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UTILIZATION 0F NURAL AD STHETIC CAROTE AI'D 
SYNTFOETIC VITAMIN A WITH AND WITHOUT ALPHA-TOCOPHEROL 

BY CATTLE 

IN TRODUCTI ON 

The importance of' an exogenous source of Vt tamin A, 

or Its precursor carotene, in the diet of mammals has long 

been recognized. As early as 1500 B.C. Egyptian medical 

men recommended roasted ox liver or the liver of a black 

cock for the cure of what today would be termed night 

blindness. Hippocrates, the famous Greek physician, also 

prescribed liver, suggesting that it be eaten raw after 
first being dipped in honey. Fresh liver has since been 

shown to be a rich source of both vitamin A and carotene. 

During the past two decades volumes have been written 

on vitamin A and carotene. Nevertheless, much remains to 

be learned concerning the conversion of carotene to vita- 
min A and the utilizati on of vitamin A by ruminants. 

Since the recent development of a liver biopsy technique, 

which makes readily available small cores of liver tissue 

from the live animal, the assay for vitamin A and carotene 

content of liver tissues has been considered superior to 

blood assay. Vitamin A and carotene cicentrations In the 

blood, liver and milk fat are used in studying the utili- 
zation of carotene end vitnin A. 



In addition to the amount and physical forni of the 

carotene or vitamin A in the diet, a number of dietary 

factors, such as the amounts of lecithin, fats, bile 
salts, paraffins, inorganic compounds, and antioxidants 

have been found to affect the utilization of carotene and 

vitamin A. 

Commercially manufactured products having antioxidant 

properties are currently being used by the reed industry 
to stabilize easily oxidizable nutrients. The two most 

Important naturally occurring products having antioxidant 

properties are the tocopherols and ascorbic acid. The 

tocopherols are unique among antioxidants in that after 
absorption thraigh the intestinal wall they are deposited 

in the fat. Aipha-tocopherol has been shown to be the 

most effective antioxidant of the various tocopherols. 

The objective of these studies was to determine the 

effect of feeding aipha-tocopherol with natural beta- 
carotene, synthetic beta-carotene, or synthetic vitamin A 

to cattle whose basal ration was nmal or deficient in 

carotene. 



REVIEW OF LITERATURE 

To Bubstantlate earlier observations that carotenes 
have vitamin A activity, Moore (59, p. 692) fed carotene 
to rats depleted in liver stores of vitamin A. The 

presence of stored vitamin A &fter the rats were fed on 

purified diets containing carotene indicated that dietary 
carotene is converted to vitamin A. 

Confirmation of the conversion of carotene to vitamin 
A was soon reported by Wolff et al. (58, p. 27), who ob- 

served by intra-liver carotene injections in rats that 
both carotene and vitamin A conc&itrations in the liver 
were increased. 

Subsequently, on the belief that an enzyme, "caroten- 
asev, was responsible for the conversion of carotene to 

vitamin A in vivo, the site of action of this enzyme was 

investigated. It was assumed by Abmod et al. (2, p. 1195) 
and DeLuca et al. (21, p. 877) that conversion of carotene 
to vitamin A took place in the liver. Wiese, Mehl, and 

Deuel (93, p. 75) later demonstrated that In the rat, 
ingested carotene is converted to vitamin A In the intes- 
tinal wall. Ball and co-workers (3, p. xxiv) in 1947, 

made the discovery that retinene, or vitamin A aldehyde, 
is converted to vitamin A in the intestinal wall. This, 
of course, strengthened the possibility that carotene was 
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likewise converted to vitamin A in the small intestine. 
Further evidence that the conversion of carotene to vita- 

min A occurs In the digestive tract was obtained by 

Goodwin and Gregory (33, p. 505) when they observed tnat 

although the blood plasma of the goat is colorless, when 

substantial. anounts of carotene were giv orally, only 

7 to 19 per cent of the carotene was excreted in the feces, 

therefore Indirectly indicating that the conversion takes 

place in the intestinal wall. Research by Glover (32, p. 

516), Petal et al. (68, p. 103), and Thompson et al. (87, 

p. 396) has subsequently skx,wn the Intestinal wall to be 

a site of conversion in the rat, pig, chick and dog. 

Popper (72, p. 562) reported that the absorption of 

vitamin A alcohol in the rat takes place throughout the 

entire length of the small intestine, whereas Thompson et 

!.i (85, p. 50) state that carotene undergoes a maximum 

conversion to vitamin A in the middle of the intestine 
with no caiversion occurring aiterior to the entrance of 

the bile duct. 

While Bien et al. (5, p. 32) provided additional 

informatIon that the small intestine is a site of corîver- 

sion of carotene, the probability that carotene cn be 

converted to vitamin A In the liver and other tissues 

should not be overlooked, since maiy of the experiments 

discussed above show that body reserves of carotene can 
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be converted to vitamin A to serve in metabolism. 

Reports of utilization of intravenxisly injected 

carotene by the chick (10, p. 657), sheep (13, P. 677), 

calves (43, p. 244), rabbits (10, p. 657), rats (43, p. 

244) and goats (53, p. iBi) indicate that the conversicn 

of carotene to vitamin A may occur in tissues other than 

the intestinal wall. Experiments with cattle given caro- 

tene solutions intravenously have yielded inconsistent 

results. 
Church et al. (13, p. 677) demonstrated the conver- 

siori of carotene to vitamin A in sheep given intravenous 

injections of carotene solubilized ir an aqueous solution 

of Tween 40 (polyoxyethylenesorbitan monopalmitate). How- 

ever, they were unable to demonstrate a similar conversion 

in Hereford, Guernsey, or Holstein calves. Using similar 

methods, Kon, McGillivray, and Thompson (43, p. 244) were 

unable to show any appreciable conversion of injected 

carotene to vitamin A in depleted Ayrshlre and Shorthorn 

calves. Eaton et al. (25, p. 1073) and arren and Maynard 

(88, p. 780), however, reported such conversion with 

aqueous suspensions of carotene injected intravenously In 

depleted calves. Schuh et al. (78, p. 159) concluded that 

dairy calves can utilize injected c&botene. Their results 
indicated that intravenously administered carotene is 

metaboli zed in a manner similar to that entering the blood 



by the intestiril3l route, which suggested that calves may 

be able to utilize the carotene present in the blood and 

other tissues. 
Week et al. (90, P. 563) have shown that in the chick 

carotene and vitamin A, ater leaving the small intestine, 
are transported to the liver mainly through the lymph and 

to sorne extent through the portal system. It was sug- 

gested that the efficiency of absorption of vitamin A in 

various species Is influenced by the nature and quality 
of' the diluent and by the original state of the vitamin. 

Mechanism of Conversion of Carotene to Vitamin A 

To explain the inferiority of beta-carotene as corn- 

pared with vitamin A, one mu8t assun either that half of 

the carotene molecule is wasted, or that only one out of 

every two molecules of carotene Is converted to vitn1n A 

in vivo. At present the complicated conversion of caro- 

tene to vitamin A Is not fully understood. 

Karr et al. (58, p. 18) were the first to suggest 

that the addition of two molecules of water at the 15,15' 

double bond of beta-carotene would yield two molecules of 

vitamin A (C40H56 2H20 )2CH29OH). This yield is 

not realized in actuality since on ari equal weight basis 
beta-carotene has a much lower potency than vitamin A. 

Even under conditions which approach optimum for absorpt1 
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and cversion lt appears that oiy about 50 per cent of 

the carotene iriested by rats Is converted to vitamin A. 

It has been shown b. Koehn (42, p. 337) that in the pres- 

ence of aipha-tocopherol, the conversion of beta-carotene 

to vitamin A in the rat Is almost quantitative. It was 

suggested that the remainder of the molecule, normally 

unaccounted for, l oxidized and utilized possibly as 

short-chain alcohols. 

Glover et al. (31, p. xv) postulated that the conver- 

sicr-i of carotene may not take place by central fission, 
but by stepwise degradation from one end of the molecule. 

To explain the two-fold superiority of beta-carotene over 

alpha-carotene on this basis, the authors assume that 

every molecule of the beta-isomer which is degraded gives 

a single molecule of vitamin A; with alpha-carotene, vita- 
min A Is formed when degradation starts at the end of the 

molecule remote from the beta-ionone ring, but an active 

product results when the beta-ionone ring itself is 

degraded. On the assumption that degradative action can 

occur equally well at either end of the molecule, It 
follows that one molecule of vitamin A would be produced 

from every two molecules of alpha-carotene. 



Factors Affecting Utilization 

The preserce of fat in the diet has been reported to 

assist absorption of vitamin A and carotene lxi most ani- 

mals. Russell and co-workers (77, p. 191) using a normal 

ration containing 3.83 por cent fat and a low fat experi- 

maTital rati:n containing 0.07 per cent fat found by 

measuring the amount of the vitamin excreted that h&is on 

a normal ration can absorb about 50-60 per cent of the 

dietary carotene whetIr fed In the free forni ' as caro- 

tone present in plant tissues. The quantity of carotene 

absorbed was found to oe less on the low fat ration. In 

the erIe experiment, the quantity of carotene absorbed 

increased as increasing amounts of carotene were fed, 

h'wever, there was a progressive decrease i the percent- 

age absorbed. At the saine time, it was observed that when 

the intake of carotene on the low fat ration was increased 

.5 times the quantity absorbed increased only 1.7 times, 

whereas under the same conditions on the normal ration, 

the increase of absorption of carotene was five fold. 

when vitamin A ester was fed, satisfactory absorption on 

both the low and normal fat rations occurred. However, 

dietary fat appeared necessary for the retention of vita- 

miri A in the liver. 
Lewis arid associates (49, p. 496) compared the 



absorption of vitamin A given by stomach tube in ari oily 

suspension and In an aqueous emulsion. They found that 

young rats given 13,000 I.U. of the vitamin in an oily 

solution had plasma levels of 900, 1015, and 120 I.U. at 

3, 6 and 24 hours later, respectively. Thirty per cent of 

the vitamin was estimated to be stored in the liver after 

24 hours ard 23 per cent of the vitamin was lost in the 

feces; whereas those rats given 13,000 LU. of the vitamin 

in an aqueous emulsion had plasma levels of 2,460, 210 and 

310 ILT. at 3, 6 and 24 hours later, respectively, with 

only 5 per cent passirg by way of the feces and 58 per cit 
being stored in the liver at the end of 24 hours. 

Kramer and Tarjan (44, p. 295), studying carotene 

metabolism in rats, reported more efficient utilization 
of carotene fed in an oil solution than when carrots con- 

taming a similar 

ported a recovery 

In the feces when 

recovery of 27 to 

oily solutions of 

Adlersberg a] 

amount of carotene were fed. They re- 

of 69 to 90 per cent of the carotene 

carrots were fed as compared with a 

52 per cent in the feces of rats fed 

carotene. 

id Sobotka (1, p. 255) in studying the 

effect of emulsification by lecithin on the absorption of 

vitamin A found that givIng 10-25 grams of commercial 

lecithin to human subjects increased the absorption of 

both fat and vitamin A. The mean increase in plasma 



vitamin A waa 1. I.U. per 100 mIlliliters without lecithin 

and 153 I.U. with lecithin. 

The increased interest In the use of ora]. dosing with 

paraffin oil for the prevention of bloat stimulated 

McDowell and co-workers (54, p. 8) to study the effect of 

paraffin on carotene absorption. They found that carotene 

absorption ia5 depressed by the feeding of liquid paraffin. 

The blood concentrations of vitamin A of cows fed heavy 

liquid paraffin, at a rate of 150 millIliters daily, 

reached a maximum depression of 40 per cent after about 16 

days of treatnent and a 20 per cent reduction in vitamin A 

ester content of the blood which was parallel with the 

total blood changes. The carotene level of the butterfat 

was found to fall by 40-50 per cent while the vitamin A 

level was slightly lowered and the vitamin A alcohol level 

of the blood was unafrected. This study was confirmed by 

McGillvray and assocIates (56, p. 47) usIng similar 

techniques. 

The bile salts, sodium salts of glycocholic arid 

taurocholic acids, serve to disperse or emulsify lipids 

In aqueous solutions, and therefore are presumed to favor 

enzyme-substrate combinations. Drummond and McVValter (24, 

p. 236) recognIzing the possible Importance of bile salts 

in the absorption of fats, showed that carotene could form 

a complex with desoxycholic acid. Further evidence wan 
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obtained by Greaver aud Schmidt (34, p. 496) who found that 

when the bile duct wes ligated, the rats could utilize 
oral doses of halibut-liver oil but failed to utflize the 

carotene. The rnechariisiis Involved are not as yet fully 
uLderstood. However, it is believed that the bile salts 
act similarly an the carotenes, as on other lipids, 1r 

affecting absorption from the small intestine. 
In sane cases, emulsifying agents such as the Tweens 

have been fouiid to increase the speed and efficiency of 

absorption of preformed vi tanin A. Sherman et al. (81, 

p. 586) compared the utilization by beef cattle of vitamin 

il from phaiainceutica1 grade halibut liver oil, a corn oil 

concentrate of synthetic vitamin A palmitate containing 

15 per cent Tween EO , and a syntheti c pure vi tamin A 

acetate or palmitate dispersed in gelatin beadlets. Those 

&iimals receiving the aqueous and gelatin beadlet forms of 

vitamin A had greater amounts of blood plasma vitamin A at 

12 hours after dosing thai did those receiving-. the oil 
solution of vitamin A. Oil solutions of synthetic vitamin 

A and natural vitamin A, when administered in equal doses, 

produced identical blood plasma levels at 12 hours after 

dosing. 

Heaney and Thomas (36, p. 1252) compared the utiliza- 
tion by Hereford steers of carotene and vitamin A from 

corri oil aid vitamin A palniltate in gelatin. Nhen steers 
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were fed 50,000 I.U. of vitamin A per day, no differences 

were noted in utilization or the two forms as measured by 

blood plasma concentrations. However, lt was noted that 

depletion of vitattin A was faster from those animals re- 

ceiving the corn oil supplementation. It was reported 

that the addition of yeast Induced higher liver stores of 

vitamin A with a slower depletion time. 

Diveri and Erwin (22, p. 601) intraruminally Injected 

Into sheep aques solutions of beta-carotene, vitamin A 

alcohol and vitanin A acetate dissolved in Tween. Using 

the liver hepatic stores as criteria for absorption and 

utilization, they found that vitamin A alcohol nd beta- 

carotene were not equal on an equivalent weight basis as 

Indicated by the Expert Committee on Biological Stendardi- 

zation (29, p. 147-148), but rather that normal sheep in- 

jected with vltantin A alcohol stored 3.3 times more vita- 

miri A in the liver than similar animals given beta-carotene. 

It was also noted that liver stores of vitamin A and 

beta-carotene were dIfferent for normal and vitamin A 

deficient sheep which may indicate that vitamin A defici- 

ercy impairs cart teno utilization. It was concluded that 

vitamin A alcohol was absorbed at a more rapid rate than 

beta-carotene while the alcohol and acetate forms were 

absorbed at comparable rates. 
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Luther et al. (51, p. 362) studying the effect of 

particle size and type of carrier on the utilization of 

vitamin A found that the particle size of the vitamin A 

within the e1atin beadlet affects efficiency of utiliza- 
tion bj rets. Particles of vitamin A of two microns or 

less in dianter dispersed in gelatin resulted in 69 per 

cent greater liver storage than was obtained with vitamin 

A in oil. Using 5 xricron particles, the superiority was 

24 per cent and with 20 micron particles, liver storage 

was approximately the same as ?'i th an oil solution. 
The effect of thyroxine on carotene and vitamin A 

ut1ization has been givi considerable attention over the 

years. Since thyroxine is noted for its effect in increaa- 

ing oxygen uptake (°2 consumption) and the basal metabolic 

rate of tissues, it is reasonable to assume that this hoi'- 

mone affects vitamin A and carotene utilization by increas- 

Ing the da1y requirements. This anomaly has been aptly 

demonstrated In rats by Sure and Buchanan (82, p. 521) and 

Cooper et al. (14, p. 404) in chickens. 

Early work by Lemley et al. (4B, p. 53) Indicated 

that the efficiency of vitamin A utilization was pro- 

foundly influenced by the size of dose. It has since been 

shown that there is eri optimum range of dosage àove and 

below which utilization is less efficient. Vitamin A 

depleted rats dosed for three days with 63 lU. per day 
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of vitamin A stored 11 per cent of the dose in the liver 

tissues; when raised to 4,000 I,iJ. per day, efficiency of 

storage was 38 per cent, but a further increase to 80,000 

I.U. per day reduced storage efficiency to 13 per cent. 

Davies and Moore (20, p. lxiii) using similar pro- 

oedures, obtained 0, 13, 15 and 38 per cent recovery of 

the vitamin in the liver after 48 hours for single doses 

of 100, 200, 400, and 600 respectively, from 

halibut-liver oil. 

In another experiment, Moore et al. (60, p. xxxix) 

gave rats of mixed sexes graded doses of from 10 to 10,240 

I.U. of vitamin A acetate per day for five to six weeks. 

The efficiency of storage, as calculated from the liver 

and kidneys combined, ranged from less than 2 per cent at 

the daily dose of 10 1.13. to 80 per cent at doses of 640 

I.U. per day. 

Week and Sevigne (90, p. 563) found that groups of 

depleted chicks fed 30,000 1.13. of vitamin A dL solved in 

corn oil and supplied as the free alcohol, acetate, and 

undistilled natural esters had mean storage efficiencies 

01' 35.6, 33.6 and 23.6 per cent, respectively. The same 

authors reported that when rats were dosed with 9,000 I.U. 

of vitamin A the recovery was 33.2 per cent for the alcohl 

form, 36.1 per cent for acetate and 29.2 per cent for the 

natural esters. Frey and wIlgus (29, p. 517) fed laying 
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pulleta, ae1eted f vi tamln A and carotene stores, 2,000 
I.. of vitamlr. A per pound of ration or beta-carotene ir 

cottoseed oil, cbroteie in alfalfa, and vitamin estere 
from fi'i liver oti. uìalys1s of liver 8&mplea showed 

that more vitamin .4 was stored when fish liver oil was the 
source or vitamin A than then the source rias beta-carotene 

in cottorseied oil. 1ie least storage of vitaini A ua 

from carotene from alfalfa. 

An tioxidar.ta 

izackenbueh et ol. (74, p. 160 ) in 1941. found that 
tocopherol rooted si 1rrasø carotene utiliution and 

suggested that the tocophero1 fwctioned ir. the intestin... 
al tract as a;tioxic1ants. W1Ck and Faw,iarin (83, p. 120) 

fourtd that hI dozes of alpha- or anna-tocophrol a.id 

altha..t000pheryl acetato diminished the storaße of vitamin 

A in the l&.er and kidneys of rats restricted t a diet 
deficie.t 1. both 'vi tami:s A and . The recrvos of vita- 
milA A were uad much more rapidly than in control snimals 

iven d,'-alpha-tocophsrol. The authors indicated that 
prOlO:Eed dcficieìcy of vitamin 1. led to aecorsry dofic- 
iency of vitamIn A ai Bnowr. by the disappearance of this 
vltsinin Çron the livei'. The dcficiet rats ilso developsd 
whitening of the teeth which ta itdicativo of vitemin A 

doficiei.cy. Thernan (RO, p. )34 iuestod that tocoph'o1 
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was concerned with the uti lizatiori of carotene rather than 

with its protection from oxidation. 

Quackenbush 2.. i (74, p. 169) observed that in rata, 
aipha-tocopherol was highly effective in preventing autoxi- 
dation of carotene in vitro and in promoting a biological 
response to carotene in ethyl linoleate. They further found 
the tocopherols responsible for at least a part of the 

protective action of soybean oil. It was believed that 
by promoting a biological response to carotene, tocopherol 
functions as an antioxidant in the gastrointestinal tract 
rather than as a vitamin. Sherman (80, p. 134) and 

Patrick and Morgan (64, p. 525) demonstrated the antioxi- 
dant role of tocopherol in that carotene was destroyed in 
the tract in the absence of tocophez1. Phillips and 

WIlliams (71, p. 74) found that 0.26 per cent alpha- 
tocopheryl acetate Increased rancidity while higher levels 
(1.45 per cent) showed antioxidant activity. 

Following the demonstration by MattIll (51, p. 141) 

that auto-oxidation of lard could be prevented by poly- 
phenols, Olcovich (63, p. 105) reported that hydroquirione 
would stabilize carotene in ethyl oleato or ethyl laurate 
solutions. Many workers have observed that caroter.e Is 
less effective as a source of vItnin A when fed in pure 

solvents than in crixie oils. 
KraybIll and Shrewsbury (45, p. 103) reported that 
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carotene wa o:e-fourth a active in butterfat which had 

beeui treated with charcoal as ir cottonseed i1. The 

addition of hiroqu1none previted the destruction of 

carotene duriri storage, but dd not increa3e the bio- 
logical potency. They further found that wth butterfat 
treated with Lloyd's reagent (i adoorbir.g agent), caro- 
teno remained stable at 40°C. but it only Dne-halI as 

potent biologically as carotene in cottonseed oil. They 

further suggested that a factor which supplemented the 

vitamin A activity of the carotene may have been removed 

by the Lloyd's reagent. Latherbury and Greenwood (46, p. 
1665) reported that carotene gave poorer results when 

administered in cocorut oil . th or without quinol than 
In linseed oil. 

Dam (18, p. 172) found that muscular degere ration in 
chicks reared ori vitamin E deficient, low fat dieta, was 

completely prevented by the addition of 0.0]. per cent 
aipha-tocopheryl acetate to the diet. Frange (7, p. 3O) 
found an increased deposition of vitamin A similar to that 
caused by alpha-.tocopheryl acetate and aipha-tocopherol in 
the livers of chicks reared i a vitamin E deficient diet 
containing 10 per cent cod-liver oil when methylene blue, 
thiodipheriylamine or Antabuse was added. Contrary results 
were obtained when the cod-liver oil was replaced by lard. 
Dani et al. (17, p. 299) found that 0.126 per cent 



methylene blue, 0.089 per cent thionine, 0.0675 per cent 

thiodiphenylamine, 0.025 er cent Antabuse, 0.5 per cent 

nordihydroguretic acid (DGA) and 0.5 per cent ascorbic 

acid each afforded partial protection agair t vitamin E- 

deficiency symptoms. Dam (16, p. 61) showed that 1.5 per 

cent inositol, when added to the diet, partially protected 

chicks from exudative diathesis but did not cause increased 

tocopherol content of depot fat. Tocopheryl acetate, how- 

ever, prevented exudative diathesis and increased tocoph- 

eroi deposition in the body fat. Hydroquinone, ascorbic 

acid, and diamy1hydroquirone failed to increase alpha- 

tocopherol activity as noted by Swick and Baumann (83, p. 

120), but diamyihydroqulnone itself slightly depressed 

storage of vitamin A. 

Diphenyl-p-phenylenediarn.ine (DPPD) was ahown by Oser 

and Oser (64, p. 796) to be the most effective of the 

arAtioxidants in protecting the tocopherols in poultry 

rations. However, there was an interference in the hor-. 

monal control of parturitior in the rat, though there was 

no histological evidence of injury to the pituitary or 

direct interference in oxytocin secretion. Draper and 

Johnson (23, p. 1154) reported complete protection from 

niu1' dystrophy n lambs when DP1D (0.1 per cent of the dry 

matter Intake) was added to the ration. Lower levels gave 

Incomplete protection from the disease. Using bIological 
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tests of vitamin A potency, with chick growth, rat growth 

and liver storage in rats as criteria, Siedler et al. (79, 

p. 1023) found 1:2-dihydro-2:2:4-trimethyl-6-ethyoxyquino- 

line (Santoquin) to be the most effective itioxidant, 
followed closely by 0PD, butylated hydroxy toluene (BHT) 

and butylated hydroxy anisole (Bl-LA with BHT). 

I'ousse&u et al. (76, p. 1671-1682) f.ind that in 

calves on low carotene intake there was little difference 

in plasma carotene level reard1ess of antioxidant used. 

owever, at the higher carotene level, Santoquin was the 

rrost effective followed by 2-5 ditertiarybuty1-hydroquire 
(DTHH). ÌThJ-diphenj1-p-phenylenediamine (DPPD), Santoquin 

or d-alpha-tocopheryl acetate at 0.01 per cent of the 

ration, or 25 mi1lirams 2-methl-1:4-naphthoquinone 

(Menadione) fed daily to Holstein and Guernsey cows had 

no effect on the plaßma vitamin A levels or depletion time. 

Hi (37, p. 2) found that whi rats were fed 2:6- 

di-tert-butyl-4-methylphenol cnd d-alpha-tocopaerol at the 

rate of 10 milligrams er day, there was a significant 
decrease of proximate1y 50 to 60 per cent in the vitamin 

A deposition. On the other hand, the antioxidant had no 

effect ori the utilization ofrformed vitamin A. In con- 

trast 10 milligrams per day of DPPD, which is only spar- 

ingly fat soluble, had no affect a carotene utilization. 
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The author concluded that oie of the antioxidants Inter- 

fered with the absorption of carotene. 

Chou and Marlatt (12, p. 305) found carotene utiliza- 
tion in the diet of Chinese people was increased by sub- 

stances such as tocopherola. 

Burns and co-workers (9, p. 341) found no difference 

in plasma carotene arid vitamin A levels of heifer5 when 

1.0 mg. of alpha-topherol was fed daily with 1.0 mg. of 

vitamin A and 1.0 mg. of beta-caro tere , tut did find that 

2.0 mg. of tocopherol diminished tb efficiency of utiliza- 
tion of beta-carotere. 

Gullickson et al. (34, p. 557) and Phillips et al. 

(70, p. 695) reported no effect on the milk fat production 

or fat percentage when COW8 were fed 1 g. of mixed 

tocopherols daily as a part of the normal ration. Cori- 

versely, Harris (36, p. 125) found increases of 27 per 

cent for milk fat concentration and 21 per cent for total 

milk production (4% milk) for cows given 1.0 mg. of 

tocopherol daily supplement to poor quality rations. A 

similar increase in butterfat production was noted by 

Marayanan t: .i (61, p. 87) both in cows aid buffaloes 

when fed 1 g. tocopheryl acetate per head daily. 

MoGillivray (55, p. 119) in a New Zealand study found a 

significant increase in the carotene and vitiin A content 

of milk fat when monozygotic twins were fed 1 . of 
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alpha-tocopherol per head dail. 
Thiting and Loosli (92, p. 665) studIed the effects 

of tocopherols aid cod-liver oil or the fat coittent of 

m11k and noted that feeding i g. or tocopherol per cow per 

day increased the fat percentage of 11k while cod-liver 

oil at the rate of 5 ounces per cow daily decreased the 

fat percenta approximately 11 per cent. Feeding tocoph- 

eroi to cows fed cod-liver oil did not prevent the fall in 

butterfat percentage. Total milk prcuction was not sig-. 

nificantly affected by feeding either tocopherol or cod- 

liver oil. Feediig tocopherol to cows or pasture slightly 
increased the fat test of the milk, but had no Influence 

upon total milk production, Ferrando et al. (28, p. 810) 

also found a significant decrease In the milk fat content 

of dairy cows when given 50 to 75 g. of cod-liver oil 
daily. When cod-liver oil was fed for several weeks, a 

decrease in blood tocopherols to 0.11 to 0.20 mIlligrams 

per cent wa .ioted, while 0.25 mg. per ceut was considered 

normal. 

The addition of topherol (0.5 to i g.) to the diet 

of dairy cows was reported by Latschar et al. (47, p. 503) 

to increase the concen ratIon of blood serum tocopherol 

rore than 15 per cent, Supplernentations of 10 g. daily 

increased the serum tocopherol concentration four fold. 

A 30 per cent Increase in the tocopherol content of blood 
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serum and 50 per cent Increase in the tocopherol of milk 

was reported by Parrish (66, p. 251) for dairy cattle sup- 

plemented daily with i g. per 1,000 pounds of body weight. 

Dry cows grazing on cereal grass pasture were reported to 

have serum tocopherol levels approximately 50 per cent 

higher than a similar group of cows receiving only barA 

rations. Supplements of 0.5 to i g. tocopherols daily 

during the latter stages of gestation increased the 

tocopherol content of colostrum about 40 per cent, while 

10 g. of tocopherol daily resulted in a four-fold increase. 

The serum tocopherol level of calves born of tocopherol 

supplemented dams were reported to be higher at birth than 

those from cows receiving only barn rations. 

Crystalline carotene was found by Parrish et al. (67, 

p. 55) to be only one-half to two-thirds as potent as 

vitamin A concentrate in swine rations as determined by 

blood and liver analyses. Rousseau arid co-workers (75, 

p. 1565-1575) compared carotene from alfalfa fed at a 

rate of 60 mg/lb. of body weight with vitamin A (alcohol) 

from a dry carrier and found the value of the carotene 

was only one-fifth to one-seventh of that of vitamin A 

(alcohol) as measured by the blood plasma and liver of 

dairy calves. When carotene was fed at the 180 mg 1eve1 

intake, it was only one-tenth to one-thirteenth the value 

of vitamin A acetate. When the level of intake was raised 
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to 540 me/lb. of body weight, iLS value had dropped to aie- 
twentieth to one-twenty-fourth the value of vitamin A 

acetate. 

baumann, Steenbock, Beeson and Rupe]. (4, p. 167) 

reported that L.3 per cent of the vitamin A ingested on a 

low carotene ration was secreted into the milk thile on a 

high carotene ration, only 1.3 per cent was secreted. The 

vitamin A and carotene activity of butter was used. as a 

criterion for measuring the efficiency of coíiversion of 
carotene in feeds to milk fat carotene arid vitamin A. 

Work by Baumann et al. (4, p. 167) showed an inverse 
relatIonship between carotene utilization and intake. 
These workers reported that less than two per cent (1.12%) 

of the ingested carotene from a winter ration and icas 
than one per cant (O.O45) from a summer ration appeared in 
the milk fat. Under the conditions of the experiment, the 
vitamin A secreted did not exceed 1.6 per cent of the In- 
gestad carotene from the winter ration, iior O.'? per cent 
from the sunmier ratioi. In t3nns of international units, 
only 8,244 I.U. were secreted for each 240,000 1.11. con- 

suiiied on the winter ration, and only 14,000 I.U. of the 

1,040,000 I.U. ingested on a 'nigh caroLe summer feeding 
regime. 

Boyer (S, p. 433), in studying the vitamin A and 
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carotie 1eve1 necessary to maintain adequate blood vita- 

min A, expressed the da1lr carotee requtrements to be 

75,4g/Kg. for Holstein yearlthg ard 125,g/Kg. body 

weight for cuernsey yearlings. Iowever, Moore and co- 

workers (57, p. 533), based on zpinal fluid pressure meas- 

urexnts, sugested that Guerrsey calves require an Intake 

of 4ig/1b. (76.1g/Kg.), Jersey calves 32g/lb. (71.0 

./Xg.) and Holstein and Ayrshi.re calves 304g. (67.24/ 
K of esrotene per pound of body we1ht. More recently, 

Eaton and co-workers (26, p. 452) reported that Holstein 

calves fed 20, 60, 120 and 14O«g. of caroterq'lb. of body 

weight per day converted carotene to vi tznin A 1.4 tImes 

more efficiently than Guernsey ci1ve. At the "assay" 

level, these results indicate that a difference in the 

ability to utIlize carotene does exist amo1g breeds of 

dairy calves. iauge et al. (3r7, 63) found that 

Guernsey cows can uLilize carotffe in alfalfa as readily 

as carotene from carrot oil in producing high vitamin A 

milk fat. 
Jones et al. (40, p. 3) found that with normal ratlaia, 

the blood values for Jerseys ranged from 4.8 to l2.02g/ml. 

of carotene ar.d O.2 to 0.94Ag/m1. of vitamin A, while 

those of Holsteins we 6.3 to 14.3&g. aid 0.34 to 1.03 

,dg/ml. for carotene &id vitamin A, respectively. Byers 
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et al. (10, p. 659) found that blood carotene levels 

necessary to maintain adequate blood vitarnn A were 0.5 

to 0.7g/ml. for Holsteins and 1.1 t" 1.4Mg/mi. for 

Guernseys. 

Jones et al. (40, p. 2) reported that carotene fed 

to dairy cattle at levels of 130 and 390Mg/Kg. of body 

weight were suffici ent to maintain liver vi Lamm A at 

levels of 12.4 &id 1.7 c.g/g., respectively. 
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EXPERIMENTAL PRONDUBE 

The objectives of this research were: to measure the 

relative efficiency of utilization of various sources of 

carotene and vitamin A by dairy cattle; to determine the 

possible effect of the level of supplenntation on in vivo 

utilization; and to study the effect of aipha-tocopherol 

on in vivo vitamin A and carotene utilization. 
Sorne of the ailmals used in this study were from dams 

maintained on a suboptimal level of carotene intake and 

are hereafter referred to as animals havirg low carotene 

histories. Before supplementing the rations of experi- 

mental animals u6ed in first four of udy, 

all animals were maintained on a suboptimal level of 

carotene intake until the blood plasma ad liver reserves 

were depleted. 

This study was divided into five ohaes according 

to the following treatments: carrot oil (Phase A), alfalfa 

leRf meal (Phase B), synthetic beta-carotene (Phase C), 

synthetic vitamin A (Phase D) and synthetic vitamin A and 

carotene supplemented with d-alpha-tocopherol (Phase E). 

As indicated in Table 1, the first phase Involved eleven 

Jersey and Holstein cows, all but three having low caro- 

terie history, and four sets of identical twin ols tein and 

Brown Swiss bulls fed controlled amounts of beta-carotene 



Table i 
Low capoten. animala uaed in e tud7 

Carotere ------ Disposition 

Animai Dat of or Vit. A Phase Phase Phase Has. Phase 
;urnber rr,ed Sex Hietor7 Eirth Intake A 13 C D 

G-25 Jersey F Low-Carotene iO-2354 65g./kg. x x x i X 

G-36 Jersey ? Low-Carotene ii- Et-55 " X X X 

U-2? Hoitein F Low-rarot.n. ii-il-44 f' X X X X 

T$ Jeraa F \ormai 8- i- " z X i 

G-'12 Jersey F Low-Carotene 10- 82 i3Og./kg. X X X X 

a-.i3 loistein F Low-Carotene 10- 6-52 " X X X i X 

J295 Jersey F Normai 2- 6-52 " X Z X X 

3267 Jersey F Low-Caroto 529-5O " i x i 

H605 Hoiatain F 1-1i-5 " X 

}522 Holstein F orniai 9-10-46 ft i x 

-57 Holstein F :ormal 5...22-49 39Oç./kg. x 

G-iC Jerso7 F Tow-Carotene 8-22-53 ' X X X X 

C-l? Jersey F Carotere 6-27-53 " X 
r_2g Holstein F Low-Carotene E- 4-t5 X X X X X 

J266 Jersey F Low-Carotene 5..26-55 " X X X Z X 

'.13 Pi Floistein 'M Low-Carotene ii- 8-54 5Og./kg. x x z 

TW-2 Bols.-Cuerrt. M ormai 3- 2-S5 " X X X 

TI-2 Ayr.Hols. M tormai 8-25-52 " X 

TR-2 Holstein M orma1 4-26-4 " X 

TJ-2 Jersey M Normai 9-l8-2 " z 

TV-2 cr. Swiss M Ìornaì 2- 6-bb " z z i i 

TW-i Hola.-Guerz. M ?ormai - 2-&5 500 L,/kg. z x z z 

TI-i Ayr. -Hals. M )oral 8-2.5-52 z 

TJ-]. Jersey M Eozal 9-le_52 X 

TR-i Holstein M ormai 4-26-54 H z 

TV-1 br. Swiss M Normai 2- 6-55 z z z 

266B1 Jersey M Low-Carotene il-14-55 
n z x z 



Table 1, continued 
Carotene Disposition 

Animal Date of or Vit. A Phase Phase Phase Phase Phase 
Number Breed Sex History Birth Intake A B C I) E 

J224 Jersey F Normal 6- 6-46 Normal X 

J222 Jersey F Normal 4-16-46 Normal X 

J312 Jersey F Normal 4-17-53 Normal X 

J313 Jersey F Normal 4-22-53 Normal x 
H547 Holstein F Normal li-10-48 Normal x 
H574 Holstein F Normal 10-23-50 Normal X 

TL-1 Jer.-Hols. F Normal 5- 5-52 Normal x 
TL-2 Jer.-Hols. F Normal 5- 5-52 Normal X 

TS-2 Jer.-Guern. F Normal 8- 2-54 Normal x 
Th-2 Jersey F Normal 8- 1-53 Normal x 
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jr cari'ot oli, Two cows having low caroter.e histories 
were supplemented with carotene to 65a-g/kg. of body 

weight/day; two cows havig low carotene histcries arid two 

OW3 laivi normal histories were supdemented with caro- 

tene to 13O.ag/kg. of body weiit/day; arid three cows 

havIng low carotene histories and one cow having "oxal 
carotene history were supplemented with carotene to 390 

«/k. body 'eiht/day. Five bulls having :oal carotene 

histories ware supplemented with carotene to 5O..4cg/kg. 

body wei.ht/day; snd their twin mates were supplemented 

with carotene to 5OO«.g/kg. body we1ht/day. 

In Phase B of this study1 twelve females, all hut two 

having lowcarotene histories, and two pairs of idcrtical 
tWi: bulls and one pair of other males were niaintained on 

low carotene ratior.s supplemented to various levels of 

carotene in airalfa leal meal. Two cows having low caro- 

techo hi3tories and used in Fhase A of thi8 study, and two 

cows having norma]. carotene histories were supplemented 

to 65.ag of carotene/ks. body weight/day; four cows having 

low carotene iistcries and used in Pha3e A of this study 

plus one cow having rormal carotene history were supple- 

mented with carotene at the ratio of l3OJcg/kg. of body 

weight/day. Three cows used in Phase A of this study and 

having low-carotene histories were supplemented to O,«g. 

carotere/kg. of body weight/day. Two of the identical 
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twiit bulls used .1r Phase A Dius one other male were sup- 

p1eu3nt.3d dth earot.ne t 50«/k,. of body weiht/day 

ihile their nIatea vare suppleieited to 50OA.g/kg. of body 

weight/dar. Phasea C and D were the saite as Phase B with 

the etceptlorìs of treatTreits as shown above and the 1os 

of two artals fed srnthetIc vitaiin A at a level of 130 

cg/ kg. of body weiht/de.y. 

The beta-carotene used ir Phsse A was supplied by the 

Farnett taborat,ories Iic, ii1 the forr of carrot ot]. con- 

taming, by analysis at the time of feedJ.ri, an average 

of 7,734 micrograms of caxtee per ml. of carrot oil. 

Alpu-tocopherol as added by the manufacturer as an anti- 
oxidant. The natural alfalfa leaf meal used in Phase B 

was ground from pelleted choice dehydrated ilfalfa supplied 

by the DIxon Dryer Co. This leef neal avereged 217,&g. 
carotene per . cf ìîeal and had one per cent animal fat 
stabilized with butylated-hydroxy-anisole (FH'r). The 

synthetic beta-carote u3ed in Phase C was supplied by 

Hoffnan-Lafloche Company, Inc. as a sem!-solid suspension 

in vegetable Oil fessOfl oil) with a potency of 400,000 

u.;.p. units of vitomin A por cram and coritined BilA or 

butylated-hydroxy-toluene (BHT) as an antioxidant. Before 

feedlng,thla suspension as further c1ilute with cottonseed 

oil to contain 3.27 of carctrie per ml. The synthetic 

vitamin A supnlied by the Hoffrni-ÍaPoche Co., Ire. used 
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ir Phase P v:as a dry stabilized vitamin A pairnitte 
(Povoriix A-25) containing 32,O0O U..}. units per g. of 

Rovomix and vías suspended in a geletirL-suar-starch base. 
The aipha-tocopherol used ir Phase E of this study 

wss obtained from Distillation Products Industries as 

d-alpha-tocopheryl acetate blended in soybean oil meal to 

contain 44.05 I.tT. per g. of supplement (Wyvamix Vitanin 
F Feed uppletnerit). 

During the first feeding period of Phase F, five lac- 
tating Jersey and Holstein cows, previously used during 
Phase D, v;ere fed controlled amounts of vitamin A palmi- 

tate. One of the experimental cows completed her lacta- 
tion ahead of schedule and was removed from the experiment. 
The four remaining cows were supplemented with one gram of' 

d-alpha-tocopherol per day. Ten normal Holstein arid Jersey 
cows were paired according to breed, age arid stage of lac- 
tation for periods ', 3, and 4 of Phase E. Carotene con- 

tamed in hay and silage, early spring irrigated pasture 
end fall irrigated pa3ture was fed and supplemented with 
one gram of d-alpha-tocopherol/animal/day (2.7 grams 

Jyvamix). 

Plood, liver and milk fat 5amples were tskeri Ì4.monthly 

on the sa day for all but Phsee E when blood end liver 
samples were taken at monthly ritervls and milk fat 
samples at ten day intervals The blood was collected 
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from the jugular vein and ar.alzcd for carotere and vita- 
min A by a modification (saponification) of the 'ïmb1es' 

method (4, p. 1055-1065). The liver samples were taken 

usine the biopay techricue developed by ;one (7, p. 72- 
752) and were analyzed for carotene and vitamin A using 

the method developed by Gallup and Foefer (3O p 2E-29O). 

MIJk fat samples were composited by separat1n milk from 

three to six mi1kinrs. Milk fat was analyzed for carotene 

arid vitamin A via the meth approved by the technical 
committee in charge of the a1ion-wide butter survey of 

the United States Department of Agriculture (88, p. 1-10). 

In all cases carotene arid vitamIn A supplements were 

added to a low carote.rie ration consisting of ground oats 

and barley, soybean oil meal, molasses 'eet pulp and hay 

containing lesri than 1.0 to 5.0 .p.m. carotene (Table 2). 

1'eed analyses for carotene were ccrriod out using the 

modified A.0.A.(. method (84, o. 21?-224) and are reported 
on an air dry basis. The carotene In the ration of each 

animal was calculcated at regular intervals (Table 1). 
One i.r. of vits.mln .4 tvas considered equivalent to O.6g. 
carotene or 0.344.sg. of oure vitamin A acetate. In cal- 
culating the vitin A potency of milk fat, one I.U. of 

vitamin A was considered equivalent to O.St. carotene or 

O.25g. of vitamin A. Analytical corrections for vitamin 
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Table 2 
Feed analysis - air dry basis 

Date Description Carotene 

p.p.m. 

1955 hyegrass hay 3.1 
1955 2.3 
1956 1 year old ryegrass hay 2.0 
1956 2 year old ryegrass hay 0.3 
1956 Ryegrass hay 3.0 
1956 Ryegrass hay 2.3 
1956 Ryegrass hay 2.4 

4- 4-.56 Barley straw 0.6 
4- 4-56 Alfalfa leaf meal (2 years old) 18.2 
5-21-56 Alfalfa leaf meal 221.0 
7-27-56 Alfalfa leal' meal 214.0 
7-27-56 Alfalfa leaf meal 217.0 

6-26-57 ist cutting alfalfa & grass (weathered) 7.0 
7- 9-57 ist cutting alfalfa & grass 5.2 
7-13-57 Ryegrass hay 5.0 
7-30-57 Ryegrass hay 0.9 

3-15-58 Oat & vetch hay 
3-31-58 Alfalfa hay 
4-15-58 Grass silage 
4-16-58 Oat and vetch hay 

* wet basis 

10.3 
32 2 
41.0* 
14.9 
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A 1 milk fat 'r.ere rrade Cn the ba1 that ily r cent 

of the v1ti1n was recovered (91, ?. 4). 
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RESULTS MD DISCUSSIO4 

The mean blood plasma, liver and milk fat carotene 

arid vitamin A values for experimental cows fed controlled 

levels of carotene and/or vitamin A are found in Tables 

3 tbrougì 8. The values for cows fed carotene are in 

cloee agreement with liver carotene and vitamin A values 

reported by Jones et al. (40, p. 2). These workers re- 

ported vitamin A values of 12.4 and l8.7g/g. of fresh 

liver for cows fed 130 and 390.«g/kg. of carotene daily, 

respectively. 

The results of this study indicated that blood plasma, 

liver and milk fat vitamin A and carotene values reflect 
the ability of the animal to utilize various dietary levels 

and forms of the vitamin and are, therefore, criteria for 

measuring the utilizaticzi of the vitamin in vivo. An 

analysis of variance indicated (Table 3) that there were 

statistically significant differences irA blood carotene 

between both the levels fed and carotene sources. The 

most marked differences in blood plasma carotene were ob- 

served when the daily carotene intake varied from the 

l30g. to the 39Og. level. As shown by the 5% Multiple 

Range Test In Table 3, blood carotene values from alfalfa 
leaf meal were siificantly higher than those from 

synthetic vitamin A. Blood plasma carotene values 



Table 3 
Mean blood carotene from experimental cows 

_____________------ - trèljri./iUlorarn bofly wwett 
Source 654(;. l3OJ.. ean 
A 

(Carrot oil) 0.15 0.94 2.82 l.O 
B 
(Alfalfa leaf) 0.63 1.21 2.89 1.58 
C 

(Syri. B carotene) 0.87 0.62 1.83 1.11 
t) 
(Syn. Vit. A) 0.16 0.10 0.16 0.14 

Mean 0.45 0.72 1.93 
df MS F 

Treatrient 11 10.8510 
Level 2 4.9288 2.464 l9.87 
Source 3 3. 5146 1.172 
Level X Source 6 2.4076 (.40l 3.23* 
Error 31 3.8440 0.124 
5 Multiple Range Te9t for Source1 

B A C 
L) 1.44 (0.63) 1.16 (0.62) 0.97 (.59) 
C 0.47 (0.62) 0.19 (0.59) 
A 0.28 (0.59) 

i 
( ) LSD ** Siiifieant at 1' level * Significant at 5 level 
Blood values in'g./m1. 

C;) 



Table 4 
Mean blood vitamin A from experimental cows 

Level fed 1nig./Kilogram body weight 
Source 65,g. l3O.&g. 39O.ig. Mean 

A 

(Carrot oil) 0.10 0.22 0.30 0.21 
B 
(Alfalfa Leaf) 0.19 0.22 0.31 0.24 
C 

(Syn. B carotene) 0.18 0.19 0.28 0.22 
D 
(Syn. Vit. A) 0.22 0.26 0.27 0.25 

Mean 0.17 0.22 0.29 
df SS MS F 

Treatment 11 .0392 
Level 2 .0278 .0134 26.80** 
Source 3 .0036 .0012 2.40 
Level X Source 6 .0078 .0013 2.60 
Error 31 .0152 .0005 
5% Multiple Range Test for Source' 

D B C 

A .04 (.01) .03 (.01) .01 (eOl) 
C .03 (.01) .01 (.01) 
B .01 (.01) 

i ( ) LSD 
** Significant at 1% level 
* Significant at 5 level 

Blood ValUes inAg./ml. 



Table 5 
Mean liver carotene from experimental cows 

.Lievei rea inA 
Source - l30Jg. 39Og. Meai 

A 
(Carrot oil) 0.14 0.89 2.10 0.71 
B 
(Alfalfa leaf) 0.67 1.42 5.86 2.65 
C 

(Syn. B Carotene) 0.68 0.81 2.03 1.17 
D 
(Syn. Vit. A) 0.44 0.44 0.57 0.48 

Mean 0.48 0.89 2.64 
df SS MS F 

Treatnierat 11 29.1029 
Level 2 8.5350 4.2675 8.7520 
Source 3 13.1028 4.3676 8.9573 
Level X Source 6 7.4651 1.2441 2.5514' 
Error 29 14.1409 0.4876 

D 
A 
C 

1 
( ) LSD 
Siiificant at 

* Significant at 
Liver values i: 

ce 

2.17 (1.6) .69 (1.6) .23 (1.5) 
1.94 (1.6) .46 (1.5) 
1.48 (1.5) 

1% level 
5% level 
riqg./gram of wet liver 



Table 6 
Mean liver vitamin A from experimental cows 

L,evei rea in 
Source 65,g. i3O,g ________ 39Q4L&. ean 

A 
(Carrot oil) 0.95 5.72 20.11 8.93 
13 

(Alfalfa leaf) 9.11 15.10 32.00 18.74 
C 
(Sn. B carote. e) 6.43 9.86 29.06 15.12 
D 
(Syri. Vit. A) 12.85 37.82 124.37 58.35 

Mean 7.33 17.25 51.38 
SS MS F 

Treatment 11 12149.503 
Level 2 4494.166 2247.0834 862.603 
Source 3 4280.390 1423.4633 546.435 
Level X Source 6 3374.946 562.4910 2l5.9274 
Error 29 75.557 2.6050 

A 
C 

B 

i 
( ) LSD 

* Significant at 
Significant at 
Liver values i: 

UT C e 

49.2 (1.2) 9.8 (1.2) 6.1 (1.2) 
43.2 (1.2) 3.6 (1.2) 
39.6 (1.2) 

1% level 
5% level 

aÁ'g./gram of wet liver 



Table 7 

Mean milk fat carotene from experimental CO''jS 

fed 1ng./Kilo:rm body weit 
Source l3Og. 39O,g. Mean 

A 
(Carrot oil) 0.43 0.44 1.04 0.62 

B 
(ALfalfa leaf) O.7 0.42 3.50 1.63 

C 
(Sjiì. B carotene) 0.33 0.34 0.53 0.40 

D 
(Syn. Vit. A) 0.27 0.19 0.33 0.26 

Mean 0.50 0.35 1.35 
SS MS P 

Treatment .l 9.1705 
Level 2 3.4441 1.7220 25.28 

Source 3 2.3928 0.7926 1l.71** 

Level X Source 6 3.3336 0.5556 8.15 

Error 17 1.1592 0.0681 ____ 

ultiple Rane Test for Source 
B A 

D 1.37 (.66) .36 (.64) 
C 1.23 (.64) .36 (.61) 
A 1.01 (.61) 

)LSD 
' Significant at 1L level 

Milk fat values inftg./gram of butter fat 

C 

.14 (.ci) 

(D 



Table 8 
Mean milk fat vitamin A from experimental cows 

ve! re 
Source 65«g. 13Og. - - 390_erg. Mean 
A 
(Carrot oil) 1.63 2.10 3.64 2.46 
B 
(Alfalfa leaf) 3.41 3.18 6.32 4.30 
C 
(syn. B. carotene) 1.87 1.18 3.16 2.07 
D 

(syn. Vit. A) 4.33 8.08 8.49 6.97 
Mean 2.81 3.63 5.40 

df SS MS F 
Treatment 11 65. 8387 
Level 2 44.9687 22.484 21.753 
Source 3 14.034 4.678 4.525* 
Level X Source 6 6.836 1.139 1.102 
Error 17 1.0336 0.060 

1% Multiple Range Test for Source1 
D B A 

C 4.9 (.61) 4.5 (.60) .39 (.57) 
A 4.5 (.60) 1.8 (.57) 
B 2.6 (.57) 

1 
( ) LSD 
Significant at 1% level 

* Significant at 5% level 
Milk fat values in«g./gram of butter fat 

o 
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obtained from COW8 fed carrot oil were siriificant1y 
higher than those values obtained from COW8 fed synthetic 
vitamin A. Blood plasma carotene values from cows fed 

alfalfa leaf meal and synthetic beta-carotene were not 

significantly different while those values from cows fed 

the synthetic vitamin were significantly lower than the 

values obtained from cows fed beta-carotene in alfalfa 
leaf meal, synthetic beta-carotene, or carrot oil. This 

may be expected since it was reported by Jones et al. (40, 

p. 1) that blood plasma carotene values reflect the 

dietary carotene intake. In addition, there is no ev!- 
dence to indicate that vitamin A will undergo reversal to 
carotene. The low blood plasma carotene values for all 
three levels of synthetic vitamin A fed with a low caro- 

teno hay (1 p.p.m.) resulted in blood plana carotene 

value3 of 0.10 to 0.l6Ag/ml. Assuming that the effic- 
lency of utilization of the vitamin is indirectly propor- 

tional with the dietary intake, these values may nave been 

lower had synthetic vitamin A been restricted from the 

diet. 
Blood plasma vitamin A values (Table 4) obtained for 

cows fed 65...«g. of carrot oil per Kg. of body weight per 
day were significantly lower than all other values. Ìo 
other siiificant differences in blood vitamin A values 

were observed for carrot oil between source or within 
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source comparisons at the 65 and 1«g. 1eve1 of caro- 

tene. However, the blood vitamin A Values obtained when 

cows were fed beta-carotene from carrot oil, alfalfa leaf 

meal, and synthetic beta-carote at the 39Og. level, 

were significantly higher (P O.Ol) than thoas obtained 

when synthet!c vitamin A was fed, There was no sii1ficìt 
difference In blood vitamin A potency regardless of source. 

The blood vitamin A values of cows fed synthetic vitamin A 

did not chan,e significantly as the dietary intake of the 

vitamin increased. AssunLing that the blood plasma vitamin 

A potency has a physiological function, lt appears that 

the dairy cow would utilize vitamin A and carotene at 

diminishing rates as the level of' irke is increased. 

A indicated by the values In Table 5 and 6, liver 
vitamin A and carotene increased with the level fed and 

varied significantly with the source of the vitamin. 

Liver carotene values from cows fed alfalfa leaf meal were 

higher than those from the other three sources. Liver 

carotene values from cows fed synthetic beta-carotene were 

not significantly higher than those values obtained when 

carrot oil or synthetic vitamin A was fed. There was no 

significant difference between the liver carotene values 

when cows were fed carrot oil and synthetic vitamin A. 

As shown In Table 6 sliIfIcantly higher liver 
vitamin A values were obtained at the 39O«g. level of 
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carotene intake compared to the 65« g. level. Liver vita- 

min A values varied significantly (P-O.Ol) depending 1 

the source of the vitamin. The significantly higher liver 
vitamin A values ta1ned from cows fed alfalfa leaf meal 

as compared to those values obtained then fed synthetic 

beta-carotene, and the higher vitamin A values obtained 

by feeding synthetic beta-cerotie as compared with those 

values for carrot oil was apparently associated with the 

ability of the animal to convert carotene to vitamin A. 

The high liver vitamin A values obtaired by feeding syn- 

thetic vitamin A demonstrated the ability of the dairy 

cow to store larger amounts of the vitamin when fed in 

this form as compared to the three fonns of beta-carotene. 

To discuss the superiority of one carrier of beta- 

carotene with another, one must assume that the antioxid-its 

added as stabilizers have equal stabilizing abilities. 
Then too, one must assume that the increased storage of 

vitamin A is due to increased efficiency in utilization. 
The antloxidants added to those supplements (page 28) have 

been shown to have varied effects on carotene and vitamin 

A utilization (12, p. 305; 79, p. 1023). The increased 

liver storage of vitamin A indicated, under the conditions 

of this experiment, that synthetic vitamin A palrnitate, in 

a gelatin beadlet form, had a higher biological value than 
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that reported for vitamin A alcohol by the Expert Committee 

on Biological Standardization (27, p. 147-148), o re- 

ported beta-carotene to be equivalent to half that of 

vitamin A. The results in Table 4 show that dairy cows 

given vitamin A palmtate stored four times more liver 
vitamin A on an equal weight basis than the same cows fed 

beta-carotene. The vitamin A values of the milk fat, on 

the other hand, were in good agreement with the 2:1 ratIo. 
Analyses of milk fat (Tables 7 and e) indicated that 

both carotene and vitamin A increased significantly with 

the dietary levels and source of the vitamin. Synthetic 

vitamin A produced butterfat siificant1y higher In vita- 
min A than any of the other three sources of the vitamin. 

Alfalfa leaf meal produced milk fat of higher carote and 

vitamin A value than beta-carotene in carrot oil or syn- 

thetic beta-carotene. The low biological value for carrot 
oil and synthetic beta-carotene as measured by the blood 

plasma, liver and milk fat Indicated the oily carrier to 

lower rather than increase the rate of absorption and 

utilization of beta-carotene In dairy cattle. This Is 

contrary to work reported by Russell et al. (77, p. 211) 

using chickens, Lewis and associates (49, p. 486) and 

Kramer et al. (44, p. 295) usIng rats, all of whom 

reported Increased absorption and utilization with injected 

carotene in oily solutions. 
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Correlation coefficients axnoIg means (Table 9) indi- 

cated a positive correlation between the anunt of the 

vitamin fed, blood plasma, carotene and plasma vitamin A, 

liver carotene and liver vitamin A. There was a positive 

correlation between liver vitamin A and the amount of the 

vitamin fed. However, there was rio correlation between 

liver vitamin A and blood plasma vitamin A levels. There 

were positive correlationshetween milk fat carotene, 

blood carotene and liver carotene, and between milk fat 

vitamin A, blood vitamin A, and liver vitamin A. There 

was no correlation between blood carotene and liver vita- 

min A and milk vitamin A, which further substantiates the 

belief that vitamin A does not undergo the reversal to 

carotene in vivo. 

Carotene and vitamin A values from experimental bulls 

(Tables 10 and 11) indicated a significant increase in 

carotene and vitamin A potency of blood pla8ma when the 

level fed was Increased from 50 to 5OOg/kg. body weight/ 

day. This increase was, however, not proportional to the 

dietary intake of the vitamin. While the level of Intake 

was increased by ten-fold, the an plasma carotene and 

vitamin A increased by only 4.7 arid 1.9-fold, respectively. 

There was no siiIfIcant difference In blo plasma caro- 

tene (P- 0.05) between sources of the vitamin. However, 

there was a significant difference with source in vitamin 



Table 9 
Correlation coefficient of means of Data, Tables 3 through 8 

Liver Liver Blood Blood Milk Milk Vit. A 

Carotene Vit. A Plasma Plasma Carotene Vit.A Source 
Carotene Vit. A. 

Liver Carotene --- 0.04 O.84' O.63 O.94'" 0.22 O.63 

Liver Vit. A 0.04 --- -0.12 0.48 0.00 0.79* Q59 

Blood Plasma Carotene 0.84" -0.12 --- 0.63" 0.72" -0.04 0.67 

Blood Plasma Vit. A 0.63' 0.48 0.63' --- 0.46 0.62* 0.82"" 

Milk Carotene 0.94" 0.00 0.72" 0.46 --- 0.23 0.48 

Milk Vit. A 0.22 0.79" -0.04 0.62' 0.23 --- 0.46 

Vitamin A Source 0.63* 0.59* 0.67* O.82** 0.48 0.46 

Significant at i% level 
Significant at 5% level 



Table 10 
Mean blood plasma carotene from experimental bulls 

ve.LIe 
Source 50ig. 50Oa. Mean 
A 
(Carrot oil) 0.23 2.02 1.12 
B 
(Alfalfa leaf) 0.29 1.69 0.99 
C 

(Syn. B carotene) 0.20 0.61 0.40 
D 
(syn. Vitwnln A) 0.22 0.12 0.17 

mean 0.23 1.11 

Treatment 
df 

7 
SS MS F 

4.7845 
Level 1 2.1134 2.1134 ll.442 
Source 3 2.3854 0.7951 4.3048* 
Level X Source 3 0.2857 0.0952 0.5154 
Error 20 3.6954 0.1847 

tiple Range Test for Source 
A B C 

D .95 (.97) .82 (.95) .23 (.90) 
C .72 (.95) .59 (.90) 
A .13 (.90) 
( )LSD 
Significant at 1% level 

* Signifi nt at 5% level 



Table 11 
Mean blood plasma vitamin A from experimental bulls 

LVI .r)Q lfl 

Source 5O0g. Mean 

A 
(Carrot oil) 0.15 0.29 0.22 

13 

(Alfalfa leaf) 0.10 0.34 0.27 
C 

(Syn. B carotene) 0.15 0.32 0.23 
D 
(Syn. Vitamin A) 0.28 0.34 0.31 

mean 0.19 0.32 
df SS thS F 

Treatment 7 .0455 
Level 1 .0046 .0046 46.O0 
Source 3 .0326 .0108 108.00 
Level X Source 3 .0084 .0028 28.00" 
Error 20 .0026 .0001 

1 u1tip1e Range Test fc Source 
D B C 

A .09 (.01) .05 (.01) .01 (.01) 
C .08 (.01) .04 (.01) 
B .04 (.01) 

3. 
( ) LSD 

** Significant at 1 level 

(D 
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A potency of the blood (P-O.Ol). Sthetic vitamin A 

produced vitamin A values significantly higher than the 

three sources of beta-carotene. Alfalfa leaf meal pro- 

duced plasma vitamin A values significantly higher than 

the other tvì'o sources of beta-carotene. 

As shown in Tables 12 and 13, bulls receiving 500d«g. 

of carotene/kg. body weight per day had liver carotene 

values significantly higher thai those receiving the 5O,g. 

level. Beta-carotene in carrot oil produced the highest 

liver carotene valuei (P-O.O1) followed closely by beta- 

carotene in alfalfa leaf meal. Synthetic vitamin A pro- 

duced the highest liver vitamin A values (P>- 0.01). 

Alfalfa leaf meal resulted in liver carotene values sig- 

nificantly higher than carrot oil while carrot oil gave 

liver carotene values siüficant1y higher than synthetic 

beta-carotene. All liver vitamin A values were slgniuic- 

antly higher at the 500 microgram level of intake. Liver 

carotene increased three-fold and liver vitamin A eight- 

fold with a ten-fold increase in level fed. At the 5Og. 
level of intake, synthetic vitamin A Increased liver vita- 
min A values six-fold. When the level fed was increased 

by ten-fold, liver stores were icreased fifteen-fold and 

produced values eleven times greater than that produced by 

beta-carotene. 



Table 12 
Mean liver carotene of experimental bulls 

ve! rei in 

(Carrot oil) 0.32 1.62 0.97 
B 
(Alfalfa leaf) 0.48 1.40 0.94 
C 
(Syri. B Carotene) 0.35 0.76 0.55 
1) 

(Syn. Vitamin A) 0.30 0.31 0.30 

mean 0.36 1.02 

df SS MS F 

Treatment 7 1.9670 
Level 1 .6147 .2049 12.052 
Source 3 .8712 .2904 17.082* 

Source X Level 3 .4811 .1604 9,435** 

Error 17 .2890 .0170 

tiple Range Test for Source 

D .67 .64 (.38) .26 (.36) 
C .41 (.38 .41 (.36) 
B .03 (.36) 

1 
( )LSD 
Significant at 1 level 

Liver values in,«g./ram of wet liver 



Table 13 
Mean liver vitamin A from experimental bulls 

Level fed ing./Ki1ogram body weight 
Source 5Og. 5OOg. Mean 

A 
(Carrot oil) 2.24 16.44 9.34 
B 
(Alfalfa leaf) 2.18 23.98 13.08 
C 

(Syn. B carotene) 1.82 11.82 6.82 
D 
(Syn. Vitamin A) 12.35 189.04 100.60 

mean 4.65 60.32 
df SS MS F 

Treatment 7 26383.6759 
Level 1 4137.3296 4137.3296 357.498 
Source 3 10385.5578 346.1852 299.l31 
Source X Level 3 11860.7885 3953.5961 341.620w 
Error 17 196.7423 11.5730 

1 Multiple Range Test for Source1 
D B A 

C 93.87 (10.58) 6.26 (10.32) 2.52 (9.84) 
A 91.35 (10.32) 3.74 ( 9.84) 
B 87.61 ( 9.84) 

( ) LSD 
Significant at 1% level 
Liver values inag./gram of wet liver 

C,, 



The carotene and vitamin A potency of the blood 

plasma, liver and milk fat of exoerimental cows fed vita- 
min A palrnitate supolnented with one gram of d-alpha- 

tocophero]. per day are found in Tables 14 through 17. 

Feeding one gram of d.-alpha-tocopherol per day re- 

suited in a 65, 55, and 50 per cent increase in vitamin A 

potency of the blood plasma, milk fat, and liver vitamin A 

activity, respectively, and an average increase in vitamin 

A potency of the blood plasma, liver arid milk fat of 57 

per cent. Due to the small number of animals used in this 

experiment and the few observations obtained, the crìly 

values indicating a statistically significant difference 

were those for liver vitamin A potency. Based on the 

findings of the Expert Committee a Biological Standardi- 

zatlon (27, p. 147-148) that O.3Ag. of vitamin A equal 

1 1.11. of vitamin A activity, a 57 per cent Increase in 

biological potency of the vitamin would moan that i I.U. 

of vitamin A activity is equal to almost 0.2 (O.l9)g. 
of vitamin A or a 36 per cent Increase in the efficiency 

of utilization when supplemented with one gram of d-alpha- 

tocopherol. Blood plasma carotene values increased 90 per 

cent while the liter and milk fat carotene potency decreased 

by 69 and 20 per cent, respectively. Inasmuch as the 

general trend was toward an increase in vitamin A potency 

and decrease in carotene potency of the liver and milk 



Table 14 
Mean carotene and vitamin A values 01 blood plasia and lier from experimental 

and control cows 
Carotene and Blood Plasma Liver 

Animal Vit. E Vitamin A ir- Carotene Vitamin A Carotene Vitamin A 
Nuner LoU/day take/kg./b.w. Initial Final Initial na1 Initial 1ina1 Initial Final 

I.U. &g./ml. g./ml. g./g. 

February 1958 - Low Carotaie Hay Ration 
J266 991 296 ItT. - A 0.42 1.10 0.26 0.44 0.74 0.01 107.5 187.0 

G-29 991 296 " " 0.15 0.00 0.23 0.14 0.33 0.18 147.0 180.0 

G-13 991 296 " 
't 0.08 0.27 0.22 0.45 0.74 0.41 64.2 29.4 

G-25 991 49 n 
t, 0.09 0.07 0.21 0.48 0.61 0.15 8.2 5.9 

Moan 991 185 ' n 0.19 0.36 0.23 0.38 0.61 0.19 67.3 100,6 

March 1958 - Normal Hay and Silage Ration 
J224 991 2.25 Mg. -C' 3.60 4.90 0.49 0.43 5.48 ---- 72.9 
J222 None 2.05 " " 7.42 8.16 0.33 0.81 11.03 11.40 117.0 103.0 

J312 991 2.30 " 
U 973 10.84 0.b7 0.97 10.60 11.80 127.0 109.0 

J313 None 2.56 " " 7.70 8.64 0.40 0.69 7.32 12.00 115.0 130,0 
11547 991 2.10 H 3.38 4.90 0.20 0.32 5.85 7.40 145.0 155.0 
11574 None 2.15 " " 5.32 7.15 0.28 0.58 1.49 7.97 45.1 64.8 
TL-1 991 2.30 ti 10.30 9.60 0.74 0.88 12.45 15.40 116.0 118.0 
TL-2 Eone .07 " " 7.20 8.80 0.68 0.89 10.40 13.25 105.0 137.0 
TS-2 991 2.14 " " 3.17 5.33 0.33 0.62 6.24 6.44 54.8 61.6 
Th-2 I'one 1.84 " " 4.75 12.50 0.40 1,11 11.57 14.10 69.3 78.2 

Mean Treated 2.22 " " 6.18 7.07 0.47 0.58 8.12 10.26 102.74 110.9 
Control 2.13 " 

It 6.48 9.05 0.42 0,82 8.36 11.74 90.28 102.6 

* Trace (not readable) 
** International Units Vitamin A Palmitate 
** Milligrams Carotene 

(:1 



Table 15 
rea xot- ne nd vitamin A values of blood plasma &id liver from oxperirnenta 

8nd COiL trol cows (cok!tinued) 
Carotene snd Blood Plasma Liver 

Mìimal Vit. F Vitamin A in- Carotene Vitamin A Carotene Vitamin A 
urnber fedJday take/kg./b.w. Initial Final Initiai Final Initiai Final Initial Final 

I.U. g./m1. eg./m1. .g./g. g./g. 
May 1958 - Spring Pasture (early crowth) 
J299 991 l.8O 11.80 1.15 0.94 18.90 1B.90 207.0 219.0 

None 10.90 10.10 0.85 0.66 18.00 16.40 134.0 125.0 
J312 991 15.20 14.20 1.65 0.86 16.30 17.60 1E4.0 167.0 
J320 None ll.30 11.60 0.80 0.66 13.20 14.30 164.0 179.0 
1-1547 991 8.40 7.10 0.58 0.60 11.00 10.00 170.0 171.0 
H574 None 10.20 7.70 0.68 0.45 11.40 9.60 87.0 84.0 
TL-1 991 14.71 14.00 1.43 1.02 26.20 23.00 158.0 174.0 
TL-2 None 12.80 10.60 1.91 0.62 20.40 17.40 139.0 173.0 
TX-i 991 12.00 13.50 1.74 0.94 15.70 15.40 110.0 125.0 
Th-2 None 18.00 15.60 2.11 1.47 18.40 17.70 112.0 94.0 
Meen Treated 12.62 12.12 1.31 0.87 17.62 16.98 165.8 171.2 

Control 12.64 11.12 1.27 0.77 16.28 15.08 127.2 1'l.0 
September 1958 - Fall Pasture (irrigated pasture) 
3299 991 8.65 13.70 0.62 0.93 9.60 13.05 127.0 129.0 
J222 None 6.05 0.65 0.42 1.05 9.57 4.88 74.5 134.0 
J313 991 8.42 0.85 0.54 0.93 9.00 9.88 95.2 98.2 
J320 None 7.92 10.58 0.56 1.09 7.65 10.38 126.0 110.0 
F1547 991 4.53 5.4 0.40 0.31 3,47 6,38 112.0 118.0 
H574 None 4.68 6.97 0.47 0.47 4.90 5.73 54.0 61.8 
TL-1 991 11.10 14.40 0.80 1.30 9.88 15.60 134.0 129.0 
TL-2 une 9.00 11.95 0.68 1.41 5.93 11.80 110.0 106.0 
TU-2 991 8.65 12.20 0.79 1.11 7.43 8.23 114.0 93.0 
T1\-2 None 12.60 16.75 1.11 2.05 10.85 13.50 89.0 70.5 
Mean Treated 8.27 11.12 0.63 0.92 7.88 10.63 164.0 113.44 

Control 8.05 11.18 0.65 1.21 7.79 9.26 90.7 82.46 



Table 16 
Mean carotene and vitamin A values of milk fat from experimental and control cows 

Milk Fat 
Animal Vit. E Vitamin A in- Carotene Vitamin A LU. Vitamin A 

Number fedjday take/kg./b.w. Initial Final Initial Final Initial Final 
I.U. g./g. &g./g. g./g. - 

February 1958 - Low Carotene Hay Ration 
3266 991 296 I.U. - A* 0.40 
G-29 991 296 " 0.35 
G-13 991 99 " 0.15 
G--25 991 49 " 0.50 
Mean 185 " 

?1 0.35 

March 1958 - ìormal Hay and Silage Ration 
J224 991 2.25 mg. - 4.60 
3222 None 2.05 " " 4.00 
J312 991 2.30 " " 2.40 
J313 None 2.56 " " 4,00 
H547 991 2.10 " 

II 1.60 
H574 None 2.15 ft 2.10 
TL-1 991 2.30 " " 6.00 
TL-2 N.,ne 2.07 " " 4.80 
TS-2 991 2.14 " " 1.50 
TN-2 one 1.84 " " 3.40 
Mean Treated 2.22 " " 3.22 

Control 2.13 " 
't 3.66 

* Trace (not readable) 
** International Units Vitamin A Palmitate 

0.26 4.18 12.15 17.39 49.03 
0.29 6.37 16.79 26.07 67.64 
0.21 11.12 6.79 44.75 27.51 
0.37 3.81 3.75 16.0? 15.62 
0.28 6.37 9.87 23.57 39.95 

5.30 6.00 5.90 31.67 32.43 
4.93 6.68 5.98 33.39 32.14 
4.73 7.32 6.79 33.28 35.04 
8.00 5.94 7.50 30.43 43.33 
2.03 8.08 8.41 34.99 37.02 
3.43 6.00 7.66 27.50 36.36 
5.67 6.84 6.75 37.36 36.45 
---- 6.78 ---- 35.12 
4.27 5.44 5.39 24.26 28.68 

10.10 6.46 5.49 31.51 38.79 
4.40 6.74 6.48 32.31 33.92 
6.62 6.37 6.66 31.59 30.12 

(n 
c'i 



Table 17 
Mean carotene and vitamin A values of milk fat from experimental and control cows 

Animal 
Number 

Vit. E 
fed/day 

Vitamin A In- Carotene 
take/kg./b.w. Initial Final 

Milk Fat 
Vitamin A 

Initial Final 
I.U. Vitamin A 

Initial Final 
Ia.U. dag./g. .&g./g. g./g. 

May 1958 - Spring Pasture (early growth) 
J299 991 9.00 8.50 6.00 6.54 39.00 40.33 

J222 None 12.80 7.00 9.12 7.78 57.81 42.79 

J312 991 6.60 6.10 9.84 9.24 50.36 47.13 
3320 None 9.20 6.10 8.00 8.31 47.33 43.41 
H547 991 3.00 1.40 8.30 8.78 38.20 37.45 
H574 None 5.60 3.10 9.60 9.83 47.73 44.49 
T11-1 991 11.00 9.10 9.84 9.60 57.69 53.57 

TL-2 None 8.20 7.70 10.08 8.65 53.99 47.43 
TX-i 991 13.10 9.30 6.15 7.27 46.43 44.58 
TN-2 None 5.80 6.10 7.54 7.80 39.83 41.67 

Mean Treated 8.54 6.88 8.03 8.29 46.34 44.62 
Control 8.32 6.00 8.87 8.47 49.34 43.90 

September 1958 - Fall Pasture (irrigated pasture) 
J299 991 7.00 8.30 7.02 8.31 39.75 47.07 
J222 Nono 4.10 6.80 8.66 7.30 41.47 40.47 

J313 991 6.80 7.93 9.72 10.08 50.21 53.54 
J320 bone 5.00 5.77 7.06 7.96 36.57 41.46 
H547 991 1.40 1.73 9.36 9.41 39.77 40.52 
H574 None 2.60 3.73 10.04 10.31 44.49 47.46 
TL-1 991 9.40 9.73 10.22 10.73 56.55 59.14 
TL-2 Isone 7.40 8.90 9.14 10.35 48.89 56.23 
TU-2 991 3.80 6.13 7.08 8.19 34.65 42.98 
TN-2 hone 13.40 14.90 6.62 8.93 48.81 60.55 

Mean Treated 5.68 6.76 8.68 9.34 44.19 48.65 
Control 6.50 8.02 8.30 8.97 44.06 49.23 
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fat, it would a;pear that there was a b1o1oica11y sie- 
nificarit increase in the utilization of vitamin A whereas 

carotene utilization was suppressed. It is, therefore, 
suggested from these limited data that while the main role 
of aipha-tocopherol in the ut11izaon of the vitamin may 

be as ari antioxidant, it may act secondarily as a co-factor 
for the enzyme system ttcarotenasefl responsible for the 

conversion of carotene to vitamin A. This would not only 

account for the lowered carotene value noted in these 
tables but helps to explain the high biological value 

which appears to prevail for the vitamin A palmitate. 
The results of supplementing one gr of d-alpha- 

tocopherol daily to lactating Jersey and Holstein cows 

receiving carotene from hay and silage, early spring pas- 

ture, or fall pasture are found in Tables 14 through 17. 

An analysis of covariance showed no signi.ticant differences 
in the carotene end vitamin A potency of milk fat between 

the treated and control cows as measured by the values 
obtained for each treatment. 

The results herein are, therefore, contrary to the 

findings of McGillivray (55, p. 119) who found one gram 

of alpha tocopherol fed per day to cows on pasture to 

Increase the vitamin A activity of law Zealand butter. 
The slight variation between vitamin A activity of 

butter from control and treated cows illustrated In 



Figure 1 represents the normal, expected variation among 

samplings and among cattle and is not, therefore, indica- 

tive of the experimental treatment3. With the exception 

of the early fall values, the seasonal fluctuations in the 

vitamin A activity of butter shown by both the treated and 

control groups receiving carotene in hay, silage or pas- 

tw'e correspond vers closely with those sea8onal varia- 

tions reported by eswig and co-workers (92, p. 425) for 

Oregon-produced butter. The nigh vitamin A and carotene 

values obtained during September and October fcr both the 

supplemented and unsuppinented groups is probably due to 

the lush irrigated pastures that were saved exclusively 

for the experimental animals nd no doubt cmtained con- 

siderably more carotene than most pastures for this time 

of year. 

The blood and liver carotene and vitamin A values of 

cows fed one gram of d-alpha-tocopherol daily as part of 

the normal ration had no effect ì the carotene and vita- 

min A potency of blood plasma and liver tissue. These 

results agree with the work reported by Gullickson et al. 

(34, p. 557) arid Phillips et al. (70, p. 695) but disagree 

with the findings of Harris (36, p. 125) and Maroyanan 

al. (61, p. 87). 
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SUM1A RY 

This report presents the results of feeding controlled 

levels of beta-carotene in carrot oil, alfalfa leaf meal, 

synthetic beta-carotene or vitamin A palmitate to lactat- 
ing Holstein and Jersey cows, and to Holstein and Brown 

Swiss bulls, The levels of supplementation for cows were 

65, 130, arid 39O.Lg/kg. body weight per day; and 50 and 

5O0Ag/kg. body weight for bulls. 
The carotene and vitamin A contents of blood plasma 

were found to reflect the level of supplementation regard- 

less of source with vitamin A palm.Itate producing the 

highest plasma vitamin A values, averagIng 0.25Ag/ml. 

from cows and 0.31A'g/m1. from bulls. The highest blood 

plasma carotene values from cows (1.58,g/m1.) was from 

feeding alfalfa leaf meal. The highest mean blood p1ama 

carotene value from bulls was obtained when the highest 
level of carrot oil was fed (2.02,«g/ml.). 

Liver vitamin A and carotene of cows and bulls in- 
creased significantly (P-0.oi) with the level fed 

regardless of the source of the vitamin. Alfalfa leaf 
meal produced the highest liver carotene values (2.65 

,g/g.) for cows. Vitamin A palmitate produced liver 

vitamin A values for both cows (58.35 .« g/g.) and bulls 

(l00.60gJg.) significantly higher than the other sources 
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of supp1emitat1ori. 

Alfalfa leaf neal gave the highest mean liver vitamin 

A values of the three sources of supplementary carotene 

fed to both cows and bulls. 
Milk fat carotene and vitamin A increased significant]r 

with tI dietary levels and sources of the vitamin. Vita- 

min A palniitate produced milk fat vitamin A of the hiest 
values, while alfalfa leaf meal ?roduced milk fat of 

higher carotene and vitamin A values than carrot oil or 

synthetic beta-carotene. The low biological value for 

beta-carotene in carrot oil and synthetic beta-carotene 
as measured by the three criteria used in this study indi- 

cates that the oily carrier may have decreased the rat.e of 

absorption or utilization of the vitamin with dairy cattle. 
Positive correlations were found ong the amounts 

of the vitamin fed, blood plasma carotene, blood plasma 

vitamin A, liver carotene and liver vitamin A. There were 

positive correlations between milk fat carotene, milk fat 
vitamin A and liver vitamin A and the amounts of the vita- 
min fed. There was no correlation between blood carotene 

and either liver vitamin A or milk vitamin A. 

The supplementation of one gram of d-alpha-tocopherol 

per day to lactating Jersey and riolstein cows fed low 

carotene rations supplemented with three levels of vitamin 

A palmitate increased the vitamin A potency of the blood 



62 

plasma, liver and milk fat but lowered the carotefle potency 

of the liver and milk fat. A 90 per cent increase in the 

carotene poteicy of the blood plasma of cows coupled with 
the decreased liver and milk fat carotene after receiving 

aipha-tocophero i for approximately one month indi cated 
that aipha-tocopherol Interfered with the utilization of 
carotene In dairy cattle. 

Feeding one gram of aipha-tocopherol to lactating 
cows receiving their carotene 

or spring and fall pastures h 

and vitamin A potency of milk 

cant difference noted between 

carotene and vitamin A values 

control cows. 

intakes from hay, silage, 
ad no effect on the carotene 

fat. There was no sinifi- 

the blood plasma and liver 

of the supplenn ted and 
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