BLUDO Gl




i
OREAT:S

AGRICLTURAL & acRANICAL (PLLEGE
LIBRAR N
BLOOD CAROTENE LEVELS IN CELAHOMA 0CT 271939
DAIRY CaLves
By

SVERET? B, EANSON
Bachelor of Science
University of Wisconsin
1938

Oklahoma Agricultural and Nechanical Coll
In partial fulfillment of the re o
for the egree of
MASTER OF SCIEHCE

1939



i1

0 gt
AGRICULIUL4), ¢ isEhaba, i1 (OLLEGR
LIBRARY

OCT 27 1939

Approved:
Tn char{ of. %ﬁ

B Te “CROO

119444



iii

ACENQWLEDGMENTS

The author wishes to take this opportunity to sincerely
thank the many persons who were of service in conducting this
study. #speclally appreciated were the valusble suggestions
offered by br, A, H. Euhlman and Or, W. D, Gallup. Indispen-
able was the assistance of Vr, L. H. Moe who collected all

blood samples.



TABLE OF CONTENTS

Introduction

Heview of Literaturs

Ganeral e-

Methods of &nalynih

Procedure of Analysis -

Experimental Procedure

Bxperimenval Kesults

eroup I

Group 1l eeecccecccces

Group IIl -

Group IV

Group V w-

Group VI

Group VII

Group VIII

Conglusions - - 2

Biblliography -

iv



INTRODUCTION

The following study was undertaken in order to atteampt
to find a normal blood carotene level for deiry calves of
different ages fed under practiesal Oklahoma conditions.
Obviouely what is termed "practical Cklahoma conditions" may
vary from herd to herd, season to season, or year to year;
yet , there should be enough similerity in cozposition of
feeds and feeding practices throughout the state so that
blood carotene levels established in one herd should at least
serve a8 a guide in others.

Interest in carotene arises from the feet that it is the
precurser of vitamin A which 1s necessary for the proper

growth end well-being of dairy calves,



REVIZYW OF LITERATURE
General

In 1920 Steenbock end Boutwell (20) made the iamportant
correlation between yellow color in foods and good sources
of vitamin A, They even went so far as to suggest that the
pigment carotene is the source of vitamin A, This view was
not accepted by other workers and the relationship remained
unsolved until a decade later. In 1928 von Euler, of Sweden,
as cited by Maynard, (14) furnished evidence that highly
purified carotene would cure rats exhibiting typleal vitamin
A defieciency. Moore (16) in 1930 working with rats proved
that carotene was transformed into vitamin A in vivo.

In 1932 Xarrer in Switzerland snd Drummond in Englend,
cited by Maynerd (14), isolsted & very mactive vitamin A
frection from halibut liver oil which wae identified as being
an unssturated alcohol with the formula Cpglizg0O. This alcokol
is now regarded as vitamin A. Soon after Karrer, Kuhn, and
others, cited by Meynerd (l4) established the formula of
carotene &s Cyolgg. It 1s now recognized that there are four
different carotenes vwhich have vitamin A activity, namely:
Y-,B-,;y~, and hydroxy-B-carotene or krytoxanthine. On hydro=-
lysis the B-carotene yields two molecules of vitamin A while
the rest yleld only one.

Although having been suspected for several years pre-
viously, it was pot until 1926 that Jones, Eokles, and
Palmer (l11) demonstrated the needs of calves for vitamin A.
With a skim milk, white corn ration the calves showed typlcal
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Syﬁpénmf of an 4 deficienay; nsnely, fallure to grov,
xeropthelals, respiratary trouble, diarrhes, snd denth, Cod
liver oil corrected thege smupptoms. Feehdell, Sekles, znd
Palmer (&) in the same year reported that cslves developsd
syaptong of vitamia 4 daficlency when ¢od liver nil wes aot

xperizental ration of corn gluten feed,

included

caseln, polished rice, znd buttsrfet. Since then experi-

1

mental vitsalin 4 deficlsnoy has beea rroduced by seny in
veatigators.

of luportance to the Jklnhoma farser is the reistion~
zhip of vitanin & to the so-gnlled "cotionsesd mezl™ pelsone
ing. In 1280 Halverson snd Sherwood (%) reported a lomg tinme

iavestigation fram vwhileh it wes concluded that failures in

cuttle sttributed {to esttonseed meal injfury were prkﬂgt Ly

this belief hao been substantlated.

Although most vitanin 4 deflciencies reported hove Leen

experinentally ﬁ?ﬁﬁﬁ@@ﬂ, @uilbert angd Hart (7} observed =

condition in range entile in Oalifornia which wes suspected
to be vitazin & deflclenmey. & sumber of types of disturb-
apces cceurred: (a3} fallure of the femnle to ooze in ssirus;
{b) more or less fregquent ocourrences of eotruy, bub with
Fallure in fertiiiczation; {¢) mating 2nd fertilizetion fol-
lowed by dea ﬁvnf the fetus ond sbortisn or resorption a2t
various stuges oF gestation; and (&) feilure in lsoctztion.

by the addlition of cod

fuld

The conditisns oould be correcte
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liver?cil oy green al?alfa hey to the ration.

@uil@ert end Herxt (8) in 1935 reported on n continuation
of théir studlies and cinted that the daily aininmun carotene
roguirenent of the bovine lug 2€ to 33 micrograms per Kile

ozran of body welighyu.

Comperatively little work has been done invnlving actusl

piasﬁa ¢arstene levels ia caiveé. Palmer (17) in 1514 made

the observation that the bloold earstene of 2 newborn ealf

was very low. ¢ extended his studies to Dlood eszrolens

levels in wature cntile and found a deflinite correlation te-
tween the type of retion fed and earotene levels. ioore {15)
in 198G reported on plasua carotene levels in calves which

vere experimentally depleted of vitaain A reserves. Flusma
carotens fell to low levels which were gulckly ralsed by

elther supplenents of carotene 1n cottonseed o1l or by a2l-
falfa hay. ije concluded that as a rule plasmn carotens re-
ameined velow about 0,13 microgrsms per c.c. Tor a oonaiderable
period before the developient of ayvetalopla and oqeulgr changes,
vihitnah, Feterson, Atkeson, zZud Cave (21) made Gally ouro-

tene determinations ln studying earctene balances in haifers

and deiry covs. They gave evidence of o large daily veriation.
madsen and Davis (13) concluded from blood plasma sagples
taken from seversl beel heifers that the degree of carotenenla
depends upon the exogeaous supply of c¢arotene. The vitaain &
of the blood content resched a lesgs variable physiologicel
lavel which is meintalned ss long as the g¢arotene supply is

adegu %ue, but which declines during the state of deficlexney.



They found high values in pssture fed animals, Phillips,
Rupel, Oleson, and Bohstedt (18) found no carotene in the blood
of a ¢alf 46 days old at the onset of vitamin A deficiency.

Cemb, Baumann, and Steenbock (19) reported that twelve
cows receiving 140 mg. of carotene daily sverasged 5.2 micro-
grams carotene per ¢.¢. of blood plasma, By feeding A.I.V.
silage, the daily carotene intaske was incressed to 500 mg.
per cow resulting in an average blood carotene level of 6.5
micrograms per c.c. in two weeks, and 8.8 micrograms in six
weeks, They reported & decrease in blood carotene immediately
after parturition.

Gillman and E1 Ridi (6) reported that five cows on a
winter ration averaged 0.40 mg. of carotene per 100 ml. of
serum and four bulls on a winter ration averaged 0.06 mg.

On a summer ration six cows averaged l1l.ll mg. per 100 ml. of
serum and six bulls on a summer ration averaged 0.42 mg.
Methods of Analysis

Definite identification of the lipochrome of cattle serum
as carotene was made by Palmer and Hckles (17) in 1914. Pre-
viously Van den Borgh and Snapper, as cited by Palmer (17),
had distinguished the lipochrome of cattle serum from bilirubin.

Early workers were puzzled by the fac¢t that carotene which
was readily soluble in fat solvents could not be extracted
directly from the blood serum. Palmer (17) showed that the
pigment was closely bound to the protein of the blood and could
be separated from this union by the addition of 95% alcohol

to the plasma. He took advantage of this fact and evolved a



method of measuring blood carotene by trtatiné the serum with
95% alcohol, mixing with plaster of Paris and extracting the
yellow color with petroleum etker, Van den Bergh, Xuller,

and Broekmeyer, cited by Conner (4) modified this method by
omaitting the plaster of Paris, and comparing the yellow color
to a 1/24 per cent solution of potassium dichromate as a
standard, Conner (4) modified the method further and compared
the yellow color to a 0.08% or 0.04% solution of potassium
dichromate as was done in thils study.

It should be realized that the preceding methods of
analysis do not differentiste between the biologically active
pignents, the carotenes, and the other ether scluble pigments
such as xanthophylls and xanthophyll esters. Ouch separations
oan.bo made by chromatographic determinations, but these pro-
csdures are very slow and not suited to routine determinations,
Willslatter and Stoll, cited by Palmer (17), in 1813 described
in detail = colormetric method for the gquantative estimation
of carotene and xanthophyll in green plant tissues. They took
advantage of the fact that xanthophylls could be removed fros
a petroleun ether solution by washing with successive portions
of 85 and 90 per cent methyl alcohol until no more color could
be removed. The carotene would remain in the petroleum ether
solution. This fact has been used in separating the carotene
from xanthophylls in blood.

Clauson and keCoord (3) in 1935 proposed a method of
geparating the carotincid pigments in blood with diacetone.
Hegsted, Porter, and Peterson (l0) adopted a modifieation of
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PROCEDURE OF ANALYSIS

Blood samples were drawn from the Jugular vein into
flasks containing lithium citrste as the antl-coagulent.

Carotene content of the plasma was determined by slight
nodifications of the procedure of Conner.

The blood samples were centrifuged to separate the plasma
from the cells. Ten ml.,l of plasma were then pipetted into
a small-necked centrifuge tube. Ten ml. of 95% ethyl alcohol
were added, the tudbe tightly corked, and shaken for one minute.
Then ten ml. of Skellysolve (petroleum ether B. P. 90° - 94°C.)
were ndded and the tube again shaken for one minute. Ten ml.
of weter® were then sdded end the tube shaken for one minute.
Since several samples were treated in this manner simultan-
eously » short time elspsed between the addition of each re-
agent. All reagents added were cold and the small-necked
centrifuge tubes were kept in ice water during the above pro-

cedure excent when belng shaken.

The samples were then placed in the refrigerator for
approximately one half hour until the ether layer had clenmrly
risen to the top. Samples were then centrifuged for a short
time end a portion of the ether layer drawn off and trans-

ferred into a tightly stoppered vial.

1 Conner originally proposed three c.c. of plasma., Ten c.c.
were used at the suggestion of W. D. Gallup of the Agri-
cultural Chemistry Department.

5 Water used on the recommendation of W, D. Gallup.



The yellow color of the pleasma was coapared with perman-
ent standards of & 0.02 or 0.04% potassium dichromate sol-
ution in a Xlett colorimeter with artificial illumianstion.
Since the colorimeter used in this study was loceted in the
Agricultural Chemisiry ;spartmsnt. the fkellysolve caratene
solution had to be carried from the Dalry building to ¥hite-
hurst Hall, a distance of about two blogcks., In waram weather
the vials were surrounded bj ice to help prevent evaporation.

The determinations in most sll cases were made immedi-
ately after the samples were collected., If any time did e-
lapse between the drawing of the blood and analysis the samples
were kept in the refrigerator. Colorimeter readings were made
as rapidly as possible in order to prevent ether evaporatlion.

Caloulations of carotene values were derived from the
following equation: x -—%-x S in which, x = concentration of
carotene in micrograms per 100 ml. of plasma, F « sezle read-
ing of etanderd in mm., R = scale reading of unknoen in mm.,
and 8 = oconcentration of the standard in standard terms. With
the 0.02% potassium dichromate solution & = 100 end with 0,047
solution 8 = 200, These values for 2 were adopted at the
sugglltign of Dr. Gsllup who had previocusly checked the po-
tessium dichromate standards against carotens extractes from

fresh green alfalfa using e spectrophotometer,
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EXPERTAENTAL PROCEZDURE

Purebred calves in the Cklashoma A. & M. College dairy
herd including Jerseys, Guernseys, Holsteins, and Ayrshires
were used in this study. Blood carotene determinations were
started in February and continued into July. It is obvious
that s continuous facord of blood carotene could not be kept
on any animal for over four monthe, Therefore, in order to
secure data on older calves determinations were started ime
medistely on all available calves in the herd. All ealves
born during the experimental period were included in the study.

It would have been desirsble to have had acceurate records
of fesd consumption for esch individual animal as well as
carotene cbntents of feeds used, btut due to the large amount
of lsbor involved and leck of facilities this was not done.
Instead, an attempt was made to group animals in accordance
to breed, age, and type of ration.

These groups are briefly summarized as follows:

Group I. TFifty ealves were fed regular college calf
ration consisting of praire hay ad 1lidbitum, and milk and grain
in accordance to age sand weight,

Group 1I. Zeven calves used in a feeding experinent re-
ceived the same general type of ration as Group I but differ-
ent levels of milk and 30 c.c. of cod liver oil daily.

Group III. Five calves changed from regular e¢alf ration
to pasture.

Croup IV. Four calves fed definite cuantitiesz of fresh
green oats in addition to the regular celf ration.



il

Group V. Tour calves fed definite quantities of a
commercial carotene preparation in addition to tlhe regular
calf ratlion.

Group Vi. TFour mature cows changed to pasture from a
ration coantaining praire hay as the roughags.

Group VII. Six mature cows changed from a mungbean
silage ration to pasture.

Group VIII. Eleven calves which could not be included
in Group I beczause of the possibllity of eating fresh grass.
This group includes most of the calves under one month of age
and the calves that dled during the study.

As previously Indiceated in thils paper, all yellow color
extrected from the blood plasma by the Skellysolve was re-
ported as cerotene. Attempts to escertain the amounts of
xanthophyll pigmente in the Skellysolve carotene solutions
were mude only in a tentative sort of a wey.

Attempts were made several times during the course of
the study to extrect composite Skellysolve carotene solutions
obtained from routine cerotene determinations of animels on
the regular cealf ration with 85 and $5 per cent methyl alcohol.
In all attempts color removed by the methyl alcohol was so
smell that it was not quantitatively estimated and it wes
assumed thet the major portion of the yellow color was due
to carotene. These results were not unexpected since Paluer
(17) in his early work reported that xanthophylls appear to
play very little part in coloring the tissues or fluids of
dairy cattle. In 1935 Gillman and E1 Ridi (6) stated that in



i3

the metabolism of the cow carotsne 1s absorbed preferentially
in contrast to the xanthophyll, lutein.

A similar attempt was made to separate the carotene
from xanthophyll pigments in the blood of grass fed calves.
Agaln, little if any pigment was removed by the methyl aloohol.

A separation was attempted for the mungbean silage cows
by extracting a composite Skellysolve solution from the rou-
tine carotene determinations with dlacetone. The diacetone
removed over 50% of the pigment. This may be in line with
the work of Hegsted, Porter, and Peterson (10) who have re-
ported that sileges, especially high acid silages, oontain
pseudocarotenes, that is, bilologically inactive plguents de-
rived from xsnthophylls which are very similar to carotene
in their solubility in petroleum ether. <Jince these acid de~-
rived pigments were also detected in butterfat, it would be
only logical to expect that they would alsc be found in the
blood of snimals on a gllege raticn.

In making the routine carotene determinations on very
young calves a yellow precipitate wes sometimes apparent in
the plasma aleohol mixture which could not be directly ex-
tracted with Skellysolve. TUpon acidifying with trichloroacetiec
acid, extraction of all the color was complete. For aiamplo,
e Jersey calf at three days of age showed a blood carotene
value of 35.3 microgreme per 100 c¢.c. of plasma. Upon acidi-
fying 2 duplicate plasma sample with 5 c.c. of tricechlorcacetic
acid a value of 208.,3 micrograms was obtained.

The identity of the yellow precipitete was not ascertained.
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EXPERIMERTAL RESULTS
Group I

Animaels in this group consisted of 5 Guernseys, 12 Hole
steins, 13 Ayrehires, and 13 Jerseys, ranging in sge froa 1
to 273 days. Mansgement snd feeding practices were tyrpieal
of those found on many Oklahozse faras,

The general practice in the college herd is to malntnlﬁ
dry cows In sn outside paddock until a few days after »ar.
turition. In the early portion of the experimental »eriod,
‘these animals were therefore essentially on dry lot feeds.
However, in the latter months of the experimental period cows
~ eonsumed gonslderable pasture. Care was laken in the selection
of Croup I to include only osnlves, which d4id not, or whose
dams 414 not have access to green feed., Simce the grester .
part of the experimental period oocurred after pasture was
available the number of young c¢slves in QGroup I was linited.

Newborn celves were kept with thelr dams for about four
days and then moved into the bvarn where they received whole
ailk from Holstein cows until ebout six weeks of age when a
gradual change was nmade to skim =milk, iilk was fed in ac-
cordance with the general rule of 1 pound of milk for every
1C pounds of body weight until & total of 18 pounds daily wes
reached (9 pounds per feeding). This sllowance was maintained
until the cslves were weaned from milk. Host heifers were
fed =ilk until about six months of age and the dulls to 4f
to S months of sge.

The grain mixture was offered at an esrly age and the
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amount was gradually increased until a maximua of 2} pounds
per day was fed until the calves went to pasture. The grain
mixture until March 1 consisted of corn meal--4 parts, wheat
bren--3 parts, oets--2 parts, and cottonseed meal--2£ parts.
From about March 1 to ljay 85 the cottonseed meal in the above
aixture was cut down to 1 part. From about May 25 on, the
grain mixture consisted of 4 parts wheat bran, 3 parts barley,
2 parts oets, 1 pert corn, and 1 pert cottonseed meal.

Since records of the feed intake of individual calves
were not kept, and since carotene analysis of the feeds were
not made, no attempt was made to calculate the carotene in-
teke of individual animals. While the calves were with their
dens sand recelving colostrum the carotene intake probably
was greater than during the period immediately following when
animals received whole milk., According to Denn (5) carotene
content of ceolostrum may be ten to one hundred times greater
than later milk from the same cow. After being changed to
skim milk the calves were dependent largely on praire hay for
their carotene intake. Although carotene content of the hay
fed was not known, carotene determinotions were made every
nonth on similar hay by Dr. Gallup., Theese determinations
for hey fed in February, Méreh, April, May and June were
respectively: £3.0, 10.2, 6.6, 9.0, end 15.5 milligrams per
kilogram, From these results it was assumed that the hay
fed during the perliod covered by this study was relatively

low in carotene.
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Blood samples were collected as often as possible. For
the mejority of animals this resulted in a dsetermination
every ten days snd in many ceses more often,

As previosus workers had reported a considerable daily
variation in blood carotene, six animesls were chosen from
Group I and II and daily determinations made for a short
period. Results are shown in Table 1. Animals 116 and 124
are from Group II.

Table 1: Daily Variation in Blood Carotene

Micrograms of Carotene per 100 ml., plasma

] = o
g 84 ;_;'; 5=10-39 5-11-39 5-12-39 5-13-39 5-14-39 5-15-39
3 55’5}’; 10 AM 1:30 P 1 PM  8:30 AN 8:30 AM 7:30 AN
3G 205 307.7 279.7 266.7 231.2
116 T 176  47.5 50.0 0.0 47.5
124 J 207 §1.3 ©6.2 91.3 80.9
1824 107.0 111,13 - 11l.1 105,83 108.1 108.1
16 G 210 387.0 307.7 320.0 307.7 303.0
12 7 270 133.3 151,86 126.6 122.7 122.0

30 J 249 1l4E.% 120.0 1290.0 128.2 133.9 154.2

It is evident that there was conslderable daily veri-
ation, yet, not ss much as was suspected. Whether or not
these variations could be attributed to experimental error
was not determined. Evidence that the deily variation may
have been greater than indicated in Table 1 will be pre-
sented lster in this psper.

Althougnh no determination at intervals within the saze
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day were nade the date in Table 1 indicate that such s vari-
ation was not lerge. The time of day when samples were taken
was recorded in most oasgs but no account was taken of this
in amalyzing the dsta, .

8ince the calves in Group I ranged in age from 1 to 273
days and since in no case were samples collected froa one
individual for even half that long, 1t becomes evident that
in order to establish a continous record of blood carotene
for the full range of 272 days the determinations »f several
aninals at different eges must be comblined, P

An example of how this combination wae arranged is shown
in Table 2 for Holstein calves varying in age from 185 to 180
days. The data were first summarized by establishing age
grouns with 10 day intervals from O to 280 days. In most
cases ench individual animal had only one determination for
each 10 day period. An average for the period was taken if
there wers two or =ore dsterminetions, An average was then
obtained of all animals of the same breed in each 10 day age
group, The 10 day averages for all indiviluals of the same
breed were then combined to make a 30 day average,

The 10 day averages for the four breeds are shown in
Table 3. It i8 apparent that there 1s a definite rise in
blood carotsne as calves increase in age. %hen it 1s con-
sidered that the average for one 10 day period may be based
on an antirelf different group of animals than another 10 day
period, the increase in all breeds shows a surprising uni-

formity. Although only a few Guernseys were available their



Table 2 Example of Method Used in Summarizing Data

'ﬁ?. Age “Results for 10 day Results
o Date in Carotene* Period for
Ani- Days 151-60 161-70 171-80 30 day
nal Period
50 4-11-39 156  77.5 80.6
4-10-39 163  60.7 77.5
| 4=30-39 174  74.6 77.5 60.6 74.6  74.8
18 3-3<390 185 90.0 90.0
3-18-39 170 120.0 90.0 120.0 120.0
17 2-88-3¢ 180 50.0 50.0
S-4~39 170 80.0 : 80.0
3-10-29 176 105.0
3-14-3¢ 180 95,0 50.0 80.0 100.0 100.0
60 4-8-39 169 115.0 115.0 115.0
5 2-21-3% 169 125.0 : 125.0
2-£8-39 176  60.0 126.0 80.0 £0.0
1 3-18-39 161 85,0 85.0
é-4-39 178 68.8 85.0 68.6 66.6
107 2-22-39 171  57.5
3-3-39 180 £5.0 61.3 61.3
Total 217.5 585.6 382.5 1185.6
Average 72.8 97.8 786.5 84.7

*Carotene in iiecrograms per 100 c.c. Plassaa
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Table 3

Blosd Carotene Levels in Calves on Regular Calf Retion

Jerseys 1 Holsteins Ayrshires Cuernseys Jerseys 2

s u
3oy
QU 0L EY
gTewTus
30 *OR

auUjOIBY

STBWlUs
Jo ‘o
ou930I8)

sTwuus
40 "ON

PUIOILY
eTBwIuS
0 "0}

«OU930I8Y

sfug
ut
gpojIes

1

83.8 2 10,7

0-10

11-20
21-30

10,0 1 36,3 1

—

13.8 2

22.4 3
24.9 3

3

10,0
27.5 1

18,8 2
17.9 2
31,3 3

31 -40
41-50
$1-80

38,7 2

40.C 1

it
80.0 1

32,0 2 105.0

37,7 2

S
S

24.2

29.1

40,8 2

61-70

e

58,0 3

70,0 1

53.9 2

2
i

_46.8

45,0 1

71-50

R

50.9 2

40,0

52,7 ©

81-30

1 25,0 1
23.8 3

65.1 1 100.2 2

76.4

et

53,1 2 129.%9

52,9 68 Se.0 2

91-100

50.9 4

55.5 86

L

101-110

22.5 O

141.7 3

56.3 2 182,0 2
98,0 S 135.7 8

115.4 2
728.5 3 108,33 3 148.9 1

1

SS8.8 4

86.0 3

111-1230
121-130

27.4 3

78,7 3 63.5 4

4

43,2 5

29,1

65,3 S
68,0

82,5 4
63,8 28

131-140
141-~150

-

4

4

47.6

- X

75.4 9

151«160

< 0]«
@] i
3 < e
b e
Qi
o] ol
L: -
{ Ol
ol 9l
phurt it el
Of ] <
f o
e @] =
0 ol
o) o
~

o] ojn
wlwlo
o] &) »
o~ w0l
olo]o
-

) cojea
o
of =i &
o] o)
] O
-
Qoo
e~ o
pulf| ] b’
A
SIGE
) e O |

81.7 3
78,7

191-200

201-21C

6 231,0 3 82,2 4

93.9 5 137.4
108,0 2 139.0 5 2

1”:

3 _119.9 2

1

9.4

-

$5.3 6 148.9 6 227,0

85.2 2

£11-220

——

83.0 2 149.6 3

]

281-230 139.8

159.5 2

4

e

£31-240 151.4

241-250 119.7 £ 101.7

P

— s

]

251-260 157.86 4 111.1 1

271-280 130,5 1

261-270 158.8 &

RE————

Jerseys l--Group I
Jerseys 2--Croup II

*Carotene in lMiorograms per 100 c¢.¢c. Flasue




Table 4 Blood Carotene of Calves cn Regular Calf Ration

Age Jerseysl Holsteins Ayrehires Guernseys Jeraeysa
Group :
in Caro- Caro- Caro- Caro- Caro-

Days tene* ¢  tene* 'g tene* ¢  tene* &  tene* -

030 18.8 7.5 10.4 2D.9

61«90 39.0 18.0 43.8 53.5 8.9 85.0
121-15’0 68.9 19.2 65.? 806 79-5 1“.5 30.3 57.9 14.0
181-210 21l.1 20.7 98.4 14.2 132.9 27.9 221.4 79.4 83.4 30.2
211-240 128.5 51.5 23.2 14.1 153.9 40,9 227.0

241-270 148.5 39.6 114.4

271-300 130.5

¢ Calculated when six or more records were available for that period.
l, Jerseys on regular herd ratio.

2. Jerseys on milk feeding experiment.

*Micrograms per 100 c¢.c. Plasma,

02
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blood carotene levels were about twice as high se in the
other three breeds which showed a marked similarity.

Table 4 and Figure 1 show the same dats summarized for
30 day intervals. The standard deviation (o) was calculated
if six or more records were aveilable for a glven 30 day period,
Since the averages for the 30 day periods were calculated from
all the 10 day averages 1t 1ls apparent that the 30 day averages
are weighted averages. For example, a given 30 day average may
be based on eight 10 day averages, three of them from one ani-
mal, two from another, and one from each of two more. Therefore,
the animal with three records would influence the 30 day average
more than any other single animel. The ¢ was also calculated
from all 10 day averages.

Again the calves showed & definite increase in btlood caro-
tene with advanecing age. 1In only one case was the value of one
30 day interval lower than the preceding interval in all cases
in whieh sufficient records were available to calculate theo,

Group I1

Group II coansisted of seven Jersey calves fed different
levels of skim milk. Two of the calves received one pound
of milk dally for every ten pounds of body weight, three of
them received one pound of milk for every eight pounds body
weight, and the other two received one pound of milk for
every six pounds body weight. In no case were more than
eighteen pounds fed daily.

The group was very similar to Group I in that the same
praire hey was fed ad libitum and both groups received the
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same grain mixture. In addition, each calf in Group II re-
ceived about 30 e¢.c. of cod liver oil daily.

In analyzing the results no significant difference was
noted between calves on the different milk levels. However,
when records of all the calves were combined and compared -
with the Jerseys in Group I a very surprising difference was
apparent.

The animals in Group II, as shown in Tables 3 and 4 and
Figure 1, were only about half as high in blood carotene as
Jerseys of similar age in Group I. This difference is dif-
ficult to explain but must be due to the cod liver oil
supplement for otherwlise the rations were practically the
same, It will be noted in Table 3 thst as the calves passed
the uge of 180 days (when they were discontinued from the
milk experiment) the carotene values rose to a level com-
parable to the carotene levels of Jerseys fed the regular
calf ration in Group I. No explanation can be given as to
why cod liver oll should have this effect.

Group III

The calves used to show the influence of pasture on
blood carotene were formerly in Group I on the general herd
ration, They were turned to pasture on the morning of
May 15, and daily determinations were made until May 20. A
record of the daily blood carotene prior to May 15 is shown
in Table 1 for four of the calves. Determinations on the
fifth calf, number 55, was started on May 15. Results are
shown in Table 5.



Table 5 Effect of Pasture on Blood Carotene Level
Riorosrama of carotene per 100 ¢.¢., plasma
5«15=36 5«l6=39 5=17~3¢ 5-10-39 5-19-38 5-20-39
7:30 AM 3 Pl 10 AM° 8 AM 1 Pl 10 AM

108.3 108 .7 129 .0 142.9 i8l1.8 200.0
215 303.0 333.3 380.9 400.0 493.8 533.3
2795 122.0 125.0 133.3 153.8 150.9 166.7
254 154.2 137.9 1l42.9 173.9 2l6.2 242.4
250 206.1 219.8 £10.5 19%.0 209 .4 235.%2

e on
15-39

& éﬁ E;t; h‘hnimal
» e fes i [ | Breed
]
i
0

The samples on kay 15 were taken before the calves were
turned out to pasture so that néy 16 was the first day on
which any rise could be expected. It so happened that a rise
oocurred in every case. IHowever, all inereases, with the ex-
ception of the Cuernsey calf, number 16, were s0 small that
they probably were not significant. All calves showed an
increase on Hay 17 over the previous day with exception of
the Ayrshire, number 55, On the following day ell calves
showed further increase over the previous day, with the ex-
ception of the Ayrshire., On May 19 all animals increased ex-
cept the Jersey, number 12, All animals showed additional
incre=se on the last day.

The Guernsey, even though much higher in blood carotene
at the start, rose gt a greater rate than any of the other
animals. The Ayrshire showed the least response., It cannot
be stated definitely that these results show breed difference
in that the animals never had access to pasture bdefore. It
may have taken some of the calves a much longer time to learn

to eat grass than others. It would be expected that 1f the



enimnals had been accustomed Lo sating grass, the rise would

o+
o

have %e&n.ﬁura anparent. The tolves also had eccess to ba
which probably cut down the pasture consumption more for some
enimals than others. |
Gyoup 1V

&n atteupt was‘maﬁe to feed four calves deflnite quan-
titiee o»f freih .rocn oabs, most of whieh hzd not begun to
bloom, in addition to th@vregulaf call ration. The grass
supplesent was fed about 6:50 2.4, before the calves reccived
their morning quots of hay. Ag none of the animoals were sceuse
toned to green feesd some difficulty was encountered im getting
the calves to consume the desired smount of gross. The daily
blood carotene levels and quantities of grose fed are chown
in Table ¢ asnd Vigure 2,

It hmd been hoped that by the second day the two Ayrehires
m@ul&le@asﬁme four pounds of rregs. Letuslly four pounds vwere
not consuned until the fifth day. The two Jersey calves were
fed one pound of grass tie flrst day and two pounds each dny
thererfter. &lthough care was taken to prevent waste some did
oecur.

A1l snimals shovied & 2light increase in blood car@téne
the day following initiction of gzross foeding. The general
trend continued upward as long as graws was Ted. Three of
the calves were highest in Blood carotene on lay 18, the Qm*
following ths teruination of pgrasc feeding, wiile the faurth
calf,jnumber 102, wag hishest on ey 20, 211 celves with the

|
1
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Table 6 Effect of Grass Supplement on Blood Carotene
Ayrshires Jerseys
Animal
123 29 102 23

Age in 231 210 195 210
days on
5-11-39
Date and Caro- 1bs. Caro- 1lbs. Caro- 1lbs. Caro- 1bs.
time sam- tene* grass tene grass tene grass tene grass
ple taken fed fed fed fed
5-10-39

141.8 150.4
10 A.M.
5-11-39

151.5 2 1680.0 1 €6.4 138.9
1:30 P.M,
5-12-39 _

153.8 ' aEh.E- 1 73.0 1 141.8 1
1l P.M,
5-13-39

173.9 2 186.0 =2 70.2 2 146.0 2
8:30 .&.M‘
5=14-39

198.0 S 192.3 80.0 2 143.9 2
__1_8250 AJM,
5-15-39

185.1 & 808,13 - F 1000 B 200,90 2
7:30 A.M.
5-16-39

217.4 4 229.9 4 100.0 2 200.0 2
S P.M.
5-17-39

228.6 4 222.2 4 108.1 2 200.0 2
10 A.M.
5-18-39

231.2 4 221.0 4 109.3 2 180.0 2
8 AN,
5-19=-39

250.0 266.7 133.3 208.3
1l P, M,
5-20-39 ;

250.0 266.6 152.7 205.1
10 A,H.
5-21-59

236.7 235.3 117.6 207.2
8 A.M.

*Carotene in Micrograms per 100 ¢.c. Plasma
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exception of number Z3 showed a slight drop on May 21 when
the determinations were discontinued.

Table 7 shows the difference between tlood carptene velues
for cach calf at the beginning end end of the grasss feeding
period. 4n averzge of the first two determinsztions was used
for the beginoning level while the end level is an averaze for
the two days immedlately following termination of grass feed-
ing.

Table 7 Summary of Grass Feeding Experiment
Total Micrograms Carotense
pounds per 100 o.c. Flasma Per Cent
ANSRES Emes Incresse
fad Beginning End Increase
123 £3 148.7 £50.0 103.3 70 .4
29 22 158.2 268.7 111.8 71.8
102 13 69.7 143.0 73.3 105.2
23 13 140.4 206 .7 66,3 47.2

The two Ayrshires show a marked similarity in actual
and percentage increase in blood csroteme. ~lthough the two
Jerseys were very similar in sctual increase the percentage
of inoresse for calf number 10Z was more than twice as grest
as for the other Jersey. rerhaps, this was due to the fact
that the initial level of carotene in cealf number 102, was
much lower. A comparison of the Ayrshires with the Jerseys
indicates that the actusl blood carotene inoreass is roughly
proportioned to the total amount of grass fed.

Although no reference to the carotene coantent of green

oats vwas found in the literature Atkeson, et al (1) reported
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that green rye aversged 5.1 milligrems of carotene per pound.
If 1t is eceumed thet the oats fed in this study was similar
to rye, then addlitions of 1, &, &, and 4 pounds of grass
supplenant, respectively, lincreesed the carotene content of
the regular calf rstion by 25,1, £0.2, 7b.5, and 100.4
milligrans

Group V

Definite anmounts of "Purztene”, o comuercial carotene
rreparation, were glven orally in czpeule Torm to five calves
in Group ¥V in addition to the regular ealf ration, The Pura-
tene was guarantesd to contaim a minimun of 1,500,000 vitanin
A units per pound. One unit of vitamin A is eguivalent to
0.6 micrograns of IZ-carotens g0 that eceh gram of ratene
would contaln mbout 1884.1 nmicrograms of csrotene. The 10 c.c.
capsules used contained approximately nine grams of Furatene
which would be squivalent to 17,558.9 microgrsms or 17.8
milligrams of esrotene. HKesulis are shown in Table 8 and
Figure 3.

The ecarotene supplenents were al-eys given in the asrn-
ing =t szbout ¢ 4A.M. and the blood samples were teken ot about
8 A.i. Dsily bloond caruhene deteralnstions were made until
June 5, after which determinations were made every other day.

Prom June 1 to June &, incluslive, 21l ezlves received
10 ¢.c. of Puratene daily. On June § Jersey number 54 aﬁ@
Ayrsiire number 108 were raised to 30 and 20 c.c. Tespectively.
The others were left on the original level until June 1

when cll supnlementsl carotene feeding wass dis continued._
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Effect of Puratene on Blood Carotene

Table 8

Breed Jersey  Ayrshire Jersey Holstein GQGuernsey

Animal o4 108 2 14 110

Age* 1237 é8 108 42 151
* & # * ®
3 L -« * &
™Mb o5 B0 & Bo & He g 8o B 2o

$ 86 £ 86 $ Se B s 8 8o
a & A R ARG e SR - A
S & S & T B BTN B gt LN

5=-30-39 80,3 67 .8 63,5 27 .5 168.5

B=d=3F 74.5 10 58,5 10 66,3 16 37.5 10 142.9 10

C=s-39 80.0 10 54.4 10 80,1 10 29.5 10 140,35 10

8-5-3% 109.3 10 69.4 10 71.7 10 39.8 10 186, 10

=7 =39 82.6 10 2.5 10 74,86 10 §6.5 10 186.0 10

8=0=-39 B8,.5 30***77.8 20***67.8 10***53.8 107**

8-11-38 111.,7 30 69.0 20 786.8 10 46,3 10

6-13-39 136,99 30 83,0 20 74,1 10 61.8 10

6-15-3% 181.28 30 7C.9 20 73,5 10 49.5 10

6-17-39 157.9 30 85.8 20 7€.4 10 10

$-19-39 151.5 30 81,3 20 §&2.8 1C 46,3 10

6-21-39 126,80 30 65.7 20 66.4 10 45.8 10

6-25-30 143.9 74,3 £4.9 45.8

6-25-39 109,.9 4.5 59.7 3E .8

6-27-3% 100,90 46.5 46.0 9.8

6-29-39 B85.8 43.0 41,3 35,3

7-1=39 76.6 98.5 335 28.8

7=3-08 76.9 33 .8 33«5 28,0

*Age in days on 6-1-39.

*%*Carotene in Miorograms per 100 ¢.c. lasma,

*¥*came amount of Puratene given on June 10, 12, 14, 16,
18, and 20.
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zring Group V oto Group IV it is evident In general

?n COL

th"t ¢ealves fed Turatene 4id not show as grest an 1hcra&sa in
blood carotene as the graes fed anlmals. The lower additional
Gally earotense Intake of oll calves recciving Puratene, ex-
cepbing the Jersey nuﬂbgr 84, nay purtially explain this con-
ditlon., IHowevsr, this explanntion would nont hold true For
the Holsteln which made substantisl gains in blood esrstene

on 10 c.c. of Puratene dally. The low initial blood carotene
level In the Holsteln nay be & fszetor, since in dboth Group IV

end Group ¥V the highest »ercent of gzin in blood carctens

occurred in the calves with the lovest inlﬁial level.
Group VI
The dally blood carotene trend wags studied for four cows
in Group VI consisting of two Ayrshires and two Inlsteins

'3

which had been Ted dry lot rations sinee the preceding fall

-

During the ten days previcus to Moy 25 all covs were on
a fuil alfalfa hey ration getting ot least two pounds of hay
DEYT lDu poundsz of live weight., In addition to the hay the
general herd coneentrate alxturs wes fed to provide ample
amutrilents for milk produetion and Lody aslntainones,

2lood saanles were collected between 5;30 4

L% The animels weres first turned to pasture the evening

of May 25. Proa then on the cows were on pasture both night

ot
et

%2

and day with the exceptlon of the tine spent in the baran for

o

:ilking and feeding of grain. Results are shown in Table 10

and Flgurs 4. ’ . Loiady S e
: ‘:;,:°°3 °J f;-«o

The four snlmals were at a o rutively l)xﬂlevel of S
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blood carotens ot the initiati@n of thé study. 4sn incrense
in biaad carotene vwas evlident after the cows had heen on
pasture for one hight, Tals incresse was greater for the
two Ayrshires than the tuwo INiolsteins. fter kay 26 all
animsls showed s very zapld inorease until the study was
tiscoatinued. The Ayrsbires lnereased &t a greefer rate
and to & higher level than the Holstelns.

A considerable dally varistion was evident, This might
have been due to sxperimentsl error, since the ¢olor in the
carotene—SKellysolve solutions was 3¢ much more intense than
the standard used that any error in reading the colorimeter
would account for a relatively large error ia the calculatad
caragtene.

It iz interesting to note that the cows on pasture in-
crensed mueh wore rapldly in biood carotens thom did the
calves in Croup III. The explanstion would logically lie
in the foet that the mature anlamals vere acoustomed to eating
grass., The mspture enimals also reached s higher maximue
level thun did the calves., This may not have signifiemnce
since the study was continued for a longer length of time
for the cows. The cslves nlso had secess o hay while the

cowe did not.



‘ Group VIL .

iI‘,n Group VII the dalily blood earotene is followed on
five cows changed from a mungbeon silage robtlon to pasture.
Cerotene determinations were mode on ¥ay 24 and Hay 25, and
storted aguin on June 1 when the cows were diseontinued froam
mungbean silage ond ehapged to pasture., Blood samples were
taken st & AJH.

Froam Jay €& to Eﬁy.17 the cows wore ehangad-fr@m 8
level of about {our pounds of hay to mo hay. By kay 17 all
animals were getting mungbean sllase as the gole roughsge.

n ad@ition 2bout five pounds of oots was fed daily. This .
&

ration wes continued uﬂtil the cowe were turned to pusture.
sults are shown 1in Teble 10.
fven though the inltisl blood carstens vias very high,
a substantisl rise oseurred for all animels the {irst day
after being on pusture, TFrom then om until the end of the
study the trend in blocd carotene was upwerd for all the cows
excapt Nannette. The Guernsey and Ayrshire were higher then
the three Jdsrsevs both at the beginnling and end of the study.
In comparing Group V with Group IV 1t is of iaterest
to note that the initial blood carotene of cows on the mung-

bean silage ration was several times higher than of the cows

on the elfalla hay ration.
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mal“*f cf sone sort in that oll animnle died about the same
time. 2Blood ¢arotene was as high or higher than noranl for
21l snimals except Radio Sybil where 2 very low value vag
apparent flve days before desth occurred.

Table 18 shows the blood carotene values of calves that

=

were naointzined in a pasture lot for some time before being
aoved iato the barn. As a general rule the erlves remained
with their dam Tor about four days so that they received
colostrun milk. From then on the calves obtalned nilk fros
Holstein nurse caw$ that were also on nasture. A fevw of thé
calves were talen froo their dams 2nd moved &irectly into
tie barn. These viere neot included in Group I because the
dams were on pasture previous fo parturition. Through @n
ove Asi st the definite dates on which seversl of the c@lves
were ooved lnto the barn vere not recorded.

In the entire grour of calves the biond earotene wa

decidedly higher than for calves of corresponding ages in

Group I on the regular czlf rotion. For example the Juernsey,

#llen, reached o level of 701.7 amlersgramc per 100 ¢c.c. of

fi]

plasme at the cge of Fifty-six deys whieh is comparable to
velues found in aature eows on pasture., In general, the
Guernceys were higher thon the Jerseys.

The high level ¢an be explained by two and possibly

three reasons, It would be exwpected thot the blaod carotene

would show an ingediste rise a8 soon ng en animsl started to

4.

consume gress. Tals would partlslly explain the high values

reached in calves such as kllen, Peggy, or Tiddledly who had
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Table 12 Continued

Date Age Carotene Date Age Carotene
in in
Days Days
Fortune (Jersey) Beauty (Guernsey)
Moved to barn before 6-7-35 5-281-39 1 44,5%
5=7=39 8 111.1 5-233-3% 3 91,3
6-13-39 14 80.1  6-3-39 14 53.5
B=17-39 18 66,8 6-5-39 18 82.5
$=81-39 22 8.8 Moved to barn about 6-5-38
7-1-30 33 38,8 6-9-39 20 40.8
7 =S=d9 35 30.0 6~15-39 26 30.3
Ellen {Guernsey) Be23=20 34 19.8
7-1-39 43 18.5
4-15-39 < 92.8 Beulah (Guerasey)
4-25-39 11 283.2
4-20-59 15 166.6 6-3-39 7 27.8
5-1-39 17 142.9 6-9-39 13 59.4
5-10-39 26 60,9 6-19-39 23 150.4
5-19-39 35 166.6 Moved to barn 6-24-39
5-23-39 39 449.4 0-85-39 29 370.3
E=-3=-39 50 571.4 06-20-39 33 232.5
£=9-09 56 701.7 Juliana (Guernsey)
Moved to barn 6-10-3¢
6-11-39 58 500.0 ©6-9-39 7 70.2
6=15-59 60 444,00 6-19-59 17 850.0
6-15-39 62 287.8 Moved to bern 6-24-39
6-17-389 64 303.0 6-28-39 23 144.4
6-10-39 86 208.4 7-35-52 32 213.9
6-21-39 68 188.1
3-25-39 70 168.1
6-£5-39 72 168,1
7-1-33 79 76,9
7~5-39 81 738

*Yellow precipitate.

Carotene in Micrograms per 100 ¢.c. Plasma







agsumption,

4All of the othar calves transferred from pssture to bara
beheved in a similer ssaner %o Ellen, although, moat of them
@eemed to melateln & high level of blood csrotene for = longer
mdmamumrmmwm In 211 csses
aninsle showed a atriking decline In blood carotene efter a
few daya of barn feeding.
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Blaod carotene layals in barn fed calves rose gradualliy
ae the anlmels advanced in age. ./t eorresponding nmges the
blood carotene levels of Guerasey calves weroe usually more
than double those of Holstelns, Jerseys, or Ayrshires.

In general, newborn czlves ghowed low blond carotenc

valugs, owsver when young ealves vere kept with aurse cows

[

ont panature, bBlood carotena rose in Just a few days to values
comparatle to those of barn fed anlimzls seversl months older.
then aninale, sither oows or calves, werse chwn -ad from
a dry T2 tion to pasture iﬂcraa:aa were usurlly noted in dlood
caratene the wvery nerxt dey. Conversely, when animsls we
changed from nasture to barn feedling blood earotene values
declined, although, not as raridly as they had previously risen.
‘% comnereial earotene supplement <21d not incraase the
blood carotene 28 mueh or as repldly as pasture. This may
have beém dus to & higher carotene intske for the unimsls on
pasture.,
Lows on a mungbesn sllage ration were conslderably higher
in bLlood @aroteﬁ@ than cows on a ration contasining alfalfe
hay as the roughage. |
Daily sunplements of cod liver oil ssemed to lower bleod
amraténe values about one hslf when coupared to aninsls of
gorrespanding breed and age fed the game ration without cod
liver oil.

Ho symntoms »f vitamin A deflciency were notsd In ony

of &he aninals,
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