06 — JGH%®
ether extract — 38 = .20 0.35%*
color score 0.35 = 40 (.55
shear wvalue 013 = 33 0,00
misture content — 60 = .18 — 2THH
Shear value and:
color score 0.00 = .63 0.06
moisture  content 0.18 += 31 0.05

TDiIE-zm:nu:m were  significant IP{.DH
ws Differences were significant i?{.ﬂn

at the present time, it appears that most measures of quality are moderate-
ly to highly heritable. Although these heritability estimates for quality
traits tend to be lower than most estimates for length, backfat thickness
and loin eve area, they are high enough to justily exerting selection pres-
sure on them in a breeding program if their economic importance justifies
considering them.

The concern that selection for less backfat thickness increases the
probability of lower quality is not fully justified. Most of the genetic
relationships between backfat thickness and quality factors obtained were
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in an unfavorable direction, but fortunately these correlations were of a
quite low magnitude. The data indicates that superior meat-type hogs
with acceptable quality can be produced, but attention must be given to
quality as well as meatiness in order to accomplish the goal. The relation-
ships between backfat thickness and quality factors are similar to those
believed to exist between backfat thickness and growth rate, but unfortu-
nately quality can not be appraised in the live animal.

Although it would be desirable to analyze additional data invelving
breeding groups with greater variation in the expression of quality
aspects, the current results provide justification for placing some ::1111_111asi5
on these traits in swine breeding programs at the present time.

Wheat vs. Milo for Growing-Finishing Swine
W. G. Luce, I. T. Omtvedt, D. R. Rule, D. F. Stephens and 5. D. Welty
Story in Brief

‘Three hundred twenty crossbred pigs were fed at the Fort Reno Live-
stock Research Station to compare the value of wheat vs, milo for grow-
ing-finishing swine. The pigs were fed in confinement from eight weeks
ol age to an average weight of 204.1 pounls.

Wheat tended to support similar gains as milo especially when equal
amounts of supplemental protein were used. However, significantly more
feed was required per pound of gain when wheat replaced all the milo.
When only 50 percent of the milo was replaced with wheat, feed utiliza-
tion was not appreciably affected. The type of grain used had little ap-
parent effect on average daily feed intake or backfat thickness,

Introduction

Wheat is an important economic crop in Oklahoma, In 1968, 5,374,
000 acres were harvested wilth a yield of 123,602,000 bushels. This is a
}fleltl of :tpprﬂxnrmtr_[y three times the rest of the cereal grains combinegd,

prl.-tlzlmu is expresed o . E Nebom for asisbanee in coscdncting laboratory analysis,
TLIH- project was conducted by the Department of Anbmal Solences and Industry in conperation
with the Regional Swine Breeding Laboeatery, U 5 I AL, ARS, AH

In cooperation with USDA Agri. Research Service, Animal Husbandry Research Division,
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Recently wheat has been competitively priced with other cereal grains to
suggest its use as a feed for swine. However, current information concern-
ing the leeding value of wheat lor swine is limited.

Since mile is the standard cereal grain used for swine production in
Oklahoma, a study was conducted with the objective of comparing the
feeding value of wheat vs. milo for growing-finishing swine.

Procedure

Three hundred twenty Duroc-Beltsville crossbred pigs were self-fed
in confinement at the Fort Reno Livestock Experiment Station. The pigs
were fed from eight weeks of age to an average weight of 204.1 pounds.
Pigs were randomly allotted within sex and litters to five experimental
treatments. Each experimental treatment consisted of four pens contain-
ing sixteen pigs (eight barrows and eight gilts) . Upon completion of the
experiment, all pigs were probed for backfat thickness adjusted to 200
pounds,

Results of the chemical analysis of the two cereal grains are shown
in Table 1. Composition of the experimental rations fed are shown in
Table 2, Soybean meal was added at levels in rations 1, 2 and 3 to bring
the total crude protein of each of these rations to 15.0 percent. Rations 4
and 5 contained the same amount of soybean meal as ration 1. Thus,
rations 2 and 3 were identical in total crude protein to ration I while

rations 4 and 5 contained the same amount of supplemental protein as
ration 1.

Tahle I. Chemical Compaosition of Experimental Wheat and M:in,

Chemical .-"mah.us. Percent Wheat Mila
Dy Matter 89.73 B7.90
Calcium 0.06 0.02
Phosphorus 0.48 0.29
Crude Protein 12,50 807
Essential Amine Acids!
Lysine 0.28 .15
Tryptophan 0.21 0.13
Methionine .16 0.09
Histidine 0.23 0n.1%
Arginine 0 56 0.26
Threonine 030 0.22
Valine 0.47 .28
Isoleucine (.34 0.24
Leucine 0.7t 0.75
Phenylalanine 0,50 031

P Anine acid analyizs were condocted wsing & Beckosn Maclel 120 amine acid analyzer.
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wmraa amr LASAESJFUOELLLAEE LR ELALFLE LI IILAT  FALIULEY.

Reation Nuomber

Ingresdients, Percent | i 5 4 5
Ground Milo 75.00 40.0% i A7.60 b
Ground Wheat R .05 85.90 37.60 75.40
Soybean Meal (445 20.10 15.15 9.50 20,10 20,10
Molasses 1.50 1.50 1.50 1.50 1.50
Dicalcium  Phosphate 140 1.10 0,70 1.05 0.65
Ground Limestone 0.90 1.05 1.30 1.05 1.25
Trace Mineralized Salt 0.50 (1.50 0,50 0,50 0.50
Vitamin-Antibiotic Mix! .60 __0.60 0.60 _ D60 .60
Tatal 100,00 10,00 100,00 100,00 100,00
Percent Composition
Protein, Calculated 15.00 15.00 15.00 16,67 18.35
Protein, Chemical 15,42 15.42 14.95 16.87 18.00
Caleium, Caleulated 0.70 0.70 0.70 0.70 0.70
Calcium, Chemical .67 0.68 0.72 0.67 0.73
Phosphorus, Calculated 0,60 .60 060 060 0,60
Phosphorus, Chemical .60 056 0.55 .60 0.57

:'1lri|.illll.il1-illl_li|lil.'lli.1.' mix [urnished 1500 TU, Yitwmin A; §MEF TO, Vitamin I; 1.1 mg., riboflaving
6.8 mg., niacin; L1 mg., pantothenic ackd: 114 mg., choline; 8.2 meg., Viamin B, and 20 mg.,
tylosin per pound of complete Teed,

Results and Discussion

The resulis of this experiment are shown in Table 3. Pigs on ration
3 (100 percent wheat - 15.0 percent crude protein) had the lowest aver-
age daily gains of 1.61 pounds per day. However, this study does show
that it is possible to obtain similar gains with an all wheat as compared
to a milo ration if equal amounts of supplmental protein are used. Pigs
on ration b gained 169 pounds per day vs. LG8 pounds for the pigs on
ration 1.

Pigs on ration 4, a 50 percent wheat-50 percent milo ration contain-
ing the same amount of soybean meal as ration 1, had the highest aver-
age daily gain of all treatmenis (176 pounds per day) . These gains were
significantly higher than the gains obtained by the pigs on ration 5.

Significant differences were noted in average daily leed intake with
the pigs on rations 4 and & having significantly higher daily feed intakes
than pigs on ration & Significantly more feed was required per pound
of gain for the pigs on either of the wheat rations (3 and 5) than for the
pigs on the milo or wheat-milo combination rations (1, 2 and 4).

Adjusted backfat probes to 200 pounds were similar for pigs on all
treatments as shown in Table 5.

The results of this investigation indicate that wheat will support
similar gains to milo for growing-finishing swine when equal amounts
of supplemental protein are used, Although wheat is normally higher in
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Table 3. Comparative Values of Wheat Vs. Milo for
Growing-Finishing Swine!

E Eation Designation

| ] i 4 [
111 % FE mila 1M S0 milo 100%,
il a0% wheat wheat 5% wheat wheat
Treatment " [basaly erqual equal equal  equal
crwde cruwde Aupp. SUpgL
protein prolein prolein PTEHEIn
Pens per treatment, no, 4 4 4 4 4
Pigs per pen, no. 16 16 16 16 16
Av. initial wt., lbs. 4930 49.00 49.20 49.70 45.80
Av, final wt., lbs. 203,30 204,90 200180 205.30 205.40
Av. daily gain, lbs. 1.68 1.68 1.61 1.76 1.69
Av. daily feed intake, lhs. 5.28 5.28 5.22 5.51% 5.48°
Feed per Ib. gain, lbs, 315 W i 3.28 3.16° .28
Av, adjusted backfat, in. 1.36 1.39 1.43 1.37 1.40

! Treatment 4 is signiflcantly higher (P05} than treatment 8,
? Treatments 4 and 5 are significantly higher (F-.05) than treatment 3.
P reatments 1, 2 and 4 arve significantly lower (P 05} than treatments 5 and 5.

crude protein and essential amino acids than mile, a certain amount of
supplemental protein is needed to meet the pig's requirement of essential
amino acids. Based on analyzed lysine content of the wheat and calculated
content of the soybean meal, the lysine content of ration § was 0.51 per-
cent. The requirement for a 44 to 77 pound pig as reported in “Nutrient
Requirements of Swine”, Sixth Revised Edition, 1968, published by the
Mational Academy of Sciences is 0,70 percent. A deficiency of lysine in
the earlier growth stages of the pigs on ration § may be the reason for
the decreased average daily gains,

Although significant differences were noted in average daily feed
intake, it should be pointed out that no appreciable problem was observ-
ed in this trial in getting pigs to consume the two all wheat rations (3
and 5). Pigs on ration 3 did not eat an appreciably smaller amount of
feed daily than did pigs on rations 1 and 2. Pigs on ration 5 ate more
feed per day than the pigs on the other rations with the exception of
ration 4.

Results from this study does not show wheat to be equal to milo for
growing-linishing swine when feed utilization was considered. It ook
.13 more pounds of feed per pound of gain using the 100 percent wheat
rations (3 and 5) as compared to the 100 percent milo ration (ration 13 .
However, when wheat replaced only 50 percent ol the milo, feed utiliza-
tion was not appreciably affected, More research is being planned to fur-
ther explore methods of feeding wheat that may improve feed utilization.
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Summary Reports on Uther Projectls

The Eating Quality of Beef as Influenced
by Age and Muscle Difference

R. L. Hendrickson

Procedures and Results

Three bovine muscles, biceps femoris, sartorius and vastus inter-
medius were studied, Each of the three muscles vary in size, shape, struc
ture, action, and tenderness, The sartorius muscles showed the least num-
ber of nuclei per 100 micron of fiber length. They ranged from 1.5 to
6.9 micron per 100 micron of fiber length with a mean of 4.1, Fibers of
greater diameter generally showed more nuclei, The biceps femaoris aver-
aged 112 micron in length and 50 micron in diameter. Vastus inter-
medius muscle is small but the libers arve large and possessed 14.6 nuclei
per 100 micron of length, These fiber nuclei averaged 10.2 micron long
and 5.5 micron in diameter for shear fiber. The significance of nuclei
number, size, and function in muscle development and quality remains
abscure,

Shear force was measured using a newly developed microsensitive
shear, A direct relationship was evident between fiber diameter aned
shear strength, As the diameter increased, the shear force inereased. Fifry
micron diameter fibers required a shear force of 7.08 x 108g, while those
70 micron in diameter required Y41 x 10% Fibers from the biceps [emoris
consistantly required the greater shear force followed by the vastus inter-
mecius and sartorius,

The Intluence of Preweaning Plane of Nutrition

on Subsequent Performance of Beef Females
Robert Totusck

Procedures and Results

Low, medium and high levels of preweaning nutrition of Angus and
Hereford heifers have been accomplished by (1) weaning at 140 days,
(2) weaning at 240 days, and (3) creep feeding to weaning at 240 days,
respectively. Large treatment differences in condition and weight (an
average of 120 1b. from low to high level heifers) at 240 days of age have
largely disappeared by 18 months, although low level heifers have re-
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mained 30-40 Ib. lighter to 5 years of age. Higher preweaning planes of
nutrition have also resulted in larger skeletal size at 240 days, but differ-
=nces have largely disappeared by 18 months.

Preweaning plane of nutrition has had little affect on conception
date and birth weight, but an increasing level of preweaning nutrition
has tended to result in a slightly higher percentage calf crop, both calved
and weaned, Those females which were weaned at 140 days have produc-
ed calves 20 1b. heavier at weaning than those heifers weaned at 240 days
or creep fed.

The experiment is being continued through the production of three
calf crops, Milk production estimates are also being made,

Selection Procedures for Beef Cattle Improvement
Richard B, Frahm and Joe V. Whiteman

Procedures and Results

The beet cattle selection experiment being conducted at Fr. Reno
was designed to measure direct and correlated genetic response to selec
tion for increased body weight at 205 and 365 days of age and to com-
pare responses [rom selection based on individual performance with se-
lection based on a combination of individual and progeny test perform-
ance.

The process of establishing this project is now complete. The two
Hereford lines were closed in 1965, two Angus lines were closed in 1967
and the two progeny test Angus lines were closed in 1968, Seventy head
of Angus-Holstein crossbred cows were added to the progeny test herd
maintained at Stillwater for the purpose of determining if cows with
greater potential for producing heavy weaning calves will be more effec-
tive for providing progeny test information.

The Influence of Supplemental Winter Feeding on
Lifetime Performance of Beef Cows
D, F. Stephens and Robert Totusek

A study designed to determine the influence of supplemental winter
feeding on the productivity and longevity of beel cows is nearing com-
pletion. One group of 10-year-old cows was removed from the study in
1968. A subsequent final group will wean calves in the fall of 1969.
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Laus sLULy By lpujadoien DAL & moaerate winter recdad level 1% ﬂplt-
mum for spring calving beef females maintained yearlong on good qual-
ity native range, considering both productivity and economics. This mod-
erate level feeding regime permits the weaner heifer to gain approximate-
Iy 100 1b. her first winter and to loose approximately 10 percent of her
fall weight during subsequent winters as a pregnant-lactating female,
until she reaches maturity, After maturity is reached, a winter weight loss
af 1520 percent is not detrimental provided adequate summer forage
is available. Higher feeding levels have maintained heavier body weiglts
of the female and resulted in earlier calving, higher percent calf crops,
and heavier weaning weights, but have resulted in less profit at current
[eed costs. Lower [eeding levels have maintained lighter body weights of
the females and resulted in poorer rep]'n-r.luctivc performance, lower wean-
ing weights, and less profit.

Detailed reporis covering twenty years of research will be prepared
for publication when the current study is terminated,

Non-Protein Nitrogen Studies With Ruminants
Allen I). ‘Tillman, J. E. McCroskey, R. J. Panciera and E. T, Williams

Procedures and Resulis

Sodium bentonite was found to absorh the ammoniom ion when the
concentration of NH,* in the medium was high and release it when
the concentration drooped. Growth and metabolism results indicate
ration improvement when 29 bentonite was included in high-roughage
diets containing high levels of urea. Calcium retention was decreased
and that of phosphorus increased by bentonite, A high concentration of
ruminal Huid and blood ammonia levels for a shore period of ime was
not detrimental to reproduction in cattle. Acetic acid was found to alle-
viate urea toxicity symptoms in cattle for abount 150 min. and a second
does had to be administered within 165 min, in order to prevent toxicity,
A urea supplement was not as efficacious as one containing cottonseed
meal when these were [ed to pregnant and lactating cows kept on the
winter range in Oklahoma. A hemicellulose, in the liquid form, when
mixed with cane molasses, was found to furnish carbon fragments for
amino acid synthesis by ruminants fed wrea as the dietary nitrogen
source. The subcutaneous injection of purilied jackbean urease into 5||1:f_-11
produced antiurease in the blood and floids, Associated with the accumu-
lation of antiurease was improved growth of sheep, improved feed/gain
and lower NH-N levels in blood and gastrointestinal fluid.
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Publications

The following articles have been published from this project during
the past year:

Sidhu, K. S, E. W. Jones and A. D, Tillman. 1968. Effect of urease im-
munity on growth, digestion and nitrogen metabolism in ruminants
animals. J. Animal Sci. 27:1703,

Clifford, A. J., J. R. Bourdette, and A. D. Tillman. 1968. Effect of urease
inhibitors on sheep fed diets containing urea, . Animal Sci. 27:1073,

Clifford, A. J.. . R. Bourdette and A. D. Tillman. 1968. Amino acid
suppltmentatinn of urea-rich diets [or lambs, J. Animal Sci. 27:1081.

Goodrich, R. D., B. P. Bradley and A, D. Tillman. 1968, The importance
of initial blood and plasma values. |. Animal Sci. 27:247.

Tillman, A. D. 1969, Urea utilization by ruminants. Oklahoma Veteri-
narian, 21:1.

Role of Vitamin E and Selenium in Shtcp Reproduction
Allen D, Tillman, E. C. Nelson, B. 1. Osburn and J. E. Smith

Procedures and Results

Forty-vight ewe and 12 ram lambs were fed a purified diet contain-
ing urea as the sole nitrogen source in a 2 by 2 [actorial arrangement of
treatments. Subcutaneous injections of vit. E (700 LU. as alpha toco-
pheryl acetate) and selenium (5 mg, as sodium selanate) were given sepa-
rately and in combination once weekly. Aflter 140 days, 24 of the ewes
were bred, with reatments being continued until lambing, and then for
several additional months, The remaining ewes were bred and sacrificed
at various stages of pregnancy to obtain tissues for examinations. Sheep
fed the basal purified ration died between the 80th and 230th days of the
trials and all had muscular dystrophy, Vitamin E prevented death, while
selenium only delayed it. Selenium stimulated growth. Satisfactory re-
production was obtained only in those animals receiving both vitamin E
and selenium. Abortions occurred in several ewes on the selenium-de-
ficient diet; however, no pathological changes were found in the repro-
ductive tracts of the ewes, or the rams. None of the fetuses taken from
sacrified ewes had pathological changes. Fertility of rams was not affect-
ed by treatment. Vit. E and selenium increased tocopherol level of blood
initially but later selenium was ineffective. Vitamin A level in blood was
increased by selenium or vitamin E. Blood and tissue enzyme values were
determined.

Animal Science Research, 1969 95



Fublications
The following articles have been published from this project during

the past year:

Buchanan-Smith, J. G, B. I. Osburn, [. E. Smith, E. C. Nelson and A. D,
Tillman. 1968. Vitamin E and selenium in ewe reproduction. J.
Animal Sci. 27:1176.

Buchanan-Smith, |. G., E. C. Nelson and A. D. Tillman. 1969. Toco-
pherol levels in sheep tissues. J. Animal Sci. 28:127,

Buchanan-Smith, J. G. 1969. Effects of Vitamin E and Selenium Deficien-
cies in Sheep Fed Purified Diet During Growth and Reproduction.
PLI). Thesis. Oklahoma State University, Stillwater, Oklahoma,

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

Procedures and Results

A purpose of this project is to study the importance of the para-
thyroid glands to calcium homeostasis in ruminants and two trials were
conducted to study the effect of age and a calciom-free diet on thyropara-
thyroidectomized (TPX) sheep. Rate of decline in serum caldum, fol-
lowing TPX in young lambs, was rapid and followed by [latal tetany,
even when the animals were fed a normal diet. Positive calcium balances
were found in TPX lambs. Adult sheep were more tolerant to TPX, being
capable of correcting hypocalcemia and maintaining serum calcium levels
above those associated with tetany, even alter an extended time on a cal-
cium-free diet. Neither TPX nor feeding a calcium-free diet affected
serum magnesium. Two treatments, Ihj-']"DF;m‘ﬂﬂ't‘j.frOi{lﬂ'EEnm}f (TPX) and
thyroidectomy (I'X} were compared to control sheep, which were sham-
operated, The TX operation did not influence any of the COMPONEnts
measured by the TPX sheep exhibited elevated serum inorganic phos-
phorus, glutamic-oxalacetic transaminase, creative phosphokinase and iso-
citric dehydrogenase just prior to death, In other work, lambs were fed
the Oklahoma purified diet containing the following calcium: phospho-
rus ratios: 1:1, 4:1, 7:1, and 10:1. Growth, blood cation levels, blood in-
organic pliosphorus and balance of dietary cations were response criteria.
The data are being analyzed.

Publications
The following articles have been published from this project during
the past year:
Nelson, T. E. amd A, D Tillman. 1967. Calcium status studies in adult
sheep. J. Nutr. 93:475.
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Nelson, T, E., W. D. Tavernor, E. W. Jones and A. D. Tillman. 1969.
Influence of age and calcium-free diet on thyroparathyroidectomized
sheep. J. Nutr. 97:351,

Tillman, A. D, 1969. Trace mineral nutrition in cattle. Proceedings Kan-
sas Formula Feed Conference. Kansas State University, Manhattan,
[Kansas.

Tillman, A, D. 1969, Mineral nutrition for ruminants, Proceedings Cattle
Feeders' Seminat. Oklahoma State University, Stillwater, Oklahoma.

Mouse Selection Studies
Richard R. Frahm and Irvin T. Omtvedt

Procedures and Results
Currently under construction in the basement of Poultry Industries

Building is a mouse genetics laboratory to be utilized in conducting basic
research studies in the area of population genetics. Many of the genetic
problems facing livestock producers can be at least partially answered
more effliciently by utilizing laboratory mgamsms In addition to testing
population gentics theory, laboratory organisms can be used to conduct
pilot studies for obtaining a provisional indication of the possible out-
come of similar experiments in other species. Mice are particularly well-
suited to use in this capacity since they are mammals with a generation
interval of only three months, and large numbers can be economically
reared under carefully controlled environmental conditions. Rigid en-
vironmental contral will be maintained in this laboratory with respect
to temperature, humidiey and light,

A series of selection lines will be initiated for the purpose of (1)
measuring direct and correlated responses to selection for preweaning and
postweaning rate of gain in mice, and (2) determining the genetic corre-
lation hetween preweaning and postweaning rate of gain, This study will
consist of 170 litters of mice produced each generation. Three selection
lines consisting of 20 litters per line will be selected on the basis of indi-
vidual rate of gain between three and six weeks of age. An additional 50
litters will be maintained in a random mating conirol line in order to
measure genetic changes that occur in the selection lines. All mice in this
study will be individually weighed at three weeks and again at six weeks
of age.

The economic importance of growth rate is well recognized by all
segments of the livestock industry. Selection of animals at the earliest age
possible is a desirable aspect of all breeding programs, but this requires
a basic understanding of the genetic relationships between early and late
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growth periods. Although the genetic relationship between preweaning
and postweaning growth rate is of fundamental importance in livestock
improvement programs, it has not been previously established with cattle,
sheep or swine because of the necessity of large numbers of experimental
animals that must be reared under controlled environmental conditions,
The results obtained from this study should reveal the basic genetic re-
lationships that exist and provide a basis of application to other species,

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

J. E. McCroskey

Six sets of identical twin heifers fed a finishing ration are being used
in an energy balance study to determine the effects of Melengesirol Ace-
tate (MGA) upon basal heat production and efficiency of energy utiliza-
tion. Cattle are brought in from the [eedlot at intervals and put in open-
circuit respiration chambers to determine total energy balance,

Development of Methods for Relating
Forage Properties to Intake and Digstibility

J. E. McCroskey

Studies are in progress to compare different levels of polyethylene
glycol as an indicator for use in measuring voluntary intake of grazed
forage. Data collected during the past year with steers grazing bermuda-
grass and given indicators to determine forage intake are being analyzed
in an attempt to correlate changes in chemical composition of the forage
with voluntary intake.
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The Effects of Season and Exogenous Hormones

on the Reproductive Performance of Swine
C. V. Maxwell, E. J. Tuwrman and J. C. Hillier

Procedures and Results

This project has invelved several separate studies with gilts and
boars. One study comparing lot-mating and handmating of gilts has been
completed and published. The present research with gilts involves the
testing of various experimental compounds for possible use in synchroniz-
ing estrus. No results arve ready for release at this time,

A study has just been completed on the effects of season and three
types of shelters, and two methods of cooling on semen quality of boars.
This data is now being analyzed and will be published at a later date.

Publications
The following articles have been published from this project during

the past year:

Rich, T. ), E. J. Turman and J. C. Hillier. 1968 A comparison of the
ovulation rate, fertilization rate and embryo survival of hand-mated
and lot-mated gilts. J. Animal Sci. 27:443,

The Desirability of Pork Products Processed

Prior to Chilling

R. L. Hendrickson, A. F. Parr, E. D. Cagle, F. C. Arganosa,
and Roger Johnson

Procedures and Results

The etfect of pre- and postchill curing on the development and
stability of nitroso-pigments in individual pork muscles was investigated.
The rate of cure diffusion varied directly with the muscle structure and
composition, However, the cure diffused most rapid through the warm
muscle. The pre-chilled cured muscles contained significantly (P < .01)
higher initial concentration of nitroso-pigments than the post-chill cured
muscle. This cured pigment was more stable when exposed to 100 fr.c of
light for periods up to 24 hours than the postchill cured muscle,

Tenderness as reflected by the shear force of pre-chill muscle decreas-
ed at a rate that closely paralleled the pH decline. This was particularly
true beyond four hours after death. Fiber diameter and percent fiber
kinkiness exhibited a direct relationship. As one decreased so did the

other. Shear value decreased with a decrease in fiber diameter and percent
kinkiness,
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Longissimus dorsi muscle sliced before the removal of body heat had
a significantly higher shear force than corresponding muscle sliced after
a 24 hour chill, This difference was due to muscle contraction caused by
muscle excision and slicing, Fiber diameter and percent kinkiness were
also significantly affected by the slicing temperature, Large fiber diameter
and greater kinkiness were found for the cold sliced muscle.

Study of the Calcium and Phus{:humus
James A. Coalson, J. C. Hillier, E, C. Nelson, and Charles Maxwell

Procedures and Results

Forty-five pigs were used to study the calcium and phosphoros re-
quirements of baby pigs reared on purified diets rom three to nine weeks
of age. The pigs were collected in sterile plastic bags and transported to
the laboratory under sterile conditions. The fortified and pasteurized
cows' milk diet, fed during the first two weeks, contained 1.32 percent
calcium and 0,98 percent phosphorus,

During the third week of life, the pigs were gradually changed from
the liquid diet to a dry, purilied, test diet, on which they remained until
they were nine weeks of age. During the test period (three to nine weeks
of age) four levels of calcium and phosphorus were fed. Rations A
through I contained 0.27, 0.57, 0,95 and 1.25 percent calcium and 0.14,
044, 0.78 and 1.05 percent phosphorus, respectively. Body weight and
feed intake for each pig were recorded weekly, Blood samples were drawn
at the end of the third, sixth and ninth weeks. Four pigs from each treat-
ment group were slaughtered at the conclusion of the trial and various
bones and organs were removed for observation and chemical analysis,

Ration A appeared to support normal feed efficiency but the total
gain was not comparable to the other rations, Ration A produced normal
values for serum calcium, serum inorganic phosphorus, hemoglobin con-
centrations and hematocrit, The data suggested that pigs on Ration A
had the greatest bone resorption rate and pigs on Ration C had the Teast
amount of resorption, Ration C produced the heaviest pigs at nine weeks,
the best efficiency, heaviest absolute bone weight, diameter and length,
highest percent bone ash and the highest concentrations of calcium and
phosphorus in bone ash.

The nasal turbinates were grossly examined for symptoms of atrophic
rhinitis but none were positively diagnosed,

On the basis of this study, a level of 0.95 percent calcium and (.73
percent phosphorus is recommended in complete rations from three to
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rne weeks of age when soundest skeleal development is desired, This
evel of calcium and phosphorus would probably result in increased dail}r
rains and improved feed efficiency, but the added phosphate would in-
rease the cost of the ration.

The data indicated that the higher levels of calcium and phosphorus
esulted in greater mineral deposition in the skeleton and presumably a
wounder structure, Phosphorus is a rather expensive nutrient, thus, the
sconomics of feeding the higher mineral levels would be of concern to
ommercial producers interested particularly in feed costs per unit gain
-0 market weights, It would appear that the producer of breeding animals
:ould produce a sounder skeleton by using the higher mineral levels.

Publications
The following articles have been published from this project tluring

the past year.

Coalson, J. A, R. D Washam, J. C. Hillier, and E. C. Nelson. 1968. A
study of the calcium and phosphorus requirements of artificially
reared pigs. J. Animal Sci. 27:1150, (Abstr.).

Washam, R. D, J. C. Hillier, E. C. Nelson, and J. A. Coalson, 1968, A
study of the Ca and P requirements of young pigs. J. Animal Sci.
27:1157, (Abstr.)).

Washam, R. D., 1968. A study of the calcium and phosphorus require-
ments of artificially reared young pigs. Thesis for PhI). Degree.
Oklahoma State University, Stillwater.

Selection for Specific Combining Ability in Swine
I T. Omtvedt

Procedures and Results

The basic objective of this project is to study the feasibility of select-
ing purebreds on the basis of their ability to cross. Sow productivity traits
generally exhibit considerable hybrid vigor in crossbreeding studies, but
unfurtunatel}f these traits are lowly heritable and show very little response
to direct selection. The hybrid vigor obtained in crossbreeding is “one-
shot improvement” and breeders can not expect to obtain increased per-
formance due to additional heterotic response each generation. In this
pmject an effort is made to make continued improvement in two-hreed
crosshred gilts by selecting the two parent lines on the basis of their cross-
ing ability. The basic procedure is to select the Dhuroc and Beltsville No.
1 boars and gilts for breeding on the basis of their Duroc-Beltsville cross-
bred half sisters' productivity (litter size and 21-day weight) .
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Although the project 15 only n the htth generation and it is oo
carly to draw conclusions as 1o the effectiveness of this mating scheme
at the present time, the data collected have been used to answer many
questions on other problems confronting the swine industry,

Publications
The following articles have been published from this project during

the past year:

Apple, Kenneth L. 1968, Influence of age of dam and season on produc-
tivity and the relationship between productivity of first and second
litters in swine. MS Thesis.

Arganosa, Valentino G, 1968, The influence of genetic factors on pork
quality. PhDD Thesis.

Arganosa, V. G, L T, Omtvedt and L. E. Walters. 1968, Phenotypic and
genetic parameters ol some carcass traits in swine. J. Animal Sci. 27:
283, (abstract)

Cunningham, P. ]. 1969. An investigation of selection indexes in swine
populations. PhD Thesis.

Jesse, Earl F. 1968, Influence of sex and sire-sex interactions on post-
weaning performance and carcass traits in swine, MS Thesis.

Morrissette, M. C. and L 'T. Omtvedt. 1969, Influence of an orally active
progesterone and diethylstilhestrol on litter size and weights of pigs.
J. Vet. Res. 29:271,

Omtvedt, L T. 1968, Inheritance of some pork quality measurements and
their importance in a selection program. Pork Indusiry:Problens
and Progress. lowa State University Press, Ames, Towa, page 128,

Omivedr, I. T., E. L. Jesse and V. G. Arganosa. 1968, Sex and sire-sex
interactions in swine, . Animal Sci, 27:285. {abstract)

Influence of High Ambient Temperatures On
Reproductive Performance in Swine

I. T. Omtvedt, E. J. Turman, D. F. Stel:phena and G. W. A, Mahoney

Procedures and Results

In swine operations where producers attempt to farrow a uniform
number of pigs during all seasons ol the year, seasonal variations become
a critical factor. Since reduced reproductive efficiency is most prevalent
during summer months, this project was initiated to determine the influ-
ence of exposing sows to high ambient temperatures at the time of breed-
ing and at various stages of gestation on their reproductive performance.
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Heat stress prior to breeding had no marked influence on performance,
but exposing sows to high temperatures the first 15 days after breeding
-ompared to subjecting sows to heat stress 15-30 days post breeding re-
sulted in fewer viable embryos and lower survival rates to 30 days post-
breeding. At the present time, emphasis is being placed on possible influ-
ances of heat stress during mid and late pregnancy.

Publications
The following articles were published during the past year based on

results obtained from this project:

Edwards, Ronnie, L. T. Omtvedt, E. J. Turman, D. R. Rule, D. F.
Stephens and G, W. A, Mahoney, 1968, Influence of high ambient
temperatures on sow productivity. Okla. Agr, Exp. Sta. MP-B0:97.

Edwards, R. L., I. T, Omtvedt, E, J. Turman, D). F. Stephens and G. W.
A. Mahoney. 1968, Heat stress prior to breeding and in early gesta-
tion in gilts, J. Animal Sci. 27:300. {(abstract) .

Edwards, Ronnie L., I. T. Omtvedt, E. J- Turman, D. F. Stephens and
G. W. A, Mahoney, 1968, Reproductive performance of gilts follow-
Ing exposure to heat stress prior to breeding and in early gestation.
J. Animal Sci. 27:1684. '
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