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LEVELS OF CAROTENE AND VITAMIN A IN
BLOOD AND COLOSTRUM OF HEREFORD
AND ABERDEEN=-ANGUS CATTLE

INTRODUCTION

One of the most iImportant vitamins discovered and
investigated to date in terms of its fare-reaching effects
on animal metabolism 1s vitamin A, All its functions in
the animal body are not completely known, but the broad
significance in animal metabolism of vitamin A and its
precursors is realized. A most important role of vita=-
min & is in the visual cyele, yet this is perhaps not
its principal activity.

Information 1s not avallable to allow accurate esti=-
mation of the monetary losses suffered annually by stock=
men, cattle feeders and farmers due to avitaminosis A. |
Madsen and Earle (30, p.61l7) observed that 651 beef
carcasses were condemned for generalized edema or ana=
sarca, one symptom of vitamin A deficiency, by federal
meat inspectors from July, 1941 to December, 19Lb.
Moreover, Madsen (29) unofficially places the loss
from anasarca during the 1947-1953 period at 208l head.
These figures may be mlsleading by inferring that all
anasarca losses are due to vitamin A defilciency. This
has not been proven, but anasarcs has been developed on

low vitamin A diets and, in most cases has been cured by



feeding carotene and vitamin A. Numerous other losses
from vitamin A oécur, but detailed statistics are not
available. A percentage of calf losses at cealving time
can surely be attributed to the deficiency. Deaths of
calves from diarrhea and pneumonlia may be partly caused
by avitaminosis A. In sddition, widespread monetary
losses from vitamin A deflclency may be attributed to
reproductive fallure in males and females, general un-
thriftiness and "poor doing". Such losses, because of
thelr very nsture are difficult to classify or estimate
accurately, yet they may well be important litems to the
livestock industry. Vitamin A deficiency has been
demonstrated experimentally in almost &ll species of
farm enimals, from the newborn chick, calf or pig to
mature animals and has been linked with vision, growth,
reproduction, lactation and general health.

Visual troubles have been observed in two or three
Aberdeen-Angus calves for the past several years in the
beef cattle herd at Oregon State College. A detailed
dlagnosis of one Angus calf exhiblting this condition is
presented 1n Appendix A. Since no similér disturbances
have been evident in the Hereford calves of the herd
this study has been initlated to investigate the carotene
and vitamin A values of blood plasma and colostrum of the

cows and of the blood plasma of calves of the two breeds.
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Breed comparisons of these items are not numerous in the
literature, and it was felt that knowledge of the caro=
tene and vitamin A levels in these anlimals might be
worthwhile apart from the possible implication of visual
impairment,



REVIEW OF LITERATURE
General Aspects of Vitamin A and Carotene Nutrition

A wealth of iInformation may be found in the litera-
ture on the role of vitamin A in higher vertebrates. An
exhaustive search on the subjeet of vitamin A is far be-
yond the scope of this thesis, which will be confined to
some implications of vitemin A in the nutrition of the
domestic ruminant animals with particular emphasis on
beef cattle. Much of the work done on vitamin A in
ruminants has been concerned with dairy cattle, therefore
some reference will be made to them.

A description of the chemistry of vitamin A may be
found in most blochemlstry and nutrition texts, e.g.,
Peterson and Strong (L1, pp.203-210), Fruton and Simmonds
(15, pp+901«903) and Maynard (33, pp.182-187).

The classical postulation of Thomas Moore which
suggested that betaecarotene was converted to vitamin A
prineclpelly in the liver has undergone revision in the
past decade, Laboratories in America and Great Britain
have not completely ruled out the liver as & carotenolid
conversion site, but the intestinal wall is the only
tissue that has been conclusively proven to be involved

in this process.
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Studies in vivo and in vitro on the liver as a site
in carotenoid conversion by number of investigators
(58, pp.85-88), (9, pp.1342-1347), (10, pp.236-2}2)

(L, PP+299-319) have shown conflicting results. Bessey
and Wolbach (3, pp.2072~2080) stated in a review that
while no direcet proof was available, circumstantial evi=-
dence sugpested the liver as the site for carotene cone
verslon.

Mattson, Mehl and Deuel (32, pp.65-73) fed cerotene
ih oil to vitemin A deficient rats and concluded that the
intestine was the site of conversion., Analyses showed
that vitemin A appeared in the intestinal wall within
1.5 hours but none was observed in the liver until 2.75
hours, The amount in the intestine was greater than in
the liver during the first {our hours. Wiese, Mehl and
Deuel (57, pp.75~79) demonstrated intestinal conversion
in vitro. Glover, Goodwin and Morton (17, pp.512-518)
also observed vitemin A in the intestinal walls of rats
following high carotene intakes. Elliot (1L, pp.711=712)
noted vitamin A increases in the blood draining the small
intestine of anesthetized dairy calves. Klosterman,
Bolin and Light (2}, p.62ly) found no traces of vitamin A
in the intestinal walls of sheep unless dletary carotene

was present., Control animals on low carotene diets, with



adequate vitemin A stores, had no vitemin A in the intes-
tine. They concluded that the intestinal wall was the
slte of conversion.

Ronning and Enodt (l;3, p.290) noted in dairy cslves
that the most sctive absorption of vitamin A takes place
in the upper twoethirds of the small intestine. The con=
centration of vitamin A in the digestive tract was lowest
in this area after the adminlstration of vitamin A.
Mucous tissue in this area showed a greater concentration
of vitamin A than elsewhere. There was a highly signifie-
cant correlation between the concentration of vitamin A
in the blood plasmes and in the mucous tissue of this area
after a single administered dose. Limited absorption was
observed in the lower one-third of the small intestine
and iIn the large intestine,

- A most common symptom observed in vitamin A dew
ficient animals 1s "night blindness" or the inability to
see in dim light. Guilbert and Hart (18, pp.}09-L27)
state that night blindness is the first detectable clini-
cal symptom of vitamin A deficiency and constitutes a
delicate index upon which minimum requirements may be
based, The Importance of vitamin A snd its precursors in
the visual cycle is fully realized and a great deal of
literature may be found on this subject. Wald (53, p.73)
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notes that the visual functlon of vitamin A is the only
physiological activity of vitamin A that is at all under-
stood. The visual pigment relationships involving rho=-
dopsin, porphyropsin and iodopsin have been clearly oute
lined by Wald (53, p.74)e Guilbert and Hart (18, pp.09-
,27) observed that about 225 days are required to deplete
vitamin A reserves before night blindness develops.

Rigegs (42, p.491) states that wide variation exists in
the time for depletion to occur and for night blindness
to become apparent. He found the time for depletion of
yearling steers was from 128 to 266 days while in calves,
the range was from 101 to 206 days.

The importance of vitamin A and its precursors in
the reproduction of ruminants has been noted by a number
of authors, e.g., Brody, Cunha, Warwick and Evans, Hart
and Gullbert, Hodgson, et al. and Lindley, et al. Brody
(7, p.118) states that there is an absence of spermatazoa
and a degeneration of the germinal epithelium of the tese
tes following severe avitaminosis A. Cunhs, Warwick and
Evans (8, p-hl5) observed very little difference in re=-
productive abllity of ewes on high vitamin A rations and
those on a deficient ration. Lindley, et al. (27, pp.601-
602) studying the effect of vitamin A deficlency on the

quality of ram semen found that there was production of



normal semen and also normal growth and normal blood plase
ma vitamin A levels in rams that were on a ration supple=
mented with 20,000 I. U, of vitamin A daily. Rams on
unsupplemented rations developed vitamin A deficiency
symptoms after periods of seven to twenty-one weeks.
Vitamin A plasma levels and semen quality were low in the
unsupplemented group. Hodgson, et al. (22, pp.685-636)
observed, in studlies on fertility in young dairy bulls,
that bulls on a ratlon deficlent in vitamin A showed a
high percentage of abnormal sperm, a high pH of the semen
and low storage qualities of the semen., A degeneration
in the epithelium of the seminiferous tubules was also
noted. These investigators state that gross vitamin A
deficiency symptoms are likely to appear before there is
severe impairmenﬁ in reproductive performence. Madsen,
et al. (31, pp.391-392) observed that sexual activity

and ability in beef bulls decreased rapldly as vitamin A
deficiency progressed. Payne and Kingman (40, pp.50=55)
noted that firstecalfl range helfers must have higher
blood plasma carotene levels then aped cows to avold
clinical symptoms of carotene deficiency-nutritional
abortions and retained placentas, Retention of placentas
was also observed by Wise, et al. (59, pp.502-503) in
dairy cows. Hart (20, p.263) states that cows on a



vitemin A deficlent ration during the early months of
pregnancy only may give rise to permanently blind, but
otherwise normal calves.

Vitamin A, in the past, has been termed the antie
infective vitamin, but the terminology seems to be passe.
Eichhorn, Sarles and Ellis (13, p.l51) hypothesize that
the increased susceptibility to diseases in vitamin A
deflcient animals may be due to the changes in the
epithelial tissues, both internal and external, by the
substitution of normal tissues with horny or keratinized
tissue. These changes occur in the genitourinary, res-
piratory and alimentary traets, the glands of the throat,
ear and eye., They state that this keratinization ine
creases susceptiblility, but does not necessarily de~
crease immunity.

Wald (53, p.73) states:

It 1s not enough to recall that animals

deprived of vitamin A stop growing and

eventually die, and neither as the ree-

sult of night blindness. Vitamin A must

play some very general role in cellular

metebolism or structure, a role perhaps

particularly associated with epithelial

cells, since these undergo such marked

changes early 1n vitamin A deficiency.
Wolbach and Bessey (60, p.23lL) regard epithelial tissue
changes in vitamin A deficlency as the most characteristic

consequence. These changes appear regardless of age
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and, presumably, in all vertebrates.

Though the concentration of vitamin A investigations
has been on the subjects of vision, reproduction and
epithellal tissue transformations, studies have been
conducted to some extent on the effect of vitamin A on

growth, urolithissis and bone and teeth formation.
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Levels of Vitamin A and Carotene in Ruminants

Three methods are used extensively in determing
the state of vitamin A metabolism in the animal bodye.
These are the determination oft (1) Blood plasma levels
of vitamin A and carotene, (2) 1levels in samples obtaine-
ed by liver biopsy, and (3) cerebrospinal fluid pressures.
Of the three, blood levels are probably the most widely
used at the present time, but liver levels and cerebro-
spinal [luld pressures have been investigated to a con-
siderable degree.

Moore, Berry and Sykes (3l, pp.6L9«658) state that
spinal fluld pressure measurements in calves are a
eritical method for showing adequate or inadequate caro-
tene intake, They found that blood plasma vitamin A and
carotene values will not distinguish between carotene
intake variations of 62-72 micrograms per kilogram body
welght, but plasma carotene and vitamin A may distinguish
carotene intakes from L)i=75 micrograms per kilogram.
Moore and Sykes (36, pp.68l-689) observed that avitamino-
sls A in the young bovine resulted in increased cerebro=-
spinel fluid pressure. Vitamin A deficiency symptoms and
low blood plasma carotene were correlated with spinal
fluld pressure increase. (Calves on a low carotene ration

showed a decrease in blood plasma carotene and a
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concurrent increase in spinel {luld pressure from 100
millimeters saline, which was noted on an adequate caro=
tene intake, to 250«300 millimeters of saline. Upon
carotene supplementation, blood plasma carotene lncreased
and spinal fluid pressure decreased to about 150 milli-
meters of saline. Moore and Sykes (37, pp.436=l39)
showed that calves on a low carotene ration had spinal
fluid pressure values of [00~600 mm. saline - four to six
times normal values. These values were obtained at the
terminal stage of vitamin A deficlency: diarrhea, lack of
appetite and moribund state. Moore, et al. (35, pp.533~
538) state that cerebrospinal fluid pressures greater
than 120 millimeters saline are beleived to denote vita=
min A deficiencye.

Vitamin A and carotene investigations of the liver,
the major storage site of vitamin A in the animal body,
may give an accurate measure of vitemin A metabolism. A
copious amount of literature may be found on liver studies
in laboratory and farm animals. Lewls, ot al. (26, pp.
351=363) observed thait when rats were placed on vitemin
A free dietQ, blood plasma vitamin A concentrations
remained high in rats with high hepatic stores, but fell
rapidly in raets with low liver vitamin A storage. Krause
(25, pp«535-542), working with rats, found inverse
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relationships existing between blood plasma vitamin A and
liver vitamln A concentrations. When total liver vitamin
A content fell below 600 international units per total
liver, a parallelism was found to exlst between blood
plasma vitamin A and liver vitamin A concentrations.
Sobel, et al. (L6, p.236) found no definite relationship
between serum vitamin A levels and liver storage in rat
studles,

Liver bilopsy methods for cattle have been developed
whereby a small sample (usually 0.3 to 0,8 grem) of
liver may be obtalned for vitamin A and carotene analysis,
Whitehalr, et 8l. (56, pp.285-287) end Bone (L, pp.747-
752) have presented techniques for liver biopsys.

Thomas, Gallup and Whitehair (50, pp.372-378) in
a carotene and vitamin A investigation with Hereford
cows found no definlte constant relationship between
hepatic vitamin A and thet found in blood plasma., Simi-
lar results were noted by Gellup, et al. (16, pp.715-
721) and by Beker, Pope and MacVicar (2, pp.802-807).
Thomas and Moore (51, pp.687«692) state that blood plasma
vitamin A levels do not give relieble estimates of liver
storage or carotene intake in rachitic dairy calves or
in celves on a semi-synthetic milk regime.

Eoyer, et al. (5, pp.433-}),0) state that blood

plasma vitamin A is a more delicate measure of the



1l

vitamin A nutrition of an animal than either blood plasma
carotene or growth. These writers found that blood plasma
levels of vitamin A of 10 micrograms or more pér 100
milliliters of blood plasma were necessary for adequate
vitamin A nutrition of the growlng dairy calf. Vitamin

A plasma levels of 7 to 8 micrograms ver cent were termed
borderline levels., An insdequate vitamin A nutrition

was found to exlst below these latter levels., Daily
intakes of vitamin A which would maintain deficient,
borderline and adeguate blood plasma levels were H, 12
and 18 mlerogreams per kilogram body weight, respectively,
Cerotene blood plasma levels which would maintain ade-
quate vitamin A plasma levels were 50-70 micrograms of
carotene per 100 milliliters of blood plasma for Holstein
calves and 100-1l0 micrograms per cent for Guernsey
calves,

Davis and Madsen (12, p.lL5) observed that carotenc
and vitamin A blood plasma levels were dependent, but net
directly correlated with intake and liver storage., Caro=
tene levles were dependent upon cerotene intake in a
carotene and vitamin A4 depleted animsl. Blood plasma
vitamin A was found to be closely related to plasma caroe
tene content. Beef heifers of the Hereford and Shorthorn

breeds produced normal celves on a ration providing 60
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micrograms per kilogram body weight of carotene daily.
Heifers on 30 and 45 micrograms per kilogram body welght
produced vitamin A deficient caelves. The heifers on this
carotene level, however, remained normal.

Phosphorus, according to Gallup, et al. (16, pp.715=~
721), has an effect on carotene and vitamin A metabolism.
Steers whose phosphorus and vitamln A reserves were
depleted, were placed on a low phosphorus but high (10
times the minimum requirement) carotene retion. Blood
plasma carotene levels were consistently higher in the
steers on a low phosphorus plane compared to a phosphorug=
supplemented control group. Average plasma carotense
levels were 119 micrograms per cent for the low phosphore
us group and 76 micrograms per cent for the control
groups Blood plesma vitamin A levles were 17 and 22
micrograms per cent, respectively. A decrease in the
storage of vitamin A in the liver was also indicated in
the low phosphorus ration. A briel examination of une
published phosphoruss=carotene data obtained at the
Squaw Butte Harney Experiment Station at Burns, Oregon,
seems to show no consistent relationship between blood
plasma levels of phosphorus and of carotene in Hereford
cows. Thomas,Gallup and Whitehair (50, pp.372=378)
found plasma carotene levels to be generally higher in

phosphorus=deficient cows than in cows fed adequate
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phosphorus, Plasma vitamin A was found to be unaffected
by phosphorus deficlency.

Baker, et al. (1, pp.571=574) present blood plasma
carotene and vitamin A levels obtalned before and after
parturition in Hereford cows on different levels of
carotene supplementation. Four lots of two year old
Hereford cows were on a low carotene ration of cotton=
gseed meal, ground milo, dried beet pulp, cottonseed hulls
end wheat straw or dry weather range gress. Lot I re-
celved no carotene supplementationi Lot II received caro-
tene during lactatlion; Lot III supplemental csrotene
during gestation and Lot IV supplemental carotene durlng
gestation and lsctation. Table 1 shows the values obtaine
ed by these authors.

Table 1 Blood plasme carotene and vitamin
A velues. Micrograms per 100

milliliters.

Plasma vitamin A Plasma carotene
Lot 3 months At 3 months At
No. prepartum parturition prepesrtum parturition
I 8.3 11.3 11.6 11.8
X1 847 15.1 12.9 10.
III 10.1 16.3 g+ P § 23,
1v 1.2 16,3 25.8 5

Plasme carotene and vitamin A levels reflected carotene
supplementation, but these average values do not approach

the levels observed by Long, et al. (28, p.10)
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investigeting blood compositlon of normal beef cattle.
Thomas, Gallup and Whitehair (50, p.375) show blood
plesme carotene at parturition in mature Hereford cows to
be 165 microgrems per 100 milliliters while plasme vitae
min A levels were G.3 micrograms per cent. DBeaker, Pope
and MeeVicar (2, p.805), in en experiment similer to
that by Baker, et al. (1, pp.571=574), but differing in
time of experimental inltiastion, present blood plasma
carotene and vitamin A velues at one month prepartum and
at parturition, Two year old Hereford cows who had calved
the prevlious summer were started Qh a carotene study in
November., Mour lots received a low carotene ration and
carotene supplementation, ss cited above (1,pp«571=57L).
Table 2 deplcts levels observed in this Ilnvestigation,
Table 2 Blood plasms carotene and vitamin

A levels. Milerograms per 100
milliliters,

Tot 5 months 1 month At par= Lacta=

Item No. prepartum prepartum turition tion 1 wk.
Plasma I 32.5 25.0 17.3 1&.%
vitemin A II 30.0 .1 12,2 1.
III 27 20.9 18.% 12.2
iv 3L.0 25.5 16. 12.3
Plasama I 111.6 22, 21.3 19.8
carotene  II 102, 21, 1g.5 gg.h
III 73. hl.& ol 8.1
1v 97.5 L9. 3.0 89.6

Blood plasma carotene levels at the beginning of the
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experiment were indicative of previous high carotene lne
take,

Sutton, Keeser and Soldner (48, pp.933-939) in
studying the effect of parturition in dairy cows, of the
Ayrshire, Jersey, Guernsey and Holsteln breeds, on normel
barn rations, found that the average vitamin A concentra-
tion in blood plaasme was 22 micrograms per 100 milliliters
at three weeks prepasrtum and decreased to an average
coneentration of 12,5 micrograms per cent et parturition.
A continued decrease was noted to 10 microgrems at 2
days postpartum, but at two weeks postpartum average
vitamin A plasma levels had incressed again to 15 microe-
grams. Blood plasma carotene was approximately 600
micrograms per cent three weeks prepartum, }Jj0 micrograms
et parturition, 325 micrograms at one week postpartum
and 380 microgrems per 100 milliliters at two weeks
after calving., The maximum deoésase in blood plasma
carotene was reached one week postpartum and the maximum
decrease in plasma vitamin A was reached three days after
parturition.

Watkins, Knox and Benner (5|, p.8) presented blood
plasma carotene snd vitemin A values in mature Hereford
cows for a {lve and one half year experimental period.

Average blood plesma carotene levels at 20 dey intervals
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during this periocd showed variations from 149 micrograms
per 100 milliliters in the January observations to as
high en average as 73l micrograms noted in the May
observations. Blood plasme vitamin A velues ranged
from h& microgrems per cent in January to 60 nmicrograms
per cent observed in Meay, June and September.

Long, et al, (28, pp.8~12) investigated the sea-
sonel trend of vitamin A and carotene in blood plasma of
heifers from the Hereford, Aberdeen~Angus end Shorthorn
breeds. The highest velues observed for both carotene
end vitemin A occurred in the midesurmer months and the
lowest levels were reasched in February and March. Plasma
carotene varied from & low of epproximately 100 microe
grams observed in February to & mid=-summer high of 850
to 900 microgrems., Vitamin A plesma values ranged from
‘12 microgrems observed in Mareh to 50 mlcrograms noted
in July. Seasonal trends and carotene plasma concentrae
tions of the three breeds were very similer, but somewhat
higher blood plasma vitamin A values were noted in the
heifers from the Shorthorn breed.

Nelson, et al. (39, pp.50=52) compered vitemin A
and carotene levels in the blood plasma of dairy and
beef calves, Table 3 shows the values obtelned by

these authors. The dairy calves were taken from their
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dama at two days of age while the beefl calves were kept
with the dems constantly for four weeks and then were
able to nurse twlce daily. The beef celves also had
access to a grain mixture and alfelfa-bromegrass hay.
Carotene content inereased considerably after forty
days of age for dairy calves and after sixty days of
age for beef calves.

Table 3 Vitamin A and carotene content of

blood plasma of beef and dalry calves.
Microgreams per 100 millillters.

Dairy calves Beel calves
Age in deys vitemin A _ carotene vitamin A _ carotene

1-20 12 22 16 26
21 =40 10 2 13 18
%1-60 10 0 1 23

1-00 12 » 1 L3
81+100 12 I 16 52
101-120 12 50 16 53

Baker, et als (1, pp.571-574) show Hereford calf
blood plasma levels from cows on four carotene supple=
mented regimes, Table || depicts calf levels from cows
on no carotene supplementation ( Lot I ), carotene
supplementation during lactation ( Lot II ), supplemen-
tal carotene during gestation only ( Lot III ) end
supplemental carotene during gestation and lactation

{ Lot IV ).
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Table li Calf blood plasme vitamin A levels
from cows on various carotene supple=
mentation regimens., Hicrograms per
100 milliliters.

Lot At partu= 2 Weeks post~ 1 2

No. rition partum month month month
I 3.1 6.2 6.0 6.0 L.l
II l.g z.g 5.7 8.1 o1
III v & Z.o 643 % |
Iv ol 1.l 2 8.0 11.9

The higher plasma vitamin A noted in lots II and IV at |
two weeks postpartum may be attributed to the supplemene
tatlion of the cows of these two lots during lactation.
Table 5 evinces vitamin A levels of calves from cows on
carotene supplemented ratlons from data by Baker, Pope
and MacVicar (2, p.805).
Table 5 Calf blood plasms vitamin A levels
from cows on various carotene

supplemented rations. Mlcrograms
per 100 milliliters.

Lot At Pertu= 1 2 ;4 2 3
Noe rition week weeks month months months

I L. 13.2 11.6 7.9 6.0 L

1I g.g 12.0 11.5 9.5 0 1%.%

I1I «2 8.6 7.g 5.9 2.6 5.6

v 4.9 13.0 1% 10.3 10.0 11.5

An sbundance of literature 1s aveilable on blood
plasma carotene and vitamin A levels in various dairy

breeds, but most of the investigations to date with
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beef cattle involve animels from the Hereford breed only.
In =some cases, plasma levels may not be comparable be=
cause of varlable dietary regimens, but the presentation
of these levels isg veluable in providing basic data on
this important subject.
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Golostrum as a Source of Vitemin A snd Carotene

The role of colostrum in the nutrition of the new=-
born is recognized by many and has been investigated to
a considerable degree in ferm animals. Damn (11, pp.1999-
2005) states that colostrum vitamin A concentration in
cattle may be from 10 to 100 times greater than later
milk, independently of season, Colostrum carotene may
be up to 70 times pgreater than that in later milk unless
calving occurs during late winter feeding. Heifer
colostrum, according to Dann, is generally richer in
vitamin A than colostrum from cows. He states that a
calf receives on 1ts first day postepartum vitamin A
supplies greater than later milk could provide in 20«
50 days. Hansen, Phillips and Smith (19, pp.809-81l),
and Henry, Houston and Kon (21, pp.l=lli), in agreement
with Dann, found heifer colestrum twice as rich as older
cow colostrum, |

Hansen, Phillips end Smith (19, pp.809-81l) ob-
served that the chief drop of vitamin A concentration
in colostrum occurred during the first three milkings.
From that time, a more gradual docline was noted.
Sutton, Warner and Kaeser (49, pp.927-932) also noted a
rapid decline of vitamin A in colostrum and stated that
vitamin A concentrations similar to those found in
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normel milk were reached on the third day or at the
sixth milking. Table 6 depicts the carotene and vitae
min A concentrations observed by these authors at the
first and sixth milkings.-
Table 6 Carotene and vitemin A levels
observed in colostrum and normal

milk. Micrograms per 100 millie
liters of milk.

First Sixth First Sixth
Breed Milking Milking Milking Milking
Ayrshire g 5 182 L2
Guernsey 102 229 3
Holsteln 289 ST 1 B
Jersey 35 55 b §
Brown Swiss 97 87 3l sl
All breeds 473 90 2,0 51

In contrast to the work of Hansen, Phillips and
Snmith, Sutton, Warner and Kaeser report carotene values
higher than vitamin A levels. Hansen, Philllips and
Smith (19, pp.809-8ll) report vitemin A‘concentration in
colostrum from the first lactatlon varying from 70=1.60
mierograms per 100 milliliters and carotene levels
renging from 77«228 ricrograms per cent.

Van Arsdell, Ross and MacVicar (52, p.548) inves-
tigating blood and milk carotene end vitamln A concen=
tration in Hereford cows found a rapid decresse in

carotene and vitsmin A in colostrum. A falrly constant
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¢olostrum carotene level wes reached after the third
day following parturitlon.

The levels observed on the third day, both of
carotene and vitamin A approached the levels found in
normal milk. Carotene colostrum levels noted the third
day postpartum were ebout 7.5 micrograms psr cent and
the vitamin A concentrations averaged 17.9 mlcrograms
per 100 milliliters, Both levels were considerably
lower than those observed in the dairy breeds (49, pp.
927-932),

Baker, Pope and MasVicar (2, p.805) found vitamin
A colostrum levels varying from 128.3 to 224.5 micro-
grams per 100 milliliters in a study on various regimens
of carotene supplementation. Beker, et al. (1, pp«57l=
574) noted vitemin A colostrum levels with a range from
i5.6 to 163.9 micrograms per cent in a similar investl=
gation as above. Baker, Pope and MHacVicar state that the
higher levels observed in thelr study compared to those
by Baker and coworkers may have been due to higher
liver reserves achieved by high carctene intake from
range forage.

All these findings suggest the value of colostrum
as & source of carotene and vitamin A4 for new born calves.

Moreover, they indlcate that sampling carried out to



agssess the velue of colostrum should be carrled out

within ;8 hours of parturition.

26
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BXPERIMENTAL INVESTIGATLIONS
Biological Methods

1. General Management
Bxperimental animals used in this study were forty=-
four beel cows and their calves in the breeding herd of
the Oregon Agriculture Experiment Station. The cows
and calves were registered animals from the Hereford
and Aberdeen-Angus breeds. The investigation covered the
195l calving period and the early postenatal 1life of the
calves, that is, from Merch 8, 1954 to June 30, 1954.
The management procedure may be generally described
‘as that of a cow~call operation on irrigated end non=-
irrigated pastures. From the period of March 1, to May
5, 195h; the cows and calves were on irrigated pastures
consisting of perennial ryegrass, alta fescue, meadow
foxtail and ladino clover; On May 6 they were rotated
to non=irrigated pastures where the predominant species
were perennlal ryegrass and alta lescue. Because of
the extreme variability in pasture specles, both in
nutrient content and in abundance at different times of
the season, no attempt was made to analyze them for
carotene content. Abundant lush green pasture of grasses

and legumes is usually considered adequate in carotene
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(38, pe1li5)e A medium quality hay and grass ¢lippings
were fed when the irrigated pastures became low in forage
and the none-irrigeted pastures were not ready for stock.

The cows were wintered on a medium quality grass
hay and mixed grass-legume silage, the composition of
which was grasses of the Pestuca app., Lotus spp. and
Ladino clover, No preservative was added when this mixe
ture was ensiled. An abbreviated anslysls of the silage,
upon opening of the silo, revesled, a dry matter content
of 30,0 per cent and crude protein content of 7.3 per
cente As the silage was used, and lower levels were opened,
the dry matter content decreased to 19,9 per cent while
the crude protein inecreased to 11.55 per cent, both
chanzes probably being due to downward percolation of
julces.
2. Blood Collection

Forty milliliter samples of blood were drawn by
venous puncture from cows within one week of the expected
celving date taken from breeding records. In faet,
however, variation of celving dates were 10 days before
the expected date and twenty=four days after this date.
Blood samples from the cows were collected within 36
hours post partum and Trom the calves at approximately

one month of age. Stainless steel bleeding needles of
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1) and 15 gauge were used and the blood collected in
pyrex tubes using 0.5 ml. of saturated sodlum citrate
per 40 ml. of sample as the anticoagulant. The samples
were then refrigerated and the plasma drawn off by
centrifugstion at 1700 r.p.m. for L5 minutes after which
the plasma was frozen until analyses could be made.
Weswlg (55) states that the vitemin A and carotens values
in blood plasma are unaffected by freezing.
3. Colostrum Collection

Some variatién occured in the time of colostrum
collection due to the practical difficulties involved in
bringlng cows from distant pastures, with their calves,
to the barn where they might be restrained for collecw
tion of the sample. Attempts werc made to colleet all
colostrum semples within 2l hours post-partum. In one
or two instesnces, this was not possible. The colostrum
samples were collected in wide mouth 150«200 ml, jars,
with approximately equal amounts beling obtained from
sach quarter of the udder. The samples were immediately
frozen untll analyses could be made, when they were
thawed and homogenlized before final aliquots were taken,

Chemical Methods
The chemlcal methods used to determine the concen=

trations of vitamin A and carotene in the blood plasma of



the cows and calves and the colostrum of the cows were
those that have found extensive appllcation In work with
humans and other specles.
1. Blood Plasma Analysls

Blood plasma was snalyzed by the method of Kimble
(23, pp.1055=1065) modified by the addltlon of 2 per
cent ascetlec anhydride to the Carr-Price reagent. (25
per cent antimony trichloride in chloroform).
2. Colostrum analysis

The scheme of analysis of the colostrum obtalned
was that proposed by Boyer, et al. (6, pp.101-102) in-
volving the use of a homogenate. For photometrlc detere
minatlions, optical density was determined with e Coleman
Photoelectric Spectrophotometer, model 1ll, Standard

curves developed are presented in Appendix B,



31
Results and Discussion

The individual blood plasma carotene and vitamln A
values from cows of the Hereford and Aberdeen-Angus breeds
in the Oregon State College herd are presented in tables
7e and 7b below, Means of blood plasma carotene and vita=-
min A from the cows of both breeds are presented in table
8.

Table 7a Individual blood plasma carotene and

vitamin A values in Hereford cows.
Micrograms per 100 ml., plasma.

' Herefords
“Cow ~ Prepartum Postpartum Prepartum Postpartum
No. carotene carotene vitamin A vitamin A
1 219.0 222.8 73.1 62,2
% 2&7-5 2l3.0 59.3 79ely
10 211. zag.s 0.3 57.2
5 1ég.u 136.8 8.9 g 7
7 158.0 20649 Lo.1l oy
B"ll 8 .8 190 99 %8 o}.l. 61 . 1
3 193.7 199, 2.4 66.9
A"’S 23 07 202. 9602 509
2;8 gg 07 gh. og ;gog Z.B
80 202.5 125. 52.8 hl.g
82 198.3 169. 6.8 58.1
83 = emee- ——=e= 46.9 57.2
iy X 234 S s
- . 22 ° .O 900
16=0 25343 zlm.g 5%.3 85.0
A"ls 22 .9 271. l 07 102.2
69 260.2 225.1 105.5 h9.%
16p 191.6 225.5 0.3 90.
10- 181.0 167, 52.0 5.0
b0 233 168.3 iy 1005
5=0 275.% 210. 61.2 76.1
35 202.6 202. 88'1 LL.2
A10 156.1 12, 6.% 1.8
B25 19.2 154.5 80. 9.3
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Table 7b Individual blood plasma carotene
and vitamin A velues in Aberdeen=
Angus cows. lilcrograms per 100

ml, plasma,
Aberdeen-Angus
Cow Prepartum  Postpartum  Prepartum  Postpartum
No. carotene carotene vitamin A vitamin A
36 150.6 169, 37.9 3.2
110 236.3 215.% 50.3 3.6
111 212.3 180.6 81.2 37.9
10 zzu.g zg6.9 41.8 5049
67 235, 162,7 0.0 52.9
3 250.l; 222.0 0.8 az.g
5 175.2 13 .9 6.7 .
290 211.7 18l..2 6.9 9.2
2 1Z3.2 1540y ug.o 75.2
B“b)z l 02 16 ¢9 ,.,. 02 ol
6 21l;. 17h. 72.6 % §
109 219.& 206. 21.% 3.3
A=57 221.5 210.9 6. 59.7

Table 8 Means of blood plasma carotene and
vitamin A before and after parturi-
tion. Micrograms per 100 ml. of
blood piszgsua.

Prepartum  Postpertum  Prepartum  Postpartum
Breed carotene caroctene vitamin A vitamin A

Hereford 209.0+ 7.32¥ 203.3% 6.57 55.9+8.49 61.1+7.25
Angus 207.0‘#18.59 19007:&15.60 53.6‘8.26 ,.‘.8.8*-7.52

1l/standard error of the mean, p ( .05.
Considerable variations may be noted among the indi-
vidual observations. These variations are depicted in

table § by the magnitude of the standard error of the
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mean. The probable reason for the higher standard error
of the mean noted in the Angus cows may be that fewer
numbers of that breed were involved in this study.

The decreese of blood plasma carotene in the Here=
ford cows at parturition was not signiflcant at the five
per cent level by an analysis of variance. However, the
decrease noted in blood plasme carotene in the Aberdeens -
Angus cows was slgnificant. This decrease may be re-
flected in higher colostrum carotene values noted in
teble 12 indicating thet there might be a greater loss
of carctene due to lactation In Angus cows than in Herew
fo}d COWS e » |

The increese in blood plesme vitamin A in the Here=
ford cows and the decrease of vitemin A4 in the blood
plesme of the Angué cows at parturitlion was not signifie
cant et the five per cent lével.

Baker, et sle. (1, pp«571=57,) observed incresses
in the vitamin A levels of blood plasma at parturition
compared to three month prepartum levels. Inecreases
from 3 to 6.l microgrems per cent were noted by these
authors. In contrast, however, Baker, Pope and MacVicap
(2, pp.802=~807) noted plasma vitemin A decreasses at
parturition varying from 2.7 to 8.9 micrograms per 100

milliliters compered to one month prepasrtum observations.
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A number of variables exlisted in connection with the
animals avallable for this experiment. The experimental
groups contained cows of different ages, and also pre=-
partum sempling time varied due to differences between
actual and calculated calving dates. It was thought
adviseble to try to determine if these variables might
be exerting any effect on the values obtalned. Grephing
these factors against the levels obtained, illustrated
that there was no significant correlation between the
variables mentioned and vitamin A and carotene contents
of blood plasma or colostrum.

Correlations calculated by the method of Snedecor
(4S5, pp.138-168) and by graphing showed that there was
no significant correlation between prepartum carotene
and vitamin A in the Hereford cows, but there was a
highly significant correlatlon between postpartum caro=-
tene and vitemin A in that breed. No significant correla-
tions, either in prepartum or postpartum carotene and
vitamin A plasma levels, were demonstrated in the Angus
cows, One possible explanation for the lack of correla=-
tion in postpartal carotene and vitamin A in the Angus
cows in this study may be that there is a breed differ-
ence 1ln time of removal of hepatie stores of vitamin A

due to lactation.
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On the other hand, a brief examinstion of data from
Beker, Pope and MacVicar (2, p.805) and Baker et al.
(1, pp«571-574) shows that there is very little correla=
tion between prepartal carotene and vitamin A or between
postpartal carotene and vitamin A in Hereford cows under
thelr experimental conditions.

Carotene and Vitamin A Blood Plasma Levels in
Calves One Month of Age.

Individual blood plasma carotene and vitamin A
values from one month old Hereford and Angus calves are
presented in table 9. Means of plasma carotene and
vitemin A from the calves of the two breeds are indl-
cated in table 10,

The differences noted between the two breeds, both
of carotene and vitamin A were not demonstrated to be
significant by an analysis of variance. No significent
correlations between plasma carotene and vitamin A in

the two breeds could be demonstrated.
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Table 9 Individual blood plasma carotene and
vitamin A values in Hereford and
Aberdeen-Angus calves,

Calves one month

Herefords Angus

calr Plasma Plosma CalLr asma PlLooma
Noe carotene vitamin A No, carotene vitamin A
3 3.7 25,0 1.8 20.1 9.
15 8.9 72.1 L9 13.9 7.2
16 757 30.5 52 2543 21.l
17 18.7 23.2 53 157 843
18 16.0 16.9 5 22,0 16.7
19 28.8 16.2 5 a7 8.7
22 15.1 . 57 2147 8.2
30 1L.3 ——— 59 16,3 2.8
31 7.0 15.0 60 13.9 36,7
33 5.6 19, 61 8.7 9.3
35 29.7 y b M 62 15.0 2&.1
2.1.[. s Ll.g 167 1 ol
. 16.1 Iy 3%.7 22.5
e ug. 50 19.1 B
18.3 56.2 51 25.9 31.6
23.3 31. 5% 272 il
61.1 21,1 [t 15.3 2643

CIRERERE RS0 o oven
2
-3
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Table 10 Means of blood plasma carotene and
vitamin A in one-month old beef
calves, Mlcrograms per 100 ml. of.
blood plasma.

Breed Plasme Carotene Plagma Vitamin A
Hereford 26,0 7.32 .1/ 23.1£ 6457
Angus 1803:1: ,.}.020 latlt )4.'83

1/ standard error of the mean, P( .05.
Colostrum Carotene and Vitemin A

Colostrum samples were obtalned from twenty-filve
Hereford cows and from elighteen Angus cows. Tremendous
variation may be noted in the individual values shown
in table 11 and are exemplified by the large mean stane

dard errors presented in table 12.
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Table 11 Individual colostrum carotene and vitae

min A in Hereford and Angus cows.

- Herefords Angus .
Cow Colostrum  Colostrum  Cow  Colostrum  Colostrum
No. carotene vitamin A Noe carotene vitamin A
.10 123 28,0 36 128.8 217.9
2«0 .Z 6%.6 110 262.1 2.0
A-8 776 121,.8 111 5643 6¢5
80 8L.1 93.1 10 129.7 126,2
2 291.1 2l5.0 67 193.7 206.5
83 107.0 134.8 3 21l 1y 2Ll .2
16=0 93.8 166.8 5 282.2 335.7
16p 192.9 228.7 29=0 96.5 259.0
10«0 21l.5 37942 2 100, 87.0
l|.-0 22109 """ B"6’+ 5 . 50.6
35 2li3.3 36l..6 62 zg - 283.2
2 133.1 151.1 109 280.0 386.8
2 173.8 6.2 A=57 138. 175.8
2-0 ---------- 37 120.1 217.0
-0 179.9 272.5 12 13.5 252.2
7 27845 355.6 27=0 zs.z 88,1
A-1l5 192.9 15h. 107 161.L 212.5
Bll 168.5 321,
A-lO 6505 590
B25 205.3 312.8
207 211.0 275,
A5 2go.3 350,
69 9.3 202.6
20345 171.8
4 iA 1156.8 9.8

Table 12 Means of colostrum carotene and vita=-
min A. Micrograms per 100 ml.

Breeds Carotene Vitamin A
Herefords 162.1¢ 28,26 213,61 2,66

}/ Standard error of the mean, P < .05,
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There was no significant difference in the carotene
or vitamin A between the two breeds.

No significant correlations were obtained when
colostrum carotene was calculated with offspring plasma
carotene or when colostrum vitamin A was compared with
calf{ plasma vitamin A.

Spielman, et al. (L7, pp.3430350) end Hansen,
Phillips and Smith (19, pp.809-81l) similerly report
large variations in colostrum vitemin A values in dairy
cattle. Splelman, et al. observed mean standerd errors
approximating },0-50 micrograms per cent and Hansen,
Phillips and Smith state that a seven fold varisastion
existed in colostrum vitamin A values in cows on identi=-
cal rations and under uniform conditions.

The possibility of calves of either breed involved
in thls study of developing typical symptoms of vitamin
A defliclency, 1. e. night blindness, diarrhea or une
thriftiness, would seem rather remote because of the
comparatively high blood plasma carotene values obtalned.
One would not expect severe vitamin A shortages in cows
or celves that are on a high plane of carotene intake
the majority of the year. The blood plasma carotene
and vitemin A values of the Angus calves are well above

levels considered to be marginal or deficient.
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SUMMARY AND CONCLUSIONS

Blood samples from fortyefour cows of Aberdeen=Angus
and Hereford breeds were obtained prepartum and post-
partum. Plasma from these samples was analyzed for
carotene and vitamin A. Mean blood plasma carotene

v alues observed prepartum were 207.0 micrograms‘per
cent in the Angus cows and 209.0 micrograms in the
Hereford cows. Mean postpartum plasma carotena
values were 203.3 and 190.7, respectively. Mean
prepartum plasma vitamin A levels were 53.6 and 55.9
in the Angus and Hereford cows, respectively. Post-
partum plasma vitamin A values were ;8.8 and 61.1
micrograms per cent in the Angus end Hereford cows,
respectively.

Colostrum samples from Angus and Hereford cows were
analyzed for carotene and vitamin A. Mean colostrum
carotene values obtained in this study were 169.3
micrograms per cent in Angus cows and 162.1 micrograms
per 100 ml. in Hereford cows. Vitamin A values ob=-
tailned were 219.3 and 213.6 micrograms per cent in
Angus end Hereford cows, respectively.

Vitamin A and carotene concentrations of blood plasma
were obtained in calves of the cows studied at one

month of age. Carotene values were 18.3 micrograms
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per cent in Angus calves and 26.0 micrograms per

cent in Hereford calves. Vitamin A levels were 18.1
and 23.1 micrograms per cent in Angus and Hereford
calves, respectively.

A significant drop in blood plasma carotene post-
partum in the Angus cows was observed In this study.
This is in agreement with investigations on the
effect of parturition in dairy cattle and may demone
strate a faster removal of carotene and vitamin A
from liver stores of Angus cows than in Hereford cows.
A highly significant correlation between postpartum
blood plasma carotene and vitamin A was noted in the
Hereford cows.

Blood plasma carotene and vitemin A in one-month-old
calves were not significantly correlated with carotene
and vitamin A in the colostrum of their dams. Calves
at one month of age are beginning to consume some
green forage which may supplement the vitamin A and
carotene In thelr blood. |

The levels of carotene and vitamin A noted in thls
study in the Hereford and Aberdeen-Angus cows and in
their calves are well above values reported as mare
ginal or deficient., While Angus calves had slightly

lower carotene and vitamin A blood plasma levels than
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Hereford calves, statistical significance of the

difference could not be demonstrated. It would
appear that visual impasirment in the Angus calves
studied cannot be attributed to low blood vitamin A.
Plotting the distribution of the levels of blood
plasma carotene of the cows and calves of the two
breeds indicated that there might be &2 bimodal dis=-
tribution in these values. No such distribution
could be demonstrated in the vitamin A levels of
cows of either breed., This would suggest that the
population studied was not uniform.

Since the liver is the principle storage site of
vitamin A, Investigations of vitamin A and carotene
velues of this orgen may be used to supplement blood
plasma information,

The wide variations in concentrations of the items
studied among animals of the same breed observed in
this investigation have been noted in the literature
by other workers in this field. Fluctuations of
this type coupled with small numbers of experimental
animals resulted in large mean standard errors and
consequent difficulty in demonstrating significance

of differences observed.
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L9

Angus Calf B67 Blind, Male,

12/l,/52 33100P.M.

12/5/52 11:00 = ].:00 P.M,
| 5:00 - 6:00 P.i,.

12/6/52 8:00 = 9100 A.M.

12/7/52 10:00 A.M.

Calfl killed:

Notes made:

12/5/52¢

Marked white opacity in

Right eye Left eye
Cornea grey-white
center of cornes. throughout,

Palpation indlcates a one Whiter in center.

mme. coneretion in the opacitjo
Black thread in center of
white.

Thread angles at 90°

Lbens clear. No opaclty.
Vitreous humour: clear, no
opacity

Vitreous more adherent then
left.

On cutting through eye:
Corneat thick. Opaque

as above,

Softer than right eye
No hard spot in center
of cornea

Black line through

white area

One mm. wide at medial
and thinning to a line
at the lateral end.
Lens clear, No opacity.
Vitreoust clear, no

opacity

Vitreous more friable

and stringy than right.



3:30-.:100 P,M,

5‘00 P.ﬂ.

Retinat: Most
retinal area black. About
1/ly of sreas of retina blue
white at the posterior pole.
More blue then similar area
of left eye. Brown plgment
between blue erea and black
area.,

The light blue-white
area had turned dark blue
after direct exposure of
inverted retina to light
for one hour.

Sample of retina placed in
Bouins showed dissppesrance
of light erea i.e. conver=-

sion into dark blue.

Both eyes:

50

Cornea thick and o=
paque. Difficult to
decide whether right
or left is thicker.

Check this item hise

tologically.

~ About 1/l of retinsl

ares at posterior pole
blue white, Whiter

than right eye.

Very little brown pige~
manf at light area-
dark area border

white area turned dark
blue on exposure to

light.,

Light aree of retina

disappeared in bouins.

In Bouins the light area (possible some

other area) became oedematous after one hour.



\n
ey

Both eyes: After exposure in esir for one hour
strietions were vlisible in the blue areas of both
eyes.
12/6/52 Retinas of both eyes had turned very dark blue
black. All traces of light areas had disappeared.
Sampleé of half of left and half of right eye{without
lens, vitreous or agueous humor) in Bouins. Lens of

right and left eyes placed in Boulns fluid.
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Density

Optical

E

620

Standard Curve for Vitamin A

value /5 vitamin A /ml.= 0.064

Read in Coleman Model 14 Spectrophotometer

Vitamin A concentration 5 / ml.

2s



Density

Optical

. 700
.600
.500
.400
.300
.200

.100

Standard Curve

for B-Carotene

Run with Hoffman-LaRoche pure B-carotene supplied by G. A.Richardson

E44o det nd

| 1 | 1 1 1 | 1

= 0.307

| | | | ]

- .4 .6 .8 10 1.2 1.4 16 1.8

20 22 24 26

Conc'n. B-carotene - § 7/ ml. sol'n.

£s



Density

Optical

.200

. 150

. 100

.050

Standard Curve for Carotene in Vitamin A
E62c for carotene = 0.0040
| | | 1 |
10 20 30 40 50

B-carotene

concentration X/ml.

s



