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CHANGES CERTAIN BLOOD CONSTITUENTS 
ASSOCIATED WITH GRTH AND DEVELOPMT 

OF YOUNG BEEF CATTLE 

IN TRODUCT ION 

Genetics is a relatively young scier!ce and has 

reached the stage in Its development when it must be in- 

terated with the sciences of longer standing. Most 

genetic problems in the past have been proached with 

the tools of the geneticist ale and the results have 

been most rewarding. The attention today, however, is 
turning to the genetic problems which require the assist- 
ance of associated sciences. 

In line with the more modern approach the problem of 

improving the inherited characteristics of rate and effi- 
ciency of gain of beef cattle is being approached with a 

view to the basic physiological differences in genetically 

d1ffert animals. In particular the studies at the 

Oregon Agricultural Experiment Station initiated by M. A. 

MacDonald dealt with the comparison of the metabolism of 

rapidly and slowly gaining beef cattle (68, pp.110-115). 

He ci-icluded from his study that a measurement of certain 
blood constituents might serve as a measure of rate and 

efficiency of gain in beef cattle. 
The present study was designed to investigate the 
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changes in certain blood constituents with growth and de- 

velopment of young beef calves. By measuring the blood 

constituents of ur±c acid, amino acids, urea and creatin- 
me during the period from birth to eight hundred pounds 

body weight it was hoped that an association of protein 

metabolism with rate of gain, feed intake or feed effic- 
iency wauld be established. 

The iriforntion expected from the present study will 

help to clarify the physiology of animals that differ in 

their ability to grow rapidly and efficiently. Much of 

our information on the ruminant metabolism has been the 

result of extrapolations from other species and may or 

may not be applicable. 

The value of any information which might aid in de- 

veloping a method for selecting animals with the inherent 

ability to crow rapidly cannot be overemphasized. The 

present method of feeding prospective breeding animals 

under test conditions for extended periods is so laboric*. 

and costly as to discourage breeders from attenpting to 

select their animals on the basis of rate and efficiency 
of gain. 
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REVIEW OF LITERATTThE 

1. Protein Metabolism and Growth 

Protein is a basic constituent of all living tissue; 
therefore a brief discussicn of its metabolism is consid- 
ered basic to the present investigation. According to 

the modern concept of protein metabolism as proposed by 

Borsook and Keighly (17, pp.4E-52l) the anabolism and 

catabolism of protein is very dynamic as opposed to the 

more static state proposed earlier by Folin (42, pp.29- 

42). 

There are several pathways that absorbed amino acids 
may take in the animal body. They may continue to circu- 
late in the original state, be moved into tissue proteins, 
be stored, be trasaminated or be deaminated. The entry 
of amino acids into tissue proteins to a greater extent 
than required for simple replacement was well demonstrated 

by Schoenheimer (82, pp.541-554) using nitrogen labeled 
amino acids and observing incorporation rates. This ex- 
change has been dnonstrated even during a negative nitro- 
gen balance. 

The storage of protein has been demonstrated by the 

change In protein content of the liver, kidney and other 
tissues during protein depletion and realirnentation. 
Those amino acids not incorporated as such may undergo 

deainination. In this case the nitrogen is excreted as 



urea. The fatty acid residue from the deaminated amino 

acid may be oxidized directly to provide energy or it may 

be converted to glucose depding upaa the particular 
acid concerned, i.e., ketoenic or glucogenic. As fur- 
thor evidence of the dynamic state of protein metabolism, 

most of the nino acids apoear capable of undergoing 

transamination between one another and with various keto 

acids (9, pp.631-632). 

As previously mentioned the major portion of the 

nitrogen released by the catabolism of nino acids even- 

tually appears in the urine as urea by means of the orni- 

thine cycle or some similar system (62, pp.33-36). 

The work of l3orsook and Dubnof f (16, pp.559-574) 

would indicate that the nino acids arginino, glycine 

and methionine are involved in the production of creatin- 
me. Creatine is not simply a waste product of protein 
metabolism but has been demonstrated as being essential 
in the form of phosphocreatine for muscle ccntraction. 
Creatinine, the hydrolysis product of creatine, is, on 

the other hand, purely a waste product, independent of 
the protein intake and often considered as an index of 

muscle metabolism. 

Blood uric acid is the product of purine-pyrimidine 
catabolism. In mari it is the final end product but in 

most namnals the greater portion of it is oxidized to 
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an. 
The protein metabo1im of an animal under dietary 

reimes other than optimum reveal certain pertinent f acth. 

Feeding a nitrogen free diet to an Ayrshire calf resulted 
in a very low urine excretion of creatine while creatin- 
me, uric acid and allantoin remained constant (11, pp. 

11-25). ThIs would indicate that normally creatine is 

made up of an endogenous and an exogenous portion while 

creatinine, uric acid and allantoin are entirely endogen- 

aus. Calculations on this ba8is that of the endogenous 

nitrogen metabolism of the young calf 12 per cent iniiol 

the irreversable reaction of creatine to creatinine, 25 

per cent or more involves purina metabolism as indicated 
by uric acid and allantoin pzduction, and 5 per cent is 
due to reactions terminating in urea and ammonia. It is 
interesting that the above mentioned constancy of purine 

metabolism is reflected in a study involving the starva- 
tion and realimentatixi of an Ajrshire calf. Any change 

in uric acid excretion was balanced with an opposite al- 
teration in allantoin excretion (12, pp.29-55). In the 

same study urea was found to account for 95 per cent of 

the increase in nitrogen excretion. 
Since urea nay stem from free ingested amino acids 

or from storage and tissue protein catabolism it is of 

interest to note that Steele, Reynolds and Baumann (87, 
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pp.124-132) found no effect of diet upon blood amino acid 

ccaìcentrations. One would expect then that dietary chans 
would be best detected ir urea production. In addition 
Austin, Stilirnan and Van Slyke (3, pp.91-104) pointed out 

that urea productil was in direct proportion to the blood 

urea concentration which indicates that either source 

would serve for sampling for a iasure of protein metabo- 

lism. This must be considered within reasonable limits 
since there are upper limits to the possible blood and 

urine concentrations of urea. Very low blood urea values 

in clinical cases revealed that they bore no relationship 
to age, sex, therapy or diagnostic observations (18, pp. 

706-711). 

Hersted et al. (56, pp.14-18) concluded from the 

composition of protein depleted rats that the protein 
catabolism proceeds in such a manner that the ratio of 

protein to body water remains fairly cOEistant. This 

means that one may estimate the percentage protein in a 

body weight loss by converting the nitrogen in the in- 
creased urea production to protein by the factor 6.25, 
i.e., 'rotein is 16 per cent nitrogen, and multiplying 
by a factor of 5 to account for the associated body 

water (7, pp.198-226). 

It may be of interest at this point to make refer- 
ence to nitrogen metabolism in caloric insufficiency (32, 
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pp.435-448). Apparently rate depleted in protein will 
utilize dietary proteln for replacement of tissue even 

when there is a caloric insufficiency. Normal rats will 
not build tissue protein in caloric insufficiency. This 

indicates that there is a demand to carry on protein an- 

abollan even while there is protein catabolism proceeding 

to provide energy. In this respect Greenbaum (51, pp. 

400-407) reported in. limited fed rats that growth ceases 

when fat stores are exhausted. 

Realimentatlon of protein tissue is maximum when the 

protein content of the ration is about 20 per ct (32, 

pp.435-448). This figure is very nearly the percentage 
protein in an anima], body on a fat free basis (7, pp.198- 

226). 

ew growth as well as the realimontation of protei 
tissue requires most of the dietary growth factors. Hale 

and Schaffer (53, pp.479-487) indicated that choline de- 
ficient rats were able to regain protein lost during fas 
ing hut required addition.s of choline before making grcwth 

over and above the original body weight. Drill (34, pp. 

355-379) pointed out that the slfflcanco of adequate 
Vitamin C for nonnal metabolism is mediated In part 
through the thyroid. Vitamin A, thiamine, essential 
fatty acids and pantothenic acid have all been demon- 

strated as being essential for maximum growth f36, pp.79- 
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140). 

As previously menti oried the total purine and pyriml- 

dine metabolism remains constant even under the rigors or 

a starvation regirre (12, pp.29-55). Lennox (f4, pp.521.» 

572),observing uric acid production in fasting humans, 

reported a decreased excreti on in the urine to the point 

at which the concentration in the urine was less than 

that in the blood. Feeding fat did not decrease the re- 
tention, but carbohydrate, thyroid extract, amino acids 

and protein did increase excretion. Ketosis wa con- 

stantly associated with a lowered uric acid excretion and 

apparently there was both a kidney disturbance as well as 

an acid/base imbalance playing a part hi the increased 

uric acid excretion. A high fat diet was found to cumin- 

ish the uric acid excretion; therefore it appaxnt1.y has 

ari inhibitory effect upon tubular resorption (1, pp.379- 

3e5). In this case, acidosis and ketosis were avoided b 

supplying smple carbohydrate in the ration. Carbohydrate 

when added to the ration alone did not depress uric acid 

excretion and. so the inhibitThn is not due to the effects 
of just calories. The mechanism of kidney function rela- 
tive to the excretion of uric acid was further describ 

by Freidmsn and Pyers (46, pp.684-687). Thej found that 
the apparent increased production of urate by rats re- 
ceivirg ACTH is due entirely to the effects of ÁCTH on 



the kidney. Purine-pyrimidine metabolim Is not altered 
since there Is no change in the amount of all&ìtoin, 
which is the normal end product of purine metabolism in 

the rat. In addition the excretion of allantoin and cre- 

atinine does not change, indicating that the difference 
in uric acid excretion is not due to glomerular filtra- 
tion but to tubular resorption of urate being effected. 

Chrlstman (28, pp.303-348) concluded in his review of 

purine-pyrimidine metabolism that most changes in uric 
acid excretion are due to impeded resorption rather thai 
increased production. One must conclude that purine- 

pyrimidine metabolism is probably a rather constant char- 

acteristic of an individual and that except under unusual 

conditions, a measure of the differences In concentration 

of end products vil1 be indicative of conditLons Inter- 
fering with resorption in the kidney tubules. 

According to Steele, Reynolds and Baumann (87, pp. 
124-132), dietary chaiges will not alter the concentra- 

tion of blood amino acids. Apparently, there is a mass- 

action effect between the amino acids of the blood and 

the amino acids plus the more labile proteins of the tis- 
sues which tends to maintain a constant blood level of 

the amino acids. It has been demonstrated that when 

blood amino acids are increased there is a corresponding 

increase In the amino acids of the urine. No maximum 
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kidney clearnoe has been demonstrated, so that one can- 

not attribute any increases in the blood amino acid con- 

centration to a building up in the blood resulting from 

n Inability of the kidney to clear blood (48, pp.688-68). 

It ha been amplr deìnristrated hj Farr and Alpert (39, 

pp.'7'72-?75) that blood amino acid levels are sensitive to 

the administration of many of the hormones and very well 

may serve as ari indication of a change ir hormone coricen- 

tration. The ratio of amino acid clearance to creatinine 

clearance was found to increase in dogs with an ircrease 
in plasma amino acids, while the ratio of urea clearance 

to creatinine clearance riained fixed during an ircroase 
both in plasma amino acids and plasma urea (48, pp.688- 

698). Apparently, the kidney is more able to handle 

nino acids than urea and there is rot an obvious rela- 
tionship between the levels of blood amino acids and the 

amount of oxidative deaminatior1 which occurs. 

Creatinine excretion has been demstrated as being 

very constant for en individuai. The average daily urin- 

ary excretion of creatiriie is highly related to total 
body creatine and body weight or lxdy surface (59, pp.237- 

241). As previously mentioned, creatine is composed of 

an endogenous fraction and an exogenous fraction, whereas 

creatinine and allantoin are almost entirely endogenous 

(11, pp.11-25). Bloch and Schoenheimer (13, pp.167-194) 
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determined that 25 to 30 per ceflt of creatine may be de- 

rived directly from irgested iino acide. Apparently, it 
naj be concluded that ereatine indicates in part the 

amino acid intake and in part the muscle metabolism, tìile 

creatiiine is more closely associated with the latter. 
However, Beard (6, pp.181-187) pointed out t1.t a ration 

containing 5 per cent protein resulted in urinary creatine 

n d cre atinine almos t di s appe arm g. 

2. Endocrine Glands and Growth 

Different rates of growth in genetically different 
lines of Hampshire swine has been attributed to the el- 
bets of the growth hormcio (4, pp.2923OO). The rapidly 

growing animals showed a peak output of the hormone from 

56 to 115 days of age while the slow growing animals pia.. 

teaued in their producticn of the growth hormone during 

this period. The reduction in the growth hormone output 

of both lines with the approach of maturity is suggested 

as the reason for the growth stasis in mature animals. 

Lee and Schaffer (66, pp.337-363) found supporting results 
in that rats treated with growth hormone maintained the 

body compositi on of younger animals while the body compo- 

sition of the controls decreased in water, nitrogen, fat 
free tissue and ash and ïncreased in fat and heat value. 

Kielber and Cole (60, pp.747-760), by means of con- 

tinued injections of the growth honnone into rats for 
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Live months were able tu proLuce iaîits approximately 

twice the ]od weight of the controle. The metabolism of 

the treated rats as measured by the oxygen consumption of 

the fasted rats and the oxygen consumption of tissue 

slices and was found to be approxim.atel 30 per cent lesc 

thaxi that of the control animals. The authors feel that 

the respor. se to the gxwth hortiono is through a lowered 

netabo1im rather than through c1ianges in the protein and 

water content of new tissue. 
ilypophysectomy, which in essence is a ne.tive 

pituitary extract effect, gave 20 per cent greater lose 

in weight for a period of 33 days thon that of the con- 

trol rats which were restricted to the same low food in 

take voluntarily consumed by the treated rats (65, pp.489- 

495). Carcass analysis showed that the ctro1a bad lost 
60 per cent of their body fat but retained all their body 

nitrogen. The hypophysectotiized rats on the other hand 

lost only 16 per cent of their body fat but in additon 
had lost 19 per cent of their body nitrogen. The metabo- 

lic rate was the same for the two low intake groups but 

ti-lis was 23 per cent below the level of the full led con- 

trois. Partitioning the nitrogen in the tissues showed 

that rats without their pituitaries had a higher uiro 

acid, urea and nonprotein nitro&&i concentration in the 

liver than the controls. This is to Le expected in light 



ol' the protein catabolism of the treated ra1vidua1s. 

Marx, .2;' (70, pp.544-550) cio not agree with 

Yleiber's conc1uion that the altered metabolism accounts 

entirely for the effects of the growth hormle. They 

found that the mcin effect of purified growth hormone was 

to decrease nitrogen excretion. Gordon, et al. (49, pp. 

317-19) prented evidence to support the obervatior 
that the grovrth hormone results in greater nitrogen re- 

tention. They noted in addit:.on that upon cessation of 

injections 20 to 30 per cent of the weicht gain Is lost, 
th regained id finally body weight approximates the 

level of the maxinim weight during injections. Possibly 

the ori.ghial tissues laid dn are quite labile end ro- 

quire a period before they ax consolidated. Some of the 

lack of stability of the new body weight gain may be due 

to the adjustmts in body water since Bierring arid 

Niel (10, pp.1015-1021) observed ttt there was an in 

crease hi body water abo:e that normally associated with 

protein tiaue after the dmir.itrat1on of the anterior 
pituitary extract, 

Fvans, Simpson end LI. (38, p.71) demonstrated quite 

weil that in the rat high dosage of the growth hornone 

may he adminIstered for 1ig periods with a continuing 

response. Concerning the sensitivity of the body to the 

growth hormcne lt is found that rats being depleted hi 
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protein would not show accelerated growth until the nor- 

mal body weight had been attained. This may Indicate 

that the growth hormone may only be effective where wth 

and the efficiency of growth are less than maximum which 

Is probably not the case during realimentation. This ob- 

servaticn may shed some light on the studies of Evans and 

Simpson (37, pp.511-546) in which they pointed out that 

females are less variable In response to the growth hor- 

mone thaiì males and females showed a greater response 

than males even after the males had been castrated. 
A great deal has been written on the changes in 

blood chemistry following hornne therapy. A paper by 

Cnpbe1l, etal. (25, pp.134-162) indicates that the ad- 

ministration of the growth hormone to dogs increases 

blood volume mainly through Increasing plasma volume. 

The Increase in plasma volume results In a dilution of 

the volume per cent of hemoglobin as well as the red cell 
count. The viscosity was also decreased. 

Teel and \atson (90, pp.662-685) round that extracts 
of the anterior pituitary administered to fasted dogs 

brought about no change in total blood protein, preformed 

or total creatinine, uric acid or sugar. There was, how- 

ever, a marked drop in total blood protein, urea and 

amino acids in the blood. This would be in agreement 

with the previous observations that pyrine-pyrimidine and 
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muscle metabolism are essentially unchanged while protein 

ariabolism is unchanged. The opposite efÍect was shown by 

Perla end Sandberg (76, pp.481-488) who hypophysectomized 

rats and found the excretion of urinary nitroen more 

thai doubled during the first three weeks postoperative 

period. The disturbance was more transient and less pro- 

ncunced where the posterior and only part of the anterior 

lobes of the pituitary gland had been removed. Creatin- 

urla occurred for a time in the males but not in the fe- 

males. 

Although there seems to be little difference in the 

general response to growth honnone and the anterior pl- 

tuitary extract there is a wealth of literature indicat- 

ing that there are responses to other hormones as well as 

the growth hormone. Harrison and Long (54, pp.971-978) 

found that the saline extract of the anterior pituitary 
administered to the fasted rat reduced urinary nitrogen 

excretici and blood nonprotein nitrogen and also resulted 

in marked ketonuria. Alkaline extracts did riot affect 
urinary nitrogen but did cause ketonuria. Marx, et al. 
(70, pp.544-550) found that both the unfractionated pl- 
tuitary extract and the purified growth hoiiione save de- 

creased urinary nitrogen in the rat. The thyrotropic 

hormone also gave small but significant decreases in 

urinary nitrogen. Purified lactogenic horme and FSH 
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were without significant effect upon nitro excretion. 
Fraenkel-Conrat and Fraenke1.Conrat and Evans (44, p». 

200-212) found that by observth the blood concentrations 
for four hours following treatment that blood urea was 

lowered by the thyrotropic hormone but not by the growth 

hormone. Both hor'rones lowered blood amino acids althugh 
the first was most effective. Thyrotropin was particu- 
larìy ineffective on blood urea following thyroidectom.y 

a1thoui it did influence the blood nino acid levels. 
The high blood and tissue levels of nonprotein nitrogen 
and urea in hypophysectomized rats were lowered strikingly 
by both thyrotropin srid thyroxin. The former but not the 

latter affected blood amino acid levels. It must be as- 
suried that the effect of thyrotropin on urea is mediated 

tbrc*.i.gh the thyroid while it acts independently on amino 

acids. 

Sure, Ford and Goldfischer (89, pp.806-815) made ex- 

tersive observations on nitrogen metabolism following hy- 

perthyroidin in rats. They observed that thiroxin 
caused increased urinary nitrogen, marked creatinuria, 
reduction in preformed creatinine, increased ammonia and 

uric acid excretion associated with appreciable reduc.ons 
in allantoin excretion. These effects are very similar 
to those of the growth hormone and one would expect to 
find a relationship. Scow, et al. (85, pp.445-46) found 
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that rats thyro-parathyroidectom.tzed at birth respond to 

thyroxin by tripling body weight, increasing skeletal 
growth and growth of the appendages. The growth hormone 

alone also Increased body weight but the skeletcn and ap- 

pendages remained Infantile. Apparently only thyroxin 

caused the reproductive viaera and endocrines to grow. 

It is interesting to note the sensitivity of growth 

to thrax1n administration. Most of the experiments in- 
volved high dosages or the extreme of gland removal so 

that irterpretati Into normal physiology is dIN . icult. 
Rupp, Paschkis and Cantarow (80, pp.449-453) found that 
the administration of physiological doses of thyroxine to 

thyroidectoniized rats gave the characteristic decrease in 

urinary nitrogen. The intact animal, however, gave no 

respa-ìse to physiological levels of thyroxine. Large 

doses of thyroxin resulted In protein catabolism In the 
Intact animal. This demonstrates that the requirement 

for thyroxin is at ari optimal level. 
The effect of the adrenocorticotropic hormone has 

been shown to be inhibitory to the growth hormone as 

measured by body weixt changes and proliferation of the 

proximal epiphyseal cartilage of the tibia (71, pp.102- 

105). The Inhibition oc6urs In the absence of the pi- 
tuitary gland and cannot be attributed to the reduction 
In feed intake. It appears to result from the opposing 
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metabolic effect of the two hormìes. 
The effect of the adrenal cortex on protein rnetabol- 

ism is pointed out by Flobermari (57, pp.341-367) in which 

he adrenalectomized rats and obtained a reduced nitrogen 
output. The amount of amino acid nitrogen formed from 

bod7 protein was cpressed and the smino acid nitrogen 
used inì protein synthesis was increased. Rats fasted and 

chilled to stiniulate over adrenal function increased thefr 

protein catabolism. 

It has been pointed out b- Farr and Alpert (39, pp. 
772-775) that insulin will bring about a decreased plasma 

amino acid level but has no effect on the blood urea. 
This is a similar effect to that of thyrotropic hormone. 

Milman, DeMoor and Luken (72, pp.354-363) found that in- 
sulin had no definite effect cxi blood amino acids or ni- 
trogeri storage. 

A great deal of attention is bein. focused at presìt 
on the effect of the sex hormcnes on growth. Slonacker 

(88, pp.307-317) pointed out the castrate males and fe- 
males as opposed to vasectomized and hysterectomized re- 
spectively had a reduced activity, metabolism and irìcrs 
body weight due to fat deposition. Kim, Magee and Ivy 

(58, pp.525-528) felt that the mechanism of the differ- 
ences in growth rate between males and female rats could 

be accounted for by levels of testosterone. They had 
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observed that the rate of ¿sain of females could be brouìt 
up t that of the niales by appropriate administrations of 

testosterone proprionate. 

Fogart, Lasley and Mayer (15, pp.17-18l) were able 

to demonstrate that estrone injected into pro-pubertal 

arid post-pubertal fexnale rats resulted In retarded growth 

in both the norrial and ovariectomized animal. This nega- 

tive rospoiise was most pronounced in the pro-pubertal 

stase when relative growth rats as at a maximum. Ie- 
tardation was greater in ovariectomized than in ioirna1 

animals. Certainly the opposite effects of the male and 

fn ale hon-nones are apparent in the rat. 
Periman and Cassidy (77, pp.674-6?5) found that dogs 

injected with testosterone propionate while on a high ni- 

trogen diet retained ari increased amount of nitrogen. 
flogs on a low nitrogen diet failed to show the increased 

nitrogi reteritior. Apparently testosterone acts by 

facilitating the utilization of dietary r.itroi. rurris, 
Bogart end Oliver (24, pp.740-746) were able to show that 
intramuscular injections of testosterone increased rate 
and efficiency of gain in steer and heifor calves. This 

was necompanied by the development of certain male char- 

acteristics. Further studies by this group led thrì to 

conclude that since testosterone injections resulted in 

increased thyroxin outt and reduced thyroxin storage 
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then possibly testosterone Is mediated throuh the thy- 
roid glcrd. Burns &id Bogart (22, pp.1-c) reported the 

results of chick assays for the throtropIc hoinone con- 

tent of pituitarles of beef calves after testosterone in- 
jeetlais. The pitul taries of steer calves were higher in 
thyrotropin than heifors sud treated calves were .iher 
than untreated. Certainly one ma conclude that .ie sex 

horrnones have a profound effect on protein metabolism. 
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MATIJIALS A1D METH'DS 

The experimt. al animals included thirty five Regis- 

tered Hereford calves of which nineteen were bulls ìd 

sixte were heifers. This group constituted the unse- 
lected 1953 calf crop from the three closed lines of the 

Oregor Agricultural Experiment Station Hereford herd. 
The distxbution by sexes and lines is presented in 

Table 1. 

TABT1E i 
Distributicr of Experimental Animals by Sex and Line 

Line i Line 2 Line 3 
(Lionheart) (Prince Donino) (David Domino) 

.a2:2 Female Male Female Male Female 

015 02 C6 C? C4 Cl 
C21 C3 C8 C24 Cg cii 
036 C5 016 C9 010 018 

020 019 032 C12 038 
C23 C22 033 013 
C30 C25 Cl? 
C37 C34 026 

02? 
035 

1. Management 

All calves were born between March 9 and July 10, 

1953. They rnained with their dens until wearied at 400 

pounds or December 9, 1953. Upon weaning they were 

grouped by sexes into pens of six animals and introduced 
to the experimental regime. While on test the calves 
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v:ere tied by rieck chains at individual msngs from 7 A.M. 

to 10 A.M. id again from 3 P.r. to 6 F.M. to be fed a 

completely pelleted ration as described by !e1ms, Willivns, 

and Boart (75, pp.1-2) arid listed in Table 2. Fresh 

water was available at all times in autoriatic drinking 

fountain s. 

TABLE 2 

Compositixi oÍ Completely Feileted Rati 

Foodstuff Per cent of Ration 

Alfalfa hay 66.5 
Molasses 5.0 
Barley, stem rolled 15.0 
Oats, ground 5.375 
Beet pulp, dried 3.25 
Wheat bran 2.25 
Soyabean oil meal, 44 1.75 
Linseed meal, 32% .35 
Steand bOEle mea]. .175 
Salt, iodized .15 
Skiinniilk, dried .2 
Yeast, irradiated 3 oz./ton 

Between the body weights of 500 and 800 pounds body 

weight the calves were considered as being 'on test' and 

the feed offered was rec-ded each feeding. The weigh 

back or feed not eaten was recorded as a weekly total. 
All animals wore offered sufficient feed to approximate 

p 
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self feedin. They may be considered as fed essentially 
ad liitum. 

Body weiahts were recorded at birth cnd weekly 

thereafter. One o'clock i the afternoon was chosen as 

a standard thne to wei the animals to riinimie the 

error introduced i varyir gastrointestinal fill. 

2. Blood Collection 

Then a blood sample was to be takai the anirial was 

led into sud restrained by a standard ranch type squeeze 

chute. The head was drawn to one side by meens of a 

halter to provide ari exposed jugular vein against a firm 

muscle layer. A ten milliliter blood sample was drawn 

from the jugular vein throu a stainless steel bleeding 

needle Into a test tube contaïning the witicoagulant po- 

tassium oxalato at the rate of one milligram of oxalato 

per milliliter of blood (55, p.491). Samples were regu- 

larly drawn between the hon's of 10 A.M. and 12 noon. 

a) Period of birth to four hundred pounds body 

weight. 

Six calves of the Lionheart line (line 1), two bulls 

C15 and C21 ad four heifers C2, C5, C20 and C23, were 

selected to provide weeklj blood saip1es during the early 
stages of growth. The first snplea were drarn at ages 

varying from birth to six weeks of age and continued 
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weekly until a body weicht of 400 pounds was attained. 

b) Period of four hundred to eight hundred pounds 

body weight. 

A blood sample was taken arid ãyzed on ail expon- 

maital animals including those used in the previous study 

at each change of loo pounds body weight starting with 

400 po&iridi nd :,oing through 800 pounds. 

c) Diurnal studies, 

Four calves, two bulls C25 and C27 and two helf ers 

C20 end C23, were selected to provide blood samples for 

establishing the diurnal patterns for the blood ccxstitu- 
aits. Since canulatlon for caxtinuous blood smp1iLg was 

considered impractical at this time, samples were drawn 

tw-ice daily until each three hour period of the twenty 

four hour day was represaited. 

3. Blood Analysis 

]he blood samples were analyzed for uric acid, animo 

acids, urea, creatinine and holin by authoritatively 
recorirnended procedures. Initially a protein free fil- 
trate was prepared by Haden's modification (52, pp.469 

471) to the procedure of Folin and Wu (43, pp.81-110) as 

suinriarized by Hawk, Osser and Sunimerson (55, pp.493-494). 

The filtrate is obtained by lakng the blood with T/l2 
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siilfuric acid and precipitating the protein with 10 per 

cent sodium turistate. In the case of the diurnal stud- 

les, rather tbari analyze the filtrate immediately it was 

stored below freezing until all the samples had be col- 

lectec. o deterioration could be detected b periodic 

analysis of filtrates stored in this manner. 

a) Uric acid. 

The nethod of L3rorn (20, pp.GOl-603) was employed. 

This procedure involves the reaction of a complex phos- 

photungatic acid in the presence of optimal amints of a 

cyanide urea solution. The blue color developed is mea- 

sured one cubic cuvettes 

In a Coleman Photoelectric Photometer, The sam)le is 
read against a uric ad d standard tub e after the iris tru- 
ment is brouit to zero density at wavelength 520 mu. 

using a water blank. 

b) Amino acids, 
The method recommended by Havvk, Osser and Summerson 

(55, pp.517-518) is that proposed by Folin (42, pp.29-42) 

and improved by Danielson (33, pp.505-522) arid Sahyurì 

(81, pp.548-5F3). It involves the color complexing of 

amino acids with P-napthoqulnone-4-su1foaic acid In an 

alkaline solutii. Readings were made a'.nst a standard 

solution at a wave length of 490 mu. in a Coleman }hotometa 



briht to zero density with a water ].ark. 

o) Urea. 

The determination of blood urea involves the enzym- 

atic action of urease ootred by an alcohol extractio of 

Jack Bean meal. The urea is converted to ammonium car- 

bonate end nesselerized vdth gum ¿hatti as a protective 

colloid. The reading is made against a standard tube at 

a wave ligth of 480 mu. in a Coleman Photometer after 
obtaining zero density with a water blank. The pxblem 

of ammonia contamination required cxìstit attention. 

d) Creatinine. 

The Jaffe reaction as utili'zed by 1olin and Wu (43, 

pp.81-110) involves the color development of creatiiI4e 
with an alkaline picrate solution. lieadine were made at 

520 mu. as a wavelength in a Coleman Photometer. The 

creatinine values were read from a standard curve devel- 

oped with known amounts of croatinine. 

e) Hemoglobin. 

Estimates of the hemoglobin content of whole oxalated 

blood were obtained with a Spencer Hemoglobinometer fol- 
lowing hemolysis with saponin. 

4. tat1stical Analysis 

The usual methods for tb axa1rsis of variance and 
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aimple reressions were employed. In additIon the b10 

constituents as n,easured at 500, 600, 700 end 800 pounds 

body weIcht were reresed on rate of gain, feed intake, 

feed efficiìcy and age within line and 'ex by a method 

of least square analysis. This particular method i 

1rnovi as the Abbreviated Doollttle Method and is described 

by Anderson and Bancroft (2, pp.1°7-203). Additional in- 

terpretation of results was made possible by methods In- 

dicated b Calvir (26). 

The 5 per cent iguIficance level has been accepted 

throughout tbi s study. 
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RES TJTJT S 

As a preliminary analysis the increase in body 

weight in time was plotted on arithmetic graph paper for 

each individual animal. Contrary to the usual pattern 

these animals made arithmetic growth for the ìntire period 

500 to 800 pounds body weight (20, pp.484-574). It was 

decided therefore that the least error would be introduced 

if a single figure for gain per day was used for each 

animal for the period of the study as indicated in Table 

3. 

TABLE 3 

Average Rato of Gain in Pounds Per Day, By Lines and 
Sexes, During the Period 500 to 800 Pounds Body Veight 

Line i : Line 2 : Line 3 
(Lionheart) : (Prince Domino) : (David Domino) 

- Male Female Male Female Male Female 

C15 2.48 C2 l.96:C6 2.64 C? l,76:C4 2.43 C]. 2.27 
C2l 2.80 C3 2.09:C8 2.55 024 2.27:C9 2.88 Cli 1.69 
C36 2.66 C5 1.71:C16 2.92 C29 2.19:Cl0 2.71 C18 2.03 

020 1.92:C19 2.38 032 2.19:C12 2.46 C38 2.08 
C23 l.8'7.C22 3.06 C33 2.63:C13 2.41 
C30 2.19:C25 2.32 :C17 1.82 
C37 l.91:C27 2.83 :C26 2.65 

:C34 3,28 
:C35 2.87 : 

Ave. 2.65 l.95 2.76 2.21 2.48 2.00 

In addition to rate of gain; feed intake in pounds 

per day, feed efficiency in pounds of feed per hundred 

pounds gain in body weight and age in days were considered 
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as continuous independent variables. Their relationship 

to, and effect upon, the blood constituents observed were 

considered for the pertod 500 to 800 pounds body weiht. 

These values are presented by line, sex and body weight 

interval in Table 4. 

TABLE 4 

The Uncorrected Means for Feed Intake, Feed Efficiency ard 
Age by Line, Sex and Body Veight Interval 

Line Sex Body Feed Feed Age 
Weigit Intake Efficiency 
(pounds) (pounds/ (pounds (days) 

day) Leed/lOO 
pounds 

____ ________ _________ gain) ______ 
i Male 500 13.5 488.0 205 

600 16.4 579.7 256 
700 17.8 679.3 293 
800 22.2 767.9 330 

Female 500 15.5 674.5 264 
600 17.1 845.0 307 
700 19.1 900.0 356 
800 19.9 1009.7 402 

2 Male 500 13.2 499.6 237 
600 l3.0 522.0 277 
700 18.0 681.4 317 
800 19.4 621.6 350 

2 Female 500 14.5 527.7 298 
600 17.0 728.3 339 
700 17.8 752.6 387 
800 20.2 920.2 436 

3 Male 500 14.1 486.5 244 
600 17.0 589.0 278 
700 18.6 693.3 318 
800 20.0 781.4 350 

3 Female 500 15.2 648.0 263 
600 17.6 679.5 318 
700 18.3 958.8 G4 

___ 800 19.2 884.4 423 
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1. The Diurnal Cycle 

The results of the diurnal studies show marked Indi- 

vidual deviations from certain overall patterns. It is 

evident for any of the blood constituents under observa- 

tion there would be no particular time in the day when 

all Individuals would all be at the same phase of their 
diurnal cycle (Table 5 arid Figure 1). The general diur.- 

rial pattern of amino acids, urea and possibly creatinine 
would seem to have peaks associated with the activity of 

feeding and, consequently, blood sampling at this time 

would not be advisable. Uric acid appears to build up in 

the blood during the active hours arid be rapidly reduced 

in the early hours of the evening. One would expect best 
results from a single blood sample taken in the late 
morning or early afternoon as has been done in this study. 

It would seem desirable at another time to extend 

the study of the diurnal cycle of certain blood constitu- 
ents nd determine whether the individual irregularities 
repeat themselves on consecutive days. This small study 

Impresses one with the necessity of repeated sampling and 

standardized procedures when attempting to analyze com- 

plex biological material. 
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TABLE 5 
Values for Blood Uric Acid, Amino Acid, Urea and 

Creatirdrìe Which Compose a Diurnal Cycle 

Hou r 
0126 
0429 
0712 
1106 
1419 
1705 
1930 
2234 

Hour 

0126 
0429 
0712 
1106 
1419 
1705 
1930 
2234 

Hour 

0126 
0429 
0712 
1106 
1419 
1705 
1930 
2234 

Uric Acid 
Femal es 

C20 C23 Mean 
2.01 1.29 1.65 
2.08 1.21 1.65 
2.28 1.44 1.86 
2.31 1.28 1.80 
2.25 1.32 1.79 
2.26 1.45 1.86 
2.56 1.38 1.07 
1.97 1.21 1.6 

Ur e a 
Femal es 

C20 C23 1ean 
11.03 12.31 11.67 
12.00 L5.52 12.76 
16.60 15.23 15.92 
12.16 13.19 12.68 
10.96 13.34 12.15 
12.17 13.32 12.75 
12.53 13.53 13.03 
10.39 12.49 11.44 

Females 

Males 
C25 C27 Mean 
1-;-cY5 0.98 1.01 
0.98 0.93 0.96 
1.04 1.08 1.06 
1.13 1.14 1.14 
1.19 1.11 1.15 
1.18 1.03 1.11 
1.25 1.17 1.21 
0.99 1.06 1.03 

Males 
C25 C27 Mean 

11.76 11.42 11.62 
11.03 10.60 10.82 
11.68 13.15 12.52 
11.24 11.76 11.50 
11.5]. 11.34 11.43 
12.59 1.c5 1.07 
10.35 11.66 11.01 
10.27 9.64 9.96 

Amino Acid 

C20 C23 Mean 
8.05 7.75 7.90 
8.21 8.08 8.15 
8.9]. 8.53 8.72 
7.60 7.89 7.75 
8.65 7.86 8.26 
8.17 8.38 8,28 
8.41 8.37 8.39 
7.87 7.86 7.87 

Males 
C25 C27 Mean 
7.82 8.09 7.96 
7.66 8.15 7.91 
7.99 7.89 7.94 
7.39 '7.60 7.50 
8.06 8.10 8.08 
8.35 8.14 8.25 
7.88 8.12 8.00 
7.32 7.72 7.52 

Crea tiiine 
Hour Females Males 

C20 C23 Mean C5 027 Mean 
0126 1.10 0.97 1.04 1.08 1.19 1.14 
0429 1.14 0.95 1.05 1.09 1.11 1.10 
0712 1.11 1.00 1.06 1.07 1.15 1.11 
1106 1.12 0.96 1.04 1.05 1.13 1.09 
1419 1.25 0.98 1.12 1.05 1.19 1.12 
1705 1.11 1.00 1.06 1.10 1.18 1.14 
1930 1.29 1.01 1.16 1.09 1.23 1.16 
2234 1.14 0.95 1.05 1.08 1.11 1.10 
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2. Period, Birth_to ìean1ng 

It seemed desirable to have oiue measure of the 

changes which occur in blood uric acid, amino acids, 

urea and creatinine during the suckling period previous 

to the test period. Since th snimals observed during 

the suckling period were also observed during the test 
period it was possible to consider changes that were in- 

itiated by the test regime (Figure 5). It may be noted 

that the large fluctuations that occur in all blood con- 

stituents previous to wesnin are markedly reduced when 

the animals move in to the test barn (Figure 2). Presum- 

ably these fluctuations are due to a changing envircinat. 
These data may serve to recommend the uniformity of the 

Oregon Agricultural Lxperiment station experimental con- 

ditions. Ori the other hand, it is revealing to find the 

lack of uniformity which exists even when calves are 

suckling their dams with grazing conditions that would be 

classed as good at all times. 

The actual regression analysis for eaci separate 

blood constituent on body weight during the suckling per- 

iod reveals that there is a geral increase in them all 
from birth to wewìing (Table 6). The two calves that 

were investigated before they were two weeks of age sug- 

gested that the blood constituents increased very rapidly 

Immediately following birth. 
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TABLE 6 

Regression Coefficients for Blood Uric Acid, Amin.o Acid, 
Urea, Creatinine and Hemoglobin on Body Weight During the 

Period Birth to Weaning 

Blood Constituents Regression Coefficient 
Uric Acid 47* mgms./lOOml. blood/lOO pounds 

body weight 
Ariino Acid .26* mns./lOOml. blood/lOO pounds 

body weight 
Urea 3.42w mgms./lOOml. blood/100 pounds 

body weight 
Creatinixxe 16Ç mns./lCOml. blood/lOO pounds 

body weight 
Hemoglobin .72 gms./lOOml. blood/100 pounds 

body weight 

* Significant P '. .05 

The regression coefficient for blood anino acids al- 
though certain individuals did appear to decrease in bkod 

amino acids for at least a part of the period from birth 
to weaning. Most interesting is trie observation that 
blood urea rises to a verï high value by weaning time but 

quickly becomes reduced and levels off after the animals 

are placed on test. nIhis may have significance relative 
to the carbon/nitrogen ratio in the rations. 

3. Test J'eriod; Five Hundred to Eight Hundred 

Pounds Body Weight 

The least square method of analysis was used to 

estimate th9 effect of rate of gain, feed intake, feed 

efficiency and age upon the blood crstituents of uric 
acid, amino acids, urea, creatinine and hemoglobin within 



36 

line and sex. Each estimate is assumed to be the sum of 

influences or effects of the identifiable variables in 

the following mathematical model. 

Estimate general mean line effects sex effects 
line sex Interaction effects rate of 
gain effects feed intake effects feed 
efficiency effects age effects effects 
peculiar to each calf as ari individual. 

X0b0 X1b1 X2b2 X3b3 X4b4 X5b5 X6b6 
X7b7 X8b8 X9b9 

The general meen effect includes all fundamental 
likeness of the Individuals due to common Inheritance and 

common environment. Superimposed on the general meen are 

the other effects such as rate of gain, feed intake, feed 

efficiency and age. The effect of these continuous inde- 

pendent variables represent the average ch&ige in the de- 

pendent variable for each unit change in the continuous 

Independent variable. The restrictions Imposed ori the 

mathematical model are that constants for Line 1, LIne 2 

and Males are deviations from the general moan. Feti- 

mates for the Line 3 females are contained in the gei- 

eral moan. 'iiIth the limits imposed ori the mathematical 

model the regression estimate for any individual may be 

obtained from the following equations. 
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Estimate of: 

Line i 
Male X0b0 X1b1 X3b3 X4b4 X6b6 X7b7 X8b3 X9b9 

Line 2 
Male .. X9b2 .. X5b5 .. .. . 

Line 3 
Male .. .. , 
Line i Fale . . . . . . . . . . s . 

Line 2 
Feniale . . . . . . 

Line 3 
Female . . . 

There: 
b regressioL coefficients as calculated from tI-ìe 

least square analysis. 
uncorrected mean for the continuous independìt 
variable suggested in the basic mathenatical 
model. 

The regression estimates for the blood constituents being 

studied are presented in Table 7. 

The regression estimate is not to be confused with 

the adjusted rnen. The former is the midpoint on a re- 

gression line for the factors under consideration after 
all the independent variation of the variables has been 

taken into account. A regression estimate is no better 
than an unadjusted mean if there is not a significant re- 
lationship between the variables considered. In this 
study the majority of the regressions are not significant, 
however, to maintain uniformity the regressii estimates 

are expressed in each case rather than mix the methods of 



TABLE 7 

Regression Lstirnates for Blood Uric Acid, Blood Amiiìo ¡cids, Blood Urea, Blood 
Creatinine and Hemoglobin 

Blood Constituent Body Line i Line 2 Line 3 
(mns/1OO mis) Weight 4ales Penales Males Females Maies FenaIs 

(pounds) 
Blood Uric Acid 500 1.98 2.39 1.50 1.43 1.51 2.20 

600 2.19 2.52 1.58 1.51 1.95 2.29 
700 2.30 2.45 1.43 1.39 1.96 1.97 
800 2.11 2.43 1.39 1.43 1.68 1.98 

Blood Amino Acids 500 6.64 7.32 6.54 6.87 6.64 7.43 
600 6.61 6.99 7.34 7.02 7.24 
700 b.86 7.86 6.85 7.86 6.87 7.73 
800 7.01 7.93 7.48 7.94 7.16 7.84 

Elood Creatinire 500 0.99 1.22 106 1.46 1.05 1.22 
600 1.05 1.28 1.13 1.28 1.16 1.25 
700 1.08 1.65 1.26 1.40 1.13 1.17 
800 1.18 1.29 1.35 1.66 1.30 1.40 

II3lood Urea 500 10.56 14.5 12.31 15.94 9,60 14.30 
600 10.77 12.63 11.80 14.04 11.20 14.14 
700 15.16 16.24 12.56 12.99 11.90 12.17 
800 12.16 14.47 13.08 19.18 10.00 14.75 

kTemo1obin 500 11.56 13.01 10.63 13.27 11.39 12.8 
600 12.19 12.4E 11.15 11.52 12.07 l2.7 
700 12.96 14.21 11.93 12.96 12.36 13.0 
800 13.20 13.86 11.42 11.82 12.50 16.05 

w 
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expressing the means. 

All the data obtained thuing the test period from 

500 to 800 pounds body weight were analyzed as a group to 

;ain a measure of the trends for the entire period. In 

addition the data from each weight period, 500, 600, 700 

and 800 pounds body weight, were analyzed to determine 

where in the test period differences and effects were or 

were not significant. The results will be presented for 

each blood ecristituent separately. 

a) Blood uric acid. 

Ttie results of the least square analysis at each 

bodï weiìt interval indicated that line differences do 

exist even though they dip below the accepted signifi- 
canoe level at 500, 700 and 800 pounds body weight 

(Tables 8, 9, 10, 11 and 12). These line differences are 

evident in the analysis of the data for the entire period 

(Table 12) and show up particularly well in Figure 3 

where the regression estimates for blood uric acid are 

plotted against age iii days. 

Sex differences appeared at 500 pounds body weight 

(Table 8) and in the overall analysis (Table 12) as sig- 
nificant. They may also be detected in the graphic anal- 

ysis (Fhire 3) but not as clearly as the line differ- 
en c e s. 
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REGRESSION OF BLOOD CONSTITUENTS ON AGE.t1 
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This a)3.1y8iS WOUld Indicate that blood uric acid is 
not affected significantly by either rate of gain or feed 

efficieicy (Tables 8, 9, 10, 11 xid 12). Feed intake, 
however, showed a significant effect at 600 pounds body 

weight (Table 9) and in the overall enalysis (Table 12). 

The reason for this latter relationship is not so obvious. 

Age of the animal gave significance in the overall arialy- 

sis (ab1e 12) and this effect may be detected in the 

graphic analysis (Figure $) particularly in that age seems 

to be the factor that separates the males and females of 

Line 2. 

TABLL 8 
Analysis of Variance of Blood Uric Acid at 500 Pounds 

Body Weigit 
Source of Vari aticxì d.f. Sums of ïean F. 

Squares Squares - 
Total 5 121.1380 
Regression 10 114.9535 
Mean Effects 9 3.5804 .3978 1.6]. 

Line 2 1.1009 .5505 2.23 
Sex i 1.3636 1.3636 5.5] 
Line X Sex 
Interaction 2 .3562 .1781 .72 

Rate of Gain 1 .1323 .1323 .53 
Feed Intake 1 .0305 .0305 .12 
Feed Lfficlency 1 .0037 .0037 .01 
Age i .59ó3 .5933 2.40 Error 25 6.1845 .2474 

Significant P< .05 
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TABLE 9 

Analysis of Variance of Blood Uric Acid at 600 Pounds 
Body Weight 

Source of Variation d.f. Sums of vean F. 
Squares Squares 

Total 35 140.1866 
negressiori 10 132.9656 
Mean Effects 9 7.5408 .8379 2.90 

Line 2 3.7116 1.8558 6.43 
Sex i .1528 .1528 .53 
Line X Sex 
Interaction 2 1.1284 .642 1.95 

Rate of Gain 1 .0304 .0304 .11 
Feed Intake i 2.4284 2.4284 8,41w 
Feed Efficiency 1 .0625 .0625 .22 
Age i .0266 .0266 .09 

Error 25 7.2210 

.;Ç Significant P < .05 

TABLE 10 

Analysis of Variance of Blood Uric Acid at 700 Pounds 
Body eiìt 

Source of Variation d. f. Sums of Mean F. 
Squares Squares 

Total 35 136.7751 
heression 10 128.2596 
Mean Effects 9 3.9150 .4350 1.28 

Line 2 2.1908 1.0549 3.10 
Sex 1 .1419 .1419 .42 
Line X Sex 
Interaction 2 .0745 .0373 .11 

hate of Gain 1 .0005 .0005 .00 
Feed Intake i .9552 .9552 2.80 
Feed Efficiency i .0000 .0090 .03 
Age i .6241 .6241 1.83 

Error 25 8.5155 1.28 
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TABLE 11 

Analysis of Variance of Blood Uric Acid at 800 Pounds 
Body Weight 

Source of Variation d.f. Sums of Mean F. 

Squares Squares 

Total 35 117.6825 
Regression 10 110.8800 
Mean Effects 9 3.1315 .3479 1.28 

Line 2 1.3988 .6994 2.57 
Sex i .3831 .3831 1.41 
Line X Sex 
Interaction 2 .4354 .2177 .80 

Rate of Gain 1 .0347 .0347 .13 

Feed Intake i .2994 .2994 1.10 
Feed Efficiency i .4265 .4265 1.57 
Age i .1537 .1537 .56 

Error 25 6.8025 

TABLE 12 

Analysis of Variance of Blood Uric Acid For Range, 
500 to 800 Pounds Body Weight 

Source of Variation d.f. Sums of Mean F. 
Squares Squares 

Total 
Regre ssion 
Mean Effects 

Line 
S ex 
Line X Sex 
Jteraction 

Rate of Gain 
Feed Intake 
Feed Efficiency 
Age 

Error 

140 515.7822 
lo 482.7125 
g 18.5577 2.0620 8.11* 
2 7.7157 3.8579 15.17 
1 2.2626 2.2626 8.89 

2 1.5256 .7628 3.00 
1 .0349 .0349 .14 
i 3.2104 3.2104 12.62 
1 .0039 .0039 .02, 
i 3.8056 .8056 14.96' 

130 33.0697 

-. 
Significant P < .05 
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TABLE 13 

Regression Coefficients l'or the Regression of Blood Uric 
Acid on Rate of Gain, Feed Intake, 

Feed Lfficiency and Age 

Body Weight in Pounds 
Independent 500 600 700 800 500 to 

Variable 800 

Iate of Gain .265 -.135 -.016 .156 .068 rngrns./ 
lOOmis ./pound/day 

Feed Intake -.028 .219* .115 .073 .083* mgms./ 
lOOmis ./pound/day 

Feed Effic- 
ioflcT -.000 -.001 

Age -.005 -.001 

Significant P ¿. .05 

b) Blood amiro acids. 

-.000 .001 .000 ragms./ 
lOOmls./pound feed/l00 gain 

-.004 -.002 -.004 mgnis./ 
lOOmis ./day 

As may be rioted in the analysis of variance tables 

(Tables 14, 15, 16, 17 and 18) in wiich the data are sum- 

marized by the least square analysis at each body weight 

interval and for the overl1 period, there is a ,erAera1 

lack of relationship between blood nino acids end the 

independent variables under consideration. There was a 

sex difference that was siiificsnt at 700 pounds body 

weight (rlabie 16) and in the overall analysis (Table 18) 

as well as being detectable in the graphic analysis 

(Figure 3). Feed efficiency and rate of gain showed no 

evidence of affecting blood amino acids. Feed irtake 
showed a significant effect on blood amino acids at 600 
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pounds body weight (Table 15) and in the overall analysis 
(Taule le). Age was signiilcant only at 700 pounds body 

weight (Table 16); however, in the graphic analysis there 

appears to be an age effect and it appears that many of 

the sex arid line differences disappear when blood n1no 

acids are regressed on age (Figure 3). 

c) Blood urea. 

Analysis of the data by the least squares method for 
blood urea revealed that line differences were signiui- 
cant only at 700 ounds body weight (Table 22) whereas 

significant sex differences could be detected at 500, 600 

and 800 pounds body weight (Tables 20, 2]. and 23) and in 
the overall analysis (Table 24). It was most interesting 
that feed intake suddenly had a significant effect at 800 

pounds body weight (Table 23) and in the overall analysis 
(Table 24). ThIs may have some bearing on tne suggested 
shift in metabolism from a protein to fat deposition which 

occurs approximately at this stage of development. Feed 

efficiency, rate of gain and age seem to have very little 
effect or blood urea as evidenced by the stat1sticd an- 
alysis. The graphic presentation in Figire 3 is diffi- 
cult to interpret. The sex effect cen be detected but 
agnir as for the previous two blood corstituents there 
sea'ns to he a strong tendency for age to be the factor 
which accounts for much of the line and sex differences. 
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TABLE 14 

Analysis of Variance of Blood Amino Acids at 500 Pounds 
Body Veight 

Source of Variation df. Sums of Meen 
Squares Squares - 

Total 35 1621.0463 
Regression 10 1615.2757 
Mean Effects 9 3.8327 .4259 1.84 

Line 2 1.3656 .629 2.96 
Sex 1 .4122 .4122 1.79 
Line X Sex 
Interaction 2 .3832 .1916 .83 

Rate of Gain 1 .0063 .0063 .03 
Feed Intake 1 .6183 .6133 2.68 
Feed Efficiency 1 .0321 .0321 .14 
Age 1 1.0147 1.0147 4.40' 

Error 25 5. 7706 

Significant P<.05 

TABLE 15 

Analysis of Variance of Blood Amino Acids at 600 Pounds 
Body Vieight 

Source of Variation d.Q. 

Total 
Regrea sion 
1ean Effects 

Line 
Sex 
Line X Sex 
Interacti ai 

Rate of Gain 
Feed Intake 
Feed Effici&ìcy 
Age 

Error 

Sums of Wean F. 
Squares Squares 

35 1843.1348 
10 1837.1860 

9 1.8378 .2042 .86 
2 .5028 .2514 1.06 
:1. .0807 .0807 .34 

2 .4443 .2222 .93 
1 .2683 .2C8 1.13 
i .3697 .367 1.55 
i .1545 .1545 .65 
i .0175 .0175 .07 

25 5.9488 
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TABLE 16 

Analysis of Vcriance of Blood Amino Acids at 700 Pounds 
Body Weight 

Source of Variation d.f. Sums of Me F. 
Squares çiu ares 

Total 1618.7369 
Regression 10 1811.8636 
Mean Effects 9 4.8134 .5348 1.95 

Line 2 .8791 .4396 1.60 
Sex 1 2.4180 2.4189 8.8O Le X Sex 
Interaction 2 .5395 .2697 

Rate of Gain 1 .1782 .1782 .65 
Feed Intal:e 1 .6308 .6308 2.29 
Feed Efficiency 1 .1593 .1593 .58 
Age 1 .3077 .0077 .03 

Error 25 6.8733 

* Si fiuìt P 1.O5 

TA9LE 17 

Analysis of Variance of Blood Amino Acids at 800 Pounds 
Body Weight 

Source of Variation d.f. Sums of Mean F. 
Squares Squares 

Total 35 1941.8741 
Regrersion 10 1930.1409 
Mean Fffects 9 2.9899 .3322 .71 

Line 2 .3782 .1891 .40 
Sex i .9649 .9649 2.06 
Line .X Sex 
Interaction 2 .2933 .146e .31 

Rate of Cain i .0073 .0073 .02 
Feed Intake 1 1.1263 1.1263 2.40 
Feed Efficiency i .0194 .0194 .04 
Age i .2005 .2005 .43 

Error 25 11.7332 



TABLE 18 

Analysis ol Variance of Blood Amino Acids for flsne 500 
to 800 Pounds Body Weight 

Source or Variation d.f. Sums of Mean F. 
Sguare$ Squares 

Total 140 7224.7Ç21 
Regression 10 7181.2430 
Wean Effects 9 6.4859 .7207 2.15 

Line : 2 .6657 .3328 .99 
Sex 1 3.1172 3.1172 9.61 
LineXSex 
Interaction 2 .3339 

Rate of Gain 1 .1907 
Feed Intake 1 1.8090 
Feed Efficiency i .2817 
Age i .0059 

Error 130 43.5491 

* Significant P .05 

ABLE 19 

.1670 .50 
.1907 .57 

1.8909 5.64* 
.2817 .84 
.0059 .02 

Regressicri Coefficits for the Tegressioi of 31ood Amino 
Acids on Rate of Gain , 

Feed Efficiency 
Peed Intake, 

and Age 
- - 

Body Weight in Pounds 
Independent 500 600 700 800 500 to 

Vadable _____ 
Rate of Gain .058 .401 .307 .071 .160 mgms.f 

lOOmis ./pound/day 
Feed Intake .127 .085 .094 -.141 .063 mgms./ 

100m1 ./pound/day 
Feed 

fficiency .002 .001 -.001 .000 .000 mgrns./ 
lOOmls./pound feed/iQO pounds gain 

Age -.006 .007 .001 -.003 .000 mns./ 
I/day 

* Significant P < .05 
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Analysis of Vri&ce of I3looá 
at 500 Pounds Bod Weight 

Source of Variation a,f. Sums of 
Squares 

Total 
Regre ssi on 
Mean Effect 

Line 
Sex 
Line X Sex 
Interacti 

Rate of Gain 
Feed Intake 
Feed Efficiency 
A ce 

Error 
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Urea 

Mean F. 
Squares 

35 5452.40 
lo 5372.8925 

49.9570 5.5508 1.75 
2 .3822 .1911 .06 
i 24.1799 24.1799 7.60 

2 12.1247 6.6023 1.91. 
i 3.0650 3,0650 .96 
i .1542 .1542 .05 
i 1.1555 1.1555 .36 
1 8.8956 8.8956 2.7S 

25 79.5075 

* Significant P < .05 

TABLE 21 

Analysis o1 Varice of I3lood Urea 
at 600 Pounds Body V'eight 

Source of Variation d.f. Sums of Mear. F, 
Sgua res SQuares 

Total 35 6059.62 
Re6ression 10 5852.0892 
Mean Effect 9 45.1477 5.0164 .60 

Line 2 9.2516 4.6258 .56 
Sex 1. 24.8398 24.8398 2.q9 
Line X Sex 
Interaction 2 

Rabe of sain i. 
Feed Intake 1 
Feed Efficiency i 

Age i 

Error 25 

3.9584 1.9792 .24 
2.5942 2.5942 .31 
1.0167 1.0167 .12 
1.8933 1.8933 .23 
1.5937 1.5937 .19 

207. 5308 
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TABLE 22 

Analysis of Variarce of Blod Urea 
at 700 Pounds Body Weight 

Sour'ce of Variation d.f. Sums of ean F, Sares Squares 
Total 35 6638.28 
Regression 10 6426.9196 
Mean Effect 9 30.2324 8.5910 1.02 

Line 2 57.0868 28.5434 3.38 
Sex 1 4.5067 4.5067 .53 
Line ) Sex 
Interaction 2 1.0165 .5083 .06 

Rate of Gain i 7.3901 7.3981 .60 
Feed Intske 1 .8294 .8294 .10 
Feed Efficjenc i 1.2263 1.2233 .14 
Age 1 5.2585 5.2585 .62 

Error 25 211.3604 

* Significant P < .05 

TABLE 23 
Analysis of Variance of Blood Urea 

at 800 Pounds Body Weight 

Source of Variation d.f. Sums of Mean F. 
Squares Squares 

Total 35 6249.04 
Regression 10 6123.6351 
Meen Effects 9 140.2892 15.5877 3.12* 

Line 2 14.8995 7.4497 1.49 
Sex i 23.5719 23.719 4.70 
Line X Sex 
Interaction 2 18.2636 9.1318 1.82 

hato of Gain i .4877 .4877 .10 
Feed Intake i 80.1429 80.1429 15.9& 
ieod Efficiency i .1)98 .1998 .04 
Age i 2.7239 2.7239 .54 

Error 25 125.4049 5.0162 

-,'. Significance < .05 
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TABLF 24 

Analysis of Variance of ±1ood Urea for Range 
500 to 800 Founds Body eight 

Source of Variation d.f. Sums of Mean F. 
Squares uares 

Total 140 24399.34 
Regression 10 23511.08 
IVIean Effects 9 135.1965 15.0218 2.20 

Lin.e 2 2.1232 1.0616 .16 
Sex 1 62.7099 62.'?e99 9.19* 
Line X Sex 
Interact1 2 35 6.1482 .00 

Rate of Gain 1. 4.6450 4.6540 .60 
Feed Intake 1 47.5291 47.5291 6.96* 
Feed Eifficiicy 1 .77774 .7774 .11 
Age 1 5.0354 5.0354 .74 

Error 130 888.26 

Significance P< .05 

TABLE 25 

Regression Coefficient for the Regression of Blood Urea 
on Rate of Gain, Feed Intake, Feed Efficiency, and Age 

Body eig1it in Pounds 
Independent tOO 600 700 800 F00 to 

Variable 800 

Rate of Gain -1.273 1.247 -l.?75 - .584 -.789 
mns . /'lOOmls . /pound/day 

Feed Intake - .063 .141 .108 1.194 .318 
mgrns . /100ml s . ;/poUnd/d. ay 

Feed 
Efficiency .003 - .004 .002 .000 -.000 

mgrns./lOOmls,/pound feed/lOC pound cain 
Age - .018 - .007 .013 .010 -.004 

riigms ./lOOmls ./day 

- Significance P < .05 



d) Blood creatinine. 
The first evidence of a relationship with rate of 

gain is tlat of bl000 creatinine as revealed by the gen- 

eral least squares analysis (Tab1e 26, 27, 28, 29 and 

30). This relationship appears erraticall'j at 600 (Table 

27) and 800 (Table 29) pounds bod weight nd in the 

overall analysis (Table 3O). Rate of gain would not be 

corsidersd in itself an indirect measure of blood creat- 
mine. Feed efticiencr has a significant effect on blood 

crcatinine at 500 potmz body weight (Table 26) but the 

effect has disappeared by 700 pounds and does not appear 

in the overall analysis. Line ìd sex cause a small dif- 
ference in blood creatinine being signific.'nt at 500 

pounds body weigtit (lable 26) and in the overall analysis 
(Table SO). Age apparently has a. strong effect upon 

blood creatinine as evidenced both by the statistic&l and 

graphIc. analysis (Tables 26, 27, 28, 29 and 0) (Figure 

4). It is interesting that there seems to be no rela- 
tionship of feed intake and blood creatinirie concentra- 

ti oria. 

e) Hemoglobin. 

Hemoglin values are expected to vary widely with 

se, sex, season, activity and health of the animal and 

are riot expected to be very repeatable in an Individual 
for even a relatively short period of time. With t1.s 
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In mind consideration of the data would suggest that the 

experiment al regirne at the Oregon Agricultural Experiment 

Station beef barns is very constant. he least squares 

analysis (Tables 32, 33, Z4, 35 sud 36) would indicate 

that blood hemoglobin is related to the independent vari- 

ables of this study much more close1j at 500 (Table 32) 

than at 300 (Table 5) pounds body weight. Line appai'- 

ently i responsible for sorne of tl'e dii ferences in heino- 

globin. Sex causee only minor differences. roticeabie 

Is the lack of relationship between hemoglobth and feed 

intd. e whereas feed efficiency snd even rate of nain has 

siuificant effects up hemoglobin at certain body 

weight intervals. Age has a major effect as evidenced 

both statistically and graphically (Figure 4). The uni- 

form pattern of the males as oLoed to the erratic one 

of the fanales is interesting. 
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TABLE 26 
Analysis of Variance of Blood Creatinine 

at O Pound$ ibody eigflt 

Source of Variation d.f. Sums of Mean F. 
Squar e s u are s 

Total 35 40.6466 
Regressiì 10 40.2082 
1iien Lffects 9 .7128 .0792 4.52 

Line 2 .1514 .0797 4.2* 
Sex 1 .0918 .0918 5.24* 
Line X Sex 
Interaction 2 .1460 .0730 4.16* 

Rato of Cain i .C785 .0795 4.48* 
Feed Intake 1 .0060 .0060 .34 
Feed .f-;fficiency 1 .1767 .1767 1O.08 
Ae 1 .0623 .0623 3,55* 

Error 25 .4384 .0175 

Significit F .05 

TABLE 27 
Analysis of Variance of Blood Creatinine 

at 600 Pounds Bodj 'height 

S our ce of Vari at i on d.f. Sums o f M e an F. 
res Squares - 

Total 35 49.667C' 
Regression 10 48.3277 
Mean ffects 9 .3964 .0440 .82 

Line 2 .1353 .0676 1.26 
Sex i .0036 .0036 .07 
Line X Sex 
Interaction 2 .0108 .0054 .10 

Rate of Gain i .0190 .0190 .35 
Feed Intake i .0420 .0420 .78 
Feed Efficiency i .0982 .0982 1.83 
Age i .0875 .0875 1.63 

Error 25 1.3393 .0536 
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TABLE 28 
Analy$is of Varicnce of Blood Creatinine 

at 700 Pounds Body Weight 

Source of Variation d.f. Sums of Mean F. 
Squares Sraros 

Total 35 51.288 
Regression 10 50.3403 
Mear E.ffects 9 .9315 .1035 2.95 

Line 2 .1983 .0991 2.82 
Sex i .100 .1Ci30 2.93 
Line X Sex 
1rteraction 2 .04fl .9250 .71 

Rate of Gain 1 .2 .2623 
Feea nLaIe i .07o. .0763 2.17 
Feed Efficiency 1 .0004 .0004 .01 
Age 1 .2413 .2413 6.E7 

Error 25 .8785 .3785 

Ç Significant P < .05 

TABLE 29 
Analysis of Variance of Blood Creatinirie 

-__at 800 Pounds Body eight 
Source of Variation 

To tal 
Regression 
Mean Effects 

Lirio 
Sex 
Line L Sex 
Intoracti on 

Rate of Gain 
Feed Intake 
Feed Efficiency 
Age 

Error 

c.f. 

35 
lo 

9 
2 
i 

2 
i 

i 

i 

i 
25 

Siif1cant P < .05 

Sums of 
; guar e s 

7 1 7208 
68. 5c34 
1. 0849 

.0199 
.1538 

.0580 

.0045 
.0723 
.0631 
.7131 

3 1574 

Mean 
Squares 

.1205 .95 
.0099 .08 
.1538 1.23 

.0290 

.00'15 

.0723 

.0631 

.7131 

s 23 
.04 
s 57 
e 50 

5. 5* 
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TAuiE 30 
Ana.yiis of VorIarce of iood Creatlnine for Rang e 

500 to 800 Pounds Eody Weight 

Source of Variation d.f. Sums of Meen F. 
Squares 

Total 140 213.2532 
hegressiri 10 205.5281 
Mean Effects 9 1.3620 .0671 2.25 

Lixe 2 .1673 .0837 1.25 
Sex 1 .0762 .0762 1.13 
Line ex 
Interaciion 2 .0240 .0120 .18 

Rate of Gain i .3615 .3615 5,39* 
Feed Intake 1 .0256 .0256 .38 
iced Effiei3ncy 1 .0206 .0206 .31 
Age i .6867 .6867 10.23* 

Error 130 8.7251 

Siificant F < .05 

TABLE 31 
Regression Coefficients for the Regression of Blood 
Creatinine on Rate of Gain, Feed Intake, Feed Efficiency 

snd Age 

Body Weight in Pounds 
mcl e en den t 5OO 

Var iabl e 
oou uo ;o 

800 

Rate of Gain -.204 -.107 -,372 -.056 -.220 
ingins. /iCis . /pound,/day 

Feed Intake -.013 -.029 .033 .036 .007 
nigma ./lOOrnls ./pound/day 

Feed Efficiecy 
-.00r .00)1 .000 .000 .000 

mgms./iOOrnis./pound feed/iCC pound gain 
Age .002 -.O2 .003 .005 .002 

mgms./lOOrnls./day 

. Siificant P < .05 



TABLE 32 

Analysis of Vaiiice of FIoino1obin 
at 5 Pounds Body Weight 

Source of Varia.on çif, Surrs of Mean F. 
SCLU9reS Squares 

Total 35 4583.35 
Regression 10 4563.0324 
Meaii Effects 9 39.9513 4.4390 5.46* 

Liì e 2 10 820 5 4Y 10 6. rlG* 

Sex i 5.5434 5.5434 6.82 
Line X Sex 
Interaction 2 

Rate of Gain i 

Feed Intake i 
Feed Efficiency i 

Age 3. 

Error 25 

* Sijiificaìt P < .05 

5.6558 1.8279 2.25 
.0975 .0975 .12 

2.2337 2.2337 2.74 
4.3822 4.3022 5.39 
13.0568 13.0568 l6.O7 
20.3176 .8127 

TABLE 33 

Analysis of Variance of Hemobiobin 
at 600 Pounds Body Weight 

Source of Vcriaoi d.f. Sums of Moan. F. 
qu are s qu a r e s 

Total 35 5069.53 
Regression 10 5053.5363 
Mean Effects 9 11.4916 1.2768 2.00 

Lire 2 2.89.21 1.4461 2.26 
Sox 1 .3668 .3668 .57 
Line X Sex 
Interaction 

Rate of (ain 
Feed Intake 
Feed Efficiency 
Age 

Error 

2 .0397 .0198 .03 
i 4.2353 4.2353 6.62 
i .0025 .0025 .00 
i 3.9052 3.9052 6.10e' 
i .0499 .0499 .08 

2o 15.9937 .6397 

* Sigiificant PZ .05 
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Analysis of Variance of Hemoglobin 
at 700 Pounds Body eight 

Source of Variation d.f. Sums of Mean F. 
Squares Squares - 

Total 2)5 5449.56 
Regression 10 5427.1307 
Mean Effects 9 22.9220 2.5469 2.84 

Line 2 8.4574 4.2287 943* 
Sex 1 .1329 .1329 .15 
Line X Sex 
Interaction 2 3.5472 1.7736 1.98 

Rate of Gain 1 .5195 .5195 .58 
Feed Intake 1 .0110 .0110 .01 
Feed Efficiency 1 9.2663 9.2663 lO.33 
Age 1 .9876 .9876 1.10 

Error 25 22.4293 .8972 

Significant P< .05 

TABLE 35 

Analysis of Variance of Hemoglobin 
at 800 Pounds Body Weight 

Sourceof Variation d. f. Sums of Mean F. 
Squares Squares 

Total 35 5369.93 
Regression 10 5353.0987 
Mean Effects 9 10.5364 1.1707 1.74 

Line 2 5.8790 2.9395 4.37 
Sex 1 .1551 .1551 .23 
Line X Sex 
Interaction 2 .4839 .2419 .36 

Rate of Gain 1 2.6205 2.6205 3.89 
Feed Intake 1 .2457 .2457 .36 
Feed Efficiency i 1.0431 1.0431 1.55 
Age i .1092 .1092 .16 

Error 25 16.8313 .6733 

. Significant P < .05 
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TABLE 36 

Analysis of Variance of Hemoglobin for Range 
5(X) to 8(X) Pounds Body Vleight 

Source of Varïatii d.f. Sums of Mean F. - Squares Squares 

Total 140 20472.37 
Regressicn 10 20337.85 
Mean Effects 9 93.0834 10.3426 10.00* 

Line 2 22.2141 11.0701 l0.73 
Sex 1 .9516 .9516 .92 

Line X Sex 
Interacticri 2 5.5882 2.7941 2.70 

Rate of Gain 1 2.7623 2.7623 2.67 
Feed Intake 1 1.1555 1.1555 1.12 
Feed Efficiency 1 .2649 .2649 .26 
Age 1 10.1468 10.1468 9.81* 

Error 130 134.52 1.0348 

* Significant P .05 

TABLE 37 

Regression Coefficients for the Regression of Hemoglobin 
on Rato of Gain, Feed Intake, Feed Efficiency and Age 

Body Weight in Pounds 
Independent 500 600 700 800 500 to 

Variable 800 

Rate of Gain .227 -i.594 -.523 -1.353 -.608 
gma . ¡bOnis ./pnd/day 

Feed Intake -.241 .007 .012 .066 .050 
giis . /lOOmls . /pound/day 

Feed 
Efficiency -.006 - .O05 .001 - .002 -.000 

gms./lOOmls./pound feed/100 pound gain 

Age .022 - .001 .005 - .00 .00& 
ns . /lOOmls . /day 

* Significant P .05 



FIGURE 4 



DISCUSSIOI'T OF RESULTS 

The primary objective of this study has be&ì to in-' 

vestigate the relationship of certain blood constitu&its 
of beef calves to their growth and developmmt. There 

are additional points of interest which have been brought 
to light but before discussing these it is desirable to 

consider the results of the statistical analysis of the 

collected data. 
The average figures for rate of Lain, feed intake, 

feed efficiency and age sust that there are marked sex 

and line differences (Table 2). It might well be ex- 

pected that there would be some rather significant asso- 
ciations of the above variables with the differences that 
exist in the blood constituents of the individual animals. 

The results in general, however, are not conclusive. Etg- 

nificance may appear at one body weight and not at another 

in an erratic manner. Chance as well as other factors 
must play a part in situations such as this where there 
are many inconsistencies. 

Blood_Uric Acid: The results caisidered at each 

body weight are inconclusive but the overall analysis 
indicate that the sex and line differences are real. In 

observing certain individuals of both sexes it may be 

noted that they are regularly 50 to 75 per cent higher 
in blood uric acid than the other animals of the same 



subclass. The pheicìornion cannot be linked to sickness, 

previous experience or activity. Ihere is a suggestion 

of genetic siificance since three females (C2, 3 and 

20) and one male (C15) are of line i while ie female 

(Cl) is of line 3. Certain males of line 3 had occasial 
high values but were not as consistently high as are the 

ies already mentioned. The important point Is that no 

individual in line 2, male or female, had any unusually 

high blood uric acid values. It was probably the extreme 

Individuals that gave rise to the line differences. 
Since kIdney tubule resorption of uric acid can be 

readily altered it may be reasOElable to sugßest that the 

kidney threshold for uric acid Is a characteristic of an 

individual and sufficient data might demonstrate a pat- 
tern for the Inheritance of such a trait (46, pp.684- 

687). 

It seems rather cìclusive that purine-pyrimidine 
metabolism does not alter with feed intake so that the 

sIiificant relationship of blood uric acid and teed in- 
take observed in this study requires an explanation 
(Table 6). Oria possibility Is that some constituent of 

the blood Is increasing with feed Intake and the particu- 
lar constituent interferos with the tubular resorption of 

uric acid. Another possibility may be that the oxidation 
of uric acid to allantoin is enhanced due to a factor 
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Involved with feed intake. 

Blood Amino Acids: This blood constituent appears 

to be the one with the least influence on rate and effic-. 

lency of gain of any of the blood constituents studied. 

There is a steady tendency at each body weight interval 

from 500 to 800 pounds for sex to cause differences in 

blood amino acid concentration. This tendency reaches 

significance when the data are considered over the entire 

weight range. Feed intake also has a significant Influ- 

ence on blood amino acids when considered in the overall 

analysis, although this is not in agreement with pub- 

lished results (87, pp.124-132). The relationship of 

amino acids with feed intake when considered along with 

the similar relationship of uric acid and feed intake may 

point to amino acids or protein as the Interfering factor 

which brings about the reduced blood uric acid (65, pp. 

684-687). Although age did not have a significsnt effect 

upon blood amino acids an examination of Figure 3 sug- 

gests that the males may be following the pattern of but 

at an older age th-ì the females. This suggestion is in 

line with the concept that sex differences may often be 

explained by different rates of maturity. 

The relationship of blood amino acids and age is ap- 

parent in the graphical analysis but the statistical an- 

alysis indicates no such relationship; therefore, it must 
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be concluded that the feed intake and sex effects are 

causing the apparent relationship between age and blood 

amino acids. 

Blood Urea: Similar to the results with amino 

acids, the blood urea values have a tendency to show in- 
termittent significant sex differences at various body 

weight intervals. This siificsnce is also evident in 
the overall analysis. The most obvious explanation for 
these sex differences stems from the suggestion that fe- 
males mature at a younger age and smaller body weight 

than maies and in such a case have shifted the emphasis 

from a protein anabolism to a fat anabolism. When tI 

females are on a diet designed to provide protein for 
maxiraum growth they will dearninate more of the ingested 
amino acids than the niales and have more circulating 
urea (78, pp.356-369). 

A most interesting situation may be found by observ- 
Ing the regression coefficients for blood urea on feed 

Intake (Table 25). There is a progressive increase in 
the coefficient from 500 to 800 pounds body weight with 

significance at 800 pounds body weight end in the overall 
analysis. A possible explanation would he that as age 

and body weight increase there is a progressive increase 
in the urea produced by oxidative dearninatlon due to the 
increased feed intake and decreased protein anabolism. 
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It is worth noting here t1t although blood urea 

shows a definite association with age when considered 

graphically there is no independent association. Most 

probably the apparent association in the graphical analy- 
ais Is due to the effect of feed intake common to both 

factors (Figuro 3) (Table 24). 

Blood Creatine: There seems to be no obvious ex- 

planation for the significance of all the Independent 

variables effecting blood creatinine (except feed effic- 
IencT at 500 pounds bodj weight). Of particular Interest, 
however, is the sinIfIcant negative association of blood 

creatinine with rate of gain which appears at 500 and 700 

p.inds body weight and in the overall analysis. If cre- 
atlnine is considered a measure of muscle activity we 

must conclude that the less the activity the greater the 

rate - gain, a rather reasonable suggestion (59, pp.237- 

241). The fact that age has a oaisistent cffect upon 

bicod creatinine may be Interpreted that animals become 

muscularly more active with age within the range being 
considered. In the light of sexual maturity arid the as- 
sociated activity the increase is not surprising. 

HenoglobIn When consIdered at individual body 

weight intervals the hemoglobin values show very erratic 
results. The overall analysis, however, reveals that 
line and sex cause significant differences in hemoglobin 
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values and ae also bas a s1gnificit effect. The effect 
of age is to be expected since the decreasing relative 
growth rate would be associated with a decreased dilution 
of the blood volume by plasma protein (63, pp.260-262). 

Predictive Value of lood Constituents: The possi- 
bility that rate arid efficiency of gain could be pre- 
dicted by a blood analysis Is of course intriguing. The 

general lack of relationship in the analysis which shows 

little effect of rate and efficiency of gain on blood 

constituents would indicate that prà ably no one blood 

constituent in this study waild serve as a measure. Such 

is the case because no one constituent was found capable 

of sorting the animals into their proper renk for either 
rate of gain, feed intal or feed efficiency. hen, how- 

ever, an ailmal is ranked for each blood constituent rela- 

tive to rate of aaïn, feed intake and feed efficiency and 

the rank number is either added or subtracted depending 

upc'n the sign of the regression coefficient a score is 
obtained. This score does tend to sort the an.mals but 

there are large errors so that the accuracy Is low. It 
seems apparcnt that to r.crease the accuracy there would 

be need of addional factors which are more closely as- 
sociated with rate and efficicy of gain. 

General Considerations: There is little that need 

be added to that already stated in the preceding section 
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about t1 diurnal studies. There is definitely a two 

phase cycle for the blood constituents beir studied and 

this should be a ccRìsideration whenever blood samples are 

being drawn. 

Probably a-ìe of the most interesting findings in this 

study is the marked change that is reflected in the blood 

at the time of weaning. Unquestionably the regime ini- 

posed in the test barns is more uniform tharL that experi- 

enced before weaning. 

It may be noted that blood amino acids increase sig- 

nificantly with age up until weaning but this effect is 
not detectable in the period from weaning to 800 pounds 

body weight due to the rioval of the variation conmion to 

age and feed intake. 

Blood uric acid values increase until weaning fol- 

lowing which time the effects of feed Intake are removed 

so blood uric acid reduces with age. Similar to blood 

amino acids it may be coriclxìed that blood uric acid con- 

centrations would not be expected to reflect in any major 

way the changes in metabolism icountered under usual 

conditi s. 

The increase of blood creatinine with time cntinues 
from birth to 800 pc*.inds body weight apparently completely 

independent of feed intake, rate of gain and feed effic- 
i en c y. 
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The oh ange s i ri bi ooci ur e a fran Mr th to 800 pounds 

bodj weight deserve sine attention. The six animals ob- 

served in the early stages of development were un1fozi In 

their marked increase In blood urea up to weaxiir. Fol- 

lowing weaning, however, these animals were just as uni- 

forni in their rapid drop in blood urea to a much lower 

level whore the concentration remained steady for the 

remainder of the study. Sane explanatin for this condi- 

tion may be obtained by considering the ration of the 

animals. The calves are consum.ng mainly grass plus some 

milk from their dans. Grass and milk have a nutritive 
ratio of 1:5.6 and 1:3.9, and a dry matter ccatent of 

32.9% and l2.8 respectively. A simple calculation re- 
veals that a 400-pound calf would have to consume either 
31 pounds of grass or 38 pounds of milk to meet its mini- 

mum energy requirements of 6.2 pounds of total digestible 
nutrients per day with a nutritive ratio of 1:7 required 

for rapid growth ('74, p.1148). The actual bulk of the 

required intake is obviously excessive, so that total 
energy intake would necessarily be quite low. 

As the animals develop they will require that more 

and more of the protein be dearninated to serve as an 

energy source and hence the increasing blood urea. hen 

the ani mal s are weaned, how eve r, t he y re c ei ve a ration 
that Is 69 per cent dry matter with a nutritiw ratio of 
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1:5.8 and need to eat aily 9.5 pounds per day to meet 

their minimum enery requirents for rapid growth. In 

this case t only deaniinatiori will be 01 the protein in- 
gested which is fri excess of t) protein needs and the 

endo genous pio tein. 
This exemple stresses the special attention that 

must be paid to providing a high energy creep supplement 

to young calves to ensure effioiìt protein utilization 
arid rapid growth. 

From an overall view of the reslts of tijs study 

there appears to be a definite pattexi appearing which 

has physiological significance. It has been established 
that bulla grow more rapidly and more efficiently than 

helf ers and that heifers mature at a smaller body weiit 
than bulls. Ttere is evidance here to support a suggested 

reason for tie dlfferaìces. 
The higher concentrations of blood emiro acids and 

blood urea in the female than lr the maie osibly indi- 
cates that their protein anabolism is proceeding at 

slower rate and is not drawing on the amino acids to the 

same extent as in the male. The females are consequently 

deamiriating more of t1a aiuirio acids as indicated by the 

increased blood urea levels. It would be reasonable to 

go one step further and suge st that since there is a de- 

creased protein anabolism that there vuld be additional 
enory released by the excess deamiriated amino acids arid 
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this will appear a fatty tissue. Since fatty tissue has 

Sn energy contait of six to sevi tLrnes that of protein 

tissue we have a tidy reason Lor the femn1es being loss 
efticient than the males as measured by UL±tS of gain per 

unit of feed eaten. 

Thesex differences tn protein metabolism seem to be 

due to the sex hormones. Injections of testosterone have 

been found sufficient to adjust the rate and efficiency 
of gain of females to that of males so most probably the 

normal male receives a greater testosterone effect than 

the female. The influence of testosterone is mediated 

through the oltuitary by stimulating thyrotropin output. 
1[hyrotropin, as has been pointed out, decreases urine 
urea through its stimulatory effect on the thyroid and 

increases blood urea through some other target organ. 

Although we now have a plausible exphuation for 
difference in growth rate between males and females there 
is still the problem of explaining the decrease in effic- 
lency with time that occurs in both males and females. 
The increased urea productior with time may be inter- 
reted as being due to a reduced output of the growth 

hormone and this reduced output of growth hormone has the 

effect of slowing growth rate and increasing fat produc- 
tion. This change in type of tissue deposition of course 

results in inefficiency in terms of feed needed per unit 
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of gain. 

In general it may be suggested that relative growth 

rate arid efficiency are decreasing with time in both 

males and females due to a decreasing pituitary output of 

the growth hormone. This downward effect is counterbal- 

anced by testosterone which increases rate and efficiency 

of gain to a greater extent in males than in females. 

It would seem advisable that ir. any further studies 

along the lines of the present one that allantoin be de- 

termined if uric acid is to be measured and similarly 

creatine be determined if creatinine is to be rrLeasured. 

In both of these instences a change in one factor maj be 

measuring a general alteration of metabolic pattern or it 

may be merely a shift in the f oxm of the end product. 

It appears that for a complete understanding of the 

relationship between blood cors tituents and rate or of- 

ficiency of gains one must take into consideration how 

some of the endocrines are affecting this relationship. 
Hormones that might be expected to be involved would be 

those from the pituitary, adrenal cortex and the sex 

glands. 
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SUMTARY AD C0TCLUS IONS 

1. factors of blood uric acid, blood amino acids, 

blood urea, blood creatinine, hemoglobin, rate of 

gain, feed. intake, feed efficIency and age were cor- 

sidered for 35 Hereford ca]ves of the sexes &tnd 3 

lines from 500 to 800 pounds body weight. 

2. The growth patterns of all the calves were plotted 

on arithmetic graph paper arid the growth from 500 to 

800 pounds body weight was found to be linear. 

3. A diurnal cycle was established for blood uric acid, 

blood urea, blood amino acids and blood eretinine 

using 2 bull and 2 heifer calves. The cycle has a 

high point in midmorning and another in midafternoon 

apparently associated with the activity of feeding. 

4. blood uric acid, blood amino acids, blood urea, blood 

creatinine and hemoglobin viere considered for 2 

heifer and 2 bull calves during the period from birth 
to weaning. All the blood factors increased during 

this period. Blood urea increased most markedly end 

it has been concluded that the calves were consuiïing 

Insufficient energy and as a consequence were deamin- 

ating large amounts of ingested amino acids. All 

blood values were erratic prior to weaning indicating 
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fluctuations in the environment. Following weming 

the blood values became very steady indicating e more 

uniform environment ir the test barns. 

5. Blood uric acid shows line and sex differences. Cer- 

tain individuals consistertly show very high blood 

uric acid values suggestive of being under genetic 

control in their distribution. Blood uric acid is 

associated with feed intake possibly due to some 

blood factor increasing with feed intake which inter- 

feres vith tubular resorption. It may be that the 

reaction of uric acid to allantoin has shifted under 

the influence of a factor associated with ieed ìnt. 
6. Blood amino acids show a ex difference and are af- 

fected by feed intake. It is suggested that amino 

acids or protein maj be the factor interfering with 

uric acid resorption. 

7. Blood urea shows a sex difference which may be due to 

the shift from protein anabolism to fat anabolisrii in 

the females at a younger ae than the males. 

8. Blood creatinine increases with age and is associated 

negatively with rate of gain. 

9. Hemoglobin shows line and sex differertces 91ld the et- 

fect of age. The age effect may be due to the redied 
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dilution of the blood by plasma proteins which c- 

crease with decreasing relative growth rate. 

los it was demonstrated that the blood constituents 

studies were not capable of rankiiig animals as to 

their rate of gain, feed ixtake or feeci efficiency. 

11. It has beer suggested that the sex differences in 

rate and efficiency of gain are due to a breater ef- 

fect in the males than in the females by testosterìe 

which in part counteracts the effect of decreasing 

growth hormone output. The actual differences in 

efficiency are reflected in a greater protein anabo- 

lism and smaller fat anabolism in the male than in 

the female. 

12. The suggestion is made that allantoin and uric acid 

or creatine and creatinine be analyzed and considered 

together since a supposed general shift in metabo- 

11am indicated by one factor may actually only be a 

change In the final end product. 

l. For further investigations to determine factors as- 

sociated with rate of gain, it is suggested that the 

hormones of the pituitary, adrenal cortex and sex 

organs be considered, 
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