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RELATION OF NUTRITION AND AGE AT FIRST CALVING
TO LIFETIME PERFORMANCE OF BEEF COWS

INTRODUCTION

The importance of proper nutrition of cattle during growth, gestation, and
lactation has been demonstrated by a number of investigators. A problem of
major importance is the effect of different methods of management upon the
lifetime usefulness of range beef cows. The various methods of management
have not been observed under identical conditions, and a comparison of the
relative merits of each has not been possible. In many cases, economics or
available feed has dictated the system to be employed.

Reproductive ability is fundamental to economical beef production. In the
production of replacement heifers, cattlemen are confronted with questions as
to the effects of managerial, environmental, and nutritional factors upon growth
and future usefulness of the heifers as mature cows. During the summer, most
cattlemen follow the general practice of grazing their heifers on native grass;
during the winter, however, methods of handling heifers may differ consider-
ably, and it is during this season that nutritional deficiencies are most likely
to occur. Levels of winter feeding, as measured by gain in weight, have been
shown to affect growth and development of young cattle the ensuing summer
grazing season, but there is insufficient informuation relative to the effect of
level of wintering upon size of the mature cow, regularity of breeding, and size
of the calf at weaning.

Although most commercial cattlemen breed their replacement heifers to

calve as three-year-olds, some adhere to the practice of breeding the heifers



as yearlings to calve at two years of age. The breeding of commercial range
heifers, wintered at medium or low levels, to calve as two-year-olds is a
questionable practice. It is not uncommon to breed liberally fed heifers to
calve under three years of age. This practice is prevalent in registered herds.
Little information is available regarding the effect of age at time of calving

and effect of level of wintering upon the subsequent performance of replace-
ment heifers.

The investigation reported herein was undertaken to provide experimental
data comparing the effect of level of wintering and the effect of age at breeding
upon subsequent lifetime performance of heifers kept as breeding cows. In
addition, this study was to provide information on the optimum amount of feed
required and the cost of raising replacement heifers.

The advisability of feeding thyroprotein to beef cows for the stimulation of
milk production was another part of this study. The measure of the effect of
thyroprotein was the gain or loss in body weight of the mother and the size of

the calf at weaning.



REVIEW OF LITERATURE

Extensive investigations concerning the wintering of beef cattle have been
conducted for many years. These investigations were made in an effort to
find suitable feeds for wintering cattle, as well as to study the most economi-
cal methods of wintering. Limited investigations has béen completed in re-
gard to the breeding of immature animals and the residual effect of this early
breeding upon subsequent lifetime performance of the animals.

The effect of early breeding upon range cows was studied by McCampbell
(1920). Eighty head of weanling heifers were divided into two groups, one-
half being bred to calve as two-year-olds and the other half bred to calve as
three-year-olds. One half of each of these two groups was fed a liberal
amount of grain and roughage; the other half was fed only roughage. Heifers
calving as two-year-olds produced smaller calves, regardless of the method
of feeding, and the calf crop was reduced 30 per cent when the heifers were
fed only roughage during the winter. The results of this experiment indicated
that development of coxa;fs without grain and breeding them to drop their first
calves at three years was the most practical method of management under
range and semi-range conditions.

Withycombe, Potter, and Edwards (1930) conducted an experiment on age
of breeding of beef cows. Their results indicated that the effects of early
breeding were not changed by light or heavy winter feeding. At the age of six
and one-half years, cows which had produced their first calves as two-year-
olds had produced an average of 0.7 calf more for the entire time than cows

which produced their first calves as three-year-olds. Early breeding did not



affect the size of the calves produced in subsequent years. Two-year-old
heifers suckling calves weighed 200 pounds less than dry two-year-olds.

This difference in weight was reduced to less than 100 pounds by the time

the heifers were four years old. The effects of early breeding were not
changed by light or heavy winter feeding. Cows producing their first calves
as two-year-olds were more profitable than cows producing their first calves
as three-year-olds.

Eckles and Swett (1918) stated that the most decided effect upon the size
of mature dairy cows results from a combination of light rations during the
growing period and early calving. They further stated that, next to heredi-
tary factors which may determine the upward limit of growth, the combina-
tion of early calving and light rations during the growing period is the main
cause, in numerous commercial herds, for a number of undersized cows.
There is a tendency for animals to recover from retarded growth if condi-
tions are favorable later. This may be accomplished by a more rapid rate
of growth or by prolonging the period of growth. If the retardation, especially
in skeletal growth, has gone too far, the animals will not, however, reach
normal size, The amount of digestible nutrients consumed during the grow-
ing period has some effect upon rate of growth of the skeleton but has a greater
effect on the weight of the animal. Reed, Fitch, and Cave (1924) stated that
Holstein heifers bred to calve at 24 months of age did not develop as well as
the animals given the same feed and bred to calve at 30 months; however,
milk-producing ability was not affected by early calving.

Eckles (1919) made a study of the birth weight of calves of primarily the



Jersey and Holstein breeds and reported that the breed was the most important
factor influencing the weight of calves at birth. The relatively small influence
of the nutrition of the dam upon the development of the fetus may be explained
by the dependence of the fetus for nourishment upon the blood stream of the
dam and, therefore, only indirectly upon the food of the dam. It is a well-
known physiological fact that there is a strong tendency for the composition

of the blood to remain almost constant, even under adverse conditions of nutri-
tion. It is a common observation by cattlemen that cows poor in flesh, to the
point of emaciation, may bear calves of normal size for the breed. On the
other hand, cows fattened to excess during gestation may have calves small
.for the breed and lacking in vigor as well, Apparently, only extreme cases of
poor nutrition or the lack of some constituent in the ration for a long period of
time may be expected to exert any marked influence upon the size of the calf.

Eckles and Palmer (1916) reported that underfeeding of cattle is manifested
by a marked increase in the percentage of fat in the milk and, in some cases,
by an appreciable decrease in the proportion of total protein, ash, and casein.

Eckles (1915) concluded that it is possible to influence the rate of growth,
size of mature animal, and type, to some extent, by the liberality of the ration
during the growing period and by the age at first calving.

Eckles (1916) stated that results from carefully controlled experiments
lead to the conclusion that the amount of nutrients necessary to develop the
bovine fetus is so small that it cannot be measured by ordinary methods of
experimentation. Eckles stated that these results might be due to better use
of feed during gestation, decreased maintenance during pregnancy, and the

small amount of dry matter in the fetus.



Trowbridge, Moulton, and Haigh (1918) studied the effect of limited food
supply on the growth of young beef animals and concluded that the condition of
the animal appeared to have a decided effect upon the digestive ability. A
very low plane of nutrition depressed the coefficient of digestion. These
workers stated that the growth of the skeleton continued under very adverse
feeding conditions and that this growth consisted of an increase pf protein and
of fat, as well as of mineral constituents.

Hart and Guilbert (1928) stated that the failure of beef cows to conceive
is due, frequently, to a faulty plane of nutrition, resulting in lack of proper
functioning of the ovary and no manifestation of heat periods. Cows that have
weaned calves in the fall and have become pregnant again must gain during
the early winter season if they are to be at normal weight by the next calving
time.

Black, Quesenberry, and Baker (1938) wintered cows with and without a
supplement of cottonseed cake and found that weight losses of cows that did
not receive the supplement were significantly greater but that the increased
weight of calves, at weaning time, from the supplement-fed cows did not
compensate for the increased wintering feed costs. It was found that, for
greatest economy, the use of cottonseed cake should be limited to seasons
in which range conditions are severe. The experiments indicated that one
pound of cottonseed cake fed on the range would replace approximately ten
pounds of good quality hay in the feed lot. Lantow (1933) found that, for win-
tering beef cattle, one pound of cottonseed cake per head per day was more
profitable than 2, 3, or 4 pounds and that the heavier feeding of cottonseed

cake resulted in slower gains during the summer. Snapp (1939) emphasized



the fact that the plane of nutrition on which cows and heifers are wintered
greatly affects their future usefulness. Ross, et al. (1947) reported a four-
year study of two systems of cowherd management. They found that grazing
cows year long and supplementing the cured grass with cottonseed cake was
more economical than grazing cows during the summer and feeding them
prairie hay and cottonseed cake, in a trap, during the winter. They reported
that there was no difference in the condition of the cows at the end of the ex-
periment or in the size of the calves at weaning.

The influence of winter gain or loss of steers upon summer gains made
on grass pastures has been noted by a number of investigators. It is general-
ly observed that steers making the greatest winter gain make the least sum-
mer gain. Kincaid (1939) reported a significant negative correlation between
winter gain or loss and summer gain from pasture for both yearling and two-
year-old steers. A gain of 100 pounds by yearling steers during the winter-
ing period reduced pasture gains by 58 pounds. Dickson, et al. (1943)
stated that, for economical production of feeder steers, it is necessary that
steer calves be wintered in a thrifty and growing condition. Guilbert, et al.
(1944) stated that efficient meat production and efficient use of range feed
involves supplemental feeds. Thus, a plane of nutrition may be attained that
will promote continuous growth and development--a consideration especially
important in young animals at the time when growth rate is potentially greatest
and when live-weight gains are most economical. Darlow, Taylor, and Camp-
bell (1945), using weanling steer calves, studied the effect of level of winter-
ing upon subsequent summer gains on grass. They found that steer calves

wintered at a medium level were almost as heavy at the end of the summer



grazing season as steers wintered at a higher level. Black, Quesenberry,
and Baker (1939) stated that significantly greater total range and feed-lot
gains can be made by steers wintered on a high plane of nutrition but that
significantly cheaper gains can be made by steers wintered on a low plane.

An extensive study on the effect of nutritional plane on the changes in
proportions of steer carcasses was reported by Moulton, et al. (1921).

In this work, the higher planes of nutrition proved to be the more efficient.
Undernutrition resulted in a slow rate of gain. Hindquarter development
was retarded more than the forequarter by undernutrition and was stimulated
most by a high plane of nutrition.

According to Stephens, et.al. (1948), yearling steers on bluestem pasture,
whether wintered at a high, medium, or low level, will reach about the same
weight by the end of the grazing season. A winter gain of approximately 3/4
pound per head daily seems the most desirable to produce the most profitable
feeder yearlings; however, when yearling steers were full fed following early
summer grazing, those on the high level of wintering proved most profitable.

The influence of the nutrition of the breeding ewe on growth and survival
of progeny has long been recognized. Several recent investigations have
shown that extreme differences in levels of feeding ewes during pregnancy
affects the birth weights of lambs. Briggs (1936) summarized the results
of a six-year trial studying the effects of breeding ewe lambs at about 9
months as compared to the more recommended practice of breeding ewes at
about 21 months, or what is commonly termed the yearling age. Briggs
stated that it took the early-bred lambs about ten months longer to reach

their mature weight than it did those bred as yearlings. The immature,



bred ewes maintained their weight during the trial as did the ewes first bred
as yearlings. The early-bred ewes produced an average of .69 lamb, or
30.96 pounds more of live lamb than the late-bred ewes. The most noticeable
difference observed in the two groups of ewes studied was the fact that the
teeth of the early-bred ewes showed wear at an earlier age than those of the
late-bred group. Bowstead (1930) conducted an experiment on the effect of
breeding immature ewes and concluded that lamb breeding did not cause a
decrease in mature weight. Ewe lambs bred at 9 months of age produced
more lambs, heavier and thriftier lambs at two and three years of age than
the yearling-bred ewes produced at the same age. Wether lambs from lamb-
bred mothers made as good gains during the suckling period as wether lambs
from yearling-bred mothers.

Wallace (1948) studied the effect of extreme levels of diet upon pregnant
ewes during two periods--early pregnancy and late pregnancy. He concluded
that the level of nutrition prevailing during the period over which the gravid
uterus makes the maximum growth is more important than the state of body
reserves of the mother at thpt time.

Williams, et al. (1950) reported a cooperative study of pregnant ewes
at five experiment stations in Canada. They concluded that legume hay gave
more satisfactory results than did nonlegume hay, as indicated by ewe body
weight, lamb weight, and vigor of lambs at birth. They found that a '"change-

" ration, in which nonlegume hay was fed during the early pregnancy

over
period and legume hay during the late pregnancy period, gave results compa-

rable to those obtained when legume hay was fed for the entire pregnancy period.

Ewes are sometimes fed concentrates before and during the breeding period.
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This practice of "flushing' is generally considered beneficial for ewes in thin
condition and results in high fertility. Hpwever, Darlow and Hawkins (1932)
and McKenzie and Phillips (1933) suggested that this practice also allowed

the ewes to be bred earlier. Darroch, Nordskog, and Van Horn (1950) com-
pared range ewes--supplemented with beet pulp pellets during the prebreeding,
breeding, early pregnancy, and late pregnancy periods--with ewes which re-

ceived no supplementation. They concluded that no important effects on birth
or weaning weights were observed from the feed treatments; however, flock
fertility was increased about 10 per cent by feeding supplement in the pre-
breeding and breeding periods. Ewes in good condition produced 11 per cent
more lambs at birth and weaning than the thin ewes.

| Neumann, Patton, and Gifford (1950) reported that lambs nursing ewes
which were fed 1 gram of thyroprotein per 100 pounds of body weight daily
significantly outgained a control group of lambs whose dams received a simi-
lar but unsupplemented ration.

Thyroprotein, a substance possessing thyrotropic activity, has been shown
by many workers to stimulate milk production of dairy cows if the thyroprotein
is fed during the stage of lactation when milk production is declining. Blaxter
(1945) has suggested that, for best results, thyroprotein should be fed at a
level that will raise milk yields about 20 per cent and that for this increase
the feed intake should be increased 20 per cent. This practice largely elimi-
nated the loss in body weight when thyroprotein was fed at a 15-gram level.

Moore and Sykes (1947) stated that a 20 per cent increase in the feed intake
of a normally fed cow not receiving thyroprotein will increase milk production

about 13 per cent. If, by feeding thyroprotein, 20 per cent more milk could
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be produced with 20 per cent more feed, an increase of 7 per cent in milk pro-
duction would be left to pay for the the thyroprotein and the extra trouble in
feeding. Thomas, Moore, and Sykes (1949) advocated the addition of extra
feed (25 per cent over the requirement) when thyroprotein was fed. They ob-
served that poor-producing cows responded less than good producers and that
it is not possible to make a good producer out of a poor producer by feeding
thyroprotein, Blaxter (1945) stated that poor-producing dairy cows in milk
for 10 weeks and yielding 20 pounds daily showed an average increase in milk
production of 3.8 pounds after receiving thyroprotein. The milk production
of good cows in milk 30 weeks and yielding 30 pounds daily increased by 9. 1
pounds , on the average.

Hibbs and Krauss (1947) fed thyroprotein to cows at a rate of 1 gram to
53 pounds of body weight. They reported an ihpcrease in milk production that
varied greatly from cow to cow. They also noted an increase in pulse and
respiratory rates, as well as a decrease in body weight.

Reece (1944) stated that the feeding of 10 grams of Protamone daily for
3 weeks to a group of 5 dairy cows increased the butterfat content of milk from
3.62 per cent to 4.11 per cent. In a later paper, Reece (1947) observed that
the daily feeding of 10 grams of thyroprotein to 9 cows resulteld in an initial
increase of 7.6 per cent in milk production; the milk production of five cows
receiving 15 grams of thyroprotein daily increased 19.7 per cent. The aver-
age daily milk production in the second week after the withdrawal of thyro-
protein was 19.5 per cent below that of the last week of thyroprotein feeding

in 5 cows receiving 10 grams of thyroprotein; in three cows receiving 17
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|
grams of thyroprotein, the decrease was 34.2 per cent.
Bléxter (1946) showed that iodinated casein could be placed into cubes;
\

no 1osjs of potency occurred either during the moderately high temperature

(not over 1300) or during subsequent storage under farm conditions.
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EXPERIMENTAL

Objectives

n———

1. To study the effect of age at first calving upon subsequent performance of

|
heifjers kept as replacement breeding cows.

2. To sj:‘.tudy the effect of wintering at different levels of supplementation

1

upon the nutritional status ot the animal and upon subsequent performance
]

of tlimse heifers.
1

3. To ievaluate these factors in terms of economy of production of replace-
mer§1t cows in the herd.

4. To aetermine the effect of supplemental summer feeding of two-year-old
COVV;S suckling calves.

5. To %ietermine the effect of feeding thyroprotein upon the cow and upon the
suc%ding calf.

6. To ;determine the effect of different levels of wintering upon certain bldod

conjstituents indicative of the nutritional status of the animal.

| Procedure
Oné hundred twenty choice, weanling, Hereford heifers were selected for
this stuidy. One hundred five of the heifers were purchased from the Moon
Ranch ?t Mill Creek, Oklahoma, and fifteen of the heifers were produced in
the Ex;ieriment Station herd. The heifers were divided into eight lots of fif-
teen he»iad each, in accordance with accepted experimental procedure, and
were s’icarted on the experimental rations October 28, 1948, at the Liake Carl

Blackw;ell Experimental Range. This range is located approximately 13 miles

west oﬁ Stillwater, Oklahoma, on the north side of L.ake Carl Blackwell. The



supplerréental feeding dqring the winter months was adjusted to provide' for
three r%tes of gain-~designated as low, medium, and high levels--the gain in
weight l)geing the measure of the level of wintering. The level of feeding des-
ignated lots was selected at random.

‘ Lotsf 1l and 2, selected to be wintered at a low level, were fed to gain 0,00
to 0.10 ipound per head per day. Lots 3,4,7, and 8, to be wintered at a medium

level, were fed to gain 0.40 to 0.60 pound per head per day. Lots 5 and 6, to

o |
be wintered:.. at a high level, were fed to gain 1.10 to 1.30 pounds per head

per day.

Dur;ing the 1948—1949 winter phase {(October 28, 1948 to April 18, 1949),
each gr;)up of heifers to be fed the designated levels of winter feeding--low
level (L;ots 1 and 2), medium level (Lots 3 and 4), high level {(Lots & and 6),

and med;ium level (Lots 7 and 8)--was placed in comparable 200-acre native-

grass pgstures to facilitate winter feeding. These pastures are a part of the
experin%1enta1 fange area north of Lake Carl Blackwell. The groups of heifers
were ro?tated among the four pastures, each group being grazed the same num-
ber of aays in each pasture, to reduce possible effects of pasture variation;
the pasi%ures,were originally fenced to be as uniform as possible. A statisti-

cal anaiysis indicated variation in the differeht pastures did not affect rate of

winter gain, In addition to the dry, cured grass, the heifers were fed the fol-
lowing fi-‘,upple’mental feeds: Lots 1 and 2--0.93 pound of cottonseed cake per

head daily (considered to be a low level of wintering); Lots 3,4,7, and 8--
1.97 poiunds of cottonseed cake per head daily {medium level of wintering);
i

~and Lots 5 and 6--1.98 pounds of cottonseed cake and 2.69 pounds of oats per

|

head dagily (high level of wintering). Until June of 1949, the heifers grazed

14
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\
the sarhe native-grass pastures they grazed during the winter. Throughout
1

the win‘;ter and summer periods, all lots had access to a mineral mixture of
\

|

2 partﬁ ground rock salt and 1 part steamed bone meal.

Unfgortpnately, some heifers were found to be pregnant after the initiation
1'
of the experiment and were removed from the experiment the first winter.

One heifer from each of Lots 1 and 5, two heifers from each of Lots 6 and 8,

and thﬁee heifers from each of Lots 4 and 7 were removed from the experi-
\

ment. iThese heifers were replaced with heifers from the Experiment Station
herd w_;hich were of the same age and weight and which had comparable winter
feeding.

Thé heifers were pasture bred to registered Hereford bulls. The bulls

were placed with the heifers of odd-numbered lots (1, 3,5, and 7) on May 11,1949,

and we;re removed on September 1, 1949. In June 1949, the heifers of all lots

were riemoved to the Fort Reno Experiment Station, El Reno, Oklahoma, and
were ggrazed in comparable native-grass pastures. The principal grasses in
these .pjastures were Big and Little Bluestem and Indian grass.

Duf}ring the summer of 1949, several heifers developed fot rot. One Lot 3
heifer §was taken from the experiment because foot rot developed to the extent
that 0nje toe had to be‘ removed. A heifer of comparable age and breeding
which irlad received dbout the same amount of winter feed was placed in Lot 3.

Duﬁring the 1949-1950 winter phase (October 25, 1949 to April 25, 1950),
the drﬁr, native grass was supplemented as follows: Lots 1 and 2--0,93 pound

of cottonseed cake per head daily; Lots 3,4, 7, and 8--2.32 pounds of cotton-

seed cake per head daily; and Lots 5 and 6--2.32 pounds of cottonseed cake

and 2.79 pounds of oats per head daily. The heifers of all lots had access to



a mineral mixture of 2 parts ground rock salt and 1 part steamed bone meal.

The heifers of Lots 1, 3, 5, and 7 started calving, as two-year-olds, in

February 1950. When the winter phase was terminated, the heifers of all lots
!
except§ Lot 7 were placed in one large, native-grass pasture. The heifers of

Lot 7 were grazed in a pasture providing forage and acreage per hea.d com-
parablie to that grazed by other lots but were fed 1.5 pounds of cottonseed cake

and 3.5 pounds of oats from July 1 to October 9, 1950, at which time the

calves were weaned. This ration was fed to determine the effect of supple-

|

'mentalj feeding during part of the lactation period upon the ultimate size of
the he{fers at maturity, upon breeding efficiency, and upon size of the calf
at weaining. All calves were dehorned at the age of approximbtely 4 mbnths.
The buj.ll calves were castrated, and all calves were vaccinated for blackleg

in June 1950.
|
Bulls were placed with the heifers of all lots on May 1, 1950, and

1

remov;ed on September 1, 1950. The calves were weaned on October 9, 1950;
the éujmmer grazing period ended October 31, 1950.

Du?ring the 1950-1951 winter phase (October 31, 1950 to April 23, 1951),_
the dr%y, cured grass was supplemented as follows: Lots 1 and 2--0.97 pound

1 . .
cottonseed cake per head daily; Lots 3,4,7, and 8--2.46 pounds cottonseed

| ‘
cake per head daily; and lots 5 and 6--2.47 pounds cottonseed cake and 2,93

pounds of oats per head daily. The heifers of all lots had access to a mineral

mixtulj-é of 2 parts ground rock salt and 1 part steamed bone meal.

|

‘ .
All heifers started calving in February 1951. At the termination of the
\

winter phase, April 23, 1951, all lots were placed in one large, native-grass

pasture and grazed together until July 2, 1951, at which time the heifers and

1
1
|

16
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calves:of Liots 7 and 8 were removed and placed in two different pastures

provided forage and acreage comparable to the pasture grazed by the other

six lots. From July. 2, 1951, until the calves are weaned in October, the

cCows o.:f Lot 7 were fed the same supplemental~ration they received the pre-
vious sj'ummer-=-l.-5 pounds cottonseed cake and 3.5 pounds of oats per head

daily. The supplemental ration fed to the heifers of Lot 8 consisted of 1.5

| :
pounds cottonseed cake, 3.25 pounds oats, 0.25 pound molasses, and 15

|
J

gramsthyroprotein. In order to insure the daily consumption of 15 grams
i ,

of thyt‘%Oprotein by each cow, the feeds were thoroughly mixed and pelleted.
Thyroérotein was fed to determine whether or not it would cause an increase
in mili< production in the heifers. The weaning weights of the calves are to
serve ?as an indication of the efficacy ofk the thyroprotein on .milk production;
gain er loss in weight of the cows should give some information on the advis-
abilitylz or danger of feediﬂg thyroprotein to beef cows during the summer
month?s.

Bugll calves were castfated April 9,_ 1951, and on May 28, 195_'“1, all
calvesj3 were dehorned with '"bell-irons''; all cglveé were vaccinated for
bIackl;ceg.

Bulls were placed with all heifers on May 1, 1951, the bulls to be-removed

Septerhber 1, 1951. Calves are to be weaned about the middle of October.

Injo‘rder to evaluate the nutritional status of the animals, eight heifers
from éa_ch of the first six lots were bled fro‘m the jugular vein, at interx;'als
of apprc.)ximately one month. The blood was collected in oxalated tubes and
was kept und'e; refrigeration until aliquots were taken‘ for the vafious chemi-

cal determinations. The chemeical determinations made and the mefhods
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employed were plasma-carotene, Kimble (1939); plasma-inorganic phosphorus,

Youngburg and Youngburg (1930); red blood cell count, indirect turbidimetric

procejdure using the Evelyn Colorimeter, turbidity readings standardized in
termsi of red blood cell by direct counting procedures; hemoglobin, ban acid
hemat}in method standardized by the method of Wong (1928); plasma-proteins,
coppe;r=su1fate specific gravity method of Phillips, et al.. (1945).
T'};1e average plasma values of each laiare presented in Table 4«
|

TbrOughout this experiment, the following records were maintaineds:

I

1

1 Feed consumption and yearly feed costs.
2 Weights;of heifers each‘ 28-day period.
3 Birth and weaning weights of calves..
4. Breeding efficien;:y.
5‘ Percentage calf crop.
6. Calving dates.

7. Calving difficulty, if any,

8,. Blood composition. |

A:il supplem.éntal feeds were‘anal'yie‘d chemically by A.0.A.C. methods
(194‘1’53.. In addition, grass samples were c:ollected periodically and analyzed
chéfnjically, The samplesfw‘Big and Little ‘Blué s.tem and Indian grasses--
were écoll.ec:-t;ed from approximately the same a‘rea in each pasture; grass
was c?ut one to twokinches above the ground and collected in paper bags.
Chemical compositions of feeds and grasses used in this experiment are

|
given|in Table 5.
|
The data in this experiment was analyzed statistically by the methods of

i
Snedecor (1946).
]]
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RESULTS AND DISCUSSION
1948-1949
The? results of the wintering and summer grazing of the first year are
shown 1n Table I.
Hetfers of Lots 1 and ’2, wintered together at the low level on the range and
fed 0. 93 pound of cottonseed cake daily, gained only 28 and 17 pounds, vrespec-

tively, ffor_ the 172 days of the winter period." The heifers in these two lots
I ' S , ‘

were t}‘linner than heifers of other lots but, nevertheless, were in a strong
. :

and thrifty condition. The total cost of the winter feed was $10.65 per head.

Lots 3,; 4,7, and 8, wintered alike at a medium level--1.98 pounds of cotton-
seed o.ake per head daily, gained an average of 53.5 pounds per head. This

gain was 31 pounds greater than the average gain of Lots 1 and 2.+ The average
.total w;inter feed cost, however,was $18.40 per head.
| v
The feeding of 1.98 pounds of cottonseed cake and 2.69 pounds of oats

daily to Lots 5 and 6 (high level of wintering) resulted in an average gain of
88 pounds‘.’ This gain was 34.5 pounds greater than the average winter gain -

of Lots 3,4,7, and 8, but little dlfference in thr1ft was observed among the

six 1ots“;.- The average winter feed cost of Lots 5 and 6 was $31. 84 per head
Th1s w1nter1.ng cost was $21 19 greater ttlan the average cost per head of
Lots 1. and 2; however, the gain of the he1fers of Lots 5 and 6 was only 65 5
poundsl greater per he1f_er than'the gain of heifers of Lots 1 and 2.

During the summer grazing season, the total average summer gains for
_a11 hei;fers wintered on low, medium, and high levels were 289.5, 271.0 and

257.5 pounds, respectively, whereas the average winter gains were 22.5,

1 o
‘ i

53.5, :‘and 88. 0 pounds. Statistical analysis indicated that the difference in



TABIE 1.

GAINS OF EEEF HEIFERS WINTERED AT DIFFERENT IEVELS (191}8-)4’9).

Lot number 1

3 5 7 2 3 6 8
Level of .wintering Low Med High Med Low Med High Med
Heifers per lot 15 15 15 15 15 15 15 15
Winter Phagse (172 days)
Average Weights
Initial weight 10/28/48 473 471 476 481 473 461 470 478
Final weight 4/18/h9 501 529 561 536 k93 520 561 520
Total winter gain 28 58 85 55 17 59 91 o
Daily gain .17 .33 49 .32 .10 - .34 .53 .25
Average Daily Ration (lbs. )2
Cottonseed cake .93 1.96 1.98 1.98 .93 1.96 1.98 1.98
Osts -—-- -—-- 2.69 - ---- ---- 2.69 ——=-
Range Ad 1ib. Ad 1lib. Ad 1ib. Ad 11b. Ad 1lib. Ad 1ib, Ad 1ib. Ad lib.
Mineral .07 .07 .07 .07 .07 .07 .07 .07
Cost of winter feed
per heifer (dollars) 10.65 18.32 31.84 18.49 10.65 18.32 31.84 18.49
Summer Phase (190 days)
Average weights '
Tnitial weight 4/18/h9 501 529 561 536 493 520 561 520
Final weight 10/25/k9 802 810 836 836 TTL 759 801 T8k
Total summer gein 301 281 275 300 278 239 240 264
Daily gain 1.58 1.48 1.45 1.58 1.46 1.26 1.26 1.39
Average Daily Ration
Range Ad 1ib. Ad 1lib. Ad 1ib, Ad 1ib. Ad 1ib. Ad 1ib, Ad 1ib., Ad 1ib.
Mineral .02 .02 .02 .02 .02 ,02 - .02 .02

0



PABIE 1. {(Continued)

- lot mumber —— - - - o — 1 3. 5 7o R G 8

Cost of summer feed

*per heifer (dollers) 14,07 14,07 14,07 1,07 14,07 14,07 14,07 14,07
Cost per cwt. gain (summer) .67 5.01 5.12 k.69 5.06 5.89 5.86 5.33
Total gain from 10/28/48 to : :

‘10/25/49 ‘ 329 339 360 355 295 298 331 306
Total cost of summer and

winter feed (dollars) 2k 72 32.39 45.91 32,56 24 72 32.39 5,91 32,56
Coat per cwt. gain

(entire year) 7.51 9.55 12,75 9.17 8.38 10.87 13.87 10,64

Tnitial value per head
10/28/48 (28.00 per cwt.) \
{dollars) 132.44 131,88 133.28 134,68 133.28 129,08 131.60 133.84

1 Unfortunately, some of the heifers were bred when purcheséd. Because of pregnancy, one heifer each from Lots
1 and 5, two heifers each from Lots 6 and 8, end three heifers each from Iots 4 and 7 were removed during
the winter phase. Data reported herein are only on those heifers that were open at the start of the
experiment, During the summer of 1949, one heifer in Lot 3 was removed from the experiment because foot
rot developed to such extent that one toe had to be removed. This heifer was replaced with one from the
"Experiment Station Herd of compereble breeding and which had received comparable feed.

During inclement weather, 2000 pounds of hay were fed to each lot. The cost and amount of hay fed is not
" included in the above table.

Feed Prices
Cottonseed cake $86.50 per ton
Prairie Hay "13.00 per ton
OCets 0.925 per bu.
Range, winter phasge 3.50 per head
: sunmer phase 14,00 per hesad
Minersal mixture 1.97 per cwt.

1z
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summer gains was highly significant. . Data of summer gains of beef heifers
1 .
|

wint_e,.r]?e,d., at different levels are similar to those reported by Darlow, et al.
(1945)i, Ross et al. (1947), and Stephens, -et.al. (1948).. These workers
studiec]l the summer gainé of steers wintered at different.levels and found that
steersj which gained the least during the winter gained the most during the |
summér. Steers wintered at low and medium levels were almost as heavy

at the zend of the summer grazing season as those wintered at the high levebl.

\
Thie heifers of Lots 1,3,5, and 7, which were exposed to bulls during the

summ’Lr grazing season, gained approximately 34 pounds more than the open
heifers; these differences in gain were highly significant.

Tﬂe total gain (winter and summer) for the low, medium, and high levels
of wini%ering were 312.0, 324.5, and 345.5 pounds respectively.

Th;e year's total feed costs for the low, medium, and high level lots were
$24_5,7£, $32.39, and $45.91 per head. Although, for the year, the medium-
lot heiifers made a total gain of 12.5 more than heifers wintered at the low
level, jthis additional g.ain cost $7.67. The yearly gain of heifers wintered
at the %high level was 33. 5 pounds greater than the gain of heifers wintered at
the lo’;v level; this additional gain cost $21.19.

At%the end of the first year, there was very little difference observed
arnong‘ the lots in terms of total weight gain; however, heifers of Lof;s 1 and
2 (1ow§1eve1) did not appear to be quite as "growthy' as those wintered at the
mediufn and high levels.,

Daw\jta on cost of feed per hundred pounds gain are: summarized 1n Table 1.

‘ .

Ga%ins made by heifers of Lot 1 (low level of Wintering) during the first
year vllere approximately twice as economical gsAi_t‘hose rné,dé by Lot 6 (high

level of wintering).



1949-1950.

- Heifeurfs,Ca.lving as Two-Year-Olds (Lots 1,3,5, and.7)

Prioduction data and weight gains during the second year are given in

Table 2.

At?the start of the winter feeding period, the average weights of Lots 1,
3, 5, a?nd 7 were 802, 811, 836, and 816 pounds, respeptively. All heifers
lost wéight from the onset of thé winter-feeding period until calving and

showecil a loss in weight for the entire winter. The average winter loss in
i

weight§ for the heifers of Lot 1 was 87 pounds. This loss was 48 pounds
greategr than that of heifers of Lot 3, 59 pounds gréater than that of heifers
of Lot§5, and 14 pounds greater than the loss of Lot 7. So@e Lot 1 heifers
were Aoticeably thin at the end of the winter-feeding period. During the 1950

summer grazing éeason, the heifers of Lot 1 made greater gains thaha the
| \

heifer%s of Lots 3 and 5, the summer gains for t.hese lots being 207, 181, and
193 po?unds, respectively, Lot 7, which received additional feed auring the

summer, showed:a gain of 244 pounds. The average weights of the heifers of
Lots l;, 3,5, and 7, on October 31, 1950, after the cal%zﬁes were weaned, were

922, 9;52, 1001, and 995 pounds, respectively. At thjis. time, the heifers of

‘Lot 1 (low level) did not appear to be mate}i'ally-sfnaller or less thrifty in

1

appeafance than heifers of the other lots.

Thje heifers of Lots 3 and 7 were manage&*alike each winter, but those
of Loti7 were fed a sﬁpplement during the summer, from July 1 until the

1

calves were weaned October 9, 1950. The heifers of Lot 7 gained 63 pounds

|
]
i

!

more,; during the summer, than the heifers of Lot 3 and at the end Qf the

summer grazing period weighed 43 pounds more; however, at weaning,

23



mmc EIE!RS AT DIFFERERNT IEVEIS (1949-50)

Exposed to bull suwmmer 1949 Open
- Lot number Y o - F B 7 2o 6 .8
Level of wintering Low Me High Med Low Med High Med
Heifers per lot 15 15 15 15 ‘15 15 15 - 15
Winter Fhase (182 days)
Average Weights - :
~ Initial weight 10/25/k9' 802 811 836 816 771 758 80k 779
Weight prior to calving
2/2/50 786 798 - 831 800 -—- = - -—=
Gain up to calving -16 -13 -5 -16 - -— .- -==
Final weight 4/25/50 715 71 808 751 782 788 825 799
Total winter gain -87 -39 -28 -73 11 30 21 20
Daily gain - =48 -.21 -.15 -.ho .06 .17 L1l .11
Aversge Deily Ration (1bs.)
Cottonseed cake .93 2.32 2.32 2.32 .93 2.32 2.32 2.32
Oats ---- -—-- 2.79 -—— -—-- -—=- 2.79 -—--
Renge Ad 1ib. Ad 1ib. Ad 1lib. Ad 1ib. Ad 1ib, Ad 1ib. Ad 1ib. Ad 1ib,
Mineral ’ .07 .07 .07 .07 0T - .07 .07 .07
Cost of winter feed per
- heifer (dollars) 10,91 19.39 31.91 19.39 10.91 19.39 31.91 19.39
’ Summer FPhase (189 days)
Average Weights
Initial weight 4/25/50 715 71 808 751 782 788 825 799
Final weight 10/31/50 922 952 1001 995 1103 1066 110k 1082
Total summer gain - 207 181 193 okl 321 278 279 283
Daily gain 1.10 .96 1.02 1.29 1.70 147 1.8 1.50
Average Daily Ration (1lbs.) 5 .
Range’ Ad 1ib. Ad b, Ad 1ib. Ad 1lib. Ad 1ib, Ad 1ib. Ad 1ib, Ad lib.
Mineral .02 .02 .02 .02 .02 .02 .02 .02

144



TABIE 2. (Contimmed)

7 . Exposed tobull swmer 1949 __ - Opem - .

Lot number 1 3 ' 5 ' 7 2 k 6 8-
Kumber of calves born 1 154 13 1!;1'_ - ——- —_— ——-
Rumber lost at time of birth 1 I 2 2 ——— —— —— -
Kumber of heifers helped 6 8 ) 10 -—— ——— - ——
Average calving date, Maxrch 23 15 17 5 ——— -— - ———
Average birth weight 69 65 70 66 —— ——— ——— ———
Per cent calf crop 87 3 T3 80 — —— - ———
Average weaning weight :

“of calves 10/9/50 406 Lok 391 116 - - —e- —-
Total feed cost per heifer
- 10/28/48 to 10/31/50

(dollers) 50.70 66.85 92.89 81.48 50.70 66.85 92.89  67.02

1 pifferences in final weights for the first year of the trial, October 25 , 1949, and the initial weight for
the begiming of the 19%9-50 wintering phase of the experiment were due to the substitution of sdditiomnal
heifers for those removed from the experiment because of pregnancy the first year. In general, the heifers

" pubstituted had been managed in the seme manner es those heifers of the lot in which they were placed.

2 From July 1, 1950 umtil October 9, 1950, when the calves were weaned, the heifers of Lot 7 received a

3 supplemntal retion of 1.5 pounds cottonseed cake amd 3. 5 pounds oats per head per day.

L One cow in Lot 3 died during calving (April 25, 1950). .

Oné cow in Lot 7 was injured during calving. Calf born dead March 1%, 1950. Cow subsequently failed to
conceive and was merketed June 8, 1950.

Feed Prices
Cottonseed cake $67.00 per ten
Oats - 0.79 per bu.
Range, winter phase %.00 per head
" surmer phase 15.00 per head
Mineral mixtwre 1.91 per cwt.

G¢



calves of Lot 7 were only 12 pounds heavier than those of Lot 3. The addi-
tional weight gain of the Lot 7 cows and their calves was obtained at an addi-
tional cost of $14,46.

The average weaning weights of the calves from the .heifers of Lots 1, 3,
5, and 7 were 406, 404, 391, and 416 pounds, respectively. The level of
wintering of the heifers appeared to have little influence upon the weaning
weight of the calves. The percentage calf crop weaned from the heifers of
Lots 1, 3, 5, and 7 was 87, 93, 73, and 80, respectively. Again, the low
level of wintering did not adversely affect the number of calves weaned. The
heifers of Lot 5 (high. level) had the lowest percentage calf crop.

The average calvh"xg dates for Lots 1, 3, 5, and 7 were March 23, 15, 17,
and 5, respectively. The respective average birth weights of the lots were
69, 65, 70, and 66 pounds. As shown in Table 2, a total of six calves from
all lots was lost at the time of birth; from four to ten heifers in each lot
were given assistance at the time of calving, One cow in Lot 3 died during
calving; one cow in Lot 7 was injured in calving and was later marketed.
One heifer each in Lots 1 and 7 and two heifers in Lot 5 failed to breed.

The total feed costs for the two-year period for Lots 1, 3, 5, and 7
were $50.70, $66.85, $92.89, and $81.48, respectively.

On the basis of the results of one year, it would appear that heifers bred
to calve at two years of age and wintered at a low level can produce satisfac-
torily.

On October 31, 1950, the two-year-old heifers which had been suckling
calves weighed from 100 to 175 pounds less than comparable dry two-year-
olds. These results are in general agreement with data reported by Withy-

combe, et al. (1930).

26
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Heifers Exposed to Bulls in Summer of 1950 only (Lots 2,4, 6,and 8)

Alyl heifers made a slight gain during the winter, the heifers of Lot 2 (low
level)j}making the least. During the summer grazing season, the greatest gain
was made by Lot 2 heifers. The average weights of heifers of Lots 2, 4, 6,
and 8, on October 31, 1950 {the end of the summer period), were 1103, 1066,
1104, and 1082 pounds, respectively.

The total feed costs per heifer for the two years of the experiment for
Lots 2, 4, 6, and 8 were $50.70, $66.85, $92.89, and $67.02, respectively.
After a consideration of the total gain and total cost of feed, it would appear
that the most economical method of producing replacement heifers bred to
calve at three years of age is to winter them at a low level (1 pound of cotton-
seed cake per head per day plus dry grass). At the end of two years, the
heifers of Lot 2 (low level of wintering) weighed approximately the same as
heifer‘s of Lot 6 (high level of wintering). The additional feed for heifers of
Lot 6, above that fed the heifers of Lot 2, was provided at the cost of $42.10

per heifer for the two-year period.

1950~1951

Heifers Calving as Two=-Year-Olds (Lois 1, 3, 5, and 7)

Data on weight gains, feed costs, and calf production during the third year
are shown on Table 3.

The heifers of all lots lost weight from the onset of the winter period until
calving; however, heifers of Lot 5 {high level) lost about one-fourth the weight
lost by heifers of other lots. The total losses in weight during the winter period

for heifers of Lots 1, 3, 5, and 7 were 209, 194, 144, and 244 pounds, respectively.



TABIEE}

'FEIGHI‘ m I"EEB C’OSTS AND ZPRODUC’I'IOH DATA OF Bms wmmm AT Dm IEVEIS (1950 51)

Expoged to bull gummers 1 and 1950 Expoged to bull summer 1950 only
Lot number 1 2 L 6 -8
level of wintering Low Med High Med Low Med High - Med
Heifers per lot 15 1 15 14 15 15 15 15
' Winter Phase (174 days)
Average Weights ) ‘ .
Initial weight 10/31/50 922 952 1001 995 1103 1066 110k 1082
Weight prior to calving
2/29/51 864 901 988 9kl 1026 1025 1097 1024
Gain up to calving -58 -51 -13 ~54 -T7 -4l -7 ~58
Final weight 4/23/51 713 758 857 751 79 830 905 821
Total winter gain ~209 ~19k -1hh © -2kl -308 -236 -199 -261
Daily gain -1.20 -1.12 -=,83 -1.k40 -1.77 -1.35 -1.1h -1.50
Average Daily Ration (1bs )
Cottonseed cake 97 2.46 247 2,46 .97 2.6 2. 47 2.46
Oate --=- -—-- 2.93 -—— -=-- m—— 2,93 -——-
Renge Ad 1ib. Ad 1lib, Ad 1ib, Ad 1ib, Ad 1ib Ad 1ib.  Ad lib. Ad lib.
Mineral .03 .03 .03 .03 .03 .03 .03
Cost of winter feed per : :
“heifer (dollars) 11.61 21.70 36.60 21.70 11.61 21,70 36.60 21.70
ST ' Sunmer Phase (96 days)
Average Weights =~ ‘ h
Initial weight u/23/51 713 758 857 751 795 830 905 821
Weight 7/2/51 " 897 gkl © 1013 %33 1006 1012 1085 1020
Total summer gain to ‘ :

7/2/51 - 184 183 156 182 211 182 180 199
Daily gain to T/2/51 2,65 2.61 2,23 2.60 - 3.01 2,60 2.56 2 81+
Weight 7/28/51 911 %67 1026 950 1026 1024 1097 968
Gain from 7/2/51 to : . ' ' ‘

“7/28/51 14 26 13 17 20 12 12 -52
Daily gain to 7/28/51 2.06 2.18 1.76 2.07 2.ho 2,02 2.00 1.55

8¢



TABIR 3. (Continued)

...~ . _Exposed to bull summers 1949 amd 1950 . _ __ Exposed toc bull gummer 1950 only
Lot number 1 3 5 7 2 - 6 8
Average Daily Ration (Ibs)

Range Ad 1ib. Ad 1ib, Ad 1ib. Ad 1ib.°2 ad 1ib, Ad 1ib, Ad 1ib, Ad 1ib,3
Miperal Ad 1ib. Ad 1ib, Ad 1ib, Ad 1ib, Ad 1ib, Ad 1ib, Ad 1ib. Ad 1ib,
Rumber of calves born 1k 1k 13 14 15 1% LS 15
Number lost at time of birth 0 1 ) 0 0 0 2 1
Kumber of heifers helped 0 0 0 0 0 0 1 0
Average calving date 3-13 3-1k 3-7 3-5 3-5 2+26 2-27 2-26
Average birth weight 67 69 72 71 69 65 T0 6k
Pér cent calf crop ' 953 93 87 100 100 93 8o 93
Average weight of calves
7/2/51 25 24l 275 270 262 265 286 258
“T/28/51 20k 273 326 329 313 307 339 308
Gain in weight of calves
from 7/2/51 to 7/28/51 ho 29 51 59 51 ho 53 50
Potal feed cost per heifer
10/28/48 to h/23/51
{dollars) 62.31 88.55 129.k9 103.18 62.31 88.55 129.k9 88.72

1 one heifer in Lot 8 died of undetermined causes on July 7, 195L. :

_2 From July 2, until the calves are weaned in October 1951, heifers of lLot 7 will receive a daily supplement of
1.5 pounds cottongeed cake and 3.5 pounds oats,

3 From July 2, until the calves are weaned in October 1951, heifers of Lot 8 will receive a daily supplement of
1.5 pounds cottonseed ceke, 3.25 pounds oats, 0.25 pound molasses and 15 grams thyroprotein.

Feed Prices
Cottonseed cake $77.50 per ton
Oats 0.93 per bu.
Range, winter phase 5.00 per head
sumner phase 15.00 per head

Mineral mixture 1.79 per cwt.
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Lot 7 heifers, which had received additional feed the previous summer, lost

the most weight. The average weights in April 1950 (the end of the winter-

feeding period) were 715, 771, 808, and 751 pounds, respectively, for the

heifers of Lots 1, 3, 5, and 7. The respective weights in April 1951 were

713, 758, 857, and 751. Lot 3 heifers had a*i]:os,s of 13 pounds, Lot 5 a gain

of 49 pounds, whereas the heifers of Lots 1 and 7 maintained, approximately,

the same average weights.

The percentage calf crops from the heifers of Lots 1, 3, 5, and 7 were
93, 93, 87, and 100. Lot 1 heifers, wintered at a low level, had a higher per-
centage calf crop both years than heifers of Lot 5, wintered at the high level.
The heifers of Lot 7, which received additional feed during the summer, pro-
duced a 100 per cent calf crop.

The average calving dates of the heifers of Lots 1, 3, 5, and 7 were
March 13, 14, 7, and 5. The low level of wintering did not adversely affect
the breeding efficiency of the Lot 1 cows.

Birth weights of calves for Lots 1, 3, 5, and 7 were 67, 69, 72, and 71
pounds, respectively., No help was required for heifers at the time of calving;
only one calf (lot 3) was lost at the time of birth.

The average weights of the calves on July 2, 1951 wére 245, 244, 275,
and 270 pounds for Lots 1, 3, 5, and 7. The weights of these calves on July 28
were 294, 273, 326, and 329 pounds, respectively. The calves of Lot 7, whose
dams were receiving additional feed from July 2 until weaning time, made a
greater gain in weight during this 26-day period than did calves of any other

lot.
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From April 23, 1951 until. July 28, 1951, the.summer gains of all heifers

were about the same, except.for the high-~lewvel heifers of Lot.5 whose gain was

__ai)pro.ximately 30 pounds. less.than the gain of heifers of other 1oté. |
The total feed costs, from October 28, 1948 to.April 23, 1951, for the
heifers;,of, Lots 1, 3, 5, and.7.were $62.31, $88.55, $129.49, and $103.18.
: At the present time, .o.n,the\».‘.basis of stwo. y:é&"s.':'}.daba; it would .appeaf that
replacement heifers bred.to.calve at two.years of age can be wintered at a low
\

level aiénd still produce satisfactorily. .Unless subsequent performance of

\ i
. .

heifer$ wintered at a low level is very.poor, .it would appear: that the praéti;e
of winte rin g replacement heifers bred to calve at two years of age at a high
level of nutritién is less economical than wintering them at a low level.

Onie heifer in Lot 1 and tw§ heifers in Lot 5 failed to produce calves in 1950
and 19l51. ‘In 1950, éne heifer in Lot 7 weaned a calf weighing 295 pounds.
This w%eight was 121 pounds less ﬁhan the lot average. The‘ calf produced in
1951, 5y this same heifer, \x{eighed 225 pounds on July 28. .This ;Neighi; was
104 pounds less than the lot average. The birth date of ti'le calves for both

i

years ;was earlier than the average of the lot.

Heiferév Calving as ThreenYeai‘—Oids (Lots 2,4, 6, and 8)

Thg heifers of Lot 2 (low levei) lost average of 77_'pounds from the start of
the winter period up to calving, whereas the heifers of Lots 4; 6, ahd 8 lost 41,
7, andf 58 pounds, respectively, .’f‘q"»r the same period. The avéx’}age total losses
for the’ heifers of Lots 2, 4,> 6, a_r‘id 8 during the winter period (inclluding loss

at calbving) -were 308, 236, 199, and 261 pounds, respectively. Weight losses

were from 50 to 100 pounds greétér than losses of heifers of Lots 1, 3, 5, and 7,




all calving for the second time. The average weights at the start of the winter

32

period for the heifers of Lots 2, 4, 6, and 8 were 1103, 1066, 1104, and 1082

|

pounds, | respectively, whereas at the end of the winter period, the respective

weightsjv&ere 795, 830, 905, and 821 pounds. During the winter the heifers on
the low level of wintering (Lot 2} lost the most weight.

To date, the heifers of Lot 2 have made the greatest gains during the sum-
mer grazing season; and, as of July 28, 1951, the average weights were 1026,
1024, 1097, and 968 pcv>unds,9 respectively, for heifers of Lots 2, 4, 6, and 8,

The%pevrcentage‘calf crops for the heifers calving for the first time as three-
year-olds were 100 for Lot 2 and 80 for Lot 6; the heifers of Lots 4 and '8
‘average:d 93, The heifers of Lot 6, wintered at a high level, had the 1owest
percentage calf crop. This was true of the Lot 5 heifers wmterid at a high
level and calved as two-~ ﬁrear olds,

On‘ejheifer (Lot 6} required help at the time of calving. Two of the three
calves‘ljost at the time of birth were in Lot 6.

The%heifers calving as three-year-olds for the first time calved from one
to two vjieek-s earlier than three-year-old heifers which were calving for the
second f:ifne . The heifefs of Liot 2 calved an average of one week later than
heifers jof Liots 4, 6, and 8.

Theavergge birth weights of calves of Lots 2, 4, 6, and 8 were 69, 65, 70,’
and 64 pounds, respectively. The average weights of the calves on July 2,1951
were 26?2, 265, 286, and 258 pounds, respectively, for Lots 2, 4, 6, and 8. On
July 28, the average weights were 313, 307, 339, and 308 pounds. There was
little dijfference in weight gain of the calves during this twenty-six day period;

|

however, Lot 8 calves gained an average of 8 pounds more than calves of Lot 4.
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Lot 8 ﬂeife-rs given a supplemental ration composed of 1.5 pounds cotton-
seed cake;, 3.25 pounds oats, and 0.25 pound mblasses, and 15 grams of thyro-
protein from July 2, 1951 until th‘e_ calves are.we'aned on October, lost an
average of 52 pounds per head for the first twenty-six feeding period. This
loss 1n weight of.‘cows'b re',c,e-iving thyroprdfein-is 'i‘n agreement with Work‘fe=
ported by Blaxter (1945) and Seath (1945).

After ; _consi.derétion of tot‘zbi.l \;s/eight gain and total cost of.feéd, itrw'ould
appear that th’er mos£ econon-‘xic’;l .method of producing rel‘)lace-ment heifer;

bréd to calve af. three years of age is té Wintérr‘ them at a low level. Under
conditions of this study, heiferé‘ fed 2.‘.'_5"‘. pounds coftéﬁseed (lzlake or 2.5 poupds
'toftons!’eed ca'ké.pl‘us 3‘pound§ oats;, per hbad per day. during the Wiﬁter were
nof superior in size or appearaf;ce to heiférs ,vwhich received only 1 pound of

cottonseed cake.

- McCampbell (1920) stated that the development of heifers without grain
and bre‘d to drop their first calves at three years of age is the most practical

. method under range and semi-range conditions.

Blood Composition

The lowest blood plasma-carotene 1ervels were found to v10cc‘ur during the
mc;nths éf Jaﬁuary, Feb;‘uary,_‘ é}‘nd Mar.éh. This lov'vi.level wés. i)rob;bly due

to @hé fact that the cé'ro:tenei COﬁ'fént Qf‘ "iéhe drir, cured grass was at a 'rninimum
duj;ing‘ this period. The heiférs of Lots 1, 3, and 5, éxposed“ to bulls duriﬁg
thé summer of 1949, tended to @a’vve slightly hi_vghe;r plasma-carotene levels |
thén the respeﬂcti‘ve open heifersﬂ winterred at the sarn‘e:“level. .viv.This diffe-‘rencel- '

was noted particularly from October 1949 to April 1950. During the first
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TABIE 4,

AVERACE BLOCD CONSTITUENTS OF WHE HEIVERS
(Unite per 100 ml plasme)

Tot 1948 - . ’ . 1949 | 1950
No. 10/28 12/9 7 2f1T L/r 5/e6  9/15 lo/a5  12/6  1/3

o Cerotene (mcg)
214 114 96 60 L34 521 Lol 811 k12 288

1

2 274 124 96 61 ko2 628 517 Lh6 376 235
3 276 81 72 46 L3k 509 L62 729 352 260
Y 22h 72 Th 43 408 485 535 L69 201 224
5 239 99 52 28 502 586 483 748 526 260
6 227 79 46 23 386 N 536 156 Ly 223

Hemoglobin (gms)

1 13.1 10.8 13.2 13.8 13.1 13.1 13.1 12.2 12,9 13.0
2 13.9 12.8 13.6 13.8 12,9 12.3 13.3 12,6 12.5 12.8
377 .13.7 12.7 .2 .1 13.0 13.2 13.1 12,8 12,1 13.4
L .1 12,9 1,2 14,4 13.0 12,6 12,8 12,6 12,0 13.4
5 13,3 12.7 13.7 4.2 12.8 4.0 12.7 12.6 12,7 13.7
6 13.4 11,1 .1 13.0 12,8 12,2 12.6 12,1 124 13.8
o REC (millions)
1 6.§o k.90 6.63 5.98 5.84 5.62 5,77 5.92 5.63 6.22
2 7.02 Lo 6.8 58 5.6 5.5 5.7+ 6.30 563 6.16
3 7.04 5.29 6.41 5.13 5.76 5,84 5.76 6.40 5.41 6.30
i 6.87 5.42 6.66 5.08 5.56 5.19 5.T3 6.34 5.52 6.49
5 6.66 5,97 6.8k 5.89 5,87 =, Th 5.73 6.25 5.63 6.42
6 7.02 5.47 7.12 6.05 5.77 5.27 5,75 6.20 5,52 6.76
B Plasme Protein (oms)
1  7.70 8.06 71.73 7.3  7.09 7.91 T.65 7.95 7.88 7.65
2 7.89 7.60 7.64 7.31 7.32 7.79 7.56 7.77 7.96 T.77
3 7.98 7.30 T.45 7.17 7.10 7.80 7.59 7.88 7.49 8.03
Y 8,00 7.7% 7.67 7.29 7.23 T7.59 T7.6L 7.76 7.63 8.3l
5 7.97 7.93 7.51 7.36 7.16 8.06 7.%5 7.46 7.72 8.05
6 7.53 7.82 7.38 7.68 7.20 7.74 7.56 7.57 7.83 8.20
} Yhosphorus (ems)
1 3.4 8.5 6.7 6.7 5.4 6.0 5,2 5,0 5.9 5.1
2 3.6 7.1 5.9 6.6 5.6 L7 6.0 5.3 6.0 5.2
3 4.2 7.6 5.2 6.9 5.7 6.5 5.4 5.0 6.0 5.8
L 3.7 7.4 5.4 7.2 5.4 5.3 5,6 5.3 6.7 6.2
5 3.4 8.3 5.8 6.9 6.2 5.7 4.8 5.1 6.2 5.7
6 3.5 8.1 6.3 7.2 5.9 5.3 4.8 5.0 6.1 5.9
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winter of the experiment, the heifers in the lots wintered at the low level
(Lots 1 and 2) had higher carotene levels than those of the other lots. This

fact sx%;ggested the possibility that the heifers of Lots 1 and 2 were grazing

more br at least eating greater amounts of green winter grasses found grow-
ing in limited amounts in pastures, During January and February 1951, the
‘aver_a;ge‘caroten‘e values of the lots ranged from 40 to 97 micrograms. No

vitamin A deficiency symptoms were observed in any of the heifers. Payne

and Kiingman (1947) reported that aged Hereford cows in Colorado have nor-

: |
‘mal health and reproduction with as little as 83 micrograms of carotene per

100 rniilliiiters of plasma.

'_I‘l';1e lowest inorganic blood pasma-phosphorus levels of the heifers were
obserlred at the initial bleeding ,‘ October 28, 1948, and at the final'blgeding
on Jully 28, 1951. Consistent differences among the lots were not observed
until t%he fall of 1949.‘ From October 25, 1949 to May 31, 1950; at almost
every bleeding date, the heifers of Lots 1, 3, and 5 had lower phosphorus
levels thpn the respective open heifers of the lots wintered at the same level,
This lgower‘ level of blood phosphorus may have been due to the greater de-

. mand ;’for phosphorus entailed by the growth of the fetus and by subsequent
‘ lactation.vv | | | |

During the winter and early spring months, the heifers wintered at the
low level (Lots 1 and 2) tended to have lower plaéma-protein lévels than
heifer;s of other lots. In general, the heifers of the odd~-numbered lots
suckli%ng calves had lower plasma-protein levels during the spring months
of 1950 than open heifers of Lots 2, 4, and 6. No consistent differences in

plasma-protein levels were observed ‘during 1951,
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Consistent differences in number of red blood cells among the lots

were not observed.

Tﬂe heifers of Lot 1 tended to have slightly lower hemoglobin levels
i

at nea?rly every bleeding date than heifers of other lots; however, very

little difference was noted among the other lots,
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AVERAGE CHEMICAL ANALYSES OF FEEDS AND GRASSES; AVERAGE OF TWO YEARS

Percent L C L
Tdry’ i ____Per cent composition of dry matter
| Matter Ash Protein Fat Fiber - N.F.E, Ca, P,
Cottonseed cake 92.9 6.52 43,76 7.34 8.08 34,30 .24 1.10
oats 88,60 3.88 14,66 2.92 10.68 67.86 .12 .37
Cured Grass
e 9.18 9.45 3.13 29.19 k9.05 -30 21t
June 8.34 T.20 3.11 32.86 48.49 .28k .183
July T.09 7.45 3.09 33.44 48.93 .356 . 183
October 6. 44 3.48 2,19 37.86 50,05 242 072
November 6.63 - 2.30 1,68 40,58 48,81 .253 .073

1»‘1'hé‘se grass samples, taken at the Fort Reno Experiment Station in 1950, represent combined average analyses
of the following species: Little Bluestem, Big Bluestem, and Indian Grass.

6¢
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SUMMARY

Orjme hundred and twenty, choice, weanlihg, Hereford heifers of comparable

| .
breeding were divided into eight lots of 15 head to determine the effect of sup-

plements fed during the winter and the effect of age of breeding upon their
subsequent performance as herd cows. Three levels of wintering were in-

cluded in this study. Two lots of heifers were wintered at a 10W level, four

lots ajt a medium level, and two lots at a high level. One=-ha1f“o‘.f the heifers
‘ ‘

wintered at each level were bred to calve for the first time as two-year-olds,
wheréas the otheri half of the heifers were bred to calve ascthree-year-olds.

%fs yearlings, heifers wintered at a low level made the least gain during
the wiinter, but made the most gain on grass the following grazing season.

lelere was little difference observed in the birth weights of calves pro-
duced by heifers calving for the first time as tWo=yearolds and those pro-
duce‘d?by these dame heifers as thréeyear-olds. Calves produced by heifers
for the first timé as three-year-olds were ‘about the same weight at> birth as
those pirodu‘ced by heifers calving as two-year-olds.

More assistance was required at time of calving for heifers bred to calve
at twoj years of age than for those calving for the first time at three years of
age.

‘H'ejife:rs wintered at a low level and calving for the first time at either
two or three years of age have produced more calves than those heifers win-
tered at a high level.

| :
Two-year-old heifers, suckling calves, weighed approximately 120

poundé less than dry two-year-olds wintered at the same level.
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At the present time, on the basis of data.of three winters, it would appear
-appearéthat the practice.o.f wintering heifers bred to calve at two years of age
at a higih 1evei of nutrition is not as economical as wintering at a low level. |
Heiferé wintered at a low level for three winters have successfully produced
two calf crops; however, it appears, on the basis of comparative weights,
that the low-level heifers will be slower in attaining their mature weights

than hezifers which have been wintered at a high level.

Thé supplemental summer feeding given to heifers wintered at a medium

i
|

level afld which calved as two=yéar-01ds resulted in gain in weight of the heif-
ers, but only a slight gain in weaning weight of the calves as compared to the
weaning weights of calves whose dams received no supplemental feed:. Al-
though 1t is too early to evaluate the practicality of summer feeding followed
in this experiment, it appears that any advantage would be more than offset by
the cost of such feed:

At t?he end of two years, heifers bred to calve at three years of age and -
Wintereid at a low level weighed approximately the same as heifers wintered
at a hig:h level. Under conditions of this study, it would appear that the most
economical method of producing replacement heifers bred to calve at three
years of age is to winter them at a low level (1 pound of cottonseed caké per
head ‘peir day plus dry grass).

’The: summer feeding of 15 grams of thyroprotein, in addition to 5 pounds
of supplemental feed, per head per‘ day to the heifers wintered at a medium
level agdwhich calved as three-year-olds resulted in a loss of 52 pounds per
head foi' the first twenty-six days of the feeding period. Weaning weights of

the calvi'es, and the heifers' gain or loss in weight will be observed to give
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some ipdication as to the advisability or danger of feeding thyroprotein to
beef cows during the summer months.

Seaésonal variation in plasma-carotene levels were observed during the
years J)f this study. Heifers exposed to bulls in the summer of 1949 had
slightly higher carotene levels during the following winter than respective
open heifers.

Heifers calving at two years of age had lower inorganic phosphorus levels
than oﬁen heifers wintered at the same level.

Thé plasma-protein level tended to be lower for heifers wintered at a low
level than for heifers of the other lots. No consistent differences between

4

lots were observed in red cell count or hemoglobin level.
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THE EFFECT OF LOW PHOSPHORUS RATIONS
UPON CAROTENE METABOLISM IN RUMINANTS

% INTRODUC TION | ,

Thi:s part of the thesis was a study on the effect of low phosphorus rations
upon ca:rotene metabolism in ru'rrw.in_a.n't;s° Preliminary results on the influence
of phosi)horus on carotene metabolism were recently reported by Ross and
Gallup (1949). They found an inverse relationship bvetween the carotene and
inorganlic phosphorus content of the blood plasma of beef cows. Cows with
abnorrnjally‘ low plasma-phosphorus levels were observed to have higher plasma-
carotene levels than cows with normal or above normal levels.

Expériments to determine the effect of low phosphorus rations upon caro-
tene fneitabolisrn were conducted with lambs, yearling Hereford steers, and
aged Heireford cows. The research has been divided into three experiments:
Experiment 1 was a study of low phosp'horus rations upon carotene metabolism
in lambé; experiment 2 was a study of the effect of low phosphorus rations
upon thg carotene metabolism and storage of vitamin A in the liver of ‘t;eef
steers; :,and experiment 3 was a study of the effect of low phosphorus rations
upon meitabolisrn of carotene, storage of vitamin A in the liver, concentration
of carotene and vitamin A in the colostrum and milk of beef cows and upon

phosphorus, carotene, and vitamin A of the blood of their calves, upon liver

storage of carotene and vitamin A of the calves, and upon their growth.

\
|
]
|
|
|
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| REVIEW OF LITERATURE
|
Altlr;lough numerous investigators have reported on the symptoms of phos-

|
phorus i}and vitamin A deficiencies in ruminants and on the requirements for
each, v%:ry little work has been reported on the direct effect of low phosphorus
rations ;;‘upon carotene metabolism. Ross and Gallup (1949) first reported an
inverse relationship between inorganic phosphorus and carotene in the blood
of cows%'maintained on different levels of phosphorus: The data from which
they obséerved this relationship were obtained from a study on the phosphorus
requirefnent of beef cows grazed in two different areas of Okitahoma (Ross,
et al., 1948, 1949, and Robertson, 1948). Each area was stocked with
heifers §vhich were fed low, medium, or high levels of phosphorus. The phos-
phorus intake of the low level group at each area was restricted to forage and
protein supplement during Ithev winter; the medium level group received an in-
take of 15 grams phosphorus per 100 pounds body weight; the high level group
received an intake of 2.5 grams phosphorus per 100 pounds body‘ weight.
Blood samples were taken at periodic intervals, and inorganic phosphorus
and carotene determinations were made on the blood plasma. The blood-
phosphofus value of the low phosphorEs group at the Wilburton area was ab-
normally low during the winter and early spring months; however, their caro-
tene values tended to be slightly higher than values of cows receiving a high
level of ‘phosphorus, even though the high level cows consumed more prairie
hay. TH‘e cows receiving the high level of phosphorus had a greater intake of
carotene but less carotene in the blood than cows receiving the low level; it

|

appeared that the high level cows may have been more efficient than the low

level cows in the conversion of carotene to vitamin A. The phosphorus values
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of the high level cows rose sharply during the winter when those cows ate the

a-mount‘of phosphorus provided. The plasmaucarqt,ene and inorganic phosphorus

values c%)f cows receiving the medium level of phosphorus ranged between values
of low and high level cows. Analyses of blood of cqwé at the Stillwater range
reveaia;daﬁ,réctically the same picture.

Vanj Arsdell, et al, (1949) fed a low phosphorus-high calcium rachitic diet
to weaniing rats to determine its effect upon utilization of carotene. Twenty-
six rats were divided into two groups: one group was fed the rachitic diet sup-
ple'menéed with calcium carbonate, and the other group was fed the rachitic diet
supplenﬁented with monocalcium phosphate. Both groups were supplemented
with 0. '}5 mg. carotenie plus 0.5 mg. alpha-tocopherol per day. The rachitic
diet contained 1.22 per cent calcium and 0.234 per cent phosphorus; the non- |
rachitié diet contained 0.74 per cént calcium and 0.417 per cent phosphorus.

I

A pairejdnfeeding technique was used. Three rats in gach group were killed
after one week and vitamin A determinations were made on the blood and liver
and phosphorus determinations on the blood plasma. At the end of h moﬁth,

all rats were killed, and analyses were determined on the blood plasma and
liver, There was very little difference in vitamin A content of the blood and
liver between the two group; despite this fact, the phosphorus level of the blood
of the rats of the nonrachitic diet was approximately twice as high as that of

the rats on the rachitic diet.

Phosphorus

'];‘hei requirements of the animal body for phosphorus and calcjum, for up-
keep anjd normal development, have been the subject of research for many years.

Conclus?ive evidence that phosphorus, in combination with calcium, constitutes
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the greaﬁtest portion of the mineral matter of the animal body has been furnished

by nume%rous determinations.

In acidition to the important role of phosphorus in normal skeletal development,
it is kno?wn to be one of the most important elements in the physiological process
of the body. - Gértner (1929) stated that phosphorus is concerned in the metabo-
liism of nearly all body tissues. It is present in the nuclei of all cells and is vi-
tally concerned with the complete role in the chain of events occurring in mus-
cular co;jntraction and in the transfer bf energy. Phosphorus is considered to

be indisfi)ensible in carbohydrate, fat, protein, and lipoid metabolism, and as

a constitguent of certain enzymes. The maintenance of the reaction of the bloéd,
as well %s the maintenance of calcium equilibria of the blood, is a function attri-
buted to phosphorus. |

Num;erous studies have been conducted relative to the phosphorus require-

1
ments o% livestock. A report of the committee on Ahimal Nutrition of the Na-
tional Résearch Council (1945) advised that cattle should be allowed free access
to a phoéphorusnrich mineral mixture if the forage is é.pt to fall much below
0.15 per cent phosphorus on a dry~matter basis. This committee recommends
a range of 12 grams of phosphorus per head daily for wintering weanling calves
and yearilings to 24 grams for cows nursing calves.

Theiier (24) reported that the first symptom of a phosphorus deficiency was
usually ciepraved appetite as evidenced by the chewing of bones, sticks, hair,
and th,e excessive ingestion of salt and dirt in an effect to secure the needed
phosphorius. This condition was accompanied by a considerable loss of weight

|

|
which gr‘ieatly impaired the development of the body. The advanced stages of
1

this deficiency caused marked skeletal changes, and Theiler (1931) concluded
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that rickets and osteomalacia were definitely caused by a lack of phosphorus.
Sch‘midt% (1926) observed that growing animals frequently developed a peculiar
stiff, ''creep' gait as though it were painful to walk. Madsen (1942) stated that
osteomalacia, a disease of mature animals, is characterized by a softening
and replacement of bone with osteoid tissue resembling uncalcified bone.

In tlj1e classical studies of Theiler, Green,and Du Toit (1924), it was found
that a 1;ck of adequate available phosphorus in the diet was manifested by a
lack of %appetite and failure to utilize food eonomically. Riddell, Hughes, and

! .
Fitch (jl927), (1934), and Eckles and Gullickson (1927) disclosed that a lack of
phopphc;rus did not lessen the digestibility of the ration but it rearranged the
metabolism so that the digestible nutrients were utilized inefﬁciéntly-. The
latter investigators concluded that cows on a low phosphorus diet required 20
per cémjn more digestible nutrients to maintdin live weight. Kleiber, Gosé,
and ;Gugllbert ‘(1936)‘ also noted that a phosphorus deficiency is a li‘mitving factor
in the‘l e;onq'mical utilization of feed.

It has been conclusively demonstrated that the utilization of phosphorus
in the ration is modified by many factors relating to the ration or to the en-
vironmént. The rgtio of calcium to phosphorus in the diet has been found to
have an important influence upon the metabolism of both elements. If either
is present in inadequate amounts, the other is not utilized properly, even
though it is present in normal quantities.

Eariy recomrﬁendations on the ratio of these two elements were based on
the factithat they exist in rations of./ about Z:I and 1.25:1 in the bone and milk,
respect‘ively. McCollum and associates (1921) observed in their early studies

1
that a r}atio of calcium to phosphorus in the diet was perhaps of greater
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significi:ance to the welfare of the é.nimal than the absolute amounts of each.
Meigs,%it al, (1926), using four lactating cows, suggested that an excess of
calciu'rri1 in the ration may interfere with the assimilation of phosphorus.

Haag, Jones,z and Brandt (1932) indicated that a calcium-phosphorus ratio

of 10.5‘.: 1 was no more detrimental than one of 7.6: 1. 'Bethke, Kick, and
Wilder (1932) pointed out that,for optimum growth and bone formation , a
calcium-phosphorus ratio of 2: 1 gave best results. Increasing the ratio of
t'he‘se t‘l‘wo elements from 1:5 to 5:1 causes a progressive decrease in grow:th,

\ . : :
bone as;h, and the inorganic content of the blood. When the raio was changea
to 1:0.25, growth was markedly depressed. Maynard (1947) stated that the
desirea ratio of these two elements if between 2:1 and 1: 2 but that adequate

nut-ritidn is possible outside these limits. With adéquate vitamin D in the

ration, the ratio becomes of less importance.

Significance of Blood-Phosphorus Determinations

The concentration of inorganic phosphates in the blood plasma of cattle as

an aid 1n clinical diagnosis of a phosphorus deficiency even before physical
symptoms became apparent was first reportec@ by Palmer and Eckles (1927).

T}ﬁﬁéﬂler, et al. (1927) ‘reported that the phoéphorus content 'of the blood
of cattlée receiving adequate phosphorus varied from 4 to 9 mg.‘ per 100 ml.
of whole blood, with an average value of 5.2 mg. MacVicar (1947) found that
blood plas‘ma values were higher than whole blood values by approximately
32 per cent,

\
Blafck, et al. (1942) observed symptoms of aphosphorosis in cattle graz-
FT

ing a pl?msphorus-deficient range when the blood-phosphorus content fell below
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4 mg. pér 100 ml. of whole blood. In contrast to this work, Knox, Benner, and |
Watkins ;(1941) found that cows with blbod plasma levels of from 2.0 to 3.0 mg.
per tenfiphosphorus for short periods in winter and spring and from 3.00 to 4.5
mg. pe‘r; cent in the summer were in exceltent health. Huffman and others (1933)
stated tﬁat blood plasm_a-phosphorus values 1o§ver than 4.0 mg. per cent are to
be q-ues'tgion:ed, especially if the animl is less than one year of age. Greaves,
Maynard, and Reeder (1934) gave 5.0 mg. per cent as the borderline value.

Van Landingha'm, Henderson, and Bowling (1935), studying the effect‘ of age
on the in?organic'phosphate of the whole blood, found that values tended to risg,
reaching: a p‘eﬁk at seven months of age and decreasing progreésivély to 24
months., E' Malan (1928) and Green and Macaskill (1928) found that the blood of
newbornéc‘alvlevs‘contained twice as much inorganic pho‘sphorus as thatlof their
‘dam. ‘This finding has been confi;med by Eckles, Gullickson, and Palmer (1932).

MSmaljl-pe_rcentage calf crops,sbreeding difficulties, and difficulty at time of
calving | jhave been és sociated with a lack of available phosphorus in the feed
‘by Theil%r (1924), Eckles, et al. (1926), Schmidt (1926), Black, et al. (1943)‘,,'

Lantow (1933), Knox, et al. (1941), Ross, et al. (1948), (1949), and Hart and

Guilbert 1‘928)..

Vitamin A
The fiirst evidence that ¥itamin A was needed for reproduction was reported
byHart,._gy_a_l_. (1911), (1924). In 1926, Jones, Eckles, and Palmer showed
vitémin A to be an indispensable factorim the diet of calves.
\

|
Bechdel, et al. (1928) studied the effect of feeding five heifers, one to two

and .one-*mlf years of age, a ration deficient in vitamin A, They observed that
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the vitamin A deficiency caused edema in the front legs, declining appetite,

and increased respiratory rate. One animal became blind. In two cases of

\
!

prégnan‘?y, thé calves were born dead, one being born more than two months
pre‘ma'tuﬁre o

K Guilf)ert and Hart (1985) found that night blindness was the first detectable
clinical symptom of vitamin A deficiency and that it was a delicate index upon
which mini'mum krevqu'irements could be based. They stated that the daily mini-
mum cal;'otene requirement of cattle is 26 to 33 micrograms per kilogrkam live

1 :
weight. ‘Carotene intake at the level of about 29 micrograms per kilogram live

weight prevented or cured clinical symptoms:of deficiency. Vitamin A deficiency

that had ‘progressed to the point of night blindness and convulsvion_s did not iﬁ-
hibit the:occurr:ence of oestrus. Guilbert and Hart advanced vthe hypothesis
that the yitamin A requirement is related to body weight rather than to energy
requirériaent. Reports of their later éxperi‘ments (1937) substantiated this
hypothesis.

Watk‘in;s and Knox (1950) determined the carotene content of blood plasma of
Hereford breeding cows grazing on a southern New Mexico range. These values
seemed to indicate that a vitamin A deficiency might occur only in case of pro-
longed dirought or extremely abnormal conditions. Hart and Guilbert (1933)
stated that in the bovine, as in other species, the concentration o£ vitamin A
in the li\?er varies with carotene concentration of feed. The reserve supply that
has accumulated in th@ body during the green feed season is sufficient to carry
animals ‘lthrough the d;'y season under average conditions.

Guil‘éert and Hart (1934), Riggs (1940),Fry and Jensen (1946), and Eden

(1948) have stated that the ability of cattle to store vitamin A in times of
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abundancg against periods of prf[vation is extremely important under range con-
ditions. ;During the period of active growth, there is a greater requirement for
vitamin A| and, consequently, less vitamin A is stored than when adult size is
attained.:

- Davis and Madsen (1941) reported that an inadeql;.ate carotene intake in cailtle
could be Edeterm_ined by blood analysis. Tﬁe carotene and vitamin A content of
blood ‘pla'sma at any particular time was dependent on the current intake and
preyiqus storage of these factors. When cattle were depleted of carotene‘vre- |
serveé, éhe blood-carotene level was dependent on intake alone. Vitamin A.
values tended to reach a stable level and did not increase proportionally with
intake as: did the carotene level. Braun (1945) and Hibbs (1946) stated that the
plasma content of carotene and vitamin A does not give an absolute measure of
the storage of these substances in the animal's body. Although the plasma con-
tent of carotene and vitamin A may not be an absolute measure of the storage
in an anilénal‘s body, these values do reflect the intake of the factors.

It is g.enelrally'ac.cepted that the amount of vitamin A or carotene needed for
normal r:e'production in cows is greater than the amount needed for protectioﬁ
against night blindness, a well-known symptom of vitamin A deficiency. Kuhiman
and Gallup (1941), (1942), have set forth minimum requirements for carotene
intake ian’e?sey cattle for normal conception, reproduction and lactation, as
follows: Econception, 20-29 mcg. per pound of body weight; reproduction, 40-45
mcg. per pound of body weight; and lactation, 40-45 mcg. per pOundl of body
weight. ‘In a later report, Kuhlman and Gallup (1942) stated that, when blood
plasma v‘?a.lues in 18 and 24-month old Jersey heifers dropped below 150 mcg:

per 100 ml. plasma, difficulties were often encountered at parturition.
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Mo?re, _e_t_a_._d , (1947) stated that cows at the Beltsville Experiment Station
which r;eceived 80 to 100 milligrams of carotene per day gave birth to normal
calves.i Guilbert and Rochford (194D) reported that a 1000-pound beef cow re-
! '
quired é.bout 75 milligrams of carotene during thel last months of gestation;
this amjount is five times that needed for maintenance. Payne and Kingman
(1947) 1;eport that the carotene-blood plasma level of fiamge Hereford heifers
calying;for the first ti'me‘ must be at least:L18 and that for aged cows must be '
at least; 83 micrograms per 100 millileters, for adequate health and reproduc-
: \
tion. i
Sutton and Soldner (1943) reported that blood plaS'ma-cérotene and vitamin A
values qf dairy cows remained nearly constant up to a wgek before calving.

Just prior to calving, a decline of both plasma-carotene and vitamin A

occurred, and a further drop was observed immediately after parturition.

\ .
Sutton, et al. (1945) found that the maximum decrease in blood plasma-carotene

values of lactating cows occurred one week following parturition. The maxi-
mum decrease in'blood plasma-vitamin A was reached three days after par-
' turition{i.

Thoimas, et al, (1946) found that the concentration and total output of
vitamin} A and carotene in the colostrum of the cow is influenced by the ration
fed during the two months immediately prior to parturition. Speilman, et al.
(1946) étated the the prepartum diet of the normal bovine may influence
markedly the vitamin A and carotene reserves of the newborn calf. However,

Hart and Guilbert (1933) found the the livers of newborn animals tend to be

compa;rlatively low in vitamin A, irrespective of the diet of the dam during

|
gestation.



Kel_ener, et al. (1942) observed the effects of vitamin A defiEimycy in calves
and foé.md effects similar to those previously reported by other workers, includ-
ing exchhthal'mi'a, roughness of coat, slowness of gro:wth, muscular incoordina-
tion, <iiarrhea, pneumonia, blindness, and death. The gross and microscopic
p:atholégy observed at autopsy included a cystic conditionjof the pituitary, a
constr:ictior; of the optic foramen, and various degrees of histopatholbgical
changejs in the tissues of the intestines, liver, kidney, and testicle.

Haﬁsen, _gigl. (1946) found that vitamin A of colostrum from barn-fed
hei'feré in the first lactation was more than twice the vitamin A content of '_,c;h‘e
colosti‘-um from thé Same cows in the second lactation. Seven-fold variation
in the é:O].O»StI‘l‘Im vitamin A potency occurred in these cows, even though the
cows were fed ideﬁtical rations and were maintained under uniform conditions
during;two 1'actating periods. An increase in the blood plasma-vitamin A con-

\
centraéion of the newborn calf was observed folldwing the ingestion of colos~-
trum, and the percentage inurease tended to reflect the concentration of vita-
min A present in the colostrum of their dams.

Sutfcon, Warne;', and Kaeser (1947) found a rapid decline of carotene and
vita’miﬁ A in colostrum and milk with each successive milking. Colostrum
waé épi)roximately ten ti'mes as potent in carotene and six times as potent in
vitamin A as normal milk. Levels closely approaching normal milk were
reachezd at the end of the third day.

Henry, et al. (1949) studied the relationship between the maternal re-
.serves‘ of vitamin A, the vitamin A content of the milk, and the stores of

vitamin A present in the young at birth and amassed during suckling; they

reported that the vitamin A content of the milk and the livers of the young
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rats was influenced by the amount of vitamin A taken by the mother during

lactation more than by her liver reserves.

|
|

Factors Affecting Carotene Metabolism and Storage of Vitamin A in the Liver

Thorbjarnarson and Drummond (1938) stated that the storage of vitamin A
in the liver is facilitated by’-the presence of fat in the diet and its subsequent
deposition in the liver. Consiaerable storage of vitamin A takes place when
the animals are given an excess, but the reserves are depleted when an excess
is no ljonger given. They further stated that fat leaving the liver may t‘ake
- with it vitamin A,

, Beptley and Morgan (1946) found that when carotene was fed there was a
deﬁnitie depression of vitamin A storage on the high-fat as compared With
the low-fat diets.

Mc;or'e (1940) stated that the vitamin A reserves of rats kept for prc;-
longed periods on a diet deficient in vitamin E but a diet to which vitamin A
waé sﬁpplied as halibut’oil were always much lower than those of control ahi-
mals receiving supplements of vitamin E. Kachmar, et al. (1950) stated
that the feeding of a low vitamin E ration did not impair the utilization of
carotene and vitamin A, Harris, Swanson, and Hickman (1947) reported
that the efficiency of transfer of ingested vitamin A and carotene into vitamin A
and ca‘zrotene in the milk was not “increased by supplementation with vitamin E
alone.

Gallup (1941) reported that the daily administration of cod liver oil to
calx‘resi on winter rations caused about a 50 per cent decrease in plasma-

|
carotene. ~Deuel, et al. (1942) observed that the decrease in milk carotene,
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which?followed administration of 2,100, 000 I. U. of shark liver oil, appeared
to be éaused by vitamin A per se. A rough proportionality existed between

the lex;rels of carotene in blood and in the milk.

vSejx-ton, Mehl, and Deuel (1946) stated that no incréase in vitamin A.could
be derﬁonstrated after the parenteral injection of carotene. The localization
of the;intestine as the site of transformation of beta-carotene to vitamin A
in the.rat'has been demonstrated by Mattson, Mehl, and Deuel (1947),
Goodvn?lin and Gregory (1948), and Glover, Goodwin, and Morton (1948),

‘S:ii:qce Wooley (1947) stated there was an antagonistic relationship between
a nu-m})er of nutritional factors and their structural analogs, a number of in-
vestig;ators have reported antagonistic relationships‘between certain pre-

cursors of vitamin A and vitamin A per se, Kemmerer, Fraps, and

Demottier (1947) found that a mixture of xanthophylls in a concentrate from
i

spinaéh decreased the storage of vitamin A in the liver of vitamin-A deficient
rats‘s'upplefne‘nted with carotene. Johnson and Baumann (1948) stated that
-/c‘ryptoxanthine was gqual to beta-carotene in producing stores of vitamin A
and t.h.:at its relative activity for storage was twice that for growth. Kelley
and D%.y (1950) stated that large amounts of xanthophyll administered With
beta-éarbtene or vitamin A decrease the utilization éf of these substances
for tissue storage of vitamin A in rats. They had no effect on the rate of
disapéearapce of vitamin A already present in the tissues, indicating that
inhibitory actiqh m-a;r occur in the alimentary tract. Kelley and Day fur-
‘ :the‘r stated that the effect of the xahthophyll is not due to a specific impair-

ment of the enzymatic mechanism for the conversion of carotene to vitamin A.
! ) !

Esh and Sutton (1948) stated that the feeding of lecithin with a vitamin A
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or carotene supplement to rats resulted in greater gains in weight and in-

créas;ed liver storage of vitamin A. When choline was {ed with these supple-
menté, thé liver storage of vitamin A was no different from that of the groups
vyh-ich received the vitamin supplement alone. These workers concluded

t:}.la»t" jliécith:in enhanced both the absorption and utilization of vitamin A and
taroténe and that the choline ‘fracilzion of the lecithin molecule was not respon-
sible ifor this effect. Slanetz and Scharf (1945) reported that commercial
soybe}an lecithin markedly influenced storage and blood levels of vitamin A

in thej rat. Shaw, Moore, and Sykes (1951) found that a marked depressioﬁ

in pla;sm'a and liver vitamin A produced by feedir;g ground raw soybeans to
calves on an adequate, but 1<‘>w, intake of carotene.

Héi-mer, Maslow, and Sobel (1949) divided litters of wistar rats into
threei’groups.--c‘:ontrol, thyroidectomiged, and thyroxin treated--and killed
t'hem;after 45 days of feeding. It was found that vitamin A storage in the
liversl of rats on a vitamin A-free diet was highest in the thyroidectovmi‘z‘ed
rats. Baumann and Moore (1939) found that when groups of normal and hyper-
thyro:id tats containing uniform stores of vitamin A were ft_ed a diet low in
vitamin A the amounts of this factor remaining in the liver were usually at
least jas high in the‘hyperthyroid group as in thé”control grdup. Johnson and
B‘aum:ann‘(1947) reported that, in some trials, the administration of thyroxine
éctually appeared to decrease the rate o'f utilization of vitamin A. Hyper-
thyv‘ro-iz,d rats fed moderate amounts of fish liver oil stored approximately

as mt;u:h vitamin A as control rats.

Johnson and Baumann (1948) studied the reiatiVe signifiéé.nce of growth

and ‘rﬂetabolic rate upon the utilization of vitamin A by the rat and concluded

60



o

1
that i"at-s whose growth was restricted by diets inadequate in calories, thia--
minve‘;, or tr’yptophane‘ retained more hepatic.vitamin A than control rats that
grew normally. Comparisons between rats of similar size suggested that
ﬁletaitaolic rate also influenced vitamin A depletion; desiccated thyroid
.has'tened the depletion of vitamin A reserves somewhat, whereas thiourea
and thiouracil delayed it.

| Tih;e_ti'me taken‘ to exhaust the reserves of vitamin A in the livei'.is de-

pendéﬁt not only on the initial size of the reserve but also on the rate of
u'tiliééétion ;.,of the yitamin by the body. This rate is increased in groWing
ani'mgls and also in animals where the basal metabolic rate has been raised
as in hyperthyroi&ism (Johnson and Baumann, 1948). Hickman (1946) sug-
gested that thg rate of depletion is also dependent on the actual size of the v
initia{l r’evvs.erve; This hypothesis has been confirmed By Eréy and Jensen

| .
(1946%,and,;,,1 947), who 's.-hq'Wed,th:a';j;,- for steers, the rate of depletion decreased
as thé amqunt"”.of vita,;m__in A in the liver dec r-eése'd’ .

Davii'es .anc‘_lv-_MQ'ore»-(l935') gave adult rats, already possessing high liver
reserés of wtamin A, mas-sive doses of vitamin A concentrate. The mean ‘
liver levels rOSé' to--18, QOO }‘Bi.U_./gram, an amount which vwas enough., theoretif
cally‘;, to last a centdry if usved up at a rate corresponding to physiological ‘
requirements. " The rats wére then restricted to a diet free of vitamin A,
and a rapid elimination of vitamin A from the liver took pllac..e, the mean
le\’{el;falling to 400 B.U./gram after twelve weeks. At this level, a condition
~of staible storage of the vitamin appeared to have been attained, as no further
fall oiccurred after twelve additional weeks on the vitamin A—free diet.

|
Tixe fate of excess vitamin A stores during depletion was studied by
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Popper énd Brenner (1942). They used flourescent microscopy for the location
of vitavm‘in A in the liver cells and suggested thpt the destruction of excessive
vitamin %A“probably takes place in the Kuppfer cells. Normally, vitamin A is
stored in the other liver cells; however, when massive doses are given, the
Kuppfer cells also show intensive flourescence, characteristic of vitamin A,
During depletion, as much as can be determined by flourescence, the Kuppfer
cglls are the first to give up vitamin A. Decrease of flourescence is not ac-
companijgd by an increased concentration.of vitamin A in the blood; hence,
the eyidence suggests that the disappearance of vitamin A from the Kuppfer
cells doés not represent a release of the vitamin into the blood but that it is
actually being destroyed in these cells,

Krause (1949) reported an examination made of the relationship between
serum level and liver content of vitamin A in normal rats and those under the
influenc?e of varying degrees of vitamin A depletion.  The following points were
observecji: (1) An inverse relationship was observed between blood and 1iver
levels of vitamin A in normal male and female rats and those depleted femalve
rats whose liver content ranged as low as 600 I.U. per total liver. (2) When
the total‘ liver content fell below 600 I,U. in the male rats, there was a paralyylel—
ism bet\;veen blood and liver levels.

Vavich and Kemmerer (1950) stated that the size of the rats used as e.xperi—
mentai animals markedly influenced the utilization of carotene.for liver storage

i

i
of vitamin A.

|
|
|
|
|
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% THE EFFECT OF LOW PHOSPHORUS RATIONS
| UPON CAROTENE METABOLISM IN' LAMBS

1 ,
| EXPERIMENTAL PROCEDURE
|

Lafnbs were fed a ration low in phosphorus for a period of 268 days, in
order to deplete them of phosphorus. They were of different ages and aver-

aged 55 pounds when placed on experiment August 2, 1949. At the start of

the experiment, they were treated with nicotine sulphate and copper sulphate.

During and following the depletion period, the lambs were kept inside with-
out acééss to green material of any kind.

The lambs were fed a ration composed of] 1/4 pound corn gluten meal,

1 1/4 pounds cottonseed hulls and approximat‘elvy 5 grams salt per head per
day. T;his ration provided an intake of 1.1 grams of phosphorus and 1:44
grams c;alcium per 100 pounds live weight and had a calcium-phosphorus
ratio of; 1.3: 1 Because of its relatively low phosphorus content, corn glu-
ten meal was selected as the protein‘ supplement. Cottonseed hulls were
used because they are low in phosphorus and devoid of carotene. The chemi-
cal comi)esition of the feeds is given in Table 1, /

Blood samples were taken at the beginning of the experiment and at inter-
vals of épproximately one month during the depletion pe‘riod. The blood was
collected in citrated tubes and analyzed for vitamin A by the Kimble proce-
dure (19?39) and for inorganic phosphorus by the Fiske and Subbarow method
—

One i1undred ninety-two days after the lambs were placed on the depletion

\

ration, ﬁhe average inorganic plasma-phosphorus level was 8.5 milligrams

1

and the {ritamin A-plasma level was 3.2 micrograms per 100 milliliters of
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TABIE 1.

CHEMICAL COMPOSITION OF FEEDS USED IN EXFERIMENT 1

Percent
“dry __Per cent composition of dry mstter
Matter Ash Protein Fat Fiber NF.E, Ca. P.
Corn Gluten Meal 92.45 1.85 45.16 2,53 3.28 h7.18 0.09  0.343
Cottonseed Hulls 92,00 - 3.69 ———- e memes 0.12 0.037
Dicalcium Fhosphate 96.52 . ———- ———— emee- 25,10 18.7h
Calcium Carbonate 99. 1k T ———- meme e 38.30 -----

¥9
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plasma.’ The average phosphorus values were higher than they were at the

start of ;the experiment. Calcium determinations were made,iby use of the
Clark an?d Collip procedure (1925). The average calcium level was found to
be 8.2 'rrjﬁlligrams per 100 milliliters of plasma; this average was lower than
the normal range of 9 to 12 milligrams of calcium in the blood plasma of
sheep, as reported by Dukes (1947).

The ration was changed because of the low energy content of the ration,
‘the high ;inorganic phosphorus content, and the low vitamin A and calcium con-
tent of the blood plasma. The ration fed the lambs for the remainder of the
depletion period was composed of 0.15 pound corn gluten meal, 0.15 pound
starch, 0.15 pound sugar, 1l pound cottonseed hulls, 2 grams of calcium car-
bonate‘, 6.45 gram Delsterol, which provided approximately five times the
minimun? vitamin D requirement (National Research Council 1945), and suf-
ficient c;rotene concentrate to provide approximately nine times the minimum
carotene‘ requirement. This ration provided an intake of 0.67 gram of »phos-=
phorus and 2.27 grams of calcium per 100 pounds of live weight and a calcium-
phosphorvjus ratio of 3.4:1,

The @inimum carotene requirement was estimated from the work of Guilbert,
et al. (1937, 1940); 13.6 micrograms per pound of body weight was used as
the minirjhuim. The carotene used was a crude carotene concentrate prepared
from 'alfail‘fa which had a potency of 20, 000 micrograms per gram. Seventy
grams ofl the crude carotene concentrate, 400 ml. of corn oil, and 100 ml. of

Skelly Solve "F' were placed in a Waring Blendor and mixed until an emulsion
I

was forrr{ed. After cooling, the emulsion was stirred by an electric stirrer;

and 5 cc. aliquot portions, containing 13, 600 micrograms, were pipetted
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i
into l/4i-ounce capsules. These capsules were kept under refrigeration, and
one capisule was given to each lamb every other day.

Two%of the nine lambs died of unknown causes during the depletion period.
Phosphdrus values of blood samples taken one day before death were above
6 milligrams per ‘100 milliliters of p1absma. Bone sections from the femur
of these two lambs showed the shaft to be small and the walls very thin.:

After the lambs had been on the depletion ration for 268 days, they were
divided i;nto two lots according to their body weights, plasma-vitamin A and
plasmaainorgan‘iq phoéphorus levels. Blood samples were ‘ob%é\ined, and the
lambs were weighed at approximately ten-day intervals. | The lambs were
kept together in a dr?r lot and were fed individually, in stanchions, twice a
day. |

The %hree 1ambs in Lot 1 were continued on the low phosphorus raﬁén;
the ratio%n of the four lambs in Lot 2 was supplemented with sufficient dical-
cium pho;]sphate td provide approximately three grams of phosphorus per 100
pounds of live weight. The compeosition of th'e ration fed to each lot is given
in Table 2. All lambs continued to. receive approximately nine times the mini-
mum carotene requirement and approximately five times the minimum vitamin D
requirement, The ration of the lambs in Lot 1 was supplemented with suffi-
cient calcium carbonate to provide the same intake of calcium for both lots.

Thirt}y.—two days after phosphorus supplementation was‘ given to the lambs '
of Lot .2.,E all 1ambs were slaughtered. The livers ‘were collected at this time;

|

representative samples were wrapped in cellophane paper and kept frozen

until theyii were analyzed for vitamin A. - The method. of analysis was that of

Gallup arid Hoefer (1946). A femur was taken from each carcass, and a cross-

section of this was ashed, according to the :A;O.A.C. ‘method (1945).



TABIE 2.

RATTONS FED T THE IAMES OF EXPERTMENT 1%

Lot Number Corn Gluten Cottonseed Suger Starch Calcium Dicalcium Daily Intake Ca:P

No. of Meal Hulls Carbonate Fhosphate gms/100 lbs. Ratio
' Lambs body weight
' Ibs, 1bs, 1bs. Ibs, aus. gns. Ca P
1 3 0.20 i.00 0.20 0.20 5 - k03 0.85 h,7:1
2 L 0.20 1.00 0.20 0.20 -—- 8 k.38 3.30 1,3:1

1 Bach lemb supplemented with 13,500 micrograms carctene every other day. ALl lsmbs received 0.45
Delgterol evexry day.

L9
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RESULTS AND DISCUSSION

The lambs maintained their weight throughout the experiment; however,

growth was retarded, and the lambs appeared weak and emaciated and exhib-
itea a cléepraved appetitie; some were observed to eat wool. These symptoms
are sirriﬁlar to those reported by Beeson, et al. (1937) for a phosphorus defi-
ciency.‘;

The inorganic phosphorus values in the blood plasma of the lambs are
given 1n} Table 3. In spi‘te of the 268-day depletion period during which the
lambs rieceived from 0.67 to 1.1 grams of phosphorus per 100 pounds live
weight, 'the lambs had approximately thé same average inorganic phosphorus
values a;s they did at thé start of the depletion period. The average values
for all 13,ambs had only decreased from 5.6 to 5.0 milligrams phosphorus per
100 milliliters of plasma. At one bleediﬁg, 192 days after the start of the
experirr1§ent, the average phosphorus value for all lambs was 8.5 milligrai‘ns.
The calc?:iurn value at this time was 8.2 milligrams. The low calcium level
in the pléasma may have begn due to an inadequate intake of calcium or to a
vitamin’iD deficiency, because the lambs were kept inside and no vitamin D
was supfqlemented at that time. The low energy intake may have caused meta-
bolic dis%turbances which were reflected in low calcium-plasma levels. The
metabolilsm of calcium, phosphorus, and vitamin D is closely interrelated;
rickets may tend to develop when these interrelations are not normal. In
rickets, |there is an increase of the phosphatase content of the blood and bones.

The average phosphorus values of the lambs in Lot 1, which received no

phosphorus supplement, decreased from 4.99 milligrams at 268 days to 3.43




TABIE 3.

 INORGANIC PHOSFHORUS CONTENT OF PIASMA OF IAMBS ON EXPERIMENT L . =

AND PER CERT ASH OF BONES

Plasma Inorganic Phosphorus' Per cent Ash

(mg per 100 ml) Dry, Fat-free Bones

Lot Lemb No. Aug. 2 Feb, 10 Apr. 27% May 10 May 19 May 29  May 29
Days on experiment 0 192 268 281 290 299 299
1208 L. 4 8.88 .88 5.0k 3.72 4 60 67.60

1 1575 -2 5.32 5.48 1.16 1.32 1.20 65.83

' 1500 k.6 9.20 k.60 - 3.08 3.36 4,48 66.99

Lot average k.99 3,09 2.80 3.43 66.81
1471 6.4 8.80 2,84 8.40 9.6k 8,92 67.41

2 1h7h 6.3 8.60 5.6k 5.20 5.16 5.84 67.57
1478 7.2 11.0h4 5.72 6.32 6.12 6.20 67.51

_ 1485 5.8 6.48 6.08 7.12 6.2 9.2 69.00

Lot average o 5.07 6.76 6.79 7.55 67.87

Average all lembs 5.5 8.3

1 Phosphorus supplementation was sterted at this date for lambs of lot 2,
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milligria'ms at the termination of the experiment. Two lambs in Lot 1 main-

|
tained, a‘xpparently, normal values, whereas the phosphorus values of lamb

1475 dropped from 5.48 to 1.20 milligrams at the end of the experiment.

The results of these phosphorus determinations on the lambs of Lot 1 sub-
stantiaﬂe the previous work of Beeson, et al. (1937) who reported that lambs

receivii;g 1.31 grams of phosphorus daily showed signs of a phosphorus de-

ficienc;ir. These workers stated that, after 133 days of feeding on the low

phosph(:Trus ration, the blood-phosphorus levels were reduced from 5,00 -
o
milligréms to 3.87 milligrams per 100 milliliters of plasma. Several of

these 1d:mbs had a lower value than that indicated by the average, and other
lambs Had a normal plasma-phosphorus level. In another lot-which received

1.7 gra:ms of phosphorus, the average plasma-phosphorus level was 5,25

milligréms, although, obviously, some of these lambs were definitely de-

ficient in phosphorus.
|

In view of the fact that some of the lambs in this experiment exhibited
|

symptorzns of a phosphorus deficiency and yet maintained normal inorganic
phospho:;us levels in the blood plasma, it is apparent that the concentration
of the irilorganic phosphorus in the blood plasma might not be a true inﬁica-
tion of the phosphorus metabolism of lambs which have been receiving a low

intake of phosphorus for an extended period.

Thelaverage phosphorus values of the lambs in Lot 2, which received

additional phosphorus, increased from 5.07 milligrams at 268 days to 7.55

milligrams at the end of the experiment. Beeson, et al. (1937) and Gallup

and Briggs (1950) stated that lambs require about 2.5 grams of phosphorus

|

daily per hundred pounds of live weight for efficient and rapid gains.
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A section of the femur from each lamb was ashed; the per cent ash of
the dry, fat-free bones is given in Table 3. There was very little difference
betweeni the ash of the bones of the lambs from the two lots; however, the
walls of the bones of Lot 2 lambs appeared to be thicker than those from
Lot 1. :The average ash content of the bones from the lambs of Lot 1 was
66.81, ;Nhereas the Lot 2 average was 67.87. Lamb 1475, which had an
inorganic phosphorus level in the plasma of 1.20 milligrams, the lowest of
any lam‘;b, had an ash value of 65.83, the lowest ash value for any lamb,

|
These ash values are lower than those found by Nash (1950), who reported
ash values averaging 69.5 per cent for ewes maintained on apparently ia-
adequate intakes of phosphorus,

The vitamin A content of the blood plasma of the lambs is shown in
Table 4] The average vitamin A values. increased in all lambs following

| .
carotene supp}e,mentation given 192 days after the iniation of the experiment.
The vitamin A values of the lambs on the 268th day varied from 9.8 to 19.7
micrograms. The average values were about 20 micrograms lower than
that usually found in comparable lambs given fattening rations containing
roughage of high carotene content (Gallup, _e_EE_L. , 1951). The lambs were
nervous and excitable; these symptoms of vitamin A deficiency correspond
to those reported by Klosterman, et al. ‘,‘(1949).

Froniq the 268th day until the end of the experiment, the vitamin A values

increaseJ‘d for lambs of both lots. The average plasma-vitamin A level of

the 1amb“s of Lot 1 was 14.3 at 268 days and 20.4 micrograms at the end

of the experiment. For the lambs of Lot 2, the average vitamin A values
]

increased from 15.1 to 18.2 micrograms. Although the vitamin A values



TABm : ho

 VITAMIN A CONTENT OF PLASMA AND LIVER OF IAMBS IN EXPERIMENT 1, =

Plasms Vitamin A
(mcg per 100 ml)

Iivér Vitemih A
(meg per grem)

Lot Leub Mo, Aug. 2 Feb. 10° Apr. 272 May 10 May 19  May 29 May 29

Days_on experiment 0 192 268 281 29 299 299
1208 31.2 3.6 13.6 20.3 20.3 20.3 15.7

1 1475 21.5 2.8 17.7 27.5 28,7 20.8 12,0

' 1500 20.0 1.9 11.7 23.5 22.h 20.0 12.0

Lot everage 14,3 23.8 23.8 20.h4 13.2
. 1k71 28.7 2.8 19,2 2,9 25,2 19,2 10.8

2 7k k2,7 3.2 11.7 15.6 - 18.2 15.1 15.2
1478 16.8 None 9.8 9.8 15.1 15.3 10.3

1485 33.2 7.0 19.7 5.2 23.0 23.0 10.8

Lot average 15.1 18.9 20.4 18.2 11.8

Average all lanbs 27.8 3.1

1 A11 lembe supplemented with nine times carotene requirement starting this date.
2 Lembs of Lot 2 supplemented with additional phosphorus this date.
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increased more for the lambs in Lot 1 than for those in Lot 2; the increases
' |

| :
made by both lots were small. Values for both lots were considered low,

indicating that vitamin A storage in the liver was at a mimimum,

Liver analyses for vitamin A indicated that there was very little difference
between}the two lots. As shown in Table 4, the average vitamin A content

of the li\Z/ers of the lambs in Lot 1 was 13.2 micrograms of vitamin A per

‘gram, vs}hereas the livers from the lambs of Lot 2 contained 11,8 micrograms
|

per gra&l. "Although all lambs received approximately nine times the mini-

mum rec?luire'ments of carotene for a period of 108 days, it appears that the
storage of vitamin A in the liver was at a minimum at the start of carotene
supplementation and that very little storage occurred after supplementation

with nine times the minimum requirement.
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SUMMARY

Seven lambs were fed a low phosphorus ration for a period of 268 days, after

which they were divided into two lots following a consideration of the inorganic
phosphofus and vitamin A content of the plasma and body weights. The three

lambs in Lot 1 were continued on the low phosphorus ration, whereas the four
lambs in Lot 2 were supplemented with sufficient dicalcium phosphate to ap-

i

proximatj;e a phosphorus intake of 3 grams per hundred pounds body weight.

The j_la‘mb's were bled at intervals of approximately ten days, and analyses

1
1

were ,ma?de for inorganic phosphorus and vitamin A. Although the additional

pho-sph01§'us fed to the lambs of Lot 2 caused an increase in plasma-phosphorus
values, éthis increased phosphorus level'in the plasma did not influence the |
vitamin A content of the plasma. |

Analgrses of livers from lambs slaughtered at the end of the experiment
indicate@ii1 that there was very little difference in *;he vitamin A content between

the two lots.
Undeir conditions of this experiment, a low phosphorus ration did not ap-
i
pear to affect the metabolism of carotene.

1

i
|




THE EFFECT OF LOW PHOSPHORUS RATIONS
UPON CAROTENE METABOLISM AND UPON STORAGE
OF VITAMIN A IN THE LIVER OF BEEF STEERS

EXPERIMENTAL PROCEDURE

Nine head of yearling Hereford steers were used in this. study. They
weighed approximately 680 pounds at the start of the expé'ri'ment? Aug'ust 2,
1949. These steers had received different feeds thé previous winter but
had been grazed together in the same pasture during .the summer at the Lake
Carl Bliackwell Range Experimental Area, west of Stillwater, Oklahoma. At
the start of the experiment, the steers were placed in a dry lot at the Experi-
mental Steer Feeding Barn near the campus and were fed a ration composed
of 2 poqnds corn gluten meal and prairie hay, free choice, in order to de-
plete thie steers of phovsphorus. Corn gluten meal was used as the protein
supplerrlient béc_ause of its relatively 1ow!phosphorus content. This ration
furnished an intake of 1.04 grams of phosphorus per 100 pounds live weight.
After the steers had been on this ratioh for a period of 117 days', the amount
of corn 1jgluten meal fed wés reduced from 2 fo 1 pound per day‘. This change
was made because the previous intake of 1,04 grams of phosphorus had not
lowered the inorganic phosphorus 1e\(e1 of the blood plasma. The fho:sphprus
intake per 100 pounds live weight for‘the' remainder of the 309-day depletion
period \?Jvas 0.5 gram. |

Blo?d séfnple‘s from the jugular vein were collected at the start of the
experiment and at intervals of approximately one month during the depletion
period.| The blood was collected in citrated tubes and analyzed for carotene

and vitamin A by the Kimble (1939) procedure and for inorganic phosphorus
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by the Fiske and Subbarow method (1925). After the steers had been on the

depletioln ration for a period of 270 days, liver samples were obtained and

were analyzed for carotene and vitamin A by the method of Gallup and Hoefer

(1946). |
The ;procedure used to obtain the liver samples from the steers on this

experiméent was one developed by Whitehair, Van Arsdell, and Thomas, of

the Oklal;homa A.& M. Animal Husbandry Department (1950). This procedure

is partié}lly illustrated by Figures 1 and 2. As shown in Figure 1, the steer

was tied to a fence, little restraint being necessary for this operation; an

area 4 By 5 inches was shaved on the steer, the center of the shaved area

being 12 to 14 inches from the backbone, between the 12th and 13th ribs on

the righ’zc side of the animal. The shaved area was cleaned with tincture of

Merthiqlate and alcohol. A local anesthesia, composed of 50 cc. of 3 per

cent Prgcaine Hydrochloride, was injected subcutaneously and intramuscularly

near thei two ribs,using 20-gauge needles, 3/4 inch and 1 1/2 inches long.

After 'ab_out five to ten minutes, a 3-inch incision was made midway and par-

allel wit?h the ribs. A 6-inch, blunt-ended trocar and canula with a l-inch
|

diamete# was then inserted through the muscle fibers and into the abdominal
cavity. -}iThe trocar was withdrawn, and a flashlight with an extension cable

was insérted to determine the exact location of the liver. When the liver was
1ocated,lthe canula was pressed against the liver, and the instrument designed
to obtain these: samples, shown in Figure 2, was inserted in the canula, pressed
against the liver, and, after two complete turns, was withdrawn. The opera-

tive area was treated and cared for as in accepted practices. The entire

procedure, as outlined by Whitehair, et al. (1950) normally required about




TABIE 1

RATTONS FED TO STEERS IN EXPERTMENT 2

Nunber ‘ Calcium Dicalcium Aversge Daily Intake
Lot of Corn Gluten Meal Prairie Hay Carbonate Fhosphate gms per 100 lbs. Ca:P
Steers ' body weight Ratio

1bs. 1bs. ams. ams, Calcium - Phosphorus
1 5 1 10 62 wm—- 6.45 0.50 12,8:1
2 i 1 10 - 100 6.48 3.03 2.1:1

1 After one month on this ration, the deily ration of each
microgrems of carotene.

steer was supplemented with 136,000

L



Figure 1. Local anethesia being given to steer in area of operation.

Figure 2. Instruments used in obtaining liver samples--from bottom
to top--instrument designed to obtain liver samples and a
2.2 gram liver sample, ruler, canula, trocar, flashlight
with extension cable.

1T A



20 to 30; minutes. The 0.5 to 3.'0 gram samples obtained from the steers in
this -max};ner were wrapped in cellophane, placed in labeled jars, and immedi-
ately frc;zen on dry ice. These samples were kept frozen until they were an-
alyzed for carotene and vitamin A,

After 309 days in the phosphorus depletion ration, the steers were divided
into two lots acél)rding to their live weight, blood and liver levels of carotene
and vitafnin A, and plasma level of inorganic phosphorus. The steers were
placed 1n stalls in the Animal Husbandry Am‘rg and fed individually, in order
that the intake of phosphorus and carotene might be controlled. Lot 1 steers
were continued on the low phosphorus ration, whereas the fation ‘of Lot 2
steers was supplemented with sufficient dicalcium phosphate to p‘rov:ide a
totai p.hdsphords intake of approximately 3 grams per 100 pounds ofl\live
weight. ;The ration fed each lot is shown in Table L.

Blood samples were obtained at ten-day intervals and '1iver samples at -
monthly intervals.

In order to determine whether or not the phosphorus intake of the steers
would influence carotene metabolism when the carotene intake was high, the
ration of all steers was supplemented with sufficient carotene to provide a
total intake of approximately 15 times the minimum\r_equireme'nt. This sup-
plementation was begun thirty days after the steers were allotted. The ';'hini=
mum requirem,ent of carotene was estimated from the work of Gu..ilbert,‘ et al.
(1937, 1?40); 13.6 micrograms per pound body weight per day was used as a
minimurr,gl. The carotene used was a crude carotene concentraté prepared

| ‘

from alfaflfa (Valley Vitamins, Inc.) which had a potency of 20, 000 micrograms

per grar_ri. One hundred and forty grams of the crude carotene concentrate,



400 ml. of corn oil, and 100 ml. of Skelly Solve "F'" were placed in a Waring
Blendor; and mixed until an emulsion was formed.

Thisi carotene emulsion was placed in glass jars and kept in the refrigera-
tor. At each feeding period, the jars were thoroughly sirlaken and 25 cc. of
the carotene concentrate emulsion were measured in a graduated flask and
poured on the feed of éach steer. This amount provided 136, 000 micrograms
carotene per steer per day in addition to that recei\;ed from the prairie hay.

The lsteers v&ere _s,laughtered on September 11, 1950, 405 days after the
initiatién of the experiment and 96 days after the steers of Lot 2 received
additional phosphorus. At this time, the livers were collected, and weighed;
representative samples wr?,pped in cellophane were kept frozen until they
were analyzed for vitamin A. The method used for this analysis: was that of
Gallup. and Hoefer (1946). A foreshank of each steer was also obtained at the
tﬁne of $1aughter, and a cross section of the foreshank was later analyzed
for bone ash by the method described in the Official and Tentative Methods of

Analysis of the Association of Official Agriculture Chemists (1945).

79

The chemical composition of feeds used in Experiment 2 are given in Table 2.



TABLE 2

eeiie—e o . CHEMICAL COMPOSITION OF FEEDS USED IN EXPERIMENT 2

Dry Per cent composition of dry matter

Item Date Matter Ash Protein Fat Fiber K.F.E, Ca P Carctene
' ' P-p.n.
Corn Gluten Meal 11/22/hg  ----- ---- k1,60 sems mmemm moees 0.41 0.47  ----
=or v 12/e1/h9 93.36 130 k237 2,59 3.30 5053 0,03 0,275 ----
o " . 1/2/50  ok.L6 ---- k2,22 mmm= mmmmm memes 0.03 0.31% ----
" W " 2/2&/50 92.40 2,21 51,68 e R L ==== 0,392 =---
" " " /22/50  93.00 m-om meees e - om= === 0,232 -e--
" " " 7/10/50  93.00 “mes mmee- o === 0,261 ----
" mooo. 9/11/50  93.00 e smme mmmem eeeee -=== 0,791 =-=-
Pratrie Hay 11/22/49  -====  ==== K00 === === ceme- - 19.1%
" " 12/15/49  91.9% 7.69 b,22 2,57 32.77 5275 0.k9 0.050 8.8
" " 1/12/50 94,22 ---m =mee- mmos memes meees somm emees 1
" " - 2/9/50 9443 7.03 4,34 2.18 32,64 53,81 0.45 0.048 17.1
" " 3/15/50  93.45 7.96  Lhi28 2.48 32,00 53.38 0.45 0.056 17.6
" " 6/27/50  93.00 anEIE LD mmem memms mmes- mmes meme- 1.k
" " 7/10/50  93.00 e mmom mmmes eeses mese meee- 2.9
" " 9/10/50  93.00 mosm e e R swes ee--- 301
Dicalcium Phosphate @~ = ----- e e 2500 18.00  =---

Caleium Carbonate = 0o=-==- e P —mem cwmee ceae- 40.00 =~=~=-- o —

1 cyude carotene--all other carotene values reported as true carctene.,

08
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RESULTS AND DISCUSSION

All ésteers gained weight during the early part of the phosphorus depletion
period..: The average weivght: of the st‘eers at the beginning of the experiment
was 679 pounds, and after 117 days of feeding, the average was 759 pounds.
At this time, the amount of corn gluten meal fed was reduced, and the steers
gradually lost weight until the end of the 309-day depletion period, at which
time the average weight was 672 pounds. The steers exhibited some o_utward
symptoms of a phosphorus deficiency such as poor condition, rough hair coat,
and a depraved appetite. Although prairie hay was fed, free choice, the
amount consumed by the steers decreased from 15 pounds during the firslt
117 days of the experiment to 10 po‘unds at the end of the depletion period.
The steers of both lots gained weight dufing‘ the period of phosphorus supplé
'méntaion. Lot 1 steers averaged 657 pounds at 309 days and 717 pounds at
405 days, the end of the experiment. Lot 2 steers weighed 691 and 785 pounds
at the two respective periods.

The plasma-inorganic phosphorus level of the steers aﬁ the start of the
experiment averaged 6.0 milligrams per 100 milliliters of plasma. A After
the steers had been on a low phosphorus ration for 309 days--a ration which
provided an intake of 1 04 grams of phosphorus per 100 pounds live weight;
or 7:7 érams phosphorus per steer per day for the first 117 days and an
intake o% 0.50 grarﬁs phosphorus per 100 pounds live weight or 3,4 grams
phOSpho;'ﬁs per steer per day for the reméining 192 days of the depletion
‘period; ;the average inorganic phosphorus level of the plasma had only

dropped»é to 4.0 milligrams. These results are similar to those obtained by
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BeeSon,;f_t al. (1937), who reported a definite phosphorus deficiency in steers
which héd been receiving a daily phosphorus intake of 8.23 grams for 100 |
days. 'Iil'_le blood-phosphorus level in these steers dropped from 6.71 to 4.40
milligrams. Beeson further stated that the phosphorus deficient steers re-
quired 25 pér cent more feed to make 100 pounds gain and that the;beef steer
apparently requires about 2 grams of phosphorus daily per 100 pounds of
live weight for normal growth and fattening.

The analyses of the blood plasma for phosphorus during the experimental
period are given in Table 3 and Figure 3. Both lots had the same average,
4.0 milligrams of phosphorus per 100 milliliters of plasma, at the start of
the experimental period. Afte_r one week of supplemental phosphorus feeding,
'th»e blood-phosphorus level of Lot 2 steers had inereased to 12.3, and the
level for Lot 1 steers had increased to 5.6 milligrams. These values grada.
ually dec::reased during the experimental period,as is graphically illustrated
in Figure 3. At the end of the experimental period, Lot 2 had an‘.average
of 7.2; Lot 1 had an average of 4.3 milligrams. This difference Was highl‘y
significant (Snedecor, 1946). Steer number 93 in Lot 1 and steer number 92

in Lot 2 had consistently lower values than thosetofithe other steers,

LY

Carotene

The average carotene level of the steers at the start of the experiment
was 364 :microgra:ms per 100 milliliters plasma; Ithis value decreased t.o
105 micr;ograms at the end of the 309-day depletion period. ThevLot 1
steers ha;d an avefage carotene level of 98 ét the start of the experimental

period, whereas the level of carotene for Lot 2 steers was 115 micrograms.-



TABIE 3

INORGANIC PHOSFPHORUS CONTENT OF PIASMA OF STEERS IN EXFERIMENT 2

Plasma. Imorgenic Phosphorus
(mg per 100 ml)

Lot Steer 8/2/h9 5/9/50 6[111 6/27 /1  1/20 7/31 8/ 8/21 8/30 g/11
' Number .
Days 0 280 318 329 339 353 363 372 38k 393 405
1 93 6.2 2.4 3.5 3,2 2.7 2.5 2.4 2.3 2.6 2.5 2.1
oly 5.6 b2 6.6 6.0 6.4 5.0 5,2 5.4 6.8 5.6 5.2
95 5.9 k.o 6.5 5.2 6.2 5.4 6.0 5.6 6.2 5.0 k.o
99 7.2 h.5 5.6 5.6 5.7 h.6 4.2 4.8 5.9 h.9 k.1
1ol 5.5 3.9 6.0 5.1 5.2 5.2 6.4 5.0 6.2 &5 2.2
Lot average ) 5.6 5.0 5.2 k.5 4.8 4.6 5.5 k.5 b3
2 92 5.6 3.6 11.8 8.4 9,0 8.4 7.6 7.5 6.8 7.3 6.2
97 5.5 3.k 12.1 10.1 11,4 10,2 10.4 8.9 7.8 6.8 7.0
98 6.0 §.8 12.5 9.8 11.2 9.6 9.8 8.8 8.8 7.3 8.0
100 6.5 1 12.6 9.1 9.9 8.9 R 8.4 8.1 9.2 7.5
Lot average .0 12,3 9.3 10.3 9.3 9.3 8.4 7.9 7.7 7.2%%
Initial aversge
all steers 6,0

L First bleeding date after the ration of Lot 2 steers had been supplemented with additional

vhoaphorus.
#%8ignificant at the 1% level.
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The avérage carotene levels dropped considerably during the following month,
as is sﬁown in Table 4 and Figure 4, at which tirhe the averége was 49 for
Lot 1 sﬁeers and 43 micrograms for Lot 2 steers.

The carotene values increased in both lots after carotene supplementa-
tion; however, the increase was greater for the steers in Lot 1 than for
the steers in Lot 2. After 66 days of supplemental feeding with carotene,
the average cardtene vaiues were 119 for Lot 1 and 76 for Lot 2. This
differéﬁce was not signiﬁcant, the lack of significance Proba'bly due to the
consistent high leyel of carotene in steer number 97 in Lot 2,

These results indicate that steers receiving a low ihtake of phosphorus
tend to ha.ve higher carotene values than steers receiviﬁg a high intake of
phosphorus. These data substantiate, to some extent, 'the work of Gallup
aﬁd Ross (1948), who reported that pregnant beef cows which feceived a low
intake oi: phosphorus had higher carotené values than those’Which received

a high intake of phosphorus.

Vitamin A

At th:ge start of the depletion period, the average vitamin A level in the
plasma Qf all steers was 29 micrograms‘ per 100 milliiiters, This average
value gr&dually deéreased to 18 micrograms at the end of 309 days. When
the steers were allotted, the Lot 1 steers had an average of 16 and Lot 2
an average of 20 micrograms. One month later, when carotene supplementa-
tion was ibegun, both lots had an average c;f 13 micrograms. As shown in
Table 5 énd Figure 5? the level of vitamin A in‘the plasma of both lots in-

E ) : . .
creased qfter the steers were given carotene; however, the increase was
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TABIE L

CAROTENE CONTENT OF FLASMA OF STEERS IN EXPERIMENT 2

Plssma Carotene
(mcg per 100 ml)

Steer ‘

Lot Nmber 8/2/%9 5/9/50 6/17 6/er r/rt 71/e0 7/31 8/9 821 8/30 9/
Days 0 280 318 329 339 353 363 372 384 393 405
1 93 k67 125 56 g iy 67 103 82 105 115 104
ok 329 71 ho ko 34 86 107 70 ol 9l 109

95 ks6 110 78 58 50 98 110 103 104 113 126

99 319 87 69 54 46 80 96 83 81 82 101

101 312 ] 89 71 3 81 124 110 124 138 137

Lot average 98 66 54 k9 84 108 90 102 108 119
2 92 309 9% 65 46 35 66 78 70 73 66 69
97 - 43% 182 125 99 73 125 135 137 151 146 133

98 303 7 52 ko 34 50 50 48 81 62 65

100 351 103 56 35 28 48 56 bt 56 Bh 3

Lot aversge 115 75 55 B3 T2 80 76 90 80 76

Initial aversage
all steers 364

1 Starting this date, the daily ration of each steer was supplemented with 136,000 micrograms
of carotene,
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TABIE 5

VITAMIN A CONTENT OF PLASMA OF STEEBS’IEEEZEERIMENP 2

Plagms Vitamin A
(mcg per 100 ml)

all gteers

29

Steer” ' o - '
Lot  Number 8/2/k9 5/9/50 6/11  6/21 /7t 17/20  7/31 8/9 8/2r 8/30 9/i1
Days 5 260 318 359 330 353 363 372 3Bk 393 koo
1 93 27 20 16 15 13 13 13 12 1 14 15
ol 29 17 16 16 1 13 19 8 11 16 1
95 21 15 15 16 12 13 13 13 7 20 17
99 ok 16 16 18 13 11 1% 11 15 15 21
101 39 il 19 18 1l 1B 17 15 il 22 i7
Lot average 16 16 17 13 13 15 12 12 17 17
2 92 20 13 14 13 9 15 13 - 14 17 2k 19
97 Lo o7 23 i 22 18 18 21 23 23 34 25
98 36 22 11 15 12 11 11 18 22 16 22
100 2k 19 18 i3 3 12 18 13 17 22 20
Lot average 20 17 16 13 1k 16 18 20 23 22%
Initial average

1

cerotene,

*#Significamt at the 5% level.

Staft’ing‘this date, the daily ration of each steer was supplemented with 136,000 micrograms of
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greater for the steers of Lot 2 than for the steers of Lot 1. At the end of
the experiment, the average values were 17 for Lot 1 and 22 micrograms
for Lot 2. This difference was significant (.Snedecor,‘ 1946) although there
was very little difference in the values between the two lots.

The location of the intestine as the site of transformation of beta-carotene
to vitamin A in the rat has been ciemonstrated by Mattson, éfilf (1947),
Sexton, et al. (1946), Goodwin and Gregory (1948), and Glover, Goodwin,
and Morton (1948). Although there can be no doubt that beta-carotene is
the precusor of vitamin A in the anifnal body, little is known of the mechan-
ism of the transior'mation of carotene into Vitamin A; The results of this
study indicate a trend for steers having low plasma-phosphorus values to
have higher carotene and lower vitamin A values than steers having high
plasma-phosphorus values. It is suggested that the level of phosphorus in
the blood piasm‘a may play s’ome role in the transformation of beta-carotene

into vitamin A, under certain physiological conditions.

Liver

The results of the analyses of liver samples, obtained by biopsy and at
the time of slaughter, for carotene and vitamin A are shown in Table 6 and
Figure 6, Liver samples obtained 280 days after the initiation of the experi-
ment showed that the livers of the Lot 1 steers contained 225 and Lot 2 steers
158 micrograms per 100 grams of liver. At the time of slaughter,' the values
for Lot 1 and Lot 2 were 201 and 192 micrograms, respectively. The :/alues

of carotene and vitamin A for steer 99 at 280 days and for steer 101 at 339

days were extremely low in comparison with later values and were not



f CARCTENE AND VITAMIN A CONTENT OF STEER LIVER

TABIE 6

(Obtained by biopsy and slsughter)

(meg per 100 gm liver)

Total

Steer S 1 2
Number 5/9 1/1 8/2 8/30 9/11 meg
Days 280 339 365 33 Lo5
o ' aroctene
Lot 1, Low Phagphorus .
93 ! 214 113 205 174 214 6.2 6,024
ol 139 126 189 182 261 5.6 6,636
o5 264 129 213 202 251 5.0 5,697
99 (183 116 135 % 126 6.1 3,489
101 284 (Nome)3 237 13 251 6.7 7.635
Lot average 225 121 196 165 201 5.9 5,896
Lot 2, High Phosphorus :
92 | 149 100 189 125 170 6.2 4,785
97 22k, 20k 212 251 251 6.0 6,837 .
8 72 (None)3 177 145 225 6.4 6.538
100 186 (None)3 137 163 122 6.3 3.489
Lot aversge 158 152 179 171 192 6.2 5,412
' Vitemin A
Lot 1, Low Phosphorus
93 961 379 864 557 1833 51,595
ol . 1041 776 861 koo o7 62,899
95 , 1086 811 965 1037 1781 %o,429
%  (8® ke, 738 560 1570 40,340
lor | _665 {87) 170 549 9 38,631
Lot average 938 615 840 639 178 46,778
Lot 2, High Phosphorus '
92 ‘ 127 453 730 483 1125 31,667
97 _ 1022 1066 1697 2179 CBL6T 65, 147
98 7 1okh 1309 1023 olgly 27,429
100 2173 2hol 2143 1908 2683 76,739
Lot average 950 1237 1470 1421 180% 50,746

1 Starting this date, the daily ration of each steer was supplemented with
" 136,000 micrograms of carotene.

2 Values obtained at time of slaughter.

3 These values were considered low in comperison with later values amd were not
averaged with values obtained from the other steers.

i
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averaged with the values obtained for the other steers.

The amount of vitamin A in the livers of the steers of Lot 2 was
greater at 280 days than for the steers of Lot 1, the respective values be-
’in.g 950 and 938 micrograms per 100 grams of liver. The amount of vita-
min A increased in the livers of Lot 2 steers, whereas for Lot 1 steers
there was a decrease; however, analyses of liver samples taken at the
time of slaughter showed practically the same value for both:1lots. Although
the vitamin A values obtained from liver samples taken by biopsy were
reasonably consistent, these values were much lower, as a rule, than
values obtained from samples taken at the time of slaughter; this differ-
ence was especially noted in values obtained for Lot 1.

The variation in results of analyses of liver samples taken by biopsy
and those taken at the time of slaughter may have been due to the fact that
most of the liver samples taken by biopsy contained some scar tissue and
were engorged with blood, whereas the samples taken at the time of slaugh-
ter contained no scar tissue and little blood.' Some error could re‘sult from
the weighing and handling of the relatively small. (0.5 to 2.5 grams)

samples obtained by biopsy.

Bone Ash

The per cent ash of dry, fat-free bones is given in Table 7. The average
for both lots was about the same; however,there was considerable varia-
tion in the Lot 1 steers, Steer 99 had an ash of 73.2 per cent, whereas
steer 101 had an ash of 53,2 per cent, The average per cent bone ash was

65.1 for Lot 1 and 65.5 for Lot 2 steers.



TABIE 7

TER CENT ASE OF DRY, FAT-FREE BONES FROM STEERS IN EXPERIMENT 2

Lot 1, Low Fhosphorus Lot 2, Righ Phospharus
S‘E.’e’ei* Per cent Steer Per cent -
Number Ash ' Ash

a3 63.34 92 65.23

91" 65»""0 9'7 65-23

95 65.26 98 65:72

99 73.22 100 Qi:lll
ol 53.22

Averasge 65,09 ~ Aversge 65.48




SUMMARY

Nine;' steers were fed a low phosphorus ration for a period of 309 days, after

which time they were divided into two lots, on the basis of the inorganik phos-

phorus 1'eve1 of the plasma; carotene and vitamin A content of the plasma and

liver; and body weights.

The five steeré in Lot 1 vs:/ere continued 6n the 10\& phoépho,rgs ration,
from which they received approximately 0.5gram of phosphorus per 100
pounds live weight, whereas the ration of the four steers in Lot 2 wés supple-
mented with sufficient dicalcium phosphate so that the daily intake of phos-
phorus per steer 'was approximately 3 grams per 100 pounds live weight.

Blood samples obtained at intervals of about 10 days were analyzed for
inorgani%: phosphorus, carot.ene, and vitamin A.- Data from these analysés
indicate :a trend for the Lot 1 steers, which had low inorganic phosphorus
levéls in the plasma, to have higher carotene levels and lower vitamin A
levels than the steers of Lot 2, which had higher inorganic phosphorus lévels.
It is ‘suggested that a certain level of phosphorus in the blood of steers may
be necés;sary in some manner fdr the conversion of carotene into viitamin"A‘.
in the intestinal wall.

Liver samples obtained by biopsy and taken at the time of slaughtgr‘ of
the steers, 96 days after experimental feeding was begun, were.analy._zed for
carotene; and vitamin A, The carotene values of liver _sarﬁples taken by vbiops'y
from Lot; 1 steers tended to be higher and the vitamin A values lower than
values oEtained from Lot 2 steers: however, ‘the values of carotene and

vitamin A were about the same for both lots at the time of 51aughtér.

3
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; THE EFFECT OF LOW PHOSPHORUS RATIONS
- UPON CAROTENE METABOLISM AND UPON STORAGE
-OF VITAMIN A IN THE LIVER OF MATURE BEEF COWS

EXPERIMENTAL

Objectives

1. To d:;etermine the effect of low phosphorus rations upon the blood plasma-
inoréanic phosphorus, carotene, and vitamin A levels of beef cows.

2. To determine the effect of low phosphorus rations on liver storage of
carotene and vitamin A in beef cows.

3. To determine the effect of low phosphorus rations upon carotene and
vitamin A content of the colostrum and milk.

4. To determine what effect the feeding of low phosphorus rations to beef
cows .'will have upon the blood and liver values of their calves and upon

the subsequent storage of rvarotene and vitamin A in the liver,

Procedurge

Nine érade Heréford cows, averaging 11 years of age, were placed on a
low phosphorus ration November 16, 1951, These cows had been on an experi-
ment in: which they received different feeds_, but the phosphorus intake of each
cow in préceding years had been approximately the same. The previou; sum-
mer, the icows had graied in pastures of comparable forage“‘and acreage at
:ile Lake '?vCérl Blactkwell Experimental Range west of Stillwater, Oklahoma.
A_li COWS yaa been pasture bred, and, after examination, were thought to be
safely in é:alf, The cows were placed in a dry lot at the Experimental Stéer

Feeding Barn near the Oklahoma A. and M. College campus and were fed a
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low pho*isphorus ration composed of 1 1/2 pounds of corn gluten meal and
prairie ;hay, free choice. Corn gluten meal was used as the protein supple-
ment bejéause of its relatively low phosphorus gontent. The ration provided
a daily intake of about 0.5 gram phosphorus per 100 pounds live weight.

‘ Blobd samples were taken from the jugular vein at the start of the experi-
ment and thereafter at inte‘rvals of approximately one month until calving.
The blood was collected in citrated tubes and analyzed for carotene and vita-“
men A b’y the Kimble procedure (1939) and for inorganic phosphorus by the
Fiske and Subbarow method (1925).

After the cows had been on the depletion ration for 71 days--a time iestiw
mated to be about four weeks before parturition, liver samples were ob£ained
by biops,y technique (Whitehair, et al, 1950) and were analyzed for carétene
and vitamin A by the method of Gallup» and Hoefer (1946). Analys;s of blood
and liver samples taken at this date were uéed in dividing the cows into two
lots., Erom this time until the cows calved, the four cows in Lot 1 were fed
the phosphorus depletion ration; the five cows in Lot 2 were fed the same
ration su%pple'mented with sufficient‘bonemeal to provide an intake of approxi-
mately 3.0 grams phosphorus per 100 pounds live weight. Up to this time,
the cows consumed similar amounts of hay which furnished approximately
80 milligrams of carotene per cow per day.

At thé time of calving, blood, liver, and milk samples were obtained from
the cows:;;, and blood and liver samples were obtained from the calves; birth
weights \;/ere also reéorded. The cows were inspected frequently; and immedi-
ately following parturition, calves were separated from the cows without be-

ing allowed to nurse until blood, liver, and milk samples had been procured.
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In a fev{_r cases, calves may have nursed before samples were taken. When
blood axi,1d liver samples had been obtained, the cows and their calves were
placed iln stalls in the Animal Husbandry Arena and were fed individually, in
order tg control phosphorus and carotene intake. The ration fed each lot
after »vca;lving is given in Table 1; the composition of the feeds used in the
experiment is given in Table 2.

At weekly intervals for one month and then at the sixth and eighth week,
blood sa;‘lmples were taken from each cow and her é'alf and milk samples from
each coi&. Milk samples were frozen until they were analyzed for carotene
and vitamin A by the method of Boyer, et al. (1944). Calves were weighed
at the time of each bleeding. |

Results of these blood determinations and those of vitamin A in the liver
indicated that the cows were receiving sufficient carotene to maintain liyer
storage of vitamin A. Consequently, the carotene content of the ration was
reduced by feeding cottoﬁ'seed hulls or beet pulp instead of prairie hay.

Cows 33 and 46 in Lot 1 and cows 19 and 50 in Lot 2 calved earlier than
the Othe:?r.‘.‘COWS and received cottonseed hulls as a replacement of part of the
prairie fxay during the second month, Because cottonseed hulls proved to be
unpalatable, when comprising two-th}irds‘ of the roughage of the ration, the
hulls were replaced with beet pulp at the end of the second month.

Cow l41 in 'L‘ot 1 and cows 90 and 98 in Lot 2 received the same tota\l inta_.ke |
of prairi}g hay during the second monfh. In addition to prairie hay, co.v;/ 41
received beet pulp, whereas cows 90 and 98 were fed cottonseed hulls the

first two weeks and beet pulp the second two weeks of the second month of the

experiment.



TABIE 1

AVERAGE DATLY RATTONS FED TO COWS IN EXFPERIMERT 3

Corn Cotton- Average Daily Intake Averagel
Lot Cow No. Gluten Prairie seed  Beet Calcium Bonemeal gms/100 1b. body wt. Ce:P  Daily
Meal Hay Hulls Pulp Carbonsate Ca P Ratio Carotene
‘ Inteke
1bs. 1bs, 1bs, lbhs: gm. gm, gn, gn. E mg.
End-of depletion period until perturition ‘
1 All 1.5 10 --- --- 125 --- 6.91 0.58 11.9:1 81
2 All 1.5 10 -—- -—-- -—— 150 7.14 3.00 Z.h:1 81
From parturition until end of fourth week
1 All 1.5 15 - -=- 125 —-- 8.43 0.71 11.9.1 116
2 All 1.5 15 .-= - --- 150 9.11 3.38 2.7:1 116
From four weeks to five weeks sfter parturition
1 33, 46 1.5 10 5 - 100 --- 6.09 0.70 9.651 81
2 19, 50
90, 1.5 10, 5 --= --- 125 7.78 3.20 2.kl 81
1 h13 1.5 5 --- 10 100 --- 12,12 1.33 9:1:1 b5
1 43 1.5 - -=- 10 100 --= 8.78 0.66 13.3:1 11
2 293 1.5 © == === 14 --- 125 10.93 3.32 3.3:1 11
) From five weeks to eight weeks after perturition
1 33, 46 1.5 5 1o --= 100 .- - 5,49 0.72 7.6:1 45
2 19, 50 )
90, 98 1.5 5 10 -—— ~-- 125 7.05 3.23 2.2:1 b5
From eight weeks to twelve weeks after p_ar;twition5
1 33, b6 1.5 5 --- 10 100 - 9.12 1.00 9.1:1 Lo
2 19, 50 1.5 5 .- 10 -——- 125 11,80 3.77 3.1:1 ko
From twelve weeks to fwenty weeks after parturit ion6
1 33, 46 1.5 === - 14 100 --- 10,20 0.73 “Ah0:1 11
2 19, 50 1.5 S == - 14 = 125 12.35 3.72 3.3:1 11

L6



TABIE 1 (Continued)

1 iy value includes 11 milligrems of carotene which was present in 1.5 pounds of corn gluten meal.

2 Cow 41 received this ration until the end of the seventh week; the five pounds of preirie hey wers
pot fed during the eighth week in order that the total intske of prairie hay for the month would be
be equal to that consumed by cows 90 and 98,

3 Cows b3 zmd 29 received this ration from the fourth to the end of the eighth week.

Cows 90 snd 98 were fed this ration only to the end of the sixth week; from the sixth to the eighth

week they were fed 1.5 pounds corn gluten meal and 10 pounds beet pulp.

5 The feeding of 5 pounds of prairie hay was discontinued at the end of the eleventh week; two pounds
of beet pulp were aidded to the ration during the eleventh to twelfth week.

6 From the twelfth to the thirteenth week, the cows received only 12 pounds of beet pulp.
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TABIE 2

CHEMICAL COMPOSITION OF FEEDS USED IN EXPERIMENT 3

Dry Per cent composition of dry matter

Item Date Matter Ash Protein  Fat Fiber NF.E, Ca P Carctene
P.p.n.
Corn Gluten Meal 2/24/51  ---~=  =-=ee  ceeee semm meee- - 0.05 0.518 15.5%
Prairie Hay 2/2h/51  mme=== mmmee eeeew mmmm wmee- -=-== 0,410 0.037 15.5°
Corn Gluten Meal L/30/51 92,62 3.00 k5.51 1.65 h70 b5.14  0.11 0.57
Molasses Beet Pulp 4/30/51 91.63 7.19 7.88 0.47 14,85 69.61 0.80 0.08
Cottonseed Fulls L4/30/51 90:62 2.86 . ok 0.70 46,50 ¥5.90 0.11 0.05
Bopemesl 4/30/51 97.30  90.57 3.73 m=== mmeme 5.70 33.1k 15.11
Calcium Cerbonste 4/30/51  100.00  99.5k  ==--- === =emes meeee 38.00 ====- 5
Prairie Hey L/30/51  ======  e--== ~—m—- mem=  mames ceees seees eoee- 12.8
Bonemeal 6/12/51 98.27 87.62  T.18 0.12  ====- 5.20 31.0k 15.57

Beet Pulp 6/12/51 91.30 2,908 8,93 o.07 22,72 64,90 0.81 0.0k

! This amount of carotene present in corn gluten meal was iﬁcluded in calculation of daily inteke of the cows.

2. Air-dry besis.
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COQ 43 in Lot 1 and cow 29 in Lot 2 were fed only beet puip as; roughage
during the second month. |

Cow.‘s 33 and 46 in Lot 1 and cows 19 and 50 in Lot 2, because they calved
earlier than the other cows, were continued én the experiment until twenty
weeks after calving; the experiment was terminated for all other cows at the
end of the eighth week.‘ From the twelfth to the twentieth week, the two cows
in Lot 1 and the two cows in Lot 2 were fed a carotene~deficient ration;
howe»vef, a small amount of carotene was found to be present in corn gluten
meal.

‘Cow number 46 in Lot 1 lost her calf at the time of calving; in order to
keep her in the experiment on a basis comparable to that of the other cows,
a Holstein calf was obtained for the cow to suckle. No data on this calf
were included in the experiment.

At the completion of the experiment, the cows were turned to grass.
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RESULTS AND DISCUSSION

The% cows in the high phosphorus lot required no assistance at the time of
calving,1 and all calves appeared to be strong. One cow in (tl.le low phosphorus
lot required assistance at calving, and one calf died shortly after birth; all
c‘alQes in the low phosphorus lot were weak at birth. |

The results of blood plasma analyses are given in Table 3. The average
p.laé‘mé;liinorganic phosphorus level of both lots was 2.8 'milligrams per 100
milliliters plasma. At parturition, the average for the low phosphorus lot
was 4.0, whereas the the average for the high phospho.ru‘s lot was 7.9 mgs.
Eight weeks after parturition, the average for Lot 1 was 2.0; the average
for Lot 2 was 5.6 mgs.

At the initial bleeding, the average carotene values were abouj; the same
for both lots. From the first bleeding until parturition, the average carotene
values .decreased from 194 to 180 micrograms per 100 milliliters \plasma
for the.low phosphorus cows and from 190 to 165 micrograms for the cows
of Lot 2. The carotene values for both lots were lower one week after calv-
ing ‘than:at calving. Gallup and Kuhlman (1941), Sutton énd Soldner (1943),
Kuhlman and Gallup (1944), and Sutton, et al. (1945) observed that in dairy
cattle there'is a dr6p in plasma-carotene levels a few days before parturition :
and a.fuvf’rither dl;op immediately following parturition. The carotene values
for the léw phosphorus cows increased at the second week, whereas values‘
for the high phosphorus cows decreased. The average carotene value of the
low phos‘phorus cows was higher at each date of bleeding for the first eight

weeks than those of the high phosphorus cows., These results are similar to
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TABIE 3
BLOOD PIASMA ANALYSES OF COWS IN EXPERIMENT 3

End ofl  Partu- Woeks Postpertal S
Depletion rition 1 2 3 A 6 8 12 16 - 20
Period

o e T ) Carotene (meg per 100 ml)
Lot 1, Low Fhosphorus o o S

33 160 138 138 160 155 17k 172 186 54 32 24
ke 252 21k 114 180 190 161 219 186 Ly 39 ko
41  2p8 209 206 204 178 155 5 78

43 156 57 128 121 120 130 %8 38 @ __ 00 _
Av, . 194 180 1kt 166 163 155 136 122 49 36 32

Iot 2, High Fhosphorus

19 " 188 149 122 117 115 113 149 168 60 29 )3

50 145 151 117 133 116 157 171 171 104 50 2l

29 128 7 115 108 115 96 5k 52

90 257 215 190 182 198 192 139 T7

98 234 162 161 135 137 151 165 101 — — —
Av. 190 165 11 135 136 142 - 132 120° 82 Lo 14

Lot 1, Low Phosphorus

33 5.3 8.7 7.9 8.7 7.0 8.7 10.5 12,8 1ll.0 27.0 28.7
% 8,9 7.5 11.0 5.8 10.5 5.8 10.1 13.7 2L..0 23.4 21.9
41 8,2 10.5 k.o 8.3 7.9 8.7 20.0 15,0
k3 13.2 10.1 %9 7.5 7.0 6.2 _T7.0 123 ' L
Av, 8.9 9.2 7.0 7.6 8.1 7. 11,9 13.5 1:6.0 25.2 25,3
Iot 2, High Phosphorus : '
19 1l1l.0 9.2 8.7 11.0 9.2 7.0 11..0 8.3 21.5 30.7 ko
50 13.9 12.8 5.3 10.5 6.6 12.8 13.7 13.7 23.% 32.2 17.7
29 T.% 5.8 3.6 0.7 0.7 6.6 9.2 22.9 -
%0 8.9 11.0 5.8 9.6 6.6 11.% 11,0 13.7
98 8.2 7.9 12.3 5.3 7.0 _7.0 6.2 17.3
Av. 9.9 9.3 T.1 7.5 6,0 9.0 10.6° 15,12 22,5 31.2 11.3
Phosphorus (mg per 100 ml) |
Iot 1, Low Phosphorus
33 2,9 - 1.3 2.0 1.5 2,1 2.1 3.0 2,7 k0 2.7 =2.6
e 3.2 1.7 3.2 3.7 3.5 Y2 5,7 2.9 3.5 3.6 2,3
Y1 2.4 6,2 2.9 2.6 3.0 3.5 2.2 1.4
k3 2.8 6.6 58 3.3 LI 29 LI Ll0 »
Av. 2.8 k.0 3.5 2.8 2.6 3.2 3.2 2,0 3.8 3.2 2.5
Iot 2, High FPhosphorus
19 1.8 5.1 5.1 6.2 5.7 6.7 3.8 4.3 2.9 3.8 3.6
50 2.8 7.6 1.7 1ll.0 4.5 4.4 6.7 7.8 6.0 3.3 6.2
29 3.0 8.2 3.9 6.0 7.7 6.5 5.5 4.6
% 32 92 18 b 7o 23 %2 70 |
. . 4.8 . 7. . .
Av, 2.8 . T.9 7T.2. 7.0 %% 6.0 552 5.8 L.5 3.6 . 4,6

L Number of dsys from this date (Janwary 26, 1951) until date of calving was 31 fer
cow 33, 23 for cow 46, 113 for cow 41, 83 for cow 43, 21 for cow 19, 27 for cow
50, 65 for cow 29, 55 for cow 90, aend 52 for cow 98.

Weig;hted averages,



103

those reported by Ross and .Gallup (1949), who observed an inverse relation-
ship between plasma-inorganic phosphorus and plasma-carotene in cows
receivihg a limited intake of phosphorus. The carotene values of cowsi;3;3 and 46
in Lot 1 (low phosphorus) and of cows 19 and 50 and Lot 2 (high phosphorus)--
which received little or no carotene from the eighth to the twentieth week
after parturition--decreased quite rapidly.

At the end of the depletion period, the average vitamin A ievel in the
blood plasma of Lot 1 cows was 8.9 micrograms per 100 milliliters of
plasma, whereas for Lot 2 the average value was 9.9 micrograms. At the
time of parturition, the average values were 9.2 and 9.3 micrograms, re-
spectivélyo From the first to the fourth week after parturition, no consis-
tent difference was noted in the vitamin A values between lots. The vitan;in A
values increased for most cows from the end of the fourth week to the eighth
week when the carotene intake was decreasing. Two cows in Lot 1 and two
cows in Lot 2 were observed to have much higher values at the twelfth and
~sixteenth week than at the fourth wéek, and the carotene intake was only one-
fifth as ;rnu.ch° The cows of Lot 2 had higher vitamin A values at twelve and
sixteen weeks than the cows of Lot 1. Cow 19 in Lot 2 ha;’d a value of 4.9
micrograms vitamin A per 100 milliliters plasma at the end of twenty weeks.
This cow was excitable and showed some signs of night blindness and muscu-
lar incoérdination, These symptoms of a vitamin A deficiency are similar
to those reported by Moore (1940). Davis and Madsen (1941) ‘reported that
-ah inadéquate carotene intake in cattle co,ulé?‘be determined by blood analyses
aﬁd that carotene and vitamin A content of blood plasma at any particular

time was dependent on the current intake and previous storage of these
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factors. When cattle were depleted of carotene reserves, the blood caro-
tene level was dependent on intake alone. Davis and Madsen further stated
that the critical level of carotene in the blood plasma was 25 micrograms

and that for vitamin A was 16 micrograms per 100 milliliters of plasma.

Liver Analyses

The carotene and vitamin A values of liver samples obtained fromvcows
by biopsy are shown in Table 4.

Anaiyses of liver samples taken before calving showed that the average
content of carotene was slightly higher for cows in Lot 1 than for cows in
Lot 2, the respective values being 1,192 and 1,114 micrograms per 100
grams of liver. The average carotene content of the livers of cows from
both lots was lower at each subsequent bleeding. Carotene values of Lot 1
were higher than those of Lot 2 at each date of sampling, except at the
eighth week. Cow 19 (Lot 2) had a high level of carotene in the liver at this
date, a value not consistent with previous values obtained. This high value
mi'ght have been due to an error in sampling or in liver analyses. From
the eighth to the twentieth week, when cows 33 and 46 in Lot 1 and cows 19
and 50 in Lot 2 received little or no carotene, the carotene level in the livers
dropped Tsharply, At the end of the twentieth week, the average carotene
value for these two cows in Lot 1 was 306 micrograms per 100 grams of
liver_and 157 for the two cows in Lot 2. |

Analyses of liver samples, obtained prior to p'arturiti‘on, showed an
average of 27,314 micrograms O% vitamin A for Lot 1 and 19,739 micrograms
per 100 grams liver for Lot 2. Values for both lots gradually decreased un-

til the eighth week. From the eighth to the twentieth week, there was a



CAROTENE AND VITAMIN A CONTENT OF COW LIVER

TABIE L

(Semples obtained by biopsy)

End of
Depletion Partu- Weeks Postpartal :
Period rition ) 8 16 20
’ ‘ Carotens (mcg per 100 gm)
Lot" 1, Low Phosphorug ‘
33 %01 693 868 589 359 260
Lo 1,391 1,240 790 9% k20 352
k3 1,136 1,031 1,023 480
k3 1,340 915 1,075 667 —_— -
Aversge 1,192 970 939 633 394 306
Iot 2, High Phosphorus '
19 824 753 688 1,017 25k 197
50 53k 525 502 326 199 117
29 1,251 508 852 681
90 1,146 982 951 725
98 1,316 1,083 740 193, —_— —_
Average 1,01k 850 4T €85 227 157
' Vitemin A {mcg per 100 gm)
Lot" 1, Low Fhosphorus
33 25;19% 21,405 23,0k2 22,555 8,545 7,932
I6 22,248 22,1h2 21,872 13,713 6,957 6,40k
b1 27, kb 32,655 33,779 13,085
R SR 34,570 28,110 31,826 20,009
\verage 27,314 26,078 27,630 17,341 7,751 7,168
Lot 2, High Phosphorus
19 15,982 13,933 14,465 17,436 2,312 2,889
50 9,991 11,082 11,292 9,307 2,068 1,646
29 18,980 15,565 14,876 10,561
90 , 32,466 26,211 25,602 21,6hk2
98 21,276 13.885 11,418 9, 9161
\verage 19,739 16,135 15,531 13,271 2,190 2,268

" Weighted aversges.
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sharp drop in vitamin A levels for the two cows in Lot 1 and the two cows in
Lot 2 which received little or no carotene from the ration durihg this period.
The Lot 1 averages at the sixteenth and twentieth week were 7,751 and 7, 168
micrograms, respectively, whereas for Lot 2 the average:values for the two
dates were 2, 190 and 2,268 micrograms per 100 grams of liver. This de-
crease in liver reserves of vitamin A from the eighth to the twentieth week
is'in agreement with results reported by Frey and Jensen (1946). They
showed that,for steers, an increasing loss of hepatic reser‘ves of vitamin A
occurred with decreasing carotene intake. The rate of depletion of large
reserves of vitamin A was studied by Popper an& 5B:renner (1942).. They
stated that the rate of depletion is greater than é'ah be accounted f01l'. by the
needs of the body. Glover, Goodwin, and Morton (1947) reported that the
plasma-vitamin A levels of rats were maintained near ‘no,r'mal even when

liver stores approached exhaustion

Colostrum and Milk Analyses

The analyses of colostrum and milk for vitamin A and carotene are
shown 1n Table 5.

ConSiderabl‘e variation in concentration of cai'otene and vitamin A of the
colostrum and milk was observed. The carotene content of co\:losvtrum from
cows of Lot ‘1 ranged from 61.6 to 172.6 micrograms, with aﬁ average ‘valu'e, ’
of 126.7 micrograms per 100 milliliters. The average value of cows of
Lot 2 w'a;;s 169.1, theSe values ranging from 69.4 to 486.0 m,i{c,rog,r‘amsk.

One week after parturition, the average value for Lot 1 was ,5.‘6; for Lot 2

the average was 6,2 micrograms carotene, From the sécond to the :eig;h_t:h_



CAROTENE AND VITAMIN A CONTENT OF COLOSTRUM AND MILK

TABLE 5

Weeks Postpertum
4

Colostrum 1 2 3 6 8
_ Cearotene (meg per 100 ml)
Lot" 1, Low Phosphorus 1
33 61.6 2.9 9.7 1.7 None 8.1 1.7
k6 172.8 12.0 1h,6 k.7 6.6 hL 0.2
1 152,6 5.3 b b 3.5 5,6 2,6 2.0
b3 119.8 2.0 2,9 1.1 2.0 L.h 3.3
Averege 126.7 5.6 7.9 2.8 3.5 k.9 1.9
Lot 2, High Phosphorus
i9 - 100.8 10.7 3.5 2,0 1.7 0.8 0.2
50 69.k4 2.0 b .k 0.8 3.5 3.2 0.2
29 92.8 L.k 5.3 2.6 HNone 2.9 0.2
90 9.4 i,1 3.8 2,0 1.7 2.3 0.8
98 486.0 9.7 3.2 2.6 None 0.5, &&&2
Average 169.1 6.2 Lo 2.5 1.k 2.3 1.7
Vitanmin A {(mc er 100 ml
Lot 1, Low Phosphorus 1
33 87.1 3.8 15.1 3.k 1.1 1.5 3.8
T 156.3 12,1 1.4 k.6 6.4 1.2 2.5
k1 2425 5.5 6,9 6.7 6.5 0.6 1.2
53 20k .5 3. 71 8.6 2,2 3.5 3.8 9.6
Average 195.1 5.0 10.5 2 bk 1.8 b3
Lot 2, High FPhosphorus
19 23,0 24,0 7.0 5.5 10.6 6.1 5.3
50 206.9 9.6 10.9 6.2 7.6 5.0 5.9
29 148.3 8.3 11,9 5.5 3.5 7.0 6.4
gg ' 269,2 §.1 2.1 5.5 1.2 .0 2011
521, 5.7 1.9 5.0 2.3 1.5, 2
12.3 6.8 55 5.0 5,8 5062

Average 276.0

1Analyses ropested, results confirmed.

2Yeighted averages.,
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week, the carotene values of milk were higher for cows of Lot 1 than for cows
of Lot 2. If was observed that the cows of Lot 1 had higher cafotene levels in
both blobd plasma and milk than cows of Lot 2 during most of the experiment.
-Deuel, _ej_:_a_lr (1942) reported, in an experiment with dairy cattle, a rough pro-
portionality between levels of carotene in the blood and milk.

The average content of vitamin A in the colostrum was 195.1 for Lot 1 and
276 micrograms per 100 milliliters colostrum for cows of Lot 2. At the end
of one week, these values had decreased to 5.0 and 12.3 micro-g,rarr:is-- The
amount of vitamin A in the colostrum was 10 to 100 times that found in milk
obtained one week after parturition. Dann (1933) and Henry, et 3_1; {1940)
‘determined the vitamin A content of Shorthorn colostrum, found a marked
variation from cow to cow, and found that, in some samples, the concentration
of vitamin A was as much as 100 times that of later milk. Van Arsdell, Ross,
and MacVicar (1950) reported the following average vitamin A values found
in colostrum in three lots of Hereford cows: 114.2, 37.3, and 96.8 micro-
grams per 100 milliliters. These values decreased to 10.7, 9.4, and 9.8

micrograms at the end of ten days.

Calveﬁ

The average\birth‘ ‘weight of the three calves produced in Lot 1 was 68
pounds, whereas the average for Lot 2 calves was 61 pounds. When calves
were four weeks of age, the weights were 100 and 92 pounds respectively;
at the end of eight weeks, 129 and 120 pounds.

The blood plasma analyses of the calves are given in Table 6. Blood

N

samples taken at birth showed an average plasmarinorganic phosphorus level



TABLE 6

BLOOD PLASMA ANALYSES OF CALVES IN EXFPERIMERT 3

Weeks of age

Birth 1 2 3 Y 6 8 12 16 20
' Phogvhorus (mg per 100 ml)
Iot 1, Low Fhosphorus
33 h,2 9.3 8.9 9.1 7.5 7.7 7.8 6.0 5.3 6.8
b1 7.4 7.6 7.3 7.1 6.5 7.4 7.6
‘w3 88 7.1 8k 7.3 7.8 1% 7.5 '
Average 6.8 8.0 8.2 7.8 7.3 7.5 7.6 6.0 5.3 6.8
Lot 2, High FPhosphorus
19 7.3 9.6 9.8 8.4 7.4 8.2 8.0 T.7T 8.3 6.6
50 7.2 9.5 8.2 9.2 8.2 7.3 9.4 8.2 6.4 8.5
29 6.7 8.5 8.9 8.5 8.6 8.5 6.7
% 6.6 84 73 T4 76 7.3 7.6
‘%8 7.0 86 85 7.7 85 8.2 8.2 -
Aversge 7.0 8.9 8.5 8.2 81 7.9 8.0 8.0 T.hb 7.6
Carotene (mcg per 100 ml)
-Iot 1, Low Phosphorus ’ ‘
.~ 33 ' None 6 Trace 11 8 8 %o 2k ko 17
41 . Nome 22 22 29 ok 6 19
k3t _2 18 23 12 31 el 6 —_ — —_
Average 1 15 15 17 21 12 22 2k ko 17
Lot 2, High Phosphorus
19 Nons 13 8 None None 6 46 by 38 20
50 10 None Nome None 7 8 ko 71 6k 33
29 1 20 1k 17 23 28 8
90 2 10 6 None 13 36 23
B - S 13 None 10 3 3 —_ —_ —_
Average 3 11 8 b 11 18 26 58 51 27
' Vitemin A (mcg per 100 ml)
Lot 1, Low Phosphorus ' ' ’ h
33 None 1lk.1 15.9 15.0 6.6 k.o T.9 7.9 12.3 2.3
L1 1 10,1 1.1 1k.6 6.2 5.8 3.2 ,
k3 10.1 11,9 15, 5.3 1.7 8.3 9.2
Aversge 3,6 12,0 10.6 1l1.6 6.8 6.0 6.7 7.9 12,3 2.3
Lot 2, High Phosphorus - ' ‘
19  None 15.9 5.8 9.2 6.6 Trace 3.2 10.5 12,3 None
50 4,0 15,9 6.4k 12,3 1.6 7.0 7.0 9.2 15.9 None
29  Trace 4,9 9.2 8.3 5.3 8.6 8.9
90 h.h 6.6 8.3 1.5 7.0 5.8 k.o
98 2.8 1.6 11.0 1.0.5 1.9 8.1 %g
Average .2 11,6 10.1 8.4 7.1 6.0 4 13.9 1.1 None
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of 6.8 rﬁilligrams per 100 milliliters plasma for Lot 1 calves and 7.0 for
calves of Lot 2. The phosphorus value of the calx}es of Lot 1 was nearly twice
as high és the phosphorus value of their dams. Green and Macashill (1928),
Eckles, Gullickson, and Palmer (1932), and Godden and Allcroft (1932) ha\/;e
reported findings of greater concentrations of inorganic phosphorus in new-
born calves th?n in their dams. There was an increase in phosphorus values
for calves of both lots from birth to one week of age. At each bleeding date,
phosphorus values of calves from Lot 2 cows (high phosphorus) were slightly
higher than values of Lot 1 calves.

Oﬁly a smhll amount of carotene was found in the blood plasma of five
calves at the initial bleeding; no carotene was present in blood plasma of
two of the calves. From the first until the fourth week after bifth, calves
of Lot 1 had higher carotene values than those of Lot 2.

At thé time of birth, the average vitamin A value of Lot 1 was 3.6 micro-
grams, iwhereas the average value of Lot 2 was 2.2 micrograms per 100
.milliliters plasma. After one week, the average levels of vitamin A were
12.0 and 11.6 micrograms, respectively. Cpn:sistent‘diffe_rences in vitamin A
were not observed between the two lots duriﬁg.the remainder of the trial..

Van Arsdell, Ross, and MacVicar reported average vitamin A values of three
lots of Hereford calves. Values at birth were 4.2, 4.3, and 2.3 microgramé;
one week later, the average values of the calves were 9.5, 13.5, and 9.1

micrograms per 100 milliliters plasma.

Carotene and Vitamin A Content of Liver of Calves

A measurable amount of carotene was found in the liver of only one calf

at the time of birth. After eight weeks, carotene was present in the liver of
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only two calves. The results of analyses of liver for: carotene and vitamin A
are shown in Table 7.
A greater quantity of vitamin A was present in thé liver of Lot 1 calves at
the time of birth than in the liver of Lot 2 calves, the values being 429 and
164 micrograms per 100 grams of liver, respectively. Calves whose dams
had fhe greatest concentration of vitamin A in the liver at pal;t_urition had the

t

greatest reserves of vitamin A at birth. A great increase in storage of vita-
min A iA the liver of calves in both lots was noted during the first four weeks.
At four and eight weeks, the average values for Lot 1 calves were 3,317 and
2,021 micrograms; for calves of Lot 2, at these dates, Vthe concentration of
vitamin A was 1,491 and 1,747 micrograms per 100 grams of liver, respec-
tively. Hart and Guilbert (1933) found that the livers of newbornllani'mals

tend to tle comparatively low in vitamin A, irrespective of the diet of the dam
during gestation. Speilman, et al. (1<~)46‘) stated that the prepartum diet of the
normal bovine may influence markedly the vitamin A and carotene reserves
of the newborn calf. Henry, et al. (1949) conducted vitamin A studies with
rats and.éoncluded that the vitamin A content of the milk of thé mothers and

of the livers of the young was influenced more by the amount of vitamin A

taken by the mother during lactation than by her liver reserves.’



TABIE 7

CARGIEIE AND VITAMIN A CONTENT OF CALF LIVER
" {(Semples obtained by biopsy)

Age in weeks
Birth b 8

Carotene Vitamin A Carotene Vitemin A Carotens Vitamin A

me 100

Lot 1, Low Phosphorus

33 ' None 176 None 1,496 b1 2,067
k1 30 628 8 4,183 None 3,691
k3 - None k82 L 273 None 305
Average 10 k29 I 3,317 1% 2,021
Iot 2, High Phosphorus

19 . None 162 None 1,674 19 1,515
50 None - 58 None 910 None 1,995
29 None 113 None 3,071 Kone 1,396
90 None 329 None 1,341 -l L 1
98 °  None 158 None 458 Hone 2,083
Average None 164 None 1,k01 5 1,747
1 A liver semple wes not obteined from calf 90 st this dete.
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SUMMARY

Niné mature, pregnant, Hereford cows were fed a low phosphorus ration
for a period of 71 days. At the end of this period--a time estimated to be
approximately four weeks prior to parturition, the cows were divided into
two ldts on the basis of phosphorus level of plasma,‘ carotene and vitamin A
content of the plasma and liver, and body weights.

Fou;- cows were fed the low phosphorus ration, which consisted of 1 1/2
pounds cOrn gluten meal and 15 pounds prairie hay. This ration provided
an intake of approximately 0.7 gram of phosphorus per 100 poundé body
weight. Five cows received the same ration plus sufficient bone'r;ueal so that
the daily intake of phosphorus per cow was approximately 3 grams per 100
pounds b?ody weight.

Blooid and milk samples were taken from the cows, and blood samples
taken from the .calves at parturition and weekly for four weeks and at the _
sixth and eighth week. Liver samples, obtained by biopsy, were obtained
from the cows and calves at parturition and at four and ei.ght weeks, Blood

samples'were analyzed for inorganic phosphorus, carotene, and vitamin A.

Colostrum, milk, and liver sarhples were analyzed for carotene and vitamin A,

Data from these analyses indicated a trend for cows receiving the low
phosphofus ration to have higher carotene levels in the blood plasma than
cows receiving a high phosphorus ration. No consistent differences in vita-
min A lei‘vels were observed between the two lots.

Considerable variation was observed in the concentration of the carotene

and vitamin A in the colostrum. Cows fed the low phosphorus ration tended
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to have higher carotene levels in the milk than cows féd the h'}gh phosphorus
‘ration.

Conéentration of carotene and vitamin A in the liver of both lots of cows
decreased as the carotene intake of the cows was reduced.

Eight weeks after parturition, the low phosphorus lot had lost 36.5 per
cent of its original reserves of vitamin A in the liver, whereas the high phos-
phorus 19t had lost 32.8 per cent. |

Appr‘oximately twice as much inorganic phospho;us was present in the
plasma of newborn calves in the low phosphorus lot as was present in the
blood plgﬁsma of their dams. |

Only a slight amount of carotene and vitamin A was present in the blood
plasma of the calves at birth. At the end of one week, these values had in-
creased I6 to 22 per cent,

A measurable amount of carotene was found in the liver Qf only one calf
at the tinixe of birth., After eight weeks, carotene was present in the liver
of only two calves.

Calvés whose dams had the greatest concentration of vitamin A in the

liver at parturition had the greatest reserves of vitamin A at birth.
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