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URINARY 17•KETOSTEROIDS, RATE OF GAIN, FEED EFFICIENCY, 
AND CERTAIN BLOOD CONSTITUENTS OF BEEF CATTLE 

INTRODUCTION 

Rate or gain and feed efficiency are influenced by 

hereditary factors as has been shown by numerous studies. 

There are two primary problems facing the researcher; 

namely, the selling or facts to the producer and the 

discovery or more effective am less expensive procedures 

v.hich can be applied in early life or the animal for de• 

tecting the more desirable individuals. The fo:nner is a 

problem of extension; the latter requires additional 

basie research. Both rate of gain and feed efficiency 

can be determined to a .fair degree or accuracy. However, 

the process involves a feed test that is expensive. 

It is the opinioo of many physiological genetic! sts 

that rate of gain and feed efficiency are the result of 

many complex biochemical reactians, and that these re

actions are under genic ccntrol. I.f this concept be 

true, then it ia conceivable that the study of some ot 

the metaboli tea should be rewarding. If the same genes 

that af.fect growth 1n the teed lot are affecting growth 

earlier in lite, m approach of this nature should yield 

a method by which the et'ficien t animals could be detected 
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early in life (preweaning), and might well eliminate the 

necessity ~or a feed test. The application of such a 

concept will mean the use or new techniCJ.ues (at least for 

geneticists) and experimental procedures as well as the 

adaptaticn of knom procedures to tl:e solving of problems 

of this nature. The geneticist will depend upc:n the 

biochemist for many of these teclmiques. He may need 

to modify same terihniCJ.ueS to fit his particular purpose. 

This has been the approach 1n beet cattle research 

at the Oregcn Agricultural Experiment Statton. MacDonald 

(77) and Williams ( 108) have obtained a large amount ot 

data involving blood and urine chemistry. They have at

tempted to relate varia t1 ons in che m1 cal ccns t1 tuoo ts of 

the blood and urine to variations in rate of gain and 

teed efficiency. Their work has shown great promise in 

uncovering facts regarding these eccnomic traits. The 

experiment ation at the Oregon Station has concerned it

self largely with protein metabolism. Wonc of other re

searchers indicates the possibility of a relationship at 

the adrenal cortex to p:ro tein me taboll sm and its associ a• 

tioo with rate of gain and feed efficiency. 

The present study was designed to e a1tinue the in

vestigations on protein metabolism through blood chemis

try; to investigate the relationship of adrenal cortex 

acti"Vi ty to protein metabolism; to adapt further 



biochemical methodology to animal improvement research; 

and to increase our lmowledge of metabolism and physiology 

in our larger mea t animals. 
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REVIEW OF LITERATURE 

!!!.:!!_ 2!. ~~ Feed Eftl. cieney 

Performance testing is not new. Housman (1894) 

tells us of Robert Bakewell , who in the 18th cent y, 

made use of the tools which are nON in general use by 

modern breeders (109, pp.27-31). Interest has been re

newed only recently (98, pp.41•47; 110, p.90). 

Black and Knapp ( 15, pp. 72-77) concluded tm t a feed 

test from a body weight of 500 lbs. to a weif!P.t of 900 

pounds 'WOuld measure tbt performane e of an individua 1 

beef mimal. For a final evaluation they recanmended 

using efficiency of gain during this period and carcass 

grade. They found that if animals were compared over a 

constant rm ge in weight, rate of gain and feed effi

ciency were highly correlated. Efficl.Ency of feed utili• 

zation could be predicted fran rate of gain only men 

indi v1 duals were compared during the same weight range. 

Koger and Knox (65, p.765) concluded that if animals, 

under similar environmnts, were compared at different 

periods , then there would be a posi ti ve relationship. 

This has been indicated by Nelms and Bogart (89, p.977). 

However, a negative rel aticn ship can be expected when a 

set of environmental conditions are experienced during 

one period and later removed or changed. Knapp and Clark 
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(61, pp.l74•188) found no correlation between pre• and 

post -weaning periods, and concluded that gains prior to 

weaning were of no value in predicting feed lot gain. 

A negative correlation has been reported by several 

workers (15, p.75; 31, p.l8; 16; p.34). This inconsist

ency can be expected when me examines the heritability 

estimates for suckling gains, which are relatively low, 

( 62, p.ffi 5). If the envir anmental variation could be 

reduced, possibly by providing adequate feed during the 

suck ling period, the he ritabill ty es tima tea would un

doubtedly be higher. 

Heritability esthates fC'Il' some economic traits have 

been reported by Knapp and Nordshog ( 63, p.69); and re

vised by Knapp and Clark (62, p .. 587); Kohli -- (67,et al. 

p.252); and others. All estimates indicate that the 

ability to gain rap idly and make efficient use of feed 

are highly inherited. Selection based on the performance 

of the individual, therefore, would be the most effective 

procedure in improving these traits. 

Various attempts have been made to correlate sane 

anatomical measuremn ts with growth rates. One of the 

earliest studies of this nature was that of Hultz (52, 

pp. 71•94). He found that very rangy calves made more 

rapid gains than very low-·set calves and that cattle on 

a fattening ration changed type. Lush (76) concluded 



that steers of msny shapes gain well and steers which 

gain the same may be of many smpes. MacDonald and 

Bogart (78, p.460) more recently found that scores at 

the initiation or scores at the completion of the feed 

test were unrelated. to rate or efficiency of gains. 

Kohli, Cook and Dawscn (66, pp.352·364) compared the 

relationship of various 'to dy measuremmts to rate and 

effie! ency of gains, and they found that steers tmded 

to vary independently of the body dimensions. It can be 

concluded that anatomical measur ana1 ts are of 11tt le 

value in predicting rate of gain and feed eff1c1 En cy. 

MacDonald (77) determined the relatioo. of certain 

blood and urine constituents to rate of gain and feed 

efficiency. He found indications at' a relationship of 

blood urea n1 trogen, blood amino acid nitrogen and urine 

urea nitrogen to rate of gain and feed efficiency. It 

is unfortunate that tba se data lacked statistical treat

ment. Williams (108) made a more extensive study of the 

blood constituents. He found blood creatinine to be 

negatively associated with rate of gain. However, he 

concluded that the blood constituents studied were not 

capable of ra1 king the animals as to rate of gain, feed 

effici Ell cy or .feed 1n take (108, p. 74) • 

Attempts hav e been made to determine if an animal • s 

ability to digest food is related to rate and effie iency 
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of gain. Baker, Colby and Lyman (6, p.731) found a posi

tive relatialship between the animal's ability to digest 

crude fiber and its feed efficiency. Nelms, Price and 

Bogart (90, p.217) found na1e of the digestive coeffi

cients studied related to rate and efficiency of gains. 

'l'hi s could possibly be due to lack of adequate techniques 

in determining digestibility. 

Endocrine Control £f. Growth ~ Nitrogen Metabolism 

Excellent reviews are available (9, pp.45-82; 72, 

pp .197-22 5) regarding endocrine oont rol of nitrogen 

metabolism. Therefore, only the pertinent articles will 

be reviewed. 

It has been demonstrated quite conclusively that 

injections of the growth hormone (somatatropin) will 

stimulate growth (37, p.71J 60, pp.747-760; 72, pp.210

211). The growth from growth hormone injections was con

tinuous far long periods of time. Kleiber and Cole (60) 

measured the oxygen consumption as an index to metabolism. 

The oxygen consumption of the rats treated with growth 

hormone was 30 per cent less than that of the control 

animals. They feel that the response to the growth hor

mone is through a lowered me tab oll sm rather than through 

changes in the protein and water eontent of new tissue. 

However, Marx~~· (80, pp.544-550) did not agree with 
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this conclusion. They found that the main effect of puri

fied growth hormone was to decrease nitrogen excretion. 

Gorden et al. (45, p.318) have found evidence to support 

the latter contention. Bierring and Nielsen (13, pp.lQ15

1021) have observed that there was an increase in body 

water above that normally associated with protein tissue 

after the administration of the anterior pituitary ex

tracts. 

Further changes in body composticn after treatment 

with pituitary extracts, which caused accelerated growth, 

have been studied. Lee and Schaffer {69, pp.337-363) re

ported that treated rats maintained their initial compo

sition and heat values, Ybile the control animals showed 

decreases in the proportion ot water, nitrogen, fat-free 

dry tissue, and ash and increases in fat and heat value 

of the tissue. The energy expended was 1.7 tinss the 

energy gained per gram weight increase for treated 

animals and 2.4 times the energy gained per gram weight 

increase for the controls. In studying the assoeia tio n 

of pituitary growth output with rate of growth in geneti• 

cally differ111t lines of swine, Baird ll al. (5, pp.292• 

300), reported that rapidly grow:t.ng animals showed a peak 

output of the hormone from 56 to 115 days of sge while 

the slow growing animals plateaued in the output of the 

growth hormcne during this period. Both lines showed a 

http:grow:t.ng
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reduction in growth hormone output as they approached 

rna turi ty. This has be en suggested as a possible reason 

for the growth stasis in mature animals. 

It was found that growth hormone extracts were 

equally effective in adrenalectomized and intact animals 

(99, PP• 234-240). In addition. those which were com

pletely thyroidectomized responded to growth hormone 

extracts (97, pp.227-236). The gonads evidently are not 

required far the action of the growth hormone (104, pp. 

468·471; 36, PP• 511-546). 

The relaticnship between the growth and sex hormones 

has been studied extensively. Bogart, Lasley and Mayer 

(19, pp.l73-181) demonstrated that injections or estrone 

retarded growth in both normal and ovariectomized rats. 

Kim, Magee and Ivy (58, pp.525•528) felt that different 

levels of testosterone could explain the mechanism for 

the differences in growth rate between males and females. 

They reported female growth rate could be brought up to 

tbat of males by appropriate administration of testos

terone proprionate. 

Apparently tea toa terone acta by causing an increase 

in nitrogen retention. Perlman and Cassidy {93, pp.674

675) reported that 
\ 

dogs injected with testosterone pro

prionate retained an increased amount of nitrogen while 

on a high nitrogen diet. Dogs an low nitrogen diets 
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failed to Show the increased nitrogen retention. Burris, 

Bogart and Oliver (26, pp.740-746) demonstrated that rate 

and efficiency of gains in steer and heifer calves could 

be increased by injections of testosterone. They concbXEd 

that since testosterone injectiona results in increased 

thf~xin output and reduced thyroxin storage that the 

growth associated with testosterone injections was prob

ably mediated throu£lP, the thyroid gland. Burris and 

Bogart (25, pp.l-6) reported that pituitaries, from 

calves having received testosterone, contained higher 

levels of thyrotropin than pituitaries from untreated 

animals. Also, pituitaries from steer and bull calves 

were higher in thyrotropin than those from heifers. 

Growth~ Associated ~itrogenous Metabolites 

Protein is a basic constituent of all living tissuei 

and gain in body weight of young animals is largely an 

increase in muscle mass; therefore, it seems that pro· · 

tein metabolism should be coosidered if one is making a 

study of growth of young ant-mala. 

Amino acids may take any one of several pathways 

after being absorbed in the body. They may be stored, 

converted to tissue proteins, transaminated or deaminated, 

or even circulated in the original state. Various fac~ 

affect the blood amino acid level.. Age and sex appear to 
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have little effect, though values for infants appear to 

be lower than for adults. This probably is due to the 

more rapid utilization of amino acids for tissue forma

tion by the young. The ingestion of a protein meal in 

the postabsorptive state generally increases the level or 

Whole blood amino acid nitrogen (lOG, p.l054). Certain 

diseases may affect the level of ami no acid nitrogen 1n 

the blood. According to Steele, Reynolds and Bauman (10~ 

pp.l24-132), dietary chan ges will not alter the concen

tration of blood amino acids. MacDonald (77, p.ll2) re

ported a linear relationship between rate and efficiency 

of gains and blood amino acids in the young beef cattle, 

with faster and more efficient gainers exhibiting lower 

concentrations of aniino acids. However, Williams (108, 

p.73) failed to show this relationship, but did find 

amino acid concentration affected by sex and feed intake. 

The major portion of the nitrogen released by the 

catabolism of amino acids eventually appears in the urine 

as urea by means of the ornithine cycle or some similar 

system (68, pp.33-36). Austin- Stillman and Van Slyke 

(4, pp.9l•l04) pointed out that urea production was in 

direct proportion to the blood urea concentration, whiCh 

indicated that either source (blood or urine) would serve 

for sampling for a measure of protein metabolism. 

Hersted ~ !!• (49, pp.l4•18) concluded from the protein 
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depleted rats that the protein catabolism proceeds in such 

a manner that the ratio of protein to body water remains 

fairly constant. This makes it possible for one to esti

mate the percentage protein involved in loss of body 

weight by converting the nitrogen from the increased urea 

production to protein by the factor 6.25, and multiplying 

by a factor of 5 to account for the associated body water 

(11, pp.l98-226). 

Blood uric acid is the produet of purine-pyrimidine 

catabolism. In man it is the final end product but in 

most mammals the greater portion of it is oxidized to 

allan toin~ Uric acid and allantoin are probably made up 

of the endogenous portion of n1 trog en excretion. Blaxter 

and Wood (17, pp.ll-25) pointed this out in their experi

ments with an Ayrshire calf on a nitrogen free diet. 

They found a very low excretion of urine, but uric acid 

and allantoin remained eons tant. Lennon (70; pp. 521-572~ 

reported that uric acid production in fasting humans de• 

creased in the urine to the point at which the c cnc en

tration in the urine was less than that in the blood. 

The mechanism of kidney function relati "Ve to the 

excreticn of uric acid has been investigated. Blaxter 

and Wood (18, pp.29·55) in their studies with the 

Ayrshire calf noted that there was an apparent inhibition 

of fat upon uric acid excretion rate. Earlier Alderberg 
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and Ellenberg (2, pp.379·385) had shown that this inhibi• 

tion was not due to the effects of adding additional 

calories. because the addition of carbohydrates did not 

depress uric aeid excretion. Freidman and Byers (42, PP• 

684-687), using rats, found that the effect of ACTH on 

the production of urate was due to a direct action of the 

hormone on the kidney. The difference in uric acid ex

cretion was due to tubillar reabsorption of urate rather 

than due to an effect on glomerular fil tra ti on, since 

there was no change in the excretion of allantoin and 

creatinine. Christman (29, pp.303-348), in his review 

of purine•pyrimidine metabolism, concluded that most 

changes in the excretion of uric acid are due to impeded 

resorption rather than increased production. 

The daily output of creati nine in the urine is con

s tan t for the individual (12, p. 637). Unlike urea ex

cretion, which is derived largely from exogenous sources, 

the creatinine output is practically independent of the 

protein level of the food. The creatinine excretion is 

therefore considered to be an index of the magnitude of 

the metabolism of the tissues and especially of muscle. 

Creatinine, unlike creatine, is purely a waste product 

and is generally considered an index to muscle metabolism. 

The basis for modern knowledge of the adrenal cortex 

in protein metabolism rests in the now classical report 
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of Long, Katzin and Fry (75), in which 1 t was shown that 

the administration of adrenal cortical extra·ct increased 

the nitrogen excretion and liver glycogen of normal and 

adrenalectomized rats when fasted. Without treatment 

with adrenal cortical extracts the values for nitrogen 

excretion and liver glycogen were less than the normal 

for adrenalectomized rats. These observations have been 

repeatedly confirmed. Marx et al. {81, pp.l02-105) 

demonstrated antagonism between the growth hormone and 

the adrenocorticotropic hormone as measured by body 

weight increase and by the degree of proliferation of 

the proximal epiphyseal 1:fartilage of the tibia. The in

hibition of the adrenocorticotropic hormone occurred in 

the absence of the pituitary gland and could not be 

attributed to the reduction in feed intake. 

Hoberman (50, pp.431·367), using adrenalectomized 

rats, into which was injected glycine - Nlo, obtained a 

reduced urinary n1 trogen output and found that the amount 

of amino acid nitrogen for.med from body protein was de

pressed. The amino acid nitrogen used in protein syn

thesis was increased. When the rats were fasted and 

chilled to stimulate over adrenal function the protein 

catabolism increased, When the adrenocorticotropic hor

mone was administered to hypophysectomized rats a de

pression in protein formation occurred. He felt this 
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indicated that insulin, not the growth hormone, was the 

target of the adrenal cortical hormones. 

There has been a vast amount of investigation con

eer.ning the localization of the site and mode of action 

ot the adrenal hormones in protein metabolism. By meas

uring the rate of urea formation in the nephrectomized 

rat treated with adrenal cortical extracts, Engel, 

Schiller and Pentz (35, pp.458-475) and,Sayers et al. 

(96, pp.593·614) have demonstrated that an increase in 

nitrogen metabolism beecmes apparent between 3 and 6 

hours after the treatment. This time interval is com

parable to tba t which has been found necessary to demon

strate other metabolic effects of the hormone. Ingle 

and his co-workers (56; 53) have shown that long contin• 

ued administration of cortisone or adrenocorticotropic 

hormone results in considerable increase in nitrogen 

excretion. With the largest doses of the hormones, 

weight loss and increased nitrogen excretion persisted 

until death. With smaller doses nitrogen excretion often 

returned to normal despite continued administration of 

the hormone. They felt that this action was not due to 

depletion of mobilizable protein, but represented some 

type of endo erine and metabolic adapta ti. on. 

The effects of adrenal hormones on protein metabollsm 

are widespread, but sre not felt equally in all organa or 
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tissues. Somatic growth as a whole is suppressed by 

treatment w1 th adrenal hom.ones. White and Dougherty 

(107) have shown that lymphoid tissue eXhibits particu

larly rapid dissolution in response to these hormones •. 

Other investigators have reported hair, skin, bone and 

connective tissue growth also are inhibited to a large 

degree. These effects appear to be exerted directly on 

the tissues in question, since Baker and Whitaker (7; 8) 

demonstrated atrophf of skin and inhibition of hair graNth 

and wound healing on topical application of these 

hormones. 

Under the proper experimental conditions, evidence 

can be found for an action of the adrenal cortex at just 

about all levels of nitrogen metabolism. A metabolic 

action of the adrenal cortex on the step between protein 

and amino acids can be demonstrated in studies on the 

rate of accumulation of amino acids in the plasma of 

eviscerate rats which have either been adrenalectomized 

or treated with cortisone. Bondy (20) and Ingle, et al. 

(55; 54) using this technique have shown that adrenal

ectomy depresses the release of amino acids from periph

eral tissues, while cortisone increases it. In studies 

on urea production 1n nephrectomized rats that have re

ceived protein intravenously, there is likewise the sug.... 

gestion that whole protein is more readily metabolized 
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in the presence of adrenal hormone excess and is not well 

utilized catabolically in the absence of the adrenal cor• 

tex (35; 21). Other evidence indicating a poor ability 

to mobilize and catabolize protein in the absence of the 

adrenal cortex is found in the failure of the fasted 

adrenalectomized animal to exhibit a negat! ve nitrogen 

balance in response to injury (57). 

Using the isotope technique. Hoberman (50) 1 Barton 

{10) and Sinex (100) have obtained data which i ndicates 

that rates of both processes, anabolism and catabolism 

of protein are modified by adrenal hormone action or 

deficiency. At the present, there appears to be general 

agreement that the adrenal cortex does play an important 

role in the mobilization and eventual cataboll sm of pro

tein and in the sparing of amino acids by decreasing 

their incorporation into protein 1 i.e., inhibiting pro• 

tein anabolism. The questi.on as to whether the adrenal 

cortex plays a significant role 1n the catabolism of 

amino acids is more controversial. There is evidence in 

both direct! ons. 

There is no satisfactory method for measuring the 

secretory act! vi ty of the adrenal cortex. With the ex

ception of the method of Vogt, where young suprarenal• 

ectomized rats, submitted to stress from cold, are in

jected with cortical extracts {105, pp.43l•456), which 

http:questi.on
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unfortunately is limited in its application, the methods 

are indirect in their approach. Indices for the assess

ment of adrenocortical activity may be classified under 

tour general headings, according to Whether measurement 

is made of: 1) Alterations in the adrenal cortex, 2} 

alterations in the organism, 3) rate of excretion of 

steroids in the urine, or 4) titer of corticoids 1n the 

blood. It is obvious that the first two have limitations 

with regard to live animals. The latter is vague in that 

the corticoids have not been unequivocally identified as 

a cortical hormone or its metabolic product. 

Clinical investigators (1; 14) have considered the 

17-ketosteroids of the urine 1x> be an index ot the andro

genic activity of the testes and the adrenal cortex. In 

normal subjects, under optimal ocnditions of the environ

ment, adrenocortical activity is responsible for two 

thirds of the 17-ketosteroid excretion in the male and 

for the total 17•ketosteroid excretion in the female {95, 

p.258). However, it seems reasonable to expect less than 

one third of the 17-ketosteroids, of the male, to origin

ate from the testes of the young animal (prepubertal) . 

Recent data have indicated that the cortical honnone is 

degraded in the liver and other ti asues of the body to 

17-ketosteroids. The adrenocorticotropic hormone pro

duces a parallel increase in urinary 17•ketos teroids, 
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chemocorticoids and bioaorticoids (40; 83; 96; 103). The 

administration of cortisone 1 s followed by an elavation 

in 17-ketosteroid excretion (96, p.258). 

To summarize; performance can be determined by es

tablishing rate of growth and rate of feed conversion. 

These eeooomic traits have high heritability estimates. 

Therefore, the most effective procedure to improve these 

traits is to select on the basis of individual perform

ance. 

The deter-mination of growth rate is fairly simple, 

but to detennine feed efficiency an expensive feed test 

is involved. It would be desirable to predict perform

ance of an individual Lt an early age, so that some 

selection could be practiced early in addition to elim

inating need for the feed test. 

Attempts have been made to correlate some anatomical 

measurements with performance, but this has been discour

aging. Body type is not related to rate of grow~h and 

feed efficiency. Early growth will predict later per~ 

for.mance only if the animals are under similar environ

ments during both phases of growth, which is a rare 

situation. 

More recently attempts have been made to relate ni• 

trogen metabolism to growth rate. The latter method has 

shown some promise. It would seem likely that this 
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approach end/or the determination of hormonal aotivity 

would have a sound physiological basis. 

The growth hormone stimulates growth rate by causing 

increased nitrogen and water retention. Testosterone 

stimulates growth by causing an inoreased nitrogen reten• 

tion and by increasing the thyroxin output. Unfortun

ately• no satisfactory method of assay has been developed 

which can be applied to live animals. 

The nitrogen metabolites have been studied exten

sively. Blood urea seems to have a closer relationship 

to rate of gain and feed efficiency than any of the other 

metabolites studied. Blood amino acid and blood creati

nine have been reported to be related to rate of gain and 

feed efficiency, but to a lesser degree. 

The adrenal cortex activity is related to protein 

metabolism. The cortical hormones affect protein metabo

lism by inhibiting the conversion of amino acids to pro

tein and by increasing the catabolism of the already 

formed protein, 
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MATERIALS AND METHODS 

The thi r t y- three purebr ed Hereford calves used in 

this study represent t h e offspring of three closed lines, 

namely: Lionheart, Pr~e and David. All t hree lines are 

maintained at the Oregon Agricultural Experiment Stati c:n 

and are essentially unrelated. The calves were unsele~d 

in that the entire offspring from each of the thr.ee lines 

were i ncluded in the study. However, all the calves were 

produced by animals which were selected an the basis of 

performance records. 

Management 

All calws were born during the spring of 1954 and 

were weaned at approximately 425 pounds body weight or 

November 19, 1954, whichever came first. Upon weaning, 

all calves were placed on an individual feeding regime. 

The procedure while on feed was essentially that as 

described by Nelms, Williams and Bogart (91, pp.l-2). 

They were fed a completely pelleted ration, composed of 

2 parts chopped alfalfa and 1 part of concentrate. The 

calves were weighed weekly and the weekly feed in take 

was ealculated after each weighing. 

Urine Collec t1 on 

Bull urine was collected as described by MacDonald 
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(77t p.33), using a Davol rubber funnel (22, p.479) 

strapped to the animal with a harness. A rubber hose 

connected the funnel to a 5 gallon carboy beneath the 

floor of a metabolism stall (22). 

The heifer collecting unit was designed according 

to Hansard, Comar and Plumlee (47, pp.l3-25)~ The at

tachment was a modification of that described by 

MacDonald (77, pp.35-44). Instead of attaching the 

straps by means of branding cement, a harness was de

signed (84) to hold the conduit in place. 

In order to standardize environmental effects as 

much as possible, all animals were refused water and feed 

during ~e collection period. A 24-hour collection was 

obtained from all animals 1 which eliminated or minimized 

diurnal variations (94, p.Bl). All urine samples were 

collected under toluene. An aliquot sample was taken 

from the 24-hour collection and stared at ooc under 

toluene until analyses could be completed. 

Blood Collection 

Ten milliliters of blood were drawn from the jugular 

vein through a stainless steel bleeding needle into a 

bleeding tube containing potassium oxalate at the rate 

of one milligram of potassium oxalate per milliliter of 

blood (48, p.491). All samples were drawn between the 

hours of 8:00 A.M. and 10:00 A.M. and the analysis was 
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initiated innnediately. 

Urinalysis 

The 24•hour urine collection was measured at the end 

of the collection period by means of a graduated cylinde~ 

The specific analyses included the hydrolysis, extraction 

and colorimetric determination of 17-ketosteroids. 

~Hydrolysis ~ Extraction of 17-ketosteroids, 

The major portion of the 17•ketosteroids which occur 1n 

urine are in the form of their conjugates. The sulfates 

and glucuronosides of 17-ketosteroids have been isolated 

from urine (73, pp.ll3-ll4). The quantitative hydrolysis 

of the conjugated 17•ketosteroids has been the concern 

of many investigators (73, pp.ll3-134). Since there are 

three excellent reviews already published (73; pp.ll3

l34; 82, pp.330-335; 44, pp.484•49l), no attempt will be 

made to review all the origl.nal papers on the subject. 

There is no general agreement on the conditions of hydro

lysis whieh leads to optimal results. Ideally; hydro1J1Bis 

should quantitatively free the neutral steroids from 

their conjugated state and should do so without destruc

tion or alteration of their molecular structure. The 

usual procedure is to boil the urine for 10 minutes after 

the addition of concentrated hydrochloric acid to the 

urine in the amount of one tenth the urine volume. It 



24 

is then cooled quickly and extrac t ed. 

Extraction of the free 17-ketosteroids after hydro

lysis of the conjugates may be accomplished by shaking 

the urine in a separatory funnel with an organic solvent 

or by use of a continuous extractor. The latter proce

dure is very convenient when it becomes necessary to make 

many de termina t1 ons. 

Carbon tetrachloride, benzene and ether have been 

used widely for extraction. More urinary pigments are 

extracted by ethyl ether than by carbon tetrachloride or 

benzene {82, p.331). Although little of the urinary pig

ments are extracted by butyl ether (79, p.l21; 30 ., p.883), 

it has the disadvantage of a relatively high boiling 

point (14ooc. ) • 

The urinary extract is washed with a solution of 

base in order to remove acids, phenols and some color. 

Talbot and associates (102; pp.365-377) in t roduced sodium 

hydrosulfite (Na2s2o4 ) into the sodium hydroxide wash. 

This step results in bleaching the color of the extract 

and appears to be of value in that much undesirable 

coloring ma t ter is lost. 

The method of hydrolysis and extraction used i n this 

study has been outlined by Engel {44, p.502). One 

hundred ml. of urine were heated to boiling under a 

reflux condenser, after whiCh 10 ml. of hydrochloric acid 
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were added. Boiling was continued for exactly 10 minutes. 

The solution was cooled somewhat and 30 ml. of carbon 

tetrachloride (C .P. grade) was added, and the boiling 

continued for exactly 10 minutes. The carbon tetrachlor

ide was removed by a separatory funnel and saved. The 

extracticn was repea ed by adding 30 ml . of fresh carbon 

tetrachloride and again, the solution was boiled for 10 

minutes. The extract was removed and added to the first. 

The combined extracts were then washed with 20 ml. of 

distilled water, with 20 ml. 2 N sodium hydroxide, with 

20 ml. dis tilled water, and with 20 ml . dis tilled water 

containing a small amount of sodium dithionite (Na2S204)o 

The extract was then evaporated to dryness and dissolved 

in 5 ml. of absolute alcohol. The colorimetric determina

tions were made from this extract as described below. 

The hydrolysis and extraction procedures were duplicated 

for all samples. 

!!!.! Colorimetric Analytical Methods for Neutral 

17-ketosteroids 2£ Urine. Colorimetric analytical 

methods, with all their limitations, are the basi a for 

the majority of quantitative investigations of the 

metabolism of the steroid hormones. Two excellent re

views cover the various methods available (87, pp.l35

16l; 82, pp. 332-335) and have be en summarized by Enge 1 
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(44 , pp.492-494}. The general method for the colorimetr.lc 

determination of neutral 17-ketostaroids involves the 

Zimmerman reaction, whiCh is based on the reaction of the 

group -CH~CO- with ~-dinitrobenzene in alkaline solution 

(112; 113). There have been innumerable modifications ot 

the basic procedure proposed (82; 87) . However, there 

are only two time tested variants in general use. One 

is probably as good as the other, both having limitations. 

The basio feature of the Zimmerman reaction is in 

common with both procedures (Callow, Callow and Emmens 

(27) and Holtoroff and Koch {51) ). The alcoholic solu

tion is incubated with a concentrated, strongly alkaline 

solution of m-dinitrobenzene at a constant temperature 

of 25°C. in the dark. The reaction mixture is diluted 

with additional alcohol,. and estimation of the intensity 

of color of the resulting product is accomplished in a 

photoelectric colorimeter or spectrophotometer. The es

sential difference between the two methods consists in 

the concentrations of potassium hydroxide and of alcohol 

in the reaction mixture. The principal advantage of the 

Holtoroff-Koch method is in the convenience afforded by 

the use of an aqueous solution of potassium hydroxide , 

which is stable for indefinite periods , in contrast to 

the alcoholic KOH of the Callow procedure, which is 

unstable. 

http:colorimetr.lc


27 

The colorimetric de t ermin a tion u sed in this study 

was the Holtoroff-Koch method (51) as modified by Nathan

son and Wilson (88 ). To 0.2 milliliters of alcoholic 

extract was added 0.2 ml of 2 per cent ~-dinitrobenzene 

and 0.2 milliliters of 5N ~ 0.25 potassium hydroxide. A 

standard (dehydroepiandrosterone acetate), a reagent 

blank and a color blank were run simultaneously with each 

set of determinations. The reac t ion mixtures were then 

incubated at 2soc. in the dark for 105 minutes. At the 

e nd of the incubation period the reaction mixtures were 

diluted to 10.6 milliliters with 70 per cent alcohol. 

The i n tensity of color was estimated using a Coleman 

Photoelectric Photometer employing a 1 em. cuvette. Each 

ale oholio extract was determined in duplicate or tripli

cate. 

Blood Analysis 

The blood samples were analyzed for urea nitrogen, 

amino acid nitrogen, creatinine, uric acid and hemoglotdn. 

The procedures used for the various constituents of the 

blood have been developed and employed for analyzing 

blood of human and other species. In the photometric 

determinations, optical density was determined using a 

Coleman Photoelectric Spectrophotometer employing a 1 em. 

cuvette. The methods involve the obtai ning of a protein 
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free filtrate (46, pp . 469-47l}, as summarized by Hawk, 

Oser and Summerson (48 , pp . 493-494). The methods used 

are considered standard in this laboratory a n d have been 

described previously (77, pp.39•40; 108, pp .25-26). 

Statistical Analysis 

Since the data did not represent equal and propor

tionate numbers in all sub-classes, the.y were analyzed 

using a regression model as ou tl1ned by Anderson and 

Bancroft (3, pp.l9l-203). Additional interpretation of 

the results was made possible by methods provided by 

Calvin (28). A regression model was designed for each 

of the dependent variables. The analysis of variance was 

taken from the regressiQ'l model. The 5 per cent signifi

cance level has been used throughout this study. 

Rate of gain was det~rmined by plotting the increas

ing live weight , while on the feed test, against time en 

ari thmeti e graph paper, and fitting a straight line to 

the points by the least squares method. Rate of gain is 

the average change 1n live weight per day. 

Average feed efficiency was decided by calculating 

total feed consumed duri~ the feed test and dividing by 

the amount of gain made. Feed efficiency throughout this 

study will be measured by amount of feed required per 

unit of gain. In other words, the most efficient animals 

required less feed per unit of gain. 
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Since weekly weights were taken, feed intake was 

calculated as the average feed consumed per week during 

the first 4 weeks of the feed teat for the 500 pound 

measurement and during t h e last 4 weeks for the 800 pound 

measurement. Age-on-test was the number of days i n age 

an animal was on the day in wh ich the weight nearest 500 

pounds was taken. Age at 800 pounds was the age of the 

calf in days at the weekly weight which most closely 

approximated 800 pounds. 
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RESULTS 

A total of 33 purebred Hereford bulls and hei:fers 

were used in this study. The data on each animal include 

averate rate of gain on feed test {ram of gain), average 

:reed efficiency (feed per 100 pounds gain), age {in days) 

at 500 pounds body weight and at 800 pounds body weight, 

feed intake (pounds feed per week), and some chemical 

data from blood and urine analyses. Blood was analyzed 

for urea nitrogen, amino acid nitrogen, creatinine, uric 

acid, and hemoglobin. Total urine volume per 24 hours, 

speoi:fic gravity and 17-ketosteroid concentration were 

obtained rrom urine samples. Blood and urine data were 

obtained both at 500 and at 800 pounds body weight. All 

data were determined on individual animals. 

~ 2! Q!!!1 .!,!& Feed Efficiency 

Preliminary to analysis of data, the increase in 

body weight with time was plotted on arithmetic graph 

paper for each animal. Body weight was a linear function 

of time for each of the 33 animals for the period from 

500 to 800 pounds body weight. It was decided, therefore, 

to use average daily rate of ga:1n and average feed 

efficiency. 

There are large differences between se~es in rate 

of gain and feed efficiency (Table 1), with male calves 



Table 1 
Average Rate of Gain, Average Feed Intake, and Feed Eff'i cienc y of the Test Calves 

from 500 Pounds Body Weight to 800 Pounds Body Weight 

LINE AND SEX 

ITEM LION HEART PRINCE DAVID ALL 
Males Females Males Females Males Females Males Females 

Number 5 6 7 5 6 4 18 15 

Rate of Gain 
(lbs. per day) 2.85 2.12 3.08 2.09 2.85 2.42 2.92 2.19 

Feed Efficiency 
(lbs. feed per 
lb. gain) 7.06 9.16 6.09 8.33 6.61 7.61 6.60 8.47 

Average Feed In take, 
500-800 lbs. Body 
Weight 
(1bs. feed per wk.) 144 134 127 122 130 130 133 129 
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gaining at a faster rate than females. However, when 

analyzed statistically, these differences were signifioont 

only in the case of feed efficiency (Table 5). The var

ious lines also exhibited marked differences . Here 

again , when treated statistically, significance occurred 

only in the case of feed efficiency. Both sex and line 

differences have been found to be significant in previous 

years (16, p.52; 31, p.22). 

The age at which the animals reaChed 500 pounds body 

weight had a significant effect on rate of ~in and feed 

efficiency (Table 6). This is in agreement with Dahmen 

and Bogart (31; p.l6). Contrariwise; Nelms and Bogart 

(89, p.978) found that when feed eff1eieney was corrected 

for maintenance the younger calves were more effi oien t. 

The regression coefficients of .0044 and -.0071 (Table 6) 

for rate of gain and feed efficiency, respectively; 1nd1• 

cate that each 10 days change in age at 500 pounds body 

weight is associated w1 th a change of 0.044 pounds in 

gain per day and 7.1 pounds in feed required per 100 

pounds gain. 

_ ........_.........Feed Intake 

The average weekly feed intake for the experimental 

groups at 500 and 800 pounds body weight are shown in 

Tables 2 and 3, respectively. There was little or no 



Table 2 
Average Feed IntEke, Age,. Urinary 17-ketosteroid Excretion Rate, Blood Urea, Blood 

Amino Acids, Blood Creatinine, Blood Uric Acid and Hemogl ob 1n 
of Test Calves at 500 Pounds 

Line and 
Sex 

Number 
of 

Animals 

Feed Age Urinary Blood Blood Blood Blood 
Intake on 17-keto- Urea Amino Creat- Uric 

Test steroids Nitrogen Aeid !nine Aeid 
Nitrogen 

(lbs. (days )(mg. per (mg. per (mg. per (mg. per (mg. per 
per wk.) 24 hrs. ) 100 ml.) 100 ml.) 100 ml.) 100 m1..} 

Hemo
globin 

(gm. per
100 ml.) 

Lionheart 
Males 4 110 215 121 13.8 6.8 1.18 2.24 11.5 

Females 6 101 231 102 19.3 7.0 0.93 2.33 12.1 

Prince 
Males 7 94 233 106 13.9 7.8 1.00 1.94 11.7 

Females 5 96 228 98 12.9 6.1 1.14 2.31 12.4 

David 
Males 6 98 244 123 10.6 7 .. 0 0.92 1.52 11.9 

Females 4 100 267 94 15.5 6.2 0.74 2.44 11.9 

All 
Males 17 100 233 116 12.7 7.3 1.00 1.86 11.7 

Females 15 99 242 98 16.2 6.5 0.95 2.35 12.1 



Table 3 
Average Feed Intake, Age, Urinary 17-ketosteroid Excretion Rate, Blood Urea, Blood 

Amino Acids, Blood Creatinine, Blood Uric Acid and Hemoglobin 
of Test Calves at 800 Pound 

Body Weight 

Line and Number Feed Age Urinary Blood Blood Blood Blood Hemo-
Sex of Intake 17-keto- Urea Amino Creat- Urie globin 

Animals 
(los. 
per 

steroids Nitrogen 

(mg. per (mg. per 

Acid 
Nitrogen
(mg. per 

!nine Acid 

(mg. per {mg. per (gm. per 
wk.) (days) 24 hrs.) 100 m1.) 100 ml.) 100 ml.) 100 ml.) 100 ml.) 

Lionheart 
Males 5 159 326 99 11.6 8.4 1.32 1.96 13.0 

Females 6 151 405 125 12.8 8.1 1.11 2.05 14.2 

Prince 
Males 7 142 352 105 9.7 6.4 1.07 1.46 12.1 

Females 5 136 383 134 11.4 6.6 1.02 1.26 12.7 

David 
Males 6 148 371 136 10.2 6.5 0.85 1.55 13.2 

Females 4 145 414 100 7.6 0.90 1.76 12.9 

All 
Males 18 149 351 113 10.4 7.0 1.07 1.63 12·.7 

Females 15 144 400 121 12.5 7.5 1.02 1.71 13.4 
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effect of sex or line on feed intake (Tables 4 and 5), 

although the Lionheart line consumed slightly more than 

David or Prince lines, at both body weigtlts. 

Blood Constituents 

~ 'Nitrggen . All blood urea nitrogen averages 

fell well within the normal range (6-27 mg./100 ml.) pre

sented by Dukes (32, p. 54), ·ni th the e :xcep t1 on of one 

animal (3.5 mg./100 ml.) at 500 pounds body weight. 

MacDonald (77, p.48) reported several females exceeding 

this range, b~t n one were below. The means for blood 

urea nitrogen are presented in Table 2 for 500 pounds 

body weight and in Table 3 for 800 pound$ body weight. 

At 500 pounds body weight, both sex and line dif

ferences existed in blood urea nitrogen (Table 2), When 

analyzed statistically, these differences were signifi· 

cant. The females had a higher level of urea n1 trogen 

in all cases, w1 th the exception of the Prince line. The 

Prince line exhibited little sex difference in blood urea 

concentration at this body weight. The Lionheart line 

showed higher values of urea in both sexes than the other 

two lines. 

At 800 pounds body weight the line difference had 

disappeared (Table 5). A sex difference existed, but was 

not as marked as at 500 pounds body weight. Neither 
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Table 4 
Summary of Analysis of Var1$Ilee of 

Items Studied at 500 Pounds Body Weight 

Item- Sex-
Degree of 

Freedom 2 1 

Feed Intake 32 2 

Age 1816 122 4 

Urinary 17
ke to s tero1 ds 84 2269 

Blood Urea 57* 57* 

Blood Amino 
Acids 1.32 1.59 

Blood 
Crea t1n1ne .18* .07 

Blood Uric 
Acid .02 2.03* 

Hemoglobin .30 .01 

Mean Squares 

Line x Sex Error Standard 
Error 

2 25 

77 98 10 

634 1124 34 

329 662 26 

27 13.5 3.7 

2.23 2.56 1.60 

.14* .04 0.20 

.43 • 57 o. 77 

.31 1.18 1.1 

* Indicates statistical significance at 5 per cent 
level of probabill ty 
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Table 5 

SUDlllliry of Analysis of Variance of 
Items Studied at BOO Pounds Body Weight 

Item 

Degree of 
Freedom 

Rate of Gain 

Feed 
Efficiency 

Feed Intake 

Age 

Urinary 17
ketosteroids 

Blood Urea 

Blood Amino 
Acids 

Blood 
Creatinine 

Blood Uric 
Acid 

Hemog1. obin 

Mean 

Lines Sex Line-
2 1 2 

.14 .44 .18 

2.95** 1.68* 1.51 

316 23 15 

1322 4844** 1641 

1351 3081 3389 

5.69 27.21 3.34 

3.04 3.12 1.42 

.05 .01 .os 

• 86{H} .11 .12 

3.63** .24 1.6i~ 

Squares 

x Sex Error Standard 
Error 

27 

.12 .35 

.35 .59 

102 10 

780 28 

1238 35 

12.28 3.5 

1.93 1.39 

.06 .25 

.12 .35 

.48 0.7 

* Indicates statistical significance at 5 per cent 
level of probability 

Indicates statistical significance at 1 per cent 
level of probab ill ty 
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lines nor sex differences were si gpifi cant at this body 

weight. The values for all experimental groups were 

slightly less at 800 pounds body weight than at 500 

pounds body weight . 

Blood urea nitrogen was related to age at 500 pounds 

body weight. This relati onahip was si gnifio ant when 

tested statistically (Table 6). The regression coeffi

cient of .... 070 (Table 6) indio ate s that for each differ

enoe of 10 days in age. on reaching 500 pounds there is 

associated a change in blood urea nitrogen of 0.7 mg./100 

ml. The older animals had the lower values. 

Blood urea nitrogen is not significantly related 

w1 th feod intake (Table 7) on the ration used :in these 

experiments. 

Amino .!£!.!! Nitrogen. Like blood urea n1 trogen, 

average amino acid nitrogen for all groups fe 11 w1 thin 

the normal range (4-8.5 mg./100 ml.) presented by Dukes 

(32• p.54). One animal exceeded (14.9) this upper limit 

at 500 pounds body weignt. Several animals of the 

Lionheart . line either exceeded or approached the upper 

limit at 800 pounds body weight. There appeared to be 

little difference among the groups (Tables 2 and 3). A 

sex difference existed at 500 pounds in the Prince line, 

with males having the higher values, and at 800 pounds 
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in the David line, w.tth the females having the higher 

values. The Lianheart line exhibited higher values at 

800 pounds than the other lines. However, none of these 

dii'ferences were s t a tl.stically sig1ificant. Williams 

(108, p.44) reported a sex difference i n blood amino· acid 

nitrogen concentration. 

Blood amino acid nitrogen , unlike blood urea nitro

gen, was not significantly related to age (Table 6). 

The regression coefficient, 0.044 (Table 7), of feed 

intake on blood amino acid nitrogen approached signifi

cance. It is interesting to note that this is a positive 

relationship. Williams (108, p.44) found feed intake and 

blood amino acid nitrogen to be significantly related at 

600 pounds body weignt. 

There was no apparent difference between blood amino 

acid at the two body weights. 

Blood Creatinine. Several values fell below the. 
normal range (1-2.07 mg./100 ml.) presented by Dukes (32, 

p.54). Eighteen of the animals at 500 pounds body weignt 

fell below the lower limits as compared to 14 at 800 

pounds. 

Line and sex differences within the 11nes in blood 

creatinine exist at both 500 pounds and 800 pounds (Tables 

2 and 3). How ever, the sex difference be comes less ap

parent at 800 pounds. When treated statistically only 
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the line difference and the line x sex interaction at 500 

pounds body weight were significant. Even though the 

line difference is large, in favor of the Lionheart line, 

at 800 pounds, it lacks statistical significance. 

Blood creatinine is apparently related to age. The 

regression coefficient (Table 6) of • 0023 ( statistically 

significant) indicates that f or each 1~ days difference 

in age an reaching 500 pounds there is an associated 

change of 0.023 mg. per 100 ml. in blood creatinine with 

the older animals having the higher values. This is in 

agreement with Williams ( 108, p. 52). Blood creatinine is 

not related to feed intake (Table 7). There were n o con

sistent chang es in comparing 500 pounds measurements with 

the 800 pound observations. 

Blood Uric ~· Several animals exhibit values 

hiS1er than those given by Dukes (32, p.54) as nor.mal 

(0.05-2.08). Practically all the animals were 1n the 

upper limits. Blood uric acid also exhibits marked line 

and sex differences at both body weights (Tables 2 and 

3), the differences becoming less at 800 pounds body 

weight. However, when analyzed statistically, the dif

ferences were significant only in the case of sex at 500 

pounds and lines at 800 pounds body weight {Tables 4 and 

5). 'l'he means are less at 800 pounds than 500 pounds 

body weight for all grcups, except for the David males . 

http:0.05-2.08
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Neither ag e or feed intake had a significant effect on 

blood uric \acid (Tables 6 and 7). However, age ap

proached significance. 

Hemogl.obin. Hemoglobin values are expected to have 

a low degree of repeatability, from one time to another, 

due to variations in age, sex, season and health of the 

individual. They were not regressed on any of the other 

items in this a tudy. The averages are pres en ted in 

Tables 2 and 3. The analyses of variance are presented 

in Tables 4 and 5. At 800 pounds body weight, there is 

a significant effect of lines and line x sex interaction. 

The line effect, significant at 1~ probability level, is 

due to the high val U3S of the Lionheart line. The values 

obtained at 800 pounds are slightly higher than those at 

500 pounds body weight. 

Urinarz 17-ketosteroids 

The author is not aware of any values of urinary 

17•ketosteroids for beef cattle in the 1i tara ture. 

Whether the values obtained are in the normal range is 

not known. There seem to be definite line and sex dif

ferences at both weights (Tables 2 and 3). At 500 pounds 

body weight the males had consistently higher values than 

the females (Table 2). However, men these data were 

treated statistically the sex difference only approached 
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significance (Table 4). The line difference is smaller 

and also lacked significance. 

At 800 pounds body weigpt the females had higher 

17-ketosteroid excretion rates (Table 3) than the males. 

This was true in all groups except the David females. A 

possible explanation of this phenomenon will be presented 

in the Discussion. Here ag ain the difference in ketoster

oid excretion between the two sexes only approached sig

nificance (Table 5). Age was not related to urinary 

17-ketoateroid levels in the urine. 

_._ - ......_.......,__Feed Intake in Relation to Rate of Gain and Feed Effi

ciency 

Each irx:li vidual animal was essentially on an !!:.£ill 

feeding regime as no attempt was made to control fe ad 

intake. Therefore, considerable variation was noted. 

Klieb~r (59,. p.257) suggested a possible relationship 

between feed utilization and appetite. MacDonald (77, 

p.74) reported the fastest and most efficient gainers eat 

less feed per day than slow gaining calves under same 

regime. In the present study, a pos1 t1 ve and significant 

regression coefficient was found when feed intake was 

regressed an rate of gain. However, the corTelation be

tween feed intake and feed efficiency was not signifioan~ 

The regression coefficient (Table 7) of 13.0 of feed 
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intake on rat e of gain indicates that for each pound per 

day difference in rate of gain there is an ·associated 

change in feed i ntake of 13 .0 pounds per we ek during t he 

last 5 weeks of the feed test . The fastest gaining 

calves eat the mos t. 

Blood Constituents in Rela t1 on to Rate of Gain and Feed=---- ....--........;;o....;.-.........-.- -- - - - 
Efficiency 

The concentration of four bl ood constituents, 

namely: urea nitrogen , amino acid nitrogen, creatinine, 

and uric acid were regressed on rate of gain and feed 

efficiency. The regressions were calculated at 500 

pounds and 800 pounds body weight. 

Blood urea nitrogen was significantly related to 

both rate of gain and feed efficiency (Table 6) at 500 

pounds body weight . As blood urea nitrogen decreased the 

animals gamed faster and were more efficient ccnverters 

of feed. The regression coefficients, - 4.8 and 3.4, in

die ate that for each chmge in rate of gain of 1 pound 

per day and in feed efficiency of 1 pound feed per pound 

of gain there was an associated change in blood urea 

nitrogen of 4.8 and 3.4, respectively. This is in agree

ment with MacDonald , Evans and others reviewed in the 

literature (77, p.74; 41, p.211; 38, p.774). 

The regression coefficients of rate of gain and .feed 

efficiency an blood urea nitrogen at 800 pounds body 



Table 6 
Regression Coefficients and the 9 5 per cent Confi denee 

Interval for the Items Studied at 500 Pounds Body Weight 

DEPENDENT VAR !ABLES 

Urinary 
17-keto

Rate of 
Gain 

Feed 
Eff'i olen cy 

Blood 
Uric 

Blood 
Creat

Blood 
Amino 

Blood 
Urea 

INDEPEND»lT steroids Aeid inine Acid Nitrogen 
VARIABLES 

(mg. 
day) 

per ( 1bs. 
per day) 

( lbs. feed 
per lb. 
gain) 

(mg. per 
100 ml.) 

(mg. per 
100 ml.) 

Nitrogen
(mg. per 
100 ml.) 

(mg. per 
100 ml.} 

Age on 
test -4.0!32.0 .0044! -.0071! ~068! .0023! .0029± 
(days) .0019* .0033~'" .0043 .0011-r. .0094 

Urinary 17
ke to steroids -.0022! .0047! .0071! -.0012! -.0034! .019! 
(mg. per day) .OO'in .0046 .0057 .0015 .0122 .031 

Rate of &lin -0.55:t •0.11! 0.47t 
( lbs. per day) 0.41 0.11 0.88 

Feed efficiency 
(lbs. feed per -0.14~ O.llt -o.ost 
lb. gain) 9.25 0.06 0.53 

Indicates statistical significance at 5 per cent level* 
Indicates statistical significance at 1 per cent level 



Table 7 
Regressioo Coef ficim ts and the 95 per cent Confidence 

Interval for the ItEIJls Studied at 800 Pounds Body Weight 

DEPENDENT VAR !ABLES 

INDEPENDENT 
VARIABLES 

Rate of 
Gain 

(lbs. per 
day) 

Feed 
Efficiency 

(lbs. feed 
per lb. 
gain) 

Feed 
Intake 

(lbs. 
per *·) 

Blood 
Uric 
Acid 

(mg. per 
100 ml.} 

Blood 
Creat
inine 

(mg. per 
100 ml.) 

Blood 
Amino 
Acid 

Nitrogen 
(mg. per 
100 ml.) 

Blood 
Urea 

Nitrogen 

{mg. per 
100 ml.) 

Urinary 17
ketosteroids -.0028t 
(mg. per day) .0019 

.0016:!: 

.0032 
0.010! 
0.060 

-.0003:!: 
.0020 

.0004:!: 

.0014 
. 0146:!: 
.0193 

Rate of gain
( lbs • per day) 

-1.34:!: 
o. 20-rc* 

13.0% 
5.1* 

-0.04:!: 
0.20 

-0.02! 
0.14 

0.09:!: 
0.78 

-2. 98:!: 
1.88 . . 

Feed efficiency
(lbs. feed per
lb. gain) 

-2.0:!: 
3.3 

-0.03:!: 
0.12 

-0.05:!:
o.o8 

0.35% 
0.46 

-o.85t 
1.16 

Feed intake 
(lbs. per wk.) 

0.004:!: 
0.007 

0.0021: 
0.005 

0.044:!: 
0.026 

0.045:t 
0.068 

Indicates statistical significance at 5 per cent level 
Indicates statistical significance at 1 per cent level 

. ( . 
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weight failed to shows nificance (Table 7). However , 

si gnificance was approached in the case of rate of gain. 

As at 500 pounds the relationship was negative, i.e., 

faster gaining animals had lower urea nitrogen concan tra

tion. The relationship with feed efficiency was practi

cally zero (Table 7). 

Blood creatini ne, unlike urea n itrogen, was not sig

nificant when regressed on rate of gain and feed effi

ciency. This again was the case at both body weights 

(Tables 6 and 7). However, at 500 pounds body weight the 

regression of creatinine on feed efficiency approached 

the significance level, the most efficient calves having 

lower values of creatinine. 

Blood amino acid nitrogen did not approach signifi

cance when regressed on rate of gain and feed efficiency. 

This was the case at both weights (Tables 6 and 7). 

Blood uric acid, like amino acid nitrogen, when re

gressed on rate of gain and feed efficiency was not 

significantly related (Tables 6 and 7). 

In summary, significant regression coefficients were 

obtained when blood urea nitrcgen at 500 pounds body 

weight was regressed on rate of gain and feed efficiency. 

The fastest and most efficient gainers had lower urea 

nitrogen values. This relationship approached signifi

cance at 800 pounds in the case of rate of gain . Blood 
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creatinine at 500 pounds when regressed on feed efficimoy 

approached significance, with the most efficient animals 

having the lower values. No relationship was found When 

blood amino acid nitrogen and blood uric acid was regressed 

on rate of gain and feed efficiency. 

Urinary 17-ketosteroid Excretion ~Relation ~ B!!! £! 

~~Feed Efficiency 

The regression coefficients obtained When urinary 

17-ketosteroid concentrations were regressed on rate of 

gain and feed efficiency lacked significance in all cases 

(Tables 6 and 7). It 1 s interesting that at both body 

weights the relationship is negative in case of rate of 

gain and in feed conversion. That is, the fastest and 

more efficient cal vas had lov1er values. This was the 

case at both weights . The significance of this relation

ship will be considered in more detail in the Discussion. 

Urinary 17-ketoateroid Excre tion ~ Relation !£ Certain 

Blood Constituents 

In general , urinary 17-ketosteroids were not related 

to any of the blood constituents studied. This was true 

in all cases, except when blood amino acid at 800 pounds 

was regressed an 17-ketosteroids. This relationship was 

highly significant (P .01). The regression coefficient, 

.0195, of blood amino acids on 17-ketosteroids indicates 
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that for each change of 100 mg. per day in 17-ketosteroids 

excretion, blood amino acid nitrogen changes 1.95 mg. per 

100 ml. The animal having higher excretion rates of 

17-ketosteroids also has higher amino acid nitrogen 

levels in the blood. 
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DISCUSSION OF RESULTS 

It is desirable to identify the outstanding individ

ual men working w1 th traits of high heritability. 

Progress will be more rapid when selections are based 

upon individual per fonnanc e unless the popula ti en is 

highly inbred (71 ~ p .210). For this reason~ every animal 

in the present experiment was individually studied. In

vestigators have recognized tba t indi. vidual differences 

in metabolic patterns exist, but unfortunately , there 

have been only a few e:x:perl men ts designed to find the 

cause of these differences . 

Since selection in beef cattle is based largely upon 

faster growth and more efficiEnt conversion of roughage, 

and these traits are hi E9lly heritable, it is the goal of 

the breeder to identify the most outstanding individuals 

in respect to these traits . In view of these facts the 

discussion will be limited to a large degree to the re

lationship of the various metabolites to rate and effi

ciency of gains . 

~Intake 

Average feed intake was determined at the beginning 

and again at the end of the feed test. In addition the 

average feed intake for the entire feed test was cib tained. 

It was felt that feed intake might be more closely related 
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to blood constituents if calculated in thi s manner , since 

the blood and urine anal ys is were determined at 500 

pounds and 800 pounds . Feed intake varies considerably 

from one week to amther, perhaps due in part to changes 

in tempe rature , humidity, etc. and, for this reason it 

wouJd seem more appropriate to use an average of at lea st 

3 or 4 weeks 1n stead of one single day or week for estab

lishing the initial and final values . Average feed i n 

take at 800 pounds only was regressed on the other items 

studied. 

There were no s ignii'ican t diff erences in feed i n take 

due to sex or lines at the beginning or e nd af feed test 

(Tables 4 and 5). However, tbe small differences showed 

higher values for the males in most cases. The Lionhee.rt 

line tended to have the grea.te at food intake. The fe .. · 

males of this 11ne generally consumed more feed than the 

males of t he remaining lines. This is i n accordance with 

past observations. 

Even though rate and efficiency of gains are highly 

correlated, feed in take bears a closer relationship to 

rate of gain than it does to feed efficiency. Th1 s is 

born out vun we look at the various lines. The Prince 

males have considerably lower feed requirements per un1 t 

of gain than the David or Lionheart lines, yet they have 

the lowest feed in take. The maintenance requiranents 

http:Lionhee.rt
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should be nearly the same as all groups were fed over 

same weight range . In view of tht s, it has been sug

gested by Nelms and Bogart (89, p.977) that animals in 

this line may have lower metabolic rates than the animals 

1n 1h e other lines studied. 

When feed intake is regressed on rate of gain and 

feed efficiency within the lines and sexes, contradictory 

results may be obtained. Aecordin g to Kleiber (59) the 

rate of production of body sub stare es in growing animals 

depends on the stimulus for growth and on tre level of 

energy. One might expect a positive relationship between 

rate of gain and feed in take in animals of similar breed

ing if this concept is true. Nelms and Bogart (89 , P • 

972) found this to be true for feed efficiency only when 

the maintenance factor had been removed. 

In the presmt study , a positive and significant re

lationship was found when feed intake was regressed on 

rate of gain (Table 7) . The regression coefficient of 

13. 0 indicates that for each change in rate of gain of 

one pound per day there is an associated change of 13. 0 

pounds in feed intake per week, with the faster gaining 

calves eating the most . The relationship between feed 

intake end feed efficiency was lov1er and was not signifi 

cant . The fact that the females are eating almost an 

equal amount of feed and gaining at a considerably slower 
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rate than the bulls woul d indicate that differ ences in 

r ate of gain could not be explained s olely on the basis 

of a difference in f e ed intake. The possibility of a 

difference i n the digestibility of feeds has been inves

tiga te d . Palmer e t al. {92, p .53) conclu:led the.t the 

difference between t wo strains of rats--one selected for 

high and one for low effioien oy-- could not be explained 

by differences in ability to dige at and metabolize f e e d. 

Dunlop (33; 34), Baker, Colby and Lyman {6, pp .726-732) 

and Nelms, Price and Bog art ( 90 ) have reported evidence 

that tends to discredit t l:e po ss ibility of differences 

in d i geati bi lity . 

Fe e d intake did not affect the concentration of the 

various blood constituents studied. Williams {108, p.73) 

reported that feed intake affects uric acid and amino 

acid nitrogen concentration i n a similar study. However, 

the data bad been corrected for rate of gain, feed effi... 

ciency and age. It seems unlikely that feed i ntake 

should affect the blood constituents, unless possibly 

the level of ammo acid. 

Blood Cons ti tuen t$ 

Blood Urea. Lines and sexes had significant effects 

upon blood ure a concentrations at 500 pounds body weight . 
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The line difference is i ndica. ted by the higher values of 

about 3.0 mg . urea nitrogen per 100 ml. for the calves in 

the Lionheart line over the value for calves of the other 

lines at this body weight (Table 2). The females ex

hibited higher values, about 5.0 mg. urea ni t.ro gen per 

100 ml., than the males . This was tr-.:te for all li.nes 

except the Prince line, where the males had slightly 

higher concentration of blood urea than the females . 

The explanation for these differences may lie in a 

shift in metabolism. The animals exhibiting the higher 

urea values probably have a hig}:ler protein o.atabolism or 

they are deaminat mg more amino acids and thereby they 

have more circulating urea. One could expect the latter 

in the case of females, in that the diet was designed 

to provide protein for maximum growth and they are ap• 

proaching maturity where less protein in proportion to 

energy is required. The lower values of the Prince fe• 

males fit this ccncept. They tend to be large at matur

ity, and probably are sti 11 adding protein t1 ssue to 

large degree at this body weight. 

Age affected urea concentration. The significant 

regression eoeffici«l. t of -.070 (Table 6), indicates that 

for each change of 10 days in age blood urea concentration 

changes • 70 mg. per 100 ml., w1 th older animals having 

lower values. This may be explained on the concepts 
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presented above. The calves that are older at 500 pounds 

body weight have had less desirable preweaning en viron

men tal con ditions (presumably a lower milk supply). 

Sine e the t e st diet i a designed to provide protein for 

maximum growth and animals are fed ~ ~' they ar e, more 

than likely, making some compensation for bein g held back 

in earlier growth, thereby deaminattng leas of the amino 

acids and havi ng a lower protein catabolism. The a ge at 

whi ch an animal is tested should not affect the ure a con

centration h ad all animals been supplied an equal oppor

tunity previous to starting the test and provided all 

animals were tested at the same body weight. This can

capt is supported by the fact that animals at 800 pounds 

have on ly slightly lower values than at 000 pounds body 

weisnt and yet they are 100 to 150 days older. Williams 

(108, p.64) reported that feed intake might be affecting 

urea concentratl.on; however, the evidence in the present 

study does not support his findings . 

It seems very likely that blood urea concan tration 

at the initiation of a feed test might be the best pre 

dictive index for rate of growth that is available. This 

concept is supported when urea concentration is regressed 

on rate and efficiency of gains. The regression coeffi · 

cien t of -4.8 {Table 6} indicates that for each change in 

rate of gain of 1 pound per day there was an associated 

http:concentratl.on
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change or 4.8 mg. per 100 ml. in blood urea, w1 th the 

faster gaining calves exhibiting lower ccncentrat:ton of 

urea. In a similar manner, the more efficient calves bad 

a lower blood urea concentrattan. There was associated 

with 1 pound of feed per pound gain a change in blood 

urea concentration of 3. 4 (Table 6). Here again, the 

picture is complicated by age, in that age was signifi ... 

cantly related to rate and efficiency of gains (Table 6). 

There is probably a compensatory effect due to the older 

calves beir.g held back previous to reaching 500 pounds. 

Nelms and Bo art (89, p.977) report that when feed supply 

is adequate and calves are making maximum growth previous 

to test, the younger animals, not the older, will make 

the higher gains and be the more efficient. 

The urea concentration at 800 pounds failed to show 

a si[9.'11ficant relationship with rate or efficiency of 

gains (Table 7). However, significance was approached 

in the case of rate of @]lin. The association was prac

tically negligible in the case of feed efficiency. This 

lack of association VlOuld indicate that the calves are 

probably plateauing in muscular growth and that changes 

in amino acid deamination and protein catabolism are not 

marked. This concept is supported when line and sex dif

ferences are considered, as both lacked statistical sig• 

nificance at 800 pounds body wei~t. 
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Blood Amino Acids. Blood amino acids f ailed to show 

any relationship to rate and efficiency of gai ns (Tables 

6 and 7). This is in agreement with Williams (108, p.63), 

although MacDonald (77, p.71) reported a negative rela

tionship between blood amino acids and rate and efficiency 

of gains. The regression of amino acids on feed intake 

approaChed significance. This would be in agreement with 

Williams (108, p.63) and contrary to other results (101, 

pp.l24-132). This association of amino acids with feed 

intake waul d be the only l oglea 1 re lationship among the 

items studied, unless it is age. It seems reasooable to 

expect that a higher daily ingestion of protein would af

feet the amino aeid level in the blood. 

Amino acid concentration was apparently not affected 

by age (Table 6), although the females exhibited slightly 

higner values at 800 pounds than at 500 pounds. At 800 

pounds body weight the calves in the Lionheart line had 

slightly higher values than calves in the other two lines, · 

however, this difference lacked significance. It is 

interesting to note that the Lionheart line also had a 

higher feed intake at this body weigpt (Table 3). 

Blood ~~· Since uric acid is largely re· 

placed by its oxidation product, allantoin, no conclusive 

results would be expected when one relates it to rate of 
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growth or e.ffi ciency o.f growth in beef cattle. However, 

the a1alysis for uric acid is run routinely in this lab

oratory, and the data were analyzed. Sane interesting 

.findings were uncovered on analysis. At 500 pounds body 

weight there was a significant sex difference with the 

.females showing higher values (Table 4). This would aug• 

gest the possibility of the existence o.f genetic differ

ences. This coo. cept is supported when the data at 800 

pounds are examined. At this body weight the significant 

sex difference has disappeared, but a significant line 

difference is apparent (Table 5). The difference is due 

to the higher values of the Lionh.eart line. Although 

line difference at 500 pounds was not significant, the 

Lionheart line had higher means (Table 2). Similarly, 

the females at 800 pounds emibited higher concentrations 

of uric acid than the males. 

Apparently neither age (Table 6) nor feed intake 

(Table 7) had any effect upon the concentration o.f blood 

uric acid. Williams (108, p.62) reported that feed in

take had a significant effect on uric acid. He put forth 

the possible explenatton of one blood constituent, such 

as amino acid concentratim, which is affected by feed 

intake, interfering with the tublar resorption of uric 

acid. This idea has some support if one examines the 
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data in Table 3. The Licnheart line had sign11'1c8lltly 

higher ccncentrat1ons of uric acid and this line also had 

higher concentrations of blood amino acids. 

Blood Creatinine. Creatinine concentration in blood 

is generally regarded as an index or muscular activity. 

At 500 pounds body weight a significant line and line x 

sex interaction was found (Table 4}. The line difference 

was due to low creatinine concentration of the David line 

(Table 2). The interaction is probably due to Lionheart 

males having higher values than Lionheart females and 

vice versa in the Prince line. These determinations fit 

gross observations as to activity. The David line is 

generally considered quiet, as are the Prince males. No 

line or sex differences were apparent at 800 pounds body 

weight. 

Age was si8Jlifieantly related to blood creatinine 

(Table 6). The regression coefficient, .0023, indicates 

that for each change in age of 10 days th&re is an asso

ciated change of 0.023 mg. creatinine per 100 ml. blood, 

with the older animals showing higher ccncentrations. 

This would indicate that the older animals at 500 pounds 

were more active than younger animals. However, the 

values at 500 pounds and 800 pounds body weight were 

similar. It would seem reasonable to expect less activ• 

1 ty from the heavier animals. Feed in take apparently was 
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not affecting blood creatinine (Table 7). It might be 

expected that the more active animals would be eating 

more, but apparently this concept is not supported by 

these data. 

Throughout the results mention has been made rela• 

tive to some of the animals in which some of the blood 

constituents failed to fall within the normal range pre

sented by Dukes (32, p.54). These values do not neces

sarily indicate abnormal individuals or faulty techniques. 

The majority of the animals making up the normal range 

were mature dairy cows and the values were determined by 

methods which have been succeeded by more pre cis e methods. 

Urinart 17-ketosteroids 

There would appear to be definite sex differences 

in 17-ketosteroids excretion at both 500 pounds and at 

800 pounds body weight. However, these differences 

lacked statistical significance (Tables 4 and 5). In 

general, there was a high degree of variation within each 

subclass. It is interesting to note that at 500 pounds 

body weight the males had higher excretion rates of 17

ketosteroids than the females. Since one third o£ the 

17-ketosteroids are derived from the gonads in the ease 

of males, one might expect them to excrete more than the 

females of this material. Also, the lower values of the 

Prince males is worthy of mentioning. Apparently, this 
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line is 1 ater maturing than the remainin g lines (personal 

observations). If this is true the males in this line 

would be expected to have lower 17-ketostero id excretion 

rates, sine e their gonad-, would not be as active as tlx> se 

of the other lines. 

At 800 pounds body weight, the females exhibit hig,.er 

values than the males (lacks s1 gn1 f'1 cane e) , with the ex

ception of the David line {Table 3), even thwgb. the 

origin of me third the urinary 17-ketosteroids are from 

the testes. This is to be expected since cortical hor• 

mones inhibit growth and the males gain at a faster rate 

than the females. The David line deviates from the gen

eral pattern in that tile males have higher excretion 

rates of 17-ketosteroids than the females. The David 

females would be expected to have lower values than the 

female calves in the other two lines, since the average 

daily gain of the females in th1 s line is about o. 30 lb. 

per day higher than that of females in the other lines 

(Table 1). The high values of the David males may be 

explained on the fact that 4 of the males 1n this line 

were well below the mean for:mte of gain (Table 1), and 

were contribu ti.ng to the higher mean for 17-ketosteroids 

noted in Table 3. The two remaining animals had very 

high rates of gain (3.35 ar.d 3.67} and contributed less 

proportionally to the mean for 17-ketosteroi ds. 
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Apparently age had little effect on the 17...ketoster

oid excretion rate (Table 6). However, the females showed 

apprarlmately a 20 per cent increase .from 500 to 800 

pounds body weight • One would not expect feed 1n take to 

affect 17·ketosteroid excretion unless both were asso

ciated with another factor. The results show that feed 

intake was not affecting 1'1-ketosteroid excretion (Table 

7 ) in this s tudy. 

When rate and efficiency of gains are regressed an 

17-ketosteroid excretion rate, a negative relationship 

was found, i.e. 11 those calves which gain more rapidly and 

convert feed to gains more efficiently had lower 17

ketosteroid excretion rates. This was true at both 500 

and 800 pounds body weight (Tables 6 and 7). However, 

none of the regression coefficients were significant. 

These relationships are as would be expected, since the 

adrenal cortical hormones affect protein metabolism (75, 

pp.309-344) by interfering with protein anabolism and in• 

creasing protein ca taboll sm. 

Apparently, the rate of 17-ketosteroid excreticn and 

the rate of gain ar~ related. The regression coefficiEilts 

are negative at both 500 and 800 pounds body weight. At 

both weights the regression coefficients approach signifi

cance. It would be ex:pected that efficiency also would 

be associated w1 th 17-ketosteroid excretion, since rate 
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of gain end feed eff'l ciency are closely related. The re

gression of feed efficiency on \U'inary 17-ketosteroids 

at 800 pounds was considerably less than at 500 pounds 

body weight. This would indicate that feed efficiency 

and 17-ketosteroid excretion rate are not as closely re

lated as rate of gain and 17-ketosteroid excretion rate. 

This might be expected since feed efficiency has a lower 

heri tablll ty than rate of gain. Apparently 1 the animal's 

environment affects feed efficiency to a larger degree 

than it does rate of gain. 

It has been shown by Hoberman (50), Barton (10), 

Sinex (100) and others that the adrenal cortex does play 

en important role in the anabolism and catabolism of 

protein. In general, the adrenal hormones inhibit pro• 

tein anabolism and increase protein catabolism. This 

being the case one would expect a piling up of amino 

acids in the blood. There is some indication of an in• 

crease in blood amino acids with increases in 17

ketosteroid excretion in this study. At 800 poW1ds body 

weight there was a significant relationship between blood 

amino acids and urinary 17-ketosteroids (Table 7). The 

regression coefficient of blood amino acids on urinary 

17-ketosteroids of 0.0195 indicates that for each change 

in excretion of 10 mg. per 24 hours of 17-ketosteroids 

there is an associated change of 1.95 mg. in blood amino 
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acid nitrogen. Animals exhibiting high levels of blood 

amino acids had higher rates of urinary 17-ketos teroids. 

There seemed to be little relationship between the two 

at 500 pounds body weight. This might possibly be ex

plained by the fact that the animals at 500 pounds body 

weight had been on the feeding regime for a short ttme, 

relative to the 800 pounds observations. Williams (108, 

p.34) working with suckling calves showed that the level 

of nitrogen metabolites in the blood became more stable 

after being placed under a rel.attvely constant environ

ment. 

The predi cati ve value of urinary 17-ketosteroid fer 

rate of gain or feed efficiency in this s1lldy was low. 

However, certain possibilities seem apparent. Perhaps, 

with more research on the analytical procedures for 17

ketosteroids or application of a more precise index of 

cortical activity will reveal techniques which will pre

dict performance of beer animals at a young age w1 th a 

reasonable degree of accuracy. 

A few comments seem pertinent. It might seem dis

co'l.U'aging relative to the predictability of any ooe of 

the factors studied in predicting rate of gain or feed 

efficiency. It is unlikely that any one metabolite could 

predict these eccnomic traits, since they are the result 

of many complicated biochemical processes. There are 
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several hormone sys terns acting upon these traits, each 

one affecting growth to some extent. The use of several 

criteria for evaluati rg an animal's potential for rate 

of gain and feed efficiency would seem to have merit. 

Probably each of these criteria used will require con.. 

siderable detailed research before they can be used. In 

additicn, research on the various interrelations will 

have to be completed. For many of the hormones new tech

niques for assaying will have to be established. 
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SUMMARY AND CONGLUSICNS 

1. The association of certain blood constituents: 

urea nitro gen, amino acid nitrogen, creatinine and uric 

acid, and urinary 17-ketosteroid excretion rate with 

averate rate of gain and feed efficiency have been con

sidered in 33 purebred Hereford males and females. The 

blood cons t1 tuents and urinary 17-ketosteroids were 

determined at t10 body weights, 500 pounds and 800 pounds. 

2. Average rate of gain and feed efriciency have 

been determined from 500 pounds body weight to 800 pounds. 

Body weight was a linear function of time during this 

period for each or the 33 animals. 

3. There were no significant efrects of sex or line 

on rate of gain , even though large apparent differences 

existed. The average rate of gain for the males was 2.92 

and for the females 2.19 lbs. per day. However. age at 

800 pounds body weight showed a significant sex erfect 

with the males reaching 800 lbs. at a younger age than 

the females. 

4. The males made more efficient gains than the 

females. The Prince and David lines were more efficient 

than the Lionheart line. A sex x line interaction 

existed, which was probably due to the lower reed 
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requirements of the females in the David line. 

5. There were no differences in feed intake among 

any of the groups. 

6. The females had higher blood urea concentrations 

at 500 pounds body weight than the males. The Lionheart 

line had higher urea concentrations than either of the 

two remaining lines at this body weight. Both sex and 

line effects lacked significance at 800 pounds body we~ 

The average urea concentrations were slightly higher at 

500 pounds th.an at 800 pounds body weieilt. 

7. There were no differences for blood amino acid 

among any of the groups at either 500 or 800 pounds body 

weight. The average amino acid concentrati.o~ for the 

groups were similar at both body weigj:lts. 

8. The David line had lower blood creatinine con

centrations at 500 pounds body weight than the other two 

lines. A significant sex x line interaction also existed 

at this body weight. This was probably due to the high 

values exhibited by the Prince females. At 800 pounds 

body weight, there was apparently more variation within 

the groups and consequently no significant differences 

among groups were found. However, the David line had 

lower concentrations than the other two lines. The 
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average creatinine concentrations were similar at both 

body weights. 

9. Blood uric acid showed a sex effect at 500 pounds 

and a line effect at 800 pounds body weight. The females 

had higher concentrations at 500 pounds than the males 

w1 th 11 ttle difference between the sexes at 800 pounds. 

The line difference at 800 pounds body weight is appar• 

en tl y due to the higher value s of the Lionhea rt line. 

The average uric acid concentrations were slightly higher 

at 500 pounds than at 600 pounds body weight. 

10. Blood hemoglobin showed a difference due to 

lines at 800 pounds body weight. The Lionheart line had 

higher values at this weight than either of the two other 

lines. 

11. No signiflcant difference between lines or 

sexes was found in 17-ketosteroid excretion rate at ei~ 

500 pounds or 800 pounds body weight. However, ditrerao~s 

due to sex appeared to exist. At 500 pounds body weight 

the males had higher average excretion rates than the 

females; while at 800 pounds the females had higher 

average values. When comparing the means at the two 

body weights, the males were similar, while the females 

had higher average values at 800 pounds than at 500 pomds. 
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12. Age at 500 pounds body 7eight had a significsnt 

relationship with average rate of gain and feed effi

ciency. The older animals at 500 pounds made more rapid 

and efficient gains in body weight. It is felt that the 

older calves were compensating for the slower gains made 

prior to the feed test. 

13. Age at 500 pounds was significantly related to 

blood creatinine and blood urea at 500 pounds body weight. 

The older animals had higher coneentrattons of creatinine 

and lower urea concentrations. 

14. Rate of: gain and feed efficiency were signifi

cantly related. For each increase of: l lb. per day in 

rate of gain it required 134 lbs. less fe ed for each 100 

lbs. gain made. 

15. Feed intake at 800 pounds body weight was sig• 

nificantly related to rate of gain. The .faster gaining 

calves had a larger weekly feed intake. Each increase 

in 1 lb. per day gain was associated with an increased 

feed intake of 13 lbs. per week. Feed intake was not 

significantly related to feed efficiency. 

16. Blood urea at 500 pounds body weight was sig

nificantly related to ·rate of gain and feed eft:icieney. 

High concentrations of urea were associated with a low 
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rate of gain and a higher feed requirement per unit of 

gain. EaCh change 1n gain of 1 lb. per day is associated 

with a change in blood urea nitrogen of · 4. 8 mg. per 100 

ml. blood, Each change in feed requirements of one lb. 

feed per lb• gain is associ a ted wi tb a change in urea 

nitrogen of 3.4 mg. per 100 ml . blood. The regression 

coefficients of blood urea at 800 pounds on rate of gain 

and feed efficiency were smaller than the corresponding 

coefficients at 500 pounds body weight and lacked sig

nificance . 

17. The regress~on of urinary 17•ketosteroids at 

the two body weights on rate of gain and feed efficiency 

lacked significance. However, low excretion rates were 

associ a ted with higher rates of gain and lower feed re

quirements per unit of gain. It is felt that some errors 

in techniques could be avoided with a more desirable 

urine collecting apparatus. It would sesn that urinary 

17•ketostero1ds might provide an excellent tool for pre~ 

dieting rate of gain and feed efficiency since a wide 

range in excretion rates were found. 

18. Urinary 17•ketosteroids at 800 pounds was re

lated to blood amino acids at 800 pounds, with higher 

excretion rates being associated with higher concentra

tions of amino acids. This is in agreement with the 
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concept that the cortical hor.mones depress anabolism and 

increase protein catabolism. 
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