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HAEMATOLOGICAL STUDY 
OF GENETICALLY DIFFERENT LINES 

OF GROWING BEEF CATTLE 

INTRODUCTION 

In the field of livestock improvement through genetic 

research, the physiological processes involving energy con- 

version of a beef calf into the meat yield of its carcass 

is one of the most interesting studies at the present time. 

Improvement is based not only on the records of performance 

such as birth weight, suckling gain, feed test gain, feed 

efficiency and various kinds of body measurements and 

scores, but also upon the physiological processes governing 

or influencing these traits. Selections based on produc- 

tion characters require extensive time and money to obtain 

data for selection of desirable calves. 

Numerous studies in the past have indicated that rate 

of gain and feed efficiency are influenced by hereditary 

factors, and both physiologists and geneticists have the 

opinion that rate of gain and feed efficiency are measures 

of the end results of many complex biochemical reactions 

which are under genetic control. If this concept is true, 

then the study of certain physiological characteristics of 

the animal should be valuable in improvement of beef cattle 

through breeding. If animals have the same genes that 

affect growth in the feed lot and that also affect growth 

earlier in life, a physiological approach should yield a 
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method by which the rapidly gaining and efficient animals 

could be detected early in life and might well eliminate 

the necessity for a feed test. 

Several investigators have attempted the use of phys- 

lological and chemical criteria that might he applied in 

the early life of an animai in order to have an early, 

rapid and inexpensive measure of production characteris- 

tics. Chemical and physiological studies of the blood are 

the most interesting lines of investigation undertaken by 

various laboratories throughout the United States. Because 

blood fulfills a number of essential functions in the bio- 

logical processes of growth and development, the variations 

in blood constituents were considered as possible criteria 

of rate and economy of gain. 

Galgan et al. (27) and Clay (19) have studied the use 

of radioiodirie in identifying rapid gaining ability In beef 

animals. Ham et al. (31) used blood levels of protein- 

bound iodine as an indicator of potential rate of gain in 

beef calves. Becker etal. (li) estimated the body fat 

from measurements in vivo of body water by using antipy- 

'ine, while Shumway et ai. (88) used tritium injections to 

determine the fat level In steers. Possible association 

of blood groups and feeding performances of beef cattle 

was also Investigated by Stroble and Hilaton (90). Kidwell 

et al. (39) studied the re1ationshp of blood glutathiorie 
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iie1 to growth arid body sìz of beef cattle. Differences 

in 3iood amino acids and blood 1ucose in beef cattle arid 

ehange$ in certair. blood constituents, uric acid, amino 

aeid3, urea arid c:eatinine, associated with growth and de- 

ve1opnent of young beef cattle have been studied by 

McDonald (53) and Ñiiliarns (95) at the O$egon Agricultural 

Experiment Station. AsplurAd et al. (8) atudied the exere- 

tion of creatinine and glutamic acid in relation to dwarf- 

lam and age of cattle. The creatinine level in blood Beruni 

a an indicator of ca'caas corpoeicion was also studied by 

Wuthier (98). Both chemical and cellular haewatology of 

bovine dwai'f$ were $tudied bi Corneliva et al. (2i) and 

from four genetically different linea of growing beef cattle 
by Price (77). Alexander (2) studied the correlation be- 

tween aerum phoophatases of beef cattle and rate and 

economy gains. 

The present study wac designed to investigate the 

changes in haematological characters of the blood with 

growth and development of young beef calves. By rneasuing 

the naemoglobin, number of red and white blood cells, 
hematocrit, mean corpuscular volume, nican coxpuscular 

haemoglobin, mean corpuscular haemoglobin concentration 

aìd tîpe of white blood cells (neutrophils, eosinophils, 

basophils, lymphocytes arid monocytes) during the period 

from five hundred to eight hundred pounds body weight, it 



was hoped that associations between haemoglobin and the 

various blood cellular characteristics with rabe of gain 

aid feed intace or feed efficiency would be established. 

The iuformation from the present study will help to 

clarify the physiology of animals that differ ìn their 

ability to grow rapidly and efficiently. The value oi' in- 

formation from this 3tudy i that it may aid in developing 

a method for selecting aninals, either at younger agea or 

with less cost, with the inherent ability to gow .Lapidly. 

The p'esent method of feeding prospective breeding animals 

wider test conditions for extended periods is so laborious 

and costly that it discourages blleeders from atte1pting to 

select their animals ori the basis of rate of gain arid feed 

efficiency. 
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REVIEW OF LITERATURE 

The author has made no attempt to cover all areas of 

haematology, and only those considered pertinent are 

quoted. In many cases, values of cellular constituents 

which appeared in the literature are for dairy cattle. 

Some papers did not state whether the source of information 

was from dairy or beef cattle. So in the present review, 

the type of animal is noted if it was given as such in the 

original work. 

One of the most helpful sources of information is 

tStandard Values in Blood", edited by Aibritton (i). 

Means, ranges and standard errors have been presented in 

this manual, as well as references to the literature from 

which the information was gathered. 

For the convenience of the reader, each characteristic 

of the blood will be reviewed separately, as follows: 

haemoglobin, number of red blood cells, heniatocrit, mean 

corpuscular volume, mean corpuscular haemoglobin, mean cor- 

puscular haemoglobin concentration, number of white blood 

cells and differential white cells which include neutro- 

phils, eosinophils, basophils, lymphocytes and monocytes. 

I. Haematology 

A. Haemoglobin 

There is considerable variation In haemoglobin values 



arid the values of other blood constituents in the litera- 

ture. Kronacher (50, 51) and Van Geiler (92) showed that 

the haemoglobin of dairy cows increased during the summer 

on pasture over the values determined on the cows in dry 

lot during the winter. McCay (61) could find no sigriifi- 

cant difference between the blood haemoglobin values during 

barn and pasture feeding. 

Anderson et al. (Li.) found no correlations of haemo- 

globin with milk production, fat production, period of 

gestation, or period of lactation. The haemoglobin values 

range from 70.3 to 121.7 per cent, and the average value 

is 92.9 per cent. They observed that the highest haemo- 

globin content appears in the calves less than one month 

of age. Both Holstein calves and cows show the highest 

average value of haemoglobin of the various breeds, which 

also included Jersey, Guernsey, Ayrshire, Brown Swiss and 

cross bred between Brown Swiss and Jersey. 

Dukes (25) reported 12,2 gm. haemoglobin per 100 ml. 

of blood as the normal value of the dairy cows, whereas 

MeCay (61) reported that the normal value of haemoglobin 

for dairy cows was 10.9 gm., and 12.8 gm. per 100 ml. of 

blood for the dairy bull. In contrast with this, Anderson 

et al. (24) found dairy cows had higher haemoglobiri values 

than dairy bulls. Price (77) found a higher value of 

haemoglobin in female Hereford calves than in males. The 
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average values of haemoglobin in female Hereford ca1ve 

was 12.7 grn., while the average value of the male Hereford 

calves was ll»4. grn. per 100 ml. of blood. No significant 

sex difference in haernoglobin was found by Price in Angus 

calves. The conflicting evidence may possibly be due to 

different methods of determination of haemoglobin concen- 

tration in the blood. It would be very desirable if a 

standard method for the determination of blood constituents 

could be established for routine study. 

Rusoff and Piercy (79) found significant differences 

in haemoglobin value between herds of dairy cattle at dif- 

ferent locations, but no difference was found upon compar- 

ing the blood haemoglobin observations between cows on a 

high plane with those on a low plane of nutrition. Blood 

haemoglobin values ranged from 11.2 to 13.)4 gm. per 100 ml. 

of blood for both groups of cows on the plane of nutrition 

study. 

Greatorex (29) studied the haemotology of dairy calves 

from birth to one year of age and reported that the haemo- 

globin values ranged between 4.6 and 16.1 gm. per 100 ml. 

of blood; however, the majority of calves gave readings of 

9.0 to 1)4.5 gm. per 100 ml. of blood. Rusoff and Frye (80) 

found differences between Red Sindhi-Jersey crossed cows 

and their Jersey dams in blood haemoglobin content. Later 

work by Rusoff et al. (81), who studied the blood of 
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breeding bull$, found no s1n1f1cant dlfference2 between 

breeds for blood haemoglobin content of Jersey, Guernsey, 

and Holstein bulls. The mean values of haemoglobth in 

Jersey, Guernsey, and Holstein bulls were ii.6, 12.2 and 

11.6 gm. per 100 cii. of blood. However, there were monthly 

and annual ainificant differences among all breeds. A 

significant difference in blood haemoglobin values between 

Holstein and Jersey cows was found by Byers et l. (18). 

The Jerseys were found to have an average blood haemoglobin 

value of 11.3 gm., and. the Holsteins an average value of 

10.6 gri. per 100 ml. of blood. Pasture feeding did not 

change the blood haemoglobin values sinificantiy from 

values obtained from barn feeding. In addition, the aver- 

age blood haemoglobin of males did not differ sinificant1y 

from that of females. 

Long (56) studied the blood composition of 

normal beef cattle and found no breed differences between 

Hereford, Angus, and Shorthorn beef cows for blood haerno- 

globin content. Price (77) found Angus male calves had a 

higher mean value of haemogloblri, 12.5 gm., as compared to 

Hereford male calves with an average of 11.4 gm. of haerno- 

globin per 100 mi. of blood. No significant difference was 

found between the Angus and Hereford female calves. 

Hereford male ca1ve had a lower average haemogiobin value 

of ll.L1. gm. as compared to 12.7 gm. per 100 r;1. of blood 
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for Hereford female calves. No difference was found 

between male and female Angus calves. Cornelius (21) 

determined blood haemoglobin values for dwarf beef cattle 

rìd .oncluded that a mean value of 11.7 1.4 gm. of 

haemot1obin per loo ml. of blood was within the normal 

range for the bovine species. 

MacDonald et al. (60) studied rate of gain and ef- 

ficiency of gain in beef cattle and reported an average 

value of 12.0 gm. of haemoglobin per 100 ml. of blood for 

Hereford and Angus beef calves on performance test at 500 

and 800 pounds body weight. Blood haemoglobin on the 

average was higher in the females than in males, and this 

was especially true in the Angus calves. Average blood 

haemoglobin was higher in the Angus calves than in the 

Herefords for both males and females. Neims et al. (611-) 

reported a mean blood haemoglobin of 13.4 gm. per 100 ml. 

of blood for female Hereford calves and 12.7 gm. for male 

Hereford calves. Williams (95) also found the haernoglohin 

value of female Hereford calves higher than males in all 

three lines of Herefords bred at the Oregon station. The 

mean values of haemoglobin for Lionheart, Prince and David 

were 12.14.8, 11.28 and 12.08 gm. per 100 ml. of blood for 

the male calves and 13.39, 12.39 and 12.92 gm. per lOO nil. 

of blood for the female calves respectively. Neitna et al. 

(61.1.) reported that the wean blood haemoglobin values of 
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female Hereford calves was 13.k gm. and of the males was 

12,7 gtn. per 100 nil. of blood. 

Price (7fl reported a higher value of haemoglobin in 

female Hereford calves but no difference between sexes in 

Angus calves. The mean values of three lines of Hereford 

calves, Lionheart, Prince and David, were 11.2, 11.1 and 

11.7 grn. per 100 ml. of blood for the tnale calves and 12.7, 

12.6 and 12.7 gm. per 100 ml. of blood for female calves 

respectively. Both male and female Angus calves showed a 

mean haemoglobin value of 12.5 gm. per 100 ml. of blood. 

Davis et l. (23) reported that the blood samples of dairy 

cattle taken from the same animals at four different times 

during the year for a ten-year period did not show any 

seasonal variation and gave the mean haemoglobin level of 

10.7 gm. per 100 ml. of blood. 

Arthaud () studied the relationship of certain 

blood constituents to rate and economy of gain in beef 

cattle and reported that the haemoglobin value at the be- 

ginning of feed test (about 7 months old) was 11.1 + 1.0 

gm. per 100 ml. of blood, and at the intermediate stage 

(55 days after the beginning of feed test, or about 9 

months old) was 12.2 1.3 gm. per 100 ml. of blood and 

gave the mean haemoglobin value of ii,65 gm. per 100 ml. of 

bio od. 
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B. Total Red Blood Cell Count 

The total number of red blood cells In cattle varies 

from one laboratory to another. Dukes (25) gave an overall 

mean of 6,3 million per cubic millimeter and a range of 

14.90 to 9T9 per cubic millimeter that was calculated from 

l44 samples on six dairy cows. Coffin (20) reported a red 

blood cell count ranging from 5.k to 9.0 million per cubic 

millimeter. Ferguson (26) studied the variation in the 

blood cells of healthy cattle and reported a mean of 6.33 

million per cubic millimeter of blood with a range of 5.64 

to 'T.44 million per cubic millimeter for dairy cattle. The 

number of red blood cells in various breeds of dairy cattle 

was studied by Rusoff et al. (81), who gave the following 

means for red blood cells: Jersey, 6.55; Guernseys, 7.49; 

and Holsteins 7.84 million per cubic millimeter of blood. 

Younger Holstein bulls showed a range of 8.55 to 9.98 

million per cubic millimeter, as reported by Reid et al. 

(78). Greatorex (29) studied the haematology of dairy 

calves from birth to one year old and reported the follow- 

ing values at different ages: 

Age Mean value of red blood cells 
(million per cu. mm.) 

Birth 7.4 
i week 7.5 
8-12 weeks 8.1 
k-6 months 7.8 
12 months 7.5 
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Long (56) studied the blood composition of beef 

cattle by using the indirect turbidity technique for deter- 

mining the red cell count. They found that all the breeds 

of beef cattle in their investigation, which included 

Hereford, Angus and Shorthorn, had a normal variation from 

to 6.0 million per cubic millimeter. These values 

seem low when compared with the values that were obtained 

from dairy cattle by other investigators. This difference 

might be due to the different method used for determining 

the number of red blood cells. Cornelius et al. (21) re- 

ported a mean value of 9.8 1.6 million per cubic mliii- 

meter from data of 38 Hereford and Angus dwarf cattle which 

ranged in age from 6 days to 14 months. Price (77) studied 

the blood celi composition of three different lines of 

Hereford calves and one line of Angus calves and gave the 

mean values of red blood cells of 7.l4 million for Hereford 

male calves and 8.18 million per cubic millimeter for 

Hereford female calves; the difference was statistically 

significant. On the other hand, the female Angus calves 

had a lower red celi count, 7.88 million, than the male 

Angus calves, 8.07 million per cubic millimeter, but the 

difference was not significant. 

Arthaud et al. (7) reported the erythrocyte count at 

the beginning of feed test (about 7 months old) in beef 

cattle was 8.34 1.09 million per cubic millimeter and at 
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the intermediate state (55 days after the beginning of feed 

test, or about nine months old) was 9.01 ± .96 million per 

cubic millimeter and gave the mean value of d.6'T million 

per cubic millïmeter. 

C. Hematocrit 

The hernatocrit is a fraction of whole blood volume 

occupied by packed red cells (after centrifugation). 

Coffin (20) gave the range in values of hematocrit of 

cattle from 30 to 40 per cent. 

Albritton (1) reported a mean value for hematocrit 

of 38.6 per cent in adult female dairy cattle with a range 

of 31 to 54 per cent. Holman (36) found that the packed 

cell volume of 50 dairy cows ranged from 28 to 42 per cent. 

Brody et al. (16) studied environmental physiology of 

Jersey and Holstein cows which were kept under ambient 

temperatures, ranging from 500 to 100° F., and they report- 

ed that the hematocrit value ranged from 30 to 38 per cent, 

with a few scattered values as low as 29 per cent and some 

as high as 42 per cent. There was an overall mean of 36.6 

per cent for the control cows and 34.5 per cent for the 

experimental cows. Each cow in the experimental tempera- 

ture chamber was subjected to temperatures of 50° to 1000 

F., while the control cows were subjected to temperatures 

of 50° to 60° F. Individual readings indicated that each 

cow has its own hematocrit range. The blood cell volume 
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was not significantly affected by changes in ambient tern- 

pera ture 

Rusoff et al. (81) studied the haematology of breeding 

bulls and reported that a mean hematocrit value of Jersey 

bulls was 42.3 .09 per cent and ranged from 29. to 149.5 

per cent. A mean hernatocrit value of Guernsey bulls was 

1463 1,2 per cent arid ranged from 34.0 to 53.5 per cent, 

while the mean value for Holstein. bulls was 39.5 -- 1.8 per 

cent and ranged from 37.0 to 50.0 per cent. Greatorex (29) 

studied the packed cell volume for 233 dairy calves rangIng 

in age from birth to one year old, and reported that the 

packed cell voluroe ranged from 18.0 to 6i.c per cent but 

most of the calves had values of 30 to 50 per cent. 

Price (77) reported that the hernatocrit value of three 

lines of niele Hereford calves ranged from 31.7 to 40.7 per 

cent with a mean of 3724 per cent, and female Hereford 

calves ranged from 31.5 to 146.2 per cent with a mean of 

40.1 per cent. The hernatocrit values of na1e Angus calves 

ranged from 37.1 to 148.3 per cent with a mean of 141.6 per 

cent, while female Angus calves ranged from 31.8 to 146.0 

per cent and a mean value of 140.6 per cent. 

Davis et al. (23) reported a mean hematocrit value of 

46.0 per cent for dairy cattle that they obtained from a 

ten-year period of study. Arthaud et al. (7) found that 

the hematocrit value of beef cattle at the beginning of 
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feed test (about 7 months old) was 35.4 + 3.9 per cent and 

39.2 + 4.2 per cent at the intermediate stage (55 days 

after the beginning of feed test, or about 9 months old), 

resulting in an overall mean value of 37.3 per cent for 

hematocrit volume per 100 ml. of blood. 

D. Mean Corpuscular Volume, Mean Corpuscular Haemo- 

globin arid Mean Corpuscular Haemoglobin Concentra- 

tion 

Mean corpuscular volume, mean corpuscular haemoglobin 

and mean corpuscular haemoglobin concentration were devel- 

oped and defined by Wintrobe (97). 

Coffin (20) reported the normal range of mean corpus- 

cular volume in cattle as L95 to 60.7 cubic microns, while 

the normal range of mean corpuscular haemoglobin is lkil. to 

18.6 micromicrograms and 32 to 34 per cent for mean corpus- 

cular haemoglobin concentration. Aibritton (1) gave a 

range of 14.2 to 18.5 micromicrograms with a mean of' 15.7 

micromicrograms for corpuscular haemoglobin content of the 

blood of the adult cows. The mean corpuscular volume 

ranged from )47 to 5k cubic microns with a mean of 50.0 

cubic microns. 

Greatorex (29) reported that the mean corpuscular 

volume of 233 dairy calves from birth to one year of age 

was highly variable. The extreme values which were found 

in this investigation were 28 to 112 cubic microns, whereas 
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the maJority of the calves had a mean corpuscular volume 

between 40 and 60 cubic microns. 

Price (77) studied blood cellular composition of gen- 

etically different lines of growing beef cattle which 

included three lines of Hereford calves and one line of 

Angus calves and gave the following values for these blood 

corpuscular characteristics: 

Hereford calves: 
Male Female 

Mean Range Mean Range 

Mean Corp. Vol., 
cubic microns 52.55 45.4-59.3 50.57 44.4-59,5 

Mean Corp. Haem., 
micromicrograrns 15.97 13.8-17.9 15.82 13.8-19.7 

Mean Corp. Haem. 
Cone., per cent 32.94 29.2-37.2 32.03 2b.6-35.5 

Angus calves: 
Male Female 

Mean Range Mean Range 

Mean Corp. Vol., 
cubic microns 51.74 147.4_56.5 51.74 43.9-58.6 

Mean Corp. Haem., 
micromierograms 15.64 13.9-17.9 15.96 13.0-18.3 

Mean Corp. Haem. 
Cone., per cent 33.17 30.4-35.6 32.54 26.5-37.1 

E. Total White Cell Count 

In dairy cows, Hayden and Fish (33) reported an aver- 

age total leucocyte count of 9,034 per cubic millimeter of 

blood; Ferguson (26) 8,912 per eu. mm,; Rusoff (79) a range 

of 8,411 to 10,268 per eu. mm.; and Brody (16) 8,570 per 

Cu. mm. of blood. Rusoff (8i) reported 8,580 .- 398 per eu. 



17 

mm. of blood in Jersey bulls; Holstein, 7,L.i6 ± 184; and 

Guernsey, 6,444 139 per cubic millimeter. These latter 

breed differences which Rusoff observed were statistically 

highly significant (P .01), and differences between indi- 

viduals within a breed also showed highly significant 

differences (P<.oi). 

Greatorex (29) studied haematology in dairy calves 

from birth to one year of age and found the number of 

leucocytes per cubic millimeter of blood ranged between 

4,500 and 15,000, with the majority ranging from 6,500 to 

11,500 per Cu. mm. 

Several state experiment stations have made use of 

the total white cell count while conducting investigations 

on the detection of the dwarf-carrier animal. Cornelius 

e.!.. (21) used leucocyte count as one of the criteria for 

determining breeding animals which carry the dwarf gene. 

They found that all haematological values in the bovine 

dwarf appeared to be normal with the exception of the dif- 

ferential leucocyte count, especially the lymphocytes and 

neutrophile. The total white cell count average of 8,800 

per Cu. mm. was within the normal range for the bovine. 

Massey et al. (62) injected insulin intravenously at 

the rate of 0.36 unit per pound of body weight. Such an 

injection will cause a marked and rapid increase in the 

number of white blood cells in the bloodstream of a 



dwarf-free or Hc1ean animal. Reaction in the dwarf- 

carrier animal i noticeably slower arid weaker. The white 

cell count of a dwarf aninial increases very little and at 
a very slow rate. 

According to the investigations of Massey et al. (62), 

the mean value of leucocytes of pedigree "clean" cows was 

9,571 per cu. mm. before an insulin injection and 23,714.3 

and 17,250 per cu. mm. of blood one arid two hours, respec- 
tively, after an insulin injection, while the known dwarf- 

carrier cows had a mean value of leucocytes of 9,838 before 

an insulin injection and i8,ioo and 21,621 one and two 

hours, respectively, after an insulin injection. 
Price (77) found no statistically significant differ- 

ence in the total white cell count of three lines of 

Hereford calves and one line of Angus calves. No relation- 
ship between total number of white cell count and rate of 

gain or feed efficiency could be observed in his investiga- 
tion. The value of the count of total number of white 

cells in Hereford male calves ranged troni 6,600 to 114,000 

per cu. mm. with a mean of 9,690 per cu. mm. of blood, 

while female calves ranged from 7,800 to 13,000 per eu. mm. 

with a mean of 9,360 per Cu. mm. of the blood. The male 

Angus calves had a total number of leucocytes ranging from 

8,000 to 13,000 per cu. mm. with a mean of 10,1400 per Cu. 

mm., while female calves ranged from 7,800 to 10,600 per Cu. 
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mm. with a mean of 9,3)40 per eu. ¡mì. of the blood. 

F. Differential Leucocyte Count 

A review of data ori the differontial wbi.te cell count 

has been coipiled by Mober (63). Coffin (20) gave normal 

ranges and means for differential white celi count of 

cattle as follows: 

Neutrophils 

Eosinophil s 

Ba s ophils 

Lymphocyte s 

Monocytes 

Range 
(per cent) 

15-55 

l-15 

0-1 

40-70 

3-15 

Mea n 
(per cent) 

30 

8 

0.5 

52 

q 

Cornelius (21) have shown that short-headed 

dwarf cattle up to fourteen months of age had a higher 

value of neutrophils and a lower value of lymphocytes. The 

mean value of neutrophils of dwarf calves was 33.3 12.5 

per cent as compared with 23.7 + 7.7 per cent for normal 

calves. The mean percentage of lymphocytes in dwarf calves 

was 5.6 .- 12.7, while the value for normal calves was 

68.2 8.5. 

Massey et (62) reported on the number of lympho- 

cytes and neutrophils that were present when the animal was 

under a stress condition resulting from an insulin injec- 

tion. They found that the mean values of lymphocytes arid 



neutrophfl of pedigree ?!PlearI! COW$ tiere 67.86 and 21.k3 

per cent before an in&ulin inJection, and 57.57 and 33.00 

per cent one hour after an inuiin injection, rcpectvc1y. 

The mean value of 1nown carrierl cows wc$ 6o.8c per cent 

for lyiphccytec and 30.30 per cent for neutrophils, whereas 
one hour after insulin injection, the percentage of iyrpho- 

cytes was 63.20 and neutrophils, 29.30. 

Price (77) found a lower average percentage of neutro- 

phils and a higher percentage of lymphocytes in Hereford 

calves than in Angus calves In both sexes. No correlation 

of differential leucocyte count with performance data could 

be observed. 

The mean and range values of differential leucocytes 
of both Hereford arid Angus calves which were reported by 

Price (77) are suuuiarized according to sex as follows: 

Hereford ca ives: 
Male Female 

Mean Range Mean Range 
(per cent) (per cent) 

Neutrophils 15.6 3-32 i6.h 4...34 

Eosinophils 2.5 1-5 4.3 1-8 
Basophils 0.13 0-J. o.6 o-i 
Lymphocytes 76.2 63-ci7 73.6 56-90 
Monocytes 5.7 2-10 5.2 2-10 

Angus calves: 

Neutrophils 28.6 5-38 27.9 1OL!.5 
Eosinophils 3.0 0-6 3.3 0-12 
Basophils 1.57 0-5 0.29 0-2 
Lymphocytes 61.0 53-84 63.2 42-84 
Monocytes 6.0 4-8 5.5 1-11 



Prthud et ai. (7) studied the reJ.ationhip of 

eert±n blood constituents to rate and econorn of airi ±n 

beef cattle arid reported that the number of eoelnophils et 

7 uonths old va 228 - 20i per cubic nillirneter and at 9 

uonth old wa 15 ± 67.2 and gave the mean value of 

eosinophil count of 171.50 per cubic millimeter of the 

blood. Schultze (8)4) found that the leveJ. of circulating 

eosinc'phils in dairy cattle had a mean of 230 per cubic 

millimeter and ranged from 80 to 550 per cubic millimeter 

of the blood. 

II. Performance Relationship 

Sheets (86) devised one of the earliest records of 

performance tests for beef cattle based on carcass quality 

and ori efficiency. Black and Knapp (13) recommended a test 

period on a weight-constant basis of from 500 to 900 

pounds. The final evaluation was to be based on efficiency 

of gain during ti-its period and on carcass grade. They 

found a high correlation (r = 0.88) between rate of gain 

and efficiency of gain on test during a comparable weight 

period. The faster gaining calves were more efficient. 

However, in a 'time-constant populationu the correlation 

is not high as shown by Winters and McMahon (96), Knapp et 

al. i) and Blackwell (14). 
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Kidwell (38) studied the growth relations in range 

cattle for five periods (including two winters). Correla- 

tions of gains between contiguous periods were negative and 

significant. He concluded that environmental influences 

exert the greatest effect on the relation between gains at 

these different periods, but that heredity is also effec- 

tive. 

Koger and Knox (48) consider that a positive rela- 

tionship between growth at different periods would be most 

in evidence when the environment is held uniform. A 

negative relationship would be expected when environmental 

variations are experienced during one period arid later 

removed, allowing a compensation for over or under growth 

during the first period. The net result is a balance 

between the two influences. 

Knapp and Clark (4k) found eighty-four per cent of ail 

variation in gains was accounted for by genetic influences 

during the last third of a 252-day testing period, whereas 

only ten per cent of the variation in the first third of 

the feeding period was due to genetic causes. 

Black and Knapp (13) found no relation between effic- 

iency of gain in the birth-to-weaning period and the effic- 

iency of gain in the weaning-to-slaughter period. They 

concluded that the period prior to weaning has apparently 

no value in predicting economy of gain after weaning. 
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Knapp and Nordskog (143) reported estimates of herita- 

bility for some of the important productive characteristics 

in beef cattle. These were subsequently revised by Knapp 

and Clark (45) as follows: birth weicht, 53 per cent; 

weaning weight, 28 per cent; final feed lot weight at 15 

months, 86 per cent; and gain on feed, 6 per cent. 

Knapp and Clark (k5)and Patterson et al. (72) found 

that the ability to gain is highly inherited. Selection 

based on performance of the individual should prove most 

effective in improving rate of gain in beef cattle. 

Shelby et al. (87) studied heritability of some eco- 

nomic characteristics of beef cattle for a ten-year period 

and reported that the heritability of birth weight was 72 

per cent; weaning weight, 23 per cent; gain in feed lot, 

60 per cent; final weight at the end of the feed lot 

period, 84 per cent; efficiency of feed utilization, 22 per 

cent; slaughter grade, 42 per cent; shrink, 91 per cent; 

dressing percentage, 73 per cent; carcass grade, 16 per 

cent; color of eye muscle, 31 per cent; area of eye muscle, 

72 per cent; and thickness of fat, 38 per cent. 

Warwick and Cartwright (93) estimated the heritability 

of rate of gain in young growing beef cattle ranging from 

33 to 51 per cent from half-sib correlation and by the 

method of regression of parent on average offspring, the 

heritability of rate of gain was 514. per cent. 
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III. Relationship between Performance Data and flood 

Constituents 

MacDonald (59) determined the relation of certain 

blood snd urine constituents to rate of cain and feed ef- 

ficiency. He found indications of a relationship of blood 

urea nitrogen, blood amIno acid nitrogen arid urine urea 

nitrogen to rate of gain and feed efficiency. It is un- 

fortunate that these data lacked statistical treatment. 

Williams (95) made a more extensive study of the blood 

constituents. He found blood creatinine to be negatively 

associated with rate of gain. However, he concluded that 

the blood constituents studied were not capable of ranking 

the animals as to rate of gain, feed efficiency or feed 

intake. 

MacDonald (9) reported a linear relationship between 

rate and efficiency of gains and blood amino acids in the 

young beef cattle, with faster and more efficient gainers 

exhibiting lower concentrations of amino acids. However, 

Williams (95) failed to show this relationship, but did 

find that blood levels of amino acids were affected by sex 

and feed intake. 

Howes 2.i. (37) reported that Hereford calves gained 

faster than Brahmans arid exhibited greater red and white 

blood cell counts, hematocrit, haemoglobin and mean corpus- 

cular volume. There was no significant dIfference in mean 
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cellular haemoglobin and p1awa protein between these 

species. The red blood cell concentration was shown to 

decline with age in both species. Price (77) found that 

male calves had lower levels of haemovjobln and red cel]. 

counts than female calves at 500 pounds body weight. 

Hereford male calves exhibited a lower average of haemo- 

globin, hematocrit, red cell count and neutroph±l percent- 

age and a higher lymphocyte percentage in the cellular 

constituents of the blood than the Angus calves at both 

500 and 800 pounds body weight. Hereford females at 500 

pounds exhibited higher average lymphocyte and lower 

average neutrophil percentage than Angus females. Among 

the three lines of Herefords, the only difference between 

lines was that at 500 pounds Prince females showed higher 

suckling gains and higher average eosinophil and neutrophil 

percentages than David females. 

Neims (66) reported that haemoglobin values had a low 

degree of repeatability from one time to another. No 

correlation between haemoglobin and rate of gain or feed 

efficiency was found. KunkeJ. (52) determined the amount of 

reduced glutathione and haemoglobiri level in the blood in 

order to obtain an evaluation test in beef calves over a 

period of three years. He found that the repeatability of 

the reduced glutathione to haemoglobin ratio (GSH/Hb), an 

expression of GSH concentration in the erythrocyte, is 
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higher than that for the GSH level In whole blood. The 

coefficIent of correlation between GSH/H'c values and 

initial body weight is small but zinIficant statist±cally 

and Ia of a greater magnItude than is the coefficIent of 

correlation between GSH/I-Xb and age. 

Kunkel et al. (53) determined the eru protein-bound 

iodine (FBI) evaluation test using over 500 beef calves in 

urder to eatimate a new method of testing in beef cattle. 

Proni their preliminary results, it was Indicated that the 

FBI was related to rate of gain in a curvilinear manner, 

but afte extensive atud,', It did not appear that PBI in 

Itself will account foz a large amount (<2O) uf the vari- 

aice in rate of ain. Tho also found that a variation in 

the blood glutathione, haeoglobiri, aerum globulin and 

alkaline phosphatase levels may be related to factors af- 

fectin the l'Bl gain relationship. Schuitze (824) studIed 

a condition In dairy calves together with level of circu- 

lating eosinophlls and reported that the correlation 

between per cent condition of a calf, which is the percent- 

age of actual body weight of a calf over standard body 

weight of a calf at same age arid height at withers, and 

eosinophil count (unadjusted) was ± 0.50 and waa statisti- 

cally significant. A correlation between per cent condi- 

tion and eoslnophil count (adjusted to 10 months of age, 

350 
F. environmental temperature and zero change in 
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temperature from day to day) showed a correlatIon coeffic- 

ient of -0.6)4. He concluded that calves with the higher 

degree of condition usually have the higher eosinophil 

level In the blood. 

Arthaud et al. (7) studied blood levels of glucose, 

haemoglobin and erythrocyte counts, total eosinophll count 

and hematocrit value in 43 beef bulls which included Angus, 

Hereford and Shorthorn bulls. They found that the blood 

glucose was most closely associated with total gain (r = 

0.44 at start, about 7 months old; and r = 0.17 at inter- 

mediate, about 9 months old) and with economy of gain 

expressed as pounds of TDN required for 100 pounds gain 

(r = -0.41) for both samples. Small, but significant, 

correlations were found between economy of gains and total 

eosinophil count in both samples (r = 0.31 and 0.34, re- 

spectively) and between economy of gains and hernatocrit 

reading in the first sample, at start (r = -0.33). The 

correlations of the other blood constituents with both 

rate and economy of gain were low and not significant. 

Price (77) reported a significant and inverse relation 

between rate of gain per day on feed test and blood haemo- 

globin, urea and albumin in Hereford and Angus calves. 

Gain per day from birth to 700 pounds body weight was sig- 

nificantly related negatively to blood haemoglobin and 

hematocrit. Feed consumption per 100 pounds gain in weight 
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was significantly and positively correlated with blood 

haemoglobin, hematocrit, urea arid uric acid. He also re- 

ported an inverse relationship between suckling gain and 

mean corpuscular haemoglobin concentration. 



METHODS AND PROCEDURE 

Data presented in this investigation were taken from 

f45 beef calves maintained at the Oregon Agricultural 

Experiment Station, Corvallis, Oregon. 

There are two breeds, Hereford and Angus, represented 

on the performance test investigation. The Hereford group 

is made up of three closed lines, i.e., the only breeding 

animals used in a line are those produced within that 

particular line. These lines include the Lionheart, Prince 

and David. The Lionheart line of cattle has been closed to 

any outside breeding since 1950. The Prince and David 

lines originated from the same stock. No outside bulls 

have been used in the Prince and David lines since l948 

and 1950, respectively. The cows are pasture-mated in 

single bull breeding groups in June-July to calve during 

the spring. The bulls used were selected from the previous 

year's calves. 

1. Management 

The calves represented in this study were born in the 

spring of 1958 and were maintained on irrigated pastures 

during the summer months until they reached 425 pounds body 

weight or until October 29, 1958. The calves were placed 

under experimental conditions after they were taken from 

their dams. 
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The calves were grouped according to sexes into pens 

of six animals. From the first feed period until the end 

of the test period, the calves were tied by neck chains at 

individual feeding stalls twice a day. The feeding periods 

were of approximately 3 to 5 hours twice daily and were 

maintained as uniformly as possible. Calves had access to 

automatic water fountains at all times. The test period 

was started when calves were 500 pounds body weight and 

ended when the calves reached 800 pounds body weight. 

The management procedure used and recommended by 

Dahrnen and Bogart (22) was followed, and the calves were 

fed a completely pelleted ration composed of two parts 

chopped alfalfa and one part concentrate. The ration is 

described in detail by Nelms et al. (6h). 

2. Blood Collection 

A series of blood samples were collected from each 

animal. Either 13 or 15-gauge bleeding needles were used. 

A blood sample of about 10 ml. was collected into an 

oxalated tube to prevent coagulation. The oxalate tech- 

nique was that recommended by Washko (9k), which called 

for drying oxalate in an oven to prevent disturbing the 

volume composition of the blood. Four samples were col- 

lected from each calf, one at 500 pounds body weight and 

one each at 600, 700 and 800 pounds body weight. The 

blood samples were collected between 9:00 and 10:00 a.ni., 
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and the blood examination was in1ti&ed mmediate1y. 

3. Haematological Study 

Haematological study was made for haemoglobin, total 

number of red blood cells, total number of white blood 

cells, hematocrit, mean corpuscular volume, mean corpuscu- 

lar haemoglobiri, mean corpuscular haemoglobin concentra- 

tion, neutrophils, eosinophile, basophils, lymphocytes and 

monocytes. 

a. Haernoglobin. The method for haemoglobin deter- 

mination was described in detail by Oldfield (6g). The 

oxalated blood was treated with saponin, and the color 

density for haemoglobin determination was read directly 

from the Spencer Haemoglobinometer. To standardize tech- 

nique, one blood sample was followed through completely 

rather than setting up a number simultaneously. 

b. Total red blood cell count. Standard red blood 

cell counting pipettes and Spencer counting chambers with 

improved Neubauer double rulings were employed for the 

determination of total red blood cells. The oxalated blood 

was diluted in the pipette 1 to 200. Hayem's solution, 

composed of sodium chloride, sodium sulfate and mercuric 

chloride in distilled water was used as a diluting fluid 

(5h). After dilution, the blood cells were dispersed in 

the Hayem's solution by placing the pipettes containing 

the sample in a mechanical shaker for 3 minutes. The 
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technique for mounting the blood sample and counting is 

described inì detail by Osgood (70). The samples were 

counted in duplicate, and the average was taken. 

According to Plum (74), the error in counting depends 

more ori the total number of cells counted than on the area. 

From the results of Plum's investigation, counting of 600 

or more cells was sufficient. The accuracy of determina- 

tions made on oxalated blood deteriorates after certain 

time intervals, and the time limits given by Osgood (71) 

were noted. The red cell count was performed within 24 

hours after collection. 

c. Total white blood cell count. Essentially the 

same technique used in the red cell count was applied to 

white cell counting. Oxalated blood was used and diluted 

i to 20 with standard white blood cell diluting pipettes. 

Turk's solution was used for diluting the blood cells as 

described by Zoethout (99). A Levy leucocyte counter with 

Fuchs-Rosenthal double ruling was employed. Again, as for 

red celi counting, the accuracy depends ori the total 

number of cells counted. With Turk's solution, the dark 

dots representing the stained nuclei of the white cells 

are counted. The cytoplasm of the white cells becomes 

transparent, arid the red cells are destroyed by the acid 

in the diluting fluid. The counts were performed in 

duplicate, the same as with red blood cell count, and the 
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average value was taken as the individual observation. 

d. Hematocrit. Six millimeters of oxalated blood 

were placed into a 15 ml. graduated centrifuge tube. Then 

the tube was placed in an International No. 2 centrifuge 

and spun at 3000 revolutions per minute for 60 minutes. 

After centrifugation, the volume of packed cells and total 

volume were determined to the nearest .1 of a millimeter. 

A percentage value for the hematocrit was calculated as: 

percentage of hematocrit ml. of red blood cells x lOO 
ml. of total volume 

e. Mean corpuscular volume. This value shows the 

ratio between the number of red cells and the volume of 

packed cells in the hematocrit tube. It is a measure of 

the average volume of the individual erythrocyte. The mean 

corpuscular volume usually is in direct proportion to the 

mean corpuscular haemoglobin. The calculation which is 

described by Wintrobe (97) is expressed as the ratio of the 

volume of packed cells per 1000 cc. of blood and the number 

of red-cell count in millions per cubic millimeter as 

follows: 

mean corpuscular vol- volume packed cells per 1000 cc. 
urne in cubic microns erythrocytes in millions per cu.rnm. 

f. Mean corpuscular haemoglobin. This value portrays 

the ratio between the number of red cells and the amount of 

haemoglobin of the blood. In other words, it measures the 

amount of haemoglobin within the individual erythrocyte. 
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The c1cu1tion which wes described by Wintrobe (97) i 

expressed as the ratio of the amount of haemoglobin in 

grams per 1000 cc. of blood and the number f red-cell 

count In millions per cubic mIllirneter a followa: 

niean corpuscular 
haemoglobin haemogiobin in grams per 1000 cc. 
micrornicrogratns erythrocytes in millions per cu.mm. 

g. Mean corpuscular haernogiobin concentratioa. Mean 

corpuscular haemoglobin concentration is the re1ationhip 

between the haemoglobin in grams and the mean corpuscular 

volume ini cubic microns, which is expressed in percentage. 

The calculation, which was also descríbed by Wintrobe (97) 

is the ratio between haemoglobin In grams per laQO cc. and 

the volume of erythrocytes per 1000 cc. as follows: 

mean corpuscular haemogiobiri concentration in percentage = 

haemoglobin in grams per 10CC cc. 
volume of packed cells per 1000 cc. 

h. Differential white cell count. The differential 

white cell count was made by spreading blood in a thin film 

on a clean slide, fixing it and staining with Wright's 

modification of the Romanowsky stain. The slide was then 

examined under an oil immersion iena and the white cells 

classified as seen until 100 cells were counted. Osgood 

(71) recommends Wright's stain: 1140 mg. in 100 ml. of C. 

P. anhydrous methyl alcohol. 

The various kinds of white cells which were studied In 

this investigation were classified as follows: 
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a. 1yrnphrcrtes, b. monocytes, C. neutrophiTh, d. eoino- 

phi1, nd e. hasoph11. 

b. Statistic1 Prialysls 

The iieans, 2tcnclard dcvitiors, correl8tion nd re- 

rcssion coeff1ccntc have been obtained according to 

statistical techniques outlined bi Li (5). The least 

squares method of arìa1y1s which um dIscussed by Andeì'zon 

and Eancroft () a$ used to estiìate the sex and line 

effects of this investietion (ncaring lIne-sex nterac- 

tion effect because this effect was not observed in either 
performance or blood characteristic8 data). 

Each observation was ssuned to be the sum of the in- 

fluence of variables as follows: 

Y BX0 + + 132X2 + B3X3 + BkX4 + B5X5 + B6X6 + e 

in which 

Y = the measurement on the individual animal 

D0 = ari effect common to all animals 

B1 = added effect of males 

B2 added effect of females 

B3 = added effect of line i (Lionheart) 

Bi4. = added effect of line 2 (Prince) 

B5 = added effect of line 3 (David) 

E6 = added effect of line b (Angus) 

X = i for all animals 

X1 = for all males, O for all females 



X2 = J. of al]. fenia].e, for ail naies 

= i l'or animaJ o line 1, 0 otherwise 

X4 = i for aninais of line 2, 0 otherwise 

X5 i lor animais of line 3, 0 otherwise 

X6 i for aiirnais uf line 4, 0 otrierwise 

e = random error. 
This model can be written in abbreviated forn as 

ollow: 

ijk = M+ S + L elk 

where 

= the observation on the kth calf of the ith sex in 
the jth line 

M = the overall effect 

= the added effect of the ith sex, i = 1, 2 

Lj = the added effect of the jth line, j = 3, 4, 5, 6 

eijk = random error. 
Since X takes the value of i only when an estimate of 

the parameter is obtained from the measurement under con- 

sideration and O otherwise, the Xs are omitted from the 

abbreviated model above. 

In this method of analysis, the added effect of fe- 

males and Angus were considered as O or constant in both 

performance and blood characteristic data. Thus the sex 

effect was measured as the difference between males and 

females, and. the line effects as deviations from the Angus 



-y 

line. Differences were eterrnined between the e3tirate8 

of the effect of each line and of each sex and were tested 

Cor sigriificane at the five arid one por cent levels of 

probability. 



EXPERflNTAL FINDINGS 

Performance Data 

A. Comparison Between Sexes and Lines 

For reference purposes, a table of means of the pro- 

duction traits for males and females of each of the four 

lines of 1958 calves is presented in Table 1. 

1. Birth Weight 

The common effect in the birth weight of the calves 

(i.e., Angus female) was 56.8 pounds body weight (Table 2). 

Male calves showed a heavier birth weight, 1.9 pounds, than 

females, but no significant difference was observed. The 

Lionheart and Prince calves were significantly heavier than 

the Angus calves (Pi.Ol). The Lionheart calves weighed 

16.2 pounds more than the Angus calves at birth, whereas 

the Prince calves weighed 15.0 pounds more than the Angus 

ones. The David calves were also heavier than the Angus 

calves, 5.5 pounds at birth, but no statistically signifi- 

cant difference was observed. 

There was no significant difference among the Hereford 

1ine. 

2. Suck1in Gain 

The common effect of rate of gain from birth to wean- 

ing time was found to be 1.72 pounds per day (Table 2). 

Male calves were significantly greater than females in 



Table 1. 

Means of' Production Traits for Male and Female Calves 
of' each of the Four Lines 

Lines 
Production Traits Sex 

Lionheart Prince David Angus 

Number Males 9 8 3 6 
Females 5 2 5 7 

Birth Weight, lbs. Males 74.9 73.7 6k.2 58.7 
Females 73.2 71.8 62.3 56.8 

Suckling Gain, lb./day Males 1.78 1.75 1.81 1.90 
Females 1.60 1.57 1.63 1.72 

Age at 500 lbs., days Males 226 2140 23 219 
Females 27 261 255 240 

Test Gain, lbs./day Males 2.56 2.53 2.48 2.40 
Females 2.11 2.08 2.03 1.95 

Feed per 100 lbs. gain, lbs. Males 766 724 796 849 
Females 965 923 995 1048 

Age at 800 lbs., days Males 343 363 365 348 
Females 393 413 415 398 

Length of test, days Maies 118 121 131 129 
Females 147 150 i6o 158 



Table 2. 

Analysis of Least Squares Estimates of Certain Differences 
in Performance Characteristics of Beef Calves 

Variables 
Common Sex (Male) Line Deviations 
Effect Deviation Lionheart Prince David 

Birth Weight, lbs. 56.8 1.9 16.2 15.0 5.5 

Suckling Gain, lb./day 1.72 O.18** -0.12 -0.15 -0.09 

Age at 500 lbs., days 2ko _21** 7 21* 15* 

Test Gain, lbs./day 1.95 0.k5** 0.16 0.13 0.08 

Feed per 100 lbs. gain, lbs. iok8 _l99** _83* _125** _53 

Age at 800 lbs., days 398 _50** -5 15 17 

Length of test, days 158 .29** -11 -8 2 

N.B. Common effect is the average performance of the Angus females. 

* Significant at P .05 
** Significant at P .01 

o 



suckling gains (P.0i). Male calves gained 0.18 pound 

per day more during the suckling period than the females. 

There was no significant difference in suckling rate of 

gain between the lines. 

3. Feed Test Gain 

The overall effect of the rate of gain during the 

feed test from 500 to 800 pounds body weight was found to 

be 1.95 pounds per day (Table 2). Males gained 0.Li5 pound 

more per day during the feed test than the females 

(P .oi). The lines did not differ significantly in rate 

of gain during the feed test (Table 2). 

LI.. Feed Efficiency 

The common effect of feed efficiency during the feed 

test period was found to be 1,01.1.8 pounds of feed per 100 

pounds of gain in body weight (Table 2). There was a 

highly significant difference between the feed efficiency 

of male and female calves (P<.0i). Males ate 199 pounds 

less feed than females for each 100 pounds gain in body 

weight. The Lionheart calves consumed 83 pounds less feed 

(P <.05) and the Prince calves consumed 125 pounds less 

feed (p <.01) than the Angus calves during the test period. 

No other line differences were noted in feed efficiency. 

5. Age at 500 Pounds Body Weight 

The common effect of the age at 500 pounds body 

weight was 240 days (Table 2). Males reached 500 pounds 



body weight 21 days younger than females (P .O1). The 

Prince and David lines of Hereford calves reached 500 

pounds at older ages than the Angus calves. The average 

age of the Prince calves at 500 pounds of body weight was 

21 days older, and the age of the David calves was 15 days 

older than the Angus calves. Both differences were sta- 

tistically significant at the five per cent level. No 

other significant line differences were noted among the 

lines in age at 500 pounds body weight. 

6. at 800 Pounds Body Weight 

The overall effect on age at 80G pounds body weight 

was found to be 398 days (Table 2). A highly significant 

difference was found between the male and female calves. 

The age of male calves at 800 pounds body weight was about 

50 days younger at 800 pounds than the female calves 

(Pi.Oi). No significant difference was found between 

the lines of calves in age at 800 pounds body weight. 

7. Length of Test Period 

The common effect for length of test from 500 to 800 

pounds body weight was 158 days (Table 2). The males re- 

quired 29 days less for completion of the feed test than 

the females (PK.Oi). No significant difference was found 

between the lines of calves in time required to complete 

the feed test. 
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B. The Effectiveness of the Regression Models on Per- 

formance Data 

The coefficients of determination (R2), hich are 

measures of the percentage of total variation that was 

accounted for by the regression model, are presented in 

Tables 3-A and 3-B. In these tables, the standard devis- 

tion and coefficients of variation are also presented. 

The coefficients of determination which were described 

by the model in the pre-weaning traits were 4.7 per cent for 

the birth weight and 38 per cent for suckling gain. In the 

post-weaning phases, the coefficients of determination of 

the test gain and feed efficiency were 6i and 65 per cent, 

whereas the coefficient of determination of the age at 500 

pounds and at 800 pounds body weight and the length of the 

test from 500 to 800 pounds body weight were 37, 54 and 52 

per cent, respectively. 

The coefficients of variation which were described by 

the model were shown to he rather accurate. The coeffi- 

cienta of variation in the pre-weaning traits were 15 per 

cent for birth weight and 10 per cent for suckling gain. 

In the post-weaning phases, the coefficients of variation 

were 12 per cent for test gain and 9 per cent for feed ef- 

ficiency, whereas the coefficients of variation for age at 

500 and 800 pounds body weight and length of test from 500 

to 800 pounds were 8, 7 and 11 per cent, respectively. 



Table 3-A. 

Analysis of Variance, Coefficients of Variation and Deterrination, 
and Standard Deviations of Performance Characteristics of Beef Calves 

Birth Suckling Test Feed Consumed 
Weight Gain Gain pe.L 100 1b. Gain 

Source Sums of Squares 

Total 45 208,655 136.58 243.23 35,002,480 

Regression 5 205,707 135.37 240.71 34,635,675 

Residual 40 2,948 1.21 2.52 366,805 

.471 .385 .606 .648 

Coefficients of Variation .151 .101 .121 .091 

Standard Deviation 8.58 .17 .24 96 

* R4 infers percentage of variatIon accounted for by regression due to sex and 
line effects. 

4:- 



Table 3-B. 

Analysis of Variance, Coefficients of Variation and Determination, 
and Standard Deviations of Performance Characteristics of Beef Calves 

Age at Age at Length 
500 lbs. 800 lbs. of Test 

Source d/f Sums of Squares 

Total 45 2,551,769 6,330,748 855,774 

Regression 5 2,536,072 6,299,236 843,668 

Residual 40 15,697 31,512 12,106 

375 
545 .517 

Coefficients of Variation .083 .071 .110 

Standard Deviation 20 28 17 

* 2 infers perccntagc of variation accounted for by regression duc to 
sex and line effects. 

'Ji 



C. Correlations Between the Performance Data 

Correlations were calculated between the six perform- 

ance criteria (Table 4). Birth weight was found to be 

highly correlated with test gain, feed efficiency, age at 

800 pounds body weight and length of test from 500 to 800 

pounds (P .0l). The positive correlation coefficient of 

0»42 was found between birth weight and test gain, whereas 

negative correlation coefficients of -0.40, -0.146 and -0.45 

were found between birth weight and feed efficiency, age at 

800 pounds body weight, and length of test from 500 to 800 

pounds, respectively. A negative correlation coefficient 

of -0.30 was found between birth weight and age at 500 

pounds (P .05). No significant correlation was observed 

between birth weight and suckling gain (r = 0.10). 

Suckling gain was positively related to test gain 

(P ..0i), with a positive correlation coefficient of r = 

0.46. Suckling gain showed highly negative correlation 

coefficients with age at 500 (r = -0.65) and age at 800 

pounds body weight (r =-o.67). No significant correlations 

were observed between suckling gain and feed efficiency 

(r =-0.27) or length of test from 500 to 800 pounds body 

weight (r = -0.23). 

Age at 500 pounds body weight was negatively related 

to test gain (r = -0.46) and positively related to age at 

800 pounds body weight (r = o.u4); both were highly 



Table Lj. 

Correlation 0oef'icients Between Per forance Characteristic$ 

Suckling Age at Test Feed per Ae at Length 
Gain 500 lbs. Gain loo lbs. Gain 800 lbs of Test 

Birth Weight .10 _3Q* .42** _.LIO** _.),6** 

Sucklirg Gain _.65** -.27 _.67** -.23 

Age at 50G lb$. .36* 4** .38* 

Test G:in _.89** _.8!.** 

Feed pc r J(J .bs. Gain '4** 89** 

Age at Boo lbs 

* Sigificant at P < .05 
** Signif:cant at P < .01 



significant (P.oi). The positive correlations of age at 

500 pounds body weight with feed efficiency (r = 0.36) and 

length of test (r 0,38) were found to be significant at 

the five per cent level. 

There were highly negative correlations between test 

gain and feed efficiency (r = -OJ9), age at 800 pounds 

body weight (r = -0.84) and length of test from 500 to 800 

pounds body weight (r -0.9k). 

Feed efficiency or feed used per unit gain was posi- 

tively correlated (P .oi) with age at 800 pounds body 

weight (r = 0.7)4) and length of test from 500 to 3OO pounds 

body weight (r = 0.89). 

An obviously high positive correlation (P 0l) be- 

tween age at 800 pounds body weight and length of test from 

500 to Boo pounds body weight (r = 0.82) was found. 

D. Regression Coefficients Between Performance Data 

The regression coefficients between performance data 

are presented in Table 3. It is only proposed to consider 

in any detail the regression coefficients corresponding 

to the significant correlation coefficients reported in 

Table )4. 

1. Birth Weight 

For every pound of increase in birth weight, the ages 

at 500 pounds and 300 pounds body weight and length of test 



Birth Weight 

Suckling Gain 

Age t 500 lbs. 

Test Gain 

Feed Per Unit Gain 

Table 5. 

Regression Coefficients Between Perforuance Characteristic s 

Suckling Age at Test Gain3 Feed Per kge at 
Gain1 5oo lbs.2 Gain' Tinie on Test6 

.00 -.6+.31* .01.001*3(- 5d181.91** -i.6+.lj.8** 

-72.8613.15** .83+.21* -19b.85+228.81 _l25.392l.l7** -25.tih+16.77 

-.01+.001* 233+.92* l.39+.11i** .38+.11* 

-359.69+28.25** -57.20+8.7Q* -59.11i+3.203** 

.19+.03** .l1+.0l** 

Age at 800 lbs. 

* Signií"icant at P . 05; *ui Significant at P .01. 
1 Pounds per day increase in skling gain for each increase of one pound birth weight. 
2 Days increase at age of 500 pounds body weight for each irrease of one pouth of birth weight or 

suckling gain. 
3 Pounds per day increase in feed test gain for each increase of ox pound of birth weight or 

suckling gain, or each irxrease of one day at age of 500 pounds body weight. 
h Pounds of feed consumption for each increase of or pomd of birth weight or suckling gain or 

or feed test gain or each ixrease of one day at age of 00 pounds body weight. 
s Days increase at age of 800 pounds body weight for each increase of one pound birth weight, 

or suckling gain or test gain or feed consmiption or each increase of one day of 500 pounds 
body weight. 

6 Days increase during feed test from 500 to 800 pounds body weight for each increase of one pound 
of birth weight or suckling gain, or test gain or feed consumption or each increase of one day at 
age of 500 pounds or 800 pounds body weight. 



from 5OO to 80G pouncth body weicht decreed o.61, 1.6 arid 

0.96 days, repectiveiy. The verae rate test gain rì- 

crea3ed 0.01 pound per day, hereas the amount of feed con- 

sumed per unit of a1n decreased 5.48 pounds per 100 pounds 

gain in bodj weight for each increase of one pound in birth 

weight. 

2 Suo1:ing Gain 

Fo' each incree of one pound pex day in suek1ng 

gain, the esu1ts i'!ee a dcreae of 73 crid 125 day$ in age 

at 500 pounds and 8GO poundL3 body weight, 'epcctive?y. An 

increae o or.e pound pe: day in sucI1iiì gain is al$o 

Dsocicted with an aveiage increase in feed teat gain of 

0.83 iound per day. 

3. !. Pounds Bodj Weicht 

The test gain found to be decreased O.C1 pound per 

day wh±lc the feed consumption per 1CO poundc gain mercas- 

ed 2.33 pounds for each Increase of one day of age at 500 

pounds body weight. The average age at 800 pounds bod 

weight and length of test from 500 to 800 pounds body 

weight were a13o found to Increase 1.39 and 0.38 days for 

each increa3e of one day in age at 500 pounds body weight. 

h Test Gain 

An increase of one pound per day in feed test gain re- 

zu1tz in a decrease of about 360 poundz of feed conswaed 

for each 1UO pounds of gain in body weight and was also 



associated with a decrease of about 37 and 59 days in ae 

at 800 pounds body weicht and 1erith of test from 500 to 

Boo pounds, respectively. 

5. Peed Efficiency 

Por every incroase in feed efficiancy or decrease in 

feed corxsuced per unIt of gain of one pound per 100 pounds 

sain in body weight, there was a correspondin average de- 

crease of 0.19 arid 0.1k day of age at 800 pounds body 

weicht and length of test from 500 to 300 pounds. 

6. at 800 Pounds Body Weight 

An increase of one day of age at 800 pounds body 

weight was associated with an average increase in length 

of test from 500 to 800 pounds body weight of 0.50 day. 

Haemoglobin and Other Blood Characteristics 

A. Comparison Between Sexes and. Lines 

1. Haemoglobn 

(a) At 500 Pounds Body 1:Ietght: The common effect of 

haeinolobin (i.e., of Angus female) at beginring of feed 

test (500 pounds body weIght) was 12.92 gm. per 100 ml. of 

blood (Table 6). Slight individual variation was noted as 

designated by the standard deviation of 0.85 (Table 10-A). 

There was no significant sex difference in haemoglobin 

1°vel. 



Table 6. 

Analysis of Least Squares Estimates of Haemoglobin and Blood Cellular Char- 
acteristics with Sex and Line Deviations of Calves at 500 Pounds Body Weight 

Common Sex (Male) Line Deviations 

Variables Effects Deviation Llonheart Prince David 

Haemoglobin, grame/lOO ml. 

Red Blood Cells, million/cu. mm. 

White Blood Cells, thousand/cu. mm. 

Flematocrit, per cent 

Mean Corp. Vol., cubic microns 

12.92 -.21 _l.33** 

8.90 -.14 -.53 

11.10 f18 -1.24 

41.66 .01 

47.86 .01 -2.65 

_l.81** _1.22** 

_1.29** 

-2.11 

-7.93 

-1.81 

_l.73** 

-1.78 

-4.81 

4.07 

Mean Corp. Haernoglobin, 
micromicrograms 14.79 -.20 -.72 .39 1.78 

Mean Corp. Hb. Cone., per cent 31.31 -.53 .27 i.68 1.05 

Neutrophile, hundred/cu. mm. 32.39 5.14 _15.86** _16.73** _12.73* 

Eosinophils, hundred/cu. mm. 4.50 .34 -.28 -1.24 1.52 

Basophils, hundred/cu. mm. 0.00 .00 .00 .00 .00 

Lymphocytes, hundred/cu. mm. 75.19 -1.86 -6.56 -1.36 _l3.30* 

Monocytes, hundred/cu. mm. 5,60 -.22 -1.15 -.32 -.58 

* Significant at P < .05; ** Significant at P <.01. 
ro 
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Highly significant differences (P.Ol) were recorded 

between the various lines of Hereford calves and the Angus. 

The lowest value of haernoglobin at this weight was recorded 

in the Prince line, which had i.8i gm. per 100 nil, of blood 

less than the Angus. The Lionheart and David lines also 

showed 1.33 and 1,22 gm. per 100 ml. of blood less than the 

Angus (Table 6). 

In the comparison of the three lines of Hereford 

calves, rio significant differences were observed. 

(b) At 600 Pounds Body Weight: About the sanie value 

of haemoglobin (12.94 gm. per 100 ini. of blood) was record- 

ed for the common effect of this blood character at 600 

pounds as at 500 pounds body weight (Table 7). Not much 

individual variation was observed at this weight, and about 

the same variation as observed previously was found 

(Table 11-A), No significant sex difference was noted. 
Again, highly significant line differences (P <.01) were 

recorded between the lines of Hereford calves and the 

Angus. Once more, the Prince calves had the lowest value 

of haemoglobin when all lines were compared. The Prince 

line had 1.58 gm. of haemoglobin per 100 ml. of blood less 

than the Angus, while the Lionheart and David calves had 

haemoglobin values of ll7 and 1.16 gm. per 100 ml. of 

blood lower than the Angus (Table 7). 



Table 7. 

Analysis of Least Squares Estirnate of Haemoglobiri and Blood Cellular Char- 
acteristics with Sex and Line Deviations of Calves at 600 Pounds Body Weight 

Common Sex (Male) Line Deviations 

Variables Effects Deviation Lionheart Prince David 

Haernoglobin, grarns/lOO mi. 12.94 o,' _l.17** .l.58** .l.l6** 

Red Blood Cells, million/cu. mm. 8.28 .03 -.6i _l.27** _l.20** 

White Blood Cells, thousand/cu. mm. 9.27 .63 .05 -.89 .76 

Hematocrit, per cent 34.74 2.16 -i.84 _5.lo* »49 

Mean Corp. Vol., cubic microns 42.11 2.31 .82 1.9k 7.99 

Mean Corp. Haemoglobin, 
micromicrograms 15.73 -.03 -.24 .83 .95 

Mean Corp. Hb. Cone., per cent 37.9'4 -2.26 -1.71 .76 -3.89 

Neutrophils, hundred/cu. mm. 26.90 5.11 _ll.77* _14.37** ..4.6o 

Eosiriophils, hundred/cu. mm. 3.12 .15 »43 .25 2.88* 

Basophils, hundred/cu. mm. .10 -.04 -.08 .02 33* 

Lymphocytes, hundred/cu. mm. 58.93 .60 11.51* 577 798 

Monocytes, hundred/cu. mm. 3.50 .56 »46 -.43 i.iLi 

* Significant at P .O5; ** Significant at PK.Ol. 
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There were no marked differences in haemoglobin values 

In the comparisons of various lines of Hereford calves. 

(c) At 700 Pounds Body Weight: The overall effect of 

haemoglobin at 700 pounds body weight was 12.81 gm. per 100 

ml. of blood (Table 8), whIch was slightly lower than the 

same value at two previous weights. A slightly greater 

individual variation as revealed by the standard deviation 

of 1.03 (Table 12-A) was noted. Although the male calves 

had a haemoglobin value of 0.3k gin. per 100 ml. of blood 

higher than the females (Table 8), there was rio significant 

sex difference. A line difference significant at the one 

per cent level was observed only between the Prince line 

and the Angus. The Prince calves had a haemoglobin value 

of 1.79 gm. per 100 ml. of blood less than the Angus (Table 

8). The Lionheart calves had a haemoglobin value of 1.02 

gm. per 100 ml. of blood lower than the Angus (PO.O5). 

No significant difference was recorded between the David 

and Angus lines at this weight. 

(d) At 800 Pounds Body Weight: The haemoglobin value 

of 12.99 gm. per lOO ml. of blood was recorded for the 

overall effect of the calves at the final test weight, 800 

pounds body weight (Table 9). Greater individual variation 

than existed at previous weights is shown by the standard 

deviation of 1.18 (Table 13-A). No significant sex differ- 

ence was noted between the males and females. Ori the other 



Table 8. 

Analysis of Least Squares Estimates of Haemoglobin and Blood Cellular Char- 
acteristis with Sex arid Line Deviations of Calves at 700 Pounds Body Weight 

Common Sex (Male) Line Deviations 
Variables Effects Deviation Lionheart prince David 

Haernoglobin, granis/lOO ml. 12.81 .3k _l.02* 79** 

Red Blood Cells, million/cu. mm. 7.99 -.02 -. 28 _1.25* 

White Blood Cells, thousand/cu. mm. 10.01 .95 -1.50 _2.914** -67 
Hematocrit, per cent 3LL04 .51 l.1I3 -3.35 -1.74 
Mean Corp. Vol., cubic microns 42.78 1.01 -.36 2.82 3,18 

Mean Corp. Haemoglobin, 
micromicrograms i6.io .70 -.76 .53 .90 

Mean Corp. lib. Conc., per cent 38.02 .52 _l.514 -1.05 -.62 
Neutrophile, hundred/cu. mm. 34.18 7.48* _20.43** _23.89** _17'.69** 

Eosinophils, hundred/cu. mm. 4.36 1.27 _3.08* _3.23* -1.88 

Basophils, hundred/cu. mm. .05 .01 .04 -.o6 .03 

Lymphocytes, hundred/cu. mm. 57.19 .37 9.66 -1.58 11.98 

Monocytes, hundred/cu. mm. 4.12 1.21 -1.51 -1.45 -1.41 

* Significant at Pç.05; ** Significant at P<.01. 



Table 9. 

Analysis of Least Squares Estimates of Haemoglobin 
acteristics with Sex and Line Deviations of Calves 

and Blood Cellular Char- 
at 800 Pounds Body Weight 

Common Sex (Male) Line Deviations 

Variables Effects Deviation Lionheart P'ince David 

Haemoglobin, grams/lao ml. 12.99 .08 -.59 -.55 -i.76 

Red Blood Cells, million/cu. mm. 7.79 .76* .8l _I.22* 

White Blood Cells, thousand/cu. mrn, 9.21 95* _l.20* -1.01 _l.64* 

Hematocrit, per cent 33,38 .16 -.36 .24 

Mean Corp. Vol., cubic microns 142.83 -2.93 LI..36 6.99* ll.78** 

Mean Corp. Haeríioglobin, 
niicrornicrograms 17.06 i.k6 .97' l.1.15 1.614 

Mean Corp. lib. Conc., per cent 40.148 .21 -2.27 -3.35 _5..90* 

Neutrophils, hundred/cu. mm. 26.79 7.64** _12.27** _1k.31** _12.70** 

Eosinophils, hundred/cu. mm. 6.83 1.62 _6.52** ..J4..77* -2.90 

Basophils, hundred/cu. mm. .014 .04 .00 .18 .00 

Lymphocytes, hundred/cu. mm. 55.55 -1.13 8.12* 935* 1.214 

Monocytes, hundred/cu. mm. 2.60 1.49* -1.10 -.38 _l.79* 

* Significant at P .05; ** Significant at P .01. 



hand, the David 1ne which did not show a significant dif- 

ference when compared with the Angus at 700 pounds body 

weight, had a significantly lower (p<.oi) haemoglobin 

value (1.76 gm. per 100 ml. of blood) than the Angus (Table 

9). Both the Lionheart and Prince calves had about the 

same haernoglobin values which did not differ significantly 

from one another or from the David and Angus lines. 

2. Total Number of Red Blood Cells 

(a) At 500 Pounds Body Weight: At the beginning of 

the feed test, the overall effect or the total number of 

red blood cells was 8.90 million per cubic millimeter 

(Table 6). Not much individual variation was observed at 

this weight. The number of red blood cells of both sexes 

was about the same, as shown in Table 6. All Hereford 

calves showed lower values for the number of red blood 

cells than the Angus, but highly significant line differ- 

ences (P <.01) were observed only in the comparison of the 

Prince and David lines with the Angus. The Prince calves 

had 1.29 million and the David calves 1.73 million per cu. 

mm. fewer than the Angus (Table 6). 

No significant line differences were observed among 

the lines of Hereford calves with the exception of the 

difference between the Lionheart and David lines, which was 

a significant difference at the five per cent level. The 
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David calves had 1.20 million per cu. mm. fewer red blood 

cells than the Lionheart calves. 

(b) At 600 Pounds Body Weight: The common effect of 

the number of red blood cells at 600 pounds body weight was 

8.28 million per cubic mil1meter (Table 7), which showed a 

slight decrease in the number of red blood cells from that 

at 500 pounds body weight. High individual variation, as 

shown by the standard deviation of 5.08 (Table 11-A), was 

noted. The number of red blood cells of both sexes was 

about the same (Table 7) at this weight. Highly signifi- 

cant line differences (P.oi) were still observed in the 

comparIson of the Prince and David calves with the Angus 

calves. The Prince and David calves had 1.27 arid 1.20 

million per Cu. mm. less than the Angus calves (Table 7). 

There were no marked differences in the comparison of 

various lines of Hereford calves at 600 pounds body weight. 

(e) At 700 Pounds Body Weight: The number of red 

blood cells at 700 pounds body weight was lower than it was 

at 500 or 600 pounds body weight as Indicated by the common 

effect of 7.99 million per cubic millimeter (Table 8). 

There was no marked difference in the number of red blood 

cells between the male and female calves (Table 8). Sig- 

nificant line differences (P .C5) were observed in the 

comparison of the Prince and David lines with the Angus. 

The Prince calves had 1,25 and the David calves had 0.89 
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llion per cu. mai, fewer tian the Angus calves (Table f3). 

In the compari$on between the three lines of Hereford 

calves, no significant line differences were noted. 

(d) At 800 Pounds Body Weight: The comnion effect of 

the number of red blood cells at final weight was 7.79 

million per cubic millimeter (Table 9). This value was 

the lowest one when compared with the three previous 

weights, which indicated that the number of red blood cells 

decreases as the anrnal becomes older. Th individual 

variation at this weight was snall, as indicated by the 

standard deviation of 1.20 (Table 13-A). There was a sig- 

niftoant sex difference (P.oi) In the number of red blood 

cells, with the male calves having 0.76 million per cu. mm. 

more than the females at this weight (Table 9). Therefore, 

not only does the mean number of red blood cells decrease 

as the animals become older, but also the male calves have 

a higher value foi this blood characteristic as the animals 

become older. A certain degree of variation between lines 

was observed at this weight. The David calves had l.2 
million per eu. mm. (PK.0l) fewer than the Angus calves at 

this weight. A significant line difference at the five per 

cent level was observed between the Prince and Angus calves. 

The Prince calves showed a a1ue of 1.22 millIon per eu. 

rmn. lower than the Angus calves (Table 9). No other zig- 

nificant line differences were observed. 



3. Hematocrit 

(a) At 500 Pounds Body Weight: The common effect of 

hematocrit at the beginning of the feed test (500 pounds 

body weight) was 41.66 per cent (Table 6). The individual 

variation was rather high, as indicated by the standard 

deviation of 4.42 (Table lo-A). The mean hematocrit value 

was about the same in both sexes (Table 6). No signifi- 

cant line differences were observed. 

(h) At 600 Pounds Body Weight: A big drop in hc-mato- 

cnt value from that at 500 pounds body weight wan indi- 

cated by the common effect of 34.74 per cent (Table 7) 

observed at 60e pounds body weight. The individual vari- 

ation was about the same as that at the previous weight 

(Table 11-A). No significant sex or line differences were 

observed, except the differences between the Prince and 

Angus lines and between the Prince and David lines, which 

were significant at the five per cent level. The hemato- 

cnt value for the Prince calves was 5.10 per cent lower 

than the value for Angus calves. The Prince line showed 

a hernatocrit value 5.59 per cent lower than the David 

line. 

(c) At 700 Pounds Body Weight: The common effect of 

hematocrit at 700 pounds body weight was further decreased 

to 34.04 per cent (Table 8), which is not much different 

from that previously found (Table 12-A). No significant 
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sex or line differences were recorded at 700 pounds body 

weight. 

(d) At 800 Pounds Body Weight: The lowest value of 

33.38 per cent (Table 9) was observed as the common effect 

of the hematocrit at 800 pounds body weight. As the 

animals become older, the hematocril; value becomes less 

until the mature status is approached. The individual 

variation at this weight was greater than previously ob- 

served, as indicated by the standard deviation of 5.23 

(Table 13-A). No marked difference was observed between 

the sexes or between the various lines of Hereford and 

Angus calves. 

4. Mean Corpuscular Volume 

(a) At 500 Pounds Body Weight: The common effect of 

the mean corpuscular volume of the calves at 500 pounds 

body weight was recorded to be 47.86 cubic microns (Table 

6). The individual variation of this blood characteristic 

value was very great at this weight, as indicated by the 

standard deviation of 7.50 (Table 10-A). The mean value 

of mean corpuscular volume in both sexes was about the 

same (Table 6). No significant line differences were ob- 

served in the comparison of all lines of Hereford calves 

with one another or with the Angus calves. 

(b) At 600 Pounds Body Weight: At this weight, the 

common effect of the mean corpuscular volume was 42.11 



63 

cubic microns (Table 7), which was 5.75 cubic microns 

lower than the value for the same trait at 500 pounds body 

weight. The individual variation was great at this weight 

(Table 11-A). No significant differences between sexes or 

lines were obtained. 

(c) At 700 Pounds Body Weight: There was little 

change in the mean corpuscular volume at 700 pounds body 

weight from the value obtained at 600 pounds body weight, 

as shown by the common effect of 42.78 cubic microns (Table 

8). The individual variation at 700 pounds body weight 

was less than previously observed (Table 12-A). The dif- 

ference between the sexes and lines were not significant. 

(d) At 800 Pounds Body Weight: Slight variation in 

the common effect of mean corpuscular volume was observed, 

as indicated by an increase in this effect to 42,83 cubic 

microns at the final weight (Table 9). At the same time, 

the individual variation was greater at this weight (Table 

13-A). The male calves had a value of 293 cubic microns 

lower than the females but this sex difference was not 

significant (Table 9). There was a significant difference 

between the Prince and David lines of Hereford calves and 

the Angus calves. The David calves had a value of 11.78 

cubic microns higher than the Angus (P .oi), and the 

Prince calves had a value of 6.99 cubic microns greater 

than the Angus calves (Table 9). 
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No significant line differences were noted when the 

three lines of Hereford calves were compared within their 

own br'eed. 

5. Mean Corpuscular Haemo1obin 

(a) At OO Pounds Body Weight: The overall effect 

for the mean corpuscular haemoglobin at 500 pounds body 

weight was 14.79 micromicrograms (Table 6). A certain 

degree of variation was noted as indicated by the standard 

deviation (1.89) presented in Table 10-A. There was no 

marked difference in the mean corpuscular haemoglobin value 

between the two sexes. 

Significant line differences were not observed in the 

comparison of the various lines of Hereford calves with 

the Angus or among the three lines of Hereford calves. 

(b) At 600 Pounds Body Weight: There was a little 

increase in the common effect of mean corpuscular haemoglo- 

bin from 14.79 micromicrograms at the previous weight to 

15.73 micromicrograms at 600 pounds body weight (Table 7). 

About the same degree of individual variation was observed 

at this weight (Table li-A). No marked difference in the 

mean corpuscular haemoglobin between the sexes was noted. 

And again, as prevìously found, no significant line 

differences were observed either in the comparisons of 

various lines of Hereford calves with the Angus or among 

the three lines of Hereford calves. 
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(e) At 700 Pounds Body Weitht: The overall effect of 

mean corpuscular haemoglobin of the ca1ve at this weight 

wa i6.io micrornicrograrns (Table 8) which wa higher than 

the value for the arne trait at both 500 and 600 pounds 

body weight, A greater degree of individual variation as 

indicated by the standard deviation of 2.39 was observed 

(Table 12-A). 

No significant sex or line differences were shown at 

this weight. 

(d) At 800 Pounds Bodr Weight: At the final weight 

of the feed test period the common effect showed a higher 
value of 17.06 micrornicrograrns than values for the three 

previous weights (Table 9). This indicated that when the 

animals become older, the mean corpuscular haemoglobin 

value becomes greater in the saine manner as wac previously 

observed in the value for haemoglobin. 

Agsn, no significant line or sex differences were 

observed. 

6. Mean Corpuscular Haemoglobin Concentration 

(a) At 500 Pounds Body Weight: The common effect of 

the mean corpuscular haemoglobin concentration at 500 

pounds body weight was 31.31 per cent (Table 6). There was 

some individual variation, as indicated by the standard 

deviation of 3.76 (Table 10-A). There were no significant 

sex or line differences recorded at the beginning of the 



feed test. 

(b) At 600 Pounds Body Weicht: At this weight, the 

common effect of the mean corpuscular haemoglobin concert- 

t.ration had increased to 37.9)4 per cent (Table 7) with the 

standard deviation, of 4.50 (Table li-A). No significant 

sex or line differences were noted. 

(c) At 700 Pounds Body Weight: The overall effect 

of the mean corpuscular haemoglobin concentration was 

further increased to 38.02 per cent (Table 3) with a slight 

increase in the individual variation (Table 12-A). Also, 

no significant sex or line differences were obtained. 

(a) At 800 Pounds Body Weight: Again, the common 

effect of mean corpuscular haemoglobin concentration at the 

end of the feed test stili further increased to 40.48 per 

cent (Table 9), artd a much greater individual variation 

was noted (Table 13-A). No significant sex difference was 

noted, but significant line differences were observed 

between the David and Angus lines. The David calves were 

found to have a value of 5.90 per cent for nican corpuscular 

haemoglobin concentration less than the Angus (P <.05). 

In the comparison between the three lines of Hereford 

calves, no marked differences were noted in this blood 

characteristic. 
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7. Total Number of White Blood Cells 

(a) At 500 Pounds Body Weight The common effect of 

total number of white blood cells far the calves at the 

beginning of the test was 11.10 thousand per cubic milli- 

meter (Table 6). There was not much individual variation 
in the value of this blood characteristic at this weight, 

as indicated by the standard deviation of 1.16 (Table 

10-B). No sex or line differences were observed. 

(b) At 600 Pounds Body Weight: At this weight the 

overall effect of the total number of ;ihite blood cells of 

the calves was decreased to 9.27 thousand per cubic muli- 
meter (Table 7). There was a higher variation in the value 

of this blood characterist±c at this weight, as indicated 

by the standard deviation of 2.0L (Table 11-B). As would 

be expected with a wide individual variation, no sex or 

line differences were observed. 

(e) At 700 Pounds Body Weight: The comwon effect of 

the nuiìber of white blood cells at this weight was slightly 
increased to 10.01 thousand per cubic millimeter (Table 8). 

There was a high individual variation in the number of 

white blood cells at this weight, as shown by the standard 

deviation of 2.11 (Table 12-B). Once again, no significant 
difference was observed between sexes. 

In the comparison between calves of various lines, the 

Prince calves had a value of 2,9)4 thousand fewer white 



Table 10-A. 

Ana1y$1 of Variance, CoefC1cient of Variation and Determina- 
tion and Standard Deviatiori of Calvea nt 500 Pounds Body Weight 

Haenio- Red Blood Mean Corp. Mean Mean Corp. 

______________- __ globin Cells Hematocrit Volurie Corp. }F. Ho. Corm. 

Source Sums of Squares 

Total L5 6,282.59 2,966.62 6,838.72 1O3,432.19 10,110.88 !t5,635.90 

Regression 5 6,253.71 2,91.O8 6)4,058.80 101,183.69 9,967.80 45,O69.O8 

Residual 4O 28.88 25.5k 779.92 2,2)48.50 143.08 566.82 

.427 .329 .101 .193 .034 

Coefuieieits of 
Variation .066 .090 .106 .157 .128 .120 

Standard Deviation .d5 .80 4.42 7.50 1.39 3.76 

* R2 infers percentage of variation accounted for by regression due to effects studied. 
The effects studied were sex and line. 



Table 10-B. 

Analysis of Variance, Coefficients of Variation and Determina- 
tion, and Standard Deviations of Calves at 500 Pounds Body Weight 

White Blood Neutro- Eosirìo- Baso- Lympho- Mono- 
Cells phils phils phils cytes cytes 

Source djf Sums of Squares 

Total "45 4,610.69 34,1464.06 1,1456.56 .00 217,720.37 1,3)40)43 

Regression 5 4,556.94 29,130.16 987.79 .00 212,055.97 1,108.81 

Residual 40 53.75 5,333.90 468.77 .00 5,661i..4o 231.62 

.349 .295 .064 .00 .522 .428 

Coefficients of 
variation .105 .356 .760 .00 .158 .429 

Standard devIation i.i6 11.55 3.42 .00 11.90 2.41 

* R2 infers percentage of variation accounted for by regression due to effects studied. 
The effects studied were sex and line. 

ö1 



Table 11-A. 

Analysis of Variance, Coefficients of Variation arid Determina- 
Lion and Standard Deviations of Calves at 600 Pounds Body Weight 

Haemo- Red Blood 
Hematocrit 

Mean Corp. Mean Mean Corp. 
globin Cells Volume Corp. Hb. Rb. Conc. 

Source Sums of Squares 

Total 45 6,589.01 2,650.49 54,263.27 95,885.67 11,640.07 57,917.JJ 
Regression 5 6,558.73 2,619.94 53,327.87 93,725.08 11,523.04 57,106.54 
Residual 40 30.28 30.55 935.40 2,160.59 117.03 810.57 

.436 .283 .164 .i6 .041 .]51 

Coefficients of 
Variation .067 .105 .139 .175 .109 .119 

StrÀdard Devitiori .87 5.08 4.84 7.35 1.71 4.50 

* perccntac of variatIon aecountod for by regreasion due to effects studied. 
The effects studied were sex and line. 

o 



Table 11-B. 

Analysis of Variance, Coefficients of Variation and Determina- 
tion, and Standard Deviations of Calves at 600 Pounds Body Weight 

White Blood Neutro- Eosino- Baso- Lympho- Mono- 
Cells phils phils phils cytee cytes 

Source Sums of Squares 

Total 45 4,316.42 28,003.71 1,088.91 5.86 202,898,35 1,100.91 

Regression 5 4,149.43 24,59.34 734.09 i.6o 194,369.99 760.42 

Residual 40 166.99 3,414.37 354.82 4.26 8,528.36 340.49 

2* 
R .071 .300 .116 .183 .099 .037 

Coefficients of 
variation .220 .391 .954 3.199 .248 .83)4 

Standard deviation 2.0)4 10.51 2,98 33 1)4.60 2.92 

* R2 infers percentage of variation accounted for by regression due to effects studied. 
The effects studied were sex and line. 

-1 
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Table 12-A. 

Analysis of Variance, Coefficients of Variation and Determina- 
tion and Standard Deviations of Calves at 700 Pounds Body Weight 

Haemno- Red Blood Hematocrit Mean Corp. Mean Mean Corp. 
globin Cells Volume Corp. lib. lib. Conc. 

Source Surtì of Squares 

Total 45 6,69L.16 2,558.59 49,369.Q8 90,279.78 l2,57O.27 614,157.90 

Regression 5 6,652.06 2,515.92 148,5614.114 89,019.28 12,3)41.93 63,239.91 

Residual 140 142.10 142.67 804.94 1,260.50 228.149 917.99 

R2* .2914 .203 .070 .089 .085 .035 

Coefficients of varia- 
tien .080 .129 .132 .131 .143 .127 

Standard Deviation 1.03 1.03 14149 .6i 2.39 4.314 

* R2 tnfers percentage of vaiiation accounted foi by regression due to effects 8tudied. 
The effects studied were sex and line. 
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Table 12-B, 

Analysis of Variance, Coefficients of Variation and Determina- 
tion, and Standard Deviations of Calves at 700 Pounds Body Weight 

White Blood Neutro- Eosino- Baso- Lympho- Mono- 
Cells phila phils phils cytes cytes 

Source Sums of Squares 

Total 245 24,135.68 32,567.87 896.97 2.244 1824,948.86 953.38 

Regression 5 3,957.67 29,383.07 511.35 .25 175,296.15 670.51 

Residual 40 178.01 3,184.80 385.62 2.19 9,652.71 282.57 

R2* .217 .568 .179 .029 .1424 .099 

Coefficients of 
variation .211 .261 .712 14.392 .272 .204 

Standard deviations 2.11 8.92 3.11 .23 15.54 8.241 

* R2 infers percentage of variation accounted for by regression due to effects studied. 

The effects studied were sex and line. 

(A) 



Analysis of Varia 
tion and Standard 

lis erno- 

globin 

Source d/f 

Total J5 7,013»46 

Table 13-A. 

ìce, Coeffi 
Deviations 

Red Blood 
Cells 

2,525.19 

ients of Var 
of Calves at 

Hematocrit 

Suma of 

51,017.72 

iation and 
800 Pounds 

Mean Corp. 
Volume 

Squares 

98,6145.96 

Determina- 
Body Weight 

Mean Mean Corp. 
Corp. Hb. lib. Conc. 

13,Li.45.69 67,120.90 

Regresßton 5 6,957.33 2,)468.05 249,921L66 96,5)47.249 13,226.18 65,1i5)4.ii 

Residual 24Q 56.13 57.14 1,093.06 2,098.47 219.51 1,666.79 

R2* .293 .318 .036 .308 .190 .132 

Coefficients of 
Variation .091 .153 .157 .169 .137 .159 

Standard Deviation 1.18 '.20 5.23 7.2k 2.3t 6.6 

* p2 percentate of vr±ation accounted for b,r regression oue to effects studied. 
The effects studied were sex and line. 



Table 13-B. 

Analysis of Variance, Coefficients of Variation and Determina- 
tion and Standard Deviations of Calves at 800 Pounds Body Weight 

White Blood Neutro- Eosino- Baso- Lympho- Mono- 
Cells phils phils phils cytes cytes 

Source Sums of Squares 

Total 145 3,633.74 25,841.44 2,243.90 3.61 165,647.21 509.52 

Regression 5 3,558.56 23,546.06 1,075.42 .149 161,031.16 379.07 

Residual 75.18 2,293.38 1,163.148 3.12 4,616.05 130.45 

.277 .437 .202 .ii6 .162 .265 

Coefficients of 
variation .1149 .283 .79]. 6.237 .182 .6)4 

Standard deviation 1.37 7.57 .14o .26 10.13 1.81 

* R2 infers percentage of variation accounted for by regression due to effects studied. 
The effects studied were sex and line. 



blood cells per cubic iiillimeter than the Angus (P.Oi) 

(Table 3). The Lionheart and David calves did not differ 

significantly from the Angus calves in white blood cell 

count. 

When the iarious lines of Hereford calves were cotn- 

pared with each other no significant differences were 

observed, except between the Prince and David lines with 

the Prince calves having 2.27 thousand fewer white blood 

cells per ou. mm. than the David calves. 

(d) At 800 Pounds Eody Weight: t the final wiht 

of the test period, the total number of white blood cells 

for the Arius females (common effect) was 9.21 thousand 

per cubic millimeter (Table 9). The individual variation 

is less than at the previous weights (standard deviation 

1.37) (Table 13-B). The male calves had 0.95 thousand per 

CL:. wtr. more (P<.o) than the females (Table 9). The 

differences between the Lionheart and Angus and. the David 

and Angus calves were both observed to be significant at 

the five per cent lGvel at this weight. The Lionheart and 

David calves had values of 1.20 and 1.6k thousand white 

blood cells per cu. nrn. higher than the Ânus (Table 9). 

There were no significant differences among the vari- 

ous lines of Hereford calves st the final weight. 
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8. Lyrnphocyte$ 

(a) At 500 Pounds Body Weight: At the beginning of 

the feed test gain, the common effect of the number of 

lymphocytes for the calves was 75.19 hundred per cubic 

millimeter (Table 6). There was marked individual varia- 

tion, as indicated by the standard deviation of 11.90 at 

this weight (Table 10-B). No significant difference was 

recorded between the sexes. Also, when the calves of the 

various Hereford lines were compared with calves in the 

Angus line, no significant differences were observed ex- 

cept that the David line showed a value of 13.30 hundred 

per cu. mm. less than the Angus (P.05) (Table 6). 

In the comparisons among the calves of the Hereford 

lines, the David line had a value of 11.94 hundred lympho- 

cytes per cu. mm. less than the Prince line (P .05). No 

significant differences were found in the comparison be- 

tween the Lionheart and Prince or the Lionheart and David 

lines. 

(b) At 600 Pounds Body Weight: At 600 pounds body 

weight, the overall effect of lymphocytes for the calves 

was 58.93 hundred per cubic millimeter, which was much 

lower than the same value at 500 pounds body weight (Table 

7). The individual variation at this weight was greater 

than at the beginning of the feed test. The standard 

deviation increased to 14.60 at this weight (Table liB). 
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The sex difference was less than at the previous weight, 

and consequently no significant difference was recorded. 

The Lionheart calves had a value of 11.51 hundred lympho- 

cytes per cu. mm. greater (P <.05) than the Angus (Table 

7). No other significant line differences were observed. 

(c) At 700 Pounds Body Weight: There was a slight 

decrease in the common effect of lymphocytes at 700 pounds 

body weight. The common effect of 57.19 hundred per cubic 

millimeter was recorded (Table 8), with a standard devia- 

tion of 15.5k (Table 12-B). It seemed that the total 

number of lymphocytes decreased with the age of the ani- 

mals, and at the same time a higher individual variation 

was observed. No significant line or sex differences were 

observed at this weight. 

(d) At 800 Pounds Body Weight: At this weight, the 

common effect of the lymphocytes of the calves was de- 

creased to 55.55 hundred per cubic millimeter (Table 9), 

which was lower than the value for the same trait at 700 

pounds body weight. This indicated that the number of 

lymphocytes decreases as the animals become older. A 

slight decrease in individual variation was observed at 

this weight as indicated by the lower standard deviation 

of 10.13 (Table 13-B). significant differences were 

observed between the Lionheart and. Angus lines and between 

the Prince and Angus lines (PK.05). The Lionheart and 
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Prince calve$ had values of 8.12 and 9.35 hundred lympho- 

cytes per eu. mm. higher than the Angus. 

In the comparison between the various lines of Here- 

ford calves, no significant differences were observed. 

At the beginning of the feed test, all of the three 

lines of Hereford calves had lower values of lymphocytes 

than the Angus, but at the end of the feed test period the 

opposite was true; i.e., the Hereford calves had higher 

values of lymphocytes than the Angus. 

9. Monocytes 

(a) At 500 Pounds Body Weight: At 500 pounds body 

weight, the common effects of monocytes of the calves were 

.6o hundred per cubic millimeter (Table 6). There was a 

high individual variation as indicated by the standard 

deviation of monocytes at 500 pounds body weight of 2.kl 

(Table 10-B). No significant sex or line differences were 

observed at this weight. 

(b) At 600 Pounds Body Weight: The overall effect of 

monocytes of the calves at 600 pounds body weight decreased 

to 3.50 hundred per cubic millimeter (Table 7). At this 

weight, as previously found at 500 pounds body weight, no 

sex or line differences were observed. 

(e) At 700 Pounds Body Weight: While the common ef- 

fect of the lymphocytes of the calves at 700 pounds body 

weight was 4.12 hundred per cubic millimeter (Table 8), the 



standard deviation at this weight was 8.41 (Table 12-B), 

which indicated the greatest variation in the number of 

monocytes at this weight. Once more, no significant dif- 

ferences between the sexes or lines were observed at this 

weight. 

(d) At 800 Pounds Body Weight: The common effect of 

monocytes of the calves at 800 pounds body weight was 2.60 

hundred per cubic millimeter (Table 9). The individual 

variation at the final weight was not so great as previ-. 

ously observed at 700 pounds body weight. The standard 

deviation at this weight was 1.81 (Table 13-B). The dif- 

ference between the sexes was statistically significant at 

this weight (P ..05), with the male calves having a value 

of 1.49 hundred monocytes per ou. mm. more than the fe- 

ma les. 

No significant differences were recorded when the 

various lines of Hereford calves were compared. 

10. Neutrophils 

(a) At 500 Pounds Body Weight: At the beginning of 

the feed test period, the common effect of neutrophils for 

the calves was 32.39 hundred per cubic millimeter (Table 

6). Great individual variations were observed at this 

weight as indicated by the standard deviation of 11.55 

(Table 10-B). No significant difference between the sexes 

in neutrophils was observed at this weight. 
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Highly significant differences (P ,.Oi) were observed 

when the Lionheart arid Prince calves were conpared with the 

Angus. The Lionheat calves had 15.86 hundred neutrophils 

per cu. mm. arid the Prince calves 16.73 hundred neutrophils 

per cu. nrn. less then the Angus calves. No other sinif1- 

cant line differences were observed. 

(b) At 600 Pounds Body Weight: There was s small 

decrease in the value of the neutrophils at 600 pounds body 

weicht. The overall effect of this blood characteristic 

was 26.90 hundred per cubic millimeter (Table 7). The 

individual variation was riot so greet as previously found 

at the beginning of the feed test period, but lt was still 

high, as indicated by the standard deviation of 10.51 

(Table 11-B). Again, no sex difference was recorded. The 

Prince and Angus calves showed a highly significant differ- 

ence (P .oi), but the difference between the Lionheart and 

Angus lines was significant at the five per cent level. 

The Prince calves had 124.37 hundred neutrophils per eu. mm. 

and the Lionheart :1.77 hundred neutrophils per eu. mm. 

less than the Angw (Table 7). 

In the comparison$ among the varIous lines of Hereford 

calves, no ainificant differences were observed except the 

difference between the PrInce and David calves which was 

significant at the five per cent level. The Prince calves 
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had a value of 9.77 hundred neutrophils per eu. mm. lower 

than the David calves. 

(e) At 700 Pounds Body Weight: The common effect was 

34.18 hundred neutrophils per cubic millimeter (Table 8), 

arid the individual variation of 8.92 was less than the 

values at the previous two weights (Table 12-B). The male 

calves had a value of 7.k8 hundred neutrophils per eu. mm. 

higher than the females (P.O5). Highly significant 

differences were observed in all three lines of Hereford 

calves when compared with the Angus line (P 01). The 

lower values of neutrophils for the Herefords than the 

Angus of 20.k3, 23.89 and 17.69 hundred neutrophils per 

cu. mm. were found in the Lionheart, Prince and David 

lines, respectively. 

(d) At 800 Pounds Body Weight: The common effect of 

neutrophils at the final weight was decreased to 26.79 

hundred per cubic millimeter (Table 9). Not much individ- 

ual variation was observed at this weight. The sex dif- 

ference was highly significant at 800 pounds body weight 

(P <,.oi). This effect indicated that when the animals 

became older, more difference In the number of neutrophils 

between the sexes was observed. The male calves had a 

value of 7.624 hundred neutrophils per cu. mm. higher than 

the females (Table 9). And again, highly significant 

differences were observed in the comparisons between the 
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various lines of Hereford with the Angus calves (P.Ci). 

The Prince calves had a value of lk.31 hundred neutrophils 

per eu. mm, lower than the Angus calves, whereas the Lion- 

heart and David calve$ had values of 12,27 and 12.70 hun- 

dred neutrophils per eu. mm. lower than the AngUs calves. 

No significant differences were recorded when the 

three lines of Hereford calves were compared. 

11. Eosinophils 

(a) At 500 Pounds Body Weight: The overall effect 

of eosinophils at 500 pounds body weight, or at the begin- 

ning of the feed test, was 14.50 hundred per cubic muli- 

meter (Table 6). A high individual variation as indicated 

by the standard deviation of 3.242 was observed at this 

weight (Table 10-B). 

No significant sex or line differences were observed. 

(b) At 600 Pounds Body Weight: While the common 

effect of eosinophils decreased to 3.12 hundred per cubic 

millimeter (Table 7), the standard deviation also decreased 

to 2.98, which indicated less individual variation than 

previously observed (Table 11-B). Again, no sex differ- 

ence was observed at 600 pounds body weight. However, the 

difference between the David and Angus lines was signifi- 

cant at the five per cent level. The number of eosinophils 

was higher in the David calves (2.88 hundred per eu. mm.) 

than in the Angus ones. No significant differences were 



observed when the Lonheart and Prince lines were conpared 

with the Angus line. 

As previously found, no significant differences were 

observed when the various lines of Hereford calves were 

compared with each other except that the David calves had 

a value of 2.63 hundred eosinophile per cu. mm. greater 

(P<..05) than the Prince calves (Table 7). 

(e) At 700 Pounds Body Weight: The common effect of 

eosinophils at 700 pounds body weight increaced to 4.36 

hundred per cubic millimeter (Table 8), and the standard 

deviation was also increased to 3.11 (Table 12-B). No 

significant sex difference was noted at this weight. The 

Lionheart and Prince calves had 3.08 and 3.23 hundred 

eosiriophils per eu. mm. respectively less (P <.05) than 

the Angus calves (Table 8). 

Once more, when the comparisons between various lines 

of Hereford calves were made, no marked differences were 

noted. 

(d) At Boo Pounds Body Weight: The common effect of 

eosinoohils at the final weight (800 pounds) showed an 

increase to 6.83 hundred per cubic millimeter (Table 9). 

Greater individual variation was also observed at this 

weight, as ndcated by the standard deviation of 5.140 

(Table 13-B). Although the sex difference in the number 

of eosinophils was greatest at th1 fna1 weight (1.62 
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hundred per eu. mm.), no significant difference was ob- 

served (Table 9). The value of 6.52 hundred eosinophils 

per cu. mm. more for the Lionheart calves than for the 

Angus was significant at the one per cent level (Table 9). 

A greater value of h.77 hundred eosinophils per eu. mm. 

for the Prince calves than for the Angus ones was obtained 

(P 

No other significant line differences were observed. 

12. Basophils 

(a) At 500 Pounds Body Weight: It is surprising that 

no basophilic cells were observed at the beginning of the 

feed test (at 500 pounds body weight) even though blood 

smears were examined closely for detecting them. 

(b) At 600 Pounds Body Weight: The common effect of 

basophils at this weight was found to be 0.10 hundred per 

cubic millimeter (Table 7). A very high individual varia- 

tion, as indicated by the standard deviation of 0.33, was 

observed at this weight (Table 11-B). No significant sex 

difference was observed at this weight, and also no differ- 

ences between the Hereford and Angus lines were found 

except for the difference between the David and Angus lines 

which was significant at the five per cent level. The 

David calves had the highest value of basophilic cells when 

compared with the other lines of Hereford calves and also 

showed a higher value of 0.33 hundred per eu. mm. than the 



Angus ones. The Lorïheart calves had a value of 0»41 

hundred basophils per eu. mm. less than the David, and 

the Prince calves had a value of 0.31 hundred basophils 

per eu. mm. less than the David calves. No significant 

difference was observed between the Lionheart and Prince 

lines. 

(c) At 700 Pounds Body Weight: It is amazing that 

instead of an increase in the common effect of basophils 

at this weight the common effect became less, and the 

value of 0.05 hundred per cubic millimeter was recorded 

(Table 8). A very high individual variation still existed 

at this weight (Table 12-B). Significant sex and line 

differences were not noted at 700 pounds body weight 

(Table 8). 

(d) At 800 Pounds Body Weight: Again, the common ef- 

feet of basophils was low, being only 0.04 hundred per 

cubic millimeter (Table 9), and a very high individual 

variation was observed. No significant sex or line differ- 

ences were found. 

B. Effectiveness of the Regression Models on Blood Char- 

acteristic Data 

The coefficients of determination (n2), which are 

measures of the percentage of total variation in trait Yw 

which was accounted for by the regression model, are 
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presented in Tables 10, 11, 12 and 13 A-B. In these 

tables, the standard deviations and the coefficients of 

variation which express the standard deviation of the trait 

as a percentage of the mean of the trait are also present- 

ed. 

For the convenience of the reader, both coefficients 

of each trait will be discussed separately according to 

the weight of the animals as follows: 

1. At 500 Pounds Body Weight 

The high coefficients of deteraination, ranging from 

30 to 52 per cent, were recorded in haemoglobin, red blood 

cells, hematocrit, white blood cells, neutrophils, lympho- 

cytes and monocytes, whereas low coefficients of variation, 

six to i6 per cent, were noted in haemoglobin, red blood 

cells, hematocrit, nican corpuscular volume, mean corpuscu- 

lar haemoglobin, mean corpuscular haomoglobin concentra- 

tion, number of white blood cells and lymphocytes (Tables 

10-A and B). 

2. .22 Pounds Body Weight 

There were some changes, both in the values of coef- 

ficients of determination and in the variation at this 

weight. The high coefficients of determination, rangIng 

from 28 to 144 per cent, were observed only in haemoglobin, 

red blood cells and neutrophils (Table 11-A, B). 



The low coefficients of var1aton wcre observed 

mainly In the blood characteristics that were concerned 

with haernoglobin and red blood cells. The values, ran1ng 

from 6 to 17 per cent, were recorded as the coefficients 

of variation of haernoglobin, red blood cells, hernatocrit, 

nean corpuscular volume, mean corpuscular haemoglobin, and 

mean corpuscular haemoglobin concentration (Table 11-A). 

On the other hand, high coefficients of variation, ranging 

from 22 to 95 per cent, were recorded in the white blood 

cells and in individual types of leucocytes at this weight 

as shown in Table 11-B. 

3. At 700 Pounds Body Weight 

The change in the coefficients of determination and 

variation from those at previous weights were noted at 700 

pounds body weight. High coefficients of determination, 

varying from 20 to 57 per cent, were recorded in haemo- 

globin, red blood ce11, white blood cells and neutrophils 

(Table 12-A, B). 

The low value for coefficients of variation was still 

noted only in haemoglobin and other blood characteristics 

which were concerned with the red blood cells. The coef- 

ficients of variation of these blood characteristics 

ranged from 8 to 15 per cent (Table 12-A). 
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At 800 Pounds Body Weight 

There were high percentages of the coeffclents of 

determination, ranging from 20 to )44 per cent, Including 

those recorded for haemoglobin, red blood cells, mean 

corpuscular volume, white blood cells, neutrophils and 

monocytes (Table 13-A, E). However, the accuracy of the 

method of study, as designated by low coefficients of 

variation, was recordec in neutrophils, eosinophile, baso- 

phils and monocytes (Table 13-B). 

C. Correlations Between the Blood Characteristic Data 

1. Haemoglobin 

The haemoglobin values at the four body weights of 

500, 600, 700 and 800 pounds were positively correlated 

with each other (Table 114). The high correlation coeffi- 

ciente, varying from oii.o to 0.71, found between 500 pounds 

body weight and those at the next three body weights and 

between 600 pounds body weight and those at the next two 

body weights were significant at the one per cent level. 

The correlation coefficient of 0.22 between the haemoglobin 

value at 700 pounds body weight and that at 300 pounds body 

weight was not shown to be significant. 

2. Blood Cells 

As with the haemoglobin, positive correlations be- 

tween each of the values of red blood cells at 00, 600, 
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Tsble iLl.. 

Correlation Coefficients Between Haer!iolobir1 Values 
at 500, 600, 700 and 800 Pounds Body Weight 

Haemoglobin1 at 
600 pounds 700 pounds 800 pounds 

Ilsemoglobin at 
500 pounds .71** .!V7** .kO** 

600 pounds .68** 

700 pounds .22 

** Significant at P &..l. 
i Haenioglobin, grams per 100 ml. of blood. 

Table 15. 

Regression Coefficients Between Haemoglobin Values 
at 500, 600, 700 and 800 Pounds Body Weight 

Haemog1obinL at 
600 pounds 700 pounds 800 pounds 

Haernoglobin at 
500 pounds .72 ± .11 .50 + .11 .49 - .17** 
600 pounds .72 .12** .6 
700 pounds - .25 .17 

** Significant at P.01. 
1 Grams of haemoglobin per 100 ml. of blood increase at 

600, 700 or 800 pounds body weight for each Increase 
of one gram of haemoglobin at 500, 6o0, or 700 pounds 
body weight. 



700 and 800 pounds body weight were obtained (Table 16). 

All the values for number of red blood cells at each weight 

were found to be significantly correlated, but only the 

correlations between values at 500 and 600, 600 and 700, 

and 700 and 800 pounds body weight were significant at the 

one per cent level. The other correlations were found to 

be significant at the five per cent level. 

3. Hematocrit 

The hematocrit values at the four body weights did not 

show the same consistency in correlations between weights 

as those for haemoglobin or red blood cells (Table i8). 

Positive correlation coefficients of 0.30 between the value 

at 500 pounds body weight and that at 700 pounds body 

weight, and 0.3Li. between the value at 700 pounds body 

weight and that at 800 pounds body weight were significant 

at the five per cent level. No significant correlations 

were observed between values at the other weights. 

24 Mean Corpuscular Volume 

The mean corpuscular volume at 500, 600, 700 and 800 

pounds body weight did not show consistency in correlations 

between values at the different weights (Table 20). A 

positive correlation (r = .141) was observed between values 

at 600 and 700 pounds body weight (P.0i). 

No other weights showed significant correlations. 



Table .LÓ. 

Correlation Coefficients between te Number of ie 
Blood Cells st 500, 600, 700 and 800 

Pounds Body Weight 

NUbei of ed Blooi Cei1 a 

600 pounds 700 pounds 800 pounds 

Number of Red Blood 
Ccl1s t 

500 pounds .51** .32* .31* 
600 pounds 55** .30* 
700 pounds 

* Significant at P.05. ** Significant at P.0l. 
1 Number of red blood cells, million per cubic milli- 

meter. 

Table l'i. 

Regression Coefficients Between the Number of Red 
Blood Cells at 00, 600, 700 and 800 

Pounds Body Weight 

Number of Red Blood Cells1 t 
600 pounds 700 pounds 800 pounds 

ìJuber of Red Blood 
Cells at 
500 pounds .50 + .13** .36 + .16* .20* 
600 pounds .62 .i)4** .42 .21* 
7CC pounds .57 + .l7** 

* Significant at P<.05. ** significant at P.C1. 
i Millions of red blood cells per cubic millimeter in-. 

crease at 600, or 700 or 8Go pounds body weight for 
each increase of one million red blood cells at 500, 
or 600 or 700 pounds body weight. 
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Table 13. 

rre1atìon Coefficients etween ernatocrit Values 
at 500, 60o, 700 and 800 Pounds Body Weight 

Hernatocrit- at 
600 pounds 700 pound9 800 pounds 

Hematocrit at 
500 pounds .16 .30* .19 
600 pounds .22 -.23 
700 poUnds 3)4* 

* Significant at P.05. 
£ Hernatocrit, per cent. 

Table 19. 

Regression Coefficients Between Hematocrit Values 
at 500, 600, 700 and 800 Pounds Body Weight 

600 pounds 
Hematocrit' at 

700 POUndS dOU pounds 

Hematocrit at 
500 pounds .16 .15 .26 + .13* .19 + .15 
600 pounds .19 + .13 -.23 + .15 
700 tounds .39 ±. .17* 

* Sinifcant at P <.05. 
1 Per cent of hematocrit increase at 600, or 700, or 500 

pounds body weight for each increase of one per cent of 
hematocrit at 500, or 600, or 700 pounds body weight. 
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Table 20. 

CorrelatLor Coeff!cienti Between !ean Corpu$cular 
Volume at 5003 600, 700, and 800 Pounds Body Weight 

Mean Corpuscular Volurne at 
600 ounds 700 pounds 800 pounds 

!'!en Corpuscular 
Volume at 

500 pounds .06 -.10 -.08 
600 pounds .41* 
700 pounds .29 

** 8inificant at P.0Ï. 
i Mean Corpuscular Volume, cubic microns. 

Table 21. 

Regression Coefficients Between Mean Corpuscular 
Volume at 500, 600, 700 arid 800 Pounds Body Weight 

Mean Corpuscular Volume3- at 
600 pounds 700 pounds 00 pounds 

Mean Corpuscular 
Volume at 

500 pounds .o6 .i -.08 .11 -.09 i- .17 
600 pounds .30 .1U** .04 .16 
700 pounds 4L3 .22 

** Significant at P<.0l. 
i Cubic microns oÍ mean corpuscular volume iricreae at 

600, or 700, or 800 pounds body weight for each in- 
crease or one cubic 1cron of corpuscular vo1uûe at 
500, or 6o0, or 700 pounds body weight. 



95 

5. Mean Corpuscular Haemoglobin 

No significant correlations were observed in this 

blood characteristic between values at four different 

weights (Table 22). 

6. Mean Corpuscular Haemoglobiri Concentration 

The correlations of mean corpuscular haemoglobin con- 

centration values at 500, 600, 700 and 800 pounds body 

weight were not consistent. A negative correlation coef- 

ficient of -0.31 between the value at 600 pounds body 

weight and that at 800 pounds body weight was significant 

(P .o5), this being the only significant correlation which 

was noted for this blood characteristic (Table 23). 

7. White Blood Cells 

The total number of white blood cells at the four body 

weights of 500, 600, 700 and 800 pounds were positively 

correlated with each other (Table 2L.). The correlation 

coefficients of 0.52 and 0.82 between the values at 500 

pounds body weight with those at 700 and 800 pounds body 

weight were significantly correlated (P .oi). The number 

of white blood cells at 500 pounds body weight was corre- 

lated with the number at 600 pounds body weight, and the 

number at 600 pounds body weight was correlated with the 

number at 700 pounds body weight. These two correlation 

coefficients of 0.31 and 0.36 respectively were significant 

at the five per cent level. 
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Table 22. 

Correlation Coefficients Between Mean Corpuscular 
Haemoglobin at 500, 600, 700 and 800 Pounds Body Weight 

Mean Corpuscular Haemoglobin' at 
600 pounds 700 pounds 800 pounds 

Mean Corpuscular 
Haernoglobin at 

500 pounds .15 .22 -.07 
600 pounds .12 .1k 
700 pounds .08 

Mean corpuscular haenioglobin, niicromicrograms. 
No significance was found. 

Table 23. 

Correlation Coefficients Between Mean Corpuscular 
Haemoglobin Concentration 

at 500, 600, 700 and 800 Pounds Body Weight 

Mean Corpuscular Haen-ioglobin Conc.' 
600 pounds 700 pounds 800 pounds 

Mean Corpuscular 
Mb. Cone. at 

500 pounds -.06 .07 -.01 
600 pounds .01 
700 pounds .08 

* Significant at P.05. 
Mean corpuscular haernoglobin concentration, per cent. 



Table 24. 

Correlation Coefficients Between Total Number 
of White Blood Cells 

at 500, 600, 700 and 800 Pounds Body Weight 

Number of White Blood Cel1s at 
600 pounds 700 pounds 800 pounds 

Number of White 
Blood Cells at 

500 pounds .31* .52** .82** 
600 pounds .36* .01 - 

700 pounds .18 

* Significant at P.05. 
** Significant at P.01. 
i Number of white blood cells, thousands per cubic milli- 

meter. 

Table 25. 

Regression Coefficients Between Total Number 
of White Blood Cells 

at 500, 600, 700 and 800 Pounds Body Weight 

Number of White Blood 
600 pounds 700 pounds 

Ce11s 
800 

at 
pounds 

Number of White 
Blood Cells at 

500 pounds li.5 + .21* .86 + .22** .92 + .10** 
600 pounds - .41 .16* .01 T .12 
700 pounds - .13 .10 

* Significant at P <.05. 
** Significant at P.<.01. 
i Thousands of white blood cells per cubic millimeter in- 

crease at 6Go, or 700, or 800 pounds body weight for 
each increase of one thousand white blood cells at 500, 
9r 600, or 700 pounds body weight. 



Table 26. 

Correlzt1on CoeffIcients Between Number of Lympho- 
cytes at 500, 600, 700 and 800 Pounds Body Weight 

Nutiiber ox Lymphocytes at 
600 pounds 700 pounds 800 pounds 

Number of Lympho- 
cyte ai 

500 pounds .1k .18 
600 pounds .3b* 
700 pounds -.17 

.* Significant at P z.fl5, 
** Significant at P.01. 

Nuuiber of 1ynphocytes, hundred per cubic nillimeter. 

Table 27. 

Regression Coefficients Between Number of Lympho- 
cytes at 500, 600, 700 and 800 Pounds Body Weight 

- Number of Lymphocytes' at 
bOO pounds 700 pounds bOO pounds 

Number of Lympho- 
cytes at 

500 pounds .12 ± .13 .17 ± .l .29 .09** 
600 pounds .39 ± .15* .00 i- .12 
700 pounds -.12 ± .10 

* Significant at P.O5. ** Significant at P <.01. 
:i Hundreds of lymphocytes per cubic millimeter increase 

at 600, or 700, or 300 pounds body weight for each in- 
crease of one hundred lymphocytes at 500, or 600, or 
700 pounds body weight respectively. 
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8. Lymphocytes 

Positive correlations uere found for number of lympho- 

cytes between 600 and 700 pounds body weight (P ¿.05) and 

between 500 and 800 pounds body weight (p.oi). No other 

significant correlations were observed (Table 26). 

9. Monocytes 

The nUUbCr of monocytes at 500, 600, 700 and 800 

pounds body weight were not significantly correlated 

(Table 28). 

10. Neutrophlls 

The number of neutrophils at the four body weights of 

this study were more consistent than the lymphocytes and 

monocytes, significant correlations being recorded in every 

comparison except that of 600 and 800 pounds body weight 

(Table 29). 

The positive correlation coefficients of 0.59 and o.k6 

between the value at 500 pounds body weight and those at 

700 and 800 pounds body weight, Oii.8 between the value at 

600 pounds body weight and that at 700 pounds body weight 

and 0.59 between the value at 700 pounds body weight and 

that at (D00 pounds body weight were highly significant 

(P<.0l). The correlation between the value at 500 pounds 

body weight and that at 600 pounds body weight was also 

significant at the five per cent level. 
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Table 28. 

0o::"re1aton Coefficients Between Number of Mon- 
cytes at 500, 600, 700 and 800 Pounds Body Weight 

Number of Monocytes1 at 
600 pounds 700 pounds 800 pounds 

Number of Mono- 
eyte at 

500 pounds .04 .08 .18 
Ó..J0 pounds ..b -.2k 
700 pounds .21 

Number of monocytes, hundred per cubic millimeter. 

Table 29. 

Correlation Coefficients Between Number of Neutro- 
P1'ils at 500, 600, 700 and 800 Pounds Body Weight 

Number of Neutrophils' at 
bOO pounds 700 pounds 500 pounds 

Number of Neutro- 
phils at 

500 pounds .32* 59** .LI6** 

600 pounds ,43** .24 
700 pounds 

* Significant at P<.05. 
** 3ignificant at P.O1. 
1 Number of neutrophils, hundred per cubic millimeter. 
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ii. Eosinophlis 

The ìumber of eosinophli8 at the four body wight of 

500, 600, 700 and. 800 poun were significantly correlated 

only In two instances; betweei the values t 500 pounds 

Cody weight and 600 pounds body weight (P.<.05), and be- 

tween the values at 700 and 800 pounds body weight (P<,05) 
(Table 31), 

12. Basophils 

No basophils were observed at 500 pounds body weight. 

The correlations of the numbers at the three body weights 

of 600, 700 and 800 pounds were not significant (Table 33). 

D. Regression Coefficients for the Blood Characteristics 

Four Body Weights 

The regression coefficients for the blood character- 

istics at 500, 600, 700 and 800 pounds body weight are 

presented in Tables 15, 17, 19, 21, 23, 25, 27, 30 and 32. 

The regression coefficients of each blood characteristic 

will be discussed separately and only the ones which were 

significant will be considered in detail. 
1. Haemoglobin 

Each increase of one gram of haemoglobin per 100 ml. 

of blood at 500 pounds body weight would, on the average, 

result in an increase of 0.72, 0.50 and 0.149 gram of 

haemoglobin per 100 ml. of blood at 600, 700 and 800 pounds 
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Table 30. 

Regreasien Coefficiente Between Nui:Lr of Neutro- 
phlls at 500, 600,, oo and 800 Pounds Body Weight 

Nunther of ìeutoph1l at 
6cc pounds 7CC pourida 0C pourda 

Nur ber of Neutro- 
phils at 

500 pounds .29 + .13* .58 + .12** 3)4 .l0 
600 pounds .52 .lL .19 .12 
00 pounds .44 + Q9** 

* SiriÁ'icant at P105. 
** Significant at ? .01. 

Hundreds of neutrophils per cubic millimeter increase 
at 600, or 700, or 300 pouncis body weight for each in- 
crease of one hundred neutrophils at 500, or 600, or 
700 pounds body weight respectively. 

Table 31. 

Correlation Coefficients Between Eosinophils at 
500, 600, (00 and 800 Pounds Body weight 

Number of Eosinophils1 at 
600 pounds 700 pounds 800 pounds 

Number of Eosino- 
phils at 

500 pounds 30* .20 .09 
600 pounds .27 .11 
700 pounds 34* 

* Significant at P.05. 
Number of eosinophils, hundred per cubic millimeter. 
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Table 32. 

Regression Coeff1cient Between Nuiber of Eosino- 
phil al; 500, 60G, 7GO and OO Pound$ Body Weicht 

Number of Eosirìophils1 t 

600 pounds 700 pounds 800 pounds 

Number of Eorino- 
phils at 

500 poundz. .27 + 09* .19 + .06 .15 + .02 

600 pounds .29 .09 .22 .04 

700 pounds .60 .11* 

* Significant at P.O5. 
i Hundreds of eosiriophils per cubic millimeter increase at 

600, or 700, or 800 pounds body weight for each Increase 
of one hundred eosinophils per cubic millimeter at 500, 
or 600, or 700 pounds body weight respectively. 

Table 33. 

Correlation Coefficients Between Number of Baso- 
phils at 500, 600, 700 and 800 Pounds Body WeihL 

Number of Basophils' at 
600 pounds 700 pounds 600 pounds 

Number of Baso- 
phils at 

500 pounds .00 .00 .00 

600 pounds -.10 -.05 
700 pounds -.04 

i Number of basophils, hundred per cubic millimeter 
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body weight, respectively. Also increases of 0.72 and 

0.56 grams of haemoglobin per 100 ml. of blood at 700 and 

BOO pounds body weight were associated with an increase 

of one gram of haemoglobin per 100 ml. of blood at 600 

pounds body weight (Table 15). 

2. Red Blood Cells 

An increase of one million red blood cells per Cu. mm. 

at 500 pounds body weight could be expected to be associ-. 

ated with an average increase in number of red blood cells 

of 0.50, 0.36 and O.kk million per eu. mm. at 600, 700 and 

300 pounds body weight, respectively (Table 17). 

Likewise, an increase of one million red blood cells 

per cu. mm. at 600 pounds body weight would result in an 

increase of 0.62 and 0.142 million red blood cells per cu. 

mm. at 700 and cOO pounds body weight, respectively. 

For each increase in red blood cells of one million 

per cu. mm. at 700 pounds body weight, there was a corre- 

sponding increase of 0.57 million per cu. mm. red blood 

cells at 800 pounds body weight. 

3. Heniatocrit 

The average hematocrit could be expected to increase 

0.26 per cent at 700 pounds body weight for each increase 

of one per cent in hematocrit at 500 pounds body weight 

(Table 19). 
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Each increase in the hematocrit value of one per cent 

at 700 pounds body weight was paralleled by an increase of 

0.39 per cent hematocrit at 800 pounds body weight. 

LI.. Mean Corpuscular Volume 

The average mean corpuscular volume at 700 pounds body 

weight increased 0.30 cubic micron for each increase in 

mean corpuscular volume of one cubic micron at 600 pounds 

body weight (Table 21). 

5. Number of White Blood Cells 

An increase of one thousand white blood cells per cu. 

mm. at 500 pounds body weight could be expected to be 

associated with an average increase in white blood cells 

of 0.k5, 0.86 and 0.92 thousand per eu. mm. at 600, 700 and 

800 pounds body weight, respectively (Table 25). At 600 

pounds body weight, an increase of one thousand white blood 

cells per Cu. mm. would result in an increase of 0»41 

thousand white blood cells per cu. mm. at 700 pounds body 

weight. 

6. Lymphocytes 

For every increase of one hundred in number of lympho- 

cytes at 500 pounds body weight, there was a corresponding 

average increase of 0.29 hundred lymphocytes at 800 pounds 

body weight (Table 27). Each increase of one hundred in 

number of lymphocytes per cu. mm. at 600 pounds body weight 
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was paralleled by an increase of 0.39 hundred lymphocytes 

per Cu. mm. at 700 pounds body weight. 

7. Neutrophils 

For each increase of one hundred neutrophils per cu. 

mm. at 500 pounds body weight, there would be an increase 

in the number of neutrophils of 0.29, 0.58 and 03)4 

hundred per cu. mm. at 600, 700 and 800 pounds body weight, 

respectively (Table 30). An increase of 0.52 hundred per 

Cu. mm. of neutrophils at 700 pounds body weight would be 

expected for each increase of one hundred neutrophils at 

600 pounds body weight. Finally, an increase of one 

hundred neutrophils at 700 pounds body weight would cause 

an increase in neutrophils of oL hundred per eu. mm. at 

800 pounds body weight. 

8. Eosinophils 

Each increase of one hundred eosinophils per eu, mm. 

at 700 pounds body weight was associated with an average 

increase in number of eosinophils of 0.60 hundred per eu. 

mm. at 800 pounds body weight (Table 32). 

E. Overall Comparison Between Blood Characteristics at 

Different Bodr Weights 

The average values of each blood characteristic of 

all calves (regardless of sex, breed and line) at four 

different body weights of 500, 600, 700 and 800 pounds are 

presented in Table 3)4, 



Table 3. 

Means of Blood Characteristics of All Calves 
at 500, 600, 700 and 800 Pounds Body Weight 

Mean Blood Characteristics at 
Variables 500 lb. 600 lb. 700 lb. 800 lb. 

Haernoglobiri, gm./lOO ml. 11.77 12.05 12.1k 12.kl 

Red Blood Cells, million/cu. mm. 8.06 7.61 7.146 7.37 

Hematocrit, per cent 37.62 3t.37 32.83 33.27 

Mean Corp. Vol., eu. microns k7.36 24.5.53 L$J4.45 46.09 

Mean Corp. lib., mierornierograms 14.86 15.99 16.55 17.11 

Mean Corp. Hb. Cone., per cent 31.64 33.91 37.46 38.06 

White Blood Cells, thousand/cu. mm. 10.03 9.59 9.32 8.86 

Neutrophils, hundred/cu. rum. 24.45 22.18 23.66 21.99 

Eosinophils, hundred/cu. mm. 4.6i 3.91 3.08 4.16 

Basophils, hundred/cu. niw. 0.00 0.12 0.06 0.04 

Lymphocytes, hundred/cu. mm. 67.63 65.56 62.12 59.65 

Monocytes, hundred/cu. mm. 4.914 4.07 3.77 2.72 

o 
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The average values of haemogiobin, mean corpuscular 

haernoglobin and nean corpuscular haernogiobin. concentration 

increased with the increase in body weight or age, whereas 

the average values of red blood cells, white blood cells, 

lymphocytes and monocytes decreased with the increase in 

the body weight or age. 

The average values of hematocrit, mean corpuscular 

volume, neutrophils, eosinophils and basophils were vari- 

able from weight to weight. 

F. Correlation Between the Blood Characteristics and 

Performance Data 

1. Rate of Gain 

Rate of gain per day during the feed test was nega- 

tively correlated with haemoglobin content of the blood 

at 500 pounds body weight. The correlation coeffIcient of 

was recorded for this relationship and was highly 

significant (P.oi) (Table 35). However, there was no 

correlation observed between rate of gain and haemoglobin 

levels at the later three body weights of 600, 700 and 800 

pounds. 

Mean corpuscular haemoglobin concentration at 500 

pounds body weight was also negatively correlated with 

rate of gain per day during the feed test. The correla- 

tion coefficient of this relationship was -0.32 arid was 

significant at the five per cent level (Table 37). 
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Table 35. 

Correlation Coefficients Between Haemoglobin, 
Numb3r of Red Blood Cells, 

Hematocrit and Performance Characteristics 

Feed Test Feed Consumption Age at 

Gain Per Unit Gain 500 pounds 

Haemoglobin at 
500 pounds _.kl** .Ll8** .13 

600 pounds -.11 .22 -.05 

700 pounds -.03 .12 _.OLI 

800 pounds .05 .08 -.02 

Number of Red Blood 
Cells at 

500 pounds -.06 .22 -03 
600 pounds -.15 .19 -.01 
700 pounds .06 .09 -.08 
800 pounds .19 -.16 -.18 

Hematocrit at 
500 pounds .00 .12 -.20 
600 pounds .00 -.01 
700 pounds -.02 .12 -.16 
800 pounds -.03 -.02 .18 

* Significant at P z. .05. 
** Significant at P.0l. 
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Table 36. 

Regreasion Coefficients Eetween Haemoglabin, 
Number of Red Blood Cells, 

Heìnatocit and Performance Characteristics 

Feed Test 

Gain' 

Feed Consumption 
Per Unit Gain2 

Ae at 500 
Pounds3 

Haemoglobin at 
500 pounds _.14.05** 67.149+18.52** l.78i-3.31 
600 pounds -.O4.05 3O.922O.72 -l.O73.29 
700 pounds -.0i.05 15.93+20.02 - .79±3.13 
800 pounds .02.04 9.3I+l7»42 - .34+2.71 

Number of Red Blood 
Cells at 

500 pounds -.02.06 33.47+22.77 - .733.62 
600 pounds -.o6.o6 29.3623.56 - .323.72 
700 pounds .02.05 12.67±21.20 -1.673.29 
800 pounds .05.014 -17.8416.80 -3.142.60 

Heniatocrit at 
500 pounds .00+.01 3.45+4.53 - .91+.69 
600 pounds .00+.01 - .30+4.66 _1.59.68* 
700 pounds .00.01 4.065.26 - .88.81 
800 pounds .00.01 - .49124.59 85.7o 

* Significant at P.05 ** Significant at P.01. 
i Pounds per da increase in feed test gain for each in- 

crease of one gram haemoglobin per 100 ml., or one 
million red blood cells per cubic millimeter, or one per 
cent of hematocrit at 500, or 600, or 700 or 800 pounds 
body weight respectively. 

2 Pounds of feed consumption per 100 pounds gain in body 
weight for each increase of one gram haemoglobin per 100 
ml., or one million red blood cells per cubic millimeter, 
or one per cent hematocrit at 500, or 600, or 700 or 800 
pounds body weight respectively. 

3 Days increase at age of 500 pounds body weight for each 
increase of one grani haemoglobin per 100 ml., or one 
million red blood cells per cubic millimeter, or one per 
cent heniatocrit at 500, or 600, or 700 or '00 pounds 
body weight respectively. 
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Table 37. 

Correlation Coefficients Between Mean Corpuscular 
Volume, Mean Corpuscular Haemoiobin, Mean Corpuscular 
Haernoglobin Concentration and Performance Characteristics 

Feed Test Feed Consumption Age at 
Gain Per Unit Gain 500 Pounds 

Moan Corpuscular 
Volume at 

500 pounds .00 .92** fl 

600 pounds .23 -.17 
700 pounds -.10 .03 -.10 
800 pounds -.23 .15 .32* 

Mean Corpuscular 
Haemo1obin at 

500 pounds -.2o .13 .12 
600 pounds .o8 -.06 -.03 
700 pounds -.09 -.03 .03 
800 pounds -.22 .23 .13 

Mean Corpuscular 
lib. Cone. at 

500 pounds _.32* .25 .32* 

600 pounds -.2k .20 33* 
700 pounds .00 -.05 .15 
800 pounds .05 .20 

* Significant at P z.05. 
** Significant at P ¿.01. 



When rate of gain per day was correlated with total 

number of red blood cells, hematocrit, mean corpuscular 

volume, and mean corpuscular haemoglohin, no significant 

correlations were noted. 

Total number of white blood cells and individual types 

of leucocytes at the four different body weights of 500, 

600, 700 and 800 pounds were not ahown to be correlated 

with rate of nain per day except the correlations between 

the number of ionocytes at 700 and 3O0 pounds body weight 

and rate of gain per day. The correlation coefficients at 

these two body weights were 0.3M' and 0.30 respectively 

and were significant at the five per cent level (Table 39). 

2. Feed Consumption 

A positive correlation (r = +O.ko) was recorded he- 

tween feed consumed per unit of gain and haemoglobin con- 

tent at 500 pounds body weight (P .0?), but no significant 

correlations were observed with haemoglobin at 600, 700 and 

Boo pounds body weight and feed consumed per unit of gain 

(Table 35) 

Mean corpuscular volume, which was not correlated with 

rate of gain, was positively correlated with feed consumed 

per unit gained as indicated by the correlation coefficient 

of 0.92 (P .0i) (Table 37). 

Feed consumption per unit gain was not observed to be 

correlated with other blood characteristics which were 

studied. 
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Table 38. 

Regression Coefficients Between Mean Corpuscular 
Volume, Mean Corpuscular Haemoglobin, Mean Corpuscular 
Haemoglobin Concentration and Performance Characteristics 

Feed Test 
Gain' 

Feed Consumption 
Per Unit Gain2 

Age at 500 
Pounds3 

Mean Corpuscular 
Volume at 

500 pounds .00.00 18.851.20** 
600 pounds .00+.00 -3.41+3.02 _1.01±.45* 
700 pounds .00+.0l .72±4.19 -.43.65 
800 pounds .00+.00 2.71+2.80 .92.42* 

Mean Corpuscular 
Haemoglobin at 

500 pounds -.05.03 10.1311.59 1.461.80 
600 pounds .0203 -5.2114.08 -.40+2.19 
700 pounds -.0l+.02 -2.16v 9.85 .291,53 
800 pounds -.03±.02 i4.56 9.20 1.75+1.44 

Mean Corpuscular 
Hb. Cone. at 

500 pounds _O3,Q1* 10.35+6.23 2,09+.95* 
600 pounds -.02±.01 6.53±4.94 1.69.74* 
700 pounds .00+.0l -1.64+4.91 .77.75 
800 pounds .00.00 1.04+3.55 -.73--.54 

* Significant at P .05; Significant at P .01. 
i Pounds per day increase in feed test gain for each in- 
crease of one cubic micron mean corpuscular volume, or 
one micromicrogram corpuscular haemoglobin, or one per 
cent of mean corpuscular haemoglobiri concentration at 
500, or 600, or 700, or Boo pounds body weight respective- 
ly. 

2 Pounds of feed consumption per 100 pounds gain in body 
weight for each increase of one cubic micron mean corpus- 
cular volume, or one micromicrogram corpuscular haemoglo- 
bin, or one per cent of mean corpuscular haemoglobin con- 
centration at 500, or 600, or 700 or bOO pounds body 
weight respectively. 

For footnote 3, see page 114. 
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Footnote for Table 38 - 

Days increase at age of 500 pounds body weight for each 
increase of one cubic micron mean corpuscular volume or 
one inicromicrogram mean corpuscular haemoglobin or one 
per cent of mean corpuscular haemoglobin concentration 
at 500, or 600, or 700 or 800 pounds body weight respec- 
tively. 

Table 39. 

Correlation Coefficients Between Total Number 
of White Blood Cells, Number of Lymphocytes, 
Monocytes and Performance Characteristics 

Feed Test Feed Consumption Age at 
Gain Per Unit Gain 500 Pounds 

Total Number of 
White Blood 
Cells at 

500 pounds -.11 .23 _,48** 
600 pounds .10 .01 -.10 

pounds .20 .00 _.41** 00 
300 pounds .15 -.12 

Number of Lympho- 
cytes at 

500 pounds -.11 .20 -.07 
600 pounds .07 .01 .12 
700 pounds .23 -.04 -.22 
800 pounds .07 -.10 -.08 

Number of Mono- 
cytes at 

500 pounds .05 -.02 -.09 
600 pounds .01 .00 -.22 
700 pounds 34* -.20 _34* 
¿300 pounds 3Q* -.29 -.26 

* Significant at P <.05. 
** Significant at P.01. 
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3. at 500 Pounds Body Weicht 

Age at 500 pounds body weight was inversely related 

with hematocrit at 600 pounds body weight (r = -0.33) 

which was significant at the five per cent level (Table 

Mean corpuscular volume at 600 and óOO pounds body 

weight was correlated with the age at 500 pounds body 

weight (?. .05). However, these relationships were incon- 

sistent. The correlation coefficients between mean 

corpuscular volume and age at 500 pounds body weight varied 

from -0.32 to o.32 (Table 37). More consistent correla- 

tion were observed between mean corpuscular haernoglobin 

concentration at 500 and 600 pounds body weight and the 

age et 500 pounds. The correlations of these two weights 

were 0.32 and 0.33 (Table 37) and were significant at the 

five per cent level. 

White blood cells were more highly correlated with 

the age at 500 pounds body weight. The correlation coeffi- 

cienta of -0k8 nd -0.41 were noted at 500 and 700 pounds 

body weight (P .0l). At 300 pounds body weight, total 

number of leucocytes still showed a significant correlation 

with the age at 500 pounds body weight (P<.05), but no 

significant correlation was noted at 600 pounds body weight 

(Table 39). 
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Negative correlations between the age at 500 pounds 

body weight arid number of monocytes and eosinophils at 700 

pounds body weight were recorded(Tables 39, 41); the corre- 

lation coefficients of these were -0.3)4 and -0.31 (P .05). 

Number of neutrophils were generally correlated with 

the age at 500 pounds body weight. Correlations of number 

of neutrophils at all weights were significant at the five 

per cent level except at 600 pounds body weight. 

None of the remaining blood characteristics, such as 

haemoglobin, red blood cells, mean corpuscular haemoglobin, 

number of lymphocytes and number of basophils were signifi- 

cantly related to the age at 500 pounds body weight. 

a. Regression Coefficients Between the Blood Characteris- 

tics na Performance Data 

The regression coefficients between the blood charac- 

teristics as the independent variable and the performance 

characteristic as the dependent variable are presented in 

Tables 36, 38, 140 and ¿42. It is only proposed to consider 

in any detail the regression coefficients corresponding to 

the significant correlation coefficients reported in Tables 

35, 37, 39, and 41. 

1. Rate of Gain 

Average rate of gain increased 0.14 pound per day for 

each decrease in haemoglobin of one gram per 100 ml. of 
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Table 

Regression Coefficients Between Total Number 
of White Blood Cells, Number of Lymphocytes, 
Monocytes and Performance Characteristics 

Feed Test Feed Consumption Age at 500 
Gain Per Unit Gain2 Pounds 

Total Number of 
White Blood 
Cells at 

500 pounds 
600 pounds 
700 pounds 
800 pounds 

Number of Lympho- 
cytes at 

500 pounds 
600 pounds 
700 pounds 
800 pounds 

Number of Mono- 
cytes at 

500 pounds 
600 pounds 
700 pounds 
800 pounds 

02v. 03 
.03.02 
0LI. 04 

00+. 00 
ooi. 00 
oi.00 

.01+. 02 
oo. 02 
o5. 02* 
06. 03* 

25.35+16,69 
.Ç1l.6l 
. o8Tio. 33 

-12 0515. 17 

1. 861. ko 
iki.6o 

-.391.47 
-1.k32.09 

-1.5810.01 
. i l .28 

-11. 268. 62 
-22. lLu11. 19 

-L.. 33+2. 33** 
-1. 311. 79 
_k.26l.k6** 
-k. 922.25* 

-.10+.22 
.19.25 

-.33.22 
-. 17.32 

-.89+1.55 
-1.83l.25 
-3. 07l.28* 
-3. 'I'75 

* Significant at P .05; Significant at P .01. 

i Pounds per day increase in feed test gain for each incea 
of one thousand white blood cells, or one hundred lympho- 
cytes or one hundred monocytes at 500, or 600, or 700 or 
300 pounds body weight respectIvely. 

2 Pounds of feed consumption per 100 pounds gain in body 
weight for each increase of one thousand white blood 
cells, or one hundred lymphocytes or one hundred mono- 
cytes at 500, or 600, or 700 or 600 pounds body weight 
respectively. 

3 Days increase at age of 500 pounds body weight for each 
increase of one thousand white blood cells, or one 
hundred lymphocytes or one hundred monocytes at 500, or 
600, or 700 or 500 pounds body weight respectively. 



Table .i. 

Correlation Coefficients Between Number of Neutrophils, 
Eosinophils, Basophils and Performance Characteristics 

Feed Test Feed Consumption Age at 
Gain Per Unit Gain 500 Pounds 

Number of Neutro- 
phils at 

500 pounds -.08 .02 _.3L1.* 

600 pounds .10 -.01 -.23 

700 pounds -.06 .11 _.31* 

800 pounds .08 .01 _.36* 

Number of Eosino- 
phils at 

500 pounds -.10 .16 .13 

600 pounds -.01 .05 -.09 
700 pounds .22 -.07 _.31* 

800 pounds .02 -.02 .00 

Number of Baso- 
phils at 

500 pounds .00 .00 .00 

600 pounds -.01 -.01 .29 

700 pounds -.20 .23 -.11 

300 pounds .05 -.15 -.01 

* Significant at P ¿.05. 



Table 42. 

Regression Coefficients Between Number of Neutrophils, 
Eosinophils, Basophils and Performance Characteristics 

Feed Test 
Ga1n 

Feed Consumption 
Per Unit Gain2 

Age at 500 

Pounds3 

Number of Neutro- 
phils at 

300 pounds .00+.00 .23+1.79 _.61+.26* 
600 pounds .00.00 -.l81.96 -.46.30 
700 pounds .00+.00 1.321.30 _.57.27* 
800 pounds .00.00 .l0+2.k4 _.68.35* 

Number of Eosino- 
phils at 

500 pounds -.01+.02 7.26b.0i .90+1.07 
600 pounds .00.02 2.317.63 -.631.20 
700 pounds .03.02 -3.117.03 _2.28l.06* 
800 pouncis .00-i-.01 -.314.07' .00+ .63 

Number of Baso- 
phils at 

500 pounds .00+.00 .00+.03 .00+.00 
600 pounds -.01±.17 -5.0568.22 l9.8310.l5 
700 pounds -.32+.2 l47.8797.l1 -l0.6l5.34 
800 pounds .07+.06 -c2.20+81.93 -.5212.86 

* Sign±uicant at P .05. 
1 

Pounds per day increase in feed test gain for each in- 
crease of one hundred neutrophils, or one hundred cosmo- 
phils., or one hundred basophils at 500, or 600, or 700 or 
800 pounds body weight respectively. 

2 Pounds of feed consumption per 100 pounds gain in body 
weight for each increase of one hundred neutrophils, or 
one hundred eosinophils, or one hundred basophils at 500, 
or 6u0, or 700, or 800 pounds body weight respectively. 

3 Days increase at age of 500 pounds body weight for each 
increase of one hundred neutrophils, or one hundred 
eosinophils, or one hundred basophils at 500, or 600, or 
700 or 300 pounds body weight respectively. 
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blood at 500 pounds body weight. Each increase of one per 

cent in meanì corpuscular haemoglobin concentration at 500 

pounds body weight was associated with an average decrease 

in rate of gain of 0.03 pound per day. 

For every increase of one hundred monocytes per cu. 

mm. of blood at 700 pounds body weight, there was an in- 

crease of 0.05 pound In the daily rate of gain during the 

feed test. The average rate of gain could be expected to 

increase 0.06 pound per day for each increase of one 

hundred monocytes per cu. mm. of blood at 00 pounds body 

weight. 

2. Feed Consumption 

An increase of one gram per 100 mi. of blood in haemo- 

globin value at 500 pounds body weight could be expected to 

be associated with an average increase inì feed consumption 

of 67.L1.9 pounds for each 100 pounds of gain. 

For every increase in mean corpuscular volume of one 

cubic micron at 500 pounds body weight, there was a corre- 

sponding average increase of 18.85 pounds of feed consumed 

per 100 pounds gain. 

3. at 500 Pounds Body Weight 

An increase of one per cent in hematocrit value at 600 

pounds body weight would, on the average, result in a de- 

crease of 1.59 days in the age at 500 pounds body weight. 
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Each increase of one cubic micron in mean corpuscular 

volume at 600 pounds body weight could be expected to be 

associated with an average decrease in the age at 500 

pounds of 1.01 days. At 00 pounds body weight) an in- 

crease of one cubic micron in mean corpuscular volume would 

result in an increase of 0.92 day in the age at 500 pounds. 

An increase of one per cent in mean corpuscular haemo- 

globin concentration at 500 pounds body weight could be 

expected to be associated wIth an increase in age at 500 

pounds of 2,09 days. At 600 pounds body weight, an in- 

crease of one per cent in mean corpuscular haemoglobin con- 

centration would result in an increase of 1.69 days in age 

at 500 pounds body weight. 

The age at 500 pounds decreased 8.33 days for each 

increase in number of white blood cells of one thousand 

per cu. mm. at 500 pounds body weight. The age at 500 

pounds could be expected to decrease 4.26 days for each 

increase of one thousand in the number of white blood cells 

per cu. mm. at 700 pounds body weight. An increase of one 

thousand in the number of white blood cells per cu. mm. at 

800 pounds body weight would result in a decrease of 4.92 

days in the age at 500 pounds. 

Each increase of one hundred in the number of mono- 

cytes per eu. mm. at 700 pounds body weight was associated 

with a decrease in the age at 500 pounds of 3.07 days. 



122 

Ari increase of ono hundred in number of neutrophils 

per cu. mm. at 500 pounds body weicht could be expected to 

be associated with a decrease in the age at 500 pounds of 

o.6i day. An increase of one hundred per eu. mm. in the 

number of neutrophils at 700 pounds body weight would re- 

sult in a decrease of O.7 day in the age at 500 pounds. 

Each increase in the number of neutrophils of one hundred 

per cu. mm. at 800 pounds body weight was paralleled by a 

decrease of 0.8 day in the age at 500 pounds. 

For everi increase in number of eosinophils of one 

hundred per eu. mm. at 700 pounds body weight, there was a 

corresponding decrease of 2.2i days in the age at 500 

pounds. 
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DISCUSS ION 

It seems to be generally known that genes exert their 

effects through control of metabolism. So the attainment 

of a real understanding of inheritance is dependent not 

only on know1ede of the exiatence of these heritable units 

and the mechanism of their transmission, but it is also 

dependent on a complete knowledge of cellular biochemistry 

and physiology. That is, it is just as necessary to know 

exactly what is being controlled as it is to know what 

exerts the control and how it comes about. 

Selection of beef cattle is usually based upon faster 

growth and more efficient conversion of feed, and these 

traits are highly heritable, especially rate of gain in 

the feed lot. The heritability for post-weaning gain has 

been estimated by several investigations from various lab- 

oratories, and was recently summarized by Bogart (15). The 

heritability of this trait was estimated in the value of 

42 per cent (for half-sib correlation In the feed lot) to 

99 per cent (for intrasire correlation). So it is the goal 

of the breeder to identify the most outstanding individual 

in respect to these traits. Also, rate of gain and effi- 

ciency of feed utilization are important selection criteria 

in the beef cattle breeding program. However, the esti- 

mates of these performance characteristics are presently 
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obtained from a feeding test extending over a period of 

several months, Accurate methods of determining inherent 

performance levels for these traits at an early age and in 

a short interval of time would result in a considerable 

saving in time and cost. 

Because blood fulfills a number of essential functions 

in the biological processes of growth and development, the 

variations in blood constituents were considered as possi- 

bic criteria of rate and economy of gain. Several investi- 

gators at the Oregon Agricultural Experiment Station and at 

similar stations throughout the country have been studying 

those various blood constituents both in the field of bio- 

chemistry and physiology in their original project to 

improve the productivity of beef cattle. 

The primary objective of this study was undertaken to 

evaluate certain blood characteristics as possible 

selection criteria for increased rate of gain and more 

efficient feed use. It might well be expected that there 

would be some rather significant associations of the above 

variables with the differences that exist in certain 

characteristics of blood of the individual animal. The 

results in general, however, are not conclusive. Signifi- 

cance may appear at one body weight and not at another in 

ari erratic manner. As we know, the phenotypic expression 

of a certain characteristic at any stage in the lifetime 
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of a given individual is due to the combination of its 

genetic constitution and the environment in which it de- 

velops and lIves. Some traits are greatly Influenced by 

environmental factors whereas some are highly resistant 

to the external environmental factors. So chance, as well 

as other factors, must play a part in situations such as 

this when there are many inconsistencies. 

In the following discussion, the data accumulated 

will be considered in relation to various factors, both 

gtnetic and environmental, and their influences evaluated. 

1. Sex 

Consistent differences have been found between male 

and female calves with respect to their performance level 

and certain physiological characteristics. In all cases 

of performance traits in the present investigation, male 

calves were superior to the comparable female calves, ex- 

cept no significant difference was recorded between the 

two sexes in birth weight. However, male calves did 

exhibit heavier body weight at birth than female calves, 

and birth weight was found to be highly correlated with 

test gain, feed efficiency, age at 800 pounds and time on 

test from 500 to 800 pounds body weight. Birth weight did 

not show any correlation with suckling gain; however, the 
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correlation between birth weight and age at 500 pounds 

body weight was noted. 

Larger calves at birth will grow faster than the 

smaller ones dur1n feed lot and also are younger at 500 

and 800 pounds body weight. In the calves of the present 

study3 each increase of ten pounds of birth weight would 

recuit in an increase of 0.1 pound per day dur1n the 

feed test and decrease the ae at 500 and 800 pounds body 

weight about 6 and. 16 days respectively. Larger calves 

were also observed to have been riore efficient in feed 

utilization and took less time on test to gain from 500 

to 800 pounds bod weight. With an increase of 10 pounds 

in birth weight, a calf would be expected to consume 5LL8 

pounds less feed per 100 pounds gain in body weight and 

take 10 days less time on test. 

This study is in harmony with the findings of Nelma 

and Bogart (65) who reported that heavier calves at birth 

were more efficient during the feed test. According to 

these investigators there was a difference of 0.155 pound 

per day in rate of suckling gain associated with each 

difference of ten pounds in birth weight. However, in the 

present study, no significant correlation between the birth 

weight and suckling gain was recorded, but the birth weight 

and feed test gain were highly correlated (P .01). 
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TiV neg'tive coire1ation between birth weight anc age 

on test (oO pounds body weight) might be expected because 

it has been shown by several investigators in the relation- 

ship of these two traits. Sawer et al. (33), Gregory et al. 

(30), Koh1 et al. (k9), Galgari et al. (28), Dahrnen and 

Bogart (22), and Price et al. (76) reported 1arer calves 

at birth reaching weaning size at a youn,er age. Also, 

female calves which were heavier at birth were significant- 

ly more efficient during the performance test. Nelnis arid 

Bogart (65) reported correlation coefficients of -O.5 and 

-0.52 between the birth weight and age on test for the 

female and male calves, respectively. The negative corre- 

lation coefficient of -0.30 was found between these two 

traits in the presenìt study (for both male and female 

calves) and was significant at the five per cent level. 

Since the calf retains this advantage to maturity, 

it appears that the iriportance of birth weight as a factor 

in beef cattle improvement through selection can hardly be 

over-emphasized. Moreover, Gregory et al. (3) and Knapp 

! (140) reported that cow size was one of the important 

factors affecting birth weight of calves. 

Both suc1irìg and feed test gain were found to be 

greater in wale calves than in female calves. Male calves 

gained O.1S pound per day during a suckling period and 

0.145 pound per day durinìg a feed test period faster than 
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female calves. Suckling gain was highly positively corre- 

lated with test gain and negatively cor'elated with the 

age at 500 and 800 pounds body weight. The coï'relations 

between the feed test gain and feed consumed per unit gain, 

age at 800 pounds body weight and time on test from 500 to 

800 pounds body weight were highly correlated in this 

study. 

Male calves were more efficient in the ability to 

convert feed in order to gain 100 pounds body weight than 

female calves. The si,nificant difference of feed. consumed 

per 100 pounds gain in body weight in male calves was 199 

pounds less than female calves. 

In the comparison of the age at 500 and 800 pounds 

body weight and time on test from 500 to 800 pounds body 

weight between male and female, riale calves exhibited 

younge:: ages for both weights and exhibited a shorter time 

on test than female calves. Age at 500 pounds body weight 

was highly negatively correlated with test gain and posi- 

tively correlated with age at 800 pounds body weight. A 

positive correlation between the age at 500 pounds body 

weight and time on test was also observed in this study. 

Similar trends in this study were reported previously 

by Neims arid Bogart (65) who reported that age on test 

affected efficiency when corrected for maintenance. The 

older calves at 500 pounds body weight were less efficient 
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while younger calves were more efficient. There is some 

indication that age on test is associated with uncorrected 

efficiency in this report. The investigators also observed 

that faster gaining calves utilized feed more efficiently 

than calves gaining less rapidly. In early investigations, 

Hammond (32), Lush et al. (57), Schutte (85), Knapp et al. 

(142), and Koger and Knox (LVI) reported that steer calves 

were heavier et weaning than helfers. An analysis by Black 

and Knapp (12) also indicated that a significant amount of 

the variation in the gain in weight between sexes of Short- 

horn calves from 114.0 days to one year of age could be 

attributed to increased skeletal growth as indicated by 

height at withers. Trowbridge and Moffett (91) reported 

that steer calves full fed for 182 days gained more than 

heifers of similar quality, type and age that were fed the 

same way. Daily feed consumption was about equal for the 

heifers and steers; therefore, the helfers required more 

feed than steers to produce a unit of gain. 

This study is in good agreement with the findings of 

Blackwell (14) and Dahrnen and Bogart (22) that males are 

more efficient than heifers at the same body weight, and 

that rate of gain and feed consumed per unit of gain are 

negatively correlated. Price et al. (76) calculated a 

correlation coefficient of -0.86 for the relationship 

between rate of gain and feed required per unit of gain. 
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In later work, Price (77) reported a correlation coeff- 

dent of -0.84 for the relationrhip of these two traits. 

Alexander and Foart (3) calculated the correlation coeffi- 

cient of -0.86 for the relationship of these traits. A 

correlation coefficient of -0.89 was found in the present 

study. Nelnis and Bogart (65) reported that from 90 to 9L. 

per cent of the variations in feed efficiency are accounted 

for by variations in birth weight, age on test, and rate of 

ga in. 

In other comparisons among the various traits which 

were studied in the present investigation, most followed 

the same trend as previously found by other workers at this 

station. Price (77) found the correlation coefficient of 

0.L14 between the rate of gain from 500 to 700 pounds body 

weight and rate of gain from birth to 700 pounds body 

weight. Correlation coefficients of _0.145 between the 

daili gain from birth to 700 pounds body weight and feed 

intake per unit of gain, and 0.67 between the daily gain 

from birth to 700 pounds and suckling gain, were also re- 

ported by Price. In the present investigation, all these 

comparisons were not made; however, some relationships 

similar to those traits were studied. The correlation co- 

efficient of 0.46 was observed between suckling gai.ni and 

feed test gain in the present study. 
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Price (77) dd not observe a significant difference 

in suck1ng zain between a1e and female calves but did 

report that male calves were superior In daily gain from 

birth to 700 pounds body weight except in the comparison 

between Angus males and females and Prince males and fe- 

males. This is contrary to the results of the present 

study. Male calves exhibited a higher rate of suckling 

gain per day than comparable female calves. According to 

an extensive study by Alexander and Bogart (3) ori the 

effect of inbreeding on performance characteristics) the 

correlation coefficients between the performance data which 

were reported by these workers were mostly similar to the 

present study except the relationships between suckling 

gain and feed test gain and between the age at 500 pounds 

body weight and rate of daily gain during feed test. 

Because of the several correlatLons studied and in 

order to clarify the comparison between these results of 

the previous workers and the present study, the correlation 

coefficients between the performance data will be presented 

side by side as follows: 

Alexander and 
Kinds of correlation Bogart (3) 

Correlation coefficients between 

1. Birth weight and 

Present Study 

(a) suckling gain .11 .10 
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Alexander and 
Kind8 of eorieiat1on Bogart (3) Present Study 

Correlation coeffi.cient between 

1. Birth weight and 

(b) ae at 500 lb. -.31 -.30 

(e) feed test gain .L.6 .42 

(d) feed per unit gain -. 53 - . 

(e) age at iQO ib. -.4 -.46 

2. Suck1in a1n arid 

(a) ae at 500 lb. -.34 -.65 

(b) feed test gain .00 .46 

(e) feed per unit gain -.08 -.21 

(d) age at 800 lb. -.6i -.67 

3. Age at 500 pounds and 

(a) feed test gain -.l -.46 

(h) feed per unit gain .26 .36 

(c) age at 00 lb. .31 

4. Feed test gain and 

(a) feed per unit gain -.í6 -.89 

(b) age at 800 lb. -.64 _34 

5. Feed per unit gain and 

(a) age at 800 lb. .66 .714. 

The variation between sexes for rate and economy of 

gain is conditioned in part by hormonal influences which, 

in turn, influence metabolic differences, causing 
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variations in growth rate, type o1 growth anci feed conver- 

si.on efticiency. Burri et al. (17) rOUi Ld that weekly 

intra-uiuseular injections ol' testobterorìe (male sex 

hormone) resulted in an increase in rate or gain and a 

decrease in feed required per unit oÍ gain in both heifers 

and steers, but with heifers showing a more marked response 

to the testosterone. The testosterone-treated heifers had 

a lower per cent 01' fat and a higher per cent of protein in 

the carcass than control heifers. The thyrotropic hormone 

content oi testosterone-treated calves was uìuch greater 

than that of control calves, and the testosterone-treated 

calves had larger thyroid and athenal glands than those of 

the control calves. The author concluded that an iïcrease 

in daily gain, teed efficiency, and protein content of the 

carcass might be effective through its action in stimulat- 

ing the secretion of thyrotropic hormone by the anterior 

pituitary gland. This high thyrotropic hormone level 

results in stimulation of the thyroid gland to produce 

more thyroxin, thus stimulating the basal metabolic rate 

which is conducive to fat metabolism and protein anabolism. 

According to Kochakian (Li.6), who studied the mechanism 

of protein anabolic action of testosterone propionate, the 

main systemic action of testosterone and similar androgens 

is to promote the anabolism of protein. The increase in 

body weight following the administration of androgeris is 
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due to fabrication of iore pfoteirt, accompanied by loss of 

fat. In general, the androew. encourage the retention of 

iuitrogen, arid a positive nitroeû balance i establi8hed. 
Ba11J.ett (9) also found that itijecion of testosierone 

propioiiate yielded increased rate$ of proteiu ynthesi 

aìd iLìcreaed size of the nitioger pool over control 

anival, and he suggested that testosterone may regulate 

an intracellular synthesis of çrotein. 

In the comparison of wale and fewale calves for 

haemoglobin and otiier ulûod characteristics, no sex differ- 
erices were observed at 500 and 600 pounds body weight. 

When calves became older, sex differences were noted. At 

700 and 300 pounds body weight neutrophils were higher in 

iaale calves than in comparable female calves. The rela- 

tive increase in number of neutrophils in male calves as 

they grow older is not well understood. The function of 

neutrophils is more related to pathology and immunology 

than physiology. An increase in neutrophils as calves grew 

older might be related to higher immunity wore than to 

other physiological properties of their own bodies or to 

metabolism or growth. 

The number of red blood cells, total number of white 

blood cells, and number of monocytes was higher for the 

male calves than for the comparable female calves at 800 

pounds body weight. Again, no good explanation can be 
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given for an increase of these blood characteristics. 

Efforts to determine whether red blood cells of various 

age groups may differ in their metabolic state and chemical 

composition so far have not been very successful. 

There is no explanation for the increase of total 

number of white blood cells and monocytes when calves grow 

older other than from pathology and immunology as previ- 

ously discussed. The function of monocytes seems to be, 

in part, associated with the production of macrophage and 

fibroblasts rather than with other physiological functions 

with growth. An increase in total number of white blood 

cells in male calves could be explained as a result of an 

increase of neutrophils and monocytes of the calves. 

Anderson (6) stated that the fluctuations in number 

of white blood cells probably depend on the side-tracking 

of some cells in capillaries, where the circulation is 

sluggish. Several workers reported an increase in neutro- 

phils, not only in the absolute numbers, but also in their 

proportion to the total number of white blood cells. This 

relationship was also recorded in the present study. At 

700 pounds body weight, male calves did not show a signifi- 

cantly greater number of white blood cells, whereas the dif- 

ference at the five per cent level was observed in neutro- 

phils of the male calves. When the significant difference 

in number of white blood cells was recorded at 800 pounds 
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body weiht nle ca1v's weie noted to have a ignif1cant 

differene in number of neutrophils at the on per cent 

level. 

Price (77) observed a lower nurber of red blood cells, 

eosinophiis arid neutrophils and a higher number of lyr:ipho- 

cyte;:3 in niale calves than in comparable female calves at 

500 pounds body weight, In the calves which were involved 

in the present study, rio significant differences in those 

blood characteristics were noted at 500 pounds body weight. 

And at 800 pounds body weight, the reversed results were 

noted in male caives instead of a lower, higher number 

of red blood cells and neutrophils were observed. No sic- 

nificant differences between male and female calves were 

recorded in the number of eosinophils and lymphocytes at 

this weight. 

Several investigators have tried to correlate the 

number of individual types of leucocytes with rate of gain 

and feed efficiency, but have not been very successful. 

Cornelius et (21) have shown that short headed dwarf 

calves had a higher value of neutrophils and a lower value 

of lymphocytes. Some evidences indicated that hormone 

from the adrenal cortex has certain effects ori individual 

types of leucocytes. Hernberg and Lamberg (3L) reported 

that an increase in the secretion of steroids of the adren- 

al gland causes a decrease in the number of circulating 



eosinophils. Nnagaki (68) studied the relatlonzhip he- 

tweeri the level of circulating leucocytes and thyroid 

function and observed a marked decrease of basophils in 

thyrotoxicosis and an increase in basophils In the case 

of myxedema. The relationship between number of leuco- 

cytes with adrenal and thyroid hormones as indicated above 

ought to have sorne relationship with the pituitary gland, 

which is the master gland controlling the other two glands. 

It has also been shown by Hoberman (35), Barton (io), 

Sinex (89) and others that the adrenal cortex does play 

an important role in the anabolism and catabolism of 

protein. However, no experimental work to indicate the 

relationship of the individuai type of leucocytes and rate 

of gain exists at the present time. In an overall basis 

comparison, male calves had a lower haemoglobin than fe- 

male calves at 500 pounds body weight. When calves grew 

older, the sex difference decreased and apparently no du- 

ference was observed, and finally at 700 and 800 pounds 

body weight the level was higher in the r;iale calves than 

in female calves. However, no significant sex differences 

were observed at the four body weights of the calves in 

the present study. These phenomena seemed to follow the 

same trend as the previous work which was reported by 

Nelms (66), who observed no difference between maie and 

female calves in haemoglobin content of the blood at 500 
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and 800 pounds body weight. However, N01rn2 1so observed 

i;hat male calves at 5GO potuid body weight had lower levels 

of haemoIobin than the female calves, whereac at 800 

pounth body weight male ca1ve had a hier value of haemo- 

jlobin than the comparable fernì1e calves. This result is 

contrary to the observation reported. by Price (77), who 

noted a very pronounced sex diffeaence in the haernoglobin 

content of the blood at 500 pounds body weight. Prom the 

overall ztandooint, the author recorded male calves had a 

much lower haemolobin than female calves except between 

Angus males and femalea and David males and females. 

According to Neims and Bogart (65) bull calves de- 

cï'ease in efficiency more rapidly than heifers from body 

weights of 500 pounds to 800 pounds. If haemoglobin is 

associated with rate of gain or feed efficiency, this 

might be explained by an increase in haemolobin content 

of the male calves with age with this increaae exceeding 

the value of that found in female calves at a certain age 

which, in turn, causes a more rapid decreaae in the effi- 

ciency of the male calvea. This same result was also 

observed in the present investigation. 

The nature of the funct.on or relation of haomoglobin 

ta growth rate is not well understood. Denstedt (2h) 

studied the enzymoloy of the erythrocytes and concluded 

that the function of haomoglobin as an oxygen and carbon 
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dioxide carrier does no appear to be connected with the 

energy metabolism of the cells. 

2. Breed Differences 

When birth weight was examined for breed differences, 

Hereford calves were heavier than Angus calves at birth, 

but highly significant differences were noted in the Lion- 

heart and Prince lines only. The Lionheart calves, which 

were the heaviest at birth, also exhibited higher rates of 

gain during the feed test period. 

From the previous work on the beef improvement project 

at Oregon State College, the Hereford calves have generally 

shown superiority in the feed test performance, but no 

breed differences were noted in suckling gain. MacDonald 

(60) reported a consistently higher rate of gain and feed 

efficiency in the Hereford calves when compared to the 

Angus calves, but unfortunately his data were not treated 

statistically. Price (77) reported that Hereford calves 

show a sizeable advantage tri efficiency of feed utiliza- 

tion, but were not superior in any of the other remaining 

performance measurements such as rate of gain on test and 

gain from birth to 700 pounds body weight. In the calves 

involved in this particular study, the same result was 

noted in Table 2. Hereford calves were superior to Angus 

calves in feed efficiency except the David calves, which 
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did. riot; show a significant diffeience f'on tle Angus 

caive. Another ini'ici:t dIfference between the Here- 

ford arid Arigue ca1ve wa the age t 500 pounds body 

weight. Hereford calves were older than the Angus calves 

at the bethning of the feed te8t, although rio significant 

difference wa recorded between the Lionheart and Angus 

calves. 

Significant breed differences in the other remaining 

performance nieasurements such as suckling gain, rate of 

¿am during feed test, ae at 800 pounds body weight and 

time on test from 500 to 00 pounds body weight were not 

observed in this study. 

in the comparison between blood characteristics of 

Hereford and Angus calves, there were a number of breed 

differences noted. Hereford calves exhibited much lower 

levels of 1ood haemoglobin than the Angus calves at 500 

and 600 pounds body weight. But when the calves grew old- 

er, the differences between Hereford and Angus calves were 

inconsistent. However, all Hereford calves had lower 
levels of haemoglobin at the next two body weights of 700 

and BOO pounds. At 700 pounds body weight, the Prince 

arid Lionheart calves were significantly lower in haerno- 

globiri content of the blood than Angus calves, whereas 

the David calves were not. The reverse results were noted 

at 800 pounds body weight, i.e., only the David calves 
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were significantly lower in haemogiobin content In the 

blood than the Angus caJ.ves whereas the Lionheart and 

Prince calves were not. The difference in level of haerno- 

lobin between the Hereford and Angus calves could have 

been postulated that possibly it was influenced by the 

genetic diversity of the two breeds. This result is in 

good agreement with the previoua work reported by Price 

(77) who recorded a lower level of haemoglobin in Hereford 

calves than Angus calves at 500 pounds body weight. 

However, Price did not report a difference in haemoglobin 

content between the female calves of these two breeds. 

An inconsistent difference in haemoglobin content of 

the blood in the older calves could be related to rate 

and efficiency of gain because several workers found that 

the rate and efficiency of gain decreased when calves grow 

older. Therefore, an increase in haemoglobin and a de- 

crease in rate and efficiency of gain ought to have a 

certain relationship with each other, but no explanation 

can be given at the present titne as to how they are re- 

lated with each other. 

The Lionheart and Prince calves, which had much lower 

haemoglobin than the Angus calves also showed higher rate 

and efficiency of gain (Table 2). 

The red blood cell count in Hereford calves was lower 

than that in Angus calves at the four different body 
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weights of OO, 600, 700 and 800 pounds, except that the 

Lionheart calves did not show a significant difference 

from the Angus calves at all four body weights. As with 

haemoglobin content of the blood, inconsistent differences 

between the Hereford and Angus calves were noted in the 

older calves. But the change in these two blood character- 

istics goes in opposite directionse When calves became 

older, the number of red blood cells decreased, whereas 

the haemoglobin increased (Table 34). The lower number 

of red blood cells in Hereford calves than Angus calves at 

500 pounds body weight was also reported by Price (77) but, 

again, Price did not report a difference between the fe- 

males of these two breeds. 

The difference in number of red blood cells is hardly 

to be correlated with rate and efficiency of gain, because 

if one looks closely at Tables 2, 6) 7, 8 and 9, one can 

see that the Lionheart calves, which did not show a sig- 

nificant difference in number of red blood cells from the 

Angus calves at all four different weights, were the high- 

est in rate of gain per day during the feed test. The 

average difference in the number of red blood cells between 

the Prince calves and Angus calves was less than the dif- 

ference in this blood characteristic between the David and 

Angus calves, even though the Prince calves were the most 

efficient ones in feed utilization. 
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No significant differences were recorded in hematocrit 

values between the Hereford and Angus calves at four dit- 

ferent body weights except that the Prince calves were 

lower in hernatocrit than the Angus calves at 600 pounds 

body weicht. This result seems to be contrary to the 

previous report made by Price (77), who noted a much lower 

level of hematocrit in Hereford male calves than Angus 

male calves at 500 pounds body weight, but no aignifcant 

difference among female calves of the two breeds. 

There were no breed differences noted in the three 

nican corpuscular measurements in the younger calves. Some 

significant differences in certain lines of Hereford 

calves from Angus calves were noted in older calves. At 

800 pounds body weight, the Prince and David calves ex- 

hibited greater mean corpuscular volume than the Angus 

calves. ¡vean corpuscular haemoglobin concentration in the 

David calves was also significantly higher than that in 

the Angus calves at the final weight. This is in good 

agreement with Price (77), who reported no significant 

differences in these at 500 pounds body weight. However, 

the differences in these mean corpuscular measurements 

between the two breeds were inconsistent. 

The significant differences in mean corpuscular 

volume and mean corpuscular haemoglobin concentiation at 

800 pounds body weight might be due to the change, 



increase or decrease, n number of red blood cells, 

hematocrit and haetnoglobin values at this weight because 

the mean corpuscular values are calculated from those 

three blood characteristics. 

The number of white blood cells was lower in Hereford 

calves than 1.n Angus calves, but no significant differences 

were noted until the calves weighed more than 700 pounds. 

At ïOO pounds body weight, only the Prince calves were 

observed to he much lower in white cell count than the 

Angus calves, whereas at 800 pounds body weight the Lion- 

heart and David calves were noted to be significantly 

lower in this blood characteristic than the Angus calves. 

Rather uniform and consistent differences were noted 

in neutrophils between the Hereford and Angus calves in 

the present study. Both the Lionheart and Prince calves 

were significantly lower in neutrophils than the Angus 

calves at ail four body weights. The David calves also 

had lower values of neutrophila than the Angus calves 

except that at 600 pounds body weight. This agrees with 

the previous results reported by Price (77). 

The differences in eosinophils, basophils lympho- 

cytes and monocytes between Hereford and Angus calves were 

highly varied and tnconsistent. At 500 pounds body weight, 

only the David calves were significantly lower in number 

of lymphocytes than the Angus calves, but no such differ- 



ence was observed again in this line when the calves grew 

older. At 600 pounds body weight, only the Lionheart line 

was significantly higher in lymphocytes than Angus calves, 

whereas at 800 pounds body weight the Prince and Lionheart 

lines were significantly higher in this blood characteris- 

tic than Angus calves. No significance was noted between 

all Hereford and Angus calves at 700 pounds body weight. 

No significant differences were recorded in the number 
of monocytes between Hereford and Angus calves except at 
800 pounds body weight. The David calves were slgnifi- 

cantly lower in monocytes than the Angus calves. 

Eosiriophils were observed to be significantly higher 

in the David calves than n the Angus calves at 600 pounds 

body weight, but this difference disappeared when the 
calves grew older. The reverse results were noted ifl the 

Prince and Lionheart lines, which were significantly 

higher than Angus calves in the nurber of eosinophils at 

700 and 800 pounds body weight. 

At 00 pounds body weight, no basophils were observed 

in calves of both breeds. These blood cells were noted 

when the calves grew older, and only the David line showed 

a aignifcant difference from Angus calves at 600 pounds 

body weight. 

This result is not in good agreement with Price (77), 

who observed that the Hereford calves showed significantly 
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higher lymphocytes than Angus calves at 500 pounds body 

weight while the Hereford calves in the present study were 

lower in lymphocytes than Angus calves. However, when 

calves grew older the same phenomena were observed, i.e., 

Hereford calves had higher values of lymphocytes than Angus 

calves. 

The differences between various kinds of blood charac- 

teristics in this particular study could be postulated as 

due to the influence of the genetic diversity of the two 

breeds. A plausible empirical explanation may be that the 

higher red cell count and, in turn, the higher haemoglobin 

and hematocrit of the Angus calves is related to the more 

active temperament of Angus calves as compared to Hereford 

calves. 

Other environmental factors such as climatic stress 

(radiation, thermal, drought, cold), disease stress, effect 

of age, effect of altitude and others might play a certain 

role in the differences of those blood characteristics, 

especially the number of white cells and individual type 

of white blood cells. 

3. Line Differences 

No significant line differences were noted in per- 

formance data of the three lines of Hereford calves in this 

particular study. Price (77) reported a much higher 
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suck1in gain of the Prince calves than David calves. 

This is also true with the present study, but the differ- 

ence between these two lines was not a significant one. 

A number of significant line differences were noted 

with respect to the component of various kinds of blood 

characteristics, but most of them were inconsistent. The 

Lionheart was recorded to have a higher number of red 

blood cells and a lower mean corpuscular volume than the 

David calves at 500 pounds body weight. When calves grew 

older no such difference was noted. At this body weight, 

the Prince calves also showed a significantly lower number 

of lymphocytes than the David calves, which is in agree- 

nient with the previous work reported by Price (77). 

The Prince calves were lower in hematocrit, neutro- 

phils, eosinophils and basophils but higher in mean corpus- 

cular haemoglobin concentration than the David calves at 

600 pounds body weight. The Lionheart calves also exhibit- 

ed a lower number of basophils than the David calves at 

this weight. 

Certain variation differences were recorded between 

the Prince and David calves as they grew older. The Prince 

calves had a lower total number of white blood cells and 

lymphocytes than the David calves at 700 pounds body 

weight. 
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An unexpected difference was noted In haemoglobln 

content of the blood at 800 pounds body weight. The 

Prince calves showed a much higher value of haemoglobin 

than the David calves at the final weight in this study, 

whereas Neims (66) observed the highest level of haemo- 

globin in the Lionheart calves. 

The differences in these blood characteristics be- 

tween the three lines of Hereford calves might possibly 

be due to a difference in genetical stress and to environ- 

mental factors such as age, activity and condition of the 

calves, disease stress, climatic stress and others. 

4. Overall Comparison of Blood Characteristics 

In overall comparison (disregarding sex, line and 

breed), the data in Table 34 showed that there were certain 

consistent changes in the blood as the animal increased in 

weight from 500 to 800 pounds. The number and size of the 

red blood cells decreased while the total amount of haemo- 

globin and the amount of haemoglobin within individual 

erythrocytes increased. This would indicate that the fewer 

and smaller red blood cells in the larger calves would be 

expected to have the same capacity or more for delivery of 

oxygen to the tissues. It would also indicate a greater 

efficiency of each red blood cell in this important 

function. If fewer and smaller red blood cells can do the 



same work in larger calves as more and larger red blood 

cells in smaller calves, it suggests a change in the pro- 

portion of cellular-to-plasma components as animals grow, 

which is actually what was found in this investigation 

because there was a decrease in hematocrit volume from 

37.62 per cent at 500 pounds body weight to 33.27 per cent 

at 800 pounds body weight. This means that the blood 

plasma proportion increases about 6 per cent from 500 

pounds to 800 pounds body weight. Whether the relative 

increase in blood plasma with increase in calf size would 

permit blood to carry greater quantities of soluble mat- 

criais is not known. However, the blood chemical studies 

of Williams (95) have shown increases in glucose, amino 

acid nitrogen and urea concentration as calves increase 

in size. If one assumes that the increases in these car- 

bonaceous and nitrogenous constituents of the blood are 

made possible by a reduction in the cellular components of 

the blood, then one might also assume that the concentra- 

tion of the nitrogenous constituents is the same in plasma 

for calves of various sizes. These changes in proportion 

of cell and plasma would develop without a reduction in the 

oxygen and carbon dioxide exchanges in the tissues. This 

entire interrelationship could lead to increased nutrients 

available for fat deposition as animals increase in size. 
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Decree in total number of white blood cells and 

individual types of white blood cells especially in lympho- 

cytes and monocytes would be explained by a decre&se in 

environmental stress. The calves during feed test were 

kept in the barn that had more uniform condition and had 

particularly less climatic (radiation, thermal, humidity 

and cold) and nutritional stresses. Also it might be 

assumed that calves during suchling period at younger ages 

than those on test are more susceptible to environmental 

and genetic stress. 

5. Correlations of Performance Test and Blood Charac- 

teristics 

Price (77) observed a high correlation of haemoglobin 

content with rate of gain and with feed per unit of gain 

and noted that these relationships are intimately related 

to sex arid breed differences. Hereford calves were 

superior to Angus calves in rate and efficiency of gain 

and, in turn, Hereford calves have lower blood haemoglobin 

levels than Angus calves. On the basis of sex, male 

calves were superior in productive efficiency and also 

had lower haemoglobiri levels than female calves. However, 

this study was taken at 500 pounds body weight only. In 

the calves which were involved with this particular study, 

high correlations of blood haemoglobin at 500 pounds body 
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weight and rate and efficiency of sains were recorded as 

Price reported previously, but male calves did not show a 

sinificant1y lower haemoiobin than female calves. Here- 

ford calves did exhibit lower haerno1obin 1eve1 than 

Angus calves and also were superior in rate of sain and 

more efficient in feed utilization than Angus calves. 

Male calves which had a slightlr lower amount of haemo- 

lobin also exhibited superiority in productive performance 

than female calves, 

Negative correlations between haemoglobin and rate of 

gain and the positive correlation between haemoglobin and 

feed consumed were not observed at 600, 700 and 800 pounds 

body weight. Williams (95) reported a wide variation in 

blood haemoglobin due to age, sex, season, activity and 

health of Hereford calves from 500 to 800 pounds body 

weight and pointed out that the relationship between haemo- 

globin and. the independent variables in his study as 

indicated by the least squares analysis was much closer 

at 500 than at 800 pounds body weight. Williams concluded 

that age signif±cantly affected haenioglobin. 

The summary of mean values of haemoglobin at four 

different weights of 500, 600, 700 and 800 pounds body 

weight which was presented in Table 3k indicated that 

there is a consistent change in this blood characteristic 

according to the weight or age of the calves. An increase 
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i.ri haemo1obin content. of the blood would be expected when 

calves grow older. Nelrns and Boart (6) reported that 

hull calves decrease in efficiency lìore rapidly than 

heiCeis from body weights of 500 pounds to 800 pounds. 

This observation might he explained by an increase of 

haemolobin from 500 to 800 pounds body weight if the 

lower haemoZiobiri is really related to rate of gain and 

feed efficiency. 

Williams (95) reported that feed efficiency was 

affected by the amount of haemolobin at 500, 600 and 700 

pounds body weight. This result seemed contrary to the 

present study because only at 500 pounds body weight was 

the haemogiobin content of the blood observed to be re- 

lated to feed efficiency. This relationship decreased 

rapidly, as shown in Table 35, when calves became older 

and no significance could be detected. 

Therefore, the correlations of haemoglohin With rate 

of gain and feed efficiency are influenced by the age of 

the calf. According to the present study, these relation- 

ships could not be observed when the calves were older 

than 237 20 days, which was the mean age at 500 pounds 

body weight. In other words, desirable calves which gain 

faster and are most efficient economically in feed utili- 

zation as indicated by a lower amount of haemoglobin have 

to be detected before 8 months of age. How the 
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re1ationhip between haemo1obirì and rate of a±n and feed 

ei'fiieney cer even ueIIin sain of the ouner c1ves can 

uoed in the i ovcet proiar of cattle reed.z further 

Athaud et ai. (7) observed a inificart correlation 

between heratocrt value of beef cattle (which included 3 

breedc ¡ hoithorn, Hereford and Ancua ) at aeven rionth of 

ae with feed efficiency, but no correlation was recorded 

between hernatocrit and rate of gain. Thic re$uit ic con- 

trary to the precent investigation becauce no cuch correla- 

tion wac noted in this partculur study. 

Certain relationships which were not reported previ- 

oUSly were observed between racan corpuscular haemoglobin 

concentration at 500 pounds body weight and rate of gain 

and between mean corpuscular volume at 500 pounds body 

weight and feed efficiency in the present study. These 

relationships seem to follow the same trend with haemo- 

globin as prevIously discussed, i.e., no significant 

correlations were observed when the calves grew older. 

The relationship b etween mean corpuscular haemoglobin 

concentration and rate of gain has resulted from the lower 

level of haemoglobin at 500 pounds body weight which was 

already discussed. No explanation can be given for the 

relationship between mean corpuscular volume and feed 

efficiency because this blood characteristic is calculated 
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from the value of hematocrit and number of red blood cells 

which both have no relationship with 'ate of sain or feed 

efficiency. 

Relationships between the age at 500 pounds body 

weiht and certain blood characteristics were observed in 

this study, but some were consistent and some were not. 

Mean corpuscular haernogiobin concentration at 500 and 600 

pounds body weight were related to the age at 500 pounds. 

When the calves grew older, this relationship disappeared. 

Inconsistent relationships were observed between mean 

corpuscular volume at 600 and 800 pounds body weight with 

the age at 500 pounds. 

Age at 500 pounds body weight was also correlated 

with the hematocrit value at 600 pounds body weight but 

not before, at 500 pounds, or later, at 700 and 800 pounds. 

This seems in good agreement with the work reported by 

Arthaud et al. (7). 

Highly correlated relationship between total number 

of white blood cells and the age at 500 pounds body weight 

ias recorded at 500. 700 and 800 pounds body weight, but 

no significance could be detected at 600 pounds body 

weight. 

Nora uniform correlations were exhibited between 

neutroohils and age at 500 pounds body weight; however, the 

number of neutrophils at 600 pounds did not show a 
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correlation with the age at 500 pounds body weight. 

Number of monocytes and eosinophils at 700 pounds body 

weight showed negative correlations with the age at 500 

pounds. There was no correlation of age at 500 pounds body 

weight with numbers of monocytes and eosinophlls at any of 

the other weights. 

No correlation between number of eosinophils and rate 

of gain or feed efficiency were recorded in the present 

study. Again, this result is not in agreement with the 

observation reported by Arthaud et al. (7), who recorded a 

correlation between number of eosinophils and feed effi- 

ciency in beef calves at about nine months of age; however, 

he could not observe this relationship in the calves at 

about seven months old. Eosinophils at both ages were re- 

lated to rate of gain during the first four weeks of the 

feed test after weaning (about seven months old). However, 

the correlations, even though statistically significant, 

are too inconsistent. The correlation coefficients of 

-o.k5 and 0.35 were recorded at seven months and nine 

months of age, respectively. No correlation between number 

of eosinophils and rate of gain during feed test (168 days 

test period) was recorded. 

In an attempt to find the correlation of various 

kinds of blood characteristics which included 12 inde- 

pendent variables with rate and efficiency of gain, the 
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present study indicates that the most reliable one is the 

haemoglobin content in the blood of the younger calves. 

Eut how the haemoglobin affects rate and efficiency of 

gain is not well understood. Anderson (6) reported that 

besides the vitamins, especially vitamin B12, which play 

sorne part in the development of erythrocytes, the hormones 

also play an important role. But the effect of endocrine 

glands on blood formation is not fully known. 

In the other correlations of these two performance 

traits with other blood characteristics, it is possible 

that there was no association of rate of gain and feed 

utilization with the other blood characteristics, especial- 

ly with white blood cells and individual types of leuco- 

cytes. However, the other possibility is that there was an 

association but that it masked by variations due to 

other causes. Anderson (6) reported that not only leuco-. 

cytes are under the influence of environmental factors; 

the red blood cells are also influenced by such factors 

as age, sex, barometric pressure, degree of activity and 

psychic factors. But the influence of age is the most 

conspicuous factor. 

Rapid fluctuations in the number of leucocytes were 

reported by Sabin et al. (82), who found that increases 

and decreases in the total number of white cells and of 

individual types in human beings occurred at rhythmic 



'57 

Intervals. The increments In granular leucocytes occurred 

at about hourly intervals, and therefore these cells form 

the greater proportion of al). the white cells. The total 

number of leucocytes varied accordinjly. The lymphocytes 

varied with a half-hourly interval, indicating the presence 

of a mechanism independent of that for the grarular cells. 

Anderson (6) also reported that, not infrequently, a dc- 

crease in the number of neutrophils cause3 a proportional 

increase in lymphocytes, and baophils are often increased 

in number when there is an increase in eosinophils. There- 

fore, an attempt to find the correlation of total number of 

white blood cells and of individual types with performance 

traits seems to be leas valuable to the irkveatiator. 

However, the relationships between haemolobth and other 

blood characteristics which are concerned with red blood 

cells of young calves and performance traits do need furth 

detailed study. 

It also appears that for a complete understanding of 

the relationship between blood constituents and rate or 

efficiency of gainai one must take into consideration how 

some of the endocrine glands are affecting this relation- 

ship. Certain kinds of hormones might play a part in blood 

formation and, in turn, influence the rate or efficiency 

of gains. The hormones that might be expected to be 
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Involved would be tho3e from the pituitary J.and, thyroid 

gland, adrenal cortex and the aex glandß. 
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SUMMARY AND CONCLUSIONS 

1. The performance and certain blood characteristic 

data which include haemoglobin, red blood cells, white 

blood cells, hematocrit, mean corpuscular volume, mean 

corpuscular haemoglobin, mean corpuscular haemoglobin con- 

centration, lymphocytes, monocytes, neutrophils, eosino- 

phils and basophils have been presented for 45 calves. 

Involved in the study were two breeds, Aberdeen Angus and 

Hereford, the latter consisting of three closed lines. The 

blood characteristics were determined at four body weights 

of 500, 600, 700 and 800 pounds. 

2. The performance data may be summarized as follows: 

( a) Male calves were superior in suckling gain, feed test 

gain and feed efficiency. Male calves were younger than 

female calves at 500 and 800 pounds body weight and also 

took less time on test in order to gain from 500 to 800 

pounds, 

(b) The Lionheart and Prince lines of Hereford calves had 

heavier birth weights and higher feed efficiency than the 

Angus calves. No significant line differences were found 

in feed test gain, age at 500 pounds, age at 800 pounds arid 

time on test from 500 to 800 pounds except that at 500 

pounds body weight Angus calves were significantly younger 

than the Prince and David calves. 



3. The blood chctei'itics: 

(a) The hernolobin values incìeo3ed as the calves grew 

older. Hereford calves had lower haenoglobin values than 

Angus calvos at the beginning of tì-ì feed test, but when 

calves became older the significant differences were less 

oi none. No sex or line differences were recorded except 

the Prince calves were lower in haemogiobin value than the 

David calves at 700 pounds body weight, whereas at 800 

pounds body weight they wore observed to be higher in this 

value than the David calves. 

(b) The total number of red blood cells decreased wIth 

increase in age. No sex differences were recorded at the 

younger ages, but at 800 pounds body weight, male calves 

had higher red blood cell counts than the comparable fe- 

male calves. The Prince and David lines of Hereford 

calves had a lower red C311 count than the Antw calves. 

There were no line differences within the Herefords re- 

corded except the Lionheart line wc louer In number of 

red blood cells than the David ithe at 500 pounds body 

weight. 

(c) The hematoci'it decreased in value with increase in 

aie. No sex difference was noted in this blood charac- 

teristic. Hereford calves had lower hematocrit values 

than Angus calves at 500 pounds body weIght. At 600 pounds 

body weight, only the Prince calves were lower in this 
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blood characteristic than Angus calves. No line differ- 

ences within the Herefords were noted except the Prince 

line showed a lower value in hematocrit than the David 

line at 600 pounds body weight. 

( 
d) The mean corpuscular volumes of Hereford calves were 

higher than those for Angus calves, particularly at older 

ages, and the Prince and David calves were significantly 

higher than the Angus calves in mean corpuscular volume 

at 800 pounds body weight. In general, mean corpuscular 

volume decreased with increased age. 

(d) The mean corpuscular haemoglobin values of David 

calves were higher than those for Angus calves at 500 

pounds body weight, but no other significant differences 

were observed when calves grew older. No line differen- 

ces were recorded except the Lionheart line showed a 

lower value of this blood characteristic than the David 

line at 500 pounds body weight. However, the mean cor- 

puscular haemoglobin values for all calves increased with 

increases in age. 

( 
f) The mean corpuscular haemoglobin concentration of 

Hereford calves was higher than that for Angus calves at 

500 pounds body weight, and when calves grew older, 

Hereford calves still had higher mean corpuscular haemo- 

globin concentration than Angus calves, but the differ- 

ences were not significant except at 800 pounds body weight. 
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However, the David calves were significantly lower than 

Angus calves in this trait. No line differences within 

the Herefords were observed in this blood characteristic 

except the Prince line showed a significantly higher value 

than the David line at 600 pounds body weight. 

(g) The total number of white blood cells generally de- 

creased with the age. Male calves were significantly 

higher in total number of white blood cells at 800 pounds 

body weight but not at the three lower weights. Line 

differences in total number of white blood cells were in- 

consistent. At 500 pounds body weight, all Hereford 

calves had a lower total number of white blood cells than 

Angus calves. At 700 pounds body weight, the Prince 

calves were significantly lower in this blood character- 

istic, whereas at 800 pounds body weight the Lionheart and 

David calves were significantly lower than Angus calves. 

The Prince calves also showed a lower number of white 

blood cells than the David calves at 700 pounds body 

weight. 

( h) The lymphocytes decreaaed in number as the calves grew 

older. The line differences were inconsistent. At 500 

pounds body weight, all Hereford calves had a lower number 

of lymphocytes than the Angus calves, but only the David 

calves showed a significant difference from the Angus 

calves. When the calves grew older, the number of lympho- 
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cytes for the Hereford calves was higher than for the 

Angus calves. The Lioriheart and Prince calves were sig- 

nificantly higher in the number of lymphocytes than the 

Angus calves at 800 pounds body weight. There were no 

line differences noted except the differences between 

the Prince and David lines, in which the Prince line was 

significantly higher in lymphocytes at 500 pounds but 

lower in this blood characteristic at 700 pounds body 

weight than the David line. 

(i) The monocytes also decreased in number as the calves 

became older. No sex differences in monocyte number were 

noted in the younger calves. At 800 pounds body weight, 

male calves had a higher number of monocytes than compar- 

able female calves. Generally, Hereford calves had a lower 

number of monocytes than Angus calves, but only the David 

calves were shown to be significantly lower in this blood 

characteristic than the Angus calves at 800 pounds body 

weight, 

(j) The neutrophils did not show a consistent decrease in 

number with increase in age. Sex differences were not 

observed until the calves weighed more than 700 pounds body 

weight. In general, male calves had a higher number of 

neutrophils than female calves, but the sex differences 

were recorded only at 700 and 800 pounds body weight. 

Hereford calves always showed a significantly lower number 
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of neutrophils than Angus ca1ve with the exception of the 

David calves which did riot show significant differences 

from Angus calves at 600 and 700 pounds body weight. There 

were no line differences in number of neutrophils except 

at 600 pounds body weight, at which weight the Prince line 

was significantly lower in the number of neutrophils than 

the Divid linee 

(k) The eosinophils did not show a consistent pattern of 

change as the calves grew from 500 to 800 pounds body 

weight. At younger ages, the David calves had a higher 

number of eosinophils than the Angus calves, whereas the 

Lionheart and Prince calves were lower in the number of 

this blood characteristic than the Angus calves. However, 

no significant differences were noted except at 600 pounds 
body weight when the David calves were significantly higher 

in number of eosinophils than the Angus calves. The Lion- 

heart and Prince calves showed a significantly lower 

number of eosinophils than the Angus calves at 700 and 800 

pounds body weight. No line differences among the Here- 

fords were noted in number of eosinophile except that the 

Prince line was significantly lower in number of eosino- 

phils than the David line at 600 pounds body weight. 

(i) The basophils of all calves were not observed at 500 

pounds body weight. At 600 pounds body weight, a high 

number of basophils was observed, but the number decreased 
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t the following two higher body weights. The David calves 

were significantly higher in number of basophils than the 

Angus calves at 600 pounds body weight. The Lionheart and 

Prince calves showed a significantly lower number of baso- 

phils than the David calves at 600 pounds body weight. 

4. Overall comparison of blood characteristics showed 

that there were certain consistent changes in the blood as 

animals increased in weight from 500 to 300 pounds. The 

number and size of the red blood cells decreased, while the 

total amount of haemoglobin per unit volume of blood and 

the amount of haernoglobin per red cell increased. Decreas- 

es in total number of white blood celle and individual 

types of white blood cells, especially in lymphocytes and 

monocytes, were also observed when calves grew older, while 

other blood characteristics were variable. 

5. Rate of gain and feed efficiency from 500 to 800 

pounds body weight were highly negatively correlated with 

blood haemoglobin at 500 pounds body weight but not with 

haemoglobin levels at the other three body weights. Rate 

of gain during the feed test was negatively correlated with 

mean corpuscular haemoglobin at 500 pounds body weight and 

also with number of monocytes at 700 and 800 pounds body 

weight. A high negative correlation between feed eff i- 

ciency from 500 to 800 pounds body weight and mean corpus- 

cular volume at 500 pounds body weight was noted. 
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Age at 00 pouncis body weight wa negatively corre- 

lat&i with hernatocrit at 600 pounds body weight, with mean 

corpuscular volume at 600 pounds body weight, with total 

number or whìte blood cells at 500, 700 and OO pounds 

body weight, with number of monocytes at 700 pounds body 

weight, with neutrophils at 300, 700 and bOO pounds body 

weight and with eosinophils at 700 pounds body weight but 

positively correlated with mean corpuscular volume at bOO 

pounds body weight and with mean corpuscular haemoglobin 

concentration at 500 and 600 pounds body weight. 
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