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INTRODUCTION 

i Vitamin A is distinctive in that it is formed nowhere in nature 

except a:3 a product · of animal metabolism, but ··is synthesized from caro

tenoids which are formed only by plants. Although many of the earotenoids 

possess vitamin A ao,tivity, beta carotene is the most active isomer and 

is the mo,st important in the nutrition of farm animals1, Jones and ass(?-. 

ciates (1926) demonstrated the essentiality of vitamin .A to the normal 

growth of' calves. The importance of gre1m feed as a source of' dietary 

carotene in normal reproduction and lactation of beef cattle was de= 

scribed.by Gu~lbert and Hart (1934) • 

. Farmers and ranchers of Texa.s and Oklahoma have frequently reported 

the ·1oss of cattle from symptoms similar to those of a vitamin A de.fi

ciency as described by Guilbert and Hart (1934) during a severe drouth 

in California. Such losses occur during the winter feeding period in 

herds maintained o~ a low quality roughage. The condition is usually 

most severe following a dry summer and fall when growth of forage is re

duced during the latter part of the grazing season. Reports from field 
-· . 

cases indicate that losses can be reduced by feeding limited ,amounts of 

good quality alfalfa hay. 

The economic importance of this problem. is self-evident,- and stud-

ies of a long-time nature on the importance of vitamin A il3: beef catt;te 

nutrition, particularly for successful reproduction and, lactation, have 

be.en underway at this station since 1946. As a part of this program, 

experiments have been directed toward the rate of depletion of' body 

stores of carotene and vitami:r:i .. A of beef cows, as affected by reproduction 
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and lactation, Also, the.relative importance of dietary intake and liver 

stores of carotene and vitamin A during reproduction and lactation have 

been investigated. 

While considerable research has been done on the carotene and vita-

min .A nutrition of beef cattle, little is known of the efficiency with . . 

which mature ruminants utilize the carotene present in their rations. 

Since the car.otene intake may vary from. ne.gligible .amounts .during the 

winter period, to more than 200 times the. minimum requirement during . the 

summer grazing season, it seemed desirable to study this problem with 

mature cattle. Preliminary studies on the digestion of carotene by 

steers have been reported by Van Arsdell (1951). Certain of these stud-. ,· ' ' 

ie,s have been repeated and expanded and the ·results are reported herein. 

They involve a series of trials on the absorption of beta carotene by 

steers from a crude concentrate.prepared from alfalfa. 



REVIEW OF LITERATURE 

Vitamin A is essential to the maintenance of health, vigor and re

productive capacity in all animals, according to Maynard (1951). The 

experimental work concerning the metabolism of carotene and vitamin A 

by beef cattle has been extensively reviewed by Van Arsdell (1951). 

Only those references pertinent to the study reported herein have been 

cited. 

The Depletion of the Body Stores of Carotene 

and Vitamin A of Cattle 

Hart and Guilbert (1933) reported the occurrence of' avitaminosis A 

in beef cattle in drouth stricken areas of California where affected 

cattle had been maintained on rations devoid of green feed for nine 

monthso Young cattle developed de.fic.iency symptoms .. e.arlier .. than .. mature 

cows. Calves nursing cows grew slowly and exhibited clinical symptoms 

at 10 to 12 weeks of age. Later in the drouth period cows gave birth 

to weak calves which developed diarrhea and died from one to five days 

of ageo Most common symptoms observed in the mature animals were night 

blindness, ulceration of the corneaJ unthrifty appearance 1 intermittent 

diarrheaJ and pulmonary complications. The most common cause of death 

was pneumoniao 

Guilbert and Hart (1934) condu0ted a series of experiments on the 

depletion of the carotene and vitamin A reserves of cattle,, Two year

ling steers removed from green pastures and placed on :rations deYoid of 

carotene developed vitamin A deficiency symptoms in 225 to 240 days. 

3 
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One pregnant heifer became night blind a~er 195 days on a low carotene 

rationo Another cow fed a ration deficient in phosphorous, protein and 

carotene for 14 months exhibited no symptoms of a vitamin A deficiency; 

however, a normal calf dropped by this cow and nursing her during the 

period, died of malnutrition and avitaminosis A at 5 months of age. 

Four heifers which were fed one pound of alfalfa hay dailr in addition 

to the low-carotene ration produced normal calves which developed vitamin 

A deficiency ~ptoms at J to 5 days of age. These workers analyzed the 

l i vers of numerous animals for carotene and vitamin Ao They found that 

the liver stores of vitamin A in beef cows may vary as much as 10-fold 

dependi ng on the carotene intake of the cow during the last few months 

before slaught ero Newborn calves were found to have very low stores of 

vitamin A and carotene regardless of the type of ration their dam had 

received during gestationo 

In further studies of the carotene and vitamin A nutrition of beef 

cattle Guilbert and Hart (1935) found that 67 to 93 percent of the body 

stores of carotene and vitamin A are found in the liver. The body stores 

appear to increase as the animal grows older as is evidenced by the fact 

that aged cows had six times greater total liver stores than younger 

animals under comparable conditions . The minimum daily carotene re

quirement of cattle based on the prevention of night blindness was found 

t o be bet ween 26 and JJ micr ograms per ki logram of body weight . The need 

f or l arger amounts of carot ene during late gestation and lactation was 

recognized o 

Jones et al. (1938) r eported studi es of the time r equired to pr oduce 

night blindness in steer cal ves and yearlings rai sed on Texas ranges. 

The steers were fed 2 .5 pounds of cottonseed meal and 2.2 pounds of 
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ground white kafir daily with cottonseed hulls ad libitumo In the winter 
t 

of 1934- 35, ten steer calves became night blind in 139 days. In 1935-

36, the average depletion time for 48 yearling steers was 142 days as 

compared to 136 days for a group of 40 steer calves. The range of de-

pletion time required by each animal varied from 91 to 231 days for the 

yearlings and 101 to 206 days for the steer calves. The following year 

50 steer calves were depleted in an average of 138 days (range of 96 to 

194 days) on the carotene deficient ration. No symptoms of avitaminosis 

A other than night blindness were observed in these studies. Five night 

blind steers were fed a fattening ration which supplied 450 micrograms 

of carotene per hundred pounds of body weight for an extended period of 
. 

time. Four of the steers had died due to severe vitamin A deficiency at 

the time the report was written . The one steer which remained alive had 

been on the ration for 607 days beyond the night blind state while death 

occurred in the other four steers at 485, 145, 472 and 154 days after 

night blindness was observed. Al~ five of the steers had required more 

than 100 days of depletion before becoming night blind . From the results 

of an extensive series of fattening trials using night blind steers, 

these workers recommended 1600 micrograms of carotene per hundred pounds 

of body weight for optimum feedlot performance . 

In later reports, Riggs (1940) and Jones~~. (1943) summarized 

the vitamin A depletion studies conducted over a seven-year period and 

involving more than JOO steers and heifers . They observed that the de-

' pleti.on time of the cattle varied with age and from year to year. Since 

it has been previously reported that body stores of carotene ~nd vitamin A 

increase as the cattle grow older ~ these findings confirm the work of 

Guilbert and Hart (1935). In an explanation of the variation of depletion 
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time from yee:r to year in anima~s of comparable age and size, these work

ers presented data showing that the shortest depletion periods occurred 

following seasons in which rainfall and torag~ growth was below normal. 

The average time required to deplete 450 pound steer calves when the rain-

fall from July to October was 12 to 15 inches was 137 days as compared 

to l<Yl days when the July-October rainfall was only 5 incheso In another 

study, steer calves taken from summer range were depleted in 98 days 

while similar calves placed on depletion from winter range became night 

blind in 46 dayso 
/ 

The rate of depletion of hepatic stores of vitamin A and carotene 

by beef steers deGreases as the liver reserves are reduced according to 

the reports of Frey and Jensen (1946),(1947). From a group of 140 year-

ling Hereford steers, 22 representative animals were slaughtered to esti-

mate the initial liver stores of carotene and vita.min Ao The remaining 

118 steers were divided into two dietary groups. Ninety-eight of the 

steers were fed a high carotene maintenance rationo The steers fed the 

fattening ration were subdivided into 4 groups and slaughtered after 

41, 76, 119, and 166 days in the feed-loto The steers receiving the 

high earotene maintenance ration were subdivided into 2 groups and 

slaughtered after 119 and 166 days of feeding. Although the steers fed 

the maintenance ration received an average of 963 milligrams of carotene 

per head dailyJ their liver stores of carotene decreased 29 percent and 

their liver reserves of vitamin A dropped 82 percent during th~ 166-day 

feeding period. The steers fed the fattening ration received an average 

of 309 milligrams of carot~n~ daily; their hepatic reserves of ce:rotene 

and vitamin A decreased 76 and 97 percent respectively during the experi-

mento No symptoms indicative of avitaminosis A were observed during the 
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study. The gains of the animals were satisfactory for t he type of r ations 

fed . When the hepatic stores of vitamin A of the steers fed the low caro

tene fattening ration were plotted against time, the per·centage drop in 

the liver reserves during each 40=day period was practically constant. 

These workers suggest that the rate of depletion of liver vitamin A 

stores of beef cattle i s proportionate to the total liver reserves . 

Frey et al o (1947) studied t he effect of vitamin A supplementation 

of a carotene=defici ept fattening ration on the feed-lot performance of 

Hereford steer calves . One hundred and fourteen steers were divided 

i~to six lots of nineteen animals each. The steers of lot I were 

slaughtered at the beginning of the experiment to establish the initial 

stores of carotene and vitamin Ao The rations for the remaining 5 lots 

of steers were supplemented as follows ~ lot IIj no supplement , lot III, 

25 I. Uo vitamin A per pound of body weight , lot IV, 100 I . Uo; lot V, 

200 I. Uo9 Lot VI, 500 I o Uo Nine steers from each lot were slaughtered 

after 166 days of feeding and the remaining 10 after 277 days. During 

the fourth month of the experiment symptoms of vitamin A def~ciency ap

peared in the steers of lot II . After 277 days in the feed lot, 8 of 

the 10 stee~s remaining in lot II exhi bited symptoms of avitaminosis Ao 

Hepatic stores of carotene and vitamin A were almost completely deplet

ed in the steers of lot II after 166 days of feeding. The serum vita= 

min A content of the steers of lot II d~opped from an initial level of 

30 micrograms per 100 millili ters to 13 o7 and 5o2 at 166 and 277 days 

respectivelyo Although serum vitamin A levels of the steers of l ot III 

remained near the initial valuej the liver reserves dropped from 47 ol 

to L4 micrograms per gram of liver o The liver vitamin A content of 

steers in lot III dropped from 47 ol to 17 .4 micrograms per gram_ while 



the plasma vitamin A increased 39 to 48o9 micrograms per 100 mi11J.l:i.te:rso 

Both the serum and hepatic levels of vitamin A increased for the steers 

of lots V and VI during the experiment. The steers of lot II gained 

slower and produced carcasses inferior to those of the other 4 lots. 

There was no difference in average daily gain or average carcass grade 

between the 4 lots of steers receiving the vita.min A supplementso 

The effec:t vitamin A and caro·tene intake during the first 90 days 

of life of dairy calves on the vitamin A depletion time thereafter was 

studied by Jacobson et .!!lo (19l~9)" · Calves permitted to nurse their 

dams on pastm·e for 90 days could be depleted in 113 to 120 days. In 

order to build up similar vitamin A stores in calves fed a limited whole 

milk ration} it was necessary to supplement them with 50,000 I. U. of 

vitamin A daily for 50 days or moreo The depletion time was reduced by 

50 percent when lower levels of supplementation were used. Calves on 

the limited whole milk ration without vitamin A supplementation could 

be depleted in 2 to 4 weeks. 

From the research conducted to dateJ it appears that the rate at 

which the body reserves of carotene and vitamin A are depleted is di

rectly related to the total initial stores, However 9 most of the eA-peri~ 

men:t;al work on the depletion of li'ver stores has been conducted with 

steers and young heifers" Application of these results to the range cow 

herd is somewhat questionable since the hormonal mechanisms and body pre= 

cesses of the mature beef cow du.ring reproduction and laotation d:iffer 

g-reatly from t,hose of young heifers and steerso The need f'or additior.ial 

study of this problem is quite evident, 

I 



The Importance of Vitamin A in 

Reproduction and Lactation 

The work of Guilbert and Hart (1935).indieates that the carotene 

requirement of beer ~attle during late gestation and early laetation 

may be as much as 5 times the maintenance requirement or 26 to 33 micro~ 

grams per kilogram or body weighto Satisfactory reproduction performances 

were obtained from beef cows which had received a maintenance allowance 

of carotene during the first tw0=thirds of gestation and 5 times this 

amount during the last 90 days before c:alvingo Calves nursing cows fed 

c:arotene=defieient rations developed symptoms typical of a vitamin A 

def'ic:iencyo 

Davis and Madsen (1941) suggested that the carotene requirement or 
beef' cattle for reproduction was between 45 and 60 micrograms per kil0c= 

gram of' body weighto This recommendation was based on the satisfactory 

reproductive performance of 2 heifers which had been depleted to a night 

blind state and then given a daily allowance of 60 micrograms of carotene 

per kilogram. of body weighto Three similar heifers which received 30 to 

45 micrograms of CJarotene produced calves afflicted with avitaminosis Ao 

Dairy eows of the Jersey breed reproduced normally when maintained 

for long periods of time on a carotene intake of 45 micrograms per pound 

of body weight in the experiments conducted by Kuhlman and Gallup (194o}o 

Cows fed rations providing a lower intake of carotene produced a much 

lower percentage of normal calves, and had great~r difficulty with re= 

tained plaoentas af'ter calvingo This report included 31 gestation peri= 

ods recorded from a herd of 17 Jersey cows. 

Kuhlman and Gallup (1941) observed that the Garotene intake of Jer= 

sey cows during la~tation could be reduced below the level required far 
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normal reproduction without an adverse affect on the total milk yield. 

The resuJ.ts of 22 complete lactation periods from twelve cows indicated 

that the carotene requirement for maximum milk production was er;reater 

during the early part of lactation than it was in the latter part. Cows 

maintained on low carotene intakes during late gestation followed by 

difficult parturition did not produce a normal amount of milko 

In a later report, Kµ.hlm.an and Gallup (1942) concluded that a satis

factory conception rate can be obtained in dairy cows if the carotene 

intake is maintained at the same rate recommended for norm.al calving 

performanceo This observation was based on 58 conceptions in 27 grade 

Jersey cows f"rom 80 services. In 21 cases where cows received an average 

daily carotene intake of 20 to 39 micrograms per pound of body weight 

during the 90=<:lay period preceding service, lo99 services were required 

per conceptiono When the daily carotene intake was 40 to 59 micrograms, 

60 to 99 micrograms 9 and 100 t.o 353 micrograms, l..35, 1..15, and lo23 

services per conception were required respectively, in 23, 15, and 21 

oases. 

Ronning n aL (1953) summarized the results of an 8=yea.r study of 

the carotene requirements of Guernsey cattle for reproduction. The 4 

levels of carotene intake studied wereg 30=59 microgram.sj) 60-89 micra= 

grams, 90=119 micrograms and 120=150 micrograms per pound or body veight. 

The resul.ts of 72 gestations indicate that an intake of 90 micrograms 

of carotene per pound of body weight is necessary for successful repro

ductiono When the carotene intake was reduced below this level, a rela

tively high incidence of retained placentas, abortions, blind calves and 

weak calves resultedo Since most of the abortions occurred prior to 180 

days of' gestat,ion, these workers suggest that the critical period of' 



vitamin. A nutrition of the pregnant cow may be earlier than the last 90 

days of gestationo It was observed that the gestation periods of the 

cows receiving the lower ea.rote~e intakes were a few days shortero There 

was no apparent relationship between conception and the caretene intake 

during the service period in this experiment. 

From a series of studies with dairy cows, Meigs and Converse (1936) 

and Converse and Meigs (1938) reported that the carotene requirement fO.I' 

the latter part of the gestation period was between 80 and 120 micrograms 

per pound of body weight. 

Braun and Carle (1943) observed that the vitamin A content of the 

bovine fetal liver 9 although lowj was in direct relationship to the_ 

mother 0 s diet. The livers from twenty fetuses aborted by cows exposed 

to Brueella abortus were analyzed for vitamin A content. Vitamin A 

storage in some of the cows was also determined from liver samples ob= 

tained by partial hepatectomy at the time of abortion. The cows studied 

were .:from the following 4 dietary groups: I, low carotene ration; II, 

low carotene ration plus 400,000 I. U. of vitamin A twice weekly; III, 

green pasture, IVj green pasture plus 400,000 Io U. of vitamin A twice 

weeklyo The average fetal liver stores were lo7, 14.1, 6.6, and 10.7 

I. U. per gram for treatments I, II, III and IV' respectively. 

The liver reserves of carotene and vitamin A of the new-born dairy 

calf may be influenced markedly by the prepartum. diet of the dam a.ecord·~ 

ing to the report of Spielman et ~. (1946a). Thirty=three cows were 

divided into 4 groups 60 days prepartum and fed the following rationsg 

lot I= wheat straw and a concentrate mixture; lot II= hay1 corn silage, 

and c:onoentrate mixture; lot III = the same ration as II plus. 1 million. 

L U. of carotene daily., lot IV = the same as II plus l million L Uo 



of vitamin A daily. The plasma carotene levels of the calves were not 

affected by the maternal treatments~ but the plasma vitamin A levels of 

the calves produced by the cows supplemented with carotene were twice 

as high as those of lots I and II. The plasma vitamin A levels of the 

calves produced by the vitamin A supplemented cows were 4 times as high 

as those of lots I and II. The liver stores of carotenoids in the new-

born calves varied directly with the carotene content of maternal pre-

partum dieto The average total liver storage of vitamin A and carotene 

in the calves produced by the vitamin A supplemented cows was 97,177 

Io Uo .Analysis of the colostrum produced by these cows demonstrated 

that its vitamin A and carotene content is significantly influenced by 

the prepartum. ration of the cows, (Speilman~ alo 1946b)o Colostrum 

secreted by the.cows whose rations had been supplemented with vitamin A 

contained 2 to 3 tiin.e:f as much vitamin A as that secreted by the cows 

on the other treatments. The carotene content of the colostrum of the·· 

carotene supplemented cows was, considerably higher than that of cows of 

the other three lots. 

Wise et ~o (1946) <?bserved that massive doses of vitamin.A ad.min= 

istered to dairy cows during late pregnancy caused an increase of liver 

stores and plasma levels of vita.min A in newborn calves. Although the 
·~. 

vitamin A content of the colostrum varied widely in this study, it also 

was increased by prepartum vitamin A supplem.entationo 

The vitamin A and carotene contents of the plasma of dairy cows de= 

crease markedly at the time of parturition and beginning lactation a~= 
• 

cording to the repm•t, or Sutton et ~D (1945)" In a study using 28 cows 

of the 4 niajor dairy m-eeds, they observed that the maximum decrease in. 

plasma vita.min A occfurred 3 days post partum while that of' plasma caroterc, 
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was 1 week after parturition. These workers also reported that, t,he aver

age total output of vitamin A and carotene in the colostrum in the first 

three days was 48,847 and 56,524 micrograms respectivelyo The rations 

of the cows consisted of good quality alfalfa hay, corn silage, and a 

concentrate mixture. 

The placental and mammary transfer of vitamin A by goats and swine 

can be significantly increased by the addition of large amounts of vita= 

min A to the diet of the pregnant female as was shown by Thomas~ Mo 

(1947)0 The average total liver stores of vitamin A and carotene in 

newborn kids was increased f"rom 36 I. Uo to 2792 Io U" by the daily ad

dition of 100~000 Io U. of vitamin A to the ration of the does during 

the last 42 days of gestationo Supplementing the daily ration of sows 

for the last 32 days before farrowing with 406,000 Io Uo or vitamin A 

resulted in average total vitamin A.liver stores in their pigs or 4615 

I. U o as compared to 254 I" U o for pigs produced by sows fed the same 

ration without the vitamin A supplemento Colostrum produced by goats 

on normal rations had larger eoncentrations of vitamin A than that of 

sows on normal rationso Feeding the massive doses of vitamin A during 

late pregnancy markedly increased the potency of the colostrum of both 

the does and sows. 

Fountain et ~o (1948) observed that the plasma vitamin A levels 

of newborn calves produced by cows f'ed on green pasture during the dry 

period was higher than those of calves produced by cows fed grain .. hay 

and green pasture. Plasma vitamin A levels for calves produced by cowa 

supplemented with large doses or vitamin A ester or alcohol during the 

dry period were comparable to those of the calves whose dams were fed 

only pastureo 
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Esh~ ,!lo (1948) studied the effect of massive doses of vitavnin A 

with and without soya=phosphotides on the placental and mammary transf~r 

or vitamin A by dairy cowso Twenty-six Jersey and Holstein cows were 

divided into the f'ollmdng 4 dietary groups during the last JO days of' 

gestationg I, normal herd ration consisting of silage, hay~ and a con= 

centrate mixttll"ei IIj herd ration plus 10 grams of soya=phosphotides 

daily, III 9 herd ration plus 1 million I. Uo of vitamin A daily~ IV, 

herd ration plus 10 grams of' soya=phosphotides and l million I. Uo of 

vitamin A dailyo The vitamin A content of the ~olostrum and the calf 

livers and plasma were not affected by prepartum. feeding of soya= 
.t 

phosphotides alone, however, supplementation oft he maternal prepartum 

rations with vitamin A or vitamin A and soya=phosphotides increased bot,h 

plaGental and :mar.rnmary transfer of vitamin Ao In all cases the highest 

average levels or vitamin A in the colostrurn, calf livers and plasma 

were observed where the cows were supplemented with both soya=phosphotides 

and vitamin Ao The feed.ing of seya=phosphotides or vitamin A or a com= 

bination of the two did not prevent the decrease in plasma vitamin A 

and ~arotene levels of the cows at parturitiono However, the levels 

did not drop as low when the cows were supplemented with vita."D.in A with 

or without saya=phosphotides. 

A study or the placental and mammary transfer of vit'amin A by sheep 

and swine was oonducted by Eaton et ~o (1949)0 The supplementation or 
rations fed to ewes and sows during the last JO days of-gestation with 

vitamin A or a combination of crude soybean lecithin and vitamin A in= 

creased plasma and liver levels of vitamin A in newborn lambs and pigso 

The addition or soya=lecithin to the vitamin A supplement did not mate= 

rially increase the transmission or vitamin A to the newborn pigs or 



lambs above that or animals re~eiving an equal amoUll:lt of vitamin A alone. 

In all ~ases the plasma and liver levels of vitamin A of the pigs and 

lambs at 30 days of age were higher for the supplemented animals than 

for the control animalso 

From an extensive series of studies with rats Henry~ ~o (1949) 

concluded that the vitamin A contents of the milk of the females and the 

livers of their young are influen©ed more by the vitamin A content of 

the maternal diet during la~tation than by the maternal stores of vita

min Ao Liver reserves of young rats increased three=fold during the 

nursing period when the mothers had high liver stores of vitamin A but 

were given no dietary vitamin Ao A six=fold increase in the liver stores 

of the young occurred when the dams were supplied with dietary vitamin A 

in the absence of liver stores during the nursing periodo 

Van Arsdell et J!!. (1950) studied the effect of 3 levels of carotene 

intake, 38, 75:; and 106 mil1i0grams daily j on the performance of Hereford 

cows during the last 45 days of gestation and the first JO days of lacta= 

tion. Blood samples and milk samples were collected periodically from 

the cows and their calveso Although the plasma vitamin A and carotene 

contents of the cows dropped quite low no clinical symptoms of avitamin= 

osis A were observedo Plasma carotene levels of the cows were closely 

correlated to the carotene intakeo The plasma vitamin A and carotene 

levels of the calves at 30 days of age were directly related to the caro

tene intake of the cows. However, no differences in health or vigor of 

the ~alves were observedo 

Thusj it has been demonstrated that placental transfer or vitamin 

A and carotene is relatively poor in all species, while mammary transfer 

during the early stages of lactation is goodo Massive doses of vitamin A 



16 

during late gestation have been effective in increasing placent al trans

fer. A large portion of the literature cited has concerned studies in 

which dairy cattle were the experimental subjects. However, the varied 

r esponse of different dairy breeds to the same intake of carotene makes 

it difficult to apply the results obtained to beef cattle. Since a rath

er limited amount of research work has been done concerning the vitamin 

A nutrition of the beef cow and calf, the need for additional study is 

apparent o 

Digestion and Utilization of Carotene 

Whitnah et alo (1937) observed a relatively high excretion of caro

tene by dairy cows and heifers fed natural rations that supplied from 

OoOOJ to 2o51 milligrams of carotene per kilogram of body weight daily. 

Six yearling heifers and seventeen lactating cows were studied in these 

experiments o The cows were somewhat more efficient in utilizing carotene 

than the heifers but in all groups studied, over 75 percent of the in

gested carotene was recovered in the feceso Some of the animals were 

in a very pronounced negative carotene balance as was shown by the daily 

carotene excretion of more than 1,000 percent of the intake . Serum 

carotene concentrations varied with the level of intake and with indi

vidual cowso These workers also observed that carotene excretion by 

cows transferred from pasture to carotene deficient rations decreased 

98 percent during the first week; 88 percent of the remaining fecal caro

tene di sappeared during the second weeko 

Carotene retention by cattle is quite variable as shown by the ex

peri ments of Seshan and Sen (1942) 0 Four lactating cows receiving from 

6085 to 10.35 milligrams of carotene daily were used iri a carotene 



balance stud.yo All four cows were in a very pronounced negative carotene 

balance as is show by the daily fecal carotene excretion varying from 

17 to 24 milligrams and daily milk carotene content 206 to 3o0 milli= 

gramso After the completion of this study, the carotene intake of the 

cows was increased to 190 milligrams per head daily and another balance 

study was conductedo Two of the cows remained in negative carotene bal-

ance while two were in a slightly positive balanceo These workers ex-

plained the negative carotene balances on the basis of' depletion of body 

reserves of caroteneo To further study the problem, Seshan and Sen con-

ducted a carotene balance study using four bullocks that had been f"ed a 

lm~ carotene ration for six months. They established the daily carotene . 
excretion of each bullock :f'rom the basal ration. The animals were then 

given a single feed of 500, 1000, 1500, or 2000 grams of green berseem· 

(Egyptian clover) containing 48.78 micrograms of carotene per gram. The 

feces were collected and analyzed daily until the carotene excretion had 

returned to the previous levelo The following carotene retention values 

were calculated from the data: 

.Animal No. 
Carotene intake (milligrams) 
Percent of carotene retained 

1 
24.39 
25.5 

2 
3f:L78 
50.2 

3 
73,17 
40.2 

4 
97.56 
37.6 

The levels of intake were reversed and the procedure was repeated. The 

results of this trial were8 

.Animal No. 
Carotene intake (milligrams) 
Percent or carotene retained 

1 
'78.48 
40.9 

2 
58086 
35.4 

3 
39,24 
49,3 

It should be noted that in these trials, the percent of the carotene 

retained was relatively constant regardless of the level of' intake. 

Chanda et alo (1951) compared the apparent digestibility of carotene 

by cows and goats. Using dry grass as a source of carotene and the 
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chromium oxide=carotene ratio to measure apparent digestibility, they 

found that goats are more efficient than cows,in the digestion of caro-

tene. The apparent digestibility values of carotene fed to four goats 

at a level of:lo2'0.milligrams per kilogram of body weight were 6704, 

62o9j 6108, and 58.9 percento Six cows receiving lolO milligrams of 

carotene per kilogram of body weight gave the following apparent digesti-

bility values for carotene; 5903, 5400, 54.5, 5404, 57011 and 55o5 per

cento These workers suggest that ·longer digestion trials would allow 

more accurate measures of carotene utilization by cows and goats. 

Since the goat is believed to have a more active thyroid than the 

cm.r 9 Chanda et alw (1951) studied the effect of thyroxine and thiouracil 

on the digestion of carotene by these two specieso Six cows and six 

goats were used as experimental subjects and the.general procedure was 

.. the same as described in the previous experiment by these workers. The 

average apparent digestibility of carotene by the two control cows was 

57 percent. Administration of thyroxine to two cows increased the ap-

parent digestibility of carotene to 7lo5 percent while treatment of two 

other cows with thiouracil depressed the apparent digestibility of caro

tene to 49o5o Similar results were obtained with the goats; however, 

the increase due to thyroxine treatment was not so great and the decrease 

· i' due to thiouracil administration was greater. These workers interpret 

these data to support the theories that the goat has a more active 

thyroid than the cow and that the thyroid hormone is involved in carotene 

and vita.min A metabolismo 

In a study of the effect of level of carotene intake on the diges

tion of carotene by yearling Hereford steers Van Arsdell (1951) conducted 

a series of five carotene balance trialso The steers had been fed a low 
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carotene ration for four months before the initiation of the first bal

ance trialso The following levels of carotene intake were studied: 120, 

240, 4S0, 960, and 6000 micrograms of carotene per kilogram of body weigh'!; o 

A crude carotene concentrate derived from alfalfa was administered daily 

by gelatin capsule to meet the specified allowances. The four lower 

levels of intake were studied in the first four trials with each steer 

on a different level of intake in each trialo In the fifth trial all 

three steers were placed on the high intake, 6000 micrograms per kilogram 

of body weight. The percent of carotene excreted by the individual 

steers was relatively constant in all five trials. The average percent

age excretion of carotene for all steers in all trials was 3606. There 

was a trend toward a greater retention of carotene when the steers were 

receiving the higher intakes of carotene. Carotene and vitamin A de

terminations were made on liver biopsy samples and blood samples collected 

at the end of each trial. The carotene and vitamin A contents of the 

liver and plasma increased or decreased as the carotene intake was in

creased or decreased respectively. 

Growing chicks are able to utilize carotene more efficiently than 

mature rats according to the results of Kemmerer and Fraps (19JS)o When 

the diet of rats contained 20 parts per million of carotene from alfalfa 

leaf meal, apparent digestibility values varying from 18 to 23 percent 

were obtainedo An apparent digestibility value of carotene from the 

same source fed to chicks at the same level of intake was 29ol percent. 

Reduction of the intake to 1.2 ppm for the rats and Ll ppm for the chicks 

ca~ed the apparent digestibility of carotene to increase to 43 and 63o9 

percent respectivelyo When a Wesson oil solution of carotene was incor

porated into the rats 8 ration to provide 10o5 ppm of carotene, a 51.2 
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percent apparent digestibility of carotene was observed. The apparent 

digestibility of carotene from alfalfa leaf meal fed to rats at the same . 

level of intake was only 22o4 percent. These workers suggest that the 

utilization of dietary carotene is influenced by the level of intake, 

the nature of the carrier and the species or animal. 

The nature of carotene preparations used in cexotene balance experi

ments was further studied by Goodwin and Gregory (1948). Oral doses of 

crystalline beta=carotene dissolved in arachis.oil or dispersed in water 

was administered by stomach tube to groups or five rabbitso Nearly 100 

percent of the carotene administered in the arachis oil preparation was 

recovered in the feces, whereas, only 1Jo6 percent of the carotene given 

in the colloidal form was accounted for in the feces. To determine if 

the carotene administered to the latter group had been destroyed by the 

digestive fluids or absorbed, the workers mixed the colloidal carotene 

solution with rabbit intestinal contents and incubated ·the mixture at 

37° Co Since there was no loss of carotene during the~~ incuba

tion period, they concluded that carotene absorption was enhanced by 

dispersion of the pro-vitamin in watero 

Vavich and Kemmerer (1950) studied the effect of size, rate of 

growth, and food consumption on the storage of vitamin A from dietary 

carotene. They found that smaller rats stored significantly greater 

amount~ of vitamin A from a standard intake of carotene than did larger 

ratso No differences in carotene utilization could be attributed to 

differences in rate of growth or food consumptiono 

A negative carotene balance in sheep was observed by McGillivray 

(1951). In come cases the carotene excretion was 160 percent of the in

take. In order to study the origin of the fecal pigment 9 the daily 
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carotene intake and excretion -were determined on four pasture fed lambs 

during a period just before slaughtero Immediately after slaughter, 

samples of rumen and intestinal contents were collected at twenty differ

ent points along the ga.stro-:i,.ntestinal tract. The samples were analyzed 

for carotene and lignin and the carotene=lignin ratios were calculatedo 

A rather marked decrease in the carotene-lignin rati~ was observed in 

the upper section of the small intestine while a progressive increase 

occurred.·in the ileum and cecum. McGillivray interprets these data as 

evidence that carotene is synthesized by the micro=organisms of the 

ileum and the cecum. 

A limited number of experiments concerning the efficiency of caro

tene utilization by cattle have been conductedo From these, it may be 

concluded that caxotene 'digestibility varies widely and is influenced 

to some degree by endocrine secretions, such as thyroxine, and by the 

nutritional history of the animalo Studies conducted with other species 

(rats, .rabbits, chicks and sheep) indicate that the size and species of 

the animal, the nature of the carotene preparation administered, and 

the level of carotene intake may affect the apparent digestibility of 

carotene., 



EXPERIMENTAL OBJECTIVES 

Experiments were designed to study the following problems: 

Part I The effect of level of carotene intake on the utilization 

of the dietary carotene by steers; 

Part II The relative importance of dietary intake and liver stores 

of vitamin A and carotene to beef cows during reproduction and 

lactation; 

Part III The reproduction and lactation performance of beef cows 

fed low-carotene rations. 
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PART I 

THE EFFECT OF LEVEL OF CARarENE INTAKE ON THE PERCENTAGE 

OF DIETARY CARarENE EXCRETED BY STEERS 

It has been demonstrated that carotene excretion by cattle is quite 

variable. Since the intake of beef cattle also varies widely, this ex

periment was conducted to study the relationship between the level of 

carotene intake and the percent of the ingested carotene excreted. 

Experimental Procedure 

Six yearling Hereford steers which had been grazing green pasture 

for two months were selected for the experiment on June 1, 1952 . The 

steers were fed the following daily ration during a six-week adjustment 

period: cottonseed meal, 2 pounds; ground milo, 4 pounds; and wheat 

straw~ libitum. The steers had access at all times to salt and mineral 

mixture (equal parts of salt, ground limestone and bone meal). At the 

completion of the adjustment period ad libitum feeding of wheat straw 

was discontinued and each steer was given six pounds of chopped wheat 

straw with the same daily concentrate allowance described above . The 

amounts of apparent beta-carotene in the feedstuffs were: Wheat straw 

Oo60, ground milo OolO, and cottonseed meal Ool? micrograms per gram . 

The daily carotene intake :t'rom the ration was computed and added to 

that given by capsule to arrive at the total daily carotene in~k;e of 

each steero 

• The steers were fed in individual stalls equipped with stanc~ions 
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and were allowed the freedom of a large concrete exercise pen between 

feeding periods. Feces were collected by means of a harness and bag 

similar to the type designed by Garrigus (1939). The feces were col

lected once daily, weighed and representative aliquots were taken for 

analysis. The samples were kept in tightly sealed jars, and were:re

.frigerated at about 4° C. The feces samples were analyzed for carotene 

by a method adapted from the alcoholic KOH extraction method of' the 

A. O. A. C. (1945). Analyses were made after each three days of col

lection to prevent loss of carotene during storage. Three consecutive 

three-day collection periods preceded by a ten-day preliminary period 

were considered as one complete trial in thi~ experiment. The carotene 

excretion from the basal ration was determined by conducting one trial 

with each steer without the addition of carotene to the ration. The ex

cretions of apparent beta=carotene thus obtained were subtracted from 

· those obtained while supplementing the steers with carotene. 

A carotene concentrate, derived .from alfalfa and containing six 

·micrograms of carotene per gram, was administered by gelatin capsule 

daily to meet the specified allowance. Thirty micrograms of carotene 

per kilogram of body weight (as reported by Guilbert and Hart, 1935) 

was used as the minimum requirement in computing the different levels 

of carotene intake. The weight of the steers at the beginning of each 

trial was used in calculating the amount of carotene concentrate to be 

administered during the trial. The rate of supplementation to the var

ious steers during the four trials was: 
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Trial I II III IV 

Steer 
1 4 x m.r. 32 x m.r. 16 x m.r. S x m.r. 
2 8 x m.r. 4 x m.r. 32 x m.r. 16 x m.r. 
3 16 x m.r. S x m.r. 4 x m.r. 32 x m.r. 
4 16 x m.r. 8 x m.r. 4 x m.r. 32 x m.r. 
5 32 x m.r. 16 x m.r. 8 x m.r. 4 x m.r. 
6 32 x m.r. 16 x m.r. 8 x m.r. 4 x m.r. 

x m.r. = multiples of minimum requirement fedo 

Steers 3 and 6 went off feed during trial I; consequently, a col

lection of feces was not made from these animals during that trial. 

Results and Discussion 

The data obtained on the percent of the ingested carotene excreted 

in the feces are presented in table 1. The relatively constant percent-

age excretion of carotene by steers receiving varying levels of carotene 

intake as was observed by Van .Arsdell (1951) was confirmed in this ex-

periment. However, the dietary carotene excreted by the steers in this 

study was considerably more than that observed by Van .Arsdell who re-

ported an average excretion of 38~4 percent of dietary carotene as com-

pared to 60.6 percent obtained in this study. Since the steers used in 

Van .Arsdellis experiment had been depleted for a longer period of time 

and the liver stores of carotene and vita.min A of his animals were rel-

atively low at the beginning of the experiment, it seems possible that 

the utilization of dietary carotene may be related to the total body 

stores of the animal at a particular time. This theory is supported by 

the fact that as the experiment progressed there was in increased percent 
0 

of carotene excreted by all steers. The average carotene excretion by 

all steers in each trial was 51.1, 6109, 64.S and 61ol percent for trials 

I, II, III and IV, respectivelyo Any further attempt to compare the 
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TABLE I 

Carotene Balance Data Obtained in the Study of the Effect of Level 
of Carotene Intake on Carotene Utilization by Steers 

Average Average 
Daily Daily Percent 

Carotene Trial Steer Carotene Carotene Carotene 
Allowance No. No. Intake Excretion Excretion 

Mg. Mg. 

I 1 35.7 15.8 44.3 
II 2 39o0 23.3 59.7 

III 3 38.7 26.0 67.2 
4 x m.r III 4 30.5 19.7 64.6 

IV 5 34.4 22.0 62.1 
IV 6 37.6 22.2 59.0 

Average 59.5 

I 2 75.8 42.1 55.5 
II 3 76.9 48.9 63.6· 
II 4 60.0 38.9 64,8 

III 5 65,4 41.7 63.8 
8 x m.r. III 6 72.5 44.0 60.7 

IV 1 73.6 46.4 63.0 
Average 61.9 

I 4 113.5 58.1 51.2 
II 5 128.7 S3.1 64.6 

16 x m.r. II 6 146,2 85.4 58.4 
III 1 144.0 92.9 64.5 
IV 2 153.8 99.2 64.5 

Average 60.5 

I 5 248.7 135,9 54.6 
II l 281.4 169.7 60.3 

III 2 316.J 214.8 67.9 
32 x m.r. IV 3 322.8 193.0 59.8 

IV 4 244.3 J.42.7 58.4 
Average 60.2 
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results obtained by Van Arsdell with those obtained in the experiments 

reported herein would be hampered by differences in environmental con

ditions, carotene concentrate administered, methods of feeding and meth

ods of collectiono 

The constant percentage excretion of ingested carotene by cattle 

suggests that the disappearance of carotene f'rom the intestinal contents 

is related to the concentration of carotene in the medium. It is appar

ent that considerably more carotene disappeared from the gastro-intestinal 

tract when the higher levels of carotene were administered to the steers. 

Goodwin and Gregory (1948) demonstrated that carotene is relatively sta

ble in the intestinal contents of rabbits. If carotene is equally re

sistant to destruction in the gastro-intestinal tract of cattle, it seems 

logical to co~clude that carotene absorption by cattle is regulated by _ 

the concentration of carotene in the intestinal contents at the site ·or 
absorptiono However, if destructive forces which attack carotene are 

present in the intestinal contents of cattle, larger amounts of carotene 

would be destroyed as the concentration of carotene in the intestinal 

medium increased. Thus, it appears possible that the percentage of in

gested carotene recovered in the feces of cattle may be determined by 

the combined effects of carotene absorption and destruction. 



PART II 

THE RELATIVE IMPORT.ANGE OF DIETARY CAROTENE AND LIVER STORES 

OF CAROTENE AND VITAMIN A TO BEEF COWS DURING 

REPRODUCTION AND LACTATION 

The carotene and vita.min A nutrition of cattle is greatly influ-

enced by their ability to store large quantities of this vitamin while 

grazing green pastures. Questions have been raised as to whether the 

body stores of the cow can be mobilized to an extent sufficient to meet 

the needs of pregnancy and lactation during periods of low carotene in-

takeo These experiments were designed to study the utilization of die-

tary carotene and the liver stores of carotene and vitamin A by beef 

cows during reproduction and lactation. 

EXPERIMENT I 

Experimental Procedure 

Ten 2-year~old Hereford cows in the second and third month of preg-

nancy were selected in March, 1952, for this experiment. During gestation, 

they were fed the following low-carotene ration per head daily: cotton

seed meal, 2t pounds; ground milo, l pound; dried beet pulp, 2 pounds; 

cottonseed hulls, 2 pounds; and wheat straw or dry, weathered, range 

grass, ad libitum. During lactation, the low~carotene ration for each 

cow was composed of cottonseed meal, J pounds; ground milo, 4 pounds; 

and wheat straw, §ft libitum. The cattle had access at all times to salt 
-~, 

and a mineral mixture composed of equal parts of ground limestone, 
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steamed bone meal and salt. The basal ration was calculated to meet the 

recommended allowances of the National Research Council for all essential 

nutrients for pregnant and lactating cows, with the exception of carotene. 

During the experiment, the cows were maintained on concrete floors and 

had no access to green feeds. 

At the beginning of the experiment, blood samples and liver biopsy 

samples were collected using the technique of Whitehair and associates 

(1952). Assignment of the cows to the various treatments was based on 

liver stores of carotene and vitamin A. To study the ability of cows 

to mobilize liver stores during lactation, high liver levels were de-

sirable; consequently, those animals with the highest liver stores were 

assigned to Lots III and IV. The treatments and nmnber of cows in each 

were werei Lot I, no supplemental carotene, 2 cows; Lot II, supplemental 

carotene during lactation, 3 cows; Lot III, supplemental carotene during 

gestation, 3 cows; Lot IV, supplemental carotene during gestation and 

lactation, 2 cows. The levels of ce.rotene administered were in accord-

ance with the National Research Council 8s recommended daily allowances 

for beef cows of 55 milligrams of carotene per day during gestation and 

300 milligrams during lactationo A crude carotene concentrate* derived 

from alfalfa and containing 6 milligrams of carotene per gram was admin-

istered in gelatin capsules to meet the specified allowanceso The cap-

sules were administered twice weekly during gestation and three times 

weekly during lactation. 

In addition to the liver and blood samples collected at the begim1ing 

*The carotene concentrate was supplied by the Chlorophyll Chemical 
Corpo 1 McAllen, Texaso 
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of the experiment.jl liver samples were taken from the cows and their calves 

immediately after parturition and at the end of three months of lactation. 

Blood samples were collected from the cows at monthly intervals 

before parturitiono Additional blood samples were taken from the cows 

and their calves i:mmediately after parturition and at two weeks, one 

month, two months and three months post partumo Colostrum samples were 

collected after parturition and milk samples were obtained at 2, 4, 7, 

14 and 21 days, and at the end of 1, 2, and 3 months of lactation. The 

calves were separated from the cows four hours before milk samples were 

collectedo One quarter of each cowus udder was milked completely to 

obtain a representative milk sample. The blood, milk and liver samples 

were analyzed for carotene and vitamin Ao Liver samples were analyzed 

according to the method of Gallup and Hoefer (1946), plasma by the method 

of Kimble (1939), and milk by the method of !~sher ~ alo (1945). 

Results and Discussion 

The average liver levels of vitamin A and carotene for the four 

lots of cows and calves are presented in Table 2. Plasma and milk lev= 

els of vitamin A and carotene for the cows and calves are shown in Ta

ble 3o Similar data for the individual animals are presented in Tables 

8, 9, 10, 11, 12, and 13, appendix. 

Examination of the liver composition of the co~s at the beginning 

of the experimental period and at parturition shows that the amount of 

carotene administered to the cows of Lots III and IV was insufficient 

to maintain liver stores of vitamin A at their initial levelo CO'v-1s re

ceiving carotene supplementation during gestation had about twice as 

much vitamin A in their livers at parturition as those maintained on 
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TABLE 2 

Average Vito A and Carotene Content of Livers of Beef Cows, and 
Vit. A Content of Livers of Their Calves in Experiment I 

(Meg/gm dry matter) 

Lot 
Noo 

6 moo 
Prepartum 

At 
Parturition 

.3 mo. 
Post Partum 

------------------~-~----·---·-----
Liver Vit. A 

Liver 
Carotene 

Liver Vit. A 

I 
II 

III 
IV 

I 
II 

III 
IV 

I 
II 

III 
IV 

6809 
70.6 

122.6 
92.2 

Calves 

lol 
)o7 
2o4 
5o2 

the depletion ration. The amount of carotene provided the cows of Lots II 

and IV during lactation resulted in an increase in liver stores of vita-

min A despite milk production. It is recognized that the stores of vita-

min A at the beginning of the experimental period were high, reflecting 

a high intake of carotene d"Qring the previous summer, and that failure 

to maintain them is not necessarily indicative of an inadequate carotene 

intakeo 

Liver stores Qf vitamin A in the newborn calf was not related to 

the carotene intake of the dam during gestation, ,or her liver stores at 



TABLE 3 

Average Vit. A and Carotene Content of Plasma and Milk of Beef Cows and Vit. A Content of Plasma 
of Their Calves in Experiment I 

(Mcg/100 ml) 

Lot 6 mo 3 mo At Lactation 
No. Prepartum Pre part um Parturition 2 wk 1 mo 2 mo J mo 

Cows 
Plasma Vit. A 

~ 

I 24o9 803 11..3 11.1 lOol 14o2 lJ.3 
II 22.5 807 15·.1 18.3 18.7 15.7 24.2 

III 22.3 lOol 16.J 20o5 14.6 15.0 15.1 
.IV 21.1 14.2 16.3 17o7 21.4 ~1.8 23.5 

Plasma Carotene 
I 40o3 11.6 1L8 8~8 6.0 5.4 12.0 

II 45.8 12.9 10.3 5206 34.5 31.2 43.0 
III 46.6 3Ll 23.4 15o7 13.1 lLl 13.0 
IV 35.2 25.8 24.5 87.8 54.8 36.8 46.7 

Milk and Colostrum 
Vito A I 45.6 4o9 4.1 JoJ 2e8 

II '72.6 12.6 4.6 2.3 5o4-
III 163.9 4°4 2o5 J.6 3.2 
IV 90.6 7.7 4.0 7o7 4.5 

Calves 
PlaBma Vit. A .. 

I J.l 602 6~0 6.0 4.1 
II loJ 9.3 5.7 801 9.7 

III J.6 608 5.0 6.J 6.7 
.IV 4.1 14o4 6.2 8.0 11.9 

w 
N 



parturitiono It is recognized that the amounts of carotene admird.stered 

in these studies are distinctly less than those fed by Fountain~ lllo 

(1948), or the vitamin A fed by Speilman et al. (1946a), or by Eaton 

et aL (1949) o Th:1.s may account for fa.ilure to observe substantial 

placental transfer of vitamin Ao These findings are in agreement with 

those reported by Thomas et a.lo (1947) who found only small amounts of 

vita.min A in the livers of newborn kids whose dams had been fed natural 

rations containing the recommended allowance of carotene for the goat. 

The vitamin A content of the livers of the calves at ~hree months of 
\ 

age appeared. to be affected more by the carotene intake of the dam dur-

ing lactation than by her liver stores at parturitiono The higher liver 

stores of the cows are reflected in an increase in the liver vitamin A 

of the calves at three months of ageo Examination of the plasma vitamin 

A levels of the calves reveals a similar trendo It will be noted that 

there was an actual decrease in the vita.min A stores in the livers of 

calves of Lot I from birth to three months of age. 

The plasma carotene levels of the co'W's 'reflected carotene supplemen-

tation, but in no case do the average values approach those commonly en-

countered when cattle are grazing winter range, or consuming good quality 

roughage (Long et alo 1952). At the beginning of the experimental period, 

plasma vitamin A content was normal. By mid=gestation, all animals show-

ed a decline to levels usually considered indicative of a low plane of 

carotene or vitamin A nutritiono Following parturition, the animals re-

ceiving supplemental carotene showed normal values for pla.sma vitam:i.n A, 

a finding consistent with the increase in liver vitamin A stores in these 

animal so 

The vitamin A content of colostrum was somewhat higher for cows 



receiving supplemental carotene during gestation than for those that 

did noto Substantial amounts of this vitamin were found in the colostrum 

of cows receiving the low-carotene retiono It is evident that the cow 

is able to mobilize her liver reserves to produce a colo·strum relatively 

high in vitamin Ao As has been previously reported by Van Arsdell and 

associates (1950), the vitamin A content of the milk repidly declined 

and remained fairly constant during the second and third months o.f lac

tationo Milk vitamin A was generally related to carotene supplementation 

during the lacta.tion period, while the effect of supplementation during 

gestation and liver vitamin A st'ores at parturition was less apparent. 

One calf in Lot I (Noo 46) developed symptoms of vitamin A defici

ency at about three months of ageo After the termination of the experi= 

mental periodJ this calf responded to the administration of 480l'OOO I. U. 

of vitamin A. None of the cows in thi~ experiment showed symptoms of 

vitamin A deficiency at any time, 

E.XPEHIHENT II 

Experimental Procedure 

In November JI 1952 1 twenty two-year=old Hereford cows, simil.9.r to 

those used in Experiment I, were selected for use in this studyo How

ever, the cows used in this study had all calved in the range herd at 

approximately 2 years of age and had nursed calves on native grass pas= 

tures during the summer o All the cows were in the fourth and fi.fth 

months of pregnancy as determined by examination, They were dbrided 

into four lots of five cows each on the be.sis of bo<ly weight and expect,ed 

calving dateo 'rhe experimental treatments of the cows in each lot were; 

lot I, no supplemental carotene, lot II j) supplem,ental carotene during 
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lactation; lot III, supplemental carotene during gestation, and lot IV, 

supplemental carotene during both gestation and lactation. The basal 

ration :f'ed each cow during gestation was cottonseed meal, 2t pounds; 

ground milo, 1 pound; and wheat straw, !!fa )..ibit,ym. During lactation 

the daily cottonseed meal allowance was increased to three pounds and 

the ground milo to four pound.so Salt and mineral mixture of equal parts 

of ground limestone, steamed bone meal 1 and salt were available to the 

cows at all times during gestation·and lactation. The carotene concen

trate (described in Experiment I) was mixed with the grain ration in 

amounts necessary to provide 60 milligrams of carotene per head daily 

during gestation and JOO milligrams during lactation. 

Liver, blood and milk samples were collected periodically f'.rom the 

cows and calves using the same time schedule and procedure described ~n 

Experiment I. Analyses were made for vitamin A and carotene using the 

same methods as previously citedo 

Results and Discussion 

The average liver levels of vitamin A and carotene for the four 

lots of cows and their calves are presented in Table 4. A summary of 

the plasma and milk levels or vitamin A and carotene for the cows and 

of plasma composition for the calves is shown in Table 5o The data :f'or 

individual animals of which this is the summation are given in Tables 14 

through 20, appendix. 

Initial liver stores of vitamin A and carotene of the cows were 

high, reflecting high carotene intake during the summer grazing s~ason. 

That vitamin A liver reserves of cows grazing green pasture are quite 

variable is indicated by the range o:f' from 62 to 462 micrograms of 



TABLE 4 

Average Vito A and Carotene Content or Livers of Cows and 
Their Calves (Meg/gm. Dry Matter) 

Lot 5 mo. At 3 mo. 
Noo Prepartum Parturition Post Partum 

.QQW_§ 
Liver Vito A 

I 30209 14103 3L4 
II JCJ"/06 1.38.4 12906 

III 15L2 56 • .3 9.7 
IV 25L7 112.3 85o7 

Liver 
Carotene 

I 20o2 4o7 2o5 
II 18o7 5.3 lLl 

III 1L6 5o7 LS 
IV 17oJ 6;9 9.8 

Galves 
Liver Vit. A 

I 3o9 Jo.3 
II 5o7 1906 

III 2o7 lo? 
IV 4o9 lLS 

Liver 
Carotene 

I Oo9 0.8 
II 2.0 Oo7 

III L4 Oo4 
IV L.3 L2 

vitamin A per gram of dry matter for the cows in this experiment. Dur= 

ing gestation, the liver st.ores of all cows decreased rapidly with one 

exception, this being a cow which had less than average liver reserves 

and to which dietary carotene was fed. Supplementation of the rations 

of the cows of Lots III and IV with 60 milligrams of carotene per head 

daily did not retard the rate of depletion of the liver stores of 



TABLE 5 

Average Vit. A and Carotene Content of Plasma and }tllk of Cows 
and Vit. A Content of Plasma of Calves 

(Mcg/100 ml) 

Lot 5 mo. 1 mo. At Lactation 
Noo Pre par- Prepar- Partu~ 1 wk. 2 wk. 1 mo. 2 mo. 3 moo 

tum tum rition 

Q.Q!!§ 
. Plasma Vit. A 

I 32o5 25o0 17.J l4o4 17o0 17.2 1806 15.5 
II 30.0 21.1 l2o2 14.3 17o9 1506 15o4 26o5 

III 27o4 20o9 13.4 12.2 i2.6 12o5 12ol 16.9 
IV 34.0 25o5 1608 12.3 l7ol 1906 2208 JOo4 

Plasma Carotene 
I 111.6 22o9 21.3 1908 21.2 20.8 18.4 18.6 

II 10209 2L6 17o5 89.4 127.5 14709 149ol 151.7 
III 73.8 4L4 48.l 28ol 26o9 23.J 17.2 19.5 
IV 97.5 49.1 63o0 89.6 113.2 lOLl 117.0 92.3 

Milk and Colos-
tram Vito A I 144.0 602 5o3 6.2 603 308 

II 224.5 lLO 7.8 9o0 808 9.9 
III 128.3 605 5o7 3.8 'Jo 7 3o3 

IV 13302 lOoO 708 706 606 5.8 
Calves 

Plamna Vit •. A 
I 4o9 13.2 11.6 7.9 6.0 4o5 

II 308 12o0 1L5 9.5 9o0 1206 
III 602 8.6 7oJ 5.9 4.6 506 
.TIT 4°9 13.6 1308 10.3 10.0 1L5 

w 
.,.~ 



vitamin A significantly" However, the addition of 300 milligrams to 

the daily ration during lactation (Lots II and IV) did tend to spare 

liver stores of vitamin A and actually increased the liver levels of 

carotene. Co-~s that received no supplemental carotene during lactation 

(Lots I and III) showed a continued and accelerated decrease in vitamin 

A liver stores. 

Liver stores of vitrunin A and carotene of the newborn calves did 

not appear.to be related to treatment or the cows during gestation or 

to their liver stores at parturitiono These results are in agreement 

with those observed in Experiment I and with those reported by Thomas 

et ~. (1947), and Guilbert and Hart (1935) o It is apparent from the 

reports of Braun and Carle (1943), Spielman et al. (1948), and Eaton 

et !Js. (1949) that e~"'tremely high inta~es or carotene or vitamin A are 

necessary before substantial placental transfer occurs. Supplementation 

of the rations of the cows during lactation (Lots II and IV vs. Lots I 

and III) produced a rather marked increase in the calvestt liver stores 

of vitamin A at three months of ageo Examination of the individual. 

data of the cows and calves shows that the liver reserves of the cows 

also exert an effect on the liver stores of the calves at three months 

of age; however, this effect is much less apparent than that of the 

carotene intake of the cow during lactation. The plasma vitamin A 

levels of the calves (Table 5) fioom one to three months of age show a 

similar response to the carotene intake of their dams during lactation, 

wbereas during the first two weeks no su.ch effect was observed •. 

The plasma carotene levels of the cows at the beginning of the ex= 

periment were indicative of the previous high carotene intake. The 

effect of carotene supplementation on the plasma carotene levels was 
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not apparent until the third month of the experimental period.a During 

lactation the plasma carotene levels of the cows receiving supplemental 

carotene were comparable to those reported by Long et !\1• (1950) for 

cows receiving a good quality roughage. Plasma vitamin A levels or the 

cows were essentially normal in all lots until the latter stages of the 

lactation phase. By the end of the third month of lactation the cows 

not receiving supplemental carotene had lower plasma vitamin A levels 

than those receiving additional caroteneo The normal plasma vitamin A 

levels of the cows of Lots II and IV, in spite of declining liver stores, 

and the normal reproduetion and lactation performances of these two lots 

of cows demonstrate that it is not necessary to maintain high liver 

vitamin A reserves in order to meet the daily carotene requiremento 

The vitamin A content of the colostrum of the cows of this study 

was considerably higher than that observed in Experiment I, suggesting 

that the higher liver stores of the cows ut:1ed in this study may have 

been responsible for this effecto However, no effect of the vitamin A 

reserves of the cow on the vitamin A content of the colostrum was ap

parent in this studyo It appears that the liver stores must be quite 

low before the colostrum vitamin A content is affected. The carotene 

content of the colostrum was higher for those cows which received sup= 

plemental carotene during gestationo Milk levels of vitamin A were 

directly related to carotene supplementation during lactationo 

Typical symptoms of avitaminosis A (Guilbert and Hart, 1935) were 

observed in three calves (33, 42, and 57) of Lot III and two calves 

(44 and 65) of Lot Io Calves 42 and 65 died between two and three 

months of ageo Another calf (14) of Lot I died at one week or age due 

to the combined effects of navel and respiratory infectionso No 



symptoms indicative of a vitamin A deficiency were observed during this 

experiment in any of the cows, regardless of treatment, nor in the calves 

of Lots II and IV. 

These findings suggest that mobilization of stored vitamin A and 

carotene by the lactating beef cow on a low plane of carotene intake is 

insufficient to maintain normal vitamin A levels in the tissues or their 

nursing calveso Milk vitamin A, and to a lesser degree milk carotene, 

seem much more closely related to dietary carotene during lactation 

than to previous treatment resulting in differential liver storeso 



PART III 

THE REPRODUCTION AND LACTA'l'ION PERF'ORMANCE OF BEEF 

COWS FED LOtf-CAROTENE RATIONS 

.f • • 
fi Dur:rng periods of drouth or in cold climates it is sometimes nee= 

essa.ry for beef cows to be maintained for long periods of time on dry 

feedo Under such conditionsJ good quality roughage is often very scarce 

and expensiveo Since poor quality roughage, properly supplemented, can 

be utilized advantageously by ruminants, this experiment was designed 

to determine the importance of carotene in such a ration for beef' cows.\ 

This experiment was a continuation of a study initiated by Van 

Arsdell (1951). (/,On October 19, 1950, four weanling Hereford heifer 

calves were selected from the experimental herd and.placed in dry ldt 

at the experimental feeding barno These heifers have been maintained 

since that time on concrete pens and special precautions have been taken 

to prevent them from obtaining green feedo 

The rations fed have varied somewhat with the supply of feeds avail= 

able and the stage of growth 1 pregnancy or lactation of the heifers. 

Cottonseed cake or meal, oa,~s, milo and dried beet pulp have been used 

as concentrateso Wheat straw has been used as the roughage, except for 

a short period (March 10 to June 20j) 1952) when 1t was ne~,essary to use 

weathered range grass» baled in February, 1952, as the roughage o 

Roughage has been fed sSi libi tum th.r.oughout the study 9 and the con= 

centrate mixture was fed once daily, Salt and a mineral mixture of equal 
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parts o.f steamed bonemeal, ground limestone and salt have been available 

to the cattle at all timeso The rations were formulated to meet the 

National Research Council 8 s recommended allowances for digestible protein, 

T. Do No, and minerals at each stage of the experiment, io e., growth, 

pregnancy or lactationo 

The heifers were exposed to a bull during July and August of 1951 

and conceived readily. After completing approximately three months of 

lactation with their first calves, they were exposed again in August., 

1952, and. all conceived again. 

Blood and liver biopsy samples were taken monthly for the first 8 

months of the experimento The data obtained have been presented by 

Van Arsdell (1951)0 Additiopal liver samples were collected in November, 

1951, at each parturition and at six months post=partum. Liver samples 

were collected from the first calves at birth and six months of age. 

Blood samples from the cows and calves were collected at monthly inter~ 

vals during the experiment. Milk samples were collected peri.odically 

during lactationo In obtaining milk samples, the calf was removed from 

the cow for about 6 hours prior to taking the sample and one quarter of . 
the cowvs udder was milked completely. The blood» liver, and milk sam= 

ples were analyzed for carotene and vitamin Ao Liver samples were 

analyzed according to the method or Gallup and Hoefer (1946),,plasma 

by the method of Kimble (1939) and milk by the method of Lesher et ~o 

(1945)o 

Results and Discussion 

The vitamin A and carotene contents of representative plasma and 

liver samples of these cows are presented in Table 6. Complete individual 



Cow 

11 
15 
18 
33 

11 
15 
18 
33 

11 
15 
18 
.3.3 

TABLE 6 

Vitamin A and Carotene Contents of Plasma and Vit,amin A 
Contents of Livers of Cows lt'ed Low=Carotene 

Rations for 32 Months 

-·-----
Apr:i.l 

Plasma Vitamin A (Mcg/100 ml) 

2908 27ol 28oJ 3o9 llio6 7oJ 4o4 
22oJ 26o9 46.7 3.8 15.9 4o0 7.8 
lELO 1'7.2 29ol 4.1 19.9 4o2 2o4 
1'7 ol 22.8 32.0 4o7 16.4 2o9 L2 

Plasma Carotene (Mcg/100 ml) 

65.0 2LO 17ol 18o4 12.6 1608 lOoO 
82o0 16o0 2Jo3 JOoO 17.4 14°4 19.5 
94o0 28o0 47oJ 18o9 16.2 12o0 12o0 
85o0 26o0 33.9 .3.3 0 0 18o0 lJ.ol 9o9 

Liver Vitamin A (Meg/gram Dry Matter) 

307.0 J2o5 lOoO ?ol 2o4 3o7 
42000 12203 1906 2o9 4o0 .3 0 6 
28504 lLl 4o5 2o2 2o5 2ol 
40£L2 6807 26ol 4o7 4;2 608 

-~ ===-
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data are shown in Tables 21 and 22, appendix. Vitamin A levels of the 

colostrum and milk from the cows, as uell as the plasma and liver levels 

of the calvesj are given in Table 7. 

It is apparent from the data presented in Table 6 that the deple-

tion of liver stores of carotene and vitamin A in the cows was quite 

rapid during the early months of the ex:perimento As was observed by 

Frey and Jenson (1946, 1947), the rate of depletion decree.sed as the 

experiment progressed and the liver stores were reduced. After 18 months 

of depletion, the liver vitamin A contents of the cows declined to a very 

low level (2o2 to 7ol mcg/gram dry matter) at calving time in April, 1952,, 



Cow 
Noo 

11 
15 
18 
33 

11 
15~} 
18* 
33* 

11 
15* 
18* 
33* 

TABLE 7 

Vitamin .A Content of Colostrum and Milk from Cows Fed 
Low=Carotene Rations and the Plasma and 
Liver Vitamin A Levels of Their Calves · 

F:l.rst Lactation 
At Partu- 1 moo -~~ 
rition 

~s.ong.=L.a_ctatio:q,, 
At Partu- 1 mo. 
r:ttion 

Milk Vitamin A (Mcg/100 ml) 

56o5 7ol 4-08 L5 14907 2o4 
95o3 3-01 L5 408 38.8 2o4 

17007 408 408 /,._o 7 49o5' 2o9 
11-90 5 4/Z 206 52.3 3oJ 

Calves' Plasma Vitamin A (Mcg/100 ml) 

OoO 706"/-. 308 807 4o2 206 
OoO 7o4 5.3 7o2 OoO 2o9 
OoO 408 LO 4o0 LO LO 
OoO 2o9 13.3 206 2o7 

Calves' Liver Vitamin A (Meg/gm. Dry Matter) 

40o7** 

*Calves were supplemented with vitamin A when deficiency symptoms 
were observed. 

fCalf transferred to this cow after death of her calf. 

**Calf died of pneumonia 2 days after receiving vitamin A supplement. 

In spite of the lactation phase and the second pregnancy period which 

followed,, the liver vitamin A levels were still approximately the sam.e 

when the second calves were born in May, 1953. No symptoms of" a vitamirI 

A deficiency have been observed in an.y of' the cows dt:iring the 32 months 

of this study o These findir1gs are in contrast to those reported by 
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Guilbert and Hart (1934, 1935) who found that mature cows became defi-

cient after 9 or 10 months on a depletion ration. This experiment has 

also failed to confirm the results of Jones~ ~o (1943) that night 

blindness occurs in heifer and steer calves after three to six months 

of depletiono The latter workers used conttonseed hulls as the roughage 

in the depletion ration, while in the studies reported herein, wheat 

straw was the roughage feed. Although Guilbert and Hart (1934, 1935) 

and Jones et ,!Y;o (1943) were unable to measure the initial liver stores 

of their experimental animals, it seems possible that the vitamin re= 

serves of their animals were not as high as those of the heifers used 

in this stud.yo 

Plasma levels of carotene, as shown in Table 7, decreased during 

the early months of the experiment and then continued at a level con-

sistent with the low carotene intakeo The vitamin A content of the 

plasma remained at levels considered within the normal range from the 

start of the experiment to Novemberj 1952, and then declined to levels 

indicative of a low plane of vitamin.A and carotene nutritiono At the 

time of this report, the plasma vitamin A levels of the cows are compa-

rable to those observed in vitamin A deficient calves. No attempt is 

made to explain the significance of these low plasma vitamin A levelso 

There was no appreciable amount of placental transfer of vitamin 

A or carotene by these cows as is shown by plasma and liver levels of 

vitamin A and carotene of the newborn calveso Substantial amounts of 

vitamin A were found in the colostrum of all cows in both lactation 

periods, however, the levels were not as high as those obtained with 

cows fed low=ca.rotene rations during gestation as reported previously 

in Part II. The vitamin A content of the milk was somewhat lower than 



had been previously observed in FOWS receiving adequate carotene during 

lactationo 

The calves produced by these cows both years were normal at birth 

and only one retained placenta (second parturition for cow 33) was ob= 

served. However, this retained placenta could not be attributed direct

ly to the lack of vitamin Ao No other abnormalities in the reproductive 

performance of the cows was detected. 

Symptoms typical of avitaminosis A described by Guilbert and Hart 

(1935) was observed in the first calves of these cows early in the nurs

ing periodo Calf 11 died with a severe case of diarrhea at one week of 

ageo Another calf of similar breeding that had nursed its dam for three 

days in the experiment range herd was transferred to this cow o This 

tttransfer calf'11 nursed cow 11 for seven months without exhibiting de

ficiency symptom.so A liver sample taken at 6 months of age indicated 

that substantial stores of vitamin A were still presento The other 

three calves developed deficiency symptoms between 3 and 5 we~ks of ageo 

These calves were maintained throughout the seven-month period by ad= 

ministration of large doses of vitamin A each time the symptoms re

curred. Halibut liver oil was given by capsule in amounts sufficient 

to supply 480,000 Io Uo of vita.min A in each treatmento 

The second calves produced by these cows remained normal for ap

proximately two weeks after birth and then began to show signs of the 

lack of vitamin Ao Intermittent diarrhea, incoordination, lacrimati.on 

and impaired vision were observed in all the calves by the time they 

were six weeks of age. 

The cows in this study exhibited a remarkable ability to maintain 
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themselves when fed a low-carotene ration for a long period of time. 

However, the output or vitamin A in the milk was not sufficient to 

protect the calves from a vitamin A deficiencyo It is apparent that 

the first two months after birth is the critical period in the vitamin 

A nutrition of the beef calf'\ This fact is significant in the manage

ment of the beef cow and calf herd in a late fall or winter calving 

program in Oklahomao 



SUMMARY 

Studies were conducted with beef cattle to determine (I) the effect 

of the level of carotene intake on the utilization of dietary carotene, 

(II) the relative importance of dietary carotene and liver stores of -. 

carotene and vitamin A during reproduction and lactation, and (III) the 

effect of low-carotene rations on r~production and lactation. 

The apparent utilization of dietary carotene as measured by diges-

tion trials with steers was not affected by increasing the intake from 

four to thirty=two times the minimum daily requirement. A relatively 

constant percent of the dietary carotene was excreted at all levels of 

intake. 
,,' 

Beef cows receiving 60 milligrams of carotene per .. head daily were 

unable to maintain liver stores of vitamin A during gestation. Increas-

ing the carotene intake to 300 milligrams during lactation had a sparing 

effect on the liver vitamin A reserves. Vitamin A in the plasma and the 

liver of the calves was closely associated with the carotene intake of 

the dam during lactation, but was also influenced by the liver stores 

of the cow at parturition. 

Four cows fed a low-carotene ration for 32 months exhibited a remark-

able ability to maintain themselves. However, the output of vitamin A 

in the milk was not sufficient to protect their calves from avitaminosis 

Ao Eight calves produced by these cows during the study developed symp= 

toms typical of a vitamin A deficiency between one and six.weeks of age. 
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APPENDIX 

TABLE 8 

Vitamin A and Carotene Contents of Plasma of Cows During Gestation Phase 
of Experiment I (Part II) (Mcg/100 ml) 

~ 

Cow /:±-3-22 5=2=52 6=3=52 7-22-52 2-J=5.2 
Noo Vito A Caro Vito A Caro Vito A Caro VitoA Caro Vito A Caro 

Lot I 

18 29o7 44.0 9o2 22o5 l4o2 1608 609 9o9 '7 08 6,.6 
46 20ol J6o7 6ol 21.9 llo7 lfL3 9o7 15o0 3o9 12o9 
Avo 24o9 40oJ 7 .. 7 22.1 lJoO 1706 803 12.5 5.9 908 

Lot II 

12 23.8 JeL7 12,.2 25o5 18.9 1608 . 10o4 12ol 12.6 8.1 
38 22.8 60.J 11.4 23.4 13.0 18.9 9.5 11.7 8.J 11.1 
47 20.9 38.4 6.2 13.5 18.3 1908 6.J 15o9 4o9 708 
Avo 22o5 4508 9.9 20.8 16.7 1808 807 lJ.2 306 9~0 

Lot III 

2 2L8 45o0 9.8 21.9 ll+o5 18.3 9.9 32.4 15.l 37.5 
7 24.2 38.4 13.1 19o2 12.4 16.8 11.8 37.5 18.0 J?o5 

70 2L4 56.4 9.6 18.3 21.3 17.7 8.6 23.4 1Jo4 34.5 
Avo 22o5 46.6 10.8 1908 16.1 1706 10.1 31.1 15.5 36.5 

Lot IV 

58 16.8 J0.7 8.1 15.6 13.5 13,.2 1L6 26.7 8.2 27.9 
64 25.5 39.5 8.9 20ol 15.8 14.1 14.0 23.2 17.2 34.5 
Avo 2L2 35.1 as 17.9 14.7 lJ.7 12.s 25.0 12.7 31.2 V1 

\,., 



TOABLE 9 

Vitai"Tlin A and Carotene Contents of Plasma of the Cows in Experiment I 
(Part II) During Lactation (Mcg/100 ml) 

Cow Parturition 2 wk, 1 moo 2 moo ~ moo 
No" VitoA Caro Vito A Car. Vito A Garo Vito A Caro Vito A Caro 

Lot I 

18 16o4 lLO 9o0 807 12oJ 5o4 14o2 · 5o4 1L1,-. 7 12o0 
46 602 12.6 13.2 9o0 708 6&6 14o2 5o4 1L8 12o0 
Ava lLJ 11.8 lLl 808 10o2 600 14o2 5o/~ lJo.3 12o0 

Lot II 

12 l4o0 10.8 2006 47ol 1606 30o0 19o9 J3e4 2Jo9 4/+o4 
38 l6o5 9o0 le.Ll L1-L4 2308 J9o0 1L4 23.7 22o9 J8o4 
47 14o7 11.1 16ol 69o0 1506 34.5 1508 31.5 25o7 4602 
Avo 15ol lOo.3 18oJ 5206 18o7 34o5 15o7 3L2 24o2 4Jo0 

Lot III 

2 2L6 JJoQ 25.2 17o4 12o2 14o4 16,,7 10o2 lbo9 15o0 
7 lLO 20ol 2L3 17o7 18o9 1608 1.306 12o0 lJ+o 7 1L4 

70 l6oJ 1£:LO l5o0 12o0 1206 801 14o7 lLl 1Jo7 1206 
Avo 16oJ 23.4 20,5 15o7 1406 lJol 15o0 lLl 15ol lJoO 

Lot IV 

58 15o2 2Jo4 17.2 8LO 2L8 52.5 19cl 3L5 2L7 4602 
64 17o4 25.5 18o2 94o5 20o9 57o0 24o5 42o0 26o2 47ol 
Av" 16oJ 2l,.o5 17o7 8708 2L4 54.8 2L8 3608 2Jo5 4.607 
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TABLE 10 

Vitamin A and Carotene Contents of the Livers 
Of the Cows i.n Experiment I (Part II) 

(Meg/gram of Dry Matter) 
.wrn: m 

6 mo. 3 mo. 
Cow Prepartq_~ Parturition Post-12artum 
No. Vit.A Car. Vit.A Car. Vit.A Car 

Lot I 

18 8L2 5.,0 607 2.4 lo? 1.,2 
46 56.6 JoO 4.6 2ol lo6 loO 
Av. 68.9 4o0 5o7 2.3 lo7 Ll 

Lot II 

12 90.3 7.1 13.3 206 25.7 4.4 
JS 62.6 4.0 ?ol 2ol 6.5 2o4 
47 5808 3.0 7.9 3o3 2/+o6 4.2 
Av. 70.6 4.4 9°4 2,,7 HL9 3.7 

Lot III 

2 123.0 5.8 20.9 3,,0 1Jo5 2o0 
7 102.3 406 18.2 2.6 5o3 208 

70 lli,2. 7 7.2 22.6 2.0 J.9 lo9 
Av. 122.7 5.9 20.6 2.5 7.6 2.2 

Lot IV 

58 92.2 3.5 12.7 3.7 19.0 5.1 
64 92.l 8.0 16.0 Jo2 27.9 5.3 
Av. 92.1 5.8 l.4.J 3.5 23.5 5.2 



TABLE 11 

Vitamin A and Carotene Contents of Plasma of Calves in Experiment I 
(Part II) (Mcg/100 ml) 

Calf Birth 2 wks. 1 mo. 2 mo. 
No. Vit.A Car. Vit.A Car. Vit.A Car. Vit.A Car. 

Lot I 

18 6.1 o.o 5.8 OoO lLO 4.5 8.9 5.1 4.1 4.2 
46 o.o LS 6.6 o.o 1.1 o.o .3.2 4.5 4.0 .3.6 
Av. J.O 0.9 6.2 o.o 6.0 2.2 6.0 4.8 4.1 J.9 

Lot II 

12 0.5 o.o 8.3 11.7 calf died from injury 
.38 1.3 o.o 9.4 1..8 7.6 6.9 7.2 5.1 9.5 5.1 
47 2.2 0 • .3 10 • .3 5.1 3.8 o.o 9ol 5.1 9.9 4.8 
Av. 1.3 0.1 9.3 6.2 5.7 J.5 8.1 5.1 9.7 4.9 

Lot III 

2 7.4 o.o 5.2 2.4 2.5 o.o 5.9 5.1 6.4 4.2 
7 Ll LS 6.6 7.8 7.4 2.4 4.9 J.O 5.7 LS 

70 2.2 o.6 8.7 4o5 5.0 L8 8.1 6.6 6.9 3.0 
Av. J.6 o.s 6.8 4.9 5.0 L4 6.,3 4.9 6.J 3.0 

Lot IV 

58 J.O LS 17.4 3.6 5.0 1.8 8.5 5.1 1L4 4.8 
64 5.2 1.2 1L4 5.1 7o4 2.4 7.5 10.2 12.4 1L4 
Av. 4.1 L5 14.4 4.4 6.2 2.1 8.0 7.6 1L9 8.1 \.Jl 

O' 



TABLE J2 

Vitamin A and Carotene Contents of' the Livers 
Of Calves in Experiment I (Part 

(Meg/gram of Dry Matter) 
II) 

=--o;,..--==><,: :l\?~~r,co,=. . -,.,-==-- =-==- -

Calf __ Bh'j:.,h_ ~ -·== 1 months . 

No. Vit .A Ger. VitoA Car. 

-=--==~-==--=~ 

Lot I 

18 4o2 4.3 L9 1$2 
46 ,4.o 1 4.4 L,8 L4 
Avo 4o2 4o4 L9 L3 

Lot II 

12 Jo5 L,5 
38 2oJ 2o4 9o2 L5 
47 4o4 3o2 19o3 LO 
Avo 3,,4 206 ll~oJ loJ 

Lot III 

2 2o2 406 So2 2o0 
7 2.8 2.0 Jo9 L9 

70 2o9 OoO Jo2 .3 .2 
Av. 2.,6 2.,2 5ol 206 

Lot IV 

58 208 2.,8 lfL6 Oo6 
6A 3.2 L2 26o0 4o2 
Avo 3o0 2o0 22o3 2o3 

~"-..--~ ·=~~ <>=:.:..-~=~=---



TABLE 13 

Vitamin A Content of Colostrum and Milk from Cows of Experiment I 
(Part II) (Mcg/100 ml) 

Cow Partu-
No. rition 2 dao 4 da. 7 da. lli, da. 21 da. 1 mo. 2 moo 3 moo 

Lot I 

18 ,61.1 40o9 2708 10.8 600 7o5 600 2.1 JeJ 
46 28.1 20G4 14.J 9.6 3 .8 4o5 2o2 4o5 2.3 
Avo 4406 JOo? 2Ll 10.2 4o9 6.0 4.1 J.3 208 

Lot II 

12 57.4 6008 10o5 6.8 17oJ 5.,3 2eJ 2c4 6.3 
38 61.9 12o0 7o5 15.8 15.0 5.7 800 L8 6.8 
47 98.6 12o0 5.0 13.3 5o4 '~· 5 3.5 2.7 3e0 
Av. 72.6 28.3 7o7 12.0 1206 5.2 406 2cJ 5o4 

Lot III 

2 7L3 11.6 18o0 5°4 6.9 13.2 JoQ 4ol J.O 
'? 25605 32.3 llo7 10o5 JoJ L5 1@5 2,,9 308 

70 163.9 1808 26.J 1Jo5 JoO 600 J.O J.8 2~7 
Av. 163.9 20o9 1fL7 9.8 4o4 6.9 2.5 J.6 3~2 

Lot IV 

58 99o4 JJoO So7 L~. 5 6.J 5.7 4o5 507 4©5 
64 8L8 608 8.0 15.8 9o0 3©0 )o5 908 4o5 
Av. 90.6 19.9 803 lOol 7o7 40/.,, 4.0 7.7 4$5 \JI 

C.? 

-=-~ = 



TABLE 14 

Vitamin A and Carotene Content of Plasma of Cows During the Gestation 
Phase of Experiment II (Part II) (Mcg/100 ml) 

Cow Nov. 12 Deco 20 Jano 21 Feb. 28 
I-lo~ Vit.A Car. VitoA Caro Vit.A Car. VH.A Car. 

-
Lot I 

14 27.9 102.0 24.8 3L5 22.4 24.0 ~3ol 27o0 
24 .35o Q 9.3.0 2506 2706 2L8 16.8 24.6 21.3 
.31 31.2 153.0 29.9 42.0 22ol~ 23.4 30.5 25.2 
44 33.6 12000 28.1 35.4 17o7 19.5 ?5.4 24o3 
65 34.8 90o0 33.9 20.4 19.6 10.8 ?LL~ 16.8 
Avo 32.5 111.6 28.5 3L4 20.8 18o9 ?5.0 22.9 

Lot II 
17 J2o9 153.0 19o4 30.,0 18.4 30o9 :::'Oo2 JJo9 
22 2.7.7 90.0 19.l 27o0 12.6 14c4 19.8 18~0 
25 30.5 60o0 21;. 5 2L9 18.5 1200 2506 14o4 
52 J0o7 5LO JOol 24.0 20o9 1608 2L4 17.4 
67 28.1 160s5 22.1 Li,2o0 18.6 19.5 180) 24o.3 
Av. 30.0 102.9 23.0 29.0 17.8 IEL 7 2Ll 21.6 

Lot III 
33 23.9 78.0 2L6 32.L> 19.6 27.6 l9c4 57.0 

~~. 34 )Oo2 78.0 22.5 35.4 14o5 24.0 
42 2ELO 78e0 20.6 27a0 12.7 16o2 19o4 34°4 
51 26.l '69o0 24o5 2706 19.5 21.0 2L7 JJoO 
57 28.6 6600 2Jo2 25.5 20.4 2208 <3.0 4Ll 
Av. 27.4 73.8 22.5 2906 17.J 22oJ 20o9 4L4 

Lot IV 
3 25.5 6Jo0 25.2 · 34o2 32.7 39.9 22o3 45o0 

19 39.2 144.0 J0.7 45o0 J6o4 3L5 22ol 54o0 
20 J5o9 90o0 29o0 37.5 2L9 30.0 2506 48o0 
29 31.4 90o0 27ol 35o4 25 oJ 31.5 2Leo4 ~4oli, \Jt 

50 38.0 100.5 29o2 J4o2 28.5 24o9 33.1 51,.0 -.J,) 

Av. J4o0 97.5 28o2 37.J 29.0 31.6 25.5 49ol 



TABLE 15 
Vitamin A and Carotene Contents of Plasma of Cows During the Lactation 

Phase of Experiment II (Part II) (Mcg/100 ml) 
'~ 

Cow Parturition 1 week 2 weeks 1 month 2 months _ J months , 
No. Vito A Car Vito A Caro Vito A Car • Vit.A Car. Vit.A Car. Vit.A Car. 

.,......,...,...,,.-~-......,,.....,...,...,,.~-·=-

Lot I 
14 14.7 21.3 10o7 23.4 23.5 21.3 18o9 19e5 17.4 18.0 13.5 12o0 
24 2.306 20.1 20o7 13o2 15.7 20.4 111-,9 18.0 28.4 25.2 20.7 26.1 
31 20.6 27.0 19.9 22.5 15.6 21.3 1EL3 24.3 15.7 14.4 13.9 19.5 
1+4 10.9 20.1 804 22o5 12.1 23o4 9oJ 18.0 6.4 19.5 9.8 17.4 
65 16.9 18.0 12.1 17.4 18.2 19.5 24.4 24oJ 25.0 15.0 19.8 lfLO 
Av. 17.3 21.3 14o4 1908 17o0 21.2 17o2 20.8 1806 lfL4 15.5 18.6 

Lot II 
17 14.5 23.8 17.6 93.0 19.l 114.0 liL9 164.4 21.2 147.9 15.2 140.1 
25 13.5 11.1 11.2 33.0 18.9 84.0 12.3 91.5 12.6 93.0 
52 12.7 13.2 11 ... 0 102.6 16.9 12.3 .o 14.4 129.0 1208 144.0 J2o4 108.0 
67 8.2 2L9 14.4 129.0 16.7 18900 16.8 207.0 14.9 211.5 3L9 207.0 
Avo 12.2 17.5 14.3 89.4 17o9 127.5 15.6 14709 15o4 149.1 26.5 151.7 

Lot III 
33 10.4 52.5 10o4 30.9 12.5 49o2 14.5 36.9 1? • .3 25.4 lftl 21.8 
34 12.7 21.9 12.5 17.7 11.6 23o4 10o2 18oJ 12.1 l?o4 18o5 28.5 
42 13.6 42.0 llol lfLO 9o0 15.0 1L4 14.4 13.5 12o0 
51 15.8 57o0 14.4 31.5 1Jo9 15.6 11.0 1806 9o2 13.2 14o5 13.2 
57 lJ.7 66.9 12.6 45o0 16.J 3L5 1506 28.5 8 .. 3 18o0 16.4 14o4 
avo 1Jo4 48.l 12.2 2806 1206 26.9 12o5 2JoJ 12ol 17o2 16.9 19o5 

Lot IV 

3 15ol /+9o5 10o4 111.0 16.l 10605 1506 10800 18o9 84o0 2606 78~0 
19 14.2 54.0 10.1 6L5 9.1 112.6 17o9 125.4 19o2 120.0 36.6 96.0 
20 18.2 73.5 15e4 78,,0 19o9 90.9 19.9 103.5 26oJ 93.0 28.7 105.0 
29 2L8 58o5 14ol 106.5 18oJ 117.0 17.J 12705 2L2 14709 29.8 90o0 
50 1406 79o5 11.7 9L5 21.9 J.40ol 27ol 141.0 28o5 14001 
Av. 16.8 . 63.0 12oJ 8906 l?ol 11Jo2 19.6 lOLl 2208 117.0 30.4 92.J 

CJ', 
0 
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TABLE 16 

Vitamin A and Carotene Contents of the Livers 
Of the Cows in Experiment II (Part II) 

(Meg/gram of Dry Matter) 
-=----=-----= 

5 moo 3 moo 
Cow _ Pre12artum Pa~~ Post Partum~ 
No. VitoAo Cara Vit.A Caro VitaA Caro 

Lot I 

14 28408 12o0 10904 2e0 1L4 lo4 
24 44902 22o9 23309 908 75o7 5o9 
31 35007 2L~o 5 132.0 5o3 19o9 3o'7 
44 112 .• 8 24.9 36o2 2o7 4.4 0 
65 31700 16.7 19502 3o7 45.8 L5 
Ava .302 0 9 20o2 14lo.3 4o7 3L4 2a5 

Lot II 

17 46205 23o5 30700 ?o7 18503 14o0 
22 170.9 17.2 4L2 5c8 
25 27?06 13.0 69.7 JoO 
52 336.2 21ol 16808 5al J46.5 12.5 
67 29006 18a5 10505 408 57.0 606 
Ava 30706 18o7 13804 5oJ 12906 llol 

Lot III 

33 64o4 908 )5o7 600 408 2o3 
34 11308 9~1 6Jo5 3a9 5o2 2a7 
42 19207 17.3 50c5 603 
51 25L2 1306 84o5 Jo9 26.6 lo? 
57 13400 805 45.5 8.6 2ol Oa3 
Ava 15L2 1L6 56oJ 5a7 9o7 L8 

Lot IV 

3 16001 1Jo2 58o9 4,,5 29o9 8.4 
19 45804 19o0 210al 7a9 12200 609 
20 62o0 15o0 8Jo5 606 4606 7 o'7 
29 28802 21.6 11906 9al lli,4.3 1604 
50 28907 17o7 92o4 606 
Avo 25107 l?oJ 11203 609 85a7 908 

=~ -r==;c-~=~""-= 



TABLE 17 

Vitamin A and Carotene Content of Plasma of Calves 
of Experiment II (Part II) (Mcg/100 ml) 

-=-.. =· 
Calf Birth -

__ l week ___ 2 week§._ 1 month 2 months =l_month 
Noo Vit~A Caro Vit.A Caro Vit.A Car" Vit.A Car Vit • .A Car Vit.L Car. 

=--_....---~~~---= 

Lot 1 

14 4.1 3.0 
24 5o4 4.2 17.0 4.5 15~1 L;,. 5 10o7 6.0 7o2 L5 2e7 8~1 
.31 4o3 5.4 1/;,.8 606 15.1 O~O 9.6 7.5 607 4.5 7o2 8.3 
"44 5.4 4.2 7.1 4o 5 7 o;?. 8.1 6.6 6 0 .3 2oJ J.6 4.3 9~9 
65 4.4 LO 111,00 5.4 9.0 fL 1 L;,.9 2.4 708 2.4 
Av. 4o9 .3 0 6 13.2 5.2 11.6 5.1 7.9 5.5 600 3.0 4.5 8.8 

Lot II 
17 2.5 3.0 ll;.08 7.5 13.0 18.0 9.1 7.5 9~'7 12o0 7.7 20.4 
25 6.1 1.8 605 L8 8.4 L8 807 2.4 7o7 3oJ 
52 4e6 2o4 11,.7 £Ll 10.,4, 18o0 8.1 8.1 8.8 6.3 15.? lLl 
67 2o2 0.6 11.9 7.5 14.4 ll+o4 12.3 1,4 .• 4 9.8 lLl ll+o4 2/+o4 
Av. 3.8 L9 12.0 6.2 1L5 lJ.O 9.5 8.1 9.0 fL2 12.6 18.6 

Lot III 

33 3.6 3.6 5ol 606 604 6.6 6.3 4o2 5o 7 LO 6.5 lOol 
34 9o0 o.o lLl 3.0 1L2 3.6 6.2 2.1 600 606 4.9 8,,1 
42 4o2 12.0 lLO 6.6 3.9 9.0 600 2o4 2.5 L2 
51 12.1 5o4 7o3 5 .Li, 6.7 4-o5 ?oJ 6.6 4,3 5.4 6.9 1Jo2 
57 2o5 L8 806 801 801 801 4o0 o.o 4oJ 5.4 4.9 306 
Avo 602 406 8.6 5o9 7o3 6.4 5o9 3.1 406 3.9 506 80 '7 

Lot IV 

J 602 2o4 802 9o9 10.6 12.0 8.4 5o4 9c7 12c0 9o0 12o0 
19 2ol L5 1Jo7 306 14.2 11 ... 4 12.3 l4o4 7.7 12.0 12c9 19o5 
20 4o0 o.6 10.0 801 8 a 

C .I 8.1 808 12o0 9c7 12o0 1Li,o2 11.l 
29 605 306 lLHl 9o9 12 0 5 9-00 9ol 9.9 9.0 8.1 9.8 9.9 
50 5.5 3o0 21.8 5o4 2Jo0 1:Ll 13.1 5o4 11;. 0 0 606 
Av. 4 .• 9 2o2 1306 7o4 13.8 10.3 10.J 9o4 lOoO lOol 1L5 lJol 



Calf 
Noo 

11{, 
21,, 
31 
44 
65 
Avo 

17 
25 
52 
67 
Av o 

33 
J4, 
L;2 
51 
57 
.Av o 

3 
19 
20 
29 
50 
Avo 

TABLE 18 

Vitami.n A and Carotene Contents of the Livers 
Of Calves in Experiment II (Part II) 

(Meg/gram. of Dry Matter) 

Birt,,""'h~- = J_mopths 
Vit,A Caro Vit.A Caro 

Lot I 

2.4 0 
L,,,o 7 L5 600 L.5 
2o2 2.6 3.2 Oo9 
3o5 Oo'7 L8 0.8 
6.B 0 -l•2.~3 0 
3~9 Oo9 JoJ OoS 

Lot II 

Sol 2.1 25o0 1.,0 
4.2 0 
808 4ol 17ol Ll 
2o5 1.,9 1606 0 
5.7 2.0 1906 Oo7 

'Lot III 

4ol 3.1 L2 0 
Jo? .lo2. lo2 Oo6 
L4 0 
JoO 0 L8 LO 
L6 2.6 2.4 OoO 
2o7 lo4 1.7 Oo4 

Lot IV 

1.,5 LO 5.6 loO 
J.5 1o·g lLl ·007 
2o0 0.8 80 .3 1.2 
4ol 1,,5 220) L9 
306 106 
4e9 loJ 1L8 L2 

-· ::.--==--=== 

*Calf' died at 2f months of age. Sample taken immediately a~er 
death. 
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TABLE 19 

Vitamin A Content of Colostrum and Milk from Cows of Experiment II 
(Part II) (Mcg/100 ml) 

Cow Partu-
No. rition 2 da. · 4 da. 7 da. 14 da. 21 da. 1 mo. 2 mo. 3 moo 

Lot I 

14 .301. 5 12@2 9o7 8 .• 7 805 6.4 5o0 6.1 .3o4 
24 4808 8 • .3 7 o.3 4.7 4o.3 7e8 4°5 5o4 4.2 
31 8408 - 17.4 6.6 4.5 J.6 3.6 5.4 4.7 4.5 
44 137.6 9.0 6.1 5o4 4o5 4.3 J.6 5o2 2.9 
65 191.5 6.1 6.4 708 5o7 11.9 11.7 10~2 
Av. 14400 10.6 7o2 602 5.3 6.S 6.2 6.3 3.8 

Lot II 

17 190.0 15.8 7e8 9o0 5.0 10.0 5.7 8.3 11.7 
25 471.6 10.4 8.3 9.2 13.2 6.8 9.2 7.8 
52 158.3 10.2 10.2 13.6 7.1 11.0 8.8 9.0 8.0 
67 78.0 13.2 ]2.9 12.0 5.9 8.2 12.3 10.0 708 
Av. 224G5 12o4 9.8 11.0 7e8 9.0 9.0 8.8 9.9 

Lot III 

3.3 197.5 13.2 7.8 1.8 3 • .3 LS 3.1 4.7 4.8 
34 65.9 7.,3 6.4 6.4 5.4 6.1 5o2 1.6 2.2 
42 132.4 12.9 10.0 ,.o 3.8 .3.3 3.1 J.l 
51 136.8 21.5 lOoO 11~9 10.9 9.5 4o5 .3.6 J.l 
57 10809 10.7 9.7 .7~5 5.0 4.8 2.9 5.7 2.9 Av. 128.3 13~1 8.8 -6. 5 5.7 5 .. 1 3.8 Jo7 3 • .3 

Lot IV 

3 208.9 18.6 14.4 12.6 8.2 9.7 8.0 6.8 5.9 -~ 19 58.6 107.1 8.5 6.8 7.8 8.7 7.1 7.0 4.5 20 220.3 19.0 11.7 10.6 6.5 9.6 7.1 6.6 7.8 
29 110.0 21.7 16.9 10.4 9 • .3 7.4 602 5.9 4,,5 
50 68.1 26.1 10.7 9.8 7.1 10o2 9 .. 5 6.8 Av. 13302 4605 12.4 10.0 7.8 9.1 7.6 6.6 5.8 



TABLE 20 

Carotene Content of Colostrum and Milk from Cows of Experiment II 
(Part II) (Mcg/100 ml) 

Cow Par tu-
Moo rition 2 da. 4 da. 7 dao 14 dao 21 dao 1 mo. 2 mo. 3 moo 

Lot I 

14 2LO L5 1.2 o.o OoO 0.,0 OoO Oe6 Oo9 
24 JoO OoO OoO o.o L7 308 LO JoO 0~0 
31 1.9 L7 Oo5 1.7 Oo2 LO 1~2 3o0 OoO 
44 12o4 Ll Oo2 0.5 Oo5 Oo9 Oo5 o.o 0~0 
65 13.8 L5 3o3 . 0.2 008 1.1 0.3 L2 
Avo 10o4 Ll LO Oo5 Oo6 L4 Oo6 L6 Oo2 

Lot II 
17 608 006 0~3 Oo6 2o3 308 2.3 308 2o4 
25 18.0 L? LS 2o0 4ol Oo9 L7 L5 
52 9o4 2.7 3.0 7o2 JoO L6 L4 2e2 2o9 
67 5o3 2o9 4o0 4o7 3.2 206 3.2 2 0 f, 2.4 
Av. 9o9 2o0 2.3 306 3o2 2o3 2.2 2o5 2o5 

Lot III 
33 37o5 JoO 2o0 L8 L8 LO L2 L2 o.o 
34 4o5 0.9 0.9 0.,0 o.o L2 Oo6 Oo6 L7 
42 29o2 4o5 4.1 1.7 1.2 L5 Ll Oo5 
51 2808 2o4 Ll o.o OoO O.oO OoO 0.5 0.5 
57 45o0 JoQ L8 L4 1.7 Oo5 L2 OoO OoO 
Av. 29o0 2.8 2o0 LO Oo9 008 008 Oo6 Oo5 

Lot IV 
3 32.6 206 o.6 o.6 1.2 2.6 L6 Jod Jo] 

19 7 0 5 16o5 2ol 2.4 4ol Jo'9 4.1 4ol 1.8 
20 4L3 600 5.0 JoO L8 L6 Jo2 2o7 L8 
29 19o5 5o4 L8 L6 2o0 Oo6 L4 L8 L8 a-

• 'v"I 

50 1L3 4o7 2c9 JoO 2o4 308 2.9 2.4 
Avo 22o2 7o0 2o5 2ol 2.3 2o5 206 J.,O 2o2 
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TABLE 21 

Vitamin A and Carotene Content of Plasma of Four Cows 
Fed Low-Carotene Rations (Part III) 

(Mcg/100 ml) 

-
____Q£w l.l_ Cow 12 _ Cow 18 Cow .22 

Date Vito.A Car. Vit.A Car. Vit.A Car Vit.A Car. 

1950 
Nov. 29.8 65.0 22o3 82.0 18.,0 94.0 17.1 85.0 
Dec. 39.l 19e5 16.3 33.0 34 • .3 43.5 30.3 40.5 
1951 
Jan. 13.6 12.6 13.5 20.1.. 2L9 30.0 27.7 27.0 
Feb. 39.5 25.0 26.7 27.0 25.2 27.,0 25.4 30o0 
Mar. 42.5 28.0 20.7 35.0 23 • .3 26.0 
April 36.3 22.5 16.5 18.0 18.7 27.0 30.5 .30.9 
May 17.4 14.0 29.6 .38.0 20.1 34.0 27.0 29.0 
June 27.1 21.0 26.9 16.0 17.2 28.0 22.8 26.0 
Nov. 28.3 17.1 46.7 23 • .3 29.1 47.3 32.0 .33.9 
Dec. 22.2 27.0 26.9 .36 0 .3 18.6 51.6 24.9 .34.4 
1952 
Jan. 20.5 32.7 23.8 41.1 17.3 52.5 20.4 39.9 
Mar. 9 • .3 2/+.6 4.2 15.6 10.4 24.3 6.2 24 • .3 
.April* 3.9 18.4 J.8 30.0 4.1 18.9 4.7 J.3.0 
May 4.5 J6.o 9.8 23.7 3.6 37.1 4.4 15.9 
June 11.4 21.9 16.6 2.3.0 7.6 33.0 4.2 11.l 
July 14.8 ll+o 5 10.5 16.2 8.4 18.6 12.0 16.8 
Aug. 8.9 5.1 25.4 9.6 6 .J 7.8 4.8 5.7 
Nov. 17.7 6.6 21.4 10.2 lELl 9.0 11.3 10.2 
1953 
Jan. 14.6 12.6 15.9 17.4 19.9 16.2 16.4 18.0 
Mar. 12.1 9.9 10.0 14o4 l/+o2 1506 18,7 12o0 
May* 7.3 16.8 4.0 14.4 4.2 12.0 2o9 11.1 
July 4.,4 10,,0 708 19o5 2.4 12.0 1.2 9.9 

*Calved. 



Date 

1950 
l'fov o 

Deco 
1951 
Jane 
Feb. 
Maro 
Apro 
May 
June 
Nov. 
1952 
Apr. 
1953 
Jano 
May 

TABLE 22 

Vitamin A and Carotene Content of Livers of Four Cows 
Fed Low-Carotene Rations (Part III) 

Cow 11 ____Qow J.2 Cow 18 ~Cow~ 
Vito A Caro VitoA Caro Vito A Car. VitoA Car. 

30700 9o9 42000 16o4 28504 15ol 40802 1L'7 
31600 7.1 45902 808 20L6 '7 e 5 51402 706 

23806 4o9 48802 601 175 0 5 408 376.4 5o2 
139ol 3ol 25905 4o0 10907 306 25801 4ol 
14904 5ol 21804 '!~. 6 104.3 l,..06 26703 5o2 
84,l 2o7 15509 3o9 58o4 3o2 20709 4o0 
'70o2 2ol 145.0 3.6 3L8 2o4 19805 2o7 
32o5 L6 12203 208 llol 2o0 6807 2.2 
lOoO 208 1906 3o0 l~o 5 2o5 26ol 2o5 

'7ol 006 2.9 L2 2.2 L2 4o'7 Oo8 

2o4 L8 4.oO 008 2o5 2o5 4o2 L8 
3o'7 Oo.3 J.6 Oo2 2ol Oo 5 608 Oo4 
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