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Cow—Calf

Relationship Between Cow Type
Classification Score and Cow
Productivity

John Frey, R, R. Frahm and D. F. Stephens

Story in Brief

The purpose of this study was to determine the relationship between
cow type classification score and measures of cow productivity and to de-
termine the accuracy of type classification score for predicting cow prod-
uctivity, both alone and together with cow weight, cow condition score
and information provided by the performance record of a cow's first calf.

Classification and productivity records from 220 Angus cows raised
under range conditions were studied. The cows were classified in 1964
and 1965 by official breed association classifiers and performance was
measured on their calves produced from 1965 to 1969. Cow productivity
was measured by calf performance to weaning.

The correlation coefficients between type classification scores and
measures of cow productivity were of low magnitude. A slight negative
association was indicated between type classification scores and cow prod-
uctivity as measured by calf weaning weight. Spring classification scores
had virtually no association with cow productivity; however, fall classi-
fication scores were negatively correlated with cow productivity as measur-
ed by most probable weaning weight for cows 2 and 3 years of age at first
classification. Fatter cows tended to receive higher type classification
scores but weaned lighter, lower scoring calves. Total type classification
score was of little value in predicting future production ability as measur-
ed by most probable weaning weight. Although of limited value, a heiler's
18-month adjusted weight was the most accurate estimator of future pro-

In cooperation with Ft. Reno Livestock Research Station, Agricultural Research
Service, Animal Science Research Division, USDA,
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first calf was a more reliable predictor ol futere producing ability than
any of the measurements taken on the cow.

Introduction

Beel cattle breeders have traditionally put some selection pressure
on the visual subjective evaluation of an individual's usefulness for a
certain purpose. One of the objectives of their breeding programs has
been to produce animals of a certain type., The present concept of desir-
able beef type is generally characterized by abundance of muscling, free-
dom from excess [at, and adequate size and scale. In practice, type is
subjectively determined by visual appraisal of body size and conforma-
tion, Breed association type classification programs constitute an attempt
to standardize type selection guidelines of cattle for breeding purposes by
comparing an individual’s type to the breed type ideal,

In addition to type, breeders select breeding stock on the basis of
performance in economically important traits. Evidence has strongly indi-
cated that performance should be the first consideration; however, selec-
tion pressure for type still continues. In breeding programs designed to
improve the level of productivity, it is important to determine the rela-
tive attention to give actual performance records and visual appraisal of
the animal being evaluated, The proper utilization of these two kinds of
information in selecting breeding stock requires an accurate determina-
tion of the relationship between type and productivity,

Materials and Methods

The data used in this study were the official type classification scores
of 220 purebred Angus cows classified in 1964 and 1965 and the pre-
weaning performance records of 990 Angus calves raised from 1964 to
1969 at the Fort Reno Livestock Research Station. These cattle are part
of the four Angus lines involved in a beef cattle selection experiment
which has been described by Frahm and Whiteman (1968) and Frahm
{1970y .

The measure of type used in this investigation was the official breed
association type classification score given the cows in the spring and fall
of 1964 and 1965, Five official classitiers scored the cattle during the
first three classifications and six official classifiers scored the cattle in
the fall of 1965, The average of the scores given a cow by all classifiers
on the same date was used as the type score for that cow since it should be
the most accurate estimate of a cow's true type. The cows either had
calved or were about o calve when the spring classification was made,
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and the fall classification was made alter weaning. The cows were cate-
gorized into four age groups: 1, 2, § and 4 years and older, based on their
age at lirst classification. Cows in age group 1 were approximately 18 to
20 months of age when first classitied.

The score card used to determine type classification score is presented
in Table 1. A score of 100 represents the breed ideal for type and the
total score given an individual represents the percentage approach to the
breed type ideal. The cows were also evaluated for condition or fatness
by the official classifiers using a 1 to 5 scale with 1 representing a very
thin cow, 3 a cow in average condition, and 5 a very fat cow. The cows
were weighed in the winter, in the spring after calving and in the fall
after weaning and cow weight at the time of classification was determined
as a linear estimate based on the two closest actual weights,

Cow productivity was measured by calf performance to weaning. The
method of least squares was used to obtain additive correction factors for
adjusi_ing birth weight, 205-day weaning weight, and weaning conforma-
tion score for the effects of vears, sex of calf and age of dam. These cor-
rection factors served to adjust the call performance records for these
known non-genetic sources of variation and thereby placed the calf per-
formance records, and consequently the cow productivity measures, on
a more comparable basis. A cow’s productivity record consisted of the
adjusted birth weiglits (BW), weaning weights (WW) and weaning con-
formation scores (WS) of her offspring. In addition, the most probahle
producing ability (MPPA) of each cow was determined for birth weight

Table 1. Score Card for Cow Type Classification,

. Enmp-untnt Maximum score possibile
General Appearance 30
Appearance 30
(Type) (14)
[ Size) [10)
{ Cuality) [ &)
Breed Oualitics 20
{Feet and legs) {12)

[Head and brecd character} { 8)
Beef Character 30

{Shoulder and chest) [ 8)
{Rib and back) {10
{Loin} (10]
{ Rump) (10}
Rear quarlers or round {12}

Taotal Score 100

Animal Science Research 1971 ¢



(MPBW), weaning weight (MPWW), and weaning score (MPWS) ac-
corcling to the formula:

nr

MPPA o 1 [ e =
14 (n—1)r

(TA—HA)

Where HA is the herd average, 1A is the individuals averapge, n is the
number of records that the 1A is based on and r is the repeatability of
the trait.

The repeatability of a trait is the correlation between different per-
formance records of an individual, and it indicates the extent that observ-
ed differences between performance records of individual will be repeat-
ed in the future, The repeatability estimates used in this study were 0.25,
040, and 0.30 for birth weight, weaning weight, and weaning score, ve-
spectively,

The cow productivity measures considered in this study were the
cow's first performance record as a 2-year-old, the average of all available
performance records, and the most probable producing ability measures,
A cow's [irst and average performance records will be denoted by a prefix
1" and A", respectively. Thus, "1BW" and “"ABW" indicates the birth
weight of a cow’s lirst calf and the average birth weight of all calves,
]‘Q&Pl’_‘f_‘lil-‘v.‘_‘l'!r'. Of the productivity measures considered, MPPA is expected
to provide the most accurate estimate of an individual’s relative genetic
potential for productivity. Some of the cows in this study were obtained
alter they had produced one or more calves, Consequently, data were not
available on the first performance record for cows in age groups 3 and 4,
There were 119 and 220 cows with first and average performance records,
respectively, The number of performance records per cow ranged from
one to six, the average being 3.38.

Results and Discussion

Correlation Analyses of Classification Scores and Cow
Productivity Measures

The least squares additive correction factors used to adjust birth
weight, 2056-day weaning weight, and weaning score for the effects of
year, sex and age of dam are presented in Table 2. Calf performance
records were adjusted to a bull call out of a mature cow (5 years and
older) basis. The means and standard deviations for the classification
variables and lor cow weight (W'T) at classification time are presented in
Table 8. The means and standard deviations for the productivity mea-
sures are presented in Table 4. The correlation coelficients between
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Table 2, Additive Correction Factors For Birth Weight, Weaning Weight
and Weaning Score.

Source Birth Weight, Ibs. Weaning Weight, Ths, Weaning Score
Year
64 2.66 3,96 — .30
65 — .34 — 169 — .12
66 — 1.79 0.94 015
67 — .13 —11.59 — a1
68 — 4.21 —20.09 (.16
649 3.83 2747 0.32
Sex"
1 0.00 0.00 0.00
2 53.99 35.86 — .1t
Dam Age [yrs.)
2 7.31 60,89 0.76
5 2.86 37.52 047
! 1.55 1191 0.17
=3 0.00 0.00 (.00

x

1\:::! — bulls, sex 2 = heifers.

Table 5. Means and Standard Deviations for First and Average Classifica-
tion Variables and Cow Weight at Classification Time.

Number  First classification Average classification

Yariahle of cows Mean St dev. Mean St. dev.
AFF ( 3D} 220 24.6 1.3 24.3 1.3
BROL ( 20) 220 15.6 0.6 153 0.7
GAPFP [ 50) 220 4.2 1.7 39.6 1.7
BFCR ( 50 220 38.3 1.4 38.1 1.4
TSC (100) 220 83 2.0 T 3.0
WT {lbs.) 220 875.6 147.6 9825 140.3

L The figare in parenthesis s the maximum score possible for the classification 1'r|.1'iah'lrs.

Thle 4. Means and Standard Deviations for the Cow Productivity

Measures. !
Mumber
Variahle of cows Mean St dev.
IBW 119 .2 7.2
1WwW 119 456.7 353
I'Wa 119 125 0.7
ABW 220 1.0 5.8
AWW 220 4529 0.0
AWS 220 12.4 0.6
MFPBEW 220 62,1 2.9
MPWW 220 441.0 21.1
MPWS 220 123 03

TAN weights are in pounds,
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classification scores and the productivity measures are presented in
Table b,

The realtionship between first classification scores and the produc-
tivity measures were of particular interest because the typical breeder
probably would only have his cow herd classified once. The cows in this
study were classified from one to four times, the average number ol
classifications being 2.65. Therefore, it was of interest to evaluate the
relationship hetween average classilication scores and the productivity
measures to determine if they were more highly associated with the
productivity measures than were the Hirst classilication scores.

As can be seen in Table 5, the correlation coefficients of the [irst
classification scores and the average classification scores with a particular
productivity measure were very similar. Therefore, even though average
classification score is expected to be a more accurate estimate of a cow’s
true type than first classilication score, it did not have a markedly dif-
ferent relationship with the productivity measures. In view ol this close
agreement, the corrvelations of the lirst and average classification scores
with the productivity measures will be discussed together.

Since total score consisted of a weighted average of the clasisfica-
tion subgroupings, the high (0.78 to 0.97) positive relationships general-
Iy olitained by correlating a component part with the total score were
anticipated. Correlation coelficients between classification variables and
measures of birth weight and weaning score ranged from —.08 to 0.07 and
—.11 to 0.10), respectively. Most of these correlations were close to zero,
suggesting there was virtually no relationship between classification scores
and measures of birth weight or weaning score. There appears to be a
slight negative relationship between measures of weaning weight and
classification scores, These correlations ranged from —.18 to 0.04, and
only one of the coefficients was greater than zero. Four of the 30 cor-
relations involving a measure of weaning weight were significantly (P<
05y less than zrero.

Cow weight had highly significant (P<.01) posinve correlations
with appearance, general appearance, beef character, and (otal score in
hoth the first and average classification analyses. These data indicate a
slight positive relationship between cow weight and measures of birth
weight and weaning weight, with correlations ranging from 0.05 to .19
and 0,01 to 0.19 for the two measures, respectively, There appears to be
a slight negative association between cow weight and measures of wean-
ing score, with correlations ranging from — 1% o —04.

In order to evaluate possible differences in the relationship of type
classification score and cow productivity due 1o differences in season of
classification or age group at first classification, corvelation coelficients
were determined within each age group [or spring and fall classifications

12 Oklahoma Agricultural Experiment Station
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Table 5. Correlations Between First and Average Classification and Weight Variables and Cow Productivity

Measures.

BRQL GAPFP BFCR TsSC wT 1BW TWW TWS ABW AWW AWS MPBW MPWW MPWS
First Classification
APP 045 094 066 08T 051 —05 —02 —.08 004 —04 —05 (.06 0.00 0.00
BROL 0.7 062 0.7 Oi2 n.02 (.00 004 0oz —.10 009 —05 —.16¢8 0.10
GAFPP 0.75 0.95" 044 —03 —.01 —. (14 004 —06 —.01 003 —.05 0.03
BFCR 0.95* 0.5 —.08 0.00 0.01 —0 —14 —07 —04 —14 —05
T8C D53y —05 —m —.03 00 —10  —04 000 —i10 —01
WT 0.12 0,19 —04 0.09 0.01 —_1g 018 009 —12
Average Classification
APP 0.47 n.a4 0.74 0.89* 0600 —a01 —.03 —.11 0.03 — 07 —.02 004 —.06 0.00
BROL 0.74 0.68" 074 0.13* 0.07 0.04 0.01 —.01 —.11 0.08 —07 —.18 0.07
GAPP 0.68" per 0.51* 003 —ol —.08 0.0z —09 0.01 0.01 —11 0.02
BRCR 0.95* 0.51* —03% —02 —.01 —03 —.11 —.01 —.0 —.12 0.00
TSC 054 001 —M —06 —01 —10 000 —01 —11 0.01
wT 0.05 0.08 —.05 0.10 001 —10 019 0.10 —.04

1 Significantly different from zerc at the 0.01 pruhagl'lit:r level,

£ Significantly different from 2ero at the (.65 proba

ility level.



separately and pooled over years, These analyses were conducted on
data [rom 103 cows that were classitied all four times (twice within
each season). The cows were calegorized according to age at first classi-
fication, there being 46, 41 and 16 2-, 3-, and 4-year-old cows, respectively,

The correlation coefficients between total score and the cow produe-
tivity variables are presented in Table 6. Correlations between both
spring and fall scores and most probable birth weiglit were essentially
zero for all age groups, The data indicated virtually no association be-
tween spring score and most probable weaning weight for the age group
2; however, there was a signiticant (P <.05) negative association for the
fall classification score and MPWW. This pronounced change in spring
and fall correlations for age group 2 was possibly the result of the younger
cows having a greater change in condition due to lactation and, con-
sequently, classification score from spring to fall.

A negative relationship was indicated between classification score
and MPWW [or age group 3, with the fall correlation coefficient being
significantly (P<.01) less than zero. ‘There were a limited number of
cows in age group 4, therefore, the correlations for age group 4 should
be interpreted with extreme caution. The negative correlations obtained
for age groups 2 and § were probably the result ol the hetter producing
younger cows being in poorer condition due to heavy lactation, therefore,
receiving lower classification scores, The younger cows in age groups 2
and § utilized their body stores of energy and nutrient intake lor lacta-
tion, growth and maintenance; however, the older cows in age group 4
probably required very little energy for body growth, Therefore, the cows
in age group 4 were likely in better condition and consequently would
have received higher type classification scores.

The 0.16 correlation between spring score and most probable wean-
ing score for age group 2 and the 0.14 and 0.18 correlations for age group

Table 6. Pooled Within Season Correlations Between Total Classifica-
tion Scores and Productivity Measures for Cows of Dillerent

Ages,
Caow i . Cow agc_ gruu|.:- at first clan.ai"f.ic;:tim'. H.r:aﬂ]

productivity _ TP o e onre e e 5 e T
meAsres Spring Fall Spring Fall Spring Fall

class. class, class. class. class. class.

 MPBW 0 = - .03 06 01 —13

MPWW —.02 24 — .20 — G —.15 —.05

MPWS 0.16 —.03 .ol —.09 0.14 0.18

* Signilicanily dilferent from zeee at the .05 probability level.
= Gipmificantly different from zeto at the 00 probability level.
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4 may indicate a slight positive relationship; however, the remaining cor-
relations were close to zero, Both classilication score and most probable
weaning score were based on ﬁul}jtttive evaluations; therefore, the cor-
relation coetficients between these variables should be interpreted with
caution,

Regression Analyses of Classification Scores and Productivity
Measures on Average Cow Condition Score

The linear regression coefficients for average type classification and
cow productivity measures on average cow condition score are presented
in Table 7. The linear regression coetficient of a response variable (such
as classification scores and cow productivity measures) on average con-
dition score measures the amount of change in the response variable ex-
pected for each unit change in average condition score. For example,
the regression coefficient of total score on condition score of 2.22 means
that a one unit increase in condition score is expected to result in 2,22
units increase in total score.

The highly signilicant (P<.01) regression coefficients for heef
character, breed qualities, general appearance, and total score on con-
dition score indicate the [atter cows received higher type classification
scores. The highly significant (P<.01) regression coetficient for cow
weight on condition score indicates the heavier cows were fatter at classi-
fication. The regression coefficients for the birth weight measures on
condition score were generally close to zero. The regression coefficients
for the weaning weight measures on condition score ranged from —6.61
to —. 18. The regression coefficients for the weaning score measures on
condition score range from —.14 to —.004, with two of the negative co-

Table 7. Linear Regression Coefficients of Cow Type Classification and
Productivity Measures on Condition Score,

Reponse Regression Reponse Regression
variable coelficient variable coelficient
APP 0.15 1Ws —0.004
BFCE 157 ADW .57
BROL D.3244 AWW —6.61
GAPP D.Gam* AWSE —0.14
T5C b o MFBW 0.37
WT Jp.61%* MPWW 445"
|BW 0.25 MFPWS —0.08*

1WW —0.18

* Significantly different from e at the 005 probability level.
¢ Significantly different [rom zere ot the 001 probability level,
' significantly different from zeen ot the LD probability level.
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elficients being significantly (P<.05) less than zero. These regression
coefficients indicate that the better milking cows which weaned heavier,
higher scoring calves were thinner and received lower classification scores
at classification time,

Prediction Equations for Cow Productivity

One of the objectives of this study was to determine the accuracy of
type classilication score for predicting cow productivity, The producer is
interested in information that has utility in estimating a heiler’s [uture
producing ability in order that the genetically superior heiters among
those available ave selected for replacements in the cow herd, In many
cases, the only information available at the time replacement heifers are
selected is weight and a subjective evaluation of conformation or type;
therefore, prediction equations for MPWW were developed wmilizing total
classification score ((TSC), condition score (CONIY and 18-month ad-
justed weight (WT).

These prediction equations for MPWW were developed from data on
55 pregnant heilers that were classilied at approximately 18 months of
age (Table 8). The standard error of estimate is essentially the average
deviation (or average miss) of the predicted MPWW value from the
actual MPWW value, The coefficient of determination is a measure of
the proportion of the variation in MPWW accounted for by the pre-
diction equation. The smaller the standard ervor of estimate and the
larger the coeflicient of determination, the more accurate the prediction
equation is in predicting MPWW,

The 55 heifers had an average MPWW of 439 pounds with a stand-
and deviation of 20,4 pounds. Thus if the MPWW of every heifer was
estimated to be this average amount, the heifer's actual MPWW would
be missed by 20.4 pounds on the average. A relatively low linear relation-

Table 8. Prediction Equations for MPWW of Heifers Classified at 18

Months of age.
Prediction eauatinn Coellicient of Standard Error
(¥ = MPWW in pounds) Determination of Estimate (lbs.)
‘?_z average MPWW — 4393 i 20.4
¥ = 485.1 — 0.593 (T3C) 0008 20.5
¥ = 367.8 4 0.094 (WT) (.06 19.9
¥ = 443.1 — 1.092 (COND) 0002 20.6
¥ = 4274 — 0.952 (TSC) + 0.127 {WT)

— L1106 (COND) (h.031 20.0

16 Oklahoma Agricultural Experiment Station



ship existed between MPWW and total score, 18-month weight, and con-
dition score; therefore, the prediction equations which included these
variables alone or in combination were of little value. The standard er-
ror of estimate was not appreciably altered by using these prediction
equations. These data suggest that knowledge of a cow's total score, ad-
justed weight, or condition score at 18 months of age and prior to calving
is of little value in predicting MPWW, However, there was a 0.24 (P<
A1y corvelation coefficient between 18-month adjusted weight and MP-
WW, and although of limited value, it appeared to be the most accurate
prediction of MPWW for heifers previous to calving.

Table 9 presents several prediction equations for MPWW and their
coelficients of determination and standard errors of estimate determined
from data on 51 cows classified in the fall after weaning their frist calf.
The weaning weight of the cow’s first call (calf WW), and the cow's total
score, weight, and condition score at classification were evaluated alone
and together as predictors of MPWW. This group of 51 cows had an
average MPWW of 439 pounds with a standard deviation of 18.3 pounds.
Therefore, a prediction based on the average alone would miss the actual
MPWW by 1B.3 pounds on the average. A relatively low linear relation-
ship existed between MPWW and total score, cow weight, and condition
score; consequently, prediction equations involving these variables alone
were of little value and did not appreciably alter the standard error of
estimate, ‘There was a highly significant (P<.01) linear relationship be-
tween MPWW and calf WW, and the prediction equation involving calf
WW reduced the standard error of estimate (average miss) to 14.0
pounds. A prediction equation utilizing all four variables was no more
accurate in predicting MPWW than the one utilizing calf WW alone.
This is a further indication of the general lack of merit of total score, cow
weight, and condition score for predicting MPWW in these data,

Table 9. Prediction Equations for MPWW of Cows Classified in the
Fall Alter Weaning Their First CalL.

Prediction  equation Coclficient of Standard Ervor
(¥ = MPWW in pounds) Determination of Estimate (1bs.)
Y = average MPWW = 438.6 pos 18.3
¥ = 564.9 — L1614 (TS50 0.032 18.2
¥ = 4168 4 0.030 {(WT) 0.010 184
¥ = 480.1 — 15.647 (COND) 0.068 17.8
¥ = 2962 4 0317 (Calfi WW) 0422 14.0
Y = 3631 1.396 (T5C) 4 0.064 (WT)
1.026 (COND) 4 0.312 (Calf WW) 0.471 153.9
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Summary

The results of this study suggest there is limited opportunity to ap-
ply selection pressure for increased cow productivity prior to a cow wean-
ing her first calf; however, selecting replacement females on the hasis of
their 18-manth adjusted weight would be of some value. Although some
initial screening is necessary, under most commercial conditions similar
to those in this study where the objective is to increase the productivity of
the cow herd, delaying the final selection aof herd replacement until after
the first calf is weaned would seem justified. The general lack of cor-
relation between classification scores and measures of productivity sug-
gests that both classification score and performance data must be employ-
ed as selection criteria if improvement in type scores and level of perform-
ance are both goals of the breeding program.
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Milk Production of Range Cows

Robert Totusek, D. F. Stephens, J. R. Kropp, J. W. Holloway,
Leon Knori, and J. V. Whiteman

Story in Brief

An experiment has been initiated to determine the influence of
level of milk production of brood cows on productivity, supplemental
Feed rt;w_jl.lirenlﬁnlﬁ and efficiency of beel p]'ﬂr.lmtliun. Three levels of
milk production will be established with three kinds of females-Here-
fords, Hereford and Holstein crosshreds, and Holsteins. Three levels of
supplement will be fed to determine the relationship between level of
milk I_}I'l]i_lll{'l_iuﬂ and feed requiremenis. Growth curves of heifers dur-
ing their first year on test and preliminary data on milk production and
calf P:_-rfnrmam_-u from a limited number of “pilot” females are presented.

In L;;:_prmlim\ with lh.l.: Agricnltural Research Service, Animal Science Research 1.
vision, USINA.
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Introduction

'l'utlu}', considerable pressure is being exerted to increase milk prod-
uction of range cows. Performance testing program s which emphasize
weaning weight automatically result in selection for higher milk produc-
tion. In addition, some cow-calf operators are infusing dairy breeding
into their cow herd to rapidly increase milk production to a much higher
level.

Research has shown a strong correlation between level of milk prod-
uction of beef cows and weaning weight of their calves. Conversion of
milk to calf also is rather efficient. Within the limits of milk produced
by beef cows, each additional 10 pounds ol milk l_rrochlces appmximuml}r
an additional pound of weaned calf. Conversion may not be as efficient at
higher levels of milk production.

How much milk should a range cow produce? How much milk will
a cow with a very high potential for milk production actually produce
under range conditions? Will the capacity of a cow's calf limit her milk
production? Will additional increments of milk production at high levels
of milk yield be efficiently converted to call weight? Will a heavy milking
cow rebreed under range conditionst How much more supplement will a
heavy milking cow need under range conditions? How will calves which
are very heavy at weaning perform in the feedlot? What will be the car-
cass merit of calves which are very heavy at weaning time and consequent-
Iy young at slaughter? What is the relationship between level of milk
production and total efficiency of production of carcass beef, considering
all feed consumed by the cow, by the call before weaning and by the
call after weaning?

These are questions being asked, and they are all related 1o the main
question, “How much milk should a range cow produce?”” There well may
be several answers to this question. Under an adverse feed environment
{(such as sparse range) a relatively low level of milk production may be
necessary to allow good reproduction, while under a plentiful feed en-
vironment (such as improved pasture) a very high level of milk produoc-
tion may be desirable,

Experimental Procedure

To answer basic questions about level of milk production, an ex-
purimcnt has been initiated at the Oklahoma Experiment Station. Three
levels of milk production will be established with three kinds ol females:
1. Herefords 2. Herelord x Holsiein crosshreeds 3. Holsteins.

The females will be subjected to three levels of supplement, moder-
ate, high and very high, The moderate level will consist of that amount
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ab supplement which will allow Heretord temales to be maimtamed in
thrifty condition and reproduce at pear maximum levels, The same
amount of supplement will be fed to crossbreds and Holsteins, The high
level of supplement will consist of that amount necessary to maintain
crosshreds in a physiological condition comparable to moderate level
Herefords. The high level of supplement will also be fed to Herefords
and Holsteins, The very high level of supplement will consist of that
amount necessary to maintain Holstein females in a physiological con-
dition comparable to moderate level Herefords and high level crossbreds.
The very high level of nutrition will not be used for Heretords and cross-
breds.

One phase of the experiment will be conducted on the range to de-
termine the actual performance of cows varying widely in milk produc-
tion potential, and to determine their response to differing levels of sup-
plementation.  Production traits of major interest will be percent call
crop and weaning weight of calves,

A second phase will he conducted entirely in drylot so that all feed
consumed by both cows and calves can be measured. This will allow de-
termination of total efficiency of leed utilization by the weaned calf, as
influenced by level of milk production and level of nutrition of the dam.

Calves will be placed in the feedlot at weaning time, led to slaugh-
ter finish and critically evaluated in the carcass. This will allow determi-
nation of the total efficiency of beef production as influenced by milk
production of the cow, considering all feed consumed by the cow, and by
the call before weaning and in the feedlot.

Results

Heifer calves for this experiment were obtained in the fall of 1964,
wintered under range conditions on dry grass during the winter of 1969
70, and grazed on native grass during the summer of 1970, Growth curves
of the heifers during the first year of the experiment are shown in Figure
1. Holsteins were heaviest and Herefords lightest initially, and breed dif-
ferences in body weight increased somewhat during the year. This is as
expected since ultimate mature size should rank in the order of Holsteins,
Holsteins x Hereford crosshreeds, and Herelords,

Heifers were bred to one Angus bull through the vuse of artificial in-
semination; additional Angus bulls were used for cleanup pasture breed-
ing. The heifers calved during November through February of 1970-71.

Eighteen two-year-old heifers (six Herefords, six Holstein x Here-
ford crosshreds, and six HnlsL{riusj were obtained as bred yearling heifers
in the fall of 196Y to serve as “pilot” females for obtaining preliminary
information. The heifers calved during November through January of
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Figure 1. Body weight curves for yearling heifers.

1969-70. Changes in their body weight during the first year are shown in
Table 1 and illustrated in Figure 2, It is interesting to note that the
Herefords gained considerable weight, the Holstein x Hereford cross-
breds gained much less weight, and the Holsteins gained very little
weight, during the year which included calving and lactation. The rela-
tionship of such weight changes to rebreeding performance of females
producing various levels of milk production is an important item to be
determined in this experiment.

Average daily milk production to 205 and 270 days is shown in
Table 1; the three types of females definitely produced three distinct
levels of milk production. Monthly lactation curves are presented in
Figure 3. The Hereford lactation curve illustrates the continuous decline
in milk production normally observed in beef cows, while the lactation
curve of the Holstein x Hereford crossbreds is more typical of a dairy
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Table 1. Preliminary Data on Level ol Muk Production.

Breed
Hercford x -
Hevelonl Huolstein Huolstein
No. of heifers 5 6 fi
Wi, October, 1969, Ihs. 718 B0 988
Wt., September, 1970, lhs, BR2 855 L]
Ave. daily milk, 205 days, 1bs, 122 21.6 28.4
Ave, daily milk, 270 days, lbs. 1008 204 27.1
Ave, wt, of calves, 205 days, lhs. 390 456 504
Ave. wt, of calves, 270 days, lbs, 486 565 636
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Figure 2. Body weight curves for two-year-old heifers,
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lactation curve. The Holsteins produce more milk in late lactation than
in early lactation. This was probably a reflection of an increasing capacity
for milk by the calves as they increased in age, along with the potential
of the cows to produce an increasing quantity of milk,

Differences in milk production were reflected in differences in wean-
ing weight (Table 1y. Calves from the Holstein x Hereford crosshreds
were Gfi and 79 pounds heavier than those from the Herefords at 205 and
270 days, respectively. 'The advantage for the calves produced by the Hol-
steins over those produced by the crossbreds at 205 and 270 days was 48
and 71 pou nls, rcﬁpectivﬁly. Determining whether such increases in wean-
ing weight resulting from high levels of milk production are efficient and
profitable is the major objective of this experiment,
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Superovulation Of Beef Cows And
Heifers By Injection Of Pregnant
Mare Serum (PMS) Following
Estrus Synchronization By Means

Of An Oral Progestogen

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

Story in Brief

The effect on ovulation rate of injections of PMS and HGO timecd
from a synchronized estrus was studied. Estrus was synchronized by feed-
ing CAP for 18 days (10 mg. (head /day for 16 days then 5.0 mg. /head {day
for 2 days) . All PMS5 injections were timed from the average day of estrus,
which was the third day after the last feeding of CAP.

A total of 46 yearling beef heifers and 19 lactating beef cows received
subcutaneous injections of 1500 1U PMS and 18 cows received 1000 IU
PM5 on day-b with all receiving a second injection of 2000 IU PMS on
day-17 of the cycle. All PMS injections were subcutaneous. All animals
received 4000 11U HOG, intravenously, the third day after the second PMS
injection and were artificially inseminated at this time amd 24 hours
later.

The injection of 1500 I PMS on day-5 gave more desirable results
than did the 1000 IU level. OF the 64 cows and heilers receiving the 1500
IU dose, on day-5 followed by 2000 TU on day-17, 48.4 percent had the
desired 2 or 3 egp ovulation and only 21.9 percent ovulated [our or more
epps,

Twenty-four of 46 heifers (52.2 percent) and 18 of 37 cows (8.6
percent) conceived to the inseminations, However, only 5 heifers and 4
cows were still pregnant after 90 days. The reason for the high rate of
embryonic mortality could not be determined. However, all cows and
heifers were laparotomized 11 days following inseminations,

Introduction

A number of research studies have demonstrated that the incidence
of multiple births in beef cattle can be increased by the injection of a

In cooperation with Fort Beno Livestock Research Station, Agricaltural Research Ser-
vice, Animal Science Division, USDA, El Reno, Oklabom.
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v;uriur.}' of gonadotropins, including pregnant mare serum (PMS) . The re-
sults of an earlier study involving PMS injections conducted at the Fort
Reno Livestock Research Station were reported at the 1969 Feeder's Day
(Miscellaneous Publication No. 82) .

Pregnant mare serum is processed from the blood serum of pregnant
mares. It is rich in a gonadotropic substance which has a similar physio-
logical activity to that of follicle stimulating hormone (FSH). FSH is one
of the gonadotropic hormones produced by the anterior pituitary gland,
and its effect is to stimulate the growth of the follicle on the ovary and
the maturation of the ovum {egg) which it contains. The gonadotropic
substance of PMS is produced by structures in the uterus that are asso-
ciated with the placenta and, for this reason, it is referred to as a placental
gonadotropin,

A second type of placental gonadotropin is produced by pregnant
women, It is formed in the chorion, one of the membranes of the placenta,
and is excreted in the urine. This gonadotropic substance is extracted
from the urine of pregnant women by pharmaceutical houses, processed
and sold under the name human chorionic gonadotropin (HCG) . This
material has a physiological activity similar to that of the luteinizing
hormone {LH) produced by the anterior pituitary. It's effect in the body
i5 to cause rupture (ovulation) of the mature follicle in the ovary and the
release of the egg contained in the follicle,

If a cow is exposed to above normal levels of FSH, either because of
overproduction by the pituitary or as a result of it being injected, more
than one lollicle will develop. If these follicles are subjected to ample
levels of LH all should ovulate. This is known as superovulation, PMS
and HCG provide a means, therefore, for researchers to stimulate super-
aovulation by hormone injections.

Almost without exception, researchers in this field have reported
high death losses among triplet and larger litters, but a relatively low
maortality rate among twins, 'Therefore, the determination of the proper
dose level and sequence of treatments that will result in a high percentage
of two egg ovulations is one of the requirements for developing a practical
program for the induction of the multiple births in cattle.

In addition, it is important that the gonadotropin injections be
timed rather precisely during the estrous cycle with reference to the oc-
currence of estrus. This means there 1s a high labor requirement in check-
ing [or estrus and then injecting the cows on an individual basis accord-
ing to the day that estrus occurred. Thus, it appears that a practical pro-
gram must also include some type ol estrus synchronization which will
cause most of the cows to be in estrus within a period of two or three days,
IT estrus can be synchronized to this extent, it should be |Jmsihie to give
the gonadotropin injection to all cows on the same day.
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The objective of the research being reported here was to study the
effect of a sequence of PMS and HOCG injections, timed from a synchro-
nized estrus, that would result in a high percentage of two egg ovulations
in beef cows and heifers.

Materials and Methods

This study included 37 non-lactating beef cows and 46 yearling beel
heifers of Hereford, Angus, Hereford x Angus and Hereford x Angus x
Holstein breeding maintained at the Fort Reno Livestock Research Sta-
tion, The animals were randomly assigned to treatments on the basis of
weight and breeding,

Estrus was synchronized by [eeding G-chloro-a™17 acetoxyprogeste-
rone (CAP) !, individually, for 18 days, 10 mg per day the first 16 days
and 5 mg per day at the last 2 days, CAP leeding was started in all cows at
the same time without regard o stage of the estrous cycle, The PMS in-
jections were given during the estrous cycle following CAP [eeding.

Gonadotropin treatment consisted of two subcutaneous injections of
PMS? and a single intravenous injection of HCG?, The PMS injections
were given to all animals on days 5 and 17 of the estrous cycle as timed
from the average date of synchronized estrus. The average date of syn-
chronized estrus was day-3 post-CAP, thereflore, the PMS injt:::tiuns were
givenn on days 8 and 20 after last feeding of CAP, HOG was injected on
the third day following the second PMS injection,

The vccurrence of estrus was determined by the use of sterilized bulls
running with the cows at all times. Ovulation rate was determined by
counting the corpora lutea on the ovaries exposed by means of a lap-
arotomy carried out 5 to 13 days after HCG administration. All breed-
ing was by means of artificial insemination using frozen semen obtained
from a commercial bull stud.

Trial 1

Fifteen Hereford and 31 Angus heifers, weighing 580 to 800 b, were
employed, 'The heiters were on native pasture with milo fed at the rate of
2.1 1b, per day for the first phase of the trial, and milo increased to 10.0
Ib. per day during the second phase.

In phase 1 a total of 30 heifers were synchronized by feeding CAP
and treated with 1,500 IU PMS on day 5 and 2,000 IU PMS on {.L'i‘j.f 17 of
the post-CAP estrous cycle. All PMS treated heifers werve injected with
4,000 TU HOG on day § post-PMS and were inseminated twice: at the

L EL Lilir Company, Greenficld Labooatories, Greenfickd, Todiana.

i Lyophilized powder containing 100 10U PMS/mg supplicd by the Eli Lilly Company, Greenficld
Laboratories, Greenficli, ITndiana,

2 Lyophilized powder containing 80 10 GG S snpplied by the B Lilly Company, Greenficeld
Lahoratories, Greenlichd], Indiana,
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time of the HCG injections and 24 hours later. Sixteen heiters were also
[edd CAP, but were not treated with PMS and served as controls. The con-
trol heifers were not inseminated.

A high lumbar laparotomy was performed on all control heifers and
on one-half of the PMS treated heifers 5 days following the first PMS in-
jection to observe the effect of this injection on the ovaries. A second high
lumbar laparotomy was performed on all heifers 11 days after the HCG
injections and inseminations. Response to PMS was determined from
numbers and location of corpora lutea and the location and size of fol-
licles were recorded,

The second phase of the trial included all heifers of the control
group and the 19 PMS$ treated heifers that had failed to conceive to in-
seminations following the PMS and HCG injections of phase 1. Each
heifer received 1,500 and 2,000 IU PMS on days 5§ and 17, respectively,
timed from the estrus following the second laparotomy of the firse phase.
All heifers received 4,000 1U HCG on day 3 following the second PMS
injection and were inseminated at the time of HCG administration and
24 hours later. A high lumbar laparotomy was performed 5 to 12 days
following the HCG injections to determine response to PMS.

Heifers not returning to estrus were considered to have settled and
this was confirmed by rectal palpation carried out 30, 60 and 90 days alter
insemination. All heifers, diagnosed pregnant at 30 days postinsemi-
nation, were slaughtered 90 days following insemination and the repro-
ductive tracts were recovered,

Trial 2

Twenty-one Hereford, three Angus and 13 Heretord x Angus cows,
weighing from 870 to 1300 Ib. were used. The cows were maintained on
native pasture and were fed 5.0 Ib. milo plus 2.0 1b. 43 percent cotton-
seed cake per day. During the CAP feeding period the daily feed was 2.0
Ib. milo containing the daily dose of CAP.

All cows were fed CAP and the initial sequence of PMS injections
were timed from the average date of post-CAP estrus, Eighteen cows re-
ceived 1,500 TU PMS on day 5. All cows received 2,000 IU PMS on day 17
of the estrous cycle and 4,000 IU HCG on day 3 post-PMS. All cows were
inseminated on the day of HCG injection and 24 hours Jater,

Cows that came back in estrus within 45 days postinsemination
were retreated with PMS and inseminated in the same manner as describ-
ed for the heifers that received a second sequence of injections in trial L.
Conception was determined as described for trial 1, except no palpations
were made 30 days following inseminations alter the second sequence of
injections. A high lumbar laparotomy to determine effect of PMS5 on the
ovaries was performed on all cows 5 to 12 days following the HCG injec-
tios,
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Results
Trial 1

This trial, conducted [rom Auvgust, 1969 o February, 1970, was de-
signed to study ovulation rates of heilers administered PMS following a
synchronized estrus with HCG given on day 3 post-PMS,

Ovulation rates of the heilers following the initial (phase 1) and
second sequence (phase 2) of PMS injections are presented in Table 1.
The mean ovalation rate was 2,53 eggs with 40 percent of the heifers
ovulating two eggs and 10 percent ovulating 3 eggs. Only 16.6 percent of
the heifers ovulated more than 3 eggs but 35.4 percent failed o respond
to PMS and had only a single ovulation (9 heifers) or no ovulation (I
heifer} .

The heifers appeared to develop a refractoriness to PMS since only
516 percent of the heifers retreated with PMS gave a superovulatory re-
sponse compared to 80.0 percent of the control group that were being
treated for the first time (Table 1). The mean ovulation rates were 1.95
and 3.0 in the retreated and control groups, mslmctivul}'.

Twenty-four of the 46 heifers (52.2 percent) in trial 1 conceived to
insemination following PMS and HCG injections; 10/30 (33.3 percent)
following the initial sequence of injections timed from post-PMS estrus,
7719 (36.8 percent) of the heilers receiving the second sequence of PMS
injections and 7/15 (46.7 percent) of the heifers which were used as con-
trols during the initial phase of the trial.

OF the 24 heilers diagnosed to be pregnant 30 days after insemina-
tion, only % were pregnant at 60 days and only b were pregnant at 90 Lt.‘l}'ﬂ
post-insemination. Examination of the reproductive tracts from the 19
heifers, diagnosed pregnant 30 days post-insemination but which were

Table 1. Owvulation Rates of Beel Heifers Treawed with 1500 IU PMS
on Day 5 and 2000 IU PMS on Day 17 of the Estrous Cycle and
4000 TU HCG on Day 3 Post-PMS (Trial 1)

MNo. of heifers with
M. ' This no. of corpora luteaheifer

Treatment heifers I AR T RS i e e

Received initial
PMS sequence 30 RS S A | I ¢ = D0

Retreated with PMS
Received second PMS
EeCUence 149 1 5 4 4 0 I 0 0o

Controls-Received
only second PMS
sequence 15 IR AT SO | 0

o
o
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not pregnant when slaughtered H days postinsemination confirmed that
the heifers had been pregnant and had apparently resorbed the fetusses.
There was a higher conception rate in heifers with single ovulations,
{17.3 percent) than in those with multiple ovulations (37.5 percent).
However, there appeared to be no relationship between number of ovu-
lations and maintenance of pregnancy since the five heifers pregnant at
90 days had each ovulated more than one ova. All fetuses appeared to be
viable and there was no evidence of fetal resorption in the pregnant heif-
ers. Three of the 5 pregnant heifers had multiple fetuses with the num-
bers of corpora Iutea (CL) and numbers of fetuses as follows: 2 CL, 1
fetus; § CL, 1 fetus; 5 CL, 2 fetuses; 4 CL, 3 [etuses; 4 CL, 3 fetuses.

Trial 2

This trial, conducted from October, 1969 to April, 1970, was design-
ed to study the effects of two levels of PMS given at the first injection on
the ovulation rates of cows.

The ovulation rates of the cows following the initial and second se-
gquence of PMS injections are presented in table 2, Following the initial
PMS and HCG treatment, mean ovulation rate was 2.22 and 2.57 for cows
given 1,000 and 1,500 IU PMS, respectively, on day 5 of the estrous
cycle. However, cows given 1500 compared to 1,000 IU PMS on day 5
tended to have more two and three egg ovulations, 57.9 percent ws. 55.3
percent and fewer 4-Plu5 ege ovulations, 10.5 percent wy. 22.2 percent.

Although a control group of cows was not available for comparison,
the cows also appeared to be somewhat relvactory to the second sequence
of PMS and HCG injections (table 3). Only 37.0 percent of the cows
gave a superovulatory response and the mean ovulation rate was 1.56
following the second sequence of injections, compared to 68.4 percent and

Tahble 2. Owulation Rates of Beef Cows Treated with 1000 or 1500 IU
PMS on Day 5 and 2000 IU PMS on Day 17 of the Estrous
Cycle and 4000 IU HCG on Day 3 Post-PMS (Trial 2).

Mo, of heifers with

Tuotal This no. of corpora lutea/cow
Treatment treated 1] 1 RS 4 ] i R [+ TR
Tnitial PMS EiEs e
treatment' 18 1 S SRR T R R S | AR |
Initial PMS3
treatment® 19 N R R I R 1 R 1 I (I 1 S |
Retreated
with PMS? 27 2 15 & 2 1 Lk Ah—i-—

1 Received 0 10 PMS on day 5, 2000 107 on day 17,
1 Received |00 IU PMS on day 5, 240 IU on day 17,
¥ Received 1,600 IU M5 on day &, 2000 10 on day 17,
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2.57 following the initial treatment of PMS timed from post-CAP estrus,

Conception rate, based on non-return to estrus by 45 days post-in-
semination, was 48,6 percent. Nine of the 37 cows conceived following the
first sequence of gonadotrophin injections and nine additional cows con-
ceived following the second sequence of injections,

Rectal palpation 60 days post insemination of the nine cows that did
not return to estrus following the initial sequence of gonadotrophin in-
jections revealed that all cows had apparently been pregnant earlier but
by 60 days the embryos had died and were being resorbed. A similar sit-
uation was found at 60 days postinsemination in five of the nine cows,
which had not come back in heat within 60 days following the secomd
sequence of injections, The four cows pregnant at 60 days postinsemina-
tion were also pregnant at 90 days post-insemination. All subsequently
calved with one cow producing Lwins.

Results and Discussion

The results obtained in this study suggests that PMS injections may
be timed from a synchronized estrus. Of the 64 cows and heilers receiving
1,500 1U PMS on day 5 and 2,000 IU PMS on day 17, 48.4 percent hadl
the desired 2 or § egg ovulation. Although 29.7 percent did not respond
with more than one ovulation, it is encouraging that only 21.9 ETCERE
ovulated four or more eggs. From the standpoint of limiting births to no
more than twins it is essential that the number of 4-4- ovulations be re-
duced as much as possible.

The reduced superovulatory response to a second sequence of PMS
injections was not unexpected. It has been reported by other researchers
that cows develop a refractoriness to repeated PMS injections.

The reason for the low conception rate and high rate of embryonic
mortality could not be determined in this study. 1t has been reporied
that rectal palpations early in pregnancy will cause abortion of as much
as one-third of the pregnancies, Other researchers have also reported low
conception and pregnancy rates in PMS treated heifers which were lap-
arotomized following breeding. Both laparotomies and rectal palpations
were carried out in this study. It will remain for future research to deter-
mine whether this low fertility is typical of PMS5 treatments following
estrus synchronization, or whether it was the result of excessive handling
of the tract as a result of the palpations and laparotomies.

Although there is no doubt that superovulation can be induced hy
hormone injections, this means of increasing multiple births in Leef cattle
is still strictly experimental. The research conducted o date has revealed
a number of important problems which must be resolved by additional
research if such (reatments are to ever be made practical,
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Creep-Feeding Spring-Born Beef
Calves Grazing Bermudagrass

Pasture
J. E. McCroskey, R. Renbarger and J. Eason

Story In Brief

A creep-feeding study involving 68 spring-born nursing beef calves
grazing bermudagrass pasture was conducted to compare the effectiveness
of three widely different types of creep-feeds for increasing weaning
Wl:‘lhllt'i Elll{l. neét reéeturns. (}]1& gl'(!l‘.lll received na o TFFP El:lld Wr\"t‘d s CoIn-
trols, The three creep-feeds compared were (1) sudangrass pasture; (2)
alfalfa hay pellets; and (8} a high-protein, high-energy mixed ration.

Weaning weights of all creep-fed lots were higher than weights of
control calves. Increases in weaning weights above controls were 8.0, 10.1,
and 14.0 percent, respectively, for lots receiving sudangrass pasture, pellﬁr-
ed alfalfa hay, and the mixed ration. Sudangrass showed considerable
promise as a creep-pasture in the early part of the study but growth
stopped due to lack of moisture. Feed required for each additional pound
of gain above the controls were 9.6 and 9.4 Ib. for lots fed alfalfa hay pel-
lets and the mixed ration, respectively.

Introduction

Field reports and research data indicate that spring-born beel calves
reared on bermudagrass pasture frequently wean at lighter weights than
calves grown on native-grass pastures. It has been theorized that part of
the reason for lighter weaning weights is reduced forage intake during the
latter part of the summer when forage quality declines. A decrease in for-
age consumption would result in reduced total energy intake since the
calf depends upon pasture as a source of nutrients and energy to a great-
er degree with increasing age and size.

The three non-genetic means of increasing calf gains and weaning
weights would be to increase milk consumption, forage consumption, or
provide supplemental feed in order to increase energy and nutrient in-
take. Although it is possible to improve forage quality through manage-
ment practices, it would be difficult to bring about sufficient change in
forage quality to promote increases in forage digestible energy intake sul-

In cuuptratlun with the Agricultural Research Service, Animal Science Research Di-
vision, UUSDA,
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ficient to foster significant improvement in calf-gain. Likewise, increased
milk production by the dam sufficient to cause appreciable changes in
call gains would require supplemental leeding of the cow herd, which is
not economically leasible, Hence, creep-feeding in some manner appears
to be the most logical and simplest means of increasing the energy and
nuirient intake by the nursing-prazing calt,

Creep-feeding studies have consistantly shown an increase in wean-
ing weight but frequently have failed to show an economic advantage
due to the cost and rather inefficient use of creep-feeds, Oklahoma studies
with nursing calves grazing native grass pastures have shown that alfalla
hay or pelleted alfalfa hay is comparable to mixed grain rations as creep-
feeds in increasing call gains. Furthermore, alfalfa has been a more pruﬁl-
able creep-feed than single grains or grain mixtures,

The purpose of this study was to determine the growth promoting
effectiveness and economic feasibility of a wide variety of types of creep-
feeds for spring-born nursing beef calves grazing a pure stand of Midland
Bermudagrass,

Materials and Methods

Sixty-eight spring-born calves from Hereford, Angus x Heretord, and
Angus x Holstein cows were divided into four groups as equally as pos-
sible on the basis of breed of dam, sex of calf, and apge of calf. The four
groups of calves were assigned to the following treatments: Lot 1-control
{no creep-feed) ; Lot 2-sudangrass creep-pasture; Lot 3-pelleted alfalfa
hay; and Lot 4-high-protein, high-energy mixed ration. Since bermuda-
grass quality remains rather good until July and since calves do not begin
to consume pasture or dry feed to an appreciable extent until they are
three to four months of age, creep-feeding was not begun until mid-sum-
mer, Initial shrunk weights of calves were taken on July 21, 1970 follanw-
ing approximately a two-week period of adjustment to the respective
treatments. Calves were weighed at approximately 28-day intervals and
remained on the four treatments until weaning (83 days) .

In Lot 2, approximately two acres of Piper Sudangrass was seeded ad-
jacent to three of the bermudagrass pastures approximately 50 days prior
to the start of the adjustment period. 'The lower wire of the fence separa-
ting the sudangrass and bermudagrass pastures was raised to allow calves
to graze the sudangrass at will while cows were kept out. One-half of the
creep-pasture was alternately mowed at alternately intervals to allow [or
continuous availability of new growth. Due to lack of rain during the
latter part of the summer, the sudangrass lasted for only about 45 days
after initial weights were taken, In lot 8, good quality alfalfa hay was
growd and made into % inch pellets and fed freechoice in a self-feeder,
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Seven percent molasses was added to reduce dustiness and enhate the
pelleting process. A high-protein, high-energy mixed ration was fdto lot
4 freechoice in a self-feeder. The composition of the ration is shwn 1n
Table 1.

Cows and calves in the [our treatment groups were rotated aweek-
ly intervals among seven bermudagrass pastures in order to minine pas-
ture effect. Cows and calves assigned to lot 2 were restricted in rotion to
the three pastures adjacent to the sudangrass creep-pasture. These gstures
plus four others were used in the rotational scheme for lots 1, Sand 4.
Bermudagrass pastures were fertilized with 50 b, each of P;O; ad k2O
per acre in May, plus 150 b, of nitrogen per acre, in the form obimoni-
um nitrate, applied in three equal applications in May, July and ungust.
A mineral mixture composed of two parts trace mineralized salt al one
part dicalcium phosphate was available free-choice to cows and dves in
all lots.

Tahle 1. Composition of Creep Ration Fed to Lot 4

Ingredient % of Mion
Bolled milo P3|
Rolled oats O |
Rolled corn a7y
Soyhean meal a0
Dehydrated alfalfa meal .ﬁ}
Muolasses pl)

T. M. salt 1]
Diikal ]

Vit. A (6,500 I.U./1b)
Aurcomycin (1 lb. Aurofac-40/ton)

Results and Discussion

Calf weights, gains and feed consumption data are shown irlable
2. The control group (lot 1) had the lowest average daily gains aiall in-
tervals and the lowest weaning weights. Average weaning weightsin lots
2, 3, and 4 were 55, 44, and 61 pounds heavier, respectively, than te aver-
age of lot 1. Calves in lot 4 were decidedly fatter at weaning than fose in
the other lots. It should be pointed out that average daily gains o lot 2
(sudangrass creep-pasture) ranked second to those in lot 4 [mxed
ration) through the first 54 days of the study. As pointed out preiously,
sudangrass forage was good lor about 45 days but growth stoppeddue to
lack of rain. Thus, weaning weights in that lot would likely har been
higher if the creep-pasture had lasted for the entire study.
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Table 2. Calf Weights and Creep-Feed Consumption

Lot Neo. 1 2 3 4
Mixed?

Treatment Control Sudangrass' el ALL Ration
No. calves/lot 1G 17 17 18
Initial wt. (1b.) 310 34 317 309
Ave. weaning wt. (Ib.) 437 472 481 408
Advantage over Lot 1 (lb.) __ 35 44 61
Wn. wt, as 9% of control 100.0 108.0 110.1 114.0
Ave, daily Gain (Ih,):

8 days 1.86 243 211 2.64

5t days 1.81 2.30 2.24 2.63

B3 days 1.53 L.90 1.98 228
Creep-feed (1b.):

Total /ealf o Mo measure 423 573

Feed /calf fda iy Mo measure 5.1 6.9

Feed/added rb, gain i No measure 9.6 9.4

! Sudangrass crecp-pasture lasted only about 45 days,
Talixed ration formuala shown in Table |

Calves in lot § consumed less total creep-feed than those in lot 4,
especially during the fivst 28-day period, indicating that alfalfa pellets
were less palatable than the mixed ration. The calves slowly adapted to
the allalla pellets, resulting in increased gains between the 28 and 54-day
weights, Feed efficiency expressed as feed required for each ad-
ditional pound of gain above that of the control lot was 9.6 and 9.4 for
lots § and 4, respectively. Hence, alfalfa pellets were used about as effici-
ently as the mixed ration. Consumption of creep-pasture in lot 2 was not
measured, therefore efficiency of pasture conversion can not be caleulated,

During the early part of the study when the sudangrass was growing
rapidly, calves grazed the creep-pasture rather heavily, Forage quality was
controlled to a degree by mowing half of the pasture when it got too rank,
thus providing both new and older growth. The two-acre area provided
sufficient amount of creep-pasture for the 17 calves as long as soil mois-
ture was adequate, Had the sudangrass plot been irvigated there would
have been abundant creep-pasture (o weaning time,

Economic aspects of the study are shown in Table 3. Cost of sudan-
grass pasture was estimated to be $12.50 per acre and the allalfa pellets
estimated to cost $50.00/ton, including processing. "T'he ration fed to lot 4
was mixed by a commercial mill and the actual cost was $80.00/ton. The
price of this mixture could probably he reduced considerably if mixed on
the farm or if purchased in larger quantities, thus making it more eco-
nomically practical.

Total creep costs per calf were §1.47, $10.50, and $23.03 for lots 2, 3,
and 4, respectively, The net advantage per calf due to creep-feeding was
FLOTR, §4.90, and -$1.68 for lots 2, §, and 4, respectively, using the prices
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Table 5. Economic Comparisons

Lot No. 1 2 3 4
Mixed®
Treatment Control Sudangrass'  Pel. Alf. Ration
Cost of creep ($) = 12.50/ A, 30.00/T. 80.00/T.
Creep cost/calf (§) S 1.47 10.50 23.03
Cost/added b, (¢} i 4.2 28.1 37.0
Ave. calf value® (§) 15295 165.20 168.35 174,30
Calf minus creep ($) 152.95 163,73 157.85 151.27
Net due to creep ($) - 10,78 4,590 —1.68
Breakeven creep cost® (§) F 104,12 /A 62.20/T. 75.60/T.

L Sudangrass creep-pasture lasted only about 45 days.
9 hMixed ratlon formula shown in Table 1.
o Based on 35¢/1h. for wenned colves,

described and assuming a sale price of 35¢ per pound for all calves. This
assumes no price reduction for heavier, fatter calves in lot 4. If there were
a reduction in price per pound the mixed ration would have been even
less profitable,

Since cost of feed is so highly variable, the breakeven cost was com-
puted based on a sale price of 55¢/1b. of calves on all treatments. Note
that the creep-pasture would be the one from which a profit could most
easily be realized.

Results of this study indicate that gains and weaning weights of nurs-
ing calves grazing bermudagrass pasture during the growing season can
be increased by widely different types of creep-feeds. The greatest increase
in weights was obtained with the high-protein, high-energy mixed ration
but the cost of the mixture makes its economic feasibility questionable,
Pelleted high quality alfalfa hay shows promise both from the standpoint
of increasing calf gains and net returns. From an economic standpoint
creep-pastures such as sudangrass or other high quality warm season an-
nuals appear to show considerable promise.

Success of this type of creep depends largely upon the adequacy of
rainfall and/or the availability ol irrigation water. The advantage in calf
gains of lot 2 over lot | strongly suggests that during the latter part of the
nursing period calf gains are influenced to a great degree by the guality
of forage available, and that bermudagrass quality during this period of
time is too low to permit maximum gain.
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Self-Fed Liquid and Dry
Supplements for Wintering
Range Cows

Robert Totusek, [. W. Holloway and W. E. Sharp

Story In Brief

Liguid self-fed supplements, and dry self-fed supplements containing
urea or feed grade biuret to furnish one-half of the protein equivalent,
were compared to supplements containing only natural protein for range
COWS.

In one trial during which some prairie hay was fed, weight loss of
cows on liguid supplement was similar to that of cows on natural protein.
In another trial when only dry grass was available, weight loss was great-
er on liguid supplement. In bath trials, condition of cows and weaning
weight of calves tended to favor the natural protein supplements.

The dry seli-fed supplements containing urea or feed grade hiuret
produced results almost as good as a natural protein supplement, and
suggest excellent potential for increasing the utilization of non-protein-
nitrogen sources for range cattle.

Introduction

There is much interest today in the sell-feeding of supplements to
range cows. One of the primary reasons for this current interest is the de-
creasing availability, and increasing cost, of labor.

Much research at the Oklahoma Experiment Station the past 20 years
conclusively showed that the intake of cottonseed meal and other protein
supplements could be restricted to a desived level by combining with salt,
with no deterimental effects on cartle.

There is also renewed interest in sell-leeding as a possibility to im-
prove the utilization of non-protein-nitrogen sources (protein replacers)
such as urea. Urea is rapidly converted 1o ammonia in the rumen of cat-
tle, and much of the ammonia is lost before it can be converted to pro-
tein. It is possible that the frequent consumption of a urea supplement
will result in less loss than when the supplement is consumed daily or
every other day.

Liquid supplements are being fed in increasing quantity, primarily
because of convenience in feeding. They can be delivered to the self-leed-
ing tank in the pasture with no handling required on the part of the cat-
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tleman, and as with any selt-fed supplement little labor is required for
feeding.

The use of liguid supplements is facilitated by the fact that certain
feed ingredients such as urea, phosphorus sources, trace minerals and
vitamins are soluble and can be satistactorily combined with liquid feeds
suclh as molasses. Some ingredients such as urea and phosphoric acid (a
source of phosphorus) help to limit the intake,

Most liquid supplements contain urea as the principal source of
nitrogen, rather than sources of natural protein such as cottonseed meal
or soyhean meal. Urea is elficiently utilized as a partial protein replacer
in feedlot rations, but its utilization has been less satisfactory under range
conditions,

Biuret is another non-protein-nitrogen compound which has poten-
tial as a protein replacer for range cattle, It is of interest particularly be-
cause it is broken down less rapidly and is less toxic than urea.

The object of the experiments reported here was to compare liguid
self-fed supplements and dry self-fed supplements containing urea and
biuret to dry supplements containing only natural protein,

Procedure

The trials were conducted at the Lake Carl Blackwell Experimental
Range near Stillwater. Experimental cows were Angus and Herefords,
Treatment groups were equalized with respect to age and/or breed when
more than one breed and /or age was involved in a trial. Calves were born
during February, March and April and weaned in early October, Cows
grazed native tall grass pastures amd were rotated among pastures in each
trial. A mineral mix of equal parts salt and dicalcium phosphate was fed
free choice.

Trial 1

Trial 1 was conducted during the winter of 1968-69, from December
fi to April 25, a period of 140 days. Angus and Hereford cows five years of
age were divided into two groups within each breed. One of each of the
breed groups received a dry pelleted supplement containing 25 percent
crude protein; all of the protein was natural protein. Major ingredients
were cottonseed meal and milo, with 5 percent altalka and 5 percent
liquid molasses, 'The supplement was fortified to contain 1.25 percent
phosphorus and vitamin A at a level of 10,000 LU. per pound. This sup-
plement was fed three times each week at an equivalent rate of § pounds
per cow daily.

The second of each of the breed groups was self-fed a liquid supple-
ment with a protein equivalent of 30 percent, 28.1 percent of which was
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contributed by urea (45 percent nitrogen) at a level of 10 percent of the
supplement. The liguid supplement was fortified with trace minerals,
phosphoric acid to furnish 1.25 percent phosphorus, and vitamin A at a
level of 10,000 L. per pound.

Prairie hay was fed at a rate of 10 Ih, per cow daily heginning when
calving started February 1.

Trial 2

Trials 2 and 3 were conducted during the winter of 1969-70, from
Movember 21 to April %, a period of 139 days. Angus and Hereford cows,
four and five years of age in Trial 2 and six years of age in T'rial 5, were
divided into three and four similar groups for Trials 2 and 3, respectively.
Three dry supplements were self-fed in both trials, and a liquid supple-
ment was also self-fed in Trial 5; all supplements contained 30 percent
p!'uicin L'L[uiv;ileut. One dry supplement contained only natural protein,
a second contained urea to furnish one-halt of the protein equivalent,
and a third contained a feedgrade biuret' to furnish one-half of the pro-
tein equivalent. All three supplements were formulated to contain 1.5
percent phosphorus, 0.5 percent calcium, 0.5 percent sulfur, 5 percent
alfalfa meal and 5 percent liguid molasses, Major ingredients were wheat
and soybean meal. Consumption of the dry supplements was regulated
at desived levels by the inclusion of salt,

The liquid supplement® was similar to the one fed in Trial 1. Con-
sumption was limited when necessary with aluminum sulfate at levels of
10 to 20 1. per ton of supplement,

Prairie hay was fed in Trials 2 and 3 only when snow covered the
grass,

Results

Trial 1

Consumption of the sell-fed liguid supplement averaged 4.2 1h. per
cow daily, compared to 8.0 Ib. of the natural protein supplement which
was hand-fed. Results are summarized in Table 1.

Total winter weight losses were similar and not significantly affect-
ed by type of supplement. However, the patterns of weight loss were con-
siderably different. During the first 28 days of the trial, cows fed the
natural protein supplement gained 9 lb. per cow while those fed the
liquid supplement lost 48 pounds. This period included two weeks of
severely cold weather during which the intake of liquid supplement was
very low, Subsequently, the cows on the natural protein supplement lost

"Hedlor, furnished by Farmland Tncduosiries  Kansas City, Missourd,
Wupplicd courtesy of MNational Molpsses Company, Willow Grove, Penoyshvanin, and Lyle Perry,
Waskomis,
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Table 1. Trial 1: A Comparison of a Liguid-Urea Supplement With a
Natural Protein Supplement

Breed Angus Hereford Breeds "";"“E“_id-
Type of supplement ‘Control' Liquid® Control Liquid  Control  Liguid
No. cows 14 13 10 10 24 23
Initial wt., 12-6-68, lb 014 G006 oRy ao0 045 943
Final wt., 4-25-69_ Ib, n 178 854 B85z B0 815
Wt. change b —I144 128 —133% —128 —139 —128
Birth wt. of calves, lb. 54 53 63 62 58 &7
Weaning wt. of calves, b, 462 445 442 422 455 436

1A dry supplement containing 23% protein equivalent, all satural protein,
£ A molases-base supplement containing 509 protein equivalent, incheding 28.1% from urea.

more weight than cows on liguid supplement. The improved performance
of the liquid supplement during late winter may have been associated
with the feeding of prairie hay beginning February 1, since previous re-
search has shown that urea is utilized more satisfactorily with hay than
with dry grass. The cows fed liquid supplement appeared to be in poor-
er condition at the end of winter, but this difference was not reflected in
body weight.

Birth weight of calves was not alfected by type of supplement. Al-
leugh weaning weights favored the natural pmtein groups, by 17, 20,
and 19 1b. for the comparisons involving Angus, Herefords, and combin-
ed breeds, respectively, the dilferences were not satistically significant.

The type of supplement fed was without apparent atfect on the re-
breeding performance of the cows.

Trial 2

Results are shown in Table 2, The average daily intake of supple-
ments was regulated rather effectively with salt; there was only 0.09 lb.
difference between the low and high consuming groups. Although differ-
ences in average winter weight change were not large, weight changes
within groups were consistent and consequently the differences were
statistically signiticant. Cows on natural protein gained 32 Ib. more than
cows on the urea supplement, which in turn had an advantage in weight
change of 16 Ib. over the cows on the biuret supplement. Condition scores
at the end of the wintering period followed the same trend as weight
changes, but differences were not statistically significant.

Cows were pasture exposed to bulls for a 45-day period. Most of the
cows conceived. With the short breeding season and limited numbers of
cows involved it is not possible to make meaningtul conclusions regarding
treatment effects on conception,
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Table 2. Trials 2 and 3. A Comparison of Seli-fed Liguid and Dry
Supplements for Range Cows

Supplement” (all self-fed)

Licyuitd
Natural Kedlor*  supplement®
protein (dry)  Urea® (dry) (dry)
Trial 2: Open cows
No. cows 10 11 10
Daily supplement, b, 2.9% 287 2,96
Daily zale, b, 1.05% .79 Al
Av. 9 salt 26.0 21.6 21.5
Initial wt., 11-21-69, 1b. 852 885 BG2
Final wt., 4-9-70, Ib. 8A9 890 a5l
Wt. change, Ib.* 437 +5 =11
Condition score, 4-9-70° 4.4 4.0 3.6
No. cows bred 3 11 9
Trial 3: Bred-lactating cows
Mo. cows 9 14 9 10
Daily supplement, b, 3.26 3.25 3.19 320
Daily salt, 1b. 1.28 R} 1.17
Av, % salt 28.3 21.7 26.8
Initial wt., 11-21-69, lbs. 1038 1051 1050 1015
Final wt., 4-9-70, lb. 927 Q8 a53 860
Wt change, b} —111 —51 —4a5 —155
Condition score,' 4-9.7(0° " 4.2 4.0 1.9 3.2
Birth wt, of calves, Ih, fi5 69 7 0
Weaning wt. of calves, 1b. 413 401 1497 Sﬂg

No. cows rebred B 10 1]

1 All supplements contained 30% protein equivalent,

BT supply 50% of protein equivalent.

7 Approximately #% of protein wivalent from wurea.

Y Weight damage of cows was sig ??n.-nmh' affected by treatment (P==200),
S on 14 basis, with 1 the poorest comdition and 4 the highest.

o Significantly affected by treatment [ P==05),

Trial 3

As in Trial 2, the average daily intake of all supplements, including
liguid supplement, was very similar, with a range of only L07 pound.
The intake of liquid supplement was very high, approximately 9 b, per
cow daily, at the beginning of the trial. Aluminum sulfate was effective
in limiting intake. During the latter part of the trial, in late March and
ﬁpl‘iI. intake of the liguid suppltrmem was very low, even without alumi-
num sulfate, In both Trials 2 and 3, considerable variation in intake of
dry supplements was noted as cows were rotated among pastures.

Type of supplement had a significant influence on total winter
weight loss. Cows on liguid supplement lost the most weight, lollowed by
those on natural protein, biuret, and urea. However, condition score was
also sipnificantly alfected, and the cows ranked in the order of natural
protein, urea, biuret and Iit]uir.i supplement, from best to poorest.

Differences in hirth weight and weaning weight were not statistically
significant. However, it is interesting to note that weaning weights follow-
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ed the same trend as condition scores. The biggest difference in weaning
weight, 33 Ib., was observed hetween cows fed the natural protein supple-
ment and liquid supplement,

Conclusions

Results with self-fed supplements were encouraging. Although liguid
supplement was not totally comparable to natural protein supplements,
it is significant that performance on a product containing such a high
proportion of its total protein equivalent from urea was as good as it was,
The liquid protein seemed 1o be less satisfactory than natural protein sup-
plements in two trials in terms of condition of the cows and weaning
weight of the calves; as well as in body weight loss of cows in one trial
when dry grass served as the only roughage.

The dry seli-fed supplements containing either urea or feed grade
biuret to furnish one-half of the total protein equivalent produced very
satisfactory results, The average performance of cows on these products
was not as good as that of cows fed natural protein supplements, but was
much better than performance of range cattle fed supplements contain-
ing non-protein-nitrogen in past research at the Oklahoma Experiment
Station. The improved performance may be due to self-feeding, or im-
proved supplement formulation, or both.
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Beef—Feedlot

Comparison of Cottonseed Hulls and
Wheat Straw as a Roughage
Ingredient in Steer Finishing

Rations
R. R. Frahm, D. G. Wagoner, D. F. Stephens and R. E. Renbarger

Story in Brief

Data were analyzed from 87 choice Angus steers involved in a 196
day feedlot trial involving two rations that differed only with regard
to a roughage ingredient. One ratio contained 15 percent cottonseed hulls
and the other contained 15 percent wheat straw. The feedlot performance
and carcass data were essentially the same for both rations which suggests
that wheat straw can be successfully utilized in a finishing ration and
should be considered when it is economically advantageous to do so.

Introduction

Cattle finishing rations commaonly contain some roughage ingredient
which can, in some circumstances, be an expensive feed item. Many Okla-
homa farms have available sources ol roughage. The use of these rough-
ages in catile finishing rations could result in some economic advantage
providing they are as effective in the ration as the conventional rough-
ages purchased from sources off the farm. The purpose of this study
was to evaluate a readily available roughage on many Oklahoma farms,
wheat straw, as a roughage replacement for a commonly purchased rough-
age [or finishing rations, cottonseed hulls.

In cooperation with Fi. R(:-n.o Livestock Research Station, Agriculture Research
Service, Animal Science Research Division, USDA.
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Materials and Methods

A 196-day feeding trial was conducted to compare wheat straw and
cottonseed hulls as roughage ingredients of finishing rations. The 94
choice Angus steers initially allotted to this experiment were the pro-
geny of 10 sires involved in a progeny testing program as a part of the
beef cattle breeding project. In order to maintain valid progeny test
comparisons between sires, half of each sire group was allotted to each
treatment group. Within this restriction, the steers were allotted to each
treatment group such that their acual weaning weights were equalized
(440 1bs. for both groups) . The steers were weaned at an average of 205
days at the Lake Carl Blackwell range and were transported to the Fr.
Reno Livestock Research Station where they were placed on feed test two
weeks after weaning., The steers were fed in two adjoining pens that
opened to the south from a feeding barn. An outbreak of respiratory
disease was experienced with these steers and data from those animals
that became extremely sick in addition to those that died were excluded
from the analysis (4 from the cottonseed hull ration and 3 from the
wheat straw ration}.

The composition of the rations is presented in Table 1. These rations
have a higher roughage content than most conventional finishing rations
simply because the cottonseed hull ration was formulated for use in
measuring postweaning feedlot performance for bulls raised in the beef
cattle selection study being conducted at Ft. Reno. The only difference in

Table 1. Composition of Rations.!

Amount in Percent

Cottonseed Hull Wheat Straw

Ingredient Ration Ration
Shelled corn 325 32.5

Dats 20.0 20,0
Cottonseed hulls 15.0 i}
Wheat straw L] 15.0

Alfalfa 15.0 15.0
Soyhean meal (44%) 12.5 12.5
Molasses 5.0 50
Chemical Analysis (9% )%

Diry matter 895 89.6

Crude protein 13.5 15.7

Acid detergent fiber P 17.2%2

Ether extract 2.7 2.9

1In addition both vations had 10 Ths of st and 5 Iba. of aorofac-10 addeled per von and mineral
galt and bhone meal was provided ad lil,

2 Average determination from 17 samples obtained of each ration  over the feeding period.
Chemical composition presented on anoas is basis
o Pyeatment means different a2t the 001 probability level
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the lormulation ol these (wo ratlons was the replacement ot coLlonseeda
hulls by wheat straw. The rations were ground through a %4 inch screen
and led to the steers in sell feeders. The only difference in the chemical
composition detected in the two rations was the § percent higher (P<
0L.01) acid detergent liber content of the cottonseed hull ration.

Resulis and Discussion

The feedlot performance and carcass data of the steers in the cotton-
seed hull and wheat straw rations are presented in Table 2. The initial
weights were determined at the start of the feeding trial two weeks after
the steers were weaned. They differ slightly for the two reatments be-
cause the initial allotment to treatment groups was based on weaning
weights along with the fact that data on 7 steers were eliminated from
the analysis because of sickness or death,

The most striking result of this study was that all of the feedlot per-
formance and carcass traits measured were clearly not significantly dif-
ferent between the two treatments. It should be emphasized that the
number of animals involved and the design of this study were such that
relatively small differences in performance could have been detected had
they existed.

No particular difficulties were encountered from using wheat straw
in the ration, There appeared to be a slight tendency for the steers on

Table 2. Feedlot Performance and Carcass Information (196 days).t

Cotonseed hull Wheat straw

Trait Measured ration rafion

Ma. stecrs 43 44

Feedlot data:

Imitial weight, lhs. 432 428

Final weight, lbs. B46 B34

Daily gain, lbs, 211 2.07

Feed/1b. gain, lbs. 8.21 7.91

Clarcass data!

Hot carcass weight, 1hs, 542 531
Diressing pereent G4.1 63.7
Carcass grade® 104 10.4
Ribeye area, sg. in. 104 10.2
Fat thickness, in. 0.81 0.79
Marbling score® 5.1 5.3
Cutability, *10° 49.2 49.3

L Mone of the differences in performanoce from these rationg were signilicant {P<=Z0005),

BUS DA, carcass grades converted to the following oumerical designations: high cholee-12, avg,
choice=11, low chobce-10, high good-0,

3 Marbling score equivalents: moxlerate-7, modest-6, small.h, slight-4,

i Estimated  percentage boneless vretall oo from round, bein, tib and chock,
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wheat straw to look [uller; however, an increase in incidence of bloat
was not observed,

Results from this study suggest that wheat siraw can be success-
fully utilized as a roughage in finishing rations and should be considered
when available at a price below that of cottonseed hulls or other similar
roughages.

A Comparison of Corn Processing
Methods, Several Levels of Corn
Silage, and Sorghum Stover Silage
versus Corn Silage for Finishing
Steers

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

Story In Brief

Three methods of processing corn were compared. High-moisture-
harvested ground corn and ground-reconstituted corn were utilized 11.0
and 6.5 percent more efficiently than dry ground corn.

A ration containing 20 percent corn silage did not produce faster
gains but was utilized 14.5 percent more efficiently than a ration contain-
ing 200 percent sorghum stover silage.

Rations containing 20 and 50 percent corn silage were similar in
terms ol cost ol gain and carcass grade, but the 20 percent silage ration
had an advantage in rate and efficiency of gain. An 80 percent silage
ration produced economical gains, but carcass grades indicated a longer
feeding period would have been desirable.

IExperiment conducted at Panhandle State College, Goodwell,
ranhandle State College, Gomlwell

B klahoma State University, Stillwater
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Introduction

Corn silage is fed in signilicant quantity to feedlot cattle in irvigated
areas of the Southwest. The percentage led varies with the feedlot stage
of the cattle and with other factors but the amount of corn silage used
varies from as much as 80 percent to as little as 5 to 10 percent of the
ration, The usual practice is to rapidly decrease the percentage of corn
silage in the ration to a very low level for the major portion of the feed-
ing period. Information is needed concerning the value of modern rations
containing widely different levels of silage throughout the feeding period.

Although much of the irrigated corn acreage is utilized for corn sil-
age production, an increasing acreage is being used each year for corn
grain production. Under the proper management it is considered to be
very competitive with the irrigated grain sorghums. Considering this
trend to increased production and feeding of corn grain, it is important
to evaluate the different methods available for harvesting and preparing
corn grain for feedlot cattle so that the greatest yields of beel can be ob-
tained per acre of corn produced. Furthermore, most corn in the South-
west is irrigated, and it is imperative to make the most efficient possible
use of this depletable resource.

Materials and Methods

Eighty-nine head of yearling steers were used in this study to deter-
mine:
1. The feeding value of ground dry corn, 1]if.;]l-IIl{]iﬂl.llTE-l‘lEIn?EﬁtE[]
ground corn, and ground-reconstituted corn,
2. The net value of rations containing widely different levels of
corn silage.
3. The feeding value of sorghum fodder silage compared to corn
silage.
Using weight and grade as the criteria, five steers were selected from the
group for the purpose of obtaining initial hody composition data. The
remaining 84 steers were divided by weight into 12 groups of seven steers
each, These 12 groups were divided into two replications of six groups
each and the groups within replication assigned at random to one of six
ration treatments. The ration treatments are shown below.
(1} Dry ground corn - 20 percent sorghum stover silage! - pro-
tein supplement,
(2) Dry ground corn - 20 percent corn silage' 4 protein sup-
plement.
(3) Dry ground corn - 50 percent corn silage' | protein sup-
plement.

tfepcent of the daily dry matter intuke of the steers,
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{4) Dry ground corn 4 80 percent corn silage! 4 protein sup-
plement,

(5) High-moisture-harvested ground corn - 20 percent corn
silage! | protein supplement,

{6) Ground-reconstituted corn -~ 20 percent corn silage! 4 pro-
tein supplement,

The ingredient makeup of the protein supplement, fed at a level of
L5 pounds per steer daily, is shown in Table 1. Each steer received two
15 mg. stilbestrol implants at the beginning of the trial.

With the exception of the corn used in combination with the sor-
ghum stover silage (Treatment 1}, the corn used in all ration treatments
was produced from the same field. The high-moisture-harvested corn was
harvested when the moisture content of the grain was approximately 30
percent. The remaining corn was allowed to dry in the field to a mois-
ture content of about 15 percent and harvested to provide corn used for
the dry and reconstituted corn treatments, T'he high-moisture-harvested
corn was ground and ensiled in a small concrete-lined trench silo. The
reconstituted corn was prepared by grinding the corn and then adding
water to the ground grain as it was augered into the silo for ensiling. The
dry corn was ground as needed. All grains were ground with a hammer-
mill utilizing a one-fourth inch screen, All of the corn silage used in the
studly came from the same field and was stored in one silo. Samples of
the feed constituting the different treatments were collected periodically
during the study for dry matter determinations and proximate analysis.
The average moisture content of feeds is shown in Table 2,

At the end of a 117-day feeding period, all steers were slaughtered
and specific gravity determinations were made, Carcass data obtained in-
cluded quality grade, loin eye area, fat thickness over the loin eye, and
percent kidney and pelvic fat.

Table 1. Ingredient Makeup of Supplement

Ingredient Percent of mix
Soybean meal (44%) 40.0
Dehydrated alfalfa meal (175%) 35.0
Urea [(45% nitrogen) 10,0
Stock salt 5.0
Dicaleium phosphate 20
Calcium carbonate 6.0
Premix! 1.2
Aurofac 10 0.8

s |
=
=]

En:mnq- ol Viiamins A, 13, and FE.
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Fable 2. Percent Moisture of Feeds!

II"I!‘{"I moisture  Reconstituted Iy Corn 5l.lrg|!'lll1‘l sLover
harvested corn corn corn silage silage
Moisture, % 29.21 32.26 16.15 64,81 38.19

VEach value based on 16 samples aken @ regular intervals during  the feeding  period.

Results and Discussion

The performance data for the 117-day feeding trial is shown in Table
3.

Average daily gain for the steers fed corn processed by different
methods was very similar. The cattle fed high-moisture-harvested corn
consumed less air dry feed than the catile fed dry corn and were 110 per-
cent more etficient than the latter group, This is in agreement with pre-
vious work with high-moisture-harvested corn at this station,

The efficiency of gain on reconstituted corn was 4.8 percent poorer
than on the high-moisture-harvested corn but 6.5 percent better than on
dry corn. Previous research at this station has similarly shown that grind-
ing milo previous to reconstitution is less effective than reconstituting the
whaole grain or high-moisture-harvesting,

Using the feed prices shown in Table 3, the high-moisture-harvested
corn produced the most economical gains followed by reconstituted ancd
dry corns.

The steers fed 20 percent corn silage gained only 0,18 pounds more
per day than those fed 20 percent sorghum silage but were considerably
more efficient and economical in their feed utilization. There was also a
difference in quality grade (Table 4} in favor of the corn silage led steers,
Only 50 percent of the steers fed sorghum stover silage praded choice
while 85.7 percent of the steers fed corn silage graded choice. In previous
trials there has been little difference between dry sorghum stover amd
corn silage when fed at 20 percent of the ration dry matter. Perhaps a low
guality of roughage is more effective in a dry form. However, the quality
of the sorghum stover silage used in this trial was rather poor,

Steer gains tended to decrease as the level of silage increased, especial-
ly at the 80 percent silage level. However, gains were respectable consider-
ing the lower quantities of corn grain consumed. Feed intake was great-
est for the 50 percent silage group and lowest for sieers fed 80 percent
silage. Feed efficiency was best for the 20 percent silage treatment and
similar for the 50 and 80 percent silage groups. The equal values [or
efficiency of gain between the 80 and 50 percent corn silage groups is
sommewhat misleading as indicated by the average quality grade (Table 4)
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Table 3. Feedlot Performance Data

(117 Days)

Dy ground Dry ground Dryv ground Dry nd  High-moisture Ground
corn, 209, corn, 205, carm, 505, corn, 80¢:  harvested ground  reconstituted
sorghum corn silage corn silage corn silage corn, 205, corn, 205,
stover silage corn silage corn silage
No. steers 14 14 14 14 14 14
Initial wt., Ib. 776 776 776 778 778 780
Final wt., lb. 1122 1138 1118 1069 1130 1122
Daily gain, lb. 2.96 3.09 292 2.49 3.02 292
Daily feed intake, 1b2
Corn 19.68 16.77 11.02 2.59 14.42 14.63
Silage 4.83 4.99 12.92 17.58 4.27 4 44
Supplement 1.50 1.30 1.50 1.50 1.50 1.50
Total 26.01 23.26 2544 21.67 T 20.19 2057
Feed/lb. gain, lb?* 8.82 7.547 B8.73 8.70 671" 7.05°%
Freed cost/cwt. gain, §° 20.28 17.79 17.27 13.64 16.07 16.82
T ANl walues exprissed en 907 dry matter basis,
#1145 percent more efficient than sorghum stover silage.
1L percent more efficient than dry corm.
4.8 percent more efficient than rveconstituted corn.
+ 6.5 percent more efficient than dry corn.
% Feed Prices
Diry ground corn 5 2.40/cw, Corn silage 510/ton
High-moisture-harvested ground corn 2.05 fewr. Sorghum Stover Silage 7/1on
Ground-reconstituted corn Qﬁf:w:, Protein Supplement .67 /ton

1.
Price of grains and supplement includes § 15w, processing and mixing charge.
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Table 4. Carcass Data

corn, 205, corm, 20 cun, 509 corn, 805 harvested ground  reconstituted
sorghum corn silage orn silage corn silage corn, 209 corn, 205
stover silage corn silage corn silage
No. Steers 14 14 14 14 14 14
Final live wt, lb. 1122 1138 1118 1069 1130 1122
Hot carcass wt,, lb. 08 719 714 LTt 712 716
Chilled carcass wt, lb. 693 706 702 636 706 703
Dressing percent 63.1 63.2 63.9 62.3 63.0 63.8
Quality grade
Mo. choice 7 12 12 9 11 12
No. good 7 2 2 5 3 2
5000 85.7 83.7 64.3 78.6 85.7

Percent choice




of the two groups. Approximately 86 percent of the carcasses from the 50
percent corn silage group graded choice while only about 64 percent of
those from the 80 percent corn silage group graded choice. This would
tend to indicate that 50 percent corn silage steers were fatter. The 80 per-
cent silage steers undoubtedly needed a longer leeding period. It is inter-
esting to note that the 50 percent silage steers graded as well as the 20
percent silage group and made slightly cheaper gains. The gains of the 80
percent silage group were very economical, but the cattle obviously were
not finished.

The net energy values ol [eeds compared in this trial will be report-
ed later.

Whole Corn vs. Ground Corn vs.

Rolled Corn For Finishing Cattle

Jerry Martin?, Milton England?, Jack Alexander®, Ted Montgomery®,
Donald G, Wagner® and Robert Totusek®

Story In Brief

Whole corn, ground corn, and rolled corn were compared in feed-
lot rations for steers using sorghum silage as the roughage source and a
conventional supplement. During a 140-day feeding trial, differences in
rate of gain and feed efficiency were small. Steers fed either the ground
or rolled corn consumed one pound more air-dry feed daily than those
fed whole corn but were no more efficient in their feed utilization.

The feed cost of grain was lowest for the sieers receiving the whole
corn due primarily to no processing cost charges against whole corn. The
lower cost of gain for the whole corn resulted in a cost advantage of
$6.80 and $3.60 compared to rolled and ground corn, respectively,

Introduction

The cost of grain processing for finishing cattle is always of major
concern to the cattle feeder, since a small reduction in feed processing

VExperiment conducted at Fanhandbe State College, Goodwell,
Mranhandle State College, Goodwell.
Myklahoma State Unlversity, Stillwater
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COSE Can S1g11|!1cm11l}r increase net returns, pm‘lli'u!:ll'l}' lor the larger ecd-
er. Some feedlots in the Texas-Oklahoma Panhandle and Southwest Kan-
sas area have utilized whole corn with varying degrees of success. In most
cases, the use of whole corn has been in high concentrate rations using a
special supplement,

The purpose of this trial was to compare whole corn with ground
and rolled corn when used with sorghum silage and a conventional pro-
tein-mineral supplement.

Materials and Methods

Eighty-four yearling steers were grouped according to weight into 12
groups of seven steers each. These groups were then divided into four
replications of three groups each and the groups within replications allott-
ed randomly to the following ration treatments,

(1} Ground yellow corn + sorghum silage -}- supplement.

(2) Rolled yellow corn | sorghum silage 4 supplement.

{3) Whole yellow corn 4 sorghum silage -- supplement.

There were four lots of seven steers per lot on each treatment, a total of
28 steers per treatment.

The initial and final weights of the steers were taken after a 16-hour
shrink off feed and water. At the end of the 140 day feeding period, the
steers were slaughtered and carcass data collected.

The grain used in the study was purchased from a local grain eleva-
tor in ten-ton lots with portions of each lot being ground and rolled for
the respective corn preparation treatments. The sorghum silage was pur-
chased from a area farmer. Samples of the grain and silage were collected
periodically during the study for the purpese of dry matter determi-
nations, particle size measurements, and density measurements.

The sorghum silage was fed at a level to constitute approximately 20
percent of the daily dry matter intake of the steers. The steers were fed
twice daily to appetite.

All steers were implanted with two 15 mg, stilbestrol implants at the
heginning of the feeding period,

Resulis and Discussion

The protein-mineral-vitamin supplement used in this study is shown
in Table 1. This supplement was fed at a level of 1.7 pounds per steer
per day.

The results shown in Table 3 indicate very little difference in per-
formance of cattle fed corn processed by the three methods. Both rate of
zain and feed conversion values were very similar among treatment
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Table 1. Ingredient Makeup of Supplement

Ingredient Percent of Mix
Cottonseed meal (439 ) 40.0
Dehydrated alfalfa meal (17%) 5.0
Urea (45% nitrogen) 10.0
Stock salt 30
Dicalcium phosphate 2.0
Calcium carhonate .0
Premix® 1.2
Aurofac 10 0n.s

100.0

L Source of Vitamin A, I}, amd E.

Table 2. Moisture, Particle Size, and Density of Processed Corn

Screen Size Muoisture  Weight
Process Ahmm S.hmm Zhmm Lihmim percent per
bushel
I= Percent passing through 1,
Whole corn 0 0 0 0 14.16 55.6
Whole corn 17.24 0 0 0 13.90 46.5
Ground corn 99.06 75.11 52.70 17.24 13.86 449

groups and apparently were influenced very little by the methods or pro-
cessing corn compared in this experiment,

A physical separation of the fecal material [rom steers fed whole corn
showed many whole kernels of corn passed through the digestive tract.
This was probably true with ground and rolled corn also as indicated by
the feed efficiency values of these groups but the undigested corn in
their fecal material was simply less obvious,

It was more difficult to keep the steers receiving whole corn on feed
as compared to the other two groups. The steers on whole corn tended to
select the roughage at each feeding and as indicated in Table $ consum-
ed one pound less air-dry feed, mostly corn, then the steers fed ground and
rolled corn.

Using the indicated feed prices shown in Table 3 and a charge of
§0.15 per cwt. for grinding and rolling, the steers fed whole corn pro-
duced the most economical gains. This amounted to a cost reduction of
$6.80 and $5.60 mmpnrml to rolled and pround corn, respectively, based
on a feedlot gain of 400 pounds per steer,

Method of corn preparation had no eflect on carcass merit {Table
4) . There were no apparent dilferences in any of the carcass character-
istics measured.
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Table 3. Feedlot Performance ]}ala {Idl] I}a}rs}

(.-rn‘uml CONTE Ru-llcd COTIL e Wh;:rh: mrn

No. Street P e T e o T
Initial wt., b G5l 44 644
140 day wit., 1b.* 1072 1056 1053
Daily gain, Ib. 3.01 2491 2.88
Dhaily F d intake, Ib.®

Girain 17.2 17.2 6.4

Sorghum silage 4.6 4.6 4.4

Protein  supplement 1.7 1.7 1.7

Total 235 2a.5 225

Freed®/ b, gain, 1h, 7.80 B.O8 7.78
Fr:'d cost/cwt, gain, § 21.61 22,41 20.71

4 Hl.1l:ll on 14 hour shrink off feed amd water,

*Values expressed on 90% dry matier basis.
2 Feedl Prices

Whale corn RS2 B owt, Protein  supplement £8. 40w,

Gronnd corn 205/ cwe

Rolled comn 205/ cwe, Price of ground and rolled corn includes
Sevig e silage 7.0 en 5 A5fcwt. processing  charge,

Table 4. Lar{.a.%s Dam

l.""rnund COrn Rolled corn Whale corn
Mo, Stecrs 28 27
Final live wt., 1. 1072 1056 1053
Hot carcass wt., b, 697 95 6T
Diressing percent' 65.0 65.6 65.2
Carcass grade® 10.0 10.5 10.5
Ribeye area, sq. in.’ 11.7 11.6 11.5%
Fat thickness, in.* Al L 57
Cutability, %° 48.9 48.5 484
! Calculnted on basis of lve LImmL welght and hot carcs 188 weight,

2 L8 1A. gmﬂ.m standard: high choice=12, average choice—=11, low choice=10, high good-—-9.

A Surface aren of loin eye at 12th rib,

i Avernge of thres measurements tnken on ribeye tracing at 12th vib,

F PMereent of boneless trimmied retail cots on cavcass bosis = 5150 = 78 (fat thickness) — 462
(% kidney fary 4+ 540 (ribeve aveny — 00 (ohilied coveass weight),
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Influence of Level of Wheat in
High Concentrate Rations on The
Performance of Fattening

Beef Cattle

Donald G. Wagner, Ryan Christiansen and Robert Renbarger

Story in Brief

Various levels of wheat were compared in high concentrate (90 per-
cent} rations for fattening beel cattle. The treatments studied were 1) dry
milo (no wheat) 2) 42 percent wheat (V4 of cereal grain in ration) 3)
63 percent wheat (34 of the cereal grain in ration) and 4) 84 percent
wheat (100 percent of cereal grain in ration).

The average daily gains were 2.56, 2.77, 2.86 and 2.38 1b. on the mila,
42 percent wheat, 63 percent wheat and 84 percent wheat treatments
respectively, (P>.05). One heifer on the 84 percent wheat treatment was
condemmed for ascites at the time of slaughter and gained only .67 1b.
per day during the experiment. Removal of this animal from the average
reported above, resulted in an average of 2.54 Ib. per day for the remain-
ing heifers on the 84 percent wheat ration. The average feed required per
pound of gain was 7.46, 6.88, 6.68 and 7.59 1b. on the milo, 42 percent
wheat, 63 percent wheat and 84 percent wheat treatments, respectively
(P=.05) . This experiment would suggest that substantially higher levels
of wheat can be successfully used than are normally used in high con-
centrate feedlot rations when accompanied by good management.

Introduction

Wheat represents a very important economic crop in Oklahoma. Due
to the low wheat prices during the past few years, wheat has been com-
petitively priced with other cereal grains as livestock feed. Therefore, con-
sidderable guantities of wheat are currently heing fed in Oklahoma, par-
ticularly in beet cattle and swine rations.

Much of the previous work with feeding of wheat to fattening beef
cattle was conducted some years ago in which wheat was fed in move con-
ventional, much higher roughage rations than now used throughout much
of the high plains cattle feeding area. Rations containing as much as 90
percent or more concentrates are now commonly fed in many leedlots.

In cooperation with Agricultural Research Service, Animal Science Division, USDA.
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Very little work has been conducted to investigale the use ol various
amounts of wheat in such rations. Many Teedlots would find it econom-
ically advantageous for them to use the maximum amount of wheat pos-
sible compatible with abtaining satisfactory animal performance, Previous
reports and some field observations suggest that high levels of wheat in
fattening rations frequently depress feed intakes and gains, IF wheat is fed,
feedlot rations commonly contain a maximum of 30-40 percent wheat;
often, much less is included, The objective of this experiment, therefore
was to determine the effect of various levels of wheat in high concentrate
rations when fed to fattening beel cattle,

Materials and Methods

Choice Angus yearling feeder heifers, varying from about 525-625
pounds, were selected for use in this feeding experiment. 'The animals
were gradually adapted to a high concentrate ration during a three week
preliminary period.

Following the preliminary period, 48 heifers were selected and block-
ed into three groups on the basis of weight and then randomly allotted
within blocks to four treatments with four heifers per pen (12 animals
per treatment) . The treatments studied were as [ollows:

1) milo {0 percent wheat)

2} wheat — 42 percent in total ration (50 percent of cereal grain)

3) wheat — 63 percent in total ration (75 percent of cereal grain)

4y wheat — 84 percent in total ration (100 percent of cereal grain)
The compositions of the rations are given in Table 1.

The wheat in this experiment was of the Triumph variety which is
a hard red winter wheat. In the rations containing 42 and 63 percent
wheat, dry rolled milo constituted the remainder of the cereal grain por-
tion. In all four weatments, both the milo and wheat were dry rolled
through an I8 x 247 heavy duty roller mill, The rations were all formu.
lated to contain the composition indicated on a 90 percent DM basis, “The

Table 1. Ration Composition?

Wheat
Milo 2 (i} = 84
______________________________ TR s s s e SRR
Milo HE 42 21 U
Wheat el 42 63 HED
Premix® 16 16 16 16

! Formulated on a 90% DA, hasis,
3 Camtaminerd cobttonseed  holls, growmd alfalfa hoy, soybean meal, orea, minerals, antibiotics and
vitamin A.
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rations were 90 percent concentrate—10 percent roughage mixtures using
b percent cottonseed hulls and b percent ground alfalfa hay as the source
of roughage. The rations were fed in self feeders in quantities adequate
to last for approximately five days, All animals were implanted with 24
myg of stilbestrol at the beginning of the experiment.

The heifers in the two heaviest blocks were fed for 104 days prior to
slaughter; whereas, the heifers in the light weight block were fed for
140 days, giving an overall average I'ee{ling. time of 116 days for all heifers,
Initial and final weights were taken after a 16 hour overnight shrink oft
feed and water,

Feed samples were collected periodically for analysis.

Results and Discussion

The feedlot performance data are given in Table 5. As noted, feed
intakes were quite uniform among all treatments (P>.05), although
slightly lower on the all wheat ration, Average daily gains were 2.56, 2.77,
2.86 and 2.38 1b. on the milo, 42 percent wheat, 63 percent wheat and 84

Table 2. Proximate Analysis of Wheat and Milo

Diry Crude? Ether!
Feed Matter Protein Ash' Extract Carbohydrates'*
Pt L5 = A A U R e L PR
Milo AA.1 9.86 1.63 2.534 B6.17
Wheat B9.6 15.07 2.23 1.17 81.53

1 Expressed on a DM hasis =
21 — (Sum of figures for crode protein, ash and ether extract)

Table 8. Feedlot Performance

'''' Wheat (Percent)

Milo 42 i) B4
MNo. of heifers 12 12 12 12
Initial weizght, lb, 591 585 587 596
Final weight, lb. BaS 901 9]2 AT
Daily feed, 1b.'* 19.1 19.0 19.0 180
Daily gain, 1b.® 2.56 277 2.86 2.38°
254
Feed/lb. gain, Ib® 7.46 .88 .68 7.59°

! Expressed on oa 90% DNA hasis

SMone of the values indicated were significanly different at the 06 level of probability

A Includes all 12 heifers in the treatment

1 Exclwdes one heiler which was condemned for ascites at the time of slaughter and which gained
GY Ih, per doy during the experiment.
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Carcass Information

Iy Rolled Wheat (Percent)
Milo i D T
Dressing percentt 622 2.2 61.0 69.8
Carcass grade® 11.1 10.5 9.9 10,0
Rib cye area, sq. in, 11.9 1.8 11.8 11.1
Fat thickness in® 091 0.98 0,90 .86
Marbling* 2000 18.1

* Calculated on basis of live shronk weight and chilled carcas weight,
AU8DA. carcass  grade converted o following  numeral :I.c!innﬁﬁmu: |I|lﬁh prime-15, average
prime-14, bow prime-18, high choice-12, avernge cholee-11, low choice-10, high good %, average
wrl-8, low good-T.
A Average of three measurements determined on wracing at the 1Eth rib,
t Marbling scores: 1 to 30, 11 — slight, 14 = small, 17 = modest,
& Mone of the carcass troits differed significantly at the 05 level of probability,

percent wheat rations, respectively (P>.08) . One of the 12 heifers on the
B4 percent wheat ration gained only 0.67 Ih. per day and was condemned
lor ascites at the time of slanghter, the cause of which was unknown. This
is one possible reason the average daily gain was lower on the 84 percent
wheat treatment. 'The average gains of the remaining 11 heifers on the 84
percent wheat ration was 2.5%4 1h. per day, equally as good as for the all
milo ration but somewhat less than for the wheat—milo mixed rations,

The average feed retiui]'crl per pound of gaiu was 7.46, 6.88, 6.68 and
7.59 1b. on the milo, 42 percent wheat, 63 percent wheat and 84 percent
wheat treatments, respectively (P>.08). Assigning an estimated NE,,
value of 83 Meal and an estimated NE, value of 53 Mcal/100 Ib. to the
84 percent wheat ration, together with the use of net energy requirement
values for maintenance and gain, it might be possible to estimate within
limits the quantity of feed consumed during the experiment by the
animal condemned for ascites. While such an assumption would be sub-
ject to some question when estimating the feed consumption of a sick
animal, such a correction would produce an estimated feed conversion of
7.59 1b. of feed per Ib. of gain for the remaining animals on the 84 per-
cent wheat ration as contrasted with an uncorrected value of 7.54 1b. of
feedf1b. of gain. Nevertheless, no sr:ul.islft::lll}' 5ip;nil'i{:.'1||l. ditferences
(P=.05) existed in feed efficiency in either case,

Although not statistically significant, the slightly higher feed con-
version values reported on the two mixed milo rations were probably, in
part, functions of the slightly greater daily gains on these rations, since it
is a well known fact that Faster rates of gain usually produce improved
feed conversions (1b. feed/Ih. gain) in [attening cattle. Volatile fatty acid
and lactic acid productions are also being determined on such rations,

In briel, this experiment would also suggest that substantially higher
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levels of wheat could be very successfully used in many high concentrate
feedlot rations than is now the case, providing satislactory management
is employed. It is a known research fact that wheat may be prone to in-
ducing a lower rumen pH and more acidosis than some other cereal grains
11l SOMme Circumstances.

Influence Of Level Of Wheat And
Method Of Processing Wheat On

The Performance Of Fattening
Beef Cattle

Donald G. Wagner, Ryan Christiansen, Wilburn Holloway
and Robert Renbarger

Story in Brief

Two methods of processing wheat, fine grinding and dry rolling,
and two levels of wheat, 40 percent wheat and 70 percent wheat, were
compared with dry rolled milo in high concentrate rations for fattening
beef cattle. The treatments investigated in a 90 percent concentrate ration
were 13 dry rolled milo, 2) rolled wheat—40 percent wheat in the total
ration, 5) rolled wheat—750 percent in the total ration, 4) Ffinely ground
wheat—4{ percent wheat in the total ration and 5) hnely ground wheat
— 70 percent wheat in the total ration.

In a 140 day feeding experiment, average daily feed intakes on a 90
percent DM, basis were 19.1, 17.5, 17.0, 18.7 and 18.6 1b, for the dry roll-
ed milo, rolled—40 percent wheat, rolled—70 percent wheat, ground—
40 percent wheat and ground—750 percent wheat reatments, respectively.
Average gains were 3.11, 2.91, 2,81, 2.97 and 2.85 lb. per day, and the
pounds of feed required per pound of gain were 6.15, 6.09, 6.08, 6.55 and
6.54 for the same treatments, respectively, The values z'cpm'led for aver-
age daily feed intakes, gains and feed conversions were not statistically
significant (P=0%) .

In cosperation with Apriculiural Research Service, Animal Science Division, USDA.
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Introduction

Most research on the utilization of feed grains by attening cattle has
been conducted with corn and to a lesser extent with milo, Very limited
work has been done with wheat in recent years. Wheat represents a major
economic crop in Oklahoma, Wheat prices have usually been too high dur-
ing most recent periods in history to permit wheat to be used extensively
as livestock feed. During the past two years, however, wheat has been very
competitively priced with other grains as an energy source for fattening
cattle. Furthermore, high yielding varieties of wheat have also been de-
veloped in recent years, Some of these varieties have poor milling and
baking properties, but they could possibly be used as livestock feed.

Little or no research has been conducted to determine the best
methods of processing wheat when fed in high concentrate rations to fat-
tening cattle, Furthermore, very little information is currently available
concerning the effects of feeding different levels of wheat in high concen-
traie type rations now being widely used in the feedlot industry, The ob-
jective of this experiment, therefore, was to determine the value of dry
rolled versus finely ground wheat when each was fed at either 40 o 70
percent of the total ration in high concentrate feedlot rations,

Materials and Methods

Equal numbers of Choice Angus and Hereford feeder steers, weigh-
ing approximately 600 pounds, were selected for use in the feeding experi-
ment. The steers were gradually adapted to a 9 percent concentrate
ration during a three week preliminary period by gradually decreasing the
quantity of roughage in the ration.

Following the preliminary period, the steers were Blocked into four
groups on the basis of breed and weight. A slaughter sample was selected
at random rom each block to permit net energy values of the ration to be
determined using the comparative slaughter technigue. The 72 remain-
ing steers were then randomly allotted within blocks 1o five treatments
with three steers per pen (12 animals per treatment) . The five treatments
were as follows:

I} Dry rolled milo

2y  Dry rolled wheat—40 percent in total ration

35) Dry rolled wheat—70 percent wheat in total ration

4y Finely ground wheat—40 percent wheat in total ration

5)  Finely ground wheat—70 percent wheat in total ration

The dry rolled milo and wheat were obtained by rolling the grain
through a heavy duty 18 x 24* roller mill with a roller spacing of 003
inch. The finely ground wheat was obtained by grinding the wheat
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through 14" hammermill screen. The wheat was of the Triumph variety,
a hard red winter wheat,

The experimental rations consisted of a %90 percent concentrate mix-
ture, formulated on a 90 percent dry matter basis as shown in Table 1.
The ration ingredients other than milo or wheat were combined in a pre-
mix. The complete ration contained 5 percent cottonseed hulls and 5 per-
cent ground alkalfa hay to produce a 90 percent concentrate—10 percent
roughage ration. The milo which was included in the 40 and 70 percent
wheat rations (Table 1) was dry rolled. Feed was prepared and fed daily
in amounts which would permit availability of feed until the next feed-
ing. Stilbestrol was implanted at the 24 mg level at the initiation of the
feeding trial and again after 84 days on feed. The feeding period lasted
for 140 days. Initial and final weights were taken after a 16 hour shrink
off feed and water,

Results and Discussion

The proximate analysis data for the wheat and milo are presented in
Table 2 and the particle size and density data for the wheat in Table 5.
As noted in Table 3, the particle size and weights per bushel were quite
different for the dry rolled versus the finely ground wheat treatments,
Table 1. Ration Composition’

Dr; % liuﬁ;i_;h’.l;;t . Ground Wheat

Rolled 405, Wheat 705, Wheat 4097 Wheat 709, Wheat
Ingredient Milo

_________________________ e bt
Wheat ek 40.0 0.0 40.0 70,0
Milo B4.0 440 14.0 440 14.0
FPremix® 16.0 16.0 16.0 16.0 16.0

! Formulated on a 90% DM, basis.

2 Contained  cottonseed  hulls, ground alfalfa hay, soybean meal, wrea, minerals, antibiotics and
Vitamin A.

Table 2, Proximate Analysis of Milo and Wheat

Dy Crude Ether Carbot ®
Feed Matter Protein Ash! Extract hydrates
____________________________ i TS S S e g P
Milo B7.0 11.0 1.50 2.00 83.5
Wheat BE.O 12.9 1.95 I.5% B35
;‘L’nhln t'h‘.]:lll:;‘!l:l:l-"l:;:l a LM, |Il-!il. g
2 — (Sum of ligures [or crude protein, ash and ether cexiract).
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Pable 3. Farucle Size and Density of Frocessed W heat

Screen Size

L] 250 125 125 er
Amm Z2mm Lmm micron  micron  micron ieren L

% Retained on Screen
through I,

Fine grind
(1/8" screen) 0 1.6 328 326 18.4 10.4 4.2 49
Dy rolled 3.1 48,7 26.8 10,6 6.6 2.8 1.4 32

The leedlot performance data are presented in Table 4. As noted the
average daily feed intakes during the 140 day leeding period were 191,
17.5, 17.0, 18.7 and 18.6 pounds per day for the dry rolled milo, rolled—
40 percent wheat, rolled—70 percent wheat, finely ground—40 percent
wheat and l'inu]!l,' ground—7{) percent wheat treatments, J'L*sput:tively. Aver-
age gains were 3.11, 2.91, 2.81, 2.97 and 2.85 pounds per day, and the Ib.
of feed/lb. gain were 6.15, 6.09, 6.08, 6.35, and 6.54 lor the same treat-
ments, respectively. ‘The above values for daily gain, feed intake and feed
pound of gain were not significantly different (P<.05) among treat-
ments. Net encrgy values using the comparative slaughter technigues are
also being determined for each of the treatments,

In comparing the performance of cattle on the rolled wheat versus
ground wheat treatments, however, the 24 cattle (8 pens) on rolled wheat
(reatments 2 and ) required G.08 b, of feed/1h, of gain as contrasted
with G.44 1b. of feedIb. of gain for the 24 cattle on ground wheat (treat-
ments 4 and 5). This represents a difference of 5.9 percent in feed effici-
ency. Considering that an average of 55 percent of the total ration was

Table 4. Feedlot Performance (140 Days)

Dry
Raolled Raolled Wheat Ground Wheat

Milo I 0% B T
Mo, of steers 12 12 12 12 12
Initial weight, lb. (09 596 GO0 B G20
Final weight, lb. 1044 1003 094 1019 1019
Daily feed, 1b.** 149.1 17.5 17.0 18,7 186
Daily gain, b2 2 2.91 .81 2.97 185
]"L':'tr..n"lb. gain, 1h* 6.15 6.09

6.08 6.34 6.5

! Expressed on a 90% DM, hasis. :
*Mone of the valwes for Teed intake, sain ov fecd per W of goin were signiffcantly different an
the 05 level of prolability,
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wheat (40 - 70/2==55) in comparing the main eifects of grinding vs.
‘olling in this instance (remaining components of the rations were iden-
ical in both cases), the data would suggest that rolling improved the
atilization of the wheat component by an average of 10.6 percent (5.9/55
= H.6) over pgrinding in this experiment. While this may seem like a
imall amount, this represents about the same magnitude of increase in
eed efficiency which is frequently expected by proper steam flaking, re-
onsttution and the like of milo grain as contrasted with rolling or fine
srinding of milo for fattening beef cattle. Rolling of wheat would, there-
ore, appear o be superior to grinding as a processing technique on the
asis of the values indicated above. However, further research is needed
o support or refute the above observation betore valid conclusions can
e drawn,

In comparing levels of wheat in the ration, irregardless of method of
wocessing, the 40 percent wheat ration produced average daily feed in-
ake, gain and feed conversion values of 18.1, 2.94, and 6.22, respectively
15 compared with values of 17.8, 2.85 and 6,51 respectively for the 70 per-
ent wheat rations. The results of this experiment would suggest that
nuch higher levels of wheat can be satisfactorily used in feedlot rations
han are commonly fed in the industry without serious deterioration of
cedlot performance il good management is practiced.

As noted in Table 5, no significant differences (P<.05) were obtain-
« for any of the carcass traits,

Cable 5. Slaughter and Carcass Information

Dry
Ralled ~ Rolled Wheat Ground Wheat
Milo 4055 T0%% A0, Thoy
Yressing Tt 60.8 60.4 60.2 G0.8 0.4
larcass grade®” 10.8 10.5 11.1 11.6 11.3
sibeye area,”
3- in. 12.1 11.7 116 11.9 11.5
‘at thickness, in"" 0.8 0.7 0.8 0.8 0.8
darbling* * 16.7 15.9 17.6 18.5 a8

I =

Caleulated on basls of lve shronk weight and chilled carcass weight.
UbIrA. carcass grade converted to following numeral designations: high prime=15, average
prime—I4, low  prime—13, high cheaice=12, average choice—|1, low choice—10, ]|i|.;h g —11,
average good—3, low good—7.

Average of three measurements determined on trocing at the 12th rib.

Marhbling scores: 1 owo 30, 11 — slight. 14 = small, 17 = madest.

MNone of the carcoss troits were slgnificantly different at the 056 level of prolability,
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Influence Of Storage Time And
Moisture Level On Feeding Value
Of Whole Reconstituted Milo For

Fattening Cattle
Donald G. Wagner, Ryan Christiansen and Wilburn Holloway

Story in Brief

Five methods of processing milo were compared in high concentrate
{90 percent) feedlot rations with finishing heifers to study the influence
of storage time and moisture level on the feeding value of whole reconsti-
tuted milo. The treatments compared were as follows: (1) dry rolled, (2)
recomstituted whole—stored 10 days at 30 percent mesture; (3) recon-
stituted whole—stored 10 days at 38 percent moisture, (1) reconstituted
whole—stored 20 days at 30 percent moisture and (5) reconstituted whaole
—stored 20 days at 38 percent moisture, Dry milo which was reconstituted
in the whole form and stoved for 10 days—30 pereent Ho0, 10 days—38
percent Hy0, 20 days—30 percent Hy) or 20 days—38 percent Hyll each
showed significant (P<.05) improvements in feed efficiency of 12,9, 15.6,
15.6, and 15.6 percent, respectively, over dry rolled milo rations. No
significant differences (P<.05) in feed efficiency existed among the four
reconstituted milo treatments,

Introduction

Previous work at Oklahoma and Texas has indicated that reconstitu-
tion of milo grain stored in the whole form improves the utilization of
milo substantially by fattening cattle. The influence of storage time and
moisture level during siorage on the feeding value of miloe has not been
well established, Previous work at Oklahoma has indicated that higher
moisture levels, approximately 30 percent or more, and storage times of
approximately 20 days or longer produced the greatest improvement in
feed utilization. Moisture contents of 30 percent produced significantly
greater improvements in feed utilization than reconstitution at moisture
levels of 22 percent; however, reconstitution at moisture levels above 30
percent, for example 38 percent, tend to produce only a slight additional
response beyond that obtained with 30 percent moisture,
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Numerous factors might inlluence the storage time reguired, includ-
ing moisture level, temperature, type of grain and the like. Shorter stor-
age times would be highly advantageous for lowering the cost of reconsu-
tution in that more grain could be cycled through an expensive storage
structure in a given time. On the other hand, attempts 1o reconstitute
whole sorghum grain using very high moisture levels presents practical
problems in obtaining the desived grain moisture content in a satisfac-
tory period ol time. The objective of this experiment, therefore, was to
determine if very high moisture levels would be beneficial in reducing the
time reguired to obtain the benefits of reconstitution,

Materials and Methods

Choice Angus heifers, weighing approximately 440 pounds, were
selected for use in a 140 day feeding period. The heifers were gradually
adapted to a high-concentrate (90 percent) ration during a three week
preliminary period, At the beginning of the preliminary period, the heil-
ers were vaccinated for IBR, blackleg-malignant edema, leptospirosis and
parainfluenza,

Following the preliminary period, the heifers to be used were divided
into two blocks on the basis of weight. A slaughter sample was selected at
random from each block to permit net energy values of the experimental
rations to be determined by specific gravity using the comparative slaugh-
ter technigque. The remaining 50 heifers were then allotted within blocks
to five treatments, giving five animals per pen and 10 animals per treat-
ment. The milo for each of the treatments was processed as follows:

1. Dry rolled

2. Reconstituted in whole form—stored 10 days at 30 percent mois-

ture

4. Reconstituted in whole form—stored 10 days at 58 percent mois-

Lure

4. Reconstituted in whole form—stored 20 days at 30 percent mois-
ture
Reconstituted in whole form—stored 20 days at 358 percent mois-
ture

Reconstituted milo containing 30 percent moisture was acquired by
mixing dry milo with water and stirring in a cement mixer [or approxi-
mately 45 minutes. Reconstituted milo containing approximately 38 per-
cent moisture was obtained by steeping or soaking dry milo in water for
12 hours, All reconstituted milo treatments were then stored in air tight
11]:|s|!i:: bags for the number of days inclicated. Prior 1o leeding, the milo
in all treatments was rolled through a 12 x 18 inch roller mill,

The experimental rations consisted of a B percent concentrate mix-

o
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Lure as indicated i Lable 1. L he ration INgrecients ouier tan mio wee
combined in a premix and then mixed with the lerx-ssml mile in a com-
bination of 84 percent milo and 16 percent premix on a 90 percent dry
matter basis at the time of feeding. Samples were collected at frequent in-
tervals to pet'mil accurate formulation of ingredients on a 9 percent {[i'}r
matter basis. The rations were [ed one time daily in quantities which
would assure availability of feed until the next feeding, Unconsumed
feed was weighed back each day to assure a supply of fresh feed at all
times.

Stilbestrol was implanted at the 12 mg level at the beginning of the
feeding period. Initial and final weights were taken after a 16 hour
shrink off feed and water,

Results and Discussion

The prnrxim:lt.e :m:!lyﬁis and moisture composition data for the pro-
cessed milo are shown in Table 2. As indicated, the aclual moisture con-

Table 1. Ration Composition

Ingredient Amount’

Milo

Dehydrated alfalfa meal pellets
Cottonseed hulls

Soybean meal (44%)

Urea (45% N)

Salt

Dicalcium phosphate

Caleium carbonate

IPPPP#P??&
Bl s = =l e e

100.0

Add per Ib. of ration:
Vitamin A 1600117,

Aurcomycin 5 mg.
L Formulated on a 909% DM, hasis.

Table 2. Proximate Analysis

Dy Crude Ether
Feed Matier Protein Ash Extruct  Carbohydrates

Milo 10,74 1.200 .y 8520 *
Diry rolled RB5.3
10 Days — 30% HsO 71.1
10 Days — 38% HyO 63.4
20 Days — 30% H/O 70.7
20 Days — 38% H,O 64,2

! Values expressed om a ]UD% I! M h:::ls
P00 ~ (Sum of fgures [or crude protein, ogh and cther extrace,
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tents were 28.9, 36.6, 249.3, and 35.8 percent for the 10 Day—30 percent,
10 Day—38 percent, 20 day—30 percent and 20 day—38 percent treat-
LS, respecl_ive]}-, being slightly lower than intended in all cases.

The particle size and density data are presented in Table 3. In all
cases, the reconstituted milo treatments were much bulkier than the dry
rolled milo, with little difference among the wet treatments.

The feedlot performance data for feed intake, rate of gain and feed
efficiency are given in Table 4. No significant differences existed among
treatments in rate of gain. The concern is occasionally expressed by cattle
feeders that reconstituted feeds are sometimes dewrimental to feed intakes
and rate of gain. As noted in Table 4, the daily gains on all four wet or
reconstituted treatments were at least as high as on the dry rolled milo
treatment, Problems associated with poor gains on reconstituted grains as
sometimes observed in the field are probably associated with such factors
as improper ration formulation, feed spoilage, poor bunk line manage-
ment and the like. Feed intakes tended, however, to be lower, although
not significantly different at the .05 level, on the four wet treat-

Table 3. Particle Size and Density of Processed Milo

é;:_r;:m Size Wl

500 250 250 per

Process 40mm 20mm LOmm micron micron micron  Bo.
Percent Retained on T Through b,

Dry rolled 0 8.4 fif. B 12.1 11.8 0.9 48
10 Day — 30% H.0O 36.2 43.5 8.3 4 58 0.8 33
0 " —3% - 33.1 468 8.7 6.8 4.4 0.2 33
P g 7 351 40.5 9.1 7.0 8.0 0.3 35
. T —%wm " 16.9 56.6 Q.7 10.4 6.4 LU 35

LTest weights reporied on a 90% DLVM. bosis,

Reconstituted Whele & Stored

Dy 10 Days 20 Drays

Rolled G, HO  S8% L0 905 M0 889, HO
No heifers 10 10 10 10 10
[mitial weight, b 440 444 438 438 4440
Final weight, b, 773 805 787 800 778
Daily feed, 1b? 171 16.7 15.6 16.3 15.1
[aily gain, lb. 2.38 2.58 2.50 2.59 242
Feed/1b. gain, Ib? 743 B.47° 627 6.28° 6.28°
% Improvement in"
Feed Efficiency +12.9 +415.6 +15.6 +15.6

Expresmed on a 90% DM, basis. _
tAny two averages without o common letter differ significantly {1 -=2005)
HImprovement over dry rolled.
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Table 5, Slaughter and Carcass Information

Reconstituted Whaole & Stored

Dy 0 ays 20 Days
Rolled Soon  BBep 0 B0g, BRgG
Dresging %' ? G1.8 Gl.6 615 62.0 62.6
Clarcass grade®” 9.5 10,0 9.6 9.7 10.3
Ribeye area, 8q. in® 10.4 10.8 102 10.9 11.0
Fat Thickness, in.* " 0.75 0.74 0.82 0,70 0,69
Marbling' * 12.1 13.6 12.7 13.0 15.2

T Calculates] on basis of live shronk weight and chilled corcass weight.

LS DA cavcass  grade converted o !fﬂ”ubrlllu. numeral designations:  high  prime—15, average
prime=I4, low prime=13, high choice=12, averaze choice=11, low choice—10, high gufnl—!}.
average gomsd—8, low good-—7.

2 Averpge of three mensurements determined on tracing at the 12th  rib,

' Marbling seores: | o 50, (1 — slight, 14 small, 17 = medest,

“Mone ol the above differences were significant ad 05 level of probability.

ments, The lower feed intakes on the reconstituted treatments were re-
flected in significantly better (P<.05) [eed efficiencies of 12.9, 15.6, 15.6
and 15,6 percent on the 10 day—30 percent, 10 day—38 percent, 20 day—
30 percent and 20 day—38 percent treatments, respectively over dry roll-
ed milo,

No statistically signilicant differences in leed efficiencies existed,
however, among the four reconstituted milo treatments. Net energy
values, us.Ing the comparative slaughter technigue, are also being deter-
mined on the above treatments. Furthermore, dry rolled milo and 20 day

B8 percent reconstituted milo treatments are being compared using res-
piration calorimetry. Although no statistically significant differences in
feed efficiency existed among ithe four reconstituted treatments in this ex-
periment, the data in this study together with some additional laboratory
ared animal perlormance data might sugg=st that longer storage times,
approximately 20 days or more, may be most beneficial for deriving the
maximum benelit from reconstitution of miio at 30 percent moisture, and
that increased moisture levels may decrease the time required. From a
practical standpoint, however, it would appen questiomable if moisture
levels much over 30 percent can be justified due to the difficulties asso-
ciated with achieving moisture contents as high as 38 or 40 percent when
reconstituting milo,

Carcass chavacteristics and dressing percentage were not signilicantly
affected by processing method (P<.05)
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Meats

Association Between Certain Live
and Carcass Measurements in Swine

Conall E. Addison, I. T. Omtvedt and L. E. Walters

Story in Brief

Fifty-nine Hampshire market pigs from the swine breeding project
were evaluated for carcass merit using *K count, probe backfat thickness,
carcass backlat thickness, loin eye area and yield of lean cuts, Pigs were
removed form test on a weekly basis and held off feed and water for 24
hours prior to obtaining *K content measurements. Each pig was count-
ed for two 5-minute periods prior to slaughter in a detector configuration
designed specially [or pigs. Immediately following slaughter, the car-
casses were mounted on a rack designed to simulate the animal in a stand-
ing position to aid in carcass YK counting. The warm carcasses were
counted for two 5-minute periods. Following chilling, the carcasses were
divided into closely trimmed hams, loins and shoulders. These very
lean cuts provided the end-point for comparing the usefulness of both
live and carcass measureinents.

Correlations between first and second live 'K counts and first and
second carcass K counts were determined to estimate the repeatability
of the *K counter. These correlations were 0,90 for live counts and 0.97
for carcass counts. Since this was a uniform group of pigs, these values
indicate that the counts were quite highly repeatable.

The correlation between live 'K counts and carcass 'K counts was
.86 in this study. Carcass K count accounted for approximately 70 per-
cent of the variation in lean cut yields while 9K count on the live ani-
mal accounted for about 50 percent of the variation. The correlations
between YK count and lean vield were higher when based on carcass
weight than when based on live weight. Probed backfat thickness ac-
counted for about 40 percent of the variation in lean cut yields compared
to less than 20 percent of the variation accounted for by loin eye area
or carcass backfat thickness.

The results obtained indicate that K count may be a useful ool
in evaluating muscling in live market hogs, but additional work is needed
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L0 SELCY LHE FEIAUoNsnip DEIWEEN 1ve ™K count and a more precise end-
point than the yield of lean cuts used in this study.

Introduction

Increased emphasis placed on muscling in meat animals has created
a greater need for more accurate methods for evaluating breeding ani-
mals with respect to composition. Livestock breeders have relied on car-
cass data of relatives to estimate the carcass merit of breeding animals,
but this is not as accurate as measuring the amount of lean directly on
the animal in question.

Backfat probes and ultrasonic devices are useful aids to selection but
they are only estimates of composition since they do not directly measute
the amount of lean in an animal, The whole body scintillation counter
as an instrument for evaluating the amount of lean in an animal has been
introduced recently and vesults obtained with beef cattle indicate that
the method shows promise as a tool for live estimation of composition,

This study was initiated to evaluate the relationships between K
counts of live pigs and pork carcasses and the yield of lean cuts using a
detector configuration designed specially for pigs. A second objective
was to compare the WK method of evaluation with using live or carcass
backfat thickness measurements or loin eye area as indicators of muscl-
ing.

Materials and Methods

The study included 59 Hampshire pigs farrowed in the [all of 1969
in the swine breeding project herd at Stillwater. All pigs were fed in
groups of approximately 60 pigs per pen at the Experimental Swine
Barn and weighed off test on a weekly basis as they reached 215 lbs.
Three probe backfat measurements (behind the shoulder, at the last rib
and in front of the ham) were taken when the pigs were removed from
test with the average of the three readings being recorded. After being
held off feed for 24 hours, the pigs were evaluated for K content at the
University Live Animal Evaluation Center, The shrunk live weight for
the pigs used in this study was 206.9 Ibs. The counter originally designed
for evaluating cattle weighing up to 1200 Ibs. was modified to accommo-
date swine by mounting the detector logs in a smaller configuration
closer to the body of the animal. Each animal was evaluated using five
I-minute counts. After each pig had been counted once, they were ran-
domly assigned to the counter for a second 5-minute evaluation period.
Five l-minute background counts were taken before and after the animal
was confined to the chamber to determine the K activity of the empty
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chamber. The average of these two background measurements was sub-
tracted [rom the average of the five l-minute counts obtained while the
pig was in the chamber to obtain net 4K count for each animal,

The pigs were slaughtered the day after being evaluated for 'K
content and the carcasses were positioned on a rack designed to simulate
the animal in a standing position. The warm carcasses were then re-
turned to the K counter and counted twice for five l-minute periods
and corrected for average background counts using the same procedure
as was used for the live pigs. The carcasses were then split and processed
into closely trimmed hams, loins and shoulders, Loin eye area for the
right side was evaluated behind the tenth rib prior to removing the out-
side fat cover. The means and standard deviations for the traits evaluated
are presented in Table 1.

Results and Discussion

One of the prerequisites for any evaluation measurement is that it
must be repeatable. In this trial, the correlation between first and second
WK live count on the same animal was 0.90, while the correlation be-
tween f[irst and second carcass count was 0.97, Althurugh correlations
closer to unity would be desirable, these are considered satisfactory repeat-
abilities considering the uniform group of pigs evaluated.

The correlation between live animal 'K count and carcass K count
on the same animal in this study was 0.86. Average YK counts for both
the live animal and the carcass were more closely related to lean cut
yield than were probe backfat, carcass backfat or loin eye area (Table 2},
Although probe backfat thickness was more closely correlated with yield
of lean cuts than was either carcass backfat or loin eye area, it accounted
for less than 40 percent of the variaton in lean }rields ::ﬂmpared to about

Table 1. Means and Standard Deviations for Traits Evaluated.

-

Standard
Trait Mean Deviation
Shrunk live wt., lb. 206.9 5.
Carcass weight, Ib, 152.6 4.8
Probe backfat thickness, in. 1.29 0.15
Carcass backfat, in. 1.13 014
Loin cye area, sg. in. 5.80 .45
Ham, loin, shoulder wt,, b, B4.1 4,25
Lean cuts of live wt., 9% 40.7 1.76
Lean cuts of carcass wt., % 55.1 2,37
Met live 'K count 7526 392
MNet carcass %K count BA59 2923
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Table 2. Correlations Among Various Methods of Evaluation and Yield
of Lean Cuts.!

Weight
of Lean Percent Lean Cuts of:
Cuts T Live wt. Carcass wt.

Live 49K count % 65 0.69 0.72
Carcass 'K count 0.84 0.82 0.84
Carcass backfat thickness —30 —.36 —. 48
Probe backfat thickncss —.56 —. 61 —.71
Loin eye area 0.55 (144 0.33

AN correlations significant an P=<Z 05,

60 percent accounted for by YK counts. Carcass YK counts were more
closely associated with lean yield than were live WK counts. Carcass count
accounted for approximately 70 percemt of the variation in lean yield
compared to only about 50 percent accounted for by live count.

Backfat thickness was more highly correlated with lean cuts of
carcass weight than with lean cuts of live weight., Carcass backlat thick-
ness consistently accounted for a smaller amount of the variation in lean
yield than did loin eye area, but probe backfat thickness was more closely
associated with lean yield than was either carcass backlat thickness or
loin eye area, Carcass backfat and loin eye area accounted for less than
20 percent of the variation in lean yields compared to about 40 percent
accounted for by using probe backfat thickness.

Although additional work is needed to evaluate the relationship
between live K count and a more precise end-point than the yield of
lean cuts used in this study, the results obtained indicate that it can be
a useful tool for evaluating muscling in the live pig.
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Effect Of Measuring Tenderness
With The Tenderometer

R. L. Henrickson and J. L. Marsden

Story In Brief

Ninety-nine Angus steer carcasses weighing 540 Ib. were evaluated
for tenderness of the longissimus dorsi muscle, Breeding, feeding, and en-
vironmental treatments of the animals were similar. All animals were
slaughtered 24 hours after their arrival at the plant. The carcasses were
ribbed after a 24 hour chill at zero degrees centigrade and tenderometer
measurements were made on the longissimus dorsi of the wholesale rib.
The influence of muscle temperature, repeated penetration, quality of fat,
iodine number, fiber diameter, degree of fiber kinkiness and Warner-
Bratzler shear values were evaluated.

Introduction

Tenderness is one of the most favored attributes of meat, Most of the
common European cattle breeds have been selected so that fed cattle
generally provide tender meat. However, in recent years, greater emphasis
has been placed on cross breeding to improve various attributes of pro-
tuction. This change in breeding practice may introduce considerable
variation in meat tenderness. The need and desire to monitor meat ten-
derness, in the live animal, and the carcass, has increased.

Attempts to relate objective tenderness measures of raw meat with
cooked meat tenderness failed to show any significant correlation, War-
ner {IQEH}, Black (1931), Mjoseth (1962), Carpenter, et al. (1965).
Measured tenderness values for raw meat by the wedge tenderometer,
denture tenderometer, and grinder tenderometer were reported by Car-
penter, et al. (1965) . They found the association with a taste panel to
be small.

Various types of penetrometers have been used to measure texture,
firmness, and tenderness. Pilkington, (1964) used several shaped pen-
etrometer points to measure firmness. However, firmness did not relate
highly with tenderness, Bourne, et al. (1966) reported, that the puncture
force for different punches on the same food will be a function ol both
area and perimeter of the punch used. A problem of great concern when
using the penetrometer on raw meat has been o obtain a good relation-
ship of this measure with tenderness of cooked meat. Hinnergardt and
Tuomy (1970} reported on a study which evaluated the use of a single
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penetration test of raw meat o predict the tenderness of cooked meat,
They found that the maximum force value gave the best results.

The purpose of this work was to evaluate the Armour “tenderom-
eter’” a simple, rapid, non-destructive carcass measure of tenderness.

Procedure

The battery operated tenderometer consists of a probe assembly and
a readout unit. The probe assembly includes 10 penetration needles, each
$ inches long, mounted on a manifold which is in turn attached, by cable,
to an electronic strain gauge, The ten, pointed needles, made of stainless
steel are mounted so as to penetrate the muscle a maximum distance of
two inches. The instrument was designed to be used on the longissimus
dorsi muscle at the areas of the 12th and 15th thoracic vertebrae. Read-
ings are to be taken on muscle chilled to less than 39.20° F (4°C) and
not more than 32° F (0°C) . Consequently, a measurement should not be
taken until at least 24 hours after slanghter.

Ninety-nine head of angus steer carcasses weighing 540 pounds were
evaluated for tenderness of the longissimus dorsi muscle. Breeding, feed-
ing, and environmental treatments of the animals were similar so as to
reduce the tenderness variables. All animals were trucked 140 miles from
the station feedlot to the abattoir. Feed and water were provided during
the 24 hour rest period prior to slaughter. Fifty head were slaughtered 24
hours after arrival at the plant and 49 head slaughtered after 48 hours,

The carcasses were ribbed 24 hour after slaughter, between the 12th
and 13th thoracic vertebrae, and a federal employee evaluated each car-
cass for amount of marbling and grade. Immediately after grading, ten-
derometer readings were made on the longissimus dorsi muscle. The in-
ternal muscle temperature was recorded using a thermometer inserted
into the muscle. One-half of each carcass was divided into wholesale cuts
and the wholesale rib returned to the research laboratory for further
analysis. Upon arrival at the laboratory, a tenderometer measurement of
each longissimus dorsi muscle, its temperature, and area tracing, were
again recorded, When the temperature of the longissimus dorsi muscle
had equalized to 36°F (12 hr. at 36°F), another tenderometer measure-
ment of the longissimus dorsi muscle was made, Care was taken in the
replacement of the needle to avoid previously penetrated areas of the
muscle,

A two-inch slice of the penetrated longissimus dorsi muscle was re-
moved from each wholesale rib 1o be used for the Warner-Bratzler shear
test. An adjacent one-inch slice was removed from the longissimus dorsi
muscle so as to l_u-mridu tissue for histological observations and ether ex-
tract measurements.
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Table 1. Mean, Standard Deviation and Range for Carcass and Tissue
Variable of Tested Animals.

Mean 5. Dey. Range
Carcass wt. Ib. 541.0 57.6 405-666
L. Dorsi area sq. in. 10.2 1.1 8.1-129
Fiber Diameter u. 64.2 . 75.4-81.4
Carcass grade acore' 10.4 1.2 8.0-13.0
Marbling score 5.2 1.1 3.0-8.0
Ether Extract % 5.8 1.9 i

1 Carcass score rangerd from 8 {average goody o 14 (wop prime).
* Marbling score ranged from 8 (traces) wo O (nbundant),

Three one-half inch diameter cores were removed from the dorsal,
central, and ventral areas of the one-inch thick muscle sample and placed
in 10 percent formalin. The remainder of the muscle was made into a
composite paste and analyzed for its fat content,

The formalin fixed tissue provided fibers to be evaluated for their
degree of rigor mortis. To harvest the fibers, a single [ascicula was placed
in a mechanical mixer and stirred at a slow speed. When the fibers were
dislodged, they were placed in a petri dish to be evaluated for degree of
rigor and diameter measurement at 100x.

Results and Discussion

Animals used in the investigation were generally homogeneous in so
far as production factors were concerned. Carcass weight ranged from 406
to 666 pounds with a mean of 541 pounds. The carcasses were generally
muscular as reflected by the mean L. dorsi area of 10.2== L1 sq. in, with
a range of 8.1 to 12,9 sq. in. The fat content of the L. dorsi muscle, as
evidenced by the ether extract value, was 5.8 1.9 percent (range 2.3 to
11.5 percent) . The designated average federal grade was choice with the
numerical score being 104== 1.2. A highly significant difference due to
animal variation and tenderometer reading was noted (Table 2) .

The multi-point penetrometer was easy to use in the cooler while
working a rail of carcasses. A measurement can be rapidly made without

Table 2. Analysis of Variance

Source dF ; : MS | F
Animal 98 15.506 579
Tenderometer 3 263.364 98.39
Error 294 2677

Total 385
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damage to the carcass or description of the daily normal cooler operation.
The in-plant tendrometer reading, made on the rib L. dorsi muscle was
greater than any of the three measurements made on the wholesale rib
after it was returned to the laboratory (Table 3). Penctration force var-
tance may be attributed to the difference in product temperature and /or
the degree of fiber rigor. Since the same muscle area was penetrated a
second time, this too may have allected the reading. No repeatability
measurements were made to varily this potential variable. When the
muscle temperature and cooler emperature (36°F) were permitted to
equilibrate, (48 hr.) tenderometer readings were not diflerent from those
recorded at 50 hr, post-mortem (Table 3).  Fat lirmness and quantity
would likely have an elfect on the tenderomeier reading. Firm fat woulid
require more force to insert the needles. The Tat in turn would be bene-
licial as the muscle was beated. Thus, the tenderometer reading would
be inversely related to the quantity of fat located within the muscle,

The kind of fat as refiecied by the iodine number, within the L.
dorsi muscle was not found to vary in these carcasses regardless ol fat
guantity (Table 4) . Muscle with 5.4 percent fat possessed an iodine num-
ber of 44.5, while muscle with 9.2 percent fat was 43.3.

Fiber size and compactness was considered a factor which would like-
ly influence the penetration lorce. Fiber diameter in this group of bovine
muscles ranged from 75.5 to 814 microns. It was assumed that this 6
micron ditterence would not greatly inhinence the tenderometer reading
(Table 1).

Fiber rigor is a factor which could be a very influential factor, The
quantity of rigor fibers ranged from 14 to 834 percent (Table 8). This
measurement was made on the tissue 48 hours alter death. This time
period elapse would likely be sufficient for some resolution to take place.
Therefore, tenderometer readings taken 24 hours alter death would like-

Table 3. Mean Shear Force, Degree Rigor Fibers and Tenderometer
Values for Bovine L. Dorsi Muscle.

Mean 8, Dev, Range

Shear Force 1, 18.29 4.5 9.9-18.3
Degree Rigor oo 36.37 15.3 14.0-83.4
Tenderometer A b, 17.10 2.6 12.0-23.4
B 1b. 14.72 2.5 9.0-20.0

C Ib. 14.96 2.3 0.7-20.5

D lb. 13.12 2.2 B.4-18.4

A, Muoscle temperature 37.8°F, 24 howrs post-mortem, in plant  measurement.
B, Ausle 42°F, W houwrs post-moriem, in lab measurement.
L

Muscle 56°F, 48 hours post-martem, in loh measar

A two inch slice was remioved and o penctration was oy

(1] wde into the new mascle sorlface, WO T,
48 lwours  peosl - AeoELem .
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Table 4, Iodine Values of Fat from the Bovine L. Dorsi Muscle

Fat % Range - .[mllm-: Yalue
14 3.1- 3.8 44.5
8.2 8.2-11.3 43.5

Ul'welve muscle samples were used al cach fad level, Each measure was made in duplicage.

ly be greater and more varied than a similar reading registered after 50
to 48 hours.

Clonnective tissue within the muscle would also be a factor influenc-
ing the tenderometer reading. Not only would the amount of connective
tissue be an important variable, but its composition would also be influen-
tial. Connective tissue with large quantities ol elastin would likely pro-
vide more resistance to penetration than tissue composed only of the pro-
tein collagen. This variable was not evaluated but will be considered as
the work is continued.

Correlation coefficients indicated that the Warner-Bratzler shear
force machine and the tenderometer were not related (Table 5). Both
units measure an element of tenderness. However, in the case of the ten-
deromeier one measures the force necessary to separate the individual raw
muscle fibers. While the Warner-Bratzler shear measures the force requir-
ed to cut the cooked fibers at right angle to their long axis. The degree of
fiber rigor, fiber diameter, fat level, or muscie area were not significantly
correlated with the tenderometer force,

Summary

The Armour Tenderometer is easy to use in the cooler. Readings
may be taken using the L. Dorsi muscle 24 hours after slaughter, Force re-
guired to insert the manifold of needles varied greatly within a homo-
genous group of carcasses, reflecting that some tissue difference does ex-
ist. Tenderometer measurements made in the plant using the carcass were
larger than those made in the laboratory using the wholesale rib. Force
required to insert the penerometer into the L. dorsi muscle 48 hours
after death, was signiticantly less than at 24 or 30 hours. Even though the
degree of rigor was not shown to be a major factor in the use of this in-
strument, it may well be an important attribute and should receive fur-
ther investigation.

The guantity of fat as reflected by marbling and ether extract in-
fluenced the tenderometer reading. Fat firmness as reflected by iodine
number was not a Lactor in this group of carcasses, In general, correlations
between the Warner-Bratzler shear machine and the tenderometer were
low,
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Table 5. Correlations Among Factors Which Tend to Influence the Tenderometer!

E. L.D. Fibex Dy, Tendermmeter

Marbling  Extract Area Diam. Rigor A B C D Shem

Marbling 1.00 0.32 —0.21 .04 .14 0.23 D.24 0.37 144 —{0.28
Ether Extract 0.52 1.00 —0.21 .01 .04 0.05 0.12 D.12 .12 —.51
L. Dorsi area —{1:21 —0.21 1.00 0.08 —0.28 —.38 —0.34 —0.33 —10.39 0.08
Fiber diameter — 004 .01 n.08 1.00 —0.03 —.12 —0.23 —.06 —i0.07 004
Diegree Rigor 0.14 0.04 —0.28 —0.03 1.00 —0.07 —0.02 .04 0.05 0.2z
Tendermeter A 0.25 0.05 —0.38 —10.12 —0.07 1.00 0.65 0.56 0.57 —.15
B 0.23 D12 —0.34 —0.23 —0.02 (.65 1.00 0.58 0.43 —0.14

B 0.24 0.12 —0.34 —i{.25 0.04 (.36 .38 1.00 0.48 0.0z

D .44 0.12 —0.37 —0.06 0.05 0.57 0.43 0.48 1.00 —0.01

Shear Force —0.29 —0.30 —0.08 0.34 n.zz —.13 —.14 0.02 —0.m 1.00

i Animals weed (99) were thirteen months of age and of uniform bresding,
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Swine

Relationships Between Sow
Condition and Productivity and
Effectiveness of Controlling

Condition by Individual Feeding
L T. Omtvedt and Mike Moss
Story in Brief

The farrowing and weaning records for 141 litters were used to
evaluate the relationship between sow condition score and differences in
productivity. Each sow was scored for condition using a 9 point scale at
breeding, farrowing and weaning and these scores were correlated with
litter size and pig weights. Neither breeding scores or farrowing scores
accounted for a significant portion of the variation in sow productivity,
but gilts with higher condition scores at farrowing and those showing
greatest increases in condition during gestation tended to farrow smaller
litters, Condition scores at weaning and changes in condition score dur-
ing lactation were correlated with litter production in that loss of condi-
tion during lactation and lower condition scores at weaning were asso-
ciated with larger, heavier litters,

The variation in condition scores at [arrowing among sows limited
fed using troughs during gestation was compared to the variability among
sows limited fed during gestation using individual sow feeding stalls, The
variation in scores among the 95 sows fed in troughs was about twice as
large as the variation obtained among the 246 sows fed in feeding stalls.

Introduction

Feeding for optimum production in sows requires controlled feed
intake during various stages of production, Research has shown that flush-
ing sows a couple of weeks [}ri{:-r to breeding by incrcusing feed intake
tends to increase ovulation rate while restricting consumption immediate-

In cooperation with the Agriculiure Research Service, Animal Science Research 1Di-
vision, USIMA.
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Iy following breeding and during gestation reduces embryo mortality,
Optimum productivity depends on keeping sows in proper condition at
all stages of the reproductive cycle.

When sows are limited fed in groups, some sows usually receive more
than their share of feed and are essentially overfed while the more timid,
slower eating sows are crowded out, The use of individual sow feeding
stalls permits one to more closely regulate the feed intake for each sow
but the problem of determining what constitutes optimum condition still
remains. To further elucidate this problem, a visual condition scoring
system was used in the swine breeding herds starting in 1965,

The objectives of the present study were to evaluate the relationships
between differences in sow condition score with differences in productiv-
ity, and to determine the effectiveness of employing individual feeding
stalls in reducing the amount of variation in condition among sows in
the herd,

Experimental Procedure

A O point scoring system was used in this study to measure sow con-
dition at the time of breeding, farrowing and weaning, Scores of 1, 2 or 3
indicated thin, under-conditioned sows, 4, 5 or 6 denoted sows in the de-
sired moderate condition, and 7, 8 or 9 signified for those carrying too
much finish.

Initially all sows were scored both by the project leader and the
herdsman for the herd involved, but since the variation between scorers
was relatively small only the herdsman for each herd awarded scores after
the first season.

To determine the relationships between condition score and produc-
tivity, 141 sows farrowing during 1965 fall and 1966 spring were used.
The distribution of litters by line of breeding and age of dam are given
in Table 1. These sows were flushed prior to breeding and limit fed in
groups during gestation, but no attempt was made to regulate individual
feed intake during these seasons. Condition scores were given each sow

Table 1. Distribution of Litters by Line of Breeding and Age of Dam
for Determining Correlations Between Condition Scores and

Productivity.
A Line nf.h.]il'ttd.il:lg
of M el
ham Duroc Belis, §1 Hamp. Crosshred Total
Sows 20 26 21 25 92
Gilts A e 18 31 49
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at breeding, farrowing and weaning with liver production evaluated at
Farrowing and weaning,

To evaluate the reduction in variability of condition among sows re-
sulting f'rom individoal leeding, data for 6 [arrowing seasons including
341 litters were used. T'he distribution of litters by season, age of dam and
line of breeding are given in Table 2,

Results and Discussion

Phenotypic correlations were calculated to evaluate the relationships
between condition scores and productivity for gilts and sows separately
and then pooled overall. The results obtained are summarized in Table 3.

Breeding Score and Weight. Although neither condition score or
weight at breeding were closely associated with productivity, there was a
tendency for gilts with higher scores at breeding to farrow fewer pigs.

Farrowing Score and Weight. Gilts with higher condition scores at
109 days postbreeding [arrowed fewer pigs. This same relationship was
noted among sows but the correlation was not significant. Overall, the
heavier sows and gilts at farrowing time produced pigs with heavier birth
weights,

Score Change and Weight Change During Gestation. The change in
scores and weights from breeding to larrowing accounted for very little
of the variation in productivity. Although most correlations obtained
were not significant, an increase in condition during gestation in gilts
tended to be associated with decreased productivity. The correlations in-
volving sow weight gains were generally of a positive nature,

Weaning Scores and Weights, Scores and weights obtained at wean-
ing were more closely associated with productivity than those taken at
either breeding or farrowing. In general, sows with lower scores and

Table 2. Distribution of Litters by Breed, Age of Dam and Season Used
to Study Varability in Condition Scores.

Feeding Hampshire Crosshred

Season System Gilts Sows Gilts Sows
1965 Fall Grroup Fed 18 7 10 16
1966 Spring System’ 12 14 21 9
1966 Fall Individual Stalls 25 5 17 10
1967 Spring Individual Stalls 21 13 19 11
1967 Fall Individual Stalls 17 14 12 11
1968 Spring Individual Stalls _19 e o 10

112 G2 100 67

1 Hampshire gilta fed In individual stalls; othes groop fed.
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Table 3. Phenotypic Correlations Pooled

over Breed, Year and Season

for Gilis and Sows.

Traits Gilts Sows {h'um_
Number of Litter Records 49 92 141
Breeding Score and:

MNumber farrowed alive 17 —.07 —.09

Pig birth weight —.04 0.13 0.09

Litter hirth weight —. 18 .01 — 4
Breeding weight and:

Number farrowed alive 0.16 0.05 0.07

Pig birth weight 0.13 0.14 0.13

Litter birth weight 0.24 013 0.16
Sow 109-day score and:

Number farrowed alive —.36% —.11 0.18*

Pig birth weight 0.0 0.14 0.07

Litter birth weight — 34 —.06 —13
Sow 109-day weight and:

Mumber farrowed alive 0.11 010 0.15

Pig birth weight .26 0.20 0. 2]

Litter hirth weight 0.26 Q.23 0.24%=
Gestation score change and:

Mumber farrowed alive —.25 —.0 —.10

Pig birth weight —.15 —.01 —03

Litter birth weight —,20% —.09 —. 16
Gestation weight change and:

Number farrowed alive —.01 0.16 0.13

Pig birth weight 0.27 011 0.14

Litter birth weight 0.13 0.26% 0.22%
Sow weaning score and:

Number raised to 42 days —, — Jgne — T

Average pig we-anmﬁ weight 031" 0.19 0.23%=

Litter weaning weight —. 2 —.J6*= — | R

Survival percentage —.5[== —.F %= — 2=
Sow weaning weight and:

Number raised to 42 days —. e —.3g~ —.3gn=

Average pig weaning weight — g 0.30%= 0.32e=

Litter weaning weight — 27 —. 20k —. 2p%*

Survival percentage — e —.153 — 20
Sow Lactation score change and:

Number raised to 42 days — —. g —.dG%*

Average pig weaning weight —. 05 0.16 0.09

Litter weaning weight —.35* — G — e

Survival percentage —.4gnE —. 3= — e
Sow Lactation weight change and:

Mumber raised to 42 days — 4. Hlue —. 5=

Average pig weaning weight 0.15 0.22% 0.20*

Litter weaning weight — g 4 —.46%" — gy

Survival pl.Nx:nIdgd. — G —. 20 —. =

* Carelathon auzmju. it at %% level
** Correlation signiflicant at 1% level,
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lighter weights at weaning raised larger litters and had higher pig sur
vival rates.

Changes in Scores and Weights During Lactation: Increases in
weight and condition during lactation was associated with lower produc-
tivity, These results indicate that condition score is related to productivity
to about the same degree as is sow weight.

Controlling Sow Condition by Individual Feeding Stalls: As indi-
cated in Table 2, prior to 1966 sows in the swine breeding herds were
hand fed in groups of less than 20 by using long troughs. Individual
feeding stalls were available for the OK14 Hampshire gilts in 1966 spring
and from 1966 fall all sows were fed in stalls. To determine if the varia-
tion in condition scores was reduced by using individual stalls, the coeffi-
cients of variation were calculated for each season in an effort to have
some basis for comparing the amount of variation. As can be seen in
Table 4, the use of individual feeding stalls apparently was effective in
reducing the variation in condition scores among sows since the coel-
ficients of variation were only about half as large alter individual salls
were employed,

Table 4. Coefficients of Variation Percentages for Sow Condition Scores

Hampshire Cirosshred F
Season Cilts Sows ilis Sows
1965 Fall 23.6 28.8 22.5 25.1
1966 Spring 16.4 26.0 29.5 22.9
1966 Fall 154 20,0 12.5 14.8
1967 Spring 10.8 12.6 15.9 11.8
1967 Fall 9.2 15.6 15.6 11.9
1968 Spring 12.8 12.3 11.6 14.5
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Performance Differences Among
Littermate Boars, Barrows and Gilts

I. T. Omtvedt and E. F. Jesse

Story in Brief

The pigs used in this study were selected from each litter prior to
weaning on the basis of similar 3-week weights with one male pig from
each litter chosen at random to be castrated.

Growth rate data from 184 littermate boar-barrow-gilt trios and car-
cass data from 287 barrow-gilt littermate pairs were analyzed to evaluate
the influence of sex on post-weaning performance and carcass (raits.
The relative magnitude of these sex differences for different sire groups
was also evaluated to investigate the possibility of sire-sex interactions.

Barrows gained faster than boars and gilts, and reached market
weight in fewer days than gilts while there was essentially no difference
in age at 200 Ibs. between boars and barrows. Little difference was noted
hetween barrows and gilts for feed required per unit of gain while boars
were considerably more efficient. Boars probed less backfat than gilts and
gilts less than barrows. Gilt carcasses were longer, had less carcass back-
fat and larger loin eye areas than barrows. Trimmed hams, loins and
shoulders trom gilt carcasses weighed more than lean cuts from barrow
carcasses and vielded a greater percentage of lean cuts based on slaughter
weight and cold carcass weight. Barrow carcasses were scored higher for
firmness and tended to have more marbling in the loin eye but a sire-
sex interaction was obtained for marbling score. This would indicate
that if marbling is to be evaluated in a testing program, both sexes may
need to be included in the test 1o adequately evaluate a sire’s potential for
transmitting this aspect of carcass quality to his offspring. Sire-sex inter-
actions were not found in the other traits studied. The correlations ob-
tained showed similar relationships among the various traits when based
on either gilt data or barrow data.

Introduction

Sex differences exist for many traits in swine. Since both males and
females are oftentimes included in performance testing programs, this
necessitates a thorough understanding of the influence of sex on the
traits evaluated in order to properly interpret the results obtained.

In cooperation with the Agriculture Research Service, Animal Science Research
Dhivigion, USDA.
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In general, barrows pain faster and reach market weight at an earlier
age than gilts, but gilts yield more heavily muscled carcasses with less
backfat, Research investigations comparing the performance of boars to
the pertormance of barrows or gilts are very limited and the results that
are available are usually biased due to the fact that the boars used re-
present a highly selected group. Meaningful sex adjustment factors re-
guire not only knowledge pertaining to the relative magnitude of these
sex differences, but also some assurance that these differences are similar
tor the various sire groups evaluated.

This study was initiated to evaluate the differences in performance
of littermate boars, barrows and pilts selected on the basis of comparable
weights at § weeks of age and to investigate the similarity of these dif-
ferences for different sire progeny groups,

Experimental Procedure

Data from the swine breeding research herds at Stillwater and Fort
Renc were used in this investigation which extended over a three year
period (1965-1967) . Performance records on 184 boar-barrow-gilt litter-
mate trios and carcass data on 237 barrow-gilt littermate pairs from five
breeding groupss were utilized as shown in Table 1. Traits evaluated in-
cluded growth rate, feed efficiency, backlat thickness, carcass length,
loin eve area, lean-cut yield, marbling and firmness.

The pigs used in these analyses were selected prior to weaning on
the basis of similar weights at 21 days. The 184 littermate boar-barrow-
gilt pairs were used in the carcass evaluation. In selection of trios, two
males and one female were chosen from each litter and then one of the
male pigs was selected at random to be casirated prior to weaning. The
littermate pairs used in the carcass evaluation included the barrow and
gill from the tric when available plus additional barrow-gile littermate
pairs selected on the basis of similar 21-day weights.

Pigs were self fed milo-wheat-soybean meal rations containing 16
percent protein from weaning to 120 1b. and 15 percent protein from 120

Talle 1. Distribution of Littermate Pairs and Trios by Line of Breed-
ing.

Line uT-i.'ﬂ_rttding No. Pairs ~ No. Trios
Duroc __ 16
Beltsville No, 1 40 21
Hampshire 9 47
2-line eross (Belts x Duroc) 42 59
d<line cross (Hamp x Belts-Duroc) 67 L
Total 237 184
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Ib. to 200 1b, Pigs were fed in confinement in groups of G pigs per pen
from 8 weeks of age until end of test. Feed records were obtained on a
pen basis for 6 pigs of the same sex,

Pigs were removed [rom test and probed on a weekly basis as they
weighed 200 1h, The probe backfat measurements were taken approxi-
mately 1.5 in. off each side of the mid-doral line behind the shoulder, at
the Iast rib and the last lumbar vertebrae.

Carcass weights and measurements were taken 48-hours alier slaugh-
ter., Area of I, dorst muscle and quality scores were obtained from the
right side of the carcass at a cross section ol the loin between the 10th
and 1lth ribs. The loins were scored for firmness and marbling by a
committee of three evaluators and the average of their scores was used in
the analysis, The weights of the closely trimmed loins, hams and shoulders
Irom both sides of the carcass were obtained and expressed as a percent-
age of off-test weight and as a percentage of cold-carcass weight. Samples
for ether extract and total moisture determinations were taken from the
I. dorsi muscle at the 9th and 10th rib section, Since not all lines of
breeding appeared each season, analyses were done within season and
line and pooled over season and line under the assumption of equal var-

lances,

Results and Discussion

Data lor the performance traits of 184 boar-barrow-gilt [ullsib trios
and for the carcass traits of 287 barrow-gilt parts are summarized in
Tahle 2.

Even though the pigs from each sex within a litter were selected to
be of approximately equal weight at three weeks of age, the difference in
weight at weaning between sexes was significant (P<.01y. A ditference
in weight between boars and barrows at weaning was expected since the
male selected to be the barrow was castrated at approximately five weeks
and the weaning weights possibly still reflect the stress imposed on the
barrows by casiration,

Barrows gained 0.20 1b. per day faster and reached market weight
approximately 10 days sooner than gilts. The barrows averaged 0.05 Ib.
per day faster gain than the boars, but because of weaning weight differ-
ences, there was essentially no difference in the time required to reach
market weight. Differences in weaning may have influenced the dilfer-
ences observed in postweaning daily gain since weaning weight and post-
weaning gain are positively correlated, Since the boars were heavier at
weaning than the barrows, the differences observed in average daily gain
during the postweaning phase were possibly not as large as would have
been obtained if the two groups had been equal in ‘Wﬂig]'lt at weaning.
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Table 2. Means and Standard Deviations for Performance and Carcass
Data of Littermate and Trms mld tht.ermate I".llrn

Standard
Iluanr Il-arrum Gilts Deviation
Mumbers of littermates EEH EE~4 184
42-day wt,, Ib, *= 29.3 28,3 A8.8 1.80
Postweaning daily gain, 1h** 1.75 1.80 160 A5
Days to 200 lhs. ** 148 147 157 3.7
Feed per unit gain, Jh.** 2.60 2.87 289 10
Probe backfat at 200 lb., in ®** 1.18 1.36 1.24 A1
Carcass data:
Number of littermates 237 237
Cold carcass weight, Ib. 144.9 144.3 3,83
Carcass length, in *#® 29.6 301 i
Backfat thickness, in ** 1.36 1.26 A1
Loin eye area, sq. in. ** 4,20 467 37
Total wt, of ham, loin and shoulder, Ib, 7232 80.2 2.88
Lean cuts of off-test wt,, Sh** 8.7 40.5 1.25
Lean cuts of carcass wi., %%% 534 35.6 1.61
Marbling score'® 8.7 33 A9
Firmness score'®* 4.4 3.9 1.13
Ether extract, So** 4.8 3.9 1.56
Total moisture, SH%* 70.8 1.2 1.49
L Lain t:.'r muscle at 10th rib was scored for marbling and firmness, Scores ranged from 1w 7
with 1 — devaid of marbling an -.-1.r1 soft and 7 = abundant marbling and very firm.
"Sire-sex |||I|.'rr|r1||:||| significant A15),

|
“rDifferemce belween sexes signilicant {I’-" =01y,

Boars required 27 Ib. and 29 Ib, less feed per cwt. gain than the bar-
rows and gilts, respectively (P<.01). The difference between the barrows
and gilts was not significant. Other work has shown boars to be more ef-
licient than either barrows or gilts, but considerable variation regarding
differences between barrows and gilts have heen reported. Although the
number of comparisons available are limited, the wend in most other
studies has been for gilts to require less feed per unit of gain than bar-
rOwWs,

Gilts probed 112 in. less backfat than their littermate barrows in
this study while boars probed .06 in, less than gilts and 0.18 in. less than
barrows. Similar differences in carcass backlat between barrows and gilts
were also noted. Gilt carcasses were 0.5 in. longer, had 047 sq. in. larger
loin eye areas and yielded 2.2 percent move lean cuts of carcass weight
than barrows.,

The loin eyes of barrow carcasses were scored 0.5 of a unit higher
dor rimness (P<.01) and 04 of a unit higher for marbling than the
loin eyes of pilt carcasses. However, a sire-sex interaction was obtained
for marbling score in that in two lines of breeding (Hampshire and 3-line
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cross), the gilts were scored higher than barrows for the progeny of a
few sires while barrows were scored higher than gilts for most sire groups.

The presence of the sire-sex interaction for marbling score would
indicate that both sexes may need to be included in a progeny testing
program to adequately evaluate this aspect of carcass quality. Since sire-
sex interactions were not found for any of the other traits, it appears that
one can test either sex and apply adjustment factors in a progeny testing
program. Although the magnitude of these sex differences may be similar
for different sire groups, it should be realized that these sex differences
are not constants and that the most accurate progeny test would include
animals of all the same sex or include both sexes in equal numbers,

The phenotypic relationships among the various traits for each sex
are presented in Table 3. To quantitize the similarity between correla-
tions obtained using barrow data with those obtained using gilt data,
a correlation coefficient was calculated between the corresponding cor-
relations for each sex. This correlation between the sets of estimates
presented in Table § for the 2 sexes was 0.94 indicating that the relation-
ships among the various traits were similar for both sexes.

The correlations presented in Table § indicate that an increase in
carcass backfat was associated with a decrease in carcass length and per-

Tahle 3. Phenotypic Correlations for Barrows (Upper Line) and Gilts
{Lower Line) Among Carcass Traits Evaluated.

Percent  Marx- _I'lrm-

Carcass Loineye lean of bling ness Ether  Total
Trait Sex length  area CArcass  score sCore  extract moisture
Carcass B 5% —0F —AT 08 000 —08 a0
hackfat 3 A6** — |11 —52% D2 0.16% —02 —02
Carcass B —.06 0.18* 000 —.08 0.03 0.03
length G —.13 0.22%% 010 0,05 h12 —07
Laoin eye B D41%% 7% 2% __23=% (115
area G 045% |3 —27*% _16* 009
% lean of B —.10 —29%* 05 0.00
CATCASS G —.10 —29% _05 (.00
Marhling B — 42%% (] 4p*¥ __ G5¥=
sCore G —. 53%* D.62%% —q4n=
Firmness B (.39%% __ Jo#+
sCore O 0.27%% __ J9%*
Ether B — G2
extract G

TR

® Significant an 5% level.
** Significant at 1% bevel,
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cent lean ol carcass while an iNcrease in carcass [engen wias associated Wit
an increase in percent lean of carcass. Increased marbling and fat con-
tent were associated with a decrease in loin eye area and total moisture
and an increase in firmness, No appreciable relationships were found
between fat content and percent lean of carcass,

The Effects of Heat Stress on

Rectal Temperatures and
Respiration Rates in Gilts

Rager Bates, R, A. Battaglia and I. T, Omived!

In the spring of 1970, 24 Hampshire gilts averaging 7 months of
age and averaging 208.9 pounds were confined to a cool or hot cham-
ber for a one-week period (2 gilts/chamber/week) to determine the ef-
fects of heat stress on rectal temperatures and respiration rate, Both en-
vironmental control chambers were also evaluated for capabilities and
limitations. When gilts were first subjected to the chambers, both cham-
bers were operated at 70°F. with 60 percent humidity and 5 m.p.h wind
velocity, Twenty hours after each group of pigs was conlined to the
chambers, the temperature in one chamber was elevated o 80°F. and
then four hours later elevated to B5°F, and held at that level for the re-
mainder of the confinement period,

The desired chamber temperatures and humidity in the hot chamber
were obtained. However, humidity in the cool (70°F.) chamber was al-
fected by increased air moisture content outside the chamber,

Exposure to the chambers tended to induce estrus, Ten gilts (4 in
cool chamber and 6 in hot chamber) showed signs of estrus on either
days § or 4 of conlinement. ‘The average rectal temperature for pigs in
the cool chamber was 102.4°F. compared to 103.0°F. for those in the hot
chamber. As chamber temperature increased rectal temperatures and res-
piration rates increased, The pigs exposed to the hot chamber had
higher average rectal temperatures than the cool chamber pigs at all
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periods except at 10:30 a.m. on day 5. Some adaptation to heat stress was
apparent on the 4th or bth exposure day. The daytime average respira-
tion rates for those exposed to heat stress tended to decrease with length
of exposure. However, the average daytime high rectal temperature for
gilts in the hot chamber was higher (P<.01) in the cool chamber on
day 2, 3, 4 and 5 of confinement. Both proups exhibited lower average
rectal temperatures at 6:50 a.m. each day accompanied by an elevation
after feeding.

Based on these results it may be desirable to increase wind velocity
above 5 m.p.h. or to install a larger dehumidification system when low
chamber temperatures arve desired. This study indicates that pigs ex-
hibit a diurnal rectal temperature rhythm in an environment where
temperature, humidity, wind velocity and lighting are held relatively
constant and that animals tend to show some adaptation to heat approxi-
mately 48 to 72 hours after initial exposure,

Introduction

With an increase in confinement rearing of swine, the effects of
heat stress on the physiological well-being and performance of swine is
of increased concern to the swine producer. Most of the heat stress re-
search has been conducted with facilities that are capable of controlling
only temperature. Due to lack of adequate environmental control facili-
ties there is limited data on the effects of constant temperature, humidity
and wind velocity on swine,

Many reports indicate that swine will exhibit an increase in rectal
temperature and respiration rate upon initial exposure to high tempera-
ture, Work done by Edwards et al. (1968) at Fort Reno suggests that
gilts appear to adapt to high temperatures after about 6 days exposure.

This study was undertaken to investigate the effects of a constant
elevated temperature on the rectal temperature and respiration rate in
pigs. Since this was the first study involving the new environmental con-
trol chambers at the University Science Building, an additional objective
was to evaluate the capabilities and practical limitations of these [acili-
Ties,

Materials and Methods

This study utilized 24 Hampshire gilts with an average age of 7
months and weighing 208.9=22.%9 pounds confined lor a one-week l,u:ri{:r_l
(2 gilts/chamber fweek) to either a cool or hot environmental control
chamber. These chambers were constructed inside a closed room at the
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Veterinary Science Building. Each chamber was equipped with a re-
straining crate designed to accommaodate two 200 pound pigs, These
chambers were designed and constructed by Lab-Line Environeers, Divis-
ion of Lab-Line Instruments, Inc., Melrose Park, Ilinois,

One chamber served as a control chamber and was maintained at
approximately 70°F., 60 percent relative humidity and 5 m.p.h wind
velocity continuously. The other chamber was operated at 70°F. lfor 24
hours after initial gilt exposure and was then elevated 1o B0°F. and then
four hours later increased to 85°F, and held at that level for the remain-
der ol each week of confinement, Chamber lighting was continuous for
the entire period of gilt confinement. "I'he chambers and restraining crate
designs and dimensions are presented in Figures 1, 2 and 3, respectively.

Each gilt was fed 4 pounds of a growing ration at 6:30 am. each day
and water was supplied ad libitiwm, Rectal temperatures were determined
with a large animal rectal thermometer after a § minute insertion period.
Respiration rates per minute were obtained by counting flank move-
ments, Rectal temperatures and mspiration rales were taken at 6:50
p.m. and 10:30 pm. on [1;!}-' 1, at 6:30 am., 10:30 am., 2:30 p.m., 6:30
pom and 10:50 pmoon day 2, 3, 4 and 5, and at 6:30 am. and 10:30 a.m, on
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Figure 1. Environmental control room showing location of environ-
mental chambers, restraining crate position and work area.
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Figure 2. Environmental chamber showing restraining crate and en-
vironmental equipment,

day 6 for each week of pig confinement. Chamber temperatures and
humidities were also obtained at these same times from a continually
operating hygrothermograph recorder located inside each chamber.

Results and Discussion

The means and standard deviations for the cool and hot chamber
temperatures and relative humidities are given in Table 1.

Chamber temperatures and the hot chamber humidities were rela-
tively constant during this experiment. However, the dehumidification
system in the 70°F, chamber was operating at full capacity during the
entire study. In weeks two and four fluctuations in humidity were noted
which possibly resulted from increased air moisture outside the chamber.
It was possible to control humidity at 60 percent in the hot chamber
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Figure 3. Cross section of environmental chamber showing restraining
crate design,

Table 1. Means and Standard Deviations for Chamber Temperature
and Relative Humidity

Temperature L“F} Helat ivr.llutm.ﬂu}' (Fa)
Chamber Mean St Dev, Mrall St Dev.,
Cool T .86 61.5 2.74
Hot B4.8 .49 6015 1.41

because the high temperature was a supplement to the dehumidification
systemn, This suggests that the environmental facilities would be relative-
ly inefficient in obtaining relative humidities below G0 percent in the
70°F. environment used in this study. However, the § mop.h. wind velo-
city for this experiment could have been too slow to circulate sufficient
air through the dehumidifier, In future trials where low temperatures
and humidities are desired it may be desirable to increase wind velocity
above 5 m.p.h. or install a larger dehumidification system,

One gilt exposed to the hot chamber during the fourth week ex-
hibited abnormally high rectal temperatores and respiration rates and was
subsequently eliminated [rom this study,  Four gilts in the cool cham-
ber and 6 gilts in the hot chamber were observed o be in estrus on either
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the third or fourth day of confinement. This increased incidence of estrus
may have resulted from the environmental change and the physical
stress of moving to the chamber location. Nalbandov (1964) noted that
more pigs when moved will exhibit estrus within 5 to 8 days than would
have in their original location,

As chamber temperature was increased to 85°F,, rectal temperatures
and respiration rate increased. The average cool and hot rectal tempera-
tures were 102.4°F. and 103.0°F., respectively. A temperature of 102.4°F,
is considered normal for pigs. The 105.0°F. average hot rectal tempera-
ture sugpests that these gilts were in an environment above their com-
fort zone,

The average cool chamber and hot chamber gilt rectal temperatures
are presented by time intervals in Figure 4. This figure indicates that a
diurnal rectal temperature rhythm was exhibited by pigs in both cham-
bers with lows occurring at 6:30 am. daily. Average rectal temperature
increases were observed for both gilt groups after feeding at 6:30 am.
each day. The control gilis tended to be more active and to consume their
feed prior to the 10:30 a.m, reading, while the hot chamber pigs were
observed to be eating over a 24 hour period. The gilts in the hot cham-
ber appeared to adapt to heat stress about the fourth or fifth confine-
ment days as evidenced by non-significant differences between the rectal
temperatures of the cool and hot groups,
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Figure 4. Average cool and heat siress gilt rectal temperature comp-
arisons at different stages of confinement,
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Both gilt groups exhibited average high rectal temperatures at 2:50
pm, G:30 pom. or 10:30 pam, on days 2, 8, 4 and 5 of the confinement
period. These rectal temperatures were averaged to obtain a daytime
high rectal temperature and are presented in Figure 5, Average daytime
high hot rectal temperature was significantly (I'<.01) higher than the
average daytime cool rectal temperature for either tl:uf 2, 8 4o0r 5 of
exposure, The greatest reduction in rectal temperatures for heat stress
gilts occurred from day 2 to 3 of confinement, The increase for average
daytime high cool rectal temperature on day 4 was possibly the result of
the four cool chamber gilts coming into estrus on the fourth confinement
day and exhibiting rectal temperature increases. This response was not
evident among the hot chamber pigs although six gilts did show signs
of estrus on either the third or fourth confinement day.

The cool and hot chamber gilt average respiration rates are pre-
sented by time intervals in Figure 6. As chamber temperature was in-
creased to B5°F, the average respiration rate for the hot chamber pigs
was higher (P<.01) than the average respiration rate for those pigs
in the cool environment at every time period for the remainder of the
week. However, there was a trend for the daytime high average hot
chamber gilt respiration frequency to decrease with length of exposure.
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Figure 5. Average daytime high (2:30, 6:30 and 10:30 p.m.) rectal
temperature comparisons for cool and heat stress gilts on
dnys 2, 3, 4 and 5 of confinement,
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Figure 6. Average cool and heat stress gilt respiratin rate per minute
comparisons at different stages of confinement.

There was also a tendency for both gilt groups to exhibit daytime fluctua-
tions in average respiration rates.
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Pelleting Milo and Wheat for
Growing-Finishing Swine

Benny 8. Robbins, W. G, Luce and L T, Omtvedt

Story in Brief

Three hundred twenty-four pigs were fed during the summer of 1970
at the Fort Reno Livestock Research Station to compare pelleted and
ground all milo, 50 percent milo-50 percent wheat and all wheat-soybean
meal diets for growing-finishing swine. The pigs were sclf-fed in con-
finement from an average weight of 52.9 to 210.8 pounds.

Pelleting significantly improved average daily gains and feed efl-
ficiency for either the milo, wheat or milo-wheat mixture when com-
pared to the ground diets. The wheat or wheat-milo mixture supported
similar gains and feed utilization as the milo ration.

Introduction

The influence of different processing methods of milo and wheat
for swine on performance and feed utilization have not been fully estab-
lished, Information involving pelleting is needed in order to most effici-
ently utilize milo and wheat in growing-finishing swine rations,

Mila has been considered the traditional swine feed in Oklahoma,
but in recent years, wheat has been competitively priced with other
cereal grains and used as a feed for swine, This has created the need for
more information on the effect of substituting wheat for milo in growing-
finishing rations,

The purposes of this study were to compare pelleting with grinding
and to study the effect of substituting wheat for milo in diets for grow-
ing-finishing swine.

Materials and Methods

Three hundred twenty-four Duroc, Beltsville, and crosshred pig.'s
from the swine breeding project at Fort Reno were self-fed in confine-
ment during the summer of 1970 [rom an average weight of 52.9 to 210.8
pounds. Eighteen pigs were randomly allotted within breed, sex, litter,
and weight to each pen (nine barrows and nine gilts; three Durocs, three

In cnnpﬁ:rallllll with liw Ft. Reno Livestock Research Station, Agricultural Research
Service, Animal Science Research Division, LSIDA,
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Beltsvilles and three crossbreds). The study included three replications,
each started one week apart, of the six treatments involving 18 pens,

The pigs were fed 16 percent crude protein all milo, 50 percent milo-
50 percent wheat or all wheatsoybean diets as shown in Table 1. Each
diet was fed in both ground and pelleted form. The milo and wheat
analyzed 8.5 and 12,3 percent crude protein, respectively. A proximate
analysis of the complete rations showed 87.7, 889, and 88.0 percent dry
matter and 16.3, 154, and 16.5 percent protein for the milo, wheat and
50 percent milo-50 percent wheat diets, respectively. The pigs were started
on one of the six experimental diets one week alter being placed in 10” x
24 feeding pens with concrete floors. This allowed pigs time to adjust to
the new surroundings before the trial started. The pigs had access to
feed and water at all times,

All grains were ground by wsing a hammermill with a 0.125 inch
screen. The three ground diets were fed in this finely ground form,
while the pelleted diets were fed as 3/16 inch pellets.

The pigs were individually removed from the six treatments at ap-
proximately 210 pounds. Average daily gain, daily feed intake, feed ef-
ficiency, and probed backfat thickness adjusted to 200 pounds were cal-
culated at the completion of each trial,

Table 1. Ration Composition,

Ration Number!

Ingredients, percent 1 and 2 % and 4 5 and 6
Milo (8.3%) 72.25 e 38.25
Wheat (12.3%) i 81.50 38.25
Soyhean meal (445 2LTA 13.60 18.50
Molasses [wet) 1.50 1.50 1.50
Dicalcium phosphate 1.50 1.30 1.40
Calecium carbonate 080 0.90 0.90
Salt 0.50 0.50 0.50
Vitamin-trace mineral premix? 0.50 .50 0,50
Tylan 10 0.20 0.20 0.20
Total 100,00 100,00 100.00
Calculated Percent

Composition
Protein 16.00 16.00 16.00
Calcivm 0.0 0.70 0.70
Phosphorus 0.60 0.60 0.60

1 Rations 1, 3, and 5 were fed in grouwnd form, Rations 2, 4, and 6 were fed in pelleted [orm,
2 Yitamin-trace mineral premix supplied 1500 LU, YVitamin A, 150 LU, Vitamin I, 2 mg, ribo-
Mavin, 1% mg. niacin, 10 mg, pantothenic acid, 500 mg, choline, 7.5 meg. Vitamin B, 0,22 ppm
fodine, 99 ppm iron, ¥ ppm manganese, || ppm copper, and 99 ppm zinc per pound of feod,
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Results and Discussion

The results of this trial are shown in Table 2. 'The pigs receiving the
ground or pelleted diets were fed an average of 96.5 and 90.8 days, respec-
tively. The average daily gains and feed efficiencies of the pigs led the
pelleted diets were significantly superior to those of pigs fed the ground
diets, Pigs fed pelleted diets also tended to have a lower average daily
feed intake. No significant differences in performance were found due
to the grain within the ground or pelleted diets. Treatments also had
little apparent effect on probed backfat thickness,

Table 2. Effect of Pelleting on Performance of Growing-Finishing Swine.

Ration Designation 509 Milo-

Milo Wheat 505, Wheat
Gr. Pel. G, Pel. Gr. Pel.
Item 1 2 1 2 1 2
Pens per treatment, no, 3 3 5 3 3 3
Pigs per pen, no. 18 18 18 18 18 18
Av, initial weight, b, 53.5 a2.3 33.1 52.8 52.0 53.7
Av. final weight, lb. 210.0 211.1 209.9 211.2 207.3 2153
Av, daily gain, Ib.* 1.64" | B 1.61' 1.742 1.67 1.75*
Av, daily feed intake, lb** 573 5,605 h4are 5290 5,66 5.34"
Feed Lrin-r Ib, of gain, Ib.* 3517 L 3.427 .00 3.507 3.1
Av, adjusted backfat, in, 1.48 1.49 148 1.49 1.50 1.51

* Any two means without a common superscript differ significantly (P==__01).
**Any two means without a common superscript differ significantly  (P=2.06),

Myodegeneration Syndrome
In Swine

S. N. Falk, R. L. Henrickson, C. V. Maxwell and R. J. Pancicra

Story In Brief

In recent years there has been noted an increased death rate of swine
as a result of medical treatment, weighing, lot movement, exercise, and
hauling. This increase in death rate has been attributed to a muscle
abnormality known as Myodegeneration Syndrome. The purpose of this
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research is to [acilitate the separation of normal from Myodegeneration
Syndrome susceptible animals by means of a rapid detection method
utilizing measurements of serum Creatine Phosphokinase (CPK) level
in the bload,

In the first study 40 Yorkshire pigs were used, twenty castrated males
and 20 females. CPE determinations were made when the pigs were 3
months of age, The animals were then exercised on a treadmill and the
CPE determination was repeated. After reaching 5 months of age, 6 pigs
which had excessive elevations of CPK were slaughtered along with 6
animals which were considered to be normal, In order to determine the
etfectiveness of the method, detailed histological, gross, histochemical,
chemical, and physical analyses were run on samples taken from the
major loin muscle, the longissimus dorsi. Animals with the hight:st levels
of CPK typically exhibited low initial pH in the range of 5.35 to 599 in
the muscle tissue, very low scoring with regard to quality points such as
color, marbling, and firmness, greater than normal fiber diameter, mois-
ture, and shear values. Muscle temperature markedly increased reaching
an average of 106.5°F. The lean cut yield was much higher in susceptible
animals as compared to those animals classified as normal.

Introduction

Myodegeneration Syndrome has become a major problem in today’s
meat industry. The difficulty is to some degree the fault of the consumer
who is pressuring the industry for not only more but a higher quality of
meat hoth in the raw and cooked form. The food industry must realize
that the shopper of today has become quite an educated buyer and it
must strive to meet his demands. Realizing the scope of the problem, the
swine producer has managed to provide animals with not only more but
a higher quality meat through selective breeding, enriched feeds, or by a
combination of the two. As a general rule, his efforts have succeeded, but
exceptions may be drawn to any rule. Such is the case with Myodegen-
erations Syndrome,

It appeats the meatier the animals, the more susceptible they are to
the disease and the lower their quality. Animals which are Myodegenera-
tion Syndrome susceptible are characterized by gusp[ng, open mouth
breathing, elevated body temperature, tensed back muscles, and show
evidence of stiffness. Immediately after slaughter, the pigs exhibit severe
rigor mortis and the muscles of the carcass are typically light in color,
lacking firmness, and exude water. Such conditions in the live animal
may ultimately result in death betore slaughter or cause the carcass to be
of such a poor quality as to be unacceptable to the consumer both in the
raw and cooked form. If the pork industry expects to meet current de-
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mand for high quality it becomes apparent that there is a great need for
a method of rapid detection of animals which are susceptible to the
Myodegeneration Syndrome,

Because the enzyme Creatine Phosphokinase (CPK) is found primar-
ily in muscle tissue it was chosen as the best means of diagnosis. CPK was
introduced as a diagnostic aid by Ebashi et al, and Dryfus et al., 1959
and 1960. Since the time of the introduction of CPK as a detection
methods, it has received much attention in Europe, whereas few reports
have been noted in the United States literature. Most work has been re-
ported on muscular disorders in the human.

The enzyme Creatine Phosphokinase catalyzes the reversible reaction:

Creatine + ATP  CPK  ADP -} Phosphocreatine
e
Mg+

Hence one can see that this reaction is a valuable source of energy,
furnishingA'TP, particularly in muscle which has been forced to metab-
olize anerabically (absence of oxygen) .

Several methods are available for the determination of serum CPK
activity. 'The method used in this study is based on the technique of Tan-
zer and Gilvarg (1959) . With this method, the primary reaction is coupl-
QLI Lo Lwo subsuquunt reactions:

ATP -+ Creatine CPK ADP 4 Creatine Phosphate

 m———
Mg+
ADP - P]J{ysp]mlr:nu[p}rrv.'iw PK Pyrvate + ATP
3
Pyrvate 4 DPNH LDH Lactate -1 DPN
3

Conversion of DPNH to DPN results in a decreased absorbance of
the solution when measured at a wavelength of 340 mu. The amount of
enzymatic activity is proportional to- the rate- of- oxidation- of- DPNH
—————3DPN in the unknown measured against a blank, Under
test conditions, one international unit of CPK activity will result in the
oxidation of 1 micromole of DPNH /minfml of the serum at pH 9 and
25°C. Normal ranges of CPK activity in other muscular disorders were
found to be between 0 and 8 x 104 international units. Levels above
17 x 10+ are considered to be abnormal {Hess et al, 1964) . Seadies by
Vester et al., 1968 and Henson et al., 1966, showed that an elevation of
CPK appears to exist for most diseases ol skeletal muscle, llﬂl]t‘[l!"‘:,' the
use of CPK level of the blood will afford a rapid and accurate detection
of diseased animals,
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Procedure

In order to evaluate the efficiency of the blood CPK [echnique a de-
tailed study of the muscle tissue was undertaken:
A. Evaluation of the carcass:
1. Determinations of the amount of total muscling were made.
B.  Evaluation of the Longissimus doysi:

1. The L. dorsi muscle was scored as to quality such as color,
firmness, and marbling.

2. Histological aspects were determined such as fiber diameter,
degree rigor, sarcolemma thickness, nuclei number, length,
and width, and the overall condition of the [ibers.

3. Histochemical examination utilizing NADH-TR (Nicotin-
amide Adenine Dinucleotide-Tetrazolium Reductase) in a
Luclmique described by Engel et al., 1965,

4.  Chemical determination of pH, moisture, and lipid.

Physical evaluation utilizing shear force as a parameter for
tenderness.

o

Results

In order to understand some of the causes of the Myodegeneration
Syndrome it is essential that one have a working knowledge of muscle
anatomy. Muscle is a highly complex tissue when viewed with the aid of
the light microscope. It may be seen that the muscle is actually composed
of bundles of fibers of varying degree of roundness, Within any given
muscle there are essentially three basic types of fibers, red, white, and in-
termediate, which have their own physiological activities. The white liber
is described as being [ast-contracting and metabolizes stored glycogen
anacrobically yielding lactic acid as a waste product. Then there is the
slow-contracting red fiber which metabolizes aerobically and possesses a
Kreb's cycle and cytochrome system.

The last type of fiber is described as being intermediate in nature
and is able to metabolize both anerobically and aerobically. Fibers posess-
ing the Krebs and cytochrome system are able to synthesize 30 ATP
molecules per glucose while those metabolizing via glycolysis yield only 2
ATPs per glucose molecule. Cooper et al., 1969, noted that the white
fiber area expressed as a percent of total fiber area was 70-75 percent
while the remaining 25-30 percent was composed of red and intermediate
fibers in normal porcine muscle, It was also observed that one of the dil-
ferences in normal and abnormal muscle was the distribution of certain
liber types. The liber type allects post-mortem metabolism and this vari-
able rate of post-mortem metabolism has important implications in the
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ultimate usetulness of muscle as a lood. In abnormal porcine muscle var-
ious scientists have noted that therve is a much higher distribution of white
and especially intermediate fibers.

It is also postulated that animals have the Myodegeneration Syn-
drome have lower capillary distributions and therefore lower myoglobin
contents ane that this ellectively reduces the oxygen supply and storage
in the muscle tissue. In an environment such as this muscles undergo a
more rapid and severe oxygen debt, Due to the abnormal ratio to white
and intermediate fibers, the muscle accumulate lactic acid in higher con-
centrations than normal, causing a rapid fall in pH during stress situa-
tions and post-mortem,

Rapid pH decline would be almost fatal to the delicate sarcoplasmic
and myofibular proteins, The lack of oxygen also causes a “shut-down"
of the cytochrome system so that the main source of energy to the muscle
15 lost. The muscles are forced to synthesize A'TP, the energy source for
contraction, via creatine phosphate. Once th is reserve is drained no more
ATP is available to facilitate relaxation, thus bringing about sudden rigor
maortis noticed in several of the animals upon slaughter, In general this
abnormal metabolism has a very detrimental effect on the muscle and
hence meat quality,

As noted in Table 1, the level of CPK in the blood depended upon
the individual animal and the degree of stress received prior to blood
sample removal. As would be expected, the level of CPR increased follow-
ing exercise, however some animals seem able to adapt readily to stress.

Table 2 shows the effect of Myodegeneration Syndrome on the car-
cass tissues, Animals with high lean cut yield were directly related to in-

Table 1. Creatine Phosphokinase Level of Porcine Blood Before and
Alter Exercise,

Mild Exercise® Severe Exercise®
Hog No. TCPK-L CPEZ - TOPKE T CPK-4
11-3 230 550 53 o
14-8 45 73 32 79
15-4 418 G ] a1
15-6 7l 240 72 76
15-7 130 270 33 102
16-7 112 345 730 520
17-1 112 o3 74 1310
17-8 28 230 116 485
17-10 122 69 150 1075
18-9 Gl +9 3] a5
20-8 71 62 24 40}
20-10 50 45 10 38

LMild exercise Involved drivieg the pigs around  the pen o 200 minutes.
2 Bevere exercise inmvolved siress [vom exercise on the tresd mill aned ambient heat  (80-85°F),
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Table 2. The Effect of Myodegeneration Syndrome on the Porcine Carcass

Chilled Carcass Live Lean Carcass Fat Muscle
Animal Live Side Lean Cut Cut Length Thickness Temperature
Number Wt Wt Yield 9% Yield of {Imch) {Inch) Deg. E.
11-3 Died = i = = i =
13-4 228 81.5 61.10 43.68 31.70 1.40 106.4
16-7 235 8.7 69.22 42.38 30.30 1.47 106.4
17-10 226 823 57.84 42,12 29.20 1.50 106.9
17-1 215 79.2 59.47 43.81 30.10 1.37 106.0
Normal
14-8 222 79.6 56.91 40.81 31.00 1.27 ..
15-6 232 81.7 53.98 38.02 30.70 1.43 -
13-7 226 78.2 35.80 38.67 31.00 1.57 105.5
17-8 242 84.0 56.55 39.26 30.80 1.60 106.0
18-9 220 73.5 53.1 37.82 31.60 1.47 105.0
20-8 231 78.7 36.42 38,44 31.30 1.40 104.0
20-10 222 78.9 37.54 40.90 31.00 1.23 i)




creased levels of CPK and low guality pork. As may be noted, animals
with the higher CPE value also possessed elevated temperatures,

Comprehension of the detrimental effect the disease has on muscle
is enhanced by Table §. Associated with the myodegeneration syndrome
is a loss of meat (111:]Ii[}'. Various muscles of the carcass have a pale calor,
and lack firmness. Due to the anerobic type of metabolism, there is little
fat synthesis, hence little intramuscular fat deposition in the form of
marbling, The high ratios of white and intermediate fibers caused the
tissue to be more acidic due to large amounts of lactic acid which accel-
erated the rate of pH decline. Most abnormal animals are characterized
by a muscle pH of 5.5 or below, 30 minutes post-mortem. ‘Those muscles
that have greater amounts of red fibers have a pH of 6.0 or higher at, 60
minuies post-morten.

A detailed analysis of the major loin muscle (longissimus dorsi) fur-
ther substantiated practical measures for leanness. In general loin eye area
and muscle weight were greater in these animals termed abnormal. ‘Table
4, Fiber diameter was not found to be associated with meatiness, but may
be associated with muscle degeneration. Degree of fiber rigor and animal
stiffness may well be associated. It is interesting to note that the percent
of fat as determined by ether extract was, on the average, lower in the
abnormal animals.

Examination of cross-sections of the longissimus dorsi stained with
NADH-TR yielded three very interesting facts. There is an extreme differ-
ence between the size of normal and abnormal muscle [ibers. These
animals which are Myodengeneration Syndrome susceptible posessed a
higher amount of white and intermediate fibers. In normal muscles the
red fibers were concentrated in the center of the fasciculus with the inter-
mediate fibers surrounding them, the white fibers being on the exterior.
In abnormal muscles there seemed to be a lack of organization of the fiber
types as they were scattered throughout the fasciculus in a haphazard
arrangement. Also there was noted in the high serum CPK pigs a “giant
fiber” which has also recently been described by Cassens (et al,, 1969) .
This Fiber measured some 150 microns in diameter and was found o be
in every one of the abnormal animals examined. Consequently, the histo-
chemical analysis may prove to be a very uselul parometer.

Summary

Preliminary investigations using I12 pigs showed that there may be
a relationship between abnormally high serum CPK levels in the blood
and susceptibility to the Myodengeneration Syndrome. The technigue
will be used to eliminate those animals which have already developed the
disease and those which are susceptible o it
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Table 3. The Effect of Myodegeneration Syndrome on Porcine Meat Quality

Shear Moisture

Animal Color Firmness Marbling Yalue Value Fat Initial Final

Number Score Score Score 1b. o o PH pH
11-3 = - = - 76.31 0.20 o =
15-4 pale (2) soft (2) scant (2] 17.5 74.77 0.13 5.99 5.20
16.7 ext pale (1) very soft (1) devaid (1) 16.4 74.39 0.19 5.35 5.21
16-7 pale (2} wft (2) scant (2) 234 73.69 0.26 5.50 5.38
17-1 sli pale (3) sli firm (3) scant (2) 21.4 75.68 0.62 6.60 5.64

MNormal
14-8 mod pink (4) sli firm (3) scant (2) ) 72759 0.20 6.52 5.62
156 mod pink (4) sli firm (5] scant (2} = 72.75 0.13 6.42 5.60
15-7 mod pink (4) firm (6) mod(5) 15.4 74.82 0.18 6.36 3.59
17-8 mod pink (4) avg (4) sli (3) 14.8 73.27 0.19 6.10 5.25
18-9 di pink (3) firm (6) moel (4) 20.5 73.00 0.42 6.74 5.25
20-8 mod pink (4} sli firm (5) si (3) 15.5 73.76 0.21 6.65 5.25
20-10  sli pink (3] avg (4 sl (3} A 73.70 0.28 6.65 5.55




A ANPEL TEa A LT ELRITLL “'l}'l.“-“.'pﬁcllﬂlﬂll'l"l GIM.UI.UI:I“J FLL REIRS EUFR L LEEES
Longissimus Dorsi Muscle

Fibwr Degree Muclei Muclei
Animal LI¥ Area LD Weight  Diameter Rigor Length Width
Number (St In.) 1i. " o 1 "
11-3 = = = = 9.57 4.96
15-4 .50 5.20 70,80 1.69 11.69 4.55
16-7 6.15 5.20 58,80 1.36 13.32 2.95
17-10 5.51 4.80 68,70 3.84 12.12 326
17-1 6,45 5.40 88.20 3.62 15.88 2.87
Mormal
14-8 4.18 4.60 70.98 1.86 12.53 301
15-6 4.58 460 73.80 2.10 11.19 2.76
15-7 4. 64 4.60 63.60 1.60 15.02 2.94
17-8 857 3.0 74.30 2.26 11.09 343
18-9 4.04 3.80 7720 2.52 10.37 +.06
20-8 4.69 4.20 75.00 1.80 17.29 273
20-10 4.92 460 G840 2.04 13.93 2.68

Muscle tissue from animals with the syndrome is very soft, high in
moisture, and light in color. Animals lpr_w;.-,-e:;qing the syndrome are quite
meaty but lack sufficient deposits of intramuscular fat. Abnormal muscle
also exhibited very low pH at 1 hour post-mortem.

Although not enough data is yet available to substantiate many of
these statements, one fact is obvious: Myodegeneration Syndrome has a
very undesirable effect on the quality of pork and its eventual usefulness
as a food.
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High Moisture Milo For Swine

Benny S. Robbins, C. V. Maxwell and W. G. Luce

Story In Brief

Two trials were conducted to evaluate the relative merit of ground,
reconstituted-rolled and dry rolled milosoybean diets for growing-finish-
ing swine.

In trial number 1, no significant differences in rate of gain or feed
utilization were obtained among pigs fed the three milo treatments. How-
ever, pigs fed the ground milo diet tended to require less feed per pound
of gain than pigs fed the reconstituted-rolled or dry rolled milo diets.

In trial two, pigs fed the reconstituted diet required significantly less
feed per pound of gain and consumed significantly less feed per day than
pigs fed the ground or dry rolled milo diets. No significant differences in
average daily gain were noted among pigs fed the three diets, but pigs fer
the ground milo diet tended to gain faster than pigs fed the reconstituted-
rolled or dry rolled milo diets.

Introduction

Methods of processing are continuously being studied in an atlempt
o improve tlie [L':_'f_liug value of ceral grains and perfr}rm:mre of swine.
Recently, high moisture reconstitution has been compared with dry pro-
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cessing methods as a means of improving rate of gain and feed utilization,
A substantial improvement in feedlot performance has been obtained
with cattle fed reconstituted milo as compared to dry milo. Preliminary
trials involving growing-finishng swine have shown that pigs fed recon-
stituted or high moisture harvested grain diets required less feed per
pound of gain than pigs fed dry grain diets.

Since milo has been the wradidonal swine feed in Oklahoma, two
trials were conducted to study the effects of feeding reconstituted, high-
moisture-rolled, ground or dry rolled milo to swine. The performance of
pigs on each trial was used to compare the three processing methods,

Materials and Methods

In trials 1 and 2, 42 and 48 purebred Yorkshire and Hampshire pigs
were self-fed in confinement 52.8 and 91.1 days from an average weight
of 120 10 208.7 pounds and from 57.8 to 2115 pounds, respectively. Trials
1 and 2 were conducted during the summer and winter of 1969, respect-
ively, The pigs were obtained from the Oklahoma State University swine
herd and were randomly allotted within breed, sex and weight to three
[reatments,

The pigs were fed 16 percent crude protein, milo-soybean meal diets
in two-pig, & x 7 feeding pens with concrete floors. The experimental
diets were identical except for the preparation of the milo, The milo was
either ground, reconstituted and rolled or dry rolled before mixing into
the complete ration, shown in Table 1.

Table 1. Ration Composition!

Ingredient Fercent
Mile 16098
Sovbean Meal (509 ) 19.67
Calcium carbonate (.50
Dicalcium phosphate 1.85
Trace mineral salt® 0.50
Premix 86504 0.50

Total 100,00

Five pounds of antibiotic supplement' were added per ton of ration

1 Kation composition based on a % dry matter basis.

2 Trace mimeral salo ﬂllt.rl.llll?d_ I2_.!':l P manganese, 10 ppn iven, ﬁn&rpml sulfur, 1.65F ppm copper,
L5 ppm cobalt, 035 ppm iodine and 025 ppm zine per pound eliet.

3 Premix B650A supplied 1000 LU, vitamin K, 100 LU. vitamin I}, |1 mg riboflavin, 10 mg.
niacin, 3.15 mg. pan!mhenic acid, B2.5 mg. choline, 7.5 meg. vilamin “:ur 1.2 ppm iodine, 11
Ppan manganese, 22 ppm iron, 2.5 ppm copper, 0.3 ppm cobalt and 722 ppm zinc per pound
af dict,

i Antihiogic sllph'mmll contained 200 gm. aureomycin, 1 gme sulfamethazine and 20 gm. penicillin
per poundl
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The reconstituted-rolled milo was prepared by adding 15 gallons of
warm water to 200 pounds of air-dry, whole milo. This mixture was
allowed to mix for 45 to 50 minutes in a2 cement mixer o raise the mois-
ture level of the milo to 30-32 percent. The grain was sacked in plastic
airtight bags and stored for 21 days. After this time the milo was remov-
ed from the bags, rolled between 187 x 24 rollers with a 0,001 inch roll-
er tolerance, mixed, resacked and placed in a 34°F. cooler until Ffed.

Ground milo was prepared by using a hammermill with a 0.187% inch
screen, Dry rolled milo was prepared by rolling the grain between 18 x
24" rollers with a 0.001 inch roller tolerance,

The complete reconstituted-rolled, ground and dry rolled milo-soy-
bean diets contained approximately 74.07, 87.17 and 84.32 percent dry
matter, respectively.

Results and Discussion

The results of Trial 1 are shown in Table 2, The data suggested that
the preparation methods used did not significantly effect daily gain, daily
feed intake or feed per pound of gain. As shown in Table 2 the daily
gains of pigs fed the ground or dry rolled milo diets tended to be super-
ior to those of pigs fed the reconstituted milo diet. Pigs fed the ground
diet tended to eat less and to be more efficient than pigs fed the high
moisture or dry rolled diets,

The results of T'rial 2 are shown in Table 8. No significant differ-
etices were obtained for rate of gain of pigs fed the three dicts, but feed
utilization was significantly improved for pigs fed the reconstituted milo
diet. As shown in Table 3 pigs fed the ground milo diet tended to gain

Table 2. Effect of Reconstituted Milo on Performance of Finishing

Swine
Ration Designation
1 2 3
medinm reconst futed dry
Trem grmrl rodled rolled
Pens per treatment, no. 7 15 7
Pigs per pen, no, 2 2 2
Average initial weight, lb. 1229 119.4 120.4
Average final wmght Ihb. 2045 202.6 -1
Average daily Fam 1.75 1.67 1.64
Avcrage daily feed intake, 1b*# 5.94 5.08 5.9
Feed per pound of gain, b * 53.08 2.33 '3 42

L Values shown were corrected Lo a P percent dry malter hasis.
=Moo significant differences  (P2== 05 between  teatinenl  meins,
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Table 3. Effect of Reconstituted Milo on Performance of Growing-Finish-
ing Swine

Ration EIL-H.i.g.lluliml

| 2 5
medium reconstituted dry
Ttem grind rofled rolled
Peng per treatment, no. 8 8 B
Pigs per pen, no, 2 2 2
Average initial weight, Th, 61.0 57.9 546
Average [inal weight, Ib, 212.3 210.6 2109
Average daily gain, lb. 1.75 1.67 1.64
Average daily feed intake, 1b ** 5.94% .08 5.90¢
Feed per pound of gain, T2 3.37 3.01° 3.547

2 Walues shown were corrected to o 99 percent du |l|a|1¢r 1:'1*~|s
P aAny twae treatment means without a commeon nomber  differ signilicantly  (1'=="_04).

faster than pigs fed the reconstituted or dry rolled milo diets. Pigs fed the
reconstituted diet required less feed per pound of gain and consumed less
feed than pigs fed the ground or dry rolled milo diets. Part of the im-
provement in feed utilization of pigs fed the reconstituted diet appeared
to be due to less feed wastage.

The data obtained from these two studies are inconsistent in that
improvement in efficiency of gain was obtained only in Trial 2. Reasons
for this inconsistency were not elucidated, It is noteworthy, however, that
Trial 1 was conducted during the summer months when spoilage was a
problem whereas trial 2 was conducted during winter,

Additional studies with high moisture milo for swine are currently
heing conducted,
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Sheep

The Relationship of Darkness and

Confinement to Early Rebreeding
of Spring Lambing Ewes

Joe V. Whiteman, Mike B. Gould and 5. V. Tennery

Story in Brief

During the fall of 1968 a group of 115 ewes were bred to lamb be-
tween March 15 and April 5, 1969, As ewes and lambs were removed
from lambing pens three days after lambing they were alternately placed
in a dark, confined area or in a regular barn-night lot environment un-
til 25 days after lambing. As the ewes in each group reached the 25 days
after lambing stage, they and their lambs were removed from their treat-
ment group, turned to pasture and exposed to fertile rams until June
30. Mating behavior indicated essentially no treatment effect on the oc-
curence of estrus during the lweeding period. Lambing records indicated
that the conception rate and interval from lambing to conception was
practically the same for the two groups. Thus, the experiment indicated
that the use of darkness and confinement immediately after lambing ap-
parently had no beneficial effect on spring lambing ewes in terms of
getting them to breed bhack sooner.

Introduction

A ftour year study involving efforts to breed Dorset, Rambouillet
and Dorset X Rambouillet crossbred ewes twice-yearly clearly demon-
strated that under natural conditions ewes that lambed in March and
April did not breed back for fall lambing very readily. Only about 25
percent of the ewes conceived alter lambing in the spriug and the aver-
age interval from lambing to conception was about 66 days for those
that did conceive. These results suggest then that management prar.'lict:s

In cooperation with Agricultural Research Service, Animal Science Research Idi-
vision, LISDA.
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need to be discovered that will increase the proportion of ewes conceiv-
ing and shorten the interval from lambing to conception if possible.

It was decided to conduct a study to determine if light control and jor
confinement of ewes immediately after lambing would hasten rebreed-
ing, These factors were selected for study for several reasons. First,
it has been reported on many occasions that reducing the amount of
daylight gradually during the spring will improve the out-of-season
the experimental flock at Ft. Reno, a group of ewes that were confined
and subjected to dilferent light conditions {for most of the first 25 days
alter lambing mated and conceived better than a similar group of ewes
that were neither confined nor subjected to restricted light during the
same period of time, Third, research in Virginia showed that ewes con-
fined alter lambing mated and conceived rather readily when lambs
were weaned and ewes were turned to pasture 30 days alter Jambing,

This paper reports an experiment conducted during 1969 to deter-
mine whether spring lambing ewes exposed to darkness and conlinement
for a period of time after lambing would rebreed for fall lambing any
better than similar ewes not confined nor subjected to darkness,

Materials and Methods

The experimental plan was to determine if placing ewes in a very
dark area under close confinement for the period starting three days
after lambing and extending until 25 days after lambing would cause
them to breed back sooner than similar ewes exposed to normal light
and allowed to move in and out of the barn,

The ewe [lock available was composed of 35 Dorset, 91 Rambouil-
let and 81 Dorset X Rambouillet crossbred ewes. This entire flock was
exposed to rams for 20 days starting on Octoger 20, 1968 in order to get
a large number of ewes to lamb during a short period of time during
late March and early April, In spite of the fact that 70 of the ewes had
lambs at side, 113 ewes conceived and lambed between March 15 and
April 5, 1969,

As ewes lambed they were placed in lambing pens where lambs were
weighed and identified. Three days after lambing each ewe with her
lamb {5y was assipned to either the dark group or the control group
taking care to have the breed groups equally represented on both treat-
ments, Also an equal number of twin rearing ewes were placed on each
treatment. The two groups of ewes were fed the same ration during this
period,

Twenty five days after each ewe lambed she and her lamb (5) were
removed from the treatment group and placed out on pasture with a
ram, The rams were equipped with marking harnesses to permit record-
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ing of mating behavior. The ewes were observed each morning and the
ewes that had mated were recorded. In this manner it was possible to
determine the time interval from lambing to estrus for each ewe that
showed estrus before June 30 at which time the breeding season ended.
This procedure permitted a ewe that lambed on March 15 a period of
107 days to show estrus and a ewe that lambed on April 5 and 87 days
to return to estrus before the rams were removed,

The ewes were kept under normal conditions and lambed out dur-
ing the fall of 1969. Lambing records could then be compared to mating
records and a determination made as to which matings resulted in con-
ceptions,

Results

The comparison of the behavior of the two groups of ewes is sum-
marized in Table 1. There were 56 ewes in the dark and confined group
and 57 ewes in the control group. An equal number, 42, of the ewes in
each group mated some time during the April to June breeding season,
The average interval from lambing to first mating of the ewes that mated
was almost identical for the two groups. 58 and 57 days respectively for
the dark and the control group respectively.

The lambing records indicated that the conception rates were also
very similar. Of the 42 dark and confined ewes that showed estrus
{mated) , 23 conceived at their first estrus and 34 or 67 per cent con-
ceived altogether. This was comparable to the control ewes where of
42 ewes showing estrus, 24 conceived at first estrus and 31 or 54 per-
cent conceived during the mating season.

Table 1. Summary of Mating and Lambing Performance of Spring
Lambing Ewes Exposed to Darkness and Confinement vs.
Normal Light and Space

Dark
Confined MNormal
No. ewes 56 57
Mo, ewes showed estrus 4 42
Av, interval to lst estrus (da.)? 3B 7
MNo. ewes conceived st estrus 23 24
Mo, ewes conceived ({total 34 31
T ewes conceived (%) 61 54
Av. interval to conception da. i 62
Lambing rate’ 1.29 1.532

! [haps from lambing to First estrus fov those ewes that showed estrus,
ALambs born per ewe lombing.
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One of the most serious problems of multiple lambing involves try-
ing to get ewes to mate soon after lambing, Previous experience had
indicated an average interval of 66 days from lambing to conception for
those ewes that did conceive alter lambing in March and April. The two
groups of ewes in this experiment demonstrated about the same per-
formance. "The interval was 65 days for the ewes on the dark treatment
and 62 days in the control group. Thus, we have no suggestion that
darkness used as in this experiment will aid in shortening the post-
partum interval in the spring.

The lambing rates were also very similar for the two groups of ewes
with no suggestion that the dark and confined group benelitted from
this treatment,

These overall results do not suggest that darkness or confinement
as used in this experiment has much if anything to contribute to solving
the problem of getting spring lambing ewes to breed back quickly. The
results from 1967, ([ll{}lﬁll earlier, hacd I,V,hown a great impruvcmcnt in the
number of spring lambing ewes that bred back after lambing in the spring
with little change in the average interval from lambing to conception.
The results of this experiment also indicated that over half of the ewes
bred back after lambing between March 15 and April 5 but the average
interval from lambing to conception, for those ewes conceiving, was over
G0 days.

It would appear that other Factors that might influence the post-
partum interval should now be investigated.
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Effects of Early Weaning on
Subsequent Rebreeding in Spring
Lambing Ewes

M. B. Gould, 5. V. Tennery ad J. V. Whiteman

Story in Brief

In the spring of 1970, the lambs of 36 ewes were weaned at 30 days
of age while the lambs of 36 other ewes (control ewes) were weaned at
the normal 70 days of age. Of the 36 early weaned and control ewes, 33
(01.6 percent) and 24 (66.7 percent) mated with intervals (average
number of days from lambing to first mating) of 58 and 64 days respec-
tively. Of the ewes mating, 21 early weaned (58.3 percent) and 14 con-
trol (38.8 percent) ewes conceived to lamb the following fall with aver-
age spring lambing to conception intervals (average number of days from
lambing to conception) of 58 and 65 days respectively. Early weaned
and control ewes produced an average of 1.52 and 1.64 lambs per ewe
lambing,

These results suggest that early weaning of lambs increases the per-
centages of ewes mating and conceiving following lambing in the spring
and also decreases the interval from lambing to conception. However,
there were not enough ewes involved to show conclusively how much
improvement one might expect and the trial will be repeated.

Introduction

Currently sheepmen in Oklahoma are searching for some type of
management system whereby they can increase lamb production without
greatly increasing outlays of land and capital. One method by which this
might be accomplished involves increasing the number of times a ewe
lambs each year. In 1963 a program was initiated at the Fort Reno Live-
stock Research Station, El Reno, Oklahoma, to evaluate the problems
associated with a twice-a-year lambing system. A ewe successfully perform-
ing on a twice-yearly lambing schedule would carry lambs for 294 days
out of a year; thus within the remaining 71 days, she would lamb, re-
breed and conceive twice.

Results from this twice-yearly lambing study, reported in 1969, indi-
cated that the intervals from lambing to conception in the spring and

*In cooperation with the Agriculiural Research Service, Animal Science Research Di-
vision, USIMA.
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tall seasons were 66 and 44 days respectively, Also, 71 percent of the ewes
lambing in the Fall rebred and conceived while only 23 percent of the
spring Inmbing ewes rebred and conceived, Thus, a large percentage al
the ewes in both the spring and fall did not conceive soon enough after
lambing to maintain a successful twice-yearly lambing program. Also, a
much greater percentage of the total lambs produced were born in the
spring.

In an effort to discover ways to reduce the interval from lambing to
conception and also to increase the number of ewes conceiving in the
spring, an early weaning trial was conducted in the spring of 1970,

Materials and Methods

In the fall of 1969, the experimental ewes at the Fort Reno Live-
stock Research Station were exposed to fertile rams from October 20 to
MNovember 10, Thus lambing in the spring of 1970 was from March 15
through April 5 during which time 72 ewes (12 Dorset; 28 Dorset-Ram-
bouillet Crosshred; 32 Rambouillet) gave birth to 45 sets of twins, 2 sets
of wiplets and 25 singles. T'hese 72 ewes were alloted inio two groups as
they lambed with approximately half of each type (breed or breed cross)
of ewe and half of each type of lambing (triplets; twins; singles) repre-
sented in each group. The lambs of 36 of the ewes were weaned at 30
days of age (early weaned ewes) while the remaining 36 ewes (control
ewes) suckled their lambs until the normal weaning age of 70 days,

As lambs were weaned at 80 days of age, the ewes were exposed (o
fertile rams as were control ewes as their lambs reached 30 days of age.
Thus hreeding began when the oldest lamb reached 30 days of age (April
15, 1970y and continued through June 15. Therefore, some ewes were
exposed to fertile rams for as long as G0 days while later lambing ewes
were exposed for a shorter period of time. However, the latest lambing
ewes (giving birth on April 5) were exposed to fertile rams for at least
40 days. This system allowed a ewe that lambed March 15 a period of B
days to show estrus and a ewe that lambed April 5 had 70 days in which
to show estrus before breeding ended on June 15. Mating records were ol»-
tained by use of sire marking harnesses and visual observation. All ewes
were allowed to go full term and lambing began September 30, 1970,
Thus, both mating and conception records were available,

A creep area was available to all lambs within ten days after their
birth. The creep feed consisted of five percent molasses, 55 percent crack-
ed milo, ten percent soybean meal and 30 percent ground alfalfa hay.
All lambs to be early weaned, upon reaching 30 days of age, were removed
from the vicinity of their dams and placed in a small pen (20 feet by 40
feet) at a lamb feeding barn with only the creep feed and water available
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to them. After approximately 20 days, the lambs were allowed out ol
the small pen and until marketed, had access to a large dry lot at the feed-
ing barn. As the lambs of the control ewes were weaned at 70 days of age,
they too were moved to the lamb feeding area, but were contained in a
different dry lot than the early weaned lambs in order to keep accurate
feed consumption records for both groups.

In an effort to control internal parasite infestation, none of the lambs
were ever allowed out of the dry lot. When the youngest lambs were about
12 weeks old, the soybean meal was removed from the creep ration and
replaced with ground alfalfa. When the oldest lamb reached 30 days of
age, a biweekly weighing schedule was initiated and continued until all
lambs were marketed at approximately 93 pounds.

Results and Discussion

Even though the number of ewes involved in this trial was some-
what limited, certain wends are evident. This discussion will be limited
to comparisons of mating and reproductive performances of early weaned
and control ewes as well as a summary of lamb performance.

Table 1 presents a sununary of the post-lambing mating performance
of all ewes under this program. Thirty-three early weaned ewes (91.6
percent) mated with an average interval of 58 days from lambing to first
post-lambing estrus. Only 24 control ewes (66.7 percent) mated during
the same period with an average interval of 64 days from lambing to
first post-lambing estrus. The average first post-lambing estrus for early
weaned and control ewes was May 24 and May 50 respectively. Thus, a
greater percentage (91.6 vs 66.7) of the early weaned ewes mated after
lambing, and they also mated six days earlier than the control ewes.

Table 2 presents a summary of the subsequent fall lambing perform-
ance of early weaned and control ewes. OF the 36 early weaned ewes ex-
posed to fertile rams in the spring, 21 or 58.3 percent conceived and

Table 1. Mating Performance of Early Weaned and Control Ewes Fol-
lowing Spring Lambing.

Early Weaned Control
Ewes Ewes
Mo, ol ewes' 36 36
Ave. Spr. lambing date March 27 March 27
Mo. ewes mating 33 24
% cwes mating a1.6 66.7
Avg. st mating date May 24 May 30
Avg. int. lambing to first mating® 58 4

i Mumther of ewes available.
2 For those ewes that showeod estrus.
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Table 2. Summary of Reproductive Performance of Early Weaned and
Control Ewes Following Spring Lambing.

Early Weaned Control
Noo of ewes' 36 24
Mo, of ewes mating 33 14
No. of ewes conceiving 21 38.8
% lamb, mate, conc. of cwes available 5853 May 31
Avg. conc, date May 24 i
Avg. int. lamb to conc. 58 1.64
Lambing rate® 152 374
%% ewes cone, to lst mating 4.4 58.3
% ewes conc. of ewes that mated 63.6 36

! Mumber of ewes available.
2 Based on ewes thal lombed.

lambed the following fall. However, only 14 of the 36 available control
ewes (38.8 percent) conceived during the spring breeding season to lamb
the following fall. With respect to the number of ewes conceiving of ewes
mating, 33 early weaned ewes mated with 21, or 63.6 percent, conceiving
while only 14 of the 24 (58.3 percent) control ewes mating actually con-
ceived. The average intervals from spring lambing to conception were 58
and 64 days respectively for early weaned and control ewes. 'Thus a great-
er percentage (58.3 vs 38.8) of the early weaned ewes conceived in a short-
er period of time (58 vs 64 days) than the control ewes.

Lambing rates {(average number of lambs born per ewe lambing) in
the fall were similar for both groups of ewes with early weaned and con-
trol ewes producing an average of 1.52 and 164 lambs respectively.

The performance of the early weaned lambs and lambs of the con-
trol ewes is summmarized in Table 8 The early weaned Lunbs gained at a
somewhat slower rate (0.55 vs (L63 pounds per day) from hirth to 70-days
than lamhbs of the control ewes. However, pains from 70-days to marker
were more comparable (0,52 vs 0.57 pounds per day) for the early wean-
edl lambs and the lambs weaned at 70 days of age. Thus, the lambs [rom
the control ewes were heavier at 70 days of age (56.9 vs 484 pounds) and
reached market weight (97.2 vs 92.8 pounds) nine days earlier (147 vs 156
days) than the early weaned lambs.

The results of this study indicated that early weaning of lambs in-
creased the percentage of ewes mating and conceiving following lambing
in the spring and also suggested a decreased interval from lambing o
conception. However, this interval was not decreased enough by early
weaning to assure a successful twice-yearly lambing program. But since
a greater percentage (58.3 vs 38.8 percent) of the early weaned ewes did
conceive following lambing in the spring and gave birth to lambs the fol-
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Table 3. Performance of Lambs Weaned at 30 Days of Age and Lambs
Weaned at 70 Days of Age.

Weaned at Weaned at
30 days of age 70 days of age
ADG birth to TO-days 0.55 063
T-day weight 4854 56.9
ADG 70-days te mkt. |14 0.57
Avg, mkt. age 156 147
Avg, mkt. wt, 92.8 97.2

lowing fall, early weaning could prove useful in some situations. 1F a
sheepman wished to convert a group of spring lambing ewes to fall lamb-
ing schedule without sacrificing a complete lambing, early weaning could
aid in this conversion.

Adaptation of Sheep to Biuret as a
Nitrogen Source When Fed
Low Quality Roughages
R. R. Johnson

Story in Brief

Rumen fistulated lambs were utilized to study the adaptation ol
rumen microflora to biuret as a source of nitrogen. The lambs were fed
a low quality bermudagrass hay plus supplements containing either (1}
cottonseed meal, (2) biuret, (3) biuvret -~ cornmeal or (4) urea | cot-
tonseedd meal. There was little apparent effect of the nitrogen supple-
ments on digestibility of dry matter, organic matter or liber. Nitrogen
retention data was highly variable.

When rumen contents from the lambs were utilized as inoculum for
m wvitro cellulose digestion studies, there appeared to be no adaptation
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to the biuret as a source ol nitrogen since after feeding biuret for over
80 l'iil}-‘s. the inoculum still would not digest cellulose when biuret served
as the only in vitro source of nitrogen. On the other hand, when biuret
disappearance and ammonia appearance data were considered during
the conduct of the trial, there was definite evidence for adaptation of
the microflora to biuret. Ammonia appearance it wivo [rom biuret was
i'mmit[crubly more tapid on day 87 than on day 4 of the supplemental
feeding period,

The in witro biurvetolytic activity of the inoculum from non-biuret
fed animals was negligible throughout the entire study, Release of am-
monia from biuret was obvious at day 42 when the inoculum from biuret
fed animals was tested in oitro and was even greater on day B7, Disap-
pearance of biuret in vitro was slightly greater for the inoculum from
biuret fed animals ai day 14 and was markedly impmvcd in these inocula
in later periods of the study. The significance of these observations are
presently being studied in additional experiments.

Introduction

Previous work in Oklahoma and elsewhere has clearly demonstated
the need for supplemental protein for ruminant animals during the win-
ter grazing periods. 'T'his is true whether grazing native grasses or in-
troduced species such as bermudagrass. In fact, this protein supplementa-
tion constitutes, in many cases, the major portion of the feed cost for
g1 uziug animals. It is of interest, therefore, to continue to search for lower
cost supplements which will he acceptable and high in nutritive value,

Non-protein nitrogen has been utilized very successfully in protein
supplements For cattle and sheep being fed in the feedlot. The major
source of non-protein nitrogen in these supplements has been urea. The
relatively low cost of urea in recent years has made the substitution of
natural protein by urea a very economical practice,

MNumerous experiments have also been carried out in attempts Lo
utilize urea in range supplements with somewhat less success, Urea is very
quickly hydrolyzed in the rumen to the ammonia form of nitrogen,
This [orm of nitrogen can he rapidly absorbed from the rumen and may
be excreted or, under some circumstances, may cause an ammonia toxicity
in the animal, This condition is very unlikely in animals on high con-
centrate rations since the ammonia is rapidly utilized by the microorgan-
isms digesting the highly available forms of carbohydrates.

When dry roughages, such as those used in Oklahoma winter graz-
ing, are consumed there is very little of the highly available form of
carbohydrate. As a consequence, much greater chance for nitrogen loss
and for |m.“ilnlq: toxicity exist. Therelore, searches have been underway
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for other forms of nitrogen which are less toxic and still available for
utilization by the rumen microorganisms, One form which has been
studied recently is biuret. Biuret is a non-protein nitrogen source similar
chemically to urea but generally hydrolyzed much slower in the rumen.
Previous workers have shown that a considerable adaptation period is
necessary prior to the development of the ability for ruominants to utilize
biuret efficiently,

The project being reported here was initiated in early 1970 to study
the adaptation of ruminants to biuret when different torms of roughages
and concentrates were being fed. The results of the first years studies are
reported here.

Materials and Methods

Twelve lambs were [itted with rumen cannulas in the winter of
1970, Bermudagrass hay harvested in February from an ungrazed ber-
mudagrass plot was utilized as base feed throughout the entire study.
Although intended to he a very low qualil}' roughage, the crude pro-
tein content of this bermudagrass hay was approximately 9 percent on
a dry matter basis. The twelve lambs were divided into four groups and
fed the rations shown in Table 1. All lambs received 450 gm of chop-
ped bermudagrass hay plus the supplements as indicated daily. Since the
biuret supplement was very unpalatable, it was poured into the rumen
tllmugh the cannula each morning prior to feeding. During the course of
the experiment, one animal on supplement 2 died.

Table 1. Composition of Rations and Daily Feed Allowance for Biuret

Trial 1.
Daily Feed Allowances {(Grams)
Ration  Ration  Ration  Ration
1 2 3 4
Low Quality Bermuda grass hay 450 450 450 450
Supplement 1 168 o] e e
Supplement 2 Rl 45 oyl el
Supplement 3 s = 195 el
Supplement 4 — S i 179
Supplement Composition 1 2 3 4
%% o o %
Cotlonseed meal 89.3 =l LEL 41.9
Ground corn S AT 77.0 41.9
Biurct HEhe 60.0 15.8 s
Urea, 281 S s e 6.1
Dicaleium phosphate 3.6 13.3 31 3.3
Limestone 3.6 13.3 2.1 25
Trace mineralized salt 3.6 13.3 b | %
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Prior to the imbiation of supplemental feeding all ammals were
placed on bermudagrass hay plus cottonseed meal supplement for 14
days. During this period of time, one digestion trial was conducted con-
sisting of a 7-day collection period in which total feces and urine col-
lections were made in addition 1o accurate observations of feed consumjr-
tion. After the initiation of supplementation, digestion trials were con-
ducted at three different periods during the course of the 87-day feeding
period.

On days 4 and 87 of the supplemental feeding period, rumen sam-
ples were removed from each animal at 0, 1, 2, 4 and 8 hours after feed-
ing for ammonia and biuret analyses. On days 4, 14, 21, 42, 66 and 84
of the supplemental feeding period, the ability of the rumen microorgan-
isms to release ammonia from biuret was measured in witro in the labor-
atory. This was accomplished by taking a sample of the rumen contents
from each animal and mixing it with a known quantity of biuret and in-
cubating the mixture at 39°C for 24 hours. Samples were removed from
flasks at 0, 8 and 24 hours to determine the disappearance of the biuret
ancl the appearance of ammonia,

The ability of the riumen microorganisms to utilize biuret as a
source of nitrogen for the digestion of cellulose was measured using an
in vitre system in which the rumen microorganisms taken from each ani-
mal were used to innoculate flasks containing purified cellulose and all
of the nutrients required for their growth except for nitrogen. Cellulose
digestion was then measured in flasks which contained either (1) no
nitrogen source, (2) urea, which served as a positive control, or (3)
biuret.

Results and Discussion

Apparent Digestibilities. The coefficients of digestibility of dry
matter, organic matter, acid detergent fiber and kjeldahl nitrogen as well
as nitrogen balance are shown in Table 2. Statistical analyses of these
data have not been conducted as yet. It would appear that the digestibili-
ties of ration 2, the biuret supplemented ration, arve definitely lower than
the digestibilities for the other three rations, The most likely explana-
tion for this result, however, is not due to the nitrogen supplement it
self but to the fact that the three rations with the highest digestibility
contained either cornmeal, cottonseed meal or both. Cornmeal and cotton-
seed meal both have high digestibilities, whereas ration 2 did not con-
tain either of these high energy supplements.

The nitrogen digestibility of rations 2, 3 and 4 appear to be higher
than that for ration 1. Again this explanation is very likely due to the
fact that the latter three rations contain non-protein nitrogen which
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Table 2. Apparent Digestibilities and N-balance For Biuret Supplement-
ed Rations (Trial 1).

Measurement Period' Ration 1 Ration 2 Ration 3 Ration 4
Dry Matter, % 1 47.2 585 478 52,2
2 54.2 +6.5 51.8 55.6
3 52.8 45.8 54,3 52.8
4 505 At . FEL 51.8
% 52.5 46.3 55.7 53.4
Organic 1 49,4 604 50.2 53.9
Matter, %
2 57.1 49.3 54.9 58.0
3 54,1 47.5 56.0 54.8
4 52,3 48.0 56.9 53.9
B
x 54.5 48.3 55.9 55.6
Acid Detergent 1 #0.2 46.5 39.7 0.4
fiber, %
2 48.1 ia.8 36.7 43.2
3 44.0 36.7 35.5 37.9
4 44.7 18,0 39,5 40.7
E
X 45.6 7.8 37.2 40.6
Nitrogen, % 1 66.3 70.1 62.3 68.4
) 66.5 73.8 6B.6 73.4
3 9.6 76.7 76.2 72.1
4 GB.& 78.0 78.1 74,5
]
x 68.2 76.2 74.3 73.3
MN-balance, 1 3.66 2,52 3,34 5.02
gm/day
2 4.26 2.06 3.38 2.70
3 3.07 1.61 3.81 2.13
4 2,89 7.04 1.28 .35
-4
% 541 3.87 282 2,73

1 Perind | (Day —19 to —12), Pericd 2 (Day 6 1o 113, Period 3 (Day 24 to 30), Period 4 (Day
74 w 81} with Day 1 being the start of supplemental feeding.
2 Averages of last 3 perimds,

almost invariably increases the apparent digestibility of nitrogen. These
forms of nitrogen are absorbed and even though they may be excreted for
the large part they appear as digested nitrogen. The nitrogen balance data
is quite inconsistent and does not show any trends which are useful
When one compares periods 2, 3 and 4 within these data, there would
appear to be a slight decrease in dry matter and organic matter digesti-
bilities during the conduct of the trial, at least for rations 1 and 4. No
particular explanation can be offered for this at the moment.
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In contrast, nitrogen digestibility appeared to increase during the
conduct of the trial for rations 2 and 3, the biuret supplemented ra-
tion, whereas there was no significant change for ravons 1 and 4. This
result is not likely due to increased absorption of the nitrogen since the
bivret form of nitrogen would presumably be absorbable at any period
of the trial,

In vitro cellulose digestibility data. In vito cellulose digestibility
by the rumen microorganisms from two of the three animals on each
treatment was determined three days prior to the commencement of sup-
plementation and on days 12, 19, 39 and 80 after the commencement of
supplementation. The data from these determinations are shown in
Table 5. In all cases, the tubes containing urea as the source of nitrogen
had cellulose digestibilities which were considerably higher than the
control tube, the one without nitrogen, On the other hand, those tubes
containing biuret rarely had cellulose digestibilities which were any
higher than the control tubes suggesting that the biuret nitrogen could
not be utilized for cellulose digestion by these microorganisms. "T'his was
generally true for all of the animals whether they had been adapted to
biuret or not.

On days 39 and 80 there appeared to be slightly higher cellulose
digestibility in the tubes containing biuret nitrogen as compared to the
tubes containing no source of nitrogen. These slight apparent increases
in no way come close to the digestibilities supported by urea as a source

Table 3. Utilization of Biuret and Urea Nitrogen to Support In Vitro
Cellulose digestion' by Inoculum from Biuret Adapted and

Non-Adapted Lambs.
_'f';ial Ea}' {Percent)

Ration N-Source* T4 12 19 59 B0
s R 19.4 21.0 23.8 18.7 19.7
il L8] 44.7 46.4 46.1 42.0 S
B 23.2 21.1 23.2 18.9 2000
QO 23.0 12.9 6.1 20.2 22.6
2 u 41.3 292 46,2 42.6 it
B LT 153.9 23.9 22.6 27.4
L i8.5 14.4 151 16.5 190
q U 37.4 37.8 47.8 38.3 ==
B 18.6 14.1 14.7 24.3 25.3
8] 23.0 23.0 22.4 13.3 21.9

-+ u 43.9 354 53.1 40.4
B 20.9 21.7 21.6 12.4 21.8

! Data reported at % digestion of a change of 05 gm cellulose in a 20 ml volume e wira tobe.
Values are averages of two lambs,

Sli=MNo N-Source, Us=uren, Be=Bioret.

4 Uren was omitted inacdvertantly, Binret-contiro]l comparisen i5 valid, liowever.
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of nitrogen. Thus, biuret was Lunaidcrﬂhly less than optimal as a nitrogen
source, In this case, then, there appeared to be no marked evidence of
adaptation ol the cellulose [Iigesting mirmm’g:misms to biuret as a nitro-
gen source.

In vive rumen ammonia release from biuret, Figure | shows the re-
sults of the ammonia analyses on rumen samples taken from the sup-
plemented animal on days 4 and day 87 alter the initiation of supple-
mental feeding, The curves for rations 1 and 4 represent rather typical
curves in which natural protein (ration 1) or urea (ration 4) are utilized
as nitrogen sources. With the natural protein, there is a rather slow re-
lease of the ammonia and usually a falling off of the rumen ammonia
level due to utilization by the microorganisms,

With the urea supplemented rations, there is always a very rapid
rise in rumen ammonia due to the hydrolysis of the urea and a subsequent
gradual decrease due to both absorption and excretion as well as utiliza-
tion by the rumen microorganisms, There is no particular difference be-
tween the curves for days 4 and 87 for the cottonseed meal suppllr:ment.
The release of the ammonia from urea and cottonseed meal combina-
tions in ration 4 was very rapid on both days 4 and 87, but appeared to
fall off more rapidly on day 4 than 87,

RUMEN NH,, pg/mi

Figure 1. In Vivo NH, Release from N-Supplements,
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The data for rations 2 and 3 are much more striking and revealing.
In both cases, there is very little ammonia release on day 4 suggesting the
biuret was not being hydrolyzed or at least was not being hydrolyzed
fast enough for ammonia to accumulate. On day 87, however, with both
biuret supplemented rations, there was an obvious increase in ammonia
following feeding. ‘Thus, these data show clearly that there had been an
adaptation to biuret during this lengthy period and that on day 87 there
was obviously some hydrolysis of the biuret to ammonia, which then sug-
gests that utilization could occur,

Biuretolytic activity in vitro. The disappearance of biuret and the
appearance of ammonia during the in vitro ammonia release tests would

RATION | —— TNRTH] i — :
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Figure 2, NH; Release From Biuret in Vitro.
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be an indication of biuretolytic activity by the rumen microorganisms.
Figures 2 and 3 show the appearance of ammonia and the disappearance
of biuret, respectively, as the feeding period progressed. In Figure 2, it
can be seen that the ammonia appearance curves do not differ markedly
until the measurement taken on day 42, At that time, it would appear
that the inocula taken from biuret fed animals were beginning to re-
lease more ammonia from biuret than that taken from animals that had
not been fed biuret. On day 66, the results are rather similar 1o day 42.
On day B4, however, a considerable divergence in lines between those
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Figure 3. Biuret Disappearance in Vitro,
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fed or not fed biuret appeared. There is a very obvious increase in am-
monia appearance from the added biuret throughout the 24 hours with
the inoculum from animals fed ration 3 and very rapid release up to 8
hours with the inoculum from ration 2, with an apparent leveling off at
that point, Thus, these data also demonstrate adaptation of the rumen
]Ilit!'ut.‘rrgitlliﬁltls to biuret.

Figure 3 shows the biuret disappearance at these same periods. 'These
data suggest that hiurvetolytic activity started to a small degree by day
14 with ration 2 but was not markedly obvious until day 42 at which
point inoculum from both rations 2 and § hydrolyzed significant amounts
of biuret, In fact, on the basis of this evidence little additional biuretoly-
tic activity could be found on day #4. Thus, although adaptation to
biuret was indicated by both critera, biuret Llisappe:anuu_'e was evident
before increased ammonia appearance could be observed,

Conclusions

It is evident from these results that there was definitely an adapta-
tion of the rumen microflora to biutet as a source of non-protein nitro-
gen. The adaptation was not obvious in the digestion trial data, however.
On the other hand, in those studies designed to measure the ability of
the microflora to degrade the biuret to ammonia, there was very positive
evidence of this adaptation. Although the biuret disappearance measure-
ments suggesied that adaptation might begin as early as 14 days, the
ammonia appearance data would suggest that major adaptation took
42 days or longer.

This poses two interesting guestions. First, is the possible lengthy
adaptation of 42 days or longer impractical as far as useful feeding sys-
tems in the field. Secondly, even after adaptation, is the rate of release
of ammonia rapid enough to support proper rumen digestion. The an-
swers to these questions await further studies which are presently under-
way. This type of an experiment is presently being conducted again
using a lower quality native grass hay and further studies are plannexl
to evaluate the usefulness of this source of non-protein nitrogen.
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Dairy Nutrition

Complete Rationsfor Dairy Cows
L. J. Bush
Story in Brief

There is considerable interest in using complete rations for dairy
cows because of the possibilities of reduced labor cost and availability of
a typical roughage sources. Materials used in some areas to substitute for
hay or silage of conventional rations include citrus pulp, cottonseed hulls,
waste paper and sawdust. Since some of these are not universally available
and are of limited nutritional value, it was of interest to explore other
possibilities for replacing conventional sources of roughage in dairy
rations.

Four separate trials were conducted to examine the feasibility of
using inert polyethylene (corrugated pellets approximately 10 x 7 x 5 mm
in size) as a partial or complete substitute for natural roughage in rations
lor dairy cows. Measurement criteria were [eed intake, rumen [ermen-
tation pattern, milk yield and composition, and incidence of digestive dis-
orders. Factors considered in the dilferent trials included the amount of
natural roughage (hay) in the ration, procedure for introduction of the
polyethylene pellets, and stage in lactation cycle at which the polyethylene
was fed.

Under the conditions used in these trials, polyethylene pellets did
not substitute effectively for natural roughage in rations for lactating
cows, Feed intake was not maintained at a satistactory level and the
rumen fermentation pattern was not commensurate with desired milk fat
percentage. There was a progressive decline in the amount of polyethy-
lene retained in the rumen of fistulated animals fed a ration with 10 per-
cent hay so that only 15-19 percent of that fed remained at the end of 4
weeks,

Introduction

One of the functions of roughage in a dairy ration is to contribute
bulk or a “roughness factor” to the rumen ingesta which helps maintain

Supported In part by a grantin-aid from Farmland Industries, Inc
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the health of the ruminal tissue, This research explored the possibility of
using a small amount of inert polyethylene material to serve this funec-
tion. In particular, it was of interest to consider using material which
might stay in the rumen for an extended period, instead of Eeer.ling SOIE
material on a continuous basis. The criteria by which the effectiveness of
inert polyethylene as a roughage substitute was evaluated were as follows:

a) ;u't{r]}luhilit}' ol the requirr:d amount of |ml}-{:1h}'lf:ne malerial

by the cows,

L)  [leed intake of cows over an extended period.

¢y  milk yield and composition.

dy  rumen fermentation pattern,

e) incidence of digestive disorders,

Materials and Methods

Trials were conducted to investigate the effects of using polyethylene
material under difterent conditions as regards extent of roughage replace-
ment, procedure for introducing the material, and stage of lactation eycle
at which cows were started on experiment.

Trial 1

Eighteen lactating cows were used in an 8-week trial to evaluate the
effects of different amounts of polyethylene! and alfalfa hay in the ration.
A 3 X 5 factorial arrangement of treatments was used, Levels of polyethy-
len= with time of administration were: a) None, b) 4 Ib. fed at start of
trial, and ¢} 4 Ib. fed at start of trial plus a daily allotment equal to 1 per-
cent of the grain allowance. Levels of hay as a percent of total ration (air-
dry basis) were: a) None, b) 10 percent, and c) 20 percent.

At the start of the trial, 4 1b. of polyethylene material (10 X 7 X 5
mm pellets) were fed to each animal, except those in the zero level group,
in equal portions at each feeding over a 4-day period. Essentially all of
this amount of polyethylene was consumed. The percentage of hay in the
ration was reduced simultaneuual}' by equal increments from 50 percent
to the designated level. Grain intake was increased as necessary to main-
tain constant energy intake,

The grain ration consisted of crimped corn 33.75 percent, crimped
sorghum grain 20 percent, wheat bran 15 percent, crimped harley 11 pet-
cent, soybean oil meal (44 percent) 10 percent, liquid molasses 7 percent,
calcium carbonate 1.25 percent; trace mineral salt 1 percent, calcium
phosphate 1 percent.

The animals in the group designaltd to receive additional P”l‘."'“h}"
lene on a continuous basis were fed an amount equal to 1 percent of the
grain ration at each [eeding following the initial 4-day period. Although

1 One-half size ::||;.|;|;:1.lr:-|:i.—|.ll:|.1;:;:|n|.el1|.' pellets {RUFF-TABS) supplicd by Farmland Indusivies, Inc,
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the cows varied in their tendency to sort out and refuse the material, it
was estimated that three-fourths or more of the daily 1 percent allorment
was consumed,

Trial 2

Eighteen lactating cows were used in this trial to evaluate the effects
of feeding polyethylene under conditions where all hay was withdrawn
from the ration before polyethylene was introduced. The ration (reat-
ments were a} Grain 4 hay (50:50), b) All grain (no polyethylene) , and
¢) All grain -} 6 Ib, polyethylene. Hay was withdrawn from the ration of
cows assigned to the all-grain rations over a 10-day period, with grain in-
creased sufficiently to maintain constant net energy intake. 5ix pounds of
polyethylene were fed to cows in group “c” in equal increments over a 12-

day period starting on the second day the cows were on an all grain
ration.

Trial 3
All conditions of this trial were essentially the same as those in the

previous trial, except that the 12 cows involved were started on the ex-
perimental rations prior to calving,

Trial 4

Three fistulated non-lactating animals were used to obtain infor-
mation regarding the retention of polyethylene in the rumen. The
animals were assigned to treatments in a 3 X 3 Latin square design with
three 4- week periods and three levels of polyethylene as used in Trnal 1.
Alfalfa hay was fed at a 10 percent level. During the pre-trial period and
each 2-week interval between periods, a 50:50 hay to grain ration was
fed. Introduction of the polyethylene was accomplished in the manner
described in Trial 1, except that material refused during the initial 4-day
period was separated from the grain and introduced through the rumen
fistula.

At weekly intervals rumen ingesta samples were collected, and at the
end of each 4-week period the rumen-reticulum was completely emptied
to determine the retention pattern of the polyethylene in the romen.

Results and Discussion
Trial 1

In general, feed intake by the different groups was a reflection of
feed allowances, based on net energy requirements for maintenance ancd
production. A general decline in intake during the first 4 weeks of the
trial was attributed to numerous incidents of temporary off-feed con-
ditions where individual cows refused a large percentage of their [eed,
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There was very little difference in the number of incidents of feed re-
[usals among groups fed different levels of hay; however, larger amounts
of feed were refused by the group fed no hay. Feeding of the polyethylene
in the manner indicated in the previous section tended to reduce the in-
cidence of [eed relusals in this trial, at least to some extent. However,
feed intake was not maintained in any of the groups at a satisfactory level
for high milk production.

Neither level of hay nor level of polyethylene had a significant effect
on milk yield, and there was not a significant interaction between the two
factors. Average production by the group fed no hay declined more in re-
lation to pre-trial production than that of the other groups (Table 13,
presumably because of a greater decrease in feed intake as noted above,

The cows receiving no hay exhibited a substantial decrease in milk
fat percentage, whereas a smaller decline was evident in the groups fed
either 10 or 20 percent hay, Average Fat percentages for different polyethy-
lene groups was 3.8, 3.4 and 5.1 for the zero, 4 Ib, initial, and 4 b, plus |
percent daily groups, respectively. Thus, leeding of |:u::u|yt~.t1!3'Er:11u under
the conditions of this trial was not an effective means of maintaining
desirable fat percentage in milk of cows fed high grain rations.

Table 1. Average Daily Milk Yield and Composition

Treatment Pre-trial 14 weeks 5B weeks
group ‘Milk Fat Milk Fat TS Milk Fat T3,
(kg} (%) (kg} (%) (%) (kg ) (%} (%)
No hay
Mo polyethylene 23.1 14 20.5 3.0 11.65 17.1 3.1 11.79
B kg 22.6 3.6 19.2 3.1 11.81 16.4 29 11.48
1.8 kg + 1% daily 26.2 3.2 23.1 20 11.75 21.1 29 11.85
Average 240 340 209 2.91 11.74 18.2 gt S I e
10% hay
No polyethylene 234 36 2L A% AR 206 36 1052
1.8 kg 23.5 4.2 223 37 12.74 188 3.5 12.32
1.8 kg + 1% daily 20.4 3.4 19.6 3.0 12.50 17.8 3.2 12.08
Average 224 3.713 21.1 347 1251 19.1 343 1251
209 hay
Mo uly:th}'lcn: 218 3.7 21.1 3.7 12.49 8.1 18 12.83
1.8 23.2 3.5 20.6 3.5 12.57 19.1 3.3 12.40
1.8 kg + 1% daily 21.1 3.7 194 3.0 11.50 17.3 3.0 11.35
Average 220 363 204 540 1219 18.2 3393 1249
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Molar percentages of ruminal volatile fatty acids {(VFA) during the
pre-trial period were typical of values expected for cows consuming
rations with a 50:50 ratio of grain to hay. Removal of all or part of the
hay resulted in a lower percentage of acetic acid and a correspondingly
higher percentage of propionic acid in the rumen floid, as illustrated by
acetic/propionic ratios during the second week of the experiment (Figure
Iy. The feeding of pu]‘j.lelhyleue had no consistent effect on the propor-
tion of VFA in the rumen, Thus, the polyethylene material did not sub-
stitute effectively for roughage in terms of maintaining a typical fermen-
tation pattern in the rumen.

Trial 2

Average production of the group of cows fed 6 Ib. each of polyethy-
lene at the start of an 8-week comparison period was lower than that of
either of the control groups (Table 2}, During the week that polyethy-
lene was introduced, feed intake by the cows fed the polyethylene dropped
below that of the other group fed only grain. Complete recovery in grain

Polyethylene
o——= None
&—a |8 Ko
4.0+ o—a |8 Kg+i%
3.0+
&=
= |0
£
.-E Hay
‘a o———o None
F a—a 0%
S 4 o—s 20%
L
L i,
20 \\_’“\‘
I
1 1 L | |

Hours After Feeding

Figure 1. Acetic to propionic acid ratios in rumen fluid of cows dur-
ing the second week of the experiment,
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Table 2. Average Feed Intake and Milk Production of Cows—Trial 2,

Ration treatment

Tiem Grain & hay (50:50) Grain only Grain 4 p-uEétTL'}lmlc
Ajr-dry feed intake,
kg, day 19.3 144 11.4
Milk yield, kg/day 191 19.4 14.3
Fat, % 4.1 3.4 3.5
Total solids, %% 13.0 12.4 12.3

intake did not occur, which may account for the lower production by this
ST,

The percentages of milk fat and total solids was lower in both groups
fed all grain than in the control group fed both hay and grain (Table 2,
Very little difference was evident until the third week on the experimen-
tal rations, From this point through the end of the trial, milk from the all-
grain groups tested approximately 0.8 percent lower than that from the
control group.

The amount of time spent 1'u|ni|mting was reduced markedly in both
groups of cows fed an all-grain ration (Table 3). The polyethylene
material did not promote increased rumination; however, a few cows were
observed to regurgitate and discard the material. As in the previous trial,
the observed pattern of rumen VFA production was not commensurate
with maintenance of desired milk fat test.

Trial 3

In this trial cows were started on the experimental rations before
calving. T'he results were similar to the previous trial, except that differ-
ences in fat test were less consistent (Table 4) . Presumably, body stores
were used for milk fat synthesis during the 12 weeks following calving
with the result that distinct differences in fat test due to ditferent rations
did not become apparent, Nevertheless, it may be concluded that intro-

Table 3. Observations on Rumination During a Six-hour Period Two
Weeks After Initiation of Trial 2.

-I.'Il'.l'l.l:f_t!r“-ftﬂiin! 3 Total
Group Znd  3nd dth 5th 6th  7th  for & hr.
Time a?enr. ruminating {minutes)
Hay 4 grain i 1 17 21 0 B5
Grain only 0 L] 0 1/3 2/3 6 7
Grain + plastic 0 0 0 0 0 3 3
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duction of the po]j.rerh],-'leue material prior to calving did not alleviate all
of the problems associated with feeding dairy cows an all-grain ration.

Trial 4

Under the conditions of this trial where the ration contained 10 per-
cent roughage, there was a progressive decline in the amount of polyethy-
lene retained in the rumen (Table 5) . The material did not accumulate
in the rumen of any of the three animals fed a | percent level daily. In
fact, the polyethylene remaining in the rumen at the end of 4 weeks aver-
aged 19 percent of the amount fed in animals given 4 1b. only at the start
of the trial, as compared to 15 percent for those fed the same amount in-
itially plus 1 percent daily.

Table 4. Average Feed Intake and Milk Production of Cows—Trial 5.

Ration treatment

Ttem Grain - hay Grain only  Grain 4 polyethylene
Airdry feed intake, kg/day  18.9 11.5 o =
Milk vield, kg/day 2.4 18.4 18.5
Fat, % 3.9 4.0 3.7
Total solids, % 13.01 12.75 12.01

Table 5. Retention of Polyethylene in Rumen of Fistulated Animals

Polyethylene in rumen Ingesta removed at
at end of week: end of 4-week period
Polyethylene R il
treatment 3 3 14  Total DM Folyethylene
(% of DM)—— {kgg] (g] (%o of DM}
1.8 kg initially 19.6" 12.1 5.1 3. 345 4.8
1.8 kg initially 2.9 10.9 6.9 4.0 281 B4
+ 1%/ /day

! Each value is the average of three animals,
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Dairy Foods

New Foods Through The Use
Of Emulsifiers

J. B. Mickle

Story in Brief

Emulsifier research in the 0.5.U. Foods Laboratory during the past
12 years has im[imctl}r resulted in new types of butter, low-calorie spreads,
milk powders and shortenings, A method was developed to classify and
measure emulsifiers on the basis of their water solubility. Tables of data
also were accumulated which can be used to predict the amount and solu-
bility of emulsifiers needed for foads of various compositions,

Materials and Methods

An emulsifier is a compound which holds fat and water together,
much like a staple holds together two pieces of paper. The use of these
compounds results in a “stable emulsion”, i.e, in milk drinks they keep
the liquid homogenious and prevent the formation of cream layer. During
the past twelve years the use of these compounds in various foods has
been studied by the Foods Laboratory at Oklahoma State University. A
great many new products have resulted from the use of emulsifiers and
some of these are the direct result of .51, research,

Only a small quantity of emulsitier is vsually added to a food (0.1
percent—I(.5 percent), but this small quantity will cause remarkable
changes. It is responsible for the increased loat volume of modern-day
bread, and causes the bread to appear moist and retain that appearance
longer. Emulsifiers have the same etfect on cakes, i.e, they produce larger
cakes which are more moist, The cakes also have a finer texture (1,2} .
Emulsifiers added to a powdered milk product will cause that powder to
be more easily dispersed in water (8). This has resulted in a whole line
of new products including “instant™ milk, “instant breakfasts™ and var-
ious powdered diet foods, Research at (.8.U. and other universities has
shown that the addition of certain emulsifiers to butter will make the
product more spreadable at refrigerator temperatures. Still other emulsi-
fiers make it possible to produce low-calovie spreads containing only half
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the fat of the normal product (4.) An emulsifier added to a cooking oil
will prevent that oil from spattering when it's heated in the skillet, Emul-
sifiers added to milk or cream make that product readily whipable and
have resulted in many new whipped creams and whipped topping pro-
ducts which are usually marketed in aerosol cans,

The unique characteristic of an emulsifier is the fact that it is soluble
both in water and fat. ‘This makes it possible for a portion of the molecule
to dissolve in water while the other part of the same molecule is dissolved
in fat. It's logical that to hold different amounts of fat and water to-
gether, different kinds of emulsifiers are needed, that is, emulsifiers with
different water and fat solubilities. For example, in a food containing 80
percent fat and 20 percent water (a system similar to butter) an emulsi-
tier is needed which is largely fat soluble, with only a small portion of the
molecule being soluble in water. On the other hand, if the system to be
stabilized contains nppmximatel}' equal amounts of fat and water the
emulsifier needs to be about 50 percent soluble in each substance (Figure
1}.

Thus, different foods need emulsifiers with different solubilities and
for optimum emulsifier perf{rrmance one should know the amount of fat
and water in the food which is to be emulsified, This ratio of water to fat
in the product must then be matched with the water-fat solubility of the
emulsifier molecule.

BB WATER

™) FAT

Figure 1. Graphical representation of emulsions containing 20, 50 and
95 percent water where circular arveas represent the relative
volumes of [at and water in each system.

Animal Science Research 1971 139



Recent research at the (.50, Foods Laboratory has resulted in a
technique which will measure the relative water-fat solubility of an
emulsifier, This technique involves the use of a gas chromatograph and
coating an inert support material (bleached Frebrick for example) with
the emulsifier to be ested, this coated support is packed into the column
of a gas chromatograph then a test substance is injected—aleohols have
been used. The speed with which the test substance passes through the
emulsifier-coated support material is measured and this speed is propor-
tional to the water-fat solubility ratio of the emulsifier coating (G} .

The molecular configuration of an emulsifier will control its water-
fat solubility ratio and this solubility ratio determines the effectiveness of
the compound in a particular food. It's important to recognize that it is
the water-fat solubility which controls an emulsifier's action but that
mare than one type of chemical formulation can result in the same solu-
bility ratio. In work at Oklahoma State University (5, 6) a number of
different emulsifiers with widely different molecular configurations were
tested, The selection of these emulsifiers was so arranged that solubilicy
ratios varied over a wide range. The results confirmed the [act that water-
Fat solubility ratio is the most important single factor governing an emul-
sifier's performance. This information tells one that if an emulsifier is
needed that is 50 percent water soluble any molecular configuration with
this solubility will do the job—i.e., a polysorbate, a diglyceride, a lactate
or some other configuration,

Some authors claim that mixtures of two or more emulsifiers are
more effective than a single one. However, the research to back up this
statement often has been done without measuring the relative solubilivy
of the emulsifier mixtures. A recent series of experiments at Oklahoma
State University have shown that when two emulsifiers are combined the
mixture acts as though it had a water solubility intermediate between the
two components, For example, if an emulsifier which is 20 percent Fat
soluble is combined with an equal amount of an emulsifier that is 80 per-
cent fat soluble, the solubility of the resulting mixture will be the aver-
age of the two components, or 50 percent (1, 2, 5, 6). What often hap-
pens, when two emulsifiers are combined is that the water-fat ratio of the
product to be stabilized is more compatible with the solubility of the
emulsifier mixture than with either of the individual components.

If only a limited number of emulsifiers are available to the manu-
facturer, mixing two of them is often the answer to an otherwise dilficult
emulsification problem. However, in today’s market where a great many
emulsifiers are available it usually is possible to find a single emulsifier
with the proper solubility for any given food. When a single emulsifier can
be found, it can be every bit as elfective as would a combination of two
Or Imore,

140 Oklahoma Agricultural Experiment Station



Deciding Which Emulsifier to Use and How Much?

One should know the amount of water and fat in the product to be
stabilized. These are simple measurements in the laboratory and any
standard technigue for moisture and Fat will be adequate, In many cases
though, the amount of fat and water can be calculated from the recipe
of the product, An example of a cake recipe used in the O.5U. laboratory
is listed below (Table 13. In this recipe there are 48 grams of fat (as
shortening) and 96 grams of water (in the skim milk). This is all that
needs to be considered in this case since recent work at Oklahoma State
University has indicated that the effect of ingredients other than fat and
water on the emulsification of a cake is negligible. The addition of milk
solids-not-fat for example, has an effect which is so small that for all
practical purposes it can be disregarded. The same is true ofr flour and
perhaps for other ingredients as well. In the recipe of Table 1, the
amount of fat and water totals 144 grams and the [at percentage equals
48 - 144 or 33 percent. The water:fat ratio then is 67:33.

With this information one consults a set of tables similar to those
published from the O.8.U. laboratory in 1968 (6). To avoid confusion
though, it is sometimes easier to use graphs derived from these tables.
The data form a three-dimensional surface when three variables are con-
sidered and can be graphed that way (Figure 2) . However, the same data
can be shown as a family of curves (Figure 8) and this type of graph is
often easier to use. Entering either Figure £ or 3 at a point representing
about 30 percent fat (or 70 percent water) one sees that the maximum
emulsion stability results when an emulsifier is used which is 65 percent
soluble in water. However, there is very little difference between this
emulsifier and those which were 45 and 55 percent soluble in water.
Since Figures 2 and 3 use data from systems containing only 1 percent
emulsifier (as percent of the shortening), one must go back to the data

Table 1. Cake Recipe

Weight
Ingredient {grams)
Shortening 48
Sugar 120
Flour 96
Egg 32
Skim milk 105"
Baking powder 4
Salt 2
Flavoring & Color 1

L Contains 9 percent milk solids and 41 percent waler (96 grams).

Animal Science Research 1971 141



% WATER IN EMULSION

WATER 15 ' ——MAXIMUM
SOLUBILITY
EMULSION
STABILITY
—MINIMUM

Three—dimensional graph showing the relative stability of

Figure 2. t
fat-water emulsions containing percent emulsifier—calculated
as a percentage of the fat
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Figure 3. Two-dimensional graph showing the relative stability of fat-

water emulsions containing 1 percent emulsifier—calculated
as a percentage of the fal.
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to complete the picture and determine how different amounts of emulsi-
fier affect emulsion stability. From this graph (Figure 4) it also is appan-
ent that when more than 1 percent emulsifier is used, the performance ol
emulsifiers with lower water solubilities (i.e., 45 and 55 percent) is almost
equal to the performance of emulsifiers with water solubilities of 65 per-
cent. This later was confirmed with actual cake baking trials.

Shortenings for Baked Goods

Many anhydrous fats can be used as shortenings in baked goods,
However, these fats must be PH:-;'::.—:rI}' emulsified to be effective. An emul-
sifier with a water mlui}il[t}r of 50 percent will be satisfactory for a gener-
al-purpose shortening added to the fat at the rate of 1-2 percent (0.05-
(.02 percent of the total product) . However, it usually is preferable to
“tailor-make” the shortening—that is, add emulsifiers of the proper water
solubility to fit each individual product,

Anhydrous milk fat can be excellent shortening in properly emul-
sified. However, if butter 15 used as the source of this fat, one needs to re-
member that this product was {lesigned as a table spread. It contains
water and salt which the baker must take into account when calculating
his recipe. In addition, the emulsifier in this product (lecithin) has a
water solubility of approximately B0 percent, whch is too high for most

Magimume— === ———— e | L T S e e e S
35
25%
3
W
% Fwater Solubily of Emalsifier s %
i}
o B I | | AR =i cilem e
iAoy i z . T ] ]

Emulsifier A3 % Fal

Figure 4. Two-dimensional graph showing the relative stability of emul-
sions containing 30 percent fat and 70 percent water with
emulsifier levels of 1, 3 and 5 percent of the fat (0.3, 0.9 and
L5 percent of the total emulsion),

Animal Science Research 1971 143



baked goods. An emulsifier with a low water solubility needs to be added
s0 the average water solubility is 4565 percent. It usually is easier just to
start with the anhydrous milk fat and add a single emulsifier of the prop-
er solubility.

Cost of Emulsifiers

Emulsifiers currently can be bought for about 50 cents per pound. If
added to a shortening at the rate of 1 percent, the emulsifier would aded
only Y2 cent per pound to the ingredient cost of the shortening. If this
shortening were added to a cake recipe calling for 12 percent shortening
{as does the recipe in Table 1y the emulsifier in the shortening would
represent only 0.5 percent of the total cake recipe and an additional in-
gredient cost of only 0.05 cents, This seems like a small price to pay lor
the vast improvements in texture which the emulsifier will cause, and a
small price to pay for the improved flavor which results when milk fat is
used in the cake (1, 2).
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Dairy Physiology

The Effect of Uterine Environment
on Sperm Cells

Steven Fancy, Mark Hodson and Milion Wells

Story in Brief

The problem is lack of knowledge as to the effects of uterine environ-
ment on sperm cell morphology and livability. In this study, several cows
were inseminated with sperm cells with known characteristics. Then cells
were recovered at various intervals after insemination and changes in
their characteristics were determined. Results to date indicate that the
cells die and age at a rapid rate in the uterus, The study is continuing in
an effort 1o better define the effects of uterine enviromment on sperm
cells.

It has been known for several years that optimum fertility is achieved
when viable sperm cells are placed in the cow in the latter half of stand-
ing heat (Trimberger, 1944, 1948; Van Demark, 1952) . This procedure
assures that the sperm cells are in the cow's uterus several hours before
fertilization occurs, The bovine sperm cell apparently has to undergo
some changes, usually termed capacitation, before the cell can fertilize the
egg cells. These changes occur within a few hours after being placed in
the uterus and are a result of some property of the uterine environment,

All of the changes are not yet clear, however, the acrosome, the an-
terior cap-like structure on the sperm cell is apparently involved, At the
present tme, it 15 not clear whether the changes are in the shape of the
cell, Tunctional capability of the cell or both (Bedford, 1965, 1964). It is
known that sperm cells undergo structural changes in the uterine environ-
ment (Bedford, 1970} . This is an aging process and can be lollowed to a
degree by determining the condition of the acrosome (Awa, 1970; Wells
and Awa, 1970} . Few researchers have undertaken to determine the effects
of the cow’s uterine environment on the sperm cell. The purpose of the
work being reported was to obtain a clearer understanding of what hap-
pens to sperm cells after they are placed in the cow,
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Experimental Procedure

The etfects of uterine environment on the percentage ol live cells
and the percentage of aged cells were measured using 9 cows from the
Oklahoma State University herd, The percentages of live cells and aged
cells were determined on ejaculates collected just prior to insemination,
Each cow was inseminated with 1 ejaculate (approximately b cc). Sperm
cells were recovered at 30 minutes, 1, 2 and 4 hours after insemination by
inserting a stainless steel breeding catheter, with several openings in the
amterior 1 inch, into the uterine chamber and, with gentle vacuum, re-
moving a small sample of the cells,

Determinations of the percentages of live cells and aged cells were
made on these samples within a few minutes after recovery from the cow,
The cows were given routine herd rations and were housed and managed
in conventional herd practices. Only 2 of the cows in this preliminary
study were in heat on the day of insemination, Further trials will utilize
cows that are in heat.

Results and Discussion

The sperm retrieval process as described previously worked reason-
ably well. It was progressively more difficult to retrieve large numbers of
cells at the later periods after insemination. Even though & cc, of semen,
approximately 5 billion sperm cells, were placed in the cow, it was diffi-
cult to consistently secure large numbers of cells at the 4-hour retrieval
period. Limited attempts were made to secure cells from 8 to 24 hours
after insemination and rarely conld sufficient numbers of cells be retriey-
ed to make the desired determinations, This imitation did not allow us
to gather any information on the effect of a 12 to 18 hour period in the
uterus on sperm cell characteristics. Slaughter trials will likely have to be
used to secure this needed information. This problem has been encounter-
ed by other researchers and likely explains why so little information is
available on what happens to a population of sperm cells after they are
placed in the uterus of the cow.

The changes in sperm cell characteristics in the fivst 4 hours in the
uterus were siriking, The average effect of the uterine environment on
the percentage of live cells is shown in figure 1. The average percentage
of live cells in the original ejaculates, just prior to heing placed in the
cow, was 73.4 percent. At the first retrieval period 30 minutes later, the
percentage of live cells had dropped to 46.3 percent and remained at
about the 50 percent level at both the 1 hour and 2 hour post-breeding
samplings. At the 4 hour post-insemination samplings, the proportion of
live cells had dropped to 24.1 percent, or, about one-third as many live
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Figure 1. The effect of uterine environment on the percentage of live
sperm cells,

cells were present at 4 hours post-insemnination as was present at the time
ol insemination. These samplings were all taken from the uterine horns of
the inseminated cows. Although the number of cows is small, the data
suggests that sperm cells die rather rapidly after being placed in the
uterus. Several factors could be responsible, Most of these cows were not
in heat and there was no indication of infection in any of the cows. It
should be stated that it may be normal to have this type of sperm cell
loss. No data exists to give a good basis for comparison. The next phase
of this study will involve a group of cows in standing heat and an attempt
will be made to determine if the uterus is a more favorable environment
during heat and if various sections of the reproductive system can main-
tain viability better than others,

The average effect of the uterine environment on the percentage of
aged cells is presented in Figure 2, It is normal for all cells to go through
the aging process. It is not known at this time at what point in the agiﬁg
process the [ertility of a sperm cell is affected. Our investigations are
pointed toward gathering information on this problem, The average per-
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Figure 2, The effect of uterine environment on the percentage of aged
ACTOSOIMCS,

centage of aged cells at the time of insemination was 27.4 percent. Within
30 minutes, the percentage had risen to 55.6 percent and increased to 72.8
percent by 4 hours after insemination. This increase in the percentage of
aged cells is again striking. Again, no definitive data exists for good com-
parisons. The uterine environment changed the levels of aged cells in a
short period of time. Whether the uterus of the cow in heat or particular
sections of the uterus can maintain the cells more desirably awaits fur-
ther research.

References Cited

Awa, O, A. 1970. Studies on the acrosome of bovine spermatozoa. Ph.D,
dissertation. Oklahoma State University,

Bedford, J. M. 1963, Morphelogical reaction of spermatozea in the female
reproductive tract of the rabbit, J. Reprod. Fertil, G6:145,

Bedlord, J. M. 1364, Fine structure of the sperm head in t:juL‘LLlutL‘ and
uterine spermatozoa of the rabbit. J. Reprod, Feril, 7:221,

148  Oklahoma Agricultural Experiment Station



Bedford, J. M. 1970, Sperm capacitation anedl fertilization in mammals.
Biol. of Reprod. Suppl. 2:128.

Trimberger, G. W. 1944, Conception rate in dairy cattle by artificial in-
semination at various intervals before and after ovulation. J. Dairy
Sei. 27:659.

Trimberger, G. W. 1948, Breeding efficiency in dairy cattle from arti-
ficial insemination at various intervals before and afier ovulation.
Nebr. Agr. Exp. Sta. Res. Bul. 155.

VanDemark, N. L. 1952, Time and site of insemination in cattle, Cornell
Vet. 42:216.

Wells, M. E. and O. A, Awa. 1970. New technique for assessing acrosoimal
characteristics of spermatozoa. 53.227.

Animal Science Research 1971 149



SUMMARY REPORTS ON
OTHER PROJECTS

Beef Cow-Calf

Beef Cattle Selection Studies

R. R. Frahm

The heel cattle selection study being conducted at the Fi. Reno Live-
stock Research Station was designed to determine how much genetic
response can be obtained from selections based solely on weaning weight
or yearling weight performance, Of particular interest is the genetic re-
lationship between pre- and post- weaning growth rate. The magnitude of
this genetic relationship will determine the extent to which breeding stock
can be selected at weaning time that are genetically superior for total
growth rate. Table 1 presents the design of this experiment.

This is a long term experiment and it will be several years before
conclusions can be reached concerning its primary objectives, However,
the data being collected in this project have been analyzed to provide
answers to other questions confronting the heef industry.

Table 1. Design of Beef Cattle Selection Experiment

Line Mumber

5 6 7 8 9 10
Breed: H=Hereford, A—Angus 7 H T A A AH
MNumber of Cows per Line 50 50 a0 50 A0 50

Selection Procedure:

Traits: Wt. at specified age (davs) 2015 %65 205 365 R 205

M
Criteria: I=Individual, P=Progeny 1 I 1 1 i I/P
Mumber males selected per vear @ 2 2 2 2 5/
Mumber males selected per vear 2 2 2 2 2 2
Mumhber years selected males used = 2 2 2 2 2
MNumber females selected per year 10 10 10 10 10 10

| Random mating control line. The purpose of this line is to maintain genetic stability so that
comparisions between it and the selection lines within & particular year provide a measure of
genetic progress achieved in the selection lines.

B Five aives imitially sebected for progeny testing on the basis of their weaning weight performance,
The top 2 bulle are selected (o1 wde in the line based on progeny weaning weight,
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Publications
The following articles have been published from this project during

the past year:

Cardellino, Ricardo. 1970, A comparison of different age of dam correc-
tion factors for weaning weight in beef cattle. M.S. Thesis, Oklahoma
State University.

Cardellino, Ricardo and R. R. Frahm. 1970, Age of dam adjustments for
weaning weights of beef cattle. J. Anim. 5ci. 31:161 (Abstract).
Deutscher, G. H. 1970. Productivity of Angus-Holstein crossbreds versus
Angus heifers under tall grass range conditions. M.5. Thesis, Okla-

homa State University.

Frahm, R. R. 1970. Can you select herd bulls at weaning time? Proceed-
ings of the Ft. Reno Livestock Research Station Field Day, Oct. 22,
19740,

Frey, John. 1971, Evaluation of cow type classification score and its re-
lationship to cow productivity. M.S. Thesis, Oklahoma State Univer-
SLLY.

Tanner, J. E, R. R, Frahm, R. L. Willham and J. V. Whiteman. 1370.
Sire x sex interactions and sex differences in growth and carcass
traits of Angus bulls, steers and heifers J. Anim. Sci. 31:1058.

Beef Feedlot and Nutrition

Effect of Previous Plane of Nutrition
Upon Efficiency of Energy Utilization
by Beef Steers

J- E. McCroskey, H. A. Deramus, Jr., R. R, Johnson and 1. G. Wagner

Three lots of four Hereford steers each were started on feed in the
summer of 1970 to study the effect of level of energy consumption and
previous plane of nutrition upon efficiency of energy utilization by beef
steers, Efficiency of feed and energy utilization are being determined from
feedlot performance, respiration calorimetry, and the slaughter technigue,

All lots of steers were individually hand-fed a high-grain finishing
ration. One group of steers {lot 1) was fed at maximum feed intake from
the start of the study to approximately 1000 1b. A second group (lot Z)
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was fed to gain one pound per head daily until lot 1 reached slaughter
weight, then put on full feed. The third group (lot §) was fed at a main-
tenance level until lot 1 reached slaughter weight, then put on [ull feed.

Total energy balance was determined at the beginning, at intervals
during the feeding period and will be determined just prior to slaughter,
using respiration calorimetry and carbon-nitrogen balance. Carcass energy
gain will also be determined using the slaughter technigue,

The first two lots of steers have been slaughtered and the third group
will complete the study about May 1, 1971, This study should show the
relative elficiency of feed and energy utilization of beef cattle fed 1o
slaughter weight under three widely different feeding regimes, and should
answer some of the questions relating to compensatory gain. Results of
the study will be presented in the 1972 report.

Effect of Melengestrol Acetate (MGA)'
Upon Energetic Efficiency of
Feedlot Heifers

J- E. McCroskey and H. E. Kiesling

Three sets of identical twin beef heifers were used in a feeding study
to determine the effect of Melengestrol Acetate (MGA) upon energy
gains and losses as determined by respiration calorimetry and carbon-
nitrogen balance. The heifers were individually fed a high grain ration
with both members of a pair fed the same amount of feed. One member
of each pair also received 0.5 mg. of MGA daily. Fasting heat production
and total energy balance were determined twice during the study,

Fesults of the study indicate that MGA-fed heifers were less efficient
in energy utilization in both balance studies as reflected by lower values
for digestible energy, metabolizable energy, and net energy. Energy stored
as protein and fat was also lower for MGA-fed heifers. There was an indi-
cation of a slight decrease in energy required for maintenance due to
MGA feeding as determined by the changes in fasting heat production
from the beginning to the end of the study. Thus, the results suggest that
when feed intake is limited, efficiency of energy utilization by feedlot
heifers is not improved by feeding this level of MGA.

Delengetrol Acetate (MOGA) provided couresy of the Upjohn Company, Kalamazoo, Aichigan
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Publications

Kiesling, H. E. and J. E. McCroskey. 1971 Energetic efficiency of heifers
fed MGA. Southern Section of American Society of Animal Science
{Abstract) .

Rumen Fermentation Rates In Steers
Fed High Concentrate Rations

R. R. Johnson

Much work has been done in the past and more is presently being
conducted on the utilization of various processed grains in high concen-
trate rations for beel cattle. It is now well known that the performance of
heef cattle, especially feed efficiency, can be improved by the substitution
of certain processed grains for dry rolled or ground grains.

In addition, there are basic differences between the cereal grains
themselves in their ability to support performance of [inishing beef cattle.
Explanations for these differences in performance liave not been found,
however. During the past year, a new project was initiated to study the
rates of synthesis of the volatile fatty acids from various processed grains
in the rumens of beef cattle. Although it is well recognized that prac-
tically all carbohydrates that are fermented in the rumen are converted
to volatile fatty acids which are eventually utilized by the host animal as
an energy source, the rate of synthesis of these volatile fatty acids and the
ratios of the three major acids, acetic, propionic and butyric acids, can he
highly variable.

These variations are presumably associated with performance of the
animal. The effects of grain processing and other ration maodifications in
high concentrate rations on these rates of synthesis have not been studied.
During the past year, two preliminary experiments were conducted in
which whole shelled corn was compared to ground corn and reconstitut-
ed milo was compared to dry rolled milo as the major feed ingredients in
high concentrate rations for fistulated beef steers. The levels of lactic acid,
volatile fatty acids and pH in the rumens of these animals were measur-
ed at various times afier feeding. In addition, microscopic examination of
the bacteria and protoza were made. Analytical measurements on these
samples have not been completed as vet. Presently an automatic feeding
device which will allow more accurate measurement of the rate of syn-
thesis in the Tumen is being built and tested.
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Utilization Of Waste Products In
Animal Feeds

Ronald R, Johnson

A new research area which has received more emphases than any
other research area in the last year or two is the utilization of waste pro-
ducts from agricultural as well as other industries [or some productive
purpose, Since many of these waste products are cellulosic in nature, it
has logically been suggested that ruminant animal feeds might be the best
area in which to utilize them. The ruminant has the natural capacity for
digesting many materials such as the fibrous portions of plant tissues and
miscellaneous forms of nitrogen which most other animals do not possess,
Because of the importance of this type research, the overall area of im-
proving the quality of our environment and the solution to pollution
problems, a project is being initiated to study the utilization of waste
materials in armmal rations,

Basically, this project is designed to cover the study of the utilization
of practically any type of waste or by-product that conceivably has a
potential as a animal feed ingredient. The initial emphasis will be placed,
however, on the utilization of high cellulose type materials in ruminant
rations, A tremendous number of cellulose materials are at present
accumulated as waste materials causing disposal problems as well as pos-
ing potential losses to the industries associated with them, Among these
might be listed waste paper, municipal rubbish, residues from the wood-
pulping and forest industries, rice hulls, sugar cane bagasse and other
similar products of agricultural and industrial enterprises,

Virtually all of these materials contain high proportions of cellulose
or fibrous type components, but in addition, almost all of them are high-
Iy lignified and, as a consequence, have a very low digestibility, in some
cases approaching zero. Thus, it is quite likely that in order for any of
these to be utilized as animal feeds, a certain amount of chemical process-
ing will be required to release the usable forms of carbohydrates and
other nutrients,

There are numerous chemical treatments which have already been
developed which are capable of performing this process but which have
not necessarily proven to be economically feasable. It is quite likely that
these materials will find a role in the nutrition of animals existing on a
maintenance type ration, such as a wintering cow, rather than on the
rations that are commonly found in feedlot situations. During the com-
ing year, a number of these products will be examined in laboratory tests
and in limited number of animal tests to determine their possible contri-
bution towards the nutritive requirement of ruminants,
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Relationship Between Laboratory
Characteristics And Intake Of
Bermudagrass By Grazing Steers
J. E. McCroskey and D. E. Hopson

Five grazing studies were conducted during the summer of 1969 using
eight yearling Hereford steers to determine the consumption of Midland
Bermudagrass pasture and to relate intake to certain laboratory character-
istics. Forage consumption was determined using an external indicator
{polyethylene glycol) to calculate fecal dry matter output, and the lipnin-
ratio to determine dry matter digestibility. Hand clipped and esophageal
forage samples were analyzed chemically for crude protein, acid detergent
fiber, acid detergent lignin, and cell-wall constituents. I'n vitro dry matter
disappearance was also determined on all forage samples,

Average forage dry matter consumption for the five periods from
May to October were 13.4, 13.2, 9.5, 28.5, and 30.6 1b., respectively. The
high intake during the last two periods reflects an unusually abundant
amount of forage due to heavy rainfall late in the summer, Intake nor-
mally would continue to decline throughout the growing season. Statis-
tical analysis of the data showed that voluntary intake was highly correlat-
ed with the acid detergent lignin content of the forage samples collected
by esophageal fistulated steers (-93). In vitro dry matter disappearance,
which is an estimate of forage digestibility, was highly correlated with
the acid detergent fiber and cell-wall constituents on hand clipped for-
age samples (-97 and -95, respectively). Results of the study indicate
that the acid detergent lignin content of forage samples obtained by
esophageal fistulated animals can be used as a predictor of forage intake.
Furthermore, increasing [iber and cellwall constituents have a highly
depressing effect upon forage digestibility.

Publications

Hopson, D. E. 1971. The determination of intake and digestibility of har-
vested and grazed forage by the use of indicators. M.5. Thesis, Okla-
homa State University,
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Indirect Determination Of Furagc

Intake Using Indicators
J- E. McCroskey and Ix. E. Hopson

Determination of forage intake by graxing animals requires (1)} a
measure of fecal output and {2) an estimate ol forage digestibility. This
study was conducted to compare different levels and methods of admin-
istration of an external indicator for measuring tecal output, and to com-
pare the accuracy of two methods of estimating digestibility.

Four digestion trials were conducted using yearling Hereford steers
to compare the accuracy of polyethylene glycol (PEG) given at levels of
50, 100, 150, and 200 gm. per day administered either in single (8:00
am.) or split doses (8 a.n. and 4:80 p.n) to calculate fecal output. In
vilro dry matter disappearance and the lipnin-ratio were compared as esti-
maties of forage digestibility. All steers were fed bermudagrass hay, and
feed intake, fecal output, and digestibility were determined directly,

Results of the study revealed that PEG given in split doses gave
more accurate estimates of measured fecal output than when given in a
single dose. Of the four levels of PEG compared, 150 gm. given in split
doses gave the greatest accuracy, however 50 and 100 gm. given in split
doses gave fecal output calculations almost as accurate as the 150 gm.
level. The 200 gm. level was the least accurate because of low percent re-
COvVErY.

There was no significant difference between forage digestibility deter-
mined by the conventional digestion method and by the i witro tech-
nique; however, digestion coefficients determined by the lignin-ratio
method were significantly lower (P<.05) than those determined by con-
ventional digestion trial. Comparison of actual intake with values cal-
culated using PEG, lignin-ratio, and in vitre methods indicates the preat-
est accuracy was obtained with 150 gm. of PEG given in split doses, and
using the in vitro procedure to estimate digestibility, In view of the small
and non-significant differences in accuracy of fecal output determination
between the 50 and 150 gm. levels of PEG, the lower level given in split
doses would be more practical and would give essentially the same accu-
racy in estimating forage intake,

Publications

Hopson, D. E. 1971, The determination of intake and digestibility of har-
vested and prazed forage by the use ol indicators, M.5. Thesis. Okla-
homa State University.

Huopson, D. E. and J. E. McCroskey. 1971. Polyethvlene glycol as an ex-
ternal indicator. Southern Section American Society of Animal Sci-
ence (abstract),
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Meat and Carcass Evaluation

Influence Of Level Of Potassium Intake on
Net K* Count In Beef Steers

Rodger Johnson, L. E. Walters and ]J. V. Whiteman

Thirty-six Angus-Hereford crossbred steers were used to stud}' the
influence of 3 levels of dietary potassium on net K4 count, blood serum
potassium levels and muscle tissue potassium concentration. The 3 diets
{approximately 50 percent roughage-50 percent concentrate) were alfalfa-
corn, wheat straw-corn and a diet consisting of 1.7 1bs. KCL added to
each 100} pounds of the wheat straw-corn ration. Potassium levels of the 3
diets were 1.51, 0.29 and 1.03 percent, respectively. The steers were allot-
ed into 3 groups and each group placed on one of the above diets for a
two-week feeding period. Appropriate K4 counts and tissue samples were
taken at the end of each feeding period. At the end of the two week feed-
ing period, steers were placed on a different ration so that at the end of
3 two-week periods, each steer had received each ration. K1* data were
collected on steers unshrunk and after 24 hours shrink, The experiment
was balanced so that carry-over effects of each ration from one period to
the next could be evaluated.

Statistical analysis of the data indicate that carry-over effects appear-
ed negligible for all treatments. Steers fed the alfalfa diet had the highest
net K4 count and steers on wheat straw the lowest. This difference was
considerably larger when determined on unshrunk steers than after the
same steers were shrunk for 24 hours (without feed and water) .

Preliminary analysis of the data indicate that the difference after 24
hours shrink is large enough to suggest that the diet cattle are receiving
prior to K4 counting may influence the accuracy of K estimates of lean
in cattle, Dietary putimsium levels appeared not to influence blood serum
potassinm levels or muscle tissue potassium  levels, However consistent
differences between animals were evident in blood serum and muscle
tissue potassium concentrations,

These data indicate that if estimates of lean in cattle are to be made
from K4 net count, the same ration should be fed to all animals for a
period of time prior to counting. Thus it appears that the K% counter is
the best adapted to comparison of similar weight animals that have been
fed and managed alike for a period of time prior to K4 evaluation.

These data are undergoing further analysis and a more complete re-
port will be available at a later date.
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Net K Count As A Predictor Of
Fat-I'ree-Lean In Cattle And Swine
Lowell E. Walters

Recently, certain support instrumentation has been added to the
equipment at the Live Animal Evaluation Center which is needed in the
calibration and maintenance of the K counter. Through the incorpora-
tion of these facilities into the evaluation program, improvement may be
achieved in the capability of the counter to predict pounds of fat-free-
lean in both cattle and swine, The following described studies incorporat-
ing these facilities are in progress.

Cattle

Thirty-six 900-1000 pound Choeice quality slaughter steers were
counted in the whole-body counter at the Live Animal Evaluation Cen-
ter in the fall of 1970 for the purpose of re-evaluating K4 net count as a
predictor of total muscle in beef steers. The steers were alloted to six
groups and were processed through the Evaluation Center and the O.5.1.
Meat Laboratory during six successive weeks. 'The steers were thoroughly
washed and shrunk for 24 hours prior to counting, Five 2 minute counts
were taken for each steer.

Following slaughter, the right half of each carcass was separated into
lean, fat and hone, T he sup.‘u'nhle lean was ﬁulnpiet! for chemical ana]ysis
which is currently in the final stages of completion, Ether extract content
of the separable lean will be used in order to determine the total quanti-
ty of fat-free-lean for each animal, Statistical analysis of the data will be
completed o ascertain the relationship between net K'Y count and
pounds of total fat-free-lean,

Hogs

Earlier research designed to monitor muscle development in growing
and finishing swine using the large cattle K'Y counting equipment point-
ed to the need for a different detector arra ngemeit, especially for T00-200
pound pigs. It appeared from this work that for greater counting effici-
ency, the detector logs needed to be much closer to the pigs than was pos-
sible in the larger cattle arrangement: therefore, six detectors were re-
mounted in a smaller configuration and an experiment conducted to de-
termine the improvement, if any, with “lean cuts” in the carcasses from
counted animals as the end-point. Since this study showed promise of im-
provement in counter elficiency using the new detector design, 23 Hamp-
shire, 21 Duroc and 21 Yorkshive market barrows weighing 215 pounds
were counted in the fall of 1970 to further study counting efficiency.
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In this work the animals were thoroughly washed and shrunk 24
hours prior to counting. After slaughter, the warm carcasses were mounit-
ed in a standing position and returned to the counter for carcass counting
efficiency studies. The carcasses were chilled, split and the right half sep-
arated into lean, fat and bone. The separable lean was sampled for chemi-
cal analysis which is nearly completed at this writing. Fat-free lean deter-
mination will be made from ether extract analysis of the ground lean
samples from each carcass and all the data treated statistically.

Estimation Of Fat Thickness And Loin
Eye Area By Ultrasound

Lowell Walters and Michael May

During recent years, several probing techniques have been studied in
efforts to learn more about the composition of meat animals without re-
sorting to slaughter and chemical analysis of the animals. Among these
techniques is that of ultrasound, of interest primarily because of its pro-
mise in providing some information relative to thickness of subcutaneous
fat and the size (shape) of muscles such as the loin eye in the animal
alive. These two estimates of composition have been shown to be of some
value as predictors of composition,

Ultrasonics refers to sound waves or vibrations at a frequency above
the audible range of the human ear. This ultrasonic energy is mechanical
vibration that can be focused in a narrow beam which may be transmitted
and reflected in much the same way as a beam of light. The technique is
useful in animal appraisal because of the differential rate of transmission
of the sound in tissues that differ in density such as fat and lean. Thus,
when a beam of these sound waves passes from fat into lean, an "echo™ is
established in the calibrated instrument from which a fat depth and a
muscle size and shape can be estimated,

The Scanogram is an instrument under study in this research which
makes use of this principle, coupled with a Polaroid film pack and a
mechanically synchronized drive which makes possible a plot of "echos”
representing fat layers and muscle systems on the Polaroid film.

Results from studies with slaughter cattle and hogs indicate that the
Scanogram can estimate fat thickness in both species with greater accuracy
than loin eve area. With cattle, the results have been somewhat variable
depending upon the function of the electronics in the instrument. Aver-
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age errors for fat thickness and rib eye arvea at the 12th rib location on
one group of ninety-eight 1000 1b. steers were found to he .17 inches and
0.59 square inches, respectively. The average errors for a group of thirty-
six 1000 pound slaughter steers were 0.11 inches and 0.74 square inches
for fat thickness and rib eye area, respectively. A second group of 36
slaughter steers was evaluated at a time in which the machine was less
stable and in this case, rib eye areas were missed on the average by 1.28
square inches and fat thickness by .17 inches.

In the studies with 200-225 pound slaughter barrows and gilts the re-
sults have also been quite variable. In one group of 16 market barrows,
the average error for loin eye area estimates was (.65 square inches and
for backfat thickness, .096 inches. With another group of 67 market
weight hogs the average errors for fat and loin eye area were found to be
0.10 inches and 0.84 sguare inches, respectively. The correlation between
estimated fat thickness and percent lean cuts of live weight was -0.65. In
the fall of 1970, a group of 45 market hogs were evaluated by the Scano-
gram in a somewhat different fashion to include an estimate of fat thick-
ness made on the midline of the back from the thirteenth rib to a point
eight inches posterior. In this work the correlation between actual “linear
far”” and the estimated was found to be -0.78. However, correlations be-
tween the linear fat estimate with lean cut yield and estimated average
hacktat thickness with lean cut yield were found to be almost identical
{-0.59 and -0.58) .

Mouse Selection Studies Az An Aid To
Animal Breeding Research
R. R. Frahm, L. T. Omtvedt and C. R, McLellan, Jr.

The economic importance of growth rate 15 well recognized by all
sepments of the livestock industry. It is most desirable from the standpoint
of efficiency to select breeding stock with superior genetic capability for
rapid growth at the earliest age possible. Determination of the optimal
age at which selections can be made effectively requires a basic under-
standing of the genetic relationships that exist among growth rate at dif-
ferent stages of the growth curve. Experiments are underway with the
livestock species to provide information on this very fundamental ques-
tion, however, it will he several vears before adequate answers will be
available. This type of research requires large numbers of experimental
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animals to obtain good measurement of these genetic relationships
coupled with the fact that it is a slow process because of the long genera-
tion intervals involved with the livestock species.

Mice are well suited for genetic studies to explore basic genetic rela-
tionships and provide an indication of what can be expected with the
livestock species. Large numbers of mice can be economically maintained
in a relatively small amount of space under well controlled environment-
al conditions. Since 4 generations are produced each year, results are ob-
tained considerably faster with mice than with the livestock species.

Project 1405 was initiated to measure direct and correlated response
to selection for preweaning and postweaning rate of gain in mice for the
purpose of determining the basic genetic relationships between growth
rate at these two intervals in the life cycle, This project consists of 6 selec-
tion lines of 20 litters each (3 lines selected on basis of individual wean-
ing weight and 3 lines selected on the basis of weight gain from 5-6 weeks
of age) and a random mating control line of 40 litters that is used for
measuring genetic changes that oceur in the selection lines.

After 2 generations of selection, the average 3-week weight of the 3
lines selected on the basis of weaning weight was 0.76 gram (7.5 percent
heavier than the control lines and the average daily gain from 3-6 weeks
of age for the 3 lines selected for postweaning growth rate was 0.072
gram/day (11.0 percent greater than the control lines which indicates
that direct selection for these two traits has been effective. Average daily
gain from 3-6 weeks was essentially the same in the weaning weight selec-
tion lines as the control lines indicating little correlated response to date
for postweaning gain. However, the average S-week weight of the post-
weaning gain selection lines was 0,48 gram (4.7 percent) heavier than the
control lines indicating that some correlatec response for 3-week weight
has apparently been realized.

In order to determine if the total weight of a particular muscle sys-
tem can be altered by selection, a study involving two selection lines has
been initiated. One line is being selected on the basis of the heaviest
weight of the hindquarter muscle system and the other on the basis of the
lightest muscle weight in the mature mouse (12 weeks of age) . Abter 3
generations of selection, the heavy-muscle line had an average hindguar-
ter muscle weight of 2.59 gram which was 14.1 percent heavier than the
2.27 pram average muscle weight of the light-muscle line. These results
indicate that direct selection to alter the weight of a specilic muscle sys-
tem has been effective to date, however, more generations of data will be
required to reach specific conclusions. OF particular interest in this seady
will be whether live weight of the mice change proportionally with the
alteration in muscle weig.lﬂ. or whether the altered muscle weight will re-
flect a change in the ratio of muscle weight to live weight.
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Hot J:im]jug OUf Bovine Muscle

C, L. Kastner and R, L. Henrickson

Processing meat prior to chilling is of commercial interest; conse-
quently, extensive research has been conducted on porcine muscle, Bovine
muscle has received limited attention, thus a meaningful research project
would consist of evaluating “hot boning” of the beef carcass.

Fabrication of th bovine carcass prior to chilling has several poten-
tial advantages, The economy of this process is reflected by the fact that
waste fat (20-30 percent) and bone (15-18 percent) are removed prior
to chilling thus conserving on cooler space and total refrigeration input,
A boneless closely trimmed product, produced from “hot boning” could
lend itself well to portion control and marketability.

The objective of this investigation is to evaluate the feasibility of
“hot boning” of the U.5. Good grade beef carcass with respect to yield,
juiciness, tenderness, fHavor, and color,

Even though this current research project is not completed there are
some indicated trends considering the test parameters. When “hot bon-
ing"”, yield does not appear to be significantly different from boning a
cold carcass. Removing muscle from the skeleton while it is still hot ap-
pears to have no marked effect on the favor or juiciness as evaluated by
a taste panel, percent moisture, or the Carver Press. Fresh meat color is
slightly darker For the hot boned muscle but this color is not undesirable,
Color differences are difficult to detect unless a direct comparison is
made with the cold boned muscle. To date all color results have been
based on visual color panel evaluations.

In conjunction with the panel, a Photovolt Reflection Meter is used
to objectively measure hue, value, and chroma so that the authors will
substantiate the visual coloy .'|ppra.*si.‘11. Tenderness appears to be the pri-
mary problem when muscles are removed from the hot carvcass, This
would he expected because hot excised muscle can fru{tl}' contract during
rigor mortis, Muscles left on the skelton until rigor is complete, do not
eutensively contract due to their muscle and for bone attachments. There-
fore the cold boned muscles are more tender as evaluated by a tenderness
pzuml and the Warner-Bratzler shear apparatus,

With minor modifications in the existing process, the authors feel
that the tenderness problem may be resolved.
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The Effect Of Ethylene Diamine Tetraacetic
Acid On Bovine Myusiu Adenosine
Triphosphatase

J- J. Guenther

Bovine myosin was isolated from the longissimus dorsi muscle of
mature, choice-grade herelford steers. Myosin ATPase activity was deter-
mined at 0°C and expressed as micromoles inorganic phosphate released
per milligram protein per minute,

Factors studied were Ethylene Diamine Tetraacetic Acid, ED.T.A.
level (0, .005, .01, .02, .04mM/ml), ionic strength of ATPase incubation
system and the influence of Cat+ activation. Results showed that both
ED.T.A. and the ionic strength of the incubation system had a highly
significant effect on myosin ATPase activity and that the effect of E.D.
T.A. was strongly influenced by the ionic sirength of the incubation sys-
tem. ED.T.A. functioned as an ATPase activator in the high ionic sys-
tem, but as an inhibitor at low ionic strength.

In the high ionic strength system, with no added CaCl,, maximum
ATPase rate occurred at 0.01 mM concentration of E.D.T.A.; whereas in
the presence of CaCl,, maximum acceleration did not occur until the
ED.T.A. concentration exceeded that of CaCls. It was also noted that
E.DT.A., at a concentration equivalent to CaCls (0.01 mM), had a great-
er activating effect on myosin ATPase than Cat+. In the low ionic
strength system, which contained CaCly, E.D.T.A. suppressed myosin
ATPase activity, The addition of ED.T.A. had little effect on myosin
ATPase activity in the low ionic strength incubation system which did
not contain CaCl,, Partially supported by Market Quality Research Divis-
ion, ARS, USDA, Cm]perative Agreement 12-14-100-9548 (51) .

Amino Acid Composition Of Bovine G-Actin

J. J- Guenther
Bovine G-actin was purified according to procedures previously re-
ported. Amino acid analyses were carried out on a Beckman Model 1200
automatic amino acid analyzes according to the standard methods of Stein
and Moore, G-actin samples (48305 mg/ml) were acid hydrolyzed at
110°C for 12, 24 and 72 hours in sealed, evacuated tubes.
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The values for threonine, serine and half-cystine were determined by
extrapolation of the data to zero time of hydrolysis, since these amino
acids were partially destroyed when exposed to prolonged acid hydrolysis,
The value for ammonia was calculated by subtracting losses in serine,
threonine and half-cystine after 24 hours hydrolysis, from the observed
ammonia value at 24 hours.

The data from the amino acid analyses are shown in Tables 1, 2, and
3. Afwer 12, 24 and 72 hours acid hydrolysis amino acid recovery was
96.35, 97.44 and 89.92 percent, respectively, A significant difference exist-
ed berween recoveries at the 12 and 72 hour period.

At the 24 hour period, 57 glutamic acid and 44 aspartic acid residues
were obtained (Table 2y, This indicates that the isoelectric point of
hovine Geactin is on the acidic side. Methionine had the smallest nomber
of residues, 7 per molecule, Bovine G-actin also contained considerable
quantities of neutral amino acids such as alanine (88 residues/mole) ,
glycine (36 residues/mole) and leucine (34 residues/mole) . These values
;.ugree- with G-actin from rabbit muscle. However, rabbit G-actin has a
much greater amount of sulfur-containing amino acids. For example, rab-
Iait (i-a.uuti n containg 20 methionine residues per mole, whereas bovine G-
actin contains only 7,

The minimal molecular weight of bovine G-actin can be calculated

Table 1. Amino Acid Recoveries Alfter Acid Hydrolysis
j ' ~ mg/4.8305 mg G-action

12 hr 24 hr 72 hr
Amino Acid hydrolysis hydrolysis hydrolysis
Lysine 0.22141 0.24601 0.23898
Histidine 0.10550 0.13188 012412
Ammonia 0.80743 0.08045 L.0GBRY
Arginine 0.26828 028396 0.27176
Aspartic Acid 046718 047117 0.4 508
Threcnine 0.3 1442 0.30132 0.26392
Serine 0.21858 0.20282 0,15385
Glutamic Acid 0.63707 0670491 0.59205
Proline 0.200953 020147 009249
Glycine 0.22070 0.21770 0.21019
Alanine 0. 28508 027439 (L26156
Half-cystine 0.10572 008169 006343
Valine 0.20852 0.23312 0.23804
Methionine 0.09549 0.08206 0.07281
Isoleucine 0.29250 (1.30562 0.31375
Leucine 0.35022 (1.36858 034419
Tyrosine 0.27359 0.27359 0.22032
Phenylalanine 0. 18666 0.20153 0.18104
Unknown 0.10624 007864 0.08720
465412 470691 4.34367
Recovery 06.35 % 97 44 % 89.929%
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Table 2. Numbers of Amino Acid Residues per Molecular Weight—6i,-

00 G-Actin
12 hr 24 hr 72 hr

Amine Acid hydrolysis I'-ydmlj.'s‘ls hydrolysis
Lysine 23.4758 26,0842 25.3389
Histidine B.4463 10.5579 99368
Ammonia 63,8443 38.7516 50.3055%
Arginine 19.1284 20.2463 19.3768
Aspartic Acid 43,5979 43,9706 41,5360
Threonine 32.7916 31.4253 27.5251
Serine 25.8358 23,9726 18,1844
Glutamic Acid 53.7832 56.6400 49,9824
Proline 22.6063 21.7368 20.7680
Glycine 36.5179 36,0211 35.7790
Alanine 39,7474 38,2569 36.4682
Half-cystine 54652 42231 3.2791
Valine 22.1095 247179 25,2396
Methionine 7.0404 68315 6.0614
Isoleucine 27,6989 28.9411 29,7112
Leucine 33,1642 34,9052 32,5928
Tyrosine 18.7558 18.7558 15,1040

nylalanine 14.0358 15.1537 13.6134
Unknown 9. SE%E 7.0800 7.8501

Table 3. Amino Acid Composition of Bovine G-Actin

Residues' gm per Residue 9  Weight 9%
Amino Acid per molecule® molecule? (moles) (gm)
Lysine 26.0842 $055.7640 3.13 5.12
Histidine 10.5579 1638.16537 2.08 215
Ammonia 4980543 847.2408 9.80 1.42
Arginine 20.2463 3527.1079 3.98 5.92
Aspartic Acid 43,9706 5852.4868 8.65 9.82
Threonine 3415791 4068.2058 6.72 6.82
Serine 2760904 2910.3879 3.45 +.88
Glutamic Acid Sb.6A00 8333.4432 11.14 13.93
Proline 21.7368 2502.5577 4.28 4.20
Glycine 36.0211 2704.1039 7.09 4.53
Alanine 38,2569 3508.3072 7.53 5.72
Half-cystine 6.707 34 16116971 1.32 2.70
Valine 247179 2895,7019 4. B6 4.86
Methionine 68315 1019.3281 1.34 1.71
Isoleucine 289411 3796.2040 5.69 6.37
Leucine 54.0932 4373.2527 687 7.68
Tyrosine 18.7558 3398.3634 3.69 5.70
Phenylalanine 15.1537 2503.2397 298 4.20
Unknown ?.UHDU_F 76,8984 139 1.64

5082696 59627.4541
! Yalues taken at .H hours il'|l|m|'|l'!l5
® Assumes M. Wr. of 60,000,
1T he value for ammonia was obtained by _5|.|i:l|!|u.u.'|!i:|l|t lesges in serine, threonine, and hnlf-cvstine
after 24 hours hydrolysis, from the ammonia value at M4 hours

i Extrapolaned value,
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trom 1ts anuno acid composiiion, Assuming one mole of methionine per
mole of protein, a value of #,782.7 is attained, If 7 methionine residues
were present per molecule of G-actin, the molecular weight would be
about 61,479, Il molecular weight is computed in terms of tyrosine resi-
dues, the result is about 60,781, Partially supported by Marker Quality
Research Division, ARS, USDA, Cooperative Agreement 12-14-100-9548
(51).

Selection For Crossing Ability In Swine
1. T. Omivedt

The basic objective of Project 808 is to study the [easibility of select-
ing purebreds on the basis of their ability to cross. Sow productivity traits
generally exhibit considerable hybrid vigor in crosshreeding studies, but
unfortunately, these traits are lowly heritable and show very httle re-
sponse to direct selection. The hybrid vigor obtained in crossbhreeding is
“one-shot improvement” and breeders cannot expect to obtain increased
performance due to additional heterotic response each generation. In this
project an effort is made to make continued improvement in two-breed
crosshred gilts by selecting the two parent lines on the basis of their cross-
ing ability. The basic procedure is to select the Duroc and Beltsville boars
and gilts for breeding on the basis of their Duroc-Beltsville crosshred hall-
sisters’ productivity (litter size and 21-day weight) .

The project is currently in the sixth generation of selection. Produc-
tivity of the crossbreds has been very desirable but continual mmprove-
ment in the crosshreds over the controls each generation is not readily
apparent at this time. This procedure is widely used in plant hreeding
and research with laboratory organisms indicated that it may have appli-
cation in swine breeding, but results to date are not very encouraging.
This project will be phased out at the end of sixth generation.

“The project is currently in the sixth and final generation of selection.
The productivity of the Duroc-Beltsville No. 1 crossbred gilts compared
to the productivity of the control line gilis will be used to evaluate the
effectiveness of selection for crossing ability. An analysis of the control
line data from 1961 to 1970 showed that performance and productivity
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for this line remained relatively stable during the course of this experi-
ment so should be a valid basis for comparing possible improvement in
the selected lines. Preliminary analyses of the records do not reveal any
steady divergence in productivity of the 2-line cross from the control live
gilts. In the sixth generation, the selected line farrowed larger litters (10.5
vs. 10.1) of heavier pigs (2.6 Ib. v5. 2.2 Ib.} but the differences in litter
size at 21 days were relatively small (8.8 vs. 8.7) . The average pig 21-day
weight was 11.6 Ibs, for the crossbreds compared to 10.5 1bs. for the con-
trols.

Publications

Edwards, Ronnie L. 1971. Genetic analysis of a control population of
swine. PhID Thesis. Oklahoma State University Library.

Edwards, Ronnie L., I T. Omtvedt and J. A. Whatley. 1971. Genetic
analysis of a swine control population. 1. Population Stability, ],
Anim. Sei, 52:179.

Edwards, Ronnie L. and I. 'T. Omtvedt. 1971. Genetic analysis of a con-
trol populatiun. I1. Estimates of pnpul:lr.iun parameters, J. Anim.
Sci. 52:185.

Robbins, B. S, W. G. Luce, I. 'T. Omtvedt. 1971, Pelleting milo and
wheat for swine. J. Anim. Sci. 32:590.

Omivedt, I. T, 1970. Swine crossbreeding studies. Proceedings of Okla-
homa Swine Short Course. Page 7.

Genetic Evaluation Of Purebred And
Crossbred Performance Of Duroc,
Hampshire And Yorkshire Swine

I T. Omtvedt

The fact that approximately 90 percent of the pigs marketed in the
U.5. today are estimated to be of crossbred origin indicates that swine
producers recognize the benefits of crossing. The two basic reasons for
Crossing are:

1. To obtain hybrid vigor or heterosis,

2. To combine the strong points of the different breeds.

Much of the crossbreeding research with swine has been conducted
at Oklahoma and the general response expected for most traits has been
established. In general, crossbred sows farrow and raise larger litters than
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the average tor the breeds making up the cross. In addition to crossbred
pigs being more rugged and having greater livability, they are heavier at
weaning and gain faster during the postweaning period thus resulting in
their reaching market weight at an earlier age. No consistant advantage
of crossbreds over purebreds for either feed required per unit of gain or
carcass merit has been demonstrated.

Even though the general results expected from crossings are known,
data on specific crosses and crossing sequences that will yield maximum
performance in a breeding program are not available. Most of the early
investigations involved inhred lines and breeding stock typical of that
time under management conditions quite different from those recommen-
ded today, Breed differences in productivity, growing ability and carcass
merit are known to exist, but how to best combine the breeds to obtain
maximum overall performance is not known. How important is maternal
influence? In a 2-breed cross, does pig performance vary depending on
which breed is used as the sire and which breed is used as the dam? In
a 3-breed cross, which breed combinations make the best female and
which combinations result in best overall performance? These are very
important questions to a swine producer when he lays out his crosshreed-
ing program.

In an effort to answer these questions and to re-evaluate the response
expected from crossbreeding using modern-type breeding stocks, project
1444 was initiated to evaluate the combining ability of the Duroc, Hamp-
shire and Yorkshire breeds in 2-breed and 3-breed crosses.

Three purebred herds were established at the Experimental Swine
Farm at Stillwater to provide the seedstock for this project. In Phase II
purebreds are compared to the 2-breed crosses while in Phase II the pro-
ductivity of crossbred gilts and purebred gilts from Phase 11 are evaluat-
ed in 3-breed and 2-breed crosses. Phase 11 involves 135 matings and Pliase
III 144 matings during each 6 month period. One-third of gilts in each
group will be slaughtered one month after breeding to determine ovula-
tion rate and embryo survival, Sow productivity will be evaluated at birth,
21 days and 42 days. Postweaning growth rate, feed efficiency, probe back-
fat thickness and carcass data will also be obtained.

Results not yet available, The first pigs for this project were produc-
ed at Stillwater between February 24 and April 20, 1970 and consisted of
21 Duroc litters, 25 Hamp litters and 25 York litters. From these litters,
45 gilts and 5 boars from each of the 3 breds served as the seedstock for
Phase 11 at Ft. Reno, In November, each of these 15 boars were mated to
8 gilts of their own breed and 3 gilts from each of the other 2 hreeds.
Fifteen gilts from cach breed {(one gile from each mating type for each
boar) are being sacriliced 25 days postbreeding to evaluate ovulation rate
and early embryo survival. The other 30 gilts of each breed will be carried
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full term to produce the seedstock [or Phase I11. In 1970 fall, 24 Duroc
litters, 28 Hamp litters and 23 York litters were farrowed at Stillwater and
pigs from these litters will be mated at Ft. Reno in 1971 spring to serve as
the second replication of Phase 11. New boars are continuously being in-
troduced into the 3 foundation herds at Stillwater to maintain a broac
genetic base for each breed.

The Effect Of Ration Ingredient Change
On Pig Performance
W. G. Luce and C. V. Maxwell

One trial was conducted involving sixty-four growing-finishing swine
to measure the effect of ration inpredient change.

Treatments involved were: (1) A basal milo-soybean meal ration fed
throughout the trial; (2) The cereal grain portion of the rations (milo,
corn and wheat) was rotated every 7 days; (3) The protein source (all
soybean meal, 14 meat and bone scraps and 33 soybean meal, and 4 pea-
nut meal and 24 soybean meal) were rotated every 7 days; (4) Both the
cereal grain and protein sources, as outlined in treatments 2 and 3, were
rotated every 7 days (9 different combinations). Average daily gains,
average daily feed intake, and feed efficiency were similar for all treat-
ments.

The data is presently being further analyzed, Another trial is also be-
ing planned at a later date.

The EffectOf Temperature And Humidity
Upon The Performance Of Growing Swine
R. A. Bauaglia

The first replicate of a study to determine the effects of adverse
environmental conditions upon “doing ability” in prowing swine has
been completed.

Animal Science Research 1971 149



Six gilts, averaging 40 pounds in weight were allotted, three each,
to either a 90 degree F. group or to a 70 degree F. group. The relative
humidity was held constant in the 45-50 percent range. The replicate
lasted for 28 days, during which time the gilts were maintained in the
environmental chambers on the Stillwater campus. Floor space allotment
was G.8 square [eet per animal, with one half of each of the floor area
being expanded-metal and plywood. Feed and water was available ad-
fibitum. Rectal temperatures and respirations rates were taken at 6 am.
and 6 p.m, daily.

Results for the cool (70 degree F) group and hot (90 degree F) group
respectively are as follows: rectal temperature, 102.7 vs. 108.5; 1'Es|:i|'atiun
rate, 27 per minute vs. 75 per minute; daily feed consumption, 3.5
pounds vs. 2.6 lb; average daily gain, 1.59 1b. vs. 1.16 lb.; total gain for
28 days, 44.7 Ib. vs. 5325 lb.; water consumption 3.5 qu vs. 4.6 qt. All
figures, where applicable, are group averages for 28 days.

It is the purpose of this study not only to demonstrate differences
such as those listed above but also to elucidate what physiological phe-
nominia are responsible for these differences With this in mind, histo-
logical preparations are being made of the appropriate endocrine glands
from one gilt taken from each group at the completion of the study.

Nutrient Requirements For Artifically
Reared Young Pigs

C. V. Maxwell, James A. Coalson and J. C. Hillier

Ninety-one baby pigs, obtained by caesarean section on the 113th
day of gestation, were used to perfect artificial rearing techniques in a
total of five trials. Each pig was |}|HL'E~L1 in a sterile cardboard incubator
equipped with a metal feeding tray and was provided with a constant
supply of heated, sterilized air. Pigs were fed five times daily beginning
at 6:00 a.m. and terminating at 10:00 p.m.

The diet was 21 percent milk solids fortified with minerals and vita-
mins. Feeding was accomplished with the use of a 50 cc plastic syringe
equipptd with a 12 pauge needle. The needle was inserted through a
rubber stopper to place the diet in the metal feeding tray, The initial
amount of feed was 30 milliliters. This was increased by 5 ml. at each
successive feeding provided the diet had been consumed within 50 min-
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utes. Percent survival ranged from 83 to 100 percent for the different

trials with an average survival rate of 90 percent.

Total gains for the 21 day period ranged from 8.72 pounds to 10.83
pounds with an overall average gain of 9.21 pounds. Efficiency of gain
as measured by pounds of dry matter intake per pound of gain ranged
from 0.76 to 1.15 for the five trials. The gains obtained with this arti-
ficial rearing system were comparable to those obtained under normal
rearing conditions.

In a separate study, the sows used in the above surgical procedures
were rebred after 2 estrus cycles following surgery and allowed to go to
term. The six Yorkshire and six Hampshire sows [arrowed an average of
8.5 and 9.5 live pigs, respectively. Five stillborn pigs occurred in two of
the Yorkshire litters. For this same time period, 23 Yorkshire and Hamp-
shire sows in the University herd farrowed litter averages of 9.9 and 9.5
live pigs, respectively. Caesarean section surgery had no apparent effect
on the rebreeding and subsequent litter size of the 12 sows used in this
study.

Publications
The following articles were published from this project during the

past year:

Coalson, J. A., C. V. Maxwell, E. C. Nelson and J. C. Hillier. 1970,

Studies of the Ca and P requirements of young SPF pigs. |. Animal

Sci. 31:198 (Abstract).

Coalson, J. A, J. C. Hillier, R. D. Washam, E. C. Nelson and C. V.
Maxwell. 1970, Calcium and phosphorus studies with young pigs.
Okla. Agr. Exp. Sta. Mp-34:65.

Maxwell, C. V. 1970. Calcium requirements for young pigs. Proceedings
of the 12th Annual State Swine Short Course, Stillwater, Oklahoma.
Page 28

Coalson, J. A., I. L. Anderson, C. V. Maxwell and J. C. Hillier. 1971
Effect of Caesarean surgery on sow performance. J. Animal Sci.
52:575. (Abstract)

Coalson, J. A, C. V. Maxwell and ]J. C. Hillier. 1971. Techniques for
rearing caesarean derived pigs. J. Animal Sci. 32:575. (Abstract)
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‘T'he Effect Of Protein And Amino Acid
Nutrition On The Reproductive Performance
Of Sows And Gilts
C. V. Maxwell

A total of 30 Yorkshire gilts were fed diets containing 8, 14 or 20
percent crude protein from 135 days of age until they were slaughtered
at 28 days post coitum. These diets were fed at the rate of 5 pounds per
head per day from 1356 to 180 days of age and 4 pounds per gilt per day
after 180 days of age. Constant amino acid ratios were maintained by
diluting the 20 percent protein diet with cornstarch.

A higher weight gain was noted for each increase in level of crude
protein. Gilts fed the high and low levels of protein showed increased
age at puberty. No differences were noted in the number of corpora
lutea present at 28 days post coitum. There was, however, a decrease in
the number of embryo observed as the level of protein was decreased.
Percent embryo survival decreased from 93.4 percent in pigs fed the high
level of protein to 79.2 percent in pigs fed the low level of protein.
Publications:

Maxwell, C. V. 1970. The effect of protein and amino acid nutrition

on the reproductive performance of gilts. Proceedings of 12th
Annual State Swine Short Course, Stillwater, Oklahoma. Page 16.

Effects of High Ambient Temperatures
On Sow Repmduclive Performance
L T. Omtvedt, E. J. Turman and D. F. Stephens

Two trials involving a total of 126 gilts were conducted to investi-
gate the effect of high ambient temperatures immediately following
breeding, during second week postbreeding, during midpregnancy and
during late pregnancy on the reproductive performance of first-litter
gilts. Although exposure to heal stress during the first and second weeks
posthreeding resulted in fewer viable embyros at 30-days posthreeding,
exposure during the second week had the greatest adverse affect on
embryo survival,
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Productivity of gilts subjected to either the control chamber or hot
chamber during midpregnancy was comparable to those maintained
outside full term. Pronounced adverse effects of high ambient tempera-
tures were noted during late pregnancy. Gilts subjected to the hot cham-
ber in late pregnancy farrowed [ewer live pigs and more stillborn pigs.
There was a trend for pigs Irom heat-stressed gilts to be lighter at birth
but these differences were not significant. Results indicate that high am-
bient temperatures have an adverse effect on sow productivity during
early and late pregnancy with gilts being more resistant to this stress in
midpregnancy.

Another trial involving 60 crossbred gilts was initiated to evaluate
the influence of heat stress during estrus, The gilts were confined to the
environmental chambers on the 15th day after being observed through
at least two normal estrous cycles. The hot chamber was maintained at
96°F for B hours and reduced to 90°F for the remaining 16 hours during
each 24 hour period with the control chamber maintained at 74°F con-
tinuously. Ten gilts maintained in each chamber were slaughtered be-
tween 53 to 69 hours after first service to evaluate fertilization rates
and the other 20 gilts allotted to each chamber were slaughtered 25
days after breeding to evaluate early embryo survival,

The hot chamber gilts were transferred to the contrel chamber two
days after breeding and maintained with the control chamber gilts until
they were slaughtered 25 days postbreeding. Although the data are being
anal}rzet.l at the present time, it appears that heat stress prior to and
during estrus caused no sizeable adverse affects on either ovulation rate
or embryo survival.

Publications:

Bates, Roger L. 1971, The effects of heat stress on rectal temperatures
and respiration rates in gilts. M.5. Thesis. Oklahoma State Univer-
sity Library.

Omtvedt, 1. T. 1970. Effect of heat stress on reproductive performance
of gilts, Oklahoma Swine Short Course Proceedings. Page 22,

Omitvedt, I. T., R. E. Nelson, Ronnie L. Edwards, D. F. Stephens and
E. J. Turman. 1971, Influence of heat stress during early, mid and
late pregnancy of gilts. J. Anim. Sci. 52:312,

Truman, E. J. 1970, Influence of heat stress at the time of Tn'nr::ling of
gilts. Oklahoma Swine Short Course Proceedings. Page 20,
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Dairy

Absorption Of Colostral Immunoglobulins
By Newborn Calves
L. J. Bush and M. B. Mungle

An experiment designed to quantify the relationship between im-
munoglobulin (Ig) intake and level ol passive immunity attained in
calves during early life is nearing completion. To date, data has been
obtained on 26 calves. Three separate batches of pooled colostrum
having different concentrations of Ig are being led at two levels to dif-
ferent calves. In addition to determination of total blood serum Ig, spe-
cific fractions of the Ig are to he measured,

Another phase of the same project involves an examination of fac-
tors affecting Tg level in eolostrum. Serial samples of colostrum taken
immediately after parturition are being used for this analysis.

Methods of Processing Grain for Lactating
Dairy Cows
B. J. Steevens and L. J. Bush

‘The importance of processing sorghum grain to the extent of break-
ing the kernels by grinding or rolling has been well established; however,
the most optimum particle size has not been clearly defined. Therefore,
the first part of this experiment is concerned with grinding sorghum
grain (milo) for lactating dairy cows. A 50:50 ratio of concentrate to hay
was fed to 36 Holstein and Ayrshire cows with the concentrate portion
consisting of 70 percent milo. The milo was ground to the various de-
grees of fineness as follows: (a) very fine, (b} fine and (c} medium.

The response criteria were total milk production and composition,
rumen volatile faity acids, body weight changes and apparent digest-
ibility of the major components of the ration. All data except the starch
digestibility of the ration have been collected and are awrrently being
prepared for analysis with the aid of the computer. The grain ration was
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of a fine consistency but all cows readily consumed their allotted por-
tion. Milk production was maintained at a high level and the composi-
tion was normal for the respective breeds, Sample analysis will be com-
pleted shortly after which comparative results will be available.

A later portion of the experiment involves feeding lactating dairy
cows micronized sorghum grain to see if this is an advantageaus process-
ing method with respect to milk yield and composition and ration digest-
ibility.

The Effect of Rate of Freezing on Sperm
Cell Characteristics
Mark Hodson, Steven Fancy and Milton Wells

Freezing sperm cells in liquid nitrogen {(—820°F) is the usual meth-
od used to store and maintain cells for extended periods of time. This
freezing process causes the death of a high percentage (30 percent-60 per-
cent) of sperm cells. This loss is compensated for by starting with suf-
ficient cells to assure adequate numbers for fertilization in the delivered
ampule,

A study is underway to determine the effect of rate of freezing on
sperm cell characteristics, particularly, the integrity of the acrosome. Ap-
proximately 45 ejaculates from six bulls are being subjected to rates of
freezing varying from extremely slow, .25-50°C per minute, to extremely
fast, 15-20°C per minute, with the control rate, 3-5°C per minute, being
that currently generally recommended as being the most desirable way
to freeze bull sperm cells,

Preliminary results to date indicate that the rate of freezing can
definitely affect the condition of the acrosome, The excessively slow rate
and the excessively fast rate seem to be the most harmful to cells. This
study will be completed this year and complete analyses of the data
should reveal the most desirable way to freeze semen, The results should
yield information on ways to decrease losses of cells in the freezing pro-
cess and thereby increase the utilization of the sperm cell production
capacity of our highly desirable bulls.
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Yeast Cultivation
J- B, Mickle and N. 8. Knight

As the world’s population continues to grow, it's logical to expect
additional pressures on the animal induatr}' for waste :jislm.r.al_, At pres-
ent, over 14 billion pounds of whey are produced in the United States
each year. Less than 30 percent of this is used and the remaining 70 per-
cent is dumped.

Processing whey directly into animal feeds is not entirely satisfactory
since the high lactose content often upsets the animals' digestive system.
However, this milk sugar (lactose) can be converted into suitable nutri-
ents by yeast and in the process most ol biological oxygen demand of
the whey is used. Yeast can use a variety of carbon sources, thus it also
can be grown on animal wastes, However, the experimental work with
whey and sewage substrates is fragmentary and there is much left to be
done before this process can have wide commercial acceptance,

Algae have been grown on sewage at a cost of ¥ cent a pound.
Thus it would appear that there might be a market for yeast grown

Thus it would appear that there might be a market for yeast grown
on animal wastes to be used as a protein feed supplement since the
amino acid composition of certain yeasts fit the minimum requirements
of a protein supplement for some animals.

The research at O.5.U. is aimed at finding yeast strains which will
produce the amount of fat and protein necessary for an animal feed
supplement and finding an efficient way of cultivating these. Presently,
three yeast strains are being used as pure cultures. It is anticipated that
other organisms will be tried in the future and an effort will be made
to find groups of organisms which grow well together,
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Research Division. The assistance and counsel of Superintendent Dwight
Stephens and Assistant Superintendent, Bob Renbarger of the Ft. Reno
Station is gratefully acknowledged. Several studies at Stillwater were part
of regional research projects.

The following is a list of those who have contributed to programs of
the Department of Animal Sciences and Industry during the preceding
year,

American Breeders Service, DeForest, Wisconsin for a grant supporting dairy re-
search.

American Cyanamid Co., Princeton, New Jersey [or providing Aureomycin and Aureo
5700 for cattle feeding research.

American Dairy Association for providing a grant for dairy research.

A.O. Smith, Harvestore Products, Inc., Arlington Heights, Illiniis, for linancial assist-
ance and materials to support research.

Armour and Company, Food Research Division, Oakbrook, Illingis, for financial
assigtance on high temperature meat processing research,

Calcium Carbonate Company, Springfield, Misscuri, and Quincey, Ilinois, for sup-
plying minerals for swine and beef cattle research.

Codding-NOBA Beef Stud, Foraker, Oklahoma, for providing [rozen semen for use
in beel cattle research.

Edwards Equipment Company, Ponca City, Oklahoma, for providing equipment and
service for research purposes,

Elanco Products Company, Division of Eli Lilly Company, Indianapolis, Indiana, for
drugs [or experimental use,

Eli Lilly and Company, Greenfield Laboratores, Greenfield, Indiana, for providing
hormones for multiple birth research.

Farmland Industries, Kansas City, Missouri, for providing a financial grant to sup-
port research assistantships and a grant for dairy research.

Food and Drug Administration, Department of Health, Education and Welfare for
a grant supporting dairy research,
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UATSE ATO LOOINAS HYDC Seed Lompany, Lioon Kapids, 1owa, and Liuymon, Ukia-
homa, for financial aid for cattle finishing experiments at Panhandle State College,
Goodwell, Oklahoma.

Grriffeth Laboratories, Chicago, Hlinois, furnished cure and Navor ingredients for
pork processing research,

Harris Packing Company, Oklahoma City, for cooperation in obtaining carcass data
for research and extension programs,

Maurer-Neuwer, Inc., Arkansas City, Kansas, for assistance in oblaining carcass data
on experimental cattle.

Merck and Company, Rahway, New Jersey, for providing financial assistance and
drugs to support studies on internal parasites in range cattle and lysine for swine
nutrition research.

National Commission Company, Oklahoma City, Oklahoma, for assistance in pro-
curing marketing experimental livestock,

National Molasses Company, Willow Grove, Pennsylvania, and Lyle Perry, Waukom-
iz, Oklahoma, for supplying liguid protein supplement for range cow research.

Nipak, Inc., Pryor, Oklahoma, contributed materials and financial aid to studies on
non-protein nitrogen utilization,

Oklahoma Feed Manufacturers Association provided assistance with the graduate
research scholarship program,

Oklahoma Fork Commission, for a grant supporting swine research,

Ralpl's Packing Company, Perkins, Oklahoma, for slaughtering experimental animals
and obtaining carcass data.

Ross Machine and Tool Co,, Oklahoma City for providing equipment and services
for rescarch purposes,

Schwab and Company, Oklahoma City, for assistance in obtaining swine carcass data
for research and Extension programs,

Schwartz Meat Company, Norman, Oklahoma, for financial assistance on precocked
meat and meal products research.

Syntex Laboratories, Inc., Palo Alto, California, for providing implants for field trials
with beef cattle.

Union Carbide Corporation, Chicage, Illinois, furnizhed casings nsed in pork pro-
cessing research.

USDA, ARS, Market Quality Research Division, for [inancial support for muscle
protein rescarch.

Weyerhacuser Co., Dierks Division, Hot Springs, Arkansas, [urnished a grant for
nutrition research.

Wilson and Company, Oklahoma City, for financial assistance toward the operation
of the Evaluation Center and agsistance in obtaining carcass data on research animals,
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