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A COMPARISON OF TABOLISL OF RAPIDLY 
AND SLOWLY GAINING BEEF CATTLE 

CHAPTER I 

INTRODUCTION 

Throuh centuries of trial and error methods, farm 

animals now tend to resemble more closely the breeders' 

ideal in appearance than did their ancestors. Successful 

breeders of the past usually used individual merit as a 

basis of selection, although there was always much talk of 

pedigree and the selections were undoubtedly influenced by 

the merits of ancestors and collators], relativos. Fven 

after the rediscovery of Mendelism showed that identical 

pedigrees need not mean identical heredity, animal breeding 

literature (at least until the 1920's) was glutted with 

efforts to force unjustified meaning into extended podi- 

grecs. Among animal geneticists today there are still some 

who do not appreciate that the presence of unduplicatable 

environmental variations makes it axiomatic that outstand- 

Ing individuals will not usually have as <ood progeny as 

they are themselves and, conversely, that poor indiviauals 

will usually have progeny of greater merit than themselves. 

Mendols Law of Segregation explained this phenomenon. 

Therefore, other moans are required to supplement pedigree 

analysis and enhance the efficacy of the selection of 

parents for continuous improvement in subsequent generations. 



It was demonstrated niany years ago that the proony 

test is ari effective rneí.ns of increasinjj the accuracy of 

identification of genotypes and this precept has been 

preached, propagandized, and practiced by progressive 

breeders of livestock. While the progeny test does what 

is claimed, it is not an economically efficient moans of 

identifying genetic potential in such traits as growth 

rate and meat production efficiency in beef cattle. Nor 

is the problem resolved by selections based on showring 

standards. What is needed are selection criteria for 

growth as expressed by rate and efficiency of gain which 

combine the accuracy of a progeny test with what approaches 
the economy of a showring classification. 

If one accepts the theory that the vast majority of 

traits of economic importance are under the control of a 

large number of genes of minor effect and that the poiy- 

genio complexos influencing early growth also influence 

growth at later stages of development, some of the timo lag 

in progeny testing may be eliminated by developing a test 
applicable at an earlier are. Such a concept demands 

investigation through new approaches, new techniques, and 

now experimental methods which force us to give up the 

familiar for the sake of the unknown. 

The limits of space, time, and money ordinarily pre- 

vent any singlo investigator or group of investigators in 
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large animal biology from gatherin data, the conclusions 

from which fall within narrow confidence intervals. The 

problem then, in the words of Dr. I. hlichael Lamer, is 

"To steer carefully between the Scylla of gen- 
eralizatlon from insufficient evidence and the 
Charybdis of excessive caution. The temptation 
to take refuge in lack of information is as great 
as the temptation to elevate dogma based on sub- 
jective hypotheseE to the status of fact." 

By weighing the evidence carefully, one should be able 

to reach a reasonably objective decision as to whether the 

data obtained by the methods employed are worthy of further 

study and whether the new approach does indeed open more 

accurate or more efficient avenues of approach. The writer 

is comxuiitted to the belief that variations in rate and 

efficiency of gain are the end results of variations in 

metabolism, and that, therefore, there must be a period or 

stage of development at which measurements may be taken 

from which accurate estimates of the :enetic potential of 

rate and efficiency of gain may be derived and applied in 

practice. However, the economics of livestock production 

as well as other factors tend to make the animal breeder a 

conservative, scientifically if not politically, and more 

than a priori demonstrations of the value of an alternative 

selection criterion must be presented before he may be 

induced to adopt a radical change in methods of beef cattle 

evaluation. 

Variations in metabolism are reflected in the com'oosi- 

tion of the urine and it is a reasonable possibility that 
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they are also reflected in the composition of the blood. 

Thus, they should furnish a redi1y accessible source of 

information that may be descriptive of, or correlated with, 

the different r&tes or different types of metabolism that 

lead to differences in rate and efficiency of cain. If 

this hypothesis be true, a difference in trietabolisrn between 

rapidly and slowly gaining beef cattle should produce a 

chance, either quantitative or qualitative, in the constit- 
uents of the urine and perhaps the blood. 

Therefore, this study embraces an investigation of the 

normal constituents of the urine and blood of beef cattle 

tested for rate and efficiency of gain at Oregon State 

College in the hope that correlations between blood and 
urine chemistry with rate and efficiency of gain may be 

established. A certain by-product would be basic data on 
the blood and urine chemistry of beef cattle. 
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CHAPTER II 

REVIEW 0F LITERATURE 

"The hypotheses of science are continually chang- 
ing. Old hypotheses break down and new ones take 
their place. But the classification of known 
phenomena which a hypothesis has sug-:ested, and 
the new discoveries of phenomena to which it has 
led, remain as positive and permanent additions 
to natural knowledge when the hypothesis itself 
has vanished from thought.'t 

J. H. Poynting. 

The number and variety of experiments involving 

studies of metabolism and growth in beef cattle have been 

considerable. It is true that many of them have not been 

primarily desined to discover basic metabolic reasons for 
the mode of inheritance of the differences between animals, 

but have been used for this purpose ex post facto. The 

results that have contributed to our understanding of the 

metabolic phenomena involved have come from straight selec- 

tion experiments and analyses of physiological, biochemical 

and nutritional data collected for other purposes. It is 

entirely impossible to include a review of all publications 

which have appeared on the subject and exceedin:ly difficult 

to select from the welter of papers dealing, with similar 

data under a ireat variety of unspecified conditions those 

of particular note or significance in terms of priority. 

Review articles may serve as rather complete reference 

lists of publications to date, while Biological Abstracts 



and Animal Breedin Abstracts provide ¿ood entries for more 

recent publications. In this thesis only citations of 

imnediate pertinence are made as judced, not by considera- 

tions of priority, but by utility in i1lustratin or 

en1ig1itenin the results nd discussion. 

A. Growth Measurements 

1. iieed1ot Studios in Relation to Rate and Efficiency 
of Gain. 

The need for a measure of performance in beef cattle 

was reconized at an earlt date. Robert l3akewell and other 
early beef cattle breeders obtained a rather accurate meas- 

ure of efficiency of their production, but little controlled 
work of this nature was done until recent years. Sheets 

(187,pp.41-4'7) reported one of the earliest studies of 

measured performance in beef cattle in which carcass qual- 

ity and efficiency, measured by pounds of cold carcass pro- 

duced per 100 pounds of Total Digestible Nutrients (TDN) 

consumed, were considered. 
i3lack and Knapp (25,pp.72-77) concluded that the test 

period used in measuring beef cattle performance should be 

limited to a weicht constant period of 500-900 pounds live 

weight; also that the final evaluation be based on effi- 
ciency of gain during this period and on carcass grade. 

They found a high correlation between rate arid efficiency 
of gain, in 1941, Knapp et al.(128) reported that daily 

gain and efficiency of gain were not highly correlated in 



a time-constant population. They found that daily gain may 

be used with a high deroe of accuracy to predict efficiency 

of gain of animals fed through a comparable weight period, 

but that much of the accuracy might be lost when wide vari- 

ations exist between individuals in initial and final 

weights. According to Knapp and co-workers (129,pp.285- 

292) approximately O percent of the differences In carcass 

grade can be accounted for by differences in initial weight 

and total gain while on feed. 

That a feedlot test for rate and efficiency of gain is 

expensive in both tite and money, especially in areas where 

sup«lementsry concentrate feeiIng is not practiced, is 

immediately apparent. For this reason research workers 

sought some rapidly obtainable phenotypic measurement either 

anatomical, physiological, or metabolical which is highly 

correlated with rate and efficiency of gain so that it may 

be employed in predicting these factors with accuracy. 

Obvious skeletal difiorences provided a plausible measure 

of such growth since investigators agreed that general 

factors do exist which affect all parts of the body. 

2. Skeletal Measurement Studies in Relation to Rate 

! Gain. 

Castle (48,pp.öl-b) from several correlation studies 

gave evidence that factors which control growth In the 

rabbit are general in their action and aftect all parts of 

the body in the same general direction and to a 
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proportional decree. Moreover, Castle (49) found that the 

lengths of the different bones within an individual aro 

highly correlated, and that ali the bone 1enths he studied 

were correlated to a hi::h decree with body weight. In 

addition to this, he found for the rabbit that the 1en;th 

of ears was highly correlated with body weibtht. These 

studios seemed to show that muscular development is defi- 

nitely correlated with. skeletal development in some manner, 

and that both are controlled, apparently, by the same 

system of general growth factors. Wright (213,pp.75-l06) 

analysed Castle's data and came to the conclusion that, for 

the moat part, the factors which control bone length are 

general. However, he also concluded that in the develop- 

ment of certain bones and groups of bones there was a 

slight amount of variation which was controlled by specific 

growth factors and was consequently independent of general 

growth factors. 

The researches of Sumner (197,pp.391-397) and Green 

(9,pr.4O6-4l6) seem to indicate that in the mouse both 

general and specific factors affect size. In mice, 

rabbits, and domestic fowls (Dunn, 61) it has been clearly 
demonstrated that size is a quantitative character. Since 

environmental agencies complicato the problem, most if not 

all, studies in size inheritance in mammals have been some- 
what disappointing, especially since no clean-cut polygenic 
systems have been demonstrated with satisfaction. In a 



study of growing dairy heifers Eckles and Swett (62,pp.3-29) 

found that almost any unknown important skeletal measure- 

ment can be calculated with a hi&h degree of accuracy from 

one known skeletal measurement. They found that height at 

withers alone was a satisfactory criterion of skeletal 

development. The paper of Swett, &raves and Miller (198) 

which gave an intensive comparison of the differences in 

conformation between a hih1y specialized dairy cow and a 

highly specialized beef cow deEerves mention. These inves- 

ti-ators came to the conclusion that the skeletal differ- 

once in conformation between the two was caused by the 

development or lack of development of fleshing. UnÍ'or- 

tunately, they neither defined "fleshing" nor gave a 

ph;1sio1oical basis for the differential growth in auch a 

direction. Gregory (97,pp.2O-249) found from a study of 

muscle-skeletal relationships that the genetic agencies 

which affect the development of muscle diameter have a 

certain decree of independence from those which affect 

linear skeletal development. 

In spite of the fact that the date reported above were 

not presented in relation to time, the principles were 

applied to beef cattle. Experimental attempts to correlate 

anatomical measurements with rate and efficiency of gain in 

beef cattle may be said to have started with Huitz 

(118,pp.71-94). In 1927 he found that very rangy calves 

made more rapid gains than very low-set calves and that 
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cattle on a fattenina ration chanLT'ed type. Lu3h (145) 

reported that steers of many shapes will sain well and 

steers which airì the same may be of many different shapes. 

This was also true of dressing percentage and meat values. 

Lush, Knox and Koger (24,pp.331-337) and Stanley and McCall 

(194,pp.35-53) reported a positive correlation between rate 

of feedlot rain and skeletal size. Woodwarci, Clark and 

Cummins (212) observed that large type calves wore heavier 

at weaning time than small type calves and made larger and 

more economical feed lot rains. In their study, little 
difference existed between types in dressing. percentae 

and carcass grade. 

In a study with 50 head of steers of beef, dual pur- 

pose and dairy breedinL;, Black, Knapp, and Cook (24,pe465- 

472) discovered, contrarily, that steers considered low-set 

from a starpoint of weicht had a sinificant advantage 

over tall steers in amount and efliciency of gain, dressing 

percentage and carcass grade. In a similar study, Kohil, 
Cook, and Dawson (].34,pp.$52-364) compared the relationship 

of height at withers, height to floor of chest, heart 

girth, width at shoulders, and. length of body with rate of 

gain, efficiency of feed utilization, and age at slaughter 

in milking Shorthorns. They found that steers tended to 

vary independently of the body dimensions measured. It may 

be concluded on the basis of the above studies that corre- 

lations between rate of gain and anatomical measurements 
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are not of a high enough order to adopt effectively in 

predicting rate and efficiency of cain. 

;3. Other Studies. 

In an effort to di$cover a development period of 

shorter duration and lower cost in which to test rate and 

efficiency of gain, Knapp and Clark (130,pp.174-1E31) 

studied the genetic and environmental correlations between 

growth rates of beef cattle at different ages using 422 

ste3rs from 43 sires in a 2b2 day feeding trial of three 

84-day periods. Their analysis indicated that there was 

little environmental correlation between the three periods 

and that since the renetic influence became rreater as the 

feedinp period progressed on . ly the third period would be 

required for analysis. The authors concluded that progeny 

testing of calves for gaining ability seems unnecessary 

and selections for this ability can be made through feed- 

Ing tests of the prospective sires. Koger and Knox report- 

ed (L33,pp.76O-767) that the growth rate of steers on the 

range was positively correlated with their gaine in the 

feedlot. They concluded that, when environment is constant 

for different animals, there is a positive relationship 
between gains made at different periods. In a later study, 

Knapp arid Clark (l31,pp.365-370) found a gross correlation 

of 0.0001 between acore at weaning and gain in the sub- 

sequent feedlot test. 
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The cause of variation in the live weicht increase of 

animale on experiment has been further investigated by 

Dunlop (59 and E50,pp.151-l59). He found that varying food 

intakes and initial weights, inherent drawbacks of the group 

feeding method, accounted for much of this variation. When 

these two factors are ri.idly controlled, small differences 

in live weight metabolism and the digeztive capacity of 

animals, for all purposes, are the sanie and cannot account 

for any grout part of the residual variation. Confirmation 

of the small differences in digestive capacity wae 

presented by Baker, Colby, and Lyman (l6,pp.726-732). 

Further evidence showed that differences in the proportion 

of fat to protein laid down affect the magnitude of the 

weight gains of animals (60,pp.151-159). Growth rate and 

efficiency, measured by weight increase, is influenced by 

feed intake (quantitatively and qualitatively) and by the 

nature of the resulting metabolic syntheses. Both represt 

genetio-environrnertl interrelationships. 

B. Endocrine Control of Metabolism and Growth. 

1. Anterior Pituitary Growth Extracts. 

The anterior pituitary hormones, both directly and 

indirectly through the secretions of the or:ans which they 

influence, exert a profound effect on growth through the 

utilization and metabolism of carbohydrates, proteins, and 

fats. This subject has been extenrively reviewed by Li and 
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Evans (338,pp.197-225), Barker (17,pp.45..82) and others. 

Evans, Simpson and LI (66,p.71) injected the hormone into 

normal adult female rats for 435 dais. The dosare was 

increased gradually from 0.4 to 2.0 m. per day so that 

growth continued for the entire period. The greatest weight 

attained was 662 gm. and the range of final weights did not 

overlap; the smallest rat in the treatment group weighed 

410 gm., whereas the largest control rat weighed 353 gm. 

Since true growth is generally regarded as the accu- 

mulation of proteins, it is reasonable to expect from the 

foregoing that an important function of the growth hormone 

is to retain nitrogen which, in turn, increases the body 

protein content. Tool and Watkins (199,pp.662-685), working 

with dogs, reported a drop of 20 to 30 percent in the blood 

non protein nitrogen (NPN) following injections of growth 

extracts from the anterior pituitary and showed that about 

70 percent of the decrease in NPN was accounted for by 

decreases in amino acids and urea. Gaobler (86,p.46), also 

with dogs, confirmed these findings and in addition found 

a decrease in urinary nitrogen chiefly at the expense of 

the urea. iarr and Alpert (67,pp.772-775) noted a tran- 

sient fall in plasma amino acids in do<s following intra- 

peritoneal injections of a growth promoting pituitary 

extract. 

Experiments with rats have given similar results. 

Harrison and Long (lO5,pp.97l-978) reported that injections 



14 

of anterior pituitary into fasted rats caused a decrease of 

NPN. Later experiments by Marx et al. (151,pp.544-550) and 

Fraenkel-Conrat, Fraenkel-Conrat and Evans (S1,pp.200-2l2) 

with partially purified growth hormone confirmed those con- 

dus ions. 

Chances in the body composition of animals after treat- 

ment with pituitary extracts which caused accelerated 

growth have been studied by several workers. Bierring and 

Nielsen (22,pp.l015-lO2l) in studying the composition of 

tissues of rats that had been treated with alkaline antor- 

icr pituitary extracts found that the resultant weight 

increase is not exclusively due to water retention. Lee 

and Schaffer (l37,pp.33?-63) found that treated rats main- 

tamed almost exactly the initial composition and heat 

values while the control croup showed significant decreases 

in the proportion of water, nitrogen, fat-free dry tissue, 

and ash and increases of fat and heat value of the tissue. 

The energy expended was 1.7 timos the enory gained per 

gram weight increase for the treated group and 2.4 times 

the energy gained per gram weight increase for the control 

animals. Studies with pure growth hormone by Gordan et al. 

(9l,pp.l5-l6O) and Li and vans (138,p.211) have shown 

that the hormone reduces the urinary nitrogen in various 
conditions. In some cases the decrease of urinary nitrogen 
corresponded almost quantitatively to the gain in body 

weight. 
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In addition to the effects noted above the anterior 

pituitary also affects the utilization and metabolism of a 

number of specific dietary factors. If an immature animal 

is placed on a diet of insufficient food intake, growth, 

as represented by skeletal elongation and cain in body 

weicht, is reduced. Administration of somatotrophin 

(anterIor pituitary Erowth hormone) to such an animal 

results in raore rapid rowth associated with reduced nitro- 

gen excretion (137,pp.337-363 and 139,pp.91-95). These 

findings sugest that the growth retardation during condi- 

tions of reduced caloric intake may be due in part to a 

decreased secretion of somatotrophin. 

Considerable data are available indicating that 

somatotrophin will not promote a weight increment in 

animals that are nutritionally deficient. Thus "growth 

hormone" failed to promote a Cain in body weight in rats 

deficient in vitamins A and B1 (63 and 64), pantothenic 

acid (143,pp.35-87), and the essential fatty acids 

(63,p.126). Similarly, "growth hormone" failed to promote 

an increment in body weight in rats fed a low protein (6% 

casein) diet (90,pp.317-319 and 91,pp.15$-160). Supple- 

menting the diet with dl-methionine or increasing the 

casein content to a minimum of 12 percent of the ration, 

however, resu]t ed in a significant weight increment f ollow- 

Ing "growth hormone" treatment. Chow and Greep (bO,pp.19l- 

192) reported that the quality as well as the quantity of 
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dietary protein is also of importance in conditioning the 

responso to hormone administration. These workers found 

that the gain in weight of immature hypophysectomizod rats 

treated with a growth promoting fraction of the anterior 

pituitary was appreciably less when the source of dietary 

protein was soya protein than when it was easein or lactal- 
bumin. 

In other experiments it was found that growth hormone 
extracts were equally activo in adronalectomized animals 

(189,pp.2$4-240) and in those which were completely thy- 

roidectomized (186,pp.227-236) and that gonads were not 

required Cor the action of the growth hormone (206,pp.468_ 

471) and (E35,pp.511-546). 

2. Adrenocorticotrophic Extracts. 

The fact that growth hormone reduces the blood amino 
acids seems justifiably to be brought into relationship with 

its effect on protein anabolism. Together with such f md- 
inge that, as the growth hormone causes a nrked retention 
of nitrogen and an increase in the protein content of the 

carcass of treated animals, the hormone may be regarded as 

a protein anabolic agent (ll2,p.222). If this is true, the 
contrasting results obtained with adrenocorticotrophic hor- 

mones are not surprising. iordan et al. (90), Marx et al. 

(152,pp.102-105), and Li and Evans (l38,p.222) found that 

adrenocorticotrophic hormone causes an increase in urinary 
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nitrogen excrotion with a proportionate loss of body wei5ht 

in the rat and that this effect is manifest on the second 

day of hormone injection and persists for 24 hours after 

injection Is stopped. Fraenkel-Conrat and co-workers (81, 

pp.200-21.2) and Simpson et al. (l88,pp.135-137) showed that 

livor ar1inase is increased by the administrction of adren- 

ocorticotrophic hormone as well as by certain other adrenal 

cortical substances thu$ havinj the opposite effect to that 

of the growth hormone. Since this hormone counteracts the 

action of growth hormone (l52,pp.lO2-105), it would be 

expected that adrenocorticotrophic hormone elevates the 

concentration of free amino acids in the blood plasma. 

This may be due either to direct protein catabolic action 

of the hormone or an inhibition of the synthesis of tissue 

protein. 

C. Nitrogenous Metabolites Associated with Growth. 

rom the foregoing literature it is evident that dif- 

ferential metabolism, growth, and feed intake express them- 

selves through the intermediary metabolic products of the 

blood and those excreted in the urine of animals. The 

chemical composition of urine i extremely complex and 

while small amounts of nitrogenous wastes occur in sweat, 

saliva and milk, urine is by far the principal medium for 

their elimination. While urine collection from bulls and 

steers is a simple rnatter, satisfactory methods and 



practical facilities for the quantitative separation of 

urine from feces in balance trials with mature cows and 

heifers are limited. An accurate but expensive method was 

described by Maynard (154,p.254) whereby an attendant 

remains behind the animal constantly to collect the exoreta 

as voided. Rutzman and Caloyos (178,pp.l-l6) described ai 

automatic belt device for collection and separation of 
solid and liquid excreta. hobbs, Hanzara, and Barrick 

(ll6,pp.565-570) reported an economical and dependable 

method for holdinL steers and heifers and described sim- 

plified equipment adequate for complete separation of the 

urine and feces eliminated during short or extended periods 

of balance study. 

The chief urinary nitrogen products in cattle and 

other mammals are urea, creatinine, creatine, hippuric 

acid, allantoine, uric acid, ammonia, and amino acids. 

1. Urea. 

In cattle urine, urea is quantitatively the most 

important of the nitrogenous wastes and is formed mainly, 

though not directly, from protein. Under normal conditions, 

much of the urine urea is of exogenous origin and most of 

it is formed directly from arginine which is bydrolysed by 

the enzyme arginase into urea and ornithine. According to 

Krebs and 1-ionseloit (l35,pp.-66), the formation of orni- 

thine occurs in two steps: (i) the formation of a substance, 
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citrulline, by the addition of' a molecule each of aimonia 

and carbon dioxide to ornithine and (ii) the addition of a 

second molecule of ammonia to citrulline with the resultant 
production of arginino. Urinary urea excretion from cattle 
has been studied by a number of investigators under various 

conditions, by various riethods, and the results have been 

reported in various maimers. For example, animals used in 
studies of protein requirements excreted 1.50 to 13.00 gm. 

of urea per litre of urine (6C,pp.399-49) while aged COW8 

excreted 190 to 308 gm. and hollers excreted 164 to 536 gm. 

per 24 hours on full feed (56,pp.41-46). Hutchinson and 

¡iorris (122,p.686) studied endo:enous nitrogen excretion 
of cattle on a low nitrogen diet and in starvation. They 

found that animals on a lovi nitro'en diet excreted 3.6O to 
6.80 grn. daily while animals in starvation excreted 24.00 

to 24.40 m. daily. In their study, the urea nitrogen 
represented approximately $0 porcent of the total nitrogen 
excreted on the low nitrogen diet and 60 percent ori starva- 
tiori. Carpenter lists averages ranging, from 18.2 to '73.5 

percent of total urinary nitrogen for urea excretion in 
fastin animals. Another worker (65,pp.99-49), in study- 
ing cattle, listed daily urinary urea plus ammonia nitrogen 
excretions ranging from 58.1 to 69.4 percent of the total 
nitrogen excreted. hart et al. (l06,pp.131-205) gave 

urinary urea nitrogen 74.07 in studying the percentare 
distribution of nitrogen in a non-fasting, cow. The actu1 
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percentage of urea in the urine of the dairy cow was found 

by Hayden (58,p.417) to be 1.5 to Z.b percent. 

Blood urea concentrations have been siLilarly studied. 

At first beef blood was used as a medium for abstract 

experimentation on blood and the values for urea obtained 

were considered of interest only in evaluating a method or 

technique. Even today, the data on the chemical compositim 

of normal beef blood available for application to a study 

of physiological processes are meager. Aibritton's recent 

publication (Z) exemplifies this situation. Folin and 

Lenis (75,pp.29-42) upon analysing mixed beef blood at the 

time of slaughter reported urea nitrogen values averaing 

14.0 mg. per 100 cc of blood. Hayden and co-workers 

(109,pp.197-203) (110,pp.102-ilO) and (lll,pp.181-l9l), 

working with venous blood samples froti dairy cows in three 

studies, reported urea nitrogen ranges of 5.30 to 27.0 mg. 

and averages of 12.21, 11.18, and 18.80 mg. per 100 cc of 

blood. Scheunert and von Pelchrzim (184) reported ranges 

of 10.0 to 22.0, 10.5 to 23.7 and 13.5 to 22.7 mg. per 

100 cc of blood. Fearon (68,pp.399-439) quoted work by 

Folin and Penis in which the blood urea nitrogen content 

of the ox was determined. He quoted a range of 13.6 to 

15.3 mg. per 100 cc. More recently Colby et al. (51,p.652) 

studied the levels of various beef blood constituents at 

the termination of a 196day growing period following 

weaning. They found an average value of 11.98 mg. per 100cc. 
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In a urea feeding experiment Dinning et al. (56,pp.4l- 

46) reported a steer in which the blood urea level prad- 

ually rose to 30.10 mg. percent while the group average 

rose from 14 to 24 mg. percent. 

2. Ammonia. 

While in man ammonia stands next to urea in importance 

as an end product of nitrogen metabolism, it is normally 

not so important in herbivors. MeCollum and Hoagland 

(l48,pp.299-3l5) found that additional nitrogen eliminated 

on an acid diet over an alkaline diet is in the form of 

ammonia. Under grazing conditions the natural diet of 

herbivors is alkaline (196,pp.1-l9). These authors also 

found that the animal is not able to use the nitrogen of 

urea to neutralize the acids present in the iiet but draws 

additional nitrogen from the tissues for ammonia production. 

After Nash and Benedict (164,pp.463-487) demonstrated that 

urinary ammonia is synthesized by the renal tubules from 

some precursor in the renal arterial blood, the nature of 

that precursor excited controversy (l24,pp.4l1-427 and 

2?,pp.l37158). Van Slyke etal. (2O4,pp.461-482) demon- 

strated that much of the urinary ammonia is formed in the 

kidney by the enzymatic cleavage of the amide nitrogen of 

glutamine and to a variable extent from amino acid nitro- 

gen. 



McDonald (149,pp.5'74-587) employed sheep to study the 

ruminent absorption of ammonia. He found that ammonia 

occurred only in traces, if at all, in the blood of general 

circulation while the venous blood draining the rumen con- 

tamed about 1.5 mg. amrnonLa nitro:en per loo cc. Since 

urea, in si.nificant quantities, occurs in the saliva of 

sheep, McDonald draws attention to the circulation of 

nitrogen in the norrial digestive process of the ruminant 

viz, urea in saliva is converted in the rumen into ammonia 

which may be absorbed into the portal blood stream and con- 

verted by the liver to urea which again becomes available 

for secretion in the saliva. 

Lindsay (l4O,pp.79-99) recorded the urine ammonia 

nitrogen excretion of the cow and ox. She found that the 

range was similar in both classes of animal, being O to 
0.025 gIll. per 100 ml. for cows and O to 0.024 gm. per 

100 ml. for oxen. On a percentage basis, the ammonia 
nitrogen of cows ranged from O to 1.7 percent of tota],. 

nitroL;en excreted while in the oxen it ranged from O to 

z.g percent. Carpenter (47,p.540) found that the percent- 
age distribution of ammonia nitrogen varied from 2.1 to 
38.1 percent of the total urinary nitrogen in fasting 

steers. In another study, Hutchinson and Morris (122, 

pp.1682-1694) found the percenta:e of urinary ammonia nitx- 

gen varied from 2.67 to 4.12 percent for cattle on a low 
nitrogen diet and from 2.20 to 4.22 percent for fasting cattle. 
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In a fairly recent study, inning et al. (70,pp.41- 

46) administered urea to cattle and sheep in varying 

amounts and by several iethods. They found from the com- 

bined results of all their experiments tt toxic levels 
of urea are reflected in the rapid rise of urea nitrogen 

of the blood and increases in blood ammonia nitrogen to 

values over 2.5 mc,. percent. Death occurred when blood 

ammonia values reached approximately 4.0 m. percent. 

3. Amino Acids. 

A small amount of the nitrogen present in urine is in 

the form of amino acids. Their presence is probably due to 

the inability of the kidney to completely prevent their 

leaving the blood. &oettsch et al. (39,pp.688-698) studied 

renal amino acid clearance in the do(. They found that the 

kidney was able to hold as much as 40 mg. per 100 cc. (64 

to 81 percent) of amino acid nitrogen. Hutchinson and 

Morris (122) found amino acid nitrogen excretion ranes of 

0.39 to 0.6$ ji. per day in cattle on a low nitrogen diet 

and 0.20 to 0,28 gm. per day in cattle on a fast. These 

values represented 2.9 to 3.0 and 0.5 to 0.7 percent of 

the total urinary nitrogen excretion in the low nitrogen 

and starvation diets respectively. Dased on a review of 

the composition of cattle blood by hayden, Dukes (5B,p.4) 

lists 4 to 8.5 m. per 100 cc. as the range for amino acid 
nitrogen. Tue lack of literature on total amino acid nitr 

gen in cattle blood is surprising (3). 
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4. Creatinine. 

The excretion of creatinine, the anhydride of creatine, 

in contrast to ammonia and urea, is highly constant and is 

only slightly influenced by chances of dietary proteins 

(l85,p.51) (57) (18) and (21,p.67). Creatinine is there- 

f ore considered to be an index of the magnitude of the 

metabolism of the tissues and especially the muscles. When 

isotopic creatine is administered, it rapidly meres with 

all the creatine of the body. The isotope concentrations 

are the same, not only in the crest me isolated from the 

muscles and internal organs, but also in the creatinine of 

the urine (28,pp.11l-119). This creatinine must have been 

formed directly from creatine. 

Lindsay (14O,pp.79-99), in studying the protein metab- 

o15.sm of the ox and pregnant cow found a urinary excretion 

of 0.006 to 0.091 gin. creatinine nitrogen por loo cc. for 

the ox and 0.044 to 0.087 gin. for the cow. This represents 

.4 to 5.0 percent of the total nitrogen excreted by the ox 

and 2.8 to 7.4 percent of that of the cow. i)ukes (58,p.359) 

states that Munzer found the creatinine content of ox urine 

averaed 1.12 gm. per litre. In a study of fasting steers, 

Carpenter (47,p.542) found an hourly excretion of creati- 

nine ranging from 0.07 to 0.72 gin. and Dinning et al. 

(57,pp.157-161) reported a daily creatirìine nitrogen excre- 

tion range of 2.27 to 4.33 gm. in steers recoivinr: nitrogen 
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from various dietary sources and a range of from 3.16 to 

3.94 gxn. in steers receivin different amounts of dietary 

nitrogen. 

The creatinine coefficient is the number of milligrams 

of croatlnine nitro:en eliminated daily per kilogram body 

weight. Lusk (146,pp.235-256) gave values of 8 to 11 for 
normal adult human males; 5.8 to 9.8 for normal adult 
human females; 10 for adult dogs. Carpenter's fasting 
steers (47) gave coefficients ranging from B to 9; Âshworth 

and. J3rody (13,p.9) found coefficients in the order of 9.5 

for dairy cattle; and Dinning et al. (57) found that 

chan es in nitrogen intake and the addition of urea to the 

rations were without effect on the creatinine coefficients 
of steers. Dinning et al. reported a mean creatinine 
coefficient of 11.18. The creatinine coefficient may be 

taken as an indication of reserve material, i.e., whether 
the animal is fat or lean, because the fatter the animal 

the lower will be the creatinine coefficient (70,p.85). 
high creatinine coefficients may also be due to more 

active protoplasmic tissue in younger animals. 
Blood concentrations of creatinlne have boon reported 

by several investigators. Folin and Denis (76,pp.487-491) 

reported an average creatinine value of 2 mg. per 100 cc. 

01' whole blood. Hayden and co-workers (l09,pp.l97-203) 
(llO,pp.102-11o) and (1ll,pp.1E31-19l) reported averages of 
1.20, 1.37, and 1.84 mg. por 100 cc. while Scheunort and 
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von Polehrzim (184,pp.17-29) gave oroatthine ranges of 1.2 

to 2.5, 1.4 to 1.8, and 1.5 to 1.7 mg. per 100 cc. of blood 

for cattle. Anderson, Gayley and Pratt (7,pp.336-348) 

obtained an average of 1.42 rna. per 100 cc. from 59 deter- 

minat1on of dairy cattle blood with values ranging from 

1.11 to 1.94 mg. and Dukes (58,p.43) reported a nornrnl 

blood creatinine range for cattle of 1.0 to 2.07 mg. per 

100 ml. of whole blood. hecently, Colby et al. (5l,p.652) 

reported a creatinine average value of 1.$2 mg. for beef 

cattle following a 196-day post-weaning feeding period. 

5. Uric Acid. 

Purines can be synthesized de novo in the mammal aa 

proven by the formation of nucleic acid and nucleotides 

during growth when the only food is milk which contains 

little or no purine (l60,p.510). Studies with isotopic 

phosphorus indicato the rapid incorporation of P32 into 

nucleic acid in the walls of the intestine, with less rapid 

uptake in the spleen, testes and muscle (lievesy and 

Ottesen, 160,p.510). On diets that are largely of animal 

origin, purine metabolism is partly exogenous. Endogenous 

purines are derived enzymatically from nucleic acids in 

body tissues, While the principal purine found in the 

urine of rilan is uric acid, its oxidation product, allan- 

tome, 1arge1i replaces it in the urine of fami animals. 

hunter and &ivens (l2l,pp.4O-416) reported that the purina 
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urinary nitrogen excretion in the cow was composed of 92.1 

percent allantoine nitrogen and 73 percent uric acid nitro- 

gen. Lindsay (140,pp.79-99), in studying the allantoine 

excretion of cattle, found ranges of 0.029 to 0.219 gm. per 

loo cc. for the cow and O to O.0L3 gm. per 100 cc. for the 

ox. This represents a range in the total urinary nitrogen 

excretion of 2.0 to 9.6 percent for the cow and O to 0.8 

percent for the ox. 

On analysing, cattle blood, Folin and Denis (75,pp.29- 

42) reported a value of 0.2 mg. per 100 cc. for mixed blood 

at slaughter. Later, using improved methods, Benedict 

(20,pp.633-640) found that the free uric acid content of 

blood increased from 2.0 mg. per lOO cc. at tiLe time of 

collection to 7.15 mg. per 100 cc. upon standing for two 

weeks. The total uric acid remained the same. Lsyden and 

Tubangui (111,pp.l81-19l) obtained an average uric acid 

content of 2.12 with a range of 1.60 to 2.64 mg. per 100cc.; 

Hayden and Shell (11O,pp.102-11O) obtained an average of 
2.08 mg. per 100 cc.; and Hayden and Fish (l09,pp.197-203) 
obtained an average of 2.04 mg. per 100 cc. of blood in 

studies o1 dairy cattlo. Scheunert and Pelchrzim (184, 

pp.l7-2) found a uric acid range of 1.0 to 4.2 mg. per 

loo cc. and Anderson, Gay1e', and Pratt (7,pp.338-44) 
found an average of 2.08 mg. and values ranging from 1.50 

to .2% m. per 100 cc. of blood. 
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In rev1ewth t1e literature, ab extra, certain points 

dominato. First, the deirabi1ity of having an index which 

would permit the hih1y accurate prediction of future rate 

and efficiency of cain of immature beef cattle is self 

evident. second, attempts to predict such rates and 

efficiencies on the basis of traditional judging procedures, 

skeletal measurements, birth and weaning weights, and 

suckling gains have lacked the necessary degree of accuracy 

for adoption in production procedures. Third, actual 

feeding trial3 through a weight-constant period, while 

yie1din superior results, aro as equally expensive as 

trials throuh time-constant periods. Fourth, there is 

little doubt that the ultimate control of rate and effi- 

ciency of sain is under the mediation of the endocrino 

system of the beef animal, the expression of which is evi- 

dent to a variable decree in the blood and urine levels of 

nitrogen compounds. Fifth, ad hoc experiments are much 

more useful in comparing the metabolism of rapidly and 

slowly ainin beef cattle with the objective of establish- 

inL selection criteria of a high order than are attempts to 

reach the same objective by revaluatin data published 

principally for other purposes. 

Therefore experinents were begun at this station 

embracin an investigation of the normal constituents of 

the urine and blood of beef cattle tested for rate and 
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efficiency of sain in the hopo that correlations between 

blood or urine chemistry and rate or efficiency of gain may 

be established. In addition, a certain by-product is basic 

iníornaation on the blood and urine chemistry of beef 

cattle. 
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CHAPTER III 

METHODS AND PIOCEDURE 

"Whatever is worth doing at all, is worth doing well" 
Philip Dormer Starihope. 

A. Biological Methods. 

The data used in this study were from 45 beef calves 

at Oregon State College under the Western Regional Beef 

Cattle Improvement Project. The calves wore purebred Here- 

ford and Aberdeen Angus bulls and heifers. All were born 

dur1n the spring of 1952 and. were weaned at 450 pounds 

live weight, or on December 3, 1952. As the calves reached 

aPproximately 450 pounds, they were placed under oxper- 

mental conditions. 

1. General Management. 

The management procedures used and recommended (30, 

p.2) (52,pp.1-6) and (l36,p.l) at this station were adopted 

as the basis for the present study. Individual stall feed- 

ing was done twice daily at uniform timos and the calves 

remained tied by neck chains for a total of approximately 

eight hours. The metabolism stalls used were locally con- 

structed with minor modifications of the design proposed by 

Briggs and Gallup (36). Mangers were constructed such that 

calves had access to water at all times through automatic 

drinking cups. Pons, in which wood shavings were used for 

bedding, housed the calves in monosexual groups of six. 



TABLE i 

DISThIBUTION OF ]XPERIMENTAL ANIMALS BY SIRE, S.EX, AND BREED 
- - 

5OO1b s . - 
Breed Sire Males T emales Males 

otai __ No . No . T ot a1 
_____ieraaies 

Hereford 38 B 3,1312, 2 B 5,B 6, 6 (1) B12. i B 5,B 6, 6 

B 9,317, B 9,B17, 
B19,B25. B19,B25. 

'71 B 4,B 8, 3 B 1,1311, 5 B 4,13 8, 8 B 1,B11, 4 
B13,B16, B23,1327, B15,B16, (2),1327, 
B2O,k2i, F332. B20,B21, ¡332. 

1322,B28. B22,B28. 
84 ¡310,1318, 3 I3 2,B 7, 4 B1O,B18, 3 B 2,B 7, 4 

1326. B15,B29. 1326. 1315,1329. 
1ierford _ ta1s 13 - 15 _ 12 

Aberdeen 101 1355,1356, 5 B52,B61, 4 1355,1356, 5 1352,1361, 3 
Angus 1357,i360, 1366,1368. B57,B60, 1366,(3). 

1363. B63. rrrs i i Th5O ,B53, TTI37'r 
1358,359, B58,B59, 
1364,1365, B64,B65, 
1369. B69. 

Aberdeen Angus Totals 6 1 6 10 
Grand TotiI 19 26 18 

(1) Died at 500 pounds. 
(2) Abnormal. Culled at approxImately 600 pounds. 
(3) Removed at 740 pounds because of the termination of test. 

I-J 



ANALYSIS OF O.E.C. RA..LCN FOK PERFORMANCE TESTING BEEF CATTLE (166,p.1) 
Values Based on Morrison's Standards (163, Appendix I) 

. 

Crude 
FEEDSTUFF tation Matter T.D.N. Energy Protein Protein xtract r1.bre Ash N.F..E. 

(Therma) _____________________________________ 
Alfalfa 

. 

No.2 grade G6.5 90.5 52.7 42.2 11.7 15.8 2.2 27.4 8.5 36.6 

o1assos 5.0 80.5 60.8 68.]. 4.4 8.4 - - 8.8 62.0 
o11ed 

Barley 15.O 89.8 78.7 71.4 6.9 8.7 1.9 5.7 2.6 70.9 
Ground 
Oats 5.38 91.2 72.2 00.1 7.0 9.0 5.4 11.0 3.7 62.1 

Leet Pulp 3.25 91.9 72.1 70. 7.1 10.7 0.7 16.0 5.1 9.4 
heat 

Bran 2.25 90.5 67.7 57.1 13.0 16.1 4.3 B7 5.7 55.7 
Soybean 
Meal (44,) 1.75 91.3 78.9 78.4 38.1 45.4 5.3 5.4 5.9 29.3 
Linseed 
Meal (32y ) 0.35 9( 77.4 78.5 3.1 38.0 5.9 '7.7 5.6 33.7 
Steamed 
Bone Meal 0.175 96.3 - - - 7.1 3.3 0.8 81.3 3.8 

Skim Milk 0.20 94.4 80.7 138.8 34.7 1.2 0.2 7.8 50.3 

yeast 0.009 9.9 70.2 - 41.9 48.7 1.1 5.5 6.4 32.2 
Salt 0.15 - - - - - - - - 

Average 59.5 52.2 10.8 1.3 2.28 20.5 7.26 45.33 
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One inch pellets composed o± 2 parts ha1f-round 

alfalfa and i part concentrato comprised the whole ration 

which made it possible to determine feed consumption and 

refusal with accuracy. All animals were fed so that there 

was some weihback daily; thus, ad libitum feeding was 

simulated A detailed analysis of the ration is given in 

Table 2. 

All calves were weighed once weekly at a uniform time 

as well as upon entering and leavin: the metabolism stalls. 

2. Urine Collection. 

Bull urine was collected by means of a Davol rubber 

funnel (36,p.479) strapped to the animal with a harness and 

connected to a rubber hose leading to a 5 gallon carboy 

beneath the false floor of the stall. A 1.5-inch hole 

drilled in the solid wooden floor accommodated the hose. 

The urine collecting funnel was cone-shaped with a metal 

ring at the top and an opening to the cono of 12.5 inches 

diameter length by 10.5 inches diameter width. The cono was 

tapered to a depth of b.5 inches from the top and vents to 

a bore-in tube of 0.76-inch diameter. Harness straps were 

of webbing. 

Hanzard, Comar and Plumlee (l03,pp.13-25) described 

metabolism units of simple design and operation that ful- 

filled the essential basic requirements; these were adopted 

with modifications for this study. rThe urine conduits far 



FIGURE la. The heifer urine conduit in posi- 
tion, demonstrating attachment. 

FIGURE Lb. The bui]. urine funnel in position, 
denionstrating attachment. 
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heifers were constructed. from a 3-inch seamless rubber tube 

approximately 4 feet lon. iach was prepared for use by 

making a 3.5 to 5 inch incision along one side of the 

folded edge 01' one end of the tube and reinforcing the ter- 

minal end with a cold rubber patch. 

Attchtnent and operation wore similar to that de- 

scribed for swine and cattle (103,pp.13-25) (104) (102, 

pp.65-68) and (l16,pp.565-57O). The split-end of the con- 

duit vias placed around the vulva and secured to the heifer 

by means of 3 pairs of 3-inch webbing straps, each 10 to 

12 inches long. The straps wore attached to the animal by 

means of branding cement. The most convenient order to 

follow in assembling the conduit and making the attach- 

monts was that outlined by Hanzard, Comar and Plumlee 

(l03,pp.21-24). 

Because sudden changes of environment affect the feed 

and water consumption of beef cattle to a varyin: degree 

(163,pp.788-789 and 47), all animals wore refused both feed 

and water during confinement n the stalls. To standardize 

the effects of diurnal rhythms, each anima]. was placed in 

the stall at 7 to 7:30 a.m. and removed 24 hours later. 

The animals were then returned to their respective pens. 

Urinalysis was initiated irmediato1y upon completion of 

the collection. All urine samples were collected under 

tolueno. 
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Total 24 hour vo1um was Lneaured by means of grad- 

uated cylinders while urinometors were used to determino 

the spec5.fic gravity. Temperature was taken at the tuas 

of specific ¿ravity determination and the urine o1ids 

content was calculated using, Long's co-efficient (108, 

pp.813-814). 

3. Blood Collection. 

Fifteen ml. samples were drawn from the right jugular 

vein of each animal 24 hours after it was returned from the 

metabolism stall. Stainless steel bleeding needles were 

used and the blood was collected in pyrex tubes (208,p.359) 

using neutral potassium oxalato at a rate of i mg. per ml. 

in preference to other anticoagulants (lBO,pp.685-695) 

(1l2,p.777) and (108,p.491). Analysis was initiated imme- 

diatoly upon completion of the collection. 

B. Chemical Methods. 

The methods used to determine the concentration of the 

various constituents in the urine and blood of the test 

calves were those methods that have been developed and 

extensively employed for analysing urine and blood of the 

human and other species. For photometric determinations, 

optical density was determined with a Coleman Photoelectric 

Photometer employing 1 cm. cuvettes. 



1. Urinalysis. 

Titratable acidities wore determined according to a 

method suested by Krueger- in preference to other methods 

(l13,pp.3O5-5l5 and 108,p.8lO) since a more exacting 

analysis was desired. This method of procedure was 

employed in the manner indicated in Figure 2. 

FIGURE 2. TITRATABLE ACIDITY DETERMINATION 

TOTAL 24 HOUR TJRI}IE COLLECTION 

ALIQUOT i ALIQUOT 2 ALIQ,UOT 3 ALIQUOT 4 
(25 ml.) (25 ml.) (25 ml.) (25 ml.) II ' 20ml. N/bUd + 20ml. N/1ONaOH 

INITIAL pH INITIAL pH RESdLTANT pH RESULTANT pff 

pH of i ml. additions of N/lO Electrolyte recorded 

NIlO iiCl N/b NaOH N/lo NaOH N/lO HC1 

I 

pff-3 
I 

pff-10 
I 

Initial pli 
I 

Initial pli 

The procedure for Kjeldahl nitrogen determinations was 

undertaken according to the methods outlined by Hawk, Oser 
and Summerson (108,pp.418-4l9) and the Association of 

Official Agricultural Chemists (l4,pp.26-27) with the 

1Krueger, Hugo M. Unpublished method of titratable 
acidity determination, Corvallis, Oregon State College, 
Department of Animal Husbandry, 1952. 
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f o11owin modifications recommended by Oldf leid2: (a) The 

diatiliate was collected in 4 boric acid; (b) the indi- 

cator was composed of O.1; bromcresol groen in 95, ethyl 

alcohol (10 ml.) and o.1 methyl red in 95 ethyl alcohol 

(2 tul.). 

Urea was determined according to a rodification (108, 

pp.825-826) of the direct nesslerization method of Folin 
and Younbur (78,pp.ill-112) and (214,pp.391-394). 

Ammonia was detorciined by nesslerization according to the 

perrautit method of Folin and Bell (74,pp.329-335), while 

the unease method of Buchanan, Block and Chriatman (42, 

pp.131-187) was employed for uric acid determinations. 

Creatinine was determined on the basis of the Jaffe 

reaction (94,pp.l443-l448) (95,pp.103-106) and (96,pp.6Ol- 

612) using tiie Folin method in a modified form (iO8,pp.859- 

842). Because of the lack of adherence to Beer's law, the 

creatinine content was established from its photometric 

density by reference to a standard calibration curve 
(2,pp.58l-59l and l74,pp.179-186). Creatine was deter- 

mined by difference employing the Folin method (7i,pp.469- 
47) and the calibration described above. 

2. Haemato1o. 

For haemolobin determination oxalated blood was 

2Oldfield, J. E. Unpublished modifications of the 
Kjeldahl procedure, Corvallis, Oregon State College, Ani- 
mal Nutrition Laboratory, Dept. of Animal Husbandry, 1952. 
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treated with saponin (168,p.1l6) and the colour density 
read in the poncer Haemoclobinometer. One blood sample 

was followed through completely rather than setting up a 

number simultaneously in order to standardize technique. 

Oxalated whole blood was employed for glucose deter- 
rriination (193,pp.69-73) by the Somogyi-haff er-Hartmann 

method (l90,pp.599-612) outlined by flawk, Oser and Summer- 

son (lOG,pp.524-525). Deproteinization was accomplished 
by laking 1 volume of blood with 7 volumes of water; after 
adding i volume of a lO percent solution of ZnSO4.7H20 

the whole was mixed and with continuous shaking, 1 volume 

of O.5N NaOH was added. After a few minutes the solution 

was filtered througl'i a dry filter paper (108,p.524). 
Values were determined by comparison against a standard. 

For other blood constituents Haden's modification 
(98,pp.469-471) of the Folin and Wu preparation of protein- 
free filtrate (77,pp.82-86) was used aines it required 
fewer solutions and yielded moro filtrate. 

Urea was determined according to a method based on 

an original procedure by Karr (l23,pp.329-333) using gum 

ghatti as a stabilizing colloid (73,pp.231-236 and 142, 
pp.189-195). Uric acid content was determined according to 
a method by Brown (4l,pp.601-608). The amino acid deter- 
mination used (108,pp.5l7-5l9) was based on an original 
proposal by Folin with improvements by Danielson (53, 
pp.505-522) and Sahyun (182,pp.549-551) and methods of 
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adaptation for photometric measurement by rrare, Russell 
and Wilhelmi (83,pp.255-27O) and Russell (181,pp.467-468). 

T)ae folth and Wu method for creatinine deterrninstion 
(77,pp.81-ll0) was employed usin a creatinine standard 
prepared according to Hawk, Oser and Summarson (l9B,pp.5O8- 

509) sInce croatinthe color does not follow Eser's law 

(l17,p.2264) exactly at concentrations ordinarily encoun- 
tered. The picric acid used in both the croatinine and 
creatine determinations was pro'osed accord1n to Peters 

(l74,pp.l79l86) to enhance the accuracy of determination. 
'11iile it ws recomuized that increased specificity in 
creatinine determination is obtained by the use of the 

creatinine destroyinß bacteria 01' Miller arid i)ubos (6, 
pi).l69..172) (155,pp.383-391) (156,pp.457-464) and (33, 

pp.559-574), liiited facilities necessitated the employment 
of the Polin and Wu procedure (l08,pp.509-510) based on the 
Jaffe reaction. Creatine was determined by difference 
usin. a standard curve propred according to the procedure 
cited previously for creatinine. 
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CHAPTER IV 

RESULTS 

count is a modern practice, the ancient method was 
to 'uess." 

Sanruel Johnson. 
"A reasonably thorough understanding of the basic 

premises which lead to whatever deductions are to be made 
is obviously a desideratum of high order." 

I. Michael Lerner. 

The results presented have been classified according 

to age, weight3, rate and efficiency of gain during test, 

nutrient intake, chemical data from urine and blood analy- 

ses, metabolism stall weight changes, and urine excretion. 

iesu1ts of blood analyses have been considered under the 

following headings: Urea nitrogen, amino acid nitrogen, 

creatinino, and uric acid. ata from urinalyses have been 

considered under the headings: Tota]. nitrogen, urea 

nitrogen, ammonia nitroL;en, urea:ammonia nitrogen ratios, 

creatinine, creatinine coefficients, uric acid, and uric 

acid coefficients. Blood glucose, creatine and haomoglobin 

and urine specLic gravity, total solids, creatine, and 

titratable acidity were beyond the scope of the data con- 

sidered desirable for study in this thesis and were 

reserved by the writer for subsequent analysis. 

3The values 500 and 800 pounds live weight represent 
the approximate pen weights of the groups studied and are 
used both to denote weight and period of analysis. 
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A. Rate Efficiency 2.: Gain. 

As thdicated in Figure 3, anna1s varied considerably 

n age at the time they reached 500 and 800 pounds body 

weight. The youngest calf was placed on test at 179 days 

of ase, the eldest at 3O days. Contrary to the findings 

of Dahrrien and BoCart (52i.l6). age put on test liad no 

significant effect on rate of gain durino test, but did 

have a struificant effect (at the 1% level) on efficiency 

of gain. rjÌ reression coefficient of 1.55 shows that for 

every day of ao on test above the mean there ws required 
1.55 pounds more TDN per 100 pounds gain in live weight. 

Daily gains xde by all groups and all individuals exceeded 

the recommended adequate ratee listed by the U. S. Nation- 

al Research Council (l65,pp.4-5) for growing bulls and 

he if ers 

It may be seen (Table 3) that the average rate of gain 

of males exceeded that of females in ali grOups classified. 

Hereford females exceeded Ans females while hereford males 
exceeded Angus niales due mainly to the most satisfactory 

gains realized by the progeny of flereford sire 71. The 

uniformity of the relatively low gains of feles sired by 
Angus bull 101 is noteworthy. This group contributed 

markedly to the large sex dimorphism of the An:us cattle. 



FIGURE 3. 

EFFECT OFAGEON TIME ON TEST. 

)Q 
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TABLE 

RATE AND EFFICIENCY 0F GAIN 0F EXPERflvtNTAL GROUPS 
FROM 500 TO 800 POUNDS BODY WEIG 

RATE OF GAIN EFFICIENCY O 

GROUP CALVES (lb./day) 
AV6 . ri1gJ LsOW AVOjOW :__ __ 

All Animals 42 2.46 5.65 1.66 444 300 682 
All Males 1t3 2.0 3.65 2.17 357 300 420 
All kemales 24 2.14 2.57 1.66 510 597 682 
All lierefords 26 2.56 3.50 1.92 417 304 545 
All Angus 16 2.31 3.65 1.66 490 300 662 
Hereford Males 12 2.92 3.50 2,17 349 304 420 
Hereford eîales 14 2.26 2.57 l92 475 397 545 
Angus Males 6 2.87 5.65 2.38 372 300 420 
An8us Fe1aÂ!8 10 1.97 2.55 1.66 560 470 682 
Bulls by 38 ]. 2.75 

71 8 3.12 3.50 2.72 341 $19 367 
84 3 2.43 2.80 2.17 369 304 403 

101 5 2.84 3.65 2.38 361 300 420 
117 1 2.99 327 ___ 

Heifers by 38 6 2.22 2.28 2.i 484 464 515 
71 4 2.38 2.57 2.22 482 416 545 
84 4 2.20 2.57 1.92 453 397 537 

101 3 1.78 2.01 1.66 609 571 682 
117 7 2.05 2.55 1.80 539 470 598 

Inconsistencies in total numbers and unequal. numbers 

of each sex per croup (uncontrollable factors to date) 
make cornparisone of total proceny rroups of the 5 sires 
hazardous. Suffice to say, the results obtained from pro- 

geny of sire 71 were outstanding. 
in a like nianner the efficiency of' gain of bulls, 

measured by TDN consumed per 100 pounds gained in body 

weiht while on test, exceeded the average efficiency of 

gain of females in all roups StuLIled. All herefords 
showed greater efficiency than all Anus, Hereford bulls 
exceeded Angus bulls, and hereford heifers exceeded Angus 
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heifers. The uniformity of the relatively low efficiency 

of the An;us heifers, especially the pro,eny of sire 101, 

resulted in approximately 50 percent greater sex dimorphism 

in te Anus than in the Hereford groups. The efficiency 

of gain of all groups was judged satisfactory according to 

the recommendations of the U. National Research Council 

(165,pp.3-7). 

B. Nutrient Intake. 

Since the Total Dicestible Nutrient (TDN) and Nitroc-en 

contents of the ration were considered constant, comments 

concern1nT feed intake apply equally well to TDN and 

nitrocn intakes. The total and average daily nutrient 

intakes, respectively, of tue experimental groups during 

the 500 to 800 pound test period are shown in Tables 4 and 

5. 

Total nutrient intake varied markedly between sexes, 

with heifers showing a greater intake than bulls, and be- 

tween breeds, with the AnL.s group showing a greater intake 

than the hereford group. Much of the between breed dif- 

ference may be accounted for by the high nutrient intake 

of the heifer group sired by 101. 

Data presented in Table 5 are most interesting in 

that bulls gained at a faster daily rate than heifers, yet 

consumed less feed (approx. 1.2 lb./day). In a like 

manner, the kiereford group gained more rapidly than the 



TABLE 4 

TOTAL NUTRIENT INTAKE OF EXPERIMENTAL GROUPS DURING THE TEST FERIO]) 

INTAKE IN POUNDS 
GROUP CALVES FEED TDN* NITROGEN** 
____________ Ave. High Low Ave. High Low Ave. High Low 

Al]. Animals 42 2352 364 1673 1395 2162 995 53.36 B3.15 38.35 
All Males 18 1891 2160 1673 1125 1285 995 43.26 49.42 38.28 
All Females 24 2663 3634 2161 1597 2162 1286 60.93 83.15 49.45 
All Hereforde 26 2207 2986 1682 1313 1777 997 50.49 68.32 38.35 
All Angus 16 2536 3634 1673 1528 2162 995 58.01 83.15 38.28 
Bulls by 38 1 1846 1099 42.24 

71 8 1815 1953 1682 1081 1185 997 41.55 45.56 38.35 
84 3 1982 2155 1689 1179 1282 1005 45.30 49.30 38.65 

101 5 1998 2160 1673 1189 1285 995 45.72 49.42 38.28 
117 1 1726 1027 39.48 

Reiters by 38 6 2579 2648 2450 1535 1576 1485 59.Ö2 60.59 56.07 
71 4 2515 2986 2161 1496 1777 1286 57.55 68.32 49.45 
84 4 2381 2727 2161 1417 1623 1286 54.47 62.41 49.45 

101 3210 3634 2975 2010 2162 1770 73.44 83.15 68.08 
117 '/ 2746 2916 2393 1634 1735 1424 62.84 66.72 54.74 

* Computed from Morrison; 21st Ed. 59.5% 
* Computed fiom Morrison and verified by Kjeldahl analysis. 



TABLE 5 

AVERAGE DAILY FEED IAKi OF CALVES DURING THE TEST PERIOD 

INTAKE IN POIJ1DS 
GROUP CALVES NITROGEN 

rvi. High Low Äe. High Low 

All Animals 42 17.6 20.3 13.9 10.6 12.1 8.3 .4]. .46 .32 
All gales 18 16.9 19.3 14.2 10.3 11.5 8.5 .40 .44 .32 
All Females 24 18.1 20.3 L5.9 10.6 12.1 8. .42 .46 
All lierefoxds 26 17.3 20.3 13.9 10.4 12.]. 8.3 ai ) .46 .32 
All Angus 16 18.1 20.1 15.9 10.8 12.0 9.5 .41 .46 
Bulls by 36 1 l'3.5 9.8 .38 

'71 8 17.2 18.9 16.7 10.6 11.2 10.0 .41 .42 .38 
84 3 14.9 15.8 14.2 8.9 9.4 8.5 .4 .36 .2 

101 5 17.9 19.3 16.2 10.7 11.5 9.6 .41 .44 .37 
117 1 16.4 9.8 .38 

Reifere by 8 6 18.0 19. 16.7 10.7 ll.: 9.9 .41 
___ 
.44 .38 

71 4 19.1 20.3 17.2 11.4 12.1 10.2 .44 .46 .39 
84 4 16.7 18.6 lo.9 10.0 11.0 8.3 .39 .43 .32 

101 3 18.2 19.2 15.9 10.8 11.5 9.5 .42 .44 .37 
117 7 18.4 20.1 16.6 10.9 12.0 9.9 .42 .46 .38 
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Angus group and consumed less feed (0.8 lb./day) in doing 

80. The relatLve superiority of theefficiency of such 

groups is evident from Table 3. 

In comparison with other progeny groups, the surpris- 

ingly low daily nutrient intake of both the heifer and bull 

groups sired by 84 is impressive, and is largely respons- 

ible for most of the difference in average daily feed 

Intake between breeds. In spite of the low daily rate of 

nutrient intake, the most efficient group of heifers was 

those sired by 84. 

C. Blood Values. 

1. Urea Nitrogen. 

Blood urea nitrogen averages fell well within the 

normal range presented by Dukes (58,p.49) although several 

heifers and one bull exceeded the upper limit of the range 

(27 mg./l00 cc.) at 500 pounds body weight. At both 500 

and 800 pounds, the average blood urea level of males was 

lower than that of females and the Hereford group was lower 

than the Angus. Marked individual variation was evident 

within each classification group. With the exception of 

bulls sired by 38 the average blood urea level of all 

groups decreased with an increase from 500 to BOO pounds 

body weight. The high average value at 500 pounds for 

bulls sired by 84 is noteworthy, especially when considered 

in relation to the relatively low dietary intake of the 

group during the test period. 
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TABLE 6 

BLOOD UREA NITROGEN LEVELS OF EXPERIMENTAL 
GROUPS AT 500 AND BOO POUNDS BODY WEIGHT 

GROUP CALVES 500 lb. CALVES 3UO ib. 
Ave. High Low Ave. High Low 

All Animals 45 17.66 29.42 6.67 42 15.38 24.17 8.81 
All Males 19 15.79 28.04 9.20 18 14.31 19.96 8.1 
All Females 26 10.03 29.42 6.67 24 16.19 24.17 9.28 
All LiereÍord8 28 16.90 29.42 B.t34 26 15.17 23.33 10.03 
All Azri.ia 17 ÌB.93 29.42 6.67 16 15.72 24.17 8.81 
Bulls y 38 2 12.96 13.48 12.44 1 18.45 

71 8 14.81 18.80 10.20 8 13.93 19.93 10.03 
84 3 2l.35 2b.04 14.48 3 14.bb 15.75 10.83 

101 5 15.03 20.40 9.20 5 14.8 19.96 3.B1 
117 1 14.88 1 12.08 

Heifers by 38 6 15.98 26.19 84 6 14.56 16.94 11.48 
71 5 19.21 27.70 11.44 4 16.74 23.33 11.34 
84 4 17.80 29.42 8.84 4 16.65 17.71 14.29 

101 4 18.79 29.24 6.67 3 14.40 17.bO 9.28 
117 7 22.36 29.00 14.56 7 17.76 24.17 14.04 

2. Amino Acid Nitrogen. 

Like blood urea nitrogen, blood amino acid nitroren 

averages for all the groups fell well within the nortnal 

rance listed by Dukes (58,p.49) for the cow, although one 

heifer exceeded the upper limit at 500 pounds while another 

exceeded it at 800 pounds. At both 500 and 800 pounds the 

averare for males was lower than females and the Hereford 

average was lower than that of the Angus group. Consider- 

able variation within each group was apparent. Detailed 

study revealed a decrease in blood amino acid nitrogen 

levels with increasing body weight by calf groups sired by 

38 and 71 and the heifer group sired by 101, while all 

other groups increased throughout the same period. Both 
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the bull and heifer groups sired by 84 had the lowest 

averae values in their respective classifications at both 

500 and BOO pounds while the average for heifers by 117 

was definitely the highest obtained in both test periods. 

TABLE 7 

BLOOD AMINO ACID NITROGEN LEViLS OF EXPERIMENTAL GROUPS 
AT 500 AND 800 POUNDS BODY WEIGHT 

BLOOD AMINO ACID NITROGEN (mg./l0O cc.) 
GROUP CALVES 500 lb. CALVES OO lb. 

Ave. fll.gh Low Ave. 111gh Low 

All Animals 45 7.10 8.83 4.10 42 7.28 8.66 5.34 
All Males 19 6.72 8.03 4.10 18 6.80 8.26 5.34 
All Females 26 7.38 8.83 4.76 24 7.64 8.66 6.16 
All lierefords 28 6.94 8.10 4.74 26 7.09 8.52 5.34 
All Angus 17 7.36 8.83 4.10 16 7.59 8.66 6.98 
Bu11s by 38 2 7.51 '7.82 7.20 1 7.16 

71 8 6.83 8.03 5.36 8 6.66 7.08 5.76 
84 3 6.15 6.66 5.49 3 6.4b 7.28 5.34 

10]. 5 7.08 7.68 6.58 5 7.12 8.26 7.08 
117 3. 4.10 1 6.96 

Heifers by 38 6 7.26 8.10 6.13 6 7.48 7.96 6.81 
71 5 6.36 7.43 4.74 4 7.51 8.52 6.25 
84 4 6.49 8.10 6.13 4 7.36 8.38 6.16 

101 4 7.70 8.83 6.5. 3 7.57 7,79 7.35 
____ 117 7 7.84__8.41 7.31 7 8.02 8.66 7.45 

3. Creatinine. 

While all croup averages loll well within the range 

given by Dukes (58,p.49), many individual values for blood 

preformed creatiriine surpassed this range at both 500 and 

800 pounds body weight. The creatinine averaíe for all 

animals decreased with increased weight. This decrease in 

creatinine with increasing weight was also observed in the 

Male, Fesiale, and Angus groups. Herofords, however, showed 
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an 1ncrecse with increased weicht due largely to the bulls 
anL5 heifer sired by 38 and heifers sired by 71 which 

showed a large average chance from 500 to 800 pounds body 

weight. Very little difference was foun between the 

averaEes for All Males and All Females at both 500 and 300 

pounds but, while all groups of Ancus decreased from 500 to 
80 pounds, variations in trend were evidenced both within 
and between hereford sex and. sire groups resulting in a 
large difference between the All Hereford and All Anrus 
groups at 800 pounds. 

TABLE 8 

BLOOD CREATININE LEVELS 0F EXPERIMENTAL GROUPS 
AT 500 AND 800 POUNDS BODY WEIGHT 

BLOOD CIATXNINE (mg./l0O cc.) 
GROUP CALVES 500 lb. CALVES 800 lb. 

Ave. High Low Ave. High Lo 

All Animals 45 1.58 2.70 0.80 42 1.39 2.64 0.60 All Males 19 1.59 2.70 0.90 18 1.37 2.64 0.63 
All Females 26 1.57 2.70 0.80 24 1.41 2.37 0.60 
All iierefords 2b 1.51 2.70 0.90 26 1.61 2.64 0.63 
All Angus 17 1.69 2.70 0.80 16 1.05 1.24 0.60 
Bulls by 38 2 1.13 1.35 0.90 1 2.28 

71 8 1.54 2.19 1.20 8 1.37 2.4; 0.63 
Q4 3 1.88 2.70 1.35 3 1.90 2.64 1.51 

101 5 1.50 2.31 0.96 5 0.94 1.18 0.69 
117 1 2.48 1 1.08 

Heifers by 38 6 1.45 1.68 1.20 6 1.57 l.3 1.09 
71 5 1.52 2.25 1.02 4 2.02 2.37 1.77 
4 4 1.47 1.68 1.20 4 1.35 1.87 0.92 

101 4 1.57 2.40 0.80 3 1.01 1.24 0.60 
117 7 1.77 2.70 0.98 7 1.13 1.91 O.65 

4. Uric Acid. 

While the blood uric acid average for all animals 
remained virtually constant in tests at 500 and 800 pounds, 
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comparisons between other classification croups reveal many 

nconsistericie. Uric acid averae values for males 

decreased (2.06-1.92 ni./lOO cc.) while values for females 

incresed (1.92-2.06 nig./lOO cc.) approximately the same 

amount. The average value for 1-lerefords decreased while 

that for Anus increased with increased woiht. Further- 

more, while there was un inconsistency in the direction of 

change of averages of Iereford groups between sires and 

between sexes, the averages of bull groups by both Angus 

sires decreased while the averages of heifer groups by the 

same sires increased with increases in weight from 500 to 

800 pounds. 

Average uric acid values for the most part occupied 
the upper portion of the normal blood range for the cow 

given by Dukes (58,p.49) and many individual observations 

exceed the upper limit. An explanation of why some blood 

urea nitrogen, amino acid nitrogen, creatinine, and uric 

acid values should exceed the range listed by Dukes will 

be given in the Discussion. 
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TABLE 9 

BLOOD URIC ACID LEVELS OF EXPERIMENTAL GROUP3 
AT 500 AND 800 POUNDS BODY WEIGHT 

GROUP CALVE500 lb. CALVES 600 lb. 
Ave. High Low Ave. High Low 

All Animals 45 2.02 3.43 1,19 42 2.00 4.1]. 0.98 
All Males 19 2.06 2.60 l.l 18 1.92 2.72 0.98 
All Females 26 l.9b 3.43 1.19 24 2.06 4.11 1.05 
All lierefords 28 1.84 2.50 1.19 26 1.76 2.35 0.98 
All Angus 17 2.31 3.43 1.25 16 2.39 4.11 1.33 
I3ulls by 38 2 2.0e 2.17 l.39 1 2.07 

71 8 1.99 2.30 1.70 8 1.96 2.30 1.90 
84 3 1.76 2.50 1.31 3 1.26 1.49 0.98 
101 5 2.26 2.45 1.87 5 2.23 2.72 1.64 
117 1 2.60 1 1.88 

Heìîers by 38 6 1.91 2.50 1.49 6 1.84 2.34 1.22 
71 5 1.73 2.26 1.5 4 1.82 2.35 1.35 
84 4 1.51 2.03 1.19 4 l.8 2.13 1.05 

101 4 2.08 2.60 1.54 3 2.34 3.08 1.44 
117 7 2.44 3.4 1.25 7 2.60 4.11 1.o3 

D. Urine Values. 

Urinary excretion data were subject to error because 

there was no means of ascertaixiin: if the bladders were 

completely devoid of urine at the beginning and the end of 

the collection period. An atteiípt was made to standardize 

condition8 in that each animal was placed in a metabolism 

stall at approximately 7 a.ni. to reduce diurnal effects, 

and all animals were stimulated to urinate before being 

harnessed or unharnossed. Conscious of such a possible 

source of error, the results obtained have been reported 

on a 24-hour basis Lor total urinary excretion at 500 and 

800 pounds body weight as follows: Urine volume, total 

nitrogen, urea nitroen, ammonia nitroen, creatinine, 
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and uric acid. Lesults of calculated nitrogen retention 
and excretion per kilo body weight, urea nitrogen excretion 
per kilo body weight, urea:ammonia nitrogen ratios, 

creatinine and uric acid coefficients, arid categorized 

percentage nitrogen excretion data have also been reported. 

TABLE 10 

WEIGHT LOSS PER CALF IN TABOLISM STALLS PER 24 HOURS 
BY BXPERIMENTAL GROUPS AT 500 POUNDS BODY WEIGHT 

GR OU P 

_______ _____ Un oi:r i.oss 
% Loss 

All Animals 21 463 458 430 29 6.2 
All Males 7 465 456 429 27 5.9 
All Females 14 462 460 430 29 6.4 
All Herefords 15 465 458 431 28 6.1 
All Angus 6 456 458 428 30 6.5 

TABLE il 

WEIGHT LOSS PER CALF IN METABOLISI STALLS PER 24 HOURS 
BY EXPERIMENTAL GROUPS AT 800 POUNDS BODY WEIGHT 

WEIGHT Urn Pounds) 
GROUP CALVES Pen Metabolism Stall % Loss 
______ ____ On Off Loss 

All Animals 42 806 784 738 46 5.9 
All Males 18 810 791 744 48 6.0 
All Females 24 604 779 733 45 5.9 
All Herefords 26 808 785 739 46 5.9 
Ll Angus 16 604 782 73646 6.0 

As indicated in Tables 10 and 11, the average weight 

loss increased from 29 to 46 pounds per head per 24 hours 

of confinement in metabolism stalls with an increase in 

weight from 500 to 800 pounds. There was virtually no 
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accompanying change in percentage weight loss with increase 

in weight and variations between groups were minor. 

1. Total Urine. 

The averae total urine excretion per 24 hours doubled 

with an increase from 500 to 800 pounds body weight. Every 

group classified exhibited some increase but the variation 

in this increase was rreat. For example; the group of 

calves showing the smallest increase in urinary excretion 

volume was heifers sired by 71 with 2B percent increase and 

the group with the greatest increase was heifers sired by 

101 at 148 percent. Females excreted more urine than males 

at both weights. Herefords excreted moro urine at 500 

pounds than Angus, but at OO the reverse was found. At 

500 pounds body weight the bull calves sired by 71 and 84 

and the heifer calves sired by 101 and. 71 represented the 

low and high averaL:es in tlieir respective categories. At 

800 pounds the bulls sired by 71 continued to represent the 

low average for the bull group8, but the heirers by the 

same sire represented the low and not the high averae for 

the heifers. 
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TABLE 12 

TOTAL URINE EXCRETION PER CALF DURING 24 HOURS BY 
EXPERIMENTAL GROUPS AT 500 AD AT 800 

POUNDS BODY WEIGHT 

oc. O URINE EXÇREED/24 11OtJS 
GROUP CALVES 500 lb. CALVES 800 lb. 

Ave. Hih Low AIe. H1h Low 

All Animals 24 472 7100 1815 41 6992 12025 3525 
All Males 10 3439 7100 1B15 17 6689 9100 4350 
All Females 14 3496 5400 2320 24 7260 12025 3525 
All Herefords 18 3597 7100 1815 25 6908 10050 3525 
All 6 3098 4500 2320 16 '7123 12025 4725 
Bulls by 38 1 3610 . i 8900 

71 6 2965 4705 1815 7 6295 9025 4350 
84 2 4975 7100 2845 3 8090 9100 7000 

10]. 1 3040 5 6015 6900 4725 
117 0 1 6400 

flelfers by 38 3 3495 4130 3170 6 7440 10050 5100 
71 2 4825 5400 4250 4 6155 3550 4220 
84 4 3315 4050 3010 4 6550 9225 3525 

101 2 2465 2610 2320 3 6745 7650 5550 
117 3 3540 4500 2970 7 8180 12025 6500 

2. Total Nitrogen. 

Like volume, urinary nitrogen excretion approximately 

doubled in all groups witli an increase from 500 to 800 

pounds body weight (Tables l and 14). Females excreted 

more nitrogen than males. lierefords excreted less than 

Angus at both 500 and 800 pounds body weight. Relative 

nitrogen intake levels accounted for only a portion of the 

increased excretion of nitrogen. 



TABLE 13 

URINARY NITROGEN EXCRETION PER CALF PER 24 HOURS 
BY EXPERIMENTAL GRTT?S AT 500 POUNDS BODY WEIGHT 

CALVES ve. 
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All Animals 25 43.19 61.54 19.14 
All Males 1]. 36.75 53.18 19.40 
All Fenialee 14 53.60 81.54 38.22 
All Herefords 19 45.55 81.54 19.40 
All Angus 6 48.19 58.77 32.66 Bulls y 38 2 46.65 51.92 41.37 

71 6 33.72 43.38 19.40 
84 2 37.96 53.16 22.73 

101 1 32.66 
117 0 

Heifers by 38 3 51.03 57.61 42.41 
71 2 73.82 31.54 66.09 
84 4 43.31 60.75 38.22 

lOi 2 43.91 49.12 48.70 
117 3 52.88 58.77 47.97 

TABLE 14 

NITROGEN INTAKE, URINARY EXCRETION, AND RETENTION PER 
CALF PER 24 HOURS BY EXPERIMENTAL GROUPS AT 800 

POUNDS BODY WEIGHT 

TOTAL NITROGEN 
GROUP CALVES Intake* Excretion Retoñtlon 

(grn.) jna. % of Intake gm. % of' Intake 
All Animals 41 213.4 97.2 45.5 116.2 54.5 All Males 17 210.1 84.3 40.4 126.2 59.5 All Femí1es 24 215.5 106.4 49.4 109.2 50.7 All Herefords 25 213.5 96.1 4o.1 117.4 55.0 All Anri.is 16 213.4 99.0 46.9 114.4 53.1 Bulls y 3 i 149.8 91.7 61.2 58.2 38.9 

71 7' 210.4 87.0 41.3 123.4 58.7 
84 3 202.8 87.0 42.9 115.8 57.1 

101 5 226.1 82.8 6.6 14.3 63.4 
117 1 217.9 57.6 26.4 160.3 73.6 Ileifers by 38 6 220.2 99.8 45.3 120.5 54.7 
71 4 236.1 113.9 48.2 122.2 51.8 
84 4 210.0 96.6 4.0 113.4 54.0 

101 3 189.2 111.6 59.0 77.7 41.1 
117 7 214.0 111.1 51.9 103.0 48.1 

* Ave. for 7 days prior to entering metabolism stall. , Incomplete sarnp11n. 



iesu1ts of averace food intakes for the 7 days prior 

to entorin metabolism stalls permitted the calculation of 

estimated daily nitrogen retention rates at 800 pounds. 

These are reported in Table 14. Itmay be seen that more 

nitrogen was retained than excreted by all ('roups except 

Angus heifers and the bull sired by 38. Males retained a 

greater amount and a higher percentage of nitrogen than 

females. Herefords retaIned a slightly greater amount and 

a greater percentage than the Angus group. 

TABLE 15 

URINARY NITROGEN EXCRETION PER KILO BODY WEIGHT OF 
CALF PER 24 HOURS BY EXPERINTAL GROUPS 

AT 500 AND AT 800 POUNDS BODY WEIGHT 

NITROGEN EXCRETION (mg./kilo) 
GROUP CALVES 500 lb. CALVES 800 1b7 
________ 1Vè. High Là Ave. High 

All Animals 21 234 411 154 41 273 453 129 
All }ales 7 187 250 154 17 234 324 129 
All Females 14 258 411 179 24 00 453 224 
All -erefords 15 235 411 158 25 269 453 129 
All Anus 6 232 283 154 16 270 384 137 
Bulls by 38 1 204 1 257 

71 4 174 201 158 7 242 324 129 
84 1 258 3 237 272 200 

101 1 154 154 5 230 322 137 
117 0 1 165 

Heifers by 38 3 245 267 210 6 282 373 224 
71 2 367 411 323 4 321 453 229 
84 4 225 271 179 4 271 335 224 

101 2 238 244 231 3 314 376 272 
117 3 254 283 227 7 315 384 276 

Urinary nitrogen excretions per kilo body weight wore 

calculated and have been presented in Table 15. With the 
exceptions of the bull sired by 84 and the heifers sired by 



71, nitrogen excretion per kilo body weight increased in 

all groups with increased weight. Males excreted urinary 

nitrogen at a much lower rate than females at both 500 and 

800 pounds body weight, but the Hereford group, which 

excreted slightly more nitrogen per kilo at 500 pounds, 

excreted slightly less than the Anus group at the higher 

test weight (800 pounds). Detailed study revealed a 

marked difference between excretion levels of the bull and 

heifer groups sired by 71. The hoifers by 71 were of 

further interest in that while their excretion rate was 

considerably higher (approximately 125 mg. per kilo body 

weight) at 500 pounds it was only sligJatly higher than the 

other heifer groups at the 800-pound level. 

3. Urea Nitrogen. 

Since urine urea represented by Lar the largest single 

factor in total urinary nitrogen excretion during a 24-hour 

period (Table 24), the averages of urine urea nitrogen 

paralleled those of total urinary nitrogen fairly closely. 

Urea nitrogen more than doubled in all groups except 

heifers sired by 71 with the change in weight from 500 to 

800 pounds. 

Females excreted nore urea nitrogen than males. The 

Angus group excreted more than the Hereford group at both 

weights studied. Again the progeny of 71 was of particu- 

lar interest in that the excretion rate of bull calves 



sired by him was only about 25 percent as much as that 

excreted by the heifer group by this sire. The hoifers by 

sire 71 showed a considerably higher excretion rato than. 

other heifer groups at 500 pounds. At 800 pounds the urea 

nitrogen values of hoifers by 71 were intermediate amont 

the heifer groups. 

TABLE 16 

URINARY UREA NITROGEN EXCRETION PER CALF PER 24 HOURS 
BY EXPERIMENTAL GROUPS AT 500 AND AT 800 POUNDS BODY WEIGHT 

UREA NITROGEN EXCRETION (gm.) 
GROUP CALVES 50O lb. CALVES 800 lb. 

__________ A. High Low Ave. High Low 

All Animals 25 27.90 59.89 5.86 41 79.90 147.97 19.07 All Malos 11 17.83 41.82 5.86 17 65.31 101.29 20.20 All Females 14 3t5.3l 59.89 17.76 24 90.24 147.97 19.07 All Herefords 19 26.77 59.89 5.86 25 77.36 147.97 19.07 All Angus 6 31.48 5.51 12.82 16 83.86 124.08 38.11 
Bulls by 38 2 22.73 27.45 18.01 1 3.57 

71 6 13.78 27.25 5.86 7 64.59 99.64 20.20 
84 2 27.58 41.82 13.34 3 69.61 82.81 57.82 

101 1 12.82 5 63.60 101.29 38.11 
117 0 1 47.68 

Heifers by 38 3 29.69 36.01 19.21 6 6.42 116.80 59.21 
71 2 59.25 59.89 58.61 4 86.14 147.97 19.07 
84 4 29.43 49.57 12.52 4 81.61 109.78 64.65 

101 2 3777 4.69 31.85 3 101.82 124.08 83.69 
117 3 33.50 53.51 17.76 7 95.81 113.05 72.54 

Urinary urea nitrogen excretion per kilo body weight 

was also calculated. Scrutiny of Table 17 revealed that, 

like total nitrogen excretion per kilo body weight, urea 

nitrogen excretion per kilo body weight increased in all 

groups with increased weight with the exceptions of the bull 

calf sired by 84 and the hoîfers sired by 71. The urinary 
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excretion of urea nitrogen per kilo body weight was at a 

lower rate for males than for females at both weights. The 

relationship of Hereford to AnFus followed a similar 

pattern since Anis calves excreted more urea nitrogen por 

kilo body weight at both 500 ar 800 pounds body weight. 

Again the bull and heifer progeny groups of 71 represented 

extremes of urea nitroon excretion at 500 pounds. 

TABLE 17 

URINARY UREA NITROGEN XCRETION PER KILO BODY WEIGHT OF 
CALVES PER 24 HOURS BY EXPINTAL GROUPS 

AT 500 AND AT 800 POUNDS BODY WEIGHT 

UREA NITROGEN EXCRETION (mg.Jkilo) 
GROUP CALVS 500 lb. CALV1S 800 lb. 

Ave. uig1i Low Ave. High Low 

All Animals 21 152 302 41 41 216 404 54 
All Males 7 104 203 41 17 16$ 282 80 
All Females 14 176 O2 59 24 254 404 54 
All Herefords 15 l4 502 41 25 204 404 54 
All Angus 6 175 258 84 10 236 344 106 
Bulls by 38 1 89 1 234 

71 4 71 126 41 7 135 279 80 
84 1 203 3 189 225 161 

101 1 154 5 177 282 106 
117 0 1 136 

Ileifers by 38 3 144 178 89 6 244 331 176 
71 2 295 302 287 4 242 404 54 
84 4 136 221 59 4 229 307 186 

101 2 183 206 159 3 286 344 238 
117 3 177 258 84 7 271 323 208 

4. AmmonIa Nitrogen. 

Average urinary ammonia nitrogen excretion per calf 

per 24 hours (Table 18) increased fror: a weight of 500 to a 

weight of 800 pounds in all groups with the exception of 

heifers sired by 71 and 117. Males excreted moro ammonia 
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nitrogen than females. The excretion of the Anus exceeded 

that of the Lerefords at both 500 and 800 pounds. Like the 

urinary nitrogen products previously reported, bulls and 

heifer8 sired by 71 represented the extreme low and high, 

respectively, in their urinary ammonia excretion at 500 

pounds. 

TABLE 18 

URINARY AMLIONIA NITROGEN EXCRETION PER CALF PER 
24 HOURS BY EXPERIMENTAL GROUPS 

AT 500 AND AT 800 POUNDS BODY WEIGHT 

AMLIONIA NITROGEN EXCRETION (grams) 
GROUP CALVES OO lb. CALVES 800 lb. 

Ave. High Low re. High Low 

All Animale 25 0.99 3.42 0.21 41 1.45 3.65 0.21 
All Males 11 1.09 2.19 0.21 17 2.17 3.65 0.21 
All Females 14 0.91 3.42 0.25 24 O.9 1.91 0.31 
All Herefords 19 0.97 3.42 0.21 25 1.41 3.65 0.21 
All Ancus G 1.08 2.19 0.33 16 1.51 3..1 0.59 
Bulls y oB 2 1.97 2.19 1.75 1 5.65 

71 6 0.72 1.08 0.21 7 1.80 2.35 1.47 
84 2 1.20 1.28 1.12 3 2.10 3.08 0.21 

101 1 1.37 5 2.25 3.31 1.36 
117 0 1 3.01 

Ieifors by 38 3 0.45 0.53 0.41 6 1.03 1.91 0.31 
71 2 1.95 3.42 0.48 4 0.89 1.03 0.53 
84 4 0.61 1.39 0.25 4 0.73 1.11 0.34 

101 2 0.50 0.o7 0.33 3 0.84 1.06 0.69 
117 3 1.57 2.19 0.67 7 1.06 1.90 0.59 

5. Urea:Amrnonia Nitrogen Ratio. 

The ratio of urinary urea:ammonia nitrogen excretion 

per 24 hours was calculated on the basis of ammonia values 

taken at unity. The ratios increased during the feeding 

period in all groups studied (Table 19). While the ratios 

of the urinary excretions of the Hereford and Angus ¿roups 
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were virtually the same at 500 pounds, the Hereford group 

exhibited a moderately hijier ratio at 800 pounds body 

weight. The averare ratio of heifers was approximately 3 

times hi;her than the averae ratio of bulls at both the 

lower and hither wet';hts. The significance of this most 

interesting phenomenon will be enlarged upon in the Dis- 
cussion. 

TABLE 19 

T3TINARY UREA:AM1lONIA NITROGEN OF EXPERIMENTAL 
CALVES AT 500 AND AT 800 POUNDS BODY WEIGHT 

IJREA:AMMONIA* NITROGEN RATIOS 
GROUP 500 lb. CALVES 800 lb. 

Ave. High Lòw Avs. High L 

All Animals 25 44.7 155.8 6.0 41 77.3 296.0 10.3 
All Males 11 20.8 59.9 6.0 17 31.6 51.5 10.3 
All Females 14 6.4 155.8 12.3 24 109.6 296.0 13.0 
Al]. Herefords 19 44.7 155.8 6.0 25 81.0 296.0 10.3 All Angus 6 44.6 93.1 9.4 16 71.b 177.0 13.0 
Bulls by oB 2 11.4 12.4 10.4 1 23.3 

71 G 25.4 9.9 6.0 7 $3.4 60.8 10.3 
84 2 2.2 o2.7 11.7 5 26.6 3.4 18.5 

101 1 9.4 5 29.8 bl.5 1.2 
11x7 O i 15.9 

kieifers by 38 3 58.6 81.1 3o.8 6 103.3 196.5 51.5 
71 2 71.5 125.4 17.6 4 121.7 26.0 19.6 
84 4 77.7 lSb.8 12.3 4 136.4 2b6.0 98.8 

101 2 98.1 b.4 3 121.0 lbb.1 88.3 
117 3 31.9 574 14.1 7 87.9 1'/7.O 13.0 

* Based on ammonia values reduced to unIty. 

G. Creatinine. 

As indicated in Table 20, urinary creatinine excretion 
increased with weight in all groups classified; males 
excreted more than females at both 500 and at 800 pounds 
live weicht and Herefords excreted more creatinine than 



Anus at both weigIts. Since all groups represent growing 

iiiniature animals, creatinino excretion tended to increase 

exponentially with body weight increase in contrast with 
the linear increase of creatinine excretion with body 

weight in mature animals reported by Brody, Proctor, and 

Ashworth (40,p.9). The creatthine excretion of heifers 
sired by 101 was surprising1y low. 

TABLE 20 

URINMY CRATININE EXCRETION PER CALF PER 24 HOURS BY 
EXPERIMENTAL GROUPS AT 500 AND AT 800 POUIWS BODY WEIGHT 

CREATINTNE EXCRI'TION (gm.) 
GROUP CALVES 500 lb. CALVES 800 lb. 7. High Low Ave. High Low 

All Animals 25 6.32 9.92 3.20 41 8.99 13.62 4.46 All Males li 6.82 7.59 5.89 1? 9.55 13.62 .46 
All Females 14 5.93 9.92 3.20 24 8.59 10.89 5.22 
All ilerefords 19 6.59 9.92 3.20 25 9.11 13.62 5.43 
All Anfus 6 5.47 7.56 3.81 16 3.BO 11.6 4.46 
Bulls by 33 2 7.53 7.59 7.51 1 13.62 

71 6 6.77 7.18 6.38 7 8.bb 11.46 b.79 
84 6.59 7.28 5.b9 3 l2.36 13.20 11.41 

101 1 6.17 5 8.48 11.36 4.46 
117 0 1 9.34 

Reifere by 38 3 6.58 9.2 3.20 6 8.83 10.10 7.08 
71 2 5.83 6.21 5.45 4 7.54 9.96 6.03 
84 4 6.24 7.29 4.64 4 8.49 10.89 5.43 

101 2 4.01 4.20 3.81 3 7.60 9.03 5.22 
117 3 6.20 7.56 4.37 7 9.47 10.53 6.76 

The true creatinine coefficient is the number of muli- 

grams of creatinine nitrogen eliminated daily por kilogram 
of body weight (58,p.383 and 1O,pp.1-13). This definition 
was applied to obtain the coefficients presented in 
Table 21. On the average, values obtained at 500 pounds 
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exceeded the coefficient of 9.5 obtained by Brody and Ash- 

worth (l0,pp.2-13) for dairy cattle. However, averaces at 

800 pounds body wei5ht closely approximated tiis coeff 1- 

cient value. I1ales yielded a higher average coefficient 
at both 500 and 800 pounds than females. The Jierefords 

yielded a hic;her average than the Angus at both weights. 

Detailed examination of Table 21 showed that the coeffi- 

cients of only the bulls sired b 38 and 84 and heifers 
sired by 101 Increased with body weight. The particularly 

low coefficient at the 500 pound weight of the heifers 
sired by 101 is noteworthy. 

TABLE 21 

CREATININE COEFFICIENTS 0F GROtTPS 0F EXPERIMENTAL CALVES 
AT 500 AND AT 800 P0WDS BODY WEIGHT 

CREATININE COEFFIC lENT 
GROUP CALVES 5001b. CALVES - 800 lb. 
- I. High Low K. High Low 

All Animals 21 11.00 18.18 5.82 41 9.39 14.21 4.5]. 
All Ia1es 7 11.96 18.88 10.12 17 9.88 14.2]. 4.5]. 
All Eemales 14 10.52 17.12 5.82 24 9.04 11.52 5.37 All Herefords 15 11.51 10.88 5.82 25 9.49 14.21 5.62 
All Angus 6 9.74 1.29 6.69 16 9.23 11.86 4.51 
Bulls by 36 1 13.76 1 14.21 

7]. 4 12.26 16.68 11.53 7 8.87 11.94 5.98 
84 1 10.12 3 12.6]. 13.43 11.82 

101 1 10.83 5 8.78 11.86 4.5]. 
117 0 1 9.91 

heifers by 38 S 11.71 17.12 5.82 6 9.33 11.18 7.50 
71 2 10.76 11.30 10.22 4 7.90 10.15 6.32 
84 4 10.76 12.07 8.05 4 8.87 11.32 5.82 

101 2 7.25 7.80 6.69 3 b.00 9.56 .37 
117 3 i1.0 13.29 7.80 7 9.97 11.07 7.21 

7. Uric Acid. 

The average uric acid excretion per 24 hours increased 



with increased body weight in all croups studied with the 

exception of helfers sired by 71 (Table 22). The marked 

similarity in average values between male, female, Here- 

ford, and Angus groups at 500 pounds is surprisin in view 

of the variations evident within and between progeny 

groups. At 800 pounds the Angus group excreted znore uric 

acid than the Hereford group. iisifers sired by 101 

excreted uric acid at a very low level in comparison with 

other heifer írroups. 

TALE 22 

URINARY URIC ACID EXCRETION PER CALF PER 24 HOURS BY 
EXPERIMENTAL GROUPS AT 500 AND AT 800 POUNDS BODY WEIGHT 

tIC ACID EXCRETION (gm.) 
GROUP CALVES 500 lb CALVES 800 lb. 

Ave. High Low Ave. High Low 

All Animals 25 i.01 1.73 0.64 41 1.72 2.80 0.81 
All Males 11 0.99 1.73 0.75 17 1.73 2.5 1.20 
All Females 14 1.02 1.43 0.64 24 1.72 2.80 0.81 All Hereí'ords 19 1.01 1.73 0.75 25 1.56 2.55 0.81 
All Angus 6 1.00 1.43 0.64 16 1.98 2.80 1.32 
Bulls by 3 2 1.27 l.73 0.81 1 2.55 

71 6 0.95 l.2u 0.75 7 1.64 2.05 1.20 
84 2 0.85 0.9 0.76 3 1.46 1.57 1.36 

10]. 1 1.00 5 1.70 2.19 1.33 
117 0 1 2.00 _____ 

Heifeby 38 3 1.00 1.19 0.86 6 1.66 2.47 l.5 
71 2 1.27 1.29 1.24 4 1.19 1.69 0.81 
84 4 0.94 1.09 0.81 4 1.45 1.86 O.9g 

101 2 0.75 0.86 0.64 3 1.56 1.92 1.32 
117 3 1.16 1.43 0.94 7 2.29 2.80 l.7 

Uric acid coefficients, defined as the number of muli- 
grams of uric acid nitrogen eliminated daily per kilogram 
body weight, are presented in Table 23. The average 
coefficient for all cattle increased moderately with weight 
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due mainly to the 1are increa8e in uric ac1.d with 

increased body weight of the male averae. The coefficient 

of females was nuch higher than that of the niales at 500 

pounds, but was virtually the same at 800 pounds body 

wejht. While values for Herefords remained constant, 

coefficients for the Anus croup increased with weiht. 
The progeny of 71 represented the extremes in their respec- 

tive croup classifications at 500 but not at 800 pounds. 

Heifers sired by 117 recorded high coefficients at both 

weights. 

TABLE 23 

URIC ACID COEFFICIiNT& 0E' GROUPS OB EXPERIMENTAL 
CALVES AT 00 AND AT 800 POUNDS BODY EIG1iT 

URIC ACID COEPFICIENT 
GROUP 50Ö lb. CALVES 800 1b. 

h Low Ave. lii gh Low 

All Animals 21 1.51 2.5]. 0.99 41 1.61 2.66 0.76 
All Males 7 1.27 1.93 1.33 17 1.60 2.38 1.10 
All Females 14 1.63 2.31 0.99 24 1.62 2.66 0.76 
Al]. Herefords 15 1.47 2.17 1.26 25 1.45 2.38 0.76 
All Angus 6 1.61 2.6]. 0.99 16 1.oG 2.b6 1.23 
Bulls by 33 1 1.33 1 2.38 

71 4 1.11 1.5]. 7 1.o2 1.1 1.10 
84 1 1.bl 3 1.33 1.45 1.22 

10]. 1 1.61 5 1.65 2.03 1.23 
117 0 1 1.91 

iloifers by 38 3 1.62 1.86 l.4 6 1.57 2.32 1.25 
71 2 2.09 2.17 2.00 4 1.12 1.53 0.76 
84 4 1.45 1.b8 1.26 4 1.36 1.73 0.95 

101 2 1.22 1.45 0.99 3 1.47 1.77 1.25 
117 3 1.36 2.31 1.47 7 2.17 2.66 1.30 

Several generalizations may be drawn from the per- 

centae of nitrogen excreted by the experiienta1 groups 

(Table 24) in the form of: Urea plus ammonia, urea, 



ammonia, creatinine and uric acid. The percentae of nl- 

troaen excreted as urea plus ainioriia and urea Increased 

with increased body weicht In all roupe. However, the 

percontae of nItrogen excreted as ammonia and croatinine 

decreased with increased body weIht. At BOO pounds, 

£emales excreted a hiher percentae of nitrogen as urea 

plus aonia and urea but a lower percentage as annionia, 

creatinine, and uric acid than males. The AnL'us group 

excreted a higher p3rcentage of nitroLTen in the form of 

urea plus ammonia, urea, and ammonia, hut a lower percent- 

age as creatinine than the Hereford group. This was true 

both at 500 and at 800 pounds body weight. 

E. Nutrient Intake in Relation to Rate and Efficiency 
of Gain. 

As indicated In Table 3, the differences in average 

rato and efficiency of gain of the major classification 
groups wore distinct. The average daily gain in pounds ror 

these major croups was: Males 2.90, Herefords 2.56, All 

Animals 2.46, Anus 2.31, and Females 2.14. The average 

efficiency of sain expre8sed as pounds of TDN per 100 

pounds gain in body weight for these major groups was: 

Males 357, Herefords 417, All Animals 444, Angus 490, and 

Females 510. By employing the averages in rate arid effi- 

ciency of gain and the averages obtained from chemical 

analyses, it was possible to graphically plot rate of gain 

and efficiency of gain against nutrient intake and 



TABLE 24 

PERCENTAGE OF NITROGEN EXCRETED IN THE FORM OF UREA PLUS AMONIA, 
UREA, AMìONIA, CREATININE AND URIC ACID BY EXPERIMENTAL 
GROUPS OF CALVES AT 500 AND AT 800 POUNDS BODY WEIGHT 

PERCENTAGE OF TOTAL NITROGEN EXCRETED 
GROUP CALVES Urea & NH Ura Ammonia Creatinine Uric AT 

500 800 500 BO - 500 800 U 5OUU Th 

All Animals 24 40 59.94 82.46 57.70 80.90 2.2 1.7 5.? 3.6 0.7 0.7 
li MaleB 10 lb 48.30 'i9.96 45.57 77.46 3.0 2,9 7.7 44 0.7 0.9 

All 1ema1es 14 24 6ts.12 84.12 66.51 83.19 1.7 0.9 4. 3.1 0.7 0.6 
All herofords 18 2 57.07 80.94 4.86 79.57 2.2 1.7 6.1 3.7 0.7 0.7 
All Angus 6 16 6.55 84.77 66.23 62.89 1.8 4.5 3.5 0.7 0.7 
Bulls by 38 1 1 47.8 97.1 4.6 9.1 4.2 4.0 6.? 5.5 l.ZS 2.4 

'71 6 6 41.5 71.6 2.4 2.' 7.9 3.9 0.5 0.7 
84 2 3 72.4 84.6 Gd.? 84.1 .7 3.1 3.0 5.4 0.9 0.6 

101 1 5 43.4 ?9. 39.3 76. 4.2 .0 7.0 $.9 1.0 0.8 
117 0 1 8.0 82.8 5.2 6.0 1.2 

lieifers by 3b 6 61.7 87.2 60.7 o.l 1.0 1.0 4.a .4 o.nI 0.6 
71 2 4 T71.3 31.5 70.4 2.b 0.9 3.0 2.5 0.6 0.4 
Es4 4 4 58.4 84.8 57.0 84.1 1.4 0.8 4.9 .2 0.7 0.5 

101 2 3 78.2 92.1 77.2 91.5 1.1 0.8 3.1 2.7 0.5 0.5 
117 3 7 70.5 85.0 67.9 84.0 2.6 0.9 4.o 3.2 0.7 0.7 

[Th] 
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concentrations of blood ar1d urine constittents. Averas-es 

of each rnetabolite, both at 500 and at 800 pound8 body 

weicht, were entered on the same raph ta illustrate quan- 

titativo chances associated with weight increase. These 

have been presented in Figures 4.1 to 4.17. 

1. Rate 2 Gain. 

The graph in which rate of gain is plotted against 

total feed intake snowed that as daily rate of gain de- 

creased total feed intake increased for the experimental 

period during which the animals gained 300 pounds body 

weight. This relationship was linear (Fiure 4.1). 

The graph (igure 4.2) in which daily feed intake is 

plotted against daily rate of gain sliowed that as average 

daily rate of gain decreased, the average daily feed 

intake increased with the exception of the Angus and Female 

groups which consumed the sanie amount daily but gained at 

different rates. The variation in rate of gain must, 

therefore, be explained on the basis of differences in feed 

efficiency rather than daily feed consumption. 

2. Efficiency of Gain. 

flfficiency of gain plotted against total feed intake 

during the test period (Figure 4.1) revealed that the 

greater the feed intake necessary to gain 300 pounds body 

weiht, the lower the efficiency of gain. In a like manner, 

efficiency decreased with increased daily feed intake 
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(Figure 4.2) with the exception of the "All Female" group 

whica was less ef.Lieient than the "All Angus" group but did 

not exhibit a greater daily feed intake on test. 

Thus both rate and efficiency of gain were found to 

be negatively related to both total and daily Leed intake. 

In short, the faster an animal gained the less feed it 
consumed on test and the less it ate per day. Also 

associated with smaller daily feed intake and greater rate 

of c'ain was the more efficient utilization of feed. With 

decreasin rate ana efficiency of gain an increasing diver- 

gonce between these t'do factors was evident when plotted 

against the factors mentioned above. 

F. Blood Values in helation to Rate and Efficiency of 
Ga in. 

1. Rate of Gain. 

hate of gain was plotted against four blood factors, 

namely: Urea nitrogen, amino acid nitrogen, creatinino and 

uric acid. Blood urea nitrogen showed some degree of 

linearity when plotted against rate of gain at both 300 and 

at 800 pounds and especially at the larger body weight. Of 

particular interest was the fact that while the graph 

pattern was quite similar at both weights, the values at 

800 pounds body weight were considerably lower than those 

at the 500-pound weight. At both weights, as the rate of 

gain decreased, the urea nitrogen concentration per 100 cc. 

of blood increased (Figure 4.3). This is in keeping with 
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tue results of work by Evans arid others reviewed in the 

literature (81, 199, 86, 67 and 151). 

Like blood urea nitrogen, amino acid nitrogen concen- 

tration increased with reduced rate of gain at both 500 and 

at 800 pounds body weight (Figure 4.4). The linearity 

found with amino acid nitrogen concentration in relation to 

rate of gain at 500 pounds was closely paralleled at 800 

pounds body weight. In contrast to blood urea nitrogen, 

however, amino acid nitrogen concentration increased with 

the increase in size from 500 to 800 pounds body weight. 

Linearity did not result when rate of gain was plotted 

against creatinine concentration per 100 cc. of blood at 

either 500 or at 800 pounds body weight (Figure 4.5). 

Furthermore, the croatininc concentration graph pattern at 

500 pounds was almost opposite to that presented at 00 

pounds body weight. 

Like cratinine, uric acid concentrations per 100 cc. 

of blood did not show linearity when plotted against daily 

rate of gain (Figure 4.6). The graph of uric acid plotted 

against rate of gain was of further interest in that the 

pattern established was simIlar to that established for 

creatinino at both 500 and 800 pounds body weight. 

Thus, it was found that the average blood urea nitro- 

gen and blood arL2ino acid nitrogen levels of the groups 

sti.diod increased in a linear manner as daily rate of gain 

in bod-j weight decreased, wìi1e no linear relationship was 



obtained from graphing rate of gain against blood creatinine 

and uric acid concentrations. 

2. Efficiency of Gain. 

Like rate of gain, efficiency of gain was plotted 

against four blood factors, namely: Blood urea nitrogen, 

amino acid nitrogen, creatinine, and uric acid. The graph 

of efficiency of gain plotted against blood urea nitrogen 

concentration (Figure 4.3) showed that, like rate of gain, 

the urea nitrogen concentration por lOO cc. of blood in- 

creased as efficiency of gain decreased. Or, expressing 

it in another way, blood urea nitron concentration 

increased as the TDN requirements per 100 pounds of 'ain 

increased at both 500 and 600 pounds body weight. The 

values of urea nitrogen per 100 cc. of blood at 800 pounds 

were considerably lower than the values at 500 pounds. 

Graphic linearity of efficiency plotted against urea 

nitrogen was evident at both weights. 

Concentration of amino acid nitrogen also increased in 

a linear manner as the efficiency of gain decreased at both 

500 and 800 pounds body weight. This was graphically illus- 

trated in Figure 4.4. Concentration of amino acid nitrogen 

increased moderately with the increase in body weight from 

500 to 800 pounds. 

Like rate, the graph in which efficiency of gain is 

plotted against creatinine concentration per 100 cc. of 
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blood did not show a striJìt line relationship at either 

500 or 800 pounds body weight (Figure 4.5). Again, the 

opposite pattern of that established at 500 pounds was 

discerned at 800 pounds upon raphing the creatinine con- 

centration values against efficiency of gain. 

Uric acid concentrations per loo cc. of blood also 

failed to exhibit a straight line relationship with effi- 

ciency of gain when raphed (Figuro 4.6). Uric acid con- 

centration plotted against efficiency of gain followed a 

pattern similar to that described for creatinine at both 

500 and at BOO pounds body weight. Average concentrations 

remained virtually constant as body weight increased from 

500 to 800 pounds. 

In summary, it may be stated that both rate and 

efficiency of gain increased linearly as blood concentra- 

tions of urea nitrogen and amino acid nitrogen increased. 

This was true both at 500 and 300 pounds body weight. No 

relationship was found for creatinine and uric acid when 

plotted against rato or efficiency of gain. 

G. Urine Values in Relation to Rate and Efficiency of Gain. 

1. Rate 2: Gain. 

Rate of gain was plotted against six urine factors 

which were obtained by direct chemical analyses and four 

factors which were obtained fror.a calculations based on 

ttper...kilofl body weight relationships with urine excretion. 



These six factors obtaineb b' chemical analysis were: 

Thtalvolume of urine voldeu dunn. 24 hours, total nitro- 

gen, urea itrogen, ammonia nitrogen, creatinine and uric 

acid. The four factors obtained from calculations were: 

Per kiloram body weight excretion of total nitrogen and 
urea r!itroen, ana the croatinine and uric acid coeffi- 

cienta. The ratio of urea:ammonia nitroen excretion was 

also plotted against rate of gain. 

Rate of gain plotted against total urinary volume 

excreted per 24 hours revealed two facts. First, the 

animals excreted approximately twice as much urine at BOO 
pounds as they did at bOO pounds. Second, although a 

straight line relationship between rate of gain and volume 

of urine vo.ded was found at EOO pounds, no linear relation- 

ship between these two factors could be found at L00 pounds. 

As indicated in Figure 4.7, rate of gain decreased as 

urinary excretion increased at 300 pounds. 

hate oí gain was plotted against total urinary nitro- 

:en excretion per 24 ùours and the result is shown in 

Figure 4.8. The difference in total nitrogen excretion at 

500 and at 800 pounds body weight is immediately apparent. 

of great interest is the fact that rate of gain showed a 

straight line relations)air with total nitrogen excretion at 

500 pounds even though total volume of urine at that weight 

did not give such a relationship when plotted against rate 

of gain. At both the 500 and 800 pound weights, rate of 



:ain decreased as total urinary riitroen excretion increased 

in a linear manner. 

Since urea nitrogen represents the nitrogenous excre- 

tion product which is present in urine in, by far, the 

reatest concentration, one would expect the graph in 

which uros nitrogen is plotted against rate of sain to 

parallel the graph of total nitrogen plotted against rate 

of ain. Such was the case (Fi,ure 4.9). All groups 

excreted much more urea nitroen at 800 pounds than at 

500 pounds body weight and at both weights urea nitrogen 

excretion per 24 hours increased as rats of gain decreased. 

This was a reasonably straiht line relationship at both 

body weights. 

The graph in which aminonia nitrogen is plotted against 

average daily rate of gain (Figure 4.10) indicates that in 

general, ammonia nitrogen increased as rats of gain 

increased both at 500 and at bOO pounds body weight. On 

closer scrutiny it may be seen that ammonia nitrogen excre- 

tion actually increased as rate of gain decreased for the 

groups of intermediate rate of gain. With the exception of 

the "All Females" group, each group excreted more ammonia 

at 800 than at 500 pounds body weight. The pattern of 

ammonia excretion in relation to rate of gain at 500 pounds 

was repeated at 800 pounds hut in a much more exagersted 

manner. 



When rate of gain was plotted against urinary 

creatinine excretion por 2' hours it was found that 

croatinine excretion increased as daily rate of gain 

increased. This relationship was exceptionally good at 

800 pounds, and it approached linearity, with the exception 

of the All Anus group, at 500 pounds body weight 

(Figure 4.11). The creatinine excretion of the All Anus 

group was low in relation to daily rate of gain when com- 

pared with the other groups. Laily croatinine excretion 

was greater at 600 than at 500 pounds body weight. 

Like the urine excretory products mentioned above, 

urine uric acid excretion increased considerably with the 

increase from 500 to 800 pounds body weight. The raph 

(Figure 4.12) of daily rate of gain plotted against daily 

excretion of uric acid failed to yield a straight line 

relationship between these two factors. In fact, there 

was very little difference in average excretion between the 

groups of cattle at 500 pounds body weight. At 800 pounds 

body weight the uric acid pattern was of interest since it 

represented an exaggeration, quantitatively, of the pattern 

for the 500 pound values. 

hate of gain was plotted against total urinary nitro- 

gen excretion per 24 hours per kilo ram body weight (Figure 

4.15). The result showed that there was a linear relation- 

ship at 800 pounds body weight whereby total nitrogen 

excretion kilo body weight increased as rato of gain 



decreased. At 500 pounds the intermediate groups showed an 

increased nitro::en excretion with increasing rather than 

decreasing daily r&te of Lain. Total nitrogen excretion 

per kilogram body weight w&is higher at 800 than at 500 

pounds body weight. 

The graph (Figure 4.14) in which urea nitjn excre- 
tion 22.L kilo body weight is plotted against rcte of gain 

per day shows that at 800 pOUnds a high relationship was 

found. Urinary urea nitrogen per kilogram per 24 hours 

increased as daily rate of gain decreased. This relation- 

ship was also present at the 500-gound level with the 

exception that the two groups representing the lowest rLtos 

of ¿am were virtually the sa in rate of excretion of 

urea nitrogen. Like total nitrogen, urea nitrogen excre- 

tion increased with the increase from 500 to 0i0 pounds 

body weight. 

The urea:amraonia nitrogen ratio represents the ratio 

of nitroen excreted as urea to the nitrogen excreted as 

ammonia. As indicated oreviously, urea nitrogen excretion 

increased iin3arly as rate of gain decreased, but ammonia 

nitrogen excretion increased in a non-linear fashion as 

rate of gain increased. Therefore, when the factors of this 

ratio were plotted arainst rate of gain, the ratio 

increased as rate ol sin decreased but in a non-linear 

manner (Figure 4.15). This failure was due mainly to the 

intermediate groups in which the ratio increased rather 
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than decreased with rate of tain. Of further interest was 

the fact that the pattern of the 'raph of the ratio plotted 

against rate of gain at 800 pounds body weight was the 

reciprocal of the pattern of the graph of ammonia nitrogen 

plotted against rato of gain at 600 pounds body weight. 

The graph in which the creatinine coefficients are 

plotted against rate of gain followed the sans pattern as 

the graph of total creatinine excretion plotted against 

rate of gain at both 500 and 600 pounds body weight. Again 

it was found that creatinine excretion increased as daily 

rato of gain increased. The relationship was exceptionally 

good at 800 pounds and aproached 1inearit at 500 pounds 

body weight with the exception of the All Angus group. The 

creatinine coefficient of the All Angus group was low in 

relation to daily rate of gain when compared with the other 

groups. The creatinine coefficiente were lower at 800 

pounds than at 500 pounds body weight. 

Uric acid coefficients showed a general increase with 

an increase in body weight. At 500 pounds, uric acid 

coefficients showed linearity when. plotted against daily 

rate of gain with the coefficient increasing as daily rate 

of gain decreased. At 800 pounds, the uric acid coeffi- 

cient graph pattern was not linear but followed a sequence 

that was approximately the reciprocal of the graph in which 

urine uric acid excretion was plotted against rate of gain 

(Figure 4.12). 



In surwnary, it was found that a lower daily rate of 

gain at 500 pounds body weight was linearly associated with 

increases in urinary total nitroon and total urea nitro- 

(iOfl excretion per day, urea nitrogen excretion per kilo 

body weijht, and the uric acid coefficient. Lecreases in 

rate of ain at 800 pounds body wei;ht were linearly related 

to increazes in total urine volume, total nitrogen, urea 

nitrogen, and total urea nitrogen excretion per kilo body 

weight. Creatinine excretion and creatinine coefficients 

increased linearly with rate of gain at 800 pounds and 

relatively linearly though to a lesser degree at 500 

pounds. The other factors studied were not related to rate 

of gain in a linear manner. 

2. Efficiency of' Uain. 

ifficiency of gain was plotted apainst 6 urine factors 

which were obtained by direct chemical analyses and 4 

factors which were obtained by calculations based on per 

kilogram body weight relationships with urine excretion. 

The 6 factors obtained by chemical analyses were: Total 

urinary volume excreted during. 24 hours, total nitroen, 

urea nitrogen, ammonia nitrogen, creatinine and uric acid. 

The four factors which were calculated are: Total nitro- 

gen excreted per kilogram body weight, urea nitrogen, 

creatinine coefficients and uric acid coefficients. The 

urea:ammonia nitrogen excretion rate was also plotted 

against feed efficiency. 



Efficiency of gain,when plotted against the various 

factors listed above, gave similar results to those reported 

in raphs in which rate of gain was plotted against the 

urinary products. There was the exception, however, that a 

greater divergence was noted between the plotted values for 

the group with the low values than with the group with the 

high rate and efficiency. 

Two facts became obvious on plotting, efficiency of 

gain against total volume of urine excreted during 24 hours. 

First, a straight line relationship existed between effi- 

ciency and total urine excretion at 800 rounds in which 

the volume of urine excreted increased as the efficiency of 

:ain decreased. Second, the relationship just mentioned 

did not exist at the 500-pound level. 

As indicated in Fire 4., efficiency of gain was 

plotted against total nitrogen excretion per 24 hours. Lflce 

rate, efficiency of in shed a straight line relation- 

ship with total nitrogen excretion at 500 pounds even 

though total urinary excretion did not give such a rela- 

tioriship when plotted against efficiency of gain at the 

same weight. At both weights total urinary nitroen 

excretion increased as efficiency of gain decreased. 

As one mi:ht anticipate, urea nitrogen excretion par- 

alleled that of total nitrogen when graphed against effi- 

ciency of gain. All groups excreted more urea nitrogen 

at 800 pounds than at 500 pounds body weight. Also, as 



the efficiency of gain decreased, urea nitrogen excretion 

per 24 hours increased in a linear manner at both weights. 

In contrast to excretion of total and urea nitrogen, 

arrimonia nitro:en excretion showed a general increase as 

efficiency of gain increased at both 500 and 600 pounds 

body weight. A detailed examination of Figure 4.10 revealed, 

however, that the roups of intermediate efficiency of gain 

actually excreted more ammonia nitrogen as efficiency of 

gain decreased. This was true at both 500 and 600 pounds 

body weight. The graph pattern which resulted from plot- 

ting ammonia nitrogen excretion against efficiency of gain 

at 500 pounds was repeated at 600 pounds body weight but 

in a much more exaerated manner. 

When efficiency of gain was plotted against urinary 

creatinine excretion per 24 hours, it was found that 

cretitinine excretion increased as efficiency of gain 

increased. These results, then, were imI.lar to the pat- 

tern established by excretion of arnr1onia and in contrast 

with patterns of total and urin&ry nitroge: excretion. The 

relationship between efficiency of gain and creatinine 

excretion approached linearity at bOO pounds body weight 

but the agreement was not so marked as when creatinine 

excretion was plotted against daily rate of gain. This 

relationship of creatinine excretion with efficiency also 

approached linearity at 500 pounds with the exception that 

the All Angus group in which the creatinine excretion was 



low in relation to efficiency of gain when compared with 

the other :roups. 

Like rate of gain, oi.1iciency of gain failed to exhib- 

it a 8trai:ht line relationship when plotted against daily 

uric acid excretion (Figure 4.12). There was very little 

difference between groups in average uric acid excretion at 
500 pounds body weight. This excretion rate was much higher 

at BOO than at 500 pounds hut the patterns in which uric 

acid excretion was plotted a:ainst efficiency were basi- 

cally the same. However, the pattern established at 800 

pounds body woi;ht showed more exaggeration in the amounts 

excreted. 

:hen efficiency of gain was plotted against total 

urinary nitroen excretion per 24 hours per kilogram body 

weight, the results showed that there was a linear relation- 

ship at 800 but not at 500 pounds body weight. At 800 

pounds, total nitrogen excretion per kilogram body weight 

increased as the efficiency of gain decreased. However, 

at 500 pounds the groups representing intermediate eff i- 

ciency of gain showed an increased nitrogen excretion with 

increasing rather than with decreasing efficiency of gain. 

Nitrogen excretion per kilogram was higher at OU pounds 

than at 500 pounus body weight. 

The result of graphing excretion of urea nitrogen per 

24 hours per kilogram body weight against efficiency of 

gain have been presented in Figure 4.14. bxcretion of urea 
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nitrogen per kilogram body weight at 800 pounds increased 

as efficiency of gain decreased in a relatively linear 

manner. This relationship also existed at 500 pounds with 

the exception of the two groups representing the lowest 

efficiencies of gain. 

As indicated previously, urea nitrogen excretion 

increased linearly as efficiency of gain decreased but 

ammonia nitrogen excretion increased with increased elli- 

ciency of gain in a non-linear fashion. Because of this, 

the ratio increased as the efficiency of gain decreased ii 

a non-linear manner. ihis failure was again due mainly 

to the intermediate groups in which the ratio increased 

rather than decreased with efficiency of gain. Like rate 

of gain, the pattern of the ratio,when plotted against 
efficiency of gain, was almost the reciprocal of the pat- 
tern of the graph of ammonia nitrogen against efficiency of 

gain at 600 pounds body weight. 

The graph or croatinine coefficients plotted against 
efficiency of gain followed a similar pattern to the graph 

of total creatinine excretion plotted again6t efficiency 
and rate of gain at both 500 and 800 pounds body weight. 

Similarly, the creatinine excretion increased as efficiency 
of gain increased. This relationship was good at 800 

pounds and approached linearity at 500 pounds with the 
exception of the All Angu8 group. 



Uric acid coefficients showed a general increase with 

the increase in body weiht from 500 to 800 pounds. When 

the avrae uric acid coefficients were plotted ajainst 

efficiency of ain, a linear relationship was approximated 

at 500 but not at 800 pounds body weight. At 500 pounds 

the uric acid coefficients increased as efficiency of gain 

decreased, whereas at bOO pounüs the pattern of the graph 

was approximately the reciprocal of the graph in which 

urine uric acid excretion was plotted against efficiency of 

gain (Figure 4.l). 

In summary, it was found that at 500 pounds body 

weirht a decrease in efficiency of gain was linearly 

related to increases in total urinary nitrogen and total 

urea nitrogen excretion per day, urea nitroran excretion 

per kilogram body weight, ar the uric acid coefficients. 

At 800 pounds body weight, decreases in efficiency of gain 

wore linearly related to increased excretion of total urine 

volume, urinary nitrogen, urea nitrogen, total nitro-en 

per kilo and urea nitrogen per kilo body weiTht. Creati- 

nine excretion and creatinine coefficients increased 

linearly with increased efficiency of gain at 800 pounds 

and to a relatively linear degree at 500 pounds body weight. 

Other factors studied were not linearly related to effi- 

ciency of gain. 
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CHAPTER V 

DISCUSSION 

"In any discussion of a problem in the lUit of 
insufficient knowledge, the real danger is not 
that a particular conclusion may be wrong, for 
that is a transient fault, but rather that the 
facts themselves may be so distorted as to be 
valueless to others when the conclusions that 
they are used to show have been discarded." 

William Bateson. 

Work with the laror species of domestic animals has 

disadvantages, the most serious of which is probably the 

time and money involved. In order to follow metabolic 

effects in beef cattle through a well defined growth period 

it is necessary that at least several months must pass 

before the results become known. If smaller laboratory 

animals aro used, a comparable pbysiolo(ical period may 

often be covered within a month and at a much lower cost. 

On the other hand, experimental work with the larger farm 

animals is desirable since results obtained may be applied 

directly to the breeds and species in question. 

In nutrition and biochemistry, differences between 

individuals have been recognized for many years but 
unfortunately attention has been focused moro upon the 
metabolic requirements common to all animals rather than on 

the bases for individual differences. Fortunately, a few 

isolated investigators in these fields have worked to 

deterrciine the causes of such individual differences. One 



of the more important of these was Garrod, whose classic 

"Inborn nrrcrs of Metabolism" stressed the hereditary 

origin of biochemical differences between individuals. 

¡ãore recently this field hs come into its own as a tool 

making possible new approacbss to the intricate problem 

of measuring genetic potential in cattle. 

Since every animal in the present experiment was 

individually studied, the data obtained permitted careful 

analyses on an individual basis. The data clearly illus- 

trated that differential growth and feed intake expresses 

itself through the intermediary metabolic products of the 

blood and those excreted in the urine. If the r;enetics and 

metabolism of differential growth are to be understood, 
attention must be ¿'iven not only to the species, sexes, 

and breeds as roups, but also to the individual animals 

(the substrates). The concept that indIviduals or croups 

of individuals are standardized pieces of protoplasm must 

be reconsidered since all individuals in this study repro- 
sented some deree of deviation from the avora:e in one or 
more of the blood and urine constituents studied. In fact, 

it is because of deviations from the mean in concentrations 

of blood and urine constituents and feed intakes that the 

cause of metabolic differences in rate and efficiency of 
ain may be explained. 
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A. Nutrient Intake. 

That the anita1s studied varied considerably in a1';e 

upon reaching body woihts of 500 and 800 pounds is shown 

n Figure 3. The fact that ae put on test had no signif- 
icant eff3ct on rate of gain may lead one to immediately 

suggest that the po].ygenic complexes responsible for rate 
of gain at ara early age dftored from tose finding expres- 

sion durin the test period fol1owin waaning. This is not 

necessarily the case since differential ratos of milk pro- 

duction of the dams and non-duplicatable pasture and feed- 

ing conditions subjected each calf to environments that 
were relatively unique, especially during the SuC:1tfl 

period. Further evidence of the strong effect of the 

environment and ene-environmental interactions is furnished 

by Dahmen and Bogart (65,pp.1-23). They found that age on 

test did have a significant effect on rato of nain while on 

test. These men did their work at this station with 

calves, many of which were cioseiy related to the calves 

used in the present study. Thus it is not possible to 

state from the present study whether the poly, -enic corn- 

plexos responsible for rate of :ain during sucl'ling also 

control growth during the test period (500 to 800 pounds). 

It may be argued that since the age of the calf when 

put on test did have a significant effect on efficiency of 

gain on test, the older animals were discriminated against 
in a weight-to-weight test period but would not have been 
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discriminated against in an are-to-age test. However, 

since all animals were the same weicht at the initiation 

of the test, the maintenance requirements of all animals 

should have been similar. The fact that the animals that 
took longer to reach 500 pounds also required more TDN to 

reach 800 pounds is indicative that either the older 

animals suffered some environmentally introduced, irrevers- 

ible, metabolic disturbance from which corplete recovery 

was impossible, or that the polyenic complexes that made 

the older animals inefficient while on test were also 

functional, makiric. these animals inefficient, hence slower 

¿rowin at earlier ares as well. 

That studies of rate and efficiency of gain on an are- 

to-age basis are less able to differentiate animals of dif- 

fering abilities to grow is vieh explained by Brody (39, 

pp.664-706). 11e stated that the increase in size of a 

given animal would be expected to increase the enerry cost 
of its maintenance and reduce, correspondingly, the total 

efficiency of growth unless this increase in maintenance is 

compensated for by an increase in growth rate. The in- 

crease in size associated with increasing age in an animal, 
however, is not compensated for by an increase in growth 
rate. Thus, in an age-to-age experimental period this 

decrease in gross efficiency of growth with increasing 
weight is a discrimination against the faster growing 

animals. 
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All oxperenta1 groups were of known breeding and 

were exposed to ¿a uniform environment while Ori test, yet 

marked sex differences viere zipparent in their rate and 

efficiency of ¿ain. Such marked differences are not 

unique to this study, however. Bogart et al. (31,pp.173- 

181 and 29,pp.355-371) demonstrated the influence of the 

sex horrones on rat3 wbareby estrone retarded and pro- 

esterone accelerated the rate of rowti. In similar 

studied with beef cattle, Boart and co-workers (44) (25) 

(4b,p.l-l3) and (183,pp.513-514) found steers and heifers 

treated with testosterone gained more rapidly than controls 

and that treated steers &athed more rapidly than treated 

heifers. In another study they also found that under 

adverse conditions sex of the calf had no efiect on weiht 

at weaning. rarnlich and Thalman (92,pp.3-5O) found that 

heifers will not Lain as rapidly nor wil]. they ain as 

efficiently as steer calves since they show fleshing at an 
earlier ago. In the present study the lower rate and off i- 

ciency of gain of fele and An{is croups measured by cain 
in body weicht only, could not be explained on the basis of 

food consumption alone since the female and Angus croups 
consumed more nutrients per day than the faster LrowinC, 

more efricient male and Hereford ¿roups. Morris, Palmer 

and Kennedy (l62,pp.l-55) reported that for crowing rats 
there is a decided difference between the two sexes in the 
efficiency with which they utilize the food of an identical 
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diet. The female rat consumed much more dry matter per 

unit of gain than did the male when measurements were made 

during the most rapid growth. During a six week period, 

the average female rat required 1.7 times the feed con- 

sumed by the malo to gain at an equivalent rate. Therefore, 

other reasons for tbis difference in rate and efficiency 

of gain between the groups must be ntertained. 

Nelms4 determined the digestibility of the experi- 

mental ration using 3 bulls of approximately 850 pounds 

body weight. He found that the total digestibility of the 

ration was higher for bulls than that calculated from 

Morrison (163,pp.788-789). Unfortunately, whether dif- 

forences in digestibility between the sexes was a major 

contributing factor or whether the improved di;estibi1ity 

was general and due to the mechanics of pelleting could not 

be resolved since an equivalent digestibility study with 

heifers was not undertaken. Furthermore, the evidence 

reported previously by Dunlop (59 an 60,pp.155-159) and 

Baker, Colby and Lyman (16,pp,?26-732) tends to discredit 

the possibility of differences in digestibility between 

experimental groups. 

Villiams, Krueger and Bogart (209,pp.l-4), in studying 

rectal temperatures of the calves used in this study, found 

4Nelms, &eorge . Unpublished data on 850 pound beef 
bulls fed a completely pelleted ration, Corvallis, Oregon 
State College, Department of Animal Husbandry, 1953. 
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that the regression of avera:e rect1 temperature on aver- 

age rate of gain was significant (at the 5 percent level) 

only in the Angus heifer 'oup. Body temperature cannot be 

considered a major factor contributing to the eex differ- 

ences in rate and efficiency of sain. Thus a ore inten- 

sive study of the intermediary metabolism, represented by 

metabolitos found in blood and urine, is nocessry tö 

determino the cause of differences in rapidly and slowly 

gaining groups of beef cattle. 

B. Blood Constituents. 

The literature reported in a previous section indicated 

that rate of growth, measured by increase in weight, and 

type of growth, measured by tissue composition, are subject 

to the direct influence of the anterior pituitary growth 

hormone which increases nitrogen retention are. thereby 

increases the body protein content. Teel and at1cins 

(199,pp.662-685) reported a drop of 20 to O percent in 

blood non-protein nitrogen (NPN), followin injections of 

growth extracts from the anterior pituitary of' which 70 

percent of the decrease in NPN was accounted for by decreas- 

es in amino acid and urea nitroen. An examination of the 

results of the present study indicated that the faster 

gaining groups of cattle had lower blood urea nitrogen and 

amino acid nitrogen levels than the slower gaining groups. 

Furthermore, ti:Ls was a negative straight line relationship 
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at both 500 and bOO pounds body weicht (Figure 4.3 and 4.4). 

These results would SUg88t that the faster gaining groups 

were under the influence of the anterior pituitary growth 

hormone to a :reater decree or under the iníluence of the 

adrenocorticotrophie hormone to a lesser decree than the 

slower gaining groups. The data further suggest that tiie 

slower gaining groups riust have tended to lay on finish 

(fat) at*xtthg at a woiht of leas then 500 pounds. Thus 

less nutriente were left for rowth in the protein sense. 

Since the cost of gain In body weight throu,h fat deposi- 

tion is energetically very expensive, the calf laying on 

greater aiounts of fat would be judged less efficient on a 

weight-gained basis than the calf that is still growing 

through protein synthesis. These same groups of cattle 

(Figure 4.3 and 4.4) showed a negative straight line rela- 

tionsiip between efficiency of nain and urea nitro{;en con- 

centration per 100 cc. of blood. A similar relationship 

was Lound ror blood anino acid nitrogen. The suggestion 

that the hiher concentrations of blood urea nitrogen and 

amino acid nitrogen are simply the result of the higher 

daily nitroen in;estion by the calves exhibiting a lower 

rate and efficiency of gain is invalidated by the work of 

Steele, Reynolds and Bauman (l95,pp.l24-l52). They found 

that diets nay cause significant alterations in the amounts 

of amino acids in mouse urine without any comparable change 

in the blood levels. 
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The relationship of blood creatinine ar uric acid to 

rate and efficiency of gain is not readily resolved. 

Creatinine and to a lesser extent uric acid represent end 

products of endogenous protein metabolism (39,p.353). 

Both presen similar patterns when plotted against rate and 

efficiency of gain at 500 and 800 pounds body weight. 

however, total urinary creatinine excretion per 24 hours 

tended toward a linear relationship with rate and off i-. 

ciency of gain while total urinary uric acid excretion 

followed the uric acid blood pattern at both 500 and BOO 

pounds body weight when plotted against rate and efficiency 

of gain. At present no explanation of this phenomenon is 

available. 

Throughout the results mention has been made of a few 

animals in which blood urea nitrogen, amino acid nitrogen, 

creatinine or uric acid concentration railed to achieve or 

exceeded the normai range listed for the cow by Dukes (5, 

p.49). Such values are not necessarily representative of 

abnormal animals or faulty laboratory technique. Dukes' 

range of the chemical constituents of whole blood of the 

cow was prepared by Dr. C. E. Hayden and is founded on his 

own work and that of other early investirators, many of 

whom wore quoted in the Review of Literature. Unfor- 

tunately, the vast majority of the data reported by Hayden 

was obtained from maturo, lactating, dairy cows by methods 
which have since been succeeded. The present study 



involved rowin beef bull and heifer calves. The 

work of Turner and Herman (203,pp.1-.60) i11ustrted the 

effects of ae rnd lactation on blood volume in dairy 
cattle. These workers found that mature cows veraed 
7,768 cc. of blood per sQuare nieter of body surface corn- 

pared to 4,035 cc. per square meter of body surface in 

rowin cattle. Blood comprised 5.81, 6.38 and S.l1 per- 

cent of the total weight of growing (200-900 pounds), non- 

lactating, and lactating dairy cattle, respectively. It 

would be hard to ima(ine that such changos in blood volume 

would occur without chanLes in concentration of blood con- 

Stituønt s 

C. Urine Constituents. 

The general increase in urinary excretion with an 

increase from 500 to 1300 pounds body weight cannot be 

attributed entirely to increases in weight, age, or both 
weight and age. Collections of urine at 500 pounds body 
weight were made during the late fall and winter months; 
whereas the final, or 800 pound body weight collection 
period, was during the spring and summer months. Several 

investigators have found that season of the year influenced 
tiie volume of urine excreted by cattle. For example, 

AshwortL and Brody (l3,pp,5-'7) found that animals wiiich 
often excreted over 20 liters of urine daily durinc, the 
surnrìer would only excrete 3 or 4 liters during the winter. 



Nor can the incresed excretion be attributed entirely to 

the season of the year. Fuller (84,pp.l-3O) and Keith 
(l25,pp.37-48) while studying dairy cattle found that 

heifers excreted 3.5 to 20.3 liters of urine per day while 

mature cows excreted 12 to 50 liters per day. 

Simultaneous obscrvaticns of urea excretion rates, 

urine volumes and blood urea concentrations were ncie by 

Austin, Stilirnan and Van Slyko (l5,pp.99-104) and MW.ler, 

McIntosh and Van Slyke (161,pn.465-495). They showed that 

the urea clearance, defined as the amount of urea excreted 
in one minute, was little affected by urine flow chances in 
normal human subjects when the flow per 1.73 square meters 

of body surface area exceeded an "augmentation limit". The 

"augmentation limit" was usually about 2 cc. per minute. 

When the urine flow fell below this limit the urea clear- 
ance fell with the urine flow, the clearance then becoming 
approximately proportional to the square root of the flow 
(205,pp.1159-1l67). Fittin the equation y axb (where 

Y surface area, a - 0.13, X : body weight in kilos and 

b 0.56) to the data In the present study the surface area 
of 500-pound and BOO-pound calves was determined to be 2.70 

anu 3.54 square meters, respectively (39,p.403). If one 

assumes the "augmentation level", reported by Van Slyke 

(205,pp.1l59-1167) for humans, applies equally well to beef 
cattle, the calves at 500 pounds should have excreted 
4,495 cc. of urine and the calves at 800 pounds should have 
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excreted 5,895 cc. of urIne per 24 hours to achieve the 

basic aumontation level". The results of this study 

showed that all roups failed to reach the "augmentation 

level" by about 1000 cc. per day at 500 pounds body weight 

and all groups exceeded it by about the same amount at BOO 

pounds body wei:ht. This could constitute the basic reason 
why blood urea levels were generally higher at 500 than at 

BOO pounds body weicht. The values for urinary total and 

urea nitrogen excretion and total and urea nitrogen excre- 
tion per kilo body weight per 24 hours are possibly without 

absolute significance since nitrogen excretion in these 
forr,s (unlike creatinine excretion) is larely a function of 

nitroen excretion above the amount utilized for growth and 

maintenance, and biolo ic.1 value of the protein ingested. 
Nevertheless, they are interesting from comparative points 
of view. 

The values obtained in this study may be compared with 

Carpenter's results (47,pp.519-551) on fasting, steers. Hi 

steers had average total nitrogen coefficients of 115 and 
62 for animals that had been on pasture and submaintenance 

diets, respectively, before fasting. R@sults from this 
study may also be compared with studies by Ashworth and 

Brody (lo and 12,pp.l..19) in which rats were used as 

experimental animals. On normal stock diets, rats showed 

coefticients as high as 800 to 1000 on the low protein 
diet, and 1500 to 4000 on the high protein diet. That rats 
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tend to have higher nitroen coefficients than cattle is 

obvious. 

By far the majority of nitrogen metabolism studies 

conducted in the past concerned fastinr steers. r2he work 

of Ashworth and T3rody (13,pp.l-lß) is an en1i:htening 

exception. Mitchell (159,pp.l-84) th a careful review of 
the early literature cited data from Forbes (8O,pp.15-27) 

to the effect that the total nitro:en coefficient for cows 

after 5 and 9 days of fasting is approximately 100. This 

arees with Carpenter's (47,pp.5l9-551) values for fasting 

steers that had previously been on pasture but were hi:her 

than his values for fasting steers th&t had previously been 

on a submaintenance ration. Mitchell also cited Bull and 

Grindley (43,pp.24l-255) who brought steers on to nitrogen 

balance on a low protein diet with a resultinj averao 

total nitro'en coefficient of 47; Titus (2O2,pp.2-5l, who 

obtained coefficients of from 42 to 52 in steers; Steenbock, 

Nelson and Hart (l96,pp.2-l9), who obtained a minimum 

coefficient of 45 on calves; and Hart, Humphrey and Morrison 

(lO?,pp.13-l53), who obtained a coefficient of 30 to 36 

upon feeding 300 to 400 pound heifers. 

If we assume from the forogoin that a urinary total 

nitrogen coefficient of 50 is a reasonable minimum for 

adult maintenance requirements under normal dietary condi- 

tions for cattle, and if we further accept Ashworth and 

Brody's (l3,p.11) assumption that the minimum nitrof:en 
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excretion on a diet compatable with normal )rowth is 150 

míi. per kilo body weight per day rather than the 50 rngm. 

assumed for adult animals, all our exporiniental roups had 

wasted from 35 to 150 mgm. of nitrogen per kilo body weight 

per day. Crude protein quantity is certainly not lacking 

in the Oregon State College calt tezting ration and repre- 

sonta a 15 percent crude protein intake above the allowance 

for rowth proposed by Âshworth and Brody (13,p.11). 

If one accepts the hypothesis that the blood urea and 

amino acid nitrogen concentrations varied between the fast 

and slow gainin:, croups of calves because of differences in 

anterior pituitary rowth. or adrenocorticotrophic hormone 

activity, urinary non-protein nitrogen excretion should also 
be affected (66,p.46) (90) (152) and (138,p.222). An 

examination of the results indicates that such was the 
case. Urinary excretion of total ar. urea nitrogen por day 

and per kilo body weight increased at both 500 and 800 

pounds as rate and efficiency of gain decreased (Fiiire 4.8, 

4.9, 4.13 and 4.14). Further support for this hypothesis 

may be found in Table 14. An examination of nitrogen 

intake, urinary nitrogen excretion, and nitro'erx retention 

por 24 hours b experimental groups of calves at BOO pounds 

body weight indicates that faster gainin, more efficient 

groups rettined more nitrogen and a higher percentage of 

total nitrogen ingested than slower gaining, less effi- 

oient groups. Using groups representing the extremos in 
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rate and efficiency of sain as examples, it may be seen 

(Table 14) that the All Male group retained 126.2 m. 

(59.5 of intake) of iitrogen. per day while the All Female 

croup retained 109.2 gm. (50.7% of intake) of nitrogen per 

day at 800 pounds body weicht. IC one assumes that the 

entire difference in nitro;en retention (17 sm.) per day 

was incorporated as nxuscle tissue it would represent 0.97 

to 1.17 pounds of rain in body weicht per day (22,pp.1015- 

1021 and 210,p.27). The actual difference between those 
croups in averae daily rain for the entire test period was 

0.76 pound per day. 

Accorciin, to Folin (70,pp.65-115), the urea-plus- 

ammonia nitroLen excretion of a human on a high, but meat 

free, protein diet is 90 percent of the total urinary 

nitrogen; while on a nitrogen-free diet it is 73 percent of 

the urinary nitrogen. Smith reported a minimum of 37 

percent urea-plus-amrLonia nitrogen on the 24th day of a 
nitrogen-free diet (146,p.360). Ashworth and Brody (13, 

p.4) found that the average uroa-p1us-anionia excretion for 
Holsteins is 78 percent, and for Jerseys is BC) percent of 

the total urinary nitrogen excretion. The values from the 

present study agree closely with the urea-plus-ammonia 

values obtained by Ashworth and Brady (13,p.14) at 600 

pounds but gave lower values at 500 pounds body weight. 

Carpenter's (4?,p.54O) steers on pasture gave a percent- 

ace ratio for urea-plus-ammonia nitrogen to total urinary 
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nitrogen of about 77 and steers on submaintenance diets 

cave a ratio ot about 6. 

The results of tue ratio of urinary urea:ammonia 

riitroen deserve mention. In 1398, Winterbor (211,pp.202- 

2Z5) showed conclusively that rabbits fed on oats could 

protect themselves against mineral acids by coupling these 

with amiuonia and excretin{; the anunonlum salts through the 

urine. Accompanying ti.is utilization of ammonia for pur- 

poees of neutralization, there was a reduction in the out- 

put of urea. It has further been established by rcCo11um 

and Hoabland (148,pp.299-3l5) that an animal is able to 

maintain tissue neutrality or at least raise the ammonia 

production on a nitrogen free diet when fed mineral acids. 
Such a diet results in an increased ammonia production in 

the urine with decreased urea output and increased total 
nitrogen excretion. Apparently, then, ammonia and uma 
production will rise and fall, dependin on the balance of 

base and acid radicals in the ration or in the tissues of 

the animals. In the present study, all animals received 

the same ration which was alkaline mainly because of the 

high alfalfa content (Table 2). Therefore, other reasons 

must be sout to explain the large sex dimorphism in the 
ratio of urea:anuiionia nitroon. ia1os excreted loss urea 

and more ammonia nitroen than females at both 500 and 00 

pounds boay weight (Tables 16 and 18). Because of this 
the females exhibited ratioe of uroa:amrnonia nitro:en that 
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were 3 timos hijier than those of the males at both 500 and 

BOo pounds body webt. Results presented by McCollum and 

Hoagland (148) sugost that since the rations Led were 

imi1ar, there niust be a tendency toward greater tissue 

acidity in the males tbn in the f3males. Such a deduction 

is not unreasonable if one accepts the hypothesis that the 

bulls tended relatively toward a protein metabolism while 

the heifers tended tard a fat metabolism during the course 

of this study. A cozplete explanation and evaluation of 

the worth of urea:ammonia nitrogen ratios must await 

further study. 
Ladison (150,pp.657-687) found a definite difference 

between male and female mice in urine creatinine excretion 
per unit body weight with female mice excreting larger 

quantities than males. In the present study, heifers 

excreted less creatinine por unit body weight than bull 

calves. 

Dinning, Gallup and Briggs (57,pp.157-161) studied the 

effect of protein intake on the excretion of creatine and 

creatinine. They found that the excretion of tobal nitro- 

gen and croatinine nitrogen by individual steers on a 

uniform nitroon intake is relatively constant from day to 

day as compared to the differonces between individuals. 
Their results also showed that changes in nitrogen intake 

and the addition of urea to the rations were without effect 
on the creatinine coefficients. Ashworth and Brody 
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(10,pp.3-66) found that the creatinine coefficient of the 

rat is not appreciably affected by dietary protein level. 

It Is now established with certainty that the excre- 
tion of preformed creatinine is constant and is not 

iríluenced by the dietary protein level. According' to 

Folin (7O,pp.66-ll5), the creatthine nitrogen In humans on 

a nitrogen free diet is approximately 17 percent of the 

total urinary nitrogen. If the same s true of beef 

cattle, the endoenous urinary nitrogen excreted by cattle 
may be calculated by rnultiplyin the creatinine nitrogen 

excretion by 6. Deuel obtained a creatinine nitrogen per-. 

centage of 33 under similar circumstances. If his findins 

are applicable to beef cattle, the erìdonous urinary 

nitrogen could be computed by multiplying the creatinine 

nitrogen excretion by 3. If obviously justifiable doubts 

are further surpressed by assuming that the ratio of 

creatinine to endogenous urinary nitrogen is constant, this 

ratio could be of metabolic importance. 

The application of these ratios, uein the average 

values ofeforme. creatinine coefficients obtained in this 

study, would permit the calculation of endoenous urinary 

nitroren excretions of our animals. Such has been calcu- 

lated and the results are shown in Table 25. 
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TABL2 25 

CALCULAThD DAILY EXCRETION OF ENDOGENOUS URINARY NITROGEN 
OF CALVES BY EXPERIMENTAL GROUPS AT 500 AND AT 800 

POUNDS BODY WEIGHT (mgrn./ktlo) 

500 lb. 800 lb. 
Endoenous Endogenous 

GROUP Creatinìne Urinary N. Creatinine Urinary N. 
Coeíficient Excretion Coefficient Excretion 

Folin Deuel polin Deuel ____________________ 

Al]. Animals 11.00 66.00 33.00 9.39 56.34 28.17 
All Males 11.96 71.76 ,5.88 9.8 59.28 29.64 
All Females 10.52 63.12 31.56 9.04 54.24 27.12 
All lierefords 11.51 67.06 34.53 9.49 56.94 28.97 
All Anus 9.74 58.44 29.22 9.23 55.38 27.69 

The preformed creatinine coefficient of these cattle 
falls slightly with increased body woiEht. Since the 

creatinine coefficient is indicative of muscle metabolism 

this result euggests the formation of higher percentages 

of adipose tissue as the animals mature. This again is in 

keeping with the hypothesis that the Crowth rato of these 

groups of experimental calves was a reflection oi growth 

hormone activity. The results indicate (Figure 4.16) that 

as rate of gain decreases the creatinine coefficient also 

decreases. This phenomenon was particularly notable at 

800 pounds body woiht. These results sugest that the 

faster gaining more efficient roups of calves were still 

growing in the protein sense while their counterparts 

entered a phase of r:lativoly reduced protein growth 

activity at ari earlier ago and had layed on greater aruounts 

of fat by the time they reached 800 pounds body weicht. 

That both rapid and slow gaining groups exhibited higher 
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ereatinine coefí'icients a 500 pounds than at 800 pounds 

suL:Lests that all L:roups entered a stage in which metab- 

olistn 8hIt3d somewhat Írorn a protein toward an adipose 

type of growth as body weijit increased. Total urinary 

creatinine excretion per day ftiure 4.11) indicates that 

since creatinine excretion is considered an index of tissue 

and muscle metabolism (21,p.639) and since averae creati- 

nine excretion increased with increased rate and efficiency 
of gain, the faster gaining, more efficient groups wore 

more active than the slower gaining, less efficient groups. 

Lhe mean creatinine coefficient was 11.00 at 500 

pounds and 9.39 at 800 pounds body weight. The valuo at 
500 pounds was in keeping with the mean creatinine coeff i- 

cient value of 11.18 reported by Linniní., Gallup and Bri.f;s 

(57,pp.157-lE3l) for steers and the value at 800 pounds was 

in keepin with the mean creatinine coefficient value of 

9.5 reported by Ashworth and Brody (l3,p.9) for dairy 

cattle. These values are also quite close to the published 

values for humans and dogs. Lusk (l46.,pp.253.258) gave 

values of B to 11 l'or normal adult human males; 5.8 to 9.8 
for norma]. adult human females; and 10 for normal adult 

dogs. Carpenter's (47,p.538) steers gave average creati- 

nine coefficients ranging from 5.5 to 10.0 for fasting 

steers that had previously been on pasture. 
From the foregoing it would appear that the rate of 

net anterior pituitary growth hormone activity (defined as 
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anterior pituitary growth hormone activity minus adreno-. 

corticotrophie hormone activity) holds the key to solec- 

tiori for rate and efficiency of cain in beef cattle where 

these tvio product.on factors are measured by body we1ht 
increase and where plane of nutrition is not a 1im1t1n 

factor. The problem, then, is to develop sonie econonil- 

cally feasible method through which to measure net anterior 
pituitary growth hormone activity at phys1o1o.ca11y 
critical points in the growth sequence. It Is possible 
that methods can be developed employing the more promising 

nietabolites considered in this study throuh which a 

measurement of hormone activity could be obtained in the 
individual herd replacement animal. Such a method would 

greatly enhance selection for rate and efficiency of ¿am 

in beef cattle. 
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CHAPTER VI 

SUMMARY AID CONCLUSIONS 

"If wo are confronted still with a formidable array 
of problems not yet solved, we may take courage 
from the certainty that wo shall solve a great 
number of them in the ftiture as so many have been 
solved in the past." 

Edmund B. Wilson. 

1. The association of nitrogenous products in blood 

and urine with rate and efficiency of rain in 45 purebred 

Hereford and Aberdeen Angue bull and heifer calves wb.ich 

were fed ad libitum throui a test period from 500 to 800 

pounds body weight has been studied. 

2. Average daily gain in pounds from 500 to 800 

pounds body weight for the major calf groups was: Males 

2.90, females 2.l4 herefords 2.56, Angus 2.l, and all 

animals 2.46. 

3. Average efficiency of gain, expressed as pounds of 
TL per l0) pounds gain during the 5OO-to-O0-pound test 
period, for the major calf groups was: Males 357, females 

510, Horefords 417, Angus 490, and all animals 444. 

4. As daily rate of gain decreased total feed intake 

increased for the experimental period during which the 

animals rained 300 pounds body weight. 

5. As daily rate of gain decreased daily feed intake 

increased. Therefore, rate of gain must be explained on 

the basis ofdifferences in feed efficiency rather than 
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daily feed consumption. 

6. As efficiency of cain decreased total feed intake 

increased for the experimental period from 500 to 800 

pounds body wejht. 

7. As efficiency of gain decreased daily feed intake 

increased in the calf groups studied. 

8. On the basis of nitrogen excretion, all experimen- 
tal groups exceeded the crudo protein intake allowance for 

growing cattle proposed by Ashworth and Brody. 

9. Age of a calf vvhon put on test at 500 pounds live 

weight had no siniuicant (l> level) effect on efficiency of 

sain. his indicates that either the older animals sul- 
fered some irreversible, metabolic disturbance from which 

complete recovery was iLpossib10 or that the polygenic 

complexes that made the older animals inefficient while on 
test were also functional, thus making the animals melI i- 
cient and slower growing at earlier ages. 

lo. Age of calf when put on test at 500 pounds live 
weight had no sinificant effect on rato of gain during the 

test. 

11. hate of gain was plotted against four nitrogenous 

constituents of the blood, namely: Urea nitroen, amino 

acid nitrogen, creatinine and uric acid. 
12. As rate of gain decreased, urea and ariino acid 

nitrogen concentration per 100 cc. of blood incresed in 
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a zotnewbat linear manner at both 500 axd 800 pounds body 

wei::ht. The difference in blood urea concentration with 

hihor levels at 500 than at 800 pounds body weight may be 

explained on the basis of Van Slyke's urine volume exere- 

tïon "Augmentation levels." 

1$. Linearity did not result when rete of gain was 

plotted against creatinine and uric acid concentrations 

at 500 and 800 pounds body weicht. 

14. As efficiency of :ain decreased, urea and amino 

acid nitro:en concentration per 100 cc. of blood increas3d 

in a linear' manner at both 500 and 00 pounds body weights 

15. then efficiency of Lain was plotted a:ainst 

croatinine and uric acid concentr:Ltions at 500 and 800 

pounds bocty weight, no linear relations could be estab- 
lished. 

16. Results of blood analyses indicate that the faster 

:aininL croups were under anterior pituitary L;rowth hormone 
influence to a :roater de-ree or under adrenocorticotro- 

phic hormone influence to a lesser degree than the slower 

growing groups. 

17. Blood data further suest that slower iaining 

groups tended to lay on finish (fat) starting' at a weight 

of less than 500 pounds. 

18. Blood values for amino acid nitrogen and blood 

creatinine per 100 cc. increased with the increase in body 
weight from 500 to 800 pounds. Blood urea nitroren 
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concentrations decreased durin, the same period. 

i. A lower daily rate of gain at 500 pounds body 

weight was linearly associated with increased excretion of 

urinary total nitrogen, urea nitrogen, urea nitrogen excre- 

tion per kilo body weight, and the uric acid coefficient. 
20. Lecreases in rate of gain at 800 pounds body 

weight were linearly related to increases in total urine 

volume, total nitrogen, urea nitrogen, total nitrogen 

excretion per kilo body weight and urea nitrogen excretion 

per kilo body weight. 

21. Creatinine excretion and creatinine coefficients 

increased linearly with incroses in rate of gain at gou 

pounds and approximately linearly at 500 pounds body weight. 

22. L'ereasos in efficiency of gain were linearly 

related to increased excretion of total urinary nitrogen, 

urea nitrogen, urea nitrogen excretion per kilo body 
weight, and uric acid coefficients .t 500 pounds body 

weight. 

2. At 800 pounds body weight, decreases in eff i- 

ciency of gain wore linearly related to increased excre- 

tion of total urine volume, urinary nitrogen, urea nitrogen, 

total nitrogen per kilo body weight and urea nitrogen per 

kilo body weight. 

24. Creatinine excretion and creatinine coefficiente 

increased llnearlj with increased efficiency of gain at 800 

pounds arid to an approxiniately linear degree at 500 pounds 
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body weight. 

25. Urine excretion values for total volume, total 

nitrogen, total nitrogen por kilo body weight, urea nitro- 
gen, urea nitrogen por kilo body weight, ammonia nitrogen, 

urea:ammonia nitrogen ratios, creatinine and uric acid 

increased with the increase in weight from 500 to 0O 

pounds body weight. Creatinine coefficients decreased 

during the same period. 

26. Nitrogen retention rates per 24 hours indicated 

that at 800 pounds live weight the faster gaining, more 

efficient groups retained more dietary nitrogen and a 
higher percentage of nitrogen than the slower gaining, less 

efficient groups. 

27. Results of urinalyses substantiate the hypo- 

thesis that the faster gaining groups were under net 

anterior pituitary growth hormone influence to a greater 

degree than the slower gaining groups. 

28. Creatinine coefficients suggest that while all 

groups had shifted somewhat from a protein to an adipose 

metabolism, the faster gaining, more efficient groups of 

calves wore still rowing in the protein sense while their 

counterparts entered a phase of reduced protein :rowth 

activity at an earlier age and had laid on more fat by the 

time they reached BOO pounds body weight. 

29. It is entirely probable that methods cari be 

developed, employing the more promising nitrogenous factors 
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studied, tbroudl which selection for rate and efficiency 

of gain in beef cattle may be enhanced. 



116 

CHAPTER VII 

B IBLI O(RA PRY 

1. Abderhalden, E. Zur quantitativen vergleichenden 
Analyse dea Blutes. Zeitschrift fur physiolo- 
ische Chemie 25:65-115. 1898. 

2. Addis, T. et al. Te relation between protein consump- 
tion ¡diurna1 variations of the endoenoua 
creatinine clearance in normal individuals. 
Journal of clinical investiçation 30:206-209. 
1951. 

3. Aibritton, Errett C. Standard values in blood. Phila- 
deiphia, Saunders, 1952. 199p. 

4. Alicroft, W. M. Diurnal variations in the blood sugar 
level of the lactating cow. Biochemical journal 
27: 1820-1823 1933. 

5. Alicroft, E. M. and Ruth Strand. Studies on the lactic 
acid, sugar and inorganic phosphorus of the blood 
of ruminants. Biochemical journal 27:512-522. 
1933. 

6. Allinson, M. J. Carl. A specific enzïmatic method for 
the determination of creatine and creatinine in 
blood. Journal of biological chemistry 157:169- 
172. 1945. 

7. Anderson, Arthur K., Howard E. Gayley and Avery D. 
Pratt. Studies on the chemical composition of 
bovine blood. Journal of dairy science 13:336- 
348. 1930. 

8. Anderson, W. E., and A. Ii. Smith. Further observations 
of rapid growth of the albino rat. American 
journal phyaio1oy 100:511-518. 1932. 

9. Armaby, E. P. The nutrition of farm animals. New York, 
Ivlacmillan, 1917. 743p. 

10. Ashworth, U. S. Growth and development. XXXVii. 
Interre1tions between protein intake, endoenous 
nitrogen excretion and biological value of protein. 
Columbia, University of Missouri, 1934. l3p. 
(Missouri. A:ricultural research bulletin 288) 



11. Ashworth, U. S. and S. Brody. Growth and dovalopment. 
XXVii. Endogenous urinary nitrogen and total 
creatinine excretion in rats as functions of 
dietary prot3in level, time on nitroen-freo 
diets, aae, body weitht, and basal metabolism. 
Columbia, University of Missouri, 19. 66p. 
(Missouri. Agricultural research bulletin l9) 

12. Ashworth, U. S. anA?t S. Brody. Growth and development. 
xxviii. Decline of endogenous nitrogen per unit 
wei:ht with incresin weicht in growing rats, 
and its relation to the decline in basal nietab- 
olism. Declino in live weight, nitroen and 
energy metabolism with the advance of the period 
of nitrogen starvation and the influence of live 
weight and of the precedin level of protein 
intake on those declines and on the survival 
periods. Columbia, University of Missouri, l933. 
l9p. (Missouri. Agricultural research bulletin 
190) 

L3. Ashworth, U. S. and S. Brody. Growth and development. 
XXiX. Ae curves of creatinine and urinary 
nitroen coefficients in dairy cattle, and their 
relations to energy metabolism. Columbia, Uni- 
vorsity of Missouri, 1933. l8p. (Missouri. 
Agricultural research bulletin 191) 

14. Association of official agricultural chemists. 
Official and tentative methods of analysis. 6th 
ed. Washinaton, 1945. 932p. 

15. Austin, J. H., E. Stiliman and D. D. Van Slyke. 
Factors governing the oxcrotion rate of urea. 
Journal of biological chemistry 46:91-104. 1921. 

16. Baker, J. P., it . W. Colby and C. M. Lyman. The rela- 
tionships of feed efficiency to digestion rates 
of beef cattle. Journal of animal science 10: 
726-72. 1951. 

17. Barker, . B. Metabolic functions of the endocrine 
systems. Annual review of physiology 11:45-82. 
1949. 

18. Beard, Howard H. The influence of the rate of protein 
metabolism upon creatine-creatinine transforma- 
tions and excretion in the rat. Archives of bio- 
chemistry 3:181-187. 1943. 



118 

19. Bohre, Teanette A. arid R. Benedict. Studies on 
creatine and croatinine nietaboli8rn. 1V. On the 
question of the occurrence of creatinine and 
creatine in blood. Journal bio1oiea1 chexaistry 52:11-. 1922. 

20. Benedict, S. h. Studios in uric acid metabolism. 1. 
On the uric acid in ox and chicken blood. Jour- 
nal of biolojical chemistry 20:633-640. 1915. 

21. Best, C. U. and N. B. Taylor. The physio1o'ica1 basis 
of medical practice. 2d ed. Baltiriiore, Vi11iarns 
and Wilkins, 1950. 133Op. 

22. Bierring, E. and E. Nielsen. The composition of the 
tissues of albino rats treated with alkaline 
anterior pituitary extracts. Biochemical journal 
26:1015-1021. 1932. 

25. Black, W. H. and Bradford Knapp, Jr. A method of 
measuring performance in beef cattle. Proceed- 

of the American society of animal produc- 
tion, 1936, pp.72-77. 

24. Black, V!. il., Bradford Knapp, Jr. and A. C. Cook. 
Correlation of body measurements of s1auhter 
steers with rate and efficiency of cain and with 
certain carcass characteristics. Journal of 
aricu1tura1 research 56:465-472. 1938. 

25. Blackwell, hobert. Relation of rate of gain to feed 
efficiency in beef cattle. Ph.D. thesis. 
Corvallis, Oregon stato college, 1952. 54 numb. 
leaves., 

26. Blaxter, K. L. and H. H. Mitchell. The factorization 
of the protein requirements of ruminants and of 
the protein values of feeds with particular 
reference to the significance of the metabolic 
fecal nitrogen. Journal of animal science 7: 
351-372. 1948. 

27. Bliss, Sidney. The amide nitroon of the blood. II. 
Muscular exercise: the role of ammonia in the 
neutralization of lactic acid. Journal of bio- 
logical chemistry 81:137-158. 1929. 



119 

28. Bloch, K. and H. Schoenieimer. Studies in protein 
metabolism. XI. the metabolic relation of 
creatine and creatinine studied with isotopic 
nitrogen. Journal of biological chemistry 131: 
111-119. 1939. 

29. Bogart, Ralph et al. The influence of reproductive 
condition upon growth in the female rat. Ameri- 
can journal of physiology 128:355-371. 1939. 

30. Bogart, Ralph ar R. L. Blackwoll. More beef with 
lesa feed. Corvallis, Oregon state college, 
1950. 4p. (Oregon. Agricultural experiment 
station. Station bulletin 488) 

31. Bogart, Ralph, John F. Lasley and D. T. Mayer. The 
influence of reproductive hormones upon growth 
in ovariectomized and normal female rats. En- 
docrinology 35:173-161. 1944. 

32. Bonanes, Roy W. and H. H. Taussky. On the colori- 
metric determination of creatinine by the Jaffe 
reaction. Journal of biological chemistry 158: 
581-591. 1945. 

33. Borsook, Henry and Jacob W. Dubnoff. The formation 
of creatine from glycocyaniine in the liver. 
Journal of biological chemistry 132:559-574. 
1940. 

34. Bowman, R. O., 1. . Crowell aixi L. F. Olson. The 
significance of very low values for blood urea 
nitrogen. Journal of laboratory and clinical 
medicine 30:706-711. 1945. 

35. Braun, Werner. Average levels of various constit- 
uents, physical properties and formed elements 
of the blood of cows on pasture. American jour- 
nal of veterinary research 7:450-454. 1946. 

36. Brigga, H. M. and W. D. Gallup. Metabolism stalls for 
wethers and steers. Journal of animal science 
8:479-482. 1949. 

37. Brody, S. Growth and development. XV. Energy and 
nitrogen metabolism durin, the first year of 
post-natal life. Columbia, University of 
Missouri, 1930. 2O8p. (Missouri. Agricutural 
research bulletin 143) 



120 

38. Brody, S. Growth and development. XVII. Relation 
betvieen resting energy metabolism and body we1tJ-ìt 
in growing domestic mammals. Columbia, Univer- 
sity of Missouri, 19Z2. 44p. (Missouri. Acri- 
cultural research bulletin 166) 

39. Brody, S. Biosnergetics and growth. New York, Rein- 
hold. 1945. l023p. 

40. Brody, S. and R. C. Proctor. Growth and development. 
xxII. Influence of plane of nutrition on the 
utilizability of feedin, stuffs. Columbia, 
University of Missouri, l933. 48p. (Missouri. 
Agricultural research bulletin 193) 

41. Brown, Herman. The determination of uric acid in 
human blood. Journal of biological chemistry 
158:601-608. 1945. 

42. Buchanan, Oliver R., W. D. Block, and A. A. Christman. 
The metabolism of the methylated purines. I. 
1he enzymatic determination of urinary uric acid. 
Journal of bio1oical chemistry 157:181-187. 
1945. 

43. Bull, S. and H. S. rind1ey. Nitrogen metabolism of 
2 year old steers. Journal of agricultural 
research 18:241-255. 1919. 

44. Burns, M. J. The response of genetically related 
groups of young beef cattle to administered male 
hormones. Ph.D. thesis. Corvallis, Oregon stato 
coiloe, 1953. 171 numb. leaves. 

45. Burns, M. J. et al. The effect of male sex hormones 
on the naTi ? nain and feed efficiency in beef 
cattle. Proceedings of the American society of 
animal production, Western section, 1952, (II) 
pp. 1-13. 

46. Burroughs, . W., H. S. Burroughs and H. H. Mitchell. 
The independence of the endogenous and the oxo- 
genous metabolism of nitrogen. Journal of nutri- 
tion 19:271-283. 1940. 

47. Carpenter, T. A. The composition of the urine of 
steers as affected by fasting. American journal 
of physiology 81:519-551. 1927. 



121 

48. Castle, William E. The nature of size factors as 
indicated by a study of correlation. \Nashington, 
Carnegie Institute, 1914. 55p. 

49. Castle, William E. Genetic studies of rabbits and 
rats. Washinçton, Carnegie Institute, 1922. 55p. 

50. Chow, B. F. and R. 0. Greed. Growth of hypophysec- 
tomized rats injected with growth hormone and fed 
on different proteins. Proceedins of the 
society of experimental biological medicine 69: 
19 1-192 1948. 

51. Colby, R. W. et al. The relationship of various blood 
constituents to rate of gain in beof cattle. 
Journal of animal science 9:652. 1950. 

52. Dahmen, Jerome J. and Ralph Bogart. Corvallis, Oregon 
state college, 1952. 23p. (Oreon. Agricultural 
experiment station. Technical bulletin 26) 

53. Danielson, Irvin S. Amino acid nitrogen in blood and 
its determination. Journal of biological ehem- 
istry 101:505-522. 1933. 

54. Davis, A. F. and S. R. Benedict. A crystalline uric 
acid compound in beef blood. Journal of hiolog- 
leal chemistry 46:v-vi. 1921. 

55. Davis, H. P. and E. L. Willett. Relation between rate 
of growth and fat production. Journal of dairy 
science 21:637-642. 1938. 

56. Dinning, J. S. et al. The effects of orally adminis- 
tered urea on the ammonia and urea concentration 
in the blood of cattle and sheeD with observa- 
tions on blood ammonia levels associated with 
symptoms of alkalosis. American journal of 
physiology 153:41-46. 1948. 

57. Dinning, J. S., W. D. Gallup, and h. M. Brigga. 
Excretion of creatinine and creatine by beef 
steers. Journal of biolo8ical chemistry 177: 
157-161. 1949. 

Dukes, E. li. The physiology of domestic animals. 5th 
ed. Ithaca, Comstocke, 1943. 695 p. 

59. Dunlop, c+. Methods of experimentation in animal 
nutrition. Journal of agricultural science 23: 
580-614. 1933. 



122 

60. Dunlop, &. The control of variation in nain in 
animal nutrition experinents. Journal of acri- 
cultural science 25:151-159. 1935. 

61. Dunn, L. C. The effect of inbreeding on bonGs of the 
fowl. Storrz, Storrs a:ricultural school, 1928. 
112p. (Connecticut. Storrs aricu1tura1 expert- 
mont station. Station bulletin 152) 

62. Eckles, C. H. and W. W. Swett. Some factors in.flu- 
encin the rate of growth and the size of dairy 
heifers at maturity. Columbia, University of 
Missouri, 1918. 31p. (Missouri. Agricultural 
experiment station. Station bulletin $1) 

63. Ershoff, B. li. Nutrition and the anterior pituitary 
with special reference to the general adaption 
syndrome. Vitamines and hormones 10:79-140. 
1952. 

64. Ershoff, B. H. and I-i. J. Douai, Jr. The effect of 
growth hormone on the vitamin A deficient rat. 
Endocrinology 36:280-282. 1945. 

65. vans, H. M. and M. E. Simpson. Hormones of the 
anterior hypophysis. American journal of phys- 
iology 98:511-54.6. 1931. 

6G. Evans, H. M., M. i. Simpson and C. H. Li. Continuous 
growth of normal rats receiving pure growth 
hormone. Endocrinology 39:71. 1946. 

67. Farr, L. E. and L. K. Alpert. The effect of endocrine 
extracts on the amino acids in the blood with 
incidental findin2:s on the blood sugar and urea. 
American journal of physiology 128:772-775. 1940. 

68. iearon, W. R. The biochemistry of urea. Physiologi- 
cal reviews 6:399-439. 1926. 

60. Folin, Otto. Approximately complete analysis of 
thirty "normal" urines. American journal of 
physiology 13:45-66. 1905. 

70. Folin, Otto. Laws governing the chemical composition 
of urine. American journal of physio1o'y 13: 
66-115. 1905. 

71. Folin, Otto. On the determination of creatinine and 
creatine in urine. Journal of biological chem- 
istry 17:469-473. 1914. 



123 

72. Folin, Otto. Ori the determination of cieatintne and 
creatine in blood, milk, and ttsuos. Journal or 
bio1oica1 chemistry 17:475-481. 1914. 

7$. Folin, Otto. Supplementary noto on the new ferri- 
cyanide method for blood iugar. Journal of bio- 
1o'ical chemistry 81:231-236. 1929. 

74. Folin, Otto and R. D. Bell. Applications of a new 
roaent for the separation of ammonia. I. The 
calorimetric determination of arimonia in urine. 
Journal of bio1oica1 chemistry 29:329-335. 1917. 

75. Folin, Otto and W. Deni$. Protein rnetabo1itn from the 
standpoint of blood and tissue analysis. Journal 
of bio1o'ica1 cheiatry 14:29-42. 1912. 

76. Folin, Otto and W. Denis. On the creatine and 
creatinine content of blood. Journal of biologi- 
cal chemistry 17:487-491. 1914. 

77. ko1in, Otto and lisien Wu. A system of blood analysis. 
Journal of' biological cheriistry 38:81-110. 1919. 

78. Folin, Otto and Guy E. Youngburg. Note on the deter- 
rinat ion of urea in urine by direct nesslerizat ion. 
Journal of biological chemistry 38:111-112. 1919. 

79. 1orbos, E. B. et al. The digestibility of rations for 
cattle ansep. Pennsylvania stato college, 
1937. 2lp. (Pennsylvania. Agricultural experi- 
ment station. Station bulletin 339) 

80. Forbes, E. B., J. A. Fries and M. Kriss. The main- 
tenance requirement of cattle for protein, as 
indicated by the fasting metabolism of dry cows. 
Journal of dairy science 9:15-17. 1926. 

81. Fraenkol-Conrat, J., H. Fraenkel-Conrat and h. M. 
Evans. Effects of purified pituitary prepara- 
tions on the nonprotein nitrogen constituents of 
blood. American journal of physo1ogy 137:200- 
212. 1942. 

82. Frame, E. G. and J. A. Russell. The efíocts of 
insulin and anterior pituitary extract on the 
blood amino nitrogen in eviscerated rats. 
Endocrinology 39:420-429. 1946. 



124 

83. rame, G., J. A. Iussell and Alfred E. Wilhelmi. The 
colorimetric estimation of aminò nitrogen in 
blood. Journal bio1oica1 chemistry 149:255-270. 
1943. 

84. Fuller, J. M. Some physical and physioloica1 activi- 
ties of dairy cows. Durham, University of Now 
Hampshire, 1928. 3Op. (New Hampshire. Agricul- 
turai experiment station. Technical bulletin 35) 

85. Gad-Andresen, h. L. Die Vertei1un', des Harnotoffes 
im Organismus.Biochemische Zeitschrift 116:266- 
302. 1919. 

86. Gaebler, 0. H. Further studies of anterior pituitary 
extracts. Journal of bio1oicai chemistry 100: 
xlvi-xlvii. 1933. 

87. Gaebler, 0. H. and Lynn deF. Abbott, Jr. Isolation of 
creatinine from serum ultrafiltrates. Journal 
of biological chemistry 123:119-128. 1938. 

88. Gilmore, L. O. et al. The similarities of identical 
cattle twins with reference to growth and blood 
composition. Journal of animai science 7:511- 
512. 1948. 

89. Goettsch, E. et al. The renal amino acid clearance in 
the normal dog. American journal of pLysioloçy 
140:688-698. 1944. 

90. Gordan, C. S. et al. Effects of hypophyseal .rowth 
hormone upon rats fed low protein diets. Pro- 
ceedinge of the society for experimental biology 
and medicine 65:3l7-l9. 1947. 

91. Gordan, G. S. et al. The effect of dietary protein 
content upon the nitrogen retention and weight 
gain produced by the hypophyseal growth hormone. 
Endocrinology 42:153-160. 1948. 

92. Gramlich, H. J. and R. R. Thalman. Sex and age fac- 
tora in cattle feeding. Lincoln, University of 
Nebraska, 1930. 55p. (Nebraska. Agricultural 
experiment station. Station bulletin 252) 

9$. Green, C. V. On the nature of size factors in mice. 
American naturalist 65:406-416. 1931. 



125 

94. oreenwald, Isidor. The chemistry of Jaffe's reaction 
for creatinine. II. The effect of substitution 
in the creatinine molecule and a possible formula 
for the red tautomer. Journal of American 
chemical society 47:1443-1448. 1925. 

95. Greenwald, Isidor. The chemistry of Jaffe's reaction 
for creatinine. V. The isolation of the red com- 
pound. Journal of biolo'ica1 chemistry 80:103- 
106. 1928. 

96. Greenwald, Isidor and Joseph Gross. The chemistry of 
Jaffe's reaction for creatinine. A red tautomer 
of creatinine picrate. Journal of bio1oica1 
chemistry 59:601-612. 1924. 

97. Gregory, P. W. The nature of size factors in domes- 
tic breeds of cattle. Genetics 18:221-249. 1933. 

98. Haden, hussell L. A modification of the Folin-Wu 
method for makinL protein-free blood filtrates. 
Journal of bio1oica1 chemistry 56:469-471. 1923. 

99. Hammond, John. On the relative growth and development 
of various breeds and crosses of cattle. Journal 
of a;ricultura1 science. 10:233-289. 1920. 

100. Hancock, J. Studies in monozygotic cattle twins. VI. 
Uniformity trials: physiological and biochemical 
characteristics. New Zealand journal of science 
and technical aricu1turo 34:131-152. 1952. 

101. Hankins, O. G. and L. B. Burk. Washington, U. 3. 
government printing office, 1938. 39p. (U. S. 
department of apiou1ture. Technical bulletin 
no. 655) 

102. Hansard, Sam L. et al. Metabolism unite for large 
animal balance experiments using radiotsotopes. 
Journal of animal science 9:65-68. 1950. 

103. Rancard, Sam L., C. L. Gomar and M. P. Plumlee. 
Radioisotope procedures with farm animals. I. 
Metabolism facilities. Nucleonics 9:13-25. 1951. 

104. Hansard, Sam L., C. L. Comar and M. P. Plumlee. 
Radioisotope procedures with farm animals. II. 
Quantitative administration ana blood sampling. 
Nucleonics 9:38-45. 1951. 



126 

105. Harrison, H. C. and C. N. il. Long. Effects of anterior 
pituitary eXtract3 in the fa&ted rat. nc1ocri- 
no1o:y 26:971-976. 1940. 

106. Hart, E. B. et al. Physiological effect on growth and 
reproduIion of rations balanced from restricted 
sources. Madison, University of Wisconsin. 74p. 
(Wisconsin. Agricultural experiment station. 
Station bulletin 17) 

107. Hart, E. B., G. C. Humphrey and F. B. Lorrison. Corn- 
parativo efficiency for growth of the total nitro- 
con from alfalfa hay and corn train. Journal of 
biological chemistry 13:133l53. 1912. 

106. Hawk, P. B., B. L. Oser and W. H. Sumrnerson. Prac- 
tical physio1o:ica1 chemistry. 12th ed. Phila- 
deiphia, Blakiston, 1951. 12p. 

109. Hayden, C. E. and P. A. Fish. The normal blood of 
some domesticated animals. Cornell veterinarian 
l8:19'7.-2O3. 1928. 

110. Hayden, E. C. and Shofl, L. B. A study of extractives 
of the blood of the cow. Ithaca, N. Y., Cornell 
University, 1923-24. Annual report of the New 
York state veterinary co11ee, 1919-20. pp.181- 
191. 

111. Hayden, C. F. ar M. Tubangul. Studies on the normal 
blood of domesticated anImals. Ithaca, N. Y., 
Cornell University, 1919-20. Annual report of 
the New York state veterinary college, 1919-20, 
p.181-191. 

112. Heller, V. G. and Henry Paul. Changes in cell volume 
produced by varying concentrations of different 
anticoagulants. Journal of laboratory and dm1- 
cal medicine 19:777-782. 1934. 

113. Henderson, Lawrence J. and Walter W. Palmer. On the 
several factors of acid excretion. Journal of 
biological chemistry 17:305-315. 1914. 

114. Henderson, L. M., P. E. Schurr and C. A. Elvehjem. 
The in11uence of fasting and nitrogen deprivation 
on the concentration of froc amino acids in rat 
plasma. Journal of biological chemIstry 177: 
815-823. 1949. 



127 

115. Hieatt, Shirley. The estimation of true clucose. 
Canadian journal of medical technoloc. 12:78- 
81. 1950. 

116. Hobh, C. S., S, L. liancard and E, R. )3arrick. 
Simplified methods and equipment used in separa- 
tion of urine from feces eliminated by heifers 
and by steers. Journal of animal science 9: 
565-570. 1950. 

117. Hod8man, Charles D. Handbook of chemistry and physics. 
29th ed. Cleveland, Chemical rubber, 1945. 240p, 

118. Huitz, Fred P. Type of beef calves. Laramie, Uni- 
versity of Wyoinin, 1927. 23p. (yomin. 
Ar1cu1tura1 experimental station. Station 
bulletin no. 153) 

119. Huntor,A. Creatine and creatinine. London, Longmans. 
1928. 281p. 

120. Hunter, A. and W. R. Campbell. The probable accuracy, 
in whole blood and plasma, of colorimetric deter- 
minations of creatinine and creatino. Journal 
of bio1oica1 chemistry 32:195-231. 1917. 

121. Hunter, A. and M. H. Givons. Studies in the compara- 
tive biochemistry of purins metabolism. II. The 
excretion of purins catabolites in the urine of 
un.i1atos. Journal of biological chemistry 18: 
403-416. 1914. 

122. Hutchinson, J. C. D. and S. Morris. The digestibility 
of dietary protein in the ruminant. I. Endoexus 
nitrogen excretion on a low nitrogen diet and in 
starvation. Biochemical journal 30:1682-1694. 
1936. 

123. Karr, Walter G. A method for the determination of 
blood nitrogen. Journal of laboratory and 
clinical medicine 9:329-333. 1924. 

124. Keeton, R. W. Ammonia excretion following experi- 
mental administration of acids via the stomach 
and periforal vein. Journal of biological 
chemistry 49:411-247. 1921. 



128 

12b. Keith, T. L. The influence or the ration on the 
composition o1 the urine of dairy cows. Clemson, 
Clemson agricultural college, 1916. 29th 
annual report of the Clemson agricultural college, 
Agricultural experiment station, 1916. pp.37-48. 

126. Kinard, r. W., J. C. Arel and J. van der Erve. The 
relationship between urinary creatinine and total 
body creatine, surface area and body weight. 
American journal of medical science 190:237-241, 
1935. 

127. Kielber, M. and H. li. Cole. Body size and energy 
metabolism in growth hormone rats. American 
journal of physiology 125:747-760. 1939. 

128. Knapp, Bradford, Jr. et al. Record of performance in 
Hereford cattle. Boseman, Montana state college, 
1941. 3Op. (Montana. Agricultural experiment 
station, Station bulletin no. 397) 

129. Knapp, Bradford, Jr. et al. Length of feeding period 
and number of anTiaT required to measure the 
economy of gain in progeny teste of beef bulls. 
Journal of animal science 1:285-292. 1942. 

130. Knapp, Bradford, Jr. and R. T. Clark. Genetic arid 
environmental correlations between growth rates 
of beef cattle at different ages. Journal of 
animal science 6:174-1B1. 1947. 

131. Knapp, Bradford, Jr. and R. T. Clark. Genetic and 
environmental correlations between weaning scores 
and subsequent gains in the feed lot with record of performance steer5. Journal of animal science 10:365-370. 1951. 

132. Knox, J. II. and Marvin Koger. A comparison of gains 
made and carcass produced by 3 types of feeder 
steers. Journal of animal science 5:331-337. 
1946. 

133. Koger, Marvin and J. H. Knox. The correlations 
between gains made at different periods by cattle. 
Journal of animal science 10:760-767. 1951. 

134. Kohli, M. L., A. C. Cook and W. M. Dawson. Relations 
betwoen sorno body measurements and certain per- 
formance characters in milking shorthorn steers. 
Journal of animal science 10:352-364. 1951. 



129 

135. Krebs, H. A. and K. Henseleit. Untersuchungen uber 
die Harnstoffbildung im Tierkorper. Zeitschrift 
fur physiologische Chemie 210:33-66. 1932. 

136. Iunkel, H. O., R. W. Colby arid Carl M. Lyman. The 
relationship of serum protein bound iodine levels 
to rate of gain in beef cattle. Journal of 
animal science 12:3-9. 1953. 

137. Lee, M. O. and N. K. Schaffer. Anterior pituitary 
growth hormone and the composition of rowth. 
Journal of nutrition 7:337-363. l93. 

138. Li, C. Ii. and H. M. Evans. Properties of the growth 
and adrenocortlootrophic hormones. Vitamins and 
hormones 5:197-225. 1947. 

139. Li, C. H., I. Geschwind and I. M. Evans. The effect 
of growth and adrenocorticotrophic hormones on 
the amino acid levels in the pla8rm. Journal of 
biological cheristry 177:91-95. 1949. 

140. Lindsay, D. E. A contribution to the study of the 
protein metabolism of the foetus. The distri- 
button of nitrogen in the foetal fluids through- 
out pregnancy. Biochemical journal 6:79-99. 1912. 

141. Long, J. F. et al. Bovine protein bound iodine and 
its relation to age and breed. Journal of dairy 
science 35:603. 1952. 

142. Looney, Joseph M. The determination of blood urea 
nitrogen by direct nesslerization. Journal of 
biological chemistry 88:189-195. 1930. 

143. Lotepeich, W. D. Relation between pantothenic acid 
and response to growth hormone in the adult rat. 
Proceedings of the society for experirenta1 
biology and medicine 73:85-E7. 1950. 

144. Lush, J. L. Predicting gains in feeder cattle and 
pigs. Journal of agricultur&. research 42:853- 
881. 1931. 

145. Lush, J. L. The relation of bodr shape of feeder 
steers to rate of gain, to dressing and to values 
of dressed carcass. College Station, Texas A. 
and M. college, 1932. 3Op. (Texas. Agricul- 
turai exporinent station, Station bulletin no. 
471) 



130 

146. Lusk, G. Science of nutrition. 4th od. Phi1adelph 
Saunders. 1928. 844p. 

147. McCall, E., R. T. Clark and A. R. Patton. The 
apparent diestibi1ity and nutritivo value of 
several native and introduced crasses. Bosoman, 
Montana state co11ee, 1943. 3Op. (Montana. 
Aricu1tura1 experiment station research 
bulletin 418) 

148. MoCollum, E. V. and D. R. Uoa.;1and. Studies of the 
endoenous metabolism of the pi as modified by 
various factors. 1. The effects of acid ar1 
basic salts, and of free mineral acids on the 
endogenous nitrogen metabolism. Journal of 
biological chemistry 16:299-315. 1913l914. 

149. McDonald, I. W. The absorption of ammonia from the 
rurnen of the sheep. Biochemical journal 42:584- 
587. 1946. 

150. Madison, Caroline R. A search for quantitative dif- 
forences in the normal constituents of the urine 
of short ear and normal mice Journal of expert- 
montai zoology 120:457-468. 1952. 

151. Marx, W. et Effect of purified pituitary pro- 
paraElons on urine nitrogen in the rat. American 
journal of physiology 137:544-550. 1942. 

3.52. Marx, W. et al. Antagonism of pituitary adrenocor- ticotoHic hormone to growth hormone in hypo- 
physectomized rats. Endocrinology 33:102-105. 
1945. 

153. Marx, W., M. E. Simpson and H. M. Evans. Specificity 
of the epiphyseal cartilage te8t for the 
pituitary growth hormone. Proceedings of the society for experimental biology and medicine 
55:250-258. 1944. 

154. Maynard, L. A. Animal Nutrition. 2d ed. New York, 
Hill, 1947. 494p. 

155. Miller, B. F., M. J. Carl Allison and Zeirna Baker. 
Studies on the metabolism of creatine and creatinine. 1. Specific enzymatic methods for the analysis of creatine and creatinino in 
tissues. Journal of biological chemistry 130: 
383-391. 1939. 



131 

16. íi11er, E. F. and Rene Dubois. Determination by a 
specific, enzyniat5.c method of the creatinine 
content of blood and urine from normal and 
nophritic individuals. Journal of btolobl.cal 
chemistry 121:457..464 1937. 

157. Miller, Zelnia and B. F. Miller. Specific determina- 
tion of serum creatinine. Proceedings of the 
society for experimental biology and medicine 
78:471-473. 1951. 

158. Mitchell, li. H. The determination of the protein 
requirements of animals and of the protein values 
of farm feeds and rations. Washington, National 
research council, 1926. 44p. (Washington, 
National research council. Bulletin no. 55) 

159. Mitchell, II. H. The minimum protein requirements of 
cattle. Washington, National research council, 
1929. 84p. (Washington, National research 
council. Bulletin no. 67) 

160. Mitchell, Philip H. A textbook of biochemistry. 2d 
ed. New York, McGraw-Hill, 1950. 695 p. 

161. Moller, E., J. F. McIntosh, and D. D. Van Slyke. 
Studies on urea excretion; relationship between 
urine volume and rate of urea excretion by 
patients with bright's disease. Journal of 
clinical investigation 6:485-495. 1928. 

162. Morris, H. P., L. S. Palmer and Cornelia Kennedy. 
Fundamental food requirements for the growth of 
the rat. VII. An experimental study of inheri 
tance as a factor influencing food utilization in 
the rat. Minneapolis, University of Minnesota, 
1933. 55p. (Minnesota. Agricultural experiment 
station. Technical bulletin 92) 

163. Morrison, F. B. Feeds and feeding;. 
N. Y., Mo'rison, 1950. l207p. 

164. NaRh, T. P. and 3. R. ßeneaict. The 
of the blood and its bearing on 
acid neutralization in the anim 
Journal of biological chemistry 

21st ed. Ithaca, 

ammonia content 
the mechanism of 
1 organism. 
48:4630487. 1921. 

165. National Research Council. Committee on animal nutri- 
tion. Recommended nutrient allowances for domes- 
tic animals. IV. Recommended nutrient allowances 
for beef cattle. Washington, 1945. 32p. 



132 

166. Neirns, G. E., C. M. Williams and Ralph Boart. A 
completely pelleted ration for performance test- 
irlE; beof cattle. Proceedings of the American 
society of animal production, Western section, 
1953, (xIv) pp.1-2. 

167. Okado, Seizaburo and T. Hyashi. Studies on the amino 
acid nitro,en content of the bood. Journal of 
bio1o[ica1 chemistry 51:121-13. 1922 

166. Oldfield, James E. Iron deficiency anemia as a con- 
tributory cause of early mortality in swine. 
Ph.D. thesis. Corvallis, Ore;on state co11e.e, 
1952. 120 numb. leaves. 

169. Palmer, L. S. Genetïc differences in the biochemistry 
and physiolo:y influencing food utilization for 
growth in rate. Minneapolis, University of 
Minnesota, 194G. 54p. (Minnesota. Agricultural 
experiment station. Technical bulletin 176) 

170. Palmer, L. s. and C. Kennedy. Food consumption and 
efficiency. Journal of bio1oica1 chemistry 
90:545. 1931. 

171. Palmer, W. W., J. 11. Means and J. L. Gamble. Basal 
metabolism and creatinine elimination. Journal 
of biolo:ical chemistry 19:239-242. 1914. 

172. Parfentjev, I. A. and W. A. Perizweig. The coniposi- 
tion of the urine of white mice. Journal oj 
biologica]. chemistry 100:551-555. 1933. 

173. Patterson, R. E. et al. Performance testing and pro- 
geny testing of beef breeding stock as an aid to 
selection. Journal of animal science 8:608. 
1949. 

174. Peters, John ii. The determination of creatinine and 
creatine in blood and urine with the photo- 
electric colorimeter. Journal of bio1oica1 
chemistry 146:179-186. 1942. 

175. Peters, R. A. A method of obtaining uncontaminated 
specimens of urine from the billy goat; with some 
notes upon the normal metabolism of this aniLa1. 
ßiocheinical journal 14:697-708. 1920. 

176. Pitts, urover C. A diurnal rhythm in the blood sugar 
of the white rat. American journal of physiology 
139 :109-1.6. 1943. 



133 

177. Pitts, R. F. The renal re:,i'.1ation of acid-base 
balance with special reference to the tnechani8m 
for acidifying the urine. Science 102:49-54, 
81-85. 1945. 

178. Ritzman, E. G. and N. F. Colovos. An automatic 
method for collecting solid and liquid excreta 
from cows in digestion experiments. Durham, 
University of New Hampshire, 1932. 16p. (New 
Hampshire. Agricultural experiment station. 
Technical bulletin 52) 

179. Robinson, C.. S. and C. F. Huffman. Studies on the 
chemical coriposition of beef blood. The con- 
centration of certain constituents in normal 
beef plasma. Journal of bioloica1 chemistry 
67:245-255. 1926. 

180. Roe, Joseph E., Oliver Irish and James I. Boyd. The 
preservation of blood for chemical analysis by 
the use of sodium fluoride. Journal of biologi- 
cal chemistry 75:685-695. 1927. 

181. Russell, Jane A. Note on the colorimetrit determina- 
tion of amino nitrogen. Journal of bioloica1 
chemistry 156:467-468. 1944. 

182. Sahyun, M. The determination of amino acid nitrogen 
in blood and urine. Journal of laboratory and 
clinical medicine 24:548-553. 1938.1939. 

183. Sawer, W. A., Ralph Boart and Li. M. Oloufa. Weaning 
weight. of calves as related to age of dam, sex 
and colour. Journal of animal science 7:513-514. 
1948. 

184. Scheunert, A. and li. von Pelchrzim. TJ'oer den Gehalt 
des Blutes der verschiedenen Tierarten an 
Zucker, Rest-N, Harnstoff-N, Kroatininsorpern und 
Harnsaure nach den Folisehen Methoden. Biochen 
ische Zeitschrift 139:17-29. 1923. 

185. Schoenheimor, Rudolf. The dynamic state of body 
constituents. Cambridge, Harvard university 
prese, 1949. 78p. 

186. Scow, R. 0. and W. iiiarx. Fesponse to pituitary growth 
hormone of rats thyroidectomized on the day of 
birth. Anatomical record 91:227-236. 1945. 



134 

187. Shoots, E. W1 iva1uating beef cattle performance for 
a resister of merit. Proceedin,s of the American 
society of animal production, 1932, pp.41-4?. 

188. Simpson, M. E. et al. Similarity of response of 
thymust and lymph nodes to administration of 
adrenooroticotrophic hormone in the rat. Pro- 
ceedin,s of the society for experimental 
biology and medicine 54:135-137. 1943. 

189. Simpson, M. E. et al. Response to adrenalectornized- 
hypophysectomized rats to the pituitary growth 
hormone. Endocrino1oy 35:234-240. 1944. 

190. Somogiyi, Michael. Notes on su,ar determination. 
Journal of bio1oica1 chemistry 70:599-612. 1926. 

191. Somoyi, Michael. A method for the preparation of 
blood filtrates for the determination of 8ucar. 
Journal of biolorical chemistry 86:655-663. 1930. 

192. Somogyl, Michael. A new reagent for the determination 
of auar. Journal of bio1oica1 chemistry 160: 
61-68. 1945. 

193. Somoyi, Michael. Determination of blood sugars, 
Journal of bio1o>ica1 chemistry 160:69-73. 1945. 

194. Stanley, E. 13. and Ralph McCall. A study of perform- 
ance in Hereford cattle. Tempe, Arizona state 
co11ee, 1945. l8p. (Arizona. Aricu1tura1 
experiment station. Station bulletin no. 109) 

195. Steele, B. F., M. S. Reynolds and C. A. Baumann. 
Effect of diet on amino acids in blood and urine 
of mice of various ages. Archives of biochemistry 
25:124-132. 1950. 

196. Steenbock, H., V. E. Nelson and E. 13. Hart. AcidOSis 
in omnivora and herbivora and its relation to 
protein storao. Madison, University of Wis- 
consin, 1915. 19p. (Wisconsin. Wisconsin 
Aricu1tural experiment station research bulletin 
36) 

197. Summer, F. B. Size factors and size inheritance. 
Proceedings of the national acaderìr of science 
9:391-397. 1923. 



135 

198. Swett, W. W., R. R. Graves and F. W. Miller. Composi- 
tion of conformation, anatomy, and skeletal 
structure of a hih1y specialized dairy cow, and 
a highly specialized beef cow. Journal of 
agricultural research 37:685-717. 1929. 

199. Teel, H. M. and O. Watkins. The effect of extracts 
containin, the growth principle of the anterior 
hypophysis upon the blood chemistry of dogs. 
American journal of physiology 89:662-6B5. 1929. 

200. Terroine, Emile F., et al. Le controle du metab- 
olisme de la creatTe par les hormones sexuelles. 
1. La production de la creatine en function de 
l'age et du sexe. Bulletin de la societe de 
chìimie bio1oique 23:1057-1062. 1941. 

201. Terroine, Emile F., et al. Lo controle du rnetabolisiue 
do la creatinine par les hormones sexuelles. 
li. Influence de la castration sur les excre- 
tions de creatine at do creatinine dans les 
divers aspects du metabolisms azote chez l'athlte. 
Bulletin de la societe de chimie biologique 
23:1246-1271. 1941. 

202. Titus, U. V:. The mutual influence of the proportion 
oÍ the several nutrients in feeds on their 
digestibility. Las Cruces, New Mexico college of 
agriculture and mechanical arts, 1926. 52p. 
(New Liexico. Agricultural experiment station 
bulletin, Station bulletin 153) 

203. Turner, C. W. and H. A. Herman. A determination of 
the blood and plasma volume of dairy cattle. 
Columbia, University of Missouri, 1931. 61p. 
(Missouri. Agricultural research bulletin 159) 

204. Van Slyke, D. D. Glutarnine as source material of 
urinary ammonia. Journal of b1oloical chemistry 
150:481-482. 1943. 

205. Van Slyke, D. D. The effect of urine volume on urea 
excretion. Journal of clinical investigation 
26 : 1159-1167 1947. 

206. van Wagenen, G. Growth response to anterior hypophy- 
seal extract by the castrated male rat. American 
journal of physiology 84:468-471. 1928. 



136 

207. Washburn, L. E. et al. Nutrient utilization by com- 
pact and conventional type shorthorn steers. 
Journal of animal science 7:127-134. 1948. 

208. Washko, F. V. A method of co11ectin sterile blood 
from cattle. American journal of veterinary 
reseorch 9:359. 1948. 

209. Williams, C. M., Hu"o KrueLTer and Ralph Boart. 
Rectal temperatures on performance tested beef 
calves. Proceedings of the ßmerican society 
of animal production, Western section, 1953, 
(VI) pp.1-4. 

210. Williams, C. M. and A. J. Wood. Beef cattle research 
report 1951-52. Vancouver, University of 
British Columbia, 1952. 30p. (British Columbia. 
Extension mimeograph) 

211. Winterberg, heinrich. Zur Theorie uer Saurevor- 
giftung. Zeitschrift fur physioloische Chemie 
25:202-235. ibYB. 

212. Woodward, R. R., R. T. Clark and J. N. Cummin8. 
Studies on large and small type Hereford cattle. 
l3ozeman, Montana state college, 1942. l8p. 
(Montana. Agricultural experiment station. 
Station bulletin no. 401) 

213. Wriht, Sewall. Physioloical aspects of enetics. 
Annual review of physiolojy 7:75-106. 1945. 

214. Youngburg, Guy E. The removal of ammonia from urine 
preparatory to the determination of urea. 
Journal of biological chemistry 45:391-394. 
1921. 


