THE RELATIONSHIP BETWEEN SERUM PROTEINS
AND GROWTH IN BEEF CALVES

by
FRANKLIN ROOSEVELT AMPY

A THESIS
submitted to
OREGON STATE COLLEGE

in partial fulfillment of
the requirements for the
degree of

MASTER OF SCIENCE
June 1961



APPROVED:

Redacted for Privacy

= ] \
Profesdor of Dniry\L:d Animal Husbandry
In Charge of Major

Redacted for Privacy

Head of Department of Dairy and Animal Husbandry

“Redacted for Privacy

N P
Chal rman of School Gr ate Comnmittee

Redaf:ted/for Privacy

Dean of Graduate School

Date thesis 1s presented _May 2, 1961

Typed by Verna Anglemier



ACKN OWLEDGEMEN TS

Sincere appreciations are expressed to Dr. Ralph
Bogart for the stimulating guidance he provided in the
writing of this thesis.

The writer wishes also to express his gratitude to
Dr. R. G. Petersen for service rendered in the formulation
of statistical models for the analysis of these data.
Also, appreciation is expressed to Dr. J. S. Brinks,
Animal Husbandry Research Division, Denver, Colorado,
for his help in performing the statistical analysis.

To Dr. G. I. Alexander, Division of Animal Industry,
Queensland, Australia, for his helpful assistance in plan~
ning this study, and for his assistance in obtaining
me thods for collecting and analyzing these data, I extend

my appreciation.



TABLE OF CONTENTS

INTRODUCTION o ¢ o « o o o o @
LITERATURE REVIEW « ¢« « o ¢ « &
Serum Protein . . . . . .
Serum Protein Fractions .
Albumin . « ¢« ¢« « ¢ o o o
Globuling .« « « & o ¢ o o
Specific Gravity ¢ o o
METHOD AND PROCEDURE .+ « o « &
Chemiecal Analysis . . . .
Total serum protein .

L]

L ]

Serum protein fractionation

electrophoresis . . .

Specific gravity of blood serum

EXPERIMENTAL RESULTS . « « o+ &
Comparison Between Sexes .

500 pounds body weight

600 pounds body weight

700 pounds body weilght

800 pounds body weight

Combination of all weights

-

Compari son Between Lines . . .

500 pounds body wel ght
600 pounds body weight

.

.

by paper

L]

Page

Q@ ~1 o0 ® » -

12
14
15
15

16
16
20

20
25
28
30
33
34
34
36



TABLE OF CONTENTS
{eon tinued)

Page

700 pounds body welight . . « ¢« ¢« ¢ o & & 38

800 pounds body weight . . « « ¢« « ¢ + & 40
Combination of all weight periods . . . . 40
Correlations « « ¢« ¢ ¢ ¢ o ¢ o o ¢ o o o o o o 43
500 pounds body weight . . ¢« ¢« ¢ ¢ ¢« ¢« & 44

600 pounds body weight . . . « « ¢« « « & 44

700 pounds body welght . . « « ¢ o o o & 47

800 pounds body weight . ¢ o« ¢« ¢« ¢ o o o 49
Combination of all weights . « « « ¢ « & 51
DISCUSSION « « « o o o o s o s o s s o o o o s o »

&

Sex Difference « « o« ¢« « o ¢ ¢ o o o o o o o & 53
Line Difference . « « « ¢« o o o o ¢ ¢ o o o & 87
Correlations of Blood Constituents With Growth 60
SUMMARY AND CONCLUSIONS ¢ « o ¢ o o « s ¢ o o o o & 64
BIBLIOGRAPHY + ¢ ¢ o s ¢ o ¢ ¢ ¢ s s ¢ s s o o o o 67



Table

10

11

LIST OF TABLES

Average values for blood constituents and
produetion tralts for calves by sexes
at each of four weights . . « « . « « .

Average values for blood compenents and
production traits by sexes within lines
at 500 pounds body welght . . . . . . &

Average values for blood components and
production traits by sexes within lines
at 600 pounds body weight . . « ¢« ¢« ¢ &«

Average values for blood components and
production traits by sexes withim lines
at 700 pounds body weight .« « « « ¢« o« &

Average values for blood components and
production tralits by sexes within lines
at 800 pounds body weight . . . « « . &«

Average values of blood ecanstituents and
production traits by lines at 500 pounds
bOdy '.1@t L] L] L] L] - L L L L] L L] L] L] L]

Average values of blood constituents and
production traits by lines at 600 pounds
bodyloight........a...-.

Average values of blood constituents and
production traits by lines at 700 pounds
bOd, '01 @t . L] L] L] L] L] L L L] L] . - L L

Average values of blood constituents and
production traits by lines at 800 pounds
bﬁ, "i sht - L] - L] L] L] L] L] L] L] L] . L ] L

Correlation Coefficients among blood con=-
stituent and production tralts at 500
pounds body weight . « ¢« « ¢ ¢« ¢« « « ¢« &

Correlation coefficients among blood con=-
stituent and production traits at 600
pounds body weight « . « ¢« ¢« « ¢ ¢ & + &

Page

21-22

24

27

29

31

55

37

39

41

45

46



LIST OF TABLES
(continued)

Table Page

12 Correlation coefficients among bloed cone
stituent and production traits at 700
pounds body weight « . « ¢ ¢ o ¢ ¢ o o« o & 48

13 Correlation coefficients among blood con=-
stituent and production traits at 800
pounds body weight « « + ¢« ¢« ¢« ¢ ¢ « o o o« 80



THE RELATIONSHIP BETWEEN SERUM PROTEINS
AND GROWTH IN BEEF CALVES

INTRODUCTION

Berzelius first called the complex organie nitrogenous
subs tance found in the cells of animals and plants protein
(German, Preeminent or first). Now 1t is known that pro-
teins occupy the central position in the structure and
function of living matter. Proteins are associated with
all phases of chemical and physical activity that consti-
tute the life of a cell. Proteins serve as the basic con-
stituent hair, wool, collagen, and an important part of
connective tissue. Proteins may be enzymes, hormones,
oxygen ¢ ers and they may participate in muscular con-
tractions while still other proteins are lalocigtod with
the genes, the hereditary factors.

Growth is a term that is used to refer to the numer-
ous ways in which living systems may inecrease in size, as
measured by weights or volumes of the whole animal or part
of it. Growth is the constructive or assimilatery syn-
thesis of one substance at the expense of another which
undergoes dissimilation (37). Growth is the basis or-nnd
is closely related to many produective agricultural

processes. One expense in gross productive cost is the



transformation of original feed into the final product.
To reduce this inherent cost, the animal husbandmen has
found it possible to accelerate the rate of growth of his
animals by employing special techniques of selection.
Whether this increased productivity results in greater
immediate energetic effiecliency depends on the relative
acceleration of the productive processes on the one hand
and meintenance cost on the other.

Suppose by a wise selection program faster gaining
animals with inereased efficiency of feed utilization are
produced, how will this affect the future health, fertility
and longevity of the animal?

This study has as its main objective the determination
of relationships among protein fractions and specifie
gravity of bleod serum and the association of these blood
constituents with growth rate and economy of feed utiliza-
tion. Secondary objectives of this study are to determine
if serum proteins, serum protein fractions or specific
gravity can be used as indices for selecting rapidly gaine-
ing cattle at an age prior to preoduction testing. A last
objective is to determine if vigorous selection for rapidity
of growth and economy of feed utilization has any detri-
mental effects on the delicate "dynamiec state of body

constituents".
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LITERATURE REVIEW

Normal growth is an integrated process in which a
delicate balance is maintained among all of the tissues.
The normal increase in body size expressed in terms of
weight, follow definite mathematical patterns and can be
correlated well with an increase in body protein, a major
component of growth.

Neither lack of fat nor lack of carbohydrates can
constitute a limiting factor in the growth of an animal
provided the total caloric value of the diet is more than
adequate for maintenance (28, p. 1lll). Proteins, however,
stand upon a different footing in relation to growth, con-
stituting a large proportion of the dry weight of living
tissue. Since proteins are the only abundant nitrogenous
constituents of the diet their function as a nitrogen
source cannot be filled by any other non-nitrogenous class
of foodstuff.

Body protein stores, protein production, protein wear
end tear, or protein loss are in a nicely balanced or
steady state (29), or a dynamic equilibrium.

Serum Protein

Serum proteins are uswually referred to as albumins

and globulins. The fraction of serum protein precipitated
or salted out by half-saturation with @mmonium sulfate was



originally referred to as globulin, and the remaining
fraction that was precipitated by full saturation with
ammonium sulfate was designated as albumin.

Cornelius et al. (10) studying 38 Hereford and Angus
dwarfs ranging in age from 6 days to 14 months found an
average total serum protein value of 6.03 2 0.9 per cent.
From this study they concluded that serum protein values
were within normal range for short-headed bovine dwarfs.

Bradish et 8l. (6) studying serum proteins in 51
Devon steers ranging in age from 18 to 30 months found an
average total serum value of 6.97 & 0.53. The data on 30
of the 51 steers had an absolute concentration of 7.0 2
0.5 g« per 100 ml.

Sprinson and Rittenberg (32) studying rate of inter-
action of the amino acids of the diet with tissue protein
by use of interaction of N15 labeled glyecine with the body
protein in rats and humans, found rates of protein syn-
thesis per Kg. of body weight to be 1.0 and 0.20 grams of
ni trogen per day for the rat and human respectively.
These data also indicate that almost half (41 per cent)
of all protein synthesized in man is associated with
liver tissue end plasma proteins.

A total serum protein of 7.60 gms. was given in
Albritton's standard velues in blood base on the precipi-
tation of protein fractions with salts (serum protein
value in gms./100 ml.).



The classical method of estimating the amount of pro-
tein in serum 1s based on a total nitrogen determination
by the Kjeldahl method. After a small correction for
non-protein nitrogen is made, the nitrogen eontent is mul-
tiplied by 6.25, since serum protein contain about 16%
nitrogen. Because Kjeldahl determinations are slew ap~-
proximate methods which can be performed more rapidly have
been devised.

Moore and Van Slyke (28, in 1930 showed that the
specific gravity of serum or plasma is essentially a
straight line function of the protelin eontent. A gravity
error of * 0.0002 entails an error of + 0.06 grams per
100 ml, in the caleulated serum protein. The error above
may appear to be large but by meking standard solutions
with specific gravities differing 0.0001, it was found
possible to measure gravities to half of these intervals,
or to + 0.000085.

Kingsly (17) developed a speectrophotometriec method
for detemining total serum proteins. The diluted serum
is treated wi th special biuret reagent to develop a color.
The coler developed is compared with a standard with a
known amount of serum protein that was determined by the
Kjeldahl method. This methed will be discussed in more
detall in the section on methods and preocedures.



Serum Protein Fractions

Howe (19) developed a method for separating the pro-
tein of the blood serum into albumin and glebulin frae-
tions by precipitating with sodium sulfate which permitted
their estimation from Kjeldahl nitrogen determinatioms.

By preeipitating serum at different concentrations of sedium
sulfate, he obtained fractions he designated as euglobulin,
pseudoglobulin and total globulin. Today it is known that

what he had was a mixture.

Greenberg (16) deseribed a colorimetrie method for
determining serum proteins based on the color developed
with Folin's phenol reagent and Howe's method of separat-
ing the protein by sodium sulfate. This method has the
advan tage of determining the globulin fraction by sub-
tracting the value for albumin from the total. It is
more accurate, however, to determine both albumin and
globulin separately.

W. B, Hardy in 1899 discovered that proteins migrate
in an electrical field except at the pH of their iso-
electric point. Because of this discovery medern electro-
phoresis techniques have been developed, largely due to
the work of Tiselius. The electrophoretic method of anal-
ysis is based upon the prineiple that proteins in selution



at pH values above and below their isoelectrie points mi-
grate in an electrical field toward the pole bearing a
charge opposite to that of the protein. Protein molecules
of the same kind move at the same rate and form sharp
_ boundaries in the solution (20; 34).

The theoréetical basis of Tiselius method was worked
out by Svenssen and Dole (12; 33). A modification of this
method was used in this study to determine relative per-

centages of the serum protein fractions.
Albumin

The serum proteins, because of their colloidal
osmotie pressure, play an important role in the regulation
of the distribution of water in the bedy; this osmo tiec
pressure is due largely to the albumin fraection (17; 37).
Albumin has the smallest molecular weight of the main
serum constituents, with a molecular weight of €9,000,
whereas the serum globulins have molecular weights from
160,000 to 180,000.

In eddition to regulating osmotic pressure, albumin
plays a part in the transport of soluble metabolites from
one tissue to the other.

Blix et al. (5) found that albumin shows little ten-

dency to combine with plasma lipids, but is characterized
by forming reversible complexes with the anions and



cations of many acid and basic dyes; the anions of alkyl
sulfonic aecids and fatty selds. It is through these com-
plexes that albumin transports substances in the bleod
stream.

Smith et al. (30) observed marked increases in the
mobility and concentration of serum albumin and alpha
globulins with inereases in age in growing calves.

Bradish et al. (6), from data collected on 20 normal
Devon steers, found a significant correlation between
individual values for serum protein concentration and
eleetrophoretic distribution; the abseolute conecentration
of serum albumin was maintained relatively stable at ap-
proximately 3.2 grams per 100 ml. despl te much greater
changes in the absolute concentration of serum globulins.
A mean albumin value of 46.6 T 4.1 for the 20 steers was
observed. The sera were analyzed using the moving boun-
dary technique.

Earlier work based on the precipitation of protein
fractions with salts tabulated in standard values in bloed
(1) gave an albumin value of 3.63 gm. per 100 ml. for
cattle serum,

Svensson (33), studying electrophoretic distribution
of serum protein expressed as a percentage of the total

protein, gave a mean albumin value of 41 per cent.



Cornelius et al. (10), studying serum proteins by a
fractionation method in 38 Hereford and Angus dwarfs, con-
cluded that the serum protein values for albumin and the
globulin fractions were all wi thin normal range.

An investigation by Weymen and Asdell (35) on bovine
nymphomania showed significant variations from control
cows in their plasma protein fractions. The plasma protein
fractionations were carried out by the sodium sulfate
method of Wolfson (40). The protein fractions for normal
cows were 3.05, 4.56, 0.65, 1.57 and 2.34 gms. per 100 ml.
for albumin, total globulin, alpha globulin, beta globulin
and gamma globulin respectively. The nymphomaniac cows
had 2,91, 6.41, 0,73, 1.95 and 3.73 gms. per 100 ml., for
albumin, tetal globulin, alpha globulin, beta globulin

and gamma globulin respectively.
Glebulins

The antibodi es of immunology, which constitute an
important defense of the body against disease; the metal~-
binding proteins, which are capable of combining with
copper, zine and iron in order to transport these me tals
to different tissues; and the mucoproteins, which are used
in diagnosing certain diseases, are all associated with
the globulins (15, p. 583; 38, p. 639-645).

Allisen (3) concluded along with other researchers
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that the increase in the conceniration of alpha and beta
globulins, so often associated with disease, may be pri-
marily the result of malnutrition.

Alpha-globulin, a mucoprotein of high carbehydrate
content, has been detected in plasma filtrates (38, pe.
644). In many metabolic disorders there is a pronounced
elevation in the amount of alpha-globulins estimated elee~-
trophoretically. The origin and function of alpha-
globulins are largely unknown.

A erystalline beta-globulin capable of combining with
iren, copper and zinc has been isolated from plasma (38,
Pe. 644), This substance constitutes approximately 3 per
cent of the total plasma proteins and has a molecular
weight of 90,000, The main function of this metal-binding
protein is to transport iren. In such cases as iron
deficiency and pregnancy, there is a striking increase
in the econcentration of beta=-globulin.

The antibodies toand in the blood are mainly assoei-
ated with the gamma globulin fractien (18; 30), slthough
some are found in the beta-globulin fraction (8; 14; 38).
In the ungulata, gamma globulin is absent in the serum of
the new born (30), and thercfore no antibodies ean be
detected in the bleod. Ehrliech (38, p. 642) observed that
the antibodies in the plasma of this species, ungulata,

appear after the young has nursed and received colostrum.
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In the ungulata, the placental barriers contain a large
number of layers of cells and does not permit the passage
of the large antibedy molecule from the maternal to the
fetal eireulation.

Bradish and Brooksby (8) studied the sera of four
cattle electrophoretically during the course of injeetion
with two strains of the virus of vesicular stomatitis. An
increase in gamma globulin from 3 to 10 per cent above the
normal was observed between the third and sixth week fol-
lowing inoculation. The beta globulin frection increased
about 4 per cent but was normal after the first week. The
concentration of the albumin fell rapidly to values down
to 9 per cent below the normal level.

Bradish et al., (7), in an esrlier study, showed that
changes in the electrophoretic distribution of the normal
sera of a single animal are such that differences exceed-
ing 3 per cent in concentration of any component may be
regarded as abnormal. In this study they used Deveon
steers from 18 to 30 months old and observed mean values
of 14.0 £ 2,1, 8.9 2 1.4 and 30.5 & 4.0 for alpha, beta
and gamma globulins respectively.

Sevensson (33), studying fractionations of serum
globulins, obtained values of 14.45, 7.45 and 24.95 fer

alpha, beta and gamma globulins respectively.
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Specific Gravity

The specifie gravity of serum depends to a large
extent on the concentration of the proteins present. Be-
cause of the intimate relationship between specific gravity
of serum and the serum compenents, specifie gravity can be
used to deteect, disgnose and treat corditions in which
serum proteins are affected (25).

There are numerous methods for obtaining the speeifie
gravity of sera. The falling drop method of Barbour and
Hamilton (4) involves the timing of a drop of serum of
known size, through a defini te distance in a mixture non-
miseible with the fluid. This liquid should have a low
viscosity and a specifie gravity somewhat below that of
the fluid to be tested. It consists of two liquids or
substences, one heavier and one lighter than the range of
fluids to be tested, so that by adjusting the proportions,
the specifiec gravity of the mixture can be adapted to the
expected conditions.

The gradient tube method of Lowry (21) is based on
the same prineiple as the falling-drop me thod of Barbour
eand Hamilton (4) but it has certain advantages over the
falling-drop method. The advantages of the gradient tube
lies in the smallness of sample required, the speed of

the analysis, as well as the freedom from influence of
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temperature or size of drop.

Variations in the falling-drop, gravimetriec and
gradient tube methods have been used by numerous research-
ers (4; 21; 23; 25; 36; and others) but all metheds show
a common disadvantage when used to estimate serum protein
concentration because there are constituents in the serum
other than protein that influence serum density.

The technique used in the present study consists (25)
of letting drops of sera fall inde graded series of copper
sulfate solution of known specific gravity, and neting
whether the drops rise or fall in the solutions. Each
drop on entering the solution becomes encased in a copper-
proteinate coat, and remains as a discrete drop for 15-20
seconds. The size of the drop needs rot be constant and
no temperature correction is needed because the tempera-
ture coefficlent of expansion of the copper sulfate solu-
tions approximates that of the sera. This method is cap-
able of measuring gravities to « 0.000056. The standard
copper sulfate solutions are prepared by dilution of a
saturated solution.

Reference to serum proteins related to rate and effi-
ciency of growth was given by Price (26) who found a sig-
nificant correlation between rate of gain per day on feed
test and albumin. Price {ound no other serum protein
fraction significantly related to performance test data,
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METHOD AND MATERIAL

Data for this investigation were taken from 45 Here-
ford and Angus calves at the Oregon Agricultural Experi-
ment Station at Corvallis. These animals were from 3
Hereford lines closed to outside breeding since 1950 and
one closed Angus line.

These animals were weaned at 400 pounds body weight
or by the first week in November when all calves were
weaned regardless of weight. After weaning the calves
were placed under experimental conditions, where data on
rate of gain and economy of feed utilization were collected.

The management procedures recommended by Dahmen and
Bogart (11) were followed. The calves were fed a com-
pletely pelleted ration consisting of 2 parts chopped
alfalfa hay and one part concentrates. This pelleted diet
was fed ad libitum twice a day with water available at all
times.

The animals were placed on test at 500 pounds body
weight at which time they were scored, body measurements
taken and they were photographed. This same procedure was
followed at 800 pounds body welght at which time the
animals were taken off test.

A 10 ml, sample of blood was taken from each animal
at 500, 600, 700 and 800 pounds body weight. The blood
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semples were tesken between 10:00 A.M. and 12:00 Noon using
a 16 geuge needle and analyses were begun on the blood

immediately after collection.
Chemical Analysis

Total Serum Protein

Total serum protein was determined by the method of
Kingsley (17, p. 605). This method which entails treat-
ing diluted serum with a special biuret reagent was done
routinely in the Genetics Laboratory, Withycembe Hall.
The ecolor developed was compared photometrically wlith that
of a standard protein solution treated similarly. The
Kjeldahl method of protein determination was used teo
determine the amount of protein in the standard solution.

Serum Protein Fractionation by Paper Electrophoresis

Serum protein fractienation was performed on a Spineco
Model R paper eleectrophoresis apparatus as outlined in the
operating Manual (31).

A small sample of serum to be fractionated was applied
to paper strips saturated with a commercially prepared
electrolyte. The paper strips were attached to paper
wicks partially submerged in the electrolyte. The wicks
partially submerged in electrolyte connect the ends of

the paper strips to pesitive and negative electrodes.
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After allowing sufficient time for migratlon of the various
serum components, the strips were removed from the appara-
tus and oven-dried. The bands of serum proteins coasgulated
by the heat were made visible by stalning. Ceoncentratim
of the various compeonents were determined on the basis of
light absorption of the stain.

The strips were anaslyzed by a commereial integrating
scanner (31) to determine the relative concentration of
the different protein components. The scanner glves the
area under the density curve by a corresponding serles of
pips, every tenth pip being longer than the rest. By
drawing a line perpendicular from the density curve to the
series of pips, the area under the curve can be obtained
by counting the pips. These scanners are provided with
optical density eans especially calibrated teo plet per

cent concentrations directly for any standard dye.

Speeific Gravity of Bloed Serum

A series of copper sulfate solutions of (17, p. 608)
known and varying specifiec gravity were prepared. These
solutions were graded at intervals of 0.001 in specific
gravity; the range of the solutions were from 1l.015 teo
1.036.

A small drop of serum was allowed to drep from a
height of about 1 em. above the solution into one of the
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standard copper sulfate solutions having approximately the
specific gravity expected. A syringe needle was used teo
drop the serum inte the standard copper sulfate solutions.
The drop was observed for 10 secords after having lost its
momentum. If the drop rese, it was assumed to be lighter
than the test solution; if the drop fell, it was heavier.
If it remained stationary after momentum was lost, it had
the same specific gravity as that of the standard solutien.

Statistical Analyses

The data were analyzed for sex, line, and breed ef-
fects by least squares method as outlined by Petersen
(24). Means, standard errors, and correlations have been
determined.

The least squares model used in this study was as
follows:

Y!.:A#Bjﬁck"’.

Where Yi = an individual measurement of either
l. specific gravity
2. total serum protein
3. serum albumin
4. serum alpha globulin
5. serum beta globulin

6. serum gamma globulin
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7. rate of gain for a particular period

8. feed effieiency for a particular
weight period

9. total rate of gain
10. total feed effieclency
and where,

A = the added effect due to the general
mean

By = the added effect due to the jth gex
Cx = the added effect due to the kth line

e = the random error term with mean of 0O
and variance of 1

Because of the method of collecting the data in the
above model, weight was held cors tant and age was allowed
to vary. This model gives no informativn en the effect of
age on the variables studied. To elleviate this condition
a second model was construc ted with age as a continuous
variable. Since the blood samples were taken at definite
welight periods, there is in this model a confounding of
age with weight. By comparing the analysis of variance of
the two analyses, some added information may be obtained
as to whether age contributed anything to the differences
found.

The least squares model for analysis in which age is

included was as follows:
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Y 2 Le ByeCyeiyee
there Yi = eqguals an Individusl measurement of either
l. speeifiec gravity
2. tetal serum protein
S¢ serum albumin
4. serum alpha globulin
6. serum beta globulin
8. serum gamma globulin

7. ©rate of gain for a particular welght
period

8. feed efficiency for a particular welight
period

9. total rate of gain
10, total feed efficiency
and where,

A = the added effeect due to the general
mean

By = the added effeet due to the jth gex
the added effect due to the kth line

(=]
=
11

& continuous variable; 1 = age

s
e = randon error term with mean of O and
variance of 1
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EXPERIMENTAL RESULTS

Average values of blood censtituents and produetion
traits are tabulated (Tables 1, 2, 3, 4, and 5) by sexes
disregarding lines and by sexes within lines at each
weight inerement 500, 600, 700 and 800 pounds bedy weight.

Tabulated values (Tables 6, 7, 8, and ©) feor the
various bleod constituents and preduction traits by weight
inerements are reported for comparison among lines.

Simple correlations have been computed between each
blood constituent and production trait to bring out the
relationships among them (Tables 10, 11, 12, and 13).

Comparison Between Sexes

500 Pounds Body Welght

Males in general had significantly higher rates of
gains with greater economy of feed utilization (Table 1)
than females. The males had an average daily gain of
2.90 1lbs./day as compared to 2.49 for the females and
required 5.156 pounds of feed per pound of gsin as oppesed
to 5.94 pounds of feed per pound of gain for the females.

Females in general had significantly higher serum
specific gravities than males, 1.0261 and 1.0257 respec~
tively, when analyzed by the statistical model allowing
age to vary; but when analyzed by the model with age held



TABLE 1

Average Values for Blood Constituents and Production Traits for Calves

by Sexes at Each of Four Weights

500 600 700 800
o 2 o7 g o g o 2
Speeciflec Gravity
1.0257 1.02611 1.0255 1.0256 1.0259 1.0257 1.0252 1.02561
Total Serum Protein
6.80 7.12 6.87 6.89 6.99 6.82 7.05 6.762
Albumin
36.57 35.15 33.85 35.58 31.12 32,73 32.24 33,242
Alpha Globulin
19.66 19.73 21.17 22,311 21.36 23,461 21.74 21.96
Beta Globulin
16.56 18.28 17.51 17.00 18.16 17.86 17.31 17.54
Gamma Globulin
27.14 26.85 26,29 25,352 29.70 25.911+2 28,46 27.26122
Gain fer Period
2.90 2.491,2 2,58 2.26l 2,51 2.061 2.48 1.661,2
Efficiency Period
515.96 504.84192 645.7 845.5122 7g8.4 1009.5128  go04.20 1202.4152
Total Gains
2.49 1.941»2 2.49 1.941:2 2.50 1.941,2 2. 50 1.951»2

Total Effieiency
774,035 1043.01s2

774.03 1043.01s2 777.6 1048.5152 780.2 1026.91,2

0
P



TAELE et

600 600 700 800
o7 Q o~ g ol 74 o~ 4

Age £28.5 249.5 271.2 208.7 306.6 347.1 351.7 401.0
Animsls

26 10 26 19 24 17 o3 14
Feed Consumption Per Dey

18.0 14.8 16.7 19.1 19.8 20.8 22.2 21.4
Total Feed Consumption

10.3 20.2 = 19.3 20.2 15.4 19.6 19.6 21.3
1 significant in the model holding weight, sex and lime constant and allowirg age to

vary.
2 significant in the model holding welght, sex, line and age conatant.
3 Serum protein values reported as gms./100 ml. of blood.
4 Albumin and globulin fractions values reported as percentage of total.
5 Gains values reported as lbs./day.
6 Peed efficiency values as feed required per 100 1lbs. gain in body weight.
7 These values were reported in the ssme units for all tables.
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as a constant, the difference was removed.

No significant difference was found between sexes in
total serum proteins or serum protein fractions. 1In gen-
eral females had higher (Table 1) total serum proteins and
higher £ and B-globulins than the male calves; whereas the
male calves had higher albumin and gamma globulin fractions.

Male Hereford calves, in general, had significantly
higher daily gains with greater efficiency of feed utili-
zation than female Hereford celves. Hereford male calves
gained at an average rate of 2.74 lbs./day with feed
requirement at 5.69 pounds of feed per pound of gain,
Hereford female calves gained sn average of 2.42 lbs./day
and required 6.34 pounds of feed per pound of gain
(Table 2).

Female Hereford calves, with the exception of the
David female calves' specific gravity, had higher specific
gravity, higher total serum proteins and higher beta
globulin fraction than the Hereford male calves.

Angus males were significantly higher in production
traits then Angus females. Angus males had an average
daily gein of 3.32 lbs./day and required only 3.85 pounds
of feed per pound of gain. Angus females galned 2.42
lbs./day and required 5.43 pounds of feed per pound of
gain (Table 2).

In addition, Angus females had lower specific
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TABLE 2
Average Values for Blood Components and Preduction Traits by Sexes Within Lines
at 500 Pounds Body Vieight

Specifie Serum

Serum

Gains, Efficiency Total

Gravity Protein Albumin Globulin Globulin Glebulin Peried Period

Total
Gains Efficienecy

Lionheart Males (9)
1.0261 6.86 36.41

Lionheart Females (5)

1.0274 7.24 35.79
Prince Males (8)
1.0249 6.66 36.66

Prince Females (2)

1.0260 7 .38 27.91
David Males (3)

1.02870 6.60 30.48
David Females (5)

1.0256 7.24 356.86
Angus Meles (6)

1.02585 7.01 39.74
Angus Females (7)

1.0254 6.88 55,45

Alpha Beta Gamma
18.82 16.65 27.93
18.84 17.29 27.08
21.10 16.72 26.39
20.61 18.23 33.24
19.64 17.65 S32.23
18.25 18.54 26.25
10.01 15.51 256.74
19,02 18.81 25.28

2.78

2.43

2.83

2.03

2.61

2.81

3.52

2.42

626.3

674.0

535.3

671.8

546.0

557.6

5B84.9

542.9

2.52 764.0
1.88 1136.3
2.56 705.2
1.88 991.1
2.34 850.8
2.09 958.7
2.44 842.5
1.90 1051.3

¥3
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gravities, lower serum proteins and lower albumin and
gamma globulin fractions than Angus males.

The above date on the Herefords should be in suffi-
clent detall se that a report on the Herefords by sexes
within lines is not necessary; but since at this particu-
lar weight class, there is a deviation from the gensrali-
zations made above, it appears appropriate to report it
here. It was stated above that Hereford males in general
had higher daily gains than Hereford females, David
females, at this weight, had a higher daily gain of 2.8l
lbs. per day than David males which only had a dally gain

of 2.61l. There were 5 females and 3 males in this line.

600 Pounds Body Weight
Males during this period had significantly higher
gains per day with greater feed efficiency than females.
The difference in dally gains between the males and fe-
males was not as large as that during the 500-pound
period; males gained 2.58 lbs./day and females gained
2.26. However, the difference between males and females
for this peried in efficienecy of feed utilization was much
higher, the males requiring approximately (Table 1)
2 pounds less feed per pound of gain than the females.
Females had higher specific gravities, higher serum
proteins snd higher albumin, and alpha globulin fractions
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than males. For the blood components studied, the males
were higher than the females only in the beta and gamma
globulin fraetion.

The females were significantly higher (Table 1) than
the males in the alpha globulin fraction. The difference
disappeared when the model with age &3 a constant was used.
This indicated that age contributed to the significance of
alpha globulin at this weight period.

The gamma globulin fraction of the males was signifi-
cantly higher than that in the females when the statistical
model with age as a constant was used. This would seem to
indicate that age has a different effect on alpha and
gamma globulin,

Hereford males as in the 500 weight period, made more
rapid gaina with less feed than Hereford females. Here-
ford females had lower specific gravities, higher total
serum proteins, lower albumin, lower beta globulin frac-
tion end higher alpha and gamma globulin fractions than
males.

Angus males gained 2.60 lbs./day as contrasted to
Angus females that gained 2.18 1bs./day for this period.
For each pound of gealn, the Angus femal es required ap-
proximately 3.9 pounds more feed per lb., of gain than
Angus males. The feed efficiency for Angus males and
females was 5.5 and 9.14 lbs. of feed per pound of galn



TABLE 3

Average Values for Blood Compenents and Production Traits by Sexes Within Lines
at 600 Pounds Body Weight

Speeifie Serum Serum  Alpha Beta Gamma Gains, Efficiency, Total Total
Gravity Protein Albumin Globulin Globulin Globulin Period Peried Gains Effieclency

Lienheart Males
1.0254 7.11 54,84 21.28 17.20 24,34 2. 58 709.0 2,52 764.0

Lionheart Females
1.0262 6.83 335.47 23.87 18.33 24.29 1.96 612.8 1.88 1136.3

Prince Males '
1.0252 6.44 S32.17 22.10 18. 57 27.15 2.583 659.4 2.56 705.2

Prince Females
1.0230 6.41 31.74 24 .04 20.29 23.92 1.91 887.4 1.88 991.1

David Males
1.0247 6.73 S54.11 18.55 16.40 30.84 3.00 605.1 2.54 850,.8

David Females
1.0250 6.79 34.98 22.42 15.82 26.79 2.62 688.5 2.09 968.7

Angus Males
1.0263 7:.13 34.49 21.08 17.11 24.15 2.60 5562.9 2.44 842.5

Angus Females
1.0264 7.14 38.62 19.91 15.96 24,93 2.18 942.3 1.90 1051.3




respectively.

700 Pounds Body Weight

Male calves for this period made average daily gains
of 2.51 1lbs. while female calves made average dally gains
of 2.01 lbs. At 500 and 600 pound body weight periods,
the difference between sexes for average dally gain was
significant only at the 5% level. During this period,
male calves were significantly higher in daily gains
(P= ,01) (Table 1). The males required 7.9 pounds of
feed per pound of gain while the females required 10.1
pounds of feed per pound of gain.

Females had lower speclific gravities, lower total
serum protein, higher albumin, higher alpha and beta
globulin fractions than male calves (Table 1).

Again the alpha globulin fraction was significantly
higher in the females than in the males with the differ-
ence disappearing when age was held constant.

Also during this weight period, the males had a
significently higher gamma fraction than females when age
was beld as a constant.

Hereford males had significantly higher daily gains
and greater efficiency of feed utilization than Hereford
females. Hereford males had an average rate of gain of
2.55 1lbs./day while the Hereford females had an average
rate of gain of 2.09 lbs./day (Table 4).



TABLE 4

Average Values for Blood Compeonents and Production Trei ts by Sexes Within Lines
at 700 Pounds Body Weight

Speeifiec Serum

Serum

Alpha

Be ta

Gammea

Gains, Efficiency Total

Total

Cravity Protein Albumin Globulin Globulin Globulin Peried Period Gains Efficiency
Lionheart Males

1.0264 7.02 31.03 22.54 17.16 29.16 2.24 819.2 2.52 764.0
Lionheart Females

1.0262 6.85 20.23 25,91 19.40 25.086 2.05 1032.8 1.88 1136.3
Prinee Males

1.0253 6.93 33.31 20.73 16.70 29.96 2.91 683.1 2.60 693.4
Prince Females

1.0250 6.46 23.82 22.06 22.24 31.87 1.95 973.5 l1.88 991.1
David Males

1.0280 6.73 25.00 21.94 23+ 17 29.921 2.49 774.3 2.34 850.8
David Females

1.0260 6.79 35.32 21.83 17.12 25.72 2.26 930.2 2.12 962.3
Angus Males

1.0262 7.156 32.12 19.95 18.63 20.31 2.51 854.4 2.44 842.5
Angus Females

1.0283 6.94 36.89 23. 056 15.62 24.44 l.28 1054.9 1.89 1068.7

63
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Hereford female calves had higher speeific gravities,
lower total serum protein, lower albumin, beta end gamma
globulin fractions and 2 higher elpha gleobulin fraction.

Angus mele calves had en a2verage rate of gain of 2.5
1bs,/day with a feed reguirement of 8.5 1bs. per pound of
gain., Angus femeles geined et ar average rate of 1.98
1bs./day and required 10.5 pounds of feed per pound of
gein.

Argus femsles had lower specific gravities, lower
total serum proteins, higher elbumin and alpha globulin
frections and lower betsa and gamma gleobulin fraetions than

Angus males (Teble 4).

800 Pounds Body Weight

Mele calves were significantly higher (P =.01)
in rate of gain and feed efficiency than females. Males
grew at an average dally rate of 2.48 lbs. and required
only 8.9 pounds of feed per pound of gain, while females
grew at an average daily rate of 1.66 1lbs. and required
12.9 lbs. of feed per pound of gain (Table 1).

Female calves had hi gher specific gravities, lower
serum protein, high slbumin, alpha and beta globulin frae-
tions end lower gamma globulin fraetion than male calves.

The specific gravities of the female calves was

significantly higher than that of the males but when age



TABLE 5

Average Values for Blood Components and Production Traits by Sexes Within Lines
at 800 Pounds Body Weight

Speecific Serum

Serum

Alpha

Beta

Gamma

Gains, Efficiency Total Total

Gravity Protein Albumin @&lobulin Gleobulin Globulin Perioed Period Gains Efficlency
Lionheart Males

1.0256 7.07 31.93 22.29 18.04 27.77 2.83 698.6 2.52 767.2
Lionheart Females

1.0260 6.70 31.80 20.40 19.13 28.66 1.79 1313.5 2.00 1050.2
Prince Males

1.0248 6.68 30.44 22.23 16.92 30.41 2.43 821.4 2.61 699.1
Prince Females

1.0250 6.24 33.17 17.08 21.61 28.14 1.60 1341.4 1.86 1011.7
David Males

1.0250 7.52 32.36 21.61 17.65 28,37 1.97 1106.7 2.34 850.8
David Females

1.0247 7.12 31.91 25.51 16.33 26.24 1.56 1276.4 2.03 958.4
Angus Males

1.0253 7.15 34.41 20.57 16.55 28.46 2,31 996.5 2.44 842.5
Angus Females

1.0260 6.70 34.75 22.03 16.41 27.52 2.67 1278.1 1.90 1048.1

1e
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was held constant the significance was removed.

Totel serum proteins and gamma globulin (Table 1) was
gignificantly higher in the males than in the females when
age was held cons tant.

Hereford males (Table 5) made daily gains of 2.41 lbs.
while Hereford females gained 1.65 lbs./day. The feed
efficiencies for Hereford males and females were 8.7 and
13.1 pounds per pound of gain, respectively.

Hereford females had higher specific gravities, lower
total serum proteins, higher elbumin, higher beta globulin
fraction and lower alpha and gemma globulin fractions than
the Hereford males.

Angus males had average dal ly gains of 2.3]1 lbs. with
a feed requirement of 9.96 lbs. per pound of gain. Angus
females grew more raplidly averaging 2.67 lbs./day with a
feed requirement of 12.8 pounds per pound of gain (Table
5).

Angus females (Table 5) had higher speecific gravities,
lower serum proteins, higher albumin, higher alpha globu-
lin fraction and lower beta and gamma globulin fraetions

than Angus males.
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Combination of All Weights

In general male calves had significantly higher daily
gains than females for the four weight periods. For the
four periods 500, 600, 700, and 800 pounds body weight
(Table 1) male calves made an average total dally gain of
2.50 1lbs. per day. For the same four periods (500, 600,
700, snd 800 pounds body weight) female calves gained an
average of 1.95 1lb. per day.

Male calves consistently required less feed per pound
of gain for the four weight periods than female calves.
The males required an aversge of 7.8 pounds of feed per
pound of gain, whereas the female calves required an
average of 10.4 pounds of feed per pound of gain.

After the 500 pound weight period, females had
higher alpha globulin fractions than males. Likewise,
after the 500 pound body weight period, male calves had
higher gamma globulin fractions than females. Females
had higher specific gravities than males at the 700 pound
body weight period.

Hereford males, with the exception of the David males
at 500 pounds body weight, were consistently more rapid
gainers than Hereford females.

Hereford males consistently had greater efficiency
of feed utilization requiring on the average of about 2
pounds less feed per unit of gain than females.



Angus males had consistently bhilgher rates of gains
with greater economy of feed utilization than Angus females
except at 800 pounds body weight (Table 5).

Angus males at 600 pounds and higher welghts consis-
tently had higher beta globulin fractions than Angus
females.

Tionheart females were consistently higher in the
beta globulin fraction than Hereford males. This was true
only of Lionheart females. When all animals were analyzed
together by sexes, the males at 600 pounds and higher
welghts consistently had higher beta globulin fractions.

These data show that on the average, male calves con-
sumed less feed per day than female calves. Male calves
eonsumed an average of 19.4 pounds of feed for the test
period, while female calves consumed 20.3 pounds of feed};
an average of .93 1lbs./day more feed econsumed by females

then by male celves.
Comparison Between Lines

500 Pounds Body Welght

Of the 3 Hereford lines, the David line grew more
rapidly and was more efficient than the Lionheart or Prince
lines. The David line had an average dally gain of 2.74
lbg. while (Table 6) the Lionheart and Prince lines had an
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TABLE 6

Average Values of Blood Constituents and Production Traits
by Lines at 500 Pounds Body Weight

Lionheart Prince David Angus
Specific
Gravity 1.0266 1.0251 1.0261 1.0258
Serum
Protein 6.99 6.81 7.00 6.94
Serum
Albumin 36.19 34.91 34.54 37.43
Alpha
Globulin 19.18 21.00 18.77 19.79
Beta
Globulin 16.88 17.12 18.21 17.29
Gamma
Glebulin 27.63 26.96 28.49 25.50
Gain,
Period 2.66 2.67 2.74 2.84
Effieieney,
Period 611.1 562.6 553.2 470.0
Total
Gains 2.29 2.43 2.18 2.15
Total

Efficiency 896.9 762.4 918.3 0564.9
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average of 2.66 and 2.67 1bs./day respectively., The dif-
ference in efficlencies between the David and Prince lines
was not too great; the David line required 5.5 lbs. of
feed per pound of gain snd the Prince line required an
average of 5.6 pounds of feed per pound of gain; the
Lienheart line was less efficient requiring 6.1.

The Angus line gained the most rapidly and required
the least amount of feed per pound gain of the four lines.
The Angus line had (Table 6) an average daily gain of 2.84
lbs. and required only 4.7 lbs. of feed per pound of gain.

Means (Table 6) for the various bloed canstituents
are presented in tabular form. There was no consistent
line difference at this period for the blood constituents
studied.

600 Pounds Body Weight

The David line had en average dally gain of 2,76 and
required 6.6 pounds of feed per pound of gain., The Lion~
heart, Prince and Angus lines were significantly lower
with an average dally gain of 2.36, 2.41, 2.37 lbs.
regpectively; and required 7.6, 7.1, 7.6 pounds of feed
per pound of gain respectively. The Lionheart line and
the Angus line had spproximately the same feed efficiencles
end rates of gain (Table 7).

During thls weight period (Table 7), the Lionheart
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TABLE 7

Average Values of Blood Constituents and Production Tralts
by Lines at 600 Pounds Body Weight

Lionheart Prince David Angus
Specific
Gravity 1.0287 1.0248 1.0249 1.0264
Serum
Protein 7.01 6.43 6.77 7.14
Serum
Albumin 54.35 32.09 34.65 36.71
Alpha
Globulin 22.20 22.49 20.97 20.84
Beta
Globulin 17.60 18.92 16.04 16.49
Gammea
Globulin 24,31 26.51 28,31 25.656
Gain,
Period 2.36 2.41 2.76 2.37
Efficieney,
Period 769.56 7056.0 657.2 762.5
Total
Gains 2.29 2.43 2.18 2.15
Total

Effieciency 896.9 762.4 918.3 9564.9
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line and the Angus line had significantly higher specifie
gravities and total serum pretein than the Prince and
David lines. The other values for the blood constituents
for this period are also reported in Table 7.

700 Pounds Body Weight

In the two preceding periods, of the 3 Hereford lines,
the David line has been the most rapid in gain and required
less feed per pound of gain. During this period the Prince
line gained more rapidly and was more efficient than the
other 3 lines, Lionheart, David and Angus. The Prince
line made gains of 2.67 lbs./day while the Lionheart,
David and Angus lines made gains of 2.17, 2.36 and 2.24
respectively (Table 8). To make this gain, the Prince
line required an average of 7.5 lbs. of feed per pound of
gain and the Lionheart, David and Angus lines required 8.9,
8.6 and 9.5 respectively.

Values of blood constl tuents for this peried can be
found in Table 8.
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TABLE 8

Average Values of Bloed Constituents and Production Traits
by Lines at 700 Pounds Body Weight

Lionheart Prince David Mgus
Specific
Gravity 1.0263 1.0252 1.0256 1.0287
Serum
Protein 6.96 6.82 6.76 7.04
Serum
Albumin 30.39 30,94 30.90 34,50
Alpha
Globulin 23.70 21.06 21.87 21.50
Be ta
Glebulin 17.956 18.09 19.71 17.12
Gamma
Gleobulin 28.19 30.44 27.51 26.87
Gain,
Period 2. 17 2.67 2.56 2024
Effiecienecy,
Period 805.5 755.7 863.4 054.7
Total
Gains 2.29 2.42 2.21 2.17
Total

Efficlency 896.9 770.1 208.8 9560.6




800 Pounds Eody Weight

From 500 to 700 pounds body welght, the Lionheart
line on the average made slower gains than any of the
other 2 lines. During the present periocd, the Lionheart
li_ne made significantly higher gainrs then the other lines
with en average daily gein of 2,48 pounds. The Prince
line was second with 2.31, the Angus line third with 2,17
while the David line was last with 1.76 pounds per day.

Although the Lionheart line on the average was the
most rapid In rate of gain, the Prince line had a lower
average feed requirement of 8.9 as opposed to 9.6, 1ll.4
and 11.9 pounds of feed per pound of gain for Lionheart,
Angus and David lines (Table 9).

The Lionheart and Angus lines had significantly
higher specific gravities than the Prinee and David lmnes.

The Lionheart and Angus lines hed higher serum pro-
tein concentrations than the Prinee line for this period,
but not the David line. It is possible that sinece specific
gravity and serum protein concentration show a stralght
line relationship, blood cons tituents other than serum
proteins contributed to the higher specific gravity of the
Angus end Lionheart lines during this pericd.

Combination of All Weight Ferilods
The Angus line during the first period had a higher
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TABLE 9

Average Values of Blood Comstituents and Production Traits
by Lines at 800 Pounds Bedy Weight

Lionheart Prince David Angus
Speeifie
Gravity 1.02587 1.0248 1.0248 1.0257
Serum
Protein 6,95 6.62 7.32 6.92
Serum
Albumin 31.88 30.83 32.13 54,64
Alpha
Globulin 21.66 21.49 25.56 21,30
Beta
Glebulin 18.41 17.59 16.99 16.48
Gamms
Globulin 28,07 20.23 27.31 27.867
Gain,
Period 2.48 231 1.76 2.17
Efficiency,
Peried 966.1 895.7 11901.6 1137.3
Total
Gain 2.356 2.50 2.18 8:17
Total

Effieiency 861.9 743.8 904.6 945.3
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rate of gain with greater economy of feed utllization than
any of the other 3 lines. During the second period the
Angus line was only superior to the Lionheart line in rate
of gain and the two lines had the same efficiencies. The
third period was interesting in that the Angus line was
still gaining more rapidly than the Lionheart line (Table
8) but the Lionhearts which gained an average of 0.07
1bs./day less then the Angus line were more efficient.

In the fourth period the Angus line made higher daily
gains than the David line and was only more efficient than
the David line.

The David line made better gains than the Lionheart
or Prince for the first 3 welght perieds. During the
fourth period the David line had the lowest test gain
and was the least efficient of the four lines.

The Prinee line had a higher rate of gain than the
Lionhearts in the first period, than the Lienheart and
Angus during the second period, than the Lionheart, David
and Angus during the third peried and than the David and
Angus during the fourth., The feed efficiency for the
Prince line varied with the average rate of gain. The
periods when they had superior gains, they (Prinece animals)
also had a lower feed requirement.

The Lionheart line consistently throughout the first



43

3 weight periods had lower rates of gain than the other

3 lines. However, in the last weight period, the Lionheart
line had a significantly higher rate of gain than the
other 3 lines (Prince, David and Angus). The Lionheart
line on the average was less efficient in their feed
utilization than the Prince or David lines.

When the total rate of gain and the total feed effi-
clency are considered, one can see at a glance (Tables 6,
7, 8 and 9) that the Prince line made more rapid gains
than the Lionhearts and significantly higher than the
David and Angus lines. At the same time, the Prince line
required less feed per unit of gain than the Lionheart,
David or Angus line.

The Lionheart line consistently had higher specifie
gravities than the other 3 lines. The Lionheart line alse
had higher serum protein than the other 3 lines except at
800 pounds (Table 9©) body weight when the David line had

the highest average for total serum protein.
Correlations

Simple correlations between blood cons tituents and
production traits were calculated to determine the relsa-
tionship among them. Simple correlation coefficients were
dtermined at 500, 600, 700, and 800 pounds body weight.
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500 Pounds Body Weight

A significant negative correlation of -.831 was found
between gain per day and feed required per unit of gain
(p <L0,01).

A positive correlation of 0.391 was found between
feed efficiency for this period and feed efficiency for
the entire 500-800 1b. period (P £ 0.085).

Significant negative correlations of albumin with
alpha, beta, and gamma globulin were found.

600 Pounds Body Weight

There was a significant negative correlation of
-0.638 (P< .01) between rate of gain and feed per unit
of gain., Rate of gain was also (Table 11) positively cor-
related (r = 0.701) with total gain from 500 te 800 pounds
body weight and negatively correlated (r = 0.577) with
total feed per unit gain frem 500 to 800 pounds body
welght.

There was & significant negative correlation
(r = 0.638) between rate of gain and feed required per
unit gain.

Feed efficlency for this period was significantly
correlated with total feed efficiency (P <L 0.01).

Gamma globulin was significantly correlated with both
total rate of gain and total feed required per unit gain



TABLE 10

Correlation Ceefficients Among Bloed Constituent and Production Traits
at 500 Pounds Body Welght

Total

Galn

Specifie Protein Alpha Beta Gamma for Efficiency Total Total
Gravity Serum Albumin Globulin @lobulin Globulin Peried Period Gain Efficiency
Speeifiec Gravity
0219 --0“ - 205 .170 0051 0137 0047 020‘ 0019
Total Protein Serum
™ 2‘7 "t281 ".221 -083 . 236 -.059 0082 005‘
Albumin
-.388% -,668%% . 487" ,189 -.133 .078 -.008
Alpha Glebulin
.121 -.303% .052 -.121 -,143 .112
Beta Glebulin -,007 =,022 «138 -,050 -,080
Gamma Gleobulin
-+ 288 « 007 -.050 .010
Gain for Peried -.8831%* ,261 -.208%
Efficiency Period -.238 .391%
Total Gain -.820%%
Total Efficiency
# p =z 0.05
* p = 0.01

Sy



TABLE 11
Correlation Coefficients Among Bloed Constituent and Production Traits
at 600 Pounds Body Weight
Total Gain
Speeific Protein Alpha Beta Gamma Afor Effieciency Total Total
Gravity Serum Albumin Glebulin Globulin Globulin Period Peried Cain Efficiency

Specific Gravity

.314%  ,205 -.220 -.334% .116 -.009 ~-.146 -.068 .098
Total Serum Protein
.202 -.333%  -,186 .160 -.047 -,025 -.159 .094
Albumin -.509%" . g07** . 327"  ,085 .109  .005 -.131
Alpha Glebulin .310% -.338% .199 -.103 .242 -.152
Beta Glebulin -.117 -.006 -.065 .071 .133
Gamma Glebulin .255 042  -.403%%  ogu¥
Gain for Period '  -.638%F  po1®E _ gy
Efficiency Peried -.516%"  412%%
Total Gain -.820%#

Total Efficiency

*p
#* p

0.05

0.01
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(P <L .01). There was a significant correlation between
alpha globulin and beta and gamma globulin (P < 0.085).
Albumin was negatively correlated with alpha (r =-0.509),
beta (r=-0.607) and gamma (r = -0,327) globulin. Albumin
was highly negatively correlated with alpha and beta
globulin (P L .01).

Serum protein was negatively correlated with alpha
globulin (P £ .05), (Teable 11). Specific gravity was posi-
tively correlated with total serum protein and negatively
correlated with beta glebulin (P <L 0.05).

700 Pounds Body Weight

A significant negative correlation (r = -0,550) was
found between rate of galin and feed required per unit of
gain for this period. A positive correlation between gain
for this period and total gain (r = 0.425) was observed
along with a negative correlation of gain for this period
and feed required per unit gain for the total periocd from
500 to 800 1b.

Feed required per unit of gain for this period was
negatively (Table 12) correlated with tetal gain (r =
-0.485) and positively correlated with feed required per
unit of gain for the total peried (r = 0.530).

Specific gravity was pesitively correlated with total



TABLE 12

Correlation Coefficlents Among Blood Constituent and Production Traits
at 700 Pounds Body Weight

“Total Gain

Specific Serum Alpha Beta Gamma for Efficiency Total Total
Cravity Protein Albumin Globulin Glebulin Globulin Period Peried Gain Efficiency
RS ?{;;i!’ -.077 -.036  -.229 .246 .281% -.187 .408"% . 326™
Total Serum Proteln

.099 -.097 -.230 .089 .066 -.034 .044 -.106
Albumin -.106 -.648%% .,044 -.010 .022 .015 -.060
Alpha Globulin .079 -.601%* 078 .164 -.184 .110
Beta Globulin -.001 -,145 .220 -.216 .35135%
Gamma Globulin 087 -.295 .220 -.213
Gain for Period -.550%% _425%F . 363%
Efficiency Period -.485%%  s30™*
Total Gain -. 837

Total Efficiency

® P =0.05
# p = 0,01

8%
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serum protein (r = 0.452) with rate of gain for this
peried (r = 0.381) and with total gain (r = 0.408).

Specific gravity was negatively correlated with total
feed required per unit gain.

Albumin was correlated with beta globulin, having a
negative correlation of -.648 which was significant at
P L 0.01.

Alphe globulin was negatively correlated with gamma
globulin (r = -0.601). Beta globulin was negatively cor-
related with feed required per unit of gain for the total
period.

800 Pounds Body Weight

Rate of gain (Table 13) was correlated with feed
required per unit of gain for this period (r = -,823) with
total gains (r = .690) and with feed required per unit of
gain for the teotal period (r = -0.684).

Feed required per unit of gain for this period was
negatively correlated with total gains (r = -0.581) and
positively correlated (r = 0.774) with feed required per
unit gain for the total perioed.

Total serum proteins had a significant negative
correlation with rate of gain for this period.

Albumin was negatively correlated with both alpha
(r = -0.543) and gamma (r = -0,662) globulin. However,



TABLE 13

Correlation Coefficients Among Blood Constituent and Production Traitas
at 800 Pounds Body Weight

Total Gain
Speecific Serum Alpha Beta Gamma for Efficlency Total Total
Gravity Protein Albumin Glebulin Globulin Globulin Period Period Gain Efficiency
Specific Gravity

«310 «123 -.202 .168 . 040 .0851 -.130 -.046 -.148
Total Serum Protein

-.137 -.061 .282 .003 -.353% .214 -.239 175

Albumin -.543%% . 247 -.662%*% _320 -.198 .385% -.212
Alpha Globulin -.376% -,021 -.125 «140 -.148 <136
Beta GlObulin ‘-022 "-095 009? ‘QW? -,001
Gamma Globulin -.298 «113 -.344% 188
G‘..in for Period - 825 ™ 690** - 684**
Efficieney Period -.581%* e
Total Gain -.857%

Total Efficieney

* P = 0.05
# p = 0,01

0s
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albumin had a significant pesitive correlation with total
rate of gain from 500 to 800 pounds body weight.

Alpha globulin was negatively correlated with beta
globulin (P< 0.05). Gamma globulin was significantly
correlated with total gains.

Combination of All Weights

Rate of gain for each period was consistently nega-
tively correlated with feed required per unit gain for the
same period. With the exception of the 500 pounds weight
period, rate of gain for each periocd was consistently
positively correlated with total rate of gain from 500 to
800 pounds body welght. Rate of gain for each perliod was
consistently negatively correlated with total feed required
per unit of gain from 500 to 800 pounds body weight.

Feed effieciency for each period was consistently
positively correlated with total feed efficieney. Feed
required per unit gain was consistently negatively cor-
related with total rate of gain from 500 to 800 pounds beody
weight, with the exception of 500 pounds weight period.

Total rate of gain from 500 to 800 pounds body weight
was negatively correlated with total feed required per
unit gain from 500 to 800 pounds bedy weight (r = -0.84).

Specific gravity was generally positively correlated
with total serum protein, although it was not significantly
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correlated with total serum protein at 500 pounds body
weight. At 600 and 700 pounds body weight the correlation
between specific gravity and serum protein was significant.
At 800 pounds body weight speeifie gravity had a correla-
tion of .310 with total serum protein which approached
significance (P<L .05).

Albumin was negatively eorrelated with alpha and
gamma globulin except at 700 pounds body weight. Albumin
was negatively correlated with beta globulin for the first
three weight periods, but not at 800 pounds body weight.

Alpha globulin was negatively correlated with gamma
globulin at the first three periods.
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DISCUSSION

Walter B. Cannon developed a cancept of physiolegical
homeostasis and defined this phenomenon as the totality ef
steady states maintained in an organism through the co-
ordination of its complex physiologieal processes. In
other words, homeostasis is the property of the organism
to adjust itself to variable conditions, or the self-
regulatory mechanisms of the organisms which permit it to
stabilize itself in fluetuating immer and outer environ-
ments, Needless to say, final answers to the problems of
physiological homeostaslis are by no means available. The
existence of blological feedback mechanism is recognized,
the largely mechanistic basis of their operation is ac-
cepted, but their inereasingly complex development presents
the foeal problem in sdaptation. In this discussion
various factors, genetic and environmental, have been
evaluated for their influenece on growth; growth to a
degree is an indication of adaptation.

Sex Difference

The data presented show certain consistent sex dif-
ferences in the production traits and in some of the
physiological constituents studied. Male calves consis-
tently had higher daily gains than female calves.
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Similarly, male calves required less feed to make a unit
of gain. A negative correlation of -.84 was found between
rate gain and feed required per unit of gain for the total
period which tends to support or to be consistent with the
above statements.

That males are faster gainers and more efficlent feed
utilizers than comparable females was expected since
studies made at this station and at other stations have
shown similar results (2; 113 22; 263 27; 39).

There were in this study two deviations from the
above generalization that males consistently gain more
rapidly than females; at 500 pounds body weight the David
females gained 0.2 1b., per day more rapidly than the
David males and at 800 pounds body weight Angus females
gained 0.36 1lb. more per day than Angus males. At the
present time, there is avallable no explanation for these
deviations.

At 500, 600 and 800 pounds body weight the female
calves had blood with higher speecific gravities than that
of the male calves. At 500 and 800 lbs. body weight the
specific gravity of blood from the females was signifi-
cantly higher than that of the males when the statistieal
model allowing age to vary was used. However, when the
statistical model holding age as a constant was used, the
significance was removed. The difference im the specifiec



gravity of bloed from the females compared with that of
males at 500 and 800 pounds body weight can be attributed
to the difference in age of the males and females. The
female calves were an average of 21 days older than the
male calves at 500 pounds body weight and an average of
49,3 days older at 800 pounds body weight. If the dif-
ference in specific gravity between males and females was
due to sex, one would expect a high correlation (negative
or positive) between specific gravity and total gains or
between specific gravity and total feed efficleney since
sex was held constant in the analysis. On the contrary,
the correlations between specifiec gravity and total gains
and between specific gravity and total feed efficiency was
low indicating that very li ttle of the variance was ac=-
counted by the statistical model holding sex constant and
allowing age to vary. Therefore the appearance of a dif-
ference between the specifiec gravities of males and femsles
can possibly be attributed to a difference in the ages of
the males and females at any weight period.

Plasma protein fractions exhibited no significant sex
differences, except that the gamma gldoulin fraection of
the males was higher than that of the females when the
statistical model holding age as a constant was used.

Price (26) reported in his study of plasma proteins that



the gamma globulin fraction in the bleod of the David
males was significantly higher than that in David females.
In the statistical analysis in which the cons tants for sex
were determined at each of the four welghts and age was
permitted to vary, there was no significant sex difference.
However, when the constants for beth age and sex were esti-
mated at each of the four weights, there was a significant
sex difference at 600, 700 and 800 pounds bedy weight.
Age and welght are confounded because the animals become
older and inerease in size simultaneously. The cerrelation
coefficient between gamma globulin and total gains was
gsignificant at 600 and 800 peunds body weight. Negative
correlations of -.403 and -0.344 were found between gamma
globulin at 600 and 800 1lbs. respectively and tetal gains.
Since a significant sex difference was found when age was
held constant along with sex and weight, it seems possible
that the difference in specific gravities between the two
can be attributed to the difference in ages between the
male and female calves; or the sex difference may be due
to a weight-age interactioen.

An observation of interest in this st'dy was that
daily gains did not increase but decreased as calves grew
from 500 te 800 pounds body weight. Feed required per

unit of gain increased markedly as calves grew from 500 te
800 pounds body weight. These changes were more pronounced
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in females than in males. The average daily gain of males
decreased 0.42 1lb., per day during the peried from 500 teo
800 pounds body weight whereas in the females the average
daily gain decreased 0.83 1lb. per day frem 500 te 800
pounds body weight. Likewise the feed required per unit
gain increased more markedly in females than in males.

An inecrease in feed required per unit of gain of 6.97 lbs.
in females end 3,78 lbs. in males was oburyod. However,
the increase in feed consumed per day from 500 te 800
pounds body weight of 7.2 1lb. was the same for males and
females. For the total peried (500 to 800 pounds bedy
weight) the females consumed an average of 0.93 lbs./day

more feed than the males.
Line Difference

Consistent line dif ferences were not observed in this
study, but some interesting differences were noted. At
500 pounds body weight the Angus line made more rapid
gains with a greater efficiency of feed utilization than
either of the three Hereford lines. At the end of the
feed test period, however, the Angus line was superior
only to the David line which had a predominance of females,
5 female to 3 male calves. The Lionheart line varied in

the opposite direection; that is, the Lionheart line had a
slower rate of gain than either of the other 3 lines



58

(Prince, David, and Angus) for the first 3 weight periods,
in the fourth it was somewhat higher than the Prince line
(the Prince line had a larger number of males than females)
and significantly higher than the David or Angus line.

The dif ference in the growth habits of the Angus and
Lionheart calves may well be attributed to past selection
pressures. Since selection in the past history of the
Angus cattle has been for early maturity as appears evi-
dent by the smaller mature size of Angus as compared wi th
Herefords, the tapering off eof growth rate from 500 to 800
pounds body weight may well be due to maturity. At the
present time the only possible explanation for the growth
pattern of the Lionheart line might be that because of the
large size they attain, growth may be slower in early life
and increase as they approach 800 1lb. in body weight. In
other words, the Lionheart line of cattle reaches a mature
weight at a later age then the other 3 lines. Bredy (9,
p. 501) found that in farm animals an infleection in the
growth curve takes place when about 30 per ecent of the
mature welght is reached, which corresponds to about 6
months in cattle. The point of inflection 1s the time of
puberty and the time of maximum veleoel ty of growth (tran-
sition from increasing to decreasing growth veloeity).
Then, what appears to be a different growth pattern in the
two lines may be a dl fference in time of puberty. An



59

alternate explanation for the difference in growth pattern
between the Angus line and Iionheart line could be in the
ability to digest a high roughage ration. Bogart (unpub-
lished data) observed at the Oregon Experimental Experi-
ment Station (1949-1951) that the Angus line performed
better during the latter part of the experimental period
than the Lionheart line, when the ration was largely hay
in the first part and equal hay:grain in the latter part
of the test period. This would lead one to believe that
the Angus line has the ability to grow rapidly end effi-
clently on concentrates while the Lionheart line has the
ebility to grow rapidly on roughages. In the above ob-
servation, there is a confounding of time of maturity with
diet. The composition of the diet could have contributed
to differences in growth patterns or to the time of matur-
ity, or both. 8ince, at the present time, the camposition
of the diet (2/5 roughage to 1/3 concentrates) is the same
throughout the experimental period, one would anticipate
that the time of maturity is the most plausible reason for
the difference in growth patterns.

Because of the disproportion of males to females in
the Prince line and in the David line, a realistic line

difference cannot be obtained.
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Correlations of Blood Constituents With Grewth

Growth is the aspect of development concerned with
the inerease in living substances or protoplasm and in-
cludes three processes (1) cell multiplication, (2) cell
enlargement and (3) incorporation of material from the
environment (9, p. 486). The inclusion of non-proteplasmic
substances, such as blood serum, is an inerease by in-
corporation of material from the environment, which is not
regarded as true growth. Yet operationally, from the
s tandpeoint of quantitative measurements of growth of the
organism as a whole, there must be a consideration of
these non-proteplasmic inclusions as part of the growth
process, if they are reversible.

An average negati ve correlation of ~.84 was found
between total gains and total feed required per unit of
gain. This agrees with other studles at this experiment
station (2; 26; 27; 39).

There were no consistent correlations between the
blood cons tituents and the produetion tralts. However,
specifiec gravity was consistently positively correlated
with total serum protein. This correlation of specifiec
gravity with total serum protein is substantiated by the
findings of Moore and Ven Slyke (23) when they showed that
the speeifiec gravity of blood serum was a straight line
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funetion of its protein content.

Alpha globulin was consistently negatively correlated
with gamma globulin., This is in accordance with the sex
difference found, because males had higher gamma globulin
and lower alphe globulin than females, Albumin was con-
gsistently negatively correlated with the globulin fractions.

Bradish et al. (7) observed from blood studies on
Devon steers that there was a compensatory relationship
between albumin and the globulins and within the globulins.
They found that when the albumin increased the globulin
decreased and vice versa. The same was true between the
globulin fractions. The values were expressed as percent-
age of the whole. The present study indicates that within
the globulin fractions, when there was an increase in
alpha glecbulin there was a decrease in gamma globulin and
vice versa. This relationship was supported by signifi-
cant negative correlations from 500-700 pounds bedy weight
between alpha and gamma globulins. Beta globulin was
positively correlated with alpha and negatively correlated
with gamma globulin, but the compensatory relationship
between beta and gamma was not as apparent as between
alpha and gemma globulins. The small correlation between
beta and gamma globulin supports this observation.

The origin and fune tion of alpha globulin is unknown
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(38, p. 644), but since there is a compensatory relation-
ship between the relative amounts of alpha and gamma glob-
ulin in the blood, it is possible that the function of
alpha globulin is relative to the need of the animal for
the production of antibodies, since the gamma globulin
fraction contains the bulk of the proteins for immunity;
and, conversely, the production of antibodies is probably
related to the stress conditions the animal suffers. In
other words, the relative production of alpha or gamma
globulin varies with the animal's particular need for the
function performed by either of the two. This is partially
supported by evidence from blood studies with Ungulata in
general, and perhaps with other species, that the blood of
the young at birth is void of gamma globulins. There is
probably little need for antibodies by the fetus. How~
ever, at the present, there is no explanation for the sex
difference found in the amount of alpha and gamma globulins
found in the serum of male and female calves. But (38,

p. 649), it has been shown that in metabolic dlsturbances
there is a pronounced elevation in amount of alpha
globulin estimated electrophoretically. These data
showing females with higher alpha globulin than males are
consistent with the performance data where females are

more inefficient utilizers of their feed than males. Since
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the alpha globulin values reported for females were within
the normal range for beef cattle, there is no evidence of
abnormal metabolie disorders for the females. Since
females are slower gainers and less efficient feed utili-
zers than males, there could possibly be an inherent
difference between males and females in metabolic

efficiencies.
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SUMMARY AND CONCLUSIONS

Production traits and blood serum constitutents have
been studied on 45 calves from three genetically dif-
ferent Hereford lines and one Angus line at 500, 600,
700 eand 800 pounds body weight. Statistiecal analyses
were performed to determine the sex and line
differences.

Data from this study indicated that male calves had
higher feed test gains than females and required less
feed per unit of gain. At 500 and 800 pounds female
calves had significantly higher serum specific gravi-
ties than male calves. The difference in specific
gravity seems to be attributed to a difference in age
between male and female calves. When age was held
constant, the gamma globulin fraction of the males was
significantly higher than that of the females.

Angus calves were the most rapid gainers at 500 pounds
and required less feed per unit gain than calves of
either of the 3 Hereford lines. At the end of the
feed test period, Angus calves were only gaining
faster than calves in the David line that was largely
females. The Lionheart line made the slowest gains
for the first 3 weight periods and then made the most
rapid gains during the last period. This indicates a
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difference in age of maturity between the two lines.
There were no consistent correlations between the
blood constituents and the production traits. However,
specific gravity and total serum protein were consist-
ently positively correlated. Albumin was consistently
negatively correlated with the globulin fractions.
Alpha globulin was consistently negatively correlated
with gamma globulin.

At €00 and 800 pounds, gemma globulin was sig-
nificantly negatively correlated with total gains.
At 500, 700 snd 80C pounds, alpha globulin was nega=-
tively correlated with gains for the total peried and
positively correlated with feed required per unit gain
for the total period.
Male calves on the average were 21 days younger at the
beginning of the feed test period and 49.3 days younger
at the end of the feed test period than female calves.
Male calves made more rapid gains than female calves
because of greater efficiency of feed utilization
rather than becsuse they consumed more feed. Females
in this study ate an average of 0.93 lbs./day more
than the males.
The blood constituents and produetion traits were in-
fluenced by differences in ages. When age was held

constant in the analyses certain differences that



8.

€6

existed when age was allowed to vary diseppeared, and
in some cases where no differences were noted when age
was allowed to vary there appeared significant dif-
ferences when age was held cors tant.

Daily geain decreased as calves grew from 500 to 800
pounds body weight. Feed required per unit gain ine
creased markedly as calves grew from 500 to 800 pounds
body weight. These observations were more pronounced

in females than in males.
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