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Cow-Calf and Stocker

The Effect of Frequency of Feeding on
Adaptatiﬂn of Ruminants to Biuret
as an NPN-Source

E. T. Clemens and R. R. Johnson
Story in Brief
T'wo trials were conducted to measure the biuretolytic activity of
roughage fed ruminants supplemented with biuret at intervals of 1, 2
or 4 days. Rumen contents were collected from each animal at various
days belore and after supplementation over a 33 day test period for
determination of the ahility to break down biuret (biuretolytic activity).
Animals receiving the biuret daily or every 2 days were able to
develop and maintain high levels of biuretolytic activity throughout
both trials. Those animals supplemented every 4 days could neither
develop nor maintain biuretolytic activity over the extended feeding
intervals. It was concluded that as an NPN supplement for wintering

ruminants on range grass, biuret would have to be fed at least every
other day.

Introduction

The cost of protein supplementation for winter range cattle in
Oklahoma has drawn attention to the possible use of non-protein nitro-
gen (NFPN) sources to meet these needs. Biuret is one form of NPN pre-
sently under investigation. Like other NPN sources, biuret must be
broken down to ammonia by the rumen microorganism prior to being
utilized. Previous research has shown that an adaptation period is re-
quired for this ability to break down biuret can develop and this adapta-
Llion petiod is variable depending on the ration.

Furthermore, as soon as biuret is removed from the ration the
ability to break down biuret (biuretolytic activity) is quickly lost. Some
cattlemen follow the practice of only providing protein supplements
once or twice a week during winter range feeding. IF hiuret is to func

Animal Science Research 1973 7



tion as an NPN supplement, the animals must first develop sufficient
biuretolytic activity and, secondly, must maintain this activity during
the wintering period. The trials reported here were designed to investi-
gate the elfects of frequency of feeding on the development and main-
tenance of biuretolytic activity,

Methods and Materials

Two experiments were designed to study the biuretolytic activity of
the rumen microorganisms when biuret was supplmented to roughage
fed ruminants at intervals of two and four days as compared to daily
feeding.

Exmalil:

Poor quality prairie hay was fed free choice to 9 rumen cannulated
sheep., The animals were placed in groups of 3 with each group receiv-
ing biuret supplement at either 1, 2, or 4 day intervals, at the levels
indicated in Table 1. The trial was conducted for a 33 day test period,
with rumen samples being collected on days 0, 2, 4, 8, 12, 16, 24 and 32
to observe the hiuretolytic activity just prior to the days feeding, Addi-
tional samples were collected on days 5, 9, 13, 17 and 33 to observe the
activity the day following biuret supplementation,

Each rumen sample was mixed with a biuret solution and incu-
bated in a water bath (39°C) for 24 hours. The extent of biuretolytic
activity was then determined by measuring the disapparance of hiuret
from each sample alter 8 and 24 hours of incubation. High biuretolytic
activity was indicated by a more rapid and complete disappearance of
biuret.

Trial 2.

For this experiment 6 rumen cannulated steers were preadapted to
biuret prior to the initiation of the experimental period. After sufficient
biuretolytic activity was established in all animals, the steers were group-
ed such that some continued to receive daily supplementation while
others received supplement every 2 or every 4 days at the levels indicated
in Table 1. In this manner we were able to measure the animals ability

Table 1. Levels of feeding and frequencies of feeding biurct suppl-
ment in Trials 1 and 2.

Level of supplement, grams e

Frequency ok
of Feeding Daily Every 2 days Every 4 days
Trial 1 160 320 640

Trial 2 166} 3320 (LR S

8 Oklahoma Agricultural Experiment Station



to maintain the biuretolytic activity over the extended feeding intervals,
Daily feeding of poor quality prairie hay was continued for all animals
throughout the entire test period. Rumen samples were collected from

each animal on days similar to those in experiment 1, for laboratory
analysis,

Results and Discussion

In the first trial little or no biuretolytic activity could be detected
in the animals before the initiation of the biuret feeding (Figure 1, day

A
100 ~—-!=-;.t;__.__,__,_
-“"“-.
L

GO p—

PERCENT OF OQRIGINAL BIURET REMAINING

20— DAY B 1\ = DAY 32
SEM = 10.6 SEM = 8.1
b
| | | | |
] 9 ] 24 bl L]

HOWURS OF INCUBATION
Figure 1. Biuret disappearance in rumen contents from sheep fed biuret

supplement daily (__), every 2 days (__), or every 4 days
(_._). Samples taken just before the days feeding— trial 1.

Animal Science Research 1973 9



0y, However, on day 2 those animals receiving biuret supplement daily
or every 2 days revealed substantial biuretolytic activity, while minimal
activity was observed for those fed every 4 days. Similar results were ob-
served throughout the remainder of the experimental period, for rumen
samples collected just prior to the days' supplementation. In samples of
rumen liquor collected the day following biuret supplementation (Figure
2) the biuretolytic activity in animals fed biuret every 2 days was equal
to that in animals supplmented daily. Those animals receiving supple-
ment every 4 days failed to demonstrate any increase in activity,

For the second trial all animals were pre-adapted to biuret before
the start of the trial (Figure 3, day 0). At this point the variation in the
frequency of feeding program began, No differences were detected after
2 days; however, by day 4 a marked difference was observed. Those steers
receiving the daily supplementation maintained a high level of biuretoly-
tic activity. Those receiving supplement every 2 days appeared to have
lost a portion of their activity, and those receiving supplement every 4
days lost nearly all of their binretolytic activity over the extended feeding
intervals.

When rumen samples were collected the day following supplemen-
tation the animals supplemented daily and those supplemented every 2
days showed comparable biuretolytic activity. The animals fed biuret

PERCENT OF OQORIGINAL BIURET REMAINING

— DAY 17 b — DAY 33 I
SEM= 7.3 SEM = 6.2
| | I ]
o 4 B 24

HOURS OF INCUBATION

Figure 2. Biuret disappearance in rumen contents from sheep fed biu-
ret supplement daily (), every 2 days (_ _}), or every 4
(_._). Samples taken the day following supplementation

—trial 1.
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PERCENT OF ORIGINAL BIURET REMAINING

— DAY DAY 32

SEM 18.2 SEM =216
a
o
1 | | J | i |
] 4 B 24 i 29

HOURS OF INCUBATION

Figure 3. Biuret disappearance in rumen contents from steers fed biuret
supplemnt daily (_), every 2 days (__) or every 4 days
(_._). Samples taken just belore the days [eeding—irial 2.

every 4 days again failed to demonstrate an increase in hiuretolytic
activity.

From the results of these trials it would appear as though supple-
mentation of winter range cattle with biuret daily or every 2 days would
by satisfactory in developing and maintaining adequate biuretolytic acti-
vity to meet the protein needs of these animals. On the other hand, if
biuret is fed at intervals of 4 days or greater the rumen microorganisms
could neither develop nor maintain sufficient biuretolytic activity to

Arimam] Srlnmen Darmees L 1072 11



degrade biuret to NH, rapidly enough to support microbial protein
syntheses,

PERCENT OF ORIGINAL BIURET REMAINING

HOURS OF INCUBATION

Figure 4. Biuret disappearance in rumen contents from steers fed
biuret supplement daily (__), every 2 days (__), or every 4
days (_._). Samples taken the day following supplementa-
tion—trial 2.
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Studies on the Nutritive value of
Wheat Pasture

R. R. Johnson, M. McGechon, E. Williams! and H. C. Young, Jr.!

Story in Brief

Although wheat pasture constitutes a major source of winter pasture,
its chemical composition and nutritive value have not been thoroughly
studied. Samples of wheat pasture were harvested at several dates over
a 2 year period and analyzed in the laboratory. They were fairly high
in cell wall constituents but low in lignin suggesting these cell wall frac-
tions were highly digestible. Wheat pasture varied from 9 to 25 percent
soluble carbohydrate which is 100 percent digestible. The samples were
all lligh in crude protein, averaging 29 percent, of which a significant
portion was present as non-protein nitrogen,

Introduction

In Oklahoma, wheat along with other small grains constitutes a
major source of winter pasture for both cattle and sheep. Rather re-
markable performances in terms of growth rates have been reported in-
dicating this material has a high nutritive value. Strangely enough, how-
ever, investigations of the ability of small grain pasture to satisty specific
nutrient requirements have not been made nor have the influences of
factors such as season, variety, temperature variations and rust infec-
tions been studied. The results reported here are from a combined el
fort to study chemical changes in plant tissue associated with leaf rust
infection and chemical constituents associated with nutritive value for

the ruminant animal. Only the latter objective will be reported at this
time.

Methods and Materials

During the 1970-71 season, wheat samples were harvested on 4 dates
from the experimental plots at Goodwell, Oklahoma. A total of 10
samples were obtained each date, the samples representing 5 genetic
lines in the sprayed (for leal rust) and unsprayed condition. Ten samples
representing b genetic lines were also harvested on Oct. 15 and Nov. 19,
1971, from Stillwater plots. All samples were dried at 55°C in a forced
dralt oven and ground through a 1 mm sieve [or analysis. These dried
samples were used to determine the composition of the cell wall frac-

L Department of Botany and  Plant  Pathology.
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tion of the plant tissue,

The analyses consisted of neutral detergent [iber (NDT) which is the
total cell wall, acid detergent fiber (ADF) which is primarily cellulose
and lignin and acid detergent lignin (ADL). The non-lignin portion
of plant cell walls represents the fibrous carbohydrate (cellulose and
hemicellulose) that is available for digestion by rumen microorganisms
while lignin is the non-digestible material that interferes with digestion
of other portions of the plant.

During the 1971-72 season, samples were taken from 5§ genetic lines
in the Stillwater plots on four harvest dates and on one date, 10 samples
of Trivmph 64 were taken from greenhouse plots. These samples were
frozen immediately upon harvest by placing in plastic bags and placing
the bags in dry ice. The frozen plant tissue samples were then mixed
with pulverized dry ice and passed through a pre-cooled Wiley Mill to
grind the sample. After allowing the dry ice to dissipate in the freezer,
the ground fresh-frozen samples were analyzed for dry matter, soluble
carbohydrates, true protein-nitrogen and non-protein nitrogen by meth-
ads which will not be detailed in this report.

Results and Discussion

The results from analysis for cell wall constituents are presented in
Table 1. NDF was higher for the samples harvested in January and
March while ADF did not increase until March. These fractions would
be expected to increase as soon as the wheat plants started their spring
growth. In the two sets of samples harvested at Stillwater, the lignin
(ADL) values were only about 3 percent. This together with the other
analyses would suggest that the cell wall portion of the wheat plant
tissue would be highly digestible. However, no digestibility measure-
ments have been made as yet.

Table 1. Cell Wall Analysis of Wheat Pasture Samples Harvested In
1970 and 1971.

Harvest date Location Nao. NDF2 AF-NDF2 ADFE? A2
Sples.t Tay mnisture free basis __
10-30-70 Goodwell 1n 3.8 1.2 18.2 x
12-12-70 Goodwell 11 8.7 249 16.0 =
1-20-71 Goodwell 110 44,2 39.7 17.2 a
1-30-71 Croodwell 10 44 4 41.5 22.5 s
10-15-71 Stillwarer 10 it i 24.0 13
11-19-71 Stillwater 10 5 S 225 189

! The 10 samples represented 5 genetic lines. There were no differences between genetic “1'||_'ﬂ:
ENDF=neutral detergent  fiker; AF-NTF-ash free NDF: ADF=acid detergent fiber amd
ADLe=acid detergent lignin.
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Table 2 presents the results from analysis for soluble carbohydrates
and nitrogen fractions. In contrast to the cell wall constituents, soluble
carbohydrates are generally fermented very rapidly by the rumen micro-
organisms and are usually 100 percent digestible. They are made up of
simple sugars and soluble starch fractions. Ordinarily, significant quanti-
ties of soluble carbohydrates occur only in the vegetative stage of plant
growth or in plants having high potential for seed formation {eg., the
corn plant). Dried winter forages contain practically none. As can be
scen in Table 2, the soluble carbohydrate content of wheat pasture
plants varied from 9 to 25 percent of the dry matter. Such a high level
of soluble carbohydrate would certainly partially account for the high
energy value of this material and its ability to support rapid animal gains.

Table 2. Dry Matter, Soluble Carbohydrate and Nitrogen Fractions in
Wheat Pasture Samples Harvested in the 1971-72 Season.

Harvest No. .Ih'y Soluble ; Nitrogen
Date Sples, Matter Carbohydrates Crude o of N as:
Protein NPN True Protein
i % Yoy moisiure free basis o 2 L
10-19-71 I 13.7 10.3 27.9 131 B86.9
11-30-71 10 (6 20.2 25.1 5.2 11.6 484
1-25-72 10 222 18.2 31.7 215 72.5
3- 272 3* 23.3 ds 30.9 15.1 a9
10 14.5 9.3 -

1 Averages of 10 samples which included 5 genctic Fines,
A Sullicient guantity #"M’ nitrogen [ractionation was available for only 6 eamples.
¥ Sufficient quantity was available for only 3 samples,

A0 samples of Trumph 6 from greenbouse tesis

The crude protein content was high at all times, varying from 25
to 32 percent of dry matter. This is far in excess of any requirement the
animals might have. There are apparently still some cattlemen provid-
ing protein supplement to animals on wheat pasture and these results
would indicate that this is an unnecessary practice. Furthermore, of the
nitrogen present, as much as 27 percent was present as non-protein nitro-
gen. Although the rumen microorganisms have the capacity for utilizing
MPN, the presence of this much in companion with high protein levels
suggests that rapid liberation of ammonia from these materials could
concervably cause ammonia toxicity, This possibility is under further
investigation at this time.

Animal Science Research 1973 15



The Production of MulLiplc Births In Beef
Cows By Gonadotropic Hormone Injection
Timed From a Synchronized Estrus

M. R. Johnson, L. J. Turman, J. G. MaGee, I). F. Stephens
and J. E. Cothren

Story in Brief

Four groups of lactating beef cows were given subcutaneous injec-
tions of 1080 1U of PMS on day-5 and 1440 1U of PMS on day-17 of the
estrial cycle, with the injections timed [rom either a non-synchronized
estrus (treatment Iy or an estrus synchronized by the individual feeding
of an oral progestogen, CAP, for 18 days (treatments 11, 111, IV). At the
first estrus [ollowing the second PMS injection the cows were either bred
by natural service {treatments I and II) or by artificial insemination
{treatment III) and given an intravenous injection of 2500 IU of HCG.
In treatment IV the cows were given the intravenous injection of 2500
I HCG on the third day following the second PMS and were artilicial-
ly inseminated at that time and 24 hours later regardless of the oceur
rence of estrus.

Of the 65 cows treated, 21 (325 percent) conceived at the Frse estrus
following the second PMS injection and produced 9 singles and 12
multiple (7 sets of twins, 4 sets of triplets and 1 set of quadruplets). Of
the cows not conceiving at the first post-PMS estrus, 33 conceived at
a later estrus for an overall conception rate of 88.1 percent,

Conception rate at the first post-PMS estrus was higher in treatment
I (66.7 percent) than in the estrus synchronized groups (51.3, 188 and
16.7 percent for treatments, IT, 111 and IV, respectively). However, each
of the latter three treatment groups produced at least two sets of mul-
tiples.

Liveability was better for the single born calves (89 percent) than
for twins (78.6 percent), triplets (75.0 percent) or quadruplets (50.0 per-
cent). Single born calves reared as singles were heavier at weaning than
were multiple born calves reared as twins. Weaning weights were:
singles, 497 1bs.; twins, 380 lbs,; triplets, 382 Ibs.; and quadruplets 548 Ibs.

Despite the low conception rate in the synchronized groups and re-
duced survival of multiple birth calves, calving rate was markedly in-
tluenced by multiple births in this study. A total of 61 calves were

In cooperation with USIMNA, Apricoliural Research Service, Southern Hegion. Apprecia-
tion is expressed to Dr, J. F. Wapgner, Eli Lilly Co., Greenfield Laboratovies, Green-
field, Indiana [or prn'fi:illing the PMS, HCG and CAT wsed in this study.
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weaned resulting in a calving rate of 1429 percent based on the 21
cows conceiving at the first post-PMS estrus, 113.0 percent based on the
54 pregnant cows wintered, or 93.8 percent based on the 65 cows origin-
ally treated.

Introduction

The major portion of the commercial cattleman's overhead ex-
penses is the result of the combination of high maintenance costs and re-
latively low productivity of the beef cow. Not only is she, at best, limited
to one saleable commodity or product per year, namely her calf, but
10-20 percent of the cows in the herd do not even produce a calf. Com-
bine this with the long gestation period of those that do produce and
it becomes apparent that the beef cow is one of the most inefficient of
our farm animals.

The vital importance of increasing the productivity of beel cow
herds has stimulated considerable research. One very promising field of
such research has been in the area of secking to increase the occurrence of
multiple births. Previous work at Oklahoma State University has clearly
demonstrated that one way in which the incidence of multiple births in
beef cattle can be greatly increased is by the injections of the gonad-
otropic hormone preparations pregnant mare serum (PMS) and human
chorionic gonadotropin (HCG) . In these studies the hormone injections
were timed from day of estrus in each cow and were followed by natural
service,

Therefore, although successful, one big limitation to the use of
these treatments in practical production is the large labor requirements
to detect heat and to give the injections on an individual cow basis.
Other studies at OSU have shown that multiple births could be produced
if these hormone injections were given at a synchronized estrus. Thus,
a considerable reduction in labor requirements should be obtained if a
large portion of the cow herd would come in heat on some predictable
tay so there would be no necessity to check for the occurrence of estrus
and all could be given their injections on the same day.

This paper presents the results of a study based on the most promis-
ing of the previous studies and was designed to test a practical procedure
for inducing multiple births in which the injections of gonadotropic
hormones were combined with estrus synchronization and artificial in-
semination.

Methods and Materials

This study was conducted at the Fort Reno Research Station [rom
May, 1970 to October, 1971, using a herd of 65 lactating cows of mixed
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ages consisting of straightbred Herefords and Hereford X Angus or
Angus X Holstein crossbreds. The cows had calved in February, March
and April and were assigned to one of four different treatment groups on
the basis of breeding and age of cows, and age and sex of call. No cow
was started on treatment earlier than 50 days after calving in an atempt
to obtain maximum response to the oral progestogen used in estrus syn-
chronization.

The treatments used in this study are described in Table 1. All cows
received two injections of PMS! subcutaneously in the neck region, 1080
I given early in the cycle (first PMS) and 1440 IU given late in the
cycle (second PMS). AH HCG? injections were at a level of 2500 1U
given intravenously. The individual doses of PMS and HCG were sus
pended in 10 ml. distilled water or saline, respectively, just prior to time
of injection.

Treatment Group I was considered to be the control group for this
study since it was a repeat of the most successful treatment used in past
studies at Fort Reno. The cows were not estrus synchronized and were
given their first PMS injection on day-5 and their second PMS on day-17
of the estrus cycle timed from the previous estrus of each cow with the
day of that estrus counted as day-0 of the cycle. On the day of estrus fol-
lowing the second PMS injection each cow was bred by natural service
and injected with HCG.

In the three remaining groups of cows, estrus was synchronized by
leeding an oral progestogen, 6-chloro-/A"17 acetoxyprogesterone (CAPY®,

L Lyophilized powder containing 72 1U PMS /mg. supplied by Eli Lilly Osmpany, Greenfield Lab-
omatories. Greenficld, Indama,

8 Lvophilized powder comtaining 20 10 HOG smg, supplied by El Lilly Company, Greenfleld
Lalsmatories, Greemfield, Indiana.

Table 1. Schedule of Treatments.

Dn}' nff*h.{s

Synch- Injections® Day ol HOG T}'FE
Treatment Nao. ronized  (Post-Estrus or Post-CAP) (2500 L.U.} o
Group Cows  (CAP) 1080 1.1, 40 LU, and Breeding  Breeding
I 15 Mo Day-5" Day-17* Day of Estrus  Natural
11 16 Yes Day-8° Diay-200° Day of Estrus  Natural
111 16 Yes Day-B* Day-20r' Day of Estrus AT,
v 15 Yes Day-#' Day-20r'  Day-3 Post-PMS AL

L1 mg.  head sday for 16 days then 5 m shead fday for 2 davs,
1PMS injections suboutaneons, TG injectiong  intrivencos,

A Post-Estrus, with day of esirns tmlnln[ an aliy-0,

A Popt-CAP, with [ast day of CAP feeding connted as day-0.

SEl Lifly Company, Greenfiekl Laboratovies, Greenfield, Indiana,
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for 18 days at a level of 10 mg. feow (day for 16 days followed by 5 mg. |
cow fday for 2 days. All cows were started on individual feeding of CAP
at the same time with no regard for the stage of the estrual cycle of the
cow. Previous work had indicated that most cows would be expected to
be in estrus on days-2, -5, or -4 following the last feeding of CAP. There-
fore, day-3 was designated as the average day of estrus in all cows and
was counted as day-0 of the synchronized cycle for the purpose of timing
the two PMS injections. All cows received their first PMS injection on
day-# and their second PMS on day-20 following the last day on which
CAF was fed. If counted from the average day of estrus of the synchron-
ized cycles these injections were given on days -5 and 17.

Following the second PMS injections the further treatments schedul-
ed for cows of Groups 11 and LI were imposed on day of estrus. At this
time the cows of both groups were injected with HCG and the cows of
Group 11 bred by natural service and the cows of Group IT1 by artificial
insemination.

Following the second PMS injections the additional treatments
scheduled for Group IV were imposed at a set time with no regard to
the occurrence of estrus. On the third day post-PMS all cows were in-
jected with HCG followed by artificial insemination of all cows at that
time and 24 hours later.

Detection of estrus in all groups was facilitated by the use of steril-
ized bulls. All artificial inseminations were made with frozen Angus bull
semen obtained from a commercial bull stud. Angus bulls of proven
fertility were used for natural service at the first post-PMS estrus. Fol-
lowing the post-PMS5 mating all cows ran in a pasture with Hereford
bulls until September 1, resulting in a total breeding season of 60 to
90 days.

The pregnant cows were wintered on native grass pastures at Fort
Beno. During approximately the last three months of gestation, or [rom
January to calving, the cattle were supplemented at the rate of about
2.5 Ths. of 21 percent alfalfa-cottonseed meal pellets and 20 1bs. of alfalfa
and bermuda grass hay per head per day in an effort to insure that cows
pregnant with multiples received ample feed.

With the exception of one cow who was permitted to raise her own
triplets, no cows reared more than twins. An effort was made to insure
that as many as possible of the cows that calved multiple births reared
twins by grafting calves from triplet sets to cows losing all but one calf
of their set of multiples. Cows rearing twins ran in a different pasture
than did cows rearing singles. No creep feed was provided for any of the
calves.
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Results and Discussion

Table 2 presents the breeding and calving performance of the cows
in this study. Of the 65 cows treated, 21 (32.3 percent) conceived at the
first post-PMS estrus, 33 (50.8 percent) conceived at a later heat period,
and 11 (16.9 percent) were still open at the end of the 60-90 day breed-
ing season. Fifty-two of the 54 pregnant cows that were wintered calved.
With the exception of one cow in Group I, all cows that conceived at
the first post-PMS estrus subsequently calved. Since this is the only
group of cows that would be expected to have been stimulated by the
PMS to produce multiple births, they are the only group of cows for
which calving results are listed in Table 2. Twelve of the 20 cows calv-
ing in this group, or 60 percent, produced a multiple birth.

Although no untreated controls were included in this study to per-
mit a comparison, the multiple birth rate of 18,5 percent of the total
cows treated is well above the 0.55 percent which is commonly reported
as the twinning rate for beef cow herds in the United States. The fact
that the multiple births listed in Table 2 were predominately twins and
triplets, with only one set of quadruplets, suggests that the lower dosage
level of PMS used in this study may be more desirable from a practical
standpoint than that used in the previous work at Fort Reno. Earlier
studies had used levels of 1500 IU and 2000 1U for the first and second
PMS5 injections, The results obtained in Groups IT, and 11I and IV dem-
onstrate that PMS injections can be effectively timed from a synchronized
estrus. The results obtained in Group IV, although oo limited to be
practical, are very encouraging. If additional research can determine dose
levels and schedules for injections and inseminations that will improve
the level of response, the practical implications of eliminating completely
the need for heat derection should be obvious.

Table 2. Summary of the Breeding Performance of All Cows Treated
and the Calving Performance of Cows Conceiving at First
Post-PMS Estrus,

No. Caws
Coneeiving Mo. Cows that Conceived at
Treatment Tuotal  1st Post-PMS No. Ist Post-I'MS Estrus Producing
Group Cows LEstrus  Open’ Singles  Twins  Trips.  Quads

B 15 in 0 = 2 s
11 16 5 2 I 1 1 1]
III 16 3 ] I I 1 0
IV 18 b 4 1 1 I L]
Totals G5 21 1L ] T 4 1

1 Following ISD--E.Iﬂ.dny breedding acason.
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The results obtained in Group I are very similar to those obtained
in previous years with the same treatment. As shown in Table 2, 66.7
percent of the cows conceived at the first post-PMS estrus, with 40,0 per-
cent of these cows producing multiple births. When compared to the
three estrus synchronized groups, cows of Treatment I were superior in
conception rate both at the first post-PMS estrus and over the entire
ert:cd[ng season. However, a higher percentage of the cows conceiving at
the [lirst post-PMS estrus in the estrus synchronized groups produced
multiples (72.7 percent vs 40.0 percent) .

The reduced conception rate at the time first post-PMS estrus in
Groups IT (31.3 percent), 1II (188 percent), and IV (16.7 percent) prob-
ably reflect an effect due to the progestogen used for estrus synchroniza-
tion, Most estrus synchronization studies with beel cows have reported
reduced [ertility at the synchronized estrus but not at the second or later
post-synchronization heat periods. The cows in this study were not bred
al the synchronized estrus but rather at the second estrus after synchron-
ization. The results, therefore, suggest that the combination of PMS and
progestogens may adversely affect fertility more than does either alone.
It will require additional study to learn whether this is the case. There
is also the suggestion that artificial insemination technique had a further
adverse eflect on [ertility in Groups III and IV,

The incidence of open cows in Groups IT (12.5 percent), ITI {31.2
percent), and IV (22.2 percent) may also have been influenced by the
progestogen used for estrus synchronization and jor by artificial insemina-
tion technique. However, it is possible that the large number of open
cows was the result of a reduced number of cows conceiving early in the
breeding season with the result that most of the cows in these groups
were being bred during the more unfavorable part of the breeding sea-
soft (July and August) when temperatures were high. The detrimental
elfect of high ambient temperatures on fertility is well known. Again,
however, additional study is necessary to determine how the treatments
imposed in Groups II, TII and IV affected numbers of OPEN COWS,

The calving performance of the cows conceiving at the first post-
PMS estrus is presented in Table 3. Poor survival rates have proven to
be a problem with multiple births, primarily because of losses associated
with triplet and larger litters. In this study survival rates were 100 per-
cent for single, 78.6 percent for twins, 75.0 percent for triplets and 50.0
percent for gquadruplets. If calves from all cows that calved, regardless
of time of conception, are considered, the survival rate for singles was
89 percent. Most losses occurred at time of calving and none later than
4 days alter calving. ‘The death loss charged against twins included one
set aborted at about 7 months of pregnancy. If survival of twins is re-
stricted to those carrvied [ull term the rate becomes 91.7 percent which is
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Table 3. The Calving Performance of the Cows that Conceived At the
First Post-PMS Estrus.

Type of Birth

Ttem Singles Twins Trips. Quacls.
No. Sets 8 ™ + 1
Live Calves ] 11 9 2
Birth Wt, (lbs.}

Males 85.0 60,2 56.2 33.1

Females 73.6 62.6 48.5 32.0
Gestation [ days) 283.6 281.7 271.0 272.0
Retained Placentas (9%) 0 50.0 75.0 0

I One set ahorted — data on 6 sets only.

comparable to that obtained in previous studies. The results reported
in Table § are similar to those of previous years relative to survival rates
of triplets and quadruplets and reemphasizes the desirability of restrict-
ing multiple sets to twins,

As shown in Table § shorter gestations were associated with multiple
births, especially for triplets and quadruplets. Also, as might be ex-
pected, single birth calves were heavier at birth than were multiple
birth calves. Within multiple birth sets, twins were heavier than trip-
lets and both twins and triplets were heavier than quadruplets.

Multiple births, whether natural or induced by hormone treatments,
have always been associated with a higher incidence of retained placen-
tas. This was the case in this study where 6 (54.5 percent) of the 11 cows
producing multiple births had retained placentas compared to none of
the cows producing single births (Table 3). There was also a trend for
a greater incidence of retained placentas in heavier litters rather than
in those litters of larger numbers.

Table 4 presents the performance of calves from calving until wean-
ing. All calves surviving the [irst 4 days of life were alive at time of
weaning in the fall. As might be predicted, weaning weights were lighter
for multiple born-twin reared calves than for single born-single reared
calves, However, when expressed as total pounds of calf per cow, all
multiple hirths resulted in more total pounds of call weaned per cow
even after adjusting for the higher death loss of multiples. This sup-
ports the results of previous years.

One of the possible problem areas associated with multiple births
is the possibility that cows producing and rearing multiples may either
be delayed in rebreeding or fail to rebreed. In this study 54.5 percent of
the cows producing and rearing multiples failed to rebreed following
calving in 1971 compared to 154 percent of the cows producing and
rearing singles. These high figures are probably the result of using a
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Table 4. Pre-weaning Performance of Calves Produced by Cows Con-
ceiving at the First Post-PMS Estrus.

Type of Birth

Ttem Singles Twins Trips, Chuadds.
Total Sets ] 7 4 1
Live Calves a8 11 ] 2
Calves Weaned 8 11 o 2
Adj. 205 Day Wt. (Lb.) 496 380 3g2 348
Lb. Calf per Cow 496 736 TN 607

short breeding season of 60-70 days in an effort to move the average
date of calving earlier in 1972, It is likely that more of the cows would
have settled had the season been of a normal length, However, it is
obvious that the cows producing and rearing multiples would have been
delayed in rebreeding compared to the cows rearing singles. The [actors
associated with rebreeding following multiple births is an important
area needing further research.

Despite the low conception rate of cows in Groups II, III and IV
calving rate was markedly affected by multiple births in this study. A
total of 61 live calves were obtained resulting in a calving rate of 142.9
percent for the 21 cows conceiving at the first estrus after PMS, 113.0
percent for the 54 cows wintered, or 93.8 percent for the total group of
65 cows treated. As a result of the treatments used in Group I, an addi-
tional weaner call was obtained for every three cows treated.

There can be no doubt that the hormonal induction of multiple
births has great potential for increasing the productivity of beef cow
herds. However, there still remains a number of important questions that
need to be answered by additional research before it can be recommend-
ed for use in commercial production.
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Pre-Weaning Growth Of Large And Small
Scale Beef Calves

J- D Gresham, J. J. Guenther, J. R, Escoubas
L. E. Evans', R. I). Morrison® and A. A. Rutledge

Story in Brief

Pre-weaning rate of growth and maturity of eight small scale (Angus)
and eight large scale (Charolais) calves was studied. Data utilized for
evaluating rate of growth was obtained from skeletal linear measure-
ments and radiographs of the left metacarpal,

Results indicated a significant (P<.01) difference in the growth rate
of these two groups of calves with the small scale group (Angus) being
smaller, Metacarpal radiogram data indicated that the small scale calves
reached physiological maturity during the pre-weaning phase of their life-
time. However, these data suggest that physiological maturity in the
large scale calves is not attained until the post-weaning life phase. The
difference in the time at which physiological maturity is attained could
have important economical considerations. It would appear that whereas
the large scale calves are normally placed in a dry lot at the same age
as the small scale calves, they are still immature in skeletal development.
Also, the smaller scale beef breeds may well be suited for placing in a
[eedlot earlier than is the current practice from an economical stand-
point.

Introduction

For many years, a primary goal of animal scientists has been to
selectively breed and produce meat animals with the ability to grow
rapidly and deposit large percentages of “quality” lean tissue as cfficient-
ly as possible, Much effort has been expended in the measurement and
evaluation of gross indices such as weaning weight, average daily gain,
ribeye area, ete, These estimators of genetic breeding potential have cer-
tainly contributed to the improvement of the livestock industry. Con-
sequently, considerable research effort has been directed to the perform-
ance of the live animal after weaning with little study of the life span
from birth to weaning. With the recent introduction of the fast grow-
ing "exotic" breeds, questions have arisen as to the validity of these
measurements when applied to breeds of different growth rates and rates
of maturity.

! Department of Radiology, College of Veterinary Mexlicine
3 Department of Statistics, College of Aris amd Sciences
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The purpose ol this study was to determine certain physiological
changes relating to the growth and development of an “early” or "fast”
maturing, small scale bovine breed and a “later” or “slower” maturing,
large scale breed from immediately after birth to weaning,

Materials and Methods

The experimental animals for this study were eight grade Angus
steer calves and eight Charolais cross (7/8 Charolais x 1/8 Angus) steer
calves. Skeletal measurements were obtained at four stages of growth
from birth to weaning. Skeletal measurements were: 1) body depth,
measured from topline to sternum parallel to the 5th rib; 2) thickness
of forequarter, measured between the lateral surfaces of the shoulders;
3y thickness of hindquarter, measured between the lateral surfaces of
the round; 4) thickness of rump, measured between the lateral surfaces
of the tuber coxae; 5) length of rump, measured by the distance from
the anterior surface of the tuber coxae to the posterior surface of the
tuber ischii; 6) depth of forequarter, measured from the proximal sur-
face of the cartilage of the scapula to the olecranon; ?} lmd}r length, mea-
sured along the topline of the animal from the proximal anterior point
of the scapula to the posterior surface of the tuber ischii; and 8) IEnth
of side measured from the anterior surface of the lateral tuberosity of
the humerus to the anterior point of the tuber coxae.

All skeletal measurements were accomplished in duplicate. Live
weight at each evaluation period was also obtained on each animal. In
addition, the left metacarpal of each animal was radiographed at the
05U Veterinary Medicine Radiology Laboratory in order to evaluate
bone development and maturity,

The Angus calves averaged 41 days of age and the Charolais calves
32 days of age at the first evaluation period. Periods 2, 3, and 4 were
subsequent evaluation periods of 56 day intervals for both groups.

Results and Discussion

The analysis of the data presented in this study is derived from
values obtained at a specific period in the lifetime of the individual.
However, in analyzing any growth pattern one must keep in mind that
the pattern of growth is not composed of pnint-tu-|mint changes, but is a
continued balance of gain and loss of total animal mass. This pattern is
normally linear during the earlier, more rapid phase of growth followed
by a curvilinear pattern as maturity is approached. A change from a
linear to a curvilinear growth curve may then be used to estimate differ-
ing rates of maturity between the breeds of differing rates of maturity.
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‘T'he statistics of variation utilized in this analysis were breed varia-
tion and period variation as the main elfects, as well as a breed x period
interaction. "T'able 1 presents the tests of significance utilized for live
weight and the eight skeletal measurements. It is apparent that there
was no significant (<.05) breed difference between the Angus group
and the Charelais group from birth to weaning when analyzed for the
variable, live weight. There was a significant (P<.01) period effect and
breed x period interaction for live weight during this span of the calves
lifetime.

This difference in growth rate may best be illustrated by Figure 1.
The curves in Figure 1 reflect the change in live weight of the two breeds
through the first 168 days on this stud}r (pre-weaning phase). As noted,
Period 1 represents the initial evaluation of the animals followed by three
subsequent evaluations in 56 day increments, referred to as Periods 2, 3
and 4, During the first 56 days on trial (Period 1 to Period 2), the Angus
calves increased in live weight from 53.81 kg. to 91.17 kg., a total increase
of 37.36 kg. During this same length of time, the Charolais calves in-

Tahle 1. Mean Values for Linear Measurements and Radiﬂgra.m Ana-
lysis by Period

Period
Variable Breed 1 n 3 48
Live Weight! Al 53.81 91.17 135.81 169,53
iy 52.56 93.84 153,32 211.15
Body Depth® A 30.91 38.26 42.98 46.36
8§ 31.50 318.53 45,23 50.41
Thickness of A 25.30 29.05 32,34 3447
Forequarter® C 22.61 26.92 31.52 36.20
Thickness of A 27.42 3242 36.39 39.17
Hindquarter® K 21.08 32,55 39.26 43.62
Thickness of A 18.58 22,94 27.15 30.13
Rump® C 1841 25.04 31.88 32.27
Length of A 23.25 21.73 31.35 33.81
Rump® C 24.67 20.61 34.27 41.87
Length of A 6036 76.31 B6.92 95.54
Topline' H 63.99 78.71 89.21 99.47
Length of A 47,20 56,32 66,01 214
Side! C 50,66 60.28 69,79 79,40
Depth of A 21.03 31.86 35.76 39.37
Forequarter® C 29.58 34.12 39.7% 4346
Metacarpal Length® A 14.49 16.28 17.01 17.20
G 17.02 18.05 19.08 20,22
Metacarpal Area® A 440.20 49.42 37.59 59.02
L& 49,44 55.25 60.97

72,29
1 Average age of Angus — 41 day; Charslais = 32 doys
A Increments of 56 doys between Periods
A = Angus: G = Charolais
i Expres in kg.
8 Expressed [n cm,
! Expressed in ocm @
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Figure 1. Mean Live Weight by Period

creased in live weight from 52.56 kg to 93.84 kg. or a gain of 41.28 kg,
Thus, the Charolais calves out gained the Angus calves by 3.92 kg. dur-
ing this time. Between Periods 2 and 3, the Charolais gained a total of
59.48 kg. as compared to 44.74 kg, for the Angus, a plus of 14.74 kg. in
favor of the faster growing Charolais. Between Periods 3 and 4, the
Charolais out gained the Angus by 24.21 kg. Overall, during the first
168 days, the mean live weight for the Angus and Charolais was 112.61
kg. and 127.72 kg. respectively. This, however was not significant at the
5 percent level of probability.

Obviously, the period variation is significant (P<.01). In analyzing
the rate of growth of the two groups it may be noted that the Charolais
group exceeded the Angus at each period (after Period 1), with each
period difference in live weight being successively larger than the pre-
vious period (i.e. 3.92 kg, 14.74 kg, and 24.21 kg. for Periods 2, 3 and 4
respectively). This steady increase in live weight in favor of the Charolais
created the significant (P=.01) breed x period interaction illustrated in
Table 2. This interaction indicates that while both breeds are increasing
in live weight, the faster growing Chareolais are increasing at a more
rapid rate than the slower growing Angus.

While live weight may be used as one criteria for studying patterns
of growth, it would also be useful to know if there are differences in pat-
terns of growth within the skeletal structure of the animal. The eight
skeletal measurements previously mentioned were analyzed using the
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1aple £. 1 e85 O MENIICANCE (00 VAlTaDie Live vy oigi

Source df Sum of Mcan F Value
Souares Souare

Breed 1 3551115 35511.250 3.94

Animal {Breed) 14 126G146.75 10,482

Period 3 1675626.63 558542, 208 2033.66%+

Animal x Period (Breed) 43 11535.25 274649

Breed x Period 3 43951.13 14650,375 55, J4u4

Animal x Breed (Period) 42 11535.25 274,649

** Significant {P<=2.01%

same statistics of variation as for live weight. Data in Table 8 represent
a summary of the significance levels for each variable. The same explana-
tion as to significance of the main effects and the interaction presented
above for live weight is applicable to these linear measurements.

Table 1 contains a summary of the mean values for all linear mea-
surements, From this data one may analyze differences in development
of the skeletal structure between the two breeds and how and when they
may differ. No effort will be made at this time to plot the linear and
curvilinear phases of the various growth patterns due to the limited data
presently available.

In summarizing the linear measurement data in Tables 1 and %, it
13 apparent that there was a significant {P<.01) period effect for all vari-
ables studied. Also, there was a significant (P<.01) breed effect for three
variables, length of rump, depth of forequarter, and length of side. The
breed x period interaction, previously discussed, was significant (P<.01)
for all variables except thickness of rump, length of topline, and depth
of forequarter. Depth of forequarter was significant at the 5%, level of
probability, however. 1t is interesting to note that there was a significant
(P<.01) breed and period effect for length of rump, but no interaction.
Also, the thickness of rump and length of topline showed only a signifi-
cant period effect. From these data, one would surmize that while there
are evident differences in the growth rate between these two breeds from
birth to weaning, the basic measures of scale (i.e. width and length) show
similar trends of skeletal development.

While body weight and skeletal development provide visible and
physical estimators of rate of growth, another index that may be even
more precise is X-ray observation of a specific bone. From this type of
observation, the actual time at which long bone growth occurs as well as
the amount of long bone growth may be determined. For this study,
radiogram data were obtained on the left metacarpal of each animal at
each period of evaluation in order to estimate physiological maturity, in
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Table 3. Summary of Signilicance Levels of Skeletal Measurements and
Radiogram Analysis

Statistic of Variation

Variable Breed Period Breed x Period
Live Weight ns ki o
Body Depth ns el i
Thickness of Forequarter n3 kil hoisd
Thickness of Hindguarter ns * i
Thickness of Rump ns _— ns
Length of Rump oo h ns
Length of Side ot * bk
Depth of Forequarter e i -
Length of Topline ns i ns
Length of Metacarpal e "4 -
Area of Metacarpal i fa i
Metacarpal Length i . .
Metacarpal Area " byl -

nd = MNon-Signilicant {F>=.05)
* = Significant {I"<Z.05)
= Signilicant (F-==.01)

addition to bone growth. The two variables selected for analysis were
metacarpal length and metacarpal area. These results are presented in
Figures 2 and 3 and Tables 1 and 3. The same statistics of variation dis-

Zl}
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Figure 2. Mean Metacarpal Length by Period
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Figure 3. Mean Metacarpal Area by Period

cussed above were utilized for the radiogram data. It is apparent from
the data plotted in Figure 2, that the change from a linear growth pat-
tern to a curvilinear pattern has already ocourred within the Angus
group. This response is not apparent in the Charolais group, which ap-
pears to be still linear. Data available indicates that the Angus group
has approached physiological maturity, at least for this particular vari-
able. This apparently occurred sometime between 154 and 210 days of
age. The results for the Angus calves seem to be in agreement with
Guenther et al., (1965) who reported that Hereford beet calves at seven
months of age had already reached 87 percent of their [inal size. However
the Charolais calves apparently mature later according to the present
results,

Analysis of metacarpal area (Table 1) and rate of growth (Figure 3)
reflect a similar pattern of growth through Period 5 with the Angus
growing in total bone area at a more rapid rate than the Charolais. A
definite leveling response is observed between Periods 3 and 4 along
with a converse rapid increase in area for the Charolais, In comparing
the slope of the growth curve for the Angus between Periods 2 and § for
both length and area, it may be seen that while the length slope is de-
creasing, the area slope is not; therefore this bone appears to be growing
in area [aster than in length. The slope between Periods 8 and 4 are al-
most identical. Now, a similar slope is noted in the Charolais group for
Periods 1 to 3 for both area and length. However, the area :+In1:n: is much
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greater than the length slope between Periods 3 and 4. From this one
may postulate that a decline in bone growth might be noted in the early
"feedlot” phase of this study.
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Performance Of Three-Year-Old Hereford,
Hereford x Holstein And Holstein Females
As Influenced By Level Of Winter
Supplement Under Range Conditions

J- W. Holloway, I. F. Stephens, Leon Knori, Keith Lusby,
Art Dean, J. V. Whiteman and Robert Totusek

Story in Brief

The productivity of winter-calving, 3-year-old Hereford, Hereford
x Holstein and Holstein females under tallgrass range condition was
compared. Two levels of supplementation (Moderate and High) were
imposed on groups within each breed at calving and extended through
the rest of the winter. An additional level of supplementation (Very
High) was fed to a group of Holstein females.

As level of su pplementation increased, winter weight loss decreasec
except for the Herefords. Cows in each proup regained their winter
weight loss the following summer except the Moderate Holsteins. Con-
dition scores [ollowed trends similar to winter weight losses and summer
gains. Daily milk yield for the Hereford, Hereford x Holstein and Hol-
steins fernales was 14.0, 21.7 and 28.8 1b/day, respectively. Birth weights

In cooperation with USDA, Agricultural Research Service, Southern Region.
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were B, 8b and Yo Ib, respectively; and weanig weignis were o4y, vha
and T30 lb., respectively.

As level of supplementation increased, cows tended to exhibit estrus
and conceive spooner, The moderate Hereford x Holstein [emale had
the greatest dollar return above land and supplement costs per produ-
tive cow, but their poor rebreeding performance as three-year-olds de-
creased their net efficiency so that the most economical producers of
weaned beel were the Herefords.

Introduction

Weaning weight is one of the most important economic factors in
beel production. Selection for weaning weight automatically results in
selection for milk production because of the high correlation between
level of milk production of beef cows and weaning weight of their
calves, Milk production potential can be increased most rapidly by in-
fusing genes for high milk production from dairy animals,

The conversion of milk to calf gain is a rather efficient process
within the limits of milk production of the heel cow. Within this range,
the conversion is approximately 10 1b of milk per pound of gain. This
conversion may not be as eflicient at high levels of milk production. Al-
though it is possible to increase the level of milk production of range
beel cows, the increased feed requirements of the cow may decrease the
efficiency of beel production. The purpose ol this study was to deter
mine the influence of varying levels of winter supplementation on actual
milk yield, call performance and reproductive efficiency of range Lirosod
cows differing widely in milk production potential,

Methods and Materials

Groups of Hereford, Hereford x Holstein and Holstein females have
been continuously maintained under tallgrass native range conditions
at the Fort Reno Livestock Research Station since they were one year
old. At first calving, they were assigned to a level of winter supplemen-
tation on the basis of a pre-assigned calving order to equalize calving
date within breed. The Design of the experiment is presented in Table 1.

Within each breed, the females were subjected to two levels of winter
supplementation designated as Moderate and High. The Moderate level
consisted of that amount of supplemental feed deemed necessary to allow
good rebreeding performance in the Hereford females. Previous experi-
ence at the Fort Reno Livestock Research Station suggested a winter
loss (including weight loss at calving) from fall to spring of 10 percent
for yearling heifers bred to calve at 2 years of age and 15 percent [or 2-
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Table 1. Calving and Weaning Data

Hereford x
Hereford __ Holstein Halstein
Mod- Mod- Maod- Very

Tiem erate  High  erate  High  erate  High Hi;ifx
Ne. of calves weaned 12 ] 9 12 3 i) a

Male i 7 1 4 I 3 3

Female 5 1 8 8 2 5 3
Avg. calving date' 69 373 359 66 363 370 364
Avg. birth wt., b, 84 B85 86 Bb6 100 92 96
Ave. adj. weaning

wt,, b, 601 592 645 41 723 736 730

YDy of year, January 1, 1971 = 001

year-old females, rebred to calve at 3 years of age. The same level was
Hed to a group of Hereford x Holstein females and to a group of Hol-
stein females,

The High level was established by the Hereford x Holstein females
and consisted of that amount of supplement estimated necessary to main-
tain a body condition and physiological activity comparable to that of
the Moderate Herefords; this same level was fed to a group of Hereford
females and to a group of Holstein females. Also, a Very High level was
fed to a group of Holstein females. ‘This level was established by the
Holstein females and consisted of that amount of supplement estimated
necessary to maintain a body condition similar to the Moderate Here-
fords and High Hereford x Holstein crossbreds; this level was fed only
to Holsteins,

The base breed-treatment groups were the Moderate Hereford, High
Hereford x Holstein and Very High Holstein females which were fed,
as Z-year-olds, an average of 2.6, 5.5 and 7.7 lb./head/day post-calving
of a 30 percent crude protein supplement, respectively. As 3-year-olds
they were fed 3.1, 6.3 and 9.2 1b./headday, respectively. Within each
nutritional treatment, the quantity of supplement fed each female was
adjusted for differences in body sizes. Supplement intake by treatment
and breed is summarized in Table 2.

The females were bred as yearlings to Angus bulls; their perform-
ance as 2-year-olds was summarized by Kropp et al,, 1972, As 2-year-olds
they were bred to Charolais bulls; this report summarizes their per-
formance as S-year-olds. The females were artificially inseminated to one
Charolais bull for 23 days, then hand mated for 22 days and pasture ex-
posed for 45 days to three halfsib Charolais bulls.
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Table 2. Supplement Intake

Hereford x
Hercford Huolstein Huolstein
Mod- * 7 Mod- Mod-  Very
Tiem erate  High  erate High  erate  High  High
Supplement, Ih?
Total winter® 553 691 343 63 S0 780 1189
Ave. daily, winter 2.24 4.40 219 4.86 .49 497 1.57
Avg. daily, pre-
calvin 0.2 1.53 0.84 2.02 0.97 2,24 3.90
Avg. daily, post-
calving 3.05 604 .86 6.33 3.30 6.40 9.16

* Soybean meal (44%), 60.19%; milo, ground, 30.3%; dehydrated alfalfa meal 5.0%; dicalcium
p'|1l!l!£l:|l-'lrl?.- L0%; Masonex DA% salt, L5%; plus vitamin A added at 10,000 I07 /Ib of supplement.,
November 9, 1971 1o April 15, 1972,

Monthly individual cow weights (after a 6-hour shrink) were taken
from November, 1971 to November, 1972, Cow winter weight losses were
calculated from November, 1971 to the lowest weight after calving
{March), Cow conditions scores were taken prior to initiation, after ter-
mination and before re-initiation of the supplemental feeding period.
The scale for condition score was from 1 (very thin) to 9 (very fat).

All calves were weighed within 24 hours after birth and remained
with their dams on native pasture until weaning: no creepleed was fed.
During lactation, monthly calf weights (after a six-hour shrink) were
adjusted to 240 days by interpolation or extrapolation. The age-corrected
weaning weights of the heifer calves were adjusted to a steer equivalent
Ly multiplying by a factor of 1.05.

The 24-hour milk production was estimated by the calf suckle tech-
nique, The first estimate was taken when the calves were four to six
weeks of ape and then monthly until seven estimates had been taken,

Results and Discussion
Cow Weight and Condition

The amount of winter weight loss decreased as level of supplemen-
tation increased except for the Herefords (Table 3). The High Herefords
lost more weight during winter (28 Ib.) than the Moderate Herefords.
Apparently the Maoderate level provided adequate supplementation for
Herefords, and increasing supplementation to the High level resulted in
a decrease in forage intake; the High Herefords also produced more milk

1 Oklahama Agricalinral Experiment Statien Miscellaneons  Poablication 87, pp. B6-16,
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Table 3. Weight, Weight Change and Condition Data

Herelord x
Hereford Holstein Holstein
Meond- Moul- M- Yer

Ltem erate  High erate  High erate High Hig
Weight, Ib.
Fall, 1971

{Pre-calving ) 1012 1022 995 1070 1187 1172 1210
Spring, 1972

{Mid-lactation} 850 a2 812 ga7 912 55 1011
Fall, 1972

{ Post-lactation) 1035 1046 1011 1092 1168 1172 1240
Weight change, 1b.

Winter —162 —190 —183 —173 —275 —217 —199
Summer +185 4214 4199 4200 4256 4217 4229
Year 4+ 23 4 24 4 16 4 27 — 19 0 4 30
Weight change, %
Winter —16,00 —18.59 —18.39 —16.17 —23.17 —1852 —16.45
Summer 432076 42572 42451 4-22.30 4-28.07 43292 42265
Year 4 227 L 285 4 161 4 252 — L1.60 0 4 2.48
Condition score’
Fall, 1971

{ Pre-calving ) 5.60 6.10 4,27 4.83 3.33 3.00 3,95
Spring, 1972

{ Mid-lactation) 4.46 4,40 227 3.23 1.33 1.78 2.38
Fall, 1972

{ Post-lactation ) 6,58 640 4,90 4.92 3.00 4.00 4.50

L Condition score; very thim = 1, . ., , very fat = 8,

than the Moderate Herefords. Similar to the previous year (when they
were 2-year-olds), the 3-year-old Hereford females that lost more weight
in the winter gained more weight in the summer. This trend was not
as apparent for the Holsteins and Hereford x Holstein females although
the Moderate Holsteins gained more than the other Holstein treatments,
The Moderate and High Holsteins did not increase in weight during
the year as is normally observed between § and 4 years of age.

Generally, condition scores [ollowed the trends of winter weight
losses and summer weight gains. The High Herefords lost more condition
than the hoderate females but they were much fatter than the Moderates
in the [all before calving. As 2-year-olds a trend existed for the groups
that lost the most condition during the winter to compensate by gaining
more in the summer. As 3-year-olds, however, the trend was not as dis-
tinct. Moderate Holsteins and Moderate Hereford x Holstein crosshreds
lost the most condition in the winter (2.00 units each); the Moderate
crossbreds compensated by gaining 2.63 units of condition in the summer
but the Moderate Holsteins only gained 1.67 units of condition, prob-
ably due to a higher level of milk production.
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The cow weights during pre-partum, lactation and post-lactation
periods are presented graphically in Figure 1. 'The loss in weight between
the first and second month is primarily due to weight loss at calving.
All breed-treatment groups tended to continue to lose weight until the
fourth month (third month of lactation) after which a steady increase
in weight until weaning was noted. The Holsteins remained heavier
throughout the trial than the Herefords and crossbreds. Weight of the
two Hereford groups was very similar throughout the year, again indi-
cating that the Moderate level of supplementation was adequate, How-
ever, Moderate Hereford x Holstein crossbreds and Holsteins were con-
siderably lighter in weight than their higher supplemented breed mates

during the peak months of lactation; the Moderate crossbreds remained
lighter to weaning time,

Calf Weight

Birth weights and 240-day sex-corrected weaning weights are pre-
sented in Table 1. Calves out of Holstein cows were heavier than those
out of Hereford x Holstein cows. Since all females were bred to common
Charolais bulls, the differences in birth weight were probably due to
the larger body size of the Holstein females. At weaning calves out of
Hereford, Hereford x Holstein and Holstein cows weighted 597, 643

om0 Moderdle Holshedss
«—a High Helshaing
om0 Wary High Holsiains
te === Moderate Hareferd x Holsieins
+—a High Hereford x Holsleing
o= =1 Moderale Herafords
w——un High Herafords
1200+
g -
-3
—a
£ wool
=
=
& F00F
8O0
I ? Ak B ¥, 6 s B I
P e = | P ¥
Pra=Paorlum Lochation £i50 Post —Loctation
Perlod

Figure 1. Average body weight of cows.
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and 750 1b., respectively. Level of winter supplement within breed had
little influence on weaning weight, as was true the previous year.

Milk Yield

The greatest difference in total milk yield was between breeds with
the Herefords, Hereford x Holsteins averaging 5848, 5208 and G920
1.101"1(]5 EUIII]JZLI‘L‘([ to 2983, 4392 and 5824, respectively, when they were
Z-year-olds. Cows on the higher levels of supplementation tended to
produce slightly more milk within each breed (Table 4), but this was
not reflected in differences in weaning weight. Lactation curves for the
three breed groups remained separate (Figure 2) with the previously
mentioned trend for the groups receiving higher levels of supplementa-
tion to consistently produce more milk.

The lactation curves were remarkably flat and were similar to those
of the same [emales as 2-year-olds, in contrast to earlier reported lacta-
tion curves, probably due to the availability of spring grass when milk
yield normally declines. The Holsteins actually increased in milk pro-
duction through the fifth month of lactation, probably because of the
increased capacity of the calf at the time of lush grass in the spring
during periods 4 and 5 (March and April). Spring grass seemed to in-
crease milk production for the females fed lower levels of winter sup-
plement relatively more than that of females on higher levels.

Reproductive Performance

A definite trend existed for the number of days to first observed
estrus and the number of days to apparent conception to decrease as
level of winter supplementation increased, especially in the Holsteins
(Table 5). More cows were used to calculate reproductive performance
(Table 5) than weaning data (Table 1) because some cows whose calves
had died raised a foster calf. Their reproductive data was valid but their
calving and weaning data was not. As 2-year-olds, all Herefords, Hereford
% Holstein and Very High Holstein females rebred. A possible accumu-
lative effect on reproduction occurred for the Moderate crossbreds since

See Cor
Table 4. Milk Production Data rected Table p, 295
- Hl_‘n:tnrd_;_- T
Hereford Huolstein Huolstein
Mod- Mod- Mod-  Very
Tiem crate High crate High crate High High
Total lactation
vield, lb. 3120 3576 S04 5376 6552 6912 7296

Daily yield, lb. 15.0 149 21.0 22.4 27.3 8.8 30.4
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Figure 2. Average daily milk yield.

only 3 of 11 rebred as 3-year-olds. Only one Holstein {a High level fe-
male) was open, but it is difficult to appraise the reproductive per-
formance of the Holsteins because of the disproportionate number of
females which raised calves as Z-year-olds. This disproportionality was
due to the poor reproductive performance the previous year (as 2-year-
olds), especially for the Moderate Holsteins. The High Hereford female
that was open was probably due to chance; this was the only open Here-
ford in two productive years,

Economic Analysis

The economic analysis shown in Table 6 is based on Oklahoma 1972
prices. Different prices can be substituted as appropriate.

The assumptions for the economic analysis presented in Table 6
will be described. Cost of the native range was estimated to be $65.00
per year per female for the Moderate Herefords. A drylot trial involving
the same breed-treatment groups as this experiment was conducted con-
currently. Individual roughage intakes were determined in the drylot
trial and served as the basis for estimation of forage consumption of the
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Table 5. Reproductive Performance Data

Hereford x
Hereford Holstein Holstein
Mod- Mod- TMod- Very
Tiem erate  High  erate High  erate High Hi
No. of females 12 10 11 13 4 9 B
MNo. of females
exhibiting estrus 12 10 9 13 4 8 i

Days post-partum to

first observed estrus' 72.7 68.3 793 66.2 1267 78.5 5.7
No. of females bred 12 8 a 12 *+ 8 f
Days post-partum to

apparent conception® 940 M).4 94.0 Ba.g 1400 93.9 85.1

1 Based on those females which exhiblted estros.
2 Based on those females that conceived.

Table 6. FEconomic Analysis

Herelord x
Hereford Holstein Holstein
Mod- Mod- Mod- ¥
Item erate  High  erate High  crate  High H?;Il
Land requirement, %' 100 92 104 107 131 126 128

Land cost per female, § 65.00 59.65 67.69 6954 8487 8202 B83.17
Supplement cost per

female, § 1593 3114 1548 3438 1755 3510 53.55
Taotal land and supple-
ment cost, § 80.93 90.75 83.17 103.92 10242 117.12 136.72

Average value of calf 243.57 239.64 248.89 24798 253.27 256.02 254.77
Return above land and

supplement cost, §  162.64 148.89 165.72 14406 150.85 138.90 118.05
Return adjusted for

conception, §* 162.64¢ 148.89 14086 14406 102.58 120.84¢ 110.97

iExpressed as % ol Moderate Herefords as determined by forage intake in drylot trial.
A Based on conception vate as 2-year-olds,

range cows, The percent of forage consumed by each breed-treatment
group in drylot compared to that of the Moderate Herefords was multi-
plied by $65.00 to estimate the land cost of each group. The cost of the
supplement was estimated at $90.00.

The calves from the Hereford, Hereford X Holstein and Holstein
females was estimated to be worth $45.00, $42.00 and $40.00/cwt for
steers and $38.00, $37.00 and $35.00/cwt for heifers, respectively, with a
discount of $2.00/cwt for weights above 600 pounds. Estimated calf
value was calculated by multiplying the 240-day weaning weight of the
steer and heifer calves by their respective price/ewt and then caleulating
an unweighted steer-heifer average.
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On the basis of those cows which weaned calves, the Moderate cross
bred females returned the most profit above land and supplement costs
($166.89) followed closely by the Moderate Herefords ($162.73). Looking
a year ahead, however, the Moderate Herefords will have an advantage
because of better rebreeding performance. (Table 5.) Feeding the High
level of supplementation to the Herefords and the Hereford x Holsteins
decreased profits by $15.79 and $20.94, respectively. The Holsteins re-
turned less profit than the comparable supplement groups in the other
breeds, due to a higher feed requirement.

A more realistic financial return figure would be provided by ad-
Justing for rebreeding performance. This was done by multiplying the
return above feed cost per call by the percent conception of the cows
as 2-year-olds (Table 6). On this basis, Moderate Herefords were the
maost profitable.

Conclusion

Based on performance under range conditions through § years of
age, Herefords have been most profitable. The additional feed necessary
for good rebreeding performance of heavier milking cows weaning heavi-
er calves (Hereford x Holstein crossbreds and Iolsteins) has reduced
profit.
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Value Of Range Cow Supplements
Containing Urea, Biuret and Kedlor and
Effects Of Methionine-Hydroxy-Analogue
And High Levels Of Dehydrated Alfalfa

In Urea And Biuret Supplements

Ivan Rush, W. E. Sharp, Ray Helderman
and Robert Totusek

Story in Brief

Two groups of cows wintered on dry range grass were individually
fed winter supplements to evaluate the supplemental value of non-pro-
tein-nitrogen (NPN) from Kedlor, biruet and urea. Two supplements
containing 15 and 30 percent natural protein served as negative and
positive controls.

The other supplements were formulated to contain 30 percent crude
protein equivalent with the NPN (Kedlor, biuret or urea) contributing
one-half of the crude protein equivalent. The effects of methionine-hy-
droxy-analogue (MHA) and high levels of dehydrated alfalfa (40 per-
cent of supplement) when added to supplements containing urea and
biuret were also determined.

Mo consistent pattern was apparent in winter weight loss of cows
to indicate a considerable utilization of NPN from Kedlor, biuret or
urea. In one group, weight loss of cows on NPN supplements was gen-
erally intermediate between that observed [or negative and positive con-
trols. In the other group, weight loss observed on NPN supplements
was similar to that of the negative control.

The addition of MHA to urea or biruet did not improve the per-
formance of the cows. The MHA decreased the palatability of both sup-
plements, and especially with urea where intake was markedly decreased.

The addition of high levels of dehyrated alfalfa meal did not great-
ly decrease winter weight loss of cows fed urea and biruet supplements.

Calf gains and weaning weights did not appear to be affected by
the winter treatments imposed on the cows.

Appreciation is expressed to Dow Chemical Company, Midland, Michigan, for sup-
plying Kedlor and partial support, NIFAC Chemical Company, Prior, Oklahoma,
for supplying the pure biuret and to Dupont Chemical Company for supplying
MEHA and partial support.
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Introduction

Increases in the cost of the plant proteins have caused a consider-
able increase in the costs of supplemental feed which is the major ex-
pense in a cow-calf operation. Due to the increase in the cost of natural
protein, interest in and use of wrea and other NPN sources continue
to increase. Urea has been used extensively in feedlot rations to lower
the protein feed costs, and when urea is fed with concentrates it can be
effectively used by the rumen micro-organisms to synthesize microbial
protein,

Results have also been somewhat promising when urea is used with
wintering rations that contain a considerable amount of hay or silage.
To date, however, research has shown that utilization of urea by range
beef cows grazing low quality dried winter grass is disappointingly poor.
Some of the reasons for poor performance when urea is fed are: (1) It
is converted to ammonia in the romen more rapidly than the ammaonia
can be utilized by the rumen microbial population and is consequently
lost. (2) Dry weathered grass is low in readily available energy (soluble
carbohydrates) which is needed for the conversion of ammonia to micro-
bial protein. (3) High levels of urea can result in toxicity problems,

The use of NPN can lower the cost of range supplements. In view
of the increasing human demand for natural plant proteins, their price
will undoubtedly increase in the future. Since the ruminant is unigue
in being able to convert NPN into edible protein, methods of utilizing
relatively high levels of urea and other NPN products must be de-
veloped.

Considerable research effort is being exerted to alleviate the dis
advantages of feeding urea and to develop other desirable NPN sources,
One which appears to be the most promising is biuret, a product of
joining two molecules of urea. Biuret has the reported advantage of
being broken down in the rumen at a slower rate which should result
in a more effective utilization by the rumen microorganisms. Because
of the slower release of ammonia there does not appear to be a problem
with toxicity.

One disadvantage of biuret is that a period of time is necessary
for the rumen microorganisms to become adapted to biuret so that
it can be broken down to ammonia. The length of time needed for
adaption varies with the level of energy supplied plus other possible
factors, but in high roughage rations it may be as much as 50 days.
Another current but perhaps temporary disadvantage of biuret is that
it is more expensive than urea. A commercially available source of biuret
is Kedlor'.

VKadlor, a product of Dow Chemical Company, Midland, Michigan, eomaing approximately
0% bioret, 15% wurea and 2195 cyanuric acid and triured.
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In earlier research, a low level (5 percent of the supplement) ot
alfalfa has increased the utilization of urea and biuret. More recent
reports suggest that relatively high levels of alfalfa or dehydrated alfalfa
{40 percent or more of the supplement) may further enhance the utiliza-
tion of NPN and also reduce the time required for adaption to biuret.

Limited research has indicated that when cattle are under stress,
especially in the case of high producing dairy cows, methionine (an
essential amino acid) may be deficient. The leeding of methionine di-
rectly to a ruminant is of little value because it is broken down in the
rumen and thus is not present as methionine in the intestines where
amino acids are absorbed. Methionine-hydroxy-analogue (MHA) is a
product that is reportedly not broken down in the rumen but passes to
the lower gut where it is absorbed. Therefore, it may be a dietary source
of a methionine precursor to the ruminant. If lactating range cows under
stress are deficient in methionine, then supplementation with MHA
may fulfill the deficiency, particularly with supplements containing
NPN.

The purpose of this trial was to compare the utilization of NPN
from Kedlor, biuret and urea in range supplements and to determine
the effects of adding MHA and high levels of dehydrated alfalfa to
range supplements containing high levels of urea or biuret.

Procedure

The trial was conducted at the Lake Carl Blackwell Range located
10 miles west of Stillwater. The predominant forage is of the tallgrass
prairie type with climax species consisting of little bluestem, big blue-
stem, Indian and switch grass. Since the grasses were dormant during
the wintering trial, the maj::rr portion of the cows’ diet consisted of dry
weathered grass. Prairie hay was fed only on a few occasions when snow
covered the range forage.

The experimental cattle were 82 mature Hereford and Angus cows
6 to B years of age which were maintained in one pasture and 58 Here-
ford heifers calving for the first time which were maintained in a dif-
ferent pasture. The calving dates were November 22, 1971 to March 2,
1972 for the mature Angus and Hereford cows and October 6, 1971 to
January 25, 1972 for the Hereford heifers. The experiment was con-
ducted during an 88-day period from December 28, 1971 to March 25,
1972.

The ingredient makeup of the supplement is shown in Table 1.
Two of the supplements (1 and 2) contained all natural protein; supple-
ment | contained 15 percent crude protein and supplement 2 contained
80 percent protein. The remaining nine supplements contained 30 per-
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Table 1. Ingredient Make-up of Supplements (Percent)

Supplement
1 2 3 4 5 6H* TH* [T 7 [ 9

Negative Positive

Control Control

MNatural Natural Biuret Urea  Bioret Urea Bioret & Urea -
Ingredient Kedlor  Biuret Urea +MHA +MHA MHA [ MHA Alfalfa  Alfalfa

15 30 30 50 30 30 30 30 30 50 30

Alfalfa, dehydrated a.n 20 5.0 5.0 3.0 5.0 5.0 5.0 3.0 40.0 40.0
Milo 64.3 23.B 555 53.2 53.1 53.3 55.1 52.8 54.7 27.5 29.4
Molaszes, blackstrap 3.0 5.0 50 5.0 5.0 5.0 5.0 3.0 5.0 S0 3.0
Sovbean meal (24%%) 16.9 57.5 19.3 19.3 18.8 19.2 18.8 19.3 18.9 10.5 10.1
Wheat middlings 5.0 3.0 5.0 5.0 5.0 3.0 5.0 5.0 5.0 3.0 5.0
Kedlor o X 6.46 Lis) =Hisd et et = surs = i e
Biuret e e e 6.73 e 6.73 iy 6.73 i o 6.73 B
Urea = A1~ e Y, 5.31 et 5.31 et 5.81 o el 5.ad
Dicalecium phosphate 1.13 073 1.12 1.12 1 1.12 1.12 1.12 112 sre s
Monosedium phosphate 2.58 2.36 2.67 2.67 2,66 267 2.65 2.67 266 367 3.66
Sodium sulfate e 0.63 1.97 1.57 1.97 .75 0.75 0.75 0.75 1.59 1.58
Trace minerals 0.05 .05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0,05 0.03
MHA® il — ] S A P 1.185 1.185 1.58 1.58 i i

1Fed to Hereford helfers,
2 Fed o mature Hereford and Angus cows
! Methionine-hydroxy-analogue provided 10 gmhead Aday  before calving and 20 gmhead /day after calving,



cent crude protein equivalent; one-half of the total protein, or 15 per
cent, consisted ol natural protein whereas urea, biuret or Kedlor furn-
ished the remaining 15 percent (one-half of the protein equivalent).

Supplement 1, the negative control, served two purposes. First, the
difference in performance between cows receiving supplement 2 (30 per-
cent protein) and supplement 1 (15 percent protein) would indicate if
additional protein were needed beyond that provided by supplement 1.
Second, the performance of cows fed supplements 8 through 11, in com-
parison to cows on supplements 1 and 2, would provide some indication
of the degree of utilization of the NPN sources. The supplements were
formulated to contain 1.25 percent phosphorus, 0.5 percent calcium and
a nitrogen: sulphur ratio of 14:1. The MHA was added to provide 10
grams per head per day before calving and 20 grams per head per day
after calving, The supplements were processed into Y4 inch pellets and
were fed 6 days per week. Supplement was not fed on Sundays or on a
few days when snow or ice covered the ground in which case only prairie
hay was fed. The supplements were fed individually which allowed all of
the cows in each group to occupy the same pasture thereby eliminating
the effects of different pastures. The amount of supplement fed per
cow per feeding was as follows:

Before (.ah'mg After Calving

Hereford heifers, Ib 1 2.58 . 4.67
Mature Hereford and Angus

cows, lb. 1.75 3.50

Some of the supplements were not palatable and the cows did not
consume the entire amount offered. The amount of feed refused was
weighed each day and discounted from feed intake.

At the initiation and conclusion of the experiment the cows were
scored for condition on a scale of 1 to 9 with 1 being the thinnest and
9 the [attest.

The calves from the mature Hereford and Angus cows were sired
by Charolais bulls and the calves out of the Hereford heifers were sired
by Hereford bulls. Both the mature cows and Hereford heifers were
artificially inseminated starting January 12, 1972 and January 8, 1972,
respectively, After approximately 42 days of artificial inseminating, clean-
up bulls were turned with the cows for the remainder of the breeding
season. The calves from the Hereford heifers were weaned July 10, 1972
and the calves from the mature cows were weaned Auguat 15, 1972. Wean-
ing weights were adjusted to a 205-day basis and to a steer equivalent by
multiplying the 205-day weight of the heifers by 1.05. The calves were
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Table 2. Winter Weight and Condition Score of Cows

Supplement
1 2 3 4 5 [ 7 8 9
MNegative  Positive
Contral Control Biuret Urea Biure Urea
Matural Matural Kedlor Biurct Urea +MHA +MHA Alfalfa Alfalfa
Trem 15 30 30 30 30 30 30 30
Hereford and Angus Cows
Number cows 10 10 10 8 10 7 o9 9 9
Weight per cow, Ih,
Initial' (12-278-T71) 1060 1051 999 1061 1096 1099 1057 1114 1046
Final (3-25-72) 782 810 177 a0l 828 826 776 843 708
Weight loss 278 241 282 260 268 272 281 270 248
Percent loss 26.2 229 222 245 24.5 247 26.5 242 29.7
MNo. cows calved before
experiment 3 3 3 3 3 3 2 L] 4
Condition score
Initial +.8 5.0 4.4 45 5.0 21 4.9 5.2 49
Final 2.4 3.3 26 24 2.8 . | 2.6 3.1 3.1
Loss 2.4 1.7 1.8 2 2.2 20 23 2.1 1.8
Hereford Heifers
MNumber heifers 7 fi 7 7 fi 7 (i1 6 &
Weight per cow, lh
Inivial (12-28-72) 852 916 834 874 875 a04 909 845 863
Final (3-25-72) 730 822 716 753 T41 784 756 733 740
Weight loss 122 94 119 121 134 119 153 115 123
Percent loss 14.3 10.3 14.3 13.8 15.3 13.2 16.8 13.4 14.3
Condition score
Initial 53 5 4.7 53 53 5.4 3.2 5.3 3.2
Final 23 38 2.5 31 2.8 3.1 2.7 32 2.8
Loss 2.0 1.9 27 2.2 2.5 23 2.3 i 2.4

! Imitial weights of cows that calved before treatment started were adjusted o pregnant cow basis by dividi
calves and 568 for heifer calves and adding this correction factor for calving loss to the actual

initial weight of nﬂl

c@lf birth weight by .580 for bull
& OOW,



creep-fed with dehydrated alfalfa pellets in late winter (January, Febru-
ary and March).

Results and Discussion

Cow weight and condition score changes are shown in Table 1. The
percent weight loss (which included calving loss) for the mature Angus
and Hereford cows was relatively high in all treatments. The 15 percent
natural-protein supplement resulted in 3.5 percent more weight loss
than the 30 percent natural-protein supplement. The cows receiving
the Kedlor supplement lost about the same percent of weight as the posi-
tive control cows. The percent weight loss of mature cows on other NPN
treatments (except urea plus MHA) was intermediate between negative
and positive controls (15 percent and 30 percent natural), suggesting a
partial utilization of the NPN in the supplements. Trends in weight
loss in the Hereford heifers were similar to those observed in the mature
cows. The heifers consuming the natural 30 percent protein supplement
lost less weight than heifers on all other treatments. In general, percent
weight loss on NPN treatment was similar to that of heifers on the nega-
tive control, indicating little utilization of the NPN in the supplements.

The condition scores of the mature cows at the end of the trial were
not significantly different, although the cows on the natural 30 percent
protein supplement appeared to be in the best condition and the cows
on the natural 15 percent protein supplement in the poorest condition.
The change in condition of the Hereford heifers followed a similar pat-
tern for the positive control and NPN treatments. However, the loss in
condition of the heifers on the negative control was velatively smaller.

This trial did not indicate any benefit from the addition of MHA
to urea or biuret supplements. The supplement intake data (Table 4)
indicated that MHA lowered the palatability of the supplement when
added to both urea and biuret. The intake of the urea supplement was
especially reduced by MHA.

High levels (40 percent of the supplement) of dehydrated alfalfa
meal did not appear to increase urea or biuret utilization; the advantage
in winter weight change of cows on the urea supplement with alfalfa
over those on urea without alfalfa was small.

The performance of the calves and the fertility of the cows are
shown in Table 5. It is doubtful that the treatments had any effect on
the performance of the calves. The average daily gain of the calves while
on treatment and adjusted weaning weights did not follow any pattern.
For example, the performance of the calves from the cows on the natural
15 percent protein was the highest of all treatments for the mature cows
and the lowest for the Hereford heifers. It is doubtful that creepfeeding
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Table 3. Performance of Calves Born During Winter and Rebreeding Performance of Cows

Supplement
1 2 ] 4 5 G 7 g 9
Negative  Positive
Control Control Biuret Urea Biuret- Uread-
Natural Natural Kedlor Biur:: Urea 4+ MHA L MHA AlEalfa Alfalfa
Item 15 30 30 30 30 30 30 30
Hereford and Angus Cows
No. cows calved® 10 10 10 B 10 ¥ a8 9 ]
Calving date Jan 13 Jan 17 Jan 2 Jan 2 Jan 4 Dec 31 Dec 31 Jan 1 Jan 1
Birth weight®, Ib. 84 76 74 B4 81 86 80 78 78
Daily gain
Birth to 4-7-72, Ib. 143 1.33 1.26 1.47 1.34 1.28 1.25 1.35 1.22
Weaning weight’ 524 512 489 343 522 324 J0a 502 488
No. cows open B-15-72 1 9 0 i g g 1 ] 1
Hereford Heifers
No. cows calved® 7 & 7 7 6 7 [ [ 6
Calving date Nov 9 Nov 6 Now 21 Now. 2 Nov. 4 Nov 15 Nov 12 Nov 7 Oct 30
Birth weight, 1b.* 63 71 63 72 69 66 72 68 63
Daily gain
Birth to 4-7-72, 1b, 0.80 0.91 0.87 0.79 .99 0.92 0.79 0.89 1.03
Weaning weight 331 360 353 329 373 361 338 356 362
No. cows open 7-10-72 1 1 2 2 2 2 1 0
1 Includes cows that raised calves 1o weaning
1.048.

# Heifer calves adjusted to bull equivalent by mult
I Weaning weight adjusted o 205 davs of

Agc an

iplying actual hirth weight
u:rto steer basls (heifer weighe x 1.08),
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Table 4. Supplement Intake

1 2 3 4 5 ] 7 B 9
MNegative  Positive Biuret Urea Biuret Urea}
Control Control Kedlor Biuret Urea +MHA LMHA Alfalfa Alfalfa
Item 15 30 30 30 30 30 30 30 50
Hereford and Angus Cows
MNumber cows 10 10 10 ] 7 8 ] g9
Supplement
Offered, lb./hd/d el 7 2.38 2,78 278 2.76 2.12 274 2.74 2.94
Consumed, 1b/hd/d 2.63 2.58 2.78 279 2.45 2.64 1.93 2.74 2.53
Percent refused ] 0 0 ] 11.0 29 9.8 1] 7.6
No. of cows refusing
supplement ] 0 0 0 a 3 a ] 6
Hereford Heifers
Mumber cows 7 f 7 7 6 T f fi 6
Suy plemrnt
ffered, 3493 3.93 3.02 3.93 3.93 3.9 3.93 3.93 3.93
Cﬂﬂsumed ]b. 3.93 3.93 311 3.87 371 3o7 3.04 508 3.64
Percent refuzed 1] 1] 0.2 15.4 ] 8.2 22.5 1] 72
Mo, cows refusing
supplement 0 0 2 2 5 [ 4] 0 6




masked treatment eflects, since the average consumption of dehydrated
alfalfa pellets was only 22 and 62 pounds per calf from the mature cows
and Hereford heifers, respectively.

With the limited number of cows per treatment, it was difficult to
make definite conclusions regarding rebreeding performance,

As previously mentioned, urea lowered palatability. Also, MHA de-
creased the palatability of both urea and biuret supplements. Part of the
palatability problem was apparently due to lack of cnmpelitiun among
the individually fed cows. Supplement 5 (the urea supplement) was
group-fed to crosshred Angus x Holstein cows at higher levels than fed
in this trial and was commonly consumed in 12 minutes. 'The same sup-
plement was not completely consumed by all individually fed cows when
allowed 20 minutes to eat. There also appeared to be differences in pre-
ference among cows.

Conclusions

This trial indicated poor utilization of the NPN in winter supple-
ments for range cows. The addition of MHA or high levels of dehydrated
altalfa meal to urea and biuret supplements did not result in improved
cow performance. The MHA decreased the palatability of biuret sup-
plements slightly and urea supplements considerably.
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Liquid Protein Supplement vs.
Dry Natural-Protein Supplement For
Wintering Heifer Calves

Ivan Rush, Ray Helderman, W. E. Sharp and Robert Totusek

Story in Brief

A liquid supplement (self-fed) was compared to a dry natural-pro-
tein supplement (self-fed, with added salt as the intakelimiting in-
gredient) for heifer calves wintered on dry native grass, Calves consum-
ing liquid supplement lost 77 Ih. during the wintering period while
those fed the natural-protein supplement lost 54 1b. On the basis of
prices used, the liquid supplement had an advantage of $0.91 in winter
supplement cost, but a disadvantage of $8.05 in value of winter weight
change.

Introduction

The use of liquid supplements to provide additional energy, protein
and other nutrients has increased in recent years. Perhaps the major
advantage of liquid supplements has been the saving in labor to the
cattleman, They are selffed, plus in most cases they are delivered di-
vectly to the pasture. Most liquid supplements contain a molasses
base with urea added to supply the major portion of the nitrogen or
crude protein equivalent. Previous research at Oklahoma State Uni-
versity has suggested a low utilization of urea with low guality rough-
age; it is questionable if enough urea is being utilized to meet the pro-
tein requirements through synthesis of microbial protein.

Previous research has also shown that additional energy supplied
by molasses has very little if any benefit if the animal is in a protein
deficient state. In view of these and other problems associated with the
feeding of liquid sufrplements with low quality [orages, their actual
value should be fully determined.

The purpose of this trial was to compare a liquid protein supple-
ment with a self-fed dry natural-protein supplement for heifer calves
grazing low quality roughage during the winter.

.l'ipprcr:iat-i;'m.i:-i expressed to the Prolix Company, Box 423, Aliceville, Alabama, and
Harry Overbeck and Tom Harris, T Bar H Liquid Feeds, Cushing, Oklahoma, for
supplyving the liquid supplement.
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Procedure

The experiment was conducted at the Lake Carl Blackwell Range
located 10 miles west of Stillwater. "The predominant forage is of tall-
grass prairie type with climax species consisting of little blue stem, Indian
and switch grasses. Since these grasses were dormant during the winter
trial, the major portion of the diet consisted of dry weathered grass.
Prairie hay was [ed only on a few occasions when snow covered the range
forage.

The experimental cattle consisted of 44 crossbred Charolais x Angus
and Charolais x Hereford heifers 8-10 months of age. They were ran-
domly allotted to two groups. These calves had been weaned 9-22-71.
The experiment was initiated 11-18-71 and terminated 3-29-72, a 132-
day period. Two pastures were used and the cattle were rotated at the
time they were weighed which was at approximately Z8-day intervals,

The liguid supplement was a commercial mix that contained 35
percent crude protein and was self-fed. The natural-protein supplement
contained 30 percent crude protein. The ing]'u-:li{_'nt makeup of the
natural-protein supplement was as follows:

Ingredient Percent of Formula

Milo 23.80
Soybean meal (44%) 57.43
Dehydreated alfalfa meal 5.00
Molasses, blackstrap 5.00
Wheat middlings 3.00
Monosodium phosphate 2.36
Diicalcium phosphate Bl
Sodium sulfate .63
Trace minerals .03

100.00

Vitamin A to provide 10,000 IU/ b, of supplement.

Salt was used to limit the intake of the natural-protein supplement.
The salt level to limit the intake varvied from 17 to 27 percent and the
average salt level for the entire period was 28 percent, It was not possible
to maintain comparable intake of the two supplements at all times dur-
ing the trial. Consumption of the natural-protein supplement was re-
latively high early in the trial so its subsequent intake had to be restrict-
ed by increasing the level of salt. However, the amount of crude protein
consumed per head for the entire feeding period was equal for the two
supplements,

The calves were scored for condition at the start and [inish of the
trial.
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Results and Discussion

The summary of the performance of the calves can be seen in Table
1. The heifers consuming the liquid supplement lost 77 pounds while
those on the natural-protein supplement lost 54 puunds, a 23 pound
difference (statistically significant, P<.005), during the 123-day treat-
ment period. After 57 days on trial the weight loss of the two groups
of heifers was approximately equal and it was only during the last 75
days that the difference in weight loss occurred. The reason is not clear
because the consumption of liquid supplement was higher than natural-
protein supplement during the last 7% days. This is in contrast to the
earlier part of the trial when the consumption of the natural-protein
supplement was at a higher level than that of the liquid supplement.

The condition of the cattle as measured by condition score was not
influenced by kind of supplement.

The consumption of the liquid and dry natural-protein supplements
was approximately 1.0 and 115 lb. per head daily, respectively. Crude
protein intake was 0.35 per head daily for both groups. In addition,
(.54 1b of salt per head daily was consumed by the calves [ed the natural-
protein supplement,

An economic analysis is shown in Table 2. On the basis of price
assumptions which were used, the total winter cost of liquid protein
supplement was $0.91 less than for the dry natural-protein supplement.
However, the heifers fed natural protein had a 23 lb. advantage in
winter weight change which was worth $8.06 at $0.35 per pound; the
natural-protein supplement had a net financial advantage of $7.14. Prices

Table 1. Weight, Condition Score and Supplement Intake (Winter
1971-72, 132 Days)

Supplmmt and 9% Crude Protein

Natural Liguid
Ttem 30
Mumber heifers 22 22
Imitial weight, 1b. 579 564
Final weight, Ib. 525 492
Weight lost, b, LT ol T
Condition score’
Initial .04 .86
Final 3.05 2.88
Supplement consumed
511p1:l|t_'1'|||_-|1I:.-"|"|.r_':|.|;i_-"'d;j.}-. b, 1.15 1.0
Crude protein/head /day, b, ] A5
LOm o oscale of 129, with 1 the thinnese and 9 the fattes,
T Pestein supplement consumedd, oo oadelition, 0.0 b, sale Illmd,-'day wis alss consamexd.
** % heans were signilicantly (|If[1 rent from each other §F=="_{05]).
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Table 2. Economic Analysis

#upplemmt alI__%E:"ﬂ.ude Protein

Natural I:.I.g;tld

Ttem a0
Cost,/ton, $ B0.00" 85.00
Cost/lb. crude protein, § 1330 1130
Supplement cost/head/day, § A460 0425
Cost of salt/head/day, § 0034 e
Total supplement cost/head/day, % 494 0425
Total supplement cost/head, 132 days, § 6.52 5.61
Advantage in total supplement cost, § 0.91
Advantage in winter weight change, b, 23

Value at $0.35 per b, § 8.05
Met advantage, § 7.14

Vincludes the cost of the protein supplement. Salt was mixed at various proportions to control
intake. The average consumption of salt was 34 pounds per head per day.

used were those current when the trial was conducted during the winter
aof 1971-72; different prices can be substituted as appropriate in each
individual projection.

Conclusions

The results of this trial indicate that a liquid supplement can be
used to winter calves on dry native grass, but that a lower level of per-
formance should be expected compared to that obtained with a natural-
protein supplement,
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Self-Feeding vs. Six Or Three Times Per
Week Feeding Of High Urea Winter
Supplements To Range Cows
Ivan Rush, Ray Helderman, W. E. Sharp and Robert Totusck

Story in Brief

A 30 percent protein supplement with one-half of the protein equiv-
alent from urea was provided for Angus x Holstein crossbred cows winter-
ed on dry native grass. The supplement was (1) self-fed (with salt to limit
intake), or (2) fed six times per week, or (3) fed three times per week;
the weekly intake of supplement was similar among treatments. Al-
though self-fed cows lost less winter weight, differences were small and
other observations indicated no marked detrimental effects from feeding
the urea-containing supplement six times per week or even three times
per week.

Observations on the supplement feeding patterns of the cows showed
that (1) cows seli-fed ate supplement 3.4 times per day for a total of
34 min., (2) cows fed six times per week consumed their supplement
allowance in 12 min.,, and (3) cows fed three times per week required
three feedings in 8.2 hours and ate a total of 62 min. to consume theit
supplement allowance.

High winter weight loss and poor rebreeding performance of cow:
indicated that urea utilization was poor in all treatments.

Introduction

One way that a cattleman can lower the cost of wintering cattle s
to lower the labor requirement of feeding. Not only is the cost of labor
increasing, but the availability of qualified personnel for ranch work
is decreasing, so cattlemen are presently attempting to maintain more
cattle per man. Research at the Oklahoma Agricultural Experiment
Station has shown that cattle do not require daily protein supplemen-
tation but can be fed larger quantities 2 or 3 times per week with ne
sacrifice in performance. The previous research was done with natural
protein supplements. Today there is economic pressure to feed larger
quantities of urea and other non-protein-nitrogen sources, but there has
been no research concerning the frequency of feeding of range supple-
ments that contain high levels of urea,

Theoretically, based on laboratory amd metabolism research, urea
consumed in small amounts at frequent intervals should be utilized
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better than larger quantities consumed less frequently. This suggests that
seli-feeding should be most desirable and two or three times per week
feeding should be least desirable. Furthermore, the less frequent feeding
of larger quantities of urea supplements suggests a question concerming a
possible hazard of urea toxicity,

Procedure

The experiment was conducted at Lake Carl Blackwell Range lo-
cated 10 miles west of Stillwater, Oklahoma, The predominant forage
is of the tall grass prairie type with climax species consisting of little
bluestem, tall bluestem, Indian and switch grass. Since these grasses were
dormant during the winter trial the major portion of the cows’ diet con-
sisted of dry weathered grass. Prairie hay was [ed only on a few occasions
when snow covered the range forage.

The experimental cattle were crossbred Angus x Holstein cows,
4 and 5 years old at the beginning of the trial. All cows in the trial
were hred to Hereford bulls. The cows started calving December 1,
1971 and finished March 3, 1972, a %4 day period.

The experiment was conducted during a 123 day period from No-
vember 19, 1971 to March 21, 1972, The experiment consisted of six
groups of cows with two groups randomly assigned to each of three
treatments. Treatment 1 involved self-feeding the supplement; salt was
mixed with the supplement to limit its intake. The cattle on Treatment
2 were fed 6 times per week while those on Treatment 3 were fed 3
times per week. The amount of sell-fed supplement consumed wsa cal-
culated each week and this quantity was fed in the hand-fed groups
the following week. This allowed all groups of cows to consume ap-
proximately the same amount of supplement during the trial. The
groups of cattle were rotated among the six experimental pastures at
approximately 28-day intervals to minimize differences in performance
due to possible pasture differences.

The ingredient makeup of the protein supplement was as follows:

Ingredient Percent of Formula
Milo 55.10
Sovhean meal (4470 168.79
Alfalfa, dehydrated 5.00
Molasses, blackstrap 5.00
Wheat middlings 3.00
Urea (45% N) 5.31
Dicaleiwin phosphate 1.12
Monosodium phosphate 2.66
Sodium sulfate 1.97
Trace minerals 05

100.00

Vitamin A—added to supply 10,000 IUAb. of supplement.
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The supplement was formulated to contain 30 percent crude protein
with urea furnishing one-half of the crude protein equivalent. The in-
tended intake was 3 1b. per head per day before the majority of the cows
calved. To regulate intake the level of salt ranged from 25 to 33 percent;
the average level during the trial was 28 percent of the supplement
mixture,

The supplements which were hand-fed six and three times per
week were initially processed into a 34 inch range cube and fed on the
grass. At a later mixing some problems were encountered in making
the large cube, so a 5 inch pellet was made and this was fed in feed
bunks.

Supplement intake patterns were observed on all groups during two
24-hour periods in March. The self-feeders were observed for 24 con-
tinuous hours and the time of day and duration of supplement feeding
ol each cow was recorded. The hand-fed groups were ohserved until all
supplement was consumed.

Calves were weaned and weighed August 10, 1972; weaning weights
were adjusted for age of call, sex of calt and age of dam.

Results and Discussion

A summary of the amount of supplement consumed and the weights
and condition of the cows is shown in Table 1. The cows that were
sell-fed lost Jess weight than the cows that were fed six or three times

Table 1. Cow Weight, Cow Condition Score and Supplement Con-
sumption (Winter 71-72)

Six Times Three Times
Sell-Fed Per Week Per Week
MNo. cows 16 18 17
Weight
Imitial, 11-19-71, 1b. 1164 1135 1109
End of winter, 3-21-72, lh. 876 817 B0a
Winter loss, 1b. 288 318 303
Winter loss, % 248 282 213
Fall, 8-10-72, Ih. 1050 1109 1110
Condition score®
Imitial, 11-19-71 5.19 3.17 4.94
End of winter, 3-21-72 1.81 1.78 147
Change 3.38 3.39 347
Supplement per cow daily, 1b. a0 3.32 340

L a scale of 1 to @ with 1 the thinnest and 9 the fattest,
? Pounds of protein supplement comsumed. In mddition, 1.28 poumdds of salt were consumed £
heard fday
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PEL WECK, AlU LG CHLLIE [e0 ree nmes per week lost shghtly less than
those fed six times per week; differences in weight changes among treat-
ments were not statistically significant (P<.05). The weight loss of cows
on all treatments was higher than desired on cows of this age and the
cows became very thin by the end of the trial.

Cattle fed three times per week were slightly thinner in condition
at the end of the trial than cows that were sell-fed or fed six times per
week. The thin condition cows on all treatments is reflected in the poor
conception rate shown in Table 2; all groups are below an acceptable
fertility level.

These ohservations on weight loss, condition and rebreeding suggest
that the utilization of urea was low; comparable levels of an all-natural-
protein supplement fed to the same cows a year earlier resulted in less
weight loss and much better rebreeding performance.

The performance of the calves (Table 2) did not appear to be
greatly affected by the treatments. The trends in call performance were
in contrast to cow weight changes. The calves from cows fed three
times per week had a higher average daily gain while on treatment and
from birth to weaning plus a higher adjusted weaning weight; calves
from self-fed cows had the lowest average daily gain and adjusted wean-
ing weights,

Part of the ditference in call performance can be explained by the
differences in date of calving (which was unrelated to winter treatment
in this trial). Self-fed cows calved 17 and 10 days earlier than those
fed three and six times per week, respectively; calves that were on the
winter treatment the longest had the poorest performance. It is also

Table 2. Performance of Calves and Rebreeding Performance of Cows
(Winter 1971-72)

Frcqu.:.n.q' of Fcnr]mg

Six Times Three Times
Self-Fed Per Week Per Week
No., cows 16 18 17
Avg. calving date Jan. 6 Jan. 16 Jan. 23
Rirth wt.,' Ih. 78 81 B4
Wt. of calves 3-21-72, Ib. 202 200 195
Daily gain to 3-21-72, Ib. .70 1.88 1.93
Weaning wt.*, Ib, 361 502 545
Condition score® of calves 6.38 f.59 6.53
MNo. of cows rebred 12 12 12
Percent cows rebred 75 G7 7l

1 Heifer 1.||n-s =||I|||!.1rl:l s 1:||:|l| ||:||.||ult nt by HIII||I'|'||}IJ:|R ||:1||||| ILIrlh weight by 1048,
2 Weaning weight adjusted to 20%-day, ateer, mature dam basi,
20n a scale of 1.9 with [ the thingest and 9 the Fattese,
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possible that due to chance the treatment groups were unequal in genetic
ability for cow productivity. Certainly there would be no reason to ex-
pect cows with greater winter weight loss to produce heavier calves,
The condition of the calves at weaning did not appear to be affected
by the winter treatments.

The supplement feeding patterns of the cows are shown in Table 3.
Seli-fed cows ate supplement an average of 3.4 times per day and a total
of 54 minutes for the 24-hour period, an average of 10 minutes at each
feeding. During the 24-hour period when observed they consumed ap-
proximately 5 lb. of supplement which included 2.15 1b. of salt; the
supplement mix contained 30 percent salt during the days of observation.
The cattle fed six times per week consumed the same quantity of pelleted
supplement in 12 minutes,

It was interesting to note that when the cows fed three times per
week were fed 10 1b. per head they did not eat the entire amount at
one time, but ate the supplement very slowly for 10 to 20 minutes and
then grazed for a period of time before returning for more supplement.
Their supplement contained no salt to limit intake, On the average a cow
ate the supplement at three different times in 8.2 hours with a total eat-
ing time of 62 minutes, This suggests that the unpalatable urea limited
the intake or that possibly some feed-back mechanism, developed from
prolonged [eeding of urea, stopped the cattle from eating toxic levels of
urea.

Table 3. Frequency and Time of Supplement Feeding (Winter 71-72)

Frequency of I-'t-ading_ j

Six Times Three Times
Self-Fed Per Week Per Week
First 24-hr. observation, 3-3-72
Eating time/head/day, min, 39 10 61
Mo. times ate/day 4.1 Lo 3.0
Time feed was available, hr. 24 = B3
Amount consumed, lb, 5.44 5.0 10.0
Second 24<hr. obaervation, 3-10-72
Eating time/head/day, min. 29 14 62
Mo, times ate/day 2.7 1.0 3.1
Time feed was available, hr., 24 oo 8.1
Amount consumed, b, 4.65 5.0 10.0
Both 24-hr. observations
Eating time/head/day, min, 34 12 62
Mo, times ate/day 3.4 1.0 3.1
Time feed was available, hr, 24 A 8.2
Amount consumed, lh. 5.04 5.0 10.0
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It should be emphasized that the cattle had been fed supplement
for approximately 3 months before these observations were taken. Okla-
homa State University research has shown that about 20 gm of urea per
100 1b. body weight in a single dose to unadapted cows will cause death.
In this trial, the cows fed six times per week received a maximum of
about 15 gm urea per 100 Ib. body weight at a feeding (consumed in
about 12 minutes). The cows fed three times per week received a maxi-
mum of about 30 gm per 100 lb. body weight at a feeding, but the sup-
plement was consumed at three different times during 8.2 hours,

This intermittent consumption of supplement, somewhat similar
to the feeding pattern exhibited by the self-fed cows, may explain why
the performance of these cows was not at a lower level. Furthermore,
at the start of the trial the cows were gradually switched from six to
three times per week feeding during a 2-week period.

Conclusion

This trial suggested a slight improvement in utilization of urea
from self-feeding the supplement, as indicated by cow weight loss, but
urea containing supplements were hand-fed six or three times per week
without serious consequences. High weight losses and poor rebreeding
performance suggested poor utilization of urea in all treatments,
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Selection of Cows for the Breeding Herd
I. Value of a Female’s Own Growth Record

A. C. Boston, J. V. Whiteman and R. R. Frahm

Story in Brief

The records of 680 Angus cows and their 2,664 calves and 183 Her-
ford cows and their 634 calves were studied o determine the relative
merit of different measures in predicting the average weaning weight of
the calves that a cow produced. The measures were (1) the heifer's own
205-day weaning weight and (2) her yearling weight (about 14 months) .
The data came from fourteen years of records of two beefl cattle breeding
herds, one at the Fort Reno Livestock Fesearch Station and one at the
Lake Carl Blackwell range area west ol Stillwater. All Weight records
were corrected for age of calf at weaning, age of dam and sex and the
average effects of years and herds were removed.

The value of a female's own record in predicting the record of her
calves was evaluated in terms of a statistic called a regression coefficient.
(This statistic indicates how the calves’ records respond in relation to
the cow’s record. Example: If a regression coefficient is .2, this means that
the calf's weaning weight tended to be about .2 pounds heavier than
average for every pound that the cow’s record was heavier than average,
Also, if a cow’s own weaning weight was lighter than average, her calf's
weaning weight was .2 pounds lighter for every pound that the cow's
record was below average.)

The analyses of these records indicated that if the heifer calves with
heavier than average weights at weaning are saved as replacements they
can be expected to produce heavier weaning calves than if the lighter
heifers had been saved. The data further suggested that this difference
would not be large, however, The regression coefficient was .23 for Here-
fords and .12 for Angus when comparing all calves produced to the
weaning weight record made by the cow.

The study also evaluated the merit of the cow's vearling weight as
a predictor of her ability to wean heavy calves. The data suggested that
the cow's yearling weight may be a little better predictor. The values
obtained suggested that for each pound that a2 Hereford heifer was heav-
ier than her mates as a yearling, she would produce calves that were .29
Ibs. heavier than their mates on the average throughout her life. The
value for Angus was .14 again suggesting that these relationships are
lower in Angus than in Hereford females.

In cuupq:cra.t.il;h_;'iih USDA  Agricultural Research Service, Southern Region,
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Introduction

There is a great amount of variation in the weight of different calves
at weaning time. Further, it is easy to show that some cows consistently
produce much heavier calves than others. It would be most [ortunate if
the cattlemen could know which heifers would become the producers of
the heavier calves so that he could keep these for replacements,

There is presently some concern about the idea that if a young
heifer becomes too fat her own milk producing ability may be damaged.
If this is true, the heavier heilers at weaning (which would tend to be
the fatter ones) might not themselves become the best cows in the next
generation.

This study was undertaken to determine from typical Hereford and
Angus cow production records (1) how valuable a cow's own growth
performance as measured up to weaning and as a yearling is in predict-
ing her producing ability as a cow and (2) whether there was a realis-
tic problem regarding damage to a heifer whose mother gave enough
milk to make her heavier at weaning.

Experimental Procedure

The weaning and yearling weights were collected from 1958 through
1971 as part of two beef cattle selection projects. These projects were
located at the Lake Carl Blackwell Range west of Stillwater and the
Fort Reno Livestock Research Station, El Reno, From these 14 calf crops,
the weaning weights of 2,664 calves from 680 Angus and of 634 calves
from 183 Hereford cows were studied. All cattle were purebred or
straight-breds. The cows were born from 1956 through 1969, There were
weaning weights available on 573 of the Angus and 162 of the Hereford
cows when they were calves and yearling weights were present on 427 of
the Angus and 144 of the Herefords, The averages of these various
weights are reported for each breed in Table 1.

The cattle in this study are considered to be representative samples
of the two breeds. Therefore, it is felt that the genetic base is broad
encugh in both breeds that the results of this study are characteristic of
these breeds.

The cow herds were managed similar to local progressive beef herds
under a native range, spring calving program, Wheat pasture was utilized
by the cows after weaning when available. The cows were supplemented
in the winter when on dormant range with up to § pounds daily of
cotlonseed cake. Alter calving, alfalfa and prairie hay were also fed. The
amount of supplemental feed depended upon location, year and con-
dition of the cattle. The calves were not creep-fed. Replacement heifers
were fed their first winter to gain from 0.5 to 1O pounds per head daily.
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Table 1. Number of Cattle and Averages by Breed for the Adjusted

Weights!

: Lo Angus ~ Hereford

Weight No. Average 5.2 No. Average 505
{Ibs.) (s} {1bs.) (Ihs.)

= s = 21 =

Weaning 573 434 39 162 450 a7

Yearling 427 602 60 144 622 64
Clalf:

Weaning 2,664 426 42 634 435 49

1 Weights were ad,j-u-am l'nrnag;e at wgiing, age of d_am sex ol yur..
3 Seandard deviation,

Special effort was made to maintain uniform grazing conditions for all
animals at each location.

The females in each herd were allotted to 15 to 30 cow, single sire
breeding groups. The breeding season ran from May 1 to July 31. All
calves were spring born with the majority coming in February and
March. All cows were also spring born. Only calving records of cows 11-
years-old and younger which calved first as 2-year-olds were included in
this study.

All calves were identified at birth. Depending upon project and
location, the male calves were left intact or castrated. About 359 of all
males were castrated at about 3 months of age. The calves were weaned
and weighed each year at an average of about 205 days, normally late
September. The replacement heifers were weighed for long yearling
weights just prior to being placed into breeding pastures at approxi-
mately 14 months of age. Cows were culled because of poor production,
unsoundness, reproductive failures and age,

Measured differences in animal growth are due mainly to genetic or
environmental causes. Genetic merit can be most accurately estimated
when cattle are managed under similar environmental conditions and
when their weights are corrected to a common basis for known environ-
mental differences. The cow and call weaning weights were corrected by
statistical procedures for differences in age at weaning, age of dam, sex,
year and herd. The weaning weights were corrected o a 2054.1;1}5 mature
dam and female basis.

The cow and calf traits studied were corrected to 2056-day weaning
weiglts of cows and calves and 425-day cow yearling weights,
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Results and Discussion

Selection of replacement heilers is normally based primarily on their
own weaning weight, condition and conformation and maybe secondarily
on yearling traits, "The observed or measured relationships between these
weights of a cow when she was a heifer and the weaning weights of each
of her calves and the average of all her calves was estimated by the sta-
tistical procedure of regression coefficients.! A larger coefficient indicates
a larger influence, a value of zero indicates no influence and a negative
value indicates a negative influence. (If the heaviest heifers at weaning
were severly damaged as potential producers of milk, they would pro-
duce lighter than average calves and this regression coefficient would he
negative.)

In Table 2 the relationships between a cow's own weaning weight
and that of her calves is presented, The columns headed & present the
estimates of the various regression coefficients for each breed. For in-
stance, on the first line the value, .15, under Angus indicates the regres-
sion coefficient for the weaning weight of the ealf born to a two year old

1A regresion coc [I'u Irllr {symbolized by the letter, b) i8 & number which represenia the avern
change in a second variable per unit change in the fimt varinble. Tn this case the First varlable
is the weaning welght of the cow when she was a calf. 1 she was above average, how much do we
expect her |.'|I‘E:|'.rr|||n: o he above average! The regression oeeflicient tells how much,

Table 2. Estimates of the Regression Coefficients (b) for the Change in
Calves’ Weights per Pound Change in a Cow's Own Weaning

Weight
ﬁng‘us Herelord
Calf Standard Standard
Weaning Mo of Error No. of Error
Recordst Pairs b {Ihs.) Pairs b {1bs.)
Cow Yearling Weight £
2 461 0.15%% 0.05 140 0.26% 0.12
3 410 0.07 0.05 118 0.35%% 0.13
4 326 (.09 0.06 93 0.15 013
5 240 0. 16%* 0.07 fifi 0.18 0.13
i1 180 0.13 0.07 48 0.24 0.13
7 146 0.04 0.08 39 0.33 0.17
i} 112 0,06 0.12 30 0.15 018
9 8 0.03 0.10 10 0.31 0.30
10 L] —.02 0.12 4 0.22 0.72
11 29 0.09 n.1a
Average 573 2% 0,04 162 0.23% 0.09
e !
*p= 15,

1 The numbers in this eolumn vefer 1o age of cow when the call was born, Average is the average
of all calves of a cow,
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heifer. If the cow weighed a pound more than the other heifers in her
herd, her first calf is expected to weigh .15 1b. more than the other
calves of the same sex and age. The other b values down the column
are interpreted similarly relative to calves born to cows of the indicated
age. Table 3 presents similar results relative to the cow’s yearling weight
and the weights of her various calves.

Of these regression coefficients, 39 percent of the Angus and 35 per-
cent of the Hereford estimates were significantly larger than zero® It
was also encouraging that 86 percent of the Angus and 100 percent of
the Hereford relationship estimates in Tables 2 and § were positive. The
nonsignificant and negative estimates tended to be those involving older
cows with comparatively low numbers of cow-call pairs. A negative or
very low relationship indicates that very little or no progress would be
obtained [rom selection based on the cow trait involved. Thus, the re-
lationship estimates in Tables 2 and 8 indicate that selection based on
either or both of the cow weights should result in some increase in
weaning weights of calves produced. However, the amount of increase
is estimated by these data to be small, especially for Angus.

Tables 2 and 3 indicated no significant differences between corres-
ponding relationship estimates involving cow weaning and yearling

#The word signiflicant means that the evidence is strong that the real relationship being estimated
i5 positve,

Table 3. Estimates of the Regression Coefficients (b) for the Change in
Calves’ Weights Per Pound Change in a Cow’s Yearling

Weight
Angus Hereford ¥
Calf Standard Standard
Weaning No. of Error Mo, of Error
Records® Pairs b (Ihs.) Pairs b {Ihs.)
Cow Yearling Weight e ol
2 339 0.13%= 0.04 129 0.32# 0.10
3 296 0.09 0.05 102 0434 0.13
4 221 0.08 0.06 B2 0.13 0.13
3 162 0.20%= (.08 57 0.26% 0.13
f 128 0.15* 0.07 39 0.12 0.13
7 99 1 0.09 8 0.36 0.20
8 i —01 0.13 20 0.20 0.27
9 46 0.05 0.12 7 0.48 0.26
10 3 —.01 0.15 1 0.07 0.47
11 8 0.12 0.07
Average 427 0.1 4%% 0.4 144 ). 29w .08
P01, ey i
P 05

1 The numhers in this oolumn vefer to age of cow when the call was borm, Average is the average
of all calves of a cow,
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weights. However, there was a general wend for cow yearling weight esti-
mates to be larger than corresponding ones involving cow weaning
weight, This trend was most pronounced in Herelords where these re-
lationships appeared to be larger than in Angus. These results suggested
that a cow’s yearling weight may be more closely related to the weaning
weights of her calves than is her own weaning weight. Thus, selection
of replacement heifers might best be accomplished by using their own
yearling weights, Yearling weight has been shown to be a better indi-
cator of an animal's inherited growth ability than is weaning weight.

Several researchers have suggested that mothering ability (basically
milk production) provided by beef cows for their heifer calves may in-
fluence the heiler's own mothering ability. Some have suggested that
there is a negative (undesirable) relationship between a cow's milk pro-
duction and the genetic growth potential that she transmits to her calves.
Either or both of these theories might be partial explanations for the
low cow-call weight relationships observed in this study,

Angus cows are generally considered to give more milk than Here-
fords. Therefore, the additional milk received by the Angus heifer calves
could have harmed their cow productivity as compared to the Hereford
heifers. Another factor which might have contributed to the observed
breed differences in the cow-calf weight relationships is the tendency
for Angus cows to allow more than one calf to nurse. This “community”
nursing tendency would be expected to decrease the size of these weight
relationships. This behavorial trait in Angus probably rvesults in a
heifer's pre-yearling growth not being a good indicator of her inherited
mothering ability. And it might also result in the weaning weights of
a cow's calves not being a good indicator of her true mothering ability.

66 Oklahoma Agricultural Experiment Station



Selection of Cows for the Breeding Herd.
I1. Consistency of Cow Productivity as
Measured by Calf Weaning Weights

A. G Boston, R. R. Frahm and J. V. Whiteman

Story in Brief

Several studies have indicated that the weaning weight of a cow's
first calf was a better indicator of a cow's future productivity than the
cow's own early growth performance. The purpose of this study was to
determine the relationship between a cow’s early productivity and her
subsequent productivity as measured by the weaning weight of her calves.
To examine this relationship, the weaning weight records of 2,664 Angus
calves from 680 cows and 634 Hereford calves from 183 cows were ana-
lyzed.

The repeatability of call weaning weights from the same cow were
found to be 0.27 and 0.50 for Angus and Hereford cows, respectively. This
significantly higher repeatability for Hereford cows indicated that Here-
ford cows were more consistent in their level of productivity as measured
by calf weaning weights. Regression coefficient of the weaning weight of
a later calf on the weaning weight of an earlier calf indicated a degree
of relationship of approximately the same magnitude as the repeatabili-
ties for the two breeds for those calf weaning weights 4 years or less
apart. Regression coefficients between weaning records b or more years
apart were considerably lower. These results indicate that calf weaning
weight would be a good indicator of a cow’s subsequent productivity for
up to 4 years and would have limited value as a predictor of a cow’s
productivity 5 or more years in the future,

Introduction

The economic contribution of the cow-calf enterprise to Oklahoma’s
economy is highly dependent on the weaning weight and grade of the
calves produced by the approximately 2.2 million beef cows in the state.
Total production can be substantially increased il the proportion of
cows consistently producing heavy weaning weight calves every year of
their productive lives can be increased. Cow-calf production testing pro-
grams have made cattlemen aware of the need for improved technigques
and breeding plans that will increase cow productivity,

In cooperation with USDA Agricultural Research Service, Southern Region.
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Improvement of weaning weights is dependent upon increasing pre-
weaning growth potential of calves and the mothering ability (mainly
milk production) of the cows. If selection for weaning weight is to be
most effective, cow productivity must be accurately estimated at an early
age. Although helpful, a cow's own weaning weight and yearling weight
performance do not provide very accurate predictions of her future pro-
ductivity (See preceding article) . A more accurate estimate of cow pro-
ductivity is provided by the weaning performance of the first call, The
purpose of this study was to determine the relationship of a cow’s early
productivity (early lactations) with her subsequent productivity as
measured by the weaning weight of her later calves.

Experimental Procedure

Data from two beel cattle selection projects collected from 1958 to
1971 were used in this study. These projects included cattle at both the
Lake Carl Blackwell Range west of Stillwater and the Fort Reno Live-
stock Research Station at El Reno. Weaning weights from 2,664 Angus
calves from 680 cows and 634 Hereford calves from 183 cows were ana-
lyzed. The cattle in this study were considered to be representative sam-
ples of both breeds and constituted a broad enough genetic base 1o pro-
vide information characteristic of these breeds.

The cow herds were managed similar to local progressive beef herds
under a native range grazing program. Wheat pasture was grazed in the
winter when available. Alfalfa and/or prairie hay was fed as needed in
the winter. Up to § Ibs. per head daily of cottonseed cake or equivalent
protein supplement was fed during the winter with the actual amount
being determined by location, year and condition of the cattle, A special
effort was made to maintain uniform grazing conditions for all animals
at each location,

The females in each herd were allotted to 15 to 30 cow single sire
breeding groups. The breeding season ran from May 1 to July 31. All
calves were spring born with the majority coming in February and
March. Only calving records of cows 1l-yearsold and younger which
calved first as a 2-year-old were included in this study.

All calves were identified and weighed at birth. Approximately 35
percent of the male calves were castrated at about 3 months of age and
the other 65 percent were raised as bulls. All calves were raised by the
cows on native range without any creep feed and were weaned and
weighed at an average age of 205 days, which normally occurred in late
September,

Measured differences in call weaning weights are due mainly to
genetic and environmental causes. Genetic merit can be more accurately
estimated when cattle are managed vnder similar environmental con-

&8 Oklahoma Agricultural Experiment Station



ditions and when their weights have been corrected lor known non-
genetic or environmental factors. The calf weaning weights were correct-
ed by appropriate procedures for differences in age at weaning, age of
dam, sex, year and herd. The weaning weights were corrected o a 205-
day mature dam and [emale basis. Sires were considered a random source
of variation in this study, and thus, were not corrected for.

Results and Discussion

The average 205-day weaning weights adjusted for age of dam, sex
and year effects for 2,664 Angus calves and 634 Hereford calves were
426 and 435 lbs., respectively. The standard deviations for weaning
weight were 42 and 49 Ibs, for the Angus and Hereford calves, respec-
tively.

The beef cow influences her calves both by the genetic material she
contributes to them and by the mothering environment (mostly level of
milk production) she provides for them. Thus, calf weaning weight is
the measurable expression of these two traits of the cow, and a cow's
productivity is measured every time she weans a calf, If a cow tends to
produce similar weight calves each year, the First calf would be a reliable
measure of future cow productivity. In this case, culling cows based on
the weaning weights of her first few calves would be an effective practice
for increasing the level of cow productivity in the herd. On the other
hand, if the weaning weight of calves produced by the same cow are not
very consistent from year to year, then culling cows on the basis of the
performance of the first one or two calves would not be an overly effec-
tive practice in terms of increasing the average level of cow productivity
in the herd.

The degree of consistency or repeatability of cow productivity can
be measured by determining the relationships among weaning weight
records of calves produced by the same cow. These relationships were
determined by the statistical procedures ol intraclass correlation (statis-
tically determined as a ratio of variance components which measure the
correlation among calves produced by the same cow) and linear regres-
sion coefficients, In both cases, larger coeflicients indicate a stronger re-
lationship and, thus would indicate a higher degree of consistency in cow
productivity from year to year,

Table 1 presents the analysis of variance from which the repeat-
ability of calf weaning weights were calculated. The repeatability esti-
mates (statistically intraclass correlation coellicients) measure the pro-
portion of the total variation (differences) among the call weaning
weights that were caused by permanent (mostly genetic) differences be-
tween cows. The total variation is the permanent cow effects plus the
temporary differences which are independent and vary from calf to call
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produced by the same cow. The important data in Table 1 are the re-
peatability estimates for Angus and Hereford cows, which were 0.27 and
0.50, respectively.

The 0.50 repeatability estimate obtained for Hereford cows was
quite significantly! higher than the 0.27 value obtained for Angus. There
was apparently more permanent variation (larger differences) among
Hereford than Angus cows. A possible factor contributing to these dif-
ferences as measured by weaning weight is a greater tendency for Angus
cows to permit nursing by other calves in addition to her own. A calf's
weaning weight is influenced by total milk consumption which, in the
case of Angus calves, may not have necessarily been all attributable to its
dam. The higher repeatability in Hereford cow performance does indi-
cate a more consistent pattern of productivity. Thus, culling cows on the
basis of the weaning weight performance of her first calf or two would
be expected to be more effective in Hereford than in Angus cattle.

The very significant! differences among cows within herds indicates
a substantial amount of genetic differences for cow productivity within
each herd and also within each breed (mean square column of Table 1}.

Table 2 presents regression cocfficients of later calf weaning weight
records on earlier weaning weight records from the same cow. These re-
gression coctficients involve pairs of weaning weight records that are
separated by different amounts of time, ranging from successive records
one year apart to pairs of records eight years apart. Whereas, the intra-

! Statistically sigmificant effects or diffcrences indicate the evidence is strong that the estimated of-
fects or differences are real rather than capsed by chance variation,

Table 1. Analysis of Variance and Repeatability Estimates of Calf
Weaning Weights!

Mean Component
Source of Variation af Square of Variance
Angus:
Among  herds 4 12841 %% 18.0
Among cows within herds 675 2777 4226
Among calves within cows 1984 1129 1129.4
Repeatability* = 0.272 = 021
Hereford :
Among cows 182 45124 1014.2
Among calves within cows 451 1045 1005 4

Repeatability? = 0.502 + 040

1 Average number of calves per cow was 5.91 for Angus and %46 for Herefords, There were b
herds of Apgusg but only one herd of Herefords,

* Repeatahility i3 the mitrackes correlation cstimate (o its standard error) of the relationship
amaong calf weaning weight records of the same cow, These repeatability mtimates were alnificant.
Iy different (P-=_.001),

Ll a7 1
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class correlation estimates of the repeatability of cow productivity con-
sidered all weaning weight records of a cow at once, these regression co-
efficients examine the relationship between specific pairs (years of sep-
aration} of weaning weights of calves produced by the same cow, There
was a consistant reduction in the magnitude of the regression coeflicents
as the time interval between records increased for both breeds. For wean-
ing records four years or less apart, the relationship between paired rec
ords in the Herelords was signilicantly higher than in the Angus. When
members of the pair of records were separated by five or more years, the
relationship was somewhat lower and similar for both breeds. This de-
creasing trend in the vegression coefficients as the time interval between
records increased was perhaps due to several factors: (1) changes in
management and nutrition practices, (2} weather conditions, (3) genetic
quality of sires used, (4) nature of the permanent cow effects due to
varying rates of aging and (5) selection of cows which reduces the per-
manent differences in the cows kept in the herd. These regression coel-
ficients generally indicated that early cow productivity is probably at
best only a poor basis for estimating cow productivity more than four
years in the future.

The significantly higher repeatabilities of cow productivity of the
Hereford cows over the Angus cows for weaning weight records four
years or less apart were similar to the differences in repeatability observed
between the two breeds using intraclass correlations (Table 1). Prob-
ably the most reasonable explanation for the lower relationship among
call weaning weight records of the same cow in Angus than Herefords is

Table 2. Regression Estimates of the Relationship Between Calf Wean-
ing Weight Records of the Same Cow Calculated From Pairs
of Records Having Different Years of Separation

Years Angus Hereford
of M. of Regression®  Standard No.of  Regression' Standard
Separation® Pairs Coefficient Errer  Fairs  Coclflicient Error

1 1859 0.29%= 0.02 408 0.53%= 0.04
2 1417 (.26%* 003 283 (0.44%= 0.06
3 1043 (0,24 % 0.03 197 (.4 7%w 0.07
4 718 0,24 n» 0.04 137 0.42%% n.os
5 501 0.274% 0.04 82 0.28%# 0.10
6 309 0.12% 0.05 48 0.17 0.13
7 172 013 0.0t 19 0.04 0.22
B 72 014 0.10 7 0.12 0,30

LThe linear regression coefficlent for later on earlier calf of the same cow,
* P05,

P01,
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the previously discussed community nursing belavioral trait in Angus
cows, It is generally accepted among cattlemen that Angus cows are
more willing to let bum or [oster calves nurse than are Hereford cows,
Several Angus cows involved in this study have been observed nursing
more than one calf at a time even though it was known that they only
had one, This behavioral trait tends to cover up permanent differences
between cows for calf weaning weight productivity, thus resulting in a
lower level of consistency in weaning weight performance of calves from
the same cow,

Results from other studies are in agreement with those ol this study,
and generally, they indicate that weaning weight of a cow's first call
would be a better indicator of her future productivity than either her
own weaning weight or yearling weight (see preceding article).

Results from this study clearly show that the weaning weiglits of a
Herelord cow's early calves would be a more accurate indicator of future
productivity than would those of Angus cows. Thus, culling Herelord
cows whaose first calf has a low weaning weight should be more effective
in increasing the average level of prndlictjvily of the herd than would be
the case with Angus. Breeders may be justified in keeping some Angus
cows with low initial records (so long as they are not extremely bhelow
average) for a second or third calf and cull on the basis of average per-
formance.
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Feedlot Nutrition

Influence of Milo Processing Methods on
Digestion of Starch in High Concentrate
Beef Cattle Rations

D. Id. Hinman and R. R. Johnson

Story in Brief

The processing of cereal grains used in feedlot rations is a common
practice, These processing methods usually result in increased feed ef-
ficiency and at times increased rates of gain. Since the major source of
energy from cereal grains is derived from the starch portion, the extent
and site of digestion of the starch in high concentrate rations may ex-
plain the increased performance from these rations.

The studies discussed in this paper indicate that steam flaking and
micronizing milo significantly increased the digestion of starch when fed
in a high concentrate ration. There were no differences in site or extent
of starch digestion between the steam flaked and micronized milo in the
first trial. The second trial indicated that increasing the degree of micro-
nizing slightly increased ruminal digestion of starch. Only small amounts
of starch from the heat treated milo rations escaped digestion, However,
significant amounts of starch from the dry rolled milo ration were ex-
creted in the feces and thus represented a loss of available energy to the
animal.

Introduction

The processing of cereal grains for beef cattle rations has been stu-
died widely in recent years. However, much of the research has been con-
ducted with rations of less than B0 per cent concentrates while most
rations presently being fed to feedlot cattle routinely contain 80-90 per
cent concentrates. Research reports have shown that several processing
techniques for cereal grains have improved the efficiency of utilization
of these grains. The digestibility of the ration and the rates of gain were
increased by grain processing in some experiments, Others have shown a
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decreased feed intake and increased feed efficiency due to processing.
The most consistent benefit seems to be the increased efficiency of
utilization of the ration.

This improvement in elficiency may be due to a change in the pat-
tern of rumen fermentation and/or an incoreased digestion of the starch
portion of the ration. Since the major source of energy from cereal grains
is derived from the starch, the site and extent of digestion of starch in
cattle fed high concentrate rations may be related to the increased feed
efficiency. The rominant digests starch at two sites, the first being fer-
mentation by the microorganisms in the rumen, and secondly, should
some starch escape that process, by enzymatic dig{:sliun in the small in-
testine.

The capacity of this second system may be limited, In most rations
almost all the ingested starch is digested by the animal but the site of
digestion in a digestive tract may vary with the method by which the
grain was prepared. The literature indicates that the amount of starch
escaping ruminal fermentation is variable, Therefore, this experiment
was conducted to study the influence of prain processing on the site and
extent of starch digestion in high milo rations.

Procedures

Four Angus steers were fitted with permanent romen and abomasal
cannulae and were housed in individual pens with slotted floors. They
were fed at hour intervals with the use of automatic feeders built for
this purpose, This feeding system was used to maintain a constant flow
of digesta through the digestive tract to aid in the sampling of ingesta
and feces and to permit more accurate estimates of starch movements
through the tract. With this system, feed intake was found to be similar
to that found under feedlot conditions. Ration composition is given in
Table 1. Chromic oxide was added to the ration as an external indicator
to facilitate calculation of starch digestibility.

Table 1. Composition of High Milo Rations

Ingredient T, M0 DM, basis
Milo 84.0
Cottonseed hulls mn
Dehydrated alfalfa meal A0
Supplement 6.0
Soyhean meal 3.3
Urea 0.7
Minerals, vitamins, & additives i
Wheat middlings 0.2
n.25

Chromic oxide
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Two trials were conducted to determine the influence of processing
method on starch digestion. A commercial milo was processed by the
following methods:

Trial 1 Trial 2
Dry rolled Dry rolled
Micronized (26 lb/bu) Micronized (32 Ib/bu)
Steam flaked (28 Ib/bu) Micronized (25 lb/bu)
Ground Micronized (18 1b/bu)

The dry rolled milo was prepared by passing milo through rollers set to
crack all kernels. The micronized milo was prepared at the various
densities by varing the length and degree of dry heat treatment and then
passing through rollers under 130 pounds of pressure. Steam flaked
grain was held in a steam chamber for 35 minutes and then passed
through rollers set to produce a thin flat flake. Ground milo was pro-
duced by passing the grain through a hammer mill with, a 3/16 inch
screen. These rations were then rotated on a time schedule so that each
steer received each ration during a given trial,

Samples of abomasal contents and feces were obtained three times
daily on two days for each steer on each ration. Starch and chromic
oxide determinations were conducted on the abomasal contents and
feces and digestibility of starch calculated using the chromic oxide as an
external indicator. The amount of starch digesl:ed in the rumen, intes-
tines and total digestive tract were calculated.

Results

Trial 1

The summary of data from Trial 1 is shown in Table 2. Daily feed
intake was similar for the dry rolled, micronized and steam flaked milo
rations, but the feed intake for the ground milo ration was considerably
lower than for the other rations. This was probably due to the fineness
of the ground milo resulting in a reduced palatability. Starch intakes
reflected the feed intakes as starch contents of the rations were similar.
The percent ruminal digestion of starch was not significantly different
{P=.05) between rations. However, the siarch digestion in the total
tract was significantly lower (P<.05) for the dry rolled milo ration
than for the other rations and this trend is also evident in the digestibi-
lity of the starch entering the intestines,

These data indicate that heat and pressure treating (steam flaking
and micronizing) of milo increased the digestibility of the starch portion
of the ration. The ground milo ration also had a higher digestibility of
starch than the dry volled ration but interpretation of this difference is
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Table 2. Rummnl Intestinal and Total Digestion of Starch in Trial 1

Grain pmcunlng methods

Iny Steam

Teem Rolled Micromized Flaked Groumd
Feed intake,

g DM, Sday 698 5187 5659 4260
Starch intake, g/ da 3722 33g2 3737 26RT
Ruminal dg{ogtmn «

starch, 2847 2848 3038 2319
Intestina dugestmu of

starch, g/day 592 5320 661 336
Starch in foces, g/day 283 14 g a2
Total digestion of

starch, g/day 3430 1368 3699 2655
Ruminal digestion, ¥ of

total starch intake 76.5 84,2 81.3 86.5
Intestinal digestion, % of

starch entering mlu.stlm: G67.7* ar.e 95.4* £9.5°
Total digestion, T of total

starch intake 92 44 995" 99.0# a8.8"

L3 Values on the same line with diffevent superscripis are significantly different {P=<=Z.06).

difficult since the level of starch intake was considerably lower with the
ground milo.
Trial 2

A summary of data from trial 2 is shown in 'Table 3, Feed intakes
of the four rations in this trial were very similar. There tended to be a
slightly higher feed intake for the micronized milo rations indicating
that micronization was not detrimental to palatability under these feed-
ing conditions. Ruminal digestion of starch tended to increase as degree
of micronization increased, however, these differences were not statistical-
ly significant. The largest differences in starch digestibility occurred in
the lower digestive tract. Only 50.9 percent of the starch from the dry
rolled ration entering the intestines was digested there, resulting in only
Bl.4 per cent total digestion of starch. For the micronized rations, over
90 per cent of the starch entering the intestinal tract was digested there.
Thus, about 98 per cent of the ingested starch from the micronized
rations was digested in the total digestive tract.

Discussion
The results ol these two trials indicate that the total digestion of
starch from high concentrate rations can be increased by steam flaking
and micronizing. There were small differences in the amount of starch
digested in the rumen. 'The greatest influence on starch digestion seemed
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Table 3. Ruminal, Intestinal and Total Digestion of Starch in Trial 2

Crain processing methods

Dy Micromized Micromized Micromized
Ltem rolled 52 1b/bu. 25 1b/ . 18 1b/bu.
Feed intake, g/D.M./day 5516 976 6156 G012
Starch intake g/day 3494 3778 3914 3746
Ruminal digestion of
starch, g/day 2100 2297 2509 2544
Intestinal digestion of
starch, g/day Td4 1405 1358 1120
Starch in feces, g/day 650 76 67 B2
Taotal digestion of
starch, g/day 2844 3702 3847 664
Ruminal digestion, % of
total starch intake 60,1 60.8 64.1 G67.9
Intestinal digestion, %6 of
starch entering intestine 50.9* 954 95.5* 92.9*
Total digestine, % of total
starch intake Bl.4* ag.¢ ag.3? a7.8°

VA Values on the same line with different supemseripts ave significantly different {F==Z.05u

to be the percentage of starch that was digested in the intestinal tract.
In both trials the starch in the dr}r rolled milo ration had a lower intes-
tinal digestion than any of the other rations; This would indicate that
the processing of mile was altering the structural integrity of the starch
granules in the milo kernel, allowing increased microbial and enzymatic
digestion of the starch.

There were about 250 g and 580 g more starch digested per day from
the heat treated milo rations than for the dry rolled milo rations in trials
1 and 2, respectively. This represents 0.52 and 1.20 megacalories of ad-
ditional net energy available for gain from the heat and pressure treated
milo rations from which one could expect an additional 0.31 and 0.70
pounds of daily gain from the same quantity of feed in trials 1 and 2,
respectively. Therefore, the additional digested starch would provide
considerable extra energy to the amimal for pmdu{:tion purposes,

Starch digestion for the dry rolled rations in trial 2 was lower than
that in trial 1. These trials were conducted with two different sources
and possibly different varieties of milo, apparently resulting in differ-
ences in digestibility,
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Dry Heat Processing of
Sorghum Grain For Finishing Beef Cattle

Don Croka and Donald G. Wagner

Story in Brief

Two methods of processing milo in high concentrate rations for
finishing beef cattle were compared. The treatments investigated were
1) micronized milo and 2) dry rolled milo. Two feeding trials were con-
ducted. Trial 1 was a 150 day feeding trial with steers and trial 2 an 84
day feeding experiment with heifers. In trial 1, average daily feed in-
takes were 16.6 and 18.4 1b. (90 percent D.M. basis) on the micronized
and dry rolled milo treatments, respectively. In trial 2, the intakes were
17.8 and 19.6 1b. on the same treatments, respectively.

Average daily gains were 2.74 and 2,75 1b. on the micronized vs. dry
rolled treatment in trial 1 and 2.34 and 2.40 Ib. in trial 2. The pounds
of feed required per pound of gain were 6.05 vs. 6.72 in trial 1 and 7.67
vs, 842 pounds in trial 2 for micronized and dry rolled treatments, re-
spectively,. The values for average daily feed intake, L[ailj,.r gain and
pounds of feed per pound of gain were not significantly different (P>-
D5) between treatments in either trial, although feed per unit of gain
in trial 1 and feed intake in trial 2 approached significance (P<.10).

Introduction

Grains are added to the rations of finishing cattle to increase di-
gestible energy intake. Modern day finishing rations may contain as
much as B0 percent grain, The grain may supply up to 90 percent of the
usable energy of the ration. Any improvement in the efliciency of utiliza-
tion of the grain will be reflected in reduced feed requirement and pos-
sibly improved gain, Processing imparts certain physical and chemical
changes which increase nutrient digestibility. Until recent years, dry heat
processing of sorghum grain has not been widely used. The purpose of
these studies, therefore, was to investigate the use of dry heat treatment,
micronization, for processing sorghum grain in finishing rations for
feedlot cattle.

Materials and Methods

Two trials were conducted to compare micronized and dr}- rolled
sorghum grain, In the first trial, 16 Charolais crossbred feeder steers
averaging 684 pounds were selected. They were gradually adapted to a
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90 percent concentrate ration during a three week preliminary period.
After the preliminary period, the steers were randomly assigned to two
treatments with four animals per pen and two pens per treatment, Self-
feeders were used in this trial.

The second trial was conducted with thirty Angus X Hereford cross-
bred feeder heifers averaging 648 pounds. The heifers were adapted
to a 90 percent concentrate ration during a three week preliminary
period. Following the preliminary period, the heifers were randomly
allotted to the two treatments with three animals per pen and five pens
per treatment. The treatments used in the two trials were as follows:

1} Dry rolled milo

2) Micronized milo
In this trial the heifers were fed daily in quantities which permitted
availability of feed until the next feeding.

The equipment used for micronizing the milo was a reciprocating
steel table. The table was 1% inch thick, 46%% inches wide and 13 feet
long activated by a Y-horsepower electric motor. Eight gas-fired in-
frared generators, rated at 50,000 BTU per hour each and suspended ap-
proximately 6 inches above the table, were used to heat the milo as it
passed over the table. Before being metered onto the table, the milo was
cleaned by using a Clipper cleaner, model 27, to assure an even flow
free of foreign materials for efficient operation of the machine. The
milo after being passed under the gasfired generators then dropped
directly through a 8% X 30 inch roller mill with a roller spacing of
0% inch.

The dry rolled milo was cleaned and rolled through the same
roller mill as the micronized milo.

The composition of the experimental rations are given in Table 1.

Table 1. Ration Composition!

Ingredient Dry Rolled Milo Micronized Milo
Milo 80.0 80,
Cottonseed hulls 5.0 5.0
Alfalfa meal pellets 5.0 5.0
Molasses 4.0 4.0
Soybean meal 4.0 4.0
Urea 0.y 0.7
Salt 0.5 0.5
Dicaleium Phosphate 0.4 0.4
Calcium carbonate 0.4 0.4
Aurofac-50 225 gm 225 gm
Stilbestral-2 600 gm 600 gm
Vitamin A (30,000 IU/zm) 200 gm 200 gm

;-.;rmﬂlal-:d on o #% DLM. basis.
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The rations were all formulated to contain the composition indicated
on a 90 percent I).M. basis. The experimental rations were formulated
to contain 90 percent concentrate-10 percent roughage. At two separate
times during each feeding trial, rumen samples were collected Irom each
animal. The rumen [luid pH values were determined immediately, and a
small amount was saved for VFA analyses,

Initial and final weights were taken full with a 4 percent pencil
shrink. Intermediate full weights were recorded every 28 days for both
trials. The feeding period lasted 150 days for trial 1 and 84 days for
trial 2, At the termination of the feeding trials, carcass data was collected
fromm each anirnal,

Results

The proximate analysis data for the milo used for both treatments
are presenied in Table 2. The average moisture content for the micron-
ized milo was 9.7 percent compared to 12.7 percent for the dry rolled
milo, The average density for the micronized milo was 25 1b. per bushel.
Trial 1

The [eedlot performance data for the 150 day feeding period are
shown in Table 3. The average daily feed intakes (90 percent D.M.)
on the micronized and dry rolled treatments were 16.6 and 18.4 lb,
respectively (P=.05). The average daily gains on the micronized and
dry rolled treatments were 2.74 and 2.75 Ib., respectively. (P >.05). The
pounds of leed required per pound of gain for the micronized and dry
rolled treatments were 6.05 and 6.72, respectively, The difference in feed
requirement per unit of gain approached significance (P<.10). The car-
cass data for this trial are shown in Table 4. There were no significant
differences (P>.05) between treatments for any of the carcass traits
measured.

Rumen pH values on the micronized and dry rolled treatments were
5.5 and 5.7 for the first sampling and 55 and 5.5 for the second sampl-

Tahle 2. Promixate Analysis of Milo

Iir].r i {Irl.l;dn .El]h'.'.r Toial
Feed' Matter Protein'* Ash' Extract' CHQ*?
Dry rolled 87.3 10,66 0.87 346 0807
Micronized 003 11.42 1.68 2.93 84.03

!Yalues expressed on 10H% 1M, hasis.
525 N percent Nitrogen=perceni crwde prodein,
3 M= (Suwm of figures [or crode pmitein, ash amd ether extract),
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Table 3. Feedlot Performance

Dry Rolled Micronized
Trial I {150 days)
MNo. of animals 8 8
Initial weight, b, B4 Gk
Final weight, b, 1082 1082
Daily feed, Ib** 18.4 16.6
Daily gain, 1b.? .75 2,74
Feed/lb. gain, 1b."* 6.72 6.05*
Trial 2 (84 days)
MNo. of animals 13 15
Initial weight, 1b. G318 638
Final weight, Ib. 840 658
Daily feed, lb.'* 19.61 17.8°
Daily gain, Ib.* 2,40 2,34
Feed/lb. gain, Ib.® B.40

1.67

1 Exj :ln:s::-:l_ om a W% DM, basis S ) i
FValues with different superseripts were sigmificantly different at the 10 Jevel of probability.

ing, respectively. These values did not differ significantly between treat-
ments,
Trial 2

The feedlot performance data for the 84 day feeding period are
presented in Table 8. Average daily feed intake (%0 percent D.M) on
the micronized and dry rolled treatments were 17.8 and 19.6 1b., respect-
ively, (P=.10). The average daily gains were 2.34 and 240 lb,, and the
pounds of feed required per pound of gain were 7.67 and 842 (90 per-
cent D.M.), respectively on the micronized and dry rolled milo treat-
TNEenis,

Carcass characteristics, percent cutability and dressing percentage
are shown in Table 4. There were no significant differences (P>.05)
observed between carcass traits,

Rumen fluid pH values obtained on the micronized and dry rolled
treatments were 5.6 and 5.7 for the first sampling and 5.7 and 5.8 for the
second sampling, respectively (P=.05).

Discussion
As indicated, the average daily gains were quite similar on the dry
rolled and micronized milo treatments in both experiments, being
2,75 vs. 2.74 1b. in trial 1 and 2.40 vs. 2.34 in trial 2 on the dry rolled
and micronized milo treatments, respectively. In general, feed intakes
and gains were depressed on the micronized milo treatment early in the
feeding period in both trials with adaptation and compensation occur-
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Table 4. Slaughter and Carcass Information

._l-.].r}l Rolled Micronized
g pia Gl : i
Diressing, 96" 67.3 66.6
Carcass grade® 7.4 1.3
Ribeye area, sq. in, 14,92 13.97
Fat thickness, in.' 051 0.57
Marbling* 10.0 10.1
ik {Ggutabillt?, T 51.61 51.10
i
Dressing, %o’ 4.4 64.2
Carcass grade® 8.5 7.9
Ribeye area, sq. in, 10.99 11.09
Fat thickness, in.? 0.74 0.71
Marbling* 12.1 11.1
Cutability, 4B.90 4943

! Caleulaterl on basis of live shrunk weight and hot carcass weight,
TULEDLA, carcass grade converted to following numerical  designations: iii%h Iprimru-15-. aveTige
prime-14, low primme-13%, high choice-12, average choice-11, low cholee-10, high good-B, averape
-8, low good-7,
T Average of three measurements determined on tracing at the 12th rib,
& Marblmg scoves: | ot M, 1E=slight, 14=small, 17=modest,

ring thereafter. Possibly a higher level of roughage during this period
would have been beneficial.

The average daily intake (90 percent D.M.) was 1.B Ib. lower on the
micronized milo treatment in both trials 1 and 2. A lower feed intake
with nearly the same rate of gain is generally accompanied by a lower
feed requirement per unit of gain. In this respect, the micronized milo
showed a trend to be more efficient than dry rolled milo requiring .67
and .75 Ib. less feed per pound of gain in trials 1 and 2, respectively.
These reductions in feed funit of gain correspond to 11.1 and 9.8 percent
improvements in feed efficiency (total ration) for the micronized milo
over the dry rolled milo in trials 1 and 2, respectively.

Assuming that the improvements in feed utilization can be attribu-
ted to processing of the milo fraction of the ration (80 percent milo in
each ration), the corresponding improvement would be 139 percent
(11.1/80% and 122 percent (9.8/80) for the micronized grain in trials 1
and 2, respectively, The magnitude of such improvements would com-
pare favorable with improvements obtained from some other methods of
milo processing previously studied.
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Reconstituted Wheat for Finishing
Beef Cattle

Ryan Christiansen and Donald G. Wagner

Story in Brief

Wheat reconstituted and fed by two different methods was compared
with dry rolled wheat (DRW) in 90 percent concentrate rations for
finishing beef cattle.

Wheat was reconstituted in the whole kernel form to 30 percent
moisture and stored for 21 days prior to feeding. The reconstituted wheat
was then fed in either the whole form with no [urther processing
{(WERW) or rolled prior to leeding (WRRW). Thus, the treatments
compared were DRW, WRW and WRRW. Wheat represented 70 per
cent of the total ration on a D.M. basis.

During the 129 day feeding period, average daily feed intakes (90
percent D.M. basisy were 11.9, 16.5 and 12.8 lb. on the DRW, WRW
and WERRW treatments, respectively. The heifers on the WEW con-
sumed significantly (P<.01) more feed than those on the other treat-
ments. The average daily gains were 1.67, 2.07 and 2.00 1b. and the

pounds of feed per pound of gain 7.15, 7.99 and 6.42 on the DRW,

WEW and WREW (reatments, respectively. The heifers on the DREW
gained significantly slower (P<.01), and the heilers on the WRW re-
quired significantly (P<.05) more feed than those on the other treat-
ments.

In brief, this study suggests that reconstituted wheat may be more
palatable than dry rolled wheat producting greater feed intakes and gains
and, therefore, somewhat better feed efficiency.

Introduction

Wheat is a major economic crop in Oklahoma. During the past few
years wheat has been competitive in price with other grains for feedlot
cattle. Much of the previous work done with high concentrate rations
for finishing cattle involved corn or milo. Reconstitution has proven
useful for significantly increasing the feeding value of milo when done
under proper conditions. Research evaluating reconstituted wheat is
limited, Two previous studies investigating reconstitution of wheat for
feedlot cattle suggested less response than is normally obtained from
reconstitution of milo.

The objective of this experiment, therelore, was to further evaluate

Aniral Sriancra Racanreh 1077 a1



and compare the use of reconstituted and dry rolled wheat for finishing
cattle,

Materials and Methods

Forty eight uniform, choice Angus feeder heifers averaging 457
pounds were selected for this experiment. During the preliminary period,
the animals were gradually adapted to a 90 percent concentrate ration.

After the preliminary period the heifers were randomly alloted to
three treatments with four pens of four heifers each per treatment (16
animals per treatment)

The three treatiments were as follows:

1) Dry rolled wheat (DRW)
2) Whole reconstituted wheat-Ted whole (WRW)
3) Whole reconstituted wheat-fed rolled (WRRW)

The dry rolled wheat was processed by rolling the grain through a
12 ¥V 18% roller mill. The reconstituted wheat treatments were obtained
by reconstituting wheat in the whole form to 30 percent moisture, The
reconstituted grain was then stored in air tight, plastic bags for 21 days
prior to feeding. Temperature during storage was a minimum of 70° F.
The whole reconstituted wheat-fed whole (WRW) was fed in the whole
form with no further processing prior to feeding. The whole reconsti-
tuted rolled wheat (WRRW) was rolled prior to feeding. The roller
mill described previously was used.

Compositions of the experimental rations are presented in Table 1.
All rations were formulated to contain the compaosition indicated on a
D.M. basis. The rations were formulated to be approximately 90 percent
concentrate rations containing 5.0 percent cottonseed hulls and 5.0 per-
cent pelleted, alfalfa meal. Wheat represented 70.0 percent of the total
ration on a D.M. basis. Dry rolled milo was included in each ration at
a level of 14 percent on a D.M. basis. The non-grain components were
combined in a premix and mixed with the wheat and dry rolled milo at
the time of feeding. Diethylstilbestrol was fed at a level of 10 mg per

Table 1. Ration Composition

Ingredient Wheat Rations'
Percent

Wheat TR

Milo 14

Premix® 16

1 Formulated on a dry matter hasis,
A Contained cottonseed halls, pelleted alfalfa meal, soybean meal, wrea, dicalciom phosphate, calciom
carbsoiiate, salt, aureomycin, vitamin A and diethylsiilbestrol,
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head per day. Feed was prepared and fed daily in quantities adeguate
to permit availability of feed until the next feeding,

Rumen fluid samples were collected on all heifers during the feed-
ing period for rumen pH and VFA determinations. Rumen fluid pH
values were determined on the samples immediately upon sampling.
The rumen samples were then processed and stored for VFA analyses,

Initial and final weights were taken [ull with a 4 percent shrink.
The feeding period lasted 129 days. At the end of the trial, specific
gravities were determined on each carcass to determine net energy values
ol the feed using the comparative slaughter technigue,

Results and Discussion

The proximate analysis data for the wheat (reatments are presented
in Table 2. As indicated, the average moisture contents for the d]'}'
rolled wheat (DRW), whole reconstituted wheat-fed whole (WRW)
and whole reconstituted wheat rolled (WRRW) were 10.7, 36.1 and
34.3 percent, respectively. Particle size and weights per bushel are given
in Table 3.

Table 2. Proximate Analysis of Wheat

Diry Crude Ethert Total
Feed Matter Protein' Asht Extract* CHO»®
o
Dry rolled wheat {DRW) 895 12.5 L= 1.4 84.4
Whole recon. wheat [WRW) 63.9 2. 1.8 1.3 84.2
Whole recon, rolled
wheat (WREW) 65,7 12.5 1.8 1.3 B4
Milo BA.2 10.0* 1.0 2.6 B4

1 Yalues expresacd on 1009 DM, basis.

2100~ (Sum of crode protein, ash and ether extract.)
2571 X percent Mitrogen=crude pooiein.

625 X percent Nitmogen=crude protein.,

Table 5. Particle Size and Density of Processed Wheat

'I'hl.'uug.h Wt

5D 250 125 125 r
Amm 2mm Lmm micron  micron  micron  micron u'

e R e e e R e L T e e Through b,
DRW 0.8 36.9 40.4 11.8 5.0 2.4 2.7 382
WERW 12.1 B86.8 0.8 0.2 0.1 0.0 0.0 bl )
WERERW 788 19.7 11.1 0.2 0.1 0.1 0.0 290

' lest weights reported on 90% .M. hasis,
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Feedlot performance data for the 129 day [eeding period are pre-
sented in Table 4. The average daily feed intakes (90 percent D.M.
basis) were 11.9, 16.5 and 128 1b. on the DRW, WRW and WRRW
treatments, respectively. The heifers on the WR'W consumed significantly
{P<.01) more feed than those on the DRW and WREW treatmenits.
The average daily gains were 1.67, 2.07, and 2.00 Ib, on the DRW,
WRW and WREW treatments, respectively, The gain on the DRW
ration was significantly (P<.01) lower than on the two moist grain
treatments,

The significantly lower gains on the dry wheat were likely related
to the somewhat lower intakes. Possibly increased dustiness of the dry
wheat ration or a less desirable ration physical form produced a less
palatable ration resulting in lowered intakes and gains. The feed effici-
ency (feed/unit gain) on the DRW, WRW and WRRW treatments
were 7.15, 7.99 and 642 b, respectively, The heifers fed the WRW
treatment required significantly (P<.05) more feed per unit of gain
than those receiving the whole reconstituted wheat rolled prior to feed-
ing.

These results suggest that wheat must be processed or broken by
some means prior to feeding. Although not significantly different, the
trend for a somewhat lower feed requirement per unit of gain on the
WREW ration (6.42) compared to the dry rolled wheat ration (7.15)
might be explained by the somewhat higher intakes and gains on the
WREW. A similar trend was also observed in previous studies, The
heifers on the WRRW showed a 198 percent increase in gain and a
10.2 percent better feed efficiency over those on DRW, In making energy
intake and gain projections for feedlot cattle, an improvement in gain
of this magnitude can in itself account for this much difference in feed
efficiency even on the same ration. In other words, greater feed intakes

Table 4. Feedlot Performance!

Dy Whole Reconstituted Wheat
Rolled Fed Fed
Wheat Whaole Rolled
(DRW) (WRW) {(WRRW)
Mo, of heifers 16 16 16
Initial weight, b, 428 449 438
Final weight, Ih. 642 715 695
Daily Feed, |b.** 11.9¢ 16.55 12.84*
Daily Gain, 1b." 1.67 2.07 2.00¢
Feed/lb. Gain, Ib? % e 7.0% 6.42°

1]29 daﬂ.. K

2 Values with different superscripts differ |iF|1irir.'|||I'I1|.I { =205},
*Values with diffevent superscripts differ significantly (=00},
419 DM, basis,
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and [or more rapid gains on the same ration usually result in an improve-
ment in feed efficiency. This is due largely, but not exclusively, to
dilution of the maintenance requirement, a high fixed cost in cattle feed-
ing.

Pr:rlmps. reconstituted wheat is more palatable than dry wheat re-
sulting in somewhat better intakes and gains with some consequent in-
crease in feed efficiency. In most reconstituted milo feeding experiments,
on the other hand, reconstituted milo has not produced an increase in
daily gains over those obtained on dry rolled milo. Rather, daily feed
intake is usually somewhat lower while maintaining the same rate of
gain. Therefore, the lower feed intakes normally observed on reconsti-
tuted milo, while maintaining the same rate of gain, usually result in a
better feed elficiency.

Net energy values for the grain are given in Table 5. No significant
difference existed between treatments, although the net energy values
tended to be lower on the WRW treatment compared to the other two
treatments.

Rumen fluid pH values were 5.5, 6.4 and 5.5 on the DRW, WR'W
and WRRW treatments, respectively. The pH values on the WRW
treatment were significantly (P=.05) higher than on the other two treat-
menits,

As noted in Table 6, no significant differences éxisted among any
of the carcass traits.

In brief this study suggests that reconstituted wheat may produce
somewhat greater intakes and gains than dry rolled wheat, and there-
fore, somewhat better feed efficiency. Morcover, wheat requires some
form of processing and cannot be efficiently fed in the whole form.

Dy Whole Reconstituted Wheat
o e a—
Wheat Whaole Rolled
(DRW) (WRW) (WRRW)
et s R N e
NE,, 4 ¢ of total ration 76.9 64.4 79.3
NE,, ., of grain 88.5 70.5 a1.8
NE, of grain' 99.9 76.4 107.9
NE, of grain' 66.6 50.9 71.0

1 Grain refers only w wheat,
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Table 6. Slaughter and Carcass Information

Diry Whele Reconstiinted whi__-gt____ 0

Rolled Fed Fed

Wheat Whanle Rolled

{DRW) [WRW) (WREW)
Dressing, 96 fill. 4 62.0 61.5
Carcass grade® 10,12 Q.75 10.06
Ribeye area, sq. in, 9,45 9.56 961
Fat thickness, in 62 13 66
Marbling* 22,67 21.08 21.92
Cutahility, % 49,46 48.17 48.84

' Calculated on basis of live shrunk weight and chilled carcass weight,
LA DA carcass grade converted o fellowing numerical designations:  high prime-15, average
prime-14, low prime-15, high choice-12, average choice-11, low choice:10, high good-9, average
Tow
: Verige of thres messucements determined an tracing at the 12th rib,
P Marhling scores: 1 to 830, Il—slight, l4=amall, |7=—modes,

High Moisture Harvested Wheat and
Wheat Head Chop for Finishing Cattle

Donald G. Wagner, Don Croka and Tom Martin
Story in Brief

High moisture harvested wheat stored by two different methods and
high moisture harvested wheat head chop were compared with dry wheat
for finishing cattle, The treatments compared were: 1) dry rolled wheat,
2) high moisture harvested wheat-stored in oxygen limiting silo, 3} high
moisture harvested wheat-preserved with propionic acid in a wooden
bin and 4} high moisture wheat head chop.

The high moisture wheat contained an average of 23.4 percent
maoisture and the head chop 28.0 percent moisture. The head chop con-
tained 63.9 percent grain and 36.1 percent non-grain,

In cooperation with USDA Agricultural Researvch Service, Southern Region,

Appreciation is extended to Roger Johnson for assistance in statistical analysis of the
data.
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Treatment produced a significant (P<.05) effect on feed intake,
daily gain, feed/unit gain and dressing percent. In general, the head
chop treatment produced the highest feed intake, lowest gain, highest
feed requirement/lb of gain and lowest dressing percent. Some differ-
ences were also noted among the other treatments.

When the feedlot performance data were combined for all cattle,
the average daily feed intake (90 percent D.M.) was 19.6, 20.5, 20.2 and
23.0 1b; daily gain was 2.66, 2.81, 2.67 and 2.31 Ib; and feed/lb of gain
7.58, 7.28, 7.56 and 9.94 Ib on the dry rolled wheat, high moisture-silo
preserved, high moisture-acid preserved and wheat head chop treatments,
respectively.

Intrduction

Wheat represents a major economic crop in Oklahoma with pro-
duction approaching 100 million bushels annually in normal crop years.
This is nearly four times the gquantity of milo raised in Oklahoma,
During the past few harvest years (primarily 1969-72) , wheat prices were
depressed to where wheat was competitive with other grains as an energy
source. In the past few months, (1978), wheat prices have moved up
substantially. At the present price of approximately $2.50 per bushel,
wheat would not, however, be competitive as a feed grain. Nevertheless,
there have been periods in recent history when wheat was priced com-
petively with feed grains, and this may be true again in the future,

High moisture harvesting has proven useful as a processing tech-
nique for significantly improving the feeding value of milo for feedlot
cattle. Little or no research is available, however, concerning the feeding
value of high moisture harvested wheat vs. dry wheat. The objective of
this experiment, therefore, was to compare high moisture harvested

wheat and high moisture harvested wheat head chop with dry wheat for
finishing cattle.

Materials and Methods

Forty eight Angus and Hereford feeder heifers, equal numbers of
each breed, averaging 695 1b. were selected for use in this trial. The
heifers were gradually adapted to a high concentrate ration during a
two week preliminary period.

Following the preliminary period, the heifers were blocked into two
breeds (Angus and Hereford) and then randomly alloted within breed
to four treatments with three heifers per pen and four pens per treat-
ment (two pens of three heifers in each breed-total of 12 animals per
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Lreatment) . L ne tour treatments compared were:

Iy. Dry rolled wheat

2). High moisture harvested wheat-preserved in an oxygen limit-

ing silo,

3). High moisture harvested wheat-preserved with propionic acid

and stored in a wooden bin,

4) . High moisture wheat head chop.

The high moisture harvested wheat head chop (treatment 4) was
harvested June 2, 1972, The high moisture harvested wheat grain (treat-
ments 2 and 3) was harvested on June § and 4, 1972, The wheat con-
tained approximately 28-24 percent moisture at the time the head chop
and high moisture grain were harvested,

The dry wheat grain was harvested several weeks later when the
grain contained approximately 11 percent moisture. All grain was of the
Triumph variety and harvested from the same field. The wheat head
chop was harvested by using a self propelled [eld chopper equipped
with an adjustable cutter head. The header was raised to cut the wheat
at a height at which all of the heads could be harvested with a minimum
of straw. The harvested head chop material was then processed through
a hammermill containing a recutter as it was blown into an oxygen
limiting silo for stovage. The high moisture wheat grain was harvested
with a sell propelled combine. The high moisture wheat grain for treat-
ment 2 was stored whole in an oxygen limiting silo. The high moisture
grain for treatment 3 was treated with approximately 1.8 percent pro-
pionic acid as the moist grain was being augured into a conventional
wooden bin for storage.

The dry wheat and the two high moisture wheat grains were rolled
through an 18 X 24" heavy duty roller mill prior to feeding. The wheat
head chop received no additional processing after removal from the silo.

The compositions of the experimental rations are shown in Table 1.
The rations were formulated to contain the composition indicated on a
dry matter basis. Wheat made up 70 percent of the total ration on a
D.M. basis in the dry rolled, high moisture-silo preserved and high mois-
ture-acid preserved wheat treatments. The only variable in these three
rations was the method of wheat harvesting and preservation. These
three rations were formulated to be ) percent concentrate rations, In
the wheat head chop treatment, wheat head chop and supplement con-
stituted the complete ration.

The milo included in the wheat rations was dry rolled. Feed was
prepared and fed daily in quantities which permitted feed availability
until the next feeding.

Initial and final weights were taken after an overnight shrink off
feed and water. The feeding period lasted 72 days.
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Table 1. Ration Composition (DM basis)

Dy rolled and Wheat

high moisture wheat head chop
Ingredient ireatments (1,2.98) treatment
Wheat 70,0 i
Head Chop e 95.0
Milo 15.0 .
Cottonseed hulls 5.0 s
Ground Alfalfa 5.0 i
Soybean meal 3.0 3.0
Urea 0.6 0.6
Salt 0.5 0.5
Dicalcium phosphate 0.4 0.4
Calcium carbonate 0. 0.4
Aurofac-50 112 gm/ton 112 gm/ton
Stilbestrol-2 300 gm/ton 300 gm/ton
Vitamin A (30,000 I gm) 200 gm/ton 200 gm/ton

Results and Discussion

The proximate analysis data are presented in Table 2. As noted,
the high moisture harvested wheat contained an average of 28.4 percent
moisture and the wheat head chop 28.0 percent moisture. Moreover, the
head chop contained an average of 63.9 percent grain and 36.1 percent
straw and chaff.

Feedlot performance data are presented in Table 3. The data are
presented separately in the table for each breed, Angus and Hereford.
Due to inadequate numbers of pens, it was impossible to feed all of the
heifers in the same barn. Therefore, all of the Angus heifers and one
replicate (one pen per treatment) of Hereford heifers were fed in one
barn at Ft. Reno; the second replicate of Hereford heifers was fed in a
second barn at Ft. Reno. In the analysis of variance a highly significant
(P<.01) barn effect was obtained.

Due to the error terms in some cases being of rather different magni-

Table 2. Proximate Analysis

Diry Crude'* Ether*

Feed Matter Protein Ash? Extract
Dry rolled whca_t o BB.5 12.86 1.76 1.30
HM wheat-silo 76.6 12.46 1.82 0.98
HM wheat-acid 76.6 11.92 1.95 1.20
Head chop 72.0 13.83 5.03 1.22
L Values expressed on 100% DM, basis.
2551 X % nirogen = % crude protein.
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Lame 5, Lomposinon ob wheat Urop (1L.M. Dasis)

Percent!
of Standard
Taotal Error
Grain B2 3.9 0.48
Mon-grain 36.1 0.48

1 Graln o non-grain ratlo was determined by cotting vepresentative wheat head samples at the
same height as the head chop and delineating the grain and non-grain portions by hand shelling
and separation,

Table 4. Feedlot Performance

Dy  H.M. Wheat H.M. Wheat Wheat
Rolled Oxygen Limit-  Acid Head
Wheat ing Silo  Preserved Chop

Angus
No. of heifers 6 6 ] ]
Initial wt., 1b. 702 T06 04 712
Final wt., 1b. 894 921 901 886
Daily feed, 1b." 20.3 20.7 20.5 20
Daily gain, 1b.? 2.67" .09 2.2 2.5%
Freed/ /b, gain, Ib.'* e 6,04 7.2 a.38*

Herejord
Mo, of heifers 6 G 6 L]
Imitial wt., Ih, G678 683 691 682
Final wt., lb. 870 B73 873 B45
Daily feed, 1b!* 18.8* 19.2# 18.3* 287
Daily gain, lb. 2.66 2.64 .52 2.2
Feed/1b gain, 1b** 7150 7.63% 7.84 10.50

1 Expressed o 90% DM, bass,
2 Yalues without a common letter differ signilicantly {I'==2.08).

tude, it was not possible to pool the error terms lor the two breeds when
conducting the AOV for some of the feedlot and carcass parameters.
Therefore, the feedlot and carcass data are presented by breed,
Treatment produced a significant (P<.05) effect on feed intake.
The cattle on the wheat head chop treatment consumed the most feed
with little difference among the other three wheat treatments.
Treatment also had a significant effect (P<.05) on daily gain. The
Angus cattle gained significantly less (P<.05) on the wheat head chop
than on the other three treatments. Although not significantly different
the same trend was evident for the Herefords, Moreover, the Angus
cattle gained significantly (P<.05) faster on the high moisturesilo
preserved wheat than on the dry rolled wheat, with no difference
among the two moist wheat treatments, The lower gains on the wheat
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head chop can likely be attributed to the high roughage content (34.5
percent) of the total ration compared to the 10 percent roughage level
an the other three rations. Such a ration might be more desirable in
growing cattle programs where a higher roughage level is more suitable.
It would be difficult to produce a wheat head chop containing less
roughage than that produced in this study.

Treatment produced a significant effect (P<.05) on the [eed re-
quired per unit of gain. As anticipated, the highest feed requirement
was on the head chop treatment. No significant difference (P=.05)
existed, however, among the three wheat prain treatments.

If the feedlot performance data are combined for all catile, the
average daily feed intake would be 19.6, 20.5, 20.2 and 23.0 Ib; daily
gain 2,66, 281, 2.67 and 2351 1b; and feed/lb of gain 7.38, 7.28, 7.56,
and 9.94 1b on the dry rolled wheat, high moeisture-silo preserved, lligh
moisture-acid preserved and wheat head chop treatments, respectively.

The 9.94 1b of head chop required per pound of gain represents a
very satisfactory feed conversion considering that only 60.8 percent of
the total ration was wheat grain (95 percent head chop X 63.9 percent
wheat in the head chop = 60.8 percent wheat in total ration). This
would result in a grain requirement per pound of gain of 6.04 b (9.94 X
G0.8 percent). ‘The other three wheat treatments contained 85 percent
grain in the total ration (70 percent wheat 4 15 percent milo). These

Table 5. Slaughter and Carcass Information

H.M. Wheat H.M. Wheat  Wheat
Rolled Oxygen Limit- Acid Head
Wheat ingSilo  Preserved Chop

Angus
Dressing, %'* 60.85"* 61.38"* 63.33* 58.58"
Carcass Grade® 9.17 10.00 9.67 B.67
Ribeye Area, sq. in. 10.59 10.64 11.56 11.51
Fat Thickness, in.? 70 62 i 58
Marbling" 15.00 15.00 13.67 11.00
Cutability, % 48.65 48.98 4858 50.54

Hereford
Diressing, 7" B0 (0,53 60.58 58,60
Carcass Grade® 8.33 817 8.17 7.83
Ribeye Area, sg. in, 11354 11.43 11.10 11.00
Fat Thickness, in. 54 il A0 A5
Marbling* 11.17 10.67 11.17 083
Cutability, % 50.41 51.06 50.52 51.45

T Cakculaterd on basis of live shrunk weight and hot carcass weight.

LS IDLA. carcass grade eonverted o [ollowing numerical designations:  high  prime-15, average
prime-14, low prime-15%, high choice-12, average choice-11, low choice- 11, high goosd-9, average
wood -8, low E{:-ud-?.

2 Average of three measurements determined on tracing at 12th rib.

t Marbling scores: 1 tn 34, 11=slight, 14=small, 17-=—mmdest.

S yalues without a common letter differ significantly (F=2Z,05).
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three treatments produced an average feed conversion of 7.40 1b. of feed
per pound of gain. This would translate 1o 6.29 Ib of grain (7.40 X 85
percent) per pound of gain. Although the head chop feed conversions
may look high, in reality, they are quite acceptable considering the
nature of the ration.

Carcass data are presented in Table 5. In general, the cattle on the
wheat head chop showed a trend for a somewhat lower dressing percent
and carcass grade compared to cattle on the other three treatments,

Animal Wastes as Protein Sources
for Ruminants

R. R. Johnson, J. R. Kropp and M. McGeehon
Story in Brief

In a continuing effort to determine if animal waste products can
conceivably be recycled as feed ingredients, beef feedlot wastes (FLW)
and dehydrated (DPW) and fermented (FPW) pouliry wastes were
tested as sources of crude protein or nitrogen [or ruminants. FLW was
tested as 40 percent of a growing lamb ration. In contrast to previous
findings, the FLW samples tested this year were not only very low in
crude protein (<12 percent) but that protein was of low digestibility,
40 percent or lower. This study suggested that composting may decrease
the prntein value of beef feedlot wastes.

DPW (30 percent crude protein) and FPW (22 percent crude pro-
tein) were fed as 15 and 25 percent of a growing-finishing lamb ration.
Both products were palatable at those levels, When compared to rations
containing soybean meal as the source of protein, rations containing 15
percent DPW and FPW suppnrt.ecl similar gains over a % day feeding
period. At 25 percent DPW and FPW, performance was slightly lower,
Organic matter digestibility was not changed by either 15 or 25 percent
DPW or FPW. Estimates of digestibility for the crude protein in DPW
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and FPW were 66-75 percent and 5559 percent, respectively. Thus, al-
though the protein in poultry wastes was not as digestible as common
natural protein sources, it was sufficiently digestible to be of interest as
a feed ingredient.

Introduction

Previous work has suggested that animal wastes may contain con-
siderable portions of digestible nutrients. Recycling of the wastes
through animals could conceivably reduce the load of waste material
for ultimate disposal in addition to possibly providing an inexpensive
nutrient source. In work reported in 1971 (Okla. Agr. Exp. Sta. M.P.
87) wastes from beef cattle feedlots were found to contain as much as
44 percent ash. The organic matter remaining, however, varied from 42
to 56 percent digestible. Furthermore, the high nitrogen content (15-20
percent crude protein equivalent) was 60-71 percent digestible. It was
of [urther interest, therefore, to test animal wastes as a source of nitro-
gen for the ruminant animal.

Since most poultry are also raised in confinement, accumulation of
their wastes also presents a disposal problem. Poultry excreta contains
about 80 percent crude protein equivalent and so also could serve as a
source of N for ruminants. In the present studies, the digestibility of
poultry litter and its ability to support lamb growth were also studied.

Materials and Methods
Trial 1. Studies With Beef Feedlot Wastes

Beef cattle feedlot wastes were collected from two sources, The First
(FLW-4) was from the accumulated mound at Texas County Feedlot,
Guymon, Okla. This year, most of the mound had been removed and so
only a small portion was left to sample. The second source (FLW-5)
was from the Hitch Feedlot, Guymon, Okla., and represented a batch of
material which had been taken from selected areas in one pen. This
material had been composted, using a mixing process with a front end
loader to aerate the pile. These materials varied between 45 and 50 per-
cent ash but, in contrast to previous samples tested, were only about 12
percent crude protein equivalent.

A new depletion—repletion technique was used to study the value
of the nitrogen contained in these samples. Twelve growing lambs were
fed a protein (or nitrogen) deficient ration, ration 1 in Table 1, for 3
weeks to deplete their protein reserves. A digestibility and nitrogen bal-
ance trial was conducted during the last 7 days of this depletion period.
Total feces and urine collection techniques were used. Following the
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Table 1. Composition of Rations for Feedlot Waste-Protein Study

2 3
1 Low High 4 5
Ingredient Depletion Protein Protein FLW-4 FLW5
% in Hation, 1009 D.M. basis
Cottonseed  hulls 35.0 35.0 35.0 7.4 7.4
Molasses, dried 6.0 6.0 .0 6.0 6.0
Jorn starch 10.0 10.0 10.0 10.0 10.0
Ground corn 48.1 42.1 36.1 32.6 32.6
Dicalcium phosphate 0.4 0.3 0.1 0.2 0.2
Limestone 1 0.2 0.4 = =
Salt 0.4 0.4 0.4 0.4 0.4
Soybean meal et 6.0 12 0 3.4 3.4
FLW-4' - s 40.0 &
FLW-5* 2 & 40.0
Chemical :u:nposumn % D.M. basis

Ash 3.15 3.86 4.08 22.72 24.16
Organic matter 96.85 96,14 95.92 77.28 75,84
Clellulose 1112 18.26 17.70 11.70 11.25
Crude pmu:m 7.43 11.10 12.64 10.88 10.54
§ ]n-x:m l'..l:ll.ll'l['r I1|:'|I!I|.1I! — samples taken [rom remainsg of accomulation pile — June, 1972,

3 Hitch Feedlobt — compasted feedlot waste,

depletion phase, the lambs were allotted 3 per group to rations 2-5
shown in Table 1. Ration 5 was a positive control with soybean meal
(SBM) supplied to satisfy NRC requirements for growing lambs, Ration
2 was a negative control with hall the allowance of SBM as used in
rationn 5, In rations 4 and 5, FLW-4 and FLW-5 were substituted at the
440 percent level, primarily at the expense of cottonseed hulls,

The contribution of protein by the feedlot wastes was approxi-
mately equivalent to the SBM allowance in Ration 2 (see chemical
composition in Table 1}, This would allow for maximum ctficiency of
utilization of protein. The rations were designed to contain sufficient
digestible energy for growth and nitrogen retention as long as the nitro-
gen source was a usable one. However, since the energy values of the
FLW samples were unknown, the energy levels were probably not the
same in all rations, Digestion and nitrogen retention trials were conduct-
ed during weeks 2 and 4 of the repletion phase. Methods of analysis for
feed, feces and urine were routine.

Trial 2. Studies with Poultry Wastes

Samples of dehydrated poultry wastes (DPW) and fermented
poultry wastes (FPW) were supplied by the Merry Lea Corporation,
Kansas City, Missouri. DPW was poultry excreta collected without any
litter and dehydrated. FPW was the same material which had been pro-
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cessed by a fermentation system and dried. The DPW averaged 30 per-
cent crude protein and the FPW, 22 percent. Both materials were tested
primarily as protein sources in lamb growing rations.

Forty eight lambs weighing approximately 46 lb. were randomly
allotted to the & ration treatments illustrated in Table 2. All lambs were
housed in individual pens and were provided feed and water free choice.
All lambs were weighed every 15 days.

Twelve similar lambs were used to determine digestibility of these
rations, The lambs were allotted two per block to a 6 x 6 latin square
design in which the rotation allowed for all lambs to be exposed to all
rations, Each rotation consisted of a one week adaptation period followed
by a one week collection period. Feces and feed were analyzed by routine
methods,

Results and Discussion
Trial 1. Feedlot Wastes

The results of the digestion and nitrogen balance trials with feed-
lot wastes are reported in Tables 5 and 4. Digestibility of dry matter was
depressed by the inclusion of FLW in these rations but this would be ex-
pected based on their high ash content. The digestibility of organic
matter was not decreased and actually appeared to be increased in the
FLW-5 rations, Digestibilities were not changed appreciably in the
SBM rations {medium and high protein controls) .

Nitrogen digestibility was obviously increased by the addition of
SBM to the rations (Table 4). It also appeared to increase as the re-

Table 2. Composition of Rations Containing Dehydrated Pouliry
Waste (DPW) and Fermented Poultry Waste (FPW).

ﬂnmpo_sjli;nn, o, moisture free basis

Pos. 1556 2550 15% 259 MNeg.
Ingredient Control DWW DEwW FPW FPW Control
Cottonseed hulls 35.0 35.0 35.0 35.0 35.0 35.0
Molasses 50 5.0 5.0 5.0 5.0 5.0
Corn starch 10,0 10.0 10.0 10.0 10.0 10.0
Ground corn 34.8 274 22.2 24.2 17.2 44.0
Soyhean meal 14.4 6.6 1.6 0.8 6.7 5.0
DPW — 15.0 - - 15.0 — il
FPW e —- 25.0 - 25.0 i
Salt 0.6 0.6 0.6 0.6 0.6 0.6
Limestone 0.2 0.2 0.2 — — 0.2
Dicaleium phosphate 0.2 0.4 0.4 0.5 0.2
Vit. A -+ i =+ + -+ -t
Vit. D + + + + + +

b
|
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Table 3. Idry Matter Intake and Apparent 1Ngesupiiues oo arcy
Matter, Organic Matter and Cellulose when Rations Con-
taining High Levels of FLW-4 and FLW-5 were Fed to Sheep.

Ap‘pnrmi .digpgihilltiﬂl
D.M. Intake Iy Organic

Period  gim/day matter inatter Cellulose
% %o o
Med. Protein control
Digestibility on basal 1 48 676 64.3 30.7
Digestibility on test 2 aoa 683.7 64.0 9.4
ration 3 B75 713 il.6 35.8
High protein control
Digeatibility on basal | 796 66.4 .4 33.9
Digestibility on test 2 914 63.4 65.7 20.2
ration 3 217 0.1 69.3 32.6
FLW-4 (TCF)
Digestibility on basal 1 667 61.9 65.1 30.6
Digestibility on test 2 T 56.7 0.3 40.8
ration 3 Ba7T 57.2 64.9 H0.4
FLW-5 (HF)
Digestibility on basal 1 TEB 59,2 59.5 214
Digestibility on test 2 860 52.2 67.2 30.7
raticn 3 864 558 0.4 42.0

Table 4. Parameters of N-Utilization When Feedlot Wastes Contribute
Major Portions of the Dietary-N in Sheep Rations.

Mitrogen Mitrogen Nitrogen
Period Intake digestibility halance
gm/day o gm/day
Medinm protein comtrol
Rasal ration | 7.60 43.4 1.85
Test ration s 15.87 5.1 5.82
4 15.54 f3.0 6.5
High protein control
Basal ration | 8.98 8.6 304
Test ration 2 18.49 a8.6 5.94
3 18.55 4.9 6.06
FLW-4 (TCF)
Bazal ration 1 7.092 40.7 .05
Test ration 2 15,61 3.7 3.36
3 153,09 445 3.13
FLY-5 (HF)
Basal ration 1 9.37 29.3 207
Test ration 2 14.17 16.2 1.98
3 15.30 s 3.32
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pletion trial progressed from period 2 to period 5. Nitrogen balance was
increased markedly by SBM supplementation and to approximately the
same degree by the two levels of SBM. Thus, the medium protein control
was apparently supplying sufficient protein to satisfy requirements under
these circumstances and the extra SBM in the high protein control was
being provided in excess of requirements. Nitrogen digestibility was not
increased over the basal ration by the addition of FLW-4 or FLW-b.
This is in contrast to the high digestibilities noted in the previous years
work. Since this years products were lower in total nitrogen, it would
suggest that the digestible forms of nitrogen had been lost in the com-
posting processes. As a result of the low nitrogen digestibility, nitrogen
balance was improved only slightly if at all, even though the nitrogen
content of these rations were equivalent to the medium protein control,

In conclusion, even though the organic matter of the feedlot wastes
studied this year was fairly digestible, it appears the nitrogen was of low
value (=40 percent digestible). Digestible nitrogen may be lost in com-
posting operations,

Trial 2. Poultry Wastes

The growth performance of lambs fed the DPW and FPW rations
is reported in Table 5. Performance has been reported for 30 day periods
as well as the entire 90 day feeding period. Gains during the first 50
days were exceptionally good averaging 0.34 kg (0.75 1b) per day except
for the lambs on the negative control which obviously grew more sluwl}'.
Substitution of DPW or FPW for SBM did not appear to be deleterious
during this period except possibly for the 25 percent DPW group which
appeared to gain less than the positive control. From the standpoint of
protein requirement, this stage of growth is the most critical period.

Although consumption of feed increased in the second 30 day
period, gains were extremely low. This could be accounted for by a
period of extremely warm weather. During the last 30 da}rs the gaim
increased somewhat and approached normal gains.

The animals on the positive control and 15 percent DPW or FPW
appeared to gain faster overall (090 days) than those on 25 percent
DPW or FPW rations. However, these differences were not statistically
significant (P=.05). Some substitution of the corn in the ration was
made by the DPW and FPW. Thus, performance figures could be con-
founded by a change in energy content since the energy value of DP'W
and FPW were not known,

The daily feed consumptions did not show any palatability prob-
lems with DPW or FPW at the levels used, Feed required per unit of
gain appeared to be slightly higher for the DPW and FP'W rations,

Digestibilities of the same rations are shown in Table 6. Dry matter
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Table 5.

Growth Performance of Lambs Fed Rations Containing De-

hydrated Poultry Waste (DPW) or Fermented Poultry Waste

(FPW).
Positive 155 259 154 259 Negative
Component Control DPwW DPW FPW FPW Control
MNumber of lambs B a8 8 g & &
Initial weight, kg 20.6 20.5 20.6 20.6 20,7 20.7
Avg, daily gain, kg
0-30 days 0.341%* 0,350 0288  0.390* 0.545* 0,240
30-60 days 0.167 0.131 0,104 0,160 0,104 0,139
60-90 days 0218 0.235 0,220 0,109 0.182 0.183
0-90 days® 0.238 0.239 0204 0.220 0.210 0.188
Average daily feed
cons., kg
0-30 days 1.15 1.24 1.15 1.27 1.22 0,95
30-60 days 1.60 1.85 1.64 1.71 1.91 1.40
60-90 days 1.43 1.60 1.43 1.37 1.54 1.44
0-90 days 1.39 1.56 1.41 145 36 1.26
Feed efficiency,
kg feed/kg gai
0-30 days © T 3400 3630 4250 3330 3s5ghe 390
30-60 days .90 17.03 22.55 10.69 19.57 11.37
6090 da:,: 7.49 7.46 6,71 8.90 9.72 8.20
O-00 I'.‘Ia:,-s 3 8"3 6.66 7.10 T.15 7.50 6.81

"'-h aTLs u:h dilferent iuptrsct-ma ATE a-mnlfu:a.nl]'r different {(F==".01).
3 Means for 080 days were not significantly different (P> .08).

Table 6, Apparent Digestibilities of Rations Containing Dehydrated

Poulry Waste (DPW) and Fermented Poultry Waste (FPW).

Positive 1596 2555 15% 2895  Negatlve

Component Conirol DPW DPFW FPW FFW  Control
Dry matter 64.6 63.8 60.4 63.0 61.9 58.7
Organic matter 65.6 658 63.9 65.5 65.4 60.0
Cellulose 21.5 43.6 459 43.0 49.5 28.4
Crude protein 38.0 34.2 56.0 52.3 50.7 +4.2

digestibility decreased as the content of DPW and FPW increased in the
ration, Since organic matter digestibility did not decrease, however, the
depression in dry matter digestibility would be assumed to be due to the
high proportion of insoluble ash in the DPW and FPW. It would appear
then that the organic matter in the poultry waste products was about 65
percent digestible, Since cellulose digestibility in the DPW and FPW
rations was higher, the cellulose in the DPW and FPW products them-
selves must be quite digestible. The source of this cellulose is unknown.
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Digestibility of aude protein decreased only slightly (non-sigili-
cant) by the addition of DPW but somewhat more with FPW. T.!.ing
standard values for digestibility of the protein in the other raticiin-
gredients, it was possible to estimate the protein digestibility foithe
test ingredient. These estimates were G6-75 percent [or DPW pm:in
and 55-59 percent for FPW protein. Thus, the fermentation processised
in producing FPW decreased both the protein content and digestiliity,

The Effect of a Variable Protein-Energ)
Ratio on Feedlot Performance and
Carcass Traits of Steer Calves
Donald R, Gill and R. R. Frahm

Story in Brief

Steer calves averaging 205 days in age were weaned and placd on
two fairly high energy feedlot rations. One ration was formulated sing
the National Research Council recommendation of 8.1 percent digeible
protein and the other ration was reduced [rom a high of 11.14 peent
digestible protein to 8.00 percent digestible protein in steps througout
the course of the feeding period.

Feedlot gains on the variable protein ration were higher witl the
largest differences evident during the first third of the feeding peod.
These data suggest that the NRC recommendation of 8.1 percent iges-
tible protein may not be adequate for young cattle on moderate tohigh
energy rations. Feed efficiency, rate of gain, and cost of grain wer all
improved when comparing the variable protein ration to the ratio for-
mulated to the NRC recommendation.
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Introduction

Protein requirements of feedlot cattle are mainly dependent on the
weight and rate of gain of the cattle and on the energy density of the
ration. Since feedlot cattle vary in weight and rate of gain through the
feeding period, the protein requirements for maximum performance may
also vary. Thus, perhaps total feedlot performance can be enhanced by
supplying protein at a level necessary to support maximum growth and
weight gain at each stage of the feeding period, rather than an average
protein level over the entire feeding period.

This experiment trial was conducted to test a ration designed to
supply digestible protein at a rate determined by the estimated level of
gain of the cattle at 100 Ib. weight increments throughout the feeding
period. Estimated gain was calculated using probable feed intakes and
calculating gain using the net energy equations of Lofgreen and Garrett
1968. The ration digestible protein for the variable protein ration was
determined using the equation: total digestible protein, lbs.=0.0040
Wt L G X 040, In this formula, W is equal to the animal weight in
pounds and G is the calculated average daily gain in pounds. This ration
was compared to a ration formulated wsing the 1970 NRC recommen-
dation of 8.1 percent digestible protein,

Materials and Methods

Experimental rations were formulated using the O.5.U. developed
linear programming technigue. Net Energy gain was held to a constant
57 megealories Net Energy Gain per hundred weight on all rations,
Table 1 shows the composition of the rations and Table 2 shows the
composition of the pelleted supplement. The ration compositions are
presented in Table 5. All ration compositions are expressed on a zero
moisture basis. Care was taken to adjust the zero moisture basis formulas

Table 1. Ration Composition in Percent (Zero Moisture Basis)

Ration lt?u-liim. " Ration Radon Ration

Ingredient NRC 500 600 700 800 900
Alfalfa hay 650 BN B 6.55 .55 6.54
Cottonseed hulls 3.79 3.82 3.81 3.80 3.80 3.80
Fat (Beef tallow) 3.20 3.32 3.29 3.25 3.23 321
Rolled Milo 77.18 69.77 72.13 74.62 76.06 77.40
Molasses +.08 4.07 4.06 4.05 4,05 4.05
Soybean Meal, 44% .23 7.45 5.15 273 1.31 e
Supplement 5.00 5.00 5.00 5.00 5.00 5.00

Total 100.0 100.0 100.0 100.0 100.0 100.0
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to the as fed moisture content ol the feed commodities to accurately con-
trol ration composition. Dry ground milo was the main energy source
used in the experimental ration and based on previous net energy trials,
it was assigned an energy value of 90 meg. cals. NEm and 60 meg. cals.
NEg. This would compare to values of 97 meg. cals. NEm and 64 meg.
cals. NEg for the steam flaked milos used in many commercial feedlots.

On the variable protein levels, cattle were started on the 500 level
ration and were changed == =+l when the animals weighed an
estimated 600 lbs, to the 700 level at 700 lbs. etc. When the variable
protein lot reached the 900 level, no further reduction of protein was
made to simplify feed mixing procedure. The steers on the NRC ration
Lot was held on a constant ration with 8.1 percent digestible protein

Table 2. Pelleted Supplement Composition (Zero Moisture Basis)

Ingredient Percent Composition

Ground Milo 48 665
Urea 45% Nitrogen 13.000
Salt 6.000
Calcium Carbonate 13.000
Stilbesterel 2 gram/lb. 700
Vitamin A 30,000 IU/gram 210
Aureomycin 10 gram/1b. 1.425
Soybean meal 4% 17.000

Tatal 100.00

Table 3. Calculated Composition of Experimental Rations (Zero Mois-

ture Basis)
Ration Ration Ration Ration Ration
Component NRC 500 GO 700 BiMy B00
Energy, maint,
meg-cal/cwt. 88.97 a8.98 88.98 Ba.97 88.97 88.97
Energy, gain
meg-cal fowt. 57.00 57.00 57.00 57.00 57.00 57.00
Crude Protein (total} 11.76 14.88 13.89 12.84 12,22 11.66
Protein from Urea 1.85 1.83 1.83 1.83 1.83 1.83
Diigestible Protein 8.10 11.14 10.17 9.15 8.55 8.00
Ether Extract 6.28 6.25 6.25 G.27 6.28 6.29
Crude fiber 6.43 .22 6.96 6.70 6.54 6,40
Potassium 69 .82 .78 .73 i | GH
Caleium b A6 A6 A6 A A6
Phosphorus 34 34 24 34 34 A4
Total 100.0 100.0 100.0 100.0 100.0 100.0
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throughout the trial. Stilbestrol was removed from the supplement for
the required 7 day withdrawal before slaughter,

The 69 choice angus steers initially alloted to the experiment were
the progeny of eight sives involved in a progeny testing program as a
part of the cattle breeding project. In order to maintain valid progeny
test comparisons between sives, hall of each sire group was randomly al-
loted to each treatment group. The steers were weaned at an average of
205 days at the Lake Carl Blackwell range where they had been main-
tained with their dams without creep. At weaning, they were transported
to the Fort Reno Livestock Research Station, where they were |J|E‘l{2l_'ll
immediately on feed in two adjoining pens that opened to the South
from a feeding barn. One steer died during the experiment and only
data from the 68 steers completing the experiment were analyzed.

The actual weaning weights obtained at the Blackwell Range were
used as the initial test weights even though the average shrink to the
feeding site in previous years averaged about nine percent. The cattle
were trucked to the feeding site and placed immediately on feed in the
two feed pens in order to avoid some of the problems which frequently
result when cattle are held off feed and water for extended periods of
time. The test rations were diluted with a decreasing amount of cotton
hulls such that they were on full feed on the experimental ration in
about ten days, Rations were fed using self feeders.

Results and Discussion

Both pens of steers started on feed without any digestive or health
problems. As indicated by the 43 and 79 day weights, the lot on the
variable protein ration gained significantly faster during the first part of
the test, The feedlot performance and carcass data are presented in
Table 4. Steers were slaughtered at 191 and 216 days on test in order
to slaughter the steers as they reached the choice grade. An equal num-
ber of the fattest steers were selected from each of the two lots for the
191 day kill and the remainder were killed at 216 days. Statistical analy-
sis of the data showed no interaction between the kill date and the ex-
perimental treatments, even though the cattle selected for the first kill
gained much more rapidly than did the remainder. Data were pooled
over the two slaughter periods for presentation on the results.

The steers on the variable protein ration significantly outgained the
steers on the NRC constant protein ration by 0,17 lbs. per day (P<.05).
Most of this increased rate ol gain occurred during the first half of the
feeding period as evidenced by 21 and 37 1bs. more gain by the variable
protein steers during the first 43 and 79 days on test, respectively.
ﬁlt]mugt. the daily leed c{msumplimm were similar for the two rations,
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Table 4. Feedlot Performance and Carcass Data

~ Feollet Ratien

Variable Pooled Std.
Trait NRC Protein Deviation
MNumber of steers 35 33
Feedlot Data:
Initial weight, lhs. 487 480 47.1
First 43 day gain, lbs. a2 115% 0.7
First 79 day gain, lbs. 214 a51% 344
Average daily ?a.in, Ibs. 2.77 2.94% 0.323
Final weight,' 1bs. 1014 1050 844
Ave. daily feed,® lbs. 19.5 19.9
Feed conversion,®
Ibs, feed/Ib. gain 7.05 6.79
Feed cost per lb. of gain (cents) 17.12 16.88
Carcars Data:
Carcass weight, lhs, 2] 655 54.3
Dressing percent, o 63.1 624
Kidney, heart and pelvic fat, % 3.2 3.3 0.46
Carcass grade® 10.5 10.5 3.57
Ribeve area, sq. in, 12.2 11.9 1.03
Ribeye area/cwt., carcass wit. 1.1 1.81% 0.193
Marbling score* 5.60 5.67 1.02
Fat thickness, in. 0.91 107 0.227
Cutability (%) 48,2 4B.0%* 1.72

! Final welght shrunk 4%.

Expresed on an as fed basis,
"USDA carcnss grades comverted to the following nomberical designations: high choice 12; ave.
choice 11; low choice 10; high good 9.
i Marbling score equivalents: modest—06; amall=5; slight=4+.
B Fatimated percentage bomeless vetail culs from round Join rib and chock,

*Memw significantly different at the 0.05 probability level,

*eMeans significantly diffevent an the .01 probability level

the variable protein steers gained sufficiently more rapidly to reduce the
amount of feed required per Ib. of gain by 0.26 lbs. The steers on the
variable protein ration had (.16 in. more fat cover (P<.01) and 0.1
percent more kidney, heart and pelvic fat (P<.01). In spite of this in-
creased external fat, there was no difference in the marbling score for
the two groups of steers. Thus, there was not any difference in carcass
grade. The increased fat cover did, however, result in a 1.2 percent re-
duction in estimated cutability (P<.01) for the variable protein ration
SLeers.

Steers fed the variable protein ration consumed more soybean than
did the steers on the NRC ration. (See Table 1) In total, they consumed
an average of 76 lbs. per head more of soybean meal than did the NRC
lot, At the time this experiment was conducted, sovbean meal cost §4.50
per Cwt. and ground milo ready to feed cost $2.26 per Cwt. thus the
substitution of soybean meal for milo in these rations cost §1.71 per head
for the duration of the test.
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Feed only costs including shrinkage and processing were §17.12 per
Cwt. on the NRC ration and §16.88 per Cwt. on the variable protein
ration!, Cattle on the variable protein ration made more rapid gains,
had a slightly better leed conversion ration 6.79 vs. 7.05 on an as fed
basis and a lower cost than the steers on the NRC ration. Because the
gain defferences were largest early in the test, and, because the variable
protein cattle were fatter at slaughter time they might have exhibited
even larger advantage in tenns of rate and efficiency of gain had they
been killed at an equal slaughter weight with the NRC cattle,

All rations contained (.65 percent feed grade urea. Rations 500,
600, and 700, with soybean meal may have failed to have had sufficient
urea fermentation potential for good utilization of the urea nitrogen
based on the formula proposed by Burroughs et al 1972, Additional in-
vestigation will be required to resolve the question of this possibility.

The results of the trial suggest that additional protein above the
NRC recommendation may be desirable for young light weight cattle
during the first part of the [eeding period when using high energy
rations,

1“I;'.;;:I:m cost per hundred  (dry)
NRO - 5243

Sl 2,060
(Ll 255
T 2.49
B0 245
00 242
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Feedlot Performance and Carcass Merit of
Calves from Hereford, Hereford x
Holstein and Holstein Cows

E. A. Dean, L. E. Walters, D. F. Stephens,
J- W. Holloway and Robert Totusek

Story in Brief

The feedlot performance and carcass characteristics of calves sired
by Angus bulls and out of Hereford, Hereford x Holstein, and Holstein
cows which had been on different levels of winter supplement were
compared,

Most apparent differences were those due to breed of dam, Calves
out of Hereford cows tended to gain the fastest and those out of Hol-
stein cows the slowest. Calves out of Holstein cows were least efficient.
Calves out of Holstein cows required the longest feeding period and
were heaviest at slaughter, followed by calves out of the crossbreds.

Calves out of Holstein cows had an advantage in dresaing percent,
marbling, carcass grade, and tenderness.

Introduction

The cow-call operator trying to obtain the highest possible return
per dollar invested is interested in increasing the weaning weight of his
calves. Research has shown a strong positive relationship between level
of milk production in beef cows and weaning weight of their calves.
Selection of heifer calves higher in weaning weights will result in higher
milk production, but a faster method of increasing milk production in
the cow herd is to infuse dairy breeding. The resulting increase in milk
production should increase weaning weight, but in order to fully evalu-
ate this practice, the feedlot performance and carcass characteristics of
calves with a percentage of dairy breeding should be determined.

The primary purpose of this experiment was to compare the feedlot
performances and carcass characteristics of calves out of Hereford, Here-
ford x Holstein crossbred and Holstein females.

Experimental Procedure

Calves used in this study were sired by Angus bulls and out of
Herelord, Hereford x Holstein and Holstein females calving for the
first time. These calves were dropped from mid-November, 1970 through

In tw.pcraliun with USDA Agricaltural Research Service, Southern Region,
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February, 1971. At calving their dams within each breed were assipned
to one of two {Herelord and Hereford x Holstein) or three (Holstein)
levels of winter supplementation designated as Moderate, Fligh or Very
High. Daily post-calving amounts of a 30 percent protein supplement
consisted of approximately 2.5, 5.5 and 7.7 lb. for Moderate, High and
Very High treatments, respectively. The experimental design is illus-
trated in the heading of Table 1.

The calves were placed in the feedlot at weaning which was at
240 == 7 days. Their weaning weight, taken after a 12-hour shrink, was
used as the initial feedlot weight. 'The calves were fed an 80 percent
concentrate ration containing 65 percent milo, 10 percent wheat, 10
percent alfalfa, 7.5 percent soybean meal, 1.0 percent urea, 5.0 percent
molasses and 1.0 percent salt and minerals. Stilbestrol and Vitamin A
were also added at recommended levels. Calves were vaccinated upaon
entry into the feedlot for blackleg, PIS and IBR. Calves were group fed,
by sex and by dams’ breed and supplement level.

Cattle were slaughtered as each steer or heifer reached an anticipatecl
grade of choice based on apparent fatness, Slaughter weight was based on
an overnight 12-hour shrink. Animals were slaughtered at a federally in-
$|Jlr:cl.{_'tl commercial p:lr.king plant. After slaughter, all carcasses were
chilled for 24 hours after which time a USDA grader estimated gquality
grmie, murhling score, maturity, conformation score anel kidney, heart
and pelvic fat. A tracing was made at the 12th-13th rib separation on
each carcass to determine rib-eye area and backfat thickness. Cutability
was caleulated using the Murphy cutability prediction equation,

Shear values were determined on two-inch rib steaks removed at
the 12th rib. The steaks were cooked to an internal temperature of 150°
F. After 24 hours of chilling, three cores were taken from each steak
and each core was su[]jucLutl to three shear tests.

Results and Discussion

A summary of feedlot performance and carcass characteristics of
calves grouped according to breed and level of winter supplement of
their dams is shown in Table 1 for steers and Table 2 lor heifers. With
the small number of calves per treatment and lack of consistent patterns,
it is difficult to make definite conclusions concerning possible effects of
level of winter supplement of the dams of calves on their feedlot per-
formance and carcass merit,

Steers and heifers are compared according to breed of dam in Table
3. Calves from the crossbred and Holstein dams required a longer feed-
ing period (an average of 17 and 46 days) and were heavier at slaughter
(approximately 100 and 200 1.} than calves out of Hereford cows. Breed
differences in rate of gain were largest among steers; steer calves out of
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Table 1. Feedlot Performance and Carcass Characteristics of Steer Calves (All Sired by Angus Bulls)

Breed of Dam and Supplement Level

Hereford Hereford x Holstein Holstein

Trem Moderate High Moderate High Moderate High Yery High
No. of head i) 7 fi f + 7 9
Initial wt., 1b. 507 518 556 535 g 635 641
Slaughter wt., Ib. 938 906 1018 1059 1144 1121 1181
Days fed 127 128 149 169 180 1an 205
Daily gain, 1b. 5.37 3.07 3.09 3.00 3035 2.73 2,70
Feed/lb. gain, 1b. 6.82 7.534 7.20 7.42 8.06 8.60 B.68
Carcass wt., |b. 355 J45 G616 630 703 683 732
Dressing  percent 50.2 60.2 6i,5 60.6 61.3 60.9 62.0
Ribeye, sq. in. 11.7 10.5 117 116 11.0 121 12.8
Backfat thickness, in. 0.75 0.87 0.78 1.00 .80 0.69 0.75
Cutability, % 49.09 47.86 48.25 47.08 45,76 48.87 48.1
Marbling score® 12.6 12.7 12.5 14.1 15.0 16.0 17.9
Carcass grade® 9.2 9.4 8.3 10.0 10.0 10.0 11.0
Shear value® 19.8 18.5 19.3 18.4 16.1 18.0 16.5

! Higher wvalue indicates more marbling.
2 B=Average Good, 9=High Good, 10=Low Choice, 1l=Average Chodce.
A Low value indicates grearer tenderness.
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Table 2. Feedlot Performance and Carcass Characteristics of Heifer Calves (All Sired by Angus Bulls)

Breed of Dam and Supplement Level

Hereford Hereford x Holstein Holstein

Item Moderate High Moderate High Muoderate High  Very High
No. of head 7 [ 7 7 7 7 3
Initial wt., Ib. 483 456 516 554 369 579 568
Slaughter wt., lb, B&1 803 936 930 1039 1036 993
Days fed 152 155 162 149 179 202 180
Daily gain, lb. 2.66 2.335 2.57 2.57 265 233 2.28
Feed/1b. gain, lb. 8.21 8.13 7.20 7.42 945 9.61 0.44
Carcass wt., Ib. 526 496 580 571 655 630 627
Dressing percent 61.1 61.8 62.0 61.4 63.0 62.7 63.1
Ribeye, sq. in. 11.1 10.0 11.4 10.9 12.0 11.8 123
Backfat thickness, in, B0 45 A6 1.00 B9 J1 A1
Cutability, % 48.1 47.2 +6.9 46.4 47.1 475 47.5
Marbling score* 145 13.7 15.4 15.1 17.4 15.0 15.7
Carcass grade? 9.9 9.7 96 10.1 11.0 10.0 10.3
Shear wvalue® 17.8 182 205 18.0 16.0 18.5 17.6

* Higher value indicates more marblin
?8=Average Good, 9=High Good, ]I}._Lw Chojce, 1I=Average Choice.
I Low value indicates greater tenderness,
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Table 3. Feedlot Performance and Carcass Characteristics of Steer and Heifer Calves by Breed of Dam (All
sired by Angus Bulls)

Breed of Dam
Hereford Hereford x Holstein

Ttem Steers Heifers Steers Heifers Steers Heifers
Na. of head 12 13 12 14 17 17
Initial wt., Ib. 513 467 546 535 628 572
Slaughter wt., b, 922 a3z 10249 933 1139 1023
Days fed 128 153 159 156 188 187
Daily gain, Ib. 3,00 2.50 1.05 2,57 2,82 .40
Feed/lb. gain, Ib. 7.08 8.17 T.51 7.97 B.45 9.50
Carcass wt., Ib. 550 511 623 575 06 G4
Dressing  percent =1 61.5 0.6 61.7 G1.4 63.3
Ribeve, q. in. 111 10.6 11.7 11.2 120 12.0
Backfat thickness, in, B1 a8 .89 oa .78 B3
Cutability, % 485 47.7 47.7 46.7 47 .6 47.4
Marbling score 12.7 14.1 13.2 14.3 16.3 16.0
Carcass prade® 9.3 9.8 0.4 10.4 10.3 10.4
Shear value® 19.2 18.0 18.8 19.3 16. 17.3

! Higher 1';lTJe indicates more marblin

E:
# B=Average Good, 9=High Good, 10=Low Cholce, Ll=—Average Chaice,

®Low value indicates greater tenderness,



Hereford cows gained the Fastest, lollowed by calves out of crosshred
cows and Holstein cows. Heifers out of Holstein cows also gained the
slowest, Feed efficiency was poorest [or calves ol both sexes out of Hol-
stein cows,

Calves out of Holstein cows had an advantage in dressing percent,
1lmrbii11g score, carcass grade and tenderness, with shightly less fat cover
than calves out of Hereford and crossbred cows,

An economic analysis of feeding costs and returns is presented in
Table 4, based on an average of steers and heifers for each breed. Prices
used were representative of values at the dme of the feeding trial. Other
prices considered more appropriate may be substituted in the caleu-
lations as desired.

The following prices were used:

Stecrs Heifers
Initial value of calves (per cwt.)

Hereford 41.00 36.00

Hereford x Holstein 39.00 3400

Holstein 37.00 52,00
Value of carcasses (per cwt.)

Choice 54.00 52.50

Good 51.00 49.50

Feed was valued at $45.00 per ton and yardage and interest are charged
at the rate of §0.20 per day.

The return above initial value of the calves, feed, yardage and in-
terest was calculated. On this basis, calves out of the Holstein cows were
the most profitable, followed by those out of the crossbred cows. The

Table 4. FEconomic Analysis (Average for Steers and Heifers)

Breed of Dam

Hereford x

liem Hereford Haolstein Haolstein
Carcass value, § 274.60 31101 355.11
Feedlot costs, §

Initial value of calves 18958 197,33 207.70

Feed cost 6785 76,64 98.44

Yardage and interest 28.20 31.50 37.47
Total costs 285.61 305,47 343.61
REeturn above initial value,

feed, yardage and

intercst, —11.01 5.54 11.94
Value of carcass less

cost of feed, yardage

and interest, § 178.58 202.87 219.67
Value of calf for fecding, % 36.37 37.55 36.60

112 Oklahema Agricultural Experiment Station



breed differences in returns were primarily due to the differences in
initial value assumed for the calves.

Another type of calculation was made. Feed, yardage and interest
costs were substracted from the value of the carcass, and the resulting
return was divided by the initial weight of the calves to provide an
estimate of the value of the calves for feeding. On this basis, calves from
cows of the three breeds were relatively close in value, $37.53, $36.90
and $36.37 per cwt. for calves from crosshreds, Holsteins and Herefords,
respectively.
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Meat and Carcass Evaluation

The Rclatiunﬁhip Between Backfat and
Loin Eye Area Measurements and the
Weight of the Lean Cuts in Swine Carcasses

I. T. Omtvedt, L. E. Walters, John Mabry, R. K. Johnson and
R. F. Queener

Story in Brief

This study included the data from 190 slaughter barrows from the
Ft. Reno swine breeding herd evaluated at the O.5.U. Live Animal
Evafu:ttillg Center and Meat Laboratory in 1971 fall and 1972 spring.
Barrows were removed from test as they weighed 220 lbs. and were
evaluated for backfat thickness using the leanmeter probe and the scan-
ogram. A Scanogram estimate of loin eye area at the tenth rib was also
obtained. The whole body scintillation counter was used Lo obtain esti-
mated pounds of lean cuts from the K4 count on the live pig, These esti-
mates of [atness, loin area and lean cut yield were then compared to the
actual carcass cutout data on the pigs.

The correlations between the various measurements of backfat thick-
ness ranged from 0.57 to 0,69 with the scanogram backfat estimate and
carcass backfat determination having the closest relationships. This would
be expected since the probe backfat thickness readings were taken 114
inches off midline while measurements for the other two methods were
taken at the midline. In the first season, scanogram estimates of loin
area were recalculated whenever marked differences were observed be-
tween the scanogram estimate and the carcass loin area. This insured
i high correlation between the two estimates. In the second season, the
two determinations of loin area were obtained independently and the
correlation between the two methods was (1L.49 compared to 0.80 for the
tirst season. The average correlation between the actual weight of the
lean cuts and the K** estimate of lean cut yield was 0.56.

In order for a measurement to he considered a reliable predictor of
lean yield, it should account for at least 90 percent of the variation in
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yield. In these data, the variation in weight of lean cuts accounted for
by the various measurements of backfat thickness, loin eye area or K%
count ranged from 13 to 41 percent. Using both backfat thickness and
loin area measurements increased the predictability to a limited extent,
but it was not sufficient to conclude that measures of loin area and back-
fat thickness on the live pig are adequate predictors of weight of lean
cuts.

Introduction

Most carcass traits in swine are moderately to highly heritable. This
means that one should attempt to measure the trait directly on potential
breeding stock whenever possible rather than relying on the perform-
ance of relatives as an indicator of the animal’s merit, For example, if a
trait has a heritability of 50 percent, it takes about 100 full sibs to be
equivalent to one record on the animal himself. Because performance
data on relatives are not as accurate and the [act that carcass data are
expensive to obtain, swine breeders are very much interested in obtain-
ing measurements on the live animal that are reliable predictors of
CcArcass merit.

Recently, ultrasonic estimates of backfat thickness and loin eye area
have been widely used by the swine industry as indicators of carcass
desirability. This study was initiated to determine the relative value of
these estimates in predicting lean cut yield in swine,

Materials and Methods

A total of 190 market barrows of Duroc, Hampshire and Yorkshire
breeding herds were used in this study. All pigs were self fed a 16 per-
cent crude protein ration in confinement from weaning to 220 lbs. and
were removed from test on a weekly basis as they reached 220 1bs. The
data included approximately 10 purebred barrows from each of the
three breeds and about 20 barrows from each two-breed cross combina-
tion (10 from each reciprocal combination). The pigs were randomly
selected for evaluation each season as they completed test. The distribu-
tion by season and breed-type is shown in Table 1.

Probe backfat measurements were taken 1% inches off the midline
behind the shoulder, at the last rib and in front of the ham; and the
average depth was used. The pigs were trucked to Stillwater and evalu-
ated the next day at the O.5.U. Live Animal Evaluation Center after
being held off feed and water over night. The Ithaco Scanogram Model
721 was used to obtain ultrasonic measurements of backfat thickness
and loin area. This instrument combines the Branson Sonoray Animal
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Table 1. Distribution of Barrows Evaluated by Year and Breeding

Season Evaluated

1971 1972 E:

Diirocs 12 10
Hampshire 12 11
Yorkshire 12 10
Duroc-Hamp Crosses® 20 20
Duroc-York Crosses' 20 21
Hamp-York Crosses' 20 22

Total a6 94

T The rveciprocal combinations arve combined,

Tester, Model 12 with a Polaroid camera. The transducer (positioned
in a guide which fits the curvature of the animal’s body) and the Polaroid
camera are linked together by means of a mechanically synchronized
drive which moves the transducer along the animal’s body at the same
speed the camera is scanning the oscilloscope of the Sonoray.

When high [requency sound waves strike tissues differing in density,
part of the high frequency energy passes into the second medium while
the remaining energy is reflected back to the Sonoray and appears on the
oscilloscope in the form of an “echo.” The mechanism allows these
“echoes'” to be recorded on a Polaroid print from which interpretations
for backfat thickness and loin eye area can be made. Readings for esti-
mated backlac thickness were taken at the midline at three locations
{the first rib, last rib and last lumbar vertebra). Loin eye area estimate
was made at the tenth rib.

Each animal was evaluated in the Q8. U, K whole body scintilla-
tion counter. Five l-minute counts were taken with background counts
taken before and after the pig was conlined to the chamber. The net
KA count was then used to predict pounds of lean cuts using the ques-
tion:

45876 + 0.00676 (**K Count)

This equation was calculated from data on similar pigs evaluated and
slaughtered in 1970 fall and reported in the 1972 Animal Sciences and
Industry Rescarch Report MP-87. This equation accounted for 55 per-
cent of the variation in lean cut weight for the pigs evaluated in 1970,

Carcass backlat thickness was measured on each side of the carcass
at the first rib, last rib, and the last lumbar vertebra; and the average
depth was used. Carcass loin eye was measured between the tenth and
eleventh rib before the outside fat was removed. Essentially all the out-
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side fat was removed from the ham, loin, and shoulder prior to obtain-
ing the total weight for these cuts,

The means and standard deviations for the traits evaluated each
season are presented in Table 2. The 94 barrows evaluated in 1972
tended to have less backfat thickness, larger loin area, and heavier lean
cut weights than the 96 barrows slaughtered the previous season, but the
variability was similar for both seasons.

Results

The results obtained are presented in Tables 8, 4 and 5,

Relationship Between Diflerent Measurements
for the Same Trait

The pooled within breed group correlations for each season and the
overall average are given in Table 3. Althougl the magnitude of the
correlations between different backfat determination methods were simi-
lar, the scanogram and carcass backfat readings were in closest agree-
ment. This would be expected since both were measured at the midline
while the probe reading was taken 1Y% inches off midline. The correla-
tion between the scanogram estimate of loin eye arca and the carcass
lpin eye measurement was considerably higher in 1971 than in 1972,
Part of this discrepency was due to the fact that some scanogram pictures
were recalculated the first year when a marked difference between the
two estimates was obtained. This forced a high correlation between the
two estimates. In order to more accurately reflect the true situation
that occurs when evaluating breeding stock where the actual loin eye
area is not known, all scanogram areas were obtained in 1972 without
knowledge regarding the actual carcass loin eye area.

Table 2. Means and Standard Deviations by Year for Traits Evaluated

1571 1972
Standard Standard
Mean Deviation Mean Deviation

Backfat Thickness, in.

Probe 1.37 017 1.25 17

Scanogram 1.23 016 1.13 0,15

Clarcass 1.24 015 1.19 0.14
Loin Eve Area, sq, in. 5.16 0.53 5,32 0.52

Carcass 4.84 0.57 4,92 067
Total Lean Cuts, Ibs.

K" count estimate B2.73 4.37 81.24 4.03

Clarcass culout 8505 4,52 BA.54 1.66
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Table 3. Pooled Within Breed Correlations Between Different Mea-
surements for the Same Trait

Overall
1971 1972 Average
Backfat Thicknes Measurements:
Carcass and scanogram 65 69 BT
Carcass and probe A6 bl a3
Scanogram and probe 57 63 A0
Loin Eye Area Measurements:
Carcass and scanogram B0 A 65
Total Wetght of Lean Culs:
Carcags and K* count 62 al 96

The K* prediction equation accounted for 38 percent of the vari-
ation in lean cut weight in 1971 and only 26 percent of the variation in
1972. Although the correlation between K*° count and total lean cuts
was rather low, it should be pointed out that a high relationship was
not expected. Previous work at O.5.U. has shown that K** count is a
more accurate predictor of the total amount of separable lean and the
total amount of fat-free lean in the carcass than it is of pounds of lean
cuts,

Relationship Between Lean Cut Yield and Measurements of
Backfat and Loin Area

The pooled within breed correlations for each season and the aver-
age are given in Table 4. In general, the correlations involving measures
of fatness and loin area with lean cut weight were similar for both sea-
sons with a tendency for the correlations to be somewhat lower in the
second season. However, the only marked discrepancy between years was
noted for the correlations involving scanogram backfat thickness with

Table 4. Pooled Within Breed Correlations Between Lean Cut Weight
and Measurements of Backfat and Loin Area

EI.'I-TBM I-JI.'HZI'I

K* Predicted
Cut Weights Lean Cut Weights

Overall Overall

1971 1972 Average 1971 1972 Average

Probe backfat T A oAk 35 80 =
Scanogram hackfat — it —.36 —.50 —. 58 — 42 — 4
Carcass backfat A0 —.36 38 37 —A4D —.3B
Scanogram loin area A 32 A 33 14 23
Clarcasa loin area ) 56 i 50 41 45
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lean cuts. It accounted for 41 percent of the variation in lean cut weight
in 1971 and for only 13 percent of the variation in 1972, Carcass loin
eye area consistently accounted for more of the variation in lean cut
yield than did the other measurements.

Relative Effectiveness of Various Measurements in
Predicting Lean Cut Weight

The percentage of the variation in lean cut weight accounted for
by the various measures of fatness and loin area for the two seasons is
given in Table 5. The various measurements evaluated in this study
accounted for more of the variation in weight of lean cuts in 1971 than
in 1972, In 1971, scanogram backfat and loin area combined accounted
for 45.4 percent of the variation, but they accounted for only 19.3 per-
cent of the variation in 1972,

Over both years, carcass backfat and loin area combined accounted
for the highest proportion of the variation in lean cut weight. However,
in order for a measurement to be considered a reliable predictor of lean
yield, it is assumed that the measurement should account for at least
90 percent of the variation in lean cut yield. Based on these data, it is
concluded that none of the measurements evaluated should be considered
adequate predictors. New techniques and measurements are needed in
order to adequately evaluate carcass merit on the live pig.

Tahble 5. Effectiveness of Various Measurements in Predicting Total
Weight of Lean Cuts in the Carcass

Measurement Used to Predict or of Variation in Lean
Cuts Accounted For In.
1971 1972
Probe backfat thickness 23.0 16.3
Scanogram backfat thickness 40.4 13.9
Carcass backfiat thickness 15.9 13.0
Scanogram loin eve area ) 102
Carcass loin eye area 34.5 30.9
K* prediction equation in.4 258
Scanogram backfat & loin area combined 45.4 19.3
Carcass backfat & loin area combined 42.7 34.7
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Evaluation of the K* Technique for the
Determination of Fat-Free Lean
in Ground Meat
T. R. Carr, L. E. Walters, R. D. Morrison and R. F. Queener

Story in Brief

This research was initiated to investigate the feasibility of using the
K1 technique as an acceptable method for determining fat-free lean
and from this value to estimate ether-extractable materials (mostly fat)
in ground meat. The development of whole-body counters such as the
0.5.U. whole-body counter, has made it possible to measure gamma
radiation arising from the element potassinum and thus to predict muscl-
ing in meat animals in a non-destructible manner.

There are two properties of potassium that make its f.luuntit;lltivu
measurement in animals and their tissues useful and practical. First,
potassium appears to be relatively independent of body fat and there-
fore, makes up a relatively constant proportion of the [at-free hod}-' when
considered within species and age groups. Secondly, the measurement
of potassium is possible because a small but constant amount of potassi-
um is radioactive.

A new K4 counter configuration (involving eight detectors arranged
in a stack) was used in counting ground meat samples, Forty pound lean
samples containing live different levels of added fat and lean were pre-
pared and K4 counted on two consecutive days in July, 1972, The ratios
of lean to fat in the five ground meat samples were representative of
the variation found in lean trimmings customarily used in the sausage
industry. Net K4 count and ether-extract analyses were conducted on
the five diflerent samples and fat-Iree lean values were caleulated by
difference, 'The data were analyzed statistically and a prediction equa-
tion and correlations were developed.

Introduction

Effective quality control procedures for the meat processing industry
require that such methods be rapid and accurate. The sausage industry,
in particular, is in need of such methodology for the control of fat con-
centrations in blended and seasoned products, Currently, laboratory
methods in use for the determination of fat (et her—eerau} in these pro-
ducts is time consuming and the results of the analyses are often not
available until after the product has reached marketing channels. There-
fore, in order to produce sausages and other processed meats that have
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no more fat than is allowed under provisions of a contract ¢ a[)}li":'l‘jﬂ
ate label, many processors aim for a fat concentration lowy tha? th
permitted level, thus severly reducing profits by manufacturig a Jeanel
product.

The search for a rapid, accurate method for determinig fat-Ir¢¢
ean (and from this to determine fat concentration by diffeence) hes
wompted the investigation into the feasibility of applying thy

tech-
ique for this purpose. Such a technique has shown considerals

ProllliSd-’-
1 the estimation of fat-free lean in live animals and it woul] ::I]JPE?"‘
1t these principles may well be applicable to animal tissug used 1M
e meat processing industry as well.
Materials and Methods

Eight detectors from the O.5.U. whole-body counter were mno\"ﬁ‘l
m the cattle counting instrument and positioned in a “stag” €O

uration in such a manner as to create a tunnel in which grogel beet
1ples were placed for K4° counting, Figure 1.

The D, detectors were used to monitor gamma radiation, rising

n muscle potassium in the samples while the D, detectors wee L15€
Iy for support. The ground beef samples (1, 2,3, 4, 5) were ppa?t

ared
wding different levels of fat to different amounts of lean okgir€c
1 a common source of very lean beef, Table 1.

7
y

AN

D / D

D = Detector
S= Sample

Schematic of tunnel K counting configuration
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Table 1. Composition of Grouna puey v

Lbs. Lean Ground Becf Lbs. Added Fat
Sample 1 30.0 10.0
Sample 2 32.5 1.3
Sample 3 35.0 3.0
Sample 4 31.5 2.5
Bample 5 4.0 0.0

The lean was obtained from bull chucks and rounds. It was closel
trimmed to remove as much subcutaneous and intermuscular fat as po
sible, then ground through a %& inch plate and thoroughly mixed in :
mechanical mixer. The source of added fat was beef kidney fat, whic
was also ground through a 34 inch plate. The components of each sa
ple were carefully weighed, thoroughly mixed, reground through a
inch plate, re-mixed and placed in polyethylene bags for K1 counting,
the gmuml meat samples were prepared, 100 gram samples for chemi
analysis were taken from each of the Hve 40 pound samples. Ether-extr
analyses using a modified Goldfisch method were conducted in triplic
on each of the five 100 gram samples. After the 40 pound samples w
prepared, they were transported to the O.5.U. Live Animal Evaluat
Center and counted on two consecutive days in July, 1972,

The order for K4° counting of the five samples was completely
domized. Five two-minute counts were taken on each sample with
two-minute background counts taken before and after each sample cc |
Each of the five two-minute counts per sample was randomized |
counting order on the first day, The same procedure with a new
domization order was repeated on the following day in order th:
estimate of the day-to-day repeatability of the K* counter could I
termined. Samples were stored in refrigeration when not being col
After the two days of K* counting, the samples were returned i
Meat Laboratory where each sample was thoroughly mixed and sa
again for ether-extract analysis. All ether-extract analyses were de
triplicate.

Results and Discussion

Five forty pound ground meat samples each containing d
amounts of lean were counted in the 0.5.1. whole-body K1 cou
two successive days in July, 1972, Chemical analyses for ether
were conducted on the five ground meat samples and fat-free |
determined by difference. The K4 net count data and the ethe
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data were analyzed statistically. In the analysis, the logarithm of net K40
count data was used to express the magnitude of this variable,
The coetficient of variation,

v Error Mean Square
cCV. = X 100
Overall Mean

was used as an estimate of the repeatability of K net count during the
experiment. The coeflicient of variation for the log net K% count was
found to be 2.8 percent.

By comparison, it should be noted that some methods involving an-
alytical apparatus with coefficients of variation up to 6 to 8 percent are
considered to be within useful operating limits. The coefficient of varia-
tion for the etherextract procedure was found to be 0.8 percent (this
is presented as an estimate of technician error in running the ether-ex-
tract analysis) .

The plotted data in Figure 2 presents the relationship between log
net K40 count and fat-free lean in the sample. An approximate 95 percent
confidence interval was made on a regression line for predicting log net
K% count from fat-free lean. The following equation was developed:

T = 3.088 4- 0.0150X

where ¥ represents the estimate of log net K*® count and X represents the
average pounds of fat-free lean obtained from twelve ether-extract values
from each forty pound ground meat sample. In order to use this equa-
tion, one obtains the logarithm net K1Y count on ten two-minute K40
net counts (5 on one day and 5 on the next). The average of these ten
logarithms is substituted in the equation for ¥ and the equation is solved
for X (which is average pounds of fat-free lean in the forty pound sam-
ple) :

Logarithm Net K Count - 5.008
XX = 7
(L0150

The approximate confidence bounds can be [ound [rom Figure 2. For
example, (see dotted lines in Figure 2), if the average log net K4 count
for a forty pound sample is 3.62, the estimate for the amount of fat-free
lean would be 35.6 pounds with a range from 34.9 to 36.3 pounds. These
values were obtained by using the confidence bounds on the regression
line, The correlation between log net KA count and pounds of lean in
the samples was 0.99 and the correlation between log net K4 count and
pounds of [at-free lean was (196,

It should be emphasized that this prediction equation was developed
for forty pound samples of meat which contained between 30 and 39
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368 Y= 3.088 +0.0150X

366

R o

62 m e e

360

358

Logarithm-Net K *°count

3,56~

1541

352 | 1 1 I
30.0 Jz.o 34.0 36.0 38.0 400

Founds Of Fat- Fres Lean

Figure 2. Logarithm-Net K count as related to pounds of fat-free lean

pounds of fat-free lean. ‘The equation is applicable only to the counting
configuration and conditions described above and used in these pro-
cedures conducted in the 0.5.U. whole-body counter.
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Meat Quality Changes Resulting from
Plc-ugm Muscle Boning of the

Bovine Carcass

R. L. Henrickson and Stanley Falk

Story in Brief

Twelve choice and pood grade animals were slaughtered, observed,
fabricated into individual muscles and muscle systems, for detailed study.
Muscle pH was used to follow the level of change in rigor mortis. The
conditioning periods studied were 3, 5, and 7 hours. The ultimate pH
was reached by the 5 hour period at 16°C. A major advantage in hot
processing is the preservation of weight. The hot processing method re-
flected a loss of only .90 while the conventional chill method lost 2.71
percent,

Introduction

The purpose of this research is to design and evaluate a method of
processing and fabricating the beefl carcass such that bone and excess fat
are removed prior to refrigeration. Thus the elimination of unnecessary
cooling of inedible entities will be provided while yielding meat items of
comparable, if not improved quality, to conventional processing methods,
Therefore the processor would benefit from shorter refrigeration time,
increased yields of boneless, fat-free meats, which could be stored in less
space thus providing maximization of the refrigerated space. The con-
sumer would benefit by receiving a more sanitary, higher guality pro-
duct.

Procedure

Forty ngus steers were utilized in the course of the study. The
animals were of the choice grade and will be slaughtered after reaching
a weight of approximately 1,000 lbs. Each animal was assigned to a 3,
5, or 7 hour holding period for the hot side. The designation of hot or
cold sides was randomized. The cold side was moved directly from the
slaughter floor into a Chill cooler (1.1°C).

Hot & Cold Treatments

HOT—Immediately after conventional slaughter and Federal In.
spection the “hot” side was placed in a 16°C holding room. The side
was held suspended from a rail via a pulley and hook placed through the

Animal Seience Research 1973 125



tendon of Achilles. Thermocouples were then inserted into 4 test muscles,
Biceps femoris (BF), Longissimus dorsi (LD}, Semimembranosus
(SM}), Semitendinosus (517 . Each thermocouple was in turn connected
to a Honeywell recording potentiometer, At the expiration of a particu-
lar holding period the side was weighed and fabricated into a stream-
lined hindguarter,

This fabrication consisted of the removal of the chuck at the fifth
thoracic vertebra and the flank and plate as done in the commercial
trade, After the streamlined hindguarter was weighed, dissection of the
muscles was initiated, while it hung from the rail in a 16°C holding area.
First, excess fat was stripped from the muscle so that only the epimysium
remained on the muscle surface, The muscle excision progressed in the
following order: Tensor fascia latae, Sartorius, Semimembranosus, Semi-
tendinosus, Hiceps femoris, Quadricpes complex, psocis, Gluteus com-
plex, and finally the Longissimus dorsi. The remaining small muscles
were placed into lean trim. The long axis of each dissected muscle was
measured immediately upon dissection. Then the bone, fat, lean trim
and excised muscles were each put into a separate moisture and oxygen
i||'||Jci'1m:.'1i_11c Cry-0-Vac bag. Finally, the components were removed to
a 1.1 C cooler for 48 hours (same cooler as the hanging side) .

Cold — Immediately after slaughter and Federal inspection, the
“gold side” was placed into a 1,1 C cooler for 48 hours. After the expir-
ation of this specified time the “cold” side was fabricated into a stream-
lined hindguarter, following the procedure as previously described for
the "hot™ side.

pH: Measurements of pH were taken at 1-5 hours post-mortem and
then again at 24 and 48 hours from the Psoas major. The pH was used
as a guideline to estimate the end point of glyeolysis or rigor mortis in
both hot and cold sides. The procedure used was to place 10 g, of finely
minced muscle into 50 ml of distilled water. A combination calomol-
hydrogen electrode was placed directly into the resulting sample,

Yield: At the expiration of 43 hours and completion of the “cold”
side dissection all components were weighed for the determination of
yield.

Calculations were made as follows:

Cold side = cold shrunk side wt x 100 = 97 loss
Hot side wt.

Hot side = sum of streamlined hindquarter comp. x 100 = %, loss
Initial streamlined hindguarter we.

The sections of Psoas major which were removed for pH determin-
ation were weighed and then "figured back into” the yield determin-
ation.
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Shortening of Muscles: After each muscle was dissected from the
“hot” side, the long axis was carefully measured using a flexible rule. At
the end of the 48 hours chill period, each muscle was removed from the
bag and again re-measured. A comparison of the length (degree of short-
ening) was made within the initial determination and with the muscles
measured for the cold side.

Microbial Determination: The lean trim from both “hot” and
“cold” sides was separately ground in a washed and sanitized grinder,
Each sample was ground twice, once through a coarse plate and a second
time through a fine plate. Then separate 25 g aliquots were weighed and
placed into 225 ml of sterile distilled water in a sterile Waring Blender.
The sample was then blended for 1 minute at high speed. This consti-
tuted a 1:10 dilution. Next 10 mls of the 1:10 dilution were placed in 90
ml of sterile distilled water to constitute a 1:100 dilution. A 1:1,000
and a 1:100,000 dilution were then prepared in a similar manner using |
ml in 99 ml water. Plates were allowed to incubate at 34°C [or 3 days
and a second set of plates at 15°C for 7 days.

Chemical, Histological, Color, Organoleptic, Shelf Life, Tenderness
Studies: From the muscles of the streamlined hindquarter, four were
chosen for the indicated determinations: Biceps femoris (BF), Longis-
simus dorsi (LD}, Semimembranosus (SM}), Semitendinosus (ST},
The cutting of each muscle into steaks was accomplished in the follow-
ing order:

Current Results

pH: The pH as shown in Table 1 gives no indication of any drastic
variation between sides held at 16°C or those held at 1.1°C for either
the 3, b, or 7 hour holding periods. It should be noted that the ultimate
pH was reached at approximately 5 hours, post-mortem, This fact may
influence the muscles excised at § hours post-mortem since this gives an
indication that ATP was not at a low enough level to allow rigor mortis
to be complete. Therefore, some shortening of these muscles may occur,
resulting in meat that is less tender than muscles excised at 5 or 7 hours
PM as compared to the “cold” control. These judgments will be verilied
upon the completion of the tenderness. taste panel, and histological ex-
aminations,

Yield Data (%, Loss): The yield data this [ar collected is most prom-
ising as shown in Table 11. Average percent loss for the hot sides was
1.18, 0.76, and 0.76 percent for the 8§, 5, and 7 hour holding periods. On
the other hand the loss of moisture for the control on conventionally
processed sides was considerably more averaging 2.71 percent for the 12
sides. Therefore, the commercial advantage of “hot” processing becomes
maost important when one considers the monitary gain a 1-2 percent in-

Animal Science Research 1973 127



8zl

uoloyg juawiadxy [pinynaiBy Dwoyopg

Hours PM

¥ : 1 2 3 4 5 24 48
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1112-3 L 6.07 557 6,12 o S 546 5.68 5.46 5,82 3.47 5.50 5.51 547
1113-3 5.92 5.72 5.83 5.61 571 5.51 546 5.48 3.46 549 3.48 544 5.55 552
1120-3 5.60 547 .35 546 5.35 9.44 g L 5.35 5.38 5.38 5.4 3.38 .44
0-3 5.98 (.05 5.03 6.05 5.78 5.04 5.56 504 541 3.93 5.46 5.48 5.32 .21
X-3 5.81 5.83 5.67 381 3.61 5.63 549 5.70 5.42 5.66 5.45 3.48 LI 41
35-5 6.20 5.85 6.07 .61 6.08 5.86 6.12 5493 5.86 5.84 5.53 5.47 5.42 b4l
100-5 3.75 6.02 5,49 3.67 5.42 5.50 5.45 3.57 547 5.44 547 5.45 543 5.45
1129-5 3.79 5.69 5.82 557 5.61 552 533 520 528 5.27 5.29 5.5 5.34 5.41
1144-5 6.07 6.13 5.93 6,01 596 5.86 5.88 5.90 5.71 5.63 5.30 5.36 5.26 il
X-5 3.95 i 5.83 5.72 5.77 5.64 5.70 567 5.58 5.54 5.40 541 3.36 5.38
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1140-7 6.24 6.29 6.01 6.17 5.84 6.4 3.54 5.78 5.48 5.96 5.52 5.54 5.54 5.50
1126-7 6.02 6.03 3.B5 3.5 5.67 5.88 5.42 5.62 3.43 543 5.49 545 549 5.50
a7 6.08 5.96 3.79 5.82 5.63 Horl 544 5.56 3.43 5,35 347 547 3.50 5.48




Table 2. The Weight Loss in Beef as Influenced by the Method of

Processing
Hot Cold

Live Side Side Loss Loss
Wt Wt Wi, Ibr., Hot Cold
An. # (Ibs) {1bs) {Tbs) T (%) (%)

3 ks,
1112-3 1080 534.5 334 b2 1.92 269
1113-3 1056 338 325 G4 0.70 3.80
1120-3 1090 343 354 62.1 1.05 2.10
0-3 1126 342.5 343 60.8 1.07 2.04

5 hrs.
Mean 1083 339.5 334 62.2 1.18 2,66
55-3 1040 317 315 60.7 0.41 2.86
100-5 a0 280.5 280.5 63 1.00 297
1129.5 1210 387 394 64.5 .66 305
1144-5 1068 327 328 61.3 0.93 2.96

7 hrs.
Mean 1052 327.8 329.4 62.4 0.76 205
1143-7 960 281 293 59.8 0.24 2.32
1116-7 1035 312.5 323.5 61.5 0.81 2.23
1140-7 1095 344.5 346.5 6% 1.22 2.74
1126-7 1184 357 360 G60.3 0.78 2.78
Mean 1068 323.7 330.7 b1.2 0.76 2.53

crease in yield will offer the processor. As an operator became increas-
ingly efficient, the loss would be further reduced. Theoretically a loss of
less than 0.5 percent should be afforded by proper and efficient hot
boning operations,

Grades and Grading: The twelve animals utilized to-date graded
Choice and Good. General appearance of the hot muscle would indicate
a similar grade as was placed on the cold carcass, Emphasis is now be-
ing given to the epimysial connective tissue layer as a feasible aid to
visual grading. Fat streaking on the muscle surface along with general
muscle appearance are also being considered. New mechanical tools
(Rotating Dull Knife Tenderometer, Nip Tenderometer and Rapid Fat
Testers) are being studied. Techniques for rapid color Measurement are
also being investigated.
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Changes in Bovine Muscle Tissue and
Whole Body Potassium From
Birth to Weaning Age

J- D. Gresham, J. J. Guenther, J. R. Escoubas and L. E. Walters

Story in Brief

Eight Angus and eight Charolais calves were used to study changes
in muscle tissue and whole body potassium, in calves of different growth
rates, during their pre-weaning life phase. Results showed that as the
calves matured, muscle tissue potassium increased while whole body
potassivm decreased in concentration. In compating the two breeds it
was noted that the Angus calves had a higher content of muscle tissue
potassium at Periods 1, 2 and § pre-weaning, but the Charolais calves
were higher at the 4th test period. The Angus calves showed a net in-
crease of 8.058 percent in muscle tissue potassium duriug the test, where-
as the Charolais calves displayed a 35.98 percent net increase. Assuming
muscle tissue potassium to be an indicator of “chemical maturity”, re-
sults suggest that the Angus calves matured much earlier in life than
did the Charolais.

Conversely, the Charolais calves were higher in whole body potas-
sium at Periods 1, 2 and 3 and lower at Period 4 pre-weaning, than the
Angus. It would appear that whole body potassinm content, determined
by 1*K count, is influenced by animal scale and surface area and that if
10K count is to be used to estimate fat-free lean in hive cattle, the *K
count could be adjusted for animal scale and body mass.

Introduction

Although several research articles have been published in the past
showing changes in various cation concentrations in muscle tissue with
chronological age, these works have been accomplished on species other
than the bovine. For instance Dickerson (1960} reported an increase in
the concentration of muscle tissue potassium in fowl pectoral muscle with
increasing age. Dickerson and Widdowson (1960} showed an increase in
muscle tissue potassium of piglets at 6 weeks of age versus newborn pigs.
However, Martin et al. (1968) reported a decrease in both chemical and
whole body potassium concentration in pigs of 25 kg, 46 kg., and 91 kg,
live weight.

This study was initiated to investigate the change in muscle tissue
potassium and whole body potassium, determined by YK count, in steer
calves from an “early maturing”” breed and a “late maturing” breed.
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Materials and Methods

Experimental animals utilized in this study were eight grade Angus
and eight Charolais (7/8 Charolais x 1/8 Angus) steer calves. Whaole
body and muscle tissue potassium were determined at four periods during
the preweaning life phase of the calves, beginning when the calves were
about one month of age and at 56 day intervals thereafter.

Whole body poatssium was determined by means of the ¥K counter
at the Oklahoma State University Live Animal Evaluation Center, Total
0K count was expressed as gm K kg, live weight.

Muscle tissue potassium was determined from live animal muscle
biopsy samples (Guenther, 1972) obtained at each of the four test
periods. The biopsy samples were frozen in liquid nitrogen and stored
at —20°C until analyzed via atomic absorption spectroscopy, Muscle
tissue potassium was expressed as mg K/gm wet tissue.

Results and Discussion

Results from the muscle tissue and whole body potassinm analyses
are presented in Table 1. These data indicated that as the calves matured
during their pre-weaning life phase, muscle tissue potassium increased,
while whole body potassium decreased in concentration,

The comparative changes in muscle tissue potassium between the
Angus and Charolais calves are illustrated in Figure 1. It is apparent
that the Angus calves were higher in muscle tissue potassium at Periods
I, 2, and 3 while the Charolais calves were higher at period 4. If tissue
potassium is used as an indicator of “chemical maturity”, these data
suggest that the Angus calves were more mature (chemically) than the

Table 1. Mean Values for Potassium Concentration by Chemical De-
termination? and *K Count®

Period
Variable Breed 1 & 3 44
idunr.lr._:ﬁgm.::‘ .
Potassium’ Angus 32.61 32.79 34.60 35.23
Charolais 21.71 28.61 30.41 37.68
Whole Body
Potassium® Angus 12.50 10.05 492 9,45
Charolais 13.30 14.51 9.72 B.79

! Devermined by atomic alsorplion speciroscopy

¥ Determimed by YK whole hady counter (calf counter)

3 Average age for Angua = 41 day; Charolais = 32 days
4 Increments of K6 days hetween Periods

B Expressed in omg potassium per gm wel tisue

Lo I".:l:prr.umi in gm poelasium per kg live weight
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Figure 1. Concentration of Chemical Potassium in Muscle Tissue by
Period

Charclais. This may best be evidenced by the increase in concentration
within the Angus calves of only 8.03 percent, whereas the Charolais calves
increased by 35.98 percent over the same span of life. This would indi-
cate that the slower maturing (Charolais) breed is less chemically mature
at birth than the faster maturing {(Angus) breed.

Figure 2 illustrates the changes in whole body potassium between
the two breeds during pre-weaning life. The smaller scale, more compact
Angus calves were lower in whole body potassium than the larger scale,
“growthy"”, Charolais calves. The Angus calves showed a decrease from
12.50 gm to 9.45 gm while the Charolais decreased from 13.30 gm to 8.79
gm during this phase of life. The Charolais calves were higher in whole
body potassium at Periods 1, 2 and 8 and lower at Period 4 than the
Angus calves.

Although the exact reasons for and signifance of the above findings
must await further study, it would appear that whole body potassium
content, as determined by 'K count, is definitely influenced by the scale
and surface area of the animal being counted. Consequently any predic-
tion equation developed Lo estimate fat-free lean in the live bovine from
9K count might have to include a “correction Factor” to reflect differ-
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ences in animal scale and body mass, as this could improve the accuacy
of any such estimate,
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Biochemical Studies on Bovine Growth
and Develupm{:nt From Birth to Weaning

J- D. Gresham, J. J. Guenther and J. R. Escoubas

Story in Brief

Oxidative metabolic activity of muscle tissue was compared in eight
small scale beef calves (Angus) and eight large scale beef calves (Char-
olais) . Succinate dehydrogenase activity was determined spectrophoto-
metrically by reduction of 2 (p-lodophenyl) 3-p-nitrophenyl - 5phenyl
Tetrazolium Chloride (INT). Activity was determined on the dilute
salt (0.2M Na, HPO,*7 H,O, pH 7.5) soluble fraction of the whole tis-
sue, Results indicated a decrease in activity from 4.73 x 1072 units to 1.81
x 1072 units over the 168 day evaluation period for the large scale calves.

The small scale calves had a reduction in net activity from 3.69 x
12 units to 2,59 x 1072 units over the same phase. A slight increase in
activity was noted for the small scale calves in Period 4 not noted in the
large scale calves. These results suggest the small scale calves were more
“chemically mature™ at birth than the large scale calves.

Introduction

In general, skeletal muscles are composed of two basic fiber types,
the Type I (Red) fiber which is rich in the oxidative enzymes and poor
in phosphorylase and adenosine triphosphatase and the Type II (White)
fiber which is poor in the oxidative enzymes and rich in phosphorylase
and adenosine triphosphatase (Dubowitz and Pearse, 196{a, b). A thired
“intermediate” fiber type has been identified which shows a moderate
reaction to oxidative enzymes but an intense reaction to phosphorylase
and adenosine triphophatase (Brooke, 1966). It has also been shown
that the type I fiber is the predominant fiber type in early postnatal life,
whereas the T'ype II fiber becomes more prominent as chronological age
increases. Some species are fully differentiated at birth, while in others
fiber differentation occurs post-natally (Dubowitz, 1968, 1968), The
state of fiber differentiation at birth is related to the length of gestation
and physical maturity at parturition,

The purpose of this study was to compare the state of chemical
maturity of an early maturing and late maturing bovine breed, utilizing
oxidative enzyme changes associated with post-natal muscle [iber dilfer-
entiation as an "index” of chemical maturity.
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Materials and Methods

In this study, eight grade Angus steer calves were selected to repre-
sent the early maturing bovine breed and a similar number of Charolais
(% Charolais x 14 Angus) steer calves were selected to represent the later
maturing breed. The test calves were kept with their dams until wean-
ing (approximately 205 days of age), under similar range conditions,
Muscle samples were obtained by live animal biopsy (Guenther, 1972)
at approximately 35 days of age (Period 1) and at three subsequent 56
day periods (Periods 2, §, and 4). Muscle samples were wrapped in
aluminum foil, frozen in liguid nitrogen and stored at —20°C awaiting
chemical analysis. Fiber differentiation was estimated by the determin-
ation of total oxidative and total glycolytic activity of the muscle tissue,
Activity was measured spectrophotometrically by the enzymatic reduction
of tetrazolium salts (Beecher, 1965) utilizing succinate deh].rdrug:ﬂlasc to
represent the oxidative activity and lactate dehydrogenase for glycolytic
activity.

Results

Results are presented as the period mean values for the eight ani-
mals within each breed. Units of activity are expressed as net change in
optical density per 15 minute per mg. of extractable protein. Extractable
protein is the dilute salt (0.2M Na, HPO,#7 H,O, pH 7.5) soluble pro-
tein as determined by the Biuret method (Layne, 1957) .

Figure 1 represents a comparison of the total oxidative activity of
the two breeds by period. It is apparent that the initial oxidative activity
of the Charolais calves was higher (4.73 x 102 units) than that of the
Angus (3.69 x 1072 units) . This would indicate that the Charolais were
less “chemically mature” at this phase of their lifetime than the Angus,
based on the assumption that fiber differentiation results in the lowered
axidative capacity of the tissue.

Between Periods 1 and 2 (56 days) there was little difference in the
rate of change between the two breeds (1.40 x 10°% units for the Angus
and 1.26 x 10 units for the Charolais) . However, during the next 56
day increment (between Periods 2 and 3), the mean activity for the
Angus decreased only (0L26 x 102 units whereas that of the Charolais de-
creased 138 x 1072 units or 5.5 times the Angus difference. This appar-
ent plateauing effect noted for the Angus calves may reflect a state of
“chemical maturity” for the early maturing breed which was not yet ap-
parent for the later maturing breed. Between Periods 3 and 4, a reduc-
tion in activity of only 0.28 x 102 units was noted for the Charolais
which was quite similarto the 026 x 10 units of change between
Periods 2 and 3 of the Angus.
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Figure 1. Total Oxidative Activity by Period

An increase in oxidative activity of 0.56 x 102 units was noted for
the Angus calves between Periods 3 and 4. This increase in oxidative
activity of the Angus may be indicative of biochemical adaptions of the
muscle tissue associated with apparent completeness of skeleton develop-
ment of the Angus (Gresham, et al. 1973). Figure 2 reflects the growth
rate of the left metacarpal at each period between the two breeds. Note
that there was a decline in rate of growth of the Angus between Periods
2 and 4, whereas the Charolais rate of growth was still linear. This im-
plies that the Angus may have reached a state of “physiclogical maturi-
ty" not yet evident for the Charolais. Purpertedly, the four major tissues
develop in the order of nerve, bone, muscle, then adipose. Therefore,
the completeness of bone growth would be followed by muscular develop-
ment. This increased demand for protein synthesis has caused either a
regression in the Angus of some Type II fiber back to Type T fibers or a
stimulation of the oxidative activity of the muscle tissue.

Regression of fiber types has been reported to occur with starvation
and subsequent high nutritional levels (Goldsprink, 1965) . Several other
workers (Dreyfus and Vibert, 1967; Goldberg, 1967} have shown that
red muscle incorporates more amino acids into the sarcoplasmic and
myolibrillar fractions than does white muscle, Further studies will, hope-
fully, define either the control mechanisms responsible for the increased
oxidative capacity of the muscle tissue or what has stimulated the regres-
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sion of the muscle fibers from glycolytic metabolism back to oxidative
metabolism.
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Preliminary Studies on Breed Variations
in the Rate of Depu:ﬁitiun of Compact and
Cancellous Bone During Pre-Weaning

Growth in the Bovine
J: J. Guenther, L. E. Evans!, J. D, Gresham and J. R. Escoubas

Story in Brief

Six Angus and six Charolais steer calves were used to study the in-
fluence of animal scale on the rate of compact and cancellous bone de-
position during pre-weaning growth in the bovine. Experimental data
were obtained from radiograms of the left metacarpal bone of each calf
taken at four periods tluring the calves' pre-weaning life. From the radio-
grams, visual changes in the periosteal and metaphyseal regions of the
metacarpal bones were evaluated via a subjective score, based on a scale
of 1 to 6.

1 Depariment of Radiology, College of Veterinary Medicine,
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at periods 1, 2, 3 and 4 was 32, 88, 144 and 200 days, J'mperlivul}'.

In Figure 1 are presented the mean metaphyseal density scores of
the metacarpal bones from the two test breeds at the various pre-weaning
periods. Visually, this region appeared as a sclerotic zone on the radio-
gram and what was actually evaluated was the amount of metaphyseal
sclerosis. Whether the sclerotic zone was caused by actual new cancellous
bone deposition or a reaction to an inflammatory condition, epiphysitis,
engendered by some nutritional imbalance or physical stress or a com-
bination of the above, cannot be fully elucidated at this time,

The discussion to follow is based on the assumption that the changes
in the metaphyseal sclerotic area were due, primarily, to the deposition
of new cancellous bone tissue. Resulis in Figure 1 show that both breeds

Cortex Density Scores
(Compact Bone)

Angus
B ———Charolais

1 | | |
I 2 3 4
Pre—Weaning Period

Figure 2. The influence of animal breed and scale on compact bone
deposition in the bovine during pre-weaning life
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displayed a net increase in new bone deposition, with the small scale
Angus calves accumulating greater amounts than the large scale Char-
olais, except for period 2. A comparison of the curves, for the two breeds,
hetween periods 3 and 4 indicates that the Angus calves had begun to
decline in their rate of linear bone increase, or cancellous bone depo-
sition, during this phase of their pre-weaning life. However, for the
Charolais calves this was the period of maximum rate of linear bone
deposition. Apparently, then, the Angus calves had attained a more ad-
vanced state of physiological maturity than did the Charolais during
pre-weaning life,

Cancellous Bone
——— Compact Bone

Metaphyseal And Cortex Density Scores
oad
T

I 2 3 4
Pre— Weaning Period

Figure 3. The relationship between compact and cancellous bone de-

position in small scale (Angus) hovine during pre-weaning
life
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The rate of compact or cortical bone deposition was assessd e iy
visual observation of the area and density of the cortex. These Ax Wis
are represented by the graphs in Figure 2. Although both breeds sbv ed
a net increase in compact bone deposition during pre-weaning lifie s
obvious that the metacarpal bones of the small scale Angus cilvi¥xrwg,.
tured in diameter or thickness at a much faster rate than did the & gy
scale Charolais. Moreover, at period 4, the Charolais had surpasd L e
Angus calves in total amount of cortical bone,

The relationship between metacarpal cancellous and cmnpnr:ltlu e
formation is portrayed in Figures 3 and 4, respectively, for the Muge-ys
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Figure 4, The relationship between compact and cancellous bone de.
position in large scale (Charolais) bovine during pre-¥eaning
life
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munL Lol ULals DLEEUS, A PUSLIVE Telationsinp between these two Lypes
of bone deposition can be noted, for both breeds, through period 3. Be-
tween perimls 3 and 4, however, compact bone deposition in the Angus
calves decreased considerably, whereas in the Charolais calves it tended
to parallel cancellous bone formation,

From the above data, it would appear that the nmt:u:arp;ll bones of
small scale animals mature more rapidly in diameter than they do in
length. Also, the results suggest that small scale bovine attain a notable
degree of skeletal maturity prior to weaning or between 5 and 7 months
of age.

144 Oklahoma Agricultural Experiment Station



Effect of Pellet Size on Pig Performance

W. G. Luce, I. T. Omtvedt, C. V. Maxwell, 5. D. Welty
and D. C. Zoltner

Story in Brief

Two trials were conducted involving 208 growing-finishing pigs to
study the effect of pellet size on performance of growing-finishing swine.
The pigs were self fed in confinement from an average weight of 63.2 to
225.7 1b. and 48.7 to 201.2 1b. for Trials 1 and 2 respectively. Milo and
wheat were the cereal grains used in Trials 1 and 2, respectively.

The treatments involved in both trials were a meal ration, a 3/16
inch pellet ration, a 14 inch pellet ration, and a 3/8 inch pellet ration,
Pelleting tended to improve average daily gains and feed efficiency in
both trials. Size of pellets had little affect on the pigs fed milo rations in
Trial 1 but tended to favor the smaller size pellets (3/16 and 1/4 inch)
for the pigs fed the wheat rations in Trial 2,

Introduction

Previous research conducted in the Department of Animal Sciences
and Industry has shown that pelleting of a milo-soybean meal or a
wheat-soybean meal ration resulted in approximately a 7 percent im-
provement in average daily gains and a 10 percent improvement in feed
efficiency for growing-finishing swine.

Since research work here and at other research stations indicated
ndvnntnges of pelleting swine rations, it was deemed f[easible to study
the optimum pellet size for growing-finishing swine. Traits studied in-
cluded average daily gain, feed elficiency, feed intake and probed back-
fat thickness,

Experimental Procedure

All pigs were housed in indoor concrete pens equipped with self
feeders and waterers, In both trials the pigs were randomly alloted with-
in breed, sex and litter to [our experimental treatments. Pigs were {ed

In cooperation with IISII.M Agricultural Research Service, Southern Region.
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either a meal form ration or a pelleted ration prepared by a California
Master Model Pellet Mill at the Oklahoma State University Feed Mill,

Trial 1

Trial 1 consisted of 64 purebred Hampshire or Yorkshire pigs with
eight pens (two pigs per pen) on each of four treatments, A 16 percent
crude protein milo-soybean meal ration as shown in Table 1 was self fed
to all pigs from an average weight of 63.2 1b, to 223.7 1b. Treatments in-
volved were (1} a meal ration, (2) a 3/16 inch pellet ration, (3) a 1/4
inch pellet ration and (1) a 3/8 inch pellet ration. Pigs were individual-
Iy removed from treatment on a weekly basis when they reached 220 1b,

Trial 2

Trial 2 consisted of 144 purebred Duroc, Hampshire or Yorkshire
gilts with four pens (nine pigs per pen) on each of four treatments. A
16 percent crude protein wheat-soybean meal ration as shown in Table
1 was self fed to all pigs from an average weight of 48.7 1b. to 201.2 Ib,
Treatments involved were (1) a meal ration, (2) a 3/16 inch pellet
ration (3) a 1/4 inch pellet ration and {4) a 3/8 inch pellet ration.
Pigs were individually removed from treatment on a weekly basis when
they reached 200 Ib.

Results and Discussion

Trial 1
The results of Trial 1 are shown in Table 2. Pigs on treatment 3
(1/4 inch pelleted ration) had the highest average daily gain and was

Table 1. Composition of Experimental Rations

Trial 1 Trial 2

Ingredients, %
Milo, ground G800 o
Wheat, grouncd = 75.10
Soybean meal (%) 22.75 16.75
Molasses {wet) 5.00 5.00
Caleium carbonate .70 0.80
Dicaleiwm phosphate 1.50 1.30
Sale .50 0.50
Vitamin-trace mineral mix* 0.50 0.50
Aureomycin 10 0.25 0.25
Aureomycin 50 ., 0.05
Total 100.00 100,00
% protein 16.01 16.01
%% caleium 0.71 071
% phosphorous 0,60 060

1 Supplied 3,000,000 LU, vitamin A, 300,000 LU, viiamin 11, 4 gm riboflavin,d 20 gm. pantolhenic
acld, 30 gm. niacin, 1,00 gm, choline chloride, 15 mg. vitamin B, 6,000 LU, vitamin E, 200 gm.
menadione, 0.2 gm. fodine, 00 gm. fron, 20 gm, manganese, 10 gm, copper and 90 gm. sime per
o of Feed.
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Tabel 2. Effect of Pellet Size on Pig Performance—Trial 1

1 2 3 4
{meal form) (3716 in. (174 in. (3/8 in.
prilet) pellet) pellet)
Fens per treatment, no. 8 & a8 &
Pigs per pen, no. 2 2 2 2
Av. initial wt., b, 63.1 63.2 643 62.0
Av, final wt., Ib, 223.1 223.6 226.1 221.9
Av, daily gain, Ib. ki 1.g2" 1.38° 1.8
Av, daily feed intake, Ib, 5.54 5.52 3.73 5.52
Feed per Ib. gain, Ib.! 3.36 5.04° 3.05° 3.04°

! Means with different superscripts nre significantly 1j|'f[-l.‘.‘.|'tlll: (P ==C.005),

significantly higher than those on treatment 1, {meal form ration). Pigs
on treatment 2 (3/16 inch pelleted ration) and treatment 4 (8/8 inch
pelleted ration) also had higher average daily gains than those on treat-
ment 1, Pigs on treatment | (meal form ration) required significantly
more feed per pound of gain than the pigs on the other treatments.

Mo significant differences were noted in average daily feed intake
but the pigs on the pelleted rations tended to consume less, This feed
savings may largely result from a reduction in feed wastage. While pel-
leting in general tended to improve average daily gains and feed effi-
ciency, little difference was noted due to size of pellets.

Trial 2

The results of Trial 2 are shown in Table 3. Pigs on all the pelleted
rations had higher average daily gains than those on the meal form
ration. Pigs on Treatment 2 (3/16 inch pellet ration) had the highest
average daily gain and was significantly higher than those on treatment

Table 3. Effect of Pellet Size on Pig Performance — Trial 2

1 2 3 4
(meal form) (3716 in. (1/4in. (3/Rin,
pellet) pellet) pellet)
Pens per treatment, no. 4 4 4 4
Pigs per pen, no, 9 9 9 9
Av. initial wt., Ib. 49.2 48.4 48.6 4.6
Av. final wt., Ib. 200.5 203.1 2014 199.8
Av. daily gain, Ib? 1.52 1.65" 1.60%* 1.56""
Av, daily feed intake, Ib, 4.55 4.70 4.75 4.71
Feed per lb, gain, 1b! 3.01* 285" 2oar 3.02
Av. adjusted backfat, in. 1.15 116 1.13 1.12

! Means with different superscripts ave significantly diffevent (17==2.05),
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1 {meal form ration) and treatment 4 (3/8 inch pellet ration) . Pigs on
treatment 2 required significantly less feed per pound of gain than those
on treatment 1.

No significant differences were noted in average daily feed intake
or probed backfat thickness. Pelleting in general tended to improve
average daily gains and the smallest size pellet (3/16 inch) tended to re-
sult in the best feed efficiency.

The Effect of Ration Ingredient Change
on Pig Performance
W. G. Luce, C. V. Maxwell and D. C. Zoltner

Story in Brief

Two trials were conducted involving 128 growing-linishing pigs to
measure the effect of marked ration ingredient change on pig perfor-
mance,

Treatments involved in both trials were (1) a basal milo-soybean
meal ration fed throughout the trials; (2) the cereal grain portion of
the rations {milu, corn, and wheat) was rotated every 7 days; (3) the
protein source (all soybean meal, Y5 meat and bone scraps and 3% soy-
bean meal, and 14 peanut meal and 34 soybean meal) was rotated every
7 days; (4) both the cereal grain and protein sources, as outlined in
Treatments 2 and 3 were rotated every 7 days (nine different combi-
nations) .

MNo significant differences were noted in average daily gains, average
daily feed intake, [eed elficiency and probed backfat thickness. The re-
sults suggest that marked ration ingredient changes has little effect on
pig performance when nutritional requirements are met,
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Introduction

It is now possible through the use of high speed electronic com-
putors to overcome many of the physical problems [ormerly associated
with formulating least cost, nutritionally adequate rations from a wide
number of available feedstuffs. This method of ration formulation com-
monly referred to as linear programming has gained some acceptance by
industry and university personnel working in the area of swine nutrition,

One concern of many nutritionists and swine producers was that
frequently the prices of commodities [luctuate enough from week to
week to greatly influence the ingredients selected by the computor in a
least cost ration. Thus the purpose of these experiments was to study the
effect of marked ration ingredient change in the pig's diet on rate of
gain, daily feed intake, feed utilization and probed backtat thickness.

Experimental Procedure

Two trials involving 128 purebred Hampshire or Yorkshire pigs
were used in this experiment. All pigs were housed in indoor concrete
pens equipped with self feeders and automatic waterers. All pigs were
self fed from an average weight of 71.56 and 57.6 1b. to 215.9 and 222.2 1b.
in trials 1 and 2 respectively. In both trials the pigs were randomly allot-
ted within breed, sex and litter to four experimental treatments with
eight pens (two pigs per pen) in each treatment,

The [our treatments in both trials were as follows:

1. Treatment 1. A basal 16.0 percent crude protein milo-soybean meal
ration was fed throughout both trials. (See ration 1 in Tables 1 and
2 for Trials 1 and 2 respectively.

2. Treatment 2. The cereal grain portion of the ration {milo, corn and
wheat) was rotated every seven days. (See rations 1, 2 and 3 in
Tables 1 and 2 for Trials 1 and 2 respectively.)

8. Treatment 3. The protein sources {all soybean meal, 5 meat and
bone scraps and 24 soybean meal, and 14 peanut meal and 24 soy-
bean meal) were rotated every seven days. (See rations 1, 4 and 5
in Tables 1 and 2 for Trials 1 and 2 respectively.

4. Treatment 4. Both the cereal grain and protein sources as outlined
in Treatment 2 and § were rotated every 7 days. This was a total of
nine different combinations. The combinations were: milo and soy-
bean meal, milo and ¥ meat and bone scraps and 25 soybean meal,
milo and 14 peanut meal and %% soybean meal, corn and soybean
meal, corn and 14 meat and bone scraps and %% soybean meal, corn
and V4 peanut meal and 24 soybean meal, wheat and soybean meal,
wheat and %4 meat and bone scraps and 24 m}'hc:m meal and wheat
and Y4 peanut meal and 25 soybean meal. (See rations 1 through 9
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Table 1. Composition of Experimental Rations in Trial 1

Ration number®
1 - 5 3 4 5 & 7 3 9
Ingredients, %
Milo, ground® 74.20 = = 78.00 76.25 = o = &
Wheat, ground* b 84.70 i o - 87.00 B6.00 3 2
Corn, ground® e = 73.50 i A = £ 77.30 75.3C
Soybean meal, 44% 22.50 12.10 23.40 13.80 13.60 7.20 7.20 14.30 14.2C
Meat and bone scraps, 509% = E = 6.90 = 3.60 i 7.15 -
Peanut meal, 50% £ L 5 i 6.80 5] 3.60 = 710
Calcium carbonate 0.90 0.90 0.80 0.15 (.85 0.60 0.90 0.15 0.80
Dicalcium phosphate 1.40 1.30 1.50 0.15 1.50 0.60 1.30 0.10 1.60
Vitamin-trace mineral mix’ 0.50 0.50 0.50 0.50 0.30 0.50 0.50 0.50 0.50
Salt 0.50 0.50 0.50 0.50 0.30 0.50 0.50 0.50 0.50
Total 100.00 106,00 100.00 100,00 100.00 100.00 100,00 100040 100.04
Composition, %
Protein 15.99 16.01 16.00 16.01 15.98 15.99 15.99 15.98 16.01
Lysine® 0.73 0.73 0.73 0.73 0.73 0.73 0.73 0.73 0.73
Calcium 0.71 0.70 0.70 0.69 0.70 0.71 0.70 0.71 0.72
Phosphorus 0.60 0.61 0.60 0.60 0.561 0.60 0.60 0.59 0.61

P Tylan 40 was added at the rate of 0LO5% for each ratbon,

#The milo, wheat and comn analyzed 8.6, 12,8 and 8.2% crude protein respectively,

* Vitamin-trace mineral mix supplied 1500 LU. vitamin A, 150 LU, vitamin D, 2 mg. riboflavin, 15 mg. niacin, 10 mg. pantothenic acid, 500 mg. choline,
7.5 meg. vitamin By, 0.22 ppm iodine, 99 ppm irom, 22 ppm manganese, 11 ppm copper and 99 ppm zine per pound of feed.

* .03, E-lg. 0.07, 0.15, 024, 026, 009 and 0.13% L-lysine added to rations 1,2,4,5,6.7.%, and 9 pespectively to make them equivalent in lysine content te
ration 5.
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Table 2. Composition of Experimental Rations in Trial 2

Ml pamber

1 2 - % ] ] 7 ] 9
Ingredients, T
Milo, ground® 75.20 L = 78.70 76.25 = o i =
Wheat, ground® i 83.10 i s & B5.55 83.90 s =
Corn, ground® 2 s 76.60 = i & & 79.90 T1.10
Sovhean meal, 445 21.50 13.70 20,00 13.30 13.60 8.30 2.60 12,30 12.60
Meat and Bone scraps, 50% & & & 6.6 i 4.15 2 6.15 e
Peanut meal, 509 o = -, = 6.80 < 4.30 L 6.30
Calcium carbonate 0,80 090 0.80 0.15 .85 0.50 0.90 0.15 .80
Dicalcium phosphate 1.5 1.30 1.60 0.20 1.50 0.50 1.30 0.50 1.60
Vitamin-trace mineral mix’ 0.50 .50 0.50 0.50 0,50 01,50 0.50 0.50 0.50
Salt 0.50 0.50 (.50 0.50 0.50 .30 0.50 0.50 0.50
Total 100,00 100.00 100,00 100,00 100,00 100,00 1000 100,00 100.00
Composition, To
Protein 16.00 16.02 16.00 16.02 16.01 16.01 16.01 16.00 15.99
Lysine* 0.84 0.84 .84 .84 0.84 0.84 0.84 (.84 0.84
Calcium 0.70 0.70 0.71 .69 0.71 0.70 0.70 0.71 0.70
Phosphorous .61 .61 0.61 0,60 0.61 0.61 (.60 n.6L 061

! Tylan 40 was added at the rate of 0.05% for each ration. :
2 The milo, wheat and corn analveed 8.70, 12.02 and 9.40% protein reapectively.

* Vitamin-trace mineral mix supplied 1500 LU. vitarsin A, 150 LU. vitamin D, 2 mg. riboflavin, 15 mg niacin, 10 mg. pantothenic acid, 500 mg. choline,

7.5 meg. vitamin B, 022 ppm iodine, 00 ppm iron, 22 ppm manganese, 11 ppm copper and 95 ppm zinc per pound of feed.

4015, 0.08, 006, 0.7, 019, 0.23, 0,04 and 0.15% L-lysine added to rations 2 through O respectively to make them equivalent in lysine content to mtion 1,



in Tables 1 and 2 for T'rials | and 2 respectively.)

In both trials vitamin and trace mineral supplementation, calcium,
phosphorous, crude protein and lysine were held constant in all rations,
All other amino acids were calculated to be at least above requirement
stated by the National Research Council, 1968 but not constant in all
rations. Energy content was similar in all rations,

Results and Discussion

The results of Trial 1 and 2 are shown in Tables 3 and 4 respec-
tively. Average daily gain, feed efficiency and average daily feed intake
was similar for pigs on all treatments in both trials with no significant
differences being noted. When probed backfat thickness was measured
in Trial 2, the results were similar for pigs on all treatments and no
sipnificant differences were noted.

Table 3. Effect of Ration Ingredient Change on Pig Performance in

Trial 1

S e

| 2 3 4
Pens per 1.IL=2’I.I.I1'I:I::::U. i B 8 8
Pigs per pen, no. 2 2 2z 2
Av. initial wt., Ib. 70.9 714 70.9 72.0
Av. final wt., lb. 214.0 214.7 213.3 213.4
Av, daily gain, lb.* 1.82 1.79 1.7i 1.81
Feed per lb. gain, 1b.#® 3.14 3.05 313 311
Av. daily fed intake, 1b.* 5.63 5,56 5.5 5.56

*Treatment means were nob significantly different at the (P=Z.06) level.

Table 4. Effect of Ration Ingredient Change on Pig Performance in

Trial 2
HEs . SRR < =%
1 2 3 4
Pens per treatment, no, 8 ] B 8
Pigs per pen, no, 2 2 2 2
Av. initial wt., lb, 57.3 58.7 58.2 56.3
Av, final wt., Ib, 223.9 225.5 221.1 220.1
Av, daily fain, Ib. 1.74 1.73 1.77 1.71
Feed per lb., gain, Ib.* 3.22 3.05 3.19 3.08
Av, daily feed intake, lb.* 5.56 525 5.62 5.23
Probed backfat thickness, in.* 1.00 1.04) 1.05 109

*Treatment means werve not slgnificantly different at the (1"==.08) lewel,
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It would appear that marked ration ingredient change has little
effect on pig performance. However it should be noted that in these
trials, all known nutritional requirements were believed to be met on
all diets fed. Furthermore, ingredients or level of ingredients used were
those believed to be palatable to swine.

Effect of Protein Level on
Nitrogen Balance and Reproductive
Performance in Gilts

Rick D. Jones, Charles V. Maxwell,
David C. Zoltner and Rollie E. Ennis

Story in Brief

Three trials involving a total of 90 gilts were conducted to evaluate
the effect of crude protein intake on growth, nitrogen balance and re-
productive performance of breeding gilts. Yorkshire gilts were fed graded
levels of protein from approximately 146 days of age to slaughter at 50
days post-breeding,

Feeding a high protein ration (20 percent crude protein) resulted
in little or no advantage in average daily gain to puberty, age at purberty
or nitrogen retention prior to breeding when compared to the medium
level diet (14 percent). Gilis fed the low protein ration (8 percent)
gained significantly slower and tended to be older at puberty than gilts
fed the 14 or 20 percent protein rations. The high protein diet (20 per-
cent) resulted in a significantly greater nitrogen retention during early
Pregnancy.

The value of this increased nitrogen retention is not well under-
stood, An increase in anestrous gilts seemed to be associated with the
two lower protein levels; however, sufficient data were not obtained in
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this study to establish a definite relationship. Number of corpora lutea,
an indicator of ovulation rate, increased as protein level increased.
Number of live embryos and percent embryo survival were not affected
by protein levels used in this experiment.

Introduction

Pecent research has raised many questions as to the effects of dietary
protein levels, fed before and after breeding, on subsequent reproductive
[.w:rfurmunce in gilts,. Reproductive performance, as assessed by litter
size, birth weight and pig survival to weaning, has proven to be unre-
sponsive to dilferences in protein intake during pestation. Variation in
litter size due to boar influence, season, crowding effect in the uterus
and other environmental factors have made it difficult to show an effect
on litter data due to protein intake of the dam,

Nitrogen retention can be used to indicate the level of dietary pro-
tein which maximizes body protein synthesis; however, this technique
does not differentiate between protein synthesis that is required for
optimal reproduction and that which is simply stored protein. This
study was undertaken to determine the effect of feeding various levels of
crude protein, over an extended period of time, on the reproductive per-
formance, nitrogen retention and growth ol young gilis.

Materials and Methods

Three trials were conducted using 90 Yorkshire gilts averaging 146
days of age. 'T'en gilts were randomly allotted to each of the three dietary
protein levels within each of the three trials. The three rations (Table
1) were calculated to have 20, 14 or 8 percent crude protein. The 20
percent ration was a milo-soybean meal based ration and the 14 and 8

Table 1. Composition of Experimental Rations

Ingredient 209 C. P 145 C. P, 85 C. P,
Mila (B%) 6B.52 47.96 27.41
Soybean meal (50.9%) 28.50 19.95 11.40
Corn starch 28.61 57.539
Dicalcium phosphate 0.64 1.30 1.89
Limestone 1.534 1.18 0.91
Vit-Mineral premix* 0.50 0,50 0,50
Balt 0.50 0.50 0.50

! Witamin-trace mineral premix supplicd 1600 TU vitamin A, 150 IU vitamin Dy, 2 mg riboflavin,
15 mg niacin, 14 mg pantothenic scid, B0 mg choline, 7.5 meg vitamin By, 0.22 ppm iocdine,
¥ ppm iren, 22 ppm manganese, 11 ppm copper and 99 ppm zioe per pournd of Teed,
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percent I.rrultin rations were made by diluting the 20 percent ration with
corn starch which contains virtwally no protein, Constant amino acid
ratios across treatments were maintained by this procedure. Aduquulu
calcium (0.75 percent), phosphorus (0.50 percent), vitamins, trace
minerals and salt were added to all three rations,

The rations were fed to their respective treatment groups at a level
of b pounds per gilt per day until the group averaged 180 days of age,
then the level was reduced to 4 pounds daily giving approximately .80,
b6 or 32 pounds of crude protein daily to the respective treatment
groups,

The gilts were fed once daily in individual feeding stalls and had
access to drinking water and shelter. Gilts were checked daily for signs
of estrus by introducing a teaser boar into the pen. Ages at first and
second estrus were recorded and an attempt was made to breed all gilts
on the third estrus (second post-puberal) with natural services on two
consecutive days. Weights were taken every two weeks to monitor growth.

Two five-day nitrogen balance studies were conducted on a random
sample of the gilts. Gilts were put into crates equipped for feces and
urine collection on day 11 after the second estrus and again on day 21
after breeding. A two-day adjustment period was allowed, then feces
were weighed daily and urine volume was measured daily, Ten percent
of each daily urine and fecal collection was frozen for nitrogen analysis
by the Kjeldahl procedure,

Gilts were slaughtered at approximately 30 days post—hreer:liug and
the entire reproductive tracts were removed. Ovaries were examined for
numbers of corpora lutea and live embryos were counted and measured
for length. All data was analyzed by the least squares procedure with
number of live embryos and percent embryo survival adjusted to equal
numbers of corpora lutea and embryo length adjusted to equal age of
embryo. Differences in least squares means were tested for significance
by Student’s “t” test,

Results and Discussion

Total weight gain and average daily gain from the first day on test
to date of first estrus were used to evaluate the effect of level of protein
on growth (Table 2). Average daily gain increased with increasing pro-
tein intake; however, rate of gain was apparently beginning to plateau
at the high level of intake, Gilts fed the low protein level (52 pounds)
gained significantly slower than gilts fed 56 or B0 pounds of protein.
These data suggest that protein was a limiting factor in growth of the
gilts; however, none of the treatments resulted in optimal weight at
recommended breeding age. Energy restriction may have been too severe
for these gilts.
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The mean ages at first, second and third estrus (Table 3) tended
to increase with decreasing protein intakes, but this trend was not sig-
nificant (P<.1). These data did now show the estrual cycle irregularities
which tended to be associated with the two lower protein levels (Table
4) . Only one gilt (3.6 percent of total) fed the 20 percent ration failed
to exhibit estrus, whereas seven (23.3 percent) and six (20.7 percent)
anestrous gilts were observed in the groups fed 14 and 8 percent protein,
respectively.

This study did not provide sufficient data to show a significant in-
crease in anestrous gilts on the lower protein intakes. However, this
form of reproductive failure might be the most serious problem en-
countered in gilts on low protein diets,

Table 2. Total Weight Gain and Average Daily Gain to First Estrus

W% C. P. 4% C. P. 89 C. P.
MNo. of gilts exhibiting estrus® 27 8 23
Total weight gain, 1h. 7.2 76.8 (9.0
Average daily gain, b2 A6 an g4

1 0me gilt died and one crippled gilt removed from 20% group and one gilt died in 8% group.
® Values without a common {::utr differ significantly :['-:C.EH:IEI:.

Table 3. Age at First, Second and Third Estrus!

2% C. P. 4% C. P, #% C. P.
First estrus 226.7 2299 238.0
Second estrua 248.5 249.3 259.6
Third estrus 268.9 269.3 279.0

1 Age in days,

Table 4. Estrus Irregularities Observed

20¢, C. P 1455 C. P, 8o C. P,

No. of gilts on trial 2Be 30 29
Mo. of ancatrous gilts | 2 4
Mo, of gilts exhibiting

estrus once = 1 =
Mo of gilts exhibiting

estrug twice A 4 2
Total anestrous at breeding 1 7 fi
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Boar (1962) and Pond et ol. (1968) found similainct e
estrous gilis and sows fed low protein diets; however, ambel® w_
oo small to justify association of treatments with reproducre Eﬂilurf_s
Fecal, urinary and retained nitrogen for collection periis 1 {beirﬂﬂ
reeding) and II (after breeding) are presented in Talk b. Bel’m
reeding, the 20 and 14 percent protein rations appeared tallow Iﬂd;:
um nitrogen retention with high, medium and low proin 1“53 "
ving 14.2, 14.9, and 10.2 grams of retained nitrogen, respectely- rrl ]:;f&
lues suggest that an intake of 4 pounds of the 14 percent preif?
s adequate for protein tissue development before breediy, A it
ze of development in the gilt, most of the protein absorbd from b
is probably used in maintenance and growth of structuj mus

cled
i A i nt @
m, loin, etc.) with only a very small amount going to deve‘pﬂlﬂ
reproductive tract.

e e85 in

¢ thi

Collection period II was conducted on days 28 througl27 PGBE
ding and was probably well after implantation of the embip i

the
1s. Nitrogen retention increased linearly with increasingprﬂtelln
i (P<.01), and the 20 percent protein ration allowed a sigfi cant'y
er (P<.05) nitrogen retention (21.0 grams per day) than le ge =
sent rations (9.8 and 7.2 grams, respectively) . ’

“his increased retention might indicate that the 20 percen ratio?
4 pounds per day allowed greater protein synthesis than 6 1 4 ‘?r
ent diets. This additional protein may have been dc[.mied 1n
iterine or mammary tissue or used for growth of structural was€+<
so possible that the extra nitrogen retained was stored as pl-ﬂlﬂ
es” in the liver, muscles, skin, etc, Advantages of increasedi t¥C"
entionwith respect to gestation and parturition performan are
| documented.

gnant gilts retained slightly less nitrogen than 1nl:rn-I:rnzgrlzmg_gm'i-l"’Hr
1 the two lower protein rations. This decreeased retention i g <

Nitrogen Balance of Gilts Fed Graded Levels of Proteind

—t - 2 e
20 C. P. 4%, C. P. Bop .l
Collection Period 1
3.4 19,22 88"
1.2 6.5 39
14.2 14.9 10.2
Collection Period 11
26.8" 25.9° 11.6*
8.2 L 3.4
21.0 9.8°
n grama per day,

7.2*
a commaon letter dilfer significantly (P-==001% and linear effect significant (P==—"l -
a common letter differ significantly (P==2J005) and linear effect significant (P=Z} .
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adicate an increased requirement for some essci..
mset of pregnancy. The calculated first-limiting amino acid in the ex-
perimental rations was methionine,

Reproductive performance is summarized in Table 6. Number of
corpora lutea increased as protein intake increased. Each increase in
protein level vesulted in an average increase of .9 ova or potential em-
bryos. No differences in live embryo numbers, percent survival or lengtl
of embryos were observed. This suggests that reproductive efficienc
during early gestation was not severely impaired by the feeding of re
atively low levels of protein. However, Pond et al. (1969) found th
higher protein levels fed during the first 24 days of pregnancy signil
cantly improved birth weight and postnatal growth rate of pigs. Holds
et al. (1968) noted that increased protein intake during gestation i
proved subsequent lactation and growth of offspring.

In conclusion, high protein levels fed before and after breed
seem to produce a slight improvement in overall reproductive per!
mance; however, numbers of gilts used in this experiment were not
ficient to establish a relationship between increased protein intake
greater reproductive efficiency.

Table 6. Reproductive Performance ,

20% C. P, 149 C. P, 8% C
Mo of eovpois R WY 13& | ean
Mo, of live embryos 10.3 9.3 0
Percent survival 1.4 68.7 7|
Embryo length, in. 1.03 1.03 1

1 Linear elfect BE‘I‘:{IEE;:H-I EP-A‘-‘II]":? 33
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Feedlot Performance and Carcass Merit
of 2-Breed and 3-Breed Cross Pigs

R. K. Johnson, I. T. Omtvedt, L. E. Walters and T. W. Williams

Story in Brief

This study was initiated to evaluate differences in the feedlot per-
formance and carcass merit for 2-breed and 3-breed crosses involving the
Duroc, Hampshire and Yorkshire breeds. The data included the post-
weaning feedlot performance on 606 barrows and gilts and the carcass
data on 110 barrows,

There were no significant differences between 3-breed and 2-breed
crosses for any of the feedlot and carcass traits evaluated. Overall, 2-breed
and 3-breed cross pigs had nearly identical growth rates, feed consump-
tion and feed efficiencies. The V5 Hampshire: 14 Duroc: 14 Yorkshire
crossbred gilts had less backfat than the other groups and this resulted
in the backfat thickness for the 3-breed crosses being 0.05 in. less than
that for the 2-breed cross gilts. The carcasses from the 3-breed and 2-
breed cross barrows were nearly the same for length, backfat thickness
and loin eye area, The 2-breed cross carcasses averaged slightly higher
yield of lean and higher color score but had a somewhat lower quality
score for marbling,

In general, there appeared to be litde added heterosis from 3-breed
crosses over 2-breed crosses for measures of feedlot performance and car-
cass traits, Some interesting ditferences in performance between recipro-
cal crosses were noted, but more data are needed before drawing any
definite conclusions regarding the relative importance of maternal effects.

In cooperation with USDA Agricultural Research Service, Southern Region.
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Introduction

Growth rate and meat guality are moderately heritable traits in
swine and have responded to aossbreeding, but the amount of heterosis
observed appears to depend on which breeds are involved in the cross.
Most swine carcass measurements (length, loin eye area, backfat thick-
ness, and weight of the lean cuts) are in general highly heritable traits
and have shown little response to crossbreeding.

Research has shown that a crossbred sow is needed in order to maxi-
mize production by capitalizing on the heterosis of a crossbred sow for
preweaning performance. However, information on differences between
specific crossing sequences is not available. Swine producers need to know
which combinations yield the greatest advantage in terms of combining
the strong points of the different breeds for feedlot performance and
CArCcAss merit,

This report deals with the second phase of the Oklahoma crosshreed-
ing project where 2-breed and 3-breed crosses are compared for feedlot
performance and carcass merit. The data includes only pigs farrowed in
the 1972 spring at Ft. Reno, and the number of animals within any
breed group are rather limited. The same breeding structure was repeat-
ed to produce litters in 1972 fall and these additional records are needed
in order to provide sufficient numbers to evaluate the influence of ma-
ternal effects in crossing sequences. ‘This report deals primarily with the
relative differences between 2-breed and 3-breed cross pigs.

Experimental Procedure

The data included 606 gilts and barrows involving 2-breed and 3-
breed crosses among Durocs, Hampshires and Yorkshires. The pigs were
farrowed in the Ft. Reno swine breeding herd in 1972 spring. The feed-
lot records included 280 two-breed cross and 326 three-breed cross pigs
and the carcass data included 55 two-breed cross barrows and 55 three-
breed cross barrows.

The pigs used in this study came from litters that were produced by
mating purebred boars of each breed to two gilts of each breed-type not
represented in the boar. For example, each Duroc hoar was mated to two
Hampshires, two Yorkshires and to four Hampshire-Yorkshire crosshred
gilts (two of each reciprocal breed-type) .

The pigs were weaned at 42 days of age and two weeks later were
moved to the confinement finishing barn. They were allotted by breed
group in groups of about 16 pigs per pen and given a one-week adjust-
ment period before being weighed on test. All pigs were self-fed a 16 per-
cent crude protein (milo, wheat, soybean meal) ration until they reached
220 Ibs. Pigs were weighed off test on o weekly basis as they reachecd 220
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Ibs., and all gilts {a total of 304) were probed for backfat at that time,
As the pigs were weighed off test, a random sample of about nine bar-
rows per breed group were taken to the University Meat Laboratory and
evaluated for carcass merit.

Results

The growth rate, feed consumption and probe backfat data for the
2-breed and 3-breed crosses are presented in Table 1. The overall rite of
gain and days to 220 1bs. was nearly identical for the 2-breed and 3-lreed
crosses. There was no significant difference in rate of gain or d.'s.}'s ty 220
lbs. among the various 2-breed crosses, but the 15 Duroc:’y Hamphire:
L4 Yorkshire crossbred pigs gained 0:06 1bs. per day less than the sther
8-breed crosses. The 3-breed cross gilts had 0.05 in. less backfat thay the
2-breed crosses, but this superiority was primarily due to the 14 Himp-
shire:14 Duroc:}4 Yorkshire crossed gilts having significantly less lack-
fat than any of the other breed groups.

There was virtually no difference in average daily feed consumpion
or feed efficiency between the 2-breed and 3-breed crosses. Hampshie X
Duroc-Yorkshire crosses consumed significantly less feed and were nore
efficient feed converters than the Yorkshire X Duroc-Hampshire crsses.

The carcass measurements for the 110 barrows slaughtered arepre-
sented in Table 2. In general, there was very little difference betveen
the 2-breed and 3-breed crosses for carcass merit. The 3-breed cnsses
tended to have slightly less lean yield, higher marbling scores and lwer
color scores than 2-breed crosses although these differences were noisig-
nificant. Duroc-Hampshire 2-breed cross barrows tended to haveless
backfat and less lean yield than other 2-breed crosses while Hamphire
X Duroc-Yorkshire 5-breed crosses were longer, less fat and had wre
lean yield than did the other 3-breed crosses, Duroc-Yorkshire 2-beed
cross barrows had higher marbling, firmness and color scores thanthe
other 2-breed crosses while Hampshire X Duroc-Yorkshire crossesyacd
somewhat lower quality scores than other 3-breed crosses,

Results from the first phase of this study have shown rather kge
differences in reciprocal crosses in the production of Z-breed cross jgs.
Although the numbers in the present study are limited, the resultgre
very similar to those of the first phase. There was little differenctbe-
tween reciprocal crosses involving Hampshires and Durocs [or eher
feedlot performance or carcass traits, However, the Yorkshire crossed
pigs tended to grow faster and more efficiently and to have more dir-
able carcasses when the Yorkshire served as their dam breed rather \an
their sire breed. These differences were especially evident for the reqro-
cal crosses involving Durocs and Yorkshires, These data suggest that fere
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Table 1. Postweaning Performance and Probe Backfat Data for 2-Breed and 5-Breed Cross Pigs
2-Breed Crosses® b 3-Breed Crosses” Owerall
D-H DY H-Y DxH-Y HxD-Y YxD-H 2.Breed  3-Breed 9 Imprvnt.
Crosses Crosses over 2-Breed
Growth Rate:
No. pigs 93 97 88 106 105 115 280 326
Avg. daily gain, lbs. 1.68 1.67 1.65 1.63 1.69 1.69 1.67 1.67 0.0
Days to 220 Ibs. 169.2 170.0 174.2 172.9 170.5 170.6 171.1 171.3 0.1
Probe Backfat Data:
Mo, gilts 5 49 48 50 53 33 148 156
Backfat thickness, in.#® 1.38 130 1.50 1.37 1.16 1.31 1.33 1.28 38
Feed Records:
No. pens [ 6 fi (i fi T 18 19
Feed /pig/day, lbs. 5.1 4.4 5.0 3.0 +.8 53 5.0 5.0 0.0
Lbs. feed/lbs. gain 3.09 295 3.07 3.08 2.93 3.20 3.04 3.06 —.7

i Incledes the reciprocal crosses, Example: D-H includes all ¥ Duroc; V4 Hampshire pigs regardless if sired by 2 Duroc or 3 Hampshire boar.
® First letter desigmates the breed of sire, Includes pigs farmowed ;

recipmo:al breeds of dam.
*Difference between 2-breed and 3-breed cross 5 significamt (P==.05).

Table 2. Carcass Cutout Data for 2-Breed and 3-Breed Cross Barrows from 1972 Spring Farrowing

2-Breed Crossest 3-Breed Crosses® Overall
D-H DY HY DxH-Y HxDY  ¥xD-H 3.Breed  3-Breed 0, lmprvmt.
Crosses Crosses over 2-Breed
No. barrow carcasses 20 18 17 20 17 18 55 55
Carcass length, in. 30.3 30.4 30.6 30.5 30.8 304 30.4 30.5 0.3
Carcass backfat, in. 1.17 1.30 1.27 1.29 1.13 1.32 1.25 1.25 0.0
Loin eve area, 3g. in. 4.38 4.63 4 54 4.70 4.64 4.17 452 4.50 —
Lean cuts o:f live wt., % 40.9 41.2 41.4 40.7 42.0 39.5 41.2 407 —1.2
Ham — loin index 948 100.3 99,3 99,6 103.0 B86.5 98.1 2%.4 —1.7
Carcass guality scores:?
Marbling score 3.9 5.2 3.6 4.8 £.0 4.3 4.2 4.3 2.4
Firmness score 4.9 5.8 4.8 3.8 4.8 51 5.2 5.2 0.0
Color score 4.6 53 4.7 4.6 4.8 4.8 4.9 +7 —+1

1Includes the reciprocal crosses,

# First letter designates sire breed. Approximately the same number of barrows were

*Loin quality at lih rib evaluzted using a 7-point scorin stem: 1=devoid of
q'.'-—-hnm-hnr marhline. verv firm ia_nd Lgmdlrk_ e

rivlne

Example: D-H includes an equal number of DxH and HxD pi
- ﬂ:ugh:eurg'om cach reciprocal dam breeding

group, :
ling, very soft and pale; S=average marbling and firmness and pink



may be rather large differences in the maternal influence of the three
pure breeds for feedlot performance and carcass traits,

Another important question is whether reciprocally produced cross-
bred females differ in their maternal influence for these traits and also
the relative importance of the maternal heterosis of the crosshred dam.
However, more data are needed before any definite conclusions can be
made.

Swine Crossbreeding Results; 2-Breed
Crosses vs. Purebreds

I. T. Omtvedt, R. K. Johnson, L. E. Walters
T. W. Williams and S. I. Welty

Story in Brief

The reproductive performance for 440 Duroe, Hampshire and York-
shire dams, the feedlot perft}]'manoe for 841 pigs, and the carcass data on
190 slaughter pigs were used to evaluate the influence of using a boar
of a different breed on purebred females, Yorkshire females had a higher
reproductive failure rate than Durocs or Hampshires, and Hampshires
had a lower ovulation rate than Durocs or Yorkshires. Productivity of
Duroes and Hampshires was increased by mating them to a hoar of a
different breed, but crossbreeding had negligible influence on the pro-
ductivity of Yorkshire females. However, the purebred Yorkshire litters
were larger and heavier than crossbred litters produced by Duroes and
Hampshires.

Overall, purebred sows with crossbred litters showed an advantage
of 74 percent more pigs at farrowing, 16.1 percent more pigs at weaning,

In cooperation with USDA Agricultural Research Service, Southern Region,
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17.5 percent heavier litter weaning weights and 12.1 percent higher pre-
weaning pig livability over purebred sows with purebred litters,

Crossbred pigs reached market weight 10 days earlier and consumerd
5.7 percent more feed per day than purcbreds. Dillerences in feed effi-
ciency between purebreds and crossbreds were negligible, but purebred
Yorkshire pigs tended to be most efficient,

Breed differences were noted in backfat thickness, lean Yieid anu
meat quality; but purebred performance tended to be a good prediclor
of crossbred performance. Hampshires had less backfat thickness and
higher lean cut yield, but had lower muscle quality scores than the other
two breeds. Hampshire-Yorkshire crosses revealed negative heterosis since
they were fatter, had lower lean cut yields and lower muscle quality
scores than the average for the purebreds making up this cross. When
Durocs were used in the cross, there was a marked increase in quality
over crosses which did not involve Durocs.

Introduction

Crossbreeding is widely used in the livestock industry to capitalize
on the desirable characteristics of different breeds and to obtain increased
performance in the crossbred individual over the average of the parent
breeds making up the cross (heterosis). Although a high percentage of
the hogs marketed in the United States are of crossbred origin, breeders
do not have sufficient data available to know which crosses yield best
results.

This study was initiated in 1969 at the Oklahoma Experiment Sta-
tion to evaluate the overall combining ability of Durocs, Hampshires,
and Yorkshires and to determine the relative amount of heterosis
achieved for all economically important traits, The results presented in
this paper deal with the first phase of the project where the influence
of using a boar of a different breed on purebred gilts is evaluated.

Materials and Methods

The purebred seedsiock herds for this project are maintained at
Stillwater with the evaluation herds maintained at the Fr. Reno Experi-
ment Station. An attempt is made to maintain a relatively broad genetic
base in each of the seedstock herds and to keep inbreeding to a mini-
mum, Two new unrelated boars are purchased for each herd each year,
and three boars are kept over for another breeding season,

In the fall of 1969, the 3 purebred seedstock herds were formed by
obtaining about 25 gilts and 5 boars for each herd. The initial breeding
stock came from as many different lines of breeding as possible within
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each breed. From the purebred litters produced at Stillwater in 1970
spring, 54 gilts and 6 boars from each breed were selected after they
completed a feeding test and taken to Fr. Reno for breeding in 1970
fall. Each boar was mated to 3 gilts of his own breed and to § gilts from
each of the other two breeds.

Approximately 30 days after breeding, one gilt from each mating
type for each boar was randomly selected to be slaughtered to evaluate
ovulation rate and early embryo development, The other 2 gilts from
each mating type for each boar were carried full term and permitted to
farrow. During the first season this system resulted in 45 gilts slaughtered
for reproductive tract studies and 88 gilts farrowed. This procedure was
apain repeated six months later with a new group of boars and gilts
from the Stillwater herd, and 74 gilts were slaughtered one month after
breeding and 87 were permitted to farrow.

Approximately one-half of the females farrowing during the second
season were sows and their records were adjusted over all breed groups
to a gilt equivalent basis with a least squares additive correction factor,
Because of management problems in the fall 1971 farrowing season, ex-
cessive post-farrowing death losses occurred, and the females that far-
rowed in that season were remated in late winter to farrow in summer
1972, These sows were randomly mated in the same manner as described
for the other seasons to a new group of young boars of each breed from
Stillwater. No sows were slaughtered, and 69 litters from this season were
included in the analyses. All pigs from these summer litters were sold
after weaning,

All sows in this study farrowed in confinement and each sow and
litter was penned separately until the pigs were weaned at 42 days of
age. Pigs were given access to creep [eed alter the 21-day weights were
obtained. Two weeks after weaning, the pigs were moved to the con-
[inement [inishing barn and allotted by breed in groups of about 16
pigs per pen. The pigs were given oné week to get adjusted to their new
surroundings before being weighed on test.

All pigs were sell-fed a 16 percent crude protein ration until they
reached 220 Ibs. Pigs were weighed off test on a weekly basis as they
weighed 220 1bs, and all gilts were probed for backfat thickness at that
time. The postweaning feeding tests included the performance on a total
of 941 pigs and feed records on 63 pens. Probe backfat measurements
were taken on 479 gilts. About 10 barrows per breed group were taken
to the University Meat Laboratory and slaughtered for carcass cutout and
muscle quality data, A total of 190 carcasses were evaluated in this study,
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Results
Reproductive Efficiency

The breeding performance for the 440 females selected for the breed-
ing herd is summarized in Table 1. In this project, estrus was detected
with the assistance of a teaser boar, and hand mating was used in all
seasons, Gilts were between 210 and 270 days of age at the beginning of
the breeding season, and the breeding season was long enough to permit
problem breeders to have at least 8 complete estrous cycles, Overall, 59
of the 440 females (18.4 percent) failed to conceive, The percentage of
failures for Durocs, Hampshires, and Yorkshires were 10.1, 6.8 and 25.4
percent, respectively, with Yorkshires having a significantly higher fail-
ure-rate than the other two breeds.

Since the reproductive failures among Yorkshires were also greater
than the failure-rates for Duroc and Hampshire sows, the observed breed
differences could not be due to differences in sexual maturity at breed-
ing. Part of the difference could be attributed to the fact that the visual
signs of estrus are less vivid among Yorkshire females, and therefore, a
higher percentage were not observed in heat when they actually would
have accepted a boar under a natural mating system.

Table 1. Reproductive Efficiency and Ovulation Rate by Breed of Sow

Breed of Dam
Duros Hampshire  Yorkshire
Reproductive Efficiency:
Gilt Data:
Mo, selected for breeding 100 100 101
Mo, pregnant at end of season 93 04 77
Mo, failing to reproduce 7 (i 24
Failure rate, %o* 7.0 6.0 23.8
Sow Data:
MNo. selected for breeding 45 46 44
Mo. sows that farrowed 41 42 54
Mo, failing to farrow a 4 10
Failure rate, 5o* 16.3 8.7 22.7
Dwverall:
Total no. sclected for breeding 149 146 145
Mo. pregnant at end of scason 134 136 111
No. Failing to reproduce 15 10 4
Failure rate, %% 10.1 6.8 234
Ovulation Rate for Gilts Slavghtered:
Mo, gilts slaughtened 43 4 36
Mo, corpora lutea per gilt* 13.8 12.1 15.8

*Indicates that breed difference was significant {PF==,05),
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Ovulation Rates and Early Embryo Development

As shown in Table 1, Duroc and Yorkshire gilts ovulated more eggs
than Hampshire gilts, The embryo data presented in Table 2 shows that
purebred Duroc and Hampshire gilts tended to have more developing
embryos when mated to a boar of a different breed, but the number of
developing embryos for Yorkshire gilts was about the same whether they
were carrying purebred or crossbred embryos. Overall, gilts with cross-
bred litters had a higher proportion of the eggs ovulated represented
as live embryos when slaughtered at 30 days postbreeding, but this ad-
vantage was primarily due to the higher percentages obtained for cross-
bred litters in Durocs and Hampshires,

These data show no advantage for using a boar of a different breed
on Yorkshires but considerable advantage for the other two breeds. Cross-
bred embryos were not consistently larger than purebred embryos in
this study, but Hampshire and Duroc gilts tended to have larger embryos
than Yorkshire gilts.

Litter Production Records

The litter records are summarized in Table 2. Purebred dams of
all breeds with crosshred litters farrowed and raised more pigs per litter
than did purebred dams with purebred litters resulting in an owverall
increase in litter size of 0.7 pigs at farrowing and 1.0 pig at weaning,
This advantage was most pronounced among Duroc dams at farrowing
and both Duroc and Hampshire dams showed a definite advantage for
number of pigs raised when the litter was crossbred. Yorkshire females
weaned the largest litters and using a boar of a different breed did not
have any marked effect on their productivity. The greatest increase in
livability (19 percent) due to crossing was noted among Hampshire
dams with Durocs revealing a somewhat smaller increase (5.3 percent),
and Yorkshires showing virtually no difference between purebred and
crosshred litters.

Breed of dam differences for litter traits through weaning were ap-
parent. Both Duroc and Yorkshire dams farrowed larger litters than
Hampshires while at 42 days Yorkshire dams had larger litters than
either Duroc or Hampshire dams, while the 0.4 pig per litter difference
in litter size of Duroc and Hampshire dams at 42 days was not signifi-
cant. Overall, Yorkshire dams raised 13 percent more of their pigs from
birth to weaning.

Pigs from Yorkshire dams weighed less at birth than those from
Duroc and Hampshire dams. However at 21 days of age, pigs from York-
shire dams were the heaviest even though they were also from larger
litters. ‘This suggests that Yorkshire dams not only were better mothers
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Table 2. Reproductive Performance of Purebred Sows with Cressbred Litters Compared to Those with Purebred

Litters
Duroc Sows Hamp Sows York Sows Overall % Improvement
Pure Cross Pure Cross Fure Cross Pure Cross  over Purebreds
Early Embrye Development:
Mo, gilts slaughtered 13 30 14 26 12 24 59 80
No., embryo per gilt* 10.6 11.1 8.6 9.9 11.4 11.3 10.2 10.7 4.5
%o embryos of eggs ovulated® 74,2 1.9 4.5 823 B3.9 83.1 77.6 82.5 6.3
Embryo size, mm. 243 232 26.0 25.3 23.3 244 24.6 23.0 1.6
Litter Records:
No. litters 3 | 53 52 58 23 47 86 158
No. pigs farrowed/licter® 9.5 10.6 8.9 9.4 10.2 10.7 9.3 102 T4
Avg. pig birth wt., Ib, 2.9 2.8 2.7 28 2.4 2.4 2.7 2.7 ]
Avg. pig 21-day wt., 1h. 0.6 10.2 10.4 K 10.8 10.5 10.3 10.5 1.4
Avg. pig 4+2-day wt, b 209 23.3 21.8 23.2 24,3 234 2310 93.3 1.3
No. pigs raised/litter® K 7.0 5.2 6.7 7.7 8.0 6.2 7.2 16.1
Litter 42-day wt., 1b.* 130 163 113 155 187 187 143 168 115
%o survival¥® 61.0 66.3 54.6 75.6 774 76.5 64.3 ¥zl 12:1

"Indicates that difference observed between purebreds and crossbreds was significant (P-=.03),



in terms of keeping their pigs alive but also provided a larger supply of
milk per pig than did Durcc and Hampshire dams. The fact that the dif-
ferences between 42-day pig weights were small sugpgests that the creep
feed being fed from 21 to 42 days of age tended to compensate for milk
production and perhaps masks breed differences in maternal ability
from 21 to 42 days.

Although the differences in number of embryos 30-days postbreeding
wmong purebrr:d litters and crosshred litters for each breed of dam were
not significant, they were used in the same direction and of approxi-
mately the same magnitude for each breed of dam as were the traits from
birth to weaning. This lends further support to the idea that dams of
these three breeds will exhibit a defferent response to crossbreeding in
litter size.

None of the differences between average pig weight per litter for
purebreds and crossbreds in this study were significant and all did not
favor crossbreds. On the average, crossbred pigs and purebred pigs
weighed the same at farrowing, but crossbred pigs averaged 0.3 lb.
heavier than purebreds at weaning. This represents a relatively small
increase of 1.34 percent in average pig weight per litter for crossbred
litters over purebred litters. However, crossbred litters weighed 25 lbs,
more than purebred litters at weaning yielding an increase of 17.5 per-
cent.

These data suggest some response to crossbreeding in early embryo
development; however, the primary response to crosshreeding appears to
be in Ititer size at birth and weaning and a greater survival rate for
crossbred pigs than for purebred pigs. It appears that this response is
due primarily to an increased livability throughout gestation and from
birth to weaning in crossbred litters produced by Duroc and Hamp-
shire dams with little, if any, difference in livability between purebred
and crossbred litters from Yorkshire dams, Other factors such as increased
fertilization rate or implantation rate when using a boar of another
breed on Duroc and Hampshire dams may also be important; however,
these data are insufficient to determine the reason for the dilferential
response of breeds.

Growth Rate and Feed Efficiency

The feedlot results are summarized in Table 5. Crossbred pigs gain-
ed (.14 1h. per day faster than purebreds during the postweaning period
and reached 220 lbs. in average of 10 days less time. In all cases the
crossbred pigs gained significantly faster than the average of the pure-
breds making up the cross (this is heterosis). Purebred Durocs tended to
gain f[aster than purebred Hampshires and Yorkshires, but none of the
differences were significant except for Durocs reaching 220 lhs. at an
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earlier age than Hampshires. When Durocs were involved in the cross,
the pigs tended to prow faster than when Durocs were not used in the
Cross.

Crosshred pigs consumed an average of 5.7 percent more feed per
day than purebreds. Purebred Yorkshires had the lowest daily consump-
tion and the most desirable [eed efficiency, Overall, there was essentially
no difference in the feed efficiency of purebreds and crosshreds.

Probe Backfat Thickness of Gilts

Although there was no marked difference between the fatness of
purebreds and crossbreds, some differences between breed groups were
noticed. Durocs were fatter than Hampshires and Yorkshires. Duroc
Hampshire crossbreds had 0.05 in. less backfat than the average of the
purebred Durocs and Hampshires. Crosses involving Durocs tended to
be fatter than when Durocs were not used in the cross,

Carcass Tracts

The data for the 190 carcasses evaluated are shown in Table 4.
Rather large differences among purebreds were noted, but the differences
between purebreds and crossbreds tended to be relatively small. Durocs
were shorter than Hampshires and Yorkshives, however Hampshires had
less backfat than Durocs and Yorkshires and exceeded them in loin eye
area and yield of lean cuts. There was little difference between pure-
bred Durocs and Yorkshires for these traits,

Each of the guality scores of marbling, firmness, and color ranked
in the order of Durocs, Yorkshires, and Hampshires, Differences be-
tween Durocs and Hampshires were significant for all three traits while
the differences between Durocs and Yorkshires were significant for marb-
ling and firmness scores. Yorkshires also had higher firmness and color
scores than Hnmpshirus.

In general, the average of the purebreds making up the cross was a
good predictor of the crossbred carcass merit. However, Duroc-Yorkshire
crosses were longer than the average of the breeds making up that cross,
and Hampshire-Yorkshire crosses tended to be fatter and have a lower
lean cut yield than the average for purebred Hampshires and York-
shires,

All crosses involving Durocs resulted in rather large positive heter-
osis for marbling and firmness scores; however, there was negative heter-
osis for these traits in Hampshire-Yorkshire crosses. There was consider-
able variation among crosses in the amount of heterosis expressed for
color score; however, the difference between crossbreds, and purebreds
was sipnificant only in the Hampshire-Yorkshire cross.
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Table 3. Postweaning Performance and Probe Backfat Data for Purebreds Compared to 2-Breed Cross Pigs.

Purchreds Z-Breed Crosses Overall %o Improvement
Durocs Hamps Yorks DxH DxY HxY FPure- Cross-  over Purchreds
() (H) (X) breds breds
Crowth Hate:
No. pigs 3 65 79 234 270 208 229 712
Daily gain, lb.* 1.48 1.45 1.44 1.61 1.62 1.58 1.46 1.60 10.2
Days to 220 lba* 187.0 1927 189.1 179.7 178.2 181.0 189.6 179.6 5.3
Feed Records:
MNo. pens T 7 9 12 i) 13 23 40
Feed/pig/day, lhs ® 3 4,90 4,59 5.46 5.08 4,949 4.90 5.18 57
Lbs. feed/lb. gain 2.34 2T 3.11 3.33 315 3.17 3.24 3.22 0.6
Froke Backfat Data: 8
Mo, gilts 50 38 33 111 130 97 141 358
Backfat thickness, 1.38 1.16 1.19 1.22 1.25 1.20 1.24 128 1.6
*Indicates that difference betwsen purebreds and crossbreds was significant (P==.05). B
Table 4. Carcass Cutout Data for Purebreds Compared to 2-Breed Crosses
i Purehreds 2.Breed Crosses Overall 7o Improvement
Tharocs Hamps Yorks DxH DxY HxY FPure- Cross-  over Purchreds
() {H) (Y} hreds breds
Mo, carcasses 22 23 22 40 41 42 67 125
Carcass length, in 30.1 30.7 30.8 30.5 30.8 30.8 30.5 30.7 0.6
Carcass backfat, in, 1.26 1.06 1.24 1.20 1.20 1.22 1.19 1.21 —1.49
Loin eye area, 5. in. 4.84 5.22 4.70 4,96 4.77 4.86 4,07 4.86 —1.2
% lean cuts of carcass wt 54.0 58.5 56.1 56.5 6.0 56.4 56.5 56.3 —0.4
Ham-loin index 95.6 108.4 91.3 101.1 957 94,1 100.6 99.3 —1.3
Clarcass quality:*
Marbling score* 5.6 ) &Y 5.5 il | 2.8 4.1 4.6 10.7
Firmness score 5.9 3.8 4.7 5.6 5.6 3R 4.8 5.0 4.4
Color score 5.3 £4 5.1 3,2 5.2 4.5 4.9 4.9 1]
1 Lo ,_“,n[m at 10th Tib was evaluated using a T-point scoring mt:m, I=devoid of marbling, very soft and pale; 5=average marbling and Ffirmness

amd dark pink color;

T=abundant marblng, very firm and very datf

*Imadicates that differences obseyved between purebreds and crosshreds was significant (P-=—,05}



These data tend to support the conclusion that there is litde heter-
osis for carcass traits and that the average crossbred performance lor
most traits can be predicted quite well [rom the average of the pure-
breds which made up the cross, There appears to be considerable heter-
osis expressed for carcass quality; however, the amount and direction
seem to be dependent on the specilic cross involved,

With the exception of carcass length and the quality scores, none
of the differences between the crosshred averages were significant. Duroc-
Hampshire crosses were shorter than both Duroc-Yorkshire crosses and
Hampshire-Yorkshire crosses. When Durocs were used in the cross, there
was a marked increase in quality score over crosses which did not in-
volve Durocs,

Additional studies involving greater numbers and more sire groups
are needed before any conclusions can be made regarding differences be-
tween reciprocal crosses. The limited data available indicates that there
may be some real differences in pig performance and carcass traits for
pigs of the same breed composition depending upon which breed serves
as the sire and which breed serves as the dam. Additional research is
underway at the present time to further evaluate this difference,
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Reproductive Performance of Purebred
Gilts with 2-Breed Cross Litters Compared
to Crossbred Gilis with 3-Breed Cross Litters

R. K. Johnson, I. T. Omtvedt, T. W. Williams and 8. D. Welty

Story in Brief

The productivity of 379 purebred and 2-breed cross gilts of Duroc,
Hampshire and Yorkshire breeding was evaluated in this study. Purebred
gilts with 2-breed cross litters were compared to crossbred gilts with 3-
breed cross litters to determine the relative advantage of using crossbred
sows and to compare the performance of 2-breed and 5-breed cross pigs.
One month after breeding, 193 gilts (87 purebred and 106 crosshred)
were slaughtered and evaluated for ovulation rate and early embryo
development. The other 186 gilts (90 purebred and 96 crossbred) pro-
duced litters during the 1972 spring and [all farrowing seasons at Ft.
Reno,

Although differences were not large, the ovulation rates tended to
favor the purebred gilts. However, crossbred gilts had 7 percent more of
their corpora lutea represented as viable embryos at the end of the first
month of pregnancy. The crossbred gilts had 0.55 more embryos and
farrowed 0.4 more pigs per litter than purebred gilts, although these
differences were not significant. The embryo size and pig birth weights
for 2-breed and 3-breed crosses were similar.

The survival rate from birth to weaning of $-breed cross pigs raised
by crossbred dams was 84.5 percent as compared to 78.7 percent for 2-
breed cross pigs raised by purebred dams. This resulted in the S-breed
cross litters being significantly larger (8.3 vs. 7.4 pigs per litter) and
heavier (193 vs. 174 Ihs.) at weaning even though there was virtually no
difference between the weights of 2-breed and 3-breed cross pigs at wean-
ing.

Introduction

Crosshreeding studies with swine have shown increases in litter size
at birth and greater survival rate for crossbred pigs from birth to wean-
ing. Crossbred females are recommended in most commercial breeding
programs in order to combine the desirable qualities of different breeds
and to take advantage of the heterosis exhibited by utilizing a crossbred
sow in addition to that oltained in the crossbred pig. However, infor-
mation on the relative ﬂ(!vunl;!gt of crossbhred [females over straight bred

In conperation with USDA Agriculiural Research Service, Southern Region,
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LELEIES, A1 WIICH SPeciiic crossing sequences should be made to obtan
maximuim 1.rcrfur1n:tm_'u from crossing is unavailable.

The results presented in this paper deal with the second phase of
the Oklahoma swine crosshreeding study initiated in 1969, Purebred and
Z-breed cross gilts of Duroc, Hampshire and Yorkshire breeding were
mated to boars of each of the other breeds to produce 2-breed and 3-
breed cross litters, Data are presented for early embryo development and
for productivity at farrowing and weaning,

Experimental Procedure

The 879 gilts for this study were selected at random from the pure-
bred and 2-breed cross litters produced in the 1971 spring and fall far-
rowing seasons at Fr. Reno, Approximately six purebred boars of each
breed that were produced in the Stillwater seedstock herds were used o
produce the 2-breed and 3-breed cross litters each season. This study in-
cludes the data from 193 gilts slaughtered 30-days postbreeding and the
litter records for 186 gilts farrowing in the 1972 spring and fall seasons,

The basic mating scheme used each season was to mate each hoar to
approximately 12 gilts (3 each of each breed type not represented in the
hr::.'s.r} . At the time of breeding, two gilts from each mating type for each
boar were randomly selected Lo be carried full term to farrowing and the
remaining gilts were designated for slaughter 30-days postbreeding to
evaluate ovulation rates and early embryo development, This system re-
sulted in 78 gilts slaughtered and 98 farrowed in 1972 spring and 115
gilts slaughtered and 88 farrowed in 1972 fall,

This study includes ovulation rates and early embryo development
for 87 purebred gilts with 2-breed cross litters and 106 crossbred gilts
with 3-breed cross litters. The litter records from farrowing to weaning
include 90 two-breed and 96 three-breed cross litters. The number of
gilts slaughtered and farrowed for each mating type are shown in Table
1. All gilts were farrowed in confinement and each sow and litter was
penned separately until the pigs were weaned at 42 days of age. Individ-
ual pig weights were obtained at birth, 21 and 42 days, and the pigs were
given [ree access to creep feed after the 21 day weights were obtained.

Results

Data for ovulation rate, early embryo development and sow pro-
ductivity at farrowing and weaning are presented in Table 1.

These results suggest that crosshreeding does not increase ovulation
rate. Overall, the purebred gilts had an average of 0.5 more corpora
lutea per gilt than the crossbred gilts; however, none of the dillferences
in ovulation rates were significant. In all cases the ovulation rates for the
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Table 1. Reproductive Performance of Purebred Gilts with 2-Breed Cross Litters Compared to Crosshred Gilts
with 3-Breed Cross Litters

Breed of Dam Producing Breed of Dam Producing % Improvement
2-Breed Litters 3-Breed Litters Overall of Crosshred
Duroc Hamp York D-H DY H-Y Purebred Crosshred  Dams Owver
() (H) (Y} Dams Dams Purebred Dams
Early Embrye Development:
MNo. gilts slau%htercd 3 5 23 33 38 35 a7 106
No. corpora lutea per gilt 13.4 133 13.9 13.1 13.5 12.5 13.5 13.0 —3.7
No. embryos per gilt 10.5 0.8 10.83 10.8 10.5 10.4 10.0 10.6 6.0
%% embryos Dfpmrpt:lm lutea 189 66.3 1.9 82.6 TH.6 831 744 8l.4 9.4
Embryo size, mm. 28.0 27.6 27.9 28.2 278 281 27.8 28.0 0.7
Litter Records:
Mo, litters 34 27 28 32 32 32 1] 96
MNo. pigs farrowed per litter B.9 9.6 10.1 4.7 105 9.7 9.3 2.2 4.2
Ave. pig birth wt., lbs, 2.8 2.6 2.4 2.8 2.6 2.4 2.6 16 0.0
Ave. pig 42-day wt., lbs L 23.8 23.1 24.1 28.2 229 23.4 254 0.0
Mo, pigs weaned per liccer* 6.9 g i Tor &1 8.0 8.6 7.4 8.2 10.8
Litter 42-day wt., lbs. 161.4 183 4 177.5 195.4 183.4 197.7 174.1 193.0 10.9
Survival rate, % ] .4 79.1 85.4 9.8 8.4 8.7 84.5 ¥ib

*Indicates that differences observed between Z-breed and 3-breed crosses were signifant [(P==.05),



E-preed cross pits were lower than that tor the average ol the purebred
gilts making up the cross. "The Hamp-York crossbred gilts had 1.0 fewer
corpora lutea per gilt than the average of purebred Hamps anid Yorks.

With the exception of purebred Hampshire gilts, there was very
little difference between purebred and crossbred gilts in the number of
developing embryos per gilt after one month pregnancy. Purebred Hamp-
shire gilts had significantly fewer embryos per gilt than all other types of
gilts and as a result crossbred gilts had 5.5 percent more embryos 30-days
after breeding than did purebred gilts, although this difference was not
significant. The largest numbers of developing embryos were observed for
purebred Yorkshires and Duroc-Hamp crossbred gilts. The Duroc-Hamp
crosshred gilts averaged 1.2 more embryos than the average for the two
parent breeds making up the cross,

There was a tendency for the crossbred gilts to have a higher per-
centage of the ova shed to be represented as viable embryos at the end
of the first month of pregnancy. There was no marked difference in
embryo size between 2-breed and 3-breed cross litters.

Crossbred gilts apparently provide a more desirable uterine environ-
ment than purebred gilts, or the 2-breed cross embryos are more viable
than the Z-breed cross embryos, since a higher percentage of the ovu-
lations for crossbred pilts with 3-breed cross litters are represented as live
pigs at farrowing. Crosshred dams with 3-breed cross litters averaged 0.4
more pigs per litter at farrowing than purebred dams with 2-breed cross
litters, but the differences in litter size at hirth were not significant.
Litter size at weaning was about 11 percent larger for crossbred dams
compared to purebred dams and the increase in survival rate to weaning
for 3-breed cross litters was 7.5 percent larger than for 2-breed cross
Litters.

Although none of the individual comparisons of the means for a
crosshred dam and the average of the two purebreds which made up the
cross were significant for number of pigs per litter at weaning, in all
cases the crosshred gilts weaned larger litters. Overall, crossbred dams
raised 0.8 more pigs per litter and their litters weighed 19 Ibs, more than
purebred dams at weaning,

Two-breed and 8-breed cross pigs weighed nearly the same at birth,
However, 2-breed cross pigs from Duroc dams were significantly heavier
(0.4 1bs.) at birth than those from Yorkshire dams and 3-breed cross pigs
from Duroc-Hampshire dams were significantly heavier at birth than
those [rom the other crossbred sows, At weaning there was no difference
in the average pig weight of 8-breed and 2-breed cross pigs nor were any
of the comparisons among individual means significant.

These data indicate that purebred and 2-breed cross gilts have sim-
ilar ovulation rates, but the 3-breed cross embryos from crosshred gilts
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have a greater early embryonic survival rate than 2-breed cross embryos.
Although crossbred dams tended to farrow somewhat larger litters than
purebred dams, the largest increase in performance from using a cross-
bred dam came from increased survival rate from birth to weaning. The
3-breed cross litters were approximately 11 percent larger and heavier
than the 2-breed cross litters in this study. No marked differences in pig
weights at birth and weaning between 2-breed and 3-breed cross litters
were observed.

Influence of the Litter in which a Gilt is
Raised and Her Own Performance on Her
Subsequent Reproductive Performance
L. D. Young and L T. Omtvedt

Story in Brief

This study was initiated to determine what possible influence the
size and weight of the litter in which the gilt is raised and her own size,
growth rate and [atness will have on the size of her first litter. The re-
cords from a total of 176 first-litter gilts from the Fort Reno Experiment
station were studied.

Although most traits studied were not closely associated with the
size of the gilt's first litter, some interesting trends were noted. Gilts with
heavier birth weights farrowed larger litters and an increase of 1 b, in
hirth weight resulted in an increase in litter size of (.75 pigs. In Duroc
and Beltsville No. 1 gilts, there was a tendency for gilts from larger lit-
ters to farrow fewer pigs, but this trend was not noticed among the cross-
bred gilts. Overall, the number of pigs raised in the litter from which
the gilt came was not closely associated with the number of pigs she
farrowed.
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LIUTOC ANC BELSVILE NO. 1 Eiis WILD Iaster gaing, thus reaching Zin
Ibs. at an earlier age, tended to farrow larger litters. The gilt's degree of
Eatness was not consistently associated with the size of her first litter.

Most of the traits evaluated did not have any marked influence on
the size of a gilt's first litter, but these data do indicate that swine pro-
ducers can not justify placing much selection emphasis on the number
of pigs farrowed in the litter from which gilts are selected.

Introduction

Litter size is of tremendous economic importance in swine, amd it
15 also very important in swine improvement programs because the size
of the litter is what limits the amount of selection possible. Litter size is
lowly heritable and, therefore, is greatly affected by environment. One
of these environmental factors may be the size of the litter the pilt was
born and raised in. Some research has indicated that gilts selected from
larger than average litters tend to have smaller than average first litters.

This study was initiated to determine how her birth weight, her
weaning weight, her postweaning growth rate, her fatness, and the num-
ber and weight of the pigs in the litter from which she was selected will
influence on the size of a gilt’s first litter.

Materials and Methods

This study involved the records of 176 first litter gilts that were born
in the spring and fall of 1967 and 1968 at the Fort Reno Experiment
Station. The gilts consisted of 60 crossbreds, 55 Beltsville No. 1, and 61
Durocs that farrowed their fivst litters at one year of age.

The gilts were weaned at approximately 6 weeks of age and moved
to a confinement feeding facility at about 8 weeks of age. They were
self-fed until they reached 200 lbs. at which time they were weighed
off test and probe backfat measurements were taken on each gilt. "The
Beltsville gilts were bred to Duroc boars, the Duroc gilts were bred to
Beltsville boars, and the crosshred gilts were bred to unrelated cross-
bred boars so that all three groups of gilts produced crossbred litters.

Results and Discussion

The means for the traits evaluated in this study for the three breeds
are shown in Table 1.

The correlations of the various traits with the number of pigs in
the gilt's first litter are given in Table 2. None of the traits evaluated
were closely related to the size of her first litter. There was a lendency
for the size of the litter at birth that the gilt came from to be adversely
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Table 1. Means for the Crossbred, Beltsville No. 1, and Duroc Gilis
Used in the Study

: (.msshrcds Bei_uv.illr- Duroc Overall
No. 1 Means Standard
Deviation
Number of Gilts G0 35 61

Littey in which Gilt was Raised:
Mo, of pigs farrowed 1
Litter birth wt., lbs. 2
Me. of pigs weaned
Litter weaning wt., lbs. 23

Gilt's Own Performance:
Birth wt., lbs.
42-day wt., lbs. 2
Days at 200 lbs. 15
Probe at 200 Ibs., in.

Gilt's First Litter:
Mo, of pigs farrowed
Mo, of pigs weaned
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Table 2. Correlations Between the Number of Pigs Farrowed in a Gilt's
First Litter and Various Production Traits by Breed and
Pooled Within Breed

Crossbred Beltsville Duroc Pooled
No. 1 Within
Breed
Litter In Which Gilt
Was Raised:
Mo, of pigs farrowed 04 —.17 —.21 —_ 15
Litter birth weight L5 04 —. 16 — 03
Litter birth weight A3 05 —.08 01
Litter weaning weight —.05 g3 —.04 ik
Gilt's Own Performance:
Birth weight 0l A0t 14 A6
42-day weight —.14 S0 06 A0
Age at 200 lbs, .08 —.20 —.20 —.13
Probe at 200 lbs. —.17 —.09 A0 —.04

1 Signiflicantly different from zero at 05 Jevel

related to the size of her first litter {r = _ .13). Gilts from larger litters
tended to farrow smaller litters than gilts selected from smaller litters.
An increase of one pig in the size of the litter she came from resulted in
a decrease of 0.16 pigs in her first litter. However, the size of the litter
at 42 days that she came [rom was not associated with the size of her
first litter (r = 0.01). This may be due to the larger losses that norm-
ally occur in the larger litiers prior to weaning.
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Gilts that were heavier at birth and at weaning tended to have
larger litters than gilts that were lighter at birth and weaning. The
correlation between the gilt's own birth weight and size of her first
litter was 0.16. The correlation between her 42-day weight and the
size ol her first litter was not signilicant but followed the same trend
as noted for birth weight (r = 0.10). In this study, each increase of
1 Ib. in the gilt’s birth weight was accompanied by an increase of 0.75
pigs in her first litter while each 10 Ibs, increase in her 42-day weight
resulted in an increase of 0.53 pigs in her first litter.

There was a tendency for gilts that reached 200 Ibs. at an earlier
age to farrow larger litters, but age at 200 Ibs. actually accounted for
less than 2 percent of the variation in litter size, A decrease of 10 days
in age at 200 lbs. resulted in an increase in litter size of 0.30 pigs. In
the crosshred gilts, backfat thickness was negatively correlated with size
of first litter, but this trend was not noticed in the other two breed

groups, Overall, backfat thickness was not associated with litter size
in this study.

These results indicate that the size of the litter the gilt was selected
from, her growth rate, or her backfat thickness will not greatly influence
the size of her first litter. Since it is well established that litter size is
lowly heritable and that most of the variation in litter size is due to
environmental factors, the results obtained in this study clearly em-
phasize the point that swine producers cannot justify placing much
selection pressure on litler size when selecting gilts for the breeding herd.
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Treatment of Anestrous Gilts With
Estradiol Valerate to Induce Estrus

R. P. Wettemann, I. T. Omtvedt and T. W. Williams

Story in Brief

A group of 24 anestrous gilts were injected with either 0.25 or
1.0 mg. of estradiol valerate in an attempt to initiate estrus and ovula-
tion. Fourteen (87.5 percent) of the 16 treated gilts exhibited estrus
within eight days after treatment, whereas only two of the eight control
gilts (25 percent) were in estrus during that period.

Gilts given the high dose of estradiol tended to exhibit estrus
sooner and remain in estrus longer than gilts on the low dose. Prior
to treatment, plasma progesterone averaged less than 0.5 ng/ml and
increased to greater than 10 ng/ml by 14 days after treatment in 10 of
the 14 gilts in which estrus was induced. These data suggest that ovula-
tion occurred at the induced estrus.

Introduction

Although some gilts are of breeding size and age, they do not exhibit
estrus, This anestrous condition may be caused by a lack ol ovarian
follicular growth so estrogen is not synthesized and ovulating hormone
is not released from the anterior pituitary. Studies with cattle and sheep
suggest that injection of estrogen will cause release of ovulating hor-
mone as well as the induction of estrus.

The purpose of this study was to determine if injection of estradiol
valerate would induce estrus in anestrous gilts and to determine if
ovulation occurs at the induced estrus.

Materials and Methods

A group of 24 gilts of Duroc, Hampshire and Yorkshire breeding
in the Fort Reno swine breeding herd were used in this study. The
zilts averaged 270 lbs. and were at least 8.5 months of age. These gilts
had not exhibited estrus prior to being allotted to this study. Gilts
were randomly divided into three treatment groups and injected sub-
cutaneously with 1 ml of corn oil (control), 0.25 mg of estradiol valerate
in 1 ml of corn oil or 1.0 mg of estradiol valerate in 1 ml of corn oil.

Blood samples were collected from all gilts just prior to treatment
and at 14 days after treatment by puncture of the anterior vena cava
and plasma progesterone was guantified by radioimmunoassay. Gilts
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were checked for estrus daily and were inseminated at the second estrus
alter treatment. The gilts were slaughtered 57 days after treatment
and ovarian activity and pregnancy were determined.

Results and Discussion

Injection of either the low (0.25 mg) or high (1.0 mg) dose of
estradiol valerate induced estrus in 7 of the 8 gilts within 8 days (Table
1}. During the same period only 2 of the control gilts exhibited estrus.
Gilts given the high dose of estradiol were in estrus sooner (2.6 vs, 4.1
days after treatment) and remained in estrus longer (3.4 vs. 2.6 days)
than gilts on the low dose,

Five of the gilts in the low group returned to estrus within 18 o
24 days after the first estrus but only two gilts on the high group re-
turned during this period. It appears the injection of 0.25 mg of
estradiol initiated normal estrous cycles. All gilts bred at the second
estrus after treatment conceived so the percentage of the treated pilts
pregnant was slightly greater for those given the low level of estradiol.

Prior to treatment, all gilts had less than 0.5 ng of progesterone
per ml. of blood (Table 2) . These results suggest that the ovaries were
inactive. It is assumed that if corpora lutea {(CL) were present, they
would secrete greater than 1 ng/ml of progesterone during at least 70
percent of the estrus cycle. At 14 days after treatment, plasma pro-
gesterone was greater than 10 ng/ml in 10 of the 14 gilts in which
estrus was induced. This suggests that ovulation occurred in 71 percent
of the induced estrus,

When slaughtered at 57 days alter treatment, 62, 37 and 62 percent
of the gilts on control, 0.25 mg of estradiol and 1.0 mg of estradiol,

Table 1. Reproductive Performance of Gilts After Treatment with
Estradiol Valerate

Treatment

Criteria Control 0.25 mg EV.: L0 mg E.V.
Mo, gilts per treatment 8 ] 8
Mo. gilts in estrus by & days

after treatment 2 7 7
Duration of first estrus, days 2.0 2.6 1.4
Mo. gilts in estrus on days 18 o 24

alter first estrus 2 5 2
Mo. gilts bred at gecond normal estrus 3 5 3
No. gilts pregnant 3 5 3
Percent of treated gilts pregnant

at slaughter 38 Y] 3a

1 Estradiol valerate (025 or 1.0 mgd was injected subcutancously In one ml of corm oil,
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Table 2. Endocring and Ovarian Activity ol Anestrous Gilts Before
and After Treatment with Estradiol Valerate

Treatment

Criteria Control 0.26 mg E.¥? 1.0 mg E.Y.
Mo. gilts per treatment B B 8
Plasma progesterons before treatment,

ng/ml 0.5 0.5 0.5
No. gilts with 10 ng/ml progesterone

at 14 days after treatment 3 5 3
Mean plasma progesterone in gilts

that had functional CL, ng/ml 28.5 24.8 16.6
Gilts with inactive ovaries at 37

days after treatment, % G2 38 62

1 Fatradiol valerate (025 or 1.0 mg) was injected subculanecusly in one ml of com wdl,

respectively, had inactive ovaries. None of the ovaries appeared patho-
logic. All gilts on the low dose of estradiol that ovulated at the induced
estrus started to cycle and were pregnant at slaughter, but few of the
ovulating gilts on the high dose continued to cycle, There appears to
be a difference in the duration of estrus and the ovulatory response
due to dose of estradiol.
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Incidence and Transmission of
Bordetella Infections in Swine

Charles V. Maxwell, R, E. Corstvet and I. T. Omtvedt

Story in Brief

A survey of the incidence of Bordetella bronchiseptica was made
in two Oklahoma State University swine herds. Approximately 9.7
percent of the sows in herd 1 were positive and only one positive sow
was observed in herd 2. The repeatability of positive cultures in positive
SOWS WHs poor.

In a second study, no distinct differences were observed in the
bacterial populations between pigs with early symptoms of atrophic
rhinitis and pigs not showing early symptoms of the disease. Pigs ex-
hibiting early symptoms of atrophic rhinitis, however, were found to
have a much higher incidence and degree of turbinate atrophy at
slaughter, All isolates of Bordetells bronchiseptica found in the OSU
swine herds were resistant to sulfonamides,

Introduction

The cause of infectious altrophic rhinitis has been under active
investigation for well over a century. During this time it was established
that incculation of very young pigs with turbinate lesion material
would result in the transmission of atrophic rhinitis. This has led most
workers to accept atrophic rhinitis as an infectious disease, The under-
development of the nasal hones appears to be due to a failure in bone
growth associated with infection within the nasal cavity itsell. Experi-
ments have shown that several species of bacteria are possibly involved
in causing atrophic rhinitis, but results to date sugpest that Bordetella
hronchiseptict is probably the bacteria most often responsible.

The extent of atrophic rhinitis in the swine population is difficult
to determine as relatively few surveys have been made. Estimates of
the incidence of atrophic rhinitis by examination of nasal turbinates
has ranged from 5 to 40 percent of the pigs examined. The largest
survey of over 1600 swine slaughtered from 1962 to 1969 indicated an
incidence of about 25 percent.

Bordetella bronchiseptica has been found to be widely distributed
among the swine population. In a recent survey, B, bronchisepiica was
found in the nasal cavity of 54 percent of 87 lowa purchred swine herds.
It would appear that the incidence of B. bronchisepiica is also wide-
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spread in certain animal populations, An incidence of B. bronchiseptica
has been observed in the rat, skunk, rabbit, opossum, fox, raccoon, dog
and cat.

The fact that B. bronchiseptica is so widespread among a number of
animal species suggests that this organism may be difficult to control.
This difficulty is possibly reflected by the fact that 60 percent of the
herds which failed to pass the SPF¥ slaughter check failed as a result
of turbinate atrophy. Not all isolates, however, are capable of producing
turbinate atrophy. Results in one study indicated that four isolates
of swine origin, an isolate of rabbit origin and an isolate of cat origin
caused mild to moderate turbinate atrophy in 22 of 24 pigs. An isolate
of rat origin caused mild turbinate atrophy in one of four pigs and
an isolate of dog origin caused no turbinate atrophy.

Since a dagree of turbinate atrophy has been observed in the Okla-
homa State University swine herds, studies were undertaken to deter-
mine the incidence of B. bronchiseptica in two of the University swine
herds through recently developed techniques involving nasal swabs and
cultures of the organism.

Phase 1

All sows and gilts in the teaching herd and all sows in the animal
breeding herd were used in the initial phase of this study which was
conducted between October, 1971 and August, 1972, Standard proced-
ures for swabbing and culturing for B. bronchiseptica were used. Sows
in the teaching herd were swabbed from two to seven times each and
sows in the animal breeding herd were swabbed twice. Gilts were
swabbed once.

Results of the initial survey (Table 1) indicated a distinct herd
difference in the incidence of B. bronchiseptica. The incidence observed
in herd 1 (9.7 percent) is in agreement with the findings of other re-
search workers who observed an incidence of 10 to 15 percent in prob-
lem herds. Only one sow in herd 2 was positive. A breed ditference in
herd 1 was observed with Yorkshire sows exhibiting a higher incidence
of B. bronchiseftica than Hampshire sows. The highest incidence was
observed in Yorkshire gilts in herd 1.

It should be noted that although the positive sows were swabbed
numerous times (a miximum of seven times for one positive sow),
no sow was positive more than once (Table 2). This lack of repeat-
ahility of positive swabs needs to be explained belore this system has
any practical applications as a means of eliminating carrier animals
in this herd. It is posible that B. bronchseptica exisits in large numbers
in the nasal passages of carrier animals in one herd and are present in

Animal Science Research 1973 185



Table 1. Incidence of Bordetella Bronchiseptica in Sows and Gilts
From Two OSU Swine Herds

Herd 1* Herd 2*

Breed Mo, M. T h pos- MNo. Mo, FRT
Groups Swabbed? ilil::& i!r\rc Swabbwed? iliwi'l:::ﬂl"zi ili!r):ﬁ-
Duroc sows — = e 27 0 0
Hampshire

WS 35 1 28 32 1 3.1
Hampshire

gilts 20 0 i St P ey
Yorkshire

SOWE 41 5 12.2 a0 0 0
Yorkshire

gilts 28 6 214 fro i =
“otal 124 12 9.7 a9 I 1.1

LS teaching herd.
A0S animal hreeding herd,

3 A total of 299 swabs were made and each sow was swabbed [rom 2 so 7 times,
AN sows were swabbed twice

Table 2. Repeatability of Bordetella Swabs in Positive Sows

 No. of Swab
Sow No. [ 2 3 4 5 [ T
Y 91-1 I = ) : = = 2
Y 90.5 + S i i T
H 15-2 i + =L
Y 15-11 1 ge i
Y 60-6 T Lk =i
Y 174 =
H 69-6 + 2

UIndicates megative to Berdetella bronchisepiica,
A Indicates positive to Bordelells bromchizetica,

ontly a small number of colonies in the nasal passages of carrier animals
in another herd. If this is the case, the nasal passage swab and culture
approach could be effective in eliminating carrier animals in one herd
and not effective in another,

Phase II

The second phase of this study was initiated to determine if dif-
ferences exist in the bacterial populations in sows and litters with early
symptoms of atrophic rhinitis compared Lo sows and litters not showing
early symptoms of the disease. The relationship beiween early sym-
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toms of atrophic rhinitis and evidence of turbinate atrophy at slaughter
was also studied.

A total of 5 sows with litters showing symptoms of atrophic rhinitis
were selected as the “diseased” group and a group of 6 sows with litters
not showing evidence of atrophic rhinitis were selected as the “control”
group. Early symptoms used to designate a litter as a “diseased” litter
included sneezing, nasal discharge, irritation of the nasal passages (such
as rubbing of the snout against convenient objects), and discharge trom
the eye.

Sows and litters were divided into the two groups as quickly after
farrowing as possible and moved from the farrowing house to two
separate nursery facilities. This procedure permitted the isolation of the
two groups until the pigs were slaughtered. The sows from each litter
were swabbed at two week intervals until the litters were weaned. Four
pigs from each litter were swabbed at two week intervals until the
pigs reached $ months of age. Another swab check was made when
the pigs reached 4 and 5 months of age.

The pigs involved in the swabbing checks were slaughtered and the
maximum distance from the scroll of the turbinates to the parietal sur-
face of the nasal cavity was measured. An antibiotic sensitivity check
was made on all isolates of B, bronchisefptica.

The incidence of selected bacteria from the "control” and "diseased”
groups is presented in Tables 3 and 4. The incidence of B. bronchisep-
tica throughout the trial in both groups was very low. Only one positive
culture from a total of 129 samples was observed in the “control” group
and none of the sows were positive. Only one sow in the “diseased”
group was positive to B. bronchiseplica, but 20 percent of the pigs at
approximately four months of age were positive, Other workers have
observed a very high incidence of B. bronchiseptica in young pigs with a
gradual decline in the incidence with age. No differences between the
“diseased” and “control” groups in the incidence of other bacteria were
ohserved except for the increased incidence of Pasteurella multocida in
the “diseased” sows. Pastenrella mullocida has been implicated as a
causative agent for rhinitis. The incidence of mycoplasma ranged from
20 to 47 percent and did not appear to differ greatly between treatment
ETOL s,

The average maximum distance from the scroll of the turbinates
to the parietal surface of the nasal cavity was greater for the “diseased”
pigs than for the “control” pigs (Table 5) . This suggests that more tur-
binate atrophy had occurred in the “diseased” group. Of the pigs slaugh-
tered only one of 13 pigs in the “discased” group could be listed as nega-
tive to atrophic rhinitis while 10 of 18 could be listed as negative to
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Table 3. Incidence of Selected Bacteria from “Control” Sows and Litters

Sow Pigs
Farrow (o weaning _ Momth 1, 2, 3 Maonth 4 Month 5
Microorgamnism Total Ne. %% Positive Total No 9% Positive Total No. T Positive Total No. % Positive
of swabs of swahs of swahs of swabs

Bordetalls

bronchise péica 13 ] 89 1.1 15 0 i1 0
Pasteurella

haemolytica 15 61.5 94 859 13 &0 11 27
Pasteurella

multocida 13 i} ag 4.0 15 0 11 i}
Pasteurella

species 13 T a4 13.1 15 27 11 0
Mycoplarma 12 25.0 86 33.0 15 ] 4 ]
Table 4. Incidence of Selected Bacteria from “Diseased” Sows and Litters

Sow Pigs
Farrow to weaning Month 1, 2, 3 Month 4 Maonth 5
Microorganism Total No. o Positive Total No 4, Positive Total No. o Positive Total No. <. Positive
of swahs of swahs of swahs of swabs

Bordetella

bronchireptica 15 6.7 116 ] 20 20.0 13 ]
Pasteurella

hasmaolytica 15 B6.7 112 76.5 20 85.0 13 69,2
Pasteurella

multocida 15 20.0 112 3.6 20 0 13 0
Pasteurella

thecies 15 20.0 116 11.2 20 15.0 I3 15.0

Mycoplasma 15 20.0 103 47.6 20 0 11 0




Table 5. Turbinate Atrophy of Pigs at Slaughter

Average
Turbinate
Mo, Measure Percent Percent Perce
Figs ment, mm* Positive! MNegative!  Suspe!
“Control” pigs 18 5.1 a3 56 11
“Diseased” pigs 13 7.9 77 8 15

! Maximum distance from the scroll of the turbinates to the parietal surface of the nasal cavi
A Pigs with maximom distance of B mm or more Bor right or left nasal passage.

A Pigs with maximum distance of 5 mm or less for right or left nasal passage,

* Pigs with maximum distance from 5 to B mm for rvight or left nasal passage,

Table 6. Sensitivity Test of all Bordetella Bronchiseptica Culives

Isolated
Antibiotic No, Samples MNo. Resistant % Resisat
Chloromyeetin 19 17 89
Erythrosmycin 19 18 95
Furadantin 19 19 100
Gentomycin Sulfate 19 2 10
Meomycin 19 19 100
Penicillin 19 19 100
Streptomycin 19 19 100
Sullamerizine 19 19 100
Sullamethazine 19 19 100
Sulfathiazole 19 19 100
Tetracycline 19 4 2l

atrophic rhinitis in the "control” group. Two pigs from each grouprere
listed in the suspect category.

The results of the sensitivity test for all nineteen of the sampk of
B. bronchiseptica are presented in Table 6. Bordetella bronchisdica
isolates were sensitive to only tetracycline and gentomycin sulfate.lt is
interesting to note that all isolates were resistant to all three subna-
mides, This is in agreement with the recent findings of an 80 percet re-
sistance of B, bronchiseftica to sulfonamides in Towa.
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Sheep

A Preliminary Evaluation of Reproductive
Performance and Further Evaluation of
Growth and Carcass Characteristics of
1/4 Finish Landrace Lambs

L. . Flinn, M. B, Gould, J. V. Whiteman and J. E. Fields

Story in Brief

A great deal of thought and effort has been expended to find a ewe
that under Oklahoma conditions will produce and rear as many good
growthy lambs as possible in her lifetime. In a further attempt to find
this ewe the first replicate of some experimental ewe lambs were born
at Fort Reno in the spring of 1971, and a second replicate was born in
the spring of 1972,

There are [ive different breed combinations that will be evaluated
over a 7 year period to compare them for suitability as commercial ewes
under Oklahoma conditions. The breeding combinations consist of:
(1) ¥4 Dorset X 15 Rambouillet (control ewes), (2) 14 Finnish Lan-
drace—14 Dorset X 14 Rambouillet, (3) !4 Finnish Landrace—1) Ram-
bouillet X 1% Dorset, (4) 1 Dorset X 3} Rambouillet and (%) 14 Finnish
Landrace X 34 Rambouillet (born in 1972 only).

In both years the 14 Finnish Landrace—14 Rambouillet X 15 Dorset
lambs averaged about one pound lighter at birth than the other groups.
Al} groups were similar in rates of gain to weaning at 70 days of age
and in 70-day weights. The 14 Dorset X 3% Rambouillet lambs out-
gained all other groups on post weaning rate of gain (53 lbs./day wvs,
approximately .48 lbs./day for other breed combinations). The 14 Dor-
set X 3 Rambouillet also had a greater average daily gain from birth

to market (.55 lbs./day) than the other groups of lambs (approximately
A1 1bs. /day).

In cmpuratiun wit-l';“l.;ISI].-\ Agricultural Research Service, Southern Region.
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From two to six wethers from each of the five breed combinations
were slaughtered at the Oklahoma State University meat lab. Generally
there were no differenices due to Finnsheep breeding in the loin eye
area, backfat thicknesses or quality grades. In both years the Finnsheep
groups had dressing percentages about 3 percent lower than the Dorset X
Rambouillet groups

The ewe lambs born in 1971 were mated at 7 months of ape to lamb
at 12 months of age. T he ewes of 14 Finnish Landrace breeding averaged
25 percent more ewes conceiving with slightly more lambs born per ewe
lambing (1.28 and 1.1 0 lambs/ewe vs. 1.05 and 1.00 lambs/ewe for the
Dorset X Rambouillet groups).

Introduction

One of the main areas of sheep production that can be vastly im-
proved is lamb production per ewe. This can be accomplished by in-
creasing the number of lambs born per ewe lambing (lamb crop percent)
or by shortening the interval between lambings for each ewe (lamb
more than once a year). Research at Fort Reno over the past years has
shown that the 14 Dorset X 14 Rambouillet ewe was superior in repro-
ductive rate to the straightbred Dorset or straightbred Rambouillet on
the basis of spring breeding and in twice-yearly lambing programs, The
Rambouillet breed has been used because it is an out-of-season breeding
sheep, and one of the most widely available western ewes. The Dorset
was used because it also is an out-of-season breeding sheep and is prolific.

A source of new germ plasm is now available for use, the Finnish
Landrace. The Finnish Landrace breed (Finn-sheep) is a medium size
sheep somewhat deficient in wool production (a coarse wool) and
muscling, but is well known for its outstanding prolificacy (often 4-5
lambs in a licter).

The Finnsheep originate in a cold climate very different from Okla-
homa conditions and at present purebred Finnish Landrace rams are not
available for widespread use. Rams of !4 Finnish Landrace breeding are
much more available. Therefore, in 1970 a long range program was
initiated at the Fort Reno Livestock Station to determine if a ewe of
14 Finnish Landrace germ plasm could adapt to Oklahoma conditions
and improve reproductive rates over the present recommended ewe breed
cross. Since the 14 Dorset X 15 Rambouillet ewe turned out to be such
a good ewe [or Oklahoma commercial operations the L Dorset X 34
Rambouillet will also be tested in this project.

These results surnmarize comparisons of breed groups for hirth
wlr:ights, lamb gmwth performance (castrate males only), lamb mm'La]iT_}r,
a few major carcass characteristics and the first season’s reproductive
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performance of the first replicate of ewe lambs. The program is not far
enough along to get data from the offspring of the test ewes, therelore
data collected and discussed are on the ewes themselves and their male
sibs,

Materials and Methods

During 1970 and 1971 planned matings were made to produce test
ewes of the desired breed crosses. The test ewes were born in two repli-
cates, the first replicate in the spring of 1971 and the second replicate
in the spring of 1972, The breed crosses to be tested are 15 Dorset X
14 Rambouillet (control group), 14 Dorset X 34 Rambouillet, %4 Finnish
Landrace—14 Dorset X 14 Rambouillet, 4 Finnish Landrace—!; Ram-
bouillet X ¥ Dorset and 14 Finnish Landrace X 3} Rambouillet. The
number of test ewes produced per year are shown in Table 1 along with
thf_' crosses used to IJI'UdULL‘ l|:IL' test ewes,

Management practices were the normal practices maintained at Fort
Reno and were the same for all breeds of lambs, Lambs were born in
the lot and then placed in lambing pens with their mother for 3 o 4
days. At this time lamb data was collected. All lambs had access to creep
feed. The creep feed consisted of five percent molasses, 55 percent cracked
milo, ten percent soybean meal and 30 percent ground alfalfa hay.

Table 1. The Breed Crosses Used to Produce the Test Ewes and the
Number Kept for Testing Each Year!

H-I';.'{'di.l-]l;nf. . Test Ewe Test Ewe Number Born
Group Test Ewes Sire Breed Dam Breed 1971 1972

1 Ly Dorset

X 14 Ramb,

{Contral) Dorset Rambouillet 26 24
2 14 Dorset X

34 Ramb. Rambouillet 14 Dorset X 15 Ramb. 28 24
5 Ly Finn X

3 Ramly. L% Finn X 14 Ramb. Rambouillet L] 4]
4 14 Finn

by Dorset X a, 14 Finn X 14 Dorset Rambouillet 22 20

Ly Ramb.* b. 14 Finn X 15 Ramb. 14 Dorset X L¢ Ramb.
5 15 Finn-

14 Ramb. X a. 14 Finn X 14 Ramb. Dorset 28 a3

L4 Dorset® b. 14 Finn X 15 Dorset 14 Dorset X 14 Ramb.

1 The ¥ Finnish Landrace X ¥ Rambouillet ewe lambs were born in 1972 only.
3 These brecd crimses were produced by tvwo dilferent matings (a and b).
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Starting when the oldest Jambs reached 30 pounds, the lambs were
all weighed biweekly. The lambs were weaned at approximately ten
weeks of age and placed in a drylot feed area at the Fort Reno station.
When the youngest lambs reached twelve weeks of age the soybean meal
was removed from the creep ration and replaced with ground alfalfa hay.
Due to the problem of internal parasites in springborn lambs, the lambs
were never allowed out of the drylot area until final removal.

Ewe lambs that were saved as test ewes were removed from the
drylot when they weighed 75 pounds on the biweekly weighings and
placed on clean pasture. Therefore, the ewe lambs were not used in
calculating post weaning rates of gain and overall average daily gains.
They were bred at 7 months of age to compare their rates of sexual
maturity since this is the first reproductive trait that these ewes will be
compared for in the lang range project. The wethers were fed until they
weighed 95 pounds or more and shipped to market. Some of the wether
lambs were used for the carcass data given in this study.

In 1971, 43 wether lambs were sold for nutrition work at weaning
time and, therefore, were only used in calculating birth weights, pre-
weaning rate of gain and 70-day weights.

Results and Discussion
Death Losses

Death losses have been divided into two different categories; early
death losses (belore two weeks of age) and lambs that died between two
weeks of age and market. Any deaths that occurred after 2 weeks of age
were attributed mostly to chance and not breeding, therefore, only early
death losses were reported here (Table 2). The ewes used to produce
these lambs were young (4 and 5 years old) Rambouillet ewes and old
Rambouillet, Dorset and 15 Dorset X 14 Rambouillet ewes (8-10 year
old). Some lamb losses occurred because some old ewes did not give
enough milk.

In 1971 the lambs of 1 Finn breeding averaged about 6 percent
higher death losses than lambs of the two Dorset X Rambouillet breed
groups. The 1972 lambs of t} Finn—14 Rambouillet X 14 Dorset breed-
ing had very high early death losses of 26.6 percent while the 14 Dorset
X 3, Rambouillet, 15 Dorset X 14 Rambouillet and v, Finn—14 Dorset
X 15 Rambouillet all had very similar early death losses of 15-17 percent,
The 14 Finn X 3; Rambouillet lambs had the lowest death loss per-
centage (8.4),

When using older ewes there normally is a fairly high incidence of
twins but quite regularly the ewe will not produce much milk, which
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Table 2. The Number of Lambs Born and Early Death Losses! for the
Breed Groups During the Two Years Test Ewes Were Being

Produced
: e 1972
No. of - No.of
Lamhs Early Death  Lambs Early Death
Breed Components Born Losses (o) Born Laosses (952
15 Dorset X 15 Ramb, T L 51 13.7
15 Dorset X a4 Ramb. 5l 5.9 16 174
1y Finn—1g Dorset X
14 Ramb. 74 16.2 0% 155
I Finn—14 Ramb. X
14 Dorset 67 14.49 G4 26.6
1 Finn X 55 Rambhb. 0 I g 8.4
I Death before 2 weeks of age i|1g1udi_|'|-g;_al.ltl:1-n;1 “'I;mlps = .

results in high death losses among the young lambs. The 1 Finn—t
Rambouillet X 14 Dorset lambs were all produced [rom old ewes (as
were the L4 Dorset X 34 Rambouillet ewes) and this may be a hig
factor in the very high 26.6 percent death loss of those lambs. The 1
Finn X 3; Rambouillet lambs were mostly offspring from the young
Rambouillet ewes that generally did not have any problem producing
milk. These ewes also produced fewer sets of twins than the older ewes.
These two factors are most likely the reasons for the low (8.4%) death
losses among the 1 Finn X 3 Rambouillet lambs,

The overall differences across both vears are not significant; how-
ever, there does seem to be a trend for the Finnsheep to have slightly
higher early death losses.

Lamb Growth Performance

The lambs from each group were evaluated over two years on the
growth performance by comparing them for birth weight, rate of gain
from birth to weaning, 70-day weight, post weaning rate of gain and
average daily gain from birth to market (Table 3).

The i Finn lambs in 1971 were lighter at birth (8.0 pounds and
8.8 pounds) than the Dorset X Rambouillet groups (9.2 and 9.6 pounds).
In 1972, the 4 Finn—14 Rambouillet X 14 Dorset were again lighter
than the other groups (8.8 pounds) with the two Dorset X Rambouillet
groups being fairly equal again (9.4 and 9.3 pounds). However, the 14
Finn—14 Dorset X 14 Rambouillet lambs were heavier at 0.7 pounds
and the ¥ Finn X 34 Rambouillet lambs averaged 10.0 pounds at birth,
The 14 Finn X 3; Rambouillet lambs were produced mostly from the
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Table 3. Birth Weights and Mean Growth Performance of the Springborn Lambs

1971 1 1972
1,2 D- /4D 1/4F1/4 1/4F-1;4R 12D 1/41- 1/4F1/4 1/4F1/4 1/4F-

Measurement 1/2R 3/4R D12 R 12D 128 /4R D12R R12D 340
Birth Weight 0.2 9.6 LI 8.0 9.4 1.3 .7 A TOL(k
Rate of gain to 70 days GO a4 il 54 . il 52 Jid ST
Th-day W[ghts 51.2 KLY hlh 49.3 S 48.5 48.5 ELI T 40165
Rate of ga[n from 70 days

to mkt, (Ihs/day)** 4l it 52 49 Al 44 A48 At A1
Av. daily gain from birth

to mke, (lbs/day)? T 50 57 S .40 50 A7 AT A9
Mo, of lambs used to calculace

54 29 55 50 a2 14 38 21 54

avg. daily gain®*

1Ewe lambs were n.ot.uscd for post weaning rate of galn or average daily gain,

348 wethers were sobd 2t weaning time in

B7l.



young Rambouillet ewes. They are very large ewes.

Across the two years (1972 only for the 14 Finn X 3} Rambouiller)
the 1 Finn—1; Rambouillet X 4 Dorset lambs averaged significantly
lighter birth weights than the three other breeds with the ¥} Finn X
3 Rambouillet heaviest of all. The increased Rambouillet breeding
seems to increase birth weights slightly. This 1s partly due to the fact
that most of the Rambouillet ewes used to produce test ewes were young
ewes (45 years old) while the 14 Dorset X 14 Rambouillet and Dorset
ewes were all old ewes (B-10 vears old).

Within each of the two years and averaging across both years all
five groups compared favorably on pre-70 day rate of gain and 70-day
weights. "The 14 Daorset X 35 Rambouillet lambs in 1971 had the fastest
rate of gain from 70 days to market (.58 Ibs./day) with all other groups
being similar (.51 1bs./day). In 1872 all five groups gained very similarly
and quite slowly (40 Ibs./day to 44 lbs./day). The ranking of breeds
for fastest to slowest post-weaning rates of gain did not change from 1971
to 1972 even though they were very similar in 1972 (Table 3). The slow
post-weaning rates of gain and average daily gains in 1972 were due to
a hot summer and poor alfalfa for the creep ration.

Reproductive Performance

The ewe lambs that were born in the spring of 1971 (four of the
five breed combinations) were mated during the [all at abouat seven
months of age to produce lambs at 12 months of age. Their reproductive
performance is shown in Table 4.

Only one of the 45 ewes with Finnsheep breeding did not mate at
all while 7 out of the 54 Dorset X Rambouillet ewes did not mate at
7 months of age (4 out of the 7 were control ewes). The ewe lambs of
¥4 Finn breeding averaged 25 percent more ewes conceiving at seven
menths of age to lamb as yearlings than the Dorset X Rambouillet
crosses (8189 and 91.539) of those available to be mated and conceive

Table 4. Lambing and Mating Performance of the First Replicate of

Ewes

Ewes  Ewes that Avp.
No. Not Lambed  Lambing Rate  Cone.
Ewe Breeding Avail. Mated No. % No. % Ape

14 Domset X 14 Ramb. (control) 26 4 19 73 20 105 2208
L4 Domset X 34 Ramb. o8 3 14 50 4 1] 6.4
Y4 Fion—14 Torset X 14 Ramb. 22 1 13 B 2% 128 2164
i}'“‘ln—lﬁ; Bamhb., X 14 Dorset 23 I} 2] 91 23 B 11] 2247

Oklahoma Agricultural Experiment Station



vs. 7319, and 50.097). Only 509 of the ! Dorset X 3, Rambouillet
ewe lambs that were exposed to rams actually lambed.

Of those ewes that did lamb the 1 Finn—14 Dorset X 14 Ram.
bouillet ewes averaged more lambs per ewe lambing than the other three
breed groups (1.28 lambs per ewe vs. 1.10, 105 and 1.00 lambs per ewe).
The 14 Finn—1t4 Dorset X 14 Rambouillet ewes also conceived about 10
days sooner (216 days of age) than the other three breed groups, all of
which were dpPIUK[IHdT.LlV equal (226 days of age). These data show
that the 4 Finn breeding may help the producer to get more lambs
from young ewes if he mates them at seven months of age. More data
will be available next year to add to our information on this subject.

Carcass Characteristics

In 1971, 24 wethers ol three of the breeds were slaughtered to test
carcass merit. Twenty-one more lambs (at least two of each breed cross)
were slaughtered in 1972 and the carcass characteristics were measured.
All lambs for both years were cut and evaluated for carcass weights, loin
eye area, backfat thickness, quality grade, leg conformation grade, cut-
ability and dressing percent. (Table 5). During both years the lambs to
be slaughtered were held over too long alter they should have been sent
to slaughter and were too fat.

There were no great differences in either year or over both years in
the loin eye area or cutability. In 1971 the Finnsheep groups had lower
guality grades and leg conformation grades than the 14 Dorset X 14
Rambouillet lambs, however, in 1972 the three Finnsheep groups had
quality grades higher than the Dorset X Rambouillet groups and were
equal on leg conformation grades (except the 14 Finn X 3, Rambouillet
were one grade point lower),

Rankings on backlat thickness changed drastically lrom one year
to the next, but there is a wend for lambs of increasing Rambouillet
breeding to have less backfat on their carcasses.

The two Finnsheep groups in 1971 had lower dressing percentage
{about 397) than the 15 Dorset X 14 Rambouillet and in 1972 the rank-
ing was the same but the 14 Finn—t4 Rambouillet X 14 Dorset lambs
were aboul equal to the ¥ Dorset X 14 Rambouiller (57.0%, vs. 58.827).
Dressing percentages were quite high in 1972 partly because of fat car.
casses when they were held too long before slaughter.
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Table 5. Mean Comparisons for Slaughter Measurements

Mean
1971 1972

12D 1/4F1/4D 1/4F1/4R- 1/,2D- 1/4F1/4D 1/4F1/4R 1/4D~ 1/4F-
. Measurement 1/2R 12R 12D 12R 12D 12D IR /4R
No. of lambs 8 8 8 3 - 5 f 2
Live wt. at Fort Reno (lhs)? 93.3 6.4 8.4 &40 9.6 95.8 95.3 98.0
Chilled carcass weight (lbs) 49.7 46.0 479 400 519 546 50.7 53.8
Dressing percent 50.3 7.9 488 58.3 587 570 552 565
Cutability 428 43.0 485 435 432 43.0 459 44.5
Carcass ?ua]uv grade® 12.6 11.5 12.1 11.5 11.6 126 11.7 11.0
Leg conformation grade 133 11.4 12.8 [Tk 10.8 108 8.8 105
Lmn eye area 2.08 1.90 2.06 1.96 1.96 207 L90 212
Backfat thickness 32 27 2 30 31 32 24 36

i Sheared weight.

® Grade code s on a scale of 1 w 15, 11 being average choice, 12 high choice and 13 low prime.



The Interaction of Level of Concentrale
And Supplementary Nitrogen Source o1
Performance of Growing-Finishing Lambs

K. Wryatt, R. R. _]t:-hrmnn and E. T. Clemens

Story in Brief

To study the performance of growingfinishing lambs fed various
levels of concentrate supplemented with different nitrogen sogrces eighty
young lambs were allotted to 16 different ration combinatims and fed
for 98 days. The rations consisted of cottonseed hulls as the roughage
wource and contained 20, 40, 60 and 80 percent ground corny, All levels
of corn were fed with either soybean meal, urea or biuret as mpplenlﬁﬂ-’
ary nitrogen sources.

Average daily gains for the lambs were increased to a mpimuin it
0 percent corn and no further improvement was demonsinged at 80
ercent corn. Soybean meal proved to be a superior source of ypplemel-
iry nitrogen at the 20 and 40 percent concentrate levels but here WeIt
3 significant differences due to nitrogen sources at the 60 ayy B0 per

nt concentrate levels. Much of the poor performance of aymals fed
e 20 and 40 percent concentrate levels supplemented with grea and
uret was due to decreased feed consumption.

Introduction

Continued efforts are being made to evaluate nau-prmﬁinqitrﬂgﬂn
rees as supplements to rations for ruminant animals, mthuug]ﬂaturﬂi
tein sources such as soybean meal (SBM) have generally heenuperiﬂf
non-protein nitrogen sources, they are considerably more q_}cﬂﬁi"'e
unit of nitrogen. On the other hand, the non-protein nitrogelgources
ess certain disadvantages which prevent their exploitation jn all
5. Urea, for example, has not been [ound to be as useful 3 high
thage rations as it has in high concentrate rations. Biuret, nother
i source which is presently under intensive investigation, Iy been
wsed as being more useful for high roughage rations than »a be-
+ of its slower breakdown in the rumen.

Few reports exist, however, where both ol these non-protein ny ogen
es have been compared to soybean meal as the supplenptary

zen source at different concentrate levels. The objectives { the

reported here were to compare these three nitrogen sou,s 2%
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supplements to rations containing variable levels of concentrate when
fed to growing-finishing lambs.

bkt
Materials and Methods

Eighty fall born wether lambs weighing approximately 53 pounds
were alloted by weight to 16 groups represented by the rations illustrated
in Table 1. The lambs were randomly assigned by location to the pens
in the lamb feeding area and were housed and fed individually through-
out the entire feeding period. All lambs were allowed to consume their
rations ad libitum and were allowed water free choice. Lamb weights
were taken at 2 week intervals for a 98 day feeding period.

The rations consisted basically of cottonseed hulls as the roughage
source and were [ormulated with either 20, 40, 60 or 80 percent corn.
Rations 1-4 were designed to be low but equal protein rations. The 80
percent corn ration had over 5 percent digestible protein as a result of
the corn contribution; thus SBM was added to rations 1, 2 and 3 to
provide 5 percent digestible protein. As a result, these rations were not
greatly lower in protein than rations 5-8. SBM, urea, and biuret pro-
vided the major portion of the supplementary nitrogen in rations 5-8,
912 and 13-16, respectively,

At two different times during the feeding period four lambs each
on rations 5, 6, 7, 8, 15, 14, 15 and 16 were equipped with feces col-
lection harnesses. Total feces collections were made for a 7 day period in
each case for purposes of calculating digestibility. Routine methods were
utilized for compositing the feces, drying, grinding and analyzing in the
laboratory as well as for analyzing the feed.

Results and Discussion

The average daily gains, average daily feed consumptions and feed
required per unit of gain values are reported in Table 2. Over all nitro-
gen sources the performance of the lambs improved as the level of con-
centrate was increased from 20 to 60 percent. However, there were no
dilferences between the performance at 60 or 80 percent concentrate.
At the 20 and 40 percent corn levels soybean meal as a supplementary
nitrogen source supported much better gains than either urea or biuret.

Although there were some differences due to nitrogen source at the
60 and B0 percent corn levels, these differences were not statistically sig-
nilicant. In reviewing the formulation of the ration, however, it should
be kept in mind that at the higher concentrate levels the supplementary
nitrogen sources contributed only a very small portion of the total di-
gestible protein because most of the requirement was supplied by the
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Table 1.

Composition of Rations — Level of Concentrate and N-Source Trial

Percentage, air dry hasis

Ingredient 1 2 3 4 5 & 7 8 ? 10 11 12 13 14 15 16
Ground

COITL 20,00 40,00 6000 8000 2000 4000 6000 2000 2000 4000 6000 8000 2000 4000 6000  80.00
Cotronseed

hulls 6490 4800 3120 13.00 6280 4530 2850 1LT0 7020 55100 3190 1270 7100 51680 3220 12.80
Soybean

meal 8.14 4.96 LB 10.80 7.65 447 1.29 1.38 0.98 057 017 R T AR T
Urez . N - . e e, 1.38 0.98 0.57 R e SRR PN
Blaoret* .. e e et SR PO, i s e e S Rl 1.93 1.6 0.8k 2%
Dried

maolasses 5.00 5.00 5.00 5.00 5.00 5.00 5,00 5.00 5.00 5.00 5.00 5.00 5,00 5.00 A.00 5.00
Limestone 0.27 0.35 0.45 0.52 0.25 0.54 042 0.51 0.14 0.38 (.45 0.52 011 057 0.45 053
Dicalcium

phosphate 0.02 . .. e RS e 0.26 002 . 0.3 0.05
T.M.

salt 060 .60 0.60 0.60 .60 .60 (.60 0.60 0,60 0.60 .60 .60 060 0.60 0.60 (.60
Vitaming
AkD o ~+ i + + + + + 4 + + + + i + s

t ‘Pure” hiuret containing 36% N of which over 95% came from biuret.



Acid Hydrolyzed Wood Residue as an
Ingredient in Ruminant Rations
R. R. Johnson, J. W, Butterbaugh and M. McGeehon

Story in Brief

The nutritive value of acid processed wood residues for ruminants
was studied in 5 growth, performance and digestion trials with sheep
and beel cattle.

Two materials were tested, LA-HWER. which was processed at (.8
percent H.80: and HA-HWR which was processed at 2.3 percent
H:50.. LA-HWE was highly palatable and had a dry matter digestibility
of approximately 32 percent. This is sulficient to be encouraging as a
potential source of energy for ruminants on maintenance levels of sub-
sistence such as beef cows. HA-HWR was unpalatable and appeared to
be considerably less digestible. Thus, the acid processing can be carried
too far. Intermediate levels were not tested,

Introduction

Because of recent emphasis on the impact of pollutants on the en-
vironment, numerous efforts are underway to attempt to find economic
uses for items one time discarded. If the pollutants are biodegradable,
one might provide the best solution by developing means for accelerating
this degradation. If the degradation can contribute to some economic
enterprise as well, then society is benelited in two ways. Wood residues
from lumber mills, pulping plants and paper factories represent an
immense quantity of material for which disposal means are either lacking
or prohibited.

The ruminant animal possesses a biodegradation capability in its
rumen enabling it to economically utilize plant feedstuffs which are in-
digestible by other types of animals. Wood residues consist of complex
cell wall carbohydrates similar to other plant feedstuffs but which are
essentially undigestible in the ruminant because of the physical com-
plexing with a material called lignin which prevents microbial attack
on the carbohydrates. Attempts to solve this problem have involved
chemical treatment to (1) remove the lignin or (2) hydrolyze the carbo-
hydrate away from the lignin and produce a product in which the carbo-
hydrate is digestible.

Although the former process is now known to be quite [easible,
the economics ol treating large quantities of material by this means are
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with a mineral acid, appears o be more feasible economically but has
not been studied as well. The objective of this study was to determine
the nutritive value of acid hydrolyzed hardwood residues for ruminants.

Materials and Methods

The two products tested were produced by the Dierks Division,
Weyerhaeuser Corp., Hot Springs, Ark. Mixtures of 4 parts hardwood
to I part pine were coarsely ground. Low acid hydrolyzed wood residue
(LA-HWR) was produced by treating the wood with 0.8 percent H:50.
for 60 seconds at 600 psi. High acid hydrolyzed wood residue (HA-
HWR) was produced with 2.8 percent H.50. at the same pressure for
40 seconds. Both products were neutralized with anhydrous ammonia
and allowed to “cook™ in a closed room for 24 hours prior to heing cooled
to ambient temperatures. The products varied [rom 50 to 60 percent dry
matker,

Trial 1

Thirty-four wether lambs were allotted to the 6 rations shown in
Table 1. The basal ration was alfalfa meal and LA-HWR was substituted
for 25, 50 and 75 percent of the alfalfa meal. In rations 2, 3 and 4;
soybean meal (SBM) was added to make the rations have equal crude
protein content, Rations 5 and 6 contained 50 and 75 percent LA-HWR
without added SBM. All lJambs were housed in individual pens and pro-
vided both feed and water [ree choice for 89 days.

Daily feed consumption was recorded and all animals were weighed
at 2 week intervals. Feces were collected from all lambs for two 7 day
periods during the trial to determine ration digestibilities. The feed and
feces were analyzed chemically by routine procedures.

Trial 2

Thirty growing wether lambs were allotted to the rations shown in
Table 5. In this trial HA-HWR was again substituted for alfalfa meal
but due to the low palatability of this product, 35 percent was the highest
level of substitution possible. Feces collections were again made at 2
times during the 90 day feeding period. Procedures for the growth trial
and the digestion trials were the same used in trial 1.

Trial 3

This trial was conducted to determine the ability of hydrolyzed wood
residue to support the growth and maintenance of beef steers. The rations
as shown in Table 5 were designed to support a rate of gain typical of
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Table 1. Composition of LA-HWR Rations and Performances of
Lambs fed These Rations (Trial 1)

1 2 ki3 4 3 G
Ttem or Basal 25 LA sgs LA 7595 LA 509 LA 759 LA
Ineasurenemnt -+ SEM 4+ SBM 1+ 5BM
o, Compositien, dry basis

Alfalfa meal 99.5 T0.6 40.5 11.1 48.7 23.0
LA-HWR - 25.0 0.0 79.0 50.0 75.0
Sovhean meal = 3.9 8.2 12.4 - -
T.M. salt 0.5 0.5 0.5 0.5 0.5 0.5
Dicalcinm

phosphate = 0.8 1.0 0.8 0.5
Vitamin ID

supp. =l Gt + 4+ + -}

Growth and Feed efficiency

Mo, lambs 5 fi 6 6 3 i
Ave, daily

gain, lb. 44 i i 428 37 ~40= 264
Ave, daily

DM consump-

tion, lb. 3.12 3.08 378 .87 3.61 3.19
DM intake per

Ib. gain, Ib. 6.99° 790t 9.31° 10.97¢ o.43* 12,607
MNon-wood DM

intake per

lb. gain, Ib. 6.99 3.93" 4,66 259" 4. 72* 315

1294 Means with unlike superscript are significantly different (1°==2.05).

Table 2. Coeflicients of Digestibility for LA-HHWR Rations (Trial 1)

~ Apparent Digestibilities, %
T Basal 259 LA 509 LA 759G LA 50S; LA 7505 LA

Item | SBM . SBM | SBM
Dry matter 57.6 51.2° 45.1% 38.84 3n.gs i6.8
Organic

matter 7.8 5.8° 45.1° 3844 38.34 36.44
Cellulose 3.6 8.6 35.6 59.8 4.0 349.9
Mitrogen 61.2 59.3 59.3 5B8.4 51.3 454

=2 peans with unlike superscript are significantly differemt  (P-=Z.05).

“wintering” rations. HA-HWR was substituted at the 20, 30 and 40
percent level. Twenty four steers were allotted by weight to the 4 rations
ETOUPS and were sell-[ed the rations [or 65 days. Two steers were re-
moved from lot 2 for health reasons not associated with the rations.
Eighteen hour shrunk weights were recorded every two weeks.
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Lame 2. wvomposinon ol HA-HWK Kauons and FPerlormance of
Lambs fed These Rations (Trial 2)

Item or Basal 207 HA 359 HA 2095 HA 359 HA
measurement 4+ 5BM 4 SBM

or, Composition, dry basis

Alfalfa meal 99.5 73.3 52.8 70.5 G4.0
HA-HWR — 20.0 35.0 200 35.0
Soyhean meal - 6.2 11.6 = =
T.M, salt 0.5 0.5 .5 0.5 0.5
Dhicalcivim

phosphate s - 0.2 — 0.5
Vit. I supp. - - - =} +

Growth and Feed efficiency

MNo. lambs [ G fi 6 i
Ave. daily

gain, Ib L ¥ iy L 29" ot
Ave. daily

dry matter

consumption, b 295 2.95 3.08 2.99 3.04
DM intake

per lb

gain, b 7497 10.21* 11,500 11.04% 12.16*
Mon-wood dry

it ler per

b gain, b 7.97 8.17 7.50 8.82 7.099

123 hMeans witJ; unlike aupurm.lpt I:I.T; ulm:.liimmh.f dﬁf-ﬂ;t [P ==.085),

Table 4. Coefficients of Iigestibility for HA-HWR Rations (Trial 2)

Apparent Digestibility, 5%

Basal 20o: HA B6u: HA 209 HA  B5% HA
Toem -+ SBM 4 SBM
Dry matter 54.8° 50.5* 45.7 48.8% 43.2¢
Organic
matter M2 50.14 451" +8.4= 43.0%
Celluloge 424 39.7 29.6° 9. 42.2*
Nitrogen 56,6 55.2" 51,97 49,52 16.0°

13 hfeans with unlike superscript are significantly different {1"=2,06).
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Table 5. Composition of HA-HWR Steer Rations and Performance of
Steers fed the Rations (Trial 3)

1 4 3 4
Ltem Basal 209 HA M9 HA 409 HA
; o Composition, a5 iy basis
Alfalfa meal 9.5 G8.4 L 44.6
HA-HWR — 38.1 43.6 54.6
T.M. salt 18] 0.5 04 0.4
Dicalcium phosphate - - 0.4 0.4
o, Dry matter in feed BOS 7748 TaT 67.4
Growth and performance
No. steers G 4 G 6
Ave. daily gain, lb 179 L5 088 0.82
Ave, daily feed, b, D.M. 15.6 16.6 12.8 125
Feed D.M. per 1b gain, 1b 8.7 10.8 145 15.5
Trial 4

The ability of HA-HWR to support the maintenance regquirement
of adult sheep was studied with 12 aged wethers allotted to three rations
shown in Table 6. In this case cottonseed hulls (CSH) were used as the
main component in the basal ration and HA-HWR was substituted for
this ingredient. Using standard textbook values, a theoretical value for
total digestible nutrients and digestible protein was calculated for each
ration. The TDN value of HA-HWR was assumed to be 40 percent
based on the previous experience with LA-HWR (this trial was con-
ducted before the results of trials 2 and 3 were available). All sheep were
then individually fed daily the amount of ration calculated to meet their
maintenance requirement. Portions were recalculated as the weight of
various sheep changed. All sheep were weighed weekly.

Trial b

Digestibilities of rations similar to those used in trial 4 were de-
termined using & aged wethers allotted to the three rations shown in
table 7 in a 3 x 3 latin square design. During each period of the trial,
the rations were fed for an 11 day preliminary adjustment and Ffeces
were collected over a 10 day period. Procedures for analyzing feed and
feces were routine.

Results and Discussion

As the level of LA-HWR. was increased in the ration, the growth
rate of lambs decreased (Tahle 1). When SBM was included, however,
the gains by lambs fed 25 and 50 percent LA-HWR were not signifi-
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Table 6. Composition of Rations and Weight Changes of Aged
Sheep on HA-HWR Maintenance Study (Trial 4)

1 2 i
Ingredient Basal 269 HWIR 5% HWR
% Composition, dry basis
Cottonsecd  hulls B0 55 30
HA-HWER - 25 50
Cottonseed meal 4 9 0
Alfalfs meal 10 10 1mn
Mincrals 1 1 |
Maintenance data
No. shee 4 4 +4
Ave, weight, 1b
h-18-71 124 126 124
G-10-71 123 119 116
G-24.71 126 120 111

F-8-41 127 121 10

cantly different [rom those fed the basal vation. Gains were lower, how-
ever when lambs were fed 75 percent LA-HWR with SBM or 50 and
74 percent LA-HWR without SBM. Daily consumption of ration dry
matter was not decreased by the presence of LAAHWE.

Dry matter required per unit of pain was increased at all levels
above 25 percent LA-HWR. The non-wood dry matter intake per unit of
gain was calculated to determine if the wood material was being used
for maintenance and growth. As shown in Table 1, as the level of LA-
HWR increased, the amount of non-wood dry matter required per unit
of gain decreased significantly. This is positive proof that the LA-HWR
was indeed being utilized as an energy source.

Table 2 shows the digestibility coefficients for the LA-HWR rations.
Both dry matter and organic matter digestibilities decreased as the level
of LA-HWR increased in the ration. By using regression techniques, the
dry matter digestibility of the LA-HWR component of the ration was
calculated to he 32 percent. Although this may seem low, it is far better
than the digestibility of the original wood material and approaches the
digestibility of some low quality roughages. This supports the conclusion
from the growth trial that the material was being partially utilized.
Nitrogen digestibility was decreased in those rations not containing SBM
so the high level of N provided by the anhydrous ammonia was appar-
ently partially bound in a non-absorbable form.

The growth and performance of lambs fed HA-HWR are shown in
Table 3 and the digestibilities of these rations are reported in Table 4.
In contrast to the previous trial, lamb gains were depressed at all levels
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of HA-HWR. Although daily feed consumption was not changed, the
HA-HWR was obviously not being utilized for growth as indicated by
the dry matter and non-wood dry matter requirements per unit of gain.
Dry matter and organic matter digestibilities were sharply depressed by
HA-HWR, considering the fact that the maximum level in the ration was
35 percent. Using regression techniques again, it was determined that the
dry matter digestibility of HA-HWR was probably less than 10 percent.
Cellulose and nitrogen digestibilities were apparently less than in LA-
HWR also.

Trial 3 was designed to determine if HA-HWR could contribute to
the energy requirements for maintenance and growth of beef steers.
Their performance is shown in Table 5. As the level of HA.HWR in-
creased up to 30 percent in the ration, the rate of gain decreased
sharply, with gains at 40 percent about the same as at 30 percent. The
20 percent HA-HWR ration was actually consumed as well or better
than the alfalfa meal ration but consumption of the 30 and 40 percent
HA-HWE, rations was depressed considerably. Feed required per unit
of gain was higher for all HA-HWR rations.

When the weekly consumption of these rations was observed, it
could be seen that consumption of the 30 and 40 percent HA-HWR
rations was less than hall of that for the first two rations during the first
week. After that, consumption of the HA-HWR rations increased grad-
ually but not sufficiently to suppert comparable gains. The animals in
lots 5 and 4 all lost weight for the first 3 weeks before beginning to gain
weight for the remainder of the trial.

In the maintenance study with CSH-HA-HWR rations (erial 4,
Table 6), the weights of the sheep on the control ration did not change
appreciably while those consuming 25 percent HA-HWR decreased only
slightly in weight. Both these groups consumed all their allotted feed
while those on 50 percent HA-HWER did not consume all their feed reg-
ularly, especially at the beginning of the trial. This third group lost
weight at first but they seemed to stablize as consumption became more
regular and the body weight to maintain decreased.

Digestibility of similar cottonseed hull-HA-HWR rations is shown
in Table 7 (trial 5). Although digestibility of dry matter and organic
matter decreased with increasing levels of HA-HWR, the decreases were
not as severe as noted with alfalla—HA-HWR mixtures in trial 3. In
fact, N-digestibility actually increased with the addition of HA-HWR,
The reasons for somewhat better performance when mixed with CSH as
compared to allalfa meal are not known.
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Table 7. Composition and Digestibility of CSH-HA-HWR Rations

(Trial 5)
: 2 F et s i 3_
Ingredient Basal 250 HWR % HWR
oy, Composition, dry basis
Cottonseed  hulls 75 5 25
HA-HWER - 25 50
Cottonseed  meal 14 14 14
Alfalfa meal 10 10 1
Minerals 1 1 I
Apparent Digestibilities, 5
Dry matter 0 e 47 45
Organic Matter 50 47 4
Cellulose 19 5 51
MNitrogen 35 52 5d

Conclusions

These results suggest that wood residues could be prucessr_*d to pro-
duce a material having nutritive value for ruminants. The LA-HWR had
a dry matter digestibility of 32 percent and was highly palatable. On
the other hand, when the acid level during treatment was increased from
0.8 percent (LA) to 2.3 percent (HA), a product was produced which
not only had a low apparent digestibility but was also quite unpalatable.
Thus, the optimum treatment might have been somewhere in between
these two acid strengths.

Other chemical analysis verified the fact that the changes produced
b}r 2.5 percent acid were much more drastic than those produced at 0.8
percent. Although further work on this project is not presently underway,
it would appear to be feasible to produce a product from woody
material which could serve as a source of a part of the energy require-
ment of ruminants, especially those existing on maintenance level rations
such as beef cows. Cursory examination of the cconomics of such an
operation suggests the costs may be within reason but this has not been
thoroughly researched.
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Adaptation to Biuret as an NPN Source
and as influenced by the Level of Concen-
trate and Level of Biuret in the Ration
in the Ration
E. T. Clemens, R. D. Wyatt and R. R. Johnson
Story in Brief

Utilization of biuret as an NPN source requires the development of
the ability of rumen microorganisms to degrade biuret to ammonia.
Although this adaptation time may involve several weeks on high Tough-
age rations, the inclusion of a small amount of dietary concentrate has
been shown to decrease the time required for maximum adaptation to
1-2 weeks.

Rations containing 20 percent ground corn supported the most rapid
rate of adaptation when compared to higher levels of concentrate. When
biuret provided less than 15 percent to 20 percent of the digestible pro-
tein, the biuretolytic activity of rumen contents was significantly reduced.
Thus, there appears to be a minimum level of exposure to biuret as an
NPN source to promote maximum utilization.

Introduction

A prime difficulty in the use of biuret as a supplemental protein
source for roughage fed ruminants has been the lengthy adaptation
period required by these animals before they are effectively able to
utilize biuret. Experiments conducted at this university indicate that
biuret must be fed for a period of two to five weeks before the rumen
microorganisms can adequately degrade hiuret to NH,,

Additional studies, demonstrated that a small amount of concen-
trate enhanced the rate of adaptation. The following studies were under-
taken to determine what effect the level of dietary concentrate has on
the rate of adaptation and extent of biuret utilization by the rumen
microorganisms. Also, the effect of the level of biuret in the ration on
rate and extent of adaptation was studied.

Methods and Materials
Trial 1

Eight [eeder lambs with permanent rumen cannulas were led one
of four experimental rations (Table 1). The levels of dietary concentrate
were regulated by adding either 20, 40, 60 or 80 percent ground comn to
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Lable 1. Kahon Gomposiion lor Sheep Fed Snirer and v arious Leves
of Concentrate. (Trials 1 and 2)

% Composition, air dry basis

£ S A Tl ¥
Ingredient (95) 1 2 S TR T 3
Ground corn 20.0 40.0 GO0 LR 21.2 bl
Corn starch 18.8 313
Cottonseed hulls T49 Ghd 6.0 166 56.4 36.0
Molasscs 50 ] 5.0 5.0 ki 5O
RBiuret 213 1.55 098 0.40 213 213
Limestone 0.00 0,06 0.18 0.31 10 0.12
Dicalcinm phosphate 0.60 0.5% 046G 037 0.52 0.61

1 Trial 2 condained a ratiom identical o mation 1, trial 1.

the complete mixed rations, The level of biuret was adjusted such that
all rations were equal in digestible protein content.

Rumen contents were collected from each animal on days 0, 2, 4, 7,
10 and 14 for laboratory analysis. The ability of the rumen micro-
organisms to degrade biuret to ammonia (biuretolytic activity) was de-
termined by incubating the rumen contents with a biuret solution at 39°
C and measuring the disappearance of biuret over a 24 hour period.

Trial 2

Three rations containing either 20, 40 or 60 percent concentrate
{Table 1) were fed to nine rumen cannulated sheep. However, in this
trial the level of dietary concentrate was regulated by adding corn starch
over and above the 20 percent ground corn level. In this manner re-
searchers were able to maintain rations that were equal in both digestible
protein and biuret levels, while changing the level of dictary concentrate
consumed.

Rumen contents were withdrawn from each animal on days 0, 2, 4,
7, 10 and 14 and weekly thereafter for the 35 day test period. The biure-
tolytic activity of each rumen sample was measured as described above,
The disappearance of biuret was measured lor each sample and is
reported as the average value for those animals on the same ration,

Trial 3

In this trial, the levels of concentrate and roughage were held reason-
ably constant while the proportion of total nitrogen present as biuret was
20, 50 or 80 percent. T'he level of concentrate was hetween 10 and 16 per-
cent and cottonseed hulls provided the roughape source. Nine rumen can-
nulated sheep were divided into three groups which were fed the rations
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shown in Table 2. Biuretolytic activity in the rumen contents was
determined on days 0, 3, 5, 7, 10, 14, 21, 28 and 35 after initiation of
the trial.

Results and Discussion
Trial 1

The biuretolytic activities of the rumen contents for those animals
in the first trial are reported in Figure 1. The rate of adaptation was
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20 DAY 7 L DAY 14
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B 24 8 24
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Figure 1. Biuret disappearance in rumen contents from sheep fed
biuret and 209 (__), 407 (__), 60°, (_._) or BO%, (....)
ground corn. (Trial 1)
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Table 2. Compaosition of Experimental Rations Fed to Sheep in Trial

3.
% Compaosition, air dry basis
Srigradient T T o . oy
Ground corn 6,53 10.91 12.92
Sovbean meal 0.94 4.76 0.00
Cottonseed hulls B0.00 000 82.10
Biuret! 0.53 1.3% 212
Nas0, 0,19 048 0.76
Dicalcium phosphate 0.11 0.22 0.39
Limestone 0.12 010 0.02

T. M. salt 640 0.G0 {160

'-];IIJJ.'H. L;rljvldnd_?ii.._-.ﬁ".mu,l B9, of the In'..l1..'l.| |.|i[:|'|:|gen in rations 1, 2 amd -.S.-I_\Eﬁ.p;:[i'lmlf.

such that animals on 3 of the 4 diets obtained signilicant activity within
the first 14 days on test. Comparing this to earlier studies clearly indi-
cated that the addition of some readily fermentable carbohydrates greatly
stimulated the rate of biuret adaptation within these animals. Some re-
sponse to biuret feeding was noted for all animals on day 2 and near
maximum activity was obtained by day 10 or 14 lor three groups of
animals.

The .*shm-:p receiving either the 20, 40 or G0 percent ground corn
rations apparently were better able to adapt to biuret feeding, as indi-
cated by the loss of biuret on day 14 (Figure 1), than were those animals
fed the 80 percent ground corn diet. However, it was realized that those
sheep on the B0 percent concentrate were receiving less than 15 percent
of their protein [rom biuret. On the other hand, the level of dietary
biuret was progressively increased as the level of concentrate was reduced
for the animals on the other diets.

To correct for this confounding eflect of biuret level and concentrate
level a second trial was conducted.

Trial 2

In this experiment the level of biuret was held constant while the
increased concentrate fractions were achieved by adding corn starch,
free of protein. The results as shown in figure 2 would indicate that,
initially the higher levels of concentrate stimulated a more rapid rate
of adaptation over the first 4 days on feed. However, by day 7 the
situation was reversed and those animals receiving the lowest level of

concentrate (20 percent) consistently demonstrated greater biuretolytic
activity in their rumen contents,
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iFigure 2. Biuret disappearance in rumen contents from sheep fed
biuret and 2096 (), 4097 (__), or 609 (_._) concentrate
rations, (Trial 2)

The extent of biuret hydrolysis was such that by day 28 rumen
contents from animals fed the 20 percent concentrate ration degraded 3
to 4 times as much biuret as that from the animals fed 60 percent con-
centrate and twice that of the 40 percent concentrate group.

Trial 3

In this trial biuretolytic activity began to appear at day 3 but
increased slowly and did not appear to reach maximum until day 28
{(Figure 3) when biuret constitued 50 or 80 percent of the nitrogen. On
the other hand, when biuret was only 20 percent of the nitrogen, nearly
maximummn biuretolytic activicy was achieved by day 7 and following that
time, biuretolylic activity in this group was significantly (P<.05) less
than in the other groups.

For all three trials the rate of adaptation was sufliciently rapid that
considerable activity was achieved within the first 10 to 14 days on [eed.
Maximum activity was not reached until about 28 days, however. This
clearly suggests that the rate of adaptation to biuret is stimulated by the
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Figure 3. Biuret disappearance in rumen contents from sheep fed
rations in which biuret provided 2097, (__), 50% (_._) or
809, (__) of the total nitrogen. (Trial 3)

feeding of some readily fermentable carbohydrates. The lack of response
observed for the 80 percent ground corn diet (trial 1) is presumed to be
due to the low level of dietary biuret fed these animals, Trial 3 results
support this theory in that biuretolytic activity was much less when
biuret was only 20 percent of the total nitrogen.

Presumably, when other sources of nitrogen are present in sufficient
quantity, the needs of the microorganisms are met from those sources,
The results further suggest that a ration containing 20 percent ground
corn (or other starch source} would be adequate for stimulating a rapid
rate of adaptation to biuret. Concentrate levels above the 20 percent
level substantially reduced the rate and possibly the extent of biutret
utilization.
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Poultry Nutrition

Protein and Energy Intake Requirements
for Laying Hens

Rollin H. Thayer, G. E. Hubbell, J. A. Kashohm, R. . Morrison,
and E. C. Nelson

Story in Brief

Ration formulation techniques were utilized to provide laying hens
housed in individual laying cages with graded intake levels of protein
ranging from 13 to 19 grams of protein per hen per day. The recom-
mended protein intake requirement for laying hens has been set at 16.5
grams of protein per hen per day by the National Research Council,
All of the experimental rations which were fed, regardless of ration
protein level, were designed to meet the recommended energy intake level
of 300 kilocalories per hen per day.

In three separate feeding trials involving this apprﬁanh, it was found
that there were no statistically significant differences in body weight
dlangﬂ, percent epg production, or egp weight among the hens fed the
different protein intake levels. Energy intake approximated 300 kilo-
calories per hen per day regardless of the energy density of the laying
ration which was fed. This finding establishes the fact that the energy
intake requirement of the laying hens used in this series of studies was
between 275 and 300 kilocalories per hen per day, and is in line with
current energy intake recommendations,

The fact that egg production was equivalent repardless of protein
intake indicates that the current recommendation of 16.5 grams of pro-
tein intake per hen per day may not be valid for laying hens maintained
in a caged environment. It should be noted in this connection that the
amino acid content of the protein which was fed in these studies con-
tained adequate quantities of 18 individual amino acids. Care was taken
in the formulation procedure to be sure that no obvious amino acid
deficiencies existed. This may account in part for the results which were
obtained. Under commercial feeding conditions rations may not be
formulated with this degree of attention to amino acid balance.

Animal Science Research 1973 219



Introduction

Economic considerations in the Poultry Industry have brought about
vertical integration and a continuing effort on the part ol poultrymen to
reduce production costs. Several approaches are being made in an effort
to systematically reduce production costs. Among these is the use of a
production system in which pullet replacements are grown in cages, and
laying hens are maintained in individual laying cages during their entire
productive life.

As the cage system of producing market eggs evolved, it became
evident that the nutrient intake requirements of growing pullets as well
as laying hens were considerably different from those required by chickens
grown and maintained under floor conditions. Since laying hens and
growing pullets eat until their energy requirement is met, calorie to
protein ratios, and calorie to vitamin and mineral ratios become of prime
importance in ration formulation, if adequate intakes of all other nu-
trients are to be met. This has made it necessary to first study energy
intake requirements as they apply to caged pullets and hens during all
stages of growth and egg production, and then to determine protein,
vitamin, and mineral intake requirements in relation to these energy
requirements,

The objective of this project is to obtain basic data on energy intake
and the interrelationships between energy and other nutrients so that
these data can be used to formulate practical nutrient intake standards
for use by poultrymen under commercial production conditions in
Oklahoma.

Experimental Procedure

General

Three feeding trials were conducted in a windowless caged layer
laboratory on the Oklahoma State University Poultry Farm, The labora-
tory contains 576 individual wire cages which are arranged in twenty-four
blocks with twenty-four cages per block, Each cage is ten inches wide,
eighteen inches long, and is equipped with an automatic waterer, a feeder,
and a [eed storage container. The individual feed storage containers
make it possible to weigh the feed separately for each hen, and permit
the individual hen to be considered as an experimental unit,

The caged layer laboratory is equipped with an evaporative cooler,
furnace, air ducts, and fans to control environmental temperature and
ventilation, Environmental temperature during the three feeding trials
varied from a high of 90°F. in the late summer and early fall to a low
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of 60°F. in the winter months. The three feeding trials were conducted
over a span of three years with each [eeding trial being initiated in
September of one year and terminated in January or February of the
lollowing year,

The hybrid hens used in the first feeding trial were DeKalb 131s
while those used in the second and third trials were H&N Nick Chicks.
The age of the hens at the beginning of the feeding trials was 22 weeks
for tials one and two, and 20 weeks for trial three. In all cases, the
pullets were maintained in floor pens on litter during the entire growing
period, and fed a series of pullet replacement grower rations developed
through research at Oklahoma State University.

As the caged layer laboratory has no windows, artificial light is
supplied by incandescent lights which are controlled by automatic time
clocks. In all three feeding trials the laying hens received fourteen hours
of continuous light and ten hours of continuous darkness until egg
production reached fifty percent. At this point the length of daily light
was increased by fifteen minutes each week until the laying hens were
receiving seventeen hours of continuous light and seven hours of darkness
each day. The laying hens remained on this lighting schedule until the
end of the experiment.

Each feeding trial was divided into ten periods with fourteen days
in each period. Individual body weight and feed consumption data were
collected at the end of each period. In the case of the third feeding trial,
body weight data were collected at the beginning of the experiment, at
the end of five periods (one-hall of the time on experiment), and again
at the end of ten periods (when the experiment was completed). Egg
production was recorded daily, and all eggs were weighed individually.

Appropriate statistical analyses were made on the data collected
during each experimental period, and on the combined data for all ten
periods within a given feeding trial. The following responses were in-
volved in these analyses: feed consumption, protein consumption, energy
consumption, body weight gain, percent egg production, and egg weight.

Feeding Trial 1

Eighteen experimental rations were fed in this feeding trial. Each
ration was fed to twenty-four individually caged hens. The experimental
rations were formulated to provide the laying hens with estimated daily
protein intakes ranging from 15 to 19.26 grams in increments of 0.25
grams, All experimental rations were isocaloric and designed to provide
an estimated daily energy intake per hen of 300 kilocalories of metabo-
lizable energy.
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Feeding Trial 2

Twenty experimental rations were fed in this [eeding trial. Each
ration was fed to twenty-one individual caged hens. The experimental
rations contained four energy densities and five protein levels ina 4 x b
factorial arrangement of treatments. The estimated daily protein intake
levels per hen were 14, 15, 16, 17, and 18 grams. The daily feed intakes
per hen were estimated to be 96, 106, 116, and 126 grams for the four
energy densities. These estimated intakes of protein and feed were based
on a daily energy intake of 295 kilocalories of metabolizable energy per
hen. Dietary volume was held constant at 170 milliliters dry measure
per 295 kilocalories for all of the experimental rations.

Feeding Trial 3

Twenty-four experimental rations were fed in this feeding trial
with each ration being fed to twenty-four individually caged hens. These
rations contained four energy densities and six protein levels in a 4 x 6
factorial arrangement of treatments. Estimated daily energy intake levels
of 240, 261, 286, and 316 kilocalories of metabolizable energy were pro-
vided in the four energy densities with estimated daily feed intake at
100 grams per hen. On the basis of 100 grams of feed intake per hen per
day, estimated daily intake levels per hen were set at 13, 14, 15, 16, 17,
and 18 grams of protein,

Results and Discussion

Feeding Trial 1

The data for feeding trial 1 are summarized in Table 1. There were
no statistically significant differences in percent egg production, egg
weight, or body weight gain. Statistically significant differences in protein
intake per hen per day were obtained with actual protein intake per
hen per day varying from a low of 13.8 grams to a high of 18.3 grams,
Differences in daily feed and energy consmption per hen were statisti-
cally signiflicant, but were small in magnitude.

It is apparent that the hens ate until their energy requirements
were met with actual energy intake per hen per day varying from a low
of 266 kilocalories of metabolizable energy to a high of 317 kilocalories,
Average energy intake per hen per day for all experimental rations was
288 kilocalories. Differences in leed consumption were directly related
to differences in energy consumption, This is to be expe::r,ml, since all
of the experimental rations were isocaloric. These data indicate that
18.8 grams of protein intake per hen per day may be near the lower
limit for satisfactory egg production.
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Table 1. Data Feeding Trial 1.
Experimental Ration Number

1 E 3 4 5 i1 7 -] 9 10 11 12 13 14 15 16 17 18
Feed cons,
per day (gm) L o3 88 M 95 92 06 101 92 a3 a2 93 9% 89 a9 a1 a9 93
Energy cons,
er day (Keal) 203 288 266 281 294 286 296 313 284 287 285 289 280 276 277 280 273 288
rotein cons.
r day (gm) 144 144 138 150 155 153 161 173 159 163 164 169 166 161 169 175 175 183
ercent £gg
production 80 78 7 78 a0 % 7 79 82 77 77 80 80 80 Er 79 B0 79

Av. cgg wt, (gm) 53 53 53 53
Body wt. gain{gm) 120 132 175 145

52 a3 it i R . 33 32 53 32 33 33 33 32 33
178 130 204 192 137 186 168 210 162 210 261 269 173 150




Feeding Trial 2

The data for [eeding trial 2 are summarized in Table 2, There were
statistically significant dilferences in feed consumption due to ecnergy
density. Actual feed consumption varied from a low of 103 grams to a
high of 129 grams as ration energy density decreased. This is as expected
since it has been demonstrated that the energy density of a ration exerts
considerable control upon feed consumption, and hens do eat to meet
a speciflic energy intake requirement regardless of the energy of the ration.

Actual daily protein intakes per hen were 15, 158, 15.1, 174 and
19.1 grams. These differences in actual protein intake were statistically
significant. However, regardless of actual protein intake per hen per
day there were no statistically significant differences in body weight gain,
percent egg production, or egg weight.

Feeding Trial 3

The data for feeding trial 3 are summarized in Table 3. As had
been observed previously in feeding trial two there were statistictlly sig-
nificant differences in feed consumption and energy consumption per hen
per day. As energy density decreased, there was an increase in feed con-
sumption. Energy intake per hen per day varied from a low of 292 kilo-
calories of metabolizable enerpy to 326 kilocalories. Average energy con-
sumption was 305 gilocalories per hen per day which again approximates
the recommended energy intake of 300 kilocalories per hen per day, Actu-
al grams of protein intake per hen per day were 14.1, 14.3, 14.6, 16.2, 17.5,
and 17.7. As was observed in the two previous two feeding trials these
differences were statistically significant and do bracket the recommended
daily protein intake per hen of 16.5 grams. Again there were no statis-
tically significant differences in either percent egg production, or average
epg weight regardless of energy or protein intake. Even though there
were statistically significant differences in body weight gain, all hens
gained steadily during the entire experiment and the body weight gains
which were made are well within the range one would expect under
practical production conditions,

Conclusions and Recommendations

Laying hens apparently eat to meet a very delinite daily energy
intake requirement which approximates 300 kilocalories of metabolizable
energy. In order to be sure that the daily intake of protein and other
required nutrients are adequate, dietary levels must be related to esti-
mated energy intake. In addition, the daily intake requirement of all
nutrients must be contained in the weight and volume of feed that the
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Table 2. Data Feeding Trial 2.

Ration Energy Density

Ration Protein Levels

1 L ] 4 1 2 [ 4

Feed cons.
per day (gm 103 110 120 129 118 116 111 114 118
En Comns,
per day (Keal) 317 306 508 802 312 10 297 301 314
Protein cons.

Eer day (gm) 172 16,6 16.5 16.3 150 15.8 16.1 174 191
eTcent egg

production 78 76 (L 78 76 78 (r 78 80
Av. egg wt. (gm) 51 50 52 | 50 52 51 51 52
Table 3. Data Feeding Trial 3.

Ration Energy Density Ration PII;-I'_I‘.EiI!. Levels
1 2 3 4 1 2 3 4 5 [

Feed cons.
per day (gm) 89 108 117 125 119 112 107 111 111 108
Energy cons.
per day (Kcal) 811 508 304 295 826 306 292 504 805 204
Protein cons.
per day (gm) 16.1 15.8 15.7 15.2 14.1 14.3 14.6 16.2 17.3 17.7
Percent egg
production 78 &0 78 i) 78 76 T4 a1 al i
Av. egg wi. (gm) 50 52 50 50 51 50 48 50 51 51
Body wt. gain (gm) 298 252 141 219 196 238 251 276 259 266




laying hen can and will consume under the management system being
used.

The data reported in this paper indicate that the daily protein
intake requirement of laying hens in cages may be less than the 16.5
grams currently recommended. Under the conditions of this series of
feeding trials, ample opportunity was given to the laying hens to select
daily protein intake without being restricted by excessive energy intake.
The data indicate that the minimum daily intake of protein selected
was approximately 14 grams. There is sufficient evidence to indicate
that this level of protein intake supported egg production equally as
well as did daily protein intake levels up to 19 grams.

Layer rations for use under practical feeding conditions might well
be designed by poultry nutritionists to provide 14 grams of protein per
laying hen per day. This would constitute a substantial saving in in-
gredient cost since this represents a saving in protein intake of approxi-
mately 15 percent. Care must be taken however, in the formulation
procedure, to be sure that the intake requirements of 18 individual
amino acids are fully met.
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Dairy Nutrition

Relation of Method of Processing Sorghum
Grain to Utilization by Dairy Cows

L. J. Bush, R. M. Alexander, G. I). Adams, and R, D. Morrison

Story in Brief

Since sorghum grain is widely used as a major component in con-
centrate mixtures for dairy cows, it is important to identify methods of
processing which result in greatest improvement in its nutritive value for
dairy cattle. The approach to this problem has been to first determine
the particle size of ground grain utilized by cows with greatest efficiency
and then to compare other processing methods with grinding to this
extent,

In one trial with lactating cows, additional information was obtained
to further quantify the relationship between mean particle size of ground
grain and milk production. Milk yield increased as particle size decreased
to approximately 475 microns, beyond which ne further improvement
was obtained. No differences in milk composition were observed. Al-
though several factors have some influence on particle size of ground
grain, use of a grinder screen with openings measuring 3/32 inch, or
smaller, appears necessary to produce the desired product.

Steers with abomasal fistulas were used in an attempt to determine
the influence of fineness of grinding on the extent of nutrient digestion
in different parts of the digestive tract. Both ruminal and post-ruminal
digestion of starch tended to be higher for the ration containing the
more finely ground sorghum grain.

In another trial invelving lactating cows, rations containing grain
processed by line grinding, steam rolling, and micronizing were com-
pared. There was very little difference among treatments in milk pro-
duction; however, milk fat test was particularly low when micronized
grain was fed. Changes observed in proportions of rumen volatile fatty
acids (VFA) at three hours alter feeding were consistent with this lowered
milk fat percentage. Only small differences were observed in digestibility
of the rations containing grain processed by the different methods.
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Introduction

In previous work reported last year, Bush et al. (1972) observed that
cows fed a concentrate mixture with very finely ground sorghum grain
produced more milk than cows receiving more coarsely ground grain.
Increased starch digestibility, higher total concentration of rumen VFA
and slightly greater weight gain were also observed in the group fed the
more finely ground grain. However, a fairly wide range in particle size
{expressed as geometric mean diameter) between the very finely ground
and medium ground grain in that study pointed up the need for addi-
tional work to further define the relationship between particle size and
production response,

Improvements in the performance of animals fed grain processed in
different ways have been attributed primarily to differences in carbohy-
drate digestion. Recent indications are that the site and rate of starch
digestion may vary due to intake by the animal and method by which the
grain is processed. Karr et al. (1966) observed that 16 to 38 percent of
the starch consumed by steers on a high concentrate diet entered the
lower tract. Tucker et al. (1968) showed that increases in starch intake
resulted in increases in the percentage of starch passing into the intes-
tines of sheep. McNeil (1970) observed differences in the extent of
ruminal digestion of starch in sorghum grain processed by different
methods as follows: steam flaked, B3 percent; reconstituted and ground
(5/16" screen), 67 percent; micronized, 43 percent; and dry ground
{5/16" screen), 42 percent. Information on the extent of nutrient di-
gestion in different parts of the digestive tract when rations contain
sorghum grain ground to different degrees of fineness has not been re-
ported.

One objective of these trials was to further evaluate the effect of
particle size of ground sorghum grain in rations on performance of dairy
cows and on the site and extent of nutrient digestion. 'The objective of
a second phase was to compare production responses of cows fed sorghum
grain processed by different methods,

Materials and Methods

Two separate trials with lactating cows have been completed. One
of these dealt with the relationship between particle size of ground
sorghum grain and milk yield. Another compared the responses of cows
fed sorghum grain either finely ground, steam rolled, or micronized.
In addition, a trial using steers with abomasal fistulas was conducted to
obtain information regarding the site of nutrient digestion,
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Trial 1

Mention of this trial as being in progress was made in a previous
report (Designated Trial 4 in report by Bush et al., 1972).

Thirtysix lactating cows (24 Holsteins and 12 Ayrshires) were used
in a switchback trial involving three treatments. Comparison periods
were six weeks in duration, with data from the last four weeks used for
analysis and the first two weeks of each period allowed for change-over
from one ration to another. Cows started the first comparison period
approximately eight weeks after calving.

The experimental rations consisted of a 50:50 ratio of alfalfa hay
and concentrate mixture (Table 1), with the only variable being the
particle size of the ground grain. Yellow endosperm hybrid sorghum
grain (NK-222) grown at the Ft. Reno Research Station was used for
this experiment. Since grain comprised 70 percent of the concentrate
mixture and equal amounts of concentrate and hay were fed, sorghum
grain made up 35 percent of the total ration.

Variation in average particle size of the ground sorghum grain was
achieved by using three different screens with openings measuring 8/64,
G/64, and 4/64 inch in diameter. Representative samples were taken at
each grinding and particle size determined by the method of Ensor et al,
(1970). Particle size of the grain designated as fine, medium and coarse
ground fell within the range desired to complement the previous trial
(Table 2).

Feed allowances for the cows were calculated on the basis of size,
age, milk production and milk fat percentage according to 1965 NRC

Table 1. Composition of Concentrate Mixtures

™ Trial

Ttem 182 3
Ingredient
Sorghum grain 70 i
.‘ioﬁ:ean meal, 449, (1] 10
Wheat middlings 10 10
Molasses, dried 7 75
Iieet pulp I -
Diicalcium phosphate 1 1
Trace mineral salt 1 0.5
Urea - 1
Chemical analysis, dry basis
Protein (N x 625) 16 17
Starch fid -
Mon-starch carboh}dulc 12 -

PWeight of ground, steam rolled, and m:umuni grain varied as necessary w0 use like amount
of grain dry matler in mixture,
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Table 2, Particle Size of Sorghum Grain

Fineness of Grind

Coarse Medium Fine

Ttems (B/64) T 664y (4,/64)
........... (microns) -_;..-,..._,.-__—._

Geometric mean diameter, do G2 507 308
Geometric standard dewviation, Saw 1.42 1.59 1.35

(3R

requirements. The allowances were reduced by 10 percent of the initial
amount at the beginning of the second and third six-week periods. In.
take of nearly equal amounts of concentrate and hay was accomplished
by reducing the total allowance by an appropriate amount if more than
10 percent of either hay or concentrate was refused for two consecutive
days. Feeding of the planned allotment of feed was resumed as soon
as the cow would consume that amount,

Milk production was recorded twice daily. Samples from four con-
secutive milkings each week were composited for analysis of total solids
and fat percentage. The body weight of each cow was recorded on three
consecutive days prior to the experiment and during the last three days
of each comparison period.

Trial 2

Three abomasal fistulated dairy steers were used in a digestion trial
to characterize digestion of nutrient components of the same rations fed
to the lactating cows in Trial 1. A § x 3 rotational (Latin square) design
provided for each animal to be fed each ration in turn according to a
pre-determined sequence. Comparison periods were three weeks in dura-
tion. Feed allowances sufficient for maintenance and approximately 2.0
Ib. gain per day were calculated using net energy and digestible protein
requirements for growing cattle (Lofgreen and Garrett, 1968).

Apparent ruminal and total digestion of nutrient components were
determined by using chromic oxide as an external indicator during the
last two weeks of each comparison period. Abomasal and fecal samples
were collected twice daily on the last five days of each period.

Trial 3

In this trial, 24 lactating cows (18 Holsteins and 6 Ayrshires) were
used to compare rations containing finely ground, steam rolled, and mi-
cronized sorghum grain. Average particle size (geometric mean diameter)

230 Oklahoma Agricultural Experiment Station



of the [inely ground grain was 285 microns. The steam rolled grain was
processed by steaming for 20 to 30 minutes and afterwards rolling in a
manner to produce minimal flattening of the kernels. The micronized
material was prepared by vibrating the grain on a heated metal plate
until thoroughly heated and then rolling in a manner to produce a prod-
uct having approximately 24 pounds test weight per bushel.

Ration allowances were calculated according to the 1971 NRC energy
requirements for dairy cattle. Rumen samples were taken at three hours
after the morning grain feeding for determination of the proportion of
ruminal velatile fatty acids (VFA). Digestibility of ration components
was determined by use of chromic oxide as an external indicator during
the last 12 days of each comparison period. Other experimental conditions
were the same as described for Trial 1.

Results and Discussion

Effects of Fineness of Grinding

Several cows required a few days to adjust to the concentrate mix-
tures with very finely ground grain, but consumed it readily thereafter.
Intakes of concentrate mixture and hay were nearly equal as planned
{Table 3).

Cows fed the concentrate mixtures with medium and fine grain pro-
duced signilicantly more milk than those receiving the coarsely ground
grain. Milk composition was essentially the same for all groups. Average
[eed intake was slightly more, ie, .3 Ib./day, when the cows were fed fine
or medium ground grain. However, higher milk yield of cows fed these
rations cannot be attributed to this small difference in intake because the
net energy value of this amount of feed would be insufficient to account

Table 3. Responses of Cows Fed Sorghum Grain Ground to Different
Degrees of Fineness

Ttem Coarse Medium Fine

Feed intake, D.M. basis

Hay, Ib./day 17.1 17.3 17.8

Concentrate, 1b.[day 17.9 18.0 18.0
Milk production

Daily yield, Ib. 42,2 43.9b 43.4b

Fat, 9, 197 3,95 3.93

MNon-fat solids, 97 249 9.51 9.58
Weight change

Gain per 6wk, 1b. 192 218 20.8

ab Means with different letters significantly different (P=2.05),
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for the difference in milk production. Moreover, the difference in energy
intake could be equated with the energy value of the additional weight
gain by cows fed more finely ground grain,

Considering the responses of cows in this trial along with the results
obtained previously (Figure 1), it appears that a curvilinear relationship
may exist. Projecting an increase in milk yield with decreasing particle
size of ground sorghum grain to a point beyond which yield levels off ap-
pears to allow the best interpretation of both sets of data. With this as-
sumption, it appears that maximum milk yield is reached when average
particle size is around 475 microns., The actual particle size produced
when sorghum grain is ground is influenced by several factors such as
moisture content of the grain and flow rate, as well as screen size. Never-
theless, it appears that a screen with 6/64 inch, or smaller, openings
would generally need to be used to grind sorghum grain for maximum
utilization by dairy cows.

Apparent digestibility of ration components by dairy steers tended to
be higher when the concentrate mixture contained [linely ground grain,
although the differences were not statistically significant (P> .05). In
particular, starch digestion tended to increase with decreasing particle
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Figure 1. Average daily milk yield in relation to lineness of grinding
sorghum grain. Points designated by “0" represent data
from trial previously reported (Bush et al,, 1972); points de-
signated by “A" represent data from present study.
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size of ground sorghum grain which was in agreement with previous ob-
servations on digestibility by lactating cows (Bush et al., 1972). Apparent
ruminal digestion coefficients for crude protein, either extract and non-
starch carbohydrate were negative (Table 4). Poor sampling of abomasal
contents of one steer due to improper placement of the abomasal fistula
appeared to be responsible for these discrepant values. Exclusion of the
data on this steer resulted in positive values in all treatment groups for
the nutrient components. Linear increases in ruminal starch digestion in
relation to decreasing particle size approach statistical significance
(P<.08).

Average starch intake by the steers on the three rations was 2.08
Ib./day (Table 5). Starch in the more finely ground sorghum grain tended
to have higher digestibility both in the rumen and intestines. A high per-
centage of the starch in all the rations was digested in the rumen. Addi-
tional work would be needed to delinitely establish whether or not there
are real differences in ruminal starch digestibility that account for the
observed differences in animal performance.

Comparison of Methods of Processing

There was very little difference in milk yield of cows fed rations con-
taining sorghum grain processed by fine grinding, steam rolling, or mi-
cronizing (Table 6). The most notable difference among treatments was
in regard to milk fat percentages. For unknown reasons, fat test was lower
when cows were fed finely ground grain than when fed steam rolled grain.

Table 4. Apparent Digestibility Coefficients of Ration Components

Ration treatments

Component Coarse Medium Fine
(%)
Ruminal Digestion
Dry matter 1.7 (385)° 3.2 43.0) 16.9 (29.9
Crude protein — 318 (181 e 21.6) —11.2 (1.4)
Ether extract — 255 (1.1} — Bl 1. 8.0 (7.4)
Starch 80,8 {B3.4) B45 {BA.4) 87.2 (B9.0)
Non-starch CHO - 30 (28.2) 174 (38.6) 5T (14.
Total Digestion
Dry matter 52.% 52.0 5T.5
Crude protein 54.3 .8 H8.7
Ether extract 550 48,6 fid.4
Starch 24 04 055
Non-starch
carbohydrate 339 35.6 41.7

' Average of three observations,

’!?-lmr digestion coefficient based on two steers; one steer sampled poorly due to placement of
istula.
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Table 5. Starch Intake and Digestion at Different Sites Along the
Digestive Tract

Eation treatment

Coarse Medium Fine
Mean starch intake, 1b./day 2.08 2.08 2,08
Apparent digestibility in rumen, 9, B8 845 872
Starch entering intestine, 1b./day A0 A2 27
Apparent post-ruminal digestibility, o B8 63.0 65.5
Taotal starch digested, 1b.fday 1.092 1.5 1.99
Apparent total digestibility, 55 9245 9498 95.52

Table 6. Feed Intake and Milk Yield of Cows

Method of pro-txssiﬁg

Steam

Trem Cround rolled Micronized
Feed intake

Grain, 1b./day 18.7 1.9 18.5

Hay, lb./day 18.7 18.7 185
Milk production

Milk yield, 1b./day 59.2 594 58.7

Fat, %, 2.8a J.00 2.6e

Nun-iat solids, 97 8.6 8.0 A6

SCM, lb./day 48,6 49.9 47.8

ahe  Means with different superscript significantly different (P<05).

The fat content of milk produced by cows fed finely ground grain in pre-
vious trials was not particularly low, and no differences in Fat test have
been associated with fineness of grinding,

The depression in fat test when micronized grain was fed was con-
sistent with the observed changes in proportions of rumen VFA (Table
7). In particular, a lower percentage of acetic and increased propionic
acid have been observed by various workers (e. g., Balch et al., 1955; Shaw
ef al., 1959; Baumgarde, 1967) when milk fat test was depressed. Whether
sorghum grain can be micronized in a manner to produce some degree of
starch gelatinization and consequent rumen VFA proportions commensu-
rate with normal milk fat percentage remains to be determined.

There was very little difference in overall digestibility of the rations
used in this trial (Table 8). Small differences in digestibility of single
components, e, g., protein, in favor of the micronized grain were not suf.
ticiently large to have an appreciable effect on total dry matter or organic
matter digestibility. "The relatively high digestibility coellicients observed
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Table 7. Molar Percentages of Rumen VFA

Method of processing
Steam

Acid Ground rolled Micronized
Acelic G8.0= 654.9a 58.0b
Propionic 21.1a 29 3ab 27.3b
Butyric 29 9.6 11.5h
Iso-valeric 1.0a 1.1a 0.7k
Valeric 1.0a 1.1a 1.5b

ah Hl’."ﬁﬂ:{il't rllEI'crEr-l.t .iz_l.l;t:!:;n:il'ir:m!]}' different (F=_05),

Table 8. Apparent Digestibility of Ration Components

Method of processing

Steam
Component Ground rolled Micronized
______________ iy [—————
Dry matter A4 0.3 a1.8
Protein 81.bab &1.2h 88.2a
Organic matter 81.9 82.1 83.5

ab  Means with different L:um ai:nIEimnll-Iy-d.!i!'crc-n-t .[-I"f.-:..lﬂfﬁ.- i

in this trial were attributed to the fact that the forage portion of the
ration was of very high quality as evidenced by 24 percent total protein
content on a dry basis.
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Dairy Physiology

The Effects of Exposure to Ambient
Temperature on Sperm Cells Stored in Straws
M. E. Wells, P. J. Hefley and T. L. Bright
Story in Brief

Several artificial inseminations in the past two years have converted
partially or completely to the use of either 1} cc, or 14 cc. straws as their
method of storing semen. This particular method of storage has been
used in Europe for a few years and the movement of semen of exotic
bulls inte this country in straws has stimulated our artificial insemina-
tion industry to attempt to use this particular method of semen storing,

Little is known concerning how straws should best be stored and
thawed. It is known that improper handling of ampuls can significantly
decrease the percent live cells that are present in an ampul of stored
semen, The time element concerning how long an ampul of semen can
be salely exposed before returning it to the nitrogen tank has been well
established. Such parameters have not been established for handling
siraws. It was the intent of this research to establish the safe handling
procedures necessary for satisfactory use of semen stored in straws.

Semen was collected from four bulls on two different occasions and
stored in 14 cc. straws. These straws were exposed to room temperature
for 10-second intervals and then returned to the nitrogen tank. Straws
were exposed for a maximum of ten 10-second exposures and then thawed
and evaluated for the speed of movement of the cells and the percent
of the cells that were showing progressive mobility.

There was little doubt that even one 10second exposure had a
significant effect (P<.01) in lowering the percent live cells in the stored
straws, Approximately 15 percent of the live cells were lost after exposing
the straws for one 10-second interval and then returning the straw to the
tank. After the third 10-second exposure, the percent live cells had de-
creased to less than half of the original percentage. This indicates that
the sperm cells stored in straws cannot be exposed to ambient tempera-
ture and returned to the nitrogen tank as has been typical of cells in
ampuls. Poor fertility can obviously result from careless handling of
semen stored in L ce. straws,
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Introduction

Since about 1956, the artificial insemination industry has utilized
the glass ampul as the prelerred method of freezing, storing and de-
livering semen to the artificial insemination customer. This particular
system has worked well and satisfactory fertility has been typical through-
out the industry from the use of the ampul. For the past several years,
several European countries have converted to extensive use of the straw
as the preferred method of semen packaging.

Several reports (MacPherson, et al, 1966; Carpenter, 1971; Mac-
Pherson and Penner, 1972; Day, 1972; Bean, 1972) utilizing organiza-
tional technicians have indicated some small advantage for straws in
conception rate, usually one to two percent. Other advantages have been
cited, namely, greater quantities of semen can be stored in the same
space occupied previously by ampuls and better post-freeze recoveries are
typical with semen stored in straws.

A big percentage of the artificial inseminations in this country are
done by personnel other than technicians hired directly by the artificial
insemination stud. There is much greater opportunity for mistakes to be
made by people who will not be typically as well trained or controlled as
would be a technician hired by the bull stud. No controlled research has
been published in which straws were purposely exposed to the typical
mistakes that may be made in the field. This experiment was conducted
to measure the influence of routine mistakes that could be made on the
Farm in using straws.

Previous research with semen stored in ampuls indicate that an
ampul can be exposed safely to room temperature for 10 to 12 seconds
and returned to the nitrogen tank without signilicant Joss of live sperm
cells, Exposure to room temperature [or one minute and then returning
to the tank has resulted in significant loss of live sperm cells stored in
the ampul. This research is an attempt to define the effect of length of
exposure to room temperature on cells stored in 14 cc. French straws,

Procedure

Semen was collected from four dairy bulls on two different occasions
and stored in 14 cc. French straws for use in this study. All bulls were
housed and handled similarly and were on routine maintenance rations.
Semen was collected and initially evaluated for the percent live cells and
the rate of movement of the cells. Each ejaculate was then diluted with
ege yoke-citrate-glycerol extender to yield 20 million live cells per straw
prior to freezing. The straws were filled, plugged and then placed in
5°C water for approximately three hours. The straws were then placed
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on a treezing rack and placed n a MVE Model GBE-Z1 vapor ireezing
unit at a point above the nitrogen where the vapor temperature was
—180°C. The cells were left at this level for seven minutes and then
placed in the liquid nitrogen for transfer into the storage unit. Three
straws on each ejaculate of each bull were then thawed in a 35°C water
bath and evaluated for the percent live cells and the rate of movement
of the cells,

These observations represented the degree of recovery of the cells
post freeze with no treatment imposed. The effect of repeated exposure
to room temperature was evaluated using from one to ten 10-second
exposures to room temperature. After each individual exposure, the three
straws in each ejaculate for each bull were returned to the nitrogen tank
for at least one minute before thawing and evaluating for the rate of
motility and the percent of live cells.

Treated straws were also thawed in 356° C water for one minute and
then placed on a warm microscope slide for evaluation purposes.

Results and Discussion

Table 1 shows the average quality of the ejaculates used in this
study for both prefreeze and post-freeze motile cells, The average pre-
reeze quality was 85 percent live cells, The average quality postlreeze
with no treatment imposed was 55 percent live cells. This gives an
average post-Ireeze recovery rate of 65 percent. Table 1 also presents the
average recovery rate that has been experienced in ampul studies with
these particular bulls although ampuls were not stored from these
ejaculates.

The average recovery rate that we have experienced with these bulls
before with semen stored in ampuls was 45 percent. It has been our
experience as well as others, that semen stored in straws typically will
have a better recovery rate than will semen stored in ampuls, This is one

Table 1. Comparison of Percent Motile Cells Pre-Freeze and Post-

Freeze
Method of Pre-Freeze Post-Freeze lifu:mny Rate
Storage
e SUf
Straw 85 55 G
Ampul a5 18 15
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of the advantages that straw storage has over ampul storage in that better
utilization of the bulls can be obtained with straws.

Figure 1 presents the average effect of multiple exposure ol straws
Lo room lemperature. Successive exposure of straws to roow lemperature
results in a drastic decrease in the percent live cells. 1t is significant to
note that the first few exposures take a heavy toll of the percent live
cells in the straws. Figure 1 illustrates that with just one 10-second
exposure an average of 25 percent of the live cells in the straw was
lost. This alone could result in a significant lowering of fertility of

60

Motile Cells (%)

10F

0 1 1 1 1 1 1 1 1 1 1

TR e I e T R
No. Of 10-Second Exposures

Figure 1. EHects of Exposure to Room Temperature on Percent Motile
Cells in Straws.*®

* Each point s the average of 4 bulls, 2 ejaculates/bull, 8 siraws per ejaculale,

Animal Science Research 1973 239



the cells in the straws as a result of the decreased usable sperm cell
population. As you continue to expose the straws at 10-second intervals,
you continue to lose more live cells. At the end of the second exposure,
over 30 percent of the live cells have been lost, and at the third eXposure
40 percent of the live cells have been lost. It is apparent that with the
thin dimension of the straw, rapid thawing can apparently occur in just
one I{-second exposure and its subsequent refreezing then results in
highly signilicant losses of live sperm cells. The practical interpretation
of this is that we do not have the latitude for making mistakes with
straws that we have with ampuls,

This information suggests that a straw should not be removed from
the tank for any purpose except to thaw it enroute to ultimately being
placed in the cow's reproductive system. This means that we must have
adequate maps of our semen storage tanks so that one can readily locate
the desired animal without resorting to pulling the straws out of storage
to read the name or number and then return the straw to the tank.
Mishandling of the straws in the manner described here will surely take
away any advantage that might potentially be there for breeding our
cattle with straws.

Figure 2 illustrates another deleterions effect that multiple exposures
to room temperature can have, The relative strength of the cells was
measured throughout this trial and is indicated by the rate of their
motility, As can be seen in Figure 1, the cells in the straws started out
with a very acceptable rate of maotility. However, as the straws were
exposed to increasing numbers of 10-second exposures, the strength of
the cells apparently failed. Again, a practical interpretation of this means
that the repeated exposures apparently weakened the cells. Although we
did not collect fertility data in this study, other data would suggest that
when cells are so weakened, fertility of the cells would be lessened.

The data presented indicates strongly that serious mistakes can be
made as we atlempt to utilize straws in implementing artificial insemina-
tion programs in our livestock herds. The great damage is apparently
done by the stress incurred by the partial thawing and refreezing that
occurs when straws are removed or CKlmSﬂd o room (emperature and
then returned to the nitrogen tank. In this process, we lose a large per-
centage of the live cells and undoubtedly have a significant effect on the
potential fertility of the stored cells.

The conclusions in this report about exposing cells stored in straws
to room temperature agree quite well with similar research conducted on
cells stored in ampuls (Pickett, et al, 1961). Other research is presently
in progress seeking to better define how semen stored in straws should
be handled.
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Figure 2. Effects of Exposure to Room Temperature on Rate of Move-
ment of Cells in Straws.*

* Eacly point is the average of 4 bulls, 2 ejacolates/bull, 3 straws per ejaculate,
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The Role of the Acrosome in
Prediction of Fertility

M. E. Wells, L. G. Jay, L Elliott and D. Holbert

Story in Brief

It has been the desire of reproductive physiologists, veterinarians
and bull studs to find a reasonably reliable indicator of the fertility of
bulls, This has been a disappointing search for several years. Some indi-
cators of ejaculate quality have been used for years to grossly separate
and identify bulls or ejaculates of “acceptable” quality. No single indi-
cator is highly indicative of fertility.

Research in recent years has developed means to ascertain the mor-
phology of the acrosome which is a caplike structure over the anterior
half of the sperm nucleus. Our research measured several ejaculate
characteristics, including the acrosome state, and utilized these in attempt-
ing to build a fertility prediction equation. The observations summarized
in the report indicate that several pre-freeze and post-freeze ejaculate
characteristics can be combined to give a reasonable prediction of fertility.

Introduction

The reports of many researchers over several years have shown
several ejaculate characteristics to be associated to some degree with
fertility of the male. (Lasley and Bogart, 1945; Shaffer and Almquist,
1949; Erb et al, 1951; Bishop, et al, 1954; Munroe, 1961). However,
progress in developing a system for predicting fertility has been slow be-
cause no single measurement or series of measurements has sufficed in
accurately evaluating [lertility (Saacke, 1970).

It is known that the acrosome is important in the [ertilization
process, however, the exact mechanisms which are regulated or moderated
by acrosome function are not well defined. Research on the acrosome
has been renewed in recent years by the development of means that allow
the morphology of the acrosome to be examined (Saacke and Marshall,
1968; Wells and Awa, 1970). Recent reports (Saacke, 1970; Saacke, et al,
1968; Saacke and White, 1972) indicate that the state of the acrosome
in a population of cells may be a uscful indicator of the potential
fertility of that population,

The objective of this study was to evaluate a number of sperm
characteristics and determine their signilicance in prediction of fertility,
and develop a fertility index utilizing these characleristics,
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Procedure

Forty-two Holstein bulls in the progeny test unit of American
Breeders Service, De Forest, Wisconsin, were utilized in this study. All
bulls were approximately one year of age at the time of initial ejaculate
collection, were housed and handled similarly, and were fed a routine
growth ration throughout the conduct of the study.

Two ejaculates were collected and processed [or freezing once weekly
from the bulls until 520 14cc ampules, containing 7 to 13 million live
sperm, were obtained. Five to eight collections were typically required
to get the desired number of ampules in storage. This frozen semen was
randomly distributed to cooperating herds across the United States,
however, no bull was to be used more than four times in any given herd.
It was projected that data on 150 to 200 services to each bull would
result from the described distribution.

Several measurements were made on sperm characteristics of each
cjaculate, both pre-freeze and post-freeze. Percent live cells was estimated
microscopically and by slides differentially stained by the method of
Hancock (1952). Two hundred sperm cells were examined per slide to
determine the percent live. Acrosome characteristics were determined
from 200-cell-counts on differentially stained smears (Wells and Awa,
1970). Cells were first classified as normal or abnonnal morphology and
then as aged or non-aged acrosomes within these classiflications. From
the slides prepared, the following pre-freeze and post-frecze percentages
were determined for each ejaculate:

1. Live cells

2. Aged acrosomes

8. Normal morphology

4. Normal cells with aged acrosomes

5. Normal cells with nonaged acrosomes
fi. Abnormal cells with nonaged acrosomes
7. Abnormal cells with aged acrosomes,

A microscopic estimate of percent maotile cells was made immediately
post-ireeze and one month post-freeze. Ampules were thawed in 5° C.
water for 5-7 minutes and a small drop of semen was placed on a slide,
warmed to 37° C. and the percent motile cells was estimated to the
nearest whole percent.

These 16 variables were analyzed to determine (1) their contribution
to the fertility of the animal, and (2) the relative weight that should be
given to the significant variable in computing an estimate of fertility.
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Results and Discussion

Approximately 520 ampules of semen per bull were distributed
across 60,000 cooperating herds by ABS. There was a total of 5,976 first
services with an average of 142 services for each of the 42 bulls. The
number of services ranged from a low of 110 to a high of 182 per bull,
Fertility on a 60-90 day non-return to first service basis for the 42 bulls
ranged from 53.3 to 82.6 percent with an average across all bulls of
70.7 percent.

Table 1 presents a summary of the average pre-freeze and post-freeze
evaluations of sperm characteristics measured in this study, It will be
observed, first of all, that the average percent live sperm decreased from
81.5 percent pre-freeze to 32.5 percent post-freeze. This is in good agree-
ment with the industry observation that over half the initially live cells
are lost in the freezing process. A comparison of the balance of the pre-
freeze and post-freeze changes is presented in Table 2. The percent
normal cells decreased as did the normal cells with nonaged acrosomes
and the overall percentage ol nonaged acrosomes. Or, [reezing decreased
the percent live cells and percent normal cells and increased the degree
of aging noted in the ejaculates, It is interesting to note that the per-
centage of normal cells with aged acrosomes remained unchanged.

Table 1. Overall Means (X) and Standard Deviations (8.D.) for the
Spermatozoan Characteristics Studied

X 8.1
Characteristic (%) (%0}
Pre-freeze Evaluation
Live Spermatoroa RBLE 6.4
Aged Acrosomes 4.7 10.9
MNormal Spermatozoa 1.1 103
Mormal Cells with Aged Acrosomes 21.1 B0
Mormal Cells with Nonaged Acrosomes 3.0 10.8
Abnormal Cells with Nonaged Acrosomes 11.9 .7
Abnormal Cells with Aged Acrosomes 1.6 5.8
Monaged Acrosomes 65.0 1.3
Post-freeze Evaluation

Motility (O-storage time) azh 7.3
Muotility (1 month storage time) .z 5.3
Aged Acrosomes 47.9 12.4
MNormal Spermatozoa 59.1 15.3
Mormal Cells with Aged Acrosomes 20.2 1.9
Mormal Cells with Nonaged Acrosomes A8.9 14.4
Abnormal Cells with Nonaged Acrosomes 11.9 44
Abnormal Cells with Aged Acrosomes 7.9 15.1
Nonaged Acrosomes .8 14.4
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Table 2. Influence of Freezing on Various Sperm Cell Characteristics

Sperm Cell Mean-o% (2453 collections)

Characteristic Pre-freene Post-lreere Change
Mormal Cells 4.5 G0.2 —14.3
Aged Acrosomes M2 48.2 +-14.0
Mormal Cells with

Aged Acrosomes 20.8 20.5 — 0.3
Normal Cells with

Monaged Acrosomes 53.7 n.g —14.0
Abnormal Cells with

Nonaged Acrosomes 11.8 12.0 4 0.2
Abnormal Cells with

Aged Acrosomes 154 27.7 +14.3
Nonaged Acrosomes 655 500 —14.6

Table $ lists the ten variables, in order of importance, that added
significantly (P<.05) to the prediction of 60-90 day nonreturn rate.
Progressive motility post-freeze and the morphology of cells pre-freeze
are indicated to be two of the more important variables in the prediction
of fertility. This is in agreement with the literature which for years has
indicated motility and morphology to be important aspects of semen
evaluation.

In addition to these characteristics, it 15 evident from Table 8 that
the state of the acrosome should also be considered in semen evaluation.
Five of the ten variables that add significantly to the prediction of fer-
tility involve the acrosome, This indicates that the acrosome is too im-
portant in semen evaluation to be ignored and should play an important
role in routine fertility evaluation. Table 5 also shows that certain pre-
freeze characteristics contributed significantly to the prediction of fertility.
The percentage of normal cells pre-freeze with aged acrosomes is a highly
important measurement which does not change significantly with freezing
{Table 2). The total percentage of acrosomal aging in the initial ejacu-
late is also important. The percentages of normal cells and live cells
pre-freeze also add significantly to prediction of fertility,

It should be realized that the last three pre-freeze characteristics
mentioned change appreciably during freezing and post-freeze measure-
ments of these characteristics are also present in the list of significant
components of the prediction system (Table 5).

The variables listed in Table 3 were utilized in various combinations
to determine the precision with which fertility was predicted. These
results are summarized in Table 4. When all ten variables were utilized,
B6 percent of the bulls observed to be above or below average were
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Table 3. Variables Having a Significant Effect in Prediction of Fer-

tility*
1. Post-frecze motility (“0"—storage time),
2. Pre-freete normal cells with aged acrosomes.
3. Pre-freeze normal cells,
4. Post-freere motility (1 month storage time).
b, P'ost freese aged acrosomes,
., Post-frecse nonaged acrosomes,
7. Pre-frecze aged acrosomes.
8, Pre-freeze live cells,
9, Post-Ireeze novmal cells with aged acrosomes.
10, Post-freeze normal cells,

*P.00 iur. : a:il variables,

computed to be so. The combinations of three, four or six variables were
less precise in the prediction resulting, ranging [rom 74 percent to 79
percent,

Table 4 presents another way to evaluate the predictor system. The
percentage of bulls where the computed fertility was within 5 percent
of the observed value ranged from 71 percent to 76 percent with ten
variables being somewhat superior to the other combinations. When
the limit was increased, 93 percent to 95 percent of the computed values
were within 7 percent of the observed fertility. The weighting factors
utilized in the above combinations of variables are presently being refined
and will be published in detail at a later date,

Table 4. Summary of Predictions of Fertility

Bulls classified Mo bulls where

Combinations correctly as No. bulls where computed value

of above or below computed value was was within 795

variahles average within 59 of ohserved of observed

Combination [ kI 32 ki)

(AL 10 == e — = e - =
variables) 42 47 42
33 30 40

Combination 2 (3 — = The - = 7l - = 8o
variahles) 42 12 42
1 3l 39

Combination 3 (4 - a P - = % — = AR
variables) 42 42 412
31 i | 54

Combination 4 (6 — = Ty .= e — = 3
variahles) 42 12 42
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Results from this study strongly indicate that the state ol the acro-
some is an important aid in trying to predict the potential fertility of
a bull. At this time it appears that pre-freeze and post-freeze determina-
tions of motility, morphology and state of the acrosome are all important
spermatozoan characteristics in the prediction of fertility.
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Morphology of Two Yeast Species Grown
In Cottage Cheese Whey

Diana Halter and J. B. Mickle

The Story in Brief

The purpose of this study was to determine how the cellular mor-
phelogy of Saccharomyces [ragilis (NRRL Y-1156) and Rhodotorula
graeilis (NRRL Y-1091) changed when grown in cottage cheese whey.
Previous work from this laboratory had shown that these yeasts can
be used 1o remove the lactose from cottage cheese whey, thus reducing
the BOD} (hiological oxygen demand) and making disposal much
simpler. It was thought that the organisms could be harvested along
with the protein remaining in the cheese whey and sold as feed. 1f so,
it would be advantagecus to harvest the organisms at the stage of maxi-
mum cell size and number. These yeasts may be useful as a human
food or an animal feed. In certain feeds, the amount of energy is of
im|mrlam:u; thus, it was of interest to determine when these m‘gan{ams
reached a high fat content,

Each yeast species was grown in cottage cheese whey under optimum
conditions as had been determined in this laboratory. Photomicrographs
were taken of the cells at regular intervals during the prowth trial. These
pictures indicated that the 8 fragilis cells reached their maximum size
in approximately 7-12 hours and maximum cell numbers in approxi-
mately 256 howrs. The dimensions of S. fragilis yeasts ranged from 3.8-
5.3 x 2.4-5.7 u.

The numbers of RA, gracilis cells reached a Tirst maximum when the
lactose in cheese whey was used up at approximately 66 hours. After ad-
ding b percent sucrose to the medinm, the cells continued to grow and
started to show [at vacuoles. The cell numbers reached a second maxi-
mum when the first 5 percent sugar addition was gone at the end
of 9044 howrs. They reached a third maximum after a second addition
of sucrose at the end of 96 hours, The cell walls of Rh. gracilis pro-
gressively thickened as the cells aged.

Although research of literature has failed to disclose pictures of
either of these yeast species grown on cheese whey, the size and morph-
ology was similar to that reported when the organisms had been grown
on other media,

Introduction

The disposal of cottage cheese whey is a major problem for the
industry since this material has a relatively high biological oxygen de-
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mand and many cities will not allow this material to be dumped into
their sewers. Over 60 percent of the BOD in cottage cheese whey comes
from lactose (milk sugar). Thus, removing the lactose prior to lis-
posing of the whey removes a major portion of the organic material and
simplifies the disposal problem.

Previous work in the O5U Dairy Foods Research Laboratory had
shown that two yeast species, Saccharomyces fragilis and Rhodotorula
gracilis, would use lactose as a growth material, thus removing it from the
whey and reducing the BOD 60 percent or more during the process, In
connection with this work, it was ol interest to know when the cells
reached their maximum size and, in the case of Rh. gracilis (a fat-
producing yeast species), when a high fat content could be obtained.
This information was needed because the larger cells are easier to sep-
arate from the whey and the higher the [at content in the organism,
the more energy it contains and the more value it has for certain feed
stuffs,

Although the cellular morphology of both of these species had been
studied (2), research of literature failed to disclose pictures of these
yeasts grown on cottage cheese whey.

Procedure

Pure cultures of §. fragilis and Rk, gracilis, the two yeast species
studied in these experiments, were routinely carried on lactose-agar
slants. §. fragilis is a lactose fermenting yeast; however, the original
strain of RhA. gracilis could neither ferment nor assimilate lactose (2).
Thus, it became necessary to adapt it for our use. After eight successive
transfers on lactose-agar slants (a technigque used by Neilsen and Nilsson
{3) to adapt these yeasts to xylose), Rh. gracilis was adapted to the
use of lactose (and whey) as a growth medium,

To prepare the 8, fragilis for growth trials, a loop of pure culture
was transferred from a slant to a broth containing 2 percent lactose,
1 percent peptone, and 0.1 percent yeast extract. After the yeasts ex-
hibited rapid growth, a 10 percent innoculation of this “starter” broth
was added to whey for the actual growth trials to obtain the 5. fragilis
yeast cells needed for observation of morphological changes (1). The
Rh. gracilis yeasts also were prepared in the above manner, When sugar
determination indicated that the lactose in the whey had been exhausted
by the Rh. gracilis yeasts, b percent sucrose was added to the whey for
fattening them. After this sucrose was exhausted, b percent additional
sucrose was again added. The temperature for both species was main-
tained at 95 = 5° F (35= 5° C) during the growth period. Photo-
micrographs taken of Iresh cells compared with frozen and thawed ones
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had revealed that Ireezing and thawing the cells did not appreciably
change cellular morphology. Thus, the samples which were taken at
intervals were frozen until analyred. Later, photomicrographs were taken
of wet mounts from the thawed samples,

A 1:20 dilution of each sample was |]]'f:1]111‘t_'tl for the wet mount
using a blood diluting pipette with distilled water and methylene blue
stain as diluents. The methylene blue stain was routinely used as a
cell stain, but selected samples of Rh. gracilis also were stained with
Sudan Black B to determine if fat was present in the intracellular bodies,

Results and Discussion

Photomicrographs of 8. fragilis indicated that cellular growth and
size increases closely paralleled the growth curve (Figure 1). 'The morpho-
logy of the cells during the growth period was |.n’in‘1.'-3|'i1'j.r L'Hi[.)ﬁﬂi[lill or
cylindrical. T'he dimensions of these organisms ranged from 3.5-58 x
2.4-5.6 u excluding buds. The cells reached maximum size in about 7-12
hours and maximum cell numbers in approximately 25 hours, These
yeasts usually occurred as single or budded cells, and multilateral bud-
ding was observed (Figures 2, 8, 4, and ). The pictures of S. fragilis
grown on cheese whey showed that their morphology and size were sim-
ilar to cells previously described and photographed by researchers when
these organisms were grown on other media (2) .

The increase in size of Rh, gracilis yeasts closely Iollowed the growth
curve (Figure 6) drawn from cell count data of this trial. During the
growth period, photomicrographs showed both ellipsoidal and oval cells
(Figures 7, 8, 9, and 10) which were typical shapes described by other
investigators when the yeasts were grown on different media (2), Some
of the cells were observed to have a cytoplasm which stained in an hour-
glass pattern similar to that found by Ruinen and Deine

There were three maximum points on this Rh. gracilis corve (Figure
Gy . The first occurred after 66 houwrs when the organisms had apparently
used up most of the lactose and protein in the original whey media. At
this time the cells had an average size of 5.2 x 3.0 u (Figure 11). Points
marked “$" on the growth curve refer to the times at which 5 percent
sucrose was added to the media. Prior to the addition of sucrose, the
cells appeared short and narrow; whereas, when they started growing,
they were longer with an average size of 6.4 x 8.0 u (Figure 12} . At the
time Sample "G (Figure 13) was taken, just before the second sucrose
feeding, cell numbers had increased to 635 x 10% and the average cell size
was 6.4 x 4.2 u. Six hours later, when the cells had again started to prow
(Sample “"H", Figure 14), the average cell size was 7.0 x 4.4 u.
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CELL COUNTS x 106

fale ool

0 5 10 156 20 25 30
HOURS
Figure 1. Cell Counts of 8. fragilis Grown in Whey at 95°F and PH 4.8

Figure 2. “A”: §. fragilis at 0 Figure 3. “B": S. fragilis at 4
Hours; Average Cell Size, 4.0 x Hours; Average Cell Size 4.8 x
87u 26u

Figure 4. “C": §. fragilis at 7 Figure 5. “D™: §. fragilis at 2514
Hours; Average Cell Size 53 x  Hours; Average Cell Size 38 x
24u 24 u
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CELL COUNTS x 108

Figure 6. Cell Counts of Rh. gracilis Grown in Whey at 95°F and pH
5.0; 5" Indicates 5%, Sucrose Feeding after Sampling

Figure 7. “A": Rh. gracilis at 0  Figure 8, “B": Rh. Gracilis at 1814
Hours; Average Cell Size 8.2 x  Hours; Average Cell Size 6.4 x
20u $.5u

Figure 9. "C": Rh. gracilis at 2014 Figure 10, “D": Rh. gracilis at 4214
Hours; Average Cell Size 4.7 x  Hours; Average Cell 5Size 6.5 x
20u 58u |
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Figure 11. “E”: Rh, gracilis at 6614  Figure 12. “F": Rh. gracilis at 71
Hours; Average Cell Size 52 x  Hours; Average Cell Size 64 x
3.0u 30u

Figure 15, “G™: Rh. gracilis at 304 Figure 14, "H™: Rh. gracilis at 96
Hours; Average Cell Size 6.4 x  Hours; Average Cell Size 7.0 x
4.2u 44.u

With increasing age, the cell walls of the Rh. gracilis yeasts became
progressively thicker as noted by other investigators (4). This was
especially noticable in Figures 8, 10, and 13, taken after the yeasts had
been growing 18, 42, and 90 hours respectively. Staining with Sudan
Black B confirmed the presence of fat-containing vacuoles in the cells.
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Other Related Projects

Changes in Postweaning feed Efficiency
As a Result of Selection for increased
Preweaning and Postweaning
Growth Rate in Mice

M. A. Brown and R. R Frahm

Story in Brief

Growth performance to six weeks of age and [eed elliciency between
21 and 42 days were determined for mice from three types of selection
lines after 11 generations of selection. The three types ol selection lines
were: unselected control lines (CL), lines selected for increased weaning
weight at 21-days of age (WWL) and lines selected for increased rate of
gain between 21 and 42 days of age (ADGL). The WWL required more
feed per unit of gain between 21 and 42 days of age than the CL, where-
as the ADGL required less feed per unit of gain than the CL.

Both the WWL and ADGL significantly exceeded the CL in 21-day
weight, 42-day weight, 21-42 day average gain and 2142 day average
daily feed consumption. The WWL were heavier at 21 days than the
ADGL, but were lighter at 42 days of age, and gained slower from 2142
days of age. Although the ADGL consumed more feed per day, they had
a sufficiently larger rate of gain from 2142 days of age that they required
1.5 grams less feed per gram of gain than did the WWL.
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Introduction

One of the major factors in feeding farm animals profitably is to
minimize total cost per unit gain. A large component of this total cost
is the amount of feed required per unit gain of body weight, Although
feed efficiency is a very important trait, it has generally not been mea-
sured or selected for in most performance testing and selection programs
used by the livestock industry. This is primarily because of the difficulty
and expense of determining feed efficiency on an individual basis. Some
measurement of growth rate has been one of the principle traits involved
in most livestock breeding programs designed to improve the genetic
capability of the population for increased productivity, Fortunately,
most research results, both with livestock and laboratory species, have
shown a favorable genetic relationship between increased growth rate
and feed efficiency. Thus, to some extent, increased growth rate resulting
from selection should also be accompanied by an improvement in feed
efficiency.

A laboratory organism, such as mice, can be very useful in terms of
ascertaining the genetic interrelationships that exist between various per-
formance traits. Such experiments with mice can involve a larger number
of animals under more carefully controlled environmental conditions for
less total cost than is possible with the livestock species. In addition, the
shorter generation interval of mice (3 months) allows the experiment
to be conducted in a much shorter time, The basic knowledge obtained
from such experiments concerning the genetic interrelationships that
exist for the economically important performance traits will aid in the
development of more elfective breeding programs to improve the total
performance level of the livestock species.

The components that directly effect efficiency of gain are average
daily gain and average daily feed consumption. It is the relationship of
these components, with each other and with other performance traits,
that must be studied to define the response of efficiency of gain to selec-
tion for increased growth performance. The objectives of this study were
to determine the correlated change in feed efficiency as a result of selec-
tion based on preweaning and postweaning growth rate and to determine
the phenotypic relationships that exist among some of the growth per-
formance traits and postweaning feed elficiency in these selection lines.

Materials and Methods

A selection study with mice is currently underway to specifically
measure the direct and correlated responses to selection for preweaning
and postweaning rate of gain, This study consists of six selection lines
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(three being selected for increased weaning weight at 21 days of age and
three being selected for increased postweaning rate of gain between
2142 days of ape) and two unselected control lines, Each line consists
of 20 litters in each generation. A more complete design of the selection
study is presented in Okla. Agr. Fxp. Sta. Miscell, Pub. 87:184.

The present study reports the growth performance and feed efficiency
data after 11 generations of selection. Performances were similar in lines
of the same type and thus the data were averaged and/or pooled within
each type of selection line. Data are presented and compared by type of
selection line: Unselected control lines (CL), weaning weight lines
(WWL) and postweaning average daily gain lines (ADGL).

Mice were fed ad. lib. on standard Purina Lab Chow pellets. Mice
of the same sex from the same line were placed in cages at 21-days of age.
It was attempted to have 4 mice in each cage, but this was not possible
in all cases. Most cages had 3 or 4 mice per cage. A few had 2 mice per
cage and occasionally it was necessary to have only 1 mouse in a cage.
The growth performance and feed efficiency for the single mouse cages
were quite similar to the multi-mouse cages of the same selection group,
thus their data were included in the analysis, The total number of mice
and cages for each selection group are presented in Table 1.

Total feed consumption was measured for each cage of mice between
21-42 days of age. The postweaning period of 21-42 days in mice is a
period of rapid growth rate and would be somewhat comparable to the
feeding phase of the livestock species. All feed was carefully sifted to

Table 1. Average Performance by Type of Selection Line After 11
Generations of Selection

Control Weaning Wi 21-42 Day Pooled
Lines Lines ADG Lines  Stand. Dev,
No. Cages 80 133 126
MNo. Mice 201 463 424
21-Day
l;’nri)ght (gms. ) 9.9 1220 (23.23%)* 115 (14.149%) 1.106
Ta
W:ig]rt (gms.) 28 41 27.00  (15.3807) 314 (341997 1648
2142 Day
ADG (gms./day) 0.64 0.71% (10.9457) 0.96* (50.009;) 0.056
2142 Day Daily Fecd
Consumption  {gms.} anp 464 (17.7790) 5,090 (20.19074 (L4095

£21-42 Day Feed
Efficiency (gms. of
feed/zm. of gain) 6,221 G.70% ( 7.729) 5580 (—13.5007) (1.666

123 Means on the same line with diffevent superscripts were significantly different (I,
‘ml‘tnlhg:jtﬂl percentages ate the devintion from the conteol group expresed as o percentage of
t (=0 H

A Author ommitted.
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eliminate fine material from the pellets in order to minimize feed waste.
Feed consumption, and consequently feed efficiency, were determined
on a cage basis. Since the number of mice per cage varied, the data were
EIlﬂl}’IEd 0N an average per mouse per cage basis.

The data were analyzed and summarized for males and females,
separately, The comparisons between selection lines were very similar for
both sexes; and thus, the data were averaged over both sexes for presenta-
tion of the results,

Results and Discussion

The mean performances for each of the three selection groups after
11 generations of selection are presented in Table 1. Both the weaning
weight lines (WWL) and postweaning average daily gain lines (ADGL)
exceeded the control lines (CL) for 21-day weight, 42-day weight, 21-42
average daily gain and 21-42 day average daily feed consumption. The
WWL had a significant decrease in feed efficiency as compared to the
CL, whereas, the ADGL showed a significant improvement in feed effi.
ciency. The WWL had significantly heavier weaning weights at 21-days
of age than the ADGL, but were lighter at 42 days of age and gained
more slowly from 21-42 days. Although the ADGL consumed more feed
per day on the average than the WWL, they gained sufficiently faster
from 21-42 days of age such that 1.32 fewer grams of feed were required
per gram of gain.

The phenotypic correlations between traits within each selection
group are presented in Table 2, Within all three selection groups, the
positive correlation coefficients for 21-day weight and 21-42 day daily
feed consumption with feed efficiency indicate an antagonistic relation-
ship. Heavy weaning weights and increased daily feed consumption tend
to be associated with an increased feed requirement per unit of gain.
The negative correlation between 2142 day ADG and feed efficiency
indicates a favorable relationship. Increased 21-42 day average daily gain
tends to be associated with improved feed efficiency. The correlations
indicate a stronger relationship between feed consumption and feed
efficiency than between 2142 day average daily gain and feed efficiency.
As would be logically expected, the best feed efficiency would be ex-
pected among the most rapidly gaining animals that have lower feed con-
sumption rates,

Selection for 21-day weaning weight and selection for postweaning
average daily gain apparently has resulted in some alteration in the
relationships among 21-42 day average daily gain, daily feed consumption,
and feed efliciency such that the feed efficiency performance was marked-
ly different in the three groups after 11 generations of selection.
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Table 2. Phenotypic Correlations Between Certain Performance Traits
within Each Type of Selection Line

21-42 21-42 Day
21-Day 42-Day Day Daily
Wt W A Feed Cons.
42-Day Wt.:
CL” 0.752*
WwL® 0.647
ADGL" 0.666"
21-42 Day ADG:
CL (006 0G50
WWL L 0.812*
ADGL —0.083 LETT?
£21-42 Day
Daily Feed Consumption:
CL 0.286 (5061 0.235
WWL 0.3101 04512 0.556°
ADGL 0,386 0.5941 0141
2142 Day
Feed Efficiency:
CL 0,508 LO1% —0.5631 (.678*
WWL 0.235 —{0.160 —0. 3854 0.7191
ADCGL 0409 —0.039 —0.4561 0.811*

1 Correlations aigt;jlin:auu!.l different from 0 at the .01 probability level.
# Corvelations significantly different from € at the 05 probability level.
3 0L, WWL amd ADGL refer to the control lines, weaning weight selection lines and 21-42 average

daily gain selection lines, respectively.

Part of the difference in feed efficiency between the groups may be
due to the nature of the gains within the groups. In the WWL there
was a significant correlation between average daily gain and daily feed
consumption, suggesting that the higher gaining animals ate more feed.
The fact that there were more nutrients passing through the G. 1. tract
possibly increased the likelihood of more nutrients being absorbed than
required for maintenance, thus increasing gain. In the ADGL there was
no significant correlation between average daily gain and daily feed
consumption. This could mean that the higher gaining animals within
the group did not especially eat more feed than the lower gaining animals
but had a better ability to absorb what nutrients were present, thus
exceeding their maintenance requirements to gain weight.

Since daily feed consumption had an adverse effect on feed etficiency
that was apparently of larger magnitude than the beneficial effect of
increased average daily gain, it might be expected that increased average
daily gains caused by increased feed consumption would result in poorer
feed efficiency. It would also be expected that increased gains due to
increased feed absorption would result in better feed efficiency.
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Another part of the differences in feed efficiency could be due to
the differences that exist in 2l-day weight. The correlations between
21.day weight and feed consumption suggest that an increase in 21-day
weight would also increase daily feed consumption. The WWL were the
heaviest at 21-days, and thus, their postweaning feed efficiency should be
more adversely effected. Increased 21-day weight could also possibly
increase maintenance requirements, and consequently have an adverse
effect on postweaning feed efficiency.

These data clearly indicate that selection for increased postweaning
rate of gain has significantly improved efficiency of gain. On the other
hand, increasing weaning weight through selection has been accompanied
by an apparent reduction in feed efficiency. Further study of basic bio-
logical components such as the body composition of the weight changes
and nutrient absorption rates will be necessary to more clearly explain
the relationship between feed efficiency and the growth performance
traits,
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SUMMARY REPORTS
Other Research in Progress

Cow-Calf-Stockers

Selection for Increased Growth Performance
in Beef Cattle

R. R. Frahm and Glenn Selk

In order to meet the projected increase in consumer demand for
beef and to realize a profit in spite of increasing production costs, cattle-
men face a tremendous challenge to increase the level of production per
cow in the breeding herd. Since the total quantity of beef produced has
a direct bearing on realized profits, cattlement are justifiably concerned
about the growth rate of their cattle. Consequently, some measure of
growth rate is one of the principle traits utilized in performance testing
and selection programs.

The beel cattle selection study initiated in 1964 at the Ft. Reno
Livestock Research Station involves both purcbred Angus and Hereford
cattle. The objective of this study is to determine the direct and corre-
lated genetic responses to selection based on weaning weight and year-
ling weight, respectively.

The study consists of six selection lines of 50 cows each: two Here-
ford lines (one selected for increased weaning weight and the other
selected for increased yearling weight) and four Angus lines (one select-
ed for increased weaning weight, one selected for increased yearling
weight, one selected for increased weaning weight based on progeny test
information and one serves as an unselected control line) . A more com-
plete experimental design for this study is presented in Okla. Agr. Exp.
Sta. Misc. Pub. 85:150.

It is too early in the study to determine the actual rate of genetic
improvement resulting from selection. However, it is apparent that thus
far in the study no major differences in growth performance as measured
by weaning weight or yearling weight have occurred between the wean-
ing weight and yearling weight selection lines within either breed. This
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implies that the genetic changes that have occurred thus far for growth
performance have been similar in both the weaning weight and yearling
weight lines.

Examination of the growth performance of the selected bulls gives
some indication of why the weaning weight and yearling weight lines are
performing at a similar level. The 10 Hereford bulls selected and used in
the weaning weight line during the past five years had an average 205-
day weaning weight ratio of 1.17 and a yearling weight ratio of 1.12. The
10 Angus bulls selected in the weaning weight line had an average
weaning weight ratio of 1.13 and a yearling weight ratio of 108, Al-
though these bulls were selected on the basis of weaning weight per-
formance they also had a higher genetic potential for heavy yearling
weight than the average of the line,

The weaning weight and yearling weight ratios for the 10 Here
ford bulls selected in the yearling weight line were 1.13 and 1.16, re-
spectively and 1.09 and 1.13, respectively, for the 10 bulls selected in the
Angus yearling weight line. Use of any of these 4 sets of bulls would be
expected to increase both weaning weight and yearling weight in their
respective lines,

Publications

Boston, A. C., G. H. Deutscher, J. V. Whiteman and R. R. Frahm. 1972,
Comparison of productivity of young Angus-Holstein crossbred and
grade Angus cows. Okla. Agr. Exp. Sta. Misc. Pub. 87:7,

Frey, John, R. R. Frahm, J. V. Whiteman, J. E. Tanner and D. F.
Stephens. 1972, Evaluation of cow type classification score and its
relationship to cow productivity J. Anim. Sci. 54:1.

Frahm, R. R. 1972, Comparison of young Angus-Holstein crossbred and
Angus cow productivity under range conditions. Proc, Tech. Comm.
Meeting NC-1 pp. 113,

Frahm, R. R, D. F. Stephens, Bob Mizzell and Glenn Selk. Selecting
breeding stock based on growth performance. Okla. Agr. Exp. Sta.
FRes. Report P-673:39.

Lancaster, Lelan R., B, R. Fralim and Donald G. Gill. 1972. A com-
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Comparison of Cow Productivity Among
Certain Two-Breed Crosses

R. R. Frahm and Todd Stanforth

Research has clearly demonstrated that crossbreeding among the
traditional beef breeds in the U.S. can increase production in terms of
pounds of calf weaned per cow exposed for breeding by at least 15 per-
cent. Crosshreeding improves production by providing an opportunity
to capitalize on combining the desirable characteristics of two or more
breeds and by taking advantage of heterosis.

‘T'he amount of heterosis expressed for a particular trait is depen-
dent upon the genetic differences between the breeds involved and the
amount of non-additive genetic variation for that trait. 'Thus, heterosis
is expected to be larger, and has generally been found to be larger, for
traits with a low heritability such as those traits involved with reproduc-
tive efficiency and maternal performance of the cow and early growth
rate of the calf. Consequently, the crossbred cow is an essential com-
ponent of increased production through crosshreeding.

Adequate numbers of straightbred animals of many of the more
recently imported breeds are not available to determine the actual level
of heterosis resulting from crossing with the more traditional breeds.
However, it is possible to compare the level of performance of these
crosshreds with existing breeding stock to determine the merit of these
imported breeds for total production under management systems that
exist in the T1.8,

The purpose of this study is to compare lifetime productivity under
range conditions of eight different two-breed cross cow groups (Angus
Hereford, Hereford-Angus, Simmental-Angus, Simmental-Hereford,
Brown Swiss-Angus, Brown Swiss-Hereford, Jersey-Angus and Jersey-
Hereford) when mated to terminal cross sives of a third breed. Each of
the eight crossbred cow groups will consist of approximately 45 cows re-
sulting from appropriate matings to comparable sets of Angus and Here-
ford cows over a three year period.

A foundation herd of approximately 200 Angus and 200 Hereford
cows that are typical of good commercial cattle in Oklahoma were as-
sembled at the Lake Carl Blackwell research range near Stillwater and
were bred to the respective sire breeds during the 1972 breeding scason
to produce the first set of crossbred calves during February - April of
1973. Lifetime productivity of each crosshred cow group (approximately
10 calf crops) will be compared when mated to the same set of sires
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of a breed other than those involved in the composition of the cows.

Feedlot performance and carcass merit will be measured on the two-
breed cross steers as well as on the three-breed cross calves that will bhe
produced by the crossbred cows. Shorthorn and Red Poll bulls will be
used to sire the calves produced by the crossbred cows as 2-year-olds.
Charolais bulls will be used for the second and subsequent calves until
the three different age groups of crossbred cows all reach maturity. At
that time one other breed can be introduced in any one year for com-
parison with Charolais as a terminal cross sire breed.

Data will be collected on reproductive and maternal performance
of cows, winter supplementation and total nutritional requirements of
cows, growth rate of calves to weaning, and feedlot performance and
carcass evaluation of the calves.

Results from this study will provide basic information that will be
essential in developing systematic crossbreeding programs utilizing avail-
able genetic resources (breeds) that will optimize production under
Oklahoma range conditions.
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Problems Associated with Induced
Superovulation and Superfetation
in Beef Cows
E. J. Turman, J. G. MaGee, M. R. Johnson and D. F. Stephens

Previous research carried out as a part of this project has demon-
strated that the incidence of multiple births in beef cattle can be greatly
increased by the injection of the gonadotropic hormone preparations
PMS and FICG. In early studies the PMS injections were given on days
5 and 17 of the estrual cycle timed from a naturally occurring estrus,
However, as reported elsewhere in this publication, the PMS5 injections
may be timed from a synchronized estrus,

The HCG injections have been given at, or near, the first post-
PMS estrus to insure that all follicles stimulated by the PMS will be
ovulated. Flowever, there is some guestion as to whether there is a need
for additional leutinizing hormone, which is the predominant gonado-
tropic hormone found in HCG, Accordingly, a small study was carried
out in the spring of 1971 to test whether this injection was needed,

Thirty-one lactating cows were checked for the occurrence of estrus
and injected subcutaneounsly with 1000 IU PMS on dayf and 1500 IUJ
PMS on day-17 of the cycle counting the day of estrus as day-0. Following
the second PMS injection the cows were placed with fertile bulls, As the
cows were observed to be in estrus they were alternately assigned to
either receive HCG or not receive HCG. Only 14 of the 31 cows were
observed in estrus, therefore, only seven cows were aﬁsigllfd to each
group. However, at least seven additional cows were in estrus, but not
observed, since they conceived at this estrus, resulting in data in 14 cows
not receiving HOG, but on only seven receiving HOG,

Of the seven cows receiving HOG, one conceived at the first post-
PMS estrus and produced twins, OF the 14 cows not receiving HCG, 10
conceived and produced b singles, & sets of twins and 2 sets of triplets,
While numbers of animals are too small to permit definite conclusions,
these results suggest that the HCG injections are not necessary.

Publications

Turman, E. J.,, J. G. MaGee and D. F. Stephens. 1972. Weaning more
cilves per cow. Okla. Agr. Exp. 5ta, Res. Rpt. P-673:1.
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Meat and Carcass Evaluation

A Method for Measuring Shear Force for
An Individual Muscle Fiber

R. L. Henrickson, R. D). Morrison and J. L. Marsden

Abstract

The microsensitive shear instrument, a device designed to measure
the shear force of individual muscle fibers, was elvaluated in a unifor-
mity trial, and in a comparison of bovine Sartorius muscle excised after
being conditioned in the carcass for 2, 5, and 8 hours, at 16° C. Each of
299 randomly drawn fibers were evaluated for diameter, percent kink-
iness, and shear force.

In a comparison of "cold” excised Sartorius muscle fibers and Sar-
torius fibers conditioned for 2, 5, and 8 hours post-morten, 5600 fibers
were evaluated for diameter, percent kinkiness, and shear force. Data
from the uniformity trial established the feasibility of measuring shear
force for individual muscle fibers. The mean shear force for the 299
fibers was 2.30 gm. /U2,

In the comparison of the Sartorius muscle excised “Cold” and those
excised alfter 2, 5, and 8 hours post-mortem, a difference was found to
be statistically significant (P 0.01) for the 2 hour post-mortem holding
period for diameter, percent kinkiness, and shear force. At the 5 and 8
hour conditioning periods, no significant differences were detected for
the three fiber parameters.

The Potassium Concentration in Four
Major Protein Fractions of Bovine
Longissimus Muscle
J- J- Guenther, J. R. Escoubas and J. D. Gresham

Total muscle, or fat-free lean, and total muscle potassium are, pur-
portedly, highly correlated. In fact, this concept forms the basis upon

which various |}|'L‘~'.Ii{:tinn :::|u;|liuus Lo estimate total fat-free lean in live
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animals, via live animal 9K analysis, have been developed. 'T'his appar-
ent importance of and exlensive use of total muscle potassinm in esti-
mating the lean content of breeding stock has prompted the authors to
determine the concentration of potassium in the major protein fractions
comprising whole muscle.

For this study, samples of longissimus muscle were obtained from ten
mature beef steers. The steers were of the choice grade and averaged 452
kg. alive. Following procedures developed in our laboratory the muscle
samples were partitioned into the following protein fractions: Sarco-
plasmic; Myofibrillar; Stroma and Lipo-protein, The potassium concen-
tration of each of these fractions was determined by Atomic Absorption
Spectroscopy. Digestion of the protein fractions was accomplished in a
perchloric (70 percent) -nitric acid mixture (3:1). Results were expressed
as milligrams potassium per gram of wet tissue,

The mean values from the muscle potassium analyses are shown in
Table 1. These results are presented on an absolute as well as on a per-
centage basis, The data show that whole bovine longissimus muscle con-
tains about 3.612 mg potassium per gram of tissue. It is obvious from
these results that muscle potassium is located primarily in the Sarco-
plasmic protein fraction of muscle, which contained 3.570 mg K/g. tis-
sue or 98,84 percent of the total muscle potassivm, The myofibrillar
fraction contained only 0.61 percent of the total potassium, which was
a little more than twice the amount found in either the Stroma or Lipo-
protein fractions.

These data raise some interesting questions as to the ultimate quan-
Litative and qualitative attributes of meat carcasses if the selection of
breeding stock is based too strongly on the muscle potassium: fat-free
lean relationship. Further study is planned to elucidate some of these
effects.

Table 1. Potassium Concentration in the Major Protein Fractions of
Bovine Longissimus Muscle

Muscle Fraction
Total Sarcoplasmic Myofibrillar  Stroma  Lipe-Protein

mg. K/g. tisue 3.612 3.570 0,022 0.010 0.010
% of total 100.0 98.84 0.61 0.28 0.28

LAl values ave averages of 10 mmﬁl.c--mmplu
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Use of K* Net Count as a Monitor of
Body Composition Changes in Growing
and Fattening Beef Cattle and Swine
Lowell E. Walters, T. R. Carr and R. F. Queener

Earlier work at this station dealing with the association between live
net K4 count and pounds of fat-free lean in the carcass ol forty year-
ling Angus bulls and sixty Yorkshire barrows has stimulated consider-
able interest in this method as an aid to more effective hivestock selec-
tion. Results of these and other studies form the basis of prediction
equations currently in use with the K4 technique at the O.5.U. Live
Animal Evaluation Center for appraising 1000 pound beef cattle and
220-240 pound hogs for muscle content on a “custom” evaluation basis as
well as for continuing live animal evaluation research.

Among known sources of variation in results from the applicatiun
of radiation technology to problems of a biological nature, such as with
meat animals, are included such variables as sample to detector geo-
metry, size and conformation of the test animals, as well as the age, sex
and condition of the animals at the time of evaluation.

Previous research at the Oklahoma Agricultural Experiment Sta-
tion has been conducted with groups of animals that were as uniform in
age, breed, weight and condition as was possible to obtain in order to
subject the O.5.U. K4 whole-body counter to a critical test of its cap-
ability to estimate differences in muscling among meat animals,

Questions have arisen concerning the application of this technigque
to cattle and swine of younger ages and lighter body weights with the
thought that considerable saving in time and expense could possibly be
achieved if K*" prediction equations were available for such animals.
With these thoughts as a background, research is currently in progress
which is designed to answer questions pertinent to the application of
the principles of radiation technology (K*) to the live evaluation of
more youthful, lighter weight beef cattle and swine. The following is
the plan of research currently in progress:

Cattle: Ninety-six beel steers representing four weight groups and
two body types are being evaluated using new detector arrangements in
the 0.5.U. K" counter. The arrangement of detectors provides for a
radiation monitoring system located as close to the animal as is possible
in attempts to improve K counting efficiency over a range of live
weights. In order to accomplish this, new detector hangers have been
constructed in accordance with height and width dimensions of the
cattle in each of [our weight categories,
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Three replications of 16 steer calves each weighing approximately
400 pounds and representing “intermediate” beef type are being random-
ly allotted to slaughter weight groups of 500, 700, 900 and 1100 pounds
and placed on feed in the dry lot. From each replication, 4 steers are
allotted to each weight group, making a total of 12 “intermediate” type
steers for each of the four slaughter weights. Three additional repli-
cations of 16 steer calves each weighing approximately 400 pounds and
representing “large scale, growthy” beef type are being randomly allotted
to slaughter weight groups of 500, 700, 900 and 1100 pounds and placed
on feed in the dry lot.

From each replication four steers are being allotted to each weight
group, making a total of 12 “large scale, growthy” type steers for each of
the four slaughter weight proups. As the steers reach the shrunk live
weights of 500, 700, 900 and 1100 pounds, they are taken off-feed for 24
hours, thoroughly washed to remove possible radiation contaminating
materials and then evaluated by the K4 whole-body counter, using the
detector configuration which most closely fits that particular weight and
Lype.

Those steers designated at the outset of the experiment to be slaugh-
teredd at a particular weight are moved to the Meat Laboratory for
slaughter and carcass evaluation, The carcasses are evaluated for carcass
quality and cutability grade along with additional measurements includ-
ing average fat thickness at 12th rib, rib eye area, weight of boneless,
closely trimmed round, loin, rib and chuck, total pounds of fat trim and
total boneless, closely trimmed minor wholesale cuts. Chemical analyses
for ether-extract and muscle potassium in the boneless closely trimmed
muscle mass from the right half of each carcass are in progress. Fat-free
lean is determined by subtracting total ether-extractable materials from
the weight of the boneless, closely trimmed muscle mass from the right
carcass half,

Correlation and regression studies of the association between net
K4 count and fat-free lean in the animals at different ages and weights
will then be made. These studies also include an attempt to describe
possible changes in the pattern of potassium concentration in selected
beef muscles over a range of ages and live weights in each of the two
types. For this purpose, chemical analyses for potassium are being con-
ducted on the longissimus dorsi, trapezius, supraspinatus, semitendinosus
and biceps femoris muscles from each carcass. Slanghter and carcass
evaluation is nearing completion for Replication I for both types of
cattle. A full report of the results will be made at a later date.

Swine: One hundred market barrows (50 Hampshire and 50 York-
shires) representing five weight groups are being evaluated by the Kt
whole-body counter. A new detector arrangement is utilized in the count-
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ing of the swine in an attempt to improve K% counting efficiency over
a range of live weights, The new arrangement of detectors provides for
more flexibility in the adaptation of the instrument to pigs over a range
of live weights from 100 to 300 pounds than has been possible in previous
swine studies,

Ten replications of 10 feeder pigs each weighing 60-70 pounds are
randomly allotted to slaughter weight groups of 100, 150, 200, 250 and
300 pounds and placed on a growing-fattening ration. From each repli-
cation, two pigs are randomly assigned to each slaughter weight group,
making a total of 20 pigs for each of the five slaughter weights as is
shown in Table 1.

As the pigs reach the shrunk live weights of 100, 150, 200, 250 and
300 pounds, they are taken off-feed for 24 hours, thoroughly washed to
remove any foreign material that might influence the K* count and
then evaluated by the K% whole-body counter, using the dector con-
figuration which most nearly fits that particular weight. Those pigs
which were designated at the beginning of the experiment to be slaugh-
tered at a particular weight are taken to the Meat Laboratory for
slaughter and carcass evaluation. Live animal measurements taken are
a whole-body K% count and a lean-meter probe. Carcass measurements
taken include length, average backfat, loin eye area, weight of trimmed
ham, loin and shoulder, weight of total fat trim, and weight of bone-
less, closely trimmed lean from the right carcass hall.

Etherextract and potassium analyses are conducted on ground
lean samples of the right carcass halves and total pounds of fat-free lean
are determined by difference. In addition, the biceps femoris, semimem-
branosus, and longissimus dorsi muscle are excised and analyzed chemi-
cally for potassium and ether-extract.

Table 1. Experimental Design

Slaughter Weight Groups (pounds)

Replication 100 150 200 250 BT
I ot 2 2 2 i

II 2 2 2 2 2

X 7 2 2 2 2

Total 0° i 20 20 0

I Mumber of animals per veplication per weight group.
*Total number of animals per weight group.
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1 WO replIcalions O LS WOrk Nave DEen cOmpleed and one-natt o
the animals involved in Replications I11, IV, V and VI have been slaugh-
tered. Ether-extract and potassiom analyses have been conducted on the
muscle samples taken from the lean of those animals in Replications I
and I, Statistical analysis of the data will be conducted.

Preliminary Results:

: v . ey P

While statistical analyses are not available at this time, graphic

plots of certain of the data point to trends in the data and are presented
in Figures 1 and 2.
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Figure 1. Net K* count and weight group as related to pounds of
closely trimmed lean cuts.

The plotted numbers 1, 2, 3, 4 and 5 represent animals in the weight groups 100
150, 200, 250 and 300 pounds, respectively.
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The plot of net K1 count, live weight and pounds of closely trim-
med lean cuts is presented in Figure 1. There appears to be a rather
strong positive linear relationship between K count and total pounds
of closely trimmed lean cuts,

These preliminary data suggest that as slaughter weights of the pigs
increase, there is greater variation in pounds of lean cuts among animals
of the same weight group. Some of this variation may be “real” while a
portion may be attributable to one's inability to remove equal amounts
of intermuscular fat from the lean cuts. The inability to remove any
of the intramuscular fat (marbling) from the lean cuts may also be a
source of variation, At least a part of this variation is to be expected, in-
asmuch as pigs in the 100 pound group are much leaner (i.e., have a
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Figure 2. Net K" count and weight group as related to pounds of
fat-free lean.

The plotted numbers 1, 2, 3, 4 and 5 represent animals in the weight groups 100,
150, 200, 260 and 300 pounds, respectively,

Animal Science Research 1973 271



mucn Iower fat to jean ratio) than those of the ZoU and 30 pound
groups.

In lean and fat separation, one is able to remove much more fat
proportionately from the cuts of the carcass from the 100 pound pig
than from those in the heavier weights. Thus, lean cuts from heavier
weight groups are not as good an estimator of carcass muscle as are those
from the lighter weight groups of pigs.

A plot of net K* counts, live weight and pounds of fat-free lean
from pigs in Replications I and 1II is presented in Figure 2. The plot
ol these data suggests a vather strong positive linear relationship between
pounds of fat-free lean and net K* count in each of the five weight
groups. ‘There appears to be greater variation in pounds of fat-free lean
among animals in the heavier weight groups than in the light weight
groups. Further, the association between K# net count and pounds of fat-
free lean does not appear to be as strong at live weights of near 300
pounds as is apparent in the lighter weights.

A part of this variation among animals in heavier weights may be
attributed to the self-absorption of gamma rays emitted from the muscle
in the animal. The larger the animal, the greater is the likelihood that
a gamma ray will lose part of its energy before leaving the animal and
interacting with the detectors thus reducing the number of disintepra-
tions detected.

Another possible source of variation may involve the fat. We do not
know, for example, to what extent a layer of fat may act as a shield,
thus influencing the number of gamma rays that have sufficient levels
of energy to pass through the animal mass and become detectable.

While the plots of the data in Figures 1 and 2 are quite similar,
there appears to be a greater linear trend in the 100, 150, 200 and 250
pound groups in fat-free lean estimation than or that of rimmed lean
cuts. A complete report of the results of this study will be made at a
later date.
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Swine

Influence of Heat Stress on Reproductive
Performance of Boars

R, P, Wettemann, I T. Omtvedt, M, E. Wells,
C. E. Pope, E. J. Turman and T. W. Williams

Decreased conception rates and increased breeding problems occur
in swine herds during the summer months. This decrease in reproduc-
tive efficiency may be a result of elevated ambient temperature on the
boar since gilts exposed to heat stress prior to breeding tend to have
normal reproductive performance.

The objective of this study is to evaluate changes in semen quality,
testicular physiology, hormone secretion and fertility of boars exposed to
high ambient temperatures. A total of 12 yearling boars that previously
produced fertile matings and 180 gilts will be used in this study.

The project was initiated in the fall of 1972, In the first replicate,
three boars were randomly allotted to each of the two temperature-con-
trolled environmental chambers at the Fort Reno Experiment Station.
Boars were given a 15-day adjustment period at 74°F. On day 15, the
temperature in one chamber was elevated o 94°==2°F [or & hours and
lowered to 88°=2°F for the remaining 16 hours during each 24 hr.
period. The temperature in the other chamber {control) was maintained
at 74°F continuously. Boars in both chambers were exposed to 12 hours
of light daily.

Semen quality for each boar was evaluated twice weekly for six
weeks during heat stress. After the boars had been maintained under
these conditions throughout one complete spermatogenic cycle (42 days),
the semen from each boar was used to artifically inseminate 15 sexually
mature crossbred gilts, Ninety days after the boars were first subjected
to the elevated temperatures, all six hoars were castrated and testicular
and epididymal evaluations were made. Gilts were slaughtered 50 days
postbreeding and their reproductive tracts were recovered to evaluate
fertility, embryo survival and early embryo development.

The second replicate of this project will be completed during 1973
and the data now available are too limited to make definite conclusions
on the influence of heat stress on fertility in boars, In general, rectal
temperatures and respiration rates of boars increased due to elevated
ambient temperature. Within two weeks the boars partially compensated
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to the elevated temperature and rectal temperatures decreased slightly
but respiration rates were still elevated. Semen was collected from all
boars during the treatment period, but sperm motility was decreased and
there was an increase in the percentage of aged acrosomes.

Dairy

The Undesirable Flavor in Milk Resulting
From Grazing Cows on Wheat Pasture
P. E. Johnson, L. J. Bush, G. V. Odell and E. L. Smith

In Oklahoma and other states of the Southwest, wheat is a very
important pasture crop for the grazing of livestock. It is used by dairy-
men to a limited extent and would be used much more extensively if
it did not cause a very objectional flavor in milk. The occurrence
of wheat flavor in milk is highly inconsistant. Some dairymen seem
never to have difficulty with the problem while others experience the
prablem even when they practice all recommended control measures.
The only solution of their problem is complete abandonment of wheat
pasture. ‘The inconsistency in the occurrence of the wheat problem has
been responsible for serious economic losses to Oklahoma dairymen.
During February, 1972, several tanker loads of milk were rejected be-
cause of wheat flavor. On one single day, eleven tanker loads were
rejected in Oklahoma City. The problem is most severe in February
but not to the same depree each year,

There appear to be many variables associated with the wheat prob-
lem. Some of the more important ones appear to be individuality of
cows, stage and rate of growth of the wheat plants, the influence of
freezing on the wheat plant, feeding and management practices on the
dairy farm, etc.

The objectives of this study are: 1. To study the effect of such
variables as stage and raie of growth of wheat pasture, the time grazing,
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and concentrateforage ratio on the production of wheat flavor in
milk. 2. To isolate, and quantitatively measure chemical compound ()
in milk and wheat pasture samples responsible for objectionable flavor
m milk. 3. To develop a simple, reliable field test to aid in the de-
tection of wheat flavor, To date, some of these objectives have been
accomplished, and the study is continuing.

Triumph 64 wheat was seeded September 15, 1972; and the grazing
studies began on November 15, 1972, Twelve Holstein cows were used
inn this study. They were assigned at random to three groups of four
cows each. All groups received the same treatment except for grazing
on wheat pasture. Group 1 was never allowed to graze. Group II was
allowed to graze for 30 minutes, and Group III was allowed to graze
for 120 minutes. Both groups were removed from pasiure two hours
before milking. Milk samples were collected from each of the 12 cows
at milking time; and, in addition, the entire quantity of milk produced
by Cow No. 296 of Group IIl was collected. The 12 individual milk
samples were divided into two portions, and these 24 portions were
randomized and coded before they were examined by four experienced
milk judges. The judges first examined each sample by tasting and
again by smelling the samples alter they had rendered slightly basic
by the addition of NaOH. The quantity of milk from Cow No. 296
was analyzed for compound (s) responsible for the wheat [Mavor, This
procedure is described briefly as follows: The milk was made basic by
the addition of NaOH to release the volatiles believed to be responsible
for wheat flavor. A stream of nitrogen was bubbled slowly through
the milk for several hours. The nitrogen carried the volatiles from the
milk into a series of traps which were charged with a weak HGI
solution. The contents of the traps were concentrated and held cold
until crystals appeared. The crystals were analyzed by mass spec
trophotometry. Similar work is underway on wheat samples and work
on other objectives will be started shortly.

The results of the organoliptic evaluations of milk produced by the
three groups of cows are summarized in Figure 1. The observations
made by smelling alone were more uniform than those made by tasting.
The distinction between the two groups which were grazed on wheat
and the control group is also more striking. The irregularities oc-
curring in Trial 7 are, no doubt, due to a coating of ice on the wheat
plants on this particular day. The intensity of wheat flavor was gener-
ally somewhat greater for Group III than it was for Group II, in-
dicating the influence of length of grazing time. The favor intensity
for Group I increased somewhat during Trials 4 through 7, which
corresponds to a period when weather conditions grew increasingly
worse, During this period, it was impossible to keep lots and shelters
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Figure 1. Average wheat flavor intensity in milk from cows grazed on
wheat pasture.

in a satisfactorily condition, and the cows were forced to breath air
that was contaminated with undesirable odors which might have
been transierred to their milk. These odors are believed to have in-
terfered with the judges ability to identify wheat flavor. The fact
that this condition was more striking in the taste evaluations than
it was in the smell evaluations further supports this premise,

The difference in the tendency of individual cows to impart wheat
flavor into milk was also observed in this study, ‘Table 1 shows average
flavor intensity ranges between the individual cows of each group.
Since an intensity value of L0 indicates no detectable wheat flavor
and 2.0 indicates a very slight wheal flavor, it can be concluded that
no wheat flavor occurred in Group I Table | also indicates that
there were individuals in both Group LI and IIT with average flavor
intensities of less than 2.0, but there were certain trials when each
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Table 1. Range Between Average Flavor Intensities of Individual

Cows
- -y Range
Group Taste Smell
o 1.5-1.7 1.3-1.6
I 1523 1925
11 1.6-2.6 2.5.5.1

individual cow of both groups produced milk with a definite wheat
flavor. Cow No. 296 never produced milk that was free from wheat
flavor. This was true for Trial 7 when the wheat plants were covered
with ice. The average flavor evaluations on her milk by the four
judges on this date were 2.6 for taste and 5.0 for smell.

The analyses by mass spectrophotometry has deflinitely identified
a single compound, trimethylamine, as being responsible for wheat [lavor
in milk. This development will be extremely valuable in further re-
search on Oklahoma’s No. 1 milk flavor problem.

Dairy Foods
Emulsifiers in Foods for the Elderly

J- B. Mickle, Wanda Smith, Sue Knight and Olive Pryor

During the last 12 years, research concerning emulsifiers in foods at
0.5.U. has resulted in several new products including low calorie spreads,
new cake shortenings, and candy bases. These studies with emulsifliers are
continuing, and the objective of this research is to develop ideas which
can be used to manufacture foods lor the elderly of our population.

Present studies are aimed toward the development of high protein
puddings which will be acceptable to the elderly. As a first siep in this
work, pudding and custard recipes were obtained from cookbooks that
were from 40-80 years old. Dishes prepared from these recipes have a
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taste, texture, and aroma which are familiar to the elderly people. Analy-
ses indicated that a high proportion of the calories came from carbohy-
drates. Analyses of the canned puddings currently available on the mar-
ket for elderly people showed that these also had a high proportion of
carbohydrate calories and a low proportion of protein calories,

In addition, this survey also revealed that present-day puddings had
a rather mild taste and that the texiures were sometimes undesirable, in
some cases being too watery to stay on the spoon. The recipes from the
old cookbooks were then changed to lower the percentage of calories ob-
tained from carbohydrates and to increase the percentage from protein,
It is now possible to make a pudding with more than twice the protein
content of available commercial puddings but which still seems to have
an acceptable texture and taste,

For any food to have wide acceptance among the elderly, it must be
appetizing as well as moderate in price. Thus, any protein additives must
be relatively inexpensive. This first work has been accomplished using
non-fat dry milk solids. Future work will involve whey solids and other
inexpensive sources of high quality protein.

Laste panel trials have been arranged so that these puddings can be
tasted by a variety of elderly groups: a group of retired but still active
prople, a group of older people who are relatively inactive, and a group
confined to rest homes. The taste panel work will be divided into two
parts, First we will determine what types of flavors these people seem to
prefer. Then the knowledge of stabilizers and emulsifiers acquired in
this laboratory will be used to modify the product so that it has a texture
that is appealing to these people. After determining the proper texture
and flavor, modifications will be made so that the product will retain
this texture and flavor during heat processing and prolonged storage.
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Poultry Nutrition
Lipid Metabolism in Laying Hens

Rollin H. Thayer, E. C. Nelson, R. D. Morrison and A. L. Malle

The laying hen is unique with respect to lipid biosynthesis, The
yolk in a two ounce egg contains approximately seven grams of lipid,
all of which is synthesized in a 20 gram liver, transported to the ovary,
and deposited in the yolk. With the introduction of management pro-
cedures involving individually caged layers and the development through
poultry breeding of hybrid strains of laying hens, difficulties have been
encountered which may be related to lipid biosynthesis and /or transport.
The result is an excessive accumulation of lipid in the liver, abdominal
cavity, and intestinal mesentary. In addition, the liver may have hema-
tomas and hemorrhages. Under commercial production conditions sub-
stantial economic losses are suflered by egg producers when high pro-
ducing hens develop this condition,

Experimental data are not yet available to describe the series
of events which do take place in lipid biosynthesis and transport in
the laying hens during the complete laying cycle. Neither is it known
at what point this overall situation moves [rom "normal” to “patho-
logical”, and what factors including nutrient intake and confinement
may be responsible for the change. Studies designed to provide new
data in this area with the laying hen may provide data relavent to corcu-
latory problems in humans which are thought to be associated with lipid
metabolism and degree of physical activity.

Caged layers at the Oklahoma Agricultural Experiment Station
which were fed a specific layer ration accumulated an excessive amount
of lipid in the liver. The condition was further characterized by meas-
uring the changes in the quantity and composition of total lipid, tri-
glyceride, cholesterol, phospholipid, and wriglyceride fatty acids present
in the liver during an egg production period of 36 weeks. Although
the percentage of phospholipid, cholestrol and cholestrol ester remained
constant, the total lpid concentration increased at a greater rate than
dry liver weight. The increase lipid was due to increased triglyceride
concentration, With the onset of egg production, the relative concen-
tration of fatty acids in the triglyceride fraction r.imnged, and I.q.r o
weeks resembled within 1 or 2 percent the relative distribution of
fatty acids in egg yolk. Research siudies now underway are designed
to identily possible changes in fatty acid metabolism and transport
within the liver which may develop as the total liver lipid concentra-
tion increases.
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Nutrient Intake Requirements of Caged
Turkey Breeder IHens

Rollin H. Thayer, E. T. Clemens, . R. Johnson, E. C. Nelson
and A. L. Malle

Market turkey producers in Europe are using a management sys-
tem with turkey breeder hens in which the hens are maintained in
laying cages. These breeder hens are relatively small in size with an
average body weight of from 8 to 10 pounds. They are prolific layers
and produce a large number of eggs with a minimum of feed intake.
The breeder toms which are mated to these hens are extremely large,
averaging in body weight from 30 to 50 pounds. Fertile hatching egs
are produced through the use of artificial insemination. The market
turkeys produced through this mating are intermediate in size and
have desirable characteristics from the standpoint of growth, efficiency
of feed conversion, and market finish.

This system makes it possible to produce poults at a much lower
cost than can be done under floor management conditions, Reduc
tion in poult cost through this means in the United States would bring
about a signilicant decrease in the overall cost of producing market
turkeys. For this reason, market turkey producers in the United States
are considering this management technique.

Research at Oklahoma State University has been designed to de-
termine the nutrient intake requirements of turkey breeder hens
maintained under this management system. Current emphasis is being
placed upon protein and energy intake requirements. Data collected
to date indicate that these small turkey hens (minihens) require a
daily intake of 335 kilocalories of metabolizable energy, and approxi-
mately 30 grams of protein. Studies are being conducted to pinpoint
more exactly, energy and protein intake requirements and additional
studies will be undertaken to determine vitamin and mineral intake
requirements.

It is anticipated that data from this project will be of interest to
market turkey producers in the United States as they give consideration
to the adoption of management procedures in which turkey hreeder
hens are maintained in cages. The trend in the Poultry Industry in the
United States is toward confinement in cages. In-so-far as turkeys are
concerned, it required considerable research in all phases of manage-
ment and nutrition in order to develop procedures to successfully pro-
duce market turkeys on a second economic basis under domestic con-
ditions as contrasted to the natural habitat. Difficulties of a similar
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nature in both management and nutrition are being encountered as
poultrymen work toward the development of systems to produce hatch-
ing eggs and market turkeys under strict confinement conditions in
cages. A preat deal of research effort will need to be directed toward
the solving of these problems.
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CORRECTIONS FOR TABLE 4. MILK PRODUCTION, PAGE 37.

Tahle 4. Milk Production Data

Hereford x
Hereford Huolstein Holstein
Mod- Maod- M- ¥
Item erate  High  erate High  erate  High |{731
Total lactation ) e I
yield, 1b. 3223 3156 4247 S380 7655 6679 THB
Daily vield, I, 134 132 177 224  3l9 218 310
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