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THE SERU1 PHOSPHATASES OF BEEF CATTLE 
AS L'DICES FOR RATE AND ECONOMY OF GAINS 

INTRODUCTION 

During the last twerty years, much research has been 

carried out in the field of beef cattle Improvement. At- 

tenton has been focused on the rate of gain and the 

economy of gain of yourì grow1n. animals as indices of 

their own and their progeny's future performance. Knapp 

and :ordskog (18) have shown by their estimates of herit- 
ability that these criteria were eirii-ìent1y suited to this 
purpose. ?owever, the determinations of rate of airi and 

economy of gain over an adequate period of timo are ex- 

pensive both in time and labour. Many workers have been 

exploring the possibility of some other criteria of ex- 

cellence whIci will, obviate the necessity for a proloïed 

feeding period. 

Performance testing of beef calves has beer. carried 

out at the Oregon Agricultural i:xperiment Station over a 

period of years. Concurrently with this testing program 
there have been developed studies of the various constit- 
uents of the blo3d arid urine (22, 25, $0). The present 

study was undertaken to determine whether the serum 

phosphatases in the blood oV young growing cattle might 

be of value as a predictive tool in indicating Iigh rate 
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and economy of gains. iecause of the close functional 

relationship between the phosphatases and inoraic phos-' 

phate, blood ano serum Inorganic phosphates wore Included. 
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REVIEW OF LIThRATURE 

1. Serun Alkaline Phosphatase. 

Blood serum contans a mixture of small amounts of 

phosphatases of which the principal components are the 

phosphomoTloestorases. Alkaline phosphataso or phospho- 

monoesterase I (27, p. 484) Is represented most strongly 

in the blood serum. It is found in all animal ceLs with 

the exception of hyalire cartilage arid tne walls of blood 

vessels. However, the tissues which contain relatively 

lar,e amounts of this enzyme are the zones of arowth of 

the boïes of ,'oung animals, the Ltestinal mucosa, kidney 

cortex, and lactat1n mammary laid. To a lesser extent, 

liver and brain also contain large amounts of alkaline 

phosphatase. Since the alkaline phosphatases from 

various tissue sources can be distinguished from each 

other to some degree but that of serum and of bone have 

similer properties, it has been sugested that the bulk 

of the alkaline phosphatase in the serum Is derived from 

osseous sources (23). It has been further postulated 

that the serum alkaline phosphatase is excreted in the 

bile (14). 

Fell and Robison (7, 8, g) demonstrated that there 

was intense alkaline phosphatase activity Immediately 

preceding the calcification of bone. Further studies 

established that bone alkaline phosphatase was one of 
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the most important elements in the mineralization of 

bones and teeth, especially ir periods of growth. Fur- 

thermore, alkaline phosphatase ìas been found in high 

concentration wherever rapid calcification was in 

progress. 

The blood phosphates are believed to be fixed as 

esters in the bones where the phosphatase can then liber- 

ate them at a high concentration by means of hydroljsis. 

This permits the rapid and abundant formation of tri- 
calcium phosphate, the renewal of Ca ions in the 

osseous fluIds being assured by diffusion of calcium from 

the blood to the Intercellular osseous fluids. 

Diet exerts an influence o the serum alkaline phos- 

pliatase level in animals. bodansky (2) showed that the 

feeding of iare amounts of carbonydrate elevates the 

level of serum alkaline phosphatase in dogs. Usin rats, 

eIl and Russell (29) showed that fasting produced a 

lowering of the plasma phosphatase level which was cor- 

rected on a return to normal diet. Auchinachie and 

mslie (1) found that, in sheep fed a diet deficient in 

calcium but high In phosphate, the plasma alkaline phos- 

phatase rose to three times its initial value In six 

months. :hen the sheep were returned to pasture, the 

alkaline phosphatase fell but had not reached normal 
levels after one month. 
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Kunkel et al. (19) examined the serum alkaline phos- 

phatase activi ty of European and Erahinan cross cattle arid 

found a lowering of phosphatase activity with age from 

3.4 microrrîole units per liter of serum (6.8 Bodarsky 

units por loo ml.) for 8-14 month old European cattle to 

1.5 micrornoles (3.0 Booarisky units) for cows 3 to 9 years 

of age. This was in accordance with the observations of 

Stearns and Parweg (26), who observed in humans that 
plasma phosphatase increased by 100 per cent during the 

first month of life. This level was maintained during 

the first year, and thera decreased gradually, to rech 
the adult level in late childhood. unke1 also examined 

the possibility of correlations between initial and final 
phosphatase level ond subsequent feed-lot gain in a 

limited number of beef bulls. He found a correlation 
coefficient of 0.19 between initial phosphatase level 
and feed-lot gain and a coefficient of -0.6 between 

final phosphatase level and feed-lot gain. In studies 
with Brahmì male and female cattle carried out over a 

period of three years, Fletcher et al. (11) could find no 

consistent relationship between serum a1a1ine phospha- 

tase activiti ana subsequent gain. 

2. Serum Acid Phosphatase. 

Minimal amounts of acid phosphatase or phosphomono- 

esterase II (27, p. 486) are present in serui. rc1d 



phosphatase does not have the same tissue distribution as 

alkaline phosphatase. The prostate of man axd of the 

higher apes :is very rich in this enzyme; and the spleen 

and liver contain appreciable quantities of acid phospha- 

tase. however, in other mammals, the prostate does ot 

cont aiL large amourts of acid phosphatase. In ene rai, 

it seems that the tissues possessing intense alkaline 

phosphatase activit', except for the liver, are practi- 

cally devoid of acid phosphatase. It would appear that 

serum acid phosphatase ir: mari is partly of prostatic 

origin and partly derived from liver arid splenic sources 

(23). 

The phosphatases sre commonly found in the cytoplasm 

of growing, regenerating and secreting cells in which 

protein synthesis is in progress. There appears to be a 

correlation in such cells between content of ribose nu- 

cleic acid and alkaline phosphatase. In tissues which 

carry ori much traffic n glycoen, acid phosphatase is 

possibly provided to prevent bone formation (23). 

3. Blood and Serum Inorganic Phosphate. 

Phosphates are concerned in the maintenance of a 

proper reaction in the blood, are of great importance in. 

the formation of bone and teeth, are £!ecessa'y in the 

maintenance of a normal calcium concentration in the 
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blood, arid they play ax essetial part in carbohydrate 

metabolism in the transfer of energy in muscle contrac- 

tion, and in secretory celi activity (5, p. 508). mor- 

ganic phosphate is the source material for the organic 

phosphates formed in the body (12, p. 613). 

Blood phosphorus is determined as phosphate but is 

calculated and reported as elemental phosphorus. The 

inorganic phosphate exists as HPO4 and H2PO4 in a ratio 

dependent on the pFf. All the blood inorganic phosphate 

appears to be ultrafiltrable if the calcium and phos- 

phorus levels are within normal limits (28, p. 1186). 

During the last thirty years much attention has been 

focused on the important role phosphate plays in bovine 

nutrition end metabolism. ireen and duiroit (13) were 

among the first to studi dietary requirements for phos- 

phorus and observed that the cause of "styfsiekte" and 

the associated allotriophagia was a deficiency of phos- 

phate in the feed. Eckles, Becker, and Palmer (6) also 

were among the early workers studying phosphate nutri- 

tion. They found that lack of p;osphate was the cause 

of a deficiency syndrome in the dairy cattle of Minnesota. 

urnerous workers have studied the blood inorganic 

phosphate levels of normai uovines. Long et al. (21) 

report levels of from 7.5 mg per 100 ml plasma at six 

months of ae to 4.5 mg per 100 ml plasma at 30 months 



in a group of Hereford and Shorthorn heifors over a 

period of two years. Haag and Jones (15) recorded the 

inorganic phosphate levels in the blood plasma of dalr7 

cattle of different ages in Oregon with levels of' from 

7.7 mg per 100 ml at six months to 5.2 at 4 years of age. 
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MJTHODS AND PH OCEDIJRE 

Data presented in this investi,ation were taken f1m 

44 beef calves, maintained ir the Oregon Agricultural 

Experiment Station beef herd at Corvallis, Oregon, which 

had been subjected to performance test investigations. 

They were of two breeds, Aberdeen Angus and Hereford, the 

latter consisting of three closed lines. The calves wore 

all born in the spring of 1956 and after weaning in 

October and lovember were transferred to the test pens. 

HeiE the; were Individually fed twice daily with weekly 

weif1Tìts and feed consumptions being recorded. The ration 

used consisted of pellets containing two parts chopped 

alfalfa and one part concentrate (24). The calves were 

kept on test until they reached 800 pounds live weit 

and their rate of gain and feed economy calculated for 

the period during which they grew from 500 to 800 pounds. 

Upon reaching 800 pounds, ar oxalated blood sample 

of 10 ml was obtained together with another of 30 ml 

without oxalato. The non-oxalated sample was allowed to 

clot and, after centrifugation, the serum was drawn off. 

The blood samples were collected from the test calves 

between 9:00 and 10:00 a.m. Blood inorganic phosphate 

was detennined on the oxalated sample immediately. The 

serum was frozen over-night and the serum inorganic 
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phosphate and alkaline and acid rhosphatases analyzed the 

following day. 

The method for determination of inorganic rhosphate 

was that of Fiske and Subbaow (IO) with the following 

modification. The photometer was set at 650 millirnicrons 

and the samples were made up to a final volume of 15 ml 

instead of 10 ml. The wavelength and dilutions were 

found to enhance the accuracy of te determinations 

within the rango of values used. 

Alkalino phosphatase was determined by the method 

suggested by Hawk, Oser anc Summerson (17, p. 583-56). 

The incubation prcedure of Bodansky was used with modi- 

fications to permit the use of the method of liske and 

Subbaow for the determination of phosphate liberated. 
The procedure described by Shinowara, Jones and Reinhart 

modified by Hawk, Oser arid Suinmerson to permit the use 

of the Fiske and Subbaow phosphate method was chosen for 

the determination of serum acid phosphatase. 

The means, standard errors, raes, regression co- 

efVcients and correlations have been obtained according 

to statistical techniques as outlined by Li (20). The 

data have been presented with subdiviSionS to allow com- 

parisons between sexes, breeds or lines. 
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EXPERIMENTAL DATA 

The information compiled on each animal include 

averaue rate of gain on feed test (rate of gain), average 

feed consumed per bC) pounds ain, and ae in cays at 800 

pounds body we1ht. Analyses were made for blood mor- 

ganic phosphate, serum inorganic phosphate, serum alka- 

line phosphatase and serum acid phosphatase. 

riabulatiorig of the data have been made to facilitate 
comparisons between sexes within breeds, sexes between 

and within lines and an over-all sex copariso. Gross 

correlatiors have been assembled betwee. : various 

blood constituents and feed-lot performance data. Dif- 

ferences between means for group comparisons have been 

tested statistically by Fisher's test with significant 

difrerences being chosen as probabilities of 0.05 or less. 

1. Rate of Gain on Test. 

I.e mean rate of gain for all animals was 2.40 

pounds per day. There as a marked sex difference in 

rate of airL, the male calves ¿aining 0.70 pounds per day 

faster than the ferales. All hereford males and all 

Angus males gained 0.63 and 0.68 pounds per day more than 

their corresponding groups of reinales. Vithin the .ere- 

fords, the Prince males gained 0.64 pounds per day faster 

than the Prince females and the David males gained 0.69 



pounds per day faster than the bavió females. All dif- 

fererces were significant at the 1 per cent level v.ith 

the exception of that between the David males and females 

which was significant at the 5 per cent level (Table 1). 

Withir sexes, the dereford male calves on the aver- 

age gained O.1B pounds per day faster than the Angus 

males but this difference was not significant (Table 3). 

Hereford females, however, gained significantly faster 

than the Angus Vernales and had an avera;e daily gain of 

0.24 pound per day above that of the Angus (<O.O1). 

2. Feed Consumption 100 Pounds Gain. 

A meen feed consumption of 847 pounds per 100 pounds 

gain was recorded for all animals. Feed consumption in 

pounds per 100 pounds gain was significant1 greater in 

all groups of females when compared with their corres- 

ponding groups of males. The Hereford males ate 99 

pounds of reed less than the Angus males for every 100 

pounds gained. Prince males ate 83 pounds and 82 pounds 

per 100 pounds gain less than David males and Lionheart 

males, respectivelj. These differences were all signifi- 

cant at the i per cent level Table i). 

Io the comparisons between the feed economies of the 

females, iTerfords te significantly less feed (150 

pounds) per 100 pounds gain than the Angus (P<0.05). 

Prince females also ate 105 pounds loss per 100 pounds 



TABLE i 
Average Rate of Gain and Feed Consumption per Unit of Gain of Hereford and Angus Celves 

from 500 to 800 Pounds Body Weight 
o. of flate of Gain Pounds feed/ Age at 800 

Group Calves (lb per day) 100 lb Gain Pounds (days) 
Average Hange Average Hange Average Hang e 

Lionheart males 5 2.73 (2.34-3,03) 703 (639-752) 350 (311-379) 
Lionheartfema1e 1 2.06 237 378 
Prince maies 5 2.91 (2.25-3.78) 621 (554-669) 349 (325-387) 
Prince females 6 2.27 (1.99-2.89) 842 (722-937) 394 (369-447) 
David males 5 2,83 (2.57-3.12) 704 (644-742) 359 (346-377) 
David females 5 2.14 (1.83-2.68) fl47 (784-1002) 424 (353-474) 
Hereford males 15 2.83 (2.25-3.78) 676 (554-752) 352 (311-387) 
Hereford females 12 2.20 (1.83-2.89) 894 (722-1002) 405 (353-474) 
Angus males 5 2.64 (2.28-2.93) 775 (659-851) 352 (329-372) 
Angus females 12 1.96 (1.66-2.24) 1044 (895-1238) 403 (345-461) 
All males 20 2.78 (2.25-3.78) 701 (554-851) 352 (311-387) 
Ail females 24 2.08 (1.66-2.89) 969 (722-1238) 404 (345-474) 
All animais 44 2.40 (1.66-3.78) 847 (554-1238) 380 (311-474) 

Standard Lrror of the 
Mean for all animals 0.047 16.78 4.40 
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gain than the David which difference was also significant 

at thc i per cent level (Table 3). 

3, at 800 iounds. 

lNhile the mean age off test was 380 days, the female 

calves were all older at 800 pounds than the male calves, 

the differences in age between ail males and all lernales, 

Angus males ar.d females, Hereford males and females were 

52, 51 and 53 days, respectively (Table 3). These dif- 

ferences were all significant at the i per cen.t level. 

Prince females were 45 6a, s older thar their male calves 

and the David females were 65 days older at 800 pounds 

than the niales of the sanie line. Both differences were 

significant at the 5 per cent level (Table 1). 

4. Serum Alkaline Phosphatase. 

The mean level of serum alkaline phosphatase of all 

animals was 5.31 Bodansk units per 100 millilitres 

(Table 2), Bodansky units of phosphatase activity are 

given by the number of mg of liorganic phosphate liber- 
ated from 0.5 per cent buffered beta-glycerophosphate in 

one hour at 370C by 100 millilitres of serum. Al]. males 

had a mean serum alkaline phosphatase level 1.76 Bodansky 

units per lOO millilitres hi;her than that of ali the 

females (Table 4). Angus malos had an average level 1.92 

Bodanskj units higher than that of the Anus females. 



TABLE 2 (a) 

Averae Serum Alkaline Fhosphatas and Serum Acid Phosphatase Levels of Hereford and 
Angus Calves at 800 Pounds Body Vteight 

Group Serum Alkaline irosphatase Serum Acid Phosphatase 
(Bodansky units/lOO ml serum) (Bodansky units/lOO ml) 

Ave. Ranbe Ave. Range 

Lionheart males 6.68 (3.63 - 9.64) 0.58 (0.42 - 0.85) 

Lionheart females 4.53 0.66 

Prince males 6.66 (5.14 - 8.68) 0.64 (0.40 - 1.21) 

Prince females 6.04 (3.20 - 9.04) 0.39 (0.01 - 0.63) 

David males 6.01 (3.82 - 8.93) 0.55 (0.09 - 0.80) 

David females 4.4 (2.69 - 6.10) 0.28 (0.19 - 0.42) 

hereford males 6.45 (3.63 - 9.64) 0.59 (0.09 - 1.21) 

Hereíord fomales 5.16 (2.69 - 0.04) 0.28 (0.01 - 0.66) 

Angus males 5.77 (3.83 - 8.60) 0.31 (0.12 - 0.54) 

Angus females 3.85 (2.65 - 5.71) 0.30 (0.18 - 0.44) 

All males 6.27 (3.63 - 9.64) 0.52 (0.09 - 1.21) 

All females 4.51 (2.65 - 9.04) 0.33 (0.01 - 0.66) 

All animals 5.31 (2.65 - 9.64) 0.42 (0.01 - 1.21) 

Standard Error of the Mean 
f or all animals 0.26 0.031 

-J 

C,, 
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TABLE 2 (b) 
Average blood and Serum Inorganic Phosphate Levels of 

Hereford and Angus Calves 
at BOO Founds Body eight 

Blood Inorganic Serum Inorganic 
Phosphate Phosphate 

Group (mg. P/lOU ml. (rn. /ioo mi. 
blood) serum) 

- 

Ave. iarige Ave. flange 

Liorheart males 5.12 (4.48 -5.56) 7.97 (7.43 - 0.38) 
Lionheart females 4.47 6.74 
Prince maies 4.77 - 5.29) 7.96 (7.44 -9.0) 
Prince lemales 5.4 (4.9 - 6.01) 8.18 (7,16 - 9.70) 
1)avid males 5.83 (5.37 - 6.19) 8.06 (6.63 - 9.23) 
David females 5.36 (4.72 - 6.43) 8.16 (6.71 - 9.15) 
Hereford males 5.24 (4.16 - 6.19) 8.00 (6.63 - 9.50) 
rierelord females 5.33 (4.47 - 6.43) .05 (6.71 - 9.70) 
Angus males 5.47 (4.90 - 6.00) 8.16 (7.85 - 8.66) 
Angus iemales 4.92 (4.22 - 6.09) 7.44 (5.38 - 9.20) 
All males 5.30 (4.16 - 6.19) 8.04 (6.63 - 9.50) 
All females 5.13 (4.22 -6.4) 7.75 (5.38 - 9.70) 
All animals 5.21 (4.16 - 6.43) 7.88 (5.38 - 9.70) 

Standard Error or the 

mean for all Animals .09 0.14 
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TABLE 3 

The Differences Between the Mean Rates of Gain, Feed Per 
Unit of Gain and A:e at 800 Pounds of Hereford and Angus 

Cal y e s 

Group Comparison Difference Between Means 
Rate of Gain Feed Age 
(lb. per day) (lb./100 (days) 

lb. gain) 

irince males y females 0.64* 221 - 45 

David mal es y female s s 0. 69 - 243** - 65* 

Hereford males y females s 0.63 - 2l8 53** 

Angus males y females 0.70 - 269 - 51 

All males y females 0.70 - 268 - 52** 

MALES 

Lionheart y Prince 

Lionheart y David 

Prince y David 
Hereford y Angus 

FEMALE S 

Prince y David 

Hereford y Angus 

-0.18 82* 1 

-0.10 - i - g 

+ 0.08 - 83 - 10 

+0.19 - O 

4 0.13 - l05 - 30 

+ 0.24 - 150 + 2 

Significant at 0.05 level 

Significant at 0.01 level 

L.B. The positive sign means that the group of animals 
listed first had a value greater than the second. 
For example, in the first line, Prince males had a 
0.64 pound per dai greater rate of gain, ate 221 
pounds of feed less per 100 pounds of gain and were 
45 days younger on reaching 800 pounds than the 
Prince females. 
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TABLE 4 

The Differeuce etwee! the Mean Blood irorganic Phosphate, 
Serum Inorganic Phosphate, Serum Phosphatase Levels of 

Hereford and Angus Calves 

Group Comparison Difference Between Means 
Serum Serum Blood Serum 

Alkaline Acid Inorganic Inorganic 
Phos- Phos- Phosphate Phosphate 

phatase phatase 
(Bu/lOO (Bu/lOO (mg/loo (ms/lOO 
ml) ml) ml) ml) 

Prince males y 
females +0.62 .0.25 -O.69 -0.22 

David males y 
females +1.77 +0.27 4O.47 -0.10 

Hereford males 
V females 1.29 40.31" -0.09 -0.05 

Angus males y 
females ¿l.92 .0.01 +0.55 0.72 

All males y females 
y_.,,. 

'l.76' 0.19' -0.08 40.29 

MALES 

Lionheart y Prince +0.02 .0.06 40.35 rO.Ol 

Lionheart y David +0.67 .0.03 -O.7l -0.09 

Prince y David +0.65 40.09 -1.06w -0.10 

Hereford y Angus i0.68 s0.28 -0.23 -0.16 

FEMALES 

Prince y David +1.80 +0.11 +0.10 .0.02 

Hereford ' igus .1.31 -0.02 +0.41 +0.61 

* Significant at 0.05 level 
** 

Sikificant at 0.01 level 



19 

Both differences were sigrificarit at the i per cent level. 

The other male rroups (ilereford, Lioriheert, Prince and 

David) had higber serum alkaline phosphatase levels thar 

those of the corresponding emale groups but the differ- 

erices were rot si;nificant. 
riereford females had a iiean level of 1.31 Bodansky 

units higher than the Angus females (< 0.05). 

5. Serum Acid Phosphatase. 

The mean acid phosphatase level for all animals was 

0.42 Bodansky units per 100 ml serum (Table 2). On the 

average, male calves were found to have levels 0.19 

ßodansky units higher than female calves (< 0.01). 

Hereford male calves also had averaF;e acid phosphatase 

levels 0.31 Bodarisky units per 100 ml serum in excess of 

the Hereford females (P<.0.0l). Breed arid line differ- 

ences were not significant, Hereford males having a mean 

acid phosphatase level 0.28 Bodansky un1s higher than 

Angus males (Table 4). Hereford females had levels aver- 

aging 0.02 iodarisk units less than tflÇ;s females. 

6. Blood arid Serum Inorganic hosphate Levels. 

In general, differences between the sexes in blood 

and serum inorganic phosphate levels were not found to be 

significant with the exception of that between Angus 

males and females in which the males had significantly 
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higher blood and serum irtoranic phosphate levels (P < 

0.05). PrInce males had a mear blood Inorganic phosphate 

level 0.69 mg per 100 millilitres less than that of the 

Prince females (P< 0.05). 
Ir a comparison between the blood irorganic phos- 

phate levels of the male calves of the various dereford 

lines, the David calves had levels significantly higher 

than those of the males of both Lionheart and Prince 

(Table 4). 

7. Correlations between Performance arid Blood Constituent 

Data. 

Gross correlations were calculated or. the performaro 

test information and the blood data to determine possible 

relationships. Eate of gain was found to be negatively 

correlated with feed per unit of gain and with age at 800 

pounds body weight. It was positively correlated with 

both serum phosphatases. All correlations were signifi- 

cant at the i per cent level (Table 5). 

Feed consumption per unit of gain wa positive1 

correlated with age at 800 pounds body weight and nega- 

tively correlated with both serum phosphatases (P<o.01). 

Serum Inorganic phosphate was positively correlated 

with blood inorganic phosphate ( <0.05). 

In order to examine whether line and sex differences 

had been contributing to the high correlations between 
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Correlation and Regression Coefficients Involving Rate of Gain, Feed per Unit Gain, 
Age at 800 Pounds, Serum Alkaline Phosphatase, Serum Acid Phosphatase, Blood Inorganic 

Phosphate, and Serum Inorganic Phosphate 
Rate Feed/ Age at Serum Serum Blood Serum 

Ordinates of Ur1it 800 lb Alkaline Acid Inorganic Inorganic 
Gain Gain Phos- Phos- Phosphate Phosphate 

phatase phatase 

Rato of Gain -0.87 -0.62 .O.54 C.37 .0.16 .0.15 

Feed/Unit Gain -323 +O.74 _0.56** -O.48 -0.24 -0.24 

Age at 800 lb -51.5 .0.16 -O.4l -0.4l -0.04 -0.18 

Serum Alkaline 
Phosphatase .2.23 -0.0062 -0.20 .0.33 -0.21 +0.11 

Serum Acid 
Phosphatase .0.18 -0.0006 -0.0024 +0.039 .0.08 +0.14 

Blood Inorganic 
Phosphate .0.20 -0.0008 -0.0005 -0.006 .0.21 +0.39* 

Inorganic 
Phosphate +0.O -0.0013 -0.0045 .0.054 +0.57 +0.63 

* Significant at 0.05 level 
Significant at 0.01 level 

B. The values on the top right-hand are the correlation coefficients while those in 
the bottom left are the regression coefficients. 

C') 

I-I 
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the serum phosphatases and rate of :a1n, ii.tra-c1ass 

correlations between these constituents and rate of gain 

were calculated. They are presented in Table 6. For 

comparison, intra-class correlations between feed con- 

surnption per unit of gain and age at 800 pounds body 

wei{;ht and rate of .;a1ri are also presented. From these 

dissections of the data, it will be readily seen that 

reed consumption per unit of gain is highly negatively 

correlated with rate of gain, especially so in the case 

of females (?< 0.01). Similarly, vith the exception of 

the Prince males which influence the flereford male cor- 

relation, age at 800 pounds is ne, atively correlated with 

rate of gain. 

In a consideration of the intra-ciass correlations 

between serum alkaline phosphatase and rate of gain, 

there are variable values for the males, both Prince and 

Angus males showing negative correlations, while all 

other groups of males showed positive correlations. 

However, the female calves all showed positive correla- 

tions with rate of gain. 

By contrast, the correlation of 0.37 between serum 

acid phosphataso and rate of gain was found to be composed 

of both negative and positive correlations within the 

different classes. There did not appear to be any cori- 

sistent pattern. 
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TABLE 6 

Correlations of Feed Consumption per Unit Gain, Age at BOO 

Founds, Serum Alkaline Phosphatase, and Serum Acid Phos- 
phatase with sate of Cain Between 500 and 800 Pounds Body 

Weight 

Group Feed Age at Serum 
Consumption 800 Alkaline Aeld 
Per Unit Pounds Phosatase Fhospbatase 

Gain 

Lionheart 
males -O.83 -0.19 p0.46 ,O.69 

Prince males -0.58 sO.Bl* Q44 Q5Q 

Frinc e 
females -O.8B -0.48 0.B3 -0.08 

David males -0.54 -0.32 sO.68 iC.16 
David females -O.96 -O.9& +O.8]. .0.73 
Flereford 

males -0.55 +0.33 .0.09 -0.14 
hereford 

females -0.81 _O.63* +O.78 +0.12 
Angus males _Q75* -0.32 -0.74 +0.50 

Angus females _O.80** _O.61* .0.24 -0.27 
All males -O.60 .0.22 -0.01 +0.07 

All females -O.8l -O.56 .O.7l .0.13 
All nirna1s -0.87 -O.62" +0.54 ,Q37 

Signifi ant at 0.05 level 
Significant at 0.01 level 
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hi1e the numbers of acimsls involved tri the calcu- 

lation of these correlations of an intra-class basis is 

quite srna]J (circa 5), the consistent pattern of correla- 

tis between feed consumptln per unit of gain, age at 

800 pounds, and rate of gain indicate that they have some 

value. On this basis it would seem that th:re is a 

defirite and consistent correlation between serum aiks- 

line phosphatas e aid rate ol' ain in the fe'ale calves, 

a correlation somewhat independent of breed and line 

differences. 

8. hegression Coefficients Between Performance and Blood 

Constituent Data. 

(a) Rate of Gain. 

Regrossio coeificients were calculated for all 
the data studied (Table 5). i-owever, only those where 

the correlation coefficients were found to be significant 
will be discussed. The relationship between raLe of gain 

and feed consumption per unit of airL was characterized 

by a decrease in food consumption per 100 lbs of gain of 

32.2 pounds for every 0.1 pound increase tri rate of gain 

(Table 5). This means that the feed intake, of 847 

pounds per 100 pounos of gain, associated with the average 

rate of gain of 2.4 pounds daily is increased to 847 + 

(32.3 X 4) or 978 pounds when the daily a1r is only 2.0 
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pounds, and Is reduced to 847 - (32.3 x 4) or 718 pounds 

at a daily gari of 2.8 pounds, and to 687 pounds for a 

daily sain of 2.9 pounds. 

( b ) ri a t e of . 
am and Age at 800 Pounds. 

- 

Each 0.1 pound increase i rate of , am was 

accompanied by a decrease of 5.1 days In the age at 800 

pounds. An average rate of tain of 2.4 pounds aily arid 

ari avera.:e age of 380 days implies roughly an average a(;e 

of 255 days at 500 lbs and an average time interval of 

125 days to aIri Lrom 500 to 8O. pounds in body weIcht. 

For an averae daily sain of 2.0 pounds daily 150 days 

are required and for 3.0 daily 100 days are required. 

This yields roughly 5.0 days cs the average reduction in 

age at 800 pounds body weight for eacn 0.1 pound Increase 
iú rate of daily sain. The difference between the 

mathematical value of 5.0 days lower ae at 800 pounds 

and the statistical average of 5.1 pounds lies partly In 

the fact that the relationship between age at 800 pounds 

and rate of ,ain Is hyperbolic rather than linear. Thus 

the age (A) at 800 pounds, if the rate of gain is R, and 

the age at 500 pounds is 255 days Is given by 

A 255 and dA/dG 300/G2 at 2.0, 2.5 and 3.0 

pounds gain daily, the change In ge per pound Increase 

in gain are - 75, 48 and 33 days respectively, or 7.5, 

4.8 and 3.3 days per 0.1 increase In the rate of daily 
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gain. 

(e) Rate of Gain and Phosphatases. 

A 0.1 pound increase in rate of gair was also 

associated with an increase of 0.223 J3odansky units per 

loo ml serum In alkaline phosphatase activity and of 

0.018 Bodansk units in acid phosphatase activity (Table 

5). As the average alkaline phosphatase activity was 

5.Zl Eoaansky units this mean an increase of 4.1 per cent 

in the alility of serum to alter the coricertrat1ors of 

mono-phosphate esters at a pH of 8.6. As the average 

activity of acid phosphatase was 0.42 'odansky units, the 

increase of 0.018 units of activity for each 0.1 pound 

increase in the rate of gaií is equivalent to a 4.2 per 

cent increase in the abiiit of serum to alter the con- 

centration of monophosphate esters at a pH of 5.0. 

(d) Phosphatases. 

Acid phosphatase increased by 0.09 Bodansky 

units for every increase of one .Bodarsky unit in alkaline 

phosphatase, while serum inorganic phosphate increased by 

0.65 mg per 100 ml serum for every increase in blood in- 

organic phosphate of 1 mg per 100 ml blood. 

The intra-class regression coefficients (Table 7) 

support the relationship indicated by the correlation co- 

efficients of acid and alka1ie phosphatase on rate of 



27 

TABLL 7 

Regression Coefficients of Feed Consumption Per Unit Gain, 
Age at 800 Pou.Ls, Senim Alkaline Phosphatase, and Serum 
Acid Phosphatase on Rate of Gain between 500 and 800 

Founds Body \eight 
Group Feed Age at Serum Serum 

Consumption 800 A1ka1ire Acid 
Per Unit Pounds Phosphatase Phosphatase 

Gain 

Lionheart 
males -172.0 - 20,3 .0.06 +0.42 

Prince malos - 50. t 37.6 -0.17 -0.29 
Princ e 

females -198.9 - 43.9 +5.52 -0.01 
David males - °3.1 - 16.8 .0.08 .0.20 
David females -273.9 -134.0 .o.08 .0.26 
lie re ford 

malos - 92.6 20.6 .0.001 -0.09 
Hereford 

females -239.7 - 76.3 +4.73 +0.07 
Angus males -21.0 - 28.6 -0.09 .0.37 
Angus females -540.6 -103.4 .1.43 -0.01 
All males -134.4 t 13.8 -0.64 .0.53 
All females -382.0 - 67.9 +4.20 +0.07 
All animals -323.4 - 51.5 +2.23 +0.1E3 
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gain in female calves. Ihe slope of the regression line 

for alkaline phosphatase on rate of g&in was remarkably 

coístant when the small number of calves in each group is 

considered (b 5.52, .O8, 4.73, l.4, anca 4.20). 1he 

regression of acid phosphatase or! rate of a1n in the 

female groups did not yield as consist&it a pattern as 

for the alkaline phosphatase (b : 0.01, + 0.26, + 0.07, 

- 0.01). However, when these values are compared with 

the wide variation in values for the male croups, it is 

possible that there may be sane fairly consistent rela- 

tionships between acid phosphatase and rate of gain as 

well as that derno:strated between alkaline phosphatase 

arid rate of ,ain. 
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DISCUSSI ON 

The data presented require comparison with the lit- 
erature and discussior from the aspect of sex variaUoxi, 

breed and line variation and certain physiological con- 

clusions arising from the information assembled. 

Comparisons with Literature. 

The performance data indicates that, within the four 

categories of Hereford and Angus male anó female calves, 

Hereford males were the fastest and most efficient gainers 

of the four groups while the kngus females had the lowest 

averae rates and efficiencies of gain. This is in pen.- 

eral agreement with previous reports on this herd (4, 22, 

30). Fiowever, some variation appears to occur betwecn 

lines in different years. 

In a discussion of serum phosphatase levels, compli- 

cations arise with respect to definition of a standard 

unit of activity. The unit used in this paper was the 

Bodensky unit vhich Is the number of mp of inorganic 

phosphate per 100 ml serum liberated from 0.5 por cett 
sodium beta-glcerophosphate ircuuated at 370 for orte 

hour. Another unit often. used is the ing and Armstrong 

unit which, as used by Gutmari and Gutman, is defined in 

terms of the liberation of one mg per cent of phenol and 

is approximately double the value of the phosphate unit 
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used here (17, P. 584). The method of Bessey, Towr'j and 

Brock as used by Kunkel et al. (19) has as its unit the 

number o1 micromoles of p-nitrophenol liberated per liter 

of serum per hour at 380 from .-nitropheiy1 phosphate. 

Each micromolo per liter of serum por hour is equivalent 

to 1.79 ßodansky units per 100 ml serum per hour. 

The serum of normal human adults contais 5-10 1ng- 

Armstrong units (about 2.0 - 3.5 Bodansky units) of alka- 

line paosphatase per 100 ml and 0.6 - 2.0 King-Armstrong 

units of acid phosphataso. Crookaharik et al. (3) record 

normal values of serum alkaline phosphatase for beef cows 

artd sheep or pasture. For samples t1kerk durirg lacta- 

tion, the levels in the beef cows appeared to be grouped 

in two ranges between 1.0 and 2.9 Bodansky units and be- 

tween 13.0 and 24.9 units. The levels for sheep were 

11.1 f 0.3 Thodansky units per 100 ml plasma. Kunkel et 

!i (19) recorded averae levels between 3.07 and 3.61 

micromole units per liter (5. to 6.4 bodarksky units) of 
serum for L:uropean and Zebu-cross beef calves eight to 

fourteen months of ase. Fletcher et al. (11) otaied 

values from 4.39 to 8.16 micrornole units per liter (8.0- 

14.7 Bodansky units) in Brahman calves from B to 11 

months of age in a three-year study. 

The levels recorded in the present study lie within 
the limits of tìose reported previously. 



31 

The mean serum inorganic phosphate level of 7.88 mg 

per loo mi arid a ran,e cf 4.2 - 9.7 m per cent also ap- 

pears to agree with data in the ii terature. Haag and 

Jones (15) found plasma inorganic phosphate levels of 

7.68 mg per cent for dairy calves 6 to 12 months of age 

in the Oregon district. The lactating beef cows studied 
by Crookshank et al. (3) had a somewhat iover mean value 

of 5.4 mg per 100 mi serum. Usir1( heifers and cows of 

the Shorthorn, Hereford and Angus breeds, Long et al. 
(21) recorded levels between 3.5 and 7.5 mg per 100 ml 

plasma. 

Comparisons i3etween Sexes. 

Significant sex differences were recorded for rate 

of gain, Rereford males gaini:n. weight more rapidly than 

Hereford females. Angus males also gained weight more 

rapidly than the Anus females. 'ithin the Hereford lines, 

Prince and David males airied at a significantly faster 

rate than their respective gups of females. Ail groups 

of females consumed significantly greater amounts of food 

per 100 pounds gain than the corresponding g roups of 

males. The higher rate of gain of the maie calves was 

reflected in the age off test, all male groups being 

younger at 800 pounds live weijt than their respective 
female counterparts. 
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Serum alkaline phosphatase levels were hi{her in all 

the male groups than in the females. hile there is a 

significant difference between Angus males and Angus fe- 

males and between all males and all females, many females 

had levels corresponding to sorne of the males. This in- 

dicates a considerable overlap in the ran{es of the two 

sexes. 

All male groups exhibited higher serum acid phospha'- 

tase levels than the female groups. These differences 

were significant in the case of the Hereford males and 

females and all males and females. 'ihile there was once 

again ari overlap in the ranges of the values for males 

and females, this overlap was not great. 
rjìhe blood inorganic phosphate levels were not sex 

dependent. A rather more variable pattern could be seer'. 

David males had higher levels than David females while 

Angus males had significantlj higher levels than the 

Angus females. In all other cases the females showed on 

the averae higher blood irior:an1c phosphate levels than 

the corresponding males. This means that blood phosphate 

levels are less sex dependent than are rectal temperature 

(31), heart rate (32), rate of gain, feed intake, serum 

alkaline phosphatase, or serum acid phosphatase. 

Serum inorganic phosphate as would be expected 

fairly closely paralleled the blood inorganic phosphate, 
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the Angus males having hiher serum inorganic phosphate 

levels than he Angus females. All lines v1thir tìe 

Herefords showed higher levels for the females than for 

the males. However, all males had higher levels than all 

females. 

Comparisons ietweeri Breeds and Lines. 

The difference between breeds in rate of sain was 

not as great as that between sexes within breeds. Here- 

ford males gained at a faster rate than the Arus males 

and Hereford females also gained weight faster than the 

Angus females. 'ithin the Hereford lines, the Prince 

male and female calves gained fr'ter than those ir the 

other two lines, the Lionheart calves being the slowest 

gaining Hereford line. 

'hen ieed consumption per unit gain is considered, 

the Hereford males arid females utilized their feed more 

efficiently than did the Angus males and females. '.ith1r 

the Hereford lines, the Prince males and females had more 

efficient feed utilization than the males and females of 

either the Licnheart or David lines. There was little 

difference in feed conswnptiori. per uni t of gain between 

Liocheart and David males. Thus the Prince calves could 

be considered as the rost efficIent converters of food 

with the Lior4heart and David calves ranking about equal 
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In second place. The Angus calves did not compare at all 

favorably in their ability to utilize the food eaten for 

conversion into livin, matter and its derivatives. 

Of Interest in relation to the rate of tain and food 

consumption comparisons Is the study of the age at 60G 

pounds live weight. There was no difference in age off 

test betweer the Angus and Herford male calves while the 

Angus females averaged two days older than the Hereford 

females at the same final weight. This suggested that 

the Angus males and females must have averaged higher 

gains prior to going on test than the Hereford males and 

females. Thus it would seem that the Angus dam provided 

her calf with a better start than did the Hereford dam. 

However, by the time the calves reached 800 pounds they 

were of corparable ages. This raises a question as to 

whether the Flereford calves would gain equally weil be- 

tween 500 and 800 pounds if they had had the previous 

suckling gains enjoyed by the Angus. It would appear 

that in Herefords, emphasis had been placed on post- 

weaning gains whereas development of the Angus breed had 

more emphasis placed on gain during the suckling period. 

Vdthin the Hereford lines, Prince males were slightly 

younger at 800 pounds than the Lionheart males. The 

latter were in turn 10 days younger than the David males. 

The Prince females were much younger than the David 
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female s. 

Serum a1kalire hosphatase levels for hereford male 

and female calves were rather higher than those exhibited 
by the Ânus males and tema1e. Lionheart males had 

higher levels than Prince males, which in turn exhibited 

higher levels than the David males, The Prince females 

had hiher levels than the David females. 

Hereford male calves also had on te average higher 

acid phosphatase levels than Angus males. However, the 

hereford females had a slightly lower level than the 

Angus females. :ithin th.e Hereford breed, the lines 

exhibiteu a similar tren.d to that shown for the alkaline 

phosphatase. Of the males, the Lionheart calves had the 

highest levels followed by the Prince and David. The 

Prince females had higher levels than the David. 

Blood inorganic phosphate levels were lower in the 

Hereford males than in the Anus males and higher for the 

Hereford females than the An-us females. The David males 

showed the highest blood phosphate levels of the iereford 

lines. The Lionheart males had higher levels than the 

Prince while the Prince females had higher levels than 

the David. 

The serum phosphate relationships paralleled the 

blood phosphate wIth a lesser degree of difference between 

the various groups. 
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Correlations and Regression Coefficients Between the 

Performance and i3lood rorstituent Data. 

Gross correlations between rate of aìn, feed con- 

sumption per 100 pounds in and ae at 800 pounds were 

significant. Gross correlations of nearly the sanie order 

were found for alkaline and acid phosphatase with these 

three performance characters. These high correlatioLs 

suggest that either there were considerable sex differences 

producing those relationships or there was an actual cor- 

relation within breeds and sexes between blood phospha- 

tases and the performance data. 

In order to test these two ponts, correlations were 

determined at an intra-class level between leed consump- 

tian por unit dairl, a&;e at 800 pounds, alkaline and acid 

phosphatase, and rate of gain. There was a consistent 
relationship between the performance characters with one 

exception (Table 6). However, the blood constituents 

did not show as consistent a storj. Alkaline phosphatase 

was consistently positively correlated with rate of gain 

in the females but there was a variable relationship in 

the males, both krince and Angus males showing a neative 

correlation. Acid phosphatase showed considerable varia- 

tion and it seems likely that the high correlation was 

produced by the sex differences. 

The anomaly in the correlation between age at 800 
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pounds and rate of gain occurs in the Prince males where 

a positive correlation was recorded. It is a siiificant 

fact that the fastest gaining maie calf was a Prince calf 

which was also the oldest male calf at 600 pounds having 

been retarded at weaning. This combination of factor's 

contributed to the positive correlations between age at 

800 pounds and rate of gain seen in the Prince, Hereford 

and all maies. 

The regression coefficients provide further weight 

to the correlation coefficients especially with regard to 

the consistent relationship between alkaline phosphatase 

and rate of gain in female calvos. The slopes of the 

regression lines for all groups of females are comparable 

while those for the male groups indicate that alkaline 

phosphatase and rate of gain are quite independent. The 

acid phosphatase regression coefficients for the female 

groups show a lesser order of magnitude while that for 

the males indicated independent variation of acid phos- 

phatase level and rate of gain. 

Physiological Relationships Between the Data. 

There are a number of physiological implications to 

be derived from the data presented. Probably the most 

significant observation is the relationship within 

females of alkaline and acid phosphatase to rate of gain. 

This is In accord. with the sugestion by Moog (23) that 



the bulk of the alkaline phosphatase Is derived from 

osseous sources and that acid phosphaLa3e is of liver nd 

sp1eiic orißln. Bone growth WOUld rather closely parallel 

body weight at this stage of growth so that lt would be 

reasonable to expect a fairly close relationshp between 

alkaline phosphatase and rate of gain. Similarly, acid 

phosphatase being of liver origin would be expectec to 

be related to the rate of metabolic processes. íore 

rapid growth would require an increased metabolic rate 

on the part of the animal and this would be reflected in 

an increased serum acid phosphatase. 

The explanation for the 1ck of correlation betweer 

these constituents and rate of gain in the male calves 

is probably related to the onset of sexual maturity. The 

calves were approaching sexual maturity, some being more 

mature at 800 pounds body weight than others. ith an 

active reproductive tract, there would be an appreciable 

production of alkaline phosphatase (arid sorne acid phos- 

phatase) by the prostrate gland (16). Sufficient of 

these prostatic enzymes find their way into the circula- 

tion to produce the sex difference observed and to pre- 

vent the demons iration of correlations between the serum 

phosphatases ard rate of gain. 

It is rather surprising that there is not a definite 

relationship between alkaline phosphatase and inorganic 
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phosphate. In. hwnan rickets, it has been observed that 

the 1roraric phosphate levels decrease while the alka- 

line phosphatase levels increase (28, p. 694). However, 

the data in the present study indicate that there is rio 

such relationship within the normal ran&e of inorganic 

phosphate levels. This is in areement with the findings 

of Crookshaì: et al. (3). 

itie correlation between blood and serum inorganic 

phosphate provides some intercstlng information. Within 

the same animal, the hematocrt is the determining factor 

in their relationship. Since in these cattle the averae 
hematocrit was 45 per cent (Price et al., 25), the amount 

of phosphate carried in the red blood cells may be calcu- 

lated. In 100 !l of whole blood there would be 

or 4.33 mg of inorganic phosphate in the serum. There 

remains 0.88 m of inorganic phosphate present in the red 

blood cells. This presupposes that the inorganic phos- 

phate content of serum is equivalent ta that of plasma 

and that no more phosphate is retained in the fibrin of 

the clot than would he retained in the centrifuged cells 

alone. Thus the concentration of inorganic phosphabe of 

red blood cells is only 11 per cent of that ir blood serum. 

The figures obtained relating to feed consumption 

and time on test yield sorne nteresting information on 

maintenance metabolism. Angus males consume 15 per cent 
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more feed between 500 and 800 pounds but require only 7 

per cent ìror time than do Hereford males, This discrep- 

ancy between tbe feed consumption and time or test rnaj 

possib1 be explained by the Jiereford calves havin, a 

rather greater runien development than the Angus a1ves. 

This would result Th the Hereford calves at 800 pounds 

body we1ht having a 1arer amount of feid stored in 

their digestive tract. Sice rio ar.ima1s viere s1auhtered 

at 800 pounds body weight, it as not possible to deter- 

mine dressing percentages and carcass weights which would 

test whether this was so. A greater ruìtn developnient 

vzou1d be a factor leading to nore rapid rate of gain, but 

it would enhance tYe feed take discrepancy (Table ). 

Hereford males consume an average of 1.l3 pourds of feed 

daily per 106.0 days or 2028 pounds while gaining from 

500 to .C)O poums in body weight. Aus males consumed 

an average of 20.46 pound of food daily for ll.6 dais 

or 2Z25 pounds fooc. while ain1ng from 500 to 800 pounds 

(27 pounds more feed than the Fferefords). On the basis 

of the greeter efficiency of the Fiereford, a larger frac- 

tion of body weicht as castro-intestinal tract and con- 

tents vouid 1e postulated for the .Flereford; but on the 

Lasis of 7 per cent greater daily intake in feed, at 

least a greater storae capacity in the Angus must be 

considered a possibility. Quantitative data on the 
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TABLE 8 

Mean Time and Mean Feed Fequired to Gain from 500 to BOO 
Pounds Body Veight and Average i)aily Feed Consumption for 

Hereford and Angus Calves 

Time for Feed for feed per 
Group 300 lbs 300 lbs Day 

gain (days) 

Hereford males 106.0 2028 1.1 
Hereford feniales 136.4 2682 16.7 

Angus niales 113.6 2325 20.5 

Angus females 153.1 2132 20.5 



gastrointestiía1 tracts and contents at the Lrne of 

s1auhter are In short supp1ï, and represent a direction 

where future research could be expanded with a profit. 

Hereford females eat on the average 16.73 pounds of 

feed daily for 136.4 days to gain 300 pounds (500-800 

pounds body weight) and Angus females an average of 20.45 

pounds daily for 153.1 days. The daily feed intake of 

Angus females on te avera;e is 22.2 per cent reter 

than that of the Hereford females and is recuired for a 

12.2 per cent longer period of time. 

The comparison between Hereford males and females 

is more complex than the comparison beween Hereford and 

Angus males. ilereford males take in an average of 19.13 

pounds of feed daily for 106.0 days to gain 300 pounds 

(500 to 1300 pounds body weight). Heretord females take 

in ari avera;e of 16.73 pounds daily for 136.4 days. The 

females eat an avera,e of 13.5 per cent less feed daily 

but br a 28.7 per cent longer period to am 3c0 pour!ds. 

It vcouid seem that basal or maintenance metabolism for 
femnles is 1oer tha for males but mat production Is 

more expensive because maintenance Is required for a much 

longer period t.o obtain a 300 pound increase In body 

weight. 

Ior the Anus averae Leed intakes are almost iden- 
tical for males and ema1es but females require 34.q per 
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cent longer to gain 300 pounds ir body weicht. 

As gin is greater in the Angus males, maintenance 

requirements at equivalent wei;hts are less for Angus 

males than for the Angus females. 

Since Hereford and Angus male calves have similar 

digestibilities of their food and may be presumed to lay 

down equivalent proportions of muscle, fat ad bone be- 

tween 500 and 800 pounds bodj weiht, then the basal 

metabolism of the Angus males averages 7 per cent above 

the basal metabolism o: the 1lerefords during this part 

of the growth curve. ìs surface areas are similar, heat 

loss per unit of area Is greater 1i the Angus. This 1m- 

plies either a ìnore effective heat dissipatIon per unit 
difference in temperature between internal structures and 

the environment, or a greater diiference In temperature 

Uetween the internal structures and the environment. 

Hereford maies, however, were found by 1ll1ams et al. 
(31) to have average rectal temperatures (101.2°C) simI- 

lar to the Angus males arid hence the possibiLty of more 

effective heat loss per degree difference with the en- 

vironment on the part of the Angus seems worth Investi- 

gatiiig. 

If, however, the assunption that Hereford and Angus 

males lay down equivalent proportions of muscle, fat and 

bone between 500 and 800 pounds body weight is i-.correct, 
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then the Arus males may be concluded to lay down differ- 

ont proportions of muscle, fat and bone to deroford males. 

Since the Angus males consume 15 per cent more feed in 7 

per cent more time than the Hereford males, the increased 

food requirement may be related to greater fat deposition. 

Similarly, Angus females consume 17 per cent more 

feed between 500 and 600 pounds body weight than Hereford 

females but require only 12 per cent more time. This 

suggests, subject to the same assumptions as for the 

males, that the Angus females had a 5 per cent higher 

basal metabolJsm than the Hereford females or had greater 

fat deposition tnan the Herefords. 

In a consideration of the relationships between feed 

consumption and time in the test pens in male and female 

calves, it maj again be assumed that the relative amounts 

of muscle, fat and bone laid don in the two sexes are 

similar In this weight ranga. This may probably be valid 

since growth at this stao is linear (0). Hereford fe- 

males consumed 32 per cent more leed in 2 per cent more 

time than Hereford males. Thus they may be inferred to 

have a 4 per cent higher basal meta:o1ism than the Here- 

ford males. By conti sst, the Mus females required both 

34 per cent more feed and time on test than the Angus 

males indicating no difference ir their basal metabolism. 

If, as is more likely, the females had a higher rate of 
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fat deposition than the males between 500 and 3OO pounds 

body we1ht, the Herfor females would uti1ze the 4 per 

cert more feed in the depositiì of fat. However, the 

equivalent amounts of feed arad time required by the Angus 

females in excess of that needed by the Angus males sug- 

gests that the Migus males and females lay doì on the 

average aproximately equivalent amounts of muscle, fat 
arad bone. 
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StJWRY AD COCLUSIQM 

1. iate of 1ain, feed economy, age at 800 pounds, 

serum alkaline phosphatase, serum acid phosphatase, and 

blood serum inorg1c phosphates were considered for 44 

calves at 800 pounds body weicht. 

2. There was observed a marked sex difference In 

rate of sain within both breeds and within the Hereford 

lines. The average rate of for the male calves 

exceeded that of the female calves by 0.70 pounds per day. 

3. The males made more economical gains than the 

females. Within the Hereford males, the Prince males 

were more economical than either the Lionheart or the 

David males. The Hereford «ales In enerii were also 
more economical than the Angus niales. ?imilarly, the 

Hereford females ate less feed per unit of gain than the 

Angus. 

4. ithin breeds and also within the Hereford lines, 
the females were signifi cantly older than corresponding 
maies at 000 pounds body weight. 

5. Serum alkaline phosphatase levels in Angus males 

were siuificantly higher than those in Angus females. 

In general, levels for male calves were hi1her than 
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levels for lemale calves. 

6. Serum acid phosphatase showed a significant sex 

effect In all animals, all maies averaging higher levels 

than all females. Hereford maies had significantly 

higher levels than Hereford females. 

7. Blood and serum inorganic phosphate levels 
varied from animal to animal In a manner which was wire- 

lated to sex, sIgnIfIct sex diflererìces only being ob- 

served In the Angus calves. In this case the males had 

higher levels than the females. 

E. Hate of gain was significantly and negatively 

related to feed economy and age at 800 pounds body weight. 

It was also positively related to serum alkaline phos- 

phatase ano serum acid phosphatase levels. 

9. Ferum alkaline phosphatase levels were positive- 
ly correlated with serum acid phosphatase. 

10. Blood inorganic phosphate was positively 
related to serum inorganIc phosphate. 

11. WIthin female calves, there appeared a consist- 
ent correlation In all lines between alkaline phosphatase 

and rate of gain. A somewhat less consistent correlation 
was observed In females between acid phosphatase and rate 



or gain. 
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