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THE INFLUENCE OF CAROTENE LEVELS
IN DAIRY CATTLE RATIONS
ON REPRODUCTIVE BEHAVIOR, FEED UTILIZATION
AND OTHER PHYSIOLOGICAL PROCESSES

INTRODUCTION

"Yea, the hind also calved in the field, and forsook ik,
because there was no grass."
Jeremiah 14:5
Carotene, the vitamin A precursor, has been proven to be essen-
“tial in the nutrition of the bovine. The level of carotene necessary

in the ration varies depending on the funetion and stress under which
the animal is operating. The physiological function measured deter~
mines to & great extent the amount of carotene required. The carotens
intake needed by the ruminant for normal reproduction has not been
definitely agreed upon by investigators. Differences in conditions
under which the various investigetions have been conducted, particular-
ly the duration of experiments, appear to have influenced the oconeclu=~
sions drawn by the investigators with respect to the amount of carotene
required. lost investigations have been confined to a study of the
carotene requirements for reproduction in the hovine over short periods
of one gestation or less. Little attention, if eny, has been devoted
to a study of the minimum r@quiraﬁents of carotene over an extended
period, such as & lifetime or at least through growth and two or three
gestations and lesctations. Likewise, very little attention has been
given to the influence of carotene levels during prenatal life on the
subsequent growth and reproduction of the individual.

In most of the investigations dealing with the influenés of

carotene on reproduction, rations definitely deficient in carotene



have been utilized to produce abnormel reproductive conditions. Few
investigations have dealt with a suboptimum carotene intake sufficient
to prevent external symptoms such as nightblindness.

The purpose of this study is to show the influence of suboptimum
carotene levels during prenatal iifo and growth on subseguent reproduc-
tion, feed utilization and other physiological phenomena of the
individual.

Ho attempt has been made to study all physiological processes
and a strictly deficient ration has not been utilized.

The investigation, although primarily of a fundamental nature,
may have practical implications. Since long time exposure to a caro-
tene deficiency does influence reproduction and growth, short time
exposure to a suboptimum level, particularly in the early growing
period, may have an adverse effect on the future reproductive and other

physiological abilities of the individual.
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REVIEW OF LITERATURE

The necessity of an adequate amount of vitamin A in the diet of
animels has been known for nearly forty years. The metabolism and
fnnctian(a) of vitamin A and its precursors, the carotenes, have been a
field of constant study by investigators in the fields of small and
large animal resesrch and in the fields of human medicine and nutrition

since the discovery of the vitamin in 1913.
HISTORICAL

The early investigations into the physiology and nutritional
ramifications of vitamin A were conducted using small laboratory ani-
mals. It was not until 1926, when Jones, Eckles and Palmer (42, p.130)
reported on the role of vitamin A in the nutrition of deiry calves,
that any systemetic study with large domestic animals was made.
Earlier reports, however, had been made with reference to particular
difficulties of raising normal calves from cows that had been mein-
tained on a variety of types and qualities of hays. In 1924 Hart, et
al. (32, pe315) in reviewing the observetions made on the nutritive
value of the wheat plant, reported the difficulty in obtaining normal
calves. Huffmen (41, p.3) at Michigen in 1928 reported calves going
into convulsions when on e diet exeluding hay and concluded hay con-
tained some factor(s) necessary for normal growth. Converse and Meigs
(13, p.141) reported in 1937 some of the conditions the Beltsville
Station of the U.8.D.A. encountered with their cattle reised on

timothy or elfalfa hay. In 1935 loore and associates (64, p.533) at



Miehigan reported on blindness in cattle which was asscciated with
constriotion of the optic nerve at the optic foramen. They belisved
this blindness to be the result of a deficiency of a factor(s) in the
diet. Some of these investigations reported similar symptoms that were
attributed to deficiencies in the roughage, but not at the time
directly associated with carotene and/or vitemin A.

Jones, Haag and Brandt (44, p.35) in 1934 found that cod-liver
011, when added to a carotene-deficient diet, improved reproduction
over the deficient group. They believed the ced-liver oil of econsi-
derable value in improving fetal development and the strength of the
calves. Milk production by the carotene deficient group was only 50
per cent of normelj whereas when cod~liver o0il was added to the defi-

cient ration, milk produetion approsched normal.
GROWTH

In 1911 Hart and co-workers (?5. p+180) reported thet Holstein
heifers mainteined on a sole diet of the wheet plant did not sustain
growth. They failed to come into heat and pathologieal conditions of
blindness and emaciation were observed.

Jones, Eckles and Palmer (42, p.186) found that calves consuming
less than 40 per cent wheat straw in their diet did not make satisfac=-
tory growth. iWheat straw was oonsidered, at that timo, to be a feir
source of vitamin A, probably because of harvesting metheds of the time
which allowed the plant to be quite green when cut.

Bechdel, Honeywell and Dutcher (2, p.20) fed five heifers a

ration deficient in vitemin A and, together with usual reproduetive



troubles, they produced edems in the front legs, declining appetite,
end increased respiratory rate. Ward and Bechdel (99, p.115) in &
study of carotene and vitamin 4 for growing celves found wide varia~
tions in the amount of vitamin A necessary to prevent avitaminosis.
Similar veriations were found in the amount of cerotene recuired,
depending on the source. They found the minimum cerotene required for
growing calves was 23 miorograms per kilogram of body weight per day in
order that no vitamin A deficiency sympt@ developed., Jones and Haag
(43, p.632) found 25 micrograms per kilogrem of body weight sufficient
for growing Jersey bulls end to maintein the blood at 0.30 p.p.m.
¢arotene. Hilton and co-workers (38, pe681) found 7,500 I.U. of vita-
min A daily sufficient for satisfactory growth, while 30,000 1I.U. were
required for normal reproduction.

Ritgman and wo-workers at New Hampshire (74, p.28) found that
ealves receiving 6§00 I.U. carotene per 100 pounds of body weight gained
only one-half the weight of those calves receiving adequate carotene,
even though some of the calves on the low level consumed more food.
Hodgson and associates (39, p.669) feeding to dairy bulls a hay eon-
baining only two p.p.m. carotene plus a carotene supplement, found the
animals grew only at 77 per cent of normal and wondered what effect
this impaired growth had on the subsequent breeding ability of the
bulls. Converse and Meigs (13, p.142) feeding low guality timothy hay
found 1.5 milligrams of carotene per 100 pounds of body weight neces~
sary for normal growth., Guilbert and Hart (28, p.417) found 26-33

mierograms of carotene per kilegram of body weight required for none

lactating beef cattle to Maintain body weight. Guilbert, Killer and
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Hughes (30, p.549) found practically normal gains over long periods of
time have been made by animals receiving vitemin A or carotene in
amounts that did not permit normal vision in semi-derkness. They give
the minimum intake of carotene as six to eight mierograms per kilogram
of body weight, but suggest for practical purposes that the intake be
five to ten times this amount.

Lamming, et al. (53, p.280) working with rabbits and studying
the effect of incipient vitamin A deficieney on reproduction, found a
difference of four grams in the weight of the fetus between controls
and deficient snimals. The National Research Couneil (68, p.4) recom~
mends for growing dairy cattle six milligrems of carotene per 100

pounds of body weight.
REPRODUCTION

By far the greatest effort in the study of vitemin A and caro-
tene has been directed to investigations of the influence of the
vitamin and its precursors on reproduction. The early reports pube
lished in the second decade of the century, while not specifically
mentioning vitamin A or carotene, did in the main mention the effects -
of a deficiency of vitamin A and/or carotene, lany of the basic
studies connected with vitemin A and reproduction were carried out
using small leboratory animals.

Hason (56, p.315) working with rats, found that vitemin A defi-
oiency caused serious placental damage together with fetal tissue
damage, but that the placental tissue damage was much more severe than

the fetal tissue damage. He also found that the decidual tissue
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damage was much more severe when the rats were only vitamin A-deficient
than when they were vitamin A-deficient, but supplied with vitamin E.
This tissue damage is thus diffo:ont than when rats are supplied with
vitamin 4, but are vitemin E~deficient. In vitamin I defisiency
tissue damage is well confined to the fetal tissues. Mason (66, p.321)
suggests that fetal resorption and the prolongation of gestation and
of parturition due to vitamin A deficieney does not cause irreparable
injury to the female reproductive tract. In his work with the rats
Mason (66, pp.530-335) did not find the rhythm of estrus directly
altered, nor evidence of corpora lutea persisting im the vitamin A-
deficient enimals. He is of the opinion that death of the fetus is
probably due to deeressed food supply, because of the demage to the
placental tissue and to the uterine wall tissue (66, p.333).

Wilson and co-workers (108, p.195) found they could prevent
ocular defects, diaphragmatic hernie and renal ansmalies in the
young, pregnant rate on a vitamin A-deficient diet by supplying large
doses of vitamin A on the 10th or llth day of pregnancy. On the other
hand they found cardiac and lung abnormalities increased by late
dosage with vitemin A. They eoncluded (108, p«215) that vitamin A-
deficiency causes malformations during the period of active organ for-
mation and not while the primordie are still undifferentisted.

Lemming end associates (52, pp.217-225) working with rebbits,
were ablc.to recover 93.4 per cent of the eggs ovulated in the controls,
but only 78.7 per eent in the vitamin A-deficient rabbits. By meking
serial sections of the ovary they were able to establish that ovulation

was complete, thus indieating early degeneration of the ova. Further



investigation revealed that 40 hours post-coitus 88.3 per cent of the
eggs in the controls were cleaving normelly, but only 75.4 per cent in
the deficient animals. At four days post-coitus 97 per cent of the
eggs recovered appeared in normal blastoeysts compared with only 66.7
per cent in the deficient animals,

In a subsequent paper Lamming, et al. (53, pp.227-239) found a
significant difference in the number of normel fetuses favoring the
control animals. The placenta of the deficient snimele showed a
mottled appearance with gross indicetions of a reduced vaseularity.
With these observations Lemming (53, p.237) suggests that vitamin A
deficiency may result in the degenerstion of the placenta which in
turn limits the supply of endogenous progesterone, thus causing abor-
tion and resorption of the fetus late in gestation. They observed that
vitamin deficiency reduced the number of females acoepting the males.
Phillips and Bohstedt (73, pp.209-219) found that rabbits did not de~
velop constriction of the optic foramen on albovino blindness-pro-
dueing ration.

Hart and Guilbert in 1933 (35, pp.18-25) report on a severe
vitamin A deficiency in a renge herd where the cows aborted and gave
birth to weak, blind and dead calves. The cattle had been earried for
nine months on dry pastures and grein stubble. In a later publication
Guilbert and Hart (28, p.417) state the minimum intake of carotene
necessary for normal reproduction in the cow is approximately 30 micro=-
grams of carotene per kilogram of body weight. Hilton and associates
(38, p.682) state 30,000 I.U, of vitamin A are required daily for nore

mal reproduction. Devis and lMadsen (15, pp.135~146) report weak, blind
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and dead calves when the cows were r&ueiving 45 wmierograms of carotene
per kilogram of body weight, but at 60 micrograms the calves were nor-
mal. Kuhlmen and Gallup (51, p.688) found that the minimum carotene
intake for normal reproduction was between 40-45 micrograms per pound
with first ealf heifers requiring aen additional amount to take care of
growth, maintenance end reproduction. At 20~Z9 migrograms per pound,
1.99 services per eonception were required; while at 60-99 miorograms,
1.15 services were necessary. Payne and Kingman (72, p.53) found that
first calf Hereford heifers required a considerably higher blood caro=
tene level than aged cows for normal reproduction., When the blood
plasma level was 1.17% 0.7l p.p.m., no clinical symptoms of vitamin A
deficiency were evident; but when the blood level dropped to 0.97 &
0+07 pepems, deficiency symptoms developed. On the other hand with
aged cows no symptoms were observed when the blood sarotene level was
0483+ 0.04 pepem.

Ronning, et al. (76, p.52) and Moore, et al. (66, pp.635-538)
found significant breed differences in the carotene requirement neces=-
sary to prevent reproductive difficulties. Ronning (75, p.52) states
the minimum safe level for reproduction in Guernseys to be 80 micro-
grams per pound of body weight and thie level should be maintained
throughout gestation to insure no difficulties. Moore (66, p.533)
found Holstein calves required only 30 mierograms per pound; while
Guernseys required 34 microgrems per pound. Ronning and associates, in
their latest paper published in 1963 (75, pp.52-56) draw a comparison in
the variability in the requirements of carotene for reproduction as

presented by various investigators. Guilbert, et al. (29, p.91-108)
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give 26-33 micrograms per kilogram as the minimum for successful repro=-
duotion with 130-166 micrograms the last month of gestation. Converse
and Meigs (13, p.l144) report 176-264 niecrograms per kilogram the last
months of gestation. Devis and liadsen (15, p.135-146) obtained satie~
factory reproduction with 132 micrograms of carotene per kilogram of
body weight; while Kuhlman and Gallup (51, pp.688-889) found 99 micro-
grams satisfactory for reproduction with Jersey cows. The National
Research Council (68, pp.1-80) recommends six milligrems of carotene
per 100 pounds of body weight and nine milligrams per 100 pounds the
last three months of gestation.

Jones, Haag and Dougherty (45, p.689) found no relation between
so-celled low-quality sperm and retions fed. In 1940 Sutton and asso-
ciates (90, p.274) reported yearling dairy bulls on e low-carotene diet
showed constriction of the optiec nerve and degeneration of the germinal
epithelium of the testes. Jones and Haag (43, pp.632-633) found
blindness and death in young Jersey bulls with blood plasma values of
0s3 psp.m. carotene. Five and 20 micrograms of earotene per kilogram
~ of body weight did not prevent blindness. Twenty~{ive miorograms per
kilogram of body weight was suffieient for normal growth and to main-
tain blood plasma carotene at 0.3 p.psm. When 35 micrograms of carotens
per kilogram of body weight were fed, the bulls grew normally but one
enimal went blind. Blood carotene was 0.46 p.p.m. PFertility was main-
tained 35 mierograms, but at 26 miecrograms one animal did not settle a
ecow, Erb and co-workers (20, p.769) reporting on the use of the tes-
ticle blopsy technique in vitemin A studies, fed e low-carotene diet

of beet pulp and grain. The bulls developed blindness, loss of
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so=ordination and gastro-intestinal disturbances. The testiecle biopsy
ahuwﬁd degeneration of the seminiferous tubules and almost complete
disappearance of sperm. The quality of the semen declined until a
vitamin A supplement was given. ihen the supplement was inoreased
from 60,000 I.U. of vitamin A to 160,000 I.U. daily, semen quality
improved. A second biopsy showed the beginning of repair to the ﬁti*
ticles.

Hodgson, et al, (39, p.669) found that bulls receiving two p.p.m
carotene in their hay feiled to serve at the expected age of 10-12
months. When the carotene intake was raised to tem p.p.m., the bulle
began breeding. They found gross vitamin A deficiency symptoms appeer-
ing before impairment of breeding efficiency. The semen of the
deficient bulls was found to be low in concentration, high in abnormal
forms, high in pH and with low livability. Erb and assocliates in 1947
(21, p«687) found complete blindness 1n.bulla receiving 2000 I.U, of
vitemin A per day. After five months of therapy with 100,000 I.U. per
dey, only moderate sperm production was found. They also found that
moderate prepubertal vitamin A deficiency did not completely inhibit
sperm production. On the other hand fertility and reproductive capa~
eity appeur?d to be seriously impaired. Bratten, et al. (8, p.779)
likewise, féund gross vitamin A-deficiency symptoms appearing before
any appreciable influence on the semen quality was evident. They did
find, however, degeneration of the seminiferous tubules of the

testicles.
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LACTATION

That the feed of the cow hag e direct bearing on the carotene
end vitemin A content of the milk fat has been well established (40,
pp.513-5283 14, pp.1-12; 23, pp.l1=-21; 24, pp.2~26) Other workers
have ghown that the amount of carotene in the feed required for lacta-
tion does not exceed the amount for normel reproduction (51, p.689;
50, p.522; 104, p.279)., Vitamin A or earotene far in excess of that
required for normal reproduction did not inocrease total milk and fat
production (50. p«522; 104, p.282).

Hauge and associates (36, p.63) found that dairy cows can
utilize carotene in alfalfs hay as readily as carotene from carrot oil
for the production of butterfat of high vitamin A potency. Parrish and
co-workers (71, pp.6561=-569) with swine found erystalline earotene only
one~half to two-thirds as potent as a vitamin A concentrate. Semb and
associates (31, p.701) in studying the carotene and vitamin A content
of colostrum state a normal Holstein cow nQQrotoa in her milk only 0.8

per cent dally of the carotene contained in her blood.
BLOOD CAROTENE AND VITAMIN A

Blood carotene and vitamin A values have been used for some time
as a measure of carotene nutrition in livestock. Of late some doubbs
have arisen as to the sorrelation between blood values and the true
carotene and vitamin A nutritional level.

In 1942 Boyer, et al. (6, p«233) stated that blood plesma vita~

min A level was a more delicate measure of the state of vitamin nutrie

tion of the dairy ecalf than either growth or blood carotene levels.
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They found that the blood carotene levels necessary to maintain ade~ -
quate blood vitamin A were 0.5~0.7 pepem. for Holsteins and l.1«1.4
pepems for Guernseys. Spielman, et al. (86, p.717) found that the diet
of the dam had no significant effect on the plasme carotene of calves.
Payne and Kingman (72, p.63) found that unless the blood carotene of
range heifers was 1.17 p.p.m., clinical symptoms of vitamin A defi~
ciency would develop; that of aged cows must be above 0.83 p.p.m. %o
prevent symptoms. ilise, et al. (104, p.279) found excess vitamin A in-
ereased the plasma level of vitamin A but decressed the carotene level.
They also found that feeding vitamin A did not prevent the decline in
plasma vitamin A prior to parturition. Shaw, Moore and Sykes (82,
p«566) found that the feeding of raw soybean meal to calves gave lower
plasma values than with calves not receiving the soybeans. Two control
calves had values of 9.60 and 9.32 micrograms/100 milliliters; while
two calves on rew soybean mesl had values of 5.64 and 6.60. These
results are in agreement with Squibb, et al. (87, p.421) who alse
found soybean products depressed blood carotene values.

Ronning, et al. (75, p.54) found wide varistions in blood caro-
 tene values. Five animals with an everage daily ecarotene intake of 70
micrograms per pound of body weight maintained blood plasma carotene
values ranging from 200-945 micrograms per 100 milliiitars.

Thomas and. Noore (93, p.687) eaution that plasma vitamin A
values should be used with some reservations as regards an indiecator
- of vitamin A intake and storage.
Weswig (100) showed that Jersey and Holstein cattle raised on a

‘normal ration of alfalfa hay, grain, grass silage and irrigated
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pasture had blood values for Jerseys ranging from 4.8-12.0 Pepems of
carotene and 0.28-0.94 p.p.ms of vitamin A, With Holstein cows the
blood earotene ranged from 6.3-14.3 p.p.m. and the vitamin A from 0.84=

10% Popoml
CAROTENE AND VITAMIN A LIVER VALUES AND STORAGE

Even though the liver has long been recognized as the main
storage organ in the body of vitamin A, the liver values have been ob-
tained only with slaughter specimens. Therefore in studies of caro-
tene utilization and metabolism, the liver has been of little use to
the investigator. The development of the liver biopsy technique for
cattle as outlined by Seghetti (80, pp.3-11), Whitehair (101, Pp«286-
287) and more recently by Bone (4) allows a number of trestments and
the course of one treatment to be followed without saerificing the
animal.

Guilbert and Hart (28, p.417) found that from 67-93 per cent of
the storage of carotene and vitamin A in the animal is found in the
liver. Hodgson (39, p.669) found when bulls were fed a low carotene
hay eontaining two p.p.m. of carotene that liver values epproximeted
0,09 pupem. of carotene and 0,05 PePeme of vitamin A. Bratton, et al.
(8, P+779) found the liver value of low carotene bulls %o be 40 miero-~
grams per gram of fresh liver with control bulls at 450 mierograms.
| Baker and associates (1, pp.691-574) using the liver biopsy
technique in a study of placental and menmary transfer of wvitamin A and

carotene found the following:
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Hierograms Vit A per Gram Fresh Liver

6 months 3 months
prepartum Parturition post partum

l. no supplement 68.9 6.4 1.7

2. 330 micrograns 70.7 9.4 18.9
carotene per 1lb.
during lactation

3. 60 micrograms 122,86 20.6 Ted
carotene per lb.
during gestation

4, 330 micrograms 92.2 14.3 23.4
carotene per lb.
lactation and

gestation
1. calves--no supplement 4.2 1.9
2. calves--330 micrograms 3.4 14.2
carcotene to dam during
lactation
3. calves~~60 micrograms 246 2.5
carotene to dam during
gestation
4. calves--330 micrograms 3.0 22.3

carotene to dam

during lactation and

gestation

Elliot (18, p.771) found that when Guernsey calves were injected

intravenously with high-carotene plasma, the liver vitamin A values did
not rise. kEeton and co-workers (16, p.764) were able to increase the
liver storage of vitemin A in calves by feeding supplemental vitamin A
to the dams, and the calves were subsequently able to utilize this
fetal storage of vitamin A. Spielman, et al. (86, p.717) relate the
liver storage of carotene and vitamin A of the new born calf to the pre-

partum diet of the dam. Hibbs and Krauss (37, p.115) found no linear
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correlation between plasme vitamin A and liver storage when storage is
high, but at low levels of liver storage plasma vitamin A may be uagd
as an index of liver storage. Ihen the calf is suffering from scours,
plasma and liver vitamin A values are low (37, p.117). Wise and
associates (104, p.279) were able to increase the liver values of vita~-
min A of cows on a normal ration, but did not find any evidence of a
correlation between the vitamin A levels in the blood and the liver.

Shaw, iioore and Sykes (82, p.566) found that not only did the
feeding of soybeans depress the blood plasma vitamin A values, but
also the liver vitamin A level was depressed. Two calves receiving
raw soybean meal had liver values of 0.72 and 2.75 miorograms of vita~
min A per gram of fresh liver; while two calves not'gotting soybean

meal had values of 9.07 and 9.22 mierograms per gram of liver.
ABSORPTION, CONVERSION AND UTILIZATION OF CAROTENE AND/OR VITAMIN A

The site of absorption of vitemin A and the loecation of absorp-
tion of carotene and its conversion to vitamin A has long been of con-
cern to investigetors. Until recently it was thought that the liver
was the site of conversion of carotene to vitamin A. Recently it has
been shown that the greatest portion of the carotene in the diet is
converted to vitamin A in the wall of the small intestine (27, p.65;
102, p.76). By using vitamin A deficient rats Matitson (67, p.67) was
able to show when carotene was adninistered, vitemin 4 first appeared
in the intestinal wall. No increase in the yellow pigment was found in-
the liver; while there were increased levels in the intestinal wall.,

iiiese (lo2, P+75) by incubating slices of small intestine tissue with
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carotene was able to show an increase in the vitamin A level of the
tissue.

Elliot (18, p.711) by taking blood samples from different posi-
tions along the intestinal tract of live dairy calves, found the plasma
vitamin A increasing as he progressed down the tract. He also found
thntbalthough the carotene inereased in the liver when carotene was fed,
the vitamin A value of the liver inereased to a greater degree.
Niedermeier, et al. (69, p.714) checked the absorption at the abomassum
and the smell and large intestines after massive doses of vitamin A
were fed. Increases in the blood plasma vitemin A values were in the
neighborhood of 250,000 I.U. When the vitamin A was injeaied, there
was a ten microgram per cent increase in the abomeassum, & 20-~50 miero-
gram per cent increase in the small intestine and a 14 microgram per
cent increase in the large intestine. The peak was reached within ten
hours after injection. This work was confirmed by Ronning and Knodt
(77, pp.283-287). They found the most active absorption of vitamin A
in the upper two-thirds of the small intestine. The low concentration
of carotene in the middle third of the small intestine indicated absorp=
tion taking place most readily in this area (77, p.283). »

Stalleup and Herman (38, p.237) using excised portions of the
~ small intestine were able to show conversion of carotene to vitamin A
by minced liver tissue, but that conversion wes not a funetion of bleod
plasma.

Certain dietary factors occuring in natural feedstuffs have been
proven to influence the efficiency of carotene utilization. Soybeans,

whéther in the raw state or in the form of the 0il, have been shown to
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depress blood carotene values and lower the liver storage (82, p.566;
87, p.421). Burns and associates (10, p.347) were able to show as
little as 0.08 per cent of mineral oil in the diet of the rat dimine
ishes the utilization of beta carotene. Smaller percentages of the
mineral oil evidence the same but not significant effect. The influence
is greater on beta carotene utilization than on vitamin A. Inereasing
the dietary fat from five to ten per cent did not improve the utiliza=-
tion of vitamin A or carotene. Ish, et al. (22, p.461) found that when
lecithin was fed with vitemin A, the absorption of vitamin A was en~
hanced. The liver storage of calves was increased when their dams were
fed lecithin end vitamin A. Te~Ch'in Chou end larlatt (12, p.305)
found carotene utilization in the diet of Chinese people was increased
by substances such as tocopherols, lecithin and ascorbic aecid which
apparently grotoct carotene from oxdidation.

Burné and co-workers (2, p.341) found no difference when 1.0
milligram o? alpha tocopherol was fed daily with 1.0 microgram of vita=-
min A and lio microgram of beta carotene, but did find that 2.0
milligrams gf tocopherol dimished the efficiency of utilization of beta
carotene. They also found that the fat content of the diet improved
the utilization of vitamin and beta carotene. Koehn (49, p.387) found
1.0 milligram daily per rat of alpha tocopherol allowed quantitative
conversion of beta carotene to vitamin A. These investigations lead to
the conclusion that certain @ietary factors affect the release or
utilization of vitamin A stored in the body.

Thomas, et al. (94, pp.372-8378) found that in phosphorus defi-

cient cows the average plasma carotene levels were higher than in those
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fed adequate phosphorus, but plasma vitamin A appeared to be unaf-
fected. The milk from the phosphorus~deficient cows contained more
carotene, but less vitamin A than that from the cows fed adequate phos~
phorus. Liver values of both groups were normal with more than 200
micrograms per gram of vitamin A and sbout ten micrograms of carotene
per grtmref dry liver.

Ellenburger and associstes (17, pp.1-84) found when studying the
effect of feeding different grades of hay and ced~liver oil to calves,
that the viteminefed groups made greater daily gains and used less
total digestible nutrients. Per pounds of gain the vitemin-fed group
required 0.34 pounds less total digestible nutrients. Ritzman, et al.
(74, ppe1-28) when studying the influence of vitamin A on the utiliza-
tion of energy and protein by calves, found that those calves receiving
only 500 I.U. of carotene per pound of body weight gained only half as
mich as those receiving adequate carotene. After ten weeks the util-
ization of protein was 35.6 per cent less than normal in one calf end
13.6 per cent in another. Digestion, absorption and effieiency of
energy metebolism was each depressed five to six per cent by the low
carotene intake. In measuring the influence of carotene and/or vitamin
A on feed utilization it should be remembered that when the food intake

is restrioted the basal metabolism is sometimes significantly increased.
HISTOLOGICAL

Histological and pathological changes in the organism as a
result of carotene and vitemin A &of#eienej have been reported mainly

in eonnesction with the male. lioore (61, pp.898-902) desoribes the use
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of the opthalmascope in diagnosing carotene deficienoy in cattle.
Viewing the eye of a carotene-deficient animal with & opthalmascope
one may see a mottled appearance of the tapetum lucedum or tapetum
nigrum. Frequently one will see papilledema as evidenced by & cottony
white appearance at the nerve head. Moore (61, p.894) states the mot-
tling of the tapetum lueidum is seen only in the more mature animal.

Numerous workers have reported oystic pituitaries end degenera~
tive changes in the testicles of animals on a vitamin A-deficient diet
(56, p.669); Erb, et al. (20, P+769); Erb, et al. (21, p.687); Hodgson
et al. (39, p.669). Thorp (95, PP«27-31) reported that calves fed 6.7
mierograms of earotene per calf showed degenerative and inflgmmntmry
changes in the kidney, but these changes were not consistent. He also
showed degeneration of the seminiferous tubuloukef the testicle.
Hodgson and co-workers (39, p.669) found their bulls receiving only twoe
PePems carotene in their hay all showed greater or less development of
oysts in the pituitary with some showing only ten per cent normal
tissue in the anterior pituitary. Brb and co-workers (20, p.769; 21,
p+687) showed degenerative changes in the seminiferous tubules and
eystic pituitaries. Histological changes were observed in both the
anterior pituitary end in the adrenal glands of the bulls.

Jungherr and associates (46, PpP.666-676) found consistent
changes in the enterior pituitary and e decrease in chromatic eells,
The thryoid gland showed mild hyperplasia. They state that the marked
hyperplastic condition of the epithelium of the parotid gland lends
itselfl to specific morphologie diagnesis of vitamin A deficiency in the
bovine.
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With the exception of the pituitary gland little has been re-
ported of the histological changes in the female as & result of caro-

tene and/or vitamin A deficiency.
RESPIRATION

Oxygen consumption is a function of spermatozoa metabolism.
Numerous investigators have endeavored to utilize the amount of oxygen
consumed by sperm as e measure of the fertilizing end livebility of the
semen (19, pp.1-24; 27, pp.265-270). Ghosh and associates (27, p.269)
found no significant correlation between respiratory metabolism and
the fertilizing ability. The respiration level approximsted 9,0 miero-
liters of oxygen per billion spern. They found & negative eorrelation
between the mieroliters of oxygen consumed and the per cent motility,
significant at the five per cent level. Walton and Ldwards (98, p.254)
indicate that spermatozoa with a high initial respiration rate retain
good motility for a longer period than spermatozos with a low initiasl
respiration rate. Ely and co-workers (19, p.20) found that semen with
large numbers of abnormal spermatozoa had lower oxygen consumption per

billion living spermatozos than normal semen,
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 PROCEDURE

It was the purpose of the study to investigate the minimal
level of carotene required by male and female dairy ecattle for normal
reproduction. The study was to begin with the prematal existence of
the individual. The minimum level of carotene, referred to throughout
the remainder of the paper as the "low carotene ration”, was that
amount based on previous investigations (28, p.417; 34, p.264; 43,
p.632) thought necessary to prevent any external symptoms of carotene
deficiency in the offspring. The level of carotene selected was 50
mierograms per kilegram of body weight. Because of diffioulty in main-
teining the original stock, it was found necessary to first raise this
level to 90 microgrems per kilogram of body weight and finally to 130
microgreme per kilogram.

in general the procedure was to select a group of cows so that
they would calve in liarch or April. This meant the cows were maintained
in the barn on the low carotene ration for periods ranging from 2.8 %o
7.9 months. Six Holsteins end nine Jerseys were maintained on the low
carotene ration with two of the Jerseys being maintained for a second ‘
gestation. Table I shows the pertinent data with respect to these
first gontratinn low carotene females.

While these cows were in the barm, they were maintained on a low
carotene ration of grain and hay supplying 50 mierograme of carotene
per kilogram of body weight. The calves, when born, were allowed to
nurse their dams for three days and then were fed their dems' milk for

eight weeks at the rate of eight per cent of their bedy weight. After
the milk feeding period, the calves were maintained on a grain mix and



TABLE I
LOW CAROTENE ANIMALS USED IN STUDY

Aninal Txperi-
Animal Breed Gestation on Low Sex of mental Pisposition and Ration of Calf

Carotense Calf Animal

Ration

(no) (days)  (months) (na)
First Generation Low Carotene Females
M-2 Jersey 290 6.5  female 266 Tow carotene ration of 50 ug./kg.
W3 " 278 4.0 » 251 " " "
221 n 276 7.0 male 2218y " " "
221 » 273 7.9 female 267 " . "
216 . 277 3.5 female 250 " » "
200 o 273 2.8 male 2008, . " -
218 " 278 70 " 2188 - " -
218 " 274 7.0 female 266 " " "
M~1 " 277 4.0 . 252 " o »
Dreamer " 279 4.0 . 253 " " b
484 Holstein 272 6.0 ??lv . ;2;31 twing " . "
490 " 273 5.0 " 553 » » .
496 » 280 5.0 male 4968y . " .
600 " 283 6.0 " 5008 " " -
503 " 280 3.3 * 508 - " »
B2e " 276 4] female 5857 = . * »
S8econd Generation lLow Carotene Females

250 Jersey 260 53 female G-17  Low carotene hay supplemented to 390 ug./ke.
252 s 273 28 male 252By  Low caroteme ration of 50 ug./kg.
253 " 281 43 female G=12 " - 30 "
266 " | 23 " G=6 " » 50 *
266 " 281 37 - G-16  Low carotene hay supplemented to 390 ug./kg.
267 d 275 36 male 2678y . - " "
5567 Holstein 7 42 femasle (-13  Low carotene ration of 130 ug./kg.
567 * ? 54 male 5578 . . .

%526, dam of 557, on normal ration during gestation

14
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a low carotene hay. Supplements of either alfalfa hay, alfalfa leaf
meal or carrot 0il were fed in addition to the low carotene hay %o
supply the daily carotene inteke. The description end analyses of the
hays and supplements used throughunt the experiment are given in Table
II.

A group of six Holstein and six Jersey cows on & normal ration
were selested as controls. The calves from these cows were also maine
tained on aino;mnl ration. The eyes of the calves born to the low
carotene fiﬁalon were examined with an opthalmascope, designed for
humans, to help in disgnosing blindness.

Jersey heifers were placed on the breeding list at 15 months of
ege and Holstein heifers at 17 months. Liost of the breeding was done
by artificial insemination and the semen was no older then 72 hours.
In & few cases in an attempt to get the cows to conceive even though no
estrus was evident the cows were bred artificislly every day for a
period of two to three muntﬁa.

Semen was collected from the Jersey bulls beginning at about
eight months of age and from the Holstein bulls at ten months and once
per week thereafter. All semen was collected with en artifiecial
vagina using recognized procedures of handling and processing semen.
Semen guality tests run were total spermatozos, per cent abnormel
spermatozoa, per cent live spermatozoa, raw and diluted semen motility.
Livability was determined by determination of motility at seven days.
The differentisl stain used for the determination of live spermatoszos
wee @ Swanson's and Bearden's (92, pp.981-987) modification of Blom's

stain (3, pp.176-178). At intervals oxygen consumption of the semen
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TABLE II

FEED ANALYSIS
(air dry basis)

Crude
Date Carotene Protein
‘ (Pepoms) (porcent)
1948-49 Alta fescue refuse straw--low carotenme hay 1.0 1.96
Artificially diled alfalfa hay
Carotene supplement 1948 100.4
1949 52.0 12.48
Rye grass straw--low carotene hay 3.54 2.68
1960 Rye grass straw--low carotene hay 3.54 2.68
Alfalfa hay third outting--carotene 71.4 15.58
supplement
1951 Alta fescue refuse straw--low carotene hay 9.7 8.14
Alfalfa hay, second eutting--scarotene 659.3 12.02
supplement
Alfalfa hay--larch, 1952 45.2
Silage 28.7 (D.B.)»
1952 Oat hay (July, 1962)--low carotene hay 3.4 4.36
Alte fescue refuse straw--low carotene hay 1.4 1.77
Alfalfe hay--carotene supplement 59.6 13.67
Alfalfa leaf meal--caroteme supplement 107.6 17.26
Oat hay--low carotene hay (Nov., 1952) 2.6 3.91
Greass hay--low cerotene hay (Jan., 1958) 4.7 6.62
Rye grass hay--low carotene hay (Jan., 1953) 2.3 6.49
311‘%’ 108.0 (BoB-)
1953 Alfalfa and oat grass--low carotene hay 3.8 11.66
Alfalfe leaf meal-~garotene supplement 44.3
Carrot oil--carotene supplement 6180.0
1964 Alfalfe and oat grass~-low carotene hay 2.4
Silage 97.0 (D.B.)

* DuB.--dry basis
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was determined using & Warburg respirometer.

Pertility of the bulls was determined by artifiocial insemina~-
tion of a limited number of cows in cooperating herds, consisting of
one to twenty-five cows and maintained under a variety of conditions
of management. In ealeulating the breeding efficiemoy of any bull no
attention was paid to the eondition of the cow. In some cases this
caused bias sgainst the bull, since some cows were bred up to eight
times to as many as four different bulls, indicating the difficulty in
conception lay with the ecow. Nevertheless, these services were charged
against the bulls.

Bulls on the low carotene ration were masintained at the same
level of carotene intake as the females and when the females were
changed the bulls also were changed.

All chemical enalyses were conducted by the Department of Agri-
cultural Chemistry of Oregon State College. The analyses of feeds for
carotene were carried out using the modified A.0.A.C. method (96, pp.-
219-224), Results are reported in parts per million (p.pe.m.) on the
eir dry matter basis (five per cent moisture). Blood analyses for
aarot.n&bgnﬂ vitamin A were run on the blood plasma using a modifica=
 tion of Kimbles' method (47, pplO55~1066).

Liver analyses for carotene andfer vitamin A were rum on either
slaughter or dlopsy specimens. In the case of the sleughter specimen,
any amount of liver was available for analysis. In the cage of the
biopsy specimen, a biopsy punch eight inches long and ome-guarter inch
inside diameter was used in securing the samples. An incision three~

quarters of an ineh long between the eleventh and twelfth ribs and
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about twelve inches below the spinal column on the right side was made.
The punch was thrust into the liver about five inches and a sample of
liver weighing between 350 to 2000 milligrams was secured. Analyses of
the samples for carotene and vitamin A were made sccording to the
method of Whitehair, et al. (101, pp.285-287).

Analyses of the milk for carotene and vitamin A were made by
separating the accumulated milk from at least two and in most cases
three milkings. Butter was made from the eream and the butterfat was
secured from the butter. Carotene and vitemin A were then determined
on the butterfat according to the method of the United States Depart~
ment of Agrioulture (97, yp.1~10)'

Histological analyses were made of biopsy specimens of the
to:tiol&u of all bulls on the low carotene diet and of a representative
number of the bulls on the control ration sccording to the method of
Byers (11, pp.1165-1171), When the animals were slaughtered, histolo-
glcel analyses of specimens of the pituitary gland, thyroid, adremal
gland and the ovary or testicles were made. In all circumstances
tissues were fixed in Bouin's solution. Staining by Harris' hematoxy-
lin was a standard practice.

lietabolism of semen and of certain tissues was measured by
oxygen consumption through the use of the Warburg respirometor. Semen
and tissues were brought to the laborateory in a substrate of Ringerts~
phosphate solution and respiration waes measured within one hour of
eollection,

In en attempt to measure the efficiency of feed utilization use

of automatic collecting and exereta-separating digestion stalls was
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made. Animals fed the low cerotene ration for more than three years
wore compared with animals on a control retion. The animals were sub~
Jjeoted to a preliminary period of three weeks and e digestion trial of
five days. Two trials were runs one where the cows were fed alfalfa-
grass silage and the second where the cows were fed the low carotene

h‘y .
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RESULTS
ANTMALS USED AND THEIR FEEDING

The animals used in the experiment are listed in Table I,
page 25, oOf particular significance in this study is the level of
carotene intake end the period of low carotene feedinp which varied
considerably during the gestation periods of the différent cows. Cow
613 aborﬁed one month early and the dead calf, when autopsied, showed
no olinical symptoms. The herd has for years been brucellosis free.
Cow 484 gave birth to twins, a bull and a heifer. The bull later died
from an eaccident and the heifer, kept for more than one year, was diag-
nosed as a freemartin.

The calves were allowed to nurse their deams for the first
three days aftor birth. N¥ilk from cows on a nnimnl ration was then fed
ﬁ;iﬁn per éay at the rate of eight to tem per cent of the body weight
daily tnd‘a high qénlity ealf meal was placed before the calves when
they were ten days to two weeksg of age. The low carotene hay was
placed before the celves at approximately two weeks of age and the caros
tene supplement was mixed with an amount of caelf meal that would be
éonuumad to insure the calves were obtaining their daily carotene
allotment.

Throughout the study the ration fed the experimental, low~
ocarotene animals consisted of a good grain mix, low carotene hay and a
carotene supplement that consisted of either good, green alfalfa hay,
alfalfe leaf meal or carrot oil. Table II, page 25, gives the feeds

used for the low carotene group with the carotene analyses and, in
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many oases, the crude protein value.

The original 17 cows and the celves of these cows received 50
mierograms of ecarotene per kilogram of body weight. The low carotene
roughage fed in 1948 was alta fescue straw and the supplement, artifi-
eially dried alfalfa hay. In 1949 the low carotene roughage was rye
grass straw, in 1950 rye grass straw and in 1961 fescue straw and grass
bay. During 1962 oat hay, alta fesoue straw, grass hay end rye grass
hay, and in 1953 poor quality, bleached alfalfe, ocategrass hay served
as the low carotene roughege. High quality alfalfs hay or alfalfa
leaf meal was used as the carotene ggpplement until carrot oil was sub~
stituted for the alfalfa leaf meal in June, 1953.

Grain was fed at the rate of three pounds per day for Jerseys
and four pounds for Holsteins until the females calved when the allow~
ance was increased. The bulls were fed three to four pounds daily
until about two years of age when the Jerseys were fed six pounds and
the Holsteins eight pounds.

Inasmuch as the low carétonn hay was frequently low in protein
and unpaleteble, grain was fed to the lacteting cows in excess.

In September, 1961, when the majority of the second generation
low carotene females had calved for the first time and a low percentage
of normal calves was obtained, their daily carotene intake was raised
to 90 mierograms per kilogram of body weight. Calves that were normal
after being carried in dam at 50 mierograme per kilogram of body weight
were also given 90 microgrems of carotene. The increased intake of
earotene was continued through the second gestation of the majority of

the cows. As with the lower carotene intake during the first gestationm,
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very few calves were normal at birth kith a ocarotene intake level of
90 miorograms per kilegram of body weight. The intake of carotene was
thus raised in October, 1962, to 130 micrograms per kilogram of body
weight~-equivalent to 60 milligrams per 1000 pounds of body weight. 4
higher percentage of normal calves was obtained at this level of caro=
tene feeding. The difficulty of obtaining normal calves from low
carotene animals and existing conditions necessitated the changing of
the feeding schedule in some cases.

In the second lactation Jersey 250 was continued on the low
carotene hay, but'was given 260 mierograms of carotene per kilogram of
body weight in the form of alfalfa leaf meal.

J;rsoy cows 252, 263, 266 and 267 were placed on s normal
ration of irrigated pasture and grain according to milk production
after their second calvings. Jersey 267 was retained on the normal
ratlon in her second lactation for six months and then returned to the
low carotene hay and grain for one month. She was then given, intre-
venously, 50,000 I.U. of vitemin A per day for one month, returned te
the low carotene hay for ome month and then injected with 260,000 I.U.
of vitamin A per day for one month.

After over three years on the low carotene retion, Holstein
cow 563 developed severe edema of the rear legs, so following calving
the first time she was placed on a normal ration. After her uaoéﬂd
calving, she was returned to the low carotene ration of 130 mierograms
of carotene per kilogram of body weight.

Holstein 557 was given the low carctene hay, grain and suffi-

cient carrot oil to supply $90 micrograms of carotene per kilogram of
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body weight when she calved for the second time.

G=-6 was fed 50 micrograms of carotene per kilogram of body
weight as soon as she began eating hay and grain. At five months of
age, (-6 was changed to 50 and at 18 months to 130 micrograms per kilo-
gram of body weight. G=12 and G-13 were fed 130 micrograms of carotene
per kilogram of body weigh% from the time they began eating grain and
hay. Bull 252B] received for the first three months 50 micrograms of
carotene per kilogram and then was changed with the rest of the animals
Bull 557By received 130 micrograms per kilogram of body weight.

After thay ,began eating grain and hay, G-16, G-17 and 2678y
were fed the low quality alfalfa, oat-grass hay and grain, but were
given sufficient carrot oil so that their carbtene inteke was 390 micro=-
grams per kilogram of body weight. These animals were fed in this
manner to check the influence of the palatability of the ration on the
problems being studied.

The cerotene inteke of the low carotene group of bulls was
changed at the same time as the females.

The normal group of females were fed good guality alfalfa hay,
grain, grass silage and irrigated pasture in season and the normal
bulls, alfalfa hay and grain. Carotene values of the alfalfa hay and.

silage are given in Table II, page 25.

GROWTH

All of the second and third generation low carotene females
were appreciably below normal weight at birth as shown in Table III.

Even though the animals were fed all the éoughage they would consume



TABLE III
WEIGHT COMPARED TO NORMAL

Per Cent of Normal by lonths
"8 10 12

2L

Hmber Hrth 2 N [ i 156 18 20

Low Carotene Jersey Females
250 76 72 16 63 TF 83 B2 88 97 99 109 107
251 83 95 T 76 719 88 88 97 96 98 ' 100 105 103
252 85 92 62 56 69 77 82 86 87 92 101 107 109
253 92 71 67 68 76 83 93 86 86 87 91 103 102
255 Th 80 88 100 88 82 95 95 95 '
266 76 82 83 87 89 93 90 95 98 95 96 97 93
267 81 % 7T 19 85 87 91 97 96 9L 97 95 91
G-12 83 88 67 ol 86 90 95 96 99 :
G=16 Th 99 9% 7172 17
G=17 78 81 86 67 67

Control Jersey Females
2Lk 113 116 110 115 101"""‘2“““‘%“‘%1?‘10 10 101 108 102 101
245 91 - 65 107 103 100 101 103 105 109 113 107
246 113 117 102 103 106 110 108 101 102 103 103
2Lh7 98 96 82 67 59 76 8L 93 95 100 92 99
248 89 1000 95 91 87 96 103 101 98 100 98 102
2h9 89 98 82 671 712 75 89 9 98 99

Iow Carotene Holstein Females

553 81 6 18 98 ' ! 10 9 100 100
557 9k 93 9% 77 8 101 102 101 97 90 98 97
G5 83 8L, 85 83 87 78 8L 93 98 99 107 102
G=13 77 91 & 68 : 89 88 8L

Control Holstein Females
543 101 8o 8 8 101 107 101 102 10k 103 108 101
5Ll 108 97T 94 96 94 92 96 99 99 98 102
sLs 101 100 97 98 88 92 ok 97 96 98 100
5Lé 90 72 71 73 Th 78 80 89 98 96 95
Sh7 85 87 1 70 76 72 76 77 91 90 97
548 104 87 18 8 1% 85 89 91 92 99 96

€€



TABIE III (continued)

Per Cent of Normal

Months

Wmber Birth 2 4 6 0 12 & 18 20 22 2,
Low Carotene Jersey lMales
200 B1 68 g6 87 106
218 B 77 76 93 102 99 91 100 98 100
221 B 87 83 8 100 97 9 101 100 102 104 103 107 109
252 Bl 60 62 70 89 88 91 90 87 93 85 79 85 92
27 B 73 9% 87 ' 89 67
Control Jersey liales
A29 B 77 65 % 6T T4 80 87 85 109
200 B2 68 72 73 97 92
212 B3 60 68 65 56 75 86 87 92
264, B2 90 76 59 62 7% 86 87
Low Carotene Holstein Males
496 B 100 92 8l 84 87 93 90 86 85
500 B 116 100 92 87 89 96 93 91 87 87 91 91 90
503 94 80 87 90 92 9% 95 90 89 86 87 85 89
557 Bl 98 100
‘ Control Holstein Males
493 B2 81 81 83 92 84 93
493 B2 91 92 87 96 a7 95
506 B2 93 86 90 9% 89

147
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plus an excess of & grain mix of about 12 per cent protein, growth as
measured by weight did not proceed at a normel rate until the cattle
reached about 20 months of age at which time they about reached or
surpassed the normal values. Plates I and II show two bulls on the low
carotene ration at three and four years of age. Plates III and IV
show two of the low carotene cows at four vears of age. Although
usually the control females were heavier at birth and approached nor-
mal weights through the first two years to a greater extent than did
the low carotene animals, there were many that were below normal for a
good part of their growing period. When the low carotene cows 252,
253, 266, 267 and 553 were returned to & normal ration, they were ob=-
served to lose weight rapidly. They required ebout two weeks to
become acoustomed to the normal ration, particularly pasture.

The incidence of disease was low with the exception of e
severe outbreak of scours, first thought to be due to the ration, but
later diagnosed as an infection that spread through the entire herd.
This scouring condition occured when the second generation low carotene
enimals were from four to eight months of age. The two third generation
Jersey heifers, G~16 and G-17 and third generation bull 267By, did not
grow any faster up to eight months of ege even though obtaining 390
micrograms of carotene per kilogram of body weight.

Two Jerseys, numbers 251 and 255 and Holstein bull, 500B went

blind at 16-18 months of age when reoeiving 50 micrograms of carotene

per kilogram of body weight. This wns surprising since Guilbort and
Hart (28, pPpe417-426) had recommended 30 micrograms of caroteme per kilo-

gram of body weight and Jones and Heag (43, pp.632-633) found at 35
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PLATE 1

Low carotene Jersey bull 221B at three years of age

PLATE 1I

Low carotene Holstein bull S00B et four years of age



PLATE III

Low carotene Jersey cow 2514 at four years of age

PLATE IV

Low Sareteéne Holstein cow 553 at four years of age
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mierograms of carotene per kilogram of body weight one animal going

blind and the other remaining normal.
BLOOD CAROTENE AND VITAMIN A DETERMINATIONS

During the first two»years of the experiment, blood carstene
was the only determination made. Beginning at the time when the ration
was changed to 90 micrograms éf carotene per kilogram of body weight,..
both blood carotene and vitamin A analyses were mede at frequent inter-
vals in the low carotene group. The results are reported in Table IV,
Also given are some values for normsl Holstein and Jersey animals of a
comparable age. The blood data show an apparent increase up to about
one and one-half years in carotene end vitamin A values as the age of
the animels advances. It‘w0u1d appear that good quality alfalfe hay
fed ad libitum to the control snimels is not satisfactory in maintein-
ing blood carotene and vitamin A values near those of cows which
receive alfalfe hay, grass silage and irrigated pasture.

In the case of animals 267By, G-16 and G-17 which received 390
nmicrograms of carotene per kilogram of body weight from the time they
were able to consume grain, the blood carotene end vitamin A values are
not appreciably different from animels Ge=6, G~12 and G-13 which recei-
ved only 130 micrograms of carotene per kilogram of body weight.

The blood carotene and vitamin A values for the low carotene
anim&is at three and one half to four and one=half years of age when
the cattle were receiving 130 micrograms per kilogram of body weight
are not apbreciably differenf from the values when the animals were

receiving 90 miorograms per kilogram of body weight at approximately



TABIE IV
AVERAGE BLOOD CAROTENE (C~TE) AND VITAMIN A VALUES (P.P.M.)

0~6 months 6 mo.~1} yr.  13-2} yr. 2%-3% yr. 3443 yr. -5k yr.

Animal No. C-te Vit.A C-te Vit.A C~te Vit.A C~te Vit.A C~te Vit.A C-te Vit.A

Low Carotene Animals

200 B1 1.39 0.17 1.26 0.25 0.62 0.23 0.66 0.20

218 B 0.60 0.55

221 Bl 0.42 0.71 1.70  0.23 0.69 0.17

252 B1 0s46 0.14 0.80 0.19 0.61 0.17 177 0.25

267 Bl 0.29 0,082 1le42 0.29a

496 B 0.17 0.71

500 B 1.09 0.54 1.21  0.20 0.77 0.17 0.48 0.11

503 B 0.48 0.91 0.26 0.54 0.14 0.33 0,10

250 0.20 0.98 0.22 0.79 0.17 1.17 0.19 3.63 0.26b
251 0.18 1.16 0.19 0.77 0.18 1.18 o0.21 1.30 0,19
252 0.29 1.58 0.20 0.58 0.15 3.70 0.27c

253 0.38 1.03 0.13 0.92 0.18

255 0.11 1.06 0.18 1.02 0.19

266 0.67 0.24 1.18  0.25 0.75 0.19 4463 0.38c

%’7 0.48 0.]& 0177 O¢19 0060 0‘18 2.89 OnSée

G-12 0.10 0.04 0.91 0.24

G-16 1.20 0.29a

G-17 0.89 0.26a '

G=-6 0.32 0.06 0.37 0.17

G-13 0.4 0.08 0,42 0.16

553 0.04 1.08 0.30 046 0,24 9.62 0.29¢ 2.05 0.28
557 0.09 0.80 0.22 0.69 0.21 1.49 0.17 3.84 0.32a

8. 390 mg/kg body weight from carrot oil b. 260 mg/kg body weight from alfalfe lesf meel c. normsl ration o



TABLE IV (continued)

0~6 months 6 mo.~1% yr.  13-2% yr. 23-3% yr. 3%-4% yr. 4%-5% yr.
Animel No. OC~be Vit.d C~te Vit.A C~te Vit.A C-te Vit.A C-te Vit.A C~te Vit.A
Control Animals
29 B  5.89 0.48 5.52 0.43 2.38 0.2

200 B2 2.72 3.71 0.31 3.40 0,38 3.40 0.30

212 B3 730 2.01 0.39 4el6 0.48

264 B2 4.0 4.68 0.44 481 0.35 3.28 0.27

493 B2 0.3 1.41 0,37 2.50 0.31 2.2 0.2

493 B3 0.44 1.63 0.40 2,62 0.38 1.09 0.15

2y 6.25 6.46 0,82

245 6.71 10.11  1.06 9.82 0.84 9.60 0.31

2% 6.78  1.05 9.94 0.74

247 6.10 0.75 10,06 0.67 '

248 5.46 8.90 1.33 9.29 0.59 13.12 0.84

543 5.58 9.50 0.94 9.55 0.53 13.10 0.23

544, 469 8.60 0.58 6,18 0.49

545 6.21

546 4465 9.16 0.79 10.04 0,69 11.42 0.27

548 5.29 8.59 7.78  0.54 2.60

d. 130 mg carotens per kg body weight

0.81

0%
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two and one-half years of age. It would seem, therefore, that as the
animals were maintained on the low carotene ration, the blood vitamin A
values were not increased by the increased intake of carotene indicating
the possibility of some mechanism of conversion of carotene to vitamin
A had been interfered with by the continued exposure to the low caro-

tene ration.
BEEEDIKNG PERFORMANCE OF FEMALES

The females were placed on the breeding list at approximately 15
months of age. Table V gives detailed deta on the breeding performance
of those animals of breeding age together with data on the control
animals. Those animals giving birth to a calf in less than 265 days
gestation were arbitrarily considered to have aborted.

Estrous oycles were very erratic in length. Cow 557 showed only
one heat period for her first gestation and in her aeoénd gestation did
not show heat at all. Cow 251 in her third gestation failed to show
heat periods; thus both she and cow 557 were bred every day for a perid
of about two months to which treatment they conceived. Cow 553 was
bred 11 times with estrous cycles ranging from 15 to 131 days. Con=-
trasted to this wvery poor reproductive behavior were cows 266 and 267
who in their first gestation conceived to one breeding and cows 250 and
252 which in their second gestation required ornly two services. The
two services required by cow 250 in her second gestation was a great
contrast to the 11 services required in her first gestation with
estrous cycles varying from 21 to 183 days. Cow 250 had two gestations

each of which was: less than 265 days duration. In the first gestation



TABLE V
BREEDING PERFORMANCE

Age Calving Length Length  Age Sex
Animal First Times to of of at of Calf Condition, Disposition and
Bred Bred Breeding Estrous Gestation Calving Calf Weight in lbs. of Calf
NOs YIreMOs NOs days deys days yre. moe no.
Second Generation Low Carotene Females
250 1 & 11 21-183 233 2 8 . 250B1] Weak, abnormal, autopsied, 26
2 84 81 260 & § F G=17 lNormal--low carotene, 42
4 86 24-68 Open~~slaughtered as non-breeder
261 1 4 6 20=-60 26l 2 6 M 251By; Dead, normal, postmortem, 36
3 32 23-24 278 3 6 W 251By Weak, abnormal, autopsied, 33
? 107 70 ? 4 9 M 251Bgy 6-8wks.premature,autopsied 1 day, 22
: 2 62 38 open
252 1 3 6 - 20=-38 272 2 4 M 252By; VNormael, low carotene, 36
2 1) 22 267 3 3 F G-8 Blind,weak,autopsied at 5 days, 36
2 163 143 Open~-slaughtered as non-breeder
253 1 4 2 25 277 2 2 M 253B] Week,blind,abnormal fromt legs, 44
' autopsied 2 days
7 88 6=-44 281 3 7 F G=12 Normal, low carotene, 45
256 1 1 6 24-68 204 2 2 M 255B)] Dead, postmortem
’ 4 67 24-~160 Open--sglaughtered as non-breeder
266 ? % 7 1 1 F (=6 Wormel, low carotene, 60
2 149 51 281 3 1 F G-16 |YNormal,low carotene,380 nmicrograms,40
267 i 2 1 260 1 11 F @G-8 ieak,blind,abnormal front legs, 42
autopsied at 1 week
2 40 67 275 3 i 267By WNormal,low carotene,350 micrograms,44
553 i 8% 31} 15-181 278 3 6§ M ©b553By] Dead,strangulation,postmortem, 93
3 66 24-64 276 4 7 N b553By Dead,strangulation,postmortem, 91
557 1 3 1 No heat ? 3 86 F G=13 THormsl, low carotene, 70
Ho heat ? 4 6 M B557By1 UNormal, low carotene, 85
Third Generation Low Carotene Females
G=6 1 8 X Open
G=12 1 4 1 Pregnant
CG-13 1 3 1 Pregnant

44



TABLE V (Continued)

Age Calving Length Length Age  Sex
Animal First Times to of of at of Calf Condition, Disposition and
Bred Bred Breeding Estrous Gestation Calving Calf Weight in lbs. of Calf
NO. yr.M0s N0s deys  days days yr. mo. no.
Control Females
244 1 3 13 25-110 Persistent eorpus lutea Slaughtered as§ non-breeder
245 1 3 3 20-86 275 2 3 F 281 Normal ration, 42
9 187 21-93 274 4 8 F 307 Normal ration, 42
4 152 12-32
246 1 3 3 19-65 281 2 3 P 278 Normal ration, 36
6 109 23=98 282 < M 246By; Normal ration, 53
2 115 25 283 6 1 M 246Bp Normal ration, 50
E 50 . 19-48 '
247 1 2 3 12-19 268 2 # 247By; FNormel ration, 32
1 87 277 3 M 247B, Normal ration, 39
1 29 73 279 & F 366 Normal ration, 41
1 49 23 282 4 11 M 247Bg HNormsl ration, 42
3 51 25-47
248 1 2 2 19 277 2 F 282 Normel ration, 44
1 146 100 272 3 2 F 295 Hormal ration, 46
4 127 20=62 278 & 7 F 318 Normel ration, 44
7 83 20=-41
249 1 2 8 20-273 Cystic ovaries Slaughtered as non-breeder
543 1 6 4 5=25 280 2 3 F 578 Normal ration, 78
4 89 2457 286 3 7 W 5438y Normal ration, 109
1 69 277 & 6 P 207 Normal ration, 92
4 123 23-120
544 1 3 7 2=20 289 2 2 K b544By VYNormal ration, 97
13 66 20-48 280 4 1 ¥ 544Bz Normml ration, 83
6 46 24-41
548 1 4 8 21-32 Pregnant but sold because of abnormal uterus

v



TABLE V (Continued)

Age Calving Length Length Age Sex
Animal First Times to of of at of Calf Condition, Disposition and
Bred Bred Breeding Estrous Gestation Calving Calf fieight in 1lbs. of Calf
B0, YT.mO. 00s  OBYS days  days yr. mo no.
546 1 3 2 21 286 2 2 N 546B; Normal retiom, 90
1 84 281 3 2 M b546Bz FNormal ration, 97
1 73 , 2885 4 1 F 603 ¥ormal ration, 92
4 58 22«47 288 ] 4 ¥ 628 Bormal ration, 89
547 1 & 3 18-118 284 2 6 ¥ b547B7; FNormal ration, 92
5 154 25-47 285 4 1 ¥ B547Bg Normal ration, 95
2 12 25 275 B & ¥ 827 ¥ormal ration, B89
1 47
548 1 3 1 277 2 ¥ 548By Normal ration, 86
2 92 22 282 3 3 648Bg HNormal ration, 83
4 91 21-87 279 4 8 ¥ ©548Bg Normasl ration, 90
2 178 20
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of 233 days she produced a weak, abnormal dead calf weighing only 26
pounds. During the seocond gestation of 260 days she produced a normal
42 pound, healthy celf, G-17, that was placed on the low carotene
ration and given sufficient carrot oil to supply 390 micrograms of
carotene per kilogram of body weight. Cow 250 was slaughtered as a
non-breeder after being bred four times over a period of eight months
and not conceiving.

Cow 251 produced three calves, two weak and abnormal that were
autopsied shortly after birth and the other born dead. The first ges-
tation dead calf weighing 35 pounds was delivered after 261 days
gestation., The abnormal calf of her second gestation was carried 278
days and although the days of the third gestation were not known, the
condition of the calf at birth indicated it was six to eight weeks
premature. Although the calf was alive at birth, it died within a
matter of minutes and was autopsied.

Cow 252 after 272 days gestation gave birth to a bull ealf,
252B1, weighing 36 pounds that was placed on the low carotene ration of
50 mierogrems of caroteme per kilogrem of body weight. ler second
gestation, although not strictly considered an abortion at 267 days,
did result in a blind, weak calf that was sutopsied after five days.
Cow 252 was slaughtered as a non~breeder on a normal ratioﬁ after show~
ing only two heat peri.de in 11 months sinee calving. After a 279 days
gestation, cow 253 gave birth to a weak, blind ealf with abnormsl
front legs and the calf was autopsied at two deys. Her second gesta-
tion was 281 days and the calf, G-12, was normal at birth. After her

second calving, cow 253 was placed on & normal ration but contracted
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acute mastitis and was ainughterud. Cow 2556 aborted a dead calf at 214
days and after four breedings with two of the heat periods 160 days
apart was sold as a non-breeder.

- Jersey cow 266 for her first gestation was accidently bred by a
Holstein bull and gave birth to a crossbred calf, G-6, weighing 60
pounds. (=6 was originally placed on the low carotene ration of 50
micrograms of carotene per kilogram of body weight. In her second ges-
tatioﬁ, cow 266 was bred only twice and after 281 days gave birth to a
normal ealf, G-16, weighing 40 pounds which was placed on the low caro-
tene retion supplemented with carrot oil so that her carotene intake
was 390 mierograms of earétano per kilogrem of body weight. Cow 267
in her first gestation of 260 days gave birth to a weak, blind calf
weighing 42 pounds with ebnormal front legs that wes autopsied at omne
week of age. Her second calf, 267Bj, weighing 44 pounds was born nor-
mal after 276 deys gestation. The calf was placed on the low carotene
ration and given a carrot oil supplement to supply 390 micrograms of
carotene per kilogram of body weight.

Holstein cow 553 after successive gestations of 278 and 276 days
gave birth each time to a dead calf that on post mortem pave every
indicetion of having strangled at birth. Both gestaetions of cow 557
were of unknown duration, but both calves born were healthy and normal.
As noted in Table I, page 23, cow 557 was from a dam fed o normal
ration.

Third generation heifer, G~6, failed to show estrus until one ,
year and nine months of age. Since that breeding to which she did not

conceive, she has not again during three months to-date shown estrous.
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Heifers G-12 and G-13 were bred only once at 15 months of age and con-
ceived to one service.

The small population of randomly selected control cows presents
a high percentage of difficult breeders. Jersey cows 244 and 249 did
not conceive with 244 continually showing a persistent corpus luteum.
At two years of age the right ovary with the corpus luteum was removed
believing it might improve the chances of the cow becoming pregnant.
She was sold, however, as & non-breeder at 37 months of age after 13
services. A similar situation existed with low carotene cow 557 whose
left ovary was removed. She became pregrant at 33 months of age to
every day breeding for three months. Jersey cow 249 continually had
cystic ovaries. After having the o%aries broken by rectal message, the
cysts returned in a short time. She was disposed of at 32 months of
age.

All gestations in the control group of cows were of normal
length with all calves being born alive and normal. JNine snimals in
the low carotene group hed 18 pregnancies, while 12 cows in the control
group had 28 pregnancies. Using a Chi square analysis, this difference
is not statistically significant., The difference of eight normal calves
being born to the low carotene group compared with the 27 normal calves

born to the control group is highly significant.

POST MORTEM FINDINGS

Wihenever possible, post-mortems were conducted on calves born
dead and autopsies were performed on those animals thet gave every

indicetion of not living.
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Calf 250B;, Plate V, born blind and ebnormal could not stend up.
The right eye was cloudy with corneal deficiency, protrusion‘of Des-
comets membrane and aqueous. Opthalmascope observations indicated
slight papilledema and constriction of nerve heads. Slight doming of
the vault and slight prognathia of lower jaw was shown and sucking was
accomplished only with difficulty. All glands and organs were normal
except that the brain showed slight hydrocephalus in the left lateral
ventricle. The left hemisphere of the cerebrum was slightly larger and
the optié nerve constricted at the optic foremen. The hydrocephalie
condition is shown in Plete VI.

Cow 251 had three calves either born dead or born so weak that
they were autopsied shortly after birth. Only one of the three was
full term, the other two being ebortions of three weeks and six to
eight weeks early. Calf 251Bj, on autopsy, showed no clinical symptoms
of any disorder. Calf 251B, was unable to lie on its sternun and con-
tinually flopped on its side. The left eye, when viewed with the
opthalmascope, showed the tapetum lucidum mottled while the right eye,
although appearing more normél, did show slight papilledema., The optic
nerves showed constriction. All glands and organs appeared normal with
the exception of the rumen which showed hemorrhagic arees on the outer
surface. The pituitary gland appeared normal but small, Calf 251Bg
aborted six to eight weeks prematurely, appeared normal in all respectes.
There was no indication of constriction of the optiec foramen and degen~
eration of the optic nerve.

The second calf(af cow 252, number G-8 showed every indication

of suffering from poor nutrition. The calf never stood and sucked



PLATE V

Low carotene calf 2508, showing &omed skull and flexed forelegs

PLATE VI

Cross section of skull of calf G-8
showing intermal hydrocephalus and distortion of skull

49
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with difficulty due to a dropped or paralyzed lower jew. DBoth eyes
showed clouding and erosion of the cornea with protrusion of Descomets
' membrane; see Platc.VII. A domed vault suggested a hydrocephalic con=-
dition. The thryoid gland appeared large and the pituitary small with
an apparent fluid-filled cavity on the anterior ventral side. The brain
was marked with internal hydrecephalus involving all chambers, but
particularly the lateral ventricle and foramen of Munro. The optiec
nerves were constricted.

The full term calf of 253 was autopsied at two days of age. The
pastern of the front legs were unable to straighten out and the left
front leg hed a twist at the enkle. Opthalmoscope examination of the
eyes showed papilledema in an advanced state. All organs and glands
sppeared normal except the pituitéry was small weighiné one-half gram.
The optic nerves were constricted at the optic foreamen.

The 204 day aborted calf of cow 255 on post-mortem showed no
elinical symptoms of any disorder.

Cow 267 aborted a live calf at 260 days which was weak and ab=-
normal. The calf continually threw its head back over the spinal
column, very similar to lethal spasms. The calf was unable to stand,
the hocks were at 25 per cent greater than normel angle. An opthale
mascope examination of the eyes showed restrieted blood vessels and
nerve fibers with evidence of papilledema. There was evidence of
mottling of the tapetum lucidum. Autopsy et seven daye showed constric~
tion of the optic nerves at the optic foramen with all other glands
and orgens appearing normal.

The two dead calves of cow 553 both were diagnosed as having



PLATE VII

head of low csrotens calf G-8
showing domed skull and corneal opacity

PLATE VIII

Semen of low carotene Holstein bull 500B
showing typical curled tails

-
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died of strangulation during parturition. Calf 553B1 showed constric-

tion of the optic foramen and degeneration of the optic nerves.
LACTATION

Actual milk and fat produection records of the low carotene and
the aontr$1 cows are given in Table VI, Figures 1, 2, 3 and 4 show the
lactation curves of the low carotene cows compared with a normal eurve.

Hilk production of the low carotene group of cows was only from
25 to 50 per cent of what was expected and was little better when some
of the cows were returned to & normal ration. A4s can be seéen from
Table VI and Figures 1, 2, 3 and 4, the lack of persistency of lacta-
tion was very noticeable with the cows oﬁ the low carotene ration.

Cow 250 in her second lactation was fed the low carotene hay
but was supplied with sufficient alfalfa léaf meal to make her caro-
tene intake 260Imicragrums per kilogram of body weight. In spite of
this increased carotene inteke, milk production was 1000 pounds less
than>whan she received only 90 mierograms of carotene per kilogram of
body weight. A carotene intake of 260 micrograms per kilogram of body:
weight is equivalent to epproximately 118 milligrems per 1000 pounds
of body weight which is above the National Research Council regommen=
dation (68, pp.1~30).

The blind cow, 261, in her first lactation produced the highest
any of the Jerseys on the low carotene ration.. Her s?eand'lactaticn
wag considerably below the first, but she had only a short dry period.
In the first four monthe of her third and present lactation when she is

receiving 130 micrograms of carotene per kilogram of body weight, as
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TABLE VI

MILK AND BUTTERFAT PRODUCTION(Actual)

Age at ,
Cow Calving Milk Fat Days Ration
(no.) (yremo.) (ibs.)  (ibs)

250

251

252

253

2565

266

287

663

657

s R €A -t

o

o

Low Carotene Cows

2,601.4 157.1
1,571.4 116.9

8,970.7 26847

2,587.8 166.0
2,072.7 141.2

2,646.4 171.0
3,123.2 178.0

3,261.6 202.6

Not milked

:1,186.6 64

1,577.1 98,2

1,488.2 72.1
4,356.4 296.4

6,186.7 258.7
3,992.9 136.4

8,266.9 359.1
3,409.9 154.2

* Incomplete lactation

249
126

330
180
112

244
212

289

114
122

119
271%

340
133 *

330
108 #

Low carotene

Low carotene supplemented to 260
ug/kg bf body weight with alfalfa
meal

Low carotene
Low earotene
Low carotene

Low carotene
Normal

Low carotene
Sold-=acute mastitie

Aborted after 204 days gestation

Low carotene
Normal

Low carotene ‘
Normal first six months

Normal
Low carotene

Low carotene

Low carotene supplemented to 390
ug/kg of body weight with carrot
oil



TABLE VI (Continued)
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# Incomplete lactation

Age at )
Cow Calving Milk Fat Days Ration
{noe. ) (yremo.) (lbs.) (ibs.)
' Control Cows

2486 2 3 8,583 834 3056 Hormal
4 8 8,404 593 306 Normal
246 2 3 6,271 386 305 lNormal
4 0 5,836 346 308 Normal
247 2 0 6,399 352 306 Normal
3 0 6,073 356 274 Hormal
4 0 7,204 403 301 Hormal
248 2 0 6,381 380 305 Normal
5 2 6,818 412 383 Normal
4 7 4,819 291 214% Normal
- 543 2 3 12,745 496 305 Normal
3 7 9,112 383 303 lNormal
4 8 10,929 447 305 Normel
544 2 2 12,186l 481 305 TNormal
4 1 15,307 614 305 THNormal
546 2 1 11,043 419 3056 Normal
g 2 75210 269 238 Normal
4 2 10,327 379 269 Normal
547 2 8 10,854 430 305 lNormal
4 1 13,017 535 305 Normal
548 2 0 13,788 657 305 Normal
3 0 13,760 524 306 YNormal
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R . Normal Jersey lactation curve
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40 . Normal Jersey lactation curve
lst lactation of Jersey 267 on low carotene
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o N Normal Holstein lactation curve
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eanﬁraated to her first lactation on 90 micrograms per kilogram of bedy
weight, her milk produetion, as shown in Figure 1, is not any higher
than during the previous lactations.

The first lactation of cow 252 was average for the low carotene
cows and after her second calving, whe was placed on a normal retion of
lush, irrigated pasture end grain. During this time she produced about
500 pounds more milk in about 30 less days. However, her milk produce
tion of 3,128 pounds in 212 days is only about 50 per cent of the
expected.

Jersey cows 266 and 267 both ealving at one year and 11 months of
age on the low carotene ration produced rogpectivaly only 64 and 72
pcun&s of fat in the first lactation. This production is not even 25
per cent of the expected. In their second lactation on a normal ration
beginning with the lush spring pasture, cow 266 produced only 98
pounds of fat, while cow 267 did considerably better, producing 296
pounds in 271 days. |

Holstein cow 553 began her first lactation on a normal rgtion
after three years and five months on the low carotene ration. For a
Holstein cow, milk production of 6,186 pounds and fat production of
258 pounds in 340 days is low. In her second lactation cow 553 is
milking at a higher level even ihuugh receiving the low carotene ration
of 130 micrograms of carotene per kilogram of body weight.

Cow 557, whose dem did not receive a low carotene ration, had a
fair record of 8,256 pounds of milk and 359 pounds of fat in 330 days
on the low carotene diet of 130 mierograms per kilogram of body weight.

When receiving 390 mierograms of carotene per kilogram of body weight,
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however, her milk production in the second lactation for the first four
months is no higher as shown in ?igura 4,

Two factors were thought possibly responsible for the low milk
production. The first was the level of carotene intake and the second
the unpalatability of the ration. By placing cow 250 on a carotene
inteke of 260 micrograms of carotene per kilogram of body weight and
cow 557 on an inteke of 390 micrograms with no marked improvement in
milk production, the factor of the level of carotene intake appears to
have been eliminated. The returning of cows 252, 266, 267 and 553 to a
normel ration of irrigated pasture or grass silage and alfalfas hay and
grain with no marked improvement in milk and fat production, with the
exception of cow 267, seems to have eliminated the unpalatability of
the ration as a factor in the abnormhlly low milk production. As was
the case of the blood carotene and vitamin A values failing to pige
with the increased carotene inteke, there appears some factor(s) of
metabolism or utilization of the feed nutrients that has been 1§tor—
fered with as a result of the low carotene ration to the extent that
the animals are unable to respond in milk and fat production to an ade=-
quate diet.

The milk and fat production of the control cows are well within

the expected for Jersey and Holstein cows in the Oregon Agrieultural

Experiment Station herd.
BLOOD, LIVER AWD [iILK FAT ANALYSES

In an effort to further study the phenomena of the low carotene

cows feiling to respond in milk and fat production to the normal ration
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analyses of the blood, liver and milk fat were made when the cows were
subjected to a variety of treatments.

Table VII presents liver analyses and some blood anelyses of a
group of animals under a variety of carotene intakes, while Table VIII
presents the data for blood, liver and milk fat analyses together with
the caleulated vitamin A potency of the butter produced for a group of
cows on a normal ration end of a group of low carotene cows receiving
different amounts of carotene and vitamin A,

Table VII shows considerable variation in the liver wvalues of
cows on a normal ration. Cow 269 was slaughtered when on pasture and
her liver had 108 micrograms of vitamin A per grem of fresh liver; while
heifer 296 was being fed alfalfa hay and hed a liver value of 34.8
micrograms of vitamin A per gram of fresh liver.

G~16 and G-17 receiving 390 mierograms of carotene per kilogram
of body weight had liver vaiues from biopsy specimens of about 13
micrograms of vitemin A per gram of fresh liver; whereas (-6, G-12 and
G-13 receiving 130 micrograms of carotene per kilogram of body weight
had liver values of about 10.5 mierograms of vitamin A per gream of
fresh liver. The data again suggests that some factor(s) may be
inhibiting the metabolism and/or utilization and storage of vitamin A
in the low carotene enimals, or it may be th#t 390 micerograms of caro-
~ tene per kilogram of body weight is not sufficient carotene intake to

maintain the liver values 8t nearer normal values.

Cow 266 on a normal ration of irrigated pasture, grass silage
and alfalfe hay for six months had a liver value of 78 micrograms of

vitemin A per gram of fresh liver and was not able to maintein this



TABLE VII
BLOOD AND LIVER ANALYSIS OF SOME NORMAL AND LOW CAROTENE ANIMALS

Blood Liver
Animal Date Age Bation Carotene Vit. A Carotene Vit., A Remaris
s Fromo. DPasDelie PePselle
252 4-22-53 4 2 L.C.a~=-3 years, normal 1 year 0.99 52.6 Slaughter specimen
G=-8 birth Dam 252 on L.C. =35 -.20 - *
G5 birth Dam 267 on L.C. =75 -26 » .
G-6 11-13-583 1 7 L.C.® 0.39 12.15 Biopsy specimen
8- 8«64 1 11 L.C. 1.94 0.41 l.42 14.60 . "
§-29-54 1 11 L.C. 1.26 0.19 0.65 10.95 " "
G=12 1-28-54 1 4 L.C. 1.37 0.38 1.96 12.1 ” -
5"" 8"’5“ 1 5 Loso 1*56 OQZ? 2.“ gbag " "
3"’39“54 1 6 L'ca 1.?3 @-15 1»74 9.35 " . "
G~16 1-25-54 7 L.C.b 1.56 0.34 5.18 13,70 " "
3-22-54 9 L.C. 2.16 0.28 0+ 90 11.92 " "
G“‘l? 1"’38’54 'f Lt‘ct 1.25 0:32 2&18 15‘49 » s
3‘22’5‘ 9 L‘c! 1.13 Gi22 0928 13-20 o 9
250 12-11=53 4 10 L.C. supplemented to 260 ug/kg 1.12  21.0 » "
1-28-54 4 11 Grass silage only 2.56 0.28 14.88 26.4 " "
3- 8-64 5 1 Grass silage only 6490 0.38 6.64 40,3 2 "
3-10-54 6 1 Grass silage only 9.45 66.8 Slaughter specimen
» 8 hours postmortem
266 12-11=53 3 6 L.C.® normal last 6 months 8.50 78.2 Bilopsy specimen
1-28-54 3 8 Grass silage only , 2.04 0.31 15.0 66.6 * -
8-15-54 5 10 Grass silage only 7.22 0.45 T7.61 10.35 " "
G-13 1-28-54 1 3 L.C.% 2.04 0.37 5.12 7.8 " »
S« 8-54 1 4 L.C. 1.94 0.32 0.61 10,72 *® "
§-29-54 1 5 L.C. 1.37 0.18 0.21 12,65 * =
2569 8-18-58 3 8 Normal 9.80 108.0 . i
296 $-29-54 2 1 Hormal 3.07 0.24 4.40 40.9 Biopsy specimen
296 3-29=54 2 1 Hormal 5.76 0.28 8.10 34,8 . »
605 $=-29-84 1 3 NHormal 1.94 0.10 1.42 48.7 » »

a. Low carotene ration supplying 130 micrograms carotene per kg of body weight
b. Low carotene hay % carrot oil to supply 390 mierograms carotene per kg of body weight

29



TABLE VII (Continued)

Blood Liver
Animal Date Age Ration Carotene Vit, A Carobtene Vit. A Bemarks
Ao FTeHOe PsPellls PePellta
242By 2-24-54 1 L.C.® milk 0.10 0.08 0.18 11.0 Biopsy spesimen
3-29-54 2 L.Cse milk 0.68 0.13 0.17 8.87 *
26081 birth Dam 250 on L.C.B : -+ 566 =+25 Slaughter specimen
€ wks premature
25132 birth Dam 251 on L.C. ) *u53 .28 Sl&u&h‘b‘r !?ﬂcmﬁ
251Bg birth Dam 251 on L.C. 7.6 Aborted éwks early
262B1 11~ 2-53 2 6 L.C. 9‘.92 17.8 Biopsy specimen
1-28-54 2 8 L.C. 1.87 0.32 5.85 14.0 33»933 ageeiman
8-15-54 2 10 L.C. 1.68 Q.19 1.50 14.2
3~17-54 LeCa 1.23 12.45 $1aughttr age&imn
20031 3"2‘*"53 3 8 L.Cs 1&@5 9035
2213 “"28‘55 5 11 L.ﬁu 1035 5-85 . .
§23B 2-24-54 1L.Cc milk 0.03 0.03 0 4.05 Blopsy spsalm
. 5‘“19“54 2 »Lict ﬁilk 0»93 0.% g IaSG "
56781 11-13-53 8§ days L.C. 0 2.3 " *
3”22“5‘4 i L.C' ) 9'1& ¥ go 10 002? 9.9& o »
65638y birth Dam 553 on L.C. ' =25 - 15 8hugh‘ber spac:bsma
503B 9« 2-63 3 9 L.C. 0.31 8455
TAlBy 9~ 1-53 3 days Normal ‘ 0 17.30 Bispiry m#imn
222B 9~ 1-53 & days Normal 0 11.18
283B; 9~ 1-53 3 days Normal 0 1l.80 " "
284B3 9~ 1-568 3 days Hormal 0 19.88 7 g
29B 2-15-54 5 2 Normal L.C. last 6 months 3.64 0.26 8.58 15,46 Slaughter specimen
200Bg 1-28-54 3 1 Hormal 3.84 0.26 16.0 &3.1 Blopsy speuimn
3-22-54 3 4 Hormal 3.87 0.28 677 27.60 "
493B2 B-18-53 3 Formal 2.80 27.8 Slaugh'bqr s’geaimoﬂ
493Bg 2~10-64 & 6 Wormal L.C. hat 6 months 2.52 0.27 3.87 26.9

8. Low carotene ration supplying 130 mierogrems of carotene per kilogram of body weight



TABLE VIII

BLOOD, LIVER AND MILK FAT ANALYSES OF SOKE WORMAL AND LOW CAROTENE COWS

a=-=Low carotene
be«Low Carotene

ration of 130 mierograms of carotene per kg/%ody weight
hay plus carrot oil to give 390 mgper kg/body weight

Blood Liver Hilk Fat Vit A
Animal Date Ration Carotene Vit A Carotene Vit A Carotene Vit A Potency Butter
PePelie PeDellts PePollie I,U. per pound
Low Carotene Cows

261  11-18-53 L.C.® 1.36 0.06 1.87 9.15 0.60 1.58 2,663
12-18=53 L.C. 1.7  0.23 1.08 8,91 0.60 2.00 3,267
1-28-54 L.C.*50,000 I.U. Vit A/day 1.61 0.33 5.45 11.5 0.40 2.56 3,958
2-24-54 L.C. 0.96 (.21 0.65 6.52 0.20 l.82 2,766
F3=28=54 L.C.*250,000 I.U. Vit &/&ay 0.87 0.29 0.70 7.26 0.10 2.18 3,224
287 11-28-53 Hormel 720 1.04 13.60 70.60 4.40 3.96 8,410
12"18"53 an- 2-66 0'53 5$QO 6705 - Q.SO 3&34 5,352
1"23"54 L-C.’-S0,00{) Iogo Vit A/é&y 1.11 005? 9ﬁ45 45.8 0080 3‘22 5,166
8=24-54 L.C. 0.60 0.33 1.63 25.5 1.00 3.62 5,861
3-22-54 L.C.+250,000 I.U. Vit A/Bay 0.24 0.23 0.96 21.8 0.20 3.04 4,535
553 12-18-53 Hormal 2.86 0.31 1.25 112.8 0.40 5.28 7,810
2-15-54 L.C. 1.85 0,30 1.41 44.7 0.40 4.24 6,398
3-15=54 L.C. l.44  0.286 0.83 63.5 1.00 5,60 8,737

657  11-13=53 L.C.P - - 1.38 15.15 - - -
12""18"53 L 5-10 9’26 1.25 2400 1-‘3’9 3.16 5,195
2-15-564 ™ 4.80 0.31 6.50 40.6 1.00 3.32 5,425
5"15"54 " 3064 0:4}. 3‘48 54-9 1,00 4:.56 7,225

Controls

224 11-18-53 Hormal 6,28  0.48 16.20 201.0 3.80 6.82 12,203
12-18-53 L.C.B2 2.33 0.29 7.04 182.0 1.40 4.52 7,411

1-28=-54 L.C.450,000 I.U. Vit A/an 2.50 0.31 17.556 141.0 - - -

2=24-54 L.C. 1.32 0.20 4,45 120.0 - - -

3-22-54 L.C.3250,000 I.U. Vit A/day 0.65 0.21  3.58 92.7 - - -
218 3=8«=54 TNormal 8.18 0.40 12.20 134.1 T.60 6.64 14,239
3-29=54 Hormal 776 0,15 8,60 148.0 8.00 7.490 14,875
BT7 3=-29=54 Alfalfa hay only 5.65 0.22 5632 52.7 1.40 5.586 8,919
533 3~29-54 Grass silage only 8436 0.12 9.17 162.0 2.60. 7.78 12,869

9
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value in the liver when placed on a sole diet of grass silage supplying
her with a daily intake of approximately 200 milligrems of carotene per
day. On the other hand, cow 250 who had been receiving 260 micrograms
of carotene per kilogram of body weight had a liver value of 21 micro-
grams of vitamin A per gram of fresh liver and when fed grass silage
only for three months had a liver value of 55.8 mierograms of vitamin A
per gram of fresh liver.

Table VII which gives some blood and liver values of bull calves
suggests that the low carotene ration supplying 130 micrograms of caro-
tene per kilogram of body weight to the dam is not satisfactory in
maintaining the vitamin A of the liver of the calf near the level of
nbrmal calves biopsied at three days of age. Normal calves show liver
values of approximately 14 micrograms of vitamin A per gram of fresh
liver, while a calf from a low carotene cow had a liver value of 2.33
miorograms at three deys. Control bulls of two to five years of age
being fed good quality alfelfa hay had low liver values of approximately
29 micrograms of vitamin A per gram of fresh liver, while low carotene
bulls of a comparable age receiving 130 mierograms of carotene per
kilogram of body weight had liver values of approximately 11 micrograms
per gram of fresh liver. These results would appear to suggest the
inadequacy of good quality alfalfa hay in maintaining liver vitamin A
at the more normal values of animals receiving grass silage or irri-
gated pasture.

The data presented in Table VIII suggests a number of interest~
ing phenomena. ihen cow 251, raised and maintained on the low carotene

ration, was injected intravenously every five days with the equivalent



66
of 650,000 I.U. of vitamin A per dey for a month and later with 250,000
I.U. of vitamin A per day, the liver stores of vitamin or the milk~-fat
potency of vitamin A were not significantly increased. Cow 267 that had
been on a normal ration with a liver value of 70 micrograms of vitamin
A per grem of fresh liver and a butter value of 8,410 I.U. per pound
was not able to maintein these walues when receiving the equivalent of
50,000 I.Us or 260,000 I.U. of vitamin A per day. After a month of
receiving the equivalent of 250,000 I.U., of vitamin A per day, the butter
of 267 had dropped to a vitamin A poteney of 4,533 I.U. A similar
phenomenm existed with cow 224 that had been raised and maintained on a
normal ration.

These data. suggest that 250,000 I.U. of vitamin A per day injec-
ted every five days is not sufficient to maintain the liver values of
vitamin A when the liver values at the begimning of the 1njoetian§ are
in the vieinity of 70 micrograms of vitemin & per gram of fresh liver
or higher. .

Cow 553 which had been on a normel ration but raised to her
first calving on the low carotene ratiom was not eble to maintain her
liver vitamin A value when consuming 130 micrograms of carotene per
~ kilogram of body weight, but did maintein her milk fat values indiea-
ting that the cow was drawing on her liéar stores of vitamin A to main-
tain the milk fnt potency. Cow 557, beginning her second lactation on
390 mierograms of carotene per kilogram of bedy weight after completing
her first lactation on 130 micrograms of carotene per kilogram, was
able to slowly reaise her liver value of vitamin A from a low of 15.15

micrograms of vitamin A per gram of fresh liver to 34.9 micrograms and
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her butter vitamin A poteney from 5,153 I.Us per pound to 7,225 I.U. of
vitamin A per pound.

Cow 577, ¥aised and maintained on a normal ratidn but for approx-
imately eight weeks prior to the liver and milk fat analyses, fed a
sole diet of alfalfa hay and grain had a liver value of 52.7 mierograms
of vitamin A per gram of fresh liver and a butter poteney of 8,919 I.U,
of vitamin A per pound; while cow 533, raised on a normal ration but
for the eight weeks prior to the analyses, fed only grass silage and
grain had a liver value of 162 micrograms of vitamin A per gra& of
fresh liver and a butter potency of 12,869 I.U. per pound iﬁdieating
ence more the apparent inadequacy of good quality alfalfa hay in mein-
taining the vitamin A liver value of dairy cattle at & high level.

The vitamin A potency of the butter of the normal cows is aver-
age for Oregon for the month of March; while that of the low carotene
cows is considerably below average and even the butterfat of cow 557
receiving 390 micrograms of carotene per kilogram of body weight is a
low poteney butterfat. |

Comparing cows 267 and 224 at the first liver snalysis lends
support to the thought that blood carotene and vitemin A velues must be
used with considerable caution as a measure of tharvitamin A status of
the animal. Cow 267 had blood values of 7.2 p.p.m. carotene and 1.04
Pepem. vitamin A, yet the liver showed only 13.6 PePems carotene and
70+6 pepems of vitamin A; while cow 224 had blood values of 6.28 PeDeie
carotene and 0.48 p.p.n. vitamin A but had liver values of 16.2 Pspeme

carotene and 201.0 p.p.m. vitamin A.
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SEXUAL PERFORMANCE AND SEMEN QUALITY

it was observed when the low carotene bulls were approaching
puberty, they had the desire and ability to mount either a live cow or
the dummy»aaw but were not able to get an erection of the penis. They
performed in this manner for a period of about six weeks. The first
ejaculate was obtained from the low carotene bulls from four to eight
weeks later than from the control bulls. A consistent characteristie
of the low carotene bulls was the delay in ejaculating. A mount of
either a live cow or the dummy cow would be made in & reasomable time

and an erection produced. After insertion of the penis in the artifi-
cial vagine, considerable time would elapse before ejaculation. Fre=
quently the bull would rest on the cow with his penis in the vagina
and there would be no activity. This performance might be repeated
several times before the ejaculation would be produced. Bulls 2008y,
221B and 252By were pérticularly guilty of this characteristic perfor-
manee. On the other hand bull 500B did not show this behavior until he
was four years old. In spite of this bull being blind his sexual
libido wes until he: reached four years of age a#cellent‘

All bulls on the low carotene ration as they approached three
years of age began to lose libido and before bulls 200B1 and 252B; were
two and one-half years of age, they refused to mount the dgmmy cow. On
the other hand bull 200By in the controls never would ejaculate on a
1iv9 cow, but would mount and ejaculate on the dummy cow. A number
of the bulls would ;perate on either the live or dummy cow. It was

observed, however, that the quantity and quality of the semen was
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generally superior when it was collected off the live cow.

Bull 5038 had some obstruction or disorder of the respiratory
system which became more severe as the bull matured. Towards the end
of his life the condition was so severe that it interfered with his
ability to mount. Bull 252B] frequently, on exercising, as just prier
to serving, would go into a coma, drop to the floor and be unaware of
his surroundings for about two minutes. On recovery he would be quite
capable of serving.

Inasmuch ag the carotene intake of the bulls on the low carotene
ration was changed at the same calendar periods as the females, the
semen data, as presented in Table IX, is grouped as closely as possible
into four periocds according to the carotene intake and age. Thus
period 1 approximates one and one-half years of age and 50 mierograms
of carotene per kilogram of body weight. Period 2 represents two and
one~half years and 90 micrograms of carotene; period 3 represents three
and cne half years and 130 micrograms ofrcarotene per kilogram of body
weight. Period 4 represents the same carotene intake as period 3, but
the bulls are four and one-half years old.

An observed characteristic of the semen of all the bulls on the
low carotene ration was that the color appeared e grayish white as
contrested to the creamy color of the control bulls. Secondly, the
amount of seminal plasmae released prior to the true ejaculate appeared
greater with the low carotene bulls. Under the microscope the raw
semen of the low carotene bulls showed high percentages of tissue debris.

The differences between the two groups of bulls with respect to

the various semen quality tests were not at any time great with the
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TABLE IX

SEMEN DATA

~Total Abnormal Live 0 Hour 168 Hour
Bull Volume Spernm Sperm Sperm  lotility lotility
(no.) (mls.)  (miils/ml.) @) (¢9) %) (%)
Period l-~Controls
298 1.8 910 26.0 60,7 12.7
26482 2.2 763 18,1 69.2 70.0 22.7
493Bg 4.4 632 26.0 74.2 7642 27.8
49383 5.2 698 21.0 757 70.9 28.1
506Bg 3.2 536 18.1 68.3 63.8 23.8
Average 3.7 703 28.5 69.5 65.3 21.4
Period l--Low Carotene
4968 2.6 721 45.0 57.1 23.1
5038 4.3 668 23.4 68.4 43.1 21.5
221B 2.5 766 10.1 44.8 71.9 29.7
20083 2.4 938 16.8 69.5 61.0 29.1
500B 4.5 841 43,7 63.1 80.8
2188 1.8 571 40.0 83.5 17.1
Average 2.8 807 27.5 66.3 61.8 26.8
Period 2-~Controls

29B 5.0 1,004 22.0 7648 73.8 24.2
200B2 3.4 1,007 23.2 82.7 863 26.7
212Bg 4.6 1,022 , 18.5 7349 59.3 18.7
26482 4.3 734 22.6 71.8 70.0 26.4
493Bg 5.2 . 1,220 17.9 776l 74.8 33.0
49383 5.4 1,060 16.0 87.9 70.6 32.7
506Bg 3.8 721 18.86 69.2 72.6 28.4

Average 4.5 967 19.8 76.8 €9.6 26.9



TABLE IX (Continued)
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Fotal  Abnormal  Live Oliour 168 Hour
Bull Volume Sperm Sperm Sperm lNotilit Motility
(no.) (Nls,)} (mils/ml.) %) %) (€9) (€3]
Period 2-«Low Carotene
5088 5.7 1,220 14.9 80.4 79.4 32.2
2218 4.1 574 25.2 71.0 61l.5 24.8
5008 6.2 442 34.1 B9.4 45.3 12.7
Average 4.6 870 26.1 78.4 63.0 23.9
Period Ze=Controls
298 4.0 1,176 24.8 85.8 73.8 26.5
200Bp 3.9 884 41.6 75.8 4.6 18486
2648y 3.8 1,109 £8.8 78.1 61.1 23.5%
493Bg 5.9 1,448 20.8 89.4 78.8 B5.9
Average 4.7 1,203 27.1 88.7 65.7 24,1
Period 3-«Low Carotene
5038 6.2 1,496 18.5 82.6 768 31.1
221B 4.6 1,087 25.9 82.9 68.1 83.9
200By 3.9 1,619 21.0 86.7 71.2 26,0
800B 8.2 787 36.0 77.0 365.4 10.0
Average 5.7 1,215 25.7 82.0 62.8 25.2
Period 4--@¢ntr¢la
298 3.9 1,478 39.7 87.5 72.3 25.9
Period 4~-Low Carotene
500B 645 768 §6.1 78.8 54.8 13.6
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possible exception of period four. In this period, however, only two
bulls are compared. There asppears in general a trend favoring the con-
trol group. In period 1 there iz a greater number of abnormal sperme~
tozoa and a lower percentage of live sperm in the low sarotene group.
‘In period 2 the control group has superior semen in all respects. In
period 8, on the other hand, the control group surpasses the low caro~
tene group in only the per cent live spermatoszos and 0 hour motility.

Bull 500B preduced a large volume of semn# at all tiﬁ»s, but
never of very high conecentration. The semen usually contained a large
number of abnormal spermatozoa. The most common sbnormality was tails
curled back over the headj see Plate VIII, pasge 51. Motility of the
gsemen of bull 500B was never very high in spite of maintaining a
reasonable live spermatoszoa percentage.

Bulls 200B) and 508B produced high quality semen for the majore
ity of the time they were under observation. The volume was low in the
case of 200By, but the concentration, abnormelity, live sperm end
motility was equal to the average for normal bulls and frequently above
the normal. Bull 503B generally produced excellent semen in all
respects.

The semen of bull 221B resembled that of bull 500B, but not
quite as abnormal. Bull 25628y wes quite erretic: in the quality of
semen production. On occasion his semen would rate excellent; while
frequently it would rate quite poerly. Bulls 4968 and 218B were
slaughtered before trends in guality of semen could be established.

Examination of Table IX shows only slight differences in the

quality of semen between the groups for the respective periods.
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Although the bulls have been grouped as clossly as possible by ages,
there remains considersble range in age of the animals within a peried
that could aceount for the wide variability in the semen quality
within a group and the leck of marked differences between the groups
within & period. The data do show the semen quality of the low carotens
animals dropping as the animals advance from period 2 to period 8. The
individual animals within the group, however, did net all respond in
the same manner. Bull 221B, for example, improved in motility both at
gero hours and after 168 hours storage. Concentration improved in
period 3 over period 2 in all cases with the low caroteme bulls.

An additional test of semen gquality used was the oxygen consump-~
tion of the semen as measured with s Warburg respirometer. Because of
the time involved in determining oxygen consumption only a limited
number of samples of semen were checked. The results for these samples
are presented in Table X in which the data is presented on the basis of
oxygen consumption per hour per 100 million live sperm and per milli~
liter of raw semen.

The differences between the control group and the low caro-
tene group in oxygen consumption per milliliter of semen and per 100
million live sperm are not statistically significant. The fact that
the low carotene bulls on the average respired at a higher rate than
the control bulls may be due to the stress under which the spermatozoa
are metabolizing due to the deficieney of the carotene which is known
to influence spermatogenesis. Bull BOBE respired at a rate far in
excess of the otgmr animals which agrees with other semen quality

tests in whish he was superior to the other low carotene bulls. The
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TABLE X
SEMEN RESPIRATION

Wieroliters of Og

per

Bull Samples Semen Live Sperm

(ne.) {ne.) (miliiiiter) {100 milliien)
Control Bulls

298 32 7640 549
200Bp 23 43.4 6.6
212B3 21 26.1 3.4
26482 18 46.8 5.4
‘.“ﬂs' 94 47.8 6.1

Low Carotene Bulls

2008 14 46.3 5.6
2218y 12 85.3 5.9
2628y 17 36.6 5.2
§00B 14 44.9 7.7
5038 13 180.6 10.6
Average 70 68.7 5.9
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stress under which he operated probably was quite severe since his
pituitary gland wae so oystic on autopsy. Wide variations in the res-
piration rate were noted frequently depending on whether the bull was

ecollected off the dummy cow or a live animal.
BREEDING EFFICIENCY

A limited number of cows were available to oheck the fertility
of the low carotene and control bulls. All cows were bred artificially
with the exception of 44 services in the case of bull 298, Semen in
egg-yolk eitrate diluter fortified with streptomycin and penieillin was
never more than 72 hours old. In ealoulating the efficiemcy of the
bull, the cows condition was disregarded. All services were used in
the caleulations. The efficiency of the eontrol and low carotene
groups is presented in Table XI. In the low earoteme group, bull 503B

had a very creditable breeding record; while in the control group of
bulls, 212Bg and 606Bg were rather poor in breeding efficienoy. The
difference in efficiency between the two groups is statistically
significant. |

Bulls 218B and 4968 were slaughtered before they were old emough
to have had many services. When he was four years old, bull 500B was
not bred to many cows sinoce his semen was of such low quality and his ‘
efficiency so low. This was also true of bull 221B.

In the control group, bull 506B was only about a year old when
the majority of his breedings were made which may aceount for his low
efficiency. 212Bg on the other hand was used mostly when he was about

18 months of age or older. Bull 29B was bred to 44 cows in natural



TABLE X1

BREEDING EFFICIENCY OF BULLS
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Animal Cows Bred Services “Pregnancies Efficiency
(no.) (no.) (no.) {neo.) %)
Low Carotene Animals
2008y 31 45 14 31.1
2188 4 11 ] 45 .4
2218y 29 42 11 26.2
256283 19 21 9 42.8
496B F] ] o 0
500B 19 30 6 20.0
503B 48 62 25 48.1
Total 156 206 70 33.98
Control Animals

498 81 128 69 53.9
200Bg 17 26 11 42.3
21284 23 27 10 37.0
26482 17 21 12 57.1
4938 51 81 46 56.5
5068 15 16 5 38.3
49&33 % 124 856 52.4
Total * 279 422 217 51.4



77
service and had an efficiency of 1.69 services per conception after he
had been biopsied in the right testicle. Although the data presented
in Table XI are not conclusive, they do at least indicate the bulls
were not sterile. Bull 496B was not bred to sufficient cows to pro-

nounce him sterile.
FEED UTILIZATION AND TISSUE RESPIRATION

Observing during the course of the study that animsls on & low
carotene ration when returned to a normal ration did not respond in
milk production to a diét of irrigated pasture, grass silage and alfalfa
hay, and when added quantities of either carotene or vitamin A were
administered that the blood, liver and milk-fat carotene and vitamin A
values did not increase proportionately, two digestion trialq and a
series of tissue respirometer studies were conducted with low carotene
and control animals.

The first digestion trial was run with a peir of identical twin
Jersey cows that were milking and had been on a normel ration all their
lives, Holstein cow 553 who was late in her first lactation on a normal
ration and Jeraey’oow 252 who was dry after her soéond lactation which
was on the normel ration. The fleed used in the first trial was alfale
fa-grass silage (50 per cent alfalfa) preserved with 100 pounds of
dried molasses beet pulp per ton of green material ensiled. Table XII
gives the dry matter consumed and the digestion coefficients of the
various ingredients together with the digestible protein and total
digestible nutrients on the "as fed" basie.

Averaging the two controls and the two low carotene animals it



TABLE X1I

DIGESTION COEFFICIENTS

As Fed
Dry Hatter Dry Crude

Animal Consumed Matter Protein Fat Fiber NFE D.P. TDN

(mo.) (Ibs.) (%) %) ) &) &) 9] )

Alfelfa-Grass Silage (100f beet pulp)
761 763 66.7 67.3 56.5 64.3 63.9 1.34 17.32
162 76.3 85.3 54.4 64.1 66.5 60.3 1.27 16.84
262 64.9 66.4 50.4 66.0 68.1 71.0 1.18 18.51
563 133.4 66.4 B2.8 687.8 69.9 89.5 1.59 18.86
Average Control 65.5 56.8 60.2 86.4 62.1 7 1.386 17.83
Low Carotens 66.4 51.6 66.4 68.2 70.2 1.30 16.98
Low Carotene Alfalfa, Tualatin Gress Hay

TLl 50.7 56.9 680.8 22.0 54.2 85.5 Tud 52.7
T2 52.1 57.3 60,1 26.2 54.8 64.4 Tel 52.4
250 60.2 56.2 61.7 25.3 56.2 62.5 7.3 652.8
266 48.5 53.3 57.4 23.8 52.5 60.8 6.3 47.4
Average Control 67.1 60.5 24.1 54.5 64.9 7.1 52.6
Low Carotene 6533 67.4 23.8 52.5 60.8 6.8 49.8

84
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is found that the coefficient of digestibility of the dry matter is
nearly the same end the digestible protein and total digestible nutri-
ents on the "as fed" basis differ only slightly. There is considerable
difference, however, in the coefficients éf digestibility of the fat,
fiber and nitrogen free-extract in favor of the low cerotene cowss
while protein is digested by the control group more efficiently.

In the second digeétiun trial the low carotene hay of 1953,
alfalfa and Tualatin oat grass, was used. Two dry identical twin
Jersey heifers, TL1 and TL2, were used as controls; Jersey cow 250 that
had never been on & normal retion and Jersey cow 266 Hpt had been on
the low carotene ration until her second lactation and then placed on a
normal ration were the low carotene animals. After six months on the
normal ration cow 266 was returned to the low carotene ration for three
weeks prior to being used in the digestion trial. The data for the
second digestion trial are also presented in Table XII. Cow 250
digested the dry matter as efficiently as the control heifers; while
cow 266 did not. Digestible protein and total digestible nutrients on
the "as fed" basis were the same for TL1, TL2 and 260, but were lower
for cow 266, The lower digestion coefficients of all factors for the
low carotene group are a result of the low values for cow 266.

Comparing the date from these two trials and for these two feeds,
it may be said that there is no significant differemce in the effi-
clency of digestion between the low carotene animals of this study and
normal animels.

S8ince metabolism of tiéauos may be measured by oxygen consump=

tion of the tissues and metabolism is a funetion of feed utilization,
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selected tissues from five low carotene nnimals and two control ani-
mals were used in a Warburg respirometer to measure oxygen uptake.

The tissues and the oxygen consumed per milligram of dry tissue are
presented in Table XIII.

The tissues at the time of slaughter were placed in Ringers-
phosphate solution and brought to the leboratory and within one hour
of slaughtering oxygen uptake was being measured. The differences in
tissue respiration do not appear to be great with the exception of the
small intestine which shawedba real difference in favor of the control
animals. Also shown in Table XIII is the indication that the respira=-
tion of tissue of the testicle at the biopsy site was not materially

less then from other areas of the testicle.
HISTOLOGICAL FINDINGS

All the bulls on the low carotene ration were slaughtered and
the tissues of the pituitary, thyroid, adrenal and testicles were fixed
in Bouin's solution within 30 minutes of killing. After imbedding,
slicing and staining with Harris Hematoxylin, the tissues were examined
for normality. Low carotene bulli 567B was slaughtered at four months
of age, 267B)] at ten months of age and bulls 218B and 4968 were
si;ughtérod at 16 and 18 months of age, regpectively. The other bulls
on the low carotene ration were slaughtered when they were two and one-
half years old or older.

The tissues of bulls 218B and 496B were essentially normal with
the exception that the testicles showed slightly reduced spermatogensis

for young bulls and the pituitary gland of 496B showed evidence of



TABLE XIII

TISSUE QOg VALUES

(Per wg. of Dry Tissue)

Hight Left
Animal Intestine Liver Pituitery Lef%t Right Left Right Testicle Testicle Ration
no. at Adrenal Adrenal Testicle Testicle Biopsy Biopsy
Jejunum ‘ Site Site
503B 1.68 0.73 0.97 1.34 1.04 2.12 1.02 Lowr
Carotene
200B1 0.49 0.44 0.95 1.23 1.06 1.24 1.23 0.50 Low
Carotene
5008 1.40 0.75 0.94 0.83 0.88 0.74 Low
. Carotene
221B 0.93 .0.70 1.286 1.48 1.53 Low
Carotene
252 1.53 1.19 Low
: Carotene
Go. 4,31 0.72 0.93 1.40 0.97 Control
493Bg 5.79 0.70 0.34 0.48 0.91 1.00 1.66 Control

18
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maltiple small cysts of 10-20 microns in diameter in the pars nervosa.

Bull 500B, which went blind et 16 months of age on slaughter at
four and one~half years of age showed in both testicles the inter-
stitial tissue reduced to strips of fibrin with the cells of Leydig
reduced in number and those that remained showing evidence of nueclei
degeneration. The basement membrane of the seminiferous tubules
appeared thickened with the Sertoli cells showing slight degenerstion.
There was only mild spermatogenesis. Plates IX, X and XI show a
degénnration of the testicle of 500B. Plate IX shows the testicle
biopsy at 16 months of age. Plate X shows thé slaughter apeeiﬁen of
the testicle at four and one-half years.. Plate XI shows the testicle
at the biopsy site.

It is apparent that not too much damage could have resulted
from the biopsies since Plate XI of the biopsy site is very little
different from the slaughter specimen which was taken far removed from
the émﬂll fibrous area of the blopsy. The pituitary gland of bull
500B was not available for exemination since it was destroyed by the
bullet used to kill the animal. The adrenal glands showed a condition
similar to that shown in Plate XII, although not as severe. Inter-
penetration of medulla and the cortex by each other was evident. There
was slight evidence of mucoid degeneration of the glomerulosa with a
slight pyknosis of the cells.

Bull 221B was slaughtered at about four years of age and on
macroscopie examination appeared normel. Mioroscopie examination of

the testicles revealed a similar condition to that found in bull 500B,

though not quite as severe., The interstitial area appeared normal.
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Biopsy specimen of left testicle of low carotene
Holstein bull 500B at 16 months of age

Slaughter specimen of left testicle of low carotene
Holstein bull 500B at 4} years of ege



PLATE XI

Biopsy site of left testicle of low carotene
Holestein bull S500B at time of slaughter

PLATE XII

Left adrenal gland of low carotene
Jersey bull 221B
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The adrenal glands of 221B were sbnormal, as shown in Plate XII.
The capsule mppeared thickened. The glomerulosa showed mucoid degener-
ation with pyknotic cells. The reticularis appeared normal with slight
mononuclear infiltration from the medulla towards the periphery of the
gland. The zona fasiculatis was reduced in size to being absent in
aress. The cells of the medulla showed evidence of pyknosis and mucoid
degeneration. The pituitary gland of 221B was essentially normal with
evidence of minute cysts in the pars nervosa and pars distalis.

Bull 200B;, when slaughtered, appeared normal in all respects.
The testicle showed slight degeneration of the seminiferous tubules and
reduction in spermatogenesis. The pituitary gland appeared normal as
were the adrenals except for a slight invasion of the medulla by the
cortex.

Bull 503B, on slaughter, showed adhesions of the thoracic cavity
with the lungs fu;otioning at about.ss per cent efficiency. Bull 503B
had testicles similar to 500B, but not as severely demaged. There was

more interstitial tissue, but a reduction of Leydig cells. The lumen

of the seminiferous tubules contained considersble tissue debris.
The pituitery of 5035, Plate XIII, consisted almost entirely of
8 oyst. Approximately 15 per cent of the pituitery glend appeared
to be functioning with the majority of the anterior pituitary being
‘ eystics The adrenal glands of 503B were essentially normal.
Maeroscopically, bull 252B;, a third generation low carotene
animal, appeared normal in all respects. Microscopically, the pitui-
tary gland of 252B) showed e cyst between the'para nervosa and the pars

distallis approximately 40 microns wide and 350 microns long; see Plate

o |
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PLATE XIII

Cystic pituitary of low carotene
Holstein bull 503B

PLATE XIV

Cystic pituitary of third generation low carotene
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XIV. The adrenal glands showed evidence of small ocysts eight to 100
miorons in diameter in the zona fasiculatis and mucoid degeneration of
the mn&ulla. The testicles of 252By appeared essentially normal, but
with slight degeneration of the basement membrane of the seminiferous
tubules and a reduction in spermatogenesis.

Third generation calves 5578y @nd 267B1 on slesughter appeared
normal in all respects. Mieroscopically, the only abnormal condition
found in the tissues examined wae multiple minute eysts in the pars
nervosa of both animals; see Plate XV.

Cow 250, when slaughtered, showed no observed macroscopic abnor-
malities. llcroscopically, no unusual histological picture could be
established with the exception of possible minute cyets in the pitui-
tary and ovaries that appeared slightly insctive @s indicated by the
lack of developing follicles and a small number of corpus albicans.

Cow 252, when slaughtered, showed a large tumor on the right
side in the flank area, otherwise she appeared normal. All organs and
tissues examined mieroscopiecally appeared normal.

' Cow 253 was normal in all respects except for an acute mastitie
mammary:gland. On mieroscopic examination the tissues obéervedeere
normal with the exception of the right adrenal which showed s small
eyst in th& medulla.

Blind 6ow 255 appeared normal on slaughter. Mieroscopically,
the tissues examined appearod normnllexeept for small eysts in the pars
nervosa of the pitultary gland and apperent inactivity in the ovaries.

The calves born dead or so weak that they were autopsied shortly

after birth on examination showed normal tissues except for the optie
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PLATE XV

Cystic pituitary of third generation low carotene
Holstein bull 657By when slaughtered at 4 months of age

PLATE XVI

Left optic nerve of low carotene
calf G-8 showing necrosis
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nerves at the point passing through the optic foramen where necrosis of
greater or less degree was evident, as shown in Plate XVI.

Control bulls slaughtered appeared normal in all tissues exam-
ined. Plates XVII and XVIII show the biopsy and slaughter specimen of
the right testicle of control bull 298 end Plates XIX and XX uhaw.the
macroscople effect of the biopsy technique. Thege plates are evidence
that the biopsy of the testicles was not responsible for the degenera-
tion of the testicles seen in the low carotene bulls when slaughtered.

The thyroid glands of all animals slaughtered appeared normal
on macroscopic examination and showed no ebnormalities when checked
microscopically.

The histologioél findings on thoﬁe tissues examined of the low
carotene group were in agreéement in respect to the testicles and
pituitary gland with the findings of other investigators (21, ppe 764~
778; 89, pp.669-675; 45, pp.689-690). Apparently the low carotene
ration at either 50 micrograms of carotene per kilogram of body weight,
90 micrograms per kilogram of body weight, or 130 micfograms of caro=-
tene per kilogram of body weight will affect the testicle or pitultary
gland of the offspring of animals receiving this carotene intake,
depending, to some extent, on the length of time the animel has been on
the low carotene ration; i.e., whether the animal is a second or third
generation low carotene animal. The effect of these carotene intakes
is similar to what is reéegnized as 8 distinet carotene or vitamin A
deficiency. In the second generation low carotene animals, degenera-
tion of the seminiferous tubules and reduced spermaetogenesis together

with eystic pituitaries was noted when the carotene intake had been
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PLATE XVII

Biopsy specimen of right testicle of control
Jersey bull 29B at 16 months of age

PLATE XVIII

Slaughter specimen of right testicle of control
Jersey bull 298 at 5 years of age
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PLATE XIX

Right testicle of control Jersey bull 29B
showing adhesion at site of biopsy

PLATE XX

Right testicle of control Jersey bull 29B
Showing lack of testicular damage at biopsy site
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inecreased to 130 micrograms of carotene per kilogram of bedy weight.
The third gemeration bulls, 267B) at 10 months of ege and §57B; at four
months of age showed evidence of vitamin A or carotene deficiency even
though they received 390 micfagrums of carotene per kilogram of body
weight and 130 micrograms per kilogram of body per kilogram of body
weight, respectively. The pituitafy gland of both animals showed evi-
dence of small cysts. The testicles had not developed in 557By to show
any effeet, but 267By showed evidence of lack of development. Thus it
would appear that recommended vitamin A or carotene allowances for
dairy cattle will require modification depending on the length of time
the animal has been axPoséd to & low carotene diet, or whether the
animal might be a second or third generation individual exposed to the
low carotene diet.

Pathological syndrome of the adrenal gland is unusuel in animals
suffering from what is supposed to be only e vitamin A and/or carotene
insufficiency. It is possible, however, that the vitamin A and/br
carotene deficiency affected the pituitary gland to sueh an extent &
that the balance of adrenotropic hormones of the anterior pituitary has
altered. fha changing of the adrenotropie hormone balance might so
affect the edrenal glands as to bring about such cellular disturbances

observed in the adrenal glands of animals 221B, 252B1 and 253.



SUNMARY

This study has shown that the carotene requirements of dairy
cattle for gfawth and reproduction are considerably imcreased, depend-
ing on the length of time the individual and her dam have been exposed
to a sub=-optimum ecarotene intake. It has been demonstrated that
females raised on a normal ration, but exposed to a reduced carotene
intake for the labter months of their pregnency, produced normal,
healthy calves, but calves that were ccnsiderably below normal in
weight et birth. When these calves, after a normal milk feeding period,
were placed on the same low carotene level as their dams had received
during the latter months of pregnancy, they did neot grow as rapidly as
& comparable group of calves on a normal ration,

The study has shown that females maintained on a retion supplying
50 mierograms of carotene per kilogram of body weight and from dams
which had received 50 micrograms of carotene per kilogram of body
welght during the latter months of pregnancy were not able, on the
average, to produce normal calves. When the.carotene intake was raised
to 90 miorograms of carotene per kilogram of body weight, the reproduc~
tive performance of the females was but little inmproved. ihen the
carotene intake was further increased to 130 micrograms of carotene
per kilogram of body weight, there was no improvement in reproduetion
as measured by the uniformity of estrous cyeles. Completed reproduc-
tion date is not yet aveilable.

Eilk and butterfat production of the low carotene cows, when

receiving 90 or 130 micrograms of carotene per kilogram of body weight,



was hardly 50 per cent of the expected. iihen some of the cows were
returned to a normal ration of irrigated pasture or alfalfa hay and
grass silage, milk and butterfat production did not markedly improve,
.indicating thet some factor(s) in the physiology of milk secretion hed
been severely affected by the prenatal end postnatal exposure of the
animal to the low carotene ration for an extended period.

With males the influence of the carotene inteke does not appear
to be as eritical as with females. Semen quality deteriorated with
advancing age regardless of an inereasing carotene intake, indicating
that the length of exposure to a low carotene ration of the animal,
itself, or its ancestors influenced its reproductive performance as
mnﬁaured in the case of males by semen quality and breeding efficiency.

This study emphasizes that the only true measure of semen
quality is fertility. Notwithstanding the emall differences in semen
quality between the low carotene group and the control group of bulls,
there was a significant difference in the breeding efficiency of the
two groups with the control group far exceeding the low carotene group.

Blood, liver and milk fat analyses suggest that animals in the
second and third gemeration on a low carotene ratioﬁ require a consid~
erably higher intake of carotene than recommended by the Hational
Research Council (68, pPe6) in order to maintein the blood, liver and
milk fat at values approximeting the higher values found with normal
animals. The data suggest that 130 micrograms of carotene per kilogram
of body weight which is the equivalent of the 60 milligrams per 1000
pounds of body weight recommended by the National Research Couneil for

growth (68, p«6) is not sufficient to maintain the liver values of
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vitamin A at & normal level..

Although the animals on low carotene made no marked response to
either a normal retion or large intakes of carotene, the efficiency of
digestion of major feed constituents as measured during two digestion
trials does not seem to have been altered. Low carotene enimals
digested grass silage and low quality hay as well as normel animals.

Blood values of carotene and vitamin A in this study should be
considered with & great deal of caution as an indication of an animal's
nutritional status with respect to vitamin A. Simply because the blood
carotene and vitamin A velues of an animal are high does not meen that
the liver carotene and vitemin A values will be high.

The study also suggests that good quality green alfalfa hay of
30 to 40 p.p.m. carotene is unsatisfactory in maintaining blood caro-
tene and vitamin A values as high as with animals receiving grass
silage or irrigated pasture and by no means maintains the liver ocaro-
tene and vitamin A velues near the higher velues of aﬁimals when on
irrigated pasture or grass silage.

Neither 260 or 390 micrograms of earotene consumed per kilogram
of body weight is sufficient carotene when supplied to eithef & second
or third generation low carotene animal to maintain liver vitamin A
near what might be considered a normal liver value.

The semen and the small intestine of the low carotene animals
respired at a lower rate than the control enimals. However, these
differences were not statistically significant.

Histologieal analyses of the tissues of the low carotene animals

slaughtered indicated that the carotene intakes resulted in cystie
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pituitaries in mature animals and young calves. Degeneration of the
testicles and reduction in spermatogenesis was evident in the low caro-
tene bulls,

A pathological syndrome of the adrenal glands was'noted in the
sdrenal glands that might be associated with the long-time exposure of
the animal to low levels of carotene.

Pregnant cows fed the low carotene ration produced dead or weak
calves that showed degeneration of the optic nerves and corneal opacity
suggesting that levels of 50, 90 and 130 micrograms of carotene per
kilogram of body weight is insufficient for the production of normal,
healthy celves. Associated with the eye condition of a number of
calves was & hydrocephalic condition that might be attributed to the
low carotene status of the dam.

It eppears from this study that the longer the animal is exposed
to & low carotene ration the higher the carotene intake must be in
order to maintain normal physiological functions. This study suggests
that adequate carotene and/or vitamin A should be supplied dairy cattle
for normel growth, well-seing, reproduction and production, and that
the critical period of the individual is during prenatal and early

postnatal life,
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