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Rate and Efficiency of Gains in Beef Cattle
V1. Breed, Line, and Sex Differences for Some
Blood Constituents of Young Beef Cattle

Introduction
Information gathered from performance testing of beef cattle at
the Oregon Agricultural Experiment Station and other stations substantiates the existence of wide individual differences in rate and efficiency of gain. The possibility of obtaining some simple biological
measurement correlated with rate and efficiency of gain has attracted
the interest of mane- investigators. With this in mind the Oregon Ag-

ricultural Experiment Station has obtained a large amount of data

involving blood and urine chemistry of beef cattle (MacDonald,
Krueger and Bogart, 1956; Nelms, 1956; Williams. 1955).
The present study involves a continuation and expansion of tile
research on blood chemistry. Plasma area, uric acid, and amino acid

concentrations have been measured. The blood serum has been analyzed for the relative concentration of serum proteins. The extent
of the correlations between data on blood chemistry and rate and
economy of gain have been evaluated. In addition, correlations between the various blood constituents also have been calculated.

Review of Literature
Proteins are so complex and so labile that a detailed classificais difficult. Serum proteins are referred to as albumins, globulins,
and fibrinogen. Howe (1921) developed a method of separating pro,
reins of blood serum into albumin and globulin fractions by precipitation with sodium sulfate at concentrations of 13.5, 17.4, and 21.5%.
The fractions obtained were designated as euglohulin, pseudo-globulin, and total globulin values. The nitrogen in the supernatant fluid
Lion

was classified as albumin.

One of the best methods of describing the proteins of the serum

and their relative amounts depends upon their electrophoretic distri-

bution. Tiselius (1937) developed the electrophoretic method of protein separation and applied it to a study of serum proteins. Electrophoresis depends upon the tendency for charged particles in suspen3
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sion or in solution to migrate in an electrical field in a direction and
with a velocity determined by the size and shape of the molecules, by
their electrical charge, and by the properties of the solution. When
ions in a mixture migrate at different rates, separations can be effected by electrophoresis. In an apparatus of the Tiselius type, the
migration occurs within a glass U-tube connected through liquid
rr

columns to positive and negative electrodes.

For the purpose of the present investigation on blood proteins,
the paper electrophoresis method has been employed. Although this
method provides less precise data for analytical purposes than the

moving boundary method, it is of great value in studying the relative proportions of the various components present. An excellent review of the theory and methods of paper electrophoresis may be
found in Block, Uurrunm, and Zweig (1955). Although electrophoretic
separation provides much more detailed information than does ordinary chemical fractionation, the separation is not into pure proteins
but into related proteins with similar mobilities.
A review of literature on blood plasma and serum proteins
yielded no previous studies on the association of albumin and globulin fractions with rate of gain and economy of gain in beef cattle or
other domestic animals. However, past investigations do provide
normal values from which comparisons can he made with the present
study. In an electrophoresic study of the blood plasma from 20 species
of animals, including domestic animals and birds, Deutsch and Goodloe (194,1) concluded that distinct species differences in the mobility,
amount and number of protein components occur. There is much
more constancy within species than between species.
From serum protein data given by West and Todd (1942) it is
noteworthy that the content of gamma globulins is higher in the sera
of the cow, guinea pig, horse, pig, rabbit, and sheep than in the sera
of man and that the amount of albumin is much lower in horse, cow,
and pig sera than in the sera of man.

Armstrong, Budka, and Morrison (1947) determined the protein distribution in normal pooled human plasma by electrophoresis.
The serum albumin ,globulin ratio for humans was 123. Electrophoretic distribution of serum proteins expressed as percentages of
the total protein were given by Swensson (1941). The albumin, alpha
globulin, beta globulin, and gamma globulin were 41, 13, 8, and 38%
respectively. From this the albumin/globulin ratio would calculate to
he 0.69.

In the cow, horse, sheep, goat and some other animals, gamma
globulin are absent in the serum of the newborn, and correspondingly, no antibodies can be detected in the blood. This indicates an ap-

parent placental barrier to immunity proteins. Smith and Holm
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(1948) demonstrated this absence of gamma globulin with the elec-

trophoretic patterns of the serum of newborn lambs and calves.

When the serum was analyzed immediately after birth and later after
suckling the dam, the electrophoretic pattern disclosed a new component col in the serum after suckling.
Data on the serum9 proteins of cattle are available for normal
cattle, cattle with foot and mouth disease, vesicular stomatitis, leu-

kemia, nymphomania, and dwarf cattle. Bradish, Henderson, and
Brooksby (1954) studied the sera of normal Devon steers 18-30

months old. The sera were analyzed using the moving boundary technique. The electrophoretic distribution was as follows: albumin 46.6,
alpha globulin 14.0, beta globulin 8.9, and gamma globulin 20.5%;
this latter component contained at least 3 minor components. They
observed that in about 60% of the steers the absolute concentration
of serum proteins was 7.0 ± 0.5 gin, per 100 nil. and the concentration of the albumin was maintained relatively stable at approximately
3.2 gm. per 100 ml. while the concentration of the globulins underwent much greater variation. Earlier information based on the pre-

cipitation of protein fractions with salts is tabulated in Standard
Values in Blood (Albritton, 1952). Total plasma protein was 8.32
and fibrinogen 0.72 gm. per 100 ml. Total serum protein was 7.60
gins , serum albumin 3.63 gms., and serum globulin 3.97 gins. per
100 ml. This would give a serum albumin/globulin ratio of 0.91.
In the sera of cattle infected with the virus of hoof and mouth
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disease the beta globulin rose from the normal level of about 10%
to about 14% on the seventh day following inoculation but returned
to the normal level within another week. The gamma globulin increased from the normal level of 30 to about 40% during the third
and fourth week and remained at this level with little change for
several weeks (Bradish, Henderson, and Bliooksby, 1934).

In contrast with the electrophoretic changes in the sera of cattle

infected with the virus of foot and mouth disease, Bradish and
Brooksby (1954) found that the sera of cattle with vesicular stomatitis showed no significant rise in concentration of beta globulin. An
increase of from 3 to 10% in the globulin fraction was observed beIl
tween the third and sixth week after inoculation, but this was not
identified with an increment in the gamma-2 globulin component. The
electrophoretic changes were less pronounced and not as regular as
those associated with the development of foot and mouth disease.
Using the paper electrophoresis method, Hartung (1954) analvzerl the blood serum of normal and leukemic cattle. Hartung
claimed that bovine serum could be separated into alpha 1, alpha 2,
beta I, beta 2, and gamma globulin, and albumin proteins. Most investigators have not accomplished protein separation of beef serum
5

9

A

to the degree obtained by Hartung. Hartung found that the total pro
tein content rose from about 4% at birth to 7% at 11 years. Most of
the total protein increase took place in the first 130 days of life. The

absolute concentration of albumin declined with age. Almost no
gamma globulin was found in the serum at birth, but its absolute concentration was about 1% at 60 days and 2.2% at 11 years. The other
serum components remained unaltered. The variations found in leukemia were not specific.
Cornelius, Tyler, and Gregory (1956) employing the paper elec-

trophoretic method of fractionation, studied the serum proteins,
among other blood constituents, in bovine dwarfs. Data from 38
Hereford and Angus dwarfs ranging in age from 6 days to 14 months

of age were given. Total protein concentration per 100 ml. was
6.03 ± 0.9 mg. (concentration and standard deviation of the mean),
albumin 2.7 -- 0.67 gm., alpha globulin 0.74 gm., per 100 ml. of
plasma. The authors concluded that these serum protein values were
within limits for the normal bovine.

Methods and Procedures
Data presented in this investigation were taken from 45 beef
calves maintained at the Oregon Agricultural Experiment Station at
Corvallis, Oregon. Two breeds, Hereford and Angus, are represented
on the performance test investigations. The Hereford groups are
made up of three closed lines, Lionheart, Prince, and David. Only
breeding animals produced in a line are used within that particular

line. The Lionheart line of cattle has been closed to any outside
breeding since 1950. The Prince and David lines originated from a
common stock. No outside bulls have been used for breeding in the
Prince line since 1948, and no outside bulls have been used for breeding in the David line since 1950. Before 1950 some of the cows migrated back and forth between the Prince and David lines, but since
1950 these two lines have been maintained separately.
Management

The calves represented in this study were born in the spring of
1956 and were weaned at about 425 pounds body weight. Those
calves not reaching 425 pounds before November 14, 1956, were
weaned regardless of their weight. After the calves were taken fro
their dams, they were placed in feeding pens.
The calves were grouped by sexes into pens of approximately 6
animals. From the first feed period until attaining a weight of 800
pounds the calves were tied by neck chains at individual feeding stall
6

twice a day. The feeding periods of approximately 3 to 5 hours twice
daily were maintained as uniformly as possible. Calves had access to
automatic water fountains at all times. The animals were weighed
once weekly.
The management procedures used and recommended by Dahmen

and Bogart (1952) were followed and the calves were fed a completely pelleted ration, composed of 2 parts chopped alfalfa and 1
part concentrate. The ration is described in more detail by Nelms,
Williams, and Bogart (1953).
Blood collection

Two separate blood samples were collected at both 500 and 800
pounds of body weight. Either 13 or 15 gauge bleeding needles were
used. One sample of about 10 ml. was collected into an oxalated tube
to prevent coagulation. The oxalate technique was as recommended
by Washko (1948) which called for drying the oxalate in an oven to
prevent disturbing the actual volume composition of the blood as
much as possible. The other sample of about 6 ml. was collected in a
15 ml. graduated centrifuge tube containing no oxalate to obtain
blood serum after coagulation and centrifugation.
The blood samples were obtained from the test calves about 9
to 10 a.m. and the blood analysis was initiated immediately.
Chemical analyses

The separation of serum proteins into their component parts was
carried out with a Spinco Model R paper electrophoresis apparatus
exactly as instructed in the operating manual.

The serum sample was applied as a narrow stripe across a strip
of filter paper moistened with electrolyte. The ends of the strip were
connected through reservoirs of electrolyte to positive and negative

electrodes. When the various components had migrated and formed
separate

hands along

the paper strip, the strip was oven-dried to

fix

the pattern. The bands of serum proteins coagulated by the heat were
then made visible by staining. Concentrations of the various components were determined on the basis of light absorption of the stain.
A commercial integrating scanner was used to determine the relative

concentration of the different protein components on the stained
paper strips.
In this type of scanner, the area under the density curves is
shorn, by a corresponding series of pips, every tenth pip being longer

than the rest. Perpendiculars are dropped from the density tune, and

is directly proportional to the area
under this curve. This scanner is provided with an optical density
the number of corresponding pips

cant. These special cams can be calibrated to plot percent concentra-

tion directly for any standard dyeing procedure. Block et al. (1955)
stales, "It is likely that scanners of this type will make the question

of validity of Beer's law applied to direct

per scanning, largely of

academic interest, since correction for the optical difficulties involved
in measuring dye on paper can be incorporated empirically into the
0

cam."
A

For the determination of nonprotein nitrogen, Haden's modification (1923) of the Folin-Wu preparation of protein-free blood
filtrate (1919). was used.
The determinations of urea, uric acid, and amino acids are car-

red out routinely in the Genetics Laboratory of the Department of

Dairy and Animal I lusbandrv at Oregon State College and the methods have been described previously by MacDonald (1954) and Wil-

hams (1955).
Statistical analyses

G

The data were analyzed by standard statistical techniques as
outlined by Li (1957). Means, standard errors, ranges, and correlations have been reported. The data have been broken down by sex,
breed, and line.

.t

Experimental Findings
Means and ranges for the various blood constituents and feed
lot performance data have been presented in tabular form (Tables 18 inclusive). The data were classified so that a comparison between
sexes within breeds, comparison of sexes between lines, sexes within
lines, and an overall comparison between sexes could he made.

Simple correlation between the blood constituent and feed lot
performance data of the test calves have been calculated. Correlations
between some of the blood constituents also have been added.
Differences between means for group comparisons have been
tested statistically by Student's "t" test. Probabilities of 0.05 or less
have been taken to indicate statistically significant differences. No
comparative differences have been discussed unless analysis yielded a
,a
probability
of 0.05 or less.
Sex differences

Male versus female calves. Suckling gains (Table 1) were
not significantly different when males were compared with females.
However, the age at 500 and 800 pounds body weight (Table 1) was
greater in the females than in the males.
Male calves were superior to female calves for rate of gain in
the feed lot from 500 to 800 pounds body weight. Male calves gained
8

Table 1.

AVERAGE SUCKLING GAIN AND AVERAGE AGE OF CALVES

AT 500 AND 800 POUNDS BODY WEIGHT.
Suckling gain
per day
Group

Lionheart males
Lionheart females
Prince males -------Prince females .__.
David males ..........
David females ....
Hereford males ..._
Hereford females
Angus males -------Angus females ....
All males ..............

All females
All animals

..........

Age at 500 pounds Age at 800 pounds

Average

Range

Average

Pounds

Pounds

Days

1.80
1.87
1.80
1.77
1.73
1.48
1.73
1.76
1.77
1.65
1.76
1.72
1.74

[.58-1.95
[.42-2.19
.52-1.91
.14-2.03
.38-1.61
.14-2.19
.38-1.91
.48-2.02
.49-2.14
.14-2.19
.38-2.14
.14-2.19

236
224
244
249
251
238
244
262
235
244
242
253
248

Range

Days
213-274
195-305
218-300
233-271
244-318
195-305
218-318
210-261
205-286
195-305

205-318
195-318

Aver age Range
Days
350
378
349
394
359
424
352
405
352
403
352
404
380

Days
311-379
325-387
369-447
346-377
353-474
311-387
353-474
329-372
345-461
311-387
345-474
311-474

Standard error of
the mean for all
animals ..............

±0.03

±4.4

±5.8

2.78 pounds per day and female calves gained 2.08 pounds per day
(Table 2). Male calves consumed. on the average, 268 pounds less
feed than females to gain 100 pounds in body weight. The female
calves consumed 969 pounds of feed per 100 pounds gain and the
male calves consumed 701 pounds of feed per 100 pounds gain in
body weight as shown in Table 2.
When male and female calves were compared with respect to
the nonprotein nitrogenous constituents, the males were lower in each
item than the females at both 500 and 800 pounds although often the
difference was not significant. Blood urea nitrogen at 500 pounds of
body weight was lower in males than in females. There was an average of 14.35 mg. and 17.33 mg. per 100 ml. of blood for males and
females respectively, a difference which was significant at the 1%
level. At 800 pounds body weight difference in blood urea nitrogen
between males and females was not statistically significant.

Males and females had similar levels of uric acid, amino acids,
and plasma proteins at 500 and 800 pounds as shown in Tables 4-7.

Hereford males versus Hereford females. Hereford males
were superior to Hereford females in the feed lot as illustrated by
Table 2. Hereford males gained an average of 2.83 and Hereford females 2.20 pounds per day from 500 to 800 pounds body weight.
9

Table 2.

AVERAGE RATE OF GAIN AND POUNDS OF FEED CON-

SUMED PER 100 POUNDS OF GAIN FROM 500 POUNDS TO 800 POUNDS
BODY WEIGHT.
Rate of gain on test
per day
Calves

Range

Pounds

Pounds

2.34-3.03

5

291

6

2 27
2.83
2.14
2.83
2.20
2.64
1.96
2.78
2.08
2.40

2.25-3.78
1.99-2 89
2.57-3.12
1.83-2.68
2.25-3.78
1.83-2.89
2.28-2.93
1.66-2.24
2.25-3.78
1.66-2.89
1.66-3.78

703
937
621
842

639-752

1

5

David males --- ------

5

David females ...
Hereford males ....
Hereford females..

5

15

Angus males ..........
Angus females ....
All males

12

All animals ............

Average

2.73
2.06

No

----------

Range

Pounds

Lionheart males ....
N
females
Lionheart
Prince males ........
Prince females ......

All females

Average

Feed consumption

(feed/100 lb. gain)

12
5

20
24
44

Pounds

704
947
676
894
775
1044
701
969
847

554-669
722-937
644-742
784-1002
554-752
722-1002
659-851
895-1238
554-851
722-1238
554-1238

Standard error of
the mean for all
animals

±0.07

±26.1

-Herelonl males were more efficient, consuming an avenge of 676
pounds, while Hereford females cousumell an average of 994 pounds
of feed to gain 100 pounds in body weight. There was no advantage

for either sex when suckling gains 'veto examined. But Hereford

males had a significant advantage (at the 1% level) when age at 800
pounds was considered (Table 1).
Hereford males at 500 pounds body weight had lower average
levels of urea nitrogen than Hereford females (P < 0.05). Hereford
males had 14.3 mg. urea while Hereford females averaged 17.6 mg.
I

of urea nitrogen per 100 nil. of blood (Table 3). No significant difference in urea levels was found between the sexes at 800 pounds.
There were no statistically significant differences between the
Hereford males and females at either weight with respect to plasma
proteins, uric acid, or amino acid nitrogen.
)
Angus males versus
Angus females. Angus male calves were
superior in feed lot performance to Angus female calves. No significant differences were found between Angus males and females with
respect to suckling gains (Table 1). Angus males gained an average

of 2.64 pounds per day as compared to 1.96 pounds per day for
Angus females on feed test (Table 2). Angus males were more efIn

ficient, consuming 775 pounds feed per 100 pounds gain as compared

with the 1,044 pounds of feed required by the Angus females for
each 100 pounds gain. The Angus males were 352 days old and hence
51 days younger at 800 pounds than the Angus females. This difference in age was statistically significant at the 5% level.
Angus males and females had similar levels of blood constituents
with two exceptions. At 500 pounds body weight, the Angus males

had an average urea nitrogen level of 14.7 mg. per 100 ml. which

was significantly lower than the level of 17.2 mg. per 100 ml.
(P < 0.01) for the Angus females. At 500 pounds body weight,
Angus males had an average blood uric acid level of 1.38 mg. per 100
ml. which was 0.53 mg. per 100 ml. lower than the average Angus
female level of 1.91 mg. per 100 ml. (P < 0.05).
Lionheart Males versus Lionheart females. No practical
comparisons in this case were possible. Only one female was represented in the Lionheart line; consequently no range was given in the
tables.

Prince males versus Prince females. Prince males and females were similar in feed lot and suckling performance with the exception of feed efficiency. The Prince males consumed less feed per
unit of gain (621 pounds) than any other group in the study.

The Prince females consumed less feed per unit of gain (842
pounds) than any other group of female calves in the performance
test (Table 2).
No dissimilarities were found between Prince males and females
in regard to the blood constituents studied.

David males versus David females. David males were superior to David females for rate and efficiency of gain on feed test.
The David males were also younger at 800 pounds body weight but
there was no difference between males and females of this line in
suckling gain. Values in Tables 1 and 2 show that David males averaged 2.83 pounds for rate of gain on feed test and David females
averaged 2.14 pounds per day. David males consumed an average of
704 pounds of feed and David females an average of 947 pounds of
feed to gain 100 pounds in body weight. David males averaged 359
days and David females 424 days of age at 800 pounds body weight.
Of the blood constituents studied, urea nitrogen and gamma
globulin showed sex differences at 500 pounds in this line. The average urea nitrogen level for the David males was 14.5 mg. per 100 ml.
as compared with the level of 17.5 for the David females (P < 0.01).
David males averaged 37.5% and David females averaged 29.3%
gamma globulin as shown in Table 6.
At 800 pounds, the gamma globulin level for David males averaged 30.2% while that for David females was 25.8%.
11
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Table 3. AVERAGE BLOOD UREA NITROGEN LEVELS OF CALVES AT
500 AND 800 POUNDS BODY WEIGHT.

Urea
(mg /100ml
At 500 pounds

Average

Group

Lionheart males ..........
Lionheart females ......

Prince males

..............

Prince females _....__.---

David males ................
David females ............
Hereford males ----------

Hereford females -----Angus males ................
Angus females ............
All males ......................
All females ..................
p

Standard error of the
mean for all animals

13.48
26.10
14.80
15.99
14.46
17.46
14.25
17.61
14.71
17.22
14.35
17.33

±.0.43

At 800 pounds

Range

Average

Range

10.80-16.03

17.10
20 52
15 05
15.78
15.20
16.32
15.78

15.98-18.75

16.41

11.67-2054

15 10
15.93

13.20-16.15
12.53-18.92
13.20-18.75
11.67-20.54

13.15-16.26
11.95-20.02
13.45-15.05
15.82-19.25
10.80-16.26
11.95-26.10
11.37-17.71
14.04-22.89
10.80-17.71
11 95-26.10

15.61
16.17

14.56-15.52
11.67-20.24
14.35-16.10
15.00-20.54
14 35-18.75

±0.31

Comparisons between breeds

Hereford males versus Angus males. Examination of the averages for suckling gains in Table 1 and feed lot performance averages
in Table 2 shows that the only statistically significant advantage for
Hereford calves was in feed economy. Hereford males consumed an
average of 676, pounds
while Angus consumed an average of 775
a1
pounds of feed to gain 100 pounds in body weight (Table 2). No
statistically significant differences were noted in rates of gain while
suckling or on test.r
At 500 pounds body weight, Hereford males had a lower percentage of serum albumin and a lower albumin/globulin ratio than
Angus males as shown in Table 6. Hereford males averaged 34.3%
and Angus males 38.1% serum albumin. The albumin/globulin ratio
was 0.53 for Hereford males and 0.62 for Angus males. However,
_I

t

at 800 pounds these differences were not as marked and were not statistically significant.

Hereford females versus Angus females. Hereford females
were superior to Angus females in feed lot performance. There was
no statistically significant advantage for the Hereford breed with
respect to suckling gains and age at 800 pounds body weight. Hereford females, as shown in Table 2, gained 2.20 pounds as compared
to Angus females with a gain of 1.96 pounds per day (P < 0.05).
12

Hereford females consumed 894 pounds of feed per 100 pounds
gain while Angus females consumed 1044 pounds of feed per 100
pounds gain in body weight (P < 0.01).
Hereford females and Angus females showed no statistical differences with respect to serum proteins, blood urea, uric acid, and
amino acids, suckling gains and age at 500 and 800 pounds body
weight (Tables 1, 3, 4, 5, 6, 7).
Comparisons between lines

Within the Hereford breed the male calves of the Lionheart,
Prince, and David lines were compared. Also, comparisons were made
between the blood constituent levels and performance of the females
of the three lines.
Comparisons between Lionheart, Prince, and David males.
No dissimilarities were found between male animals of the Hereford
lines in feed lot performance.
In regard to blood constituents, Lionheart males had a higher
blood urea nitrogen level at 800 pounds body weight than the Prince
males. The average value was 17.1 mg. per 100 ml. for the Lionheart

males as compared to 15.1 mg. per 100 ml. for the Prince males
Table 4.

AVERAGE BLOOD URIC ACID CONCENTRATION OF CALVES
AT 500 AND 800 POUNDS BODY WEIGHT.

Uric acid
(mg /100 ml.)
At 500 pounds

Group

Lionheart males ..........
Lionheart females ......
Prince males ................
Prince females ............
David males ..................
David females ............
Hereford males ---------Hereford females ........
Angus males ................
Angus females ............
All males
All females __________________

All animals .................
Standard error of the
mean for all animals

Average
I .41

2. 72
1 .06
I .33
.21
I .21
I

1

.23

I .39
I

.38

I .91

.26
1. 65
1 .47
1

±0.05

Range
1.07-2.67

At 800 pounds

Average
1.48

Range
1.17-2.04

3.44

0.80-1.25
0.91-1.78
0.93-1.46
1.11-1.30
0.80-2.67
0.g1-2.72
0.75-2.72
0.93-2.76
0.75-2.72
0.91-2.76
0 75-2 . 76

121
.

1.49
1.51
1.47
1.40
1.64
1.96
.
216

1.54
1.90
1.74

0.96-1.58
1.25-1.85
1.32-1.76
1.15-1.70
0.96-2.04
1.15-3.44
.
103-2.73
1.20-2.94

096-2.73
.

1.15-3.44
0.96-3.44

±009
13

Table 5.

AVERAGE BLOOD AMINO ACID NITROGEN OF CALVES AT
500 AND 800 POUNDS BODY WEIGHT.
Amino acid nitrogen
(mg./100 MI.)
At 500 pounds

Average

Lionheart males ..........
Lionheart females -----Prince males ................

5.73
7.94
6.16

Prince females ------------

583

David males ................
David females ..---------Hereford males ..........
Hereford females ........

5.73
6.59
5.89
6.32
5 69
6.50
5.83
6.41
6.15

Angus males ................
Angus females ............
All males ......................
All females ------------------

All animals

..................

Standard error of the
mean for all animals

='" 0.16

Range
4.67-6.50
4.33-7.36
4.82-6.87
5.59-6 59
5.98-7.59
4.33-7.36
4.82-7.94
5.23-6.08
4.75-10.14
4.33-7.36
4.75-10.14
4.33-10.14

At 800 pounds

Average
6.16
7.44
5.35

665
7.03
5 58
6.18
6 27
5.97
6.20
6.13
6 24
6.19

Range
4.88-7.49
3.56-6.96
3.56-6.96
4.85-7.91
3.27-7.20
3.56-7.91
3.27-8.75
4.83-8.19
2.04-9.05

3.56-819
2.04-9.05
2.04-9.05

±0.22

(P < 0.01). At 500 pounds body weight, the Lionheart males had a
higher beta globulin fraction in the blood serum proteins than the
Prince males. The average value was 14.0% for the Lionheart males
as compared to 11.3% beta globulin for Prince males.

The Lionheart males averaged 17.1 mg. urea while the David
males had an average value of 15.2 mg. per 100 ml. (Table 3). This
difference was significant at the 1% level.
Prince and David males were similar in all respects with the ex-

ception of the beta globulin fraction at 500 pounds. Prince males
showed a lower beta globulin fraction than David males. The average
beta globulin was 11.3% in the Prince calves and 14.2% in the David
calves.

Comparisons between Lionheart, Prince, and David females. David females had a very low average suckling gain. In fact,
the average suckling gain of 1.48 pounds per day for the David fe-

males was the lowest average reported (Table 1). The Prince females had an average suckling gain of 1.77 pounds per day. On feed

performance test, no significant differences were found between
David females and Prince females (Table 2).
No significant differences were found for the blood constituents
when Prince females and David females were compared.
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Plasma proteins

Albumin
Group
Liouheart males .._---....

Lionheart females
Prince male

........

Prince females _._.._.--David males ..........
)avid female.................

Hereford males ............
Hereford females .._.Angus mates

..

Angus females ._........II males ......... ..._.----.._..
All females
All animals ...___.------ -.--

Table 7

Alpha
globulin

Average

Range

Average

34.0
38.0
36.0
34.5
32.7
38.0
34.3
36.4

32-37

18.0
14.0
17.0
15.3
15.7
19.3
16.7
16.9
16.4
16.4
16.6
16.6
16.6

38.1
38.4
35.5
37.7
36.6

32-44
27-41
30-36
32-48
30-44
27-48
32-42
33-43
30-44
27-48
27-48

Beta

Range
6-20

4-19
3-19
2-20
9-20
2-20
3-20
2-19
1-21

2-20
1-21
1-21

Alpha
globulin

Average

Range

Average

Range

Lionheart males ..
Lionheart females
Prince males ........
Prince females
David males
David females
Hereford males
Hereford females

37.0

33-40

8.4
2 1.0
I 5.8
8.0
5.4
8.0

14-23

Anus mates .... ....
Angus females
All males .........

38.4
37.0
37.4
35.7

All

females ........
All animals ..........

14.0
16.0
11.3
12.0
14.2
13.5
13.0
13.1
12.7
13.2
12.9
13.2
13.0

Range
13-

Average

Range

globulin

Average

32.00.61

Range

5

34.0

30-37

0.52

47-59

9- 4
8- 9

35.0
38.3
37.5
29.3
36.1
33.6
32.7
32.0
35.0
32.6
33.8

30-41
33-48
33-46
22-35
30-46

0.57
0.54
0 49
0 63
0.53
0.59
0.62
0.63
0.56

47-79
37-69
43-56

061

37-.92
37-.92

11- 8
11- 5

98-

8

10-

7

9988-

8
8
9
9

9

22-48
24-37
28-40
24-46
22-48
22-48

47-.92

43-79
37-.92

47-72
49-75
43-79

0 58

AVERAGE SERUM PROTEIN PERCENTAGES AT 800 POUNDS BODY WEIGHT
Albumin

Group

Average

Albumin/

Gamma
globulin

globulin

420
364
323
35 2
37.6
36.2
35.3

36.5

31-39
24-38
32-39
35-41
31-40
24-42
33-42
31-45
31-42
24-45
24-45

85
5.8

72
8.0
8.2
6.9
7.5

13-18
16-20
13-18
15-21
13-23
15-21
14-23
13-24
13-23
13-24
13-24

Beta
globulin

Average
6.2
5.0
6.8
6.8
9.2
8.6
8.5
6.0
8.0
6.4
8.4
6.2

72

Albumin/

Gamma
globulin

Range

Average

Range

3-19

286
220

27-31

31 0

28-35
29-42
28-33
24-28
27-35
22-42
23-28
24-36
23-35
22-42
22-42

5-19
3-21
6-22
6-21
3-22
3-21
6-21
4-19
3-22
3-21
3-22

328
302
25 8
32 7

255
264
286
312
27 0
2R 9

globulin

Average

Range

0 58

0 48-0.6(

072
0 57

044-0.63

048

0 42-0.61

0 54
0 60
0 57
0 55
0 62
0 59
0 58
0 57

047-0.62

n K7

0 117-n Ri

0 53-0.65

044-0.6(
0 42-0.72
0 49-0.72

044-0.81
0 44-0.72
0 42-0.81

Only one female was represented in the Lionheart line, thus no
statistical comparison was possible with the other lines.
,,,
Correlations on feed lot performance and blood constituents

Correlation coefficients were calculated on the performance test
information and blood data in an attempt to understand more clearly

the biological significance of the information gathered (Table 8).
Some of the statistically significant correlations found are as follows:
At 500 pounds body weight, blood urea and blood uric acid were
significantly and inversely related to rate of gain per day on feed test

.1

CORRELATION COEFFICIENTS INVOLVING RATE OF GAIN,
FEED PER UNIT GAIN, AGE AT 500 POUNDS, SERUM ALBUMIN, THE
SERUM GLOBULINS, AND THE ALBUMIN/GLOBULIN RATIO AT 500
AND 800 POUNDS BODY WEIGHT.

Table 8.

Rate of
gain
Serum albumin
at 500 pounds
at 800 pounds
Alpha globulin
°
at 500 pounds
at 800 pounds

Beta globulin
at 500 pounds
at 800 pounds
Gamma globulin
at 500 pounds
at 800 pounds

Feed per
unit gain

Age at 500
pounds

500-pound
vs.
800-pound
data

X12

12

-.23
-.13

.23
0

-.18
-.13

.11

20

.18

.05

-.12

.03

.16
.05

-26

-.27*

.07
.25
.23
.09

00

- 22
Q1

13

.39-

.19

Albumin/
globulin ratio
at 500 pounds
at 800 pounds

Urea
at 500 pounds
at 800 pounds

Uric acid
at 500 pounds
at 800 pounds

Amino acids
at 500 pounds
at 800 pounds

24
lyd

-.31*

-18

-.30*
ss+,

-.26
-.10

0
.38**
.12

.37**
.52**
.21
.11

.14

07

-.22
0
.13

.30'

-.26
.26
.01

-.06

* Significant at the 5% level.
** Significant at the 1% level.
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(r = -.31 and -.30 respectively). These two blood constituents
were also significantly and positively related to feed consumption per

unit of gain but showed no relationship to age at 500 pounds. The
serum gamma globulin level was negatively related to age at 500
pounds body weight (Table 8).
However, at 800 pounds body weight, the only blood constituent

to show a significant relationship with the performance data was
blood uric acid, which was negatively related to rate of gain and positively related to feed consumption per unit of gain.
Correlations between the blood constituents

Correlations were examined between the 500- and 800-pound
data for the blood constituents. It was found that only the gamma
globulin fraction, and the blood urea and uric acids showed any significant relationships (Table 8).

Discussion
The primary purpose of the physiological, genetical, and environmental studies carried on at the Oregon Agricultural Experiment Station and at similar stations throughout the country has been to improve the productive capacity of farm animals. Similar investigations
in the fields of farm crops and agronomy have the same goal in mind,
i.e., to improve the production capacity of the soils, and in turn, the
feed stuffs and grains grown on these soils. With an ever increasing
world population and an ever decreasing acreage of tillable land to
support this population, man must of necessity continually strive for
improvement in the productive capacity and efficiency of animals and
plants of economic importance.
Many of the findings in the present investigation bear only an
indirect relationship to the primary objective. Before the productive
level of animals can be properly evaluated, many exploratory investigations have to be conducted. For beef cattle to have a high and useful productive level, they must have the ability to produce meat rapidly and efficiently; therefore, methods of evaluating rate and efficiency of meat production need to come first. Performance testing
of individual beef calves as described in this investigation has been
one of the methods developed and employed at this and other experiment stations to evaluate the productive level of beef animals. The
opportunity of handling the animals individually each day on feed
test has in itself great merit. Observations on feeding habits of the
individual animals, temperament, and general physical makeup are

possible. In addition, the opportunity for taking blood, urine, and
other components for analysis is greatly enhanced, without causing
undue disturbance to the animals.

With information on rate of gain and efficiency of feed utilization available, the added information afforded by certain anatomical

and biochemical data has permitted a study of the association of
these data with the production complex. Most investigations to date
have been of an exploratory nature to indicate the biological-growth
relationships which are most significant and useful. After determining which relationships are the most promising, attempts should be
made to refine the techniques of measuring the biological factors
involved.
Sex differences

Consistent differences have been found between male and female
calves with respect to their productive level and certain physiological
characteristics. In almost all instances, male calves exhibited a higher
rate of gain per day on feed test than comparable female calves. Observations on an overall basis showed that the male calves had superior gaining ability in the feed lot. In addition, male Hereford and
Angus calves showed higher gaining ability in the feed lot than the
females of either breed. On a line basis, the differences were not so
consistent because of the small numbers involved. The David male
calves were the only ones showing a feed lot gaining ability which
was significant over the females ; however, averages for feed lot gains
by sex within lines showed the advantage in favor of the male calves.
Feed required per unit of gain followed the same trend as rate

of gain per day on feed test. The male calves showed greater efficiency of feed utilization (less feed per unit of gain) than the comparable female calves.
These trends had been expected since they confirm previous re-

ports from this and other laboratories that males gain more rapidly
and more efficiently than females, and that rate of gain and feed consumed per unit of gain are negatively correlated. Price and coworkers
(1956) in a previous study calculated a correlation coefficient of
-0.86 for the relationship between rate of gain and feed required per
unit of gain. In the present study a correlation coefficient of -0.87
was found. Because of the high correlation between rate of gain and
feed per pound of gain there is a fair probability that rate of gain
should be correlated with other biological factors showing a correlation with feed consumed per unit of gain, and that the sign of the
correlation coefficient should be reversed.

Age at 800 pounds body weight had relationships similar to
those of rate of gain per clay on feed test and feed per unit of gain.
The male calves were -superior in all comparisons.

Variations between sexes for rate and efficiency of gains are
conditioned in part by hormonal differences which in turn influence
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metabolic differences causing variations in growth rate, type of
growth, and feed conversion efficiency. Weekly intramuscular injections of testosterone have resulted in an increase in rate of gain and
a decrease in feed required per unit of gain in both heifers and steers,
but with heifers showing a more marked response to the testosterone
(Burris and coworkers 1954). Burris and associates also found that

the testosterone-treated heifers had a lower percent of fat and a
higher percent of protein in the carcass, than control heifers. The
thyrotropic hormone content of pituitaries from testosterone-treated
calves was greater than that of control calves. Testosterone-treated
calves had larger thyroid and adrenal glands than control calves. Thus
testosterone is one of the factors inducing the greater rate of gain
and greater efficiency of gain in males.

Bartlett (1950), working with dogs, found that injections of
testosterone propionate yielded increased rates of protein synthesis
and an increased size of the nitrogen pool over control animals. The
anterior pituitary growth hormone also had the capacity to produce
marked increases in the size of the nitrogen pool and he suggested
that this may be indicative of the mechanism by which testosterone
regulates intracellular synthesis of protein.
Few sex differences were found in blood constituents when analyzed on the overall basis. Only blood urea nitrogen at 500 pounds
body weight showed statistically significant differences. Urea nitrogen
was lower in the blood of male calves than of female calves.

When urea nitrogen was analyzed for sex difference from the
standpoint of sexes within a breed, both Angus and Hereford males
at 500 pounds exhibited lower blood urea nitrogen levels than did the
corresponding females.

Serum proteins exhibited no statistically significant sex differences, with few exceptions. The gamma globulin fraction was much

higher in the David males than in the David females at both 500
and 800 pounds body weight. No explanation for this difference is
offered.
Breed differences

For the herd of cattle on the beef improvement project at Oregon State College the Hereford breed has generally shown superiority

in feed lot performance. There has been no advantage for either
breed in regard to suckling gains. MacDonald (1954) reported consistently higher rate and efficiency values in the Hereford breed when
compared to the Angus breed. However, his data were not treated

statistically. In the calves involved in this particular study there
were some breed differences which were statistically significant. Hereford males showed a sizable advantage in efficiency of feed utiliza19

Lion, but were not superior in any of the remaining performance
measurements such as rate of gain on test and age at 800 pounds
body weight. On the other hand Hereford females were superior to
Angus females in rate of gain in the feed lot and in feed intake per
unit of gain.
There were few breed differences noted with respect to compo-

nents of the blood. At 500 pounds body weight Hereford males
showed a lower average albumin percentage than Augus males ; this
was also reflected in the albumin/globulin ratio. Albumin percentage
and albumin/globulin ratio differences were not found between Hereford and Angus females.
Line differences

Hereford males showed no line differences in suckling gains or
feed lot performance. A few isolated differences were found when
the blood values were compared. The only differences which were significant occurred when Lionheart males were compared with David

and Prince males with respect to their blood urea nitrogen levels at
800 pounds body weight. The Lionheart males had much higher urea
levels.

Comparison between female calves of the different lines was
somewhat limited because only one calf was represented in the Lionheart line.
Prince females had much higher suckling gains than David females. No differences were noted in the levels of the blood constituents.
Correlations of performance test and biological measurements

In addition to the correlation coefficients which were calculated,
a graphical analysis was applied to the relationship between blood urea

nitrogen and the production factors. It was apparent that interacting
sex and breed influences were not the causative factors for the high
correlation observed at 500 pounds. This relationship between blood
urea nitrogen and the production complex may be explained as less
efficient urinary clearance, as a greater rate of production of urea in
the more inefficient calves and more efficient elimination, or as a
lower rate of production of urea in the more efficient gainers.

Blood urea concentrations were positively correlated with feed
requirements per unit of gain. Hence low blood urea concentration
was generally associated with a low feed requirement per unit of
gain or with a high gain per unit of feed, and high blood urea concentration was generally associated with a high feed requirement per
unit of gain or low gain per unit of feed. High feed requirements per
unit of gain imply high maintenance requirements and high main20

tenance requirements may imply a high rate of protein and amino
acid destruction, and if other factors, such as blood flow, are equal,
high concentrations of urea. Thus a high blood urea concentration
may reflect a high rate of protein and amino acid destruction, and a
high rate of protein or amino acid destruction means a low rate of
protein accumulation. On this basis blood urea concentration and feed
requirements per unit of gain would be positively correlated.
Another possibility which leads to an association between high

blood urea concentrations, high blood amino acid concentrations,
and high feed requirements per unit of gain, is a deviation in amino
acid metabolism. It is possible that the less rapidly gaining animals
are not withdrawing from the blood stream sufficient amino acids for
growth to keep the blood level of amino acids at a normal level. Consequently, slower growing animals are confronted with the problem
of elimination of the nitrogenous fraction as urea through the urine.
The carbonaceous fraction would become available for fattening, or
might be dissipated by an increased maintenance metabolism. This
altered amino acid metabolism could account for the association of
high levels of blood amino acids, blood urea, and uric acid with reduced rate of gain and increased requirements of food per pound of
gain.

Feed intake,per unit of gain was also negatively correlated with
the level of blood uric acid at 500 and at 800 pounds body weight.
There was some relationship between rate of gain and blood uric
acid but the correlation did not reach the statistically significant level.
Williams (1955) reported that food intake had a significant effect on
uric acid.

The source of the endogenous uric acid has been placed in the
muscles although other evidence has been presented that it may come

from destruction of the nuclei in the formation of red blood cells.
Since the sources of the different lines of beef cattle used in
this study are quite different and they have been maintained as separate breeding units for a considerable period, greater differences between lines than have been found might be expected. One explana-

tion for the lack of differences may be that the source material on
which the lines were founded did not vary greatly in these blood constituents. Another possible explanation is that, if the lines were sufficiently different genetically at the time of their formation to show

line differences in the blood constituents studied, selection for the
same characteristics in each line has made them similar in these blood
constituents.

Summary and Conclusions
1. Sex, breed, and line differences for some plasma constituents
of the blood and of some production characteristics of the 45 Hereford and Angus male and female calves on performance test from
500 to 800 pounds body weight have been studied.

2. Average values indicated that male calves had the ability to
gain more rapidly and more efficiently than female calves. Male
calves exhibited lower levels of urea nitrogen than female calves at
500 pounds body weight. Within the Hereford lines essentially the
same sex differences were observed. These same sex trends were
found when Hereford male and female and Augus male and female
calves were compared

3. Hereford males had an advantage over Angus males in feed
efficiency. Rates of gain between the Hereford and Augus males were
not statistically different. Hereford females were superior to Angus
females on the performance test measurements of rate and efficiency

of gain. In the blood serum proteins Hereford males had a lower
average percent albumin fraction and a lower albumin/globulin ratio
than Angus males. No difference was found between Hereford and
Angus females in regard to serum proteins.
4. Line differences were practically nonexistent when the male
calves were compared with the exception of urea nitrogen levels at
800 pounds body weight in which the Lionheart males had significantly higher levels than the Prince or David males. Prince females
showed higher suckling gains than David females.
5 Gain and feed consumption per unit of gain were highly correlated with blood urea nitrogen at 500 pounds body weight and blood
uric acid at 500 and 800 pounds body weight. The blood constituents
were inversely correlated with rate of gain and positively with feed
consumption per unit of gain.
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Also Available

...

In the technical bulletins entitled "Rate and Efficiency of Gains
in Beef Cattle" five previous bulletins have been issued.

The response to injected testosterone. Technical Bulletin 31.
This study showed that weekly intramuscular injections of testosterone at the rate of 1 mg./Kg. body weight increased rate of gain

by .5 lb. per day for the heifers and .1 lb. per day for the steers.
There was a feed saving for each 100 lb gain of 180 lbs. for testosterone-treated over control heifers and 42 lbs. for testosterone-treated
over control steers. Testosterone caused masculinization, reduced fat,
increased muscle in the carcass, and had no influence on eating qualities of the meat.

Some factors affecting performance testing. Technical Bulletin
33.

The effects of birth weight, suckling gains, age placed on feed
test, and weight at commencement of feed test on (1) rate of gain on
test and, (2) feed efficiency were determined.

Factors affecting weight and effectiveness of selection for
gains in weight. Technical Bulletin 34.

Heritability estimates of corrected yearling weights were .17
and .39. Selection for heavy yearling weights corrected to a common

age would increase mature body size, birth weights and weaning
weights of calves but would not influence conformation of calves
produced.

Blood hemoglobin, glucose, urea, amino acid nitrogen, creatinine, and uric acid of growing Hereford and Angus calves. Technical Bulletin 36.
Blood hemoglobin and glucose increased and urea decreased at
800 lbs. compared with levels at 500 lbs. body weight.

Serum phosphatase of growing Hereford and Angus calves.
Technical Bulletin 42.
Rate of gain was significantly related to serum alkaline phosphatase level. Female calves showed a consistent correlation between
alkaline phosphatase level and rate of gain and feed efficiency whereas
these relationships were less consistent in males.
Copies of the bulletins described above may be obtained from
the Bulletin Clerk, Industrial Building, Oregon State College, Corvallis, Oregon.

