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DETTRUINATION OF GAROTINE
I
CHICKED BLOOD
Vitaning are necessaxy in the proper nutrition of chickens. Only
snall cusntities are regquired, but theoy are nbsolutely sssentisl for
the maintensnce of heslth, growth, snd reproduction. (12).

Vitamin A is necessary for growth, reproduction, a=nd hatehability
in poultry. It is of value in preventing infections of the gyes and res-
piratory tract. A condition lkmown as nubritionzl roup is caused by its
deficiency. The symptoms of this diseacse are lameness or a sboggering
gait; discharge from the nostrils; swelling beneath the syes; and o dis-
chorge from the eyes. In severe cases of nutritional roup, blindness
ond finslly death occur. Orovth ceases in young chickens. (13).

Taylor snd Chichester (11) proved that the quentity of vitamin A
in ezg yolk may be made $0 very over & wide ronge by varying the gusntity
of the vitemin in the diet. They chowed thet the ontput of vitanin A in
eggs wmay he as much &g 32% of the auantity consumed in the feed. These
workers proved that dork yellou eggs are richer in vitemin A than light-
colored eggs.

Record, Bethke, ond VWilder (7) conducted experiments with chickens
to compare prophylzctic ond curative types of feeding., It reguired o
pinimum of 50 to 100 mierograms of earotene per 100 grems of rotion for
normsl growth and the prevention of externsl and internal symptoms of
vitanin A deficiency in chicks %o sbout 8 weeks of age.

According to Xemmerer ond Freps (3), chickens digested 29 percent

of the carotens in 21fs1fa leaf mezl. Russel (8) reported that the presence



of fat in the diet improved the absorption of carotene. He also re-
ported that there appeared in the excreta a yellow pigment which had
the solubility properties of carotene; but which, according to spectro-
photometric determinations, was not a member of the carotene group of
pigments. The findings of Kemmerer et al. (3) agreed with Russel in
that they also found yellow pigments in the excrements which could not
be separated from the carotene.

Several investigations have proved carotene to be a precursor of
vitamin A. Steenback and Boutwell (10), using white and yellow maize
in feeding experiments with rats, first demonstrated the correlation
between the yellow pigment and vitamin A. TPwo years later Steenback (9)
confirmed these findings and definitely proved the relationship between
carotene and vitamin A,

In 1925 Moore (5) discovered that carotene is changed into vitamin A
in the liver and that the liver is the chief storsge place for vitamin A
and carotene.

Olecott and McCan (6) showed the change of carotene to vitamin A by
incubation with fresh liver tissue. The agent responsible for the
transformation appeared to be an enzyme carotenase. The conversion of
carotene to vitamin A in vivo was confirmed by these workers.

These experiments showed that carotene is not vitamin A, but that
it is converted into the vitamin in the animal body.

Carotene exists in three isomeric forms--alpha-, beta-, and garma-
carotene. Beta-carotene is optieally active, and alpha-carotene is
optically inactive. One molecule of beta-carotene yields two molecules
of wvitamin A, Alpha- and gamma-carotene are capable of forming vitamin A

molecule for molecule. The beta-carotene is symmetrical, and the point



of hydrolysis is a double bond at the center of the molecule, each half
taking on both the H snd OH of a2 molecule of water. The alpho~ ond
ganna~carotene are not symmetrical; and, slthough they hydrolyse a% the
double bond, they each yield only one molecule of vitamin A. Folloving
are the structural formulse for the cerotencs. The resction for the

conversion of carotene to vitamin 4 is zslso shown.
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The carotene content of the blood was determined by the mothod of
Fioble (M),

The bleod for the analysis wos drawn from the chickens by & heart
pﬁncture: then transferred %o o 50-ml. flask, which had been praviously
prepored By 284ing 3 wml. of 10% 1ithium citrate and evaporating i% %o
drynsss. The blood wos transferred fo o centrifuge tube znd centrifuged
10 ninutes at 1,700 r.p.m. to separste the cells =nd plasma. Five ml. of
the blood plasma were then transferred to 2 test tube containing 5 ml. of
95% alcohol and 12 ml. of petroleum ether. The test tube was securely
_ sboppered, and the ssmple was mixed by hand shaking for ten minutes. The
sample was then centrifuged 10 minutes %e layer.

Ten ml. of the supernatent petroleum ether extract was used to determine
the optical density, vhich was read on a Coleman-Universsl spectrophotometer.
The concentration was calculated from a earotene-cpbtical-sbsorption curve

vhich had been determined upon a highly purified sample of beta~carotene.



EXPTRIIENT AL

The carctens content was determined in the bloods of different lots
of birds.
STIDY A
Lot 1 —= Coatrol Group of Young Birds

These birds were cockerels, 10 weeks old, end fed the following
ration, with no green fesd supplement.

1bs. 1bs.
Tellow eorn meal 508.5 Soybean mesl 30
Yheat Bran 30. Heat and bone scrap 30
Dehydrated Alfalfa meal 18,8  Salt .5
Dried Butbtermilk Q0. Delsterol 1.5
Cottonseed meal 30.
Besultss
mierograms of carotens
Sample per 100 ml. of blood
1 691.2
2 518.4
E 504,
! 429.6
Average 550.8

th 2 ~= 10~-weeck 014 cockersls

Ration: some a9 Lot 1 with the addition of 10 mg. of stilbesterol
per pnound of feed.

Results:
micrograng of carotene
Sample per 100 ml. of blood
1 628.8
2 62%.8
3 532.8

Aversge 556.8



Lot 3 -~ 10-weeck cld cockerels

Ration! wsame as Lot 1 with the addition of 30 mg. stilbesterol
veyr pouwnd of feed.

Besults:
Sample nierograns of carofene
pexr 100 ml., of blood
Compeeite sample
from 8 birds BO2.8

Lot 4 -- 10-week cld coekerels

Rotiont scame as Lot 1 with the addition of 40 mg. 3-M disnsythexone
sbilbesterol per pound of feed.

Besultst
Sample mierograns of carotens
per 100 mi., of klood
1 693, 2
2 460.8
3 993.5
Average 719.2

Lot 5 -~ 10-week old cockerels

Rationt %he same as Lot 1 with the additien of 50 mg. diansythexene
stilbesterol per pound of feed.

Rosults?
Sarple mierograns of carotene
per 100 ml. of blood
1 7h8.8
2 +1200.
3 1136.8
b 592.8
5 h03.2

Average 816.3



=]

Birdg: vesy-old laying hens.
%

Rationt fTollowing mash kept bhefors the birds at all times sup-
plemented with green feed of yard.

1bs. 1bs.
Drisd Butbernilk 25 Barley 12
Pulverized lims 50 Tellow com 112
Scybean meal 22 K falfs mesal 100
theat Middlings 72 Bone and meat serap 100
thole Shoriss 5 Sa1t 10
Yheat Bren 100

And the following grain mixture at the rate of 1 pound per bird
wver month?

Corn 1 bmshel Oats 10 pounds
theat 10 pounds Barley YO pounds

Resultas

nicrogramns of carotens

Sample per 100 ml. of blood
1 120
2 200
3 96
yoo : 112
5 a4
& 120
7 1k
8 96
9 96

10 152
11 gu
12 112

Average 117



STIDY ¢

Lob ) -~ Birdst year-old chickens.

Bation: same as used in Study B, except the birds were caged and
the gresn fe=4 supplement was glven in the form of chopoed Swiszs Chord.,
Birds as indicated were injected with stilbasterol.

Resultst

nierograns of sarotene
per 100 ml. of Blood

Sample
1 (roovster, injected 11.86
with 100 ml, stil-
bestersl 3 wks.
bofore.)
2 (hen, LU H) 1276
285

3 {normal hen)

The same birds were again injected with 100 ml. of stilbesterol
and carotene deterninations were made wsekly. Blood samples were also
talken from control birds.

First week after birds were injectsd with stilbesterol:
micrograms of carotene

per 100 ml. of blood

Sample
1 {rooster, injected with ana,
stilhesterol)
o) (hen, ¥ % % un 4 ﬁ) 979.2
ik,

3 {control hen)

Second week after birds weve injected with stilbesterol.
micrograns of caroibene

per 100 ml. of blood

Sample
1 {roosier, injected with stilbesterol) 1896
2 (hen, in poultry yard on grean feed) ik
z ( # 4 i " # # o) Thl
i (o ¥ 1 wooow oo no 1200
] # L} HH ) 5040

5 (rooster, ¥ ¥

Third week after the birds were injected with stilbesterol.
micrograns of carotene

per 100 ml. of blood

Sample
1 (rooster, injected with stilbesierol) 3372
2 (control hen) 832
656

3 (control hen)

Fourth week after the birds werse injected with stilbesterol.
micrograns of carotene

Sample per 100 ml, of blood
1 (rooster, injected with stilbesterol) 456
2 (rooster, i it # ) 132

i ghen, " " ) 720

ki
control hen, not on green feed) 132
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STUDY D

Sve————

Birds: 3-month old cockerels.

Ration: same basic ration as was fed in Study B, except birds were
caged and the green feed glven in the form of chopped Swiss Chard or
green slfalfa.

Results: each of these samples was composites of blood from ten
chickens. Sample A wes teken from the group of birds receiving diansythexane
stilbesterocl in their feed in the proportion of Y0 mg. per pound of feed.
Sample B was taken from the group which was fed the addition of 40 mg.
diansythexene per pound of feed. Sample ¥ wzs taken from the control birds.

nierograms of carotene
Sample per 100 ml. of blood
First Veek
756

756

518
Sseond Yeek

$01.6

868.6

532.

530. 4
B47.2
520.

Phird Week

Hup =W =HWE



SUMMAEY

The carotene content in the blood of laying hens is low. The average
amount in the samples analyzed was 117 mierograms per 100 ml. of blood.
This is probably due to the large amount transferred to the egg.

The addition of stilbesterol to the ration apparently increases the
amount of carotene in the chickens' blood. This might be expiained by the
fact that the fat content of the blood is increased.

The average amount of carotene in the blood of chickens given
diansythexane stilbesterol was 719.2 mierograms of carotene per 100 ml.
of blood. This is to be compared with the 816.3 micrograms of carotene
per 100 ml. of blood taken from the birds that were receiving diansythexene.

Stilbesterol injected into chickens increases the carotene content
in the blood of these birds as compared with the carotene content in control
birds. The amount of carotene increases for some time after one injecttion;
then decreases unless additional stilbesterol is injected.

The determination of the carotene content in the blood of chickens
is obviously a satisfactory method of studying carotene and vitemin A in

relation to poultry.
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INTRODUCTION

The importance of vitamin A in poultry feeding has long been recog-
nized. This vitamin is necessary for growth and health, stimulates
appetite and digestion and 2ids in tissue formation. It prevents in-
fections, notably of the eye, sinuses, air passages and lungs; increases
resistance to many infectious diseases and also maintains resistance to
some parasites. It is necessary for good fertility and hatchability and
also increases vitality and livability in chickens and probably extends
the length of 1life. The vitamin A content of the egg depends on the
vitamin A intake of lsying birds. The vitamin A content of chicks liver
at the time of hatching depends also on the content of the hatching eggs. (7).

Carotene is converted in the body to vitamin A, An enzyme has been
isolated from the liver which is capsble of converting carotene into the
active form, vitamin A (6).

This study was undertaken to determine both the carotene and vitamin
A content of chicken blood.

An investigation of recent literature gives evidence of the continued
interest in vitamin A and its precursor carotene in relation to poultry.

Almquist, McKinney and Mecchi (1) conducted en experiment in which
hens were fed vitamin A in the forms of shark liver oil concentrate;
carotene was fed in the forms of dehydrated carrot powder, dried alfalfa,
and crystalline carotene. The egg yolks obtained under these different
sets of conditions were estimated for their carotene content, and the

results showed that the conversion of carotene is efficient in the hen.



Wogener and Harms (21) reported that a lack of vitamin A caused
decreased fertility, difficulties in egg laying and a drop in egg pro-
duction.

Hammond and Bird (8) demonstrated that partisl deficiency of
vitamin A greatly increased the variability in the growth of chickens.

Harmes (9) found that hens, on rations low in vitemin A, were in-
fected in a higher percentage with chicken dysentary bacilli than hens
on a vitamin A rich diet. The progress of the infection was not completely
prevented through the sufficient supply of vitamin A, but the intensity of
the epidemics was considerably diminished as compared with that in the
vitanin A deficient hens.

Rubin, Bird and DeVolt (15) basing their opinions on the study of
commercial flocks, concluded that there is a possibility that vitamin A
liver storage may be affected by environmental conditions other than the
rations fed and by pathological conditions which as yet have been un-
detected. These investigations further concluded that evidence indicated
that the amount of vitamin A storsge is influenced by the source.

Bolin, Lampman and Berg (3) showed that carotene as supplied by de-
hydrated alfalfa was readily utilized by young chickens as early as the
first week. There was a definite loss of vitamin A from the livers of
chickens receiving 100 micrograms or less of carotene per 100 grams of
ration, regardless of the initial amount present, or the carotene intake
of the dam. The initial liver storage was maintained with diets containing
250 and 500 microgr:ms of carotene. The storage was markedly increased
with diets containing more than 500 micrograms of carotene per 100 grams

of ration.



Sjsllema and Donath (18) determined that the amounts of vitamin A,
carotene and xanthophyll in the content of the egz yolk of hens were
definitely dependent on the materials in the diet.

According %o Vermes and Meunier (19) yolks of eggs of well-fed hens
contain up to 5,000 I, U, if vitamin A per 100 gram, vhereas from hens
almost completely deprived of green feed, the vitamin A is less than
2,500 I. U. per 100 grem of egg.

Harmes (10) proved that a merked dark yellow yolk color shows high
carotene and vitamin A content, while a light yellow color indicates low
carotene but not necessarily low vitamin A.

Ruben and Bird (11) observed that a group of chicks which were fed
alfalfa leaf meal showed consistently better storage of vitamin A than
& group receiving cod liver oll and another group receiving crystalline
carotene. All three rations provided =n intake of 450 micrograms per
100 grems of ration. These investigators further observed that the first
five weeks of a chick's 1life appesr to constitute a eritical period from
the standpoint of vitamin A metabolism.

According to Senior and Sheehy (17) an addition of 10¥ grass meal
containing 30 milliligrams of caroteme per 100 g of ration provided
sufficient vitamin A for the recuirements of laying pullets during the
winter months. The vitamin A requirements of growing chickens were ade-
quately supplied by adding 5% of the grase meal to the rations.

Poley (12) used 3% good grade alfalfs mesl to supplement = basal
ration consisting of 71% ground wheat, meat and bone scraps 20%, dried
gkim milk 5%, snd 1% NaCl. This percentage of alfslfa mesl was sufficient

to supplement the vitamin A deficiency in the basal ration.



Mmquist and Meechi (2) estimate that 227 I. U. of vitamin A per
100 grams of ration will meet the requirements of laying hens. The
estimation was based on chick assgy results.

Radi and Warren (13) question the significance of vitamin A in the
feathering of broilers.

Russel, Taylor, Walker and Polskin (16) determined that neither
carotene nor vitamin A are eliminated from body stores of poultry by
the kidney or intestines.

Dewel, Hrubetz, Mattson, Morehouse, eand Richardson (5) reported that
the vitamin A in egg yolk was unchanged from the average control level
of 46.8 I. U. per gram, when 1000, 2000, and 15,000 I. U. of the vitamin
was added per pound of feed. With higher doses of the vitamin A in the
diet, significantly increased levels were found in the yolk. The vita-
min A is progressively inereased in the body fat with the higher intake
in the diet. The vitemin A in the serum was unchanged except for a
slight increase at the highest level intake.

In part I of this study only the carotene content of the chicken
blood was determined. Apparently the carctene content in the blood of
laying hens was low as compared to non-laying hens. The addition of
stilbesterol %o the poultry ration also increased the carotene content
of the blood. The determination of the carotene content in the blood of
chickens was aspparently a satisfactory method of comparing carotene in
relation to poultry of different ages, breeds, sex and on varying rations.

As far as could be ascertained, through a review of literature,
blood analysis had not been previously used as a method of studying

carotene and vitamin A in poulsry.



METHOD
The method adopted in this investigation was the Kimble method (11).
REAGENTS:
1. 95 percent C. P. Alcohol.
2. Low boiling point petroleum ether.
3. Chloroform, redistilled reagent grade.

4, Antimony trichloride reagent: Prepared by dissolving 100 grams of
dry smtimony chloride C. P., in 400 ml of redistilled chloroform.

5. B8Spectrophotometer, Coleman-Universal, Model XI.
PROCEDURE:

The blood for the amalysis was drawn from the chickens by a heart
puncture, than transferred to a 50 ml flask which had been previously
prepared by adding 2 ml of 3% lithium citrate and evaporating it to dry-
ness. The blood was transferred to a centrifuge tube and centrifuged
10 minutes at 1700 r.p.m. to separate the cells from plasma. Three ml.
of the blood plasma were transferred to a test tube, an equal volume
of 95% sleohol, and 12 ml. of petroleum ether were added. The test
tube was securely stoppered and the contents were mixed by hand shaking
for ten minutes. The sample was then centrifuged 10 minutes to separate
the petroleum ether from the protein, aleohol, and water.

Ten ml. of the supernatant petroleum ether extract were used %o
deternine the optical density, which was read in a Coleman~-Universal
Spectrophotometer. The optical density reading was converted into the
smount of carotene in the blood by the use of a standard curve.

The petroleum ether extract was then transferred to a test tube and
the ether was evaporated off in a vacuum desiccator which was heated by

being placed over warm water.



The outside of the tubes were rinsed and dried, and the residue in
each was dissolved in 1 ml. of chloroform.

The galvenometer was set at 100 with an antimony trichloride blank
intercepting the light beam of the spectrephotometer, with the wave
length at 620 mu. The unlnown tube with the chloroform extract was then
put in the instrument, and 9 ml. of antimony trichloride reagent was
quickly added from a quick delivery pipette.

The galvanometer reading was recorded, and the vitamin A content
determined from a calibration table.
CALCULATION

The carotene was determined by the yellow color imparted to the
ether extract and measuring the optical density by means of the spectro-
photometer. The optical density was then referred to a standard curve
which was prepared from a series of known carotene solutions similarly
prepared.

Vitamin A has been determined biologically as a rule, but in recent
yvears, the Carr-Price reaction has made the colorimetric adsorption
determination possible. This procedure has been widely used. The re-
agent used is antimony trichloride in chloroform which imparts a brilliant
blue color to the vitamin A solution ().

The carotenoids also react with the antimony trichloride to produce
a blue color in excess to that produced by the vitamin A; therefore, a
correction for the carotenoids must be applied to the final ecalculation
of the vitemin A (11).

In view of these facts, it was necessary to set up three standard
curves and four calibration tables for the calculation of carotene and

vitamin A,



1. An optical absorption curve and table for pure B-carotene.

2. A standard curve and table for vitamin A,

3. OCorrection curve for the blue color produced by the carotenoids,
4, Table for the equivalent of vitamin A as produced by carotenoids,
Caroten 1ibrati e.

Twenty-five mg. of erystalline carotenel were dissolved in 250 ml
of low boiling point petroleum ether. This was then diluted to a solu~
tion which contained 10 micrograms of carotene per ml. of solution and
to a solution which contained 1 microgram per ml of solution. Aliquots
containing between 2.5 micrograms to 100 micrograms of carotene were
made up to 2 10 ml. volume, and the optical density of these samples
was used to construct calibration table I and curve I. These were used
$o determine the amounts of carotene in the chicken blood =analy=zed.

TABLE I
TABLE TO CONVERT OPTICAL DENSITY INTO MICROGRAMS OF CAROTENE

Carotene/10 ml. solution
Cell Depth 1 em.

= 435 m

.00 01 .02 .03 o)t .05 .06 .07 .08
0.0 .8 1.6 2.5 3.2 4.0 4,9 5.5 6.2
7.5 8.5 9.0  10. 3105 1.5 X2 130 136
%% 182 Yo 17.8 18.5 19.5 20.5 21.2 22.0
23.5 24,2 ;3.1 26.0 %.o 21.1 28.7 29.7 ag.s
32.5 33.5 3 B 5 35 BS 395 5
¥z.5 Y435 W5 kW55 65 475 k48,5 495 50.5
Zg.o 52.0 55.5 56.8 58.0 59.3 60.8 62.2 63.7

5 85 PO N.5 ':a. 75.0 77.0 79.0 #81.0
85.0 87.0 89.0 9.5 9k,0 96.5 99.0 101.5 104.0

1 Research Leboratory. S. M. A, Corporation, Chargin Falls, Ohio.
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The aliquots containing the pure crystalline carotene, which were

used for constructing the carotene curve and table, were used also in
constructing the curve and table for the correction of the dlue color
imparted to a solution by the cartenoid, in addition to the blue color
produced by the vitamin A.

Each aliquot was evaporated to dryness, and the residue, was dissolved
in 1 ml. of pure chloroform. Nine ml. of antimony trichloride reagent was
added to each sample and a galvanometer deflection was recorded.

These deflections were a function of the amount of blue color produced
by the various amounts of pure carotene. This amount must be subtracted
from the total amount of blue color as produced by both vitamin A and

carctene; thus the correction is made for blue color produced by carotene.

TABLE II
% TRANSMITTANCE FOR MICROGRAMS OF CAROTENE IN CARR PRICE-REACTION

0 1 2 3 4 5 6 7 8
100.00
9. 87. 83.5  80. o T § 13- 71. 68.5
64.0 61.5 Es.e Ex.s 55.5 54.0 52.5 51.0 U49.5
4.7 45.0 3.7 2.0 4,5 39.0 380 36.5 35.2
32,5 3.3 3.0 29.0 27.5 .5 5 245 23.5
2.3 2.0 19.0 180 16,8 15.8 145 135 12.5
10.5 9.5 8.5 1.5 6.0 5.0 4.0 3.0 2.0
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Vitamin A curve snd calibration table.
.1 g of o1l containing 5.6F vitamin A} was weighed and dissolved in

200 ml. of pure chloroform. 1 ml. aliquots containing from 25 to 500
micrograms of the 5.6% vitemin A were made and used for the antimony tri-
chloride reaction. The aliquots were pipetted into test tube and the tubes
were then cleaned with chloroform and polished with lens paper. Each tube
was placed in the spectrophotometer and 9 ml. of antimony trichloride re-
sgent were added.

The gelvanometer of the spectrophotometer had been previously set
at 100 with an antimony chloride blank intercepting the light beam of the
instrument.

The gelvanometer readings were recorded, and used to construct the
standard curve and calibration table, by which the vitamin A content of the

chicken blood was determined.

TABLE III

TABLE TO CONVERT % TRANSMITTANCE INTO VITAMIN A
620 (Round Tubes)

00 1 2 3 Y 5 6 7 8
00 28.00 27.02
10 25.20 24,08 23.24 22,80 21.70 21.1% 20.22 20.02 19.60
20 18.76 18.3% 17.90 17.50 17.36 16.80 16. 15.96 15.68
‘ns 14.98 1k, 14,22 13.86 13.24 13.16 12.88 12.60 12.38

11.90 11.62 11.3% 11.06 10.86 10.6% 10.29 10.08 9.8
» 93 2% P % % 1.9% 1.9 .M 1.2
60 6.84 6.58 6. 6.16 91 5.7% 5.5% 5.32 5.8
7 476 k62 N, 4,26 06 392 3,78 3.58 344
g0 3.08 2.90 2.66 2.52 2.3 2.24 2,06 1.85 1.68
90 1.0 1.19 .98 .84 .70 .56 RIT .28 SL

1 Vitamin A concentrate furnished by the Distillation Products Ine.

Ridge Road, Rochester, New York.

SERBSVEERE

(¥s]
9 ‘e .9 i S



wwol HLd430 7730 VY0029 ¥ vV NIWVLIA <

2 €7 22 17 02 61 7 L/ 9/ g b1 €1 2/ 17
1

(X4 i < 4 £ 4 ! Q

oy

s?




38338358850

v

10

In order to simplify the caleulations for correcting the vitamin A

deternination (subtracting the equivalent vitamin A produced by the
carotenoids) Table IV was constructed from Table II. The percentage
transnittance produced by the pure carotene and the values of percentage
transmittance were converted into mierograms of vitamin A with the aid of
Table III. For example the percentage transmittance of 54 mierograms of
carotene gives a percentage transmittance of 55. To find its egquivalent
in terms of vitamin A the percentage treonsmittance 55 is converted into
vitamin A with the aid of Table III. Percentage transmittance of 55 re-
presents 7.98 mierograms of vitamin A. This subtracted from the total
vitamin A gives the true value for vitamin A as produced by the Carr-Price

reaction.

TABLE IV

TABLE TC CONVERT MICROGRAMS OF CAROTENE INTO MICROGRAMS
OF VITAMIN A VIA CARR-PRICE RRACTION
Carotene

¢ % 2 3 I 5 6 1 8

0 07 1k .28 B2 .56 .70 .78 .93
LY N KR A7 1.9 212 2,26 2.39 2.52
2.90 3.03 g.m 332 3.5 371 3.85 406 k.16
hug L.57 .76 .87 5.0% 2.13 23' .39  5.54
5.84 6,00 6,16 6.25 6.m .58 " .92  7.00
7.36 7.; 7.3 7.80 7.98 8.26 - 8.38 s.a 8.62
8.85 8. 9. 9,12 9,20 9.& 9.52 9. 9.80
9.99 10.08 10.18 10.29 10.46 10.

1.1
268
4,26
5. T4
7.28
8.7
9.89

10.75 10.86 10.93 11.00

11.06 11.2% 11.22 11.30 11,38 1146 1. n.62 11.69 11.76
11.83 11.90 11.92 11.95 11.97 12.00 12,02 12.11 12.20 12,29

12.38



EXPFRIMPNTAL

The dlood from 7 lots of birde was anslyzed for carotene and

vitamin A content. The lots of birds differed in sex, dreed, age, and
rations fed.

Basal rations for lsying hens consisted of:

Yellow comn 120. 1bs
Pulverized onts 100, 1be
Vheat bran 100. 1bs
Yhoat shorts 100. 1bs
Meat seraps 70. 1bs
Aifalfa leaf meal 70. 1bs
Cottonseed meal 56. 1vs
Hung bean meal 35. lbs
Dried buttermilk 28. lbm
Oyster shell flour 14, Ibs
Salt 7. 1bs

This mash was kept before the hens at all times.
Basal ration for young growing chickenst

Yellow corn meal 340, 1bs
Vheat bran 20. 1be
Alfalfa leaf meal 12. 1bs
Dried buttermilk 60. 1bs
Soy bean oil meal 20. 1bs
Cottonseed menl 20. lbs
Heat scraps 20. 1bs
Salt 3. 1bs
Manganese solution +8 pint
Delsterol 1/% pound

To each 99 1bs. of this basal ration 1 1b. of crude 0il meal was
added. This mash was kept defore the chickens at all times.
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Lot I

Ten-week old cockerels receiving the basal ration for growing birds.
The only green feed avallsble was the grass and weeds in the lot.

mmple O.D. v Oarotene » trans- Vitamin A Blue color Vitamin A VOlarotene 7Vitamin A

per al. mission and produced by per al. per 100 ml per 100 n
carofens _carotene plasma  blood
1 Ak 10.5 51 7.u2 1.50 6.05 420, 242,
2 .2 15.% 70 5.7 2.1 2.59 616. 103.6
a .g 21.2 25 Z.zs 3.0 424 ghs. 169.6
. 18.5 3 .16 2.29 3. 74%0. 1k2.8
z .16 12.2 80 g.os 1.63 Yo Lgg, 58.
.24 10.5 61 .58 1.%0 5.18 k20, 207.2
; \2n5 19.5 67 5.;: 12.'78 2.54% m. 101.6
o 33.5 y 4 ¥ 3.03 X 121.2
9 .16 12,2 Z 4,06 l.g 2.k2 ugs, 96.8
10 .ﬂ &.o h.g‘ 3.10 1.8‘ m. 75-2
N N 17.0 g 3.92 2.39 1.22 680. 61.2
. S 27.7 5. T4 L12 1108, 648,
1 ’ 28.7 1148,
1 . 33. 54 8.26 4,87 3.39 1320. 135.6
o 2?‘ 17.8 1 4,26 2.49 1.77 2. 70.8
T 18.5 7.70 2.59 5.11 z“ 20L. %
17 .2.;1‘ 16.2 10 76 - % — b
" . ! 10.5 " 3 3. . 134,
19 .k 10.5 R 4,76 1.5%0 3. g 420, 1344
2 .3 28.7 5.& L.23 11h8., 7.2
B B 20. b5 10. 2.90 7.4 800. 309.6
IERAGE 727. 131.6
Average International Units 1¢:)h§.1 565. g

1
.6 mierograns of earotene equals one International Unit (6).
2 1 mierogran of vitamin A equals 4.3 International Unit (20).
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Lot II

Brown leghorn lsying hens that had received fresh green clover for one week
in addition to the basal ration for laying hens.

ple 0.D, yCarotene 5 trans- Vitemin A Blue color Vitomin A rlaroteme ~Vitamin A

per al. mission and produced by per al., per 100 mi per 100 ml
carotene carctens plasma blood

.22 17. 73. 4,26 2.39 1.87 680. 74.8
.1k 10.3 52.5 1.95 1.38 .6 na, 2L,
.08 6.2 79. 3.22 12 2.5 2ug. 100.
.13 9.5 g6. 2.06 1.23 .83 380, 33.2
.07 5.5 9l. 1.19 .63 .56 220. 22.4
.1k 10.3 87.5 1.76 1.79
X 1. 69. h.gg 1.47 3.51 4o, 1k0.4
R, | 12.2 90. 3. 1.63
.1 9-5
51 9-3 92. .98 1-23
.18 13. 81. 2.90 1.90 ; O 536. o,
.07 5.5 90. 1.h0 .61 .79 220. 3.6
.07 5.2 g6. 2.06 .29 1.47 208. 58.8
.24 "18.5 75. 3.92 2.61 1.3 TH0. 52.4
.27 2.2 79. 3.22 3.04 .18 gug, .72
17 13. 9. 1.54 1.79

IRAGE uhg. Y 52.5

wage International Units 47, 225.8



¥White Rock laying hens on basal ration

Lot IIX

14

Te 0.0, ¥ Carotene » trems- Vitemin & Dlue color Vitamin A rCarotene ” Vitamin A

per al. mission and produced by per al. per 100 ml per 100 ml
ssyodeme  _Servisns gl DSised
1 8.5 80, 3.08 1.03 2.05 0. 82.
006 ?lg :TI ;.g l% i.% gé‘ 9.
- - - - - - - .2
.gg 3.2 9& .70 «30 .40 126. 58.8
.06 4.9 83. 2.52 <55 1.47 196. 58.8
.03 2.5 100.
'07 5'5 'r.’m.
.17 13. 76. 3.78 1.78 2.00 520. 80.
.12 3. 71.5 3.51 1.13 2.38 360. 95.2
.ol 3.2 128.
RAGE 248, 64.7
o
rage International Units n3. 278.2
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Lot IV

¥hite Rock hens in laying house on basal ration,
no green feed except few weeds in yaxd

[e 0.D. rCarotene » trens- Vitemin L Diue eolor Vitamin A" Carotene 7 Vitemin A

per al. mission and produced by per al. per 100 ml per 100 ml
garotene _carotene plasma blood
15 11.5 16. 3.78 1.2 2.23 u6o. 89.2
o% 5‘5 87- log - m.
v 20.5 3. 2. 2.95 820,
.25 19.5 g2. 2.38 2.;2 780.
15 19. 87- lnﬁ 2. -
5 1 8. 79. 3.22 .98 2.2 a. 89.6
2 16 8. 3.4 2.3 1.1% b, %5.6
.20 15.5 79. 3.22 2.16 1.06 616. 2.4
¥ 1; 11.5 ; ¢ N 3.58 1.53 2.05 460, g2.
¢ 19.5 79. 3.22 1.37 1.85 %20. Th.
.18 13.8 18. 3.0 1.95 147 552. 59.6
.10 1-5 300.
RAGE 532.6 68.9
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Lot V

Plymouth Rock laying hens on basal ration '

Te 0.D, vOarotene » trens- Vitemin A Bilue color 7Vitemin A rOarotene - Vitamin A

per al. mission and produced by per al. per 100 ml per 100 ml
carot carotene plagma blood
.09 7. .58 .78 2.80 280. 112.
.09 & 73. 3.26 .78 3.48 280. 139.2
.18 13.4 ga 1. 1.89 5.11 536. 204.4
- 28 2200 . 5 - 91 30 10 2. 81 m. 1120 h
.06 11_;.2 ;g 3.92 2.% 3.3% }{192 135.2
2 AN B te -+ SR B
% | 9.5 80. 3.08 1.23 1.65 & 66.
ok 10.5 58. 7.28 1.40 5.88 ¢ 235.2
.02 1.6 57. 7.45 1.00 6.45 64, 258.
ZRAGE T 136.4

srage International Units T43. 586.5
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Lot VI
This study consisted of two 12-weeks old cockerels. One was kept as a
control bird, on the basal ration for growing chickens.
The other bird received the basal ration to which had been added 50 mg.

of diansythexene stilbesterol per pound of feed. The chickens were
bled on 9 consecutive days and analyses made.

ole 0.D. +Carotene @ trans- Vitamin A Biue color Vitamin A -Oarotene vVitemin A

per al. mission and produced by per al. per 100 ml per 100 ml

_carotene _ carotene _Dblasna blood

trol bird ¢

day .11 8.5 19. 3.22 1.03 2.19 E 87.

day .16 12.2 79. 3.22 1.63 1.59 z:g 63.6

day .08 6.2 96. A2 .71 248.

day .12 10. 87. 1.85 1.23 .52 400. 20.8

day . 12.2 90. 3 sg 1.63 ugs,

day .1%  10.8 95. i 2.52 l)?‘g

day .1 11. 93. .84 1.47 .

day .1 10.5 93. .84 1.38 420.

dey .11 8.5 83 2.52 1.03 1.k9 340, 59.6

RAGE 400. 57.9

rage International Units 66.6

1 receiving stilbesterol

day .28 22. 79. 3.22 3.10 .12 4go0. 4.8

day .16 11.8 19. 3.22 1.59 1.63 u72. 65.2

day .1% 10.2 89. 1.54% 1.61 408.

dsy .21  16.2 85. 2.24 2.30 648,

dsy .09 9. 87. 1.32 .78 1.07 280. 42.8

dy .33  26. 86. 2.0 .24 1.82 640. 72.8

day .28 22, 81. 2.90 3.10 880.

day .12 8.8 81. 2.90 1.00 1.& 352. 76.

day .28 22, 61. 6.58 3.10 3. 880. 139.

AGE 6ok, 4 66.8

‘age International Units 1007. 287.24
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Lot VII

This group consisted of 12-week old cockerels. Group I received 50 mg.
of dlansythexene stilbesterol per pound of basal ration for growing
birds. Group II received estrogen in pellet form.

ple 0.D. vOarotene % trans- Vitamin A Blue color Vitamin A 70arotene gVitamin A

per al. mission and produced by per al. per 100 ml per 100 ml.
carotene _carotene plasma blood
P 5 5 60
.59 51.5 57, T« y & 2060,
.80 85. 9. 12.10 11.46 .64 3400. 25.6
.50 42.5 6; 6.1& ;{.3 " 1700. y
- 37 29.7 9 5. . ) £ 1588. 51.
.81 871. 4. 11.1 6. 5.6 3233 o2k,
RAGE 2517. 100.14
rage International Units T19.5
o L 6 6 [} 6
.5 .5 . 1. . .9 1820. 196.
.aa );E 36. 12.8 11.9 .9 3760. 36.
.68 63.7 53. 8.5 5.3 3.2 2580. 128.
UAGE 2720. 120.

*age International Units 1533, 516.
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SUMMARY

Carotene and vitamin A were determined in chielen dlood. The blood
was teken from seven lots of birds and determinations were made on
ninety-five samples,

The cearotene and vitamin A content in the blood of young cockerels
is high, compared to laying hens.

The addition of fresh green clover as a2 green supplement to the
basal ratvion for laying hens, apparently increased the carotene content
of the chicken dlood, but did not inerease the vitamin A content.

As compared to the light weight breed of laying hens, the blood from
the heavier lsying hens contains more carotene and vitamin A,

Stilbesterol given in the feed and in pellet form increases the
carotene content of the dlood in cockerels, but apparently does not in-
crease the vitamin A content. The carotene content of the blood of the
cockerels receiving stilbesterol in pellet form was slightly higher than
that in the bdlood of the cockerels receiving stilbesterol in the ration.

This study gave evidence that blood analysis is a satisfactory
method of comparing carotene and vitemin A in chickens of different
breeds, ages and sex, and birds on different rations.



1.

10.

11.

12.

13.

LITERATURE CITED

Almquist, H. J., Mackenney, and E. Mecchi 1943. The diet of hens
and the vitamin A potency of their eggs. J. Biol. Chenm.
Vol. 150, p. 99.

Almquist, H. J., and Mecchi, E., 1939. Vitamin A recuirements of
laying hens. Poultry Sei. Vol. 18.

Bolin, D. W., C. E. Lampman, L. R. Berg 1943. The influence of
gerotene intake as supplied by dehydrated alfalfa in the
storage of vitemin A and pi te in the livers of young chicks.
Poultry Sei. Vol. 22, p. Zﬁ?n

Carr, Francis H. and Ernest Arthur Price. 1926. Color reactions
attributed to vitamin A, Bio. Chem. J..Vol. 20, p. U497.

Dewel, Jr., Harry J., M. Carocline Hrubetsz, Fred H. Maltson,
Margaret G. Moorehouse and Alan Richardson. 1943,
Cartenoid Metabolism IV. The effect of visamin A intake on
the cartenoid and vitamin A contents of liver, blood and body
fat of hens. J. Nutrition Vol. 26, p. 673.

Eddy, Welter H., 19%1. What are vitamins. Reinhold Publishing
Corporation. 330 West 42nd Street, New York. Chapter III.

Bwing, W. Ray. 1941. Hand Book of Pultry Nutrition, W. R, Ewing
Publisher, Upper Mount Clair, New Jersey, First Edition,
Chapter XIII.

Hammond, John C., and H. R, Bird. 1942. Effects of nutrition on
variability in the growth of chickens. Poultry Sei. Vol. 21,

p. 230.

Harmes, F. 1943. Vitamin A and capacity for infection with special
congideration of the significance of vitamin A for pullorum
infection in hens. Chem. Zenr. 1943 I, p. 2104. Chem. Abst.
Oct. 1944, 5538.

Harmes, F. 1942. The effect of feeding on the vitamin A and carotene
content of egzs. Vitamine u Hormone Vol. 2, p. 35.

Kinmble, Marisn Stark. 1939. The photocolorimetric determination of
vitamin A and carotene in human plasma. Journal of Lab. and
Clin. Med. Vol. 24, p. 1055.

Poley, W. B, 1938, Alfalfa leaf meal as a supplement for ground
wheat. Poultry Sei. Vol. 17, p. 334

Radi, M. H., and D. C. Werren, 1938. The physiology and inheritance
of Esathaﬁng in growing chicks. J. Agr. Research, Vol. 56,
p. ©79.



14, Rubin, Max, and H. R, Bird. 19%1. Some experiments on the
physiology of vitamin A storage in chicks. Poultry Sei.
Vol. 20, p. 291.

15. Rubin, M., H. B, Bird, and H. M. DeVolt. 1939. Vitamin A
deficiency in commercisl poultry flocks. Foultry Sei.
7°1. 15. Te hloo

16. Russell, VWalter C., W. M. Taylor, H. A, Valker, Louis J. Polskin.
1942, Absorption snd retention of carotene and vitamin A
by hens on normal and on low fat rations. J. Nutrition.
Vol. 24, p. 199.

17. Senion, B. J., and B, J. Sheeky, E. J. 19%1. Laying fowl and
growing chickens require vitamin A, J. Eire Dept. Agr.
Vol. 38, p. 37:.

18. Sjollema, B., and ¥. E, Donsh. 1940, The vitamin A, carotene
and xanthophyll content of the yolk of hen eggs. Biochem. J.
Vol. 34, p. 736.

19. Vermes, Madeline and Paul Meunier. 1939. Poor reserves of vitamin A
in hen eggs and in the liver of young chickens., Compt.
rend., Vol. 209, p. 578.

20. Vitamin A Concentrate. Distillation Products, Inec. 755 Ridge Road,
Rochester, New York.

?1. Vagner, K., Fr. Harms. 1943. The need of vitanin A for fertility
and ovalation in the fowl. Chem. Zear. 19:3, Vol. II, p. 432,



Tyoist: Aans Lee Phillips





