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THE RELATION OF THE SERUM PHOSPHATASES TO GROWTH
OF GENETICALLY DIFFERENT GROUPS OF BEEF CATTLE

INTRODUCTION

In the field of beef cattle improvement through
genetic research, a considerable amount of attention has
been focused on characteristiecs which have an immediate
economic importance. Such measures of productivity as
calving percentage, birth weight, suckling gain, weaning
weight, and rate of gain have been assessed under a wide
variety of conditions and for the various breeds of beef
cattle and their crosses. The interrelationships between
these characters have been examined and their relative
merit as criteria for selection evaluated.

Equally important in this regard 1s an adequate
knowledge of the fundamental physiological functions which
determine growth and production characteristics. The
advent of dwarfism has lent emphasis to the necessity of
detailed physiological study of growth processes as an aid
in more efficient selection of farm animals. Studies of
this type have helped to delineate many of the underlying
mechanisms In the development of the condition and physio=-
logical tests have been developed to aid in the detection
of the heterozygous carrier of the dwarf syndrome. These

investigations have been used in this case to attack a



simply inherited condition. It is quite feasible that a
similar approach in analyzing the physiological components
of a polygenically controlled trait such as rate of gain
may be even more fruitful.

Studies on the metabolism of rapidly and slowly gain=-
ing beef cattle have been carried out at a number of experi-
ment stations. This type of research has been pursued
actively at the Oregon Agricultural Experiment Station as
an adjunct to the performance testing programme. Various
consti tuents of the blood and urine have been determined
and related to growth. These blood and urine constituents
represent elther intermediate or end products of enzymatic
processes and so are an indirect measure of the physio-
logical behaviour of the individual. A more direct
measure would be the examination of the activity of a
particular enzyme or enzyme system in the different ani-
mals. Probably the easiest and most accessible enzymes
which can be studied are the serum phosphatases. For this
reagson and others whiech will be developed in the review of
literature and discussion, the serum phosphatases have

been the subject of this study.



REVIEW OF LITERATURE

l. The Serum Phosphatases.

The serum phosphatases belong to a class of enzymes
known as the phosphomonoesterases which are specific for
a single chemical bond and on orthophosphoric monoesters.
Four phosphomonoesterases of different pH optima have been
identified partly by pH optima and partly by differential
acti vation by magnesium lons (20).

The two main broad groups of phosphatases present in
blood serum are the phosphomonoesterases I (alkaline phos-
phatase) and phosphomonoesterases II (acid phosphatase).
Normelly these enzymes are considered to be derived from
various tissues such as the liver, bone and kidney (19).
Their functional significance has not been fully estab-
lished.

As Indicated by their classification, they are
enzymes which are specific for orthophosphorlic monoesters
but are rather none-specific regarding other aspects of the
substrate. Dixon and Webb (10) consider they attack most
orthophosphoric monoesters and also catalyse transphos=-
phorylations. Axelrod (4) cites instances of alkaline and
acid phosphatases acting in vitro on phosphocreatine and
transferring the phosphate group to glucose, glycerol and

fructose. Glucose-l-phosphate, phosphopyruvate, and



5'-nucleotides have been shown to act as donors.

In investigations of pure enzymes, it 1s customary
to measure the initial rate of the reaction by determining
the concentration of end products as a function of time.
However, in orientation experiments and in investigations
of physiological or medical chemistry, it is sufficient to
make & single determination, at a time chosen in such a
way that a hydrolysis of not more than 10 per cent of the
substrate has been achieved (20, p. 476). In this type
of investigation, the activity of blood serum is expressed
only in relative units. These can be defined only
empirically and it is not possible to compare the units
with each other accurately as they correspond to amounts
of phosphoric acid liberated from different substrates
under nonidentical conditions. The earliest unit developed
and the one used in this study is the Bodansky unit which
is the amount of enzyme in 100 ml. of serum liberating one
mg. P in one hour from 0.5 per cent sodium beta-
glycerophosphate, at pH 8.6 and at 37° (13). Another unit

often used is the King and Armstrong unit which, as used
by Gutman and Gutman, is defined in terms of the liberation
of one mg. per cent of phenol and 1s approximately double
the value of the phosphate urnit used here. The method of
Bessey, Lowry and Brock as used by Kunkel et al. (14) has

as its unit the number of micromoles of p-nitrophenol



liberated per 1liter of serum per hour at 38° from
p=nitrophenyl phosphate. FEach micromole per liter of
serum per hour is approximately equivalent to 1.79 Bodansky
units per 100 ml. serum per hour.

Much of the information about the serum phosphatase
has been derived from the study of various pathologlical
conditions. Normally it is considered that these enzymes
are derived by diffusion from various tissues such as the
liver, kidney, osseous tissue and prostate (19, 20). In
various pathological conditions, a particular tissue may
pour high levels of one or the other enzyme into the
blood; so that the presence of a hyperphosphatasemia has
been used as an ald in the diagnosis of some disease.
However, studies have also been made of the variations in
the levels of these serum constituents 1in relation to

normal physiological functions.

2. The Serum Phosphatases and Sex.

The serum alkaline phosphatase level of the female
rat was only 60 per cent that of the male level but this
difference could be eliminated by standardizing the food
intake of the two sexes (22). Acid phosphatase levels in
the serum of adult males did not vary significantly from
that in adult females (7, 22).

Castration of male animals caused increases in the



serum alkaline phosphatase activity but no chenge in acid
phosphatase (8). Estrogen administration to a castrate
male caused a decrease in acid phosphatase (8).
Castration of and testosterone administration to fe-
males increased the serum alkaline phosphatase activity
(8) but castration alone did not have any effect (22).
Estrogen caused no change in the serum alkaline phospha-
tase level. Serum acid phosphatase was not influenced by
castration, or administration of estrogen or androgen to
the intact female or androgen administration to the cas=-

trate female (8).

3. The Serum Phosphatases and Growth.

Hypophysectomy decreased the serum alkaline phospha-
tase activity (15) and the administration of growth hor-
mone to normal animals generally increased the serum
alkaline phosphatase activity (16). No information is
available on the relationship of acid phosphatase to
growth hormone production.

Barnes and Munks (5) found that in children the serum
alkaline phosphatase level rose from 7.1 Bodansky units
per 100 ce. serum at birth to a maximum 13 Bodansky units
at 5 months of age. There was then a steady decline until
one year of age. Stearns and Warweg (21) examined the

variation in humens over a much greater age range and



found a similar trend, the plasma dlkaline phosphatase
level increasing by 100 per cent during the first month of
life. This level was maintalned during the first year,
and then decreased gradually, to reach the adult level in
late childhood. Kunkel et al. (14) examined the serum
alkaline phosphatase activity of European and Brahmean
cross cattle and found a lowering of phosphatase activity
with age from 3.4 micromole units per liter of serum (6.8
Bodansky units per 100 ml.) for 8 to 14 month old European
cattle to 1.5 micromoles (3.0 Bodansky units) for cows 3
to 9 years of age.

No information was found in the literature on the

effect of age on serum acid phosphatase levels.

4. The Serum Phosphatases and Diet.

Increased serum alkaline phosphatase activity in rats
was observed in growing rats on a low caleium diet, the
animals also becoming rachitie (23). In human rickets the
serum alkaline phosphatase activity is elevated.
Auchinachie and Emslie (3) found that, In sheep fed a diet
deficient in calecium but high in phosphate, the plasma
alkaline phosphatase rose to three times its initial value
in six months. When the sheep were returned to pasture,
the alkaline phosphatase level fell but had not reached

normal levels after one month.



Serum alkaline phosphatase activity in rats was also
observed to increase following ingestion of fatty acids
(9)« The effect of dietary proteins and amino acids on
alkaline phosphatase activity has also been widely studied.
Bodansky (6) showed that the feeding of large amounts of
carbohydrate elevated the level of serum alkaline phospha-
tase in dogs. Using rats, Weil and Russel (24) showed
that fasting produced a lowering of the plasma alkaline
phosphatase level which was corrected on return to a
normal diet.

It would appear that either the relationship of serum
acid phosphatase to change in diet has not been examined
or that it is remarkably resistant to the influence to
diet as no reference could be found to this effect in the

1iterature.

5. The Serum Phosphatases and Rate of Gain.

In recent years interest has been focused on the
relationship of the serum phosphatases, particularly serum
alkaline phosphatase, to rate of gain in beef cattle.
Kunkel et al. (14) examined the possibility of correla-
tions between initial and final serum alkaline phosphatase
level and feed lot gain in a limited number of beef bulls.
They found a correlation coefficient of 0.19 between
initi al phosphatase level and feed lot gain and one of

C.56 between final phosphatase level and feed lot gain.



In studies with Brahman-cross male and female cattle
carried out over a period of three years, Fletcher et al.
(12) found that the relationship between initial serum
alkaline phosphatase activity and gain in the feed lot was
quite variable, gross correlations between the two vari-
ables being .63, -.35 and .07 for bulls and -.02, .45 and
.43 for heifers. However, most of the correlations be-
tween phosphatase and gain were positive, and only posi-
tive correlations (.63, .45 and .43) were significant
statistically. Alexander et al. (1) examined the relation-
ship of serum alkaline and acid phosphatase levels at 800
lbs. body weight with rate of gain irn Hereford and Angus
cattle. They found a correlation of 0.54 between alkaline
phosphatase level and rate of gain and one of 0.37 between
acid phosphatase level and rate of gain. Female calves in
all lines of cattle studied showed a consistent correla-
tion between alkaline phosphatase level and rate of gain
and a somewhat less consistent one between acid phospha-

tase level and rate of gain.
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METHODS AND PROCEDURE

Data presented in this investigation were taken from
the beef cattle herd maintained at the Oregon Agricultural
Experiment Station at Corvallis, Oregon. There are two
breeds, Hereford and Angus, represented in the herd. The
Hereford groups are made up of three closed lines of
approximately 15 cows in each line while the Angus unit
comprises approximately 20 cows in a closed line. The
cows are pasture-mated in single bull breeding groups in
June-July to calve during the spring, the bulls used being

gselected from the previous year's calves.

1. Management.

Two groups of calves were used in the present study.
The older group of 52 calves were born in the spring of
1987 and were weaned at about 425 pounds body welght.
Those calves not reaching 425 pounds before November 14,
1957, were weaned regardless of their weight. After wean-
ing, the calves were placed under experimental conditions
as described by MacDonald et al. (18).

The younger group of 46 calves born in the spring of
1958 was maintained on irrigated pastures during the
summer months until they reached 425 pounds body weight

or until November 14, 19858.
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2. Blood Collection.

A series of blood samples were collected from each
animal., Either 13 or 15 gauge bleeding needles were used.
In every instance, the blood sample consisted of about 30
ml. collected in a 50 ml. graduated centrifuge tube with-
out oxalate. The sample was allowed to clot and, after
centrifugation, the serum was drawn off.

The following series of samples were taken. The cows
were all bled in November, 1957. The calves born in the
spring of 1957 were bled during their sojourn in the test
pens under the feed performance testing regime. Four
samples were collected from each calf, one at 500 pounds
body weight and one each at 600, 700 and 800 pounds body
weight. The blood samples were collected between 9:00 and
10:00 a.m.

Blood samples were taken from the calves born in the
spring of 1958 at birth or és near to it as possible, at
three months of age, and at six months of age. The calves
were bled on the Wednesday nearest the appropriate age
during the regular weighing procedure. It was deemed
advisable to bleed these younger calves at constant ages
rather than at constant welghts as was done with the
performance-tested animals. If they had been bled at 100,
200, 300 and 400 pounds body welght, some would have had

to be bled in the test pens after weaning which would
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introduce changes in their nutritional status.

3. Chemical Analyses.

The serum drawn off was frozen over-night and the
serum inorgenic phosphate and alkaline and acid phospha-
tases analyzed the following day.

Alksaline phosphatase was determined according to
Hawk, Oser and Sumrerson (13, p. 583-586). The incubation
procedure of Bodansky was used with modifications to
permit the use of the method of Fiske and Subbarow for the
determination of the phosphate liberated. The procedure
described by Shinowara, Jones and Reilnhart modified by
Hawk, Oser and Summerson to permit the use of the Fiske
and Subbarow phosphate method was chosen for the determin-
ation of serum acid phosphatase.

The method for determination of serum inorganic phos=-

phate was that of Fiske and Subbarow (11).

4, Statistical Analyses.

The means, standard deviations, regression coeffic-
ients and correlations have been obtained according to
statistical techniques as outlined by Li (17). In addi-
tion the blood constituents were regressed on certain
performance criteria by the method of least square

analysis as described by Anderson and Bancroft (2). The
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data have been tabulated with subdivisions to allow com-

parisons between sexes and lines.
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EXPERIMENTAL FINDINGS

A., The Suckling Period

The information compiled on each calf included birth
weight and average rate of gain to six months of age
(suckling gain). Analyses were made for serum alkaline
phosphatase, serum acid phosphatase and serum inorganic
phosphate during the first week, and at 3 and 6 months of
age. Tabulations of the data have been made to facili-
tate comparisons between sexes within lines, within sexes
between lines and an overall sex comparison. It was con=-
sidered that the Hereford lines were sufficiently diver=-
gent to be compared directly with the Angus line rather
than be pooled in a comparison of Hereford ard Angus
animals.

The least squares method of analysis (2) was used to
estimate the line, sex and line x sex interaction effects
for the suckling gain and blood constituent data. Each
observation was assumed to be the sum of the influences
of other variables as follows:

Yijk = M + 83 ¢ Lj + (SL)ig * eijx
Where Yijk = the observation on the kth calf of the ith

sex in the jth line.

=
L

the overall effect.
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Sy = the added effect of the 1th sex.

Lj = the added effect of the Jjth line.

(SL)ij = the added effect of the ith sex in the jth
line.

ejjk = random error.

Differences were determined between the estimates of the
effects of each line and of each sex and were tested for
significance at the five and one per cent levels of

probability.

1, Birth Weight.

The mean birth weight of the calves was 66.8 pounds
(Table 1). The sex difference was too sllight to be
regarded as significant (Table 5). The Angus males aver-
aged 56.5 pounds at birth, 1.8 pounds lighter than the
Angus females. The only line in which the males or in
fact any sex was heavier on the average was the Prince in
which the average male birth weight of 77.1 pounds was
significantly heavier thean the average female birth weight
of 61.0 pounds (P < 0.01).

In a comparison of the male calves of the different
lines, the Lionheart and Prince males (which averaged 73.8
and 77.1 pounds respectively) were significantly heavier
than the Angus males (P € 0.0l1). The Lionheart and Prirce

male calves also outweighed the David males (P ¢ 0.05).
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Table 1

Mean Birth Weight and Suckling Gain with Corresponding
Standard Deviations for the Calves

No. of Birth Weight Suckling Gain
Group Calves (1b.) (1b. per day)
Lionheart Males 9 7%3.8 £ 7.0 l.61 £ .38
Lionheart Females 5 74.2 t 15.6 l.66 £ .13
Prince Males 8 77.1 £ 11.5 1.73 £ .24
Prince Females 3 61.0 £ 3.0 l.26 & .17
David Males 2 60.0 £ 2.8 1.72 £ .14
Davi d Females 5 62.8 £ 4.4 1.57 ¢ .14
Hereford Males 19 73.7 £ 5.2 1,67 2 .31
Hereford Females 13 66.8 £ 11.3 1.83 2 .21
Angus Males 6 6.5 2 4.5 l1.78 £ .15
Angus Females 8 58.5 = 6.1 1.56 £ .29
All Males 25 69.6 2 11.6 1.70 ¢ .29
All Females 21 63.5 2 10.3 l.54 £ .24
All Animals 46 €6.8 2 11.4 1.63 T .28
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Within the females, the Lionheart females with a mean
weight of 74.2 pounds outweighed the Angus females (P <
0.0l1). The Lionheart female calves also had superior
birth weights on the average to the Prince and David
females (P < 0,056) (Table 1).

2. Suckling Gain.

The mean rate of gain from birth to six months for
all calves was 1.63 pounds per day. While the male calves
averaged 0.16 pounds per day more gain than the female
calves, this difference was not statistically significant.
There was little variation between the sexes within the
lines except in the Prince line in which the male calves
with a mean rate of gain of 1.73 pounds per day were
superior to the females with an averagé daily gain of
1.26 pounds (P < 0.05).

When the male calves of the various lines were com-
pared, no significant differences in suckling gains were
observed., Similarly, no marked differences were found

between the female calves of the various lines (Table 1).
3. Serum Alkaline Phosphatase.

(a) At Birth: The mean serum alkaline phosphatase
activity of all the calves at birth was 11.51 Bodansky

units per 100 ml. serum (Table 2). There was marked

variation in the levels at this sage as indicated by the



Table 2

Mean Serum Alkaline Phosphatase Levels and Standard
Deviations at Birth, 3 Months and 6 Months of Age

18

Grcup
Lionheart lMales

Lionheart Females
Prince Males
Prince Females
David Males
David Females
Hereford Males
Hereford Females
Angus Males
Angus Females
All Males

All Females

All Animals

Serum Alkaline Phosphatase

(Bodansky units per 100 ml.)

At Birth > Months & Months
10,09 I 2.34 B.23 L 2.67 6.11 T 1.41
15.32 * 3.77 10.08 % 2.01 4.49 I 0.82
10.64 * 4.53 9.00 T 2,560 5.83 ¥ 2.34
10.46 t 2.26 8.90 £ 2,31 5.70 T 2.03
13.94 * 0,74 7.01 * 0,60 4,75 T 0.11
16.03 * 2.03 5.88 2 1.94 4,95 & 0.69
10,73 £ 3.43 8.42 ¢ 2.46 5.85 ¢ 1,78
14.47 T 6.17 8.19 ¥ 2.71 4.96 % 1.14

9.12 T 5.65 .48 T 1.44 5.91 2 1.82
10,36 T 3.93 8,39 2 3.16 8.26 ¢ 3.05
10.34 T 3.84 7.72 T 2,57 5.86 2 1,75
12.90 X 5.70 8.27 I 2.81 6.22 2 2.59
11.51 £ 4.96 7.97 & 2.87 6.02 ¢ 2,16
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standard deviation of 4.96. As would be expected with
such a wide individual variation, no sex differences were
observed. Also when the male calves were studied accord-
ing to line no significant differences were observed.

In the female calves, the Angus females were found to
have a serum alkaline phosphatase activity significantly

lower than the David females (P < 0.05).

(b) At 3 Months of Age: At this age the mean serum
alkaline phosphatase level had dropped to 7.97 Bodansky
units per 100 ml. serum for all calves and the standard
deviation had almost halved to 2.67. Again, however, no
sex differences were observed with the exception of the
Angus line in which the males had a much lower level (7.72
Bodansky units per 100 ml. serum) than the females which
averaged 8.39 Bodansky units per 100 ml. (P < 0.05).

When compared with the male calves of the other
lines, the Angus males had significantly lower levels than
the Lionheart and Prince males (P € 0.05).

In the comparison between the female calves of the
various lines the Lionheart females with an average of
10.08 Bodansky units per 100 ml, serum exceeded the
average alkaline phosphatase activity of the David females

by 4.20 Bodansky units per 100 ml. serum (Table 2).
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(¢) At 6 WMonths of Age: The mean alkaline phospha-
tase activity of all calves had fallen still further to
6.02 Bodansky units per 100 ml. with a slight reduction
in the indivi dual veriation (Table 2). As was the case
with the two previous ages, males had a lower average
alkaline phosphatase level than females but the difference
was not significant. The only significant sex difference
was again between the Angus male and female calves where
the females exceeded the males by 2.35 Bodansky units per
100 ml. (P <« 0.08).

There were no significant differences between the
male calves of the various lines. However, the Angus
females were found to have significantly higher levels
then both the Lionheart and David females. The differ-
ences of 2.77 and 3.31 Bodansky units per 100 ml. serum
respectively were both significant at the one per cent

level.

(d) When considered on an overall basis, there was

no significent line or sex effect (Table 11).

4, Serum Acid Phosphatase.

(a) At Birth: At birth, the calves had a mean serum
acid phosphatase level of 0.64 Bodansky units. No sig-
nificant differences were recorded between the sexes.

Also when the male calves of the various lines and the
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female calves of the lines were compsred, no differences

were recorded (Table 3).

(b) At 3 Months of Age: At three months of age the
mean serum acid phosphatase level had fallen to 0.858
Bodansky units per 100 ml., Once again all groups of
calves were similar so that neither sex nor line differ-

ences were observed.

(c) At 6 Months of Age: The mean serum acid phos-
phatase level of all calves at this age was 0.80 Bodansky
units per 100 ml. The variation from individual to indi-
vidual was once again sufficiently great that the differ-
ences between sexes or lines were not statistically

gsignificant.
5. Serum Inorganic Phosphate.

(a) At Birth: The mean serum inorganic phosphate
level of all calves when taken during the first week of
life was 9.05 mg. phosphorus per 100 ml. serum (Table 4).
No sex differences were observed at this stage. Also
when the male calves were compared no line differences were
noted.

In the comparison between the females of the lines,
the Lionheart females had a phosphate level of 10.23 mg.

per 100 ml. serum which was significantly higher than the



Table 3

Mean Serum Acid Phosphatase Levels and Standard
Deviations at Birth, 3 Months and 6 Months of Age
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Group

Lionheart Msles

Lionheart Females

Prince Males
Prince Females
David Males
David Females
Hereford Males
Hereford Females
Angus Males
Angus Females
All Males

All Females
All Animals

(Bodansky units per 100 ml,)

Serum Acid Phosphatase

At Birth 3 Months 6 Months
0.58 & 0,25 0.51 & 0.15 0,78 & 0.24
0.66 & 0,30 0.58 & 0.22 0.87 & 0.30
0.55 & 0.29 0.67 & 0.22 0.87 & 0.33
0.71 £ 0.16 0.52 & 0.09 0.86 & 0.20
0.70 T 0,12 O.48 & 0.04 0.57 & 0.17
0.72 T 0.49 0.54 ¢ 0.28 0.72 & 0.20
0.58 T 0.25 0.57 ¢ 0.19 0.80 & 0.28
0.72 £ 0.35 0.55 &t 0.21 0.81 % 0.24
0.83 T 0.42 0.57 & 0.14 0.84 2 0.41
0.53 £ 0,30 0.64 2 0.21 0.76 % 0.19
0.64 & 0.31 0.57 £ 0.18 C.81 2 0,31
0.65 2 0,33 0.58 2 0.21 0.79 & 0.22
0.64 & 0,31 0.58 & 0.19 0.80 2 0,27




Table 4

Mean Serum Inorganic Phosphate Levels and Standard
Deviations at Birth, 3 Months,

and 6 Months of Age
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Group

Lionheart Males

Serum Inorganic Phosphate
(Mg. P per 100 ml.)

Lionheart Females 10.23

Prince Males
Prince Females
David Males
David Females
Hereford Males
Hereford Females
Angus Males
Angus Females
All Males

All Females

All Animals

At Birth 3 Months € Months

9.47 & 3,98 9.98 & 0.54 9.80 % 1,00

£ 0,80 9,46 & 0.69 9.20 & 0.97
8.28 & 1.86 9,80 £ 0.94 9,20 % 1.47
9,11 &£ 0,13 10.14 % 0.75 10.59 % 0.70
10,33 ¢ 1.85 9.65 £ 0.13 9.26 & 0.28
9.20 £ 1.97 C.46 & 1.42 9,55 & 1.60
9.06 ¢ 1,67 9.87 &£ 0.66 9,49 & 1.17
9.58 & 1.36 9.62 & 1,01 9.65 % 1.25
8.690 & 1,21 9.61 £ 0.65 9.15 & 1.05
8.46 ¢ 1.80 B8.49 & 1.07 8,57 & 1.53
8.97 * 1.556 9.81 £ 0.65 9,41 ¢t 1.13
9.15 £ 1.60 9.45 2 1.03 9,24 % 1.43
9.05 2 1.56 9.64 & 0.85 9.33 & 1,27
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level of 8.46 mg. per 100 ml. for the Angus females.

(b) At 3 Months of Age: At 3 months of age the mean
inorganic phosphate level had rigsen to 9.64 mg. per 100
ml, for all calves (Figure 1). The various sexes and
lines were similar throughout so that no significant sex

or line differences were recorded at this age.

(e¢) At 6 Months of Age: Three.months later the mean
serum inorganic phosphate level for all calves was 9.33
mge. per 100 ml. serum. No significant sex differences
were observed. In the comparison of the males of the
various lines, no significant differences were determined
(Table 4).

The Angus female calves had a mean serum inorganie
phosphate level of 8.57 which was significantly less than

the Prince female level of 10.59 (P 0.05).

6. Correlation Between the Performan ce Data.
A correletion coefficient was calculated between

birth weight and suckling gain and was found to be 0.18.

7. Correlations Between the Blood Constituent Data.
The serum alkaline phosphatase level at & months of
age was correlated with that at birth and at 6 months

(Table 6). The correlation of 0.28 between the levels at
birth and 3 months of age was significant at the 5 per
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Figure 1. The relationship of serum alkaline phosphatase,
serum acid phosphatase and serum inorganic
phosphate with age when the values for all
animals were pooled.



Table 5
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Analysis of Variance of the Performance and Blood

Constituent Data

Birth Weight
Suckling Gain

Alkaline Phosphatase
at birth
at 3 months
at 6 months

Acid Phosphatase
at birth
at 3 months
at 6 months

Inorganic Phosphate
at birth
at 3 months
at 6 months

Degrees of Freedom

Mean Squares

Line x Sex

Error Sex Line Interaction
72.24 9.25 111.55 15
0.08 0,08 .01 .01
22.33 5.22 41 1.80
5.89 0.93 4,22 .09
3.91 .05 .15 « 58
0.11 .00 .01 .00
0.03 «00 .00 .00
0.08 « 00 «01 .00
2.35 .01 .01 .00
0758 .08 .01 « 52
. 1.58 .02 24 s 17
38 1 3 3

NeB. None of the mean squares were significant.
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cent level (Table 6). There was no correlation between
the level at birth and that at 6 months of age but the
level at 3 months was significantly correlated with that

at 6 months of age (r = ,32).

Table &

Correlation Coefficients Between the Alkaline Phosphatase
Levels at Birth, 3 Months and €6 Months of Age

Alkaline

Phosphatase Alkaline Phosphatase level at
Level at 3 Months 6 Months
Birth .28% 0

3 Months +358%

Significant at the 5 per cent level

There was a rather different relationship between the
acid phosphatase levels. The acid phosphatase level at
birth was negatively related to those at 3 months and 6
months of age (r = -,22 and =-.27 respectively). However,
there was virtually no correlation between the levels at
3 and 6 months of age (Table 7).

Table 7

Correlation Coefficients Between the Acid Phosphatase
Levels at Birth, 3 Months and 6 Months of Age

Acid

Phosphatase Acid Phosphatase Level at
Level at % Months 6 lonths
Birth -.22 ‘027

3 Months .08
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There was a more consistent pattern to the serum
inorganic phosphate levels. The level at birth was posi-
tively correlated with that at 3 and 6 months of age.

The correlation coefficient of .35 between the level at
birth and 6 months of age was significant at the 5 per
cent level. There was a lower correlation between the
levels at 3 and 6 months of age as shown in Table 8.

Table 8

Correlation Coefficients Between the Inorganic Phosphate
Levels at Birth, 3 Months and 6 Months of Age

Inorganic

Phosphate Inorganic Phogphate Level at
Level at 3 Months 6 Vonths
Birth « 20 .55*
3 Months 19

Significant at the 5 per cent level

At birth, a correlation coefficient of .17 was
recorded between the alkaline and acid phosphatase levels
(Table ©). The alkaline phosphatase level was also posi=
tively related to the level of inorganic phosphate
(r = .,26). A lower correlation of .11 was observed be-
tween acid phosphatase and inorganic phosphate.

At 3 months of age the alkaline phosphatase level had
little relationship with the acid phosphatase level but a
correlation coefficient of .20 was recorded with inorganic

phosphate. A correlation coefficient of .27 was found to
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exist between acid phosphatase and inorganic phosphate at
this age.

Table ©

Correlation Coefficients Between the Alkaline Phosphatase,
Acid Phosphatase and Inorganic Phosphate Levels at Birth,
3 Months, and 6 Months of Age

Acid Inorganic

Phosphatase Phosphate
(a) At Birth
Alkaline Phosphatase 17 26
Acid Phosphatase .11
(b) At 3 Months of Age
Alkal ine Phosphatase .04 «20
Acid Phosphatase «27
(c) At 6 Months of Age
Alkaline Phosphatase 14 .04
Acid Phosphatase «10

However, at 6 months of age, there was a correlation
of .14 between alkaline and acid phosphatase, practically
none (r = .04) between alkaline phosphatase and inorganic
phosphate and one of .l0 between acid phosphatase and

inorganic phosphate (Table 9).

8. Correlations Between the Blood Constituent and
Performance Data.

At birth, there was virtually no correlation between

the alkaline phosphatase level and the birth weight. Acid
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phosphatase level was slightly and negatively related to
birth weight and inorganic phosphate was slightly and
positively related to birth weight (Table 10).

Table 10

Correlation Coefficients Between the Blood Constituent
and Performance Data

Birth Weight Suckling Gain

Alkaline Phosphatase

3 months .18

6 months .04
Acid Phosphatase

at birth -.07 -.086

3 mon ths .01

6 months -, 07
Inorganic Phosphate

at birth <12 «24

3 months e 15

6 months .09

Alkaline phosphatase at birth bore little relatione-
ship to suckling gain. There was a correlation of 0.18
between the alkaline phosphatase level at 3 months of age
and suckling gain but at 6 months of age there was again
virtually no relationship between alkaline phosphatase
activity and suckling gain.

Acid phosphatase at birth was only slightly and nega-
tively related to suckling gein. At 3 months of age,

there was no relationship to suckling gain and at 6 months
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of age, there was agaln a low negative relationship between
acid phosphatase activity and suckling gain.

At birth, the serum inorganic phosphate level was
correlated wi th rate of gain (r = .,24). The degree of
correlation decreased as the animals grew older so that
at 3 months of age the correlation coefficient was .15 and

at 6 months of age it was .09 (Table 10).

9« Overall Relationship Between the Blood Constituent and
Performance Data.

In the main, the correlations between the blood con-
stituent data were low and none have been significant
excepting where the interrelationship was determined be=-
tween the same constituent at different ages. On this
account no regression coefficients were presented.

However, it was felt that while there might be low
relationships when a blood constituent taken at a certain
age was considered, there might be higher relationships
between that blood constituent and a performance charac-
teristic when the samples taken at the different ages
were conslidered together.

Since line x sex interactlion was shown not to be
significant (Table 5), this interaction was ignored in the
following least squares analysis which was set up. Each

observation was assumed to be the sum of the influences of
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other varliables as follows:
Yijkl = M+ S; + Lj + Ap ¢ Bxlijk + zeijk + e jk1
where Yj j7 = the observation on the 1lth calf
M = the overall effect
Sy = the added effect of the ith sex
Lj = the added effect of the jth line
Ay = the added effect of the kth sample
B = a proportionality constant estimating the
change in the blood consti tuent with
birth weight
birth weight

*3
G = a proportionality constant estimating the
change in the blood cons tlituent with
suckling gain
Xo = suckling gain
e jk1 = random error
The effects of line, sex, birth weight and suckling
gain on alkaline phosphatase, acid phosphatase and inorgan-
ic phosphate levels were tested for significance. None

were found to be significant (Table 11).
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Table 11

Analysis of Variance of the Blood Constituent Data When
the Observations at all Ages are Considered

Degrees Serum
of Alkaline Acid Inorganic
Freedom Phosphatase Phosphatase Phosphate
Sex Effeect 1 71.33 .00 «29
Line Effect 3 11.7¢9 01 4,15
Birth
Welght 1 9.03 .06 Y
Suckling
Gain 1 34,12 .0l 6.99
Error 39 41.42 «25 5.24

B. Feed Test Period

The information compiled on each animal included
average rate of gain on feed test, average feed consumed
per 100 pounds gain, and age in days at ©00 pounds body
weight. Analyses were made for serum inorganic phosphate,
gserum alkaline phosphatase and serum acid phosphatase.

As before, tabulations of the data have been made to
facilitate comparisons between sexes within lines, within
sexes between lines and an overall sex comparison.

The least squares method of analysis (2) was used to
estimate the line, sex, and line x sex interaction effects
for the blood constituents and the performance test data,

as was done for the calves during the suckling period.
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1. Age at 500 Pounds Body Weight.

The mean age of the calves going on test at 500
pounds was 281 days (Table 12). There was a significant
overall sex difference, male calves being 16 days younger
than female calves (P < 0.0l). The Angus males were 28
days younger than the Angus females, a difference which
approached statistical significance. The Lionheart males
were 42 days younger than the Lionheart females. This
difference was signiflecant at the 5 per cent level while
the difference of 52 days between the Prince males and
females was significant at the 1 per cent level,

In & comparison of the males of the different lines,
the Angus males were significantly younger than the males
of the Prince and David lines (P < 0.05),

The Angus females with a mean age of 246 days at 500
pounds were significantly younger than the Lionheart,
Prince and David females. The differences of 39, 57 and
59 days were significant at the one per cent, 5 per cent

and one per cent levels of probability respectively.

2. Rate of Galn on Test.

For all animals the mean rate of gain on performance
test from 500 to 800 pounds was 2.44 pounds per day (Table
12). There was a marked sex difference in rate of gain,

the male calves galning 0.56 pounds per day faster than



Table 12

Means for Age at 500 Pounds Body Weight, Rate of Gain, Feed Consumption
per Unit Gain and Thelr Standard Deviations

No. of Age at 500 Feed Consumption
Group Calves Pounds Rate of Gain Per Unit of Gain
(1b. feed per
(days) (lb. per day) 100 1lb. gain)
Lionheart Males 6 240 T 14.5 2.88 £ ,31 628.8 t 15.6
Lionheart Females 3 282 t 48.9 2.14 £ .08 882.1 * 68.2
Prince Males 6 251 & 25.2 2.72 & .35 631.7 £ 72.0
Prince Females ) 303 ¢ 27.0 2.15 & .27 ~ 838.2 * 128.4
David Males 10 262 * 20.5 2.63 * .33 712.3 & 75.7
David Females 3 282 T 13.1 2,51 * .15 807.0 * 37.6
Hereford Males 22 248 2 20.2 2.74 2 .3 667.5 + 77.6
Here ford Females 15 268 T 30.1 2.22 £ .26 840.7 £ 104.4
Angus Males 5 218 £ 17.7 2.61 & .34 729.1 ¢ 96.5
Angus Females 10 246 & 33.2 2.04 ¢ .38 1012.7 & 114.5
All Males 27 243 t 22.8 2.71 & ,34 678.9 ¢ 83.0
All Females 25 259 2 39.1 2.15 ¢ .28 909.5 & 136.7
All Animals 52 251 * 35.4 2.44 = .42 789.8 * 160.7

g2
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the females. The Angus males galned weight significantly
faster than the Angus females which gained 2.04 pounds per
day (P < 0.01). The Lionheart males gained 0.74 pounds
per day faster than the Lionheart females and the Prince
males 0,64 pounds per day faster than the Prince females.
Both these differences were significant at the one per
cent levels. However, the superiority of the David males
over the David females was not so marked. They gained
only 0.12 pounds per day faster than the David females.

No significant differences were observed between the
male calves of the different lines. Also there were no
significant differences between the female calves with the
exception of the comparison between the David females and
the Angus females where the David females galned 0.47

pounds per day faster than the Angus females (P < 0.05).

3. Feed Consumption per 100 Pounds Gain.

In the overall analysis of the feed economies of the
calves there was a sex effect significant at the 5 per
cent level of probability (Table 12).

Within the various lines, the Angus, Lionheart, and
Prince males ate 183.6, 153.3, 206.5 pounds of feed less
for each 100 pounds gain in body weight than the corres-
ponding females. These di fferences were all significant

at the one per cent level of probability.
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There were no significant dif ferences in feed con-
sumption per unit of gain between the male calves of the
various lines. In the comparisons between the feed
economies of the female calves, it was found that the
difference of 130.6 pounds of feed per 100 pounds between
the averages of the Lionheart and Angus was significant
at the 5 per cent level. The difference of 205.7 pounds
feed consumed per 100 pounds gain between the Davld and

Angus females was significant at the one per cent level.
4, Serum Alkaline Phosphatase.

(a) At 500 Pounds: The mean level of serum alkaline
phosphatase of all animals at 500 pounds was 5.97 Bodansky
units per 100 millilitres (Table 13)., Males had a mean
alkaline phosphatase level of 0,71 higher than that of the
females. There were no significant differences between

lines or sexes at this weight.

(b) At 600 Pounds: At this weight the mean alkaline
phosphatase level of all animals had risen to 6.22 Bodansky
units per 100 millilitres (Table 13) and there was con-
siderable variation among lines and sexes. No significant
differences were observed between males and females or
Angus males and Angus females. The Lionheart males had

lower levels of alkaline phosphatase than the Lionheart

females with a mean serum alkaline phosphatase level of



Table 13

Mean Serum Alkaline Phosphatase Levels and Thelr Standard Deviations
at 500, 600, 700, and 800 Pounds Body Weight

Grogg

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

Serum Alkaline Phosphatase

(Bodensky units per 100 ml,)
at 500 1b. 600 1b. 700 1b.
6.02 t 1.90 6.21 t 1.69 6.71 t 1.93
4.81 % 0.89 6.44 £ 0,30 5.57 £ 0.20
6.26 * 1.71 5.93 ¢ 2.22 6.94 * 0.87
5.80 ¢ 1,77 6.01 £ 0.98 5.65 ¢ 1.15
6.18 £ 1.47 6.84 £ 2,07 6.51 & 1.29
7.11 £ 1,99 5.71 ¢ 1.26 4.71 £ 0.22
6.16 * 1.58 6.42 &£ 1,96 6.68 £ 1.41
5.86 ¢ 1.74 6.04 & 0,92 5.44 £ 0.96
6.96 % 2.65 6.31 £ 1.95 6.52 £ 1.53
5.22 % 1.42 6.01 &£ 1,57 5.50 &£ 1.04
6.31 * 1.76 6.40 £ 1.92 6.65 & 1,40
5.60 % 1.62 6.03 £ 1.19 5.47 £ 0.97
5.97 £ 1.73 6.22 ¢ 1,61 6.08 2 1.34

800 lb.
6.22 T 1,15
5.08 ¢ 1.20
7.58 * 1.58
5.93 2 1.38
6.16 & 1,37
5.21 & 0,97
6.57 &£ 1.46
5.62 * 1.24
8.20 & 1.81
5.85 = 1,67
6.87 ¢ 1.62
S5.71 £ 1.40
6.351 ¢ 1.61

8¢
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6.44 Bodansky units per 100 millilitres. The Prince

males also had lower alkaline phosphatase levels than the
Prince females while the David males had higher levels
than the David females. However, none of these differences
were significant and no significant line differences were

determined.

(e) At 700 Pounds: While the overall mean alkaline
phosphatase level was 6.08 Bodansky units per 100 ml., the
males with a mean level of 6.65 units had significantly
higher levels than the females (P < 0.,01) (Table 16).
Angus males had higher alkaline phosphatase levels than
the Angus females. Also within the Hereford lines the
males were consistently higher in alkaline phosphatase
level than the females but only in the case of the David
males compared wlth the David females was the difference
significant (P < 0.05).

No significant differences were recorded between the
various lines when either the male or female calves were

compared.

(d) At 800 Pounds: At this weight, the mean alka-
line phosphatase level was 6.31 Bodansky units per 100 ml.
and there was a significant difference of 1.16 Bodansky
units per 100 ml. between males and females (P < 0.01)
(Table 16). Angus males had significantly higher levels
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than the Angus females (P < 0.05). Of the Hereford lines,
the Prince males were the only ones to show a significantly
higher alkaline phosphatase level than the Prince females.
In the comparison between the male calves the Prince
males with e mean level of 7.58 Bodansky units had a sig-
nificantly lower alkaline phosphatase level than the
Angus males which averaged 8.20 Bodansky units (P < 0.05).
The David males with an average level of 6.16 Bodansky
units were also significantly lower than the Angus males.
Thils difference was also significant at the 5 per cent

level.

(e) Overall Relationship: When the levels at all
four weights are considered together, the sex effect
approaches significance but there is no line effect

(Table 24).

5. Serum Acid Phosphatase.

(a) At 500 Pounds: At the commencement of the feed
test period, the calves had a mean serum acid phosphatase
level of 0.48 Bodansky units per 100 ml. No significant
differences were recorded between the sexes either when
all the males and all the females or males and females
within the individual lines were considered.

Within the male caslves the mean serum acid phospha-
tase level of 0.58 Bodansky units per 100 ml. for the
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Prince calves was significently higher than that of 0,31
Bodansky units for the Angus male calves (P < 0.01). The
Davld calves alsoc had significantly higher acid phospha=-
tase levels than the Angus males (P < 0.01).

Within the female calves, the same line differences
existed but they were only significant at the 5 per cent

level.

(b) At 600 Pounds: The mean acid phosphatase value
for all animals was 0.57 Bodansky units per 100 ml. of
serum (Table 14). No significant sex differences were
noted at this weights Also within the male and female
calves, the mly significant line difference was between
the Prince and David male calves. The Prince males with
a mean serum acid phosphatase level of 0.48 were signifi-
cantly lower than the level of 0.63 Bodansky units

recorded for the David males.

(¢) At 700 Pounds: The mean acld phosphatase level
at 700 pounds body weight was the same as that at 600
pounds body weight namely 0.57 Bodansky units per 100 ml.
serum. A difference significant at the 5 per cent level
was noted between males and females (Table 16). No other
significant differences were observed either between the
sexes within the various lines or wi thin the sexes and

between the lines.



Mean Serum Acid Phosphatase Levels and Standard Deviations
at 500, 600, 700 and 800 Pounds Body Veight

Table 14

Grcug

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

Serum Acid Phosphatase

(Bodansky units per 100 ml.)

at 500 l1lbs. 600 1lb. 700 1b.
0.49 2 0.26 0.58 2 0.08 0.52 ¢ 0.11
0.41 = 0.11 0.57 ¢ 0.15 0.43 & 0,09
0.58 2 0.15 0.48 £ 0.17 0.70 £ 0.20
0.55 ¢ 0.12 0.60 2 0.12 0.57 2 0.13
0.56 * 0.13 0.63 £ 0,13 0.65 & 0.18
0.65 £ 0.10 0.67 & 0.086 0.45 £ 0,17
0.55 £ 0.17 0.58 £ 0.14 0.63 = 0.18
0.54 £ 0.13 0.61 £ 0.12 0.52 £ 0.14
0.31 = 0.08 0.50 £ 0,08 0.56 2 0,15
O.41 = 0.16 0.52 % 0.15 0.85 £ 0.21
0.50 ¢ 0.18 0.56 ¢ 0,14 C.62 £ 0.17
0.49 t 0.16 0.58 £ 0,13 0.53 & 0,17
0.48 £ 0.17 0.57 2 0,13 0.57 £ 0.17

800 1b.
0.64 2 0.12
0.53 & 0.06
0.60 £ 0.38
0.55 £ 0.15
0.63 &£ 0.25
0.62 £ 0.15
0.62 £ 0.25
0.56 = 0,13
0.62 2 0,07
0.36 * 0,12
0.62 = 0.23
0.48 £ 0.16
0.55 ¢t 0.21

v
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(d) At 800 Pounds: At this weight the mean acid
phosphatase level for all calves was 0.55 Bodansky units
per 100 ml, serum. The only significant sex difference
was that between the Angus males and females. No other

significant differences, either sex or line, were recorded.

(e) Overall Relationship: When the acid phosphatase
levels of the calves at the four weights were considered,
no sex effect was observed (Table 24). But, there was a
line effect significant at the 5 per cent level indicating
that the lines differed significantly.

6. Serum Inorgenic Phosphate.

(a) At 500 Pounds: For all enimals, the mean serum
inorganic phosphate level was 8.4 mg. per 100 ml, (Table
15). No sex differences were recorded and the only line
difference was that between Prince females and Angus
females. The inorganic phosphate level of the Prince
females was 1.2 mg. per cent lower than the Angus female
level of 8.9 mg. per 100 ml., (P < 0,05).

(b) At 600 Pounds: At this weight, the mean serum
inorganic phosphate level was 8.2 mg. per 100 ml, for all
animals. Males exhibited a significantly higher level
than females (P < 0,05) (Table 16). No sex differences

were recorded within the lines. In the comparisons



Table 15

Mean Serum Inorganic Phosphate Levels and Standard
Deviations at 500, 600, 700 and 800 Pounds Body Weight
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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

Serum Inorganic Phosphate

(mge. per 100 ml.)

at 500 lb, 600 1b. 700 1b. 800 1b.

8.2 £t 1.2 8.3 &£ 0,7 7.9 £ 0.6 8.6 % 0.6
8.0 £ 0.5 7.4 £ 0.3 7.7 £ 1.3 7.1 ¢ 1.1
8.6 £t 2,1 8.0 £0,9 8,3 £0,9 8.3 ¢ 1.1
7.7 £ 0,4 7.5 21,0 8.0 £ 0.6 7.4 2 0.7
8.5 £ 0.8 8.6 £ 0.8 8,8 £ 0,9 8.8 t 1,0
8.7 £ 0.4 8.7 £ 0.6 8.7 % 1.1 9.4 £ 0,1
Bs5 2 1.3 8,4 ¢ 0.8 8.4 % 0,9 8.6 £ 1.0
80 2 0,9 7.7 £ 1.0 8.1 %2 0.9 7.7 T 1.1
8.0 ¢ 1.0 8.8 T 0.7 8.2 £ 0,3 7.4 £ 0.2
8.9 ¢ 1.3 8.0 2 0.9 8.1 % 0.9 8.2 £ 0.8
8.4 ¢t 1.2 8.4 £ 0,8 8.4 2 0,8 8.4 % 1,0
8.3t 1.0 7.8t 0.9 8.1 20,9 7.9 % 1.0
8.4 £ 1.1 8.2 ¢ 0.9 8.2 &£ 0,9 8.2 £ 1.0




Analysis of

Variance of the Performance and Blood Constituent

Table 16

Data

Degrees of Freedom
Age at 500 Pounds

Rate of Gain

Feed

Alkaline Phosphatase

at

Acid
at

Inorgenic Phosphate

at

Efficiency

500 pounds
600 pounds
700 pounds
800 pounds

Phosphatase
500 pounds
600 pounds
700 pounds
800 pounds

500 pounds
600 pounds
700 pounds
800 pounds

Mean Squsare

Error

44
684.88
.00
8840.,77

3.03
2.87
1.61
2.12

.02
.02
.03
.04

1.26
L] 69
.69
.74

Line

3
340,79
.00
4335.11

« 37
.00
14
.02

.00
.00
.00
.OO

.15
.45
.22
.32

Sex

1
15171.18%%

27.96%%
46486.71%

4,10
.81
18,25%%
24,61%%

.01
.02
<12
12

.00
2,97%
QSB
.70

Line x Sex

Interaction

3
55.83
.07
12258.24

2.58
'21
.19
.14

.00
.01
.01
.02

.01
« 37
.00
.00

34
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between the female calves of the different lines, the
Prince female level of 7.5 mg. per 100 ml. was significant-
ly lower than that of 8.7 mg. per 100 ml. for the David
females (P < 0.05). No other line differences were found

within either of the two sexes.

(¢) At 700 Pounds: Again at this weight practically
no significant differences were observed. The mean level
for all calves was 8.2 mg. per cent phosphorus (Table 15)
and the only significent difference was between the Lion-
heart and David males. The David males had a level of 8.8
mg. per 100 ml. which was significantly higher than the
level of 7.9 mg. per 100 ml. for the Lionheart males
(P < 0.08).,

(d) At 800 Pounds: There was little variation in
the mean level of inorganic phosphate for all calves, the
level at 800 pounds body weight being 8.2 mg. per 100 ml,
The Lionheart males had a significantly higher inorganic
phosphate level than the level of 7.1 mge. per 100 ml. for
the Lionheart females (P < 0.05).

In the comparisons between the male calves of the
different lines, the Lionheart male level of 8.6 mg. per
100 ml., was significantly higher than the Angus level of
7.4 mg. per 100 ml, (P < 0,05). The David males also had
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a higher level than the Angus males (P < 0.01).

Within the female calves, both the Prince and David
females were significantly higher in thelir inorganic phos-
phate level than Lionheart females (P < 0.01). The David
females also had a higher level than the Angus females
with a mean level of 8.2 mg. per 100 ml. This difference

was significant at the 5 per cent level.

(e) Overall Relationship: When the serum inorganic
phosphate levels of the calves were pooled so that the
overall sex and line effects could be observed, there was
no effeet of sex. However, the line effect was signifi-

cant at the one per cent level (Table 24).

7. Correlations Between the Performance Data.

Simple correlations were calculated between the three
performance criteria (Table 17). Rate of gain was found
to be negatively related with feed per unit of gain. The
negative correlation coefficient of -0.80 was significant
at the one per cent level. Rate of gain was also nega=-
tively correlated with age at 500 pounds body weight
(Table 17).

Feed consumption per unit of gain was positively

related to age at 500 pounds body weight.
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Table 17

Correlation Coefficients Between Rate of Gain, Feed
Consumption per 100 Pounds Gain and Age at 500 Pounds

Body Weight
Feed Consumption Age at
Per Unit Gailn 500 Pounds
Feed Consumption
per Unit Gain « 26

*¥gignificant at the one per cent level.

8. Correlations Between the Blood Constituent Data.

The serum alkaline phosphatase levels at the four
weights of 500, 600, 700 and 800 pounds body weight were
positively correlated with each other (Table 18)., The
correlation coefficient of 0.35 between the level at 500
pounds body weight and that at 700 pounds body weight was
significant at the five per cent level. The alkaline
phosphatase activity at 700 pounds body weight was also
correlated with the levels at 600 and 800 pounds body
welght. These two correlation coefficients of 0,36 and
0.50 were significant at the one per cent level,

The serum acid phosphatase levels at the four body
weights did not show the same consistency as the alkaline
phosphatase (Table 12). Vo significant correlations were
observed.

The inorganic phosphate levels were rather more con-

sistent than the alkaline phosphatase, significant
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Table 18

Correlation Coefficients Between the Alkaline Phosphatase
Levels at 500, 600, 700, and 800 Pounds Body Welght

Alkaline Phosphatase Level at

600 700 800
(pounds )

Alkaline Phosphatase Ievel at

500 Pounds .18 .35% .26
600 Pounds . 365 .25
700 Pounds . 50

* Significant at the 5 per cent level.

#* gignificant at the 1 per cent level.

Table 19

Correlation Coefficients Between the Acid Phosphatase
Levels at 500, 600, 700 and 800 Pounds Body Weight

Acid Phosphatase Level at

600 700 800
(pounds)
Acid Phosphatase Level at
500 Pounds .10 .08 11
600 Pounds -.20 «13

700 Pounds e 12
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correlations being recorded between the levels at every
body weight except at 500 and 700 pounds body weight
(Table 20).

Table 20

Correlation Coefficients Between the Serum Inorganie
Phosphate Levels at 500, 600, 700 and 800 Pounds Body

Welght
Serum Inorganic Phosphate Level at
600 700 800
Pounds Pounds Pounds
Serum Inorganic
Phosphate Level at

500 Pounds i 34* .23 . 53;:.*
600 Pounds 4o L Bgi
700 Pounds . 51-;:.

** significant at the one per cent level.
“ Significant at the five per cent level.

At 500 pounds body weight, a correlation coefficient
of =0.46 was recorded between the alkaline phosphatase
and inorganic phosphate levels. This was significant at
the one per cent level. Practically no correlation was
observed between the alkaline phosphatase activi ty and the
acid phosphatase activity at this weight. A low correla-
tion of -0.21 was observed between acid phosphatase
activity and inorganic phosphate level (Table 21).

At 600 pounds body weight, the blood constituents

were all closely interrelated. A correlation coefficient



Table 21

Correlation Coefficients Between the Serum Alkaline
Phosphatase, Acid Phosphatase and Inorganic Phosphate
Levels at 500, 600, 700 and 800 Pounds Body Weight

(a) 500 Pounds

Alkeline Phosphatase
Acid Phosphatase

(b) 600 Pounds

Alkeline Phosphatase
Acid Phosphatase
(¢) 700 Pounds

Alkaline Phosphatase
Acid Phosphatase

(d) 800 Pounds

Alkaline Phosphatase

Acid Phosphatase

Acid Inorganic
Phosphatase Phosphate
.03 - 46%%

bt 21
. 557 «33%
- 79**
-.01 -,82%#
‘58-)("21-
. 36F -.06
.09

% gignificant at the

3

one per cent level.

Significant at the five per cent level.
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of 0.55 was recorded between the alkaline and acid phos-
phatase levels (P < 0.01). The alkaline phosphatase
activity was significantly correlated with the Inorganic
phosphate level (P < 0.05) (Table 21). .Aclid phosphatase
activity was very closely and inversely related to inor-
ganic phosphate level (r = -.79, which was significant at
the one per cent level),

Again, at 700 pounds body weight, no relationship was
observed between the alkaline and acid phosphatase activi=-
ties. This was reminiscent of the lack of relationship at
500 pounds body weight. Alkaline phosphatase was signifi-
cantly and negatively related to the inorganic phosphate
level (r = -.82, Table 21). The acid phosphatase level
was positively related to the inorganic phosphate level
(r = .58).,

The situation was reversed at 800 pounds body weight.
At this weight the alkaline and acid phosphatase levels
were significantly and positively correlated but almost no
correlation was observed between either of these two con-

stituents and inorganic phosphate.

9. Correlations Between the Blood Constituent and

Performance Data.

(a) Rate of Gain: Rate of gain on feed test was

positively correlated with alkaline phosphatase activity
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at 500 pounds body weight (r = .40, Table 22). However,
at 600 pounds body welght, there was no correlation
between rate of gein and alkaline phosphatase activity.
At 700 and 800 pounds body welght, significant correla-
tions of .35 and .34 were recorded between rate of gain
and alkaline phosphatase activity.

Rate of gain was slightly correlated with the acid
phosphatase level at 500 pounds body weight (r = .21) and
at 600 and 700 pounds virtually no correlations were ob-
served. However, at 800 pounds, a significant correlation
between rate of galn and acld phosphatase activity was
recorded (r = .47).

A negative correlation of -.27 was observed between
rate of gain and inorganiec phosphate level at 500 pounds
body weight. At 600, 700, and 800 pounds body weight,
positive correlations were observed between rate of gain
and the inorganic phosphate level but none were signifi-

cant.

(b) Feed Consumption per Unit Gain: Feed consump-
tion per unit of gain was inversely related to the alka-
line phosphatase levels at all four weights., At 500
pounds body weight, a correlation coefficient of -.23 was
recorded. At 600 pounds body weight there was virtually
no relationship between feed consumption per unit gailn

and the alkaline phosphatase level. As seen with the



Table 22
Correlations Between the Blood Constituent and Performance Data

Feed Consumption Age at
Rate of Gain Per Unit Gain 500 Pounds

Alkaline Phosphatase at

500 pounds . 40%% -.23 .04

600 pounds .09 "'005" ".08

700 pounds .35% -.28% -.13

800 pounds .34% -.36%* - 27
Acid Phosphatase at

500 pounds 21 - 23 . 34%

600 pounds .06 -.05 11

700 pounds «13 -.17) -.01

800 pounds TR - 47T*% -.05
Inorganic Phoaphate at

500 pounds -.27 .21 -.26

600 pounds «27 -.24 - 277

700 pounds 21 -.24 -.15

800 pounds 16 -.11 «19

e Significant at the 1 per cent level.
¥ gignificant at the 5 per cent level.

1 4]
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correlations between rate of gain and alkaline phosphatase
level, there was a significant correlation at 700 pounds
and at 800 pounds body weight. The correlations of -.28
and -.36 were significant at the 5 and 1 per cent levels.

When feed consumption per unit of galn was considered
in relation to acid phosphatase level a somewhat similar
pattern was observed. There was a consistent inverse
relationship between the two sets of data. At 500 pounds,
a correlation of ~.23 was found which fell off to one of
-.05 at 600 pounds body weight. At 700 pounds there was
a correlation coefficient of -.17, and at 800 pounds there
was a correlation coefficient of ~.47 which was signifi-
cant at the one per cent level.

The relationship of feed per unit gain with the
inorganic phosphate level was not as consistent as that
between the phosphatases and feed consumption per unit of
gain. At 500 pounds body weight, a positive correlation
of 0.21 was observed while at subsequent weights, there
was a negative relationship. At both 600 and 700 pounds
body welght there was a correlation coeffilcient of -.24

but at 800 pounds, there was a lower correlation of =-.11l.

(c) Age at 500 Pounds Body Weight: Age at 500
pounds body weight bore little relationship to the alka-

line phosphatase levels at 500 and 600 pounds body weight.
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There was a low inverse correlation of age at 500 pounds
body weight with alkaline phosphatase level of -.13 at 700
pounds body weight and a larger one of =.27 at 800 pounds
body weight (Table 22).

The acid phosphatase level at 500 pounds body weight
was positively and significantly related to age at 500
pounds body weight (P < 0.05). There was a much lower
positive correlation of age at 500 pounds body weight with
acid phosphatase level of 0.1l at 600 pounds body weight
and at 700 and 800 pounds, very low negative relationships
were observed.

At 500, 600 and 700 pounds body welght serum inorganic
phosphate was inversely related to age at 500 pounds.
However, at 800 pounds body weight there was a positive

relationship.

10. Regression Coefficients Between the Blood Constituent
and Performance Data.

The regression coefficients between the blood con=
stituents as the independent variable and the performance
characteristiec as the dependent variable are presented in
Table 23. It is only proposed to consider in any detall
the regression coefficlents corresponding to the signifi-

cant correlation coefficients reported in Table 22.

(a) Rate of Gain: At 500 pounds body weight,



Table 23

Regression Coefficients and Theilr 95 Per Cent Confidence Intervals
of the Performance Criteria and the Blood Constituents

x/y Rete of Gainl Feed Efficiency? Age at 500 Pounds®

Inorgenic Phosphate

at 500 pounds -,10 .73 + 30.69 & 283.01 -83.34 * 61.47
600 pounds «13 T ,90 - 43.18 ¢ 350.06 =10.77 * 76.32
700 pounds .10 ¢ 97 - 45,78 ¢ 371.75 - 9.68 £ 81,97
800 pounds .07 * .82 - 16.77 * 315.80 6.40 * 68,66

Acid Phosphatase

at 500 pounds «59 % 4,85 -217.06 £ 1854.33 70.04 % 394.54
600 pounds .19 % 6.34 - 62.01 2 2440.98 20.63 & 534.32
700 pounds 32 % 4,86 -157.23 & 1858.43 - 2.81 & 414.71
800 pounds .93 & 3.57 -362.25 * 1368.91 - 9.16 % 340.98

Alkaline Phosphatase

at 500 pounds .10 £ .45 - 21.75 2 182.42 0.88 ¢ 41.24
700 pounds .11 = 1,86 - 33.80 & 232.09 - 3.32 2 52.79

1 Pounds per day increase in rate of gain for each increase of one Bodansky unit or
each mg. in the case of inorganic phosphate.

2 Increase in pounds of feed consumed for each 100 pounds gained resulting from each
increase of one Bodansky unit or each mg. phosphate.

3 Number of days older at 500 pounds body weight for each increase of one Bodansky
unit or one mg. phosphate per 100 ml.

LS
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average rate of galn increased 0.10 pound per day for each
increase in alkaline phosphatase activity of one Bodansky
unit. At 700 pounds body weight, the average rate of gain
could be expected to increasse 0.1l pound per day for each
increase of one Bodansky unit in alkaline phosphatase
activity. An increase of one Bodansky unit in alkaline
phosphatase activity at 800 pounds body weight would, on
the average, result in an increase of 0.09 pound in the
daily rate of gain.

Each increase of one Bodansky unit in acid phospha-
tase level at 800 pounds body weight was associated with

an average increase in rate of gain of 0.93 pound per day.

(b) Feed Consumption per Unit Gain: An increase of
one Bodansky unit in alkaline phosphatase level at 700
pounds body weight could be expected to be associated with
an average decrease in feed consumption of 33,80 pounds
for each 100 pounds of gain. At 800 pounds body welght,
an increase of one Bodansky unit in alkaline phosphatase
activity would result in a decrease of 35.86 pounds in
feed consumption per unit gain.

For every increase in acid phosphatase activity of
one Bodansky unit at 800 pounds body weight, there was a
corresponding average decrease of 362.25 pounds of feed

consumed per 100 pounds gain.
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(e) Age at 500 Pounds: An increase of one Bodansky
unit in acid phosphatase activity at 500 pounds body
weight was associated with an increase in the age of the
calf at 500 pounds of 70.04 days.

Each increase in the serum inorgenic phosphate level
of one mg. per 100 ml., at 600 pounds was paralleled by a

decrease of 10.77 days in the age at 500 pounds.

(d) Overall Relationship: As with the calves during
the suckling period, the overall relationship between
line, sex, performance characteristics and each of the
blood constituents was studied in a least squares analysis.
In this, each observation was assumed to be the sum of
the influences of other variables as follows:

Yijk = Me Sy » Lj * Ap ¢ Bxlijk * Cx?ijk * DxSiJk *

€1k

the observation on the bloocd constituent

where Yj jx

M = the overall effect

84 = the added effect of the ith sex

Ly = the added effect of the jth line

Ay = the added effect of the kth sample

B = a proportionality constant which measures the

rate of change of the blood constituent

with age at 500 pounds body weight

X1 age at 500 pounds body weight
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C = a proportionality constant which measures the
rate of change of the blood constl tuent

with rate of gain

X2 = rate of gain

D = a proportionality constant which measures the
rate of change of the blood constituent
with feed consumption per 100 pounds gain

X3 =z feed consumption per 100 pounds gain

ej jk = random error

The mean squares for the line, sex, age at 500
pounds, rate of gain and feed consumption per unit of gain
are presented in Table 24.

When all the alkaline phosphatase analyses done on
each animal are considered in an overall statistical
analysis, rate of gain exerts a significant effect. There
was an overall difference between lines in acid phospha=
tase and serum inorganic phosphate level. Age at 500
pounds body weight was significantly related to the inor-

ganic phosphate level

1l. Additional Examination of the Relationship Between
the Blood Constituent and Performance Data.
There have been demonstrated quite a number of in=-
stances where a blood constituent at a particular weight

was correlated significantly with one of the performance
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Table 24

Analysis of Variance of the Blood Constituent Data When
Observations at All Weights Are Considered for the Calves
in the Test Pens

Mean Squares

Degrees Serum
of Alkaline Acid Inorgenic
Freedom Phosphatase Phosphatase Phosphate
Sex Effect 1 7.50 .00 .18
Line Effect 3 2,87 2,95% 5, 75%R
Age at 500 »
Pound s 1 o™ 01 5.76%%
Rate of Gain 1 10.22% .04 .09

Feed Consump=-
tion per Unit
Gain 1 17 .01 .28

Error 107 1.97 .02 o 25

e Significant at the one per cent level.

sz,
e

Significant at the 5 per cent level.
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criteria. 1In order to examine these relationships more
particularly, a least square analysis was set up as
follows:

Y33 * M+ 353 ¢ Bxy; + Cxpg + Dxzg + ejj

where Yji j the observation on the blood constituent of
the jth calf

M = the overall effect

Sy = the added effect of the ith sex

B = a proportionality constant measuring the

change of the blood constituent with age at
500 pounds body weight

X3 age at 500 pounds body weight
C = a proportionality constant measuring the

change of the blood constituent with rate

of gain
xo = rate of gain
D = a proportionality constant measuring the

change of the blood constituent with feed
consumption per 100 pounds gain
xz = feed consumption per 100 pounds gain
ejj = random error
Since the line effect and line x sex interaction were
shown to have no significant effect (Table 16) they were
not included in this analysis. The mean squares for the

effects studied are presented in Table 25. They



Table 25
Analysis of Variance of the Blood Constituents of the Performence Tested Calves

Mean Sguares

Rate of Feed Consumption Age at
Error Sex Gain Per Unit Gain 500 Pounds

Degrees of Freedom 47 1 1 1 1

Alkaline Phosphatase

at 500 pounds 2.58 .08 18.02% 2.22 2.39
600 pounds 2.72 .85 .28 «49 «O7
700 pounds 1.48 9.30% 1.29 1.45 .74
800 pounds 3.09 .58 35 1.30 2.57

Acid Phosphatase

at 500 pounds .02 .00 .01 .04 .20%
600 pounds .02 .01 .00 .00 .01
700 pounds .03 .08 .01 .00 .02
800 pounds .04 .00 «05 .06 .01

Inorganic Phosphate

at 500 pounds «99 2.04 3.06 .76 3.73
600 pounds «69 «83 «23 .06 « 77
700 pounds .64 «23 .04 «58 1.33
800 pounds .99 l.11 «29 « 58 « 58

» Significant at the 5 per cent level.

29
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demons trate that there was a significant relationship
between rate of gain and the alkaline phosphatase level
when sex, age at 500 pounds, and feed consumption per unit
gain were held constant. Also at 700 pounds body weight,
there is a signi ficant sex effect on the alkaline phospha-
tase levels, with rate of gain, age at 500 pounds and feed
consumption per unit gain held constant.

At 500 pounds, there was a significant relationship
between acid phosphatase and age at 500 pounds body weight,
when sex, rate of gain and feed consumption were held con-
stant.

Since the relationship of the alkaline phosphatases
at the four weights to rate of gain was of interest the
least squares analysis was varied so that the effect of
different combinations of the covariants could be observed.
Thus the relationship between the alkaline phosphatases
and rate of gain with sex held constant was observed.
Similarly sex and feed consumption per unit of gain were
held constant, then sex and age at 500 pounds body weight.

Because of the type of analysis used, the performance
criteria were used as the independent variables so that
the regression coefficients shown in Table 26 should not
be compared with those in Table 23 where the blood con-
stituents were used as the independent variables in those

linear regressions. However, the partial regression
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coefficients and the 95 per cent confidence limits serve
to illustrate the reliability of the estimates and the
influence of one covariable on another.

The relationship between the alkaline phosphatase and
rate of galn was significant either at the one or {ive per
cent level in each case. By comparison, the significant
relationship between rate of gain and the alkaline phos=-
phatase levels at 700 and 800 pounds body weight existing
when linear regresslon was used were no longer present
when sex was held constant. This would suggest that the
relationship at these two weights was sex~-dependent (Table
26).

A comparison of the partial regression coefficients
between the alkaline phosphatase level at 500 pounds body
weight and rate of gain indicated that holding sex constant
did not change the direction of the regression line
materially but increased markedly the reliability of the
estimate. Holding sex and age at 500 pounds constant did
not further improve the reliability of the estimate. How-
ever, when feed consumption was also held constant, there
was a marked influence on the value of the partial regres-
sion coefficient and an increase in the variance.

From this it would appear that a fairly reliable
estimate of the relationship between alkaline phosphatase

end rate of gain could be obtalned by using a regression



Table 26

Regression Coefficients and Their 95 Per Cent Confidence Intervals of the Serum
Alkaline Phosphatase Levels at 500, 600, 700 and 800 Pounds Body Weight on Rate of
Gain With Certain Variables Held Constant

x/y Serum Alkaline Phosphatase at
500 pounds 600 pounds 700 pounds 800 pounds
Rate of Gain 1.66 £ 7.67%% .33 2 7.76 1l.13 & 6.,08% 1,30 2 7,35%

Rate of Gain (with sex
constant) 1.99 & 1.48%*% 05 % 1,50 <27 2 1.12 .64 % 1,40

Rate of Gain (with sex and
feed economy constant) 2.47 ¢ 1.87% .29 ¢ 1,91 .67 & 1.43 .30 ¢ 1,78

Rate of Gain (with sex and
age at 500 pounds constant) 1.92 & 1.47% .06 ¢ 1.54 24 & 1.16 «71 & 1.43

Rate of Gain ( with sex, feed
economy and age at 500
pounds constant) 2.43 ¢ 1.86% «30 £ 1.91 .65 ¢ 1.41 .34 % 2,03

99
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equation incorporating the sex effect and the age-at-500-

pounds effect.
C. Adult Cows

The data collected from the adult cows in November,
1957, were subdivided according to line and age. Since
there were no animals of a particular age group in some
of the lines, the data in Tables 27, 28 and 29 are classi-
fied only by age and breed. However, a least squares
analysis of the data was used as follows:

Yijk = M+ Ly + AJ + €1 ik
where Yjjx = the observation of the blood constituent

on the kth cow

M = the overall effect

Ly = the added effect of the ith line

Aj = the added effect of the jth age group
and  ej jx = random error.

In this analysis, all four lines were considered and the
cows over five years of age were grouped together since
there didn't appear to be any marked age differences after
this age.

A further analysis was made of the data in which only
the effect of age was considered. The results of these

snalyses are presented in Tables 30 and 31.



Table 27
Mean Serum Alkaline Phosphatase lLevels and Standard Deviations of the Cows

Age
2

©® 0O N o O» & O

Hereford Cows Angus Cows All Cows
Serum Alkaline Serum Alkaline Serum Alkaline

No. of Phosphatase No. of Phosphatase No. of Phosphatase
Animals (Bu./100 ml.) Animals (Bu./100 ml.) Animals (Bu./100 ml.)
13 3.43 ¢ 0,85 10 3.68 £ 1.73 23 3.54 * 1.28
5 2.46 * 0,33 5 3.05 * 0,59 10 2.76 * 0,55

9 2.19 & 0.55 2 2.03 * 0,68 11 2.16 & 0.54
3 2.81 ¢ 0,77 2 1l.46 % 0,58 b 2.27 £ 0.96
2 1.71 &£ 0.71. 4 1.70 2 0.46 6 1.71 £ 0,48

4 1.7 £ 0,14 0 4 1.79 £ 0.14

4 1.78 & 0,35 1 l.92 5 1.81 2 0,31

2 1l.54 * 0.24 1 1.99 S 1.69 T 0.31

89



Table 28
Mean Serum Acid Phosphatase Levels and Standard Deviations of the Cows

Age

2
3
4
S
6
7
8
8

Hereford Cows

No. of

Cows

13

VOB O N W © o

Acid
Phosphatase
(Bu./100 ml,)
0.37 £ 0.26
0.45 £ 0,09
0.51 ¢ 0.21
0.33 & 0.05
0.42 2 0.25
0.35 ¢ 0.05
0.46 % 0.13
0.32 ¢t 0.16

Angus Cows All Cows
Acid Acid

No. of Phosphatase No. of Phosphatase
Cows (Bu,/100 ml.) Cows (Bu./100 ml.)

10 0.32 & 0,09 23 0.35 2 0,20

5 0.47 & 0,24 10 0.46 £ 0,16

2 0.37 2 0,24 11 0.48 % 0.21

2 O.41 * 0.26 5 0.36 * 0.14

4 0.26 2 0,37 6 0.31 2 0.15

0 4 0.35 &£ 0.05

1 0.20 5 0,40 * 0.16

1 037 3 0.33 ¢ 0,12

62



Table 29
Serum Inorganic Phosphate and Steandard Deviations of the Cows

=
mmqmm»umh&

Hereford Cows Angus Cows All Cows
Inorganic Inorganic Inorganic
Phosphate Phosphate Phosphate
No. (Mg. P/100 ml.) NO. (Mg. P/100 ml.) No. (Mg. P/100 ml.)
13 7.01 = 0,72 10 7.11 £ 0.87 23 7.05 £ 0.77
5 6.43 £ 1.21 5 7.07 £ 0,57 10 6.75 2 0.95
9 5,95 2 0.68 2 5.41 ¢ 0.02 11 5.85 & 0.64
3 5.75 * 0.94 2 5.79 & 1.73 5 5.77 £ 1.10
2 4,58 ¢ 0,23 4 6.46 = 1,00 6 5.83 ¢ 1,286
4 5.08 £ 0,92 (8] 4 5.08 &£ 0,92
4 5.10 2 0.59 1 5.28 S 5.13 % 0.49
2 4,02 * 0.42 1 5.24 3 4.42 2 0.77

04
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Table 30

Anelysis of Variance of the Blood Constituent Data
of the Adult Cows

Mean Squares

Error Line Age Group
Degrees of Freedom 59 o) 4
Alkaline Phosphatase .79 .19 11.,09%*
Acid Phosphatase .03 .03 1.81
Inorganic Phosphate .67 2,39% 12, 58%%

*% gignificant at the one per cent level.
* gignificent at the five per cent level.

Table 31

Further Analysis of Variance of the Blood Constituent Data
of the Adult Cows

Years of Age

Error 2«3 S=4 4«5 S5-
Degrees of Freedom 62 1 1 1 1
Alkaline Phosphatase .76 4.24%  1.89 .04 1.05
Acid Phosphatase .03 .09 .03 .05 .00
Inorgenic FPhosphate .76 .68 4.,22% +23 1.1

* gignificant at the five per cent level.
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l. Serum Alkaline Phosphatase.

The mean serum alkaline phosphatase activi ty of the
two-year-old cows was 3.54 Bodansky units (Table 27).
There were no line differences observed in alkaline phos=-
phatase level (Table 30). However, two-year-old cows had
significantly higher levels than the three-year-old cows
(P < 0.05). There were no significant differences between

the levels of phosphatase activi ty among the older cows.

2. Serum Acid Phosphatase.

The mean serum acid phosphatase activity level of all
two-year-o0ld cows was 0.35 Bodansky units per 100 ml.
(Table 28). There were no age or line effects observed

in this blood constituent.

3. Serum Inorganic Phosphate.

The mean serum lnorganic phosphate level of all cows
at two years of age was 7.05 mg. per 100 ml. serum and
that of the cows over eight years was 4.42. There was a
significant difference between lines (P < 0.05) and also
a significant difference between age groups (P < 0.01).
The three year old cows had a mean level of 6.75 mg. per
100 ml. which was significently higher than the four year
old level of 5.85 mg. per 100 ml. (P < 0.05, Table 31).
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D. Overall Relationship

The values reported for the three blood constituents
during the suckling period, the feed test period and in
the adult cows have been pooled and in Figure 1 a graphi-
cal presentation of the data is given. This demonstrates
the changes in the blood constituents with age and shows
how the data on the three different groups of animals used
combine into an overall relationship. The continuity in
the levels observed suggests that the data obtained from
each group of animals are indicative of the information to
be expected from a comparable group under the same condi -
tions and that it is not peculiar to that particular group
of individuals alone.

The graph for the serum alkaline phosphatase level
shows initially a very sharp decline with age in the first
year of 1life with a subsequent slow deecline to a fairly
constant level at maturity. The serum acid phosphatase
does not show any consistent relationship with age. The
serum inorganic phosphate level rose to a peak at three

months of age and declined steadily to 2 years of age.
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DISCUSSION

The phenotypic expression of a certain character at
any stage in the lifetime of a given individual may be
viewed as the combined result of its genetic constitution
and the environment in which it develops and lives. Some
traits are greatly influenced by environmental factors and
so are comparatively plastic, whereas some are remaerkably
resistant to outside influence. Enzyme and metabolic
systems represent the individual's mechanism for adapta-
tion or non-adaptation to the influence of environment.

In this discussion, the data accumulated will be considered
in relation to various factors both genetie and environ-

mental and their influences evaluated.

1. Sex.

A search of the 1i terature revealed that slight or
no sex differences in serum alkaline and acid phosphatase
or inorganic phosphate level have been recorded (8, 22)
so that some evaluation of the sex differences reported
in this study should be made. The differences in the
present study appeared towards the end of the feed test
period. One possible explanation of these sex differences
is that they were produced by examining the levels at
constant welghts rather than at constant ages. This would

not influence the animals at 500 and 600 pounds body
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weight where the age ranges of the two sexes were similar
(Table 12). When the cal ves had reached 700 and 800
pounds body weight, there was quite a marked difference

in the average age of the two sexes and little overlap in
their age ranges. At 500 pounds body weight, the mean
ages and age ranges were 243 (195-284) days for males and
259 (196-334) for the females. These differences increased
until at 800 pounds body weight, the mean ages and ranges
were 355 (200-422) days for the males and 405 (328-479)
days for females.

If there were no sex differences existing between the
calves and the only dif ferences were due to the sampling
at dl fferent ages, then the regression coefficients of the
blood constituent level on age at sampling for the two
sexes should be similar, In the case of serum alkaline
phosphatase, both regression coefficients calculated were
not significantly different from zero indicating that
there was no relationship between age and serum alkaline
phosphatase level. Thus the differenées in serum alkaline
phosphatase activity while the calves were on feed test
wefe not the result of sampling at different ages but were
actually related to their size and hence rate of gain.
However, in the case of the serum acid phosphatase levels

for the calves while they were in the test pens, those of

the female calves were found not to vary with age. There
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was a significant effect of age on the acid phosphatase
levels of the male calves (b = 0.0012). Thus some of the
sex differences observed in the level of serum acid phos-
phatase at the different sampling weights during the feed
test period might be attributed to sampling at different
ages.

The serum inorganic phosphate levels of the male
calves while in the test pens were found not to vary with
age during the feed test period but there was a steady
decline with age in the case of the female calves. The
regression coefficient of -0.0049 for the female calves
was significant at the one per cent level. This indicated
that any difference between male and female calves in
serum inorganie phosphate level could have been due partly
to the effect of age on the female calves.

It was significant that the onset of sex differences
in the blood constituents was somewhat later than the
appearance of sex differences in the performance charac-
teristics. This might be due to a number of factors one
of which is that these blood constituents may not be very
closely associated with sex but are related to characters
which are themselves modified by sex. It would appear
that they are not particularly sensitive indicators of

sex differences.
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2. Line.

When serum alkaline phosphatase activity was examined
for line differences, the David females were found to have
higher levels at birth than the Angus females. The Lion-
heart and Prince males had higher levels at three months
of age than Angus males and the Lionheart females had
higher levels than the David females. At six months of
age the Angus females were found to have significantly
higher levels than the Lionheart and David females.

No differences were found between the various lines
in serum alkaline phosphatase activity at 500, 600 or 700
pounds body weight. At 800 pounds body weight, the Angus
males were found to have significantly higher alkaline
phosphatase levels than either the Prince or David males.

In the adult animals, no line differences were ob~-
served in serum alkaline phosphatase activity.

While line differences appeared to exist at various
times, no consistent pattern was demonstrated so that
these differences should be interpreted with caution.
Working with this herd in 1956, Alexander and co-workers
(1) were unable to demonstrate line differences in serum
alkaline phosphatase level at 800 pounds body weight.
Also Kunkel and co-workers (14) found no difference in

serum alkaline phosphatase activity between Angus, Here-
ford, Jersey and Holstein cattle.
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Some line differences were observed in serum acid
phosphatase activity at 500 and 600 pounds body weilght.
However, in general, no consistent line differences could
be demonstrated for this blood constituent. Similarly
many line differences in serum inorgenic phosphate level
have also been demonstrated but there was no consistent
pattern emerging to suggest a distinct line difference
throughout life. it might be that these line differences
at the various stages in growth were real but larger
numbers of individuals would have to be sampled for much
reliance to be placed on these differences.

When one considers that these lines each of only a
few individuals have been closed to outside introductions
for at least seven years and that there has been a high
turnover of bulls used it is rather surprising that the
differences between the lines were not more marked. It
would seem that both serum alkaline and acid phosphatase
production are well buffered against the effect of
inbreeding consequent on such small population sizes. It
might be that the selection pressures for rate of gain and
feed efficiency may counterbalance any effect of inbreed-
ing and the tendency to homozygosity. Also the inbreeding
may not have yet progressed to the extent where it would
exert any effect on the production of these enzymes. Of

course, inbreeding may not produce any such effect.
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However, since modern theories of enzyme synthesis postu-
late a genetic control, it would seem reasmable to expect
that alterations to the genetic make-up of an individual
would result in an alteration to its enzymatic balances.
Since ribose nucleic acid appears to be assoclated with
protein synthesis (10) and hence alkaline phosphatase
production, the genetic control may be only very indirect
and therefore marked changes in the genetic constitution
of the individual may be necessary before phosphatase

activity is affected.

3. Growth.

A steady decline in serum alkaline phosphatase activ-
ity with age is apparent with little change after four
years of age (Figure 1). This general decline with age
is in keeping with the observations of Kunkel and
co-workers (14) who found little change in the levels of
cows between three and nine years of age. In man, there
is a rise in the first four months of life and then a
steady decline to a standard level after puberty (21).

It is possible that sampling the calves during the first
week of life and then at three months of age missed a peak
in the serum alkaline phosphatase activity between those
two ages. Another possibility is that a peak does not

occur in calves but there is merely a steady decline in
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level from birth.

The serum inorganic phosphate level of the calves was
et a maximum at three months of age (Figure 1). As the
animals grew older there was a steady decline in the
level. While in man a similar peak is observed at four
to six months of age, the inorganic phosphate level
stabilizes at a lower level during childhood with an
abrupt drop at puberty to the adult level (21)., The
sampling in this study was too infrequent to demonstrate

whether a similar trend at puberty exists in beef cattle.

4, Diet.

In this study, no direct assessment of the effect of
diet was made but, of necessity, the diet was changed
throughout the sampling periods. For this reason the
effect of diet on the values obtained should be consideced.

There was considerable variation in the serum alka-
line phosphatase levels in the calves during the first
week of life. It has been well established that fat in-
gestion in rats is associated with an increased serum
alkaline phosphatase activity (9). On this basis, a
possible cause for the extreme variation found in the
calves during the first week of life might be the fat
content of the milk in the diet. Calves bled shortly

after suckling would be found to have higher alkaline

phosphatase activities than calves bled when they had not
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suckled for some time. Supporting this view is the
reduced variability in the serum alkaline phosphatase
activity of the calves at three and six months of age
when milk was making a smaller contribution to the total
diet.

The calves in the test pens had a standard diet to
eliminate any effect of change in the levels of the
various nutrients during the performance test period.

The diet was considered adequate in all nutrients and was
fed ad libidum (18). This facilitates the study of non-
dietary factors on the various blood constituents. 1In
addition the calves were usually in the test pens for a
month or more before they reached 500 pounds body weight
so that adequate time was allowed for adjustment to the
new diet and conditions. Similarly the adult cows had all
been fed grass silage for over a month before sampling so
that any effect of diet on the blood constituents had been
stabilized. For these reasons, di fferences have been ob-
served in this study which may not be found where dietary
control is not go rigid and variation due to diet masks

that due to other factors.

5. Rate of Gain.
It was not possible to demonstrate any significant
correlations between the blood constituents and the growth

criteria of the calves during the suckling period.
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However, when the feed test cal ves were considered signifi-
cant correlations were obtained between rate of gain and
serum alkaline phosphatase level at 500, 700 and 800
pounds and serum acid phosphatase level at 800 pounds body
weight. Since these correlations could have been produced
by sex differences or by correlated effects of age or feed
consumption per unit gain, these effects were examined in
a multiple regression model. This examination indicated
that only at 500 pounds body weight was the serum alkaline
phosphatase activity significantly and directly related

to rate of gain. An exemination of the mean squares for
each independent variate in Table 25 showed the degree of
relationship each variable had with the particular blood
constituent. At 700 pounds body weight, the direct rela-
tionship of sex with serum alkaline phosphatase level was
significant with the next largest mean square being that
of feed consumption per unit gain. Age at 500 pounds body
welght was more closely associated with serum alkaline
phosphatase level at 800 pounds body weight than any of
the other independent variables. When the mean squares
assocl ated with serum acid phosphatase level at 800 pounds
body weight were considered, it could be seen that rate of
gain eand feed consumption per unit gain were approximately
equally related to the serum acid phosphatase level.

By reference to Table 26, it would be seen that the
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bulk of the association of rate of gain with the serum
alkaline phosphatase levels at 700 and 800 pounds was
sex-dependent.

This change in relationship with age indicates some
interesting aspects. It is possible that there was no
association of rate of gain with the blood constituents
during the suckling period. However, the other possibility
is that there was an association but that it was masked
by variations due to other causes. The appearance of a
highly significant association between serum alkaline
phosphatase level at 500 pounds body weight and rate of
gain would suggest that the latter possibility would seem
more likely. When the calves were an a standard diet and
under uniform conditions in the test pens, the variation
in the blood constituents was reduced sufficiently for
the association with rate of gein of serum alkaline phos=
phatase level to be demonstrated. This association was
lost at 600 pounds body weight end at 700 and 800 pounds
body weight, most of the relationship between serum alka-
line phosphatase level and rate of gain was associated
with sex differences. This indicates a change in the
metabolic pattern of the calves while they were in the
test pens.

The correlation between serum alkaline phosphatase

level at 500 pounds body weight and rate of gain lends
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1tself to the development of a prediction equation, TUsing
gserum alkaline phosphatase level, age at 500 pounds body
weight and sex as the independent variables, rate of gain

may be predicted by the following equation:

vy = 1.85 + 0.54x7 to .064xp + 0.0005x3

where y = rate of gain

X1 = O for females and 1 for msles
Xo = serum alkaline phosphatase level at 500 pounds
body welght
and xz = i1s the age at 500 pounds body weight.

For a 250-day-o0ld male calf with a serum alkaline
phosphatase level of 6.00 at 500 pounds body weight aged
250 days,vthe estimated rate of gain with its 25 per cent
confidence limits would be

2.70 * 0.26 pounds per day.

The actual serum alkaline phosphatase level for male
calves at 500 pounds body weight was 6.31 * 1.76 Bodansky
units per 100 ml. Arbitrarily taking two standard devia=
tions from the mean as the range of the samples, this
range would be 2,79 to 9.83 Bodansky units. Substituting
these values in the prediction equations, the rates of
gain for 250-day-old male calves with these alkaline phos=-
phatase levels would be 2,49 and 2.95 pounds per day.

Similarly for the female calves the two extreme predicted
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rates of gain would be 1.93 and 2.34 pounds per day.

Thus, for 250-day-old calves, the observed serum alkaline
phosphatase levels could be used to predict the expected
rates of galn from 1.93 pounds per day for females to 2.95

pounds per day for males.
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SUMMARY AND CONCIUSIN 3

1. The performance and certain blood constituent data
have been presented for 46 suckling calves, 52 calves o
performance test and 67 adult cows. Involved in the study
were two breeds, Aberdeen Angus and Hereford, the latter

consisting of three closed lines.

2. The performance data may be summarized as follows:

(a) The calves of the three Hereford lines had
heavisr birth weights than the Angus calves. No signifi-
cant sex or line differences were found in the suckling
gain to six months of age. |

(b) At 500 pounds body weight, the male calves com-
menced the performance test period at a younger average
age than the females. The Angus calves of both sexes were
younger than the Hereford calves. A marked sex difference
in rate of gain in all lines was observed, the males also

making more economical gains than the females.

3« The blood constituents which were studied were serum
alkaline phosphatase activity, serum acid phosphatase
activity and serum inorganic phosphate level.

(a) The serum alkaline phosphatase levels during
the suckling period showed a steady decline in level with

age and there was less variation in the levels of the
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older calves. During the performance test period, the
serum alkaline phosphatase level did not show any decline
with age but sex differences were observed at 700 and 800
pounds body weight. In the adult animals, twc-year=-old
cows had significantly higher levels than the older cows.

(b) Serum acid phosphatase levels during the suck-
ling period did not show any sex or line differences.
However, during the performance test period, an overall
sex difference was found at 700 pounds body weight and,
at 800 pounds body weight, the Angus males had higher
levels than the Angus females. There was a significent
increase in level due to age in the male calves. No age
or line effects were observed in the adult cows.

{(e) The serum inorganic phosphate levels of the
suckling calves rose to a peak at three months of age and
then declined at six months of age. During the performance
test period, significant differences were recorded between
the lines but there was no effect of sex. However, within
the females there was a significant decline in level with
age. In the adult cows there was a steady decline in

serum inorganic phosphate level with age.

4., No correlations were found between the blood constitu-
ent and performance data for the young calves. However,

during the feed test period, a number of correlations were
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found between the blood constituents and performance char=-
acteristics, the most consistent of which was that between
alkaline phosphatase level and rate of gain. When exam-
ined more thoroughly, the relationship at 500 pounds body
weight was found to be real and not associated with sex,
age or feed economy. A prediction equation was developed
using sex, age at 500 pounds and serum alkaline phosphatase

level at 500 pounds body weight.
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