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!HE RELATIONSHIP BETWEEN SERUM PROTEINS 
AND GROWTH IN BEEP CALVES 

IN'l'RODUC'l'ICli 

Berz:e11WI tirat called the complex organic nitrogenous 

substance tound in the cel.la ot animals and planta pitote1n 

(Gel'lll8n, Preeminent or first), Mow lt is known that pro­

teins occupy the central position in the structure and 

function ot living matter. P:roteins are associated with 

all phases of ch•ical and physical activ1 tJ that consti­

tute the life ot a cell. Proteins serve aa the basic con­

sti tnent:{ hair, woGl , collag.,, and an 1mpartentl part of 

connect1v ' tissue. Proteins may be enzJllles, hormones, 

oxygen e 
I 

lers and they may part1cipa te in muscular con­

tractions while at111 othel' proteins are associated with 

the genes, the hereditary taetora. 

Growth is a term that 18 ua ed to refer to the nwaer• 

ous ways in which l1'91ng syat a may increase in size, as 

meaauHd by wei gbta or volumes of the whole animal or part 

ot it. Growth ia the constru.c tift Ol' ua1Jil11atory &Jil• 

thesis ot one substance at the expense ~ an ther which 

undergoes dissimilation (37). Growth is the basis ot and 

is closely related to many productive agricultural 

processes. One expense in gross productive cost is the 
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transformation of original feed inm the final product. 

To reduoe tb1 s inherent cost, the animal huabandmm has 

found it possible to accelerate the rate of growth ot hia 

animals by employing special techniques of selection. 

ether this increaaed productivity reaul ta in greater 

immediate energetic ett1o1eney depends on the relative 

acceleration of the productive prooeasea on the one hand 

and main tenmee cost on the ther. 

Suppose by a wise selection program taater gaining 

antmals with increased eftioien~ of teed utilization are 

produced, how will this at.fect the t'Uture health, rertill.ty 

and longevity or the animal? 

This study has aa its main objective the determination 

o.f relationships among protein tractions and specific 

gravity ot blood aerum and the association ot these blood 

constituents with srowth rate and economy or teed utlliza• 

tion. Second&r'J objectives ot this study are to determine 

i.f serum proteins, serum protein fractions or specific 

gravity can be used as ind1oee .for selecting rapidly gain• 

ing cattle at an age prior to production testing. A laet 

objective is to dete~ine it vigorous selection tor rapidity 

ot growth and economy o.f teed utilization has any detri­

mental ettecta on tne delicate "dynamic state of body 

const1 tuenta". 

http:rertill.ty
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LITERATURE REVIEW 

Normal growth ia an integrated proceaa in whi eh a 

delicate balance is maintained among all of the tiasuea. 

The norm.al increase in body •ize expressed in terms or 

weight. follow definite mathematical patterns and can be 

cornlated well w1 th an increase in bod7 protein, a major 

component of growth. 

Neither lack ot rat nor lack or carbohJdra tea can 

constitute a limiting factor 1n the growth of an animal 

provided the total caloric value of the diet is more than 

adequate for maintenance (28, p. 111). Proteins, however, 

atand upon a different tooting in relation to growth, con­

stituting a large proportion or the dr'f weight or living 

tissue. Since proteins are the <11l7 abundant ni trogenoua 

constituents of the diet their 1\mction aa a nitrogen 

source cannot be tilled bJ any other non-ni trogenoua claaa 

ot toodatutt. 

Bod7 protein atorea, protein production, protein wear 

and tear, or protein losa are in a n1cel7 balanced or 

ateady a tate (29), or a dJllamiC equilibrium. 

Serum Protein 

Serum proteins are uauall7 referred to aa albumins 

and globulina. The traction of aeru.m protein prec1p1 tated 

or salted out b7 halt-•aturation with ~onium aultate waa 
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originally referred to u globulin, and the remaining 

fraction that waa precipitated by full saturation w1 th 

ammonium sulfate was designated as albumin. 

Cornelius !! !!• (10) studying 38 Hereford and Angus 

dwarfa ranging in age from 6 days to 14 months found an 

average total serum protein value of 6.03 ! 0.9 per cent. 

Prom this atud7 they concluded that serum protem values 

were W1 thin normal range for short-headed bovine dwarfs. 

Bradish .!1 .!!• (6) studying serum proteins in 51 

Devan a teers ranging in age from 18 to 30 mon tba found an 

average total aerWil value of 6.97 ! 0.53. The data on 30 

ot the 51 steers had an absolute concentration of 7.0 t 

0.5 g. per 100 ml. 

Sprinsan and Rittenberg (32) studying rate or inter­

action of the amino acids ot the diet with tissue protein 

by use of interaction of Nl5 labeled glycine with the bodJ 

protein in rata and humans,. found rates of protein a,n­

thesia per Kg. of body weight to be 1.0 and 0.20 grams of 

nitrogen per day tor the rat and human reapect1. velJ. 

These data also indicate tbat almost half (41 per cent) 

of all protein s,n the sized 1n man is associated w1 th 

liver tissue and plasma proteins. 

A to tal serum protein ot 7. 60 gma. was g1. vm in 

Albritton's standard values 1n blood base on the precipi­

tation ot protein tractions w1 th salts (serum protein 

value in gms./100 ml.). 
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The classical method ot estimating the amount of pro­

tein 1n serum is baaed on a total nitrogen determination 

by the ltjeldahl method. After a small correction for 

ncn-prote1n nitrogen is made, the nitrogen content 1a mul­

tiplied by 6.25, since serwm protein contain about 16~ 

n1 trogen. Because Kjeldahl determinati CllS are slow ap• 

proximate methods which can be pert rmed more rapidl7 have 

been devised. 

Moore and Van Slyke (2:$, in 1930 showed that the 

specific grav1t.J of serum or pla a 11 essentially a 

straight line tunotion of the pro teln content. A grav1ty 

error or • 0.0002 entails an error ot • o.oe grama per 

100 ml. 1n the calculated serum protein. The error above 

may appear to be large but by making a tandard solut1 ons 

with specific gravities d1fter1ng 0.0001, 1t was found 

possible to measure gravities to halt of these intervals, 

or to • o.oooos. 

K1ngaly (17) developed a spectrophotometric method 

tor detesining total serum proteins. The diluted serum 

!a treated w1 th special biuret reagent to develop a col r. 

The col r developed is compared w1th a standard w1 th a 

known amount ot serum protein that was determined b7 the 

Kjeldahl method~ This method will be discussed in more 

detail in the section on methods and procedures. 
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Serum Protein Praotiona 

Howe (19) developed a method tor separating the pro­

tein r the blood serum into albWDin and globulin frac­

tions b'f precipitating with sodium sulfate which permitted 

their estimation from Kjeldahl nitrogen determinations. 

B7 precipitating serum at different concentrations ot s«Hum 

sulfate, he obtained fractions he desigpated aa euglobulin, 

pseudoglobulin and total globulin. Toda'J 1 t is known that 

what he had was a mixture. 

Greenberg (16) described a eolorimetrio method for 

determining serum proteins baaed on the color developed 

w1 th Folln' a phenol reagent and Howe's method of separat­

ing the protein by sodium sult ate. This method has the 

advantage of determining the globulin traction by sub­

tracting the value for albumin fran the total. It is 

more accurate, hoWiver, to deter.aine both albumin and 

globulin separately. 

w. B. Hardy in 1899 discovered that proteins migrate 

in an electrical field except at the pH ot their iso­

eleotric point. Becauae of this discovery modern electro• 

phoresia teChnique• have been developed, largely due to 

the work ot T1ael1ua. The electrophoretic method ot anal­

ysis is baaed upon the principle that proteins 1n solution 
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at pH values above and below their isoelectr1c points mi• 

grate in an electrical .field toward tne pole bearing a 

charge opposite to that ot the protein. Protein molecules 

t the same kind move at the same ra. te and .form sharp 

boundaries in the solution (20J 34). 

The theor tical basis or Tiae11us method was worked 

out by Svensson and Dole (12; 33). A modification of this 

method was used in this study to determine relative per­

centages of the sexum protein fractions. 

AlbumJ.n 

The serum proteins, because of their colloidal 

oamoti• pressure, play an important role in the regulation 

of the distribution of water in the body; this oamotic 

pressure is due largely to the albumin fraction (17; 37). 

Albumin has the mnallest molecular weigbt ot the main 

serum constituents, with a molecular weigh'b or 69 1 000, 

whereas the aerwm globulins have molecular weights .from 

160,000 to 180,000. 

In additiC!II'l to regulating osmotic pressure, albumin 

plays a part in the transport or a oluble metaboUtea .from 

one tissue to the other. 

Blix et al. (5) found that albumin ahara little ten-

denor to combine with plasma lipids, but is character! zed 

by .forming reversible complexes w1 th the anions and 
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cationa of many acid and basic dyes; the anions ot alkyl 

sulfonic acids and fatty acids. It is through these com­

plexes that albumin transports substances 1n the blood 

stream. 

Smith et al. {30) observed marked 1ncre' s sin the 

mob111 t'J and concentration of serum alwmin and alpha 

globulins with increases in age in growing calves. 

Bradiah et al. (6), trom data collected on 20 normal 

Devon steers, found a significant correlation between 

individual values tor serum protein concentra t1 on and 

eleetrophoretio distribution; the abs lute concentration 

of serum albumin was maintained relatively stable at ap­

proximately 3.2 grams per 100 ml. despite much greater 

changes in the absolute concentration of serum globulins. 

A mean albumin value of 46.6 t 4.1 for the 20 steers was 

iaerved. The sera were analyzed using the moving boun­

dary technique. 

Earlier wark based on the precipitation of protein 

fractions with salta tabulated in standard values 1n blood 

(l) gave an albumin value of 3.63 gm. per 100 ml. for 

cattle serum. 

SYensacn (3~), stud)'ing electrophoretic distribution 

of serum protein expressed as a percentage of the total 

protein, gave a mean albumin value of 41 per oent. 
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Cornelius et al. (10), studying serum proteins by a 

fractionation method in 3B Heretord and Angus dwarfs, can­

eluded 'that the serum protein values for albumin and the 

globulin fractions were all w1 thin normal range. 

An investigation by Wa,man and Asdell (35) an bovine 

nymphomania showed significant variations from control 

cows in their plasma protein tractions. 'fhe pluma proteln 

fractionations were carried out by the sodium sulfate 

method ot Wolfson (40). The protein fractions tor no~ 

cows were 3.05, 4.56, 0.651 1.57 and 2.34 gma. per 100 ml. 

for albumin, total globulin, alpha globulin , beta globulin 

and gamma globulin respectively. The nymphomaniac cowa 

had 2.91, 6.41, 0.73, 1.95 and 3.73 gma. per 100 ml. for 

albumin, total glObulin, alpha globulin , beta globulin 

and gamma globulin respectively. 

Globulins 

The ant1bod1es or immunology, which conatit t' an 

important defense of the body against disease; the metal­

binding proteins, wbich are capable of combining with 

copper, zinc and iron in order to transport these me tala 

to different tissues; and the mucoproteins, which are used 

i n diagnosing certain diseases, are all associated w1 th 

the globulins (15, P• 58S; 38, p. 639-645). 

Allison (3) concluded along with other reaearchera 
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that the increase in e eoneen ration of alph and beta 

globulins, so often associated with di sease , may be pri­

marily he result of malnutrition. 

Alpha-globulin, a mucoprote~ n of high carbOhydrate 

content, ha~ ~een detected i n plasma filtr tea (38, p. 

644). In many metabolic disorder" there is a pro.nouneed 

elevation in the amount of alpha- lobulins estimated eleo­

trophoretically. The origin end rune tion of alph a­

globulins are largely unkno • 

A erys tall1ne beta-globulin capable of combining w1th 

iran, copper and zinc has been isolated from plasma (38, 

p. 644). This substance constitutes approximately 3 per 

cent of the total plasma proteins and bas a molecular 

weight of 90,000. The main function ot this metal-binding 

protein is to transport 1ron. In such cases as iron 

defici enc7 and pregnancy 1 there 1 s a s tr1k1ng increase 

i n the concentration or beta-globultn. 

The antibodies t 'fiand in the blood are mainly associ­

a ted w1 th the gamma globulin frac t1 on (18; 30 ) , a1though 

same are found in the beta-globulin traction (8; 14; 38). 

In the ungulata, gamma globulin is absent 1n the serum of 

the new born (30), and therefore no antibodies am. be 

detected in the blood. Ehrlich (38, P• 642) obaerved that 

the antibodies i n the plaama ot this species, ungulata, 

appear atter the young has nursed and reee1 ved colostrum. 
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In the ungulata• the plae ntal barriers contain a large 

number ot layers of cella and does not permit the passage 

or the large antibody moleeule rrom the matern 1 to the 

fetal circulation. 

Bradish and Brooksby (8) studied the sera of tour 

cattle electr phoretically during the course or injection 

w1 th two strains of the Virus or vesicular stomatitis. An 

i n crease in gamma globulin from 3 to 10 per cent above the 

normal was obwerved between the third and sixth week fol­

lowing inoculation . The beta globulin traotic.n increased 

about 4 per cen t but was normal after the tirst we ek. '!'he 

concentration or t h e albumin fell rapidly to values down 

to 9 per cent below the normal level. 

Bradish!! !l.• (7), in an earlier study, showed that 

changes i n the electrophoretic distribution ot the normal 

sera of a si ngle animal are such that differences exceed­

ing Z per cent 1n concentration or any component may be 

regarded aa abn r.mal. In this study they u1ed Devon 

steers from 18 to ~0 ~nths old and observed mean values 

ot 14.0 t 2.1, 8.9 t 1.4 and 30.5 ! 4.0 for alpha, beta 

and gamma globulins respectively. 

Sevens son (33), studying fracti onations r4 serum 

globulins, obtained values of 14.45, 7.45 and 24.95 tor 

alpha, beta and gamma globulins reapeotively. 
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Speoif1c Gravity 

The apec1fio gravity ot serum depends to a large 

extent on the eoncen tration of the proteins present. Be­

cause of the intimate relationship between specific graVity 

of serum and the aerwn components, specific gravity can be 

used to de teet, diagnose and treat cord it ions in whi eh 

serum proteins are atf'ected (25). 

There are numeroua methods for obtaining the spee1t1c 

gravit7 ot sera. The falling drop method of Barbour and 

Hamilton (4) involves the timing of a drop of serum ot 

known size, through a det1n1 te distance in a mixture non­

miscible w1 th the fluid. This liquid should have a low 

vise s1 t7 and a specific gravity somewhat below that of 

the fiu1d to be tested. It consists ot two liquids or 

substances, one heav.l.er and one lighter than tbe range ot 

fluids to be tested, so that b7 adjusting the proportions, 

the speci.f'io gravity ot the mixture can be adapted to the 

expected conditions. 

The gradient tube method ot Lowry (21) is based on 

the same principle as the tal. ling-drop method ot Barbour 

and Hamil ton ( 4) but it has certain advantages over the 

falling-drop method. The advantages or the gradient tube 

lies 1n the smallness ot s cnple required, the speed of 

the analysia, as well as the freedom fraa influence of 

http:heav.l.er


13 

tempera~• or size or drop. 

Variations in the falling-drop, gra'fimetN.c and 

gradient tube methods have been used by numerous reaeareh• 

ers (4; 21; 23; 25; 36; and others) but all methode show 

a common disadvantage when uaed to ea t1mate serum protein 

concentration because there are constituents in the serum 

other tban protein that influence serum density. 

The technique used in the present study consists (26) 

ot letting drops of sera fall 1n graded aeries of copper 

sulfate solution or known specific gravit,., and noting 

whether the drops rise or tall 1n the solutions. Each 

drop n entering the aolu t1on becomes encased 1n a copper­

proteinate coat, and rena1ns as a discrete drop tor 15-20 

seconds. The size of the drop ueeda ~ot be · constant and 

no temperature correction is needed because the teMpera­

ture eoeftioient ot expansion of the copper sulfate solu­

tions ~prox1mates tbat or the sera. This ethod is cap• 

able of measuring gravities to+ 0.00005. The standard 

copper sulfate solutions are prepared by dilution of a 

saturated aolution. 

Reference to serum proteins related to rate and effi­

ciency or growth was given by Priee (26) who tound a sig­

nificant eorrelation between rate of gain per day an feed 

teat and albumin. Pr.:t.ce i'ound no other serum. protein 

fraction aign1ficantl1' related to performance teat data~ 

http:Pr.:t.ce


14 

METHOD AND MATERIAL 

Data tor tbia investigation were taken tram 45 Here• 

tord and Angus calves at the Oregon Agricultural Experi­

ment Station at Corvallis. These animals were from 3 

Hereford lines closed to outside breeding since 1950 and 

one eloaed Angus line. 

These animals were weaned at 400 pounds body weight 

or by the first week in November when all calvea were 

weaned regardleaa ot weight. Atter weaning the calvea 

were placed under experimental conditions, where data on 

rate of gain and economy ot teed utilization were colle~ 

The management procedures rec ended bJ Dahmen and 

Bogart (11) were followed. The calves were ted a com­

pletely pelleted ration consisting of 2 parta chopped 

alfalfa haJ and one part concentrates. This pelleted diet 

was ted~ 11b1~ twice a day with water available at all 

times. 

The animala were placed on teat at 500 pounds bodJ 

weight at which time they were scored, body measurements 

taken and they were photographed. Tbia same procedure was 

followed at 800 pounda body weight at Which time the 

anim ls were taken ott test. 

A 10 ml. sample of blood was taken from each animal 

at 500, 600, 700 and 800 pounds body weight. The blood 
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samples were taken between 10:00 A.M . and 12:00 Noon using 

a 16 gauge needle and analyses were begun on the blood 

immediately after collection. 

Chemical Analysis 

Total Serum Pr tein 

Total serum protein was determined by the method of 

Kingsley (17, p. 605). This method which entails treat• 

ing diluted serum with a special biuret reagent was don e 

routinely 1n the Genetics Laboratory, Withycombe Hall . 

The color developed was compared photometrically with that 

or a standard protein solution treated similarly. The 

Kjeldahl method of protein determ!na tion was used to 

determine the amount ot protein in the standard solution. 

Serum Protein Fractionation by Paper Electrophoresia 

Serum protein fractionation was pertormed on a Sp1neo 

Model R paper electrophoresis apparatus as outlined in the 

epera ting Manual (31) • 

A small sample ot serum to be tractionated waa applied 

to paper strips saturated with a commercially prepared 

electrolyte. The paper strips were attached to paper 

wicka partially submerged in the electrolyte. The wicks 

partially submerged in electrolyte connect the ends ot 

the paper a trips to posi t1 ve and negative electrodes. 
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After allowing suffioien t time for migra t1 on of . the varioua 

serum components, the strips were removed from th appara­

tus and oven-dried. The bands of serum proteins coagul~d 

by th heat wer mad Visible bJ staining. Conc entraticn 

of the various components were determined on the, basis ot 

light absorption of the stain. 

The strips ere analyzed by a commercial integrating 

scanner (31) to deter ine the relative conoentr tion of 

the different protei n components. The scanner gives tbe 

area under the density curve by a corresponding series ot 

pips, every tenth pip being longer than the rest. By 

drawing a line perpendicular from the density curve to the 

series of pips, the area under the curve can be obtained 

by counting tbe pips. These scanners are provided w:t th 

optical density cans especially calibrated to plot per 

cent oonoen tration:s directly for any standard dye. 

Specific Gravity ot Blood Serum 

A series of copper sulfate a~lutiona of (17, P• 608) 

known and varying specific gravity were prepared. These 

solutions were graded at intervals of 0.001 in specific 

gravity; the range of the solutions were from 1.016 t 

1.035. 

A small drop of serum was allowed to drop frGm a 

height of about 1 em. above the solution into one or the 
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standard coppeP sulfate solutions having approximately the 

specific gravity expected. A s,ringe needle wu used to 

drop the serum into the standard copper sulfate solutions. 

The drop was observed for 10 seconds after having lost its 

momentum. If the drop rose, it was assumed to 'be lighter 

than the test solution; if the drop fellt it was heavier . 

It it remained stationary after momentwm waa lost, it had 

the s e specific gravity as that of the standard solution. 

Statistical Analyses 

The data were analyzed for sex, line, and breed ef• 

.fects by least squares method as outlined by Petersen 

(24). Means , atandard ·errora, and oorrelatio~s have been 

determined. 

The least squares model used in tb1 s stud7 was as 

follows: 

Yi ::_...(( + lj • Cl[ • e 

Where Yi a an individual meaauremen t ot either 

1. specific gravity 

2. total serum protein 

:s. serum albumin 

serum alpha globulin 

6. serum beta globulin 

6. serum gamma globulin 
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'7. rate of gain tor a particular period 

a. teed effieieney for a particular 
weight peri o4 

9. total rate ot gain 

10. total feed etticienq 

and where, 

A• the added effect due to the general 
mean 

- the added effect due to the jth sexBJ ­
ok the a ed e1'teet due to the kth line= 

e = the random error tel"'D. with mean of 0 
and variance of 1 

Because ot the method t collecting the data in the 

above model, weight was held OOI'B tant and age waa allowed. 

to vary. This model g1vea no 1nformatibn n th effect of 

age on the Yariablea studied. To alleViate this cond1 tion 

a second model was constructed with age as a eant1nuoua 

variable. Since the blood samplea were taken at definite 

wei~t periods, there is in this model a confounding of' 

age w1 th weight. By comparing the analysis or var1anee of 

the two anal1aea, some added information may be obtained 

as to whether age cont1"1 tu ted anything to the diff'erencea 

found. 

The least squares model for analysis in which age is 

included was as follows: 
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EXPERIMENTAL REStrLTS 

Average values of blood c nstituenta and production 

tra1ta ere tabulated (Table• 1, 2, 3, '• and 5) by sexes 

disregarding linea and by a exea w1thin linea at each 

weight increment 500, 600, 700 and 800 pounds body weight. 

Tabulated values (!l'a'blee 6, 7, 8, and 9) for the 

various bl od constituents and producticm traits by weight 

incrementa are reported. tor comparison among linea. 

Simple correlations have been computed between each 

blood constituent and production tra1 t to brJ.ng out the 

relationships among them (Tables 10, 11, 12, and 13). 

Comparison Between Sexes 

500 Pounds Body eight 

Males in general had significantly higher ratea ot 

ga1na w1 th gre ter economy ot teed utilization (Table 1) 

than females. The malea had an average daily gain ot 

2.90 lba./day aa compared to 2.49 tor the females and 

required 5.15 pounds of teed per pound of gain as opposed 

to 5.94 pounds ot feed per pound of gain for the females. 

Females in general had aign1t1cantly higher serum 

specific gravities than males, 1.0261 and 1.0257 reapec­

t1vel71 when analyzed by the atatiatieal model allowing 

age to varr; but when analyzed by the model w1 th age held 



TABLE 1 
Average Valuea tor Blood Constituents and Production Traits tor Calves 

by Sexes at Each ot Four e1gnta 

a" 500 ~ tY' 600 ~ tY" 700 d" 800 

Spe 1t1o Grav1 ty 
1.0257 1.02611 1.0255 1.0256 1.0259 1.0257 1.0252 

Total Serum Protein 
6.80 7.12 6.87 6.89 6.99 6.82 7.05 

Albumin 
36.57 35.15 33.85 35.58 31.12 

Alpha Globulin 
19.66 19.73 21.17 21.36 21.96 

Beta Globulin 
16.56 18.28 17.51 17.00 18.16 17.86 17.31 17.54 

Gamma Globulin 
27 .14 26.85 26.29 25.352 29.70 

Gain tor Period 
2.90 2.491,2 2.56 

Et:ficiency Period 
1 2515.96 594.84 - 645.7 845.51,2 788.4 1009.51•8 894.20 1292.41,2 

Total Gains 
2.492.49 2.50 2.50 

Total Ett;cieney • 
77•• 0.., 1043. 01 , 2 774 03 1043.01,2 777.6 1048.51,2 780.2 



i. 6 aG. l . a. 7 ~06.6 M7• 1 11 . 401. 0 
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1n .d l.U. allow!' 

1ant.tlc.nt 1n t.ho model ho~ln& wolsht ., ••x~ U u• and aa• 
S Serua protein values reported as gma./100 ml. of blood. 
4 Albumin and globulin fraetiana valuea reported as percentage of total. 
5 Gains values reported aa l ba./day. 
6 Peed efficiency values aa feed required per 100 lbs. gain 1n body weight. 
7 These values were repor ted in the sane units for all tablea. 
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as a constant, the difference was removed. 

No significant difference was found between sexes in 

total serum prote1na or serum protein tractions. In gen­

eral temalea had higher (Table 1) total serum prote.ins and 

higher pL. and B•globulina than the male calves; whereas the 

male calves had higher albwain ~d gamma globulin tractS... 

Male Hereford calves, in g~neral, had s1gpit1cantly 

higher daily gains with greater ett1c1ency of feed utili• 

zation than female Hereford cal~es. Hereford male calves 

gained at an average rate of 2.~4 lba./day w1 th feed 

requiiement at 5.69 pound of teed per pound ot gain. 

Hereford female calves gained an average or 2.42 lbs./day 

and required 6.34 pounds ot feed per pound of' gatn 

(Table 2). 

Female Hereford calves$ with ~· exception of the 

David female calves• specific gravity, had higher specific 

gravity, higher total serum proteins and higher beta 

globulin fraction than the Hereford male calves. 

Angua males were significantly higher 1n production 

traits than .Angua f'emal.es. Angus males had an average 

daily gain or 3.32 lbs./day and requ1recl only 3.85 pounds 

of teed per pound of gain • Angus females gained 2. 42 

lba./day and required 5.43 pounds ot feed per pound of 

gain (Table 2). 

In addition, Angus f'emales had lower specific 

http:f'emal.es


TABLE 2 
Average Values tor Blood Components and Production Tra1 ts by Sexes W.i thin Lines 

at 500 Pounds Body ei&ht 
Specific
Graviti 

Serum Serum Alpha Beta Gamma Gains. Efficiency Total 
Protein Albumin Globulin Globulin Globulin Period Period Gains 

Total 
Ettic1ency 

Lionheart Males 
1.0261 6.86 

(9} 
~6••1 18.82 16.65 27.93 2.78 626.3 2.52 764.0 

Lionheart Females (5) 
1.0274 7.24 35.79 18.84 17.29 27.08 2.43 674.0 1.88 1136.3 

Prince Males (8) 
1.0249 6.66 ~.66 21.10 16.72 25.39 2.83 535.3 2.56 705.2 

Prince Females ( 2) 
1.0260 7.38 27.91 20.61 18.23 33.24 2.03 671.8 1.88 991.1 

Dand Malea ( 3) 
1.0270 6.60 30.48 19.64 17.65 32.23 2.61 546.0 2.34 850.8 

David Females (5) 
1.0256 7.24 36.86 18.25 18.54 26.25 2.81 557.6 2.09 958.7 

Angus Malea (6) 
1.0255 7.01 39.74 19.01 15._51 25.74 3.32 384.9 2.44: 842.5 

Angus Females ( 7) 
1.0254 6.88 35.45 19.02 18.81 25.28 2.4:2 542.9 1.90 1051.3 
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grav1 ties, lower serum proteins and lower albumin and 

gamma globulin fr~ctions than Angus males. 

The ab ve data an the Herefords should be in sutfi­

oient detail so that a report on the Herefords by sexes 

within linea ia not necessary; but since at this partieu.. 

lar weight class, there is a deviation from the geJUtrali• 

zations made above, it appears •ppropriate to report it 

here. It was stated above that Hereford males i n general 

had higher daily gatns than Her~ford females. David 

females, at this we1~t, had a higner daily gain of 2.81 

lba. per day than David males which only had a daily gain 

of 2.61. There were 5 fanalea and 3 malea in this line. 

600 Pounds Body ~ eight 

Males duri ng this period had significan tly higher 

gains per day with greater feed eff1c1eney than females. 

The difference in daily gaina between tbe males and fe­

males was not as large as that durin g the 500-pound 

period; males gained 2.58 lba./day and females gained 

2.26. However, the difference between males and females 

tor this period in efficiency of teed utilization was muoh 

higher, the males requiring approximately ('!'able 1) 

2 pounds less teed per pound of gain than the females. 

Females had higher specific gravities, higher serum 

proteins and higher albUDdn, and alpha globulin tractions 
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than males . For the blood components studied- the males 

were higher than the females only in the beta and gamma 

globulin traction. 

The females were sign1t1eantly higher (Table 1) than 

the males in the alpha globulin fraction. The difference 

disappeared when the model with age aa a conatant was uaed. 

This indicated that age contributed to the significance of 

alpha globulin at this weight period. 

The gamma globulin fraction of the males was a1gn1fi• 

oantly higher than that in the females when the statistical 

model wi tb age as a c natant was used. This would seem to 

indicate that age has a d1.t'ferent ettect on alpha and 

gamma globulin. 

Hereford males as 1n the 500 weight period, made more 

rapid gains with 1 sa feed than Heref.ord females. Here­

ford females had lower specific graTit1ea, higher total 

serum proteins, lower albumin, lower beta globulin trac­

tion and higher alpha and gamma glObulin fractions than 

males. 

Angus males gained 2. 60 lbs./day as contrasted to 

Angus females that gained 2.18 lbs./day tor this period. 

For each pound of gain , the Angus temalu required ap• 

proximately 3.9 pounds mare feed per lb. of gain than 

Angus males . The feed ettioiency for Angus males and 

females was 5.5 and 9.14 lba. of feed per pound of gain 



TABLE 3 
Average Values ror Bl od Components and Production Traits by Sexes Within Lines 

at 600 Pounds Body Weight 
Specific Serum Serum Alpha Beta Gamma Gains, Et£1eiency,Total Total 
Gravity Protein Albumin Globulin Globulin Globulin Period Period Gains E:ffieiencz 

Lionheart Males 
1.0254 7.11 34.84 21.28 17.20 24.34 2.58 709.0 2.52 764.0 

Lionheart Females 
1.0262 6.83 33.47 23.87 18.33 24.29 1.96 612.8 1.88 1136.3 

Prince Males 
1.0252 6.44 32.17 22.10 18.57 27.15 2.53 659.4 2.56 705.2 

Prince Females 
1 .• 0230 6.41 31.74 24.04 20.29 23.92 1.91 887.4 1.88 991.1 

David Males 
1.0247 6.73 34.11 18.55 16.40 30.84 3.00 605.1 2.34 850.8 

David Females 
1.0250 6.79 34.98 22.42 15.82 26.79 2.62 688.5 2.09 958.7 

Angus Males 
1.0263 7.13 34.49 21.08 17.ll 24.15 2.60 552.9 2.44 842.5 

Angus Females 
1 .0264 7.14 38.62 19.91 15.96 24.93 2.18 942.3 1.90 1051.3 
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respectively. 

700 Pounds Body Weight 

Male calves tor this period made average daily gains 

ot 2.51 lba. while female calvea made average daily gains 

ot 2.01 lba. At 500 and 600 pound body weight periods, 

the dit.terence between sexes tor.- average daily 1ain was 

signiticant only at the 5~ level. During this period, 

male calves were significantly higher in daily gains 

(P • .01) -(Table 1). The males required 7.9 pounda of 

teed per pound or gain while tbe females required 10.1 

pounds of !'eed per pound ot gain. 

Females had lower specific gravities, lower total 

serum protein, higher albumin, higher alpha and beta 

globulin tractions taan male ca~ves (Table 1). 

Again the alpha glObulin traction was s1gn1t1cantly 

higher 1n the females than in the males with the differ­

ence dis appearing when age waa held constant• 

.Also during this weight period, the males had a 

signit1can tly higher gamma traction than females when age 

a held as a constant. 

Hereford males had ai gniti can tly higher daily gains 

and greater etticiency of teed utilization than Hereford 

females. BerefCil"d males had an average rate of gain ot 

2.55 lbs,/day while the Hereford .females had an average 

rate ot gain of 2.09 lba./day (Table 4). 



TABLE 4 
Average Values tor Blood Components and Production Trai ta b7 Sexes Within Lines 

at 700 Pounds Body eight 
Specific Serum Serum Alpha Beta Gamma Gains, Ef'f'icieney Total Total 
Gravity Protein Albumin Globulin Globulin Globulin Period Period Gain s Ef'f'iciencz 

Lionheart Males 
1.0264 7.02 31.03 22.54 17.16 29.16 2.24 819.2 2 •. 52 764 •. 0 

Lionheart Females 
1.0262 6.85 29.23 25.91 19.40 25.05 2.05 1032.8 1.88 1136.3 

Prince Males 
1.0253 6.93 33.31 20.73 16.70 29.96 2.91 683.1 2..60 693..4 

Prince Females 
1.0250 6.46 23.82 22.06 22.24 31.87 1.95 973.5 1.88 991.1 

David Males 
1.0250 6.73 25.00 21.94 23.17 29.91 2.49 774.3 2.34 850.8 

David Females 
1.0260 6.79 35.32 21.83 17.12 25.72 2.26 930.2 2.12 952.3 

Angus Males 
1.0262 7.15 32.12 19 .95 18.63 29.31 2.51 854.4 2.44 842.5 

Angus Females 
1.0253 6.94 36.89 23.05 15.62 24.44 1.98 1054.9 1.89 1058.7 



Heret d female ealves b d bi gher spectfi. e graTities, 

lo er total ser protein, l<twer albu in, beta end gamma 

globulin fr actions and a hi gher alpha lobul1n traction. 

J~gus male calves hed ·en average rate of gain of 2.5 

l bs ./day with a feed requireme t of 8. 5 lbe. per pound of 

gain. Angus females gain ed at average rate ot l.ee 
l bs./day and r quired 10.5 peunda of feed per pound of 

g in . 

Angus f m les had lower sp eci f i n gr vi ties, lower 

total serum protein•, hi filer a.lbwain and alpha globulin 

tractions and lower beta and gamma gl bulin fra tiona than 

Angus males (T ble 4). 

800 Pounds Body We1gnt 

Male calTes were signifieantl7 higher ( P ': .01) 

in rate of gain and feed ettic1ency than tamales. Males 

grew at an average daily rate of 2.48 lbs. and required 

only 8..9 pounds of feed per pound of gain, while 1'emalea 

grew at an average daily rate of 1.66 loa. and required 

12.9 lbs. of teed per pound or gain (Table 1). 

Female calves had hi gner specific gravities, lower 

serum protein, high albumin, alpha and beta globulin trac­

tions and lower gmnma globulin traction than male calves. 

The specific gravities or the female calves ... 

significantly higher than that of the males but when age 



TABLE 5 
Average Values £or Blood Compon ents and Production Traits b y Sexes Within Lines 

at BOO Pounds Body Weight 

Specific
Gravity 

Serwa Serum 
Protein Albumin 

Alpha
lobulin 

Beta Gamma Gains, Efficiency Total Total 
Globulin Globulin Period Period Gins Ef1"icienez 

Lionheart Males 
1.0255 7.07 31.93 22.29 18.04 27.77 2.83 696.6 2.52 767 ..2 

Lionheart Females 
1.0260 6.70 31.80 20.40 19.13 28.66 1.79 1313.5 2.00 1050.2 

Prince Males 
1;.0248 6.68 30.44 22.23 16. 9 2 30.41 2.43 821.4 2.61 699.1 

Prinee Females 
1.0250 6.24 33.17 17.08 21.61 28.14 1.60 1341.4 1.86 1011.7 

David Males 
1.0250 7.52 32.36 21.61 17.65 28.37 1.97 1106.7 2.34 850.8 

David Females 
1.0247 7.12 31.91 25.51 16.33 26.24 1.56 1276.4 2.03 958.4 

Angus Mal ea 
1.0253 7.15 34.41 20.57 16.55 28.46 2.31 996.5 2.44 842.5 

Angus Females 
1.0260 6.70 34.75 22.03 16.41 27.52 2.67 1278.1 1.90 1048.1 
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w a held constant the s1gn.."tf1o~ce was removed. 

Total s rum proteins and g~a globulin (Table 1) was 

s1gnifican tly higher in the ml es than in the females when 

age was held constant. 

Hereford males (Table 5) made daily gains of 2.41 lba. 

while Hereford females gained 1.65 lbs./day. The feed 

etfieienciea for Hereford males and females were 8 .7 and 

13.1 pounds per pound of gain, respect1velr. 

Hereford females had higher sp c1f'1c gravities , lower 

total serum proteins, higher all:umin, higher beta globulin 

fraction and lower alpha and gmnma globulin fractions than 

the Hereford males . 

Angus males had average daily gains of 2.31 lbs. with 

a te d requirement of 9 . 96 lba. per pound of gatn . Angus 

females grew more rapidly averaging 2.67 lbs./daJ with a 

feed requ1z-•ent of 12.8 p unda per pound of gain (Table 

5). 

Angus females (Table 5) had higher specific gravi ties, 

lower serum proteins, higher albumin, higher alpha globu­

lin traction and lower beta and gamma globulin tract1ana 

than Angua male a. 



Combination of All eights 

In general male calves had sl gnificantly higher dailJ 

gains than .females tor the tour weight periods. For the 

tour periods 500, 600, 700, and 800 pounds body weight 

(Table 1) male calves made an average total daily gain of 

2.50 lbs. per day. For the sa• four periods (500, 600, 

700, and 800 pounds body weight) .female calves gained an 

average or 1.95 lb. per day. 

Male calves consistently required leas feed per pound 

ot gain for the tour weight periods than female calves. 

The males required an average ot 7.8 pounds ot feed per 

pound ot gain, Whereas the female calves re~uired an 

avera8t of 10.4 pounds of feed per pound ot gain. 

After the 500 pound weight period, females had 

higher alpha globulin frac t1 one than males. Likewise, 

after the 500 pound 'bodJ weight period, male calves had 

hie)ler g8JIIIla globulin fractions than females. Females 

had higher specific gravities tbm males at the 700 pound 

bodJ weiabt period. 

Hereford males, w1 th the exception of the David male a 

at 500 pounds body weight, were consia tently more rapid 

gainers than Hereford temalea. 

Hereford males consistently had greater efficiency 

of feed utilization requiring on the average of about 2 

pounda leas feed per lmit of gain than females. 



Angus males had eonsis tently b1gb.er rates e>f gains 

with greater economy of reed utilization than Angus fem~a 

except at 800 potinds body weight (Table 5). 

Angus males at 600 pounds and higher weignts consis­

tently had higher beta globulin fractions tnan Angus 

females .. 

Lionheart females were ca1sist ntly higher 1n the 

beta globulin fraction than Hereford .ales. This was true 

only of Lionheart females. When all animals were analyzed 

together by sexes, the mal s at 600 pounds and higher 

weights co sis tently had h:igher beta globulin fractiona . 

These data show that on the average, male calves con­

sumed less feed per day than female calves. Male calves 

consumed an average ot 19.4 pounds ot reed tor the teat 

period, while female calves consumed 20.3 pounds of feedJ 

an average of .95 lhs./day more .t'eed consumed by females 

than by male calves. 

Compariaon Between Lines 

500 Pounds Body eight 

Ot the 3 Hereford linea, the David line grew more 

rapidly and was more efficient than the Lionheart or Prince 

linea. The David lin.e had an average daily gain of 2.74 

lbe. while (Table 6) the Lionheart and Prince linea had an 
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TABLE 6 
Average Values of Blood Cons ti tuenta and Pro due tion Traits 

by Linea at 500 Pounds Body Weight 

Lionheart Prince David Angua 

Specific
Gravity 1.0266 1.0251 1.0261 1.0255 

Serwa 
Protein 6.99 6.81 7.00 6.9. 

Serum 
Albumin 36.19 34.91 34.54 37.43 
Alpha
Globulin 19.18 21.00 18.77 19.79 

Beta 
Globulin 16.88 17.12 18.21 17.29 

G8JIIIIla 
Globulin 27.63 26.96 28.49 25.50 

Gain , 
Period 2.66 2.67 2.74 2.84 

Eff1c1ene1, 
Period 611.1 562.6 553.2 470.0 

Total 
Gain a 2.29 2.43 2.18 2.15 

Total 
Etf1eieney 896.9 762.4 918.3 954.9 
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average of 2.66 and 2.67 lbs./day respectively. The dif­

ference 1n etficienciea between the David and Prince linea 

waa not too great; the DaVid line required 5.5 lba. of 

feed per pound or gain and the Prince line required an 

average ot 5.6 pounds of feed per pound ot s-in: tne 

Lianheart line was leas efficient requiring 6.1. 

The Angua line gained the most rapidly and required 

the least amount or feed per peund gain of the tour lines. 

The Angus line had (Table 6) an average daily gain of 2.8• 

lbs. and required only 4.7 lbs. or feed per pound or gain. 

Means (Table 6) tor the various blood constituents 

are presented in tabular form. There waa no consistent 

line difference at this period tor the blood constituents 

studied. 

600 Pounds Body Weight 

The David line had 8l average daily gain or 2. 76 and 

required 6.6 pounds of feed per pound of gain. The Lion­

heart, Prince and Angus lines were signitioantly lower 

with an average daily gain of 2.36, 2.41, 2.37 lbs. 

respectively; and required 7.6, 7.1, 7.6 pounds of feed 

per pound or gain respectively. The Lionheart line and 

the Angus line had approximately the same feed eftioienclea 

and rates ot gain (Table 7). 

During this weight period (Table 7) 1 the Lionheart 
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TABLE 7 
Average Val ues of Blood Constituents and Production Traits 

by Lines at 600 Pounds Body Weight 

Lionheart Prince David Angus 

Specific 
Gravity 1.0257 1.0248 1.0249 l.02M 

Serum 
Protein 7.01 6.43 6.77 7.14 

Serum 
Albumin 34.35 32.09 34.65 36.71 

Alpha 
Globulin 22.20 22.49 20. 97 20.84 

Beta 
Globulin 17.60 18.92 16.04 16••9 

Gamma 
Globulin 24.31 26.51 28.~1 25.65 

Gain, 
Period 2.36 2.41 2.76 2.37 

Etf1eienoy,
Period 759.5 705.0 657.2 762.5 

Total 
Gaina 2.29 2.43 2.18 2.15 

Total 
Efficiency 896.9 762.4 918.3 954.9 
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line and the Angus line had significantly higher specitio 

gravi t1 ea and total sel"WWl protein than the Prince and 

David linea. The other values for the 'blood conati tuents 

for this period are also reported in Table 7. 

700 F unds BodJ Weight 

In the two precediPI perioda, of the 3 Hereford linea, 

the David line haa been the moe t rapid in gain and required 

leas feed per pound of gain. During this period the Prinoe 

line gained more rapidly and was more efficient than the 

other 3 lines, Lionheart, David and Angua. The Prince 

line made gains of 2.67 lba./daJ while the Lionheart, 

Dartd and Angus lines made gains or 2.17, 2.36 ani 2.24 

respectively (Table 8). To make this gain, the Prince 

line required an average or 7.5 lbs. of teed per pound of 

gain end the Llonheart, David and Angus lines required 8.9, 

8.6 and 9.5 respectively. 

Values of blood c<nati tuenta for this period can be 

found 1n Table 8. 
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TABLE 9 
Average Values of Blood Constituents and Production Traits 

by Lines at 700 Pounds Body Weight 

Lionheart Prince David Angus 

Specific
Gravity 1.0263 1.0252 1.0256 1.0257 

Serum 
Protein 6.96 6.82 6.76 7.04 

Serum 
Albumin 30.39 30.94 30.90 34.50 

Alpha
Globulin 23.70 21.06 21.87 21.50 

Beta 
Globulin 17.95 18.09 19.71 17.12 

Gamma 
Globulin 28.19 30.44 27.51 26.87 

Gain, 
Period 2.17 2.67 2.36 2.24 

Efticieney, 
Period 895.5 755.7 863.4 954.7 

Total 
Gains 2.29 2.42 2.21 2.17 

Total 
Etficienc,­ 896.9 770.1 908.8 950.6 



800 Pounds Body Weight 

From 500 to 700 pounds body weight, the Lionheart 

line an t he average made slower ains than any or the 

other 3 l ines . During the p resent period, the Lionheart 

line made significantly higher gains th the other lines 

i th an average dally gein of 2. 48 pounds • The Prinee 

l ine 1as second with 2.31, the Angus line third wi th 2.17 

bile the David l i ne was last w.tth 1.76 p ounds per day . 

Although t he L1 onheart l ine on the avera ge was the 

most rapid 1n rate of gain , the Prince line had a lower 

average feed requirement of 8.9 a.s opposed to 9.6, 11.4 

and 11.9 pounds of feed per pound of gain for Lionheart, 

Angus and David lines (~able 9). 

The L1mheart and Angus lin es had si gn1 t1 can tl.y 

higher specific gravities than the Prince and David lines. 

The Lionheart and Angus lines h ad higher serum pro• 

tein concentrations than the Prlnce line for this period, 

but not the David line. It 1a possible that since specific 

gravity and serum protein concentration show a straight 

line relationship, blood constituents other than serum 

proteins contributed to the higher specific gravity or the 

Angus and Lionheart lines during this period. 

Combination of All Weigbt Periods 

The Angus line during the .first period had a higher 
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TABLE 9 
Average Values of Blood Constituents and Production Traits 

by Linea at 800 Pounds Body eight 

Lionheart Prince David Angus 

Speci:fi c 
GraVity 1.0257 1.0248 1.0248 1.0257 

Serum 
Protein 6.95 6.62 7.32 6.92 

Serum 
Albumin 31.88 30.83 32.13 34.64 

Alpha 
Globulin 21.66 21.49 23.56 21.30 

Beta 
Globulin 18.41 17.59 16.99 16.48 

Gamma 
Globulin 28.07 29.23 27.31 27.57 

Gain, 
Period 2 . 48 2.31 1.76 2.17 

Et'.f1o1eney, 
Period 966.1 895.7 1191.6 1137.3 

Total 
Gain 2.35 2.50 2.18 2.17 

Total 
Et.fici enoy 861.9 743.8 904.6 945.3 
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rate of gain with greater economy of teed utilization than 

any ot the other :S linea. During the second period the 

Angus line was only superior to the Lionheart line i n rate 

ot gain and the two lines had the same etf'1c1enc1es. The 

third period was interesting 1n that the Angus line was 

still gaining more rapidly than the Lionheart l i ne (Tabla 

8) but the Lionhearta which gained an average ot 0.07 

lba./day leas than the Angus line were more efficient. 

In the fourth period the Angus line made higher daily 

gains than the David line and was only more efficient than 

the David line. 

The DaVid line made better ga1na than the Lionheart 

or Prince for the first 3 weight periods. During the 

fourth period the David line had the lowest teat gain 

and was the least efficient ot the four linea. 

The Pr1noe line had a higher rate ot gain than the 

Lionhearts in the first period, than the Lionheart and 

Angus during the second period, than the Lionheart, Daud 

and Angus during the third period and than the David and 

Angus during the fourth. The feed efficiency tor 1be 

Prlnoe line varied w1 th the average re. te or gain. The 

periods when they had superior gains, they (Prinoe animals) 

also had a lower teed requirement. 

The Lionheart line consistently throughout the first 
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3 weight periods had lower rates of gain than the other 

3 linea. However, 1n the laat weight period, the Lionheart 

line had a siEP1f1can tly higher rate of gain than the 

other 3 linea (Prince, DaVid and Angus). The Lianheart 

line on the average was leas efficient in their feed 

utilization than the Prince or David linea. 

When the total rate of gain. and the total teed effi­

ciency are considered, one can see at a glance (Tablea 6 1 

7, 8 and 9) that the Prince line made more rapid gains 

than the Lionhearta and significantly higher than the 

David and Angus linea. At the same time, tbe Prince line 

required leas teed per unit of gain than the Lionheart, 

David or Angus line. 

The Lionheart line consistently had higher specific 

graYities than the other 3 linea. The LiODheart line also 

had higher serum protein than the other 3 lines except at 

800 pounds (Table 9) body weight when the DaVid line had 

the b1gbeat average tor total serum protein. 

Co:rrelat1cm a 

Simple correlationa between blood cons t1 tuen ts and 

production tra1 ts were calculated to determine the rela­

tionship among them. Simple correlation coefficients were 

dtermined at 500, 600, 700, and 800 pounds body weight. 
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500 Pounds Body Weight 

A significant negative correlation ot ·.851 waa found 

between gain per day and feed required per un1 t ot gain 

(P < 0.01). 

A poa1t1•• correlation of 0.391 was found between 

teed ett1c1ency for this period and feed eft1e1ency tor 

the entire 500•800 lb. period (P ~0.05). 

S1gn1f1 cant negat1 ve eorrelati ons er albumin wi tb. 

alpha, beta, and gamma &lobul1n were found. 

600 Pounds Body Weignt 

There was a significant negative correlation ot 

-0.638 ( P < . 01) be tween rate of gain and teed per un1 t 

of gain. Rate ot gain was also (Table 11) positivel7 cor­

related (r : 0.701) with total gain from 500 to 800 pounds 

body wei~t and negatively correlated (r : 0.577) with 

total teed per un1 t gain from 500 to eoo pounds body 

weight. 

There waa a s1gn1tlcant negat1 ve correlation 

(r • 0.638) between rate of gain and teed required per 

un1 t gain. 

Feed efficiency for this period was s1 gnific mtly 

correlated with total feed efficiency (PL. 0.01). 

Gamma globulin was significantly correlated with both 

total rate of gain and total feed required per un1 t gain 



TABLE 10 
Correlation Coetticianta Among Blood Constituent and Production Traits 

at 500 Pounds Bod7 WeiS1t 
Total aili 

Specific Protein Alpha Beta Gamma ter Ett1c1ency Total Total 
Grantz Serum Albumin Gl bulm Globulin Globulin Period Period Gain Eff1c1encl 

Speo1t1c GravitJ 
.219 -.044 -.203 .170 .051 .137 .204 

To tal Pro te1n Serum 
.24:7 -.281 -.221 .083 .236 -.059 .082 

Albumin 
-.388* -.668** -.487** .189 -.133 .078 

Alpha Glebul1n 
.121 -.303* .052 -.121 -.143 

Beta Globulin -.097 -.022 .138 -.050 

Gamma Globulin 
-.288 .007 -.050 

Gain f'or Period -.831** .261 

Efficiency Period -.238 

To tal Gain 

Total Efficiency 

* p =0.05 
** p =0.01 

.019 

.054: 

-.008 

.112 

-.oao 

.010 

-.298* 

.391* 

-.829** 



TABLE 11 
Correlation Coetficienta Among Bloed Constituent and Production Traits 

at 600 Pounda Bodl eight 
Total Gain 

Speo1tic Pro te1n Alpha Beta Guma Ett1o1eno7 Total Total 
Grav.lty Serum Albumin Globulin Globulin Globulin Period Period Gain Ef.f1eiencz 

Spec1t1e GraY1ty 
.314* .205 -.220 -.334* .116 -.009 -.146 -.068 .098 

Total Serum Protein 
.202 -.333* -.186 .160 -.047 -.oas -.159 .094 

Albumin -.509** -.607** -.327* .085 .109 .005 -.131 

Alpha Globulin .310* -.338* .199 -.103 .242 -.152 

Beta Globulin -.117 -.005 -.065 .071 .133 
Gamma Globulin .255 .042 -.403** .297* 

Gain for Period -.638** .701** .-.577 ** 
Efficiency Period -.515*0 .412** 

Total Gain -.829** 

Total Efficiency 

* p : o.os 
** p =0.01 
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(P <:: .01). There was a aign1t1cant correlation between 

alpha globulin and beta and guma globulin (P < 0.05). 

Albumin was negattvely correlated with alpha (r =-0.509), 

beta (r • -0.607) and guma (r = -0.327) globulin. Albumin 

was highly negatively correlated with alpha and beta 

globulin ( P .t( • 01) • 

Serum protein was negatively correlated w1 th alpha 

globulin (P ~ .05), (Table 11). Specific gravity was posi­

tively correlated with total serum protein and negatively 

correlated w1 th beta globulin (P ~ 0.05). 

700 Pounds Body Weight 

A significant negative correlation (r • -0.550) was 

found between rate of gain and teed required per unit of 

gain for this period. A positive correlation between gain 

for thia period and total gain (r =0.425) was observed 

along w1 th a negative correlation or gain tor thia period 

and feed required per unit gain tor the total period from 

500 to 800 lb • 

Feed required per un1 t of gain for tb1 s period waa 

negatively (Table 12) correlated with total gain (r = 
•0.485) and positively correlated with teed required per 

unit of gain tor the total period (r =0.530). 

Specific graVity was pesitively correlated w1 th total 

/ 



TABLE 12 
Correlation Coeft1cienta Among Blood Conatituent and Productlan Traits 

at 700 Pounds Body Weight 
lf0ta1-- ---- - - - -- -·-···-·-G&Iii ­-~- -~-

Spec~ Serum 
Grav1tz Protein Albumin 
Specific Gra!lly

.452 -.077 

Total Serum Protein 
.099 

Albumin 

Alpha Globulin 

Beta Globulin 

Ga.mma Globulin 
Gain for Period 

Efficiency Period 

Total Gain 

Total Ett1c1eney 

* p =0.05 

* p • 0.01 

Alpha Beta Gamma for 
Globulin Globulin Globulin Period 

-.036 -.229 .246 .~81* 

-.09'1 .... 230 .089 .066 
-.106 .... 648** -.044 -.010 

.079 -.601** .078 

-.001 -.145 

.057 

Etf1c1ency Total Total 
Period Gain Etf1 c1 ency 

** 
-.187 .408 -.326* 

-.034 .044 -.106 
.022 .015 -.060 

.164 -.1a• .110 

.220 -.216 .313* 

-.295 .220 -.213 
-.5.50** .425** -.363* 

-.485** .sw** 
-.837** 

.. 
Q) 



serua protein (r • 0.452) with rate of gain for this 

peri d (r • 0.381) and with total gain (r • 0.408). 

Speeit1c gravity was negatively correlated with total 

teed required per un1 t gain. 

Albumin waa correlated w1 th beta globulin, having a 

negative correlation of ·-.648 which was signitieant at 

P L. o.o1. 

Alpha globulin was negatively correlated with gamma 

globulin (r : -0.601). Beta globulin waa negatively cor­

related w1 th feed required per unit ot gain for the total 

period. 

800 Pounds Body Weight 

Rate of gain (Table 13) waa correlated with feed 

required per unit of gain for this period (r =-.823) with 

total gains (r = .690) and with feed required per unit of 
I 

gain for the total period (r =-0.684). 

Feed required per unit of gain for this period was 

negatively correlated with total gairua (r : -0.581) and 

positively correlated (r : 0.774) with feed required per 

unit gain for 1he total period. 

Total ser'Wil pr te1na had a significant negative 

correlation with rate of gain for this period. 

Albumin was negatively correlated witb both alpha 

(r =-0.543) and gamma (r =-0.662) globulin. However, 



TABLE 13 
Correlation Coefficients Among Blood Constituent and Production Traits 

at 800 Pounds Body Weight 
Total Gain 

Spe~te Serum Alpha Beta Gamma for Efficiency Total Total 
Gravitt Protein Albumin Globulin Globulin Globulin Period Period Gain Efficiency 

Specific Gravity 
.310 .123 -.292 .168 .040 •051 -.130 -.046 -.14:8 

Total Serum Protein 
-.13'7 -.061 .282 .093 -.353* .214 -.239 .175 

Albumin -•54$** -.247 -.662** .320 -.198 .385* -.212 

Alpha Globulin -.376* -.021 -.125 .140 -.148 .135 

Beta Globulin -.022 -.095 .097 -.097 -.001 
Gamma Globulin -.298 .113 -.344:* .188 

Gain for Period -.823 .690** -.684** 

Efficiency Period -.581** .774** 

Total Gain -.as?** 
Total Efficiency 

* p =0.05 

§* p : 0.01 

en 
0 
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albumin had a ign1t1cant positive correlation with total 

rate of gai n from 500 to 800 pounds body weigpt. 

Alpha globulin was negatively correlated with beta 

globulin ( P ~ 0. 05). Gamma g1. obul1n was s i gni tie antly 

correlated with total gains. 

Combination of All Weights 

Rate ot gain for eaeh period was consistently nega­

tively correlated with teed required per unit gain for the 

same period. With the exception of the 500 pounds weight 

period, rate of gain tor each period was consistently 

positively correlated with total rate of gain from 500 to 

800 po\U'lds body weight. Rate of gain for each period was 

consistently negatively correlated with total teed req~ed 

per unit of gain from 500 to 800 pounds bod7 weight. 

Feed et.fioienq tor each period was consistently 

positively correlated with total teed etticieno7. Feed 

required per un1 t gai n was consistently negatively cor­

related with total rate of gain from 500 to 800 pounds b<MlJ' 

weight, with the exception ot 500 pounds weight period. 

Total rate of gain from 500 to 800 pounds body weight 

waa negatively correlated w1 th total teed required per 

unit gain from 500 to 800 pounds body weight (r =-0.84). 

Specific gran t'1 was generally posit! vely correlated 

with total serum protein-. although 1 t waa not s1gnit1eantl.y 
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correlated with total aerum protein at 500 pounds body 

weight. At 600 and 700 pounds bodr weight the orrelation 

between specific grantr and serum protein was aigni.ticant. 

At 800 pounds body weight apec1t1o gravity had a correla­

tion of .310 w1 th total serum protein which approached 

aignifioanoe (P~ .05). 

Albumin wa negatively eorrelated with alpha and 

gamma globulin except at 700 pounds body weight. Alb\Uidn 

was negat1velr correlated w1 th beta globulin tor the first 

three weight periods, but not at 800 pounds body weight. 

Alpha globulin w~a negatively correlate~ with gamma 

globulin at the tirat three periods. 
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DISCUSSION 

Walter B. Cannon developed a concept of physiological 

homeostasis and defined this phenomenon as the totality or 
steady states main ta1ned in an organism through the co• 

ordination ot ita complex phya1olog1cal processes. In 

other words, homeostasis is 1he property of the organism 

to adjust itself to variable conditions, or the self• 

regulatory mechanisms ot the organisms which perm1 t it to 

stabilize i tselt i n fluctuating irmer and outer ennron­

menta. Needless to say, final answers to the problems ot 

physiological homeoatasia are by no means available. The 

existence of biological teedback mechanism is recognized, 

the largely mechanistic basis of their operation is ac­

cepted, but their increasingly complex develepmen t presents 

the focal problem in adaptation. In this discussion 

vari oua tactora, gene t1 c and envircmm.ental , have been 

evaluated tor their 1nfluenoe on growth; growth to a 

degree is an indication of adaptation. 

Sex Difference 

The data preaented show certain consiatent sex dif­

ferences in the production tra1 ts and i n some of the 

physiological constituents studied. Male calves consis­

tently had higher dailJ gains than female ealvea. 

http:vircmm.en
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S1m1larly. male calves required leas :feed to make a unit 

of gain. A negative correlation of -.84 was :found between 

rate gain and teed required per unit of gain :for the total 

peri d which tends to support or to be consistent w1 th the 

above s tatements. 

That males are taster gainers and more efficient teed 

utilizers than comparable females was expected since 

studies made at this station and at other stati ons have 

shown similar results (2; llJ 22J 26; 27; 39). 

There were i n this study t deviations from the 

above generalization that males consistently gain more 

rapidly than females; at 500 pounds body we 1ght the DaTi d 

females gained 0. 2 lb. per daJ more rapidly than the 

David males and at 800 pounds body weight Angus female a 

gained 0.36 lb. more per day than Angus males. At the 

present time, there is available no explanation for these 

deviations. 

At 500, 600 and 800 pounds body weight the female 

calTes had blood with higner specific gravities than that 

of the male calves. At 500 and 800 lbs. body weigbt the 

specific gravity of blood tram the female• was signifi­

cantly higher than that of the males when the stat1stioal 

model allowing age to vary was used. However, when the 

statistical model holding age as a ccms tant was used, the 

significance was removed. The difference in the specific 
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granty of blood from the females compared w1 th that of 

males at 500 and 800 pounds body weigb.t can be attributed 

to the ditterence in age ot the males and femal••· The 

female calvea were an average of 21 days older than the 

male calvea at 500 pounds body weight and an average of 

49.3 days older at 800 pounds body weigpt. If the dit­

terence in specific gravity between males and females waa 

due to sex, one would expect a high correlation (necat1v• 

or positive) between specific gravity and total gains or 

between specific gravit7 and total feed efficiency since 

aex waa held constant 1n the analysis. On the oontrar7, 

the correlations between specitio gran ty and tota,. gains 

and between specific grav1 ty md total feed ef'f'ioienoy waa 

low i ndicating that verr little of the variance was ac• 

counted b7 the statistical model holding sex constant and 

allowing age to vary. 'l'heref'ore the appearance ot a dif­

ference between the specific graY1t1es of males and females 

can possibly be attributed to a difference 1n the agea ot 

the malea and females at any weight period. 

Plasma protetn tractions exhibited no significant sex 

differenoea, except that the g8JIID1& gl<Dulin fraction ot 

the males waa higber than that of the females when the 

statistical model holding age aa a cone tan t waa used. 

Price (26) reported in his study of plasma proteins that 
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tne gamma globulin fraction in the blood of the David 

males was significantly higher than that in David females. 

In the statistical analysis ·in which the cons tanta for sex 

were determined at each of the tour weignta and age was 

permitted to vary, there was no significant sex difference. 

However. when tne conatanta tor b th age and sex were esU­

mated at eaCh ot the tour we1gnta, ther was a significant 

sex difference at 600, ?00 and 800 pounds body weight. 

Ag and weiet>.t are confounded because the animals become 

older and increase in size s1D11lltaneauel,.. The c rrelation 

eeetf1c1ent between g~a globulin and total gains was 

significant at 600 and 800 peunda body weight. Negative 

correlations of -.403 and -0.344 were found between gamma 

globulin at 600 and 800 lbs. respectively and total gains. 

Since a significant sex difference was found when age wu 

held constant along with sex and weight, it seems p ssible 

that the ditrerence i n specific graTitiea between the two 

can be attributed to the difference in ages between the 

male and female calTea; or the sex difference may be due 

to a weight-age interaction. 

An observation ot interest i n this s t ".dy was that 

daily gains did not increase but decreased as calves grew 

from 500 to 800 pounds body weignt . Feed required per 

unit of gain increased markedly as calves grew from 500 to 

800 pounds body weight. These enangea were more pronounced 
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in t alee than in males. The average daily galn ot males 

decreased o •• 2 lb. per day during the period from 500 to 

800 pounds body weight whereas in the females the average 

daily gain decreased 0.83 lb. per day from 500 to 800 

pounds bod7 weight. Likewise the feed required per unit 

gain increased more markedly in females than 1n males. 

An increase 1n reed required per unit of gain of 6.97 lba. 

in females and 3. 78 lba. in males was observed. However, 

the increase in feed consumed per day from 500 to 800 

pounds body weight of 7.2 lb. was the same tor males and 

females. For the total period (500 to 800 pounds body 

weignt) the females consumed an average ot 0.93 lba./day 

ore teed than the males. 

Line Dit.ferenoe 

Conal at ent line d11' ferenoea were not obse:rve~ in this 

atud7, but some interesting differences were noted. At 

500 pound.a body weight the Angus line made more rapid 

gains with a greater efficiency ot feed utilization than 

e1~er ot the three Hereford linea. At the end of the 

feed test period, however, the Angus line was superior 

only to the Dal'id line which had a predominance of females, 

5 female to 3 male calves. The L1onheart line varied 1n 

the opposite direction; that is, the Lionheart line had a 

slower rate of gain than either of the other 3 linea 



58 

(Prince, Dartd. and Angus) for the first~ weight periods, 

in the fourth 1 t waa somewhat higher thin the Prince line 

(the Prince line had a larger nunb er of males than temales) 

and a1gn11'1cantly higher than the David or Angus line. 

The dif ferenc • in the growth hab1ts ot the Angus and 

L1onheart cal••• may well be attributed to past selection 

pressures. Since selection in the past history of the 

Angus cattle has been for early maturity as appears e•1­

dent by the smaller mature size ot Angua as compared 111 th 

Heret'arda, the tapering ott of growth rate !'rom 500 to 800 

pounds body weight may well be due to maturity. At the 

present time the only possible explanation tor the growth 

pattern of the Lionheart line might be that because of the 

large size they attain, growth may be slower in early lite 

and i ncrease as the:y approach 800 lb. in body weight. In 

other words, the Lionheart line ot cattle reach•• a mature 

weight at a later age than the other 3 linea. Brody (9, 

p. 501) t und that 1n farm animals an inflection in the 

growth ourve takes place when about 30 per cent of the 

ma1ure weight is reached, wh1oh corresponds to about 6 

montha 1n eattle. The point or 1nrlect1on is the time ot 

puberty and the time of muimum velo i ty t growth ( tran­

ait1on tram increasing to decreasing growth velocity). 

Then, what appears to be a different growth pattem in the 

two linea may be a d1 tterenoe in t1 me or pubertJ. An 
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alternate explanation for the difference in growth pattern 

between the Angus line and L1 onheart line could be in the 

ab111 ty to digest a high roughage ration. Bogart {unpub­

lished data) observed at tbe Oregon Experimental Exper1• 

ment Station (1949-1951) that the Angus line pertor.med 

better during the latter part of the experimental period 

than tlB Lionheart line, when the ration was largely bay 

in the t1rat part and equal hay:grain in the latter part 

ot the test period. This would lead one to believe that 

the AngUs line haa the ab111 ty to grow rapidly and efti· 

ciently on concentrates while the Lionheart line has the 

ability to grow rapidly an roughages. In the above ob· 

aerva t1Cilt there is a confounding ot time ot ma·turitJ with 

diet. The compoa1 tion of the diet could have contributed 

to ditterenoea in growth patterns or to the time ot matur• 

ity, or both. Since, at the presen-t time, the ccmpoaition 

of the diet {2/3 roughage to l/3 concentrates) ia the same 

throughout the experimental period, one would anticipate 

that the time or maturity la the moat plausible reason tor 

the difference 1n growth patterns. 

Becauae ot the disproportion ot males to f~alea 1n 

the Prince line and in the David line, a realistic line 

difference cannot be Obtained. 
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Correlations ot Blood Constituents With Growth 

Growth is the aapec t of deTelopment cone ern.ed nth 
the 1noreaae in living subatano•• or protoplasm and in­

cludes three proces1ea (1) cell multiplication, (2) cell 

enlargement and (3) incorporation of material from the 

enviranment {9, P• 486). ~ 1nclua1on ot non-protoplaamlc 

aubatancea , such as blood serum, ia an increase by in· 

corporation of material from the environment, which is not 

regarded as true growth . Yet operationally, from the 

standpoint of quantitative measurements of growth of the 

organism as a whole, there must be a consideration ot 

these non-protoplasllic inclusions as part of the growth 

process, if tbey are reversible. 

An average negative correlation of -.84 was found 

between to tal gains and total teed required per unit of 

gain . This agrees with ether studies at thia experiment 

station (2; 26; 27; 39). 

There were no consistent correlations between the 

blood constituents and the production traits. However, 

specific gravity was consistently positively correlated 

with total serum protein. This correlatiCil ot specific 

gravity w1 th total serum protein is substantiated by the 

t1nd1n ga ot Moore and Van Slyke ( 23) when tbef showed that 

the apee1f1o graTity ot blood serum was a straight line 
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function ot its protein content. 

Alpha globulin was consistently negatively correlated 

with gamma globulin. This is 1n accordance with the sex 

difference found, because males had higher gamma globulin 

and lower alpha globulin than females . AlbUDdn waa con­

sistently negatively correlated with the globulin fract!ans. 

Bradish et al. (7) observed ft-om blood studies on 

Devon steers that there was a compensatory relationship 

be tween albumin and the globulins and w1 thin the globulin a. 

They found that when the albumin increased the globulin 

decreased and vice versa. The saue was true between the 

globulin fractions . '!'he values were expressed as percent­

age of th whole. The present study indicates that within 

the globulin fractions, when there waa an incre se in 

alpha globulin thEre waa a decrease in gamma globulin and 

vice versa. This relationship was supported by sign1ti• 

cant negative correlations from 500-700 pounds body weisht 

between alpha and gamma globulins. Beta globulin was 

positively correl ted w1th alpha and negatively correlated 

with gamma globulin, but the compensatory relatio~hip 

between beta and gamma was not as apparent as betwef'n 

alpha and gamma globulins. The small correlation between 

beta and gamma globulin supports this observation. 

The origin and tunc tion ot alpha globulin is unlmown 
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(38- P• 644) ., but since there is a compensatory relation­

ship between the relative amounts of alpha and gamma glob­

ulin in the blood, it is possible that the !'Unction of 

alpha globulin is relative to the need ot the animal for 

the production ot antibodies, since the gamma globulin 

traction contains the bulk or the proteins for 1mmun1t7; 

and, eonveraelJ• the production ot antibodiea is probably 

related to the stress conditions the mimal sutters. In 

other words, the relative production of alpha or gamma 

globulin varies with the animal's particular need for the 

tunc tion performed by either of the two. Tb.is 1a partiallJ 

supported b7 evidence from blood studies with Ungulata 1n 

general, and perhaps with other species, that the blood of 

the · ,-oung at birth is void of gamma globulins. There is 

probably little need tor antibodies by the fetus. How­

ever, at the present, there ia no explanation tor the sex 

difference tound in the amount of alpha and gamma globulins 

found in the serum o£ male and female calves. But (38, 

p. 649), it has been lhown that 1n metabollc disturbances 

there is a pronounced elevation in amount of alpha 

globulin estimated electrophoretically. These data 

showing females w1 th higher alpha globulin than males are 

consistent with the pel'tormance data where females ue 

more inefficient utilizers of their feed than males. Since 
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the alpha glob:ulin values reported for females were w1 thin 

the normal range tor beef cattle, there is no evidence of 

abnormal metaboll c disordera for the females. Since 

females are slower gainers and leas efficient teed utili• 

zera than males, there could possibly be an inherent 

difference between males and females in metabolic 

ett1c1enc1es. 
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SUKMART AND C<E CLUSIONS 

1. Production traits and blood serum conatitutents have 

been studied on 45 calves from three genetically dif­

ferent Hereford linea and one Angus line at 500, 600, 

700 and 800 pounds body weight. Statistical analyses 

were performed to determine the sex and line 

differences. 

2. Data traa this study indicated that male calves had 

higher teed teat gains than females and required lese 

feed per unit ot gain. At 500 and 800 pounds female 

calves had significantly higher serum specit1 c gravi­

ties than male calves. The ditferenoe 1n specific 

av1 ty aeema to be attributed to a difference in age 

between male and female calves. When age waa held 

oonatant, the gamma globulin fraction or the males was 

significantly higher than that of the temalea. 

3. .Angus calves were the moat rapid gainers at 500 pounds 

and required less feed per unit ga1n than calves or 

either of the 3 Hereford lines. At the end or the 

teed test period, Angus calves were only gaining 

taater than c&:,lvea in the David line tba t was largely 

temalea. The Licnheart line made the slowest ga1na 

for the f1rs t 3 weight periods and then made the moat 

rapid gaina during the last period. This indicates a 
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difference in age of matur1 ty between the two linea. 

4. There were no cons is tent correlations between the 

blood cons t1 tuenta and the produc t1 on tra1 ta. However, 

specific graTity and total serum protein were consist• 

ently positively c rrelated. Albumin was c naistently 

negatively eorrelate.d with the globulin fractions. 

Alpha globulin waa consistently negatively correlated 

nih gamma globulin. 

At 600 and 800 pounds, gaMMA globulin was ais· 

n1t1cantly negatively correlated w1 th total gains. 

At 500, 700 and SOC pounds, alpha globulin was nega• 

t1 vely correlated w1 th gains for the total period and 

poai tively c rrelated w1 th teed requi red per unit gain 

tor the total period. 

5. Male calTea on the average weH 21 days younger at the 

beginning or the teed test period and 49.3 days yo~ 

at the end or the teed test period than fem le calves. 

6. Male calves made more rapid gains than female calvea 

because of greater etticiency ot teed utilization 

rather than because th "1 consumed more teed. Females 

1n this atudy ate an average ot o. 93 lba ./da'f :mere 

than the males. 

7. The blood constituents and produetion traits were in­

fluenced by differences in ages. When age was held 

constant 1n the enal'faea certain differences that 
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existed when age was allowed to vary disappeare~ an~ 

i n so~ eases Where no differences were noted wnen age 

was allowed to Tart there app eared sign1t1cant dif• 

f rences when ge was held co tant. 

a. Daily gain decreased as calves grew from 500 to 800 

po\mda body weight . Feed required per un1 t gain in­

creased markedly as calves grew from 500 to 800 pounds 

body weight. These observation were more pronounced 

in females tban 1n males. 
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