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INTRODUCTION

There are two principal reasons why information is limited con=
cerning the genetic and envirommental factors that may influence hepa-
tic and plasma vitamin A and carotene levels in cattle: a) only a
limited number of studies with cattle have been conducted, necessitate
ing the application of information from studies with other species to
the bovine animal, and b) the few studies with cattle, have for the
most part, involved small numbers of animals. Therefore, with a large
number of purebred Hereford calves, it was the purpose of this investi-
gation to consider the envirommental and genetic influences upon liver
and plasma levels of vitamin A and carotene. Because in widespread
areas of semi-arid cattle ranges, in the soutlwestern United States,
cattle may exist for several months at a time on dry plants largely
devoid of carotens, the measurement of vitamin A and carotene in range
cattle is important to the cattleman (L47)e Although cows have the capa-
city to maintain themselves for long periods on low carotene diets,
their normally-born calves may suffer from vitamin A deficiency shortly
after birth (6). Examples of the frequency of vitamin A deficiency
relative to all beef cattle nutritional diseases and ailments has been
reported from a survey by Washington workers (19). This group found that
vitamin A deficiency accounted for 26,2 per cent of all nubritional
diseases in the United States. A comparable figure for the "westernit

states was 42.2 per cent.
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Vitamin A measurements in range cattle also supply basic infor=-
mation that may be useful in subsequent studies. In the past, the
relatively few vitamin A studies with cattle on natural ranges have
involved a limited number of animals, Because of species difference in
the ability to utilize carotene for vitamin A, it is difficult to apply
the results obtained from one species to another,

Results of previous studies with cattle have indicated consid-
erable variation between individual animals, in blood and liver vitamin
A and carotene contents. This variation resulted from either environ-
mental or genetic influences or the sum total of both. The variation
in vitamin A and carotens concentrations caused by the environment can
be controlled, but the variation in inherited levels must be considered

in the selection and allotment of the animals to experimental treatments.



LITERATURE REVIEW

In most of the studies so far made regarding hepatic vita-
min A content in cattle, considerable variation between animals has
been indicated. Consequently, large treatment differences are
necessary to establish statistical significance.

Most studies of factors that affect vitamin A utilization
have been conducted with laboratory animals and humans., Although
all the results obtained from these species do not directly apply to
cattle, it is necessary to include this information because of the
lack of adequate data from studies involving the bovine animal., The
among-animal variation in vitamin A storage may arise from several
factors; but, in general, they have been categorized as environmental
or genetic. Environmental factors that may contribute to the varia-
tion in vitamin A storage in cattle are climatic conditions, diet,
age, age of dam (in the case of young calves), and initial hepatic
vitamin A content, Previous work regarding the influence of the last
three of these envim nmental factors as well as sex and other genetic
influences upon vitamin A and carotene storage in cattle are discussed
separatelf'belou.

Age of Animal: Results of studies with rats and humans have
been conflicting with regard to the influence of age upon vitamin A

reserves. Booth (8) reported that the efficiency of vitamin A storage

3
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in rats was unaffected by age. Studies with human subjects of differ-
ent age groups indicated that lowest vitamin A reserves occurred
during childhood and old age (LO); however, it was pointed out that
this evidence was not conclusive and more work was necessary for con-
firmation.

Similar conflicting results have been observed with cattle.
Riggs (L49) found that the accumulation of vitamin A in the body of
range cattle increased with age. Oklahoma workers (37) reported that
age did not influence blood vitamin A levels of ten mature cows and
five heifers. However, the validity of using blood values, per se, as
indicators of body storage has been questioned. It is generally
accepted that blood levels reflect body storage only when t-h_e hepatic
content is low (9) (34) (L5) (51).

Age of Dam: The possible age-of~dam influence could be mede
iated through total. vitamin A intake via milk consumption by the suck-
ling calf. Chanda (12) observed that milk from heifers conbained a
greater vitamin A concentration than milk from mature cows. However,
total milk and milk fat production has been shown to increase until
dairy cows were seven or eight years old (4l). Also, it is conceiv-
able that the cow may secrete more total vitamin A in her milk as she
becomes older, since Riggs (L49) reported that the accumulation of
vitamin A in the body was linear with age. Consequently, the age-of-
dam influence upon milk composition could be expressed in the stores
of the preweanling calf,



In three separate studies, Oklahoma workers (6) (7) (LS) ob-
served that the liver storage of vitamin A in calves reflected the
carotene intake of the dam. These studies were discontinued after the
calves reached three months of age; consequently, these results can
not be directly related to weaned beef calves (eight months).

Becaugse of the rapid decline in the vitamin A content of milk
following parturition (55) (29) (12), the influence of the dam upon
vitamin A storage in the calf may not extend much beyond three months
of age. The ambunt of vitamin A provided the beef calf by the damt's
milk would be further masked as the calf approaches weaning age and
begins to forage its own feed. This thesis has been supported by
Wise et al. (55) who showed that calves reflected the vitamin A con-
tent of whole milk until they were six weeks old, at which tims enough
hay was consumed to raise blood levels of vitamin A.

However, weaning weights of beef calves are known to be re-
lated to the age of the dam (Lk) (48)+ Further, this influence is a
direct reflection of the total milk produced by the cow (27). There-
fore, there is some Jjustification for assuming that weight and vitamin
A storage may respond as parallels to age of dam.

Sex of the Animal: The influence of sex on vitamin A and caro-
tene levels in animal tissues has been clearly shown with laboratory
animals, Blood vitamin A tended to be higher in males than in females
when depleted rats were dosed with vitamin A (10) (35). The opposite
was true for the liver stores. Esh and Sutton (22) also observed that

under comparable experimental. conditions female rats stored more liver



vitamin A than males. After oral administratipn of high levels of
vitamin A to the rat, Brenner et al. (10), Tallison and Knowles (11),
and Booth (8) found tha females had greater liver storage. It was also
observed that the males continued to maintain less hepatic vitamin A
than the females during rapid depletion on vitamin A-free diets,

Furthermore, as indicated by Moore (LO), Poulson found a
higher level of vitamin A in the body fat of cows than in the fat of
bulls, and Ender reported a similar sex ratio of hepatic vitamin A in
bovine animals,

The Influence of Initialypratic Vitamin A ILevels Upon Subse=-
quent Ievels: Because of the sporadic rainfall in the semi-arid
regions of the southwestern United States, hepatic vitamin A content
of range cattle may increase or decrease. This change in vitamin A
concentration during any season reflects not only available carotene
but also the previous hepatic storage. With 16 Hereford heifers on
vitamin A depletion diets, Arizona workers (L3) reported that the
different amounts of vitamin A lost from the liver could be numer-
ically equalized by considering the expenditures as percentages of
the initial levels. Further, Dolge et als (17) observed that in
increases in the logarithm of plasma vitamin A were influenced by
initial stores in Holstein calves.

Heritability: Since early in history, the Guernsey breed has
been selected for, among other factors, the yellow color of its milk.
Since the yellow color was due to the carotens, breeders unknowingly

selected cattle that were poor utilizers of carotene. In support of



these facts, Dolge et al. (16) observed that the Guernsey was less
efficient in utilizing carotene than the Holstein., Holstein cows pro=-
duce milk which contains less carotens, thms less yellow colour, but
more vitamin A than Guernsey milk (41). It appears that if seleciion
procedures can ultimately produce a breed of cattle that are poor
utilizers of carotene, then carotene u‘oilization should be heritable.
On the other hand, European breeds of beef cattle have not been
selected for their ability to utilize carotene unless caroteng utili-~
zation is associated with body conformation or color markings. The
non-selection of beef cattle for carotene utilization was further
shown by the work of Wise (55) in which serum vitamin A and carotene
levels could not be distinguished between beef breeds because of large
within-breed variation. However, Long et al. (37) with 15 cows
reported that Shorthorn cattle had higher blood carotene levels than
Hereford or Angus cattle. Also, Shorthorns appeared to have higher
blood levels of vitamin A, although the within-breed variation was too
large to establish a definite conclusion.

The heritability of blood vitamin A and carotene would prob-
ably reflect multiple gene influences upon several physiological
phenomena. One such genetically-controlled phenomenon could be serum
proteins (3) (4) (5) (32) (52) (53), which have been shown to be
associated with vitamin 4 and carotene (21).

Blood vitamin A and carotene have not been shown to be direct-
ly associated with other blood constituents considered to be heritable,

other than serum proteins. Nevertheless, vitamin A and carotene levels



may be construed to be heritable by the simple analogy that if “some
are" others "may be.® In a study with 16 pairs of identical twin
calves, Claesson and Hansson (1lh) found that blood glucose was influ-
enced by heredity, while no genetic relationship was found with blood
cholesterol. Further, Evans (23) observed with 1933 sheep that the
animals could be classified according to three types of hemoglobin as

well as relative concentrations of blood cell potassium and sodium.



MATERTALS AND METHODS

The progeny of a nins-sire herd of purebred Hereford cows were
made available for the current study through a cooperative agreement
with the Apache Tribal Enterprises, the United States Department of
Agriculbure®, and the Montana and Wyoming State Agricultural Experi-
ment Stations. All animals were maintained year long on native range
on the Apache Indian Reservation at San Carlos, Arizona. The eleva-
tion of this site is 4,705 feet above sea level. The mean temperature
for Jamuary is about L5 degrees Fahrenheit, while the July average is
85 degrses. Yearly mean rainfall is 1 inches (47). The data used in
this study were obtained from two calf crops (1957 and 1958). Samples
were obtained from the 1957 progeny ajl‘. four sampling periods and from

the 1958 progeny at two sampling periods,

MANAGEMENT

The dams were randomly arranged within age groups to breeding
units at the beginning of the calving season, early in Februarye.
Heifer replacements were distributed to all units in the same fashion
for the 1957 breeding season. However, the heifer replacements for

the 1956 breeding season were distributed into two breeding units and,

J-This work is in cooperation with the Bureau of Animal Indus-
try, United States Department of Agriculiure, under Western Regional
Project W«l on beef catile breeding research.

9



10
therefore, their progeny represent only two sires. Each year, the
cows were recombined into a single herd at the end of the 70-day breed-
ing season (about July 31).

During the calving and breeding seasons the sire complements
were maintained in pastures of comparable forage composition, tope-
graphy, and carrying capacity. With the exception of salt, the range
forage was unsupplemented.

Six of the nine sires that were distributed among the breeding
units in 1956 were from the U. S. Range Livestock Experiment Station,
Miles City, Montané. Two sires were selected from the Apache Indian
Tribal herd according to common selection procedures, while the ninth
sire was from a mid-western purebred herd. The two bulls that sired
the offspring of first calf heifers in 1957 were from the U. S. Range
Livestock Experiment Station. They also sired calves of other dam-'
age groups in 1957. The 1958 progeny represented five of the six
original Miles City bulls and four bulls (none of which were repre-
sented in 1957) from the Apache Indian Tribal herd.

During the calving season all cows were observed daily. At
birth, the calves were tattooed for individusl identification and
their birth dates were recorded. Since the cows were numbered and
placed into specific sire groups, the identity of the dam and sire of
each calf was known,

The first progeny used in the current study were weaned Novem-
ber 6 and 7, 1957, and the second group were weaned on November 13 and

1l of the following year. The weaning age range in both groups was
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approximately 5% to 8% months., From the time the calves were weaned
in November until green forage was available--some time in March--they
received, in addition to the natural forage, an ad libidum supplement
of cottonseed meal mixed with 33 per cent salt. No supplement was
made available to these animals subsequently.

All animals used in the study were essentially unselected.
The only exceptions to this were a few animals with unacceptable color

markings and any animals with obvious physical deformities.

SAMPLING AND CHEMICAL ANALYSES

Venous blood and liver samples (20) were withdrawn from each

animal according to the following schedule:

Sampling 1957 Progeny 1958 Progeny
Period Mean Mean .
Agel Date Plasma Liver Agel Date Plasma Liver
Period I 213 11-6-57 X 23 11-13-58 X X
Period II 372 L4-13-58 X 337 2-25-59 X X

X
Period III 583 11-11-58 X X
Period IV 689 2-2}4-59 X X

1Age in days.

Promptly prepared plasma and saline-washed liver samples, were
immediately frozen in plastic tubes wibth dry ice. Five mls. of each
plasma sample and approximately one-half gram of each liver sample were

later analyzed for carotene and vitamin A according to procedures

described by Kimble (3L) and Gallup and Hoefer (25) respectively, All
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resulting vitamin A and caroteme values as well as the calf's age at
time of sampling, age and identity of respective dam, identification
of respective sire, sex of the calf, weight of the calf at each sampl=
ing period, and the day and year that the observations were made were

recorded in punch cards for numerical analyses.

NUMERICAL ANALYSES

Heritability of Absolute Values

Prior to estimating the heritability of each of the dependent
variables (hepatic vitamin A and carotens and plasma vitamin A and
carotens), it was necessary to account for the variation contributed
by.age-of-animal and age-of-dam influences.,

Age of Animal: Means and Standard.deviations for each of the
four dependent variables (hepatic vitamin A and carotene and plasma
vitamin A and carotene) were computed for different age-of=-calf
classes in Period I. Each class represented approximately one-third
of the age range as follows: A, 166-197 days; B, 198-229 days; and
C, 230-262 days. The means of the dependent variables were plotted
against the mean ages of the three classes to estimate the nature of
age effect on the dependent variables.

Assuming a linear relationship between the dependent variables
and age of the calf, correlation and regression coefficients were com-
puted. These computations were made by sex within year of birth and
sampling period. When the sex within-year subclass coefficients were

observed to be homogenesous (30--p. 253-259), an average regression
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coefficient was computed for the variable and sampling period involved
for each sex. The proportion of the variation in each dependent var-
iable attributable to age effect was estimated by the square of the
correlation coefficients (coefficient of determination). As only a
small amount of the variation in dependent variables could be attribut-
ed to age of the calf, no corrections were applied.

Age of Dam: In a manner similar to that just described, the
nature of the relationship and the degree of variation attributable to
age of dam was estimated. A graph of the dependent variable means
plotted against age of dam displayed no obvious relationship. There-~
fore, the application of correction factors for age-of-dam influence
was not warranted.

Analysis of Variance and Estimation of Heritability: The data
were subjected to an analysis of variance procedure for"'nested sampl-
ingh described by Anderson and Bancroft (2--p. 327-330). The computa-
tional procedure was repsated for each dependent variable within sex
and sampling period. In addition to the sire variation the analysis
estimated the variation due to years (for those sampling periods in
which both the 1957 and 1957 progenies were present) and the sire-by-
year interaction. The sire-by-year interaction (53--p. 382) was com-
puted only from the progeny of those five sires that produced calves
both in 1957 and 1958,

The variance components, necessary for heritability estimates
(38) (39), were also determined by the procedure described by Anderson
and Bancroft (2--p. 327-330). The standard error of the heritability
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estimate was computed in the manner presented by Hazel and Terrill
(46)e The resulting value was multiplied by 1.96 to establish 95 per

cent confidence intervals.

Heritability of Hepatic Vitamin A Differences Between Sampling Periods.

The heritability of hepatic vitamin A differences could not be
accurately estimated without first adjusting the data for variation due
to environmental influences. Thus, the influences of initial hepatic
vitamin A content and age of animal as well as the heritability of
hepatic vitamin A differences were a ccounted for as described baldw.

Influence of Initial Valus: Differences in hepatic vitsmin A
values in adjacent periods were computed and the physiological influ-
ence of initial levels on subsequent differences (i.e., the influence
that Period I levels had upon the differences between Periods I and II,
_etc.) was determined., The influence of initial level was estimated in
" each case by computation of correlation and regression coefficients
from a covariance analysis, for which the data were first sorted by
sex within year, When the variances of sex-within-year subclasses
were found to be homogeneous (30--p. 253~259), average cosfficients
were computed,

Correction factors, computed as described in the preceding
paragraph, were established for the hepatic vitamin A differences

according to the foilcwing schedules
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Sampling
Pariod Subclass Equations Used to Adjust Data
Period I 57 M&F Y! =Y - 08311 (X = 97,00 ug./gm.)
58 M&F No adjustment.
Period II 57 M&F Y' = Y + 2,1213 (X - 51,00 ug./gm.)
Period TIT 57 M Y! = Y - 0.6902 (X = 235,00 uge/gm.)
57 F No adjustment,

Age of Animal: The differences, adjusted for initial levels,
were correlated with the age of the animal in a manner previously de-
scribed for mAge of Animal" under RHeritability of Absolute Values."

Analysis of Variance and Estimation of Heritabiliby: The hep-

atic vitamin A differences as adjusted for initial levels were ana=-
lyzed by analysis of variance for each sex and sampling period as
described for "Analysis of Variance and Heritability" under WHerit-
ability of Absolute Values."

Sex and Age

Since the age-of-animal influences that have been considered
thus far are simply the differences in calving dates within each
progeny, it was desirable to estimate age differences in animals from
both progenies sampled at the same time, In the latter case, differ=-
ences in age are approximately one year., In so doing, means and stand-
ard deviations were computed (28) for each dependent variable within
sex, year, and sampling period at Periods I and II for the 1958 progeny
and at Periods III and IV for the 1957 progeny.



RESULTS AND DISCUSSION

Heritability of Hepatic and Plasma Vitamin A and Carotens Levels.

Influence of Animal Age: The 1957 and 1958 progenies used in
this study were born within a period of 83 and 76 days respectively.
When the means of the dependent variables (hepatic and plasma vitamin
A and carotens) were computed for three age classes within year of
birth and sampling period, the plotting of these means against the
means of the age classes suggested liunear relationships. Therefore,
linear correlation and regressions of the dependent variables on age
were compubed for each sex within year (when 1957 and 1958 progenies
were involved) and within sampling period. Through tests of homo-
geneity (30), it was found that sex and year differences could be
ignored. Thus, the data wers pooled and average correlation and
regression coefficients for each depsendent variable were computed
within sampling period (Table 1).

Each of the dependent variables was found to be significantly
(P<.05) related to age of animal at least once out of the four sampl-
ing periods. However, these relationships were not eonsistently pos-
itive or negative from one period to the next, which suggests that the
matual rslationship may vary with dietary regime, age at different

sampling psriods or season.

16



Table 1. Regression and Correlation Toefficients for Dependent Variables on Age of Animal For
Various Subclass Groupingsa

t— vt e
—— e

Sampling Subclass

b Size of “Mean Variable Correlation 2 Regression
Period Variable Involved™ Subclass Age (Days) Mean = Coefficient r Goefficientd
I  Hepatic A 57&58 309 22l 115.3 +4207635% OU3L  + .382 + J197w
Hepatic Caro., 57 &58 308 22} 5.8 +4,043L 0091  + ,004
Plasma A 58 177 231 46.3 -.0587 +003L - .037
Plasma Caro, 58 18l 232 509.0 -.1938%x 0376 -1.605 +1.182:¢
IT  Hepatic A 57 & 58 257 351 126,0 -s0651 0065 - ,388
Hepatic Caro. 57 & 58 256 351 9.3 - 15493 0155 - 019
Plasma o , 57 & 58 288 350 48.7 -.1297% 0130 - 011
Plasma Taro. 57 & 58 297 351 656.8 +40159 L0016 + ,190
IIT  Hepatic A 57 106 583 209.5 +,0385 JO0L5  + 143
Hepatic Caro. 57 106 583 12,6 +,08L9 0072 + 016
Plasma A 57 105 S8l 55.h +,1191 JOL2  + ,075
Plasma Caro. ST 108 58l 619,3 +,0005 .0000 + ,005
IV Hepatic A 57 90 689 237.7 -,0079 L0001 - ,023
Hepatic Caro. 57 90 689 8.2 -.1112 OL2y - 013
Plasma A 57 102 688 65.1 =e21203¢ L9 - .105
Plasma Caro. 57 102 688 537.9 -.2287s »0523 - .173 + .096x

8711 sublcasses incorporated into respective groups were homogensous (P > .0l).
PEach subclass involves both bulls and heiferse

cHepat-ic vitamin A and carotene reported as ug./gm, plasma vitamin A and carotene reported as ug.%.

dihen the hypothesis ﬁ = 0 was rejected the standard deviation of the regression coefficient was
computed, :

* P < .05,

¥ p < J0Le

LT
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Although the dependent variables were, at times, influenced by
age of animal, the coefficients of determination indicated that less
than 10 per cent of the variation could be atiributed to age. The
dependent variables were not adjusted for animal age since 10 per cent
had been established as the minimum amount of accountable variation
nacessary to justify data adjustment. Therefore, it appears that when
animals vary in age by only three months the age influence would be of
little concern in any type of study that involves the measurement of
hepatic and plasma vitamin A and carotens in cattls.

Influence of Age of Dam: The animals used in this study were
from dams that ranged in age from three to eleven years., Each of the
dependent variables (hepatic and plasma vitamin A and carotene) for
each sex-within-year subclass was plotted against age of dam in Period
I (Figure 1, 2, 3, 4). A consistent age-of-dam influence upon any of
the dependent variables was not apparent, Further, it was assumed that
a relationship would not be present at subsequent sampling periods.

However, results of previous studies have shown that vitamin A
content of the calf was reflected by the diet of the dam until the
calf was three months of age. Assuming that carotens intake was random
among the age-of-dam subclasses, then the total vitamin A contained in
the milk could conceivably depend upon total milk production, Total
milk production, discussed previously, varies with the age of the cow.
Therefore, in order to establish the presence and duration of age-of=
dam influence, hepatic vitamin A concentration should be measured in

calves that are between three and eight months of age.
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Heritability: Results of most studies that have involved the
nmeasurement of hepatic vitamin A have revealed considerable among-ani-
mal variation (37) (L9) (55). Conceivably, part of this variation
could be attributable to genetic influence. In the present study, the
heritability of hepatic vitamin A content was 72 per cent and Ll per
cent for heifers and bulls respectively at the time the anmimals were
weaned (Period I)e. The heritability coefficients (Table 2) were of
sufficient magnitude to suggest the use of selection on the basis of
individual animal merit to increase hepatic vitamin A content, How-
ever, the 95 per cent confidence limits for these estimates were
large, suggesting the need for further study in order to obtain greater
confidence, Thse heritability coefficients were of sufficient magni-
tude to indicate that if cattle were selected and bred for their high
hepatic vitamin A content, animal loss or disorder associated with |
vitamin A deficiency (19) on dry ranges could be reduced. Further-
more, the heritability of hepatic vitamin A content suggests that ini-~
tial vitamin A storage should be considered when selecting and allott-
ing animals in vitamin A studies.

The heritability of hepatic vitamin A in both sexes at Period
II (Twelve months) was approximately 20 per cente. The confidence
limits set on the coefficients were of approximately the same magnitude
in both Periods I and II. In addition to the different number of ob-
servations from one period to the next, these lower heritability coef-
ficients may also indicate that factors which contributed to the overall

variation in hepatic vitamin A were different and/or more pronounced



Table 2.

Sire and Error Variance fiomponents

e venes
——

2l

Heritability Estimates with 95 Per Cent Confidence Interval and

Variance Components

95 Per Cent
Sampling Heritability Confidence 2
Sex Period N Coefficients Intervals U‘g o‘e
Hepatic Vitamin A
Bulls T 165 Jllly 4853 105.17 848,80
II 135 .204) 4792 1110.12 2061793
II1 56  1,0370 1.1550 2312,.87 6603.92
Iv 53 1.1400 1.1900 1090.15 273Le5h
Heifers I 165 «7223 6221 252,83 1147.34
II 122 «2137 .5253 125,69 2227,08
IIT 50 «7570 11339 272.79 1168.62
v 37 a 0.00 3177.87
Hepatic Carotene
~Bulls T 164 a 0.0000 1.85
I 13k Ja412 L5kl 2477 6.77
III 56 «3207 5580 1.0320 11.8L
N 53 L2174 .8396 3046 5.30
Heifers I 1k 3527 «5220 «2911 3.01
II 122 1.3236 8187 2,0277 4.0
IIT I-l9 00)45)4 0796)4- 0170)4 l,-l-083 )
v 37 2,0833 1.hho1 2.217h Lol
Plasma Vitamin A
Bulls T 95 a 0.000 122.48
TI 146 a 0.000 295,.3k
IIT 60 a 0.000 209,12
v 52  1.0530 1.1750 30.473 85.28
Heifers I 82 2158 6026 8.933 136.43
1T 142 0645 3858 bo1hhy 252,74
IIL L5 a 0.000 109,02
Iv 50 a 0.000 87 070
_Pl._asma Carotene
Bulls 1 98 1269 J561 617.07 18832,55
IT 150 .5213 5748 6296.72  42018.70
11T 62 1572 .6968 2196,52 53709.77
v 52 #3471 0924 2669 .99 28103.16
Heifers I 86 .282Y 1.2403 1927.61 25377.48
IT L7 «2618 142659 3388,03 48369 .28
TII L6 #2917 1.0129 1816.28 23089.32
v 50 «3768 .9938 158,00  14018.01

24 negative estimate for sire variance, thus heritabilities were not

computed.
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from one age or season to the next, Although the coefficient of 75 per
cent observed at Period IITI for the heifers appears reasonable, the
confidence intervals were extremely wide, which is, in part, a reflec-
tion of the limited number (fifty) of observations.» The high hepatic
vitamin A heritability coefficients reported for the males at the last
“two periods were considered unreliable because of the few available
observations-~they still suggest a probable gene influence. The lack
of a sufficient number of observations was also reflected in the zero
coefficient fbr heifers in Period IV.

Since.high carotens storage in animals_céuld indicate that
1 carqtehé.was inefficiéntly utilized for fita@in A, it ﬁould appear to
be desirable to bzbduce animals with low carotene contént. However; |
hepatic carotens and hepatic Vitamin'A'were(found to be directly
related (this relationship will be discussed in detail in another
Aéection). These two variablés may have been in agreement because they
both reflected carotene consumption or because they were under common'
gene influence. The latter case was not obvious from the available
data although hepatic carotene content appeared to be heritable as did
the vitamin A.

Except for two coefficients which were larger than 100 per
cent, the heritability coefficients for hepatic carotene were lower
than the hepatic vitamin A coefficients (Table 2). In fact, changing
the inherent capacity to store hepatic carotene would probably be slow
if individual animal merit was the basis for selection. However, the

confidence limits on the hepatic carotene heritability coefficients



26
were extremely wide and further study is necessary before appropriate
breedirg programs could be recommendsd. The heritability of hepatic
carotens was not necessarily the highest at those periods when hepatic
vitamin A heritability was'highest. Also, the differences in the
heritability coefficients betuween the sexes atvths first two periods
was greater for hepatic carotene than for hepatic vitamin A. Since
hepatic carotens probably reflects dietary carotens 1evels more
directly than does hepatic vitémin.A, the possibility of a common‘gene
lnfluence upon hepatic vitamin A and carotene could be masked.

The herltabllity coefflclents computed for plasma vitamin A
did not suggest a strong genetlc influences . Although more than lhO
observations were made for each sex at Period II, the coeff1c1ents were
essentially zero for both sexes. Also, zero heritabilities were found
at Periods T and IIT fofbthe bulls and at Periods ITI and IV for the
heifers. The only A'eritability of"plascﬁa vitamin A in heifers was a
reasonable value of Zh pef cént._ Howeve?, tha 95 per cent confidence
limits éhowed a fahge'ffbm.-BS.per.cent to +8l; per ceﬁt. Ons major
sourrce of variatluu whlch may mask a possible heritablllty could he
' 'the normal blood-diurnal varlatlon (15) (42). Despite the presence of
diurnal varlatlon, blood vitamin A levels were considered to be rela-
tively constant within each anmimal (16) (36) (L45) (51), with more vari-
ation among animals. The results reported herein, do not indicate that
the among-animal variation in plasma vitamin A is due appreciably to

genetic influence.
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The heritability coefficients of plasma carotens were rela-
tively consistant between sexes and among sampling periods. Further,
the magnitudes of the heritability coefficlents were sufficient to suge
gest a genetic influence, but not large enough to permit the alteration
of plasma carotens levels by selection on the basis of individual ani-
mal merit. While diurnal variation or some other factor or factors
appeared to mask the heritability of plasma vitamin A, plasma carotene
was hot Sixnilérly Zﬁ‘ected. Thus s it appeared that the capacity for
blood to carry yitamin A and carotene may be control]a d, at least in

part, by separate gene action.

Dii‘ferenceé Betweén Hepatic Vitamin A Contents at Various Sampling

Periods. : _
| Influence of Initial Value: Hepatic Vitemin A content of the
1957 progeny at Period II (twelve months) subtracted from the values
observed at Period I (weaning) showed that hepatic storage declined
during this five month period. Further, significant (P < .01) corre-
lations of this loss in hepatic vibtamin A with the observed values at
Period I (Table 3), indicated that there was a physiological influence
of the initial value on the subsequent losse. The positive relation=-
ship observed implies that those animals with the greatest hepatic
vitamin A content at Period I also lost the most vitamin A by the time
the next sample was taken., A positive relationship was also observed
by Arizona workers (L42); on this basis, hepatic vitamin A expenditure
was adjusted for the influence of the initial content by the use of

"per cent retention,®
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Table 3. Regression and Correlation Coefficients for the Differences
Betwesn Hepatic Vitamin A ©ontents at Succeeding Sampling Periods
on Initial Tontent Within Sex and Year

Size of Gorrelation Regression
Subclass Subclass <Coefficient Toefficient® X 'y

Difference (Period I -~ Period II He epatic Vitamin 4) (Y¥) on Hepatn.c Vitamin A
at Period I TX)

57T M .59 8998 8l16 90 38,0
57F M5 960w W82 103.8 53,6
51 MeF 10k .9262**. W8311  + J2099%k  97.l - L5.8
s8N 0891 5709 1261 -66.8
8F 6 .'1'86'7' C 2383 137.3 ~30.3

Difference (Period II - Period III Hepatic Vitamin A) (Y) on Hepatic
Vitamin. A ab Period II (X) .

57 M 48 -.3126% -2,5922 52,8  -175.2

STF - 33 - -.2873 =1.0953 b9 1352
57 MF 8L -.2950mk 2.1213 +1.5303% S51.3  -155.2

Difference (Period III - Period IV Hepatic Vitamin A) (Y) on Hepatic
Vitamin A at Period IV (X)

57 M 15 «8062:6 6902 + 2126wk 235.8 23.9
57T F 32 -1356 1657 175.6 -30.9

&hen the hypothesis ﬁ = 0 was rejected the standard deviation of
the regression coefficient was computed.

¥ < W05,

*p < 0L,
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A test of homogeneity revealed that an average regression
coefficient could be used to adjust hepatic vitamin A contents of calves
of both sexes for initial differences. Because of the significant
relationship between the initial value and the subsequent loss, the
amount expended from the liver was adjusted for the initial level by
the formula described in the numerical analyses procedure. The 1958
progeny, on the other hand, increased in hepatic vitamin A content and
was not related tot he initial content measured at Period I. Also,

. 'he_pétic-storages increased for the 1957 progeny between Periods II and
iII and again between Periods III and IV. The increases observed be-
‘tween Periods IT and ,Iix were found to be significantly (P < 0l) cor-
related with the cbnﬁent at Period Ii' when the sexes were pooleds How=
ever, when the héifers’ Were considered sepafat'el& the hepatic differ-
enc’es>were not .i'elated to the initial value. |

The incréas_és in hepatic vitamin A between Periods ITI and IV
showed a definite sex difference. The content increased by the same
amount in both sexes, but the initial mean content (Feriod ITI) varied
cbr_zsiderably between sexes. The differences in hepatic vitamin A con-

tent between these two mpriods were adjusted for the initial level
only in the case of the males,

Age of Animal: The differences in hepatic vitamin A content
between Periods I and IT (adjusted as described in the procedure) wers
correlated with the age of the animal at Period I, None of the core-
relations were significant at the 1 per cent level. Consequently, the

differences in hepatic vi{taminA contents between Periods I and II were
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not adjusted for animal age. Similar nonsignificant age correlations
were found for the differences between the remaining sampling periods.

Age of Dam: Since age of dam did not appear to influence the
actual content of hepatic vitamin A, there was no reason to believe that
it would influence the changes in hepatic content. Furthermore, by-ad-
justing the differences in hepatic vitamin A content for the initial
content, any age-of-dam influence would be taken into account, There-
fore, no consideration was given age-of-dam influence upon hepatic vita-
min A losses or increases in the statistical analyses.

Heritability: The ability pf range cattle to retain their body
storss of vitamin A when consuming carotene-free forage may be more
important than the amount that was origiﬁally stored. Conceivably; a
genetic influence upon the ability tq retain vitamin A could be separate
from the genetic influence controlliﬁg vitamin A storage. However, the
mean squares computed for sire variation (Table L) were significant only
for the inbrease in hepatic vitamin A content for heifers between Periods
II and ITI. Since there was a'total of oniy thirty-ons observations dis-
tributed among eight sire subclasses, the significant sire variation was
perhaps. mostly due to chance, Moreover, there was no significant sire
variation in the vitamin A differences between any of the remaining
periods. The absence of significant sire differences in all but one
instance indicated that, under the conditions of this study, increases
or decreases in hepatic vitamin A storage were not heritable. However,
it should be recalled that the hepatic vitamin A differsnces observed

between sampling periods were, in most instances, adjusted for the
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Table l, Analysis of Variance for Differences in Hepatic Vitamin A

Content Between Various Sampling Periods

Degrees of Mean Degrees of Mean

Freedom Square Freedom Square
Period I - Period II
Years 1 395,927,603 1 160,851,054
Sires Within Years 16 28,526.46 16 2,37h4.30
Individuals Within Sires 111 21,738.53 90 1,702.50
Period II - Peried III ' | |
Sires 7 12,358.27 7 2,783473%
Individuals Within Sires 4O 7,203.3l - 25 809.68
Period III - Period IV |
Sires 7 2,510.58 7 1,L95.91
Individuals Within Sires 37 2,608,78 2l, 1,970.85

#P < L05.
P < LOL.
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. physiological influence of the initial value. Since the sire variation
was found to influence this iritial or observed content, the sire varia-

tion could have been eliminated by making this adjustment.

Age and Sex Influences

The means of the dependent variables (hepatic and plasma vitamin
A and carotene) reported in Table 5 w_erev arranged in such a manher that
age comparisons for each sex were made betwéeh,ﬁhs' two prqg_e'xﬁ:e‘s"(i%?..
and 1958) when the 6bse,rvaﬁn_’.on§ for botﬁ_ pr'ogeﬁiés were.mgde'. at the éa@e.
time. vFor instance, at the 'bime'bhe Period I (weaning) vas'e-rvati()ns e .
were made for the 1958 _pfogéhy, the Period IIT (eighteen month) observae _
tions were made for the 1957 progeny. The mean hepatic Vitamin A con=
centration in cattle of bo'i;h_ sexes increased between weaning and eighteen
months of age and bétween' twelve months and two years of age; I¢ has |
been previoﬁsly‘ pointed out that Riggs (L9) observed a similur relation-
ship be‘twee;n agé_‘and‘ body storage of vitamin A. ‘Aiso', hepatic carotens
content was fophd 1o vai'y_ dix'éctly with increasiﬁg a_i_ge in both Asg'xea' from
weaning to eighteén ﬁlonths of age, b}ﬁt-no-.dii.‘.ference 'céﬁld be found -
between yearling and two .yegrs‘ of .alzge:'.'_- Probabiy, ’oﬁ‘e‘ iniﬁia_.]. storége_
between weaning and eigh’oéen honths oc;curreci prior to tv.zelve mdnths of
age. Houwever, it was possible that carotens content declined after eigh-
teen months of age.

Both plasma vitamin A and carotene levels incrsased as the ani-
malg becams older. This association between age and the dependent vari-

ables suggests that in studies of this type the various age groups must

be considered separately.
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Table 5 Means and Standard Deviations of Hepatic and Plasma
Vitamin A and Carotens Ievels for Each Sex at Different Ages

Bulls Heifers
Period I Period III Period I Period III
(Weaning) (18 months) (Weaning) (18 months)
Hepatic Vitamin AP
‘ N 90 : 56 76 50
- Mean b 12495 #31.85 234.28 +92.79 138.13 #h1.31 181.80 +23.75
ngat.ic Carotene ‘ _
g 90 . . 56 76 50
: - Mean - 5e63 - + 1.27 10.91 + 3 57 6.50 + 1.77 1h.48 + 2.38
" Plasma V:LtaminA o ' ‘ A -
TN 95 € 82, L5
.. . ‘Meamn . 45,03 +10.98 - 56.73 +13.'95--,A 47,81 412,01 53,6k + 9.83
Plasma Carotene® = : - '
N - .98 62 86 - W6
Mean 47991 +ik.03 562.77 +h36 oh 542426 . +16l4,60 695,52 +157.0k .
' Bulls - - " Heifers :
Period II = Period IV Period II . . Period IV .
(Yearling) (2 years) (Yearling) -~ (2 years)
Hepatic Vitamin Ab v o o . .
' N o 53 75 37
~ Mean 170.12 + U9.3h 257, 07 + 60.81 168.08 +3o.62 210,13. # 53.83
‘Hepatic Carotene : o -
. 7L - 53 75 . 37
~ Mean . 8.8)4 + 2.143 - 839 + 2,43 . 8.82 + 247 - 8.0L + 2,42
Plasma Vitamin AC - = - - | -
N ' 87. 52 86 50
. Mean c 56.29 + 16.10 61;,73 + 10.‘6_0. 4B.50 +12.99 65.68 + 9,33
Plasma Carotene , ST T -
N .89 - 52 86 50
Mean . 556,93 +191.32 631.13 417455 361473 493.60 4L1.00 +123.55

aN = Number of observations.
Pug./em. fresh liver.

cug. per cent of plasma,.
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The differences in the dependent variables between sexes were
not as consistent as between the different age groups (Table 6). These
data suggested that sex differences may be dependent upon age and season.
Hopatic vitamin A values were higher for weanling heifers than for bulls
in both 1957 and 1958, The values for yearling bulls and heifers were
approximately the same within each year, while eighteen-month and two-
year=o0ld bulls had higher hepatic vitamin A than heifers of respective
age groups. Also, hepatic carotene was found in greater concentrations
in heifers at Psriod I for both thé 1957 and 1958 progenies and at
Periods IX and III for the 1957 progeny, whereas the bulls had higher
hepatic vitamin A and carotene contents at Periods IT and IV for ths
1958 and 1957 progenies respectively.

The differences in Flasma vitamin A levéls between the sexes
(Table 6) suggested that seasonal variation influenced sex differences
more than did age. Conversely, the sex variation in plasma carotens
appeared to be more consistant with season than age.

For the most part, the sex influence upon the dependsnt vari-
ables agreed with the results of previous studies only at certain ages

and/or seasons.

Interrelationships

Several attempts have been previously made to determins the
nature of the relationship between blood and hepatic levels of vitamin
A and carotene in various animal species (1) (9) (17) (18) (24) (26)
(28) (33) (35) (46) (50). However, the results from such studies involve

ing cattle under natural range conditions are limited,
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Table 6., Means and Standard Deviations for Each Sex Within Year
and Sampling Period

Bulls

1957
Heifers

Bulls

1958
Heifers

Hepatic Vitamin A

Period I 91475 + 28.80
Period II  52.45 + 12.48
Period ITI 234428 + 92.79
Period IV  257.07 + 60.81

Hepatic Carotene

Period I 5.3k + 1.5

Period II 9479 + 2.88
Period III 10.9L + 3.57
Period IV 8439 + 2.43

Plasma Vitamin A

Period I

Period II  39.29 * 17.81
Period IIT 56473 + 13.95
Period IV €473 + 10,60

Plasme Carotene

Period I

Period I  851.29 +255.79
Period ITT 562.77 +436.04
Period IV  63L.13 #17h.55

103,19 * 31.52

210,13 :’_53;83

5,79
10.32 + 2,33

1+

8.0L + 2,42

17.29 +'19.81
53,6l + 9.83

995492 +33h.34
695.52 +157.0k4
4h1.00 #123.55

121,95 + 31.85
170,12 + L9.3k

5.63 + 1.27

15.03 + 10.98

Lh79.91 ot h-h-003
556493 +191.32

138.13 + 41.31
168,08 + 30.62

6,50 + 17T

47.81 + 12.01
48.50 + 12.99

381,73 + 93.60
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Because of the abundance of data available from this study, it
appsared worthwhile to determine the presence and nature of any relatione
ships which may have existed between the dependent variables.

The four variables--hepatic vitamin A and carotene expressed in
uge/gm. and plasma Vvitamin A and carotens expressed in uge/100 mlym=
were correlated in all possible combinations using arithmetic, semi=
log, and log-log functions (Tables 7, 8, 9, 10)s Because of the lack
of mutual relationships, the correlations between hepatic vitamin A and
plasmaivitamin A and between hepatic carotens and plasma vitamin A are
not presented in tabular form. The remaining correlations were estab-
lished for each sex within year and sampling period. The subclasses
were combined when homogeneity of variances was obvious (P> «05) (30).

Of the LO grouped correlation coefficients for plasma vitamin A
on hepatic vitamin A only three were sufficiently large (P J01) to
indicate an existing relationship. The relationships existed for the
1957 females when the correlations wers computed from log plasma vita-
min A on log hepatic vitamin A at Period IV and log plasma vitamin A
on hepatic vitamin A at Periods III and IV. A positive relationship
was present for the significant correlation at Period III. Because of
this inconsistency and the infrequency of a significant relationship,
prediction equations were not computed.

On the other hand, the hepatic carotene on plasma carotens
relationsghip (Table 7) was significant in enough instances to indicate
that a positive relationship existed. All average regressions were

highly significant for linsar relationships of the arithmetic valuesj;



Table 7. Correlation and Regression Coefficients for Hepatic Carotene on Plasma Carotene
With Respective Means
Standard Means
Sampling Size of Correlation Regression Deviation of Hepatic Plasma
Period Subclass Subclass Coefficient Coefficient The Regression Carotene Carotene
Hepatic Carotene® on Plasma CaroteneP
I 58 M&F 155 «360%% 36429 15,05 64051 510,61
II 57 M&F 96 o 56l 58.88 17,723 9.900 869.26
58 M&F 16 39930 23.76 8.99%x 8.849 479.78
IIT 57 M&F 96 29133 15.98 2,954 12.383 617.53
Iv 57 M&F 8l «510%¢ 33.01 12,2 8.211 562.96
Log Hepatic Carotene on Iog Plasma Carotene
I 58 MF 155 o3 (3% L4873 1918 #7678 2.6872
I 57 M 5k 0968 2.58113 «313hsee 9478 2.7951
51 F L2 «267 5843 6742 49959 2.9296
58 M&F 16 L4303 +5138 17863 9332 2.6539
III 57 M&F 96 27383 3605 o261.25% 1,0709 2.7592
I 57 M&F 8l 55136 5192 1799 %3¢ .8966 2.7286
Log Hepatic Carotene on Plasma @arotene
I 58 M&F 155 o 3013 T0.96 217« 60383 .7678 510,61
II 57-58 M&F 242 «52933¢ 86l.27 175.73%% «9526 67452
111 57 M&F 96 29733 14664 307,663 1.0708 617.33
w 57 M&F 8l 52630 67k .49 239 .16mx 8966 562,96
Hepatic Tarotene on Log Plasma Carotene
I 58 M&F 155 o 359%% .0310 «0133% 6.051 2,687
II 57 M 54 9003 2,328 341660 +9U78 2.7951
57T F h2 $267 .5843 <5913 49959 2.9296
58 M 73 ohillyese 5738 «270l3e¢ .9328 2. 740k
58 F 73 LT 4558 23303 9336 2,567k
11T 57 M&F 96 02633 ,0122 <0091 5% 12.383 2,759
v 57 M&F 8L 5253t .0250 «00893z3 8.211 2,7286
aug./gm.
bug./100 ml.

LE



Table 8. Correlation and Regression Coefficients for Hepatic Carotene on Hepatic Vitamin A
with Respective Means

m— ——.
S t—— —

Standard Means
Sampling Size of Correlation Regression Deviation of Hepatic Hepatic
Period Subclass Subclass Coefficient Coefficient the Regression Carotene Vitamin A
Hepatic Carotene® on Hepatic Vitamin A2
I 57 M&F 12 02903 2. 600 - 2 .9068 5.57 97.33
58 M&F 166 10836 9.850 1.14386%% 6.07 131.54
II 57-58 M&F 256 J170% 7.483 5.330% 9.y 115,77
II1T 57 M&F 106 02223 L.328 3.6)5% 12,70 208,04
v 57 M&F 90 oLl 9 10,916 1158633 8.20 233.61
Log Hepatic Carotene on Log Hepatic Vitamin A
I 57~58 M&F 308 . 2863 <3229 3826 «7h79 2.0340
II 57-58 M&F 256 «25843¢ <3941 o1811:4¢ 9603 1.9523
1T 57 M&F 106 « 302 2741 16772 1.0813 2,2995
v 57 M&F 90 51633 .5150 o1 7853 8965 2,3510
Log Hepatic Tarotene on Hepatic Vitamin A
I 57 M&F 12 oL [ 3% 10.93 38, 723¢ « 7267 97.33
58 MeF 166 02323t 146.52 148 L5 « 7690 131.54
IT 57-58 M&F 256 «181sex 187.27 127,123 .9603 220,82
IIT 57 M&F 106 o 26033t U7.21 105.19 1.0812 208,05
v 57 M&F 90 »500 240.56 87 .85 8965 233.61
Hepatic Carotene on Log Hepatic Vitamin A
I 57-58 M&F 308 < 208 0222 <008 Tatse 5457 2,0339
IT 57~58 M&F 256 e 251363 .0163 <007 72 9.l 1.9523
III 57 M&F 106 o206l 33 .0082 <0057 12,70 242987
IV 57 M&F 90 JLi83ie 0226 009733 8.20 2.3510
aug./gm.
*P < 0050
¥Wp & L0L.

8c



Table 9. Correlation and Begression Coefficients for Plasma Carotene on Plasma Vitamin A
with Respective Means
' . Standard ~Means
Sampling Size of Correlation Regression Deviation of Plasma Plasma
Period Subclass Subclass Coefficient Coefficient the Regression Larotene Vitamin A
Plasma Carotene?® on Plasma Vitamin A2
I 58 M&F 176 AT Ronon 006033 512,74 L6451
I 57 M&F 115 -4205% -,0136 L0121 913.93 43.28
58 M&F 173 6006 <0601 91.,7x10~5ux 1165.87 52,40
III 57 M&F 105 199 .0119 +OL153% 632.57 55.19
i\ 57 M&F 102 L8534 <0319 01 Ll 536,07 65.21
Log Plasma Carotene on Log Plasma Vitamin A
I 58 M&w 176 o5 (O%% aige L0590 3%% 2.6894 1.6551
II 57 M&F 115 169 .2807 - +3026 2.934h 1.5735
58 M&F 173 «5683¢ 5752 o129 2.6423 1.6997
IIT 57T M 60 090 0525 1510 2.7139 1.73%
58 F L5 NSRS 3585 «195836¢ 2.8296 1.7227
Iv 57 M&F 102 L9l 2920 «10193t¢ 2,7074 1.7310
Log Plasma Carotene on Plasma Vitamin A
I 58 M&F 176 AT 116,869 10.679%¢ 2.6894 L6.51
I 57 M&F 115 .84 15.8913 21,032 2.93LL 51.78
58 M&F 173 «605383¢ 67.788 13.355 2.6423 52.40
III 57 M&F 105 2113 15,3088 13.8735% 2.7718 5519
v 57 M&F 102 119633 43.790 15.1947 2.707h 65.21
Plasma Garotene on Log Plaﬁa Vitamin A
I 58 M&F 176 0561** 3_8. > . -5%3(' 512-7)4- 1.6551
T 57 M&F 115 -2183¢ -21,1x10-5 17.6x10-5x 913.93 1.5735
58 M&F 173 T 149.0x10-5 11 Lyx10=5ss 1465.87 1.6997
III 57 M 60 032 1.6x10-5 13.8x10™ 570.70 1,739
57 F L5 L1993 2l .5x10-5  12.0x10Dwx 69l il 1.7227
v 57 M&F 102 LBl 21 ,1x10" 7 6x10=Dx 536,08 1.8093
a’ug.;lOO ml,
#P < J05; #xP < O,

6¢



Table 10.

with Respective Means

Porrelation and Regression Toefficients for Hepatic Vitamin A on Plasma Carotene

Standard Means
Sampling Size of Correlation Regression Deviation of Hepatic Plasma
Period Subclass Subclass Coefficient = Coefficient the Regression Vitamin A Garotene
Hepatic Vitamin A% on Plasma Carotene®
I 58 M&F 155 « 2093% 1.1168 <033 [R5 131.85 512,52
IT 57 M&F 97 <3863 9.996h Ly ,85h 233 51.17 888,75
58 M&F 146 2723 .2705 o156l 179.91 L79.77
I1T 5T M&F 96 JA15 .3120 51489 207.47 623,68
v 57 M&F 8L o291 .7853 «563733¢ 23h .41 551.91
Log Hepatic Vitamih A on Log Plasma Garotene
I 58 M&F 155 32 33% . 3060 <L 700%% 2,1030 2.6888
IT 57 M&F 97 o378 <6191 « 3083 1.6975 2,9181
58 V&F 146 «29730% .1900 09983 2,2035 2.6539
IIT 57 M&F 96 LOu5 0647 2941 2.2966 2.7653
v 57 M&F 8L «331s0 3143 «19603¢ 2.3519 2.7198
Log Hepatic Vitamin A on Plasma Carotene
I 58 M&F 155 020 353 37101 195 Ik 2,1030 512,52
IT 57 M&F 97 3733t 991.51 50 2236 1.6975 888.75
58 M&F 16 02963t 219.2k 115 Jylysese 2.2035 L79.77
III 58 M&F 96 .060 101.77 349.34 2.2966 623,68
v 57 M&F 8l «2983a¢ 385.76 269 o Ths+ 2.3519 55L.91
Hepatic Vitamin A on Log Plasma Carotene
I 58 M&F 155 W29 L3k L0011 L 00055% 131.85 2.6888
II 57 M&F 97 ¢ 385 .00€L 003023 51.17 2,9181
58 M&F 116 2333 2,0x10~% 9.h3d.0'ﬁeee 179.91 2.6539
ITI 57 M 53 119 2,3x10"4 6:1x10" 235.7L 2.7072
57 F 43 001 0000 179.21 2.823}
v 57 U&F 8l 3193 6.3x10"1 L2510l 2301 2.7198
qug./em.
Pyg. /100 nl,
* ¢ 05; ¥ o L0

of
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whereas, the linearity of the logarithmic values, for the most part,
was not as consistant. In all of the different forms of the data
(arithmetic and logarithmic functions), the regression coefficients
showed considerable variation, This variation suggested that although
a liver carotens on plasma carotene relationship generally existed, the
prediction equation varied with sampling period.

A similar situation existed with the relationships between hep~
atic carotene and hepatic vitamin A (Table 8), hepatic vitamin A and
plasma carotene (‘fable 10). The parallel association between these
variables was probably not a direct physiological dependence of one
upon anothere. Curch et al. (13) observed that normally circulating
carotens was not utilizsd for vitamin A in Hereford calves, If plasma
and liver carotens levels are indicative of dietary intake of carotens
and if hepatic and plasma vitamin A concentrations indirectly reflect
dietary carotens levels, then a physiological relationship between
plasma vitamin A and plasma carotene, hepatic vitamin A and hepatic
carotene, and between plasma carotene and hepatic vitamin A would be
expecteds, Although the correlations computed were gross correlations,
there exists the possibility that all of the positively related vari-
ables were influsnced to an undstermined degree by common gene action.
Genetic correlations of the dependent variables would be necessary in
order to speak‘definitely about a common genetic influence.

All of the regression coefficients involving either aritimetic
or logarithmic values were not homogeneous, Considering both the degree

of significance and the variation between the regression coefficients,



L2
hepatic carotens and vitamin A were best related when log hepatic caro-~
tne was used. These regression coefficients varied from 0,0226 to
0,0082, The best equations for relating plasma carotene and vitamin A
wers perhaps the ones that involved simple arithmetic functions of the
obgerved variables, In this case, the regression coefficients varied
from -0,0136 to 0.0601. The linear relationship between hepatic vita-
min A and plasma carotene was shown equally well in arithmetic values
or logarithms of the observed values,

Correlation coefficients of the actual observations and various
logarithmic values for hepatic carotene and plasma vitamin A were of
insufficient magnitude (P < .05) to indicate any relationship.

Although significant relationships existed between several of
the above variables, the variation made impossible accurate predictions
of vitamin A and carotene levels for randomly selected range cattle,

In general, the logarithmic relationships that have been suggested as
well as the arithmetic relationships were in agreement with observa=-

tions made with range cattle in Washington (L6). Predictions might be
feasible in a gituation where the genetic background, stage of animal

maturity, and dietary regime of the test animals could be controlled.



SUMMARY AND CONCLUSIONS

The vitamin A and carotene concentrations of liver and blood
were determined for a large number of purebred Hereford calvés at
four periods for two years., The resulting values were subjected to
statistical analyses in order to estimate the presence and magnitude
of genetic and various environmental influences.

Hepatic vitamin A content and plasma levels of vitamin A and
carotene appeared to increase in cattle from weaning to two years of
age, while hepatic carotene content increased withage only until the
cattle reached one year of age. Age variation (approximately three
months) among calves born in the same herd in a single year did not
influence the amounts of vitamin A and carotene in the liver or blood
of cattls from the time they were weaned until they were two years of
age. Similarly, the age of dam, which has been found to be associated
with weanling weights in calves, did not appear to affect vitamin A
and carotene concentrations in liver or blood in calves of approximately
eight months of age.

The hepatic vitamin A and carotene contents and plasma carotene
levels were found to be heritable, but the magnitude of the heritabile
ity coefficients varied considerably with age, sex, and season. The
heritability of plasma vitamin A levels was not conclusive. While

relative levels of the four variables did not favor either sex from

43
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one age group or season to the next, nearly all of the heritability
coefficients that appeared to be accurate estimates were higher for
heifers than bulls.

For the most part, the amount of vitamin A that was either
lost or gained from the liver between any two sampling periods was
related to the initial hepatic storage. After the differences in hep-
atic vitamin A content were adjusted for the initial content, no age
and only a slight genetic influence was evident.

Finally, an atbtempt was made to measure the degree of assoc-
iation between hepatie vitamin A, hepatic carotene, plasma vitamin A,
and plasma carotene with the following results:

1. In only a limited number of sex, year, and seasonal sube
classes was hepatic vitamin A related to plasma vitamin A, and the
relationship was not consistantly direct or inverse. However, hepatic
vitamin A was directly associated with hepatic carotene and plasma
carotene,

2. Hepatic carotens was directly related to plasma carotene
but was not related to plasma vitamin A,

3. A relationship between plasma vitamin A and plasma caro=
tene was observed.

The regression coefficients computed for the above relation-
ships were extremely variable in magnitude, making the formulation of
prediction equations impractical. Furthermore, there was no apparent
advantage in using exponential functions for any of the variables ex-

cept when relating log hepatic carotene to hepatic vitamin A,
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Means and Standard Deviations of Hepatic Vitamin A Ievels for Each
Sex and Year Within Sire Subclasses at Pericd I

1957 1958
Bulls Helifers Bulls Hedfers
Sire §1 | '
b 12 9
Sire g2
N 1Y 6 8 12
Mean 87.78 #27.80 93,00 #16475  105.25 #22,95 119.25 +20.46
Sive #3
N 5 7 13 8
Mean 86,60 #29.30 67,71 #29.41 136,07 #29.07  155.75 +22,38
Sire #h
N 8 8 1} 9
Mean 96,87 #2179 132,87 #20.19 136450 #3198  WiT.lli #42.79
Sire #5 _
N 7 16 1 8
Mean BLe71 429463  9LeTS #30.99  111.09 #15.09 134,00 Hllie6l
Sire #6
N 10 12 8 5
Mean 108,00 #3U4.360 125,66 #37.21 150462 #29.54  172.L40 491,32
Sire #7 |
N 7 b
Mean T8edls #19.33  B1.75 #13.7L
Sire #8
N 3 Lo
Mean 91.33 #10,98 86,00 +12,36
Sire #9
9 2
Mean 112,66 +28,18 137,50 #29,00
Sire #10 o
N 12 , 6
Mean 113,50 #28.76 123433 440,37
Sire #11 .
N I 10
Mean 101,75 #40.84 162,40 #49.L7
Sire #12
N 10 b
¥ean 129,50 #38.98 113,12 #25.57

’Ifzfi

&
8

m -
123,30 #37.36

10
128,89 420,54

3N = Number of cbservations
DMean = Mean and stendard deviation
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Table 2, Means and Standard Deviations or Hepatic Carotene for Each Sex
and Year Within Sire Subclasses at Period 1

—t
—

1957 1958
Bulls Heifers Bulls Heifers

Sire #) : ' )

Meanb® 6400 #1,78 6,50 +2.142
Sire #2 :

N 1 6 8 12

Mean 539 #1.26 .85 #1.19 5010 40.71 SeTh #1.26
Sire #3 '

N 5 7 13 8

Mean u082 :1071 5.60 :l.?? 5-56 2'.1.21 6.78 :2.00
Sire ﬂg

N 1 8 !} 9

Mean 5.21 :1092 6068 :2023 5.70 :1016 7.27 :2.]1{
Sire ﬁé

N 7 16 1 8

Mean L.80 :0092 L.55 :0088 5.22 :lo:u-l 7.07 _‘."_1050
Sire #6

N. 10 12 8 5
Sire #7

N 7 L

Mean 5055 :1037 7015 _':2.0’4
Sire #8

N 3 ok

Mean 5.00 :.Oohb 5030 :2.’-“4
Sire #9

‘ 9 2

Mean ho92 11017 3095 _'*_0036

Sire #10

52E§=E§ TS
B kB B B
kIR

12
5.18 40,99

M
532 #0.97

10
5495 +1.75

10
6.12 #1.63

6
5.55 +1.13

10
6,70 :2 «05

8
5.75 +2.06

10
661 0.8l

4N = Number of observations
DMean = Mean and standard deviation
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Table 3., Means and Standard Deviations of Plasma Vitamin A and Carotene
A Ievels for Each Sex Within Sire Subclasses at Perioed I

1958
Plasma Vitamin A Plasma Carotene
Bulls Heifers Bulls Hedfers

Sire #2

R 7 - 7 13

Mean 10.85 + 3,60 U2.,61 # 6428  L33.U2 #116,55 506,07 +120,18
Sire #3

N 10 7 1 9 ,

Meanh 42,00 + 8498 56085 ¥13.07  514e90 #1h2.92  5u8.66 #182.56
Sire

N b - 10 e , 10

Mean 16,21 # Bui6  L9UO #17.10  UTS.h2 #162,26 534490 +1l.9k
Sire #5

N 13 | 9 U 9

Mean 46407 #12.87  46Jll #13.49  L6O.U2 #130.92 639422 #213.32
Sire #6

N 10 6 11 6

Mean L5.60 ¥12,56 18,50 #11.00  56L.36 +164.15  690.16 +19k4.T1
Sire #10

, /N 6 y 1

Mean U557 + 9465  5he3T + 9037  U27.57 #102,28  545.87 +143.60
Sire #11

N [ 12 b 12

Mean 52,50 #19.50 U4T.00 # 7.37  U50.50 +103,20 468.25 +122,09
Sire #12
"N 12 5 12 6

Mean 4B.01 ¥ 9.68 38,00 * 7.07 53175 #139.u1 452.83 # 59.L40
Sire #13

N 11 i1 1 1y

Mean LOL5L #10.08 49400 #13.71  LLOW.US #123.81 551,28 #190.92

AN = Number of observations

ean = Mean and standard deviation
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Means and Standard Deviations of Hepatic Vitamin A levels for
Each Sex and Year Within Sire Subclasses at Period II

ovmam—

-

1957 1958
Bulls Heifers Bulls Helters

Sire ﬁl '

N 1 9 |

MearP 42,63 + 8,89  L7.56 + Te38
Sire j2

N 13 b 1 10 _

Mean LTo8l + 9,08 50,00 + 8421  1hB.85 +18,27 137.80 +60.19
Sire #3

N 5 7 10 7 o

Mean 5580 + Bell 55,57 +10.u7 170,70 #52,1h4 202,71 +26.40
Bire

N 7 3 12 9

Mean 56442 + Bl 50,00 + 2,65  168.58 +63.29 215.55 +76.11
Sire #5 '

N 3 T 9 6

Mean 11400 #21,58  hoohi2 + 9.78 180488 +4he39 183,16 #37.37
Sire fo

N 6 0 8 5
Sire ﬁ?

N 8 3

Mean 93012 +10,0F U43.33 * 1l.12
Sire ﬂ

N 1 3 '

Mean 55400 38633 + k4ol
Sire ﬂ

N T 1
Sire $10 |

N 7 ' o]

Mean lbl.lh :_06070 1’43075 ;"_Ll7059
Sire #11 ,

N L n -

Mean 112,25 #75.32 159.54 *4b.62
Sire #12 .

N 11 ) 9

Mean 108,27 _";21‘036 157.33 :)45.80
Sire #1 ,

N 6 ' 10 A

Mean llh9.00 :°7021 150,50 ihzollb

8N = Nunber of observations
bMean = Mean and standard deviation
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Means and Standard Deviations ot Hepatic Carotene levels for

Each Sex and Year Within Sire Subclasses At Period II

1957 1958
Bulls Heifers Bulls Heifers

Sire #1-

Mean 9411 42,56  10.47 +2.04
Sire #2

N . 12 y 7 10

Hean 8451 :'_1097 10007 :3028 Te71 '_"_1035 702 10099
Sire t}

N 5 1 10 1

l',[ea.nh 10,488 *3,8L 11.67 +2.0L 9.05 +1.90 10.06 +3.21
Sire #

N 7 3 12 , 4

Mean 11,01 +5.02 10,10 +3.30 8.00 +1.69 B.0L +1.07
Sire #5

N 3 , 1 9 ‘ 6

Mean 11,50 +0.85 9,02 +1,16 9428 #i1.85 8405 #1437
Sire #6 _ . , ,

N 6 10 8 5 |

Mean 12,18 11099 11.73 :‘_2016 9078 11-149 134,20 :301‘0
Sire #7

N 8 3

Mean» 9.3 _"_',203)1- 833 11033
Sire td

N 1 3

Mean 550 3.83 40,07
Sire ﬁg

N 7 ’ 1
Sire #10 _

N. 7 8
Sire #11

N L 11

Mean Be87 27452 770 #1.40
Sire §#12

N 1 ) 9
Sire ﬁ;’g

N . 6 10

Mean 9.00 #2.24 10,49 £3.07

Ay = number of observations
ean = Mean and standard deviation
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Appenaix

Means and Standard Deviations oi Plasma Vitamin A Iewvels 1o
Each Sex ana Year Within Sire Subclasses at Period II

50

1957 1958
Heifers Bulls Heifers

Sire #1

Na b 8

MeanP 38412 #18.70 56475 *27.18
Sire #2 .

N 13 6 [ 12 :

Mean 35640 #20429 52,00 #21.33 58,45 4 T.01  L6l00 + 9.22
Sire #3

] 6 7 12 -8

Mean 39400 #15,57 52,85 #2101 63,06 +11.4l  59.50 +31.05
Sire ffh

N 7 b 3 -9

Mean bbely #2400 51,00 +10.68 54453 #10.68  49.55 +15.13
Sire #5

N 3 13 1 9

Mean 37.00 #15.02 42,84 +17.58 52400 +1b.11 146,22 +10.88
Sire #o

N 6 11 9 6

Mean 34e006 #20.25 43.09 #18,59 57,55 +#21.92 51,16 +10.72
Sire #7

N 6 3

Mean 45.00 #1451 30466 *+2U4.58
Sire #8

N 2 3
Sire #9

N : 8 1

Mean 42,62 #¥13.37 27,00
Sire #10

N 10 8
Sire #11

N 5 11

Mean 50400 £19.80 15,00 +10.97
Sire #12

N . 1 8

Mean 62.45 #17.84 43,75 #17.17
Sire #l

N 9 15

Mean 53033 #13.89 146,93 +10.00

= Number of observations ‘
l:'l‘lean Mean and standard deviation
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Means and Standard Deviations of Plasma Carctere Ievels for Each
Sex and Year Within Sire Subclasses at Period II

51

1957 1958
Bulls Heifers Bulls Heifers
Bire £1 ‘ ‘
N 9 8
Mean® 788,00 #317.46 881,37 +193.28
Sire £2 :
N 13 | 6 7 o1’
- Mean 753430 '_"_169010 790016 :lh9.h9 5‘16028 31143.00 317.10 : 88085
Sire #3 _ ‘ ,
N 6 7 12 8
Mean Bl49.33 #225.62 1033.71 #205.39 584,16 #127,21 420,37 + 84.76
L 6 5 13 | o
Mean 993.87 +237.93 108410 1386.02 548,07 :167o5h 106,66 136,92
Sire ﬁg .
N 3 15 12 9 ,
Mean 1049.00 +393.28 1142,06 +429,61 540.u41 #193,03  355.22 + 82.19
Jﬁm - .
N 6 12 10 6
Sire
6 3
N 2 3
Mean 705450 g 20,51 703400 _‘_‘Mo39
Sire #9
N 8 2 o
Mean 759012 :22)4023 793.00 : 67.808
Sire #10
N 10 8
Sire tl'l.
N 5 1n
Mean 389460 # 9476 352,09 + 77.02
Sire #12
v 1n 8
Sire #13 A
N 9 | 15 »
Mean 521,33 #186,00 406,80 * 8L.56

= Number of observations
bMea.n = Mean and standard deviation
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Table 8, Means and Standard Deviations of Hepatic Vitamin A and Carotene
_ Ievels for Each Sex Within Sire Subclasses at Period III
Vitamin A Carotene
1957 1957
Bulls Helfers Bulls Heifers
Sire #1
Ny 9 6 , 9 6
Mean 164422 + 30471 15433 +20.41 10,15 #4e20 12,98 #2.27
Sire #2
N. 12 6 12 6
Sire #3 '
N. 8 7 8 7
Mean 250637 + 26472 190,00 #23,98 10,81 #3.85 15,28 +5.23
Sire_ g ' _
N 6 | 5 6 . 5
Mean 268,160 + 80,74  203.80 #4k.20 11400 +3.00 14,66 #4458
Sire #5 ‘
N 2 , 13 2 13 :
Mean 236400 + 20487  172.15 #U2. 71  16.65 #7.85  13.69 +3.20
Sire #6
N 5 5 5 5
Mean 200,00 # 4l.Th 215,00 #38.75 13.52 +2.35 17.56 +5.50
N 7 4 7 , L
Mean 215.28 +42.58 191.75 #12,55 11,24 *ye20 15.u5 +3.73
Sire #8 .
N 0 2 0 2
Mean 165,50 #37.48 10,65 +4.31
Sire g9 y .
N 7 2 7 2
Mean 339485 #200,00 110,50 +58.69 10.64 +2.17 10,90 +0.1u4

8 o Number of observations.
bMean = Mean and standard deviation.
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Table 9, Means and Standard Deviations of Plasma Vitamin A and Carotene

levels for Each Sex Within Sire Subclasses at Period III

Vitamin 4
1957 - 1957
Bulls Heifers Bulls Heifers

Sire #1 4 ,
N 9 6 9 6

Mean® 55666 +18,11 53,00 + 8.21  665.4) 254,60 609,16 +133.56
Sire #f2 .

N 1n 5 ' 2 5

Mean 52427 +12,72  5hl0 # 3,70  443.58 +194.47 612.40 + 41,308
Sire #3 -

N Y 5 8 6

Mean 59412 #10,28 53,00 +14e79 40137 *+ 20,00 70483 +1689.50
Sire #h ,

N 6 b T b y

Mean 58463 * Ue02 50,25 #Ueh6  638,57 #213.48 70100 +215.80
Sire #5

N 3 13 _ 3 13

Mean 55400 * 3,21 55,07 #20.79 485,00 #167.42 TU0.30 +128.65
TN 6 b 6 b

Mean 53450 #20.77 59.00 #22.38  6TL.50 #256,81 789.25 +258.92
Sire #7 |

N 8 i 8 b

Mean 56,87 £ 8,08 52,75 + 5.50  504.87 #225,22 753400 £139.39
Sire

N 2 2 2 2

Mean 53.50 # 2,12 4B.00 # 2,83 426,50 # 13.4l4  4T7.00 #190,92
Sire #9

N 7 2 1 2

Mean 6e5T #22,10 U800 + 2483 629,00 +371e55 TUBe50 +149420

aN = Numaber of obseﬁatiom
bMean = Mean and standard deviation



5L
Appendix

Table 10, Means and Standard Deviations of Hepatic Vitamin A and Carotene
Ievels for Each Sex within Sire Subclasses at Period IV

Carotene

Vitamin A
1957 1957
Bulls Hediers Bulls Heizers
Sire #1 , |
9 6 9 6 _

Mean® 192,11 #3441 177.16 469,28  T.75 #2411 5,53 #1.66
Sire 2 _ .

N. 10 6 10 6

Mean 258410 tht.80 195,00 +The58 6491 +1.20 7+03 +1.91

N 6 _ 3 ' 6 3

Mean 205,00 +00.95 224400 #4509 Ba4y3 #2.70 11423 +2420

N 1 L v 1 b

Meen 204,00 _"_'5)400“— 234,00 _4_'50.1114 8.52 11.35 8,98 11092
Sire

N 4 10 L 10

Mean 230.75 #3174  2i1.20 +42.30 8.95 +1.24 770 +1.90
Sire #0

N b 3 b ) 3

Mean 319.00 52,12 199,00 #45.92 9472 +1.87 7.06 1.0l
Sire #7

N 7 3 7 3
Sire #U -

N 1 1 1l 1l

Mean 257.00 241,,00 6.50 10,40
Sire #9

N 5 1 5 1

Mean 311,00 :32.“‘-!- 238,00 9.00 11093 70)40

2N = hNumber of observations
bMean = Mean and standarda deviation
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Means and Standard Deviations of Plasma Vitamin A and Carotene

Carotene
1957

Bulls

Heifers

Vitamin A
1957
Bulls Helfers
9 7
58.00 #13.00 60.00 + 8.02
10 6
68.60 + 9.1 6L.66 + 8.62
5 5
66.60 ."‘_ 7089 65020 : 30).]-9
5 6
60.60 + 541 69.00 *+ 5,90
3 1,
6 7
7 3
68.71 + 8.18 72.00 126.96
2 1
68.00 + 5,66  61.00
5 1

9

577033 :207089
10

595.20 +11i7.5k
5

653.60 +150.91
5

630,00 :189091

3
923,00 +266.01

6

676400 +151.69
[

643.57 +148.87
2

550,00 + 86.8L

5
564,60 + 92,93

7
363.1l #196.93
6
5
400,60 +145.27
6
465.16 + 81.07
1
7
4000 + 1.1k
3
597.33 #164.23
1

492 .00

1
545.00

3N = Number of observatioﬁa.
an = Mean and standard deviation,
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