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THE RELATION OF THE SERUM PHOSPHATASES TO GROTH 
OF GENETICALLY DIFFERENT GROTJPS OF BEEF CATTLE 

Th TRODUCT ION 

In the field of beef cattle improvernen.t through 

genetic research, a considerable amount of attention has 

been focused on characteristics wu1ch have an Immediate 

economic importance. Such measures of productivity as 

calving percentage, birth weight, suckling Eain, 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. 

iqually important in this reard Is 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. 1These 

Investigations have been used in this case to attack a 



simply inherited condition. It is quite feasible that a 

similar approach In analyzing the physioloical components 

of a polygenically controlled trait such as rate of aain 

may be even more fruitful. 
Studies on the metabolism of rapidly anci slowly gain- 

Ing beef cattìe have been carried out at a number of expex4- 

ment stations. This type of research has beers pursued 

actively at the Oregon Agricultural Experiment Station as 

an adjunct to the performance testing prrainme. Various 

constituents of the blood and urine have been deternìrìed 

and related to growth. These blood and urine corstituerits 

represent either intermediate or end products of enzymatic 

processes end 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. lor this 

reason and others which will be developed in the review of 

literature end discussion, the serum phosphatases have 

been the subject of this study. 



REVIEW OF LITERATURE 

1. The Serum Phosphatases. 

The serum phosphatases belDng to a CICSS oS' enzymes 

kron as the phosphomonoesterases which are specific for 

a sinIe chemical bond and on orthoposphoric monoesters. 

Four phosphomonoesterases of different pH optima have beer: 

tdentified partly by piT optima and partly by differential 
activation by magnesium ions (20). 

The two main broad groups of phosphatases present in 

blood serum are the phosphomonoesterases I (alkaline phos- 

phatase) arid phosphomonoesterases I (acid phosphatase). 

Tormally these enzymes are considered to he derived from 

various tissues such as the liver, bone and kidney (IO). 

Their functional significance has not been fully estab- 

lished. 

As indicated by their classification, they are 

enzymes which are specific ior orthophosphoric monoesters 

but are rather non-specific rearding other aspects of the 

substrate. Dixon and V'!ebb (10) consider they attack most 

orthophosphoric monoesters and also catalyse transphos- 

phorylatio!s. Axeirod (4) cites instances of alkaline and 

acid phosphatases acting in vitro on phosphocreatine and 

transferring the phosphate group to glucose, glycerol and 

fructose. Glucose-1-phosphate, phosphopyruvate, and 
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5'-riucleotides have been shown to act as donors. 

In investigations of' pure enzymes, it is 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 nd in investiations 

of physio1oica1 or medical chemistry, it is sufficient to 

make a single determination, at a time chosen in such a 

way that a hydrolysis of not more th&i 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 substratos 

under nonidentical conditions. Th . e 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 7° (13). Arother unit 

often used is the King and Arms trong unit which, as used 

by Gutman and Gutman, is defined in terms of the liberation 

of one mg. per cent of phenol and is approximately double 

the val of the phosphate uiit 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 
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11bìrated per liter of serum per hour at 38° from 

p-nitropherLyl phosphate. ach micromole per liter of 

serum per hour is approximately equivalent to 1.79 Bodansky 

urits per loo ml. serum per hour. 

'uch of the information about the serum phosrhatase 

has been derived from the study of various pathological 

conditions. Iorma1ly it is considered that these enzymes 

are derived by diffusion from various tissues such as the 

liver, kidney, osseous tissue and prostate (le, 20). In 

various patho1oical conditions, a particular tissue ray 

pour high levels of one or the other enzyme into the 

blood; so that the presence of a hyperphosphatasemia has 

been used as an aid in the diaìosis of some disease. 

However, studies have also been made of the variations In 

the levels of these serum constituents in relation to 

normal physiological functions. 

2. The Serum Phosphatases and Sex. 

The ser alkaline phosphatase level of the female 

rat was only 60 per cent that of the male level but this 

difference could be elirriinated by standardizing the food 

intake of the two sexes (22). Acid phosphatase levels inì 

the serum of adult males did riot vary significantly from 

that in adult females (7, 22). 

Castration of male animals caused increases in the 



serum alkaline phosphatase activity but rio change In acid 

pb.osphatase (B). Estrogen administration to a castrate 

male caused a decrease In acid phosphatase (B). 

CastratThn of and testosterone administration to fe- 

males increased the serum alkaline phosphatase activity 

(B) but castration alone did not have any effect (22). 

EstroEen caused rro change in the seriim alkaline phospha- 

tase level. Serum acid phosphatase was riot influenced by 

castration, or administration of estrogen or androgen to 

the intact female or androgen admiristration to the cas- 

trate female (B). 

3. The Serum Phosphatases and Crowth. 

Hypophysectomy decreased the serum alkaline phospha- 

tase activity (15) and the administration of growth hor- 

mane to normal animals generally increased the serum 

alkaline phosphatase activity (16). No informaton is 
available on the relationship of acid pho9phatase to 

growth hormone production. 

Barnes and Mu.nks (5) found that in children the serum 

alkaline phosphatase level rose from 7.1 Bodansky units 

per loo cc. serum at birth to a maximum 13 Bodansky units 

at 5 months of age. There was then a steady decline until 
ore year of age. Stearns and arweg (21) examined the 

variation in humans over a much greater age range and 



round a similar trend, the plasma alkaline phosphatase 

level increasing by 100 per cent during the first month of 

life. This level was maintained 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 Brahman 

cross cattle and found a lowering of phosphatase activity 
with age from 3.4 mlcromole units per liter of serum (6.8 

Lodansky units per 100 ml.) for 8 to 14 month old European 

cattle to 1.5 micromoles (3.0 Bodansky units) for cows S 

to 9 years of age. 

Jo 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 calcium Olet, the 

animals also becoming rachitic (23). In human rickets the 

serum alkaline phosphatase activity is elevated. 
iuchinachie and Ensile (3) found that, ifl sheep fed a diet 
deficient in calcium 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 riot reached 

normal levels after one month. 
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Serum alkaline phosphatase activity iti 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. UslLlg rats, Weil and russel (24) showed 

that fasting produced a lowering of the plasma alkaline 

phosphatase level which was corrected on return to a 

rormal 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 

li terature. 

5. The Serum Phosphatases and Rate of Gain. 

In recent years Interest has been focused on the 

relationship of the serum pnosphatases, particularly serum 

alkaline phosphatase, to rate of :airi in beef cattle. 
Kunikel 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 

initial phosphatase level arid feed lot gain and one of 

0.56 between final phosphatase level and feed lot gain. 



In studies tth 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, -.;5 and .07 for bulls zd -.02, .45 and 

.43 for heifers. However, most of the correlations be- 

tween phosphatase and gain were positivo, and only posi- 

tive correlations (.63, .45 and .43) were significant 

statistically. Alexander et al. (1) examired the relation- 

ship of serum alkaLne and acid ûhosphatase levels at 800 

lbs. body weight with rate of :ain i: Hereford and Angus 

cattle. They found a correlaon of 0.54 between alkaline 

phosphatase level and rate of gain and one of 0.37 between 

acid phosphatase level and rate of ain. 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 ain. 
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METHODS AND PROCEDURE 

Data presented in this investigation were taken from 

the beef cattle herd maintained at the Oreon Agricultural 

ExperimerTit Station at Corvallis, Oregon. There are two 

breeds, Hereford and Angus, represented in the herd. The 

Hereford groups are made up of three closed lires of 

approximately 15 cows in each line while the Angus uxd.t 

comprises approximately 20 cows in a closed liLe. The 

cows are pasture-mated in single bull breeding groups in 

June-July to calve during the spring, the bulls used being 

selected from the previous years 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 

lc57 and were weaned at about 425 pounds body weight. 

Those calves not rechin.g 425 pounds before iovember 14, 

1957, were weaned regardless of their weight. After wean- 

ing, the calves were placed under experimental conditions 

as described by acDonald et al. (lo). 

The younger group of 46 calves born in the spring of 

1958 was maintained on irrigated pastures during the 

suner months until they reached 425 pounds body weight 

or until overnber 14, 1958. 
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2. Blood Collection. 

A series of blood samples were collected from each 

animal. Either 13 or 15 gauge blGeding needles were used. 

In every ista.nce, the blood sample consisted of about 30 

ml. collected in a 50 ml. graduated centrifuge tube with- 

out oxalate. The snple was allowed to clot arid, after 
centrifugation, the sextim was dra off. 

The following series of samples were taken. The cows 

were all bled in oventher, 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 aid 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 as near to it as possible, at 

three months of age, and. at six months of age. The calves 

were bled on the Viednosday 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 weights as was done with the 

performance-tested animals. If thej had been bled at 100, 

200, 300 &nd 400 pounds body weight, some would have had 

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

3. Chemical Analyses. 

The serum drawn off was frozen over-night ard the 

serum inorganic phosphate and alkaline and acid phospha- 

tases analyzed the following cay. 

Alkaline phosphatase was determined according to 

Hawk, Oser and Suìwerson (3, p. 583-586). The incubation 

procedure of Bodansky as 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 Reirihart modified by 

Hawk, Oser and Surnmerson 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 )i.iOS 

phate was that of Fiske a6 Subbarow (11). 

4. Statistical Analyses. 

The means, standard deviations, regression coeffic- 
ionts an . d correlations have been &tained according to 

statistical tecbriques as outlined by Li (1?). In addi- 

tion the blood constituents were re(ressed 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 subdivtsions to allow corn- 

pansons between sexes and lines. 
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EX PERIMEN TAL FINDINGS 

A. rrhe Suckling Period 

The information. compiled on each calf included birth 
weight arid averae rate of gain to six months of age 

(suckling gain). Ana1yss were made for serum alkaline 

phosphatase, serum acid phosphatase and serum inorganic 

phosQhate 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 as con- 

sidered that the Hereford lines were sufficiently diver- 

sent to be compsred directly with the Angus line rather 

than be pooled in a compari son of Hereford ai d Angus 

animals. 

The least squares method of analysis (2) was used to 

estimate the line, sex and line x sex interaction effects 

for the sucklin gain and blood constituent data. Each 

observation was assumed to be the sum of the thf uerces 

of other variables as follows: 

'ijk = Si + 
(SL)jj 4 e1j1 

here the observation on the kth calf of the ith 
sex in the jth line. 

the overall effect. 
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the adued effect of the ith sex. 

the added effect of the jth line. 
(SL)1 the added effect of the ith sex in the jth 

line. 

eijk random error. 
Pifferences 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 

probabili ty. 

1, Birth eiht. 
The mean birth weijt of the calves 'as 66.8 pounds 

(Table 1). The sex difference was too s1iht to be 

regarded as significant (Table 5). The Angus malos aver- 

aged 56.5 pounds at birth, 1.8 pounds lighter than the 

Angus females. The only 1ire in which the males or in 

fact any sex was heavier on the averaLe was the Prince in 

which the average mele birth weicht of 77.1 pounds ws 
significantly heavier than the avera'e female birth weight 

of 61.0 pounds (F< 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) piero significantly heavier 

than the Angus males (' ( 0.01), The Lionheart and .Friree 

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 

__________------- - - 

o. of Bir th Wel ght Suckling Gain 
Group Calves (lb.) (lb. per day) 

Lionheart Males 9 73.8 7.0 1.61 t .38 

Lionheart Females 5 74.2 t 15.6 1.66 t .13 

Prince Males 8 77.1 11.5 1.73 t .24 

Prince Females 3 61.0 3.0 1.26 .17 

David Males 2 60.0 2.8 1.72 t .14 

David Females 5 62.8 t 4.4 1.57 t .14 

Hereford Males 19 73.7 t 5.2 1.67 .31 

Hereford Females 13 66.8 t 11.3 1.53 t .21 

Angus Males 6 56.5 t 4.5 1.78 t .15 

Angtis Females 8 58.3 t 6.1 1.55 I .29 

All Males 25 69.6 1 11.6 1.70 1 .29 

All Females 21 63.5 1 10.3 1.54 t .24 

All Animals 46 66.8 1 11.4 1.63 Z .28 
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ithin the females, tbe Lionheart females with a mean 

weihht of 74.2 pounds outweighed the Angus females (P < 

0.01). The Lionheart female calves also had superior 

birth weights i the average to the Prince and favid 

females (P < 0.05) (Table 1). 

2. Suckling Gain. 

The mean rate of gain from birth to six months for 

all calves vas 1.63 pounds per day. hile the male calves 

averaged 0.16 pounds per day more ain than the female 

calves, this difference 'as 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 average daily gain of 

1.26 pounds (P < 0.05). 

When the male calves of the various lines were com- 

pared, no s1iificnt differerces in suckling gains were 

observed. Similarly, r10 marked differences were found 

between the female calves of the various lines (Table 1). 

3. SenJJrl 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 (Ta1e 2). There was marked 

variation in the levels at tuis age as indicated by the 



Table 2 

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

Serum Alkaline Phosphatase 
(Bodarsky wilts per 100 ml.) 

Group At Birth 3 Months 6 Months 

Lionheart Males 10.09 I 2.34 8.23 2.67 6.11 ! 1.41 

Lionheart Females 3.77 10.08 2.01 4,49 1 0.82 

Prince Males 10.64 4.53 9.00 2.59 5.83 2.34 

Prince Females 10.46 t 2.26 t2.90 2.31 5.70 2.03 

David Males 13.94 0.74 7.01 0.60 4,75 Z 0.11 

David Females 16.03 9.03 5.88 1.94 4.95 t 0.69 

Hereford a1es 10.73 3.43 8.42 t 2.46 5.85 2 1.78 

Hereford 1'en1es 14.47 ! 6.17 8.19 ! 2.71 4.96 t 1.14 

Angus iales 9.12 ! 5.65 5.48 ! 1.44 5.91 ± 1.82 

Angus Females 10.36 ! 3.93 8.39 I 3.16 8.26 ± 3.05 

All Males 10.34 Z 3.84 7.72 I 2.57 5.86 ± 1.75 

All Females 12.90 I 5.70 8.27 2.81 6.22 2.59 

All Animals 11.51 4.96 7.o7 ± 2.67 5.02 ± 2.16 
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standard deviation of 4.96e 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 siuificant difierences were observed. 

Ir the female calves, the Angus females were found to 

have a senm alkaline phosphatase activity significantly 

lower than the David ferrles (i < 0.05). 

(b) At 3 Months of Age: At tiis 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, ro 

sex differences were observed with the exception of the 

AnL)US line in which the males had a much lower level (7.72 

Lodansky units per 100 ml. serum) than the females which 

averaged 8.39 Bodansky units per 100 ml. (P ( 0.05). 

hen compared with the matie calves of the other 

lines, the Angus males had siiificantly 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 sn average of 

10.08 Bodansky units per 100 ml. serum exceeded the 

average alkaline phosphatase activity of the David females 

by 4.20 Boda sky units per 100 ml. serum (Table 2). 



Cc) At 6 íonths of Age The mean alkaithe phospha- 

tase activity of all calves had fallen still further to 

6.02 Bodansky units per loo ml. with a slight reduction 

ifl the individual variation (Table 2). Ês was the case 

with the two previous a:es, males had a lower averare 

alkaline phosphatase level than females but the difference 

was riot sinificarit. The only significant sex difference 

was again between the Angus male and female calves where 

the females exceeded the males by 2.35 Bodarsky units per 

100 ml. (F 0.05). 

There were no siiificant differences between the 

male calves of the various lines. However, the Angus 

females were found to have siificantly hiL1er levels 

than both the Lionheart and David females. The differ- 

exces of 2.77 and 3.31 Bodanaky 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 significant 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. o sig- 

rificant 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 lics were comoi,red, ib alfíerences 

were recorded (Table 3). 

(b) At 3 Months of Age: At three months of age the 

mean serum acid phosphatase level had fallen to 0.58 

Bodansky units per 100 ml. Once air all groups of 

calvos were similar so that neither sex nor line differ- 
erices were observed. 

(c) At 6 ïiionths of Age: The mean serum acid phos- 

phatase level of all calves at this age was 0.80 ¿odansky 

units per 100 ml. The variation from individual to indi- 

vidual was once again sufficiently great that the differ- 
erices between sexes or lines wore not statistically 
signif i cant. 

5. Senim Inorganic Phosphate. 

(a) At Birth: The mean serum inorgalbic phosphate 

level of all calves thì taken dur:Ln. the first week of 

life was .05 mg. phosphorus per 100 ml. serum (Table 4). 

:0 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 sinificaritly higher than the 
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Table 3 

Mean serum Acid Phosphatase Levels arid Standard 
Deviations at Birth, 3 Months xid G Months of Ae 

Serum Acid Phosphatase 
Group (Bodarisky units per loo ml.) 

At BIrth 3 ionths 6 orìths 

Lionheart aics 0.58 t 0.25 0.51 t 0.15 0.78 t 0.24 

Lionheart Females 0.66 E 0.30 0.58 t 0.22 0.37 t 0.30 

Prince Males 0.55 0.29 0.67 t 0.22 0.87 t 0.33 

Prince Females 0.71 ! 0.16 0.52 t 0.09 0.86 t 0.20 

David Ia1es 0.70 t 0.12 0.48 t 0.04 0.57 t 0.17 

David Females 0.79 t 0.49 0.54 t 0.28 0.72 ± 0.20 

Hereford a1es 0.58 I 0.25 0.57 t 0.19 0.80 t 0.28 

hereford Females 0.72 t 0.35 0.55 t 0.21 0.ol ± 0.24 

Angus a1es 0.83 t 0.42 0.57 t 0.14 0.84 ± 0.41 

Anus Females 0.53 ± 0.30 0.64 t 0.21 0.76 0.19 

All Males 0.64 ± 0.31 0.57 ± 0.18 0.81 ± 0.31 

All iemales 0.65 ± 0.33 0.58 ± 0.21 0./9 ± 0.22 

All Anma1s 0.64 ± 0.31 0.58 ± 0.19 0,80 t 0.27 
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Table 4 

Iuiean Serum Inorganic Phosphate Levels and Standard 
Deviations at Birth, 3 Months, and 6 Months of Age 

Serum Inorganic Phosphate 
Group (Mg. F per 100 ini.) - 

At Birth 3 Torth 6 'onths 

Lionheart Males 9.47 t 3.98 9.98 0.54 9,80 t 1.00 

Lionheart Females 10.23 t 0.89 9.46 t 0.69 9.20 t 0.97 

Prince Ma1es 8.28 t 1.86 9.80 t 0.94 9.20 ± 1.47 

Prince Females 9.11 t 0.13 10.14 t 0.75 10.59 ± 0.70 

David vales 10.33 t 1.85 9.65 t ().13 9.26 t 0.28 

David Females 9.20 t i.7 0.46 t 1.42 9.55 t 1.60 

Hereford Males 9.06 t 1.67 9.87 t 0.66 9.49 t 1,17 

Hereford Females 9.58 t l.6 9.62 t 1.01 9.65 t 1.25 

Angus Maies 8.69 t 1.21 9.61 ± 0.65 9.15 t 1.05 

Angus Females 8.46 ± 1.80 34( t 1.07 8.57 t 1.53 

All Males 8.97 t 1.55 9.81 t 0.65 9.41 t 1.13 

All }'emales 9.lb ± 1.60 9.45 ± 1.03 9.24 t 1.4ô 

All AnImals 9.05 ± 1.56 9.64 ± 0.85 9.33 t 1.27 
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level of 8.46 mg. per loo ml. for the Angus females. 

(b) At 3 Months of Age: At 3 months of age the mean 

Inorganic phosphate level had rise 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. 

(o) At 6 IVonths of Age: Three months later the mean 

serum inorganic phosphate level for all calves was 9.33 
mg. per 100 ml. serum. io significant sex differences 

were observed. In the comparison. of the males of the 

various lines, no sij1ifIcant differences were determined 

(Table 4). 

The Angus female calves had a mean serum inorganic 

phosphate level of 8.57 which was si&ìificantly less than 

the Prince female level of 10.59 (P < 0.05). 

6. Correlation Between the Porformui. ce Data. 

A correlation 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 phosphEtase level at 3 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 siificant 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. 



26 

Table 5 

Analysis of Variance of the Performance and Blood 
Constituent Data 

hean Squares 
Line x Sex 

iirror Sex Line Interaction 

Birth \Teight 72.24 9.25 111.55 .15 

Suckling Gain 0.08 0.05 .01 .01 

Alkaline Phosphatase 
at birth 22.33 5.22 .41 1.80 
at 3 months 5.89 0.93 4.22 .09 
at 6 moiths 3.91 .05 .15 .58 

Acid Phosphatase 
at birth 0.11 .uO .01 .00 
at 3 morths 0.03 .00 .00 .00 
at 6 months 0.08 .00 .01 .00 

In organ i e Phosphate 
at birth 2.35 .01 .01 .00 
at 3 months 0.75 .05 .01 .52 
at 6 months 1.58 .02 .24 .17 

Degrees of Freedom 38 1 3 3 

.b. one of the mean squares were significant. 
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cent level. (Table 6). hero was no correlation between 

the level at birth and that at 6 months of ace but the 

level at 3 months was siificant1y correlated with that 
at 6 months of age (r .32). 

Table 6 

Correlation Coefficients Between the Alkaline ?hosphatase 
Levels at Birth, 3 Months and 6 Months of Age 

Alkaline 
Phosphatase Alkaline Phosphatase evel at 
Level at 3 Months 6 Months 

Birth 

3 Months 

.28 o 

Significant at the 5 per cent level 

There as a rather different relationship between t1 

acid phosphataso 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 betweeì. 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 Phosphataso Level at 
Level at 3 Bonths 6 Months 

Birth -.22 -.27 

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 ase. 

The correlation coefficient of .35 between the level at 

birth and 6 months of a,e was si;nific ant at the 5 per 

cent level. There was a lower correlation between the 

levels at 3 and 6 months of a 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 Phosphate Level at 
Level at 3 Months 6 onths 

Birth .20 .35 

3 onths .10 

Significant at the 5 per cent level 

it birth, a correlation coefficient of .17 was 

recorded between che alkaline and acid phosphatase levels 

(Table c). The alaline phosphatase level was also oosi- 

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 ard i. norgaiiic phosphate at 

this age. 

Table ¶ 

Correlation Coefficients i.etween the Alkaline Phosphatase, 
Acid Phosphatase and Inorganic Phosphate Levels at Birth, 

3 Months, arid 6 Months of Age 

Acid Inorganic 
Phosphatase Phosphate 

(al At Birth 
Alkaline Phosphatase .17 .26 

Acid Phosphatase .11 

(b) At 3 Nonths of Age 

Alkaline Phosphatase .04 .20 

Acid Phosphatase .27 

(c) At 6 Months of ALLe 

Alkaline Phosphatase .14 .04 

Acid Phosphatase .10 

However, at 6 months of age, there was a corre1atii 

of .14 between alkaline and acid phosphatase, practically 

none (r : .04) between alkaline phosphatase and inorganic 

phosphate and one of .10 between acid phosphatase and 

inorganic phosphate (Table ). 

8. Correlations Between the Blood Constituent and 

Performance Data. 

At birth, there was virtually YIO correlation between 

the alkaline phosphatase level and the birth weight. Acid 
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phosphatase level was slightly and regatively related to 

birth weight and inorganic phosphate was slightly and 

positively related to birth weight (Table 10). 

Table 10 

Correlation Coefficients Between the Blood ConstituenL 
and Performance Data 

Birth Ve1ght Suckling (ain 
Alkaline Phosphatase 

at birth -.02 .02 
3 months .18 
6 months .04 

Acid Phosphatase 
at birth -.07 -.06 
3 months .01 
6 months -.07 

Inorganic Phosphate 
at birth .12 .24 

months .15 
6 months .09 

Alkaline phosphatase at birth bore little relation- 
ship to suckliria gain. ihere 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 s1ihtly and riega- 

tively related to suckling gain. At 3 moiths of age, 

there was ìio relationship to suckling gain and at 6 months 
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of age, there was again a low negative relationship betwe&ì 

acid phosphatase activity and suckling gain. 

At birth, the serum inorganic phosphate level was 

correlated vth 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 a;e it was .09 (Table 10). 

9. Overall Relationship Between the Blood Constituent and 

Performance Data. 

In the main, the correlations between the blood cori- 

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 he low 

relationships when a blood cxstituent 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 considered together. 

Since line x sex interaction was shown rot to oe 

significant (Table 5) , this interaction vîas ignored ir the 

following least squares ana1isis wnich was set up. Each 

observation was assumed to be the sum of the influences of 
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other variables as follows: 

ijkl M S1 4 Ak Bxljjk Gx2jjk 

where ijkl the observation on the l calf 
M = the overall effect 

Sj the added effect of the ith sex 

L = the adued effect of the jth line 

Ak = the added effect of the kth seiple 

B : a proportionality constant estimating the 

change in the blood constituent with 

birth weight 

birth weight 

G a proportionality constant estimating the 

change in the blood constituent wIth 

suckling gain 

x2 : suckling nain 

°ijkl : random error 

The effects of line, sex, birth weight and suckling 

gain on alkaline phoshatase, acid phosatase and morgan- 

io phosphate levels were tested for sIgrIficance. Ione 

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

Analysis of Variance of the Blood Constituent Data v:hen 
the Observati ons at all Ages ore Considered 

Degrees Serum 
of Alkaline Acid Inorwic 

Freedom Phosphatase Phosphatase Phosphate 

Sex Effect 1 71.33 .00 .29 

Line Effect 3 11.79 .01 4.15 

Birth 
Weight 1 9.03 .06 .34 

Suckling 
Gaiii 1 34.12 .01 6.99 

Brror 39 41.42 .25 5.24 

3. Feed Test Peri.od 

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 0() pouncs body 

'weight. Analyses were made for serum inorganic phosphate, 

serum 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 tbe performance tese data, 

as was ooe for the calves during the suckling period. 
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1. Age at 500 Pounds Body Veig:ht. 

Jihe mean age of the calves going on test at 500 

pounds was 2fl days (Table 12). There was a significant 
overl1 sex difference, male calves being 16 days younger 

than female calves (P < 0.01). i'he Angus ritales were 2 

days younger than the knus females, a difference vth.ich 

approached statistical significance. The Lionheart males 

were 42 days younger than the Lionheart females. This 

difference was significant at the 5 per cent level while 
the difference of 52 days between the Prince males arid 

females was si gnificat aL the i per cent level. 
In a comparison of the niales of the different lires, 

the Angus males were significantly younger than the niales 

of the krince arid David lines (P < 0.05). 
The Angus iemales with a mean age of 246 days at 500 

pounds were significantly younger than the Lionheart, 
Prince arid David females. The differences of 39, 57 and 

39 days were significant at the one per cent, 5 per cent 
arid one per cent levels of probability respectively. 

2. Rate of Gain ori Test. 

For all animals the mean rate of ain 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, 
te niale calves gaining 0.56 pounds per day faster than 



Table 12 

Means for Age at 500 Pounds Body 'eight, Rate of Gain, Feed Consumption 
per Unit Gain and Their Standard Deviations 

o. of Age at 500 Feed Consumption 
Group Calves Pounds Rate of Gain Per Unit of Gain - (lb. feed per 

(days) (lb. per day) 100 lb. gain) 
Lionheart ales 6 240 I 14.5 2.88 X .31 628.8 t 15.6 
Lionheart Females 3 282 t 48.9 2.14 Z .08 882.1 68.2 

Prince Males 6 251 t 25.2 2.79 t .35 631.7 ± 72.0 
Prince 1ema1es 9 303 ± 27.0 2.15 t .27 838.2 ± 128.4 

David Males 10 252 20.5 2.63 ± .33 712.3 ± 75.7 

David Females 3 282 Z 13.1 2.5]. t .15 807.0 37.6 
Hereford Males 22 248 ± 20.2 2.74 ± .34 667.5 ± 77.6 
Hereford Females 15 268 30.1 2.22 .26 840.7 104.4 

Angus Males 5 218 ± 17.7 2.61 ± .34 729.1 t 9G.5 
Angus erna1es 10 2-6 * 33.2 2.04 ± .28 1012.7 ± 114.5 

All Males 27 243 ± 22.8 2.71 ± .34 678.9 t 83.0 
All Females 25 259 ± 39.1 2.15 t .28 909.5 ± 136.7 

All Animals 52 251 t 35.4 2.44 ± .42 789.8 t 160.7 

c'i 



the females. The Angus males .airied 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 ar1d 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 Daid Iemales was not so marked. They gained 

only 0.12 pounúa cr day faster than the David females. 

No significant differences were observed between the 

male calves of the different lines. Also there wcre i'to 

si1ficant differences between the female calves with the 

except ion of the comparison between the David females arid 

the Angus females where the David females gained 0.47 

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

3. Feed Consumption per 100 Pounus 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). 

v i thin the vari oua 1 irie s , the Angu s , Lì onhe er t , arid 

Prince males ate 183.6, 153.3, 206.5 pounds of feed less 
for each lOO pounds gain in body weight than the corres- 

ponding females. These differences were all significant 
at the one per cent level of probability. 
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There vere no siificarìt differences 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 loo pounds between 

the averages of the Lionheart and Angus was siificant 

at the 5 per cent level. The difference of 205.7 pounds 

feed consumed per 100 pounds gain between the David and 

Angus females as 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 0.171 higher than that of the 

females. rfIere were no significant differences Letween 

lines or sexes at this weight. 

(b) At 600 Pounds: At this weieht the mean alkaline 

phosphatase level of all animals had risen to 6.22 Bodarisky 

units per 100 millilitres (Table 13) and there was con- 

siderable variation aiiion lines and sexes. Lo si;nificant 

differences were observed between males and females or 

Angus msies nd Angus females. The Lionheart males had 

lower levels of alb; aime phosphatase than the Lionheart 

females with a mean serum alkaline phosphatase level of 



Table 13 

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

Serum Alkaline Phosphatase 
Group (Bod&ìsky units er 100 ml.) 

at 500 lb. 600 lb. 700 lb. 800 lb. 

Lionheart 'ales 6.02 ± 1.90 6.21 ± 1.69 6.71 2 1.93 6.22 2 1.15 

Lionheart Females 4.81 ± 0.89 
Prince Males 

Prince Females 
David Males 
David Females 

Hereford Males 

Hereford Females 
Angus Males 

Angus Females 
All Males 

All Females 
All Animals 

6.26 2 1.71 

5.80 ± 1.77 

6.18 ± 1.47 

7.11 ± 1.99 

6.16 ± 1.58 

5.86 ± 1.74 

6.96 ± 2.65 

5.22 ± 1.42 

6.31 ± 1.76 

5.60 2 1.62 

5.97 ± l.75 

6.44 t 0.30 

5.93 2 2.22 

6.01 ± 0.98 

6.84 ± 2.07 

5.71 ± 1.26 

6.42 t 1.96 

6.04 2 0.92 

6.31 2 1.95 

6.01 t 1.57 

6.±0 t 1.°2 

6.03 t 1.19 

6.22 ± 1.61 

5.57±0,20 5.08±1.20 

6.94 2 0.87 

5.65 ± 1.15 

6.51 t 1.29 

4.71 t 0.22 

6.68 t 1.41 

5.44 2 0.96 

6.52 2 1.53 

5.50 2 1.04 

6.65 t 1.40 

5.47 t 0.37 

6.08 2 

7.58 2 1.58 

5.93 2 1.35 

6.16 t 1.37 

5.21 t 0.97 

6.57 t 1.46 

5.62 2 1.24 

.20 t 1.81 

5.85 2 1.67 

6.87 ± 1.62 

t 1.40 

6.31 ± 1.61 
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6.44 Bodansk units per 100 milL litres. 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, one of these differences 

were sigriificat and no si ificant line differences were 

determined. 

(c) At 700 Pounds: While the overall mean alkaline 

phosphatase level was 6.08 Bodanaky units per 100 ml., the 

males with a mean level of 6.65 units had sipîficantly 

higher levels than the females (P< 0.01) (Table 16). 

Angus males had higher alkaline phosøhatase levels than 

the Angus females. Also within the Hereford lines the 

males were cnsistent1y higher in alkaline phosp.atase 

level than the females but u1y in the case of the David 

males compared with the David females was the difference 

s igrli f io ant (P < O 05). 

Lo significant differences were recorded between the 

various lines when either the male or 1emale calves were 

compared. 

(d) At 800 Pounds: At this weight, the mean alka- 

line phosphatase level was 6.31 Bodanslcy units per 100 ml. 

and tere was a significant difference of 1.16 Bodanaky 

units per 100 ml. between males and females (P < 0.01) 

(STable 16). Angus males had significantly hiner levels 
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than the Angus females (F < 0.05). 0f the Hereford 1ires, 

the Prince males were the only ones to show a significantly 

higher alkalIne phosphatase level than the Prince females. 

In the corrparison between the male calves the Prince 

males with a mean level of 7.58 Eodarsky units had a sig- 

nificsrtly lower alkaline phosphatase level. tl-ìan the 

Angus males which averaged 8.20 f3odansky units (P < 0.05). 

The David males with an average level of 6.16 Bodarisky 

units were also sIgnCicaritly lower than the Angus males. 

This 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 thex is ro 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 Bodanskj units per 100 ml. No significant 

differences were recorded between the sexes either when 

al i th e mal e s and al i tu e fe ma le s or mal e s an d fe mal e s 

within the individual lines vere considered. 

Within the male calves the mean sen.irn acid phospha- 

tase level of 0.58 Bodansky units per 100 ml. for the 
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Prince calves was s1ificantly hither than that or 0.31 

I3odansky uiits Cor the Angus male calves (P< 0.01). The 

David calves also had si1ficait1y higher acid phospha- 

tase levels than the Angus males (P < 0.01). 

V.ithin 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 phosiatase value 

for all animals was 0.57 Bodansky units per 100 ml. of 

serum (Table 14). o significant sex differences were 

rioted at this weiht. Also within the male and female 

calves, the a-uy si-uificant line difference was between 

the Prince and David male calves. The Prince males wtth 

a mear serum acid phosphatase level of 0.48 were sigrifi- 

cantly lower than the level of 0.63 Bodansky units 

recorded for the David maies. 

(c) At 700 Pounds: The mean acid phosphatase level 

at 700 pounds body weight was the same as that at 600 

pounds body weight namely 0.57 f3odansky 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. 



Table 14 
Mean Serum Acid Phosphatase Levels and Standard Deviations 

at 500. 600. 700 and 800 Pounds Body Weiht 
Serum Acid Phosphatas e 

Group (Bodansky units per 100 ml.) 
at 500 lbs. 600 lb. 700 lb. 800 lb. 

Lionheart Males 0.49 0.26 0.58 2 0.08 0.52 0.11 0.64 ± 0.12 
Lionheart Females 0.41 t 0.11 0.57 ± 0.15 0.43 t 0.09 0.53 t 0.06 
Prince Males 0.58 ± 0.15 0.48 ± 0.17 0.70 ± 0.20 0.60 t 0.38 
Prince Females 0.b5 t 0.12 0.60 ± 0.12 0.57 ± 0.13 0.55 t 0.15 
David Males 0.5b 0.13 0.63 t 0.13 0.65 t 0.18 0.63 0.25 
David }emales 0.65 t 0.10 0.67 t 0.06 0.45 ± 0.17 0.62 t 0.15 
Hereford V1ales 0.55 t 0.17 0.58 0.14 0.63 t 0.18 0.62 t 0.25 
Hereford lemales 0.54 t 0.13 0.61 t 0.12 0.52 t 0.14 u.bß t 0.15 
Angus iiales 0.31 ± 0.08 0.50 t 0.08 0.56 ± 0.15 0.62 ± 0.07 
Angus jera1es 0.41 t 0.16 0.52 i 0.15 0.55 t 0.21 0.36 t 0.12 
All Males 0.50 0.18 0.56 t 0.14 0.62 t 0.17 0.62 t 0.23 
All Females 0.49 ± 0.16 0.58 t 0.13 0.53 t 0.17 0.48 t 0.16 
All Animals 0.48 t 0.17 0.57 t 013 0.57 t 0.17 0.55 t 0.21 
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(d) At 800 Pounds: At this weicht the mean acid 

phosphatase level for all calves was 0.55 Bodanaky units 

per loo ml. serum. The only significant sex difference 

was that between the Angus males and females. No other 

significant d1fferences, either sex or line, were recorded. 

(e) Overall Relationship: When the acid phosphatase 

levels of the calves at the four weights were considered, 

ro 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 Inorganic Phosphate. 

( a) At 500 Pounds: For all aniirals, the mean serum 

inorganic phosphate level was 8.4 m. per 100 ml. (Table 

15). No sex differences were recorded arid 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 loo ml. (P < 0.05). 

(b) At 600 Pounds: At this weight, the mean serum 

inorganic phosphate level was 8.2 mg. ner 100 ml. for all 

animals. Males exhibited a significantly higher level 

than females (P < 0.05) (Table 16). ío sex differences 

were recorded within the lines. In the comparisons 
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Table 15 

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

Serum Inorganic Phosphate 
Group (mg. per loo ml.) 

at 500 lb. 600 lb. 700 lb. 800 lb. 
Lionheart Males 8.2 t 1.2 8.3 t 0.7 7.9 t 0.6 8.6 * 0.6 

LI onheart 
Females 8.0 t 0.5 7.4 t 0. 7.7 t 1.3 7.1 t 1.1 

Prince Males 8.6 t 2.1 8.0 t 0.9 8.3 t 0,9 8.3 t 1.1 

Prince Females 7.7 ± 0.4 7.5 t 1.0 8.0 t 0.6 7.4 t 0.7 

David Males 8.5 t 0.8 8.6 t 0.8 8.8 X 0.9 8.8 t 1.0 

David Females 8.7 t 0.4 8.7 t 0.6 8.7 1 1.1 9,4 t 0.1 

Hereford Males 8.5 2 1.3 8.4 t 0.8 8.4 1 0.9 8.6 t 1.0 

Hereford 
Females 8.0 t 0.9 7.7 Z 1.0 8.1 f 0.9 7.7 T 1.]. 

Angus Males 8.0 t 1.0 8.8 1 0.7 8.2 t 0.3 7.4 1 0.2 

Angus Females 8.9 t 1.3 8.0 I 0.9 8.1 t 0.9 8.2 ± 0.8 

All Males 8.4 2 1.2 8.4 f 0.8 8.4 1 0.8 8.4 1 1.0 
All Females 8.3 t 1.0 7.8 ± 0.9 8.1 1 0.9 7.9 ± 1.0 

All Animals 8.4 t 1.1 8.2 ± 0.9 8.2 t 0.9 8.2 1 1.0 



Table 16 

Analysis of' Variance of the Performance aLld Blood Constituent Data 

Degrees of Freedom 

Age at 500 Pounds 

Rate of Gain 

Feed bîficiency 
Alkaline Phosphatase 
at 500 pounds 

600 pounds 
70G pounds 
800 pounds 

Acid Phosphatase 
at 500 pounds 

600 pounds 
700 pounds 
800 pounds 

Irorgani e Phosphate 
at 500 pounds 

600 pounds 
700 pounds 
800 pounds 

Mean Square 
Line x Sex 

Error Line Sex Interaction 

44 3 1 3 

684.88 340.79 1517l.18 35.83 

.09 .00 27.96' .07 

8840.77 4335.11 46486.71* 12258.24 

3.03 .37 4.10 2.58 
2.87 .00 .81 .21 
1.61 .14 18.25 .19 
2.12 .02 24.61 

.02 .00 .01 .00 

.02 .00 .02 .01 
.03 .'0 .12 .01 
.04 .00 .12 .02 

1.25 .15 .00 .01 
.69 41 2.97* .37 
.69 .22 .33 .00 
.74 .32 .70 .00 

Cn 
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between the ferale ealve$ of the different lines, the 

Prince female level of 7.5 mg. per loo mi. ws significant- 

ly lower than that of E.? mg. per 100 nil. for the I)avid 

females (P < 0.05). o other line differences were found 

within either of the two sexes. 

(e) At 700 Pounds: Again at this ieiht practically 
no significant differences were observed. The mean level 

for all calves was 0.2 mg. per cent phosphorus (Table 15) 

and the only sigrJficit difference was between the Lion- 

heart and David males. The David n1es 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 < 0.05). 

(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 0.2 mg. per 100 ml. 

The Lionheart males had a significantly higher inorganic 

phosphate level than the level of 7.1 mg. per 100 ml. for 

the Liortheart females ( < 0.05). 

In the comparisons between the male calves f the 

different lines, the Lionheart male level of 3.6 mg. per 

100 ml. was s11Ificantly higher than the Angus level of 

7.4 mg. per 100 ml. (P ( 0.05). The David males also had 



a higher level than the Angus males (P < 0.01). 

ithin the female calves, both the Prince and David 

females were significantly hi;her ici, their 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 effect 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 

perforcnance criteria (Table 17). Iate of gain was found 

to be negative1j 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 weiht 
(Table 17). 

Feed consumption per unit of gain was positive]y 

related to ae at 500 pounds body weight. 



lIable 17 

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

Body Weight 

Feed Consumptiì Age at 
Per Unit Gain 500 Pounds 

Rate of Gain -.8O -.24 
Feed Consumption 
per Unit Gain .26 

Siif1cant at the arie 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 weit was also 
correlated v;ith the levels at 60() and 800 pounds body 

weight. These two correlation coefficients of 0.36 arid 

0.50 were significant at the onxe per cent level. 
The serum acid phosphatase 1eels at the four body 

weights did not show the same consistency as the alkaline 
phosphatase (Table IY). o significaLt correlations were 

observed. 

The inorganic phosphate levels were rather more con- 

sistent than the alkaline phosphatase, siificarit 
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Table 18 

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

Alkaline Phosphatase Level at 
600 700 800 - (pos) - 

Alkaline Phosphatase level at 

500 Pounds .18 .35 .26 

600 Pounds .25 

700 Pounds .50 

* Si-uificant at the 5 per cent level. 
Significant at the 1 per cent level. 

Table 19 

Correlation Coefficients Between the Acid Phosphatase 
Levels at 500, 60, 700 and 800 Pounds Body \reight 

Acid Phosphatase Level at 
600 700 800 - (pEds) - 

Acid Phosphatase Level at 

500 Pounds .10 .08 .11 

600 Pounds -.20 .13 

700 Pounds .12 



correlations being recorded between the levels at every 

body weight except at 500 &id 700 pounds body weight 

(Table 20). 

Table 20 

Correlation Coefficients Between the Serum Inorgaf Ic 
Pho;phate Levels at 500, 600, 700 and. 800 Pounds Body 

Wigh t 

Serum Inorganic Phosphate Level at 
600 700 800 

Pounds Pounds Pounds 
Serum Inorganic 
Phosphate Level at 

500 Pounds 34* .23 53** 

600 Pounds .42 .38 

700 Pounds 

*. Significant at the one per cent level. 
.Ç Significant at the five per cent level. 

.31* 
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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 activity and the 

acid ohosphatase activity at this weight. A low correla- 

tion of -0.21 was observed between acid phosphatase 

activ1t and inorganic phosphate level (Table 21). 

At 600 pounds body weight, the blood constituents 

were all closely Interrelated. A correlation coefficient 
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Table 21 

Correlation Coefficients Between the Serum Alkaline 
Phosphatase, Acid Phosphatase and Inorganic Phosphate 

Levels at 500, 600, 700 and 800 Pounds Body Veight 

Acid Inorfanic 
Phosphatase Phosphate 

(a) 500 Pounds 

Alkaline Phosphatase .03 

Acid Phoshatase -.21 
(b) 600 Pounds 

Alkaline Phos hatase .55 33* 

Acid Phosphatase 

(c) 700 Pounds 

Alkaline Phosphatase -.01 

Acid Haosphatase .58 

(d) 800 Pounds 

Alkaline Phosphatase .36 -.06 
Acid Phosphatase .09 

** Siiificarìt at the one per cent level. 
Significant at the five per cent level. 
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of 0.50 as 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). Acid phosphatase 

activity was veri closely and inversely related to Lor- 

[,anic phosphate level (r -.79, which was significant at 

the one per cent level). 
A ein, at 700 pounds body weit, no relationship was 

observed between the alkaline and acid phosphatase activi- 

ties. This was reminiscent of the lack of relationship at 

500 pounds body weit. Alkaline phosphatase was sigriifi- 

cantly and negatively related to the inorganic phosphate 

level (r -.82, Table 21). The acid phosphatase level 

was positive1y related to the inorganic phosphate level 

(r : .58). 

The situation was reversed at 800 pounds body weight. 

At this wet, ht the alkaline and acid phosphatRse levels 

were significantly and positivel:,, 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 weight, there was no correlation 

between rate of gain and alkaline phosphatase activity. 
At 700 and 800 pounds body weiht, significant correla- 

tiors of .35 arid .34 were recorded between rate of gain 

and alkaline phosphatase activity. 
Rate of gain was slightly correlated th 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 gain. and acid phospiiatase activity was 

recorded (r .47). 

A negative correlation of -.27 was observed between 

rate of gain and inorganic phosphate level at 500 pounds 

bodi weight. At 600, 700, and 800 pounds body weight, 

positive correlations were observed between rate of gain 

and the inorganic phosphate level but rione were signifi- 
cant. 

(b) Feed Consumption per Unit Gain: Feed consump- 

tion per unit of gain was inverse1y relatEd to the alka-. 

line phosphatase levels at all four weights. At 500 

pounds bodï weight, a correlation coefficient of -.23 vas 

recorded. At 600 pounds body weit there was virtually 
no relationship between feed consumption per unit gain 

and the alkaline phosohatase level. As seen with the 



Table 22 

Correlations L3etwoen 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 -.05 -.08 
700 pounds .35 -.28, -.13 
800 pounds .34 -.36 -.27 

Acid Phosphatase at 

500 pound3 .21 -.23 34* 

600 pounds .06 -.05 .11 
700 pounds .13 -.17 -.01 
800 pounds .47 -.47 -.05 

Inorganic Pho3phate at 

500 pounds -.27 .21 -.26 
600 pounds .27 -.24 
700 pounds .21 -.24 -.15 
800 pounds .16 -.11 .19 

Significant at the i per cent level. 
* Significant at the 5 per cent level. 

cil 



55 

correlations between rate oÍ ain and alkaline phosphatase 

level, there vas a signIficant correlation at 700 pounds 

and at 800 pounds body weight. The correlations of -.28 

and -.6 were siiificant at the 5 and i per cent levels. 

Then feed consumption per unit of gain was considered 

in relation to acid phosphat.se 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 

-.OL 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 posive correlation 

of 0.21 was observed while at subsequent weihts, there 

was a negative relationship. At both 600 and 700 pounds 

body weight there was a correlation coefficient of -.24 

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

(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 00 

pounds body weit (P < 0.05). There was a much lower 

positive correlation of age at 500 pounds Lody weight with 

acid phosphatase level of 0.11 at 600 pounds body weight 

and at 700 and 800 pounds, very low negative relationships 

were observed. 

At 500, 600 arid 700 pounds body weight serum inorganic 

phosphate was inversely related to abe at 500 pounds. 

However, at 800 pounds body iht there was a positive 

relati onship. 

10. Regression Coefficients Between the Blood Constituent 

and Perforrrnance Data. 

The regression coefficients between the blood con- 

stituents as the independent variable arid the performance 

characteristic as the dependent variable are presented in 

Table 23. It is only proposed to consider in any detail 

the regression coefficients corresponding to the siifi- 
cant correlation coefficients reported In Table 22. 

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



Table 23 

Regression Coefficients arid Their 95 Per Cent Confidence Intervals 
of the Performance Criteria arid the Blood Constituents 

X / y Rate of Gain1 Feed Efficiency2 Age at 500 Pounds3 

Inorganic Phosphate 
at 500 pounds -.10 X .73 i. 30.69 t 283.01 -83.34 t 61.47 

600 pounds .13 X .90 - 43.18 t 350.06 -10.77 ± 76.32 
700 pounds .10 t .97 - 45.78 t 371.75 9.68 t 81.97 
800 pounds .07 X .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 t 6.34 - 62.01 ± 2440.98 29.63 t 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 ± 182.42 0.88 ± 41.24 

600 pounds .02 ± .52 - 5.39 ± 201.41 - 1.68 ± 44.24 
700 pounds .11 ± 1.86 - 33.80 ± 232.09 - 3.32 ± 52.79 
800 pounds .09 ± .49 - 34.86 ± 187.78 - 5.95 ± 42.61 

:i. Pounds per day increase in rate of gain for each increase of one Bodansky w1t 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 umber of days older at 500 pounds body weight for each increase of one Bodansky 
unit or one mg. phosphate per 100 ml. 

01 
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average rate of gain 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 increase 0.11 pound per day for each 

increase of one Bodansky unit in alkaline ohosphatase 

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 ain. 

E;ach increase of one Bodaneky unit ir 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: Ari 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 weight, 

an increase of one Bodarsky 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 Bodsky unit at 800 pounds body weight, there was a 

corresponding avera)e decrease of 362.25 pounds of feed 

consumed per lOO pounds gain. 
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(e) Age at 500 Pounds: An increase of one Bod&isky 

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 inorganic 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 chiracteristics and each of the 

blood constituerLth 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: 

ijk M s Sj + Lj i. Ak Bx].ijk .9. CX2jjk OX3ijk s 

eijk 

where ijk : the observation on the blood constituent 

M the overall effect 

Sj z the added effect of the ifl sex 

L : the added effect of the jth line 

Ak ; the added effect of the kth sample 

B : a proportionality constant which measures the 

rate of change of the blood constituent 

with age at 50 pounds body weight 

xl : age at 500 pounds body weight 
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C a proportionality constant which measures the 

rate of change of the blood constituent 
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 

feed consumption per 100 pounds gain 

eijk 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 doie on 

each animal are considered in an overall statistical 
analysis, rate of gain exerts a significant effect. There 

was ari overall difference between lines in acid p'nospha- 

tase arid senm inorganic phosphate level. Age at 500 

pounds body weight was significantly related to the irior- 

ganic phosphate level 

il. Additional Examination of the Relationship Between 

the Blood Constituent and Performance Data. 

There have been demonstrated quite a number of in- 
stances ìhere 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 

Mesn SQuares 
Degrees Serum 

of Alkaline Acid Inorganic 
Freedom Phosphatase Phosphatase Phosphate 

Sex iffect 1 7.50 .00 .18 

Line Lffect 3 2.87 2.95* 573** 

A,e at 500 
Pounds 1 0.77 .01 E.76 

Rate of Gain 1 10.22 .04 .09 

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

irror 197 1.97 .02 .25 

Siiificant at the one per cent level. 
Siiificant at the 5 per cent level. 
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criteria. In order to examine these relationships more 

particularly, a least square analysis was set up as 

follows: 

Yj M S1 Bx11 Cx21 + Uxj + ej 

where Yjj the observation on the blood constituent of 

the jth calf 

= the overall effect 

S1 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 

x1 age at 500 pounds body weight 

C = a proportionality constant measurig the 

change of the blood constituent with rate 

of gain 

rate of gain 

D = a proportionality constant measuring the 

change of the blood constituent with feed 

consumption per 100 pounds gain 

X3 = feed corsurnption 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 Performance Tested Calves 

Degrees of Freedom 

Alkaline Phosphatase 
at 500 pounds 

600 pounds 
700 pounds 
800 pounds 

Acid Phosphatase 
at 500 pounds 

600 pounds 
700 pounds 
800 pounds 

Inorganì c Phosphate 
at 500 pounds 

600 pounds 
700 pounds 
800 pounds 

Mean Squares 
Rate of Feed Consumption Age at 

Error Sex Gain Por Unit Gain 500 Pounds 

47 1 1 1 1 

2.58 .05 18.02 2.22 2.39 
2.72 .85 .28 .49 .07 
1.48 9.30 1.29 1.45 .74 
6.09 .58 .35 1.30 2.57 

.02 .LO .01 .04 .20 
.02 .01 .00 .00 .01 
.03 .08 .01 .00 .02 
.04 .00 .05 .06 .01 

c-'r 
s J 

o fA 
. ..ì ± 

Z ( 
_J . '.JsJ 

nc 
I ( ,_). 

.69 .83 .23 .06 .77 
.64 .23 .04 .58 
.99 1.11 .29 .58 .38 

* Significant at the 5 por cent level. 
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demonstrate that there was a significant relationship 

between rate of gain arid the alkaline phosphatase level 

when sex, age at 500 pounds, and feed consumption per unit 

gain were held cocstant. Also at 700 pounds body weight, 

there is a significant sex effect on the alkaline phospha- 

tase levels, with rate of gain, age at 500 pounds and feed 

consumption per unit gain held con stant. 

At 500 pounds, there was a sigdficant relationship 
between acid phosphatase and age at 500 pounds body weight, 

when sex, rate of gain and feed consumption were held cor.- 

s tarit. 

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 efíect of 

different combinations of the covariants could e 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 sho. in Table 26 should not 

be compared with those in Table 23 where the blood cori- 

stituents were used as the independent variables in those 

linear regressions. ¡Towever, the partial regression 
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coefficients and the c-5 per cent confidence limits serve 

to Illustrate the reliability of the estimates arid the 

influence of one covariable on another. 

The relationship between the alkaline phosphatase and 

rate of gain was significant either at the one or ive per 

cent level in each case. By comparison, the significant 
relationship between rate of ¿airi and the alkaline phos- 

phatase levels at 700 and 800 pounds body weight existing 

when linear regression was used were no lor.er 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 a ' e at 500 pounds constant did 

not further improve the reliability of the estimate. How- 

ever, when feed consumption as 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 alaline phosphatase 

and rate of gain could be obtained by using a regression 



Table 26 

Regressil Coefficients and TheIr 95 Per Cent Confidence Intervals of the Serum 
Alkaline Phosphatase Levels at 500, 600, 700 and 800 Pounds Body Weight . Rate of 

Gain With Certain Variables Held Constant 

xi?! Serum Alkaline Phosphatase at 
500 pounds 600 pounds 700 pounds 800 pounds 

Rate of Gain 1.66 ± 7.67 .33 ± 7.76 1.13 ± 6.08* 1.30 ± 735* 

Rate of Gain (with sex 
cons tant) 

Rate of Gain (with sex and 
feed economy constant) 

Rate of Gain (with sex and 
age at 500 pounds constant) 

Rate of Gain ( with sex, feed 
economy and age at 500 
pounds constant) 

1.99 ± l.48 .05 1.50 .27 ± 1.12 

2.47 t 1.87* .29 t 1.91 .67 i 1.43 

1.92 ± 1.47' .06 ± 1.54 .24 t 1.16 

2.43 t 1.86 .30 i 1.9]. .65 t 1.41 

.64 ± 1.40 

.30 ± 1.78 

71 ± 1.43 

.34 t 2.03 

rE 
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equation incorporating the sex effect arid the age-at-500- 

pounds effect. 

C. Adult Cows 

The data collected from the adult cows in ovember, 

1957, were subdivided accordfrg to line and age. Since 

there were rko &ìimals of a particular ae group In some 

of the lines, the data in Tables 27, 28 and 29 are classi- 

fled only by age and breed. towcver, a least squares 

analysis of the data was used as follows: 

1jk M r1 f 4 ejjlç 

where Yljk = the observation of the blood constituent 

on the kth cow 

the overall effect 

L1 the added effect of the Ith line 

A = the added effect of the jth age group 

and eijk random error. 

In this analysis , alJ four lines were considered and the 

cows over five years of ae 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 ae was considered. The results of these 

analyses are presented In Tables 30 and 31. 



Table 27 

Mean Serum Alkaline Phosphatase Levels and Standard Deviations of the Cows 

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

No. of Phosphatase io. of Phosphatase No. of Phosphatase 
Animals (Bu./lOO ml.) Animals (Bu.J].00 ml.) Animals (Bu./lOO ml.) 

2 13 3.43 0.85 10 3.68 1.73 23 3.54 X 1.28 

3 5 2.46 ± 0.33 5 3.05 ± 0.59 10 2.76 ± 0.55 

4 9 2.19 ± 0.55 2 2.03 ± 0.68 11 2.16 ± 0.54 

5 3 2.81 ± 0.77 2 1.46 ± 0.58 5 2.27 t 0.96 

6 2 1.71 ± 0.71 4 1.70 t 0.46 6 1.71 t O.4E 

7 4 1.79 t 0.14 0 4 1.79 t 0.14 

8 4 1.18 ± 0.35 1 1.92 5 1.81 ± 0.31 

8 2 1.54 X 0.24 1 1.99 3 1.69 Z 0.31 



2 

3 

4 

5 

6 

7 

s 

Table 28 

Mean Serum Acid Phosphatase Levels and Standard L'eviatians of the Cows 

Hereford Cows 
Acid 

o. of Phosphatase 
Cows (Bu. /100 ml.) 

13 0.37 ± 0.26 

5 0.45 ± 0.09 

9 0.51 ± 0.21 

3 0.33 t 0.05 

2 0.42 ± 0.25 

4 0.35 t 0.05 

4 0.46 ± 0.13 

2 0.32 t 0.16 

Angus Cows 
Acid 

O. of Phosphatase 
Cows (Bu./100 ml.) 

10 0.32 t 0.09 

5 0.47 ± 0.24 

2 0.37 ± 0.24 

2 0.41 ± 0.26 

4 0.26 ± 0.37 

o 

i 0.20 

1 0.37 

All Cows 
Aci d 

No. of Phosphatase 
Cows (Bu.J100 ml.) 

o.z 
:, .) 

r-' 'z f 
. _) ti - 

lo 0.46 t 0.16 

11 0.48 t 0.21 

5 0.36 t 0.14 

6 0.31 0.15 

4 0..5 ± 0.05 

5 0.40 ± U.16 

3 0.33 t 0.12 

to 



Table 29 

Serum Inorganic Phosphate and St8ndard Jevlat.ions of the Cows 

Hereford Cows Angus Cows All Cows 

Inorganic Inorganic Inorganic 
Phosphate Phosphate Phosphate 

No. (Mg. P/100 ml.) (Mg.. P1100 ml.) ..o. (Mg. P1100 ml.) 

2 13 7.01 ± 0.72 10 7.11 t 0.87 23 7.05 t 0.77 

3 5 6.43 ± 121 5 7.07 ± 0.57 10 6.75 ± 0.95 

4 9 5.95 ± 0.68 2 5.41 ± 0.02 11 5.85 ± 0.64 

5 3 5,75 ± 0.94 2 5,79 t 1.73 o 5.77 1.10 

6 2 4.58 ± 0.23 4 6.46 t 1.00 6 5.83 ± 1.2b 

7 4 5.08 ± 0.92 0 4 5.08 t 0.02 

8 4 5.10 ± 0.59 1 5.28 5 5.13 ± 0.49 

8 2 4.02 ± 0.42 1 5.24 4.42 ± 0.77 

o 
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Table 30 

Analysis of Variaûce of the Blood Constituent Pata 
of the Adult Cows 

Mean Squares 
Error Line Age Group 

Degrees of Freedom 59 3 4 

Alkaline Phosphatase .79 .19 11.09 

Acid Phosphatase .03 .03 1.81 

Inorganic Phosphate .67 2.39* l2.58 

Siiificant at the one per cent level. 
* Significant 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 3-4 4-5 5- 

I)egrees of Freedom 62 1 1 1 1 

Alkaline Phosphatase .76 4.24* 1.89 .04 1.05 

Acid Phosphatase .03 .09 .03 .05 .00 

Inorganic Phosphate .76 .66 4.22* .23 1.11 

Significant at the five per cent level. 
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1. Serum Alkaline Phosphatase. 

The mean serum alkaline phospha tase 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 activity among the older cows. 

2. Serum Acid Phosphatase. 

The mean serum acid phosphatase activity level of all 
two-year-old cows was 0.35 Bodansky units per 100 ml. 

(Table 28). rIhere were no age or line effects observed 

in this blood constituent, 

3. Serum Inorganic Phosphate. 

The mean serum inorganic phosphate level of all cows 

at two years of ae was 7.05 rag. per l()C ml. serum arid 

tìat of the cows over eight sears 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 significantly hiier 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 Wi th 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 suggesth that the data obtained from 

each group of animals are Indicative of the Information to 

be expected from a comparable roup 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 

year of life with 

constant level at 

does not show any 

serum inorganic p] 

months of age and 

very sharp decline with age in the first 

a subsequent slow decline to a fairly 

maturity. The serum acid phosphatase 

consistent relationship with age. The 

osphate level rose to a peak at three 

declined steadily to 9 years of age. 
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DISCUSSION 

The phenotypic expression of a certain character at 

any stage ir. the lifetime of a 4v Individual may be 

viewed as the combined result of its genetic constitution 

arid the environment in vthith lt develops and lives. Some 

traits are greatly influenced by environmental factors arid 

so are comparatively plastic, whereas some are remarkably 

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 genetic and environ- 

mental and their influences evaluated. 

1. Sex. 

A search of the literature 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 vvere produced by examining the levels at 

constant weights rather than at constant ages. This would 

riot influence the animals at 500 and 600 pounds body 
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weight where the age raues of the two sexes were s1rni1' 

(Table 12). :Jien the calves had reached 700 and 800 

pounds body weiht, there was quite a marked difference 

in the average ae of the two sexes and little overlap in 

their ae 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 (290-422) days for the males and 405 (328-479) 

days for females. 

If there were no sex differences existing between the 

calves and the only differences were due to the sampling 

at cifferent ages, then the regressi 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 reression coefficients calculated were 

not significantly different from zero indicating that 
there was no relationship between age and serum alkaline 

phosphatase level. Thus the differences in serum alkaline 
phosphatase activity while the calves were on feed test 
were not the result of sampling at different ages but were 

actually related to their size and hence rate of gain. 

However, in the caso of the serum acid hosphatase 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 a»;e on the acid phosphatase 

levels of the male calves (b = (i.0012). Thus son of the 

sex differences observed in the level of serum acid phos- 

phatase at the d:ìfferent sampling weights during the feed 

test period might be attributed to sampling at different 
age s. 

The serum inorganic phosphate levels of the male 

calves while in the test pens were found riot 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 inorgaìiic phophate level could have been due partly 
to the effect of age ori the female calves. 

It was significant that the onset of sex differences 

irA the blood constituents was somewhat laLer than the 

appearance of sex differences in the performance charac- 

teristics. This m11)ht 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. Tine. 

When serum alkaline phosphatase activity was examined 

for line differences, the David females were found to have 

higher levels at birth than the Artus females. The Lion- 

heart and irince males had higher levels at tbree months 

of ae than An;us males nd 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. 

o differences were found between the various lines 

ir serim alkaline phosphatase activity at 500, 600 or 70G 

pounds :ody weight. At 800 pounds body weight, the Angus 

males were found to have significantly higher alkaline 

phosphatase levels than either the 1rince or David males. 

In the adult animals, no line differences were ob- 

served in serum alkaline phosphatase activity. 

hile line differences appeared to exist at various 

times, no consistent pattern was demonstrated so that 

these differences should be interpreted with caution. 

orking 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 rio difference in 

serum alkaline phosphatase activity between Anus, Here- 

ford, Jersey and Holstein cattle. 
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Sorne line differences were observed in serum acid 

phosphatase activity at 500 and 600 pounds body weljit. 
However, in general, no consistent line differences could 

be demonstrated for this blood constituent. Similarly 
many line differences in serum inorganic phosphate level 
have also been demonstrated but there was no consistent 
pattern emerging to suggest a distinct hue difference 
throughout life. It might be that these line differences 
at the various stages ir growth were real but larger 
numbers of individuals would have to he snpled for much 

reliance to be placed on these differences. 
hen one considers that these lines each of only a 

few individuals have been closed to outside introductions 
for at least seven years arid that there has been a high 

turnover of bulls used it is rather surrisirig that the 

differences between the lines were not more marked. It 
would seem that both serum alkaline and acid phosphatase 

prouction 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 hornozygosity. Also the inbreeding 

may not have yet progressed Lo 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 modem theories of enzyme synthesis postu- 

late a genetic control, it would seem reasable to expect 

that alterations to the :enetic make-up of an individual 

would result in an alteration to its enzymatic balances. 

Since ribose nucleic acid appears to be associated with 

protein synthesis (lo) and hence alkaline phosphatase 

production, the genetic control may be only very indirect 
and therefore marked chaì;es in the genetic constitution 
of the iqdividual may be necessary before phosphatase 

activity is affected. 

3. Growth. 

A steady decline rì serum alkaline phosphatase activ- 
ity vvith age is a 'arent ith little change after four 

years of age (Figure 1). This eneral 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 ase. In mar, 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 

at a maximum at three months of age (Figure 1). As the 

animals grew older there as 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 leiel 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 ir beef cattle. 

4. Diet. 

In this study, no direct assessment of the effect of 

diet was made but, of necessity, the blet was changed 

throughout the sampling periods. For this reason the 

effect of diet ori the values obtained should be conside.ced. 

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 irr- 

gestion In rats is associated with an increased serum 

alkaline phosp'natase activity (9). Or this basis, a 

possible cause for the extreme variation found Ix. 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 sorne t.me. 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 vas 

fed ad libidum (18). This facilitates the study of non- 

dIetarï factors on the various blood ca-istituents. In 

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, differences have been ob- 

served in this study which may not be found vthere dietary 
control is not so rigid and variation due to diet masks 

that due to other factors. 

5. Rate of Cain. 

It was not possible to demonstrate any significant 

correlations between the blood cïstituents and the growth 

criteria of the calves during the suckling period. 
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EToever, when the feed test calves were considered signifi- 

cant correlations were obtained between rate of ai arid 

serum alkaline phosphatase level at 500, 700 and 800 

pounds and serum acid phosptìatase level at SOG pounds body 

weight. Since these correlatorLs 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. n examination 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 rda- 
tionship of sex with serum alkaline phosphatase level was 

significant with the next larest mean square being that 

of feed consumption per unit gain. Age at 500 pounds body 

weight was more closely associated with serum alkaline 

phosphatase level at 800 pounds body weight than any of 

the other independent variables. 1hen the mean squares 

associated with serum acid osphatase level at 800 pounds 

body weight were considered, it could be seen that rato of 

gain and feed consumptil per unit gain were approximately 

equally related to the serum acid phosphatase level. 
By reference to Table 26, it would be seenì that the 
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bulk of the association of rate of sain with the serum 

aikaflne pho'phatase 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 

associatixì 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 betvveen serum alkaline 

phosphatase level at 500 pounds body weight and rate of 

¿air would suggest that the latter possibility would seem 

more likely. 'sAhen the calves were aì 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 gain of senim alkaline phos- 

phatase level to be demonstrated. This association was 

lost at 600 pounds body weight snd 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 channe in the 

metabolic pattern of the calves while they were in the 

test peris. 

The correlation between serum alkaline phosphatase 

level at 500 pounds body weight and rate of gain lenc3s 



34 

itself to the development of a prediction equation. Using 

serum alkaline josphatase level, age at 500 pounds body 

weight arid sex as the independent variables, rate of gain 

may be predicted by the following equation 

1.65 s 0.54x1 to .064x2 0.0005x3 

where rate of gain 

x1 O for falos and i for males 

serum alkaline phosphatase leve], at 500 pounds 

body weight 

arid x3 is the age at 500 pounds body weight. 

For a 250-day-old male calf with a serum alkaline 

phosphatase level of 6.00 at 500 pounds body weight aged 

250 days, the estimated rate of gain with its 95 per cent 

confidence limits uld be 

2.70 t 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- 

tiors from the mean as the range of the samples, this 

range would be 2.79 to 9.03 ì3odansky 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 a1n would be 1.93 and 2.34 pounds per day. 

Thus, for 250-day-old calves, the observed serum alkaline 

phosphatase levels cld be used to predict the expected 

rates of gain from 1.93 pounds per day ror females to 2.95 

pounds per day for males. 
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SUMMARY AND CONCLUSIS 

1. The performance and certain blood cìstituent data 

have been presented for 46 suckling calves, 52 calves i 

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 

heavier birth weights than the angus calves. to signifi- 
cant sex or line differences were found in the suckling 

gain to six months of age. 

(b) At 50() pounds body weight, the male calves corn- 

menced the performance 

age than the females. 

younger than the Heref 

in rate of gain in all 
making more economical 

test period at a younger average 

The Angus calves of both sexes were 

ord calves. A marked sex difference 

lines was observed, the males also 

gains than the females. 

3. The blood coistituerits 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 pexod 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 ]evel did ot show any decline 

with age but sex differences were observed at 700 and 800 

pounds body weight. In the adult animais, two-year-old 

cows had significantly higher levels thai the older cows. 

(b) Serum acid phosphatase levels durng the suck- 

ling period did not show any sex or line differences. 
However, during the performance test period, en overall 

sex difference was frid at 700 pounds body weight and, 

at 800 pounds body weight, the Angus males had higher 

levels than the gus females. There was a significent 
increase in level due to age in the male calvos. ÌTo age 

or lire 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. iiO correlations were found between the blood constitu- 
eut and performance data for the young calves. However, 

during the feed test period, a number of correlations were 



found between the blood constituents and performance char- 

acteristics, the most consistent of which was that between 

alkaline oho snhatase level and rate of sain. When exam- 

irked more thoroughly, the relationship at 500 pounds body 

weight was found to be real and ìot assocated with sex, 

age or feed economy. A prediction equation was developed 

using sec, age at 500 pounds arid serum alkaline phosphatase 

level at 500 pounds body weight. 
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