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INTRODUCTION

The importance of vitamin A for beef cattle has been recognized
for some time, Vitamin A.as such dées not oecur in plants bgﬁ is
formed in the animél body from plant carotenoids.. Plants contain
different carotenoids that possess vitamin A activity, beta carotene
being the most active and the one of most importance in beef cattle
nutrition. In general, green leafy plants and yellow seeds andvroots
are very good sources of carotene., Low quality roughages such as
weathered grass, bleached hay and cottonseed hulls are poor sources
of carotene and should be supplemented with carotene or vitamin K
if they are fed as the only roﬁgﬁage for cattle over a long period
of time, |

In "normal" seasons, the carotene requirémentwof beef cattle
may be met by range grass. Mature cattle on suﬁmer range grass are
able to accumulate large body stores of vitamin A& for use during
the winter. However, during periods of prolonged drouth in the
Southwest, the vitamin A problem becomes acute, particularly for
young cattle whose vitaﬁin A reserves are usually low,

Although the literature contains many references concerning the
carotene and vitamin A nutrition of beef cattle, many questions re-
main unanswered. Studies of a long-time nature on the importance
of vitamin & in beef cattle nutrition have been underway at this

station since 1946.. From these studies, it appeafs that in cow=calf



operations, an adequate supply of carotene for the cow during lac-
tation in order to protect her calf may be a critical item. There-
fore, an experiment was undertaken to study the effect of three
levels of carotene intake during lactatioﬁ on the vitamin A nutri-
tion of the beef cow and her calf. Studies were also conducted on
the blood and liver vitamin A levels of fatiening steer calves re-
ceiving different amounts of carotene from natural feeds. Qbser-
vations were made on the relationship of plasma vitamin A and caro-

tene to liver vitamin A stores in beef cattle..



REVIEW OF LITERATURE

Hart and Guilbert (1933) reported that heavy losses occurred
during a dry summer in California when cows were maintained the pre=-
vious winter on dry range grass. Under these conditions calves were
born dead or weak and many died shortly after birth. Calves nursing
cows low in vitamin A grew slowly and developed clinical symptoms
at 10 to 12 weeks of age. Most common symptoms observed in the
mature animals were night blindness, ulceration of the cornea, un-
thrifty appearance, intermittent diarrhea and pulmonary complica-
tions. The most common cause of death was pneumonia. After green
forage was made available for a short while, the losses ceased and
the remaining cows calved normally. s

Guilbert and Hart (1935) further demonstrated that temporary
night blindness caused by a vitamin A deficiency would become per-
manent if the cows or calves were not given carotene or vitamin A
soon after the onset of the disorder. They concluded that cows
could maintain their liver stores and produce normal calves if they
were given the equivalent of 1.0 to 1.5 mg of carotene per 100 1b
of body weight during gestation and 4.0 mg per 100 1b body weight
during lactation.

Semb et al. (1934) stated that the output of carotene in the

milk of dairy cows was poor even in cases where the plasma carotene



was high., With Holstein cows, only 0.8 percent of the plasma carc-
tene was converted to milk carotene daily..

Madsen and Davis (1949) studied the effect of va-.ous levels
of carotene supplementation on gestation and lac* .tion performance
of Hereford and Shorthorn cows for a contin” .as period of T2 years
involving several generations., They fr .ad that cows, which failed
to produce normal calves when thev received the equivalent of 1.4,
2.0, or 2,7 mg of carotene p- 100 1lb of body weight, reproduced
normally when they were _.ven 4.0 mg of carotene per 100 1b of body
weight, They concl)  ied that when the vitamin A plasma level droppéd
below 18 mcg p .o 100 ml,, the poséibiiity of a cow producing a normal
calf was v .or.

~ayne and Kingman (1947) studied the plasma carotene levels of
first-calf range Hereford heifers and aged range Hereford cows.

They suggest that in order to support normal gestation, the carotene
blood plasma level of first-calf range Hereford heifers must be at
least 118 mcg per 100 ml while 82 mcg per 100 ml is an adequate
level for range Hereford aged cows..

Wheeler gt al. (1957) maintained mature Hereford cows on rations
supplying 1.5, 5, 15, and 25 mg of carotene per 100 1b of body weight
daily.,. Plasma and liver caroteme showed a direct relationship to
carotene intake. None of the various levels of carotene intake were
sufficient to maintain vitamin A liver stores. Night blindness was
produced in the calves within one month of age when their dams re-
ceived only 1.5 or 5 mg of carotene per 100 1b of body weight.
Roberts et al. (1956) fed three levels of carotene; 0, 30, and 140

mg per head daily to three groups of bred Hereford heifers.. The



liver vitamin A values varied directly with the amount of carotene
feao There was no significant difference in liver or plasma levels
of vitamin A of calves at birth or at 56 days of age, regardless of
the level of carotene intake of their dams during gestation.

All workers are not in agreement on liver storage in the new=
born calf as affectedlbj_the carotene intake of the dam. Braun and
Clark (1943) conducted an experiment in which cattle were exposed
to Brucella Abortus,; pregnant cows being separated into four dietary
groups with different levels of vitamin A intake.. The vitamin A
content of the 1ivers»of‘20 fetuses aborted by these cows was meas=-
ured. At the same time, the vitamin A storage of a few dams in each
dietary group was determined from liver samples obtained by partial
hepatectomy immediately after abortion. It was found that the vita-
min A content of the fetal liver, although low, was in direct rela-
tionship to the dam*s diet. Baker et al. (1954)'found that the liver
stores of vitamin A and carotene of newborn calves from cows receiv-
ing 0 and 60 mg of carotene per head daily did not appear to be re-
lated to the treatment of the dam during gestation or her liver stores
at parturition.

Spielman et al. (1946) fed Holstein and Guernsey heifers the
following rations:* wheat straw plus a concentrate mixture, hay plus
corn silage and a normal "fitting™ ration of concentrates. No signifi-
cant differences were observed in the mean plasma carotene of the new=
born calves from these dietary groups. However, when one million
units of carotene were added daily to the normal "fitting®™ ration,
the plasma vitamin & of the newborn calves was twice that of the un-

supplemented groups.. When one million units of vitamin A were added



to the "fitting®™ ration, the plasma vitamin A of the newhorn calves
showed a fourfold increase over the unsupplemented groups.

Kuhlman and Gallup (1940) reported that Jersey cows could re-
produce normally when maintained for long periods of time on a caro=
tene intake equivalent to 4.5 mg per 100 1b of body weight. Cows
fed rations containing lower amounts of carotene, pfoduced a smaller
percentage of normal calves and had more trouble with retained pla-
centas after calving, This report includes 31 gestation periods re-
corded from a herd of 17 Jersey cows, They (Kuhlman and Gallup,

1941) noted that the carotene requirement of Jersey cows was higher
for reproduction than lactation and that the carotene requirement was
higher during the early phase of lactation than during the latter
phase.. Kuhlman and Gallup (1942) concluded that the requirement for
normal conception was apparently the same as the requirement for nor-
mal calving performance. In 21 cases where cows received the equiva=--
lent of 2.0 to 3.9 mg of carotene daily per 100 1b of body weight
during the 90=day period preceding service, 1.99 services per con-
ception were required. When the daily carotene intake was equivalent
té 4s0 to 5.9 mg, 6.0 to 9.9 mg or 10.0 to 35.3 mg per 100 1b of body
weight, the services per conception were 1.35, 1.15, and 1.23, re-
spectively,.

Ronning et al. (1953) summarized the results of an 8-year study
of the carotene requirements of Guernsey cattle for reproduction.

The results of 72’gestétions indicate that an intake of the equivalent
-6f59;Q»mgﬂaﬁmcaraﬁenewger“JOQ 1b of body weight is.necessary for suge

eessful reproduction; *When.the;carotehééintake,wés reduoéd“below.this
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level, a relatively high incidence of retained placentas, abortions,

blindness and weak calves resulted.

Converse and Meigs (1938) stated that for normal gestation cows
should receive, during the last three months of gestation, 80 to 100
mg of carotene daily. When the daily carotene intake was as low as
60 mg per cow, there was a large percentage of dead calves dropped.

The recommended carotene allowance given by the National Re-
search Council (1950) for wintering pregnant cows is 6.0 mg per 100
1b of body weight. This recommendation is based on the work reported
by Davis and Madsen (1941)" and Madsen and Davis (1949). The National
Research Council recommends 6 mg per 100 1b "to provide for normal
growth and reproduction and to build up and maintain a moderate stor-
age of vitamin A"™, The National Research Council recommends that
lactating cows receive 300 mg daily, Morrison's (1956) standards for
gestation and lactation are 5.5 and 9.0 mg per 100 1b of body weight,
respectively..

Byers et al. (1955) compared blood plasma, liver, and milk fat
values for carotene and vitamin A in Jersey and Holstein cows on
adequate and suboptimal carotene rations. Suboptimal rations fed
during gestation and for long periods of time after birth resulted
in low liver vitamin A and carotene values which failed to increase
when supplements of carotene as high as 15 mg per 100 1b of body
weight were added to the ration. Repeated injections of 250,000 or

1,250,000 I, U.X of vitamin A ester failed to result in any appreciable

*one I.U. of vitamin A is equivalent to .6 meg pure beta carotene.



increase in liver vitamin A or carotene in cows on suboptimal carotene
rations. However, availability of injected vitamin A is questioned.

Hilton et al. (1944) concluded that 7500 I.U. of vitamin A daily
was enough to promote growth in dairy heifers but the level should
be increased to 30,000 I.U. to insure normal reproduction.

Sutton and Soldner (1945) made monthly determinations of caro-
tene and vitamin A in the blood plasma of six mature cows and 16
bulls of each of the four major dairy breeds., The data showed a wide
fluctuation in blood plasma carotene when the cattle were grazing
green pasture. The blood plasma vitamin A varied over rather narrow
limits in comparison to blood plasma carotene. Changes in blood
plasma vitamin A did not closely follow blood plasma carotene, but
tended to lag behind by about a month.

Rousseau et al. (1954) fed a vitamin A depletion ration at two
nutritional levels of intake to 36 one-day-old dairy calves until
the blood plasma vitamin A values decreased to less than 4 meg per
100 ml, This resulted in 1 and 1.5 pounds average daily gain for
the low and high levels of intake, respectively. Over-all plasma
carotene and vitamin A were found to decrease but were not affected
by the level of intake of the depletion ration..

Church et al. (1956) reported that cows on a high plane of nu-
trition depleted their vitamin A liver stores faster than cows on a
low plane of nutrition. It was concluded that for the production of
healthy calves by cows on low carotene rations, carotene intake should
be 20 mg or more per 100 1lb of body weight during subsequent lacta-

tion, regardless of plane of nutrition,



Wise et al.. (1948) found that feeding colostrum to one-day-old
dairy calves at the rate of 1 1b per 10 1b of body weight daily
caused a large increase in carotene and vitamin A in the blood of
the newborn calf. Whole milk was fed to the calves at the same rate
as the colostrum. However, even when produced by cows receiving high
quality roughage, it did not provide sufficient vitamin A activity
to prevent a continuous decline in the concentration of carotene and
vitamin A in the blood to levels within or approaching the deficiency
range. Rousseau et al. (1954) fed calves vitamin A depletion rations
and rations meeting the minimum vitamin A requirements and compared
plasma vitamin A and liver vitamin A, When plasma vitamin A and
liver vitamin A values were expressed as logarithms, a positive
linear relationship was found between these two variables.

Hauge et al. (1944) conducted experiments to determine the réla-
tive availability of carotene in dehydrated alfalfa hay as compared
to carotene in oil as sources of vitamin A in rations for dairy cows.
Two groups of cows were used in these experiments. Each group of
cows was fed equal amounts of carotene at levels of 130, 200, and 300
mg per head daily. The results indicated that dairy cows can utilize-
carotene from alfalfa hay as readily as relatively pure carotene.

Boyer et al. (1942) in studies to determine blood plasma concen—
tration and intake of carotene and vitamin A necessary for the grow-
ing calf, noted that plasma vitamin A was a more delicate measure of
the state of nutrition than growth or plasma carotene., A blood plasma
vitamin A level of 10 mcg per 100 ml was found to be necessary for
adequate vitamin A nutrition of the calf, 7 to 8 mcg was borderline,

and amounts less than this were considered to be inadequate.,
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Byers et al. (1956) studied the performance of dairy cattle on
vitamin A deficient rations for three generations. They found that
calves from vitamin A deficient dams showed severe damage of the
pituitary, adrenal and sex glands at birth.

Jones et al. (1943) conducted 7 experiments over a 7-year period.
They fed rations low in carotene to 310 head of feeder cattle ranging
from 3 to 16 months of age at the time of being placed in the feed-
lot. The time required for depletion of body reserves of vitamin A,
as indicated by night blindness, ranged from 45 to 268 days. Young
animals became depleted in less time than older animals. A carotene
level of 0.45 mg per 100 1b of body weight was not enough to maintain
life during extended periods of feeding. Steers supplied this level
after depletion fattened, but enough generalized edema was present
to cause their carcasses to be condemned as food. A carotene level
of 1.5 mg per 100 1b of body weight was not high enough to prevent
night blindness. Slight liver storage of carotene and vitamin A
occurred when the cattle received 2.5 to 3.0 mg of carotene daily
per 100 1b of body weight.

Sherman et al.. (1956) depleted Hereford steers of vitamin A by
feeding ground corn cobs and a protein supplement. When the plasma
vitamin A levels had declined below 10 meg per 100 ml, the steers
were dosed orally with different levels of vitamin A in oil, in
aqueous emulsions, and in dry gelatin beadlets, The-blood plasma
vitamin A levels were determined every few hours after dosage. Liver
biopsy samples were taken to measure vitamin A storage. In animals
receiving vitamin A in aqueous solutions and in dry gelatin beadlets,

substantial levels of vitamin A appeared in the blood within 12 hours
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after administration. In animals fed the oil solutions of vitamin
A there was a delay in the appearance of vitamin A in the blood.

Frey and Jensen (1946, 1947) stated that the rate of depletion
of liver stores of carotene and vitamin A by beef steers decreases
as the liver reserves are reduced. From a group of 140 yearling
Hereford steers, 22 were slaughtered to estimate the initial liver
stores of carotene and vitamin A, Ninety-eight of the steers were
fed a high carotene maintenance ration, and slaughtered after 119
and 116 days of feeding, The remaining steers were subdivided into
four groups and fed a fattening ration., They were slaughtered after
41, 76, 119, and 166 days of feeding., Although the steers fed the
maintenance rations received 963 mg of carotene per head daily,
their liver stores of carotene and vitamin A decreased during the
166-day feeding period. The liver reserves of carotene and vitamin
A also decreased in the steers fed the fattening ration with a daily
carotene intake of 309 mg. No symptoms of a vitamin A deficiency
were observed during the study. The gains of the animals were satis-
factory for the type of rations fed. When the liver stores of vita-
min A of the steers fed the low carotene rations were plotted against
time, ﬁhe percentage drop in the liver reserves during each 4O-day
period was practically constant. These workers suggest that the rate
of depletion of liver vitamin A stores of beef cattle is proportional
to the total liver reserves,

Frey et al. (1947) studied the effect of vitamin A supplementa-
tion of a carotene-deficient ration on the performance of Hereford
steer calves, One hundred and fourteen steers were divided into six

lots of 19 steers each. The steers of Lot I were slaughtered at the
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beginning of the experiment to establish initial stores of carotene
and vitamin A. The rations for the remaining 5 lots of steers were
supplemented as follows: Lot II, no supplement; Lot III, 25 I.U.
vitamin A per 1lb of body weight daily; Lot IV, 100 I.U.; Lot V, 200
I.U. and Lot VI, 500 I.U. Nine steers from each lot were slaughtered
after 166 days of feeding and the remaining 10 after 277 days. Dur-
ing the fourth month of the trial symptoms of vitamin A deficiency
appeared in the steers of Lot IT.. After 277 days in the feedlot,

8 of the 10 remaining steers in Lot II showed symptoms of a vitamin
A deficiency. Liver stores of vitamin A and carotene were almost
completely depleted in the steers of Lot II after 166 days of feed-
ing. The serum vitamin A content of the steers of Lot II dropped
from an initial level of 30 meg per 100 ml to 13.7 and 5.2 at 166

and 277 days, respectively. The serum values of the steers in Lot
IIT remained near the initial level, but the liver reserves dropped
from 47.1 to 17.4 mcg per gm while the plasma vitamin A increased
from 39 to 48.9 mcg per 100 ml.. Both serum and liver vitamin A values
increased for the steers of Lots V and VI during the experiment. The
steers of Lot II gained slower, and because of excess edema produced
carcasses inferior to those of the other four lots.

Gallup et al. (1953) suggest that a species difference exists
in the vitamin A response of cattle and sheep to phosphorus deficiency.
Nine yearling steers, depleted in phosphorus and vitamin A reserves
were fed 150 mg of carotene per head daily in rations supplying .5
and 3 gm of phosphorus daily. Plasma carotene levels were higher
in the steers on the low=-phosphorus ration. Plasma vitamin A values

were lower in the phosphorus deficient steers and low vitamin A storage
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in the liver was indicated, In a similar trial with lambs, results
opposite to these were obtained. Church et al. (1954) demonstrated
a species difference as to site of conversion of carotene to vitamin
A. Intravenously administered carotene in aqueous solution was given
vitamin A depleted calves and lambs which had been on a low vitamin
A diet, It was found that lambs could convert the carotene thus
administered, as indicated by a rise in plasma vitamin A levels;
whereas calves showed no response. The authors suggested that such
results might indicate that sheep possess extra-intestinal sites of
conversion of carotene to vitamin A; a possible explanation for the
low plasma carotene levels characteristic of this species.

Davis et al. (1956) demonstrated that the addition of choline or
methionine to a calf ration caused an increase in blood plasma caro-
tene but had no effect on the liver stores of carotene or vitamin A.

Murray and Campbell (1956) stated that aureomycin when added to
rat rations had no effect on the absorption of vitamin A.

Erwin et al. (1956) concluded that neither aureomyein nor stil-
bestrol increased vitamin A storage in cattle. They also showed that
the feeding of fat increased retention of carotene but not of vitamin A.

Rousseau et al. (1956) studied the effect of the following anti-
oxidants, N, N1 diphenyl-paraphenylenediamine, 6 ethoxy 2, 2, 4 tri-
methyl 1, 2 dihydroquinaline, and 2, 5 ditertiarybutylhydroquinone
on the utilization of carotene. Holstein calves were fed a known
amount of carotene from dehydrated alfalfa meal, with and without anti=
oxidants, In every case, when the antioxidants were fed there was a
greater utilization of carotene. Fat and vitamin E were éiso higher

in the liver when the antioxidants were fed.



Mayfield and Roehm (1956) noted that witamin Bea inereused the
Liver storage of vitamin A in rabs.

Worker (1956) demonstrated that the thyroid had no effect on
the conversieon of carotens o vitemin A.

Worker (1556) studied the effect of hepatectomy on the whilizs.
tion of carptens, Rals and rabbits on a Llow plane of nutrition wers
elther bepatectomized, hepatectomized and eviscerated, or Left ine
tact as controls, QCarotene was given intravenously lmmediately Lol-
lowing surgery and a contiol Samplﬁ of blood was collecited. A seo-
ord sample was teken for vitamin A anslyses -2 hours after the lu-
jeotion, Since the rat hleod waaiavailable in such small gquantlitiss,
maun

sanples from two or three rats wers pooled for analysis. Con

o

of carchtene in the hepatectomized rats was as sfficient as in the

oy > i

The same was true for the bspatectomized and evise

ated rats within 4 hour follewing injsobion.



PART 1. EFFECT OF THREE LEVELS OF JAROTENE SUPPLEMEN-
- TATION' DURING LACTATION ON THE PERFORMANCE

OF BEEF COWS AND THEIR CALVES

- ~.The carotene and vitamin A requirements of cattle are greatly = -

influenced by their ability to accumulate large liver reserves of
vitamin A during the lush grazing seés-on° .This:may be sufficient
to allow the mature animal to subsist for long periods of time on
caroteneMdefiqient forage. Previous research at this station (Baker,
1953;.Chﬁrch,'ﬂ95éfihas shown that defiCiency symptoms can develop
in young suckling calves even though their»dams appear normal. It
has been noted that carotene supplementation of the dams during ges-
tation is not necessary unless they have been off green feed for long
periods of time prior to calving.

‘This experiment was designed to study the effect of feeding dif-
ferent levels of carotene to beef cows during the first 3 months of

lactation on the vitamin A nutrition of the cows and their calves.
Experimental

Tweﬁty=6ne bred, two-year-old Hereford heifers were selected
from the experiment station herd, moved to small dirt pens and started
on experiment in December, 1955.. These heifers had grazed good na-
tive.grass pasturé the previous summer and fall.. During the last

6 months of gestation, they were fed (free choice) weathered, range-

15
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grass hay cut in December and devoid of carotene, plus 2L 1b of
cottonseed meal gnd 2 ib of cracked milo per head daily.. During
lactation the cows were continued on the winter-cut hay (free choice)
“and received 5 1b of cracked milo and 3 1b of cottonseed meal per
head daily; The cattle had access to a mineral mixture of 2 parts
salt and 1 part steamed bone meal at all times. These rations were
calculated to meet the recommended allowances of thé ﬂatiohal Re-=
search Council for all essential nutrients, with the exception Qf
carotene. The calves had access to a mixture of oats, milo, and
cottonseed meal in a creep feeder. |

At the time the cows were mové& to drylot, blood samples werse
teken. Further samples were taken from the cows and calves at par-
turition and monthly thereafter to three months post-partum.. These
were centrifuged, the plasma removed and stored in a frozen state.
When sufficient‘samples had been collected, carotene and vitamin A
determinations were made using the method of Kimble (1939).

Liver samples were taken at‘the'beginning of the ex'periment9 at.
parturition and at three months post-partum for the cows, and at
three months of age for the calves.. In obtaining the samples, the
cow was restrained in a squeeze chute by means of a head gate. An
area, approximately 4 inches square was clipped over the 12th and
13th ribs about 10 inches from the midline of the backbone. This
area was anesthetized with 30 ml of 4 percent procaine hydrochloride
solution. After about 20 minutes an incision approximately 2 inches
long was made in the area between the 12th and 13th rib. A trocar
and canula.(1?inch.in diameter and 6 inches long) was inserted into

the incision. The liver surface was located with the aid of a flash-
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light and the trocar was removed. A core of liver tissue weighing

1 to 2.5 gm was removed with a special instrument., The liver sample
was wrapped in tinfoil, placed in a small vial and stored in a deep-
freeze. Details of this technique have been reported by Van Arsdell.
(1952) and Whitehair et al. (1952).. Liver samples were analyzed ac=
cording to the method of Gallup and Hoefer (1946)..

The cows were alloted to treatment according to calving order;
first cow to Lot I, second to Lot II, third to Lot III, etc. This
procedure was followed in alloting all cows.. Following parturition,
the cows of Lots I, II, and IIT received 10, 20, and 30 mg of carotene
per 100 1b of body weight, respectively..

The carotene used in this experiment was a carrot oil concen~
trate in soybean oil.™ It was stored in an airtight metal drum.

The carotene allowance for each cow was weighed individually, mixed
with the cottonseed meal, and fed immediately.. The cows were fed
their respective carotene supplement in cottonseed meal individually
every third day, starting at parturition., OCare was exercised to
avoid consumption of the concentrate by the calves. Frequent samﬁles
of the carrot oil were analyzed for carotene, and the daily allow=-
ance adjusted aacc:ordin‘glyov=

Close observations were made on the cows and calves through-
out the experiment, and a record was maintained on incidence of

scours or any other abnormalities..

*The carrot 0il concentrate was generously supplied by Nutri-
tional Research Associates; Inc., South Whitley, Ind.
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The cows and calves were removed from the experimsnt when the
calves reached 3 months of age., Data were obtained on body weights

of cows and calves at parturition and at monthly intervals thereaftier,
‘Resultes and Discussion

The average liver levels of vitamin A and carotene for the
three lots of cows and calves are presented in Table I, Plasma
levels of vitamin A and carotene are shown in Table II, while changes
in body weights of the cows and their calves are presented in Table
IIIO, Similar data for individval animals are presented in Appendix

Ta.b!ieu Ig IIQ IIIg 'J-P IVO
TABLE I

Mean Vltamin A and Carotene Contents of Livers
of Beef Cows and Their Calves
(meg/gm dry matter)®

Tot b ma,. Periu= 3 mo,
No,. reparhum rition Post-nartum
Couws ' ' '
Liver vitamin A b 311.5 271 205 ¢ 13.73
' 2z 293,19 26,2 3.5 & 11.58
3 225,9 217 35,3 & 15.98
Liver carotene T 18.9° ol 0.F & 3,56
Z 18 ods 5.6 12.4 % 270
3 1?0-@ 407 gngorﬂ :‘i’; 80 59
Calves
Liver vitemin & ¥ 2,58 + 1,16
2 3,66 £ 1,52
a B R0 & 2,57
Liver carctens T 1o += 47
& 2o 264& o7
3 BT E 105

W o8 o a
K11 data collected on dams of calves that died during the expari-
- ment wers ommitted..
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Examination of the carotene and vitamin A levels at the begin-
ning of the experiment show that the liver stores of vitamin A and
carotene wefe high in the young heifers which had been‘grazing green.
pasture during the summer months.. There was a rapid depletion of
both vitamin A and carotene when they were placed on rations prac—
tically devﬁid of carotene. At parturition, 6 months later, the
liver vitémiﬁ A had declined to approximately 9 percent of the ori-
ginal level,iwhile the carotene had been reduced to approximately
30 percént.

As shown in Table T, supplementing the ration with 10 mg of
carotene per 100 1b of body weight during lactation (Lot I) did not
maintain the liver vitamin A stores of the cows.. Feeding 20 or 30
‘mg per 100 1b body weight (Lots IT and ITI) resulted in a slight
inéregse in liver storage of vitamin A.. Baker et al. (1954) and
Church givgl;.(ﬂ956),‘state that cows on a low carotene ration during
the latter half of gestation require a daily carotene intake of 20
mg or more per 100 1lb body weight during subsequent lactation in or=
der to producelhealthy calves. The analysis of variance of liver
and plasma carotene and vitamin A failed to indicate a significant
difference among the lots. Individual variation within lots, as
indiégfed by the standard deviationms;, accounts for this lack of sig-
nificance,. This similar variation has been reported by Van Afsdell
(1952), Baker (1954);, and Church (1956).

Liver vitamin A and carotene values in the calves were extremely
low aﬁ,B months of age, but tended to reflect the carotene intakes

of their dams..



TABLE II

Mean Vitamin A and Carotene Contents of Plasma of Beef Cows and Their Calves® (mecg per 100 ml)

Lot

5 mo, Lactation
No. Prepartum Parturition lmo, 2 Mo, 3 mo,
COWS
Plasma Vitamin A ‘ o
1 35.8 10.3 12.5 15.7 20,8 + 6,53
2 3)4.)4 902 '1)4-91-1- ' 2007 230:2 : 7915
3 3khe9 7.l 20.9 24,0 26,8 + 10,32
Plasma Caroﬁene : _'
. 1 111.9- 271 ,1,314,14 1hhe5 - 193.9 £ T9.7
2 112.8 29 .2 2L6.5 256l - - 2672 * 36..5
3 102.5 30.6 287.1 33L.1 292,1 # 115.5
CALVES
Plasma Vitamin A L
1 )-1052 6'7 b"é R 505 + }4-957
2 “hik2 k.5 6212 - 8.95%  L.65
3 ¥ h.S 70'2 709 80-3 .1“ 7080
Plasma Carotene _ :
1 6.5 19.) 2440 33,5 # 19,6
2 10.3 2249 2542 3L.8 ¥+ 22.9
3 6.5 250-6 250’4 33':1 _4: 15 03

-*311 data on calv
omitted,

es that died were omitted, All data collected on dams of calves that died were

0e
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Initial plasma vitamin A and carotene values €Table II) could
be considered normal, By the end of gestaﬁiong ali animals showed
a decline to values that according to Madsen and Davis (11949) are
indicative of a low plane of vitamin A nutrition,. These workers
reported that reprbduction in cows was poor when plasma vitamin &
dropped below 78 meg per 100 ml, 2t or near parturition. Payne and
¢ingman (1947) found that blood carctene levels of approximately
118 meg per 100 ml were necessary for normal reproduction and lac=
tation in beef heifers,

When carotene was fed after parturition, the plasma carotens
values increased rapidly while plasme vitamin A increased at a much
slower rate, 1In Lot ¥, plasma vitamin A values did not reach the
Mnormal® level until the third month of lactation. This is in gen—
eral agreement with Sutton and Soldner (19A5y who found that changes
in plasma vitamin £ tended to lag about a month behind changes in
plasma carotiene.,.

The plasma vitamin & and carotene values of the calves were
very low at birth, They showed a slight increase to 3 months of
age but were still extremely low when they were removed from the
experiment, The plasma levels of the calves did not reflect the
supplemental level of carctene fed to their dams, This is in agree-
ment with Baker (1954) and Church (1956},

&1L of the calves were born alive in this experiment but most
of them were weak at birth and very susceptible to scours duriﬁg
the first few weeks. Diarrhea was very noticeable throughout the
trial in calves of Dots T and II’wh@seidams received 10 and 20 mg

of carctens daily par 100 1b of body weight,. Sixteen individual
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cases of calf scours were treated with antibiotics in Lot I, 12 in
Lot IT, and 3 in Dot IIT during the three-month period,

Two calves were lost in Lot ;’and one in EotvII§ Severe diarrhea
was noted in these calves shortly before death, Postmortum examina-
tions were made by the Pathology Department of the School of Véterm
inary Medicine,. The'liver of one calf contained circumscribed de-
pressions 1 mm in diameter to 3/4 inch in diameter, and chronic
nephritis was noted in both kidneys,. This calf went into convulsions
about one hour before death. In another calf, a 3x2 cm ulcér was
found in the mucosa of the abomasum., Raised, greyish nodules up to
2 mm in diameter were found throughout duodenum and extended half-
way through jejunum.. There was slight catarrhal enteritis in the
remainder of the intestinal tract with small areas of congestion
and hemorrhage in terminal colon.. The liver of this calf was slightly
pale. In the third calf, a few small areas of focal interstitial
nephritis were noted in one kidney, and small areas of lobular pneu=
monia,weregsc&t@eaediintﬁhéogﬁiq@lag@dﬁd;éphrggmgyipﬁlpgggﬂQf@ypth
lungs., From these postmortem findings it was not“possible to dgfin—
itely establish the cause of death, although certain of the symptoms
could be attributed to a vitaﬁin A deficiency.

The cows were maintained in good thrifty condition throughouf
the experiment. The rations fed were sufficient to produce an-in=-
crease in weight from parturition to 3 months postpartum (see Table 5
ITI). No differences were noted in the general health or thriftiness
of the three lots of cows. The calf weights were lower than would
be expected under good range conditions. The weight gains of the

calves to three months, however, does not present a true picture

'
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TABLE ITT

Mean Weight Changes of Cows Durifig Gestation and
Lagtation and Weight Changes of Their Calves
: it S Bir |

N Gain
’ - Eoss to 1 mo- Z MO, 3 mos During
Lot 6 mo.  PFartu-: partu- Poste Post-=  Post— Lacta=

No. Prepartum rition rition: parbum  partum: partum. tion
‘ Cows
1 M2 662 50 687 w1 7L 47
P 755 731 2 38 - 758 795 57
3 726 69y 32 706 35 775 69
Calves
g 59 9% 130 160. 107
2 59 90 119 157 92
3 58 83 118 148 9%

because the lightest calves were lost out of Lots I and II,, tending
to make their mean weight higher at the end of the experiment. How=-
ever, there were no significant differences in the weights of cows
and calves among the thres gfoups; The calves of Lots I and IT had
an unthrifty appearance during the latter two months of the experi--
ment, No gross outward symptoms of‘vitamin & deficiency were noted
among the cows or calves at any time during the experiment, with the

exception of frequent scouring among'the calves,.
SUMMARY(

Beef cows, after depletion of body stores of vitamin A and caro=
tene during the last 6 months of gestation were fed supplemental

carotene to supply 10, 20, and 30 mg per 100 1lb of body weight for
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the first three months of lactation. No deficiency symptoms appeared
in the cows,. The different levels of carotene intake dﬁring early
lactation had no consistent effect on calf weights at three months..
There were no significant differences among the cows or calves in
blood and liver vitamin A and carotene levels. Death loss was highe-
est in calvesfnufsing‘dams receiving 10 mg of carotene per 100 lbs
during early lactation.

Tt appears that beef cows after depletion in vitamin A must
receive relatively large amounts in the feed in order to protect
their cé1v§s~ ‘against .a deficiency. T{i_ﬁnaiﬁduglerafiatiqn.—-s,&mo‘ngg.\:.cpwé
in blood and liver carotene and vitamin A values is large. Under
range conditions, it may be more profitable to administer carotene
or vitamin‘A:directly to the calves (i.e., in the creep feedf'than

to feed high levels of supplemental carotene to their dams,



PART II. ALFALFA HAY AND DEHYDRATED ALFALFA MEAL AS
DIETARY SOURCES OF CAROTENE FOR FATTENING

STEER CALVES

Alfalfa hay and dehydrated alfalfa meal have been used exten—
sively in steer fattening rations to supply protein, mineralsy and
carotene, In many steér fattening rations, alfalfa hay or dehydrated-
alfalfa meal comprise the sole protein and carotene supplement..

" This éxperiment was'desighed to determine the amounts of alfalfa
hay and deh&drated alfalfa meal required in low carotene rations te
insure adequate vitamin A nutrition of fattening steer calves fed

in drylot for approximately 166 days..
Experimental

Sixty choice, Héreford steer calves were seiected from the ex=~
perimental herd and from a group purchased from a ranch in western
Oklahoma., They were given about a month to recover from weaning and
shipment and to become accustomed to the change in feed and guarters.
During this time they were drenched with phenothiazine to control
internal parasites.

The calves were divided into 6 lots of 10 calves each on the
basis of source, body weight and feeder grade. They were full-fed -
rolled milo, with limited amounts of sorghum silage and the following

protein supplements per head dailys

25
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Tot T. 128 1b of cottonseed meal.

Lot II, 1.2 1b of cottonsesd meal plus .9 1lb of
dehydrated alfalfa meal pellets.

Lot III. 1.2 1b of cottonseed meal plus .95 1lb of
' alfalfa hay..

Lot IV, 0.8 1lb of cottonseed meal plus 1.8 1lb of
dehydrated alfalfa meal pellets,

Lot V.. 0.8 1b of cottonseed meal plus 1.9 1lb of
alfalfa hay..

Tot VI. 3.6 1b of dehydrated alfalfa meal pellets.

In Lots ITI, V, and VI, dehydrated alfalfa meal pellets replaced
%5 5; and all of the cottonseed meal on a protein-equal basis., In
Lots III and IV alfalfa hay replaced ¥4 and % of the cottonseed meal
on a protein—equal basis.

The calves were started on 2.5 1b of rolled milo pervhead daily
and gradually worked up to a full-feed. Sorghum silage was reduced
from an initial level of %4 1lb per head daily to 8 to 9 1b at the
end of the trial.. The cattle were fed twice daily. A mineral mix-
ture of 2 parts salt and 1 part steamed bone meal was available to
all steers at all times.

Blood samples were taken at the beginning of the experiment,
midway through the feeding period and at the end of the egperiment
(166 days), These samples were centrifuged and the plasma stored
in tightly stoppered test tubes in a deepfreeze. They were analyzed
at a later date for vitamin A and carotene according to the method
of Kimble (1939). Liver samples were taken when the steers were
slavghtered, approximately a week after the final bloed samples were

taken, These samples were wrapped in tinfoil, placed in stoppered
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vials and stored in the deepfreeze., ILiver samples were analyzed at
a later date by the method of Gallup and Hoefer (1946).

A1l feeds were sampled and analyzed three times during the trial,
Weight gains, average daily rations fed and feed required per cwt.
gain are shown in Appendix: Table Vj; the chemical composition of feeds

is shown in Appendix Table VI.
Results and Discussion

The carotene intake and average daily gains of the calves are
summarized in Table IV. The blood and liver data are summarized in
Table V. Similar data for the individual steers are presented in

A?pendix Table VII.
TABLE' IV

Carotene Intakes and Average Daily Gains of Steers Fed
Yarylng ﬁm N

Bstimated
Source Daily Caro— Carotene Intake Average
Lot of tene Intake per cwte _ Daily
No. Carotene® _per head  Tnitial Final .  Gain
| (mg) (mg) (mg) (1by
' Basal | 20,2 4e0 2.4, 2,10
2 Dehydrated alfal-- :
fa pellets 49.6 , 9.6 5.6 2,18
3 Alfalfa hay 42,0 8o.F 4.9 2,05
4 Dehydrated alfale- '
fa pellets 794, 15..F 8.9 2.18
5 Kl falfa hay 62,3 12.0 7.1 2,16
6 Dehydrated alfal—
YA 2,05

fa pellets - 12404, 23.7 1

®*In addition, all lots were fed sorghum silage.



TABLE V

Mean Plasma and Liver Carotene and Vitamin A and Average Daily Gains of Steers

Source , " Blood Plasma (meg %) ~ Liver Average

Lot of __November ~ _ January April (meg/gm DM, ) daily
No. Carotene Car, Vib.A  Car, Vit.A Car,. Vit.A - Care Vit.A ‘gain (1bs)
1 Basal- 110.7 28,7 80.8 29,81 L7.6 # 13.17 15,0 # k.52 5.3 # 2.08 2.8 + 1.95 2,10 # 0.26
2  Dehydrated- _

alfalfa. - .

pellets 169.1 32,7 102.3 3hL.h 82,8 #17.55 2.2 # Lo28 6.l + 2,07 7.1+ 5.96 2.1B # 0,22
3 Alfalfa - B '

hay 186,9 35.1 88,7 29.6 71,0 # 21,06 22.8 # 3.73 6.6 +1.94 5.8 + 3.76 2,05 #.0.32
L  Dehydrated , :

alfalfa ' C . _ »
; pellets 196.8 35,2 98,6 33,0 82,5 # 33,08 2L.6 # T.66 6.6 # 2,06 1L,2 + 8,22 2,18 + 0,29

Alfalfa - ' ' "

hay 1529 33,6 103.7 3L.9 7.3 # 32,67 2L.8 + 6.75 6.3 + 2.l 6,2 + L.0O7 2,16 # 0.25
6 Dehydrated -

alfalfa '

pellets 123,9 30,0 116.0 31,6 95.0 + 37.90 26,7 % 6.91 8.5 + 3.35 12,0 + 11,15 2.05 # 0,22

8¢
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None of the steers in this experiment showed any symptoms of a
vitamin A deficiency, although some watering of the eyes, stiffness
and swelling of the forelimbs were observed in the basal group as
the calves~w§re being sold in the Oklahoma City yards.

The levels of carotene intake were not reflected in the average
daily gains of the six lots of steers. Differences in average daily
gains among the lots were not statiétiéally significant, Jones e%.al.
(1943)" reported that although cattle fattened on vitamin A deficieant
rations, a large percentage of the carcasses were condemmed due to
edema,.

Examination of the blood data indicates that the basal ration
composed of milo, cottonseed meal and sorghum silage did not maintain
the steers in an adequate state of vitamin A nutrition during the
fattening period of 166 days. However, this was not reflected in
average daily gain. Church (T?Séy reported a mean plasma vitamin
A level of 7.7 meg per 100 ml for steers that were fed a basal ration
similar to the one fed in this experiment. The low carotene intake
in the work reported by Church (1956) was reflected in the average
daily gain. Several steers in the basal lot developed night blindness
and, due to edema, some of the carcasses were condemned, The estimated
daily carotene intake in the experiment reported by Church was 12.1%
mg as compared to 20,2 mg in this current experiment.  Further ex-
amination of the blood data indicates that the steers on the basal
ration were bordering on & vitamin A deficiency at the end of the
experiment. Frey et al. (1947) observed vitemin A deficlency symp=
toms in steers when their plasme vitamin A values declined below

13.7 meg per 100 ml, It should be kept in mind that the feeding
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period in this experiment (166 days) was shorter than that normally
emplojed in other areas. Had the experiment been continued for a
lohgef period of time it seems possible that the steers on the basal .
ration would have devéloped vitamin A deficiency symptoms before
slaughter, Statistical analysis showed that therelwas a highly
significant difference (P .0T) among the groups in plasma vitamin

A and a significant difference (P 0.05)- in plasma carotene..

No information is available concerning initial liQer storesy
however, Jones gt als (1943) found that slight storage occurred when
‘steers were fed carotene at levels of about 15 mg per head (2,5 to:
3.0 mg per 100 1b of body weight).

The liver carotene and vitamin A values of the steers in all
lots were low at the end of the trial and extremely low in the basal
lot, vErey et al. (1949) observed that symptoms of a vitamin A de-
fiéiency developed in steers when liver vitemin A values declined
below 1.4 meg per gram of dry liver. In view of their findings it
seems logical that the low liver vitamin A values of the steers of
the basal lot indicate that they were bordering on & vitamin A de-
ficiency. These observations are in agreement with those of Church
(1956).. Difference in liver vitamin A values among the six lots were
statistically significant at the .07 level of probability whereas
liver carotene values were not..

The daté obtained indicate that an average daily carotene intake
of 2052‘mg was sufficient to support growth and fattening in weanling
steer calves fed 166 days in drylot. Morrison‘Cm956Y'recommends that
500-1b steer calves receive 25 mg of carotene per head daily while

900-1b calves that are being fattened receive 50 mg per head deily..
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The nutrient allowance of carotene as recommended by the National
‘Research Gouncil (1950) is 2 mg of carotene per 1b of dry matter.
This amount is in fairly close agreement with that recommended by
Morrison but considerably lower than the amount suppliéd in the basal
ration of the present study.. .

The calves fed dehydrated alfalfa pellets as compared to those
fed hay had slightly higher amounts of carotene and vitamin A in the
blood and liver; however, this was to be expected since their carpﬁene

intake was higher¢
STMMARY

Six lots of steer calves fed a basal ration of milo, cottonseed
meal and sorghum silage were used to compare the value of dehydrated
alfalfa meal pellets and alfalfa hay as a source of carotene,

The substitution of approximately one 1b dehydrated alfalfa meal
pellets for cottonseed meal in the basal ration Gf?replacement of
cottonseed meal) resulted in a slight increase in average daily gain.
-The substitution of alfalfa hay or dehydrated alfalfa meal pellets
at levels higher than one 1lb did not appear to be beneficial in fur-
ther increasing weight gains. Substituting alfalfa hay or dehydrated
‘alfalfa meal pellets for cottonseed meal in the basal ration increased
carotene and vitemin A plasma and liver levels, Such substitution
of alfalfa hay or dehydrated elfalfa meal pellets in the basal ration
in this trial did not appear to be necessary'to prevent vitamin A
deficiency symptoms.. It appears that a daily carotene intske of ap=
proximately 20 mg for weanling calves fed 166 days in drylot is ample

to support satisfactory gains.



PART III, RELATIONSHIP OF PLASMA VITAMIN A AND
CAROTENE TO LIVER VITAMIN A

IN BEEF CATTLE

Plasma levels of vitamin A and carotéene are commonly used as
measures of vitamin A‘—nutritidn° From the data collected it has
been observed that plasma carotene varies over a wide range depend-
ing upon the dietary intake of the animal. Plasma and liver vitamin
&k values vary over a somewvhat ﬁarrower range. It seems possible
that the amount of vitamin A stored in the liver may be the best
measure of the amount of carotene that must be added to the ration
to support adequate vitamin A nutrition in beef cattle. TYet the
liver biopsy technique as practiced at this station is laborious
and of scme danger to the animal,. Therefore, if plasma vitamin A
or carotene levels could be shown to reflect liver stores, the more
difficult biopsy procedure coulld be avoided.

Extensive data on vitamin A in pregnanf cows, suckling calves
and fattening steers have been collected at this station over the
past four years, Using these data, an attempt has been made to
ascertain to what extent vitamin A liver stores are reflected by
the plasma vitamin & and carotene levels..

There is little information on the individual variability of
plasma vitamin & levels, Should thére be a tendency for certain

cows to maintain higher plasma vitamin A levels than others, this

32
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observation would be of importance in allotting cattle to experi-
mental treatment, A test was made using available data on cows,
calves and steers in order to study the repeatability of vitemin

A values,.
Experimental

Analysis was made of available data on plasma vitamin A and
carotens, and liver vitamin A of beef cows at six months prépartwn
and at parturition. The data were obtained from research conducted
by Baker (1953)" and Church (1956) together with that reported in
Fart I of this study. Included in the data were the results of
blood and liver analysis from 56 cows that received rations devoid
of carotene during the last 6 months of gestation, The data were
accumulated over a three=year period. Data on blood and liver of
the calves from these cows at 3 months of age were also included
in this study..

Other data were from 176 steers fattened in drylot. The data
included the results reported by Church (1956);, and the‘results
reported in Part II of this current study. In the present studies,
blood samples were taken at the termination of the experiment from
steers that had been fed a fattening ration for a period of approxi-
mately 165 days. Liver samples were obtained at slaughter.

Individual variation among cows and steers during one experi-
ment was studied by ranking the animals within each lot at each
bleeding according to their plasma vitamin A& values, Répeatability

estimates were also conducted using the method of Snedecor (1946).
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Results and Discussiocn

The correlation coefficients are presented in Table VI.

Results of this study indicate that plasma and liver levels
of vitamin A show little correlation when liver stores are extremely
high. A highly significant (P¢ .01) correlation was found in sam-
ples of blood and liver taken from cows at parturition when the aver-
age plasma vitamin A level was 12.68 mecg per 100 ml and the liver
vitamin & 56.29 mcg per gm of dry matter.. A highly significant
(P ¢-01) correlation was found between vitamin A samples of blood
and liver of fattening steers when the average levels were 21.98
meg per 00 mi for plasma and 4.95 mcg per gm of dry matter for
liver.. A significant correlation {F¢ .05) was found between blood
and liver samples of steers when the average vitamin A values were
28,23 meg per 100 ml for plasma and 10,6 mcg per gm of dry matter
for liver. There was a significant correlation (B¢ .05) between
plasma and liver samples of calves when the average vitamin A values
were 8.7 meg per 00 ml for plasma and 4.9 meg per gm of dry matter
for liver,

The statistical analysis showed a highly significant (F¢ .01}
correlation between plasma carotene and liver vitamin A in the ini-
tial samples taken at 6 months prepartum from cows that had grazed
native grass pasture during the previous summer and early fall..

The mean vitamin A values were 121.5 mcg per 100 ml for plasma and
290.8 mcg per gm of dry matter for liver, There was a significant
(P<¢ .05)" correlation between plasma carotene and liver vitamin &

in steers that received approximately 3 1b of dehydrated alfalfa



TABLE VI

Relatichship of Plasma Vitamifi‘A &nd Carotene to Liver Vitamin A in Cows, Calves and Steers

“Correlation coefficient

- Mean plasma Mean plasma Mean liver of liver vitamin A with
- No, of vitamin A value Carotene value vitamin A value Plasma Plasma
Treatment Animals (még/100 m1)  (mcg/100 mo)  (mecg/gm dry matter) Vitamin A Carotene
Cows ' '

Grazing good pasture
during summer and _ :
early fall 56 33.6 1215 290.8 ,0383 S087H*

Fed low carotene rations '
in drylot (parturition
samples after 6 mo, in

drylot) 55 12.7 2kl 563 ,5l23%% -, 2188
Calves ‘
Nursing dams in drylot ~ L8 7~ 8,1 20,7 4.9 .3398%  -,0180
K . Steers
Basal rationl 30 T 18.7 L3 2.3 1627 3121
Basal plus 1.2 1b | - !
alfalfa hay daily -~ | 29 , 23,9 70.0 L3 21463 02190

Basal plus .8 1b dehy-
drated alfalfa meal

pellets daily 29 21.9 70.2. , L.9 L6Lo* <1565
Basal plus 2.k 1b
a].fa].fa hay daily 30 . 26¢h ’ 7891 691 ".0178 ‘='¢06)-LO

Basal plus 1,6 1b dehy-

drated alfalfa meal

pellets daily 30 25.1 877 9.2 03221 03392
Basal plus 3.2 1lb dehy= \

drated alfalfa meal , : _

pellets daily . 28 28,2 ) 1245 10,6 _ 3930% L3793

- ®significant at 5% level of probability.,
¥Sipnificant at 1% level of probability,
1Basal ration consisted of cottonseed meal, sorghum silage and milo,

9
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mesl pellets daily. The mean plwmﬁ¢ sarstene and liver witemin &
values were @2105 meg per 00 ml for carotene and 10.6 meg per grew
&f dry matier for liver,. These results indicate tha% plasma caretens
and liver vitemin A may be eorrelated when the carctene intaks hew
been high over an exbtended pericd of time.

When analysis was made of the rspeatability of plasma witamin

A values of individusl cows and siesers during one %rial, no deline

o] 3

te pattern could be established, Individuals &aving the highest

°

initisl plasme vitamin A values did not necessarily maintain this

relationship throughout the experiment; in some cases they haid

lowest valuss abt subsequent bleedings.. The initra-lot correletione

©

bcuﬂ@eﬂ vitamin A blecd values of the same individual were <0,V

weng
47‘}

Zo

Tor sows and 0,0572 for sheers..

[0

Apalysis was mede of availa able data on plasme vitamin & and
carotens asd liver vitamin A of samples iaken from beef cows & months
prepartum and at perturition over a thrse-ysar pericd., Anslysis was
alse made on samples taken from calwes produced by cows Ted varying
levels of carghene during lactation, and on sémples from stears fad
fattening rations for approximately 185 dayso

Results of this study Sndicate that plasma and 1liver vitandsn
A sre correlated only when the plasma vitamin A levels are low,
Flasma carctene and Liver witamin & values were correlatsd only

when plasma carovens valuss were high possibly due to an exbendsd

estinatas indicated noe tendency for individual

high or low plasme vitamin A Jevels,
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TABLE I

Plasma Carotene and Vitamin A Content of the Blood of Cows During Gestation
and Lactation in Experiment I (meg/100 mil)

- O mo, Lactation
Cow Prepartum -~ Parturition 1l mo, 2 Mo, 3 mo,
No. Car, Vit, A Car, Vit A Car. Vite A - Car. Vit A Car, Vit, A
; | Lot T « |

1 136.8 38.L 33.6 825 1254 6485 122,7 6,51 129.9. 12,68
2 114,0 31,5 26,7 6.13 117.0 12.85 135.7 22,39 179.2 20.6L
7 162.6 3749 26.1 18.LL 1L47.6 18,52 2046 15,02 16945 20,60
22 86.1 36.3 32.4 1h.57 146.1 17,03 137.10 15,41 158.L 19,03
3L 60,0 3ho7 16.5 L.,30 135.7 7632 1226 19,33 332,6 30,86
1L 86,1 28.9 39.6 10.34 100.2 17.32 .
2l 121.8 33,6 32.0 6,81 112.8 11.03

: o o o Lot II : .

3 9643 36.3 22,8 9.90 371.L 18,86 309 .9 19.8L 3168 18,94
L 129.6 31,0 31,2 9,32 169.5 8.05 233.0 23.88 220.3 28,50
6 123.,0 3.7 33.6 8.25 273.6 18,43 286.2 28,86 299.7 18.69
17 117.3 31.0 37.2 7.07 225.6 13,92 279.0 25 .96 273.7 26,86
26 117.3 34.0 25.5 8.17 213.2 7.28 185.8 17.58 2uho3 32,52
31 93.0 32.6 2L .9 12,68 225 .6 19,86 2Lh.2 18,31 2L8.1 13,79
38 119,L 31,5 22,2 5692 28L,.1 21.80 185.8 20.82 :
12 975 379 49.5 16,02 2757 22,77 b52.7 26,99 Lor kL 23,12
15 121.8 3643 31.2 9,38 322.5 24,86 351,.3 23437 299.7 21.L9 -
28 119.k 30,0 22.2. Shb . 309.8 17,07 298.9 19,8L 298.9 L7459
30 67.5 274 25.5 L.30 298.8 22,6k 311.8 23.75 359.8 25,28
35 99.9 39.5 243 536 176.1 25,20 216,7 28,13 195.9 31.54
Lo 112.5° 35 .2 38,4 7,02 316.8 17.24 345.0 18,01 27307 15,71

L5 99.0 37.9 23.L 2.0l 309 .8 16,52 35kLe5 27093 129.9 22,56°

en



Plasma Carotene and Vitamin A Content of the Blood of Calves at

TABLE IT

Parturition and During Lactation (meg/100 ml)

T i Tactation

Calf _Parturition lmo, 2 MmO 3 moe

No,. Car, Vit, A Car, " Vit, A Car, Vit, A . Car, Vits &

' : ’ Lot I

1 12,0 9,45 15.3 536 26,7 2,34 17.6 281

2 13.2 Te32 18.6 1.36 13,0 3.06 28,9 L .09

7 00,0 3.99 21.0 9,37 36,0 6,13 34.8 8.17
22 10,00 1,77 21.0 12,81 3.2 5.91 66,3 11,92
34 705 .08 21,1 L.51 13.1 5.45 19.9 o3k
1l 17.7 2,38 9.9 7.02 died

2l 13,2 1,66 1h.L el7 died

L ! S Tot II ; ’ .

3 0,00 53l 30.3 7.92 23.h 5.83 50.1 L3

L 1hok 8430 18,6 2677 13.1 L9k o6 659

6 16.5 Lhe17 26,7 Lo26 - 27.9 L.17 15.3 Lo81
17 16.5 " 1.h9 13,2 Lok 31,3 783 34,9 10,13 -
26 1ok 490 22,1 2.60 .2 3.1 L6.7 16.52
31 00,0 1.77 26,7 4426 552 10,56 61,2 11.24
38 949 13.41 18.6 L6k 10.9. k59 “died

' _ : Lot IIT

12 00,0 Tel3 31,2 9632 35.7 11.07 5604 22,26
15 12,0 4.98 33,6 12,18 30,0 Tel5 34,8 1.91
30 5.l 1.62 21,0 170 21,0 6.42 L5 .5 11,03
35 6.6 10413 1hok 217 1645 6,22 17.6 5066
Lo 7.5 1.k9 31.2 17.88 23.4 7479 22.1 072
L5 7.5 1.49 22,1 1,66 255 8,17 22,1 8.3k

calf died a few hours after birth

e



TABLE III

Carotene and Vitamin A Concentration of the Livers of Cows and

Their Calves in Experiment I (mcg/gm dry matter)

Cow Prepartum . Parturition _Postpartum - of age
No. - Car, Vit., & Car, Vit, & Care Vite A Car, Vite &
v Lot I , , L
1 17466 311,11 6,29 36490 8.28 13,20 1.04 2,71
2 12,52 28,82 S 1.6 11.55 T.91 12,36 1.3 1,82
7 10,08 57043k 9,31 37.38 16,22 L3.43 1.57 1.33
22 13.73 262,92 5.97 41,02 " 9,05 23,01 1.25 2,68
3L 1064 128,34 3.40 8.70 8.07 10,37 2627 L.38
1 10.89 209 .62 5.25 6,13 '
2l 1245 225,21 6031 9.63 8,52 11,06
- ‘ ’ : Lot II ' _
3 12,00 333.35 4,16 17.33 12,92 27.87 1.L7 3.30
L 15,35 308.55 3.60 6.43 9.91 15,62 2,05 .86
6 14,62 313,87 7499 - 38.09 9.9 27.90 1,96 L,81
17 20.69 270,72 L.66 24,30 16.24 50692 1,65 5,06
26 16,62 324,00 8.1l 29.93 11,06 31.20 3.18 L2k
31 13,12 208,26 5.02 la.1h 14,65 35.24 3.25 3.68
38 13.90 1hhy 27 5.95 15,85
= o Lot III o _ :
12 16,68 181,59 8.43 28,75 28,76 39.M1 1,65 Lo75
15 16,48 157470 3.77 25625 5,36 12,38 2.98 2,67
28 19,17 255,12 5.25 L0 .99 25,26 58,26
30 15.81 236,26 3.33 737 1h.36 48.L7 oli5 1020
35 9,48 182,86 3.33 2,93 767 20,13 3.09 Tol5
Lo 12.75 216,68 .39 29,05 13,00 39,47 1.85 3,01
L5 19.05 327.43 L.57 “17.46 16,02 28.83 3.00 9.12
Av 15063 225 .91 L.72 21,69 15.78 35,28 2,17 5.20




TABLE IV

Body Weight of Cows During Gestation and Lactation and Their Calves During Lactation (1bs)

, . _ Eactation o
Cow 5 moe © Parturi- 1 2 3 Birth
No. Prepartum tion MO, mo . MO ¢ Wt, 1 mo, 2 Mo, 3 mo,
o N ' ' ' Calves
: Lot I . ,
1 685 605 590 630 6Lo 57 90 130 155
2 695 665 675 690 720 - 62 92 130 165
7 785. 705 755 795 775 60. 105 155 180
1 700 710 720 o ' 56 80 died
22 725 640 675 720 725 63 105 155 180
2l 715 6h5 750 ' ' 55 €5 _died
3k 670 695 Tho 770 810 55 80 90 150
A : Lot II : -
3 715 755 760 800 810 58 105 1h5 165
L 725 - 720 700 715 790 - 50 70 85 100
6 770 710 720 730 750 60 - 95 145 155
17 700 - 670 700 695 760 61 80 100 175
26 715 705 710 730 800 65 80 90 120
31 85 825 - 835 855 860 61 110 150 190
38 765 780 770 815 hly 75 80 died
- : Lot III. . o
12 730 675 710 740 725 58 .90 145 165
15 7ho - 685 700 750 775 63 90 150 165
28 730 - 690 715 Tho 790 . _ _
30 725 725 765 760 830 55 85 105 140
35 695 - 670 670 715 770 59 70 90, 115
Lo - 7L5 710 650 720 7L0 65 . 85 120 160
L5 715 705 730 720 795 50 80 95 15

af



TAELE V

Mean Results with Fattening Steer Calves fed Varying Levels of Dehydrated Alfalfa and Alfalfa Hay

(10 steers per lot, 166 days on feed)

o

7

In 5 3

Tot Number 1 2 3 '
and - C.8¢ 3/ C.S, Meal 3/4C,S, Meal 1/2 C.8, Meal 1/2 C,S, Meal Dehydrated
Supplement ~Meal 1/l Dehy, 41f, 1/4 Alf, Hay 1/2 Dehy. Alf, 1/2 x1f, Hay Alfalfa
Ave, weights (1bs) .
Initial 10/26/55 508 518 521 525 519 Sl
Final 4/10/56 856 880 862, 888 877 865
Total gain 348 362 b1 363 - 358 - 31
Ave, daily gain 2,10 2,18 2,05 2,18 2,16 2,05
Ave, daily ration (1bs) L - -
Rolled milo 12,2 12.5- 12,3 12,3 12,6 12.2
Cottonseed meal 1.6 1.2 1.2 .8 .8 B
Dehydrated alfalfa
meal. pellets o7 1.8 . 3@5
Al falfa hay L. 1.0 . ‘1.9 _
Sorghum silage 11.9 ... 11.6 - 11.5 1.5 11.3 10.7
2-1 Mineral Mix .06 07 07 <07 07 06 -
Feed per cwt, gain (1bs) _ . ‘
Milo 575 575 . 600.. 563 583 595
- Cottonseed meal 76 55 58 36 37
Dehydrated alfalfa. P N 82 169
Alfalfa hay _ 46 o 87
Sorghum silage. 568 533 558 527 525 520

oM



TABLE VI

Chemical Composition of Feeds Used iﬁ'Fattening Tests with Steer Calves (percent as fed)

) ' ' S Crude Crude Carotene
Feed . N Moisture Ash Protein Fat Fiber N.F.E. mg/1b
Milo - ... = ) 11.33 1067 11956 2,91 1095 70058.

Cottonseed meal S 753 757 38.01 5.98 1L.25 26,66 )
Dehydrated alfalfa meal pellets 7.35 9.85 17.90 2.97 20.58 11,35 33,2%
Alfalfa hay . _ 5.71 10,20 15,31 2,22 28,66 37.90 22,7
Sorghum silage . | T1.75 1.83 1,98 93 6,18 17,33 1,7%

¥pverage of three analyses of samples taken during the trial,

in



TABLE VII

Plasma and Liver Carotene and Vitamin A and Average Daily Gain of Fattening Steer Calves

Plasma (mcg %) Liver
Steer Nov, _ Jan. Apr, (mcg/gm DM, ) Average
- Noo Car, Vit, A Car, Vit. A Car, Vit, & Car, Vit, A Daily Gain (1b)
oo ot I
L 219.6 3L.T 107.1 33.1 5647 19.L 3.5L 1,72 2.1
83 82,2 39.0 Lo5 11.8 6,78 2.95 2.1l
76 1254 31.0 567 28.4 26.1 7ol 240 2,16 2,05
- 69 67.5 34,1 675 274 Lo,5 4.1 L.23 1.33 2.23
602 - - L9.5 26.9 L8.9 17.0 7,20 - 64,89 . 2,23
39 ' B 69.9 30.0 27.9 10.3 3.59 1.67 2,20
32 1440 22.3 109.5 28.L €1.8 151 8.53 3,03 1.87
3k - 82,2 31.5 8L.9 2.8 55.5 18.L 5.35 1.38 1.87
42 50.4 17.0 81,0 26,9 56,7 22,3 L.,07 2,96 2017
72 86.1 30.5 100.2 33.1 60.9 1L4.6 7662 3.47 2.1k
Av, 110.7 28,7 80.9 29,8 L7.6 15,0 533 2,76 2,10
o - - ‘ Lot II -
112 13kh.1 3L.T 107.4 3.5 80.1 19.9 6.65 3.32 1.96
106 139.0 35.2 834 28,1 78.3 21 9,36 Le33 2.28
16 178.5 29.L 106.2 33.1 61, 22,9 5.76 9,17 1.96
o1 183.0 27.9 95,1 32,6 90.0 26.9 2.52 4,58 2.1L
89 343.5 53.2 690 Ll o6 51.0 22.3 5.L6 1,47 2,53
55 330.0 35,7 1062 Lo.7 95.1 3Le7 S84 21,78 2,32
37 193.5 37.L 1242 L2.9 73.5 20.3 L.10 3.95 1.99
17 39,0 16.0 9643 264 108.3 2l.L 8.20 3.03 2.1
28 81,0 27al 150.0 32.6 . 90,0 2l 8,38 9.28 1.93
78 69.0 30.0 86.1 32.0 100,2 2L .8 7.28 10.06 2,26
Av, 169.1 32,7 102.) 34 82.8 2l,.2 6,36 7410 2,18

81



TABLE VII (continued)

- Plasma (mcg %) Liver
Steer Nov, ' Jan. Apr, (meg/gm DM, ) ‘Average
No, Car, Vit. A Car, Vit, A Car, Vit, A Car, Vite A Daily Gain (1b)
: : Lot IIT
80 20740 18,5 9k.2 15.5 759 21.L 6.83 0.00 2,17
92 174.0 31,0 73,5 19.k 51,0 19.9 Le76 1,05 2,08
87 175.5 279 67.5 28,4 45.6 18.9 575 8.93 1.L5
k1o 405 .0 52,1 6204 279 69.0 23.9 7429 8,06 1.87
332 28L..1 a2 63,0 32.6 675 28.L 4.03 5,88 2,05
212 174.0 23.3 57.6 31,0 51.0 17.5 5659 2,36 2435
61 186.9 Lo.7 91.5 32,0 62.4 20,9 5.68 65 1,81
5k 52,5 = 18,0 9hq2 3h.1- 7741 23.4 8.59 - 780 2,47
65 86,1 32,6 165.0 3.2 101 .4 2749 6,65 7030 2.lb
99° 12,2 .~ 35.7 118.5 3.1 109.5 25.8 10.65 11.86 1,87
Av. 186.9 35,1 88.8 29.6 71,0 22,8 6.58 5.78 2,06
Lot IV .
LL6 163.8 27l 73.5 LO.7 78.3 28,4 6.83- 13.63 2.28
8L 116.1 34e7 7549 33.6 58.8 20,3 747 1342 1.8
15 105.0 32,0 63.0 21.L k.65 5.3L 2,29
26 255,0 35.2 81,0 26,9 7701 25,4 5.33 13,05 2,11
334 683.7 6L.9 83.4 29.L 106,2 3Ll 8,69 22,08 2,53
210 238.5 39.6 80.1 29.4 6l.5 2349 6.52 8.90 2.20
7 50.4 17,0 33,0 20.3 22.8 7.1 2.40 1.80 1.57
91 90,0 30.5 129.6 35.2 121.8 2369 9.50 21.76 2:35
74 118.5 39.0 181.5 1.7 132.9 28 oL T+57 29,18 2,50
7 - 5L.9 28.9 142.5 la.2 100.2 33.1 7.30 13.09 2,17
Av. 196.8 35.2 98455 33.0L 82,5 2.6 6.36 14,23 2.18

61



TABLE VII (continued)

Plasma (meg %)

Liver

Steer Nov, Jan, Apr, (meg/gm DM, ) Average
No. Car, Vit, A - Car, Vit, A Car, Vit, A Car, Vit, A Daily Gain (1b)
' Lot V. )
25 138.0 24.8 675 25.4 L2.9 18.0 5.74 L.57 1.96
2 165 .5 3L.7 132.9 L5 .7 1062 32,6 5.2l 1.98 2,40
L61 27L.e5 Lh.5 117.3 33.6 87.9 28,0 5433 728 2,02
79 141.0 35.2 90,0 27 . 6lio5 1L.6 5487 L 65 1.81
338 2295 29,9 39.0 28,9 5L.9 2Li.8 5.19 4.93 2,38
208 27hd5 3749 yaRan 30.0 51.0 19.9 L.28 756 1.75
102 93.0 h0.1 184,.8 52,1 136.8 34,7 11,07 5.78 2,26
20 11k.9 36.8 150.0 34,1 112.5 28,4 6,50 Ly 2,29
3 54,9 31.5 107.1 3643 75.9 279 9.59 16.80 2.35
53 L3.5 .20.3 87.0 35.8 Lo.5 18.L 3.49 3.87 2435
hv, 152.9 33.6 103.7 3L.9 77 &3 2L,.8 6.27 6.16 2,16
g o Eot VI
86 187 8 L3, h 95.1 34,7 81.0 26,1 6.5 10,01 2,02
23 L8.9 16.0 15L,5 38.h 142.5 3.0 6.67 -1,60 2,26
75 128.L 33.1 55.5 22,3 60,9 19.9 Lo72 11,15 2,11
14 128.L 32.6 110.4 30.5 147.9 ¢, 31,0 11.80 18.83 1.99
50 231.6 3& 1 105.0 30.5 83.4 28.L 7658 32,46 1.84
113 ' 52 05 21 0-9 33 06 12 o7 b-osé 2 079 19-87 ’
10L 91.5 30,0 201 .0 .2 99.0 3.7 12,71 L.52 1.66
L6 112.5 2349 171.0 3k,1 126,0 31.0 9.30 14.99 1.96
97 62,k 26,8 99,0 30,5 81,0 . 2Ll 13,00 11,95 2,38
Av, 123.9 30,0 116,0 3.6 95,0 26,7 8,53 12,03 2.05

oS
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