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The pigmentation of the yolk of the egg and of the flesh (body 
fat) of poultry is a subject of much practical importance in the 
egg and poultry industry of this country. The consumer demands 
highly colored yolks in (‘fancy” eggs throughout the year, and 
the eggs with pale colored yolks, so frequently found on the mar- 
ket during the winter months, are the object of much complaint, 
particularIy in cities. Similarly, in some sections of the coun- 
try the poultry trade demands a highly colored flesh. For the 
fancy trade, however, the demand is for a flesh with the least color 
possible. 

The yellow pigment characterizing the skin of hens is becoming 
of considerable importance in judging their egg laying activity. 
Thus, Woods3 has recently stated that heavy laying invariably 
produces a marked reduction in the yellow color of the shank, and 
that, “it is possible to say positively that no bird which has been 
a high producer will have bright yellow legs at the end of the lay- 

1 Published by permission of the Director of the Agricultural Experi- 
ment Station. 

2 I am gres,tIy indebted to Prof. Harry L. Kempster of the Department 
of Poultry Husbandry for the use of the experimental fowls and feeding 
equipment,, and for arranging for handling the, fowls throughout the entire 
experiment. 

3 Woods, C. D., Maine Agricultural Experiment Station, Press Letter 
No. 144, Sept. 30, 1914. 
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262 Xanthophyll 

ing season.” It should be pointed out, however, that Woods is 
mistaken in assuming that the pigment of the egg yolk and body 
fat of the hen is carotin, as the data presented presently will show. 
Similarly, Blakeslee and Warner4 have presented data that are 
believed to prove conclusively that pale yellow shanks and beak, 
and especially ear lobes in the hen are an indication of much 
greater previous egg laying activity than yellow shanks, beak, 
and ear lobes. “The assumption is that laying removes the 
yellow pigment with the yolks more rapidly than it can be re- 
placed by normal metabolism, and in consequence, the ear 
lobes, beak, and legs become pale by this subtraction of the 
pigment.” 

The yellow pigment of the egg yolk has recently been iden- 
tified from a chemical standpoint by Willstatter and Escher.5 
These investigators isolated the principal pigment from the 
yolks of 6,000 hen eggs in crystalline form, and from its chemical 
constitution and properties believe it to be isomeric with the 
crystalline xanthophyll of the chloroplast. As a member of the 
xanthophyll group of pigments WillstSitter and Escher designate 
the pigment “Xanthophyll B.” As a distinct animal pigment, 
however, these authors designate the pigment as Lutein. The 
presence of a carotin-like pigment. accompanying the Lutein in 
very small proportion is reported by these investigators. An ex- 
cellent review of the chemical studies of the egg yolk pigment 
which preceded their own is given in the paper. 

While the work of Willst5tter and Escher probably is to be 
regarded as the final identification of the egg yolk pigment, the 
relation of the pigment to the plant xanthophylls was first shown 
by C. A. Schunck.6 Some exceptionally beautiful spectroscopic 
studies led this investigator to classify the flower and plant 
xanthophylls into three groups according to the action of dilute 
HCI and HNO, upon their spectroscopic absorption bands. The 
three groups were designated L, B, and Y xanthophyll, respec- 
tively. Similar studies of the yellow pigment of the yolk of 
hen eggs, and of the blood serum of the hen led Schunck to 

4 Blakeslee, A. F., and Warner, D. E., Science, 1915, xli, 432. 
5 Willstltter, R., and Escher, H. H., Ztschr. f. physiol. Chem., 1911-12, 

Ixxvi, 214. 
0 Schunck, C. A., Proc. Roy. Sot., 1904, Ixxii, 170. 
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believe that the two pigments were identical with the L xantho- 
phyll which he had isolated in a crude way from flowers and 
green grass. 

Studies published by Palmer and Eckles7 have shown that the 
natural yellow pigment that characterizes the milk fat, body 
fat, corpus luteum, and blood serum of the cow is physiologically, 
as well as chemically, identical with the carotin of the chloro- 
plast, and depends upon the presence of this pigment in the food 
for its presence in the body tissue, fluids, and secretions of the 
animal body. Combining these results with the findings of 
Schunck, and Willstatter and Escher, a similar relation between 
the xanthophyll pigment of the egg yolk and the xanthophyll 
of the chloroplast naturally suggests itself. Should such a re- 
sult be confirmed there would be presented the very interest- 
ing phenomena of the inability of the cow to take up the xantho- 
phyll pigments to any extent and the similar inability of the fowl 
to make use of the carotin; the major pigment being carotin in 
the case of the cow and xanthophyll in the case of the hen. 

Such a result in the case of the fowl would be especially strik- 
ing in view of the ease with which it has been found possible to 
deposit fat-soluble dyes in the egg yolk and body fat, and even 
transmit them to the chick. Thus, Gages has deposited Sudan 
III in the egg yolk and body fat of the hen by feeding the dye, 
and the pigment was also found in the fatty tissue of the newly 
hatched chicks from eggs colored in this way. Similar results 
have been obtained by Mendel and Daniels.g 

Laying aside for the present the quest,ion of the relative utili- 
zation of the plant carotin and xanthophylls by the hen, a physio- 
logical relation between the primary egg yolk pigment and the 
xanthophylls of the feed is reasonably well established,by pub- 
lished observations of the influence of various feeds upon the color 
of the yolk. Thus the Maryland Agricultural Experiment Sta- 
tion has carried on feeding trials of this character10 in which yel- 

7 Palmer, L. S., and Eckles, C. H., Jour. Biol. Chem., 1914, xvii, 191; Mis- 
souri Agricultural Experiment Station Research Bulletins, Nos. 9, 10, 11, 
and 12, 1914. 

8 Gage, S. H., and Gage, S. P., Science, 1908, xxviii, 494. 
9 Mendel, L. B., and Daniels, A. L., Jour. Biol. Chem., 1912-13, xiii, 71. 

‘0 Opperman, C. L., CountrzJ Gentleman, 1914, lxxix, pt. i, 432. 
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low corn, comprising about half the ration and fed as a scratch 
feed with bran, gluten meal, and beef scrap to laying hens, was 
compared with a ration in which the yellow corn was replaced by 
whole wheat and in another case with equal parts of yellow corn 
and wheat. The eggs from the lot receiving yellow corn all 
showed yolks with a deep yellow color; those from the lot receiv- 
ing corn and wheat showed yolks with a fair yellow color; while 
the eggs from the wheat-fed lot had yolks noticeably very pale 
colored. The simplest explanation of this result is found in the 
fact that yellow corn is very rich in xanthophyll, as was pointed 
out by Palmer and Eckles from this laboratory in connection with 
the relation of the milk fat pigment to the plant carotin and 
xanthophylls. 

It was with the view of furnishing definite experimental evi- 
dence of a physiological relation between the plant xanthophylls 
and the natural egg yolk pigment that the experiments here 
reported were instituted. 

Methods of Investigation. 

The several methods by which it was expected to establish the 
physiological relation between the plant xanthophylls and the 
egg yolk pigment were as follows: 

1. To ascertain whether feeds carrying xanthophyll to the 
exclusion of carotin will increase the amount of xanthophyll 
carried by the blood serum and deposited in the egg yolk. 

2. To ascertain whether feeds free from both xanthophyll and 
carotin will reduce the amount of xanthophyll carried by the 
blood serum and deposited in the egg yolk, and to what extent 
such a reduction, if possible, can be carried. 

3. To ascertain whether feeds carrying carotin to the exclusion 
of xanthophyll will increase the carotin carried by the blood serum 
and egg yolk; in other words, to ascertain to what extent the lay- 
ing hen can make use of carotin for the pigmentation of the 
egg yolk. 

4. To ascertain, if possible, how the blood serum of the hen 
carries the carotin and xanthophyll pigments. The studies with 
the cow showed that the carotin was carried by the blood serum 
as a water-soluble caroto-albumin. 



L. S. Palmer 265 

Character of Rations and Pigments Fed. 

The experimental rations selected to conform to the plan out- 
lined above, together with the ration which the hens received 
preliminary to the experimental ,rations, are shown in Table I. 

TABLE I. 

Preliminary and Experimental Rations. 

Prcliminery. Non-pigmented. Xanthophyll. Carotin. 

Pit&J. Parts. Parts Parts 

Yellow corn, 11.3 White corn, 16.0 Yellow corn, 16.0 White corn, 16.0 
Wheat, 4.7 Bran, 2.0 Bran, 2.0 Bran, 2.0 
Bran, 2 .O Middlings, 2 .O Middlings, 2 .O Middlings, 2.0 
Middlings, 2 .O Beef scrap, 1 .O Beef scrap, 1.0 Beef scrap, 1.0 
Beef scrap, 1 .O Carrots, . . . . 

The table shows that yellow corn comprised a little over one- 
half the preliminary ration and about 75 per cent of the xantho- 
phyll ration. 

The rations were fed in the following manner: 

Preliminary rations. 

$ Scratch feed 
Corn 2 parts 
Wheat 1 part 

f Mash 
Corn 1 part 
Bran 1 part 
Middlings 1 part 
Beef scrap $ part 

Experimental rations 

3 Scratch feed 
Whole and ground corn 

f Mash 
Corn 1 part 
Bran 1 part 
Middlings 1 part 
Beef scrap f part 

Later in the experiment two changes were made in the rations; 
the bran was taken out of the non-pigmented and carotin rations 
as being a source of too much xanthophyll; the scratch feed re- 
duced to one-third in the xanthophyll ration, and a corresponding 
amount of ground yellow corn incorporated in the mash. The 
date of these changes is shown in Table III. 

In the case of the carotin ration the same proportion of the 
feeds was used as in the non-pigmented ration, but a smaller 
amount of total feed was given the hens and they were given 
access to as much whole and pulped carrots as they would eat. 
The pulp was mixed with the grain mash and every opportunity 
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given the hens to consume as large a quantity of the carrots as 
possible. 

A careful study was made at the beginning of the experiment 
in regard to the amount of pigment carried by the different con- 
stituents of the rations, and particularly whether they carried 
appreciable amounts of xanthophyll. These studies were made 
by extracting the air dry materials with alcohol and ether until no 
more yellow pigment was extracted, securing the unsaponifiable 
pigment in the usual way, and then studying the relative propor- 
tion of the total color due to carotin and xanthophyll respec- 
tively. This was done by a careful separation of the total pig- 
ment between petroleum ether and 80-85 per cent alcohol until 
each solution yielded no more pigment to fresh portions of the 

TABLE II. 

Relative Proportion of Color Extracted from Feeds Due to Carotin and 
Xanthophylls. 

Xanthophyll. Carotin. 

Feed. 

$&t’ use. Of 
Units of 
yellow. u:2 Of 

Bran, middlings, beef 
scrap mash.. . 33.0 0.8 9.0 0.9 

Yellow corn.. . 60.8 3.8 54.0 1.5 
Carrots.. . . . 36.0 1.0 46.8 6.5 

other solvent. In this way practically all of the carotin was ob- 
tained in the petroleum ether, and the xanthophyll in the alco- 
hol. Each portion of the total pigment was concentrated to a 
volume of 12.5 cc. and the color noted in a one inch layer with the 
Lovibond tintometer. The amount of feed taken for study was 
sufficient for one day’s feed for two hens, with the exception of the 
yellow corn and carrots, where just sufficient was used to give a 
good arialysis. Table II shows the results of these studies,. 
Tests on the individual constituents of the mash showed that 
practically all the carotin came from the beef scrap and the greatest 
proportion of the xanthophyll from the bran. It was on the basis 
of this study that the bran was subsequently removed from the 
ration of the hens on the non-pigmented and carotin diets. 
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The appreciable quantity of xanthophyll in the carrots is 
notable. Similarly the yellow corn contained considerable caro- 
tin. In interpreting the tintometer readings the units of red 
must be taken into account as well as the units of yellow, for it is 
t,he former that measure the intensity of the pigment. Unfortu- 
nately, the color readings do not give a quantitative measure of 
the pigment. This is due to the fact that carotin is a much more 
intense pigment than xanthophyll. Using the fact that equal 
units of red and yellow are together equivalent to a pure orange 
color, it is seen that under the experimental conditions used the 
color. produced by the xanthophyll of the yellow corn consisted of 
3.8 units of orange and 57 units of yellow while the color produced 
by the carotin of the yellow corn consisted of 1.5 units of orange 
and 52.5 units of yellow. Thus the xanthophyll solution was only 
about 8.5 per cent more yellow but over one and one-half times as 
orange as the carotin solution from the same corn. Similar in- 
terpretations are readily made for all the tintometer readings 
and are particularly significant when applied to the egg yolk 
colors given in a subsequent table. 

Six White Leghorn hens, two in each group, were used for the 
experiment. All the hens were characterized by having pale 
yellow shanks and beaks, and colorless ear lobes. Each pair 
of hens was housed separately throughout the entire experiment 
on a dirt floor covered with clean straw. The hens never had 
access to any food other than the experimental rations. All 
the eggs were saved and the color of the yolks was noted. Several 
eggs were obtained from each group while still on the preliminary 
ration. 

In studying the color of the yolks the plan was to hard boil 
the eggs, remove the yolk and spread it out in a small tray before 
the Lovibond tintometer, and compare the color with the stand- 
ard glasses viewed from a similar amount of the Lovibond “stand- 
are white”” spread out in a similar way. As the experiment 
progressed, however, the increasing paleness of the yolks of the 
eggs from two of the groups made it necessary to change the 
method in order that more color could be observed for analysis. 
The second method consisted in a careful separation of the white 

I1 The “standard white” is the highest purity CaS04. 



TABLE III. 

E$ects of Rations on Color of Egg Yolk. 

Non-pigmented ration. 

Date. I I Unitsof Unitsc 
yellow. red. 

Preliminary ration. 

1915 
Feb. 
19 4.5 1.1 
20 4.5 1.0 
20 5.0 1.2 
22 5.0 1.2 

Experimental ration. 

23 
25 
25 
27 
27 

Mar. 
1 
1 
3 
3 

5* 
5 
7 
7 
9 
9 

10 
12 
13 
14 
16*** 
17 
18 
19 
21 
22 
24 
26 
27 
27 
29 
29 

4.5 1.2 23 
4.0 1.0 24 
3.7 1.0 26 
3.3 1.0 26 
3.5 1.0 27 

28 
2.7 1.0 Mar. 
3.0 1.1 1 
2.4 0.6 1 
2.0 0.5 2 

2 
4 
4 

5.0 1.8 5* 
6.0 2.8 6 
6.0 2.8 7 
5.0 1.7 8 
5.9 2.6 8 
5.0 1.9 10 
5.9 2.4 12 
4.9 2.1 13 
5.4 1.9 15 
4.5 1.8 17 
4.1 1.6 19 
5.0 1.5 19 
4.5 1.5 20 
4.5 1.5 21 
4.0 1.5 22 

4.0 1.3 22 
3.5 1.2 24 
3.2 1.0 26 
3.3 1.0 26 
4.0 1.5 28 
4.0 1.2 29 
3.2 1.0 31 

* Raw yolk analysis began. 
** One hen of this lot stolen. 

- 

-- 
>f 

-- 

Xanthophyll ration. 

Preliminary ration. 

1915 
Feb. 

19 4.0 1.1 
21 5.0 1.2 

Experimental ration. 

4.0 1.2 
7.0 1.7 
7.5 1.8 
5.5 1.3 
6.0 1.7 
4.5 1.7 

4.9 1.3 
4.0 1.4 
3.5 0.9 
4.5 1.1 
4.1 1.0 
3.5 0.8 
7.0 3.4 
7.0 3.2 
6.9 3.2 
6.9 3.4 
6.9 2.9 
6.9 3.2 
6.9 3.2 
7.0 3.2 
7.3 4.0 
5.8 3.3 
7.8 4.1 
7.3 3.5 
7.3 3.4 
7.8 5.1 
7.8 4.8 
7.8 4.0 
6.8 3.3 
6.8 3‘15 
5.8 4.0 
6.8 3.0 
6.8 3.8 
7.8 4.8 

-_ 
F 

-- 

Preliminary ration. 

1915 
Feb. 
17 3.2 0.7 
17 2.6 0.7 
20 3.2 0.7 
22 2.5 0.7 

Non-pigmented ration. 

23 2.5 0.7 
24 1.7 0.6 
25 2.5 0.7 
26 5.0 1.2 

Carotin ration. 

28 
Mar. 

1 
3 
4 

3.7 1.0 

3.2 0.8 
2.5 0.6 
2.4 0.6 

6* 6.0 2.6 
8 5.9 2.5 

10 5.9 2.4 
13 4.8 1.8 
15 6.0 2.0 
16 5.4 2.1 
17** 5.4 1.9 
19 4.9 1.6 
20 6.1 1.9 
22 5.4 1.8 
28 4.9 1.7 
29 5.4 1.7 

*** Bran removed from ration of non-pigmented and carotin lots, and 
scratch feed of xanthophyll lot cut to one-third of ration. 

268 
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and yolk of the raw egg and spreading the raw yolk upon a white 
porcelain crucible cover. 

The experiment was stopped when the egg yolks of the three 
lots of hens had apparently been influenced as much as the ra- 
tions used would allow. All the hens were bled to death and 
studies made in regard to (1) the amount of pigment carried in 
the blood serum of each group, (2) the character of the pigment 
present, and (3) the way in which the serum carried the pigment. 

RESULTS OF EXPERIMENT. 

Influence of Rations on Color of Yolks. 

The color of the egg yolks when the hens were on the prelimi- 
nary ration, and the influence of the different experimental ra- 
tions on the color as determined by the methods given above are 
shown in Table III. The maximum effects of the three rations 
are given in Plate 2. 

An examination of the data in Table III shows that a gradual 
reduction in the amount of pigment deposited in the yolk ac- 
companied the change from a ration carrying a moderate amount 
of xanthophyll (preliminary ration) to a ration carrying a very 
small amount of xanthophyll. In eight days the color of the 
yolks of the non-pigment group had become so pale that the hard 
boiled yolks showed scarcely enough color to measure with the 
Lovibond tintometer. Very little further reduction in color oc- 
curred until the bran was removed from the ration on March 16. 
In eight days the color had reached the lowest level attained, the 
tintometer reading of the raw yolk showing only 3.2 units of 
yellow and 1.0 unit of red. It is not probable that the color 
of the yolks of this lot of hens would have been reduced further. 
The ration still contained a small amount of xanthophyll, cer- 
tainly sufficient to account for all that was deposited in the yolks 
when it is considered that the pigment found there represented 
the accumulated pigment carried in the blood through the period 
during which the yolk was being formed. According to Rogers12 
the period required for the complete formation of the yolk is 

12 Rogers, C. A., Proc. Internal. Assn. Instructors and Investigators in 
Poultry Husbandry, 1909, i, 77. 
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about fourteen days. (Observation made during heavy laying 
season.) It is apparent from this that an absolute elimination 
of pigment from the ration would be necessary in order to produce 
an absolutely non-pigmented yolk. 

Very interesting results were obtained on increasing the xantho- 
phyll in the ration in the case of the xanthophyll-fed hens. As 
anticipated, a considerable increase in the color of the yolks 
accompanied the addition of more xanthophyll. Especially strik- 
ing, however, was the almost immediate effect of the added 
xanthophyll as shown by the data in Table III. A marked in- 
crease in the color was noted on the second day after the change 
in ration. This was no doubt due to the fact that the greatest 
part of the yolk is formed during a relatively short period of time. 
As a matter of fact it was observed in the case of the highly colored 
yolks from the eggs laid on February 24 and 26 that it was the 
outer part of the yolks that was more intensely colored. The 
high color obtained at the beginning of the experiment did not 
persist, however, but a gradual reduction occurred until the level 
of the preliminary ration was reached. This was judged to be 
due to a failure to consume the scratch feed which contained by 
far the greater proportion of the xanthophyll of the total ration. 
When this was remedied by reducing the scratch feed to one-third, 
instead of two-thirds of the ration, and increasing the amount of 
yellow corn in the mash a corresponding amount (March 16), a 
rapid rise in the color of the yolks occurred at once, a maximum 
of 7.8 units of yellow and 5.1 units of red being reached on the 
fifth day after t,he change. The pronounced orange tint of the 
color is notable, the tintometer reading showing 5.1 units of 
orange and 2.7 units of yellow, nearly twice as much orange as 
yellow. 

The results obtained with the carotin-fed hens were in every 
respect similar and nearly identical with the results from the 
hens fed the pigment-free ration. Although the former studies 
made in this laboratory on the relative utilization of carotin and 
xanthophyll by the COW anticipated in a measure the results ob- 
tained with the hen, it was nevertheless astonishing to find to 
what a small extent the hen is able to take up the carotin from 
her feed and deposit it in the egg yolk. The data show that the 
change of the ration caused a decrease in the color of the yolk. 
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When the carrots were added to the ration on February 27 there 
was practically no effect on the color of the yolks. In spite of the 
fact that the hens in this group were not laying as many eggs 
as- the hens on the non-pigmented ration, which would tend to 
increase to some extent the color of the yolks, the color analyses 
of the two groups of hens followed each other almost identically 
up to the time the bran was removed from the ration of the two 
groups on March 16. Up to this time it. was not possible to tell 
which eggs came from the non-pigment group and which came 
from the carotin group. After March 16, however, the egg yolks 
from the hens fed the pigment-free ration suffered a further de- 
cline in color, as already noted, which was not obtained in the case 
of the carotin-fed hen. This may have been due to the fact 
that more carrots were eaten after the removal of the bran from 
the ration, thereby supplying about as much xanthophyll as was 
removed with the bran. Some of the color deposited in the yolks 
of this group of hens was unquestionably carotin in nature, as a 
study of the egg yolk at the end of the experiment showed. It is 
also probable that a slightly greater proportion of carotin to the 
total pigment resulted. These studies are reported below. It is 
impossible, however, for the failure of the carrots to materially 
increase the color of the egg yolk to have been due to a failure 
on the part of the hens to consume an adequate amount of the 
food. Large amounts of carrots were found in the craw and 
gizzard of the carrot-fed hen that was killed at the close of the 
experiment. 

Injhence of Rations on Pigment Carried by Blood Serum. 

At the close of the feeding experiment the five hens remain- 
ing on the test were bled to death. The blood of each pair of 
hens was combined, and the blood defibrinated at once by vigorous 
shaking with glass beads in an Erlenmeyer flask. The defibri- 
nated blood was filtered and centrifuged until perfectly clear. 
Analyses of the amount of color due to the combined carotin and 
xanthophyll carried by a unit volume of serum were made on the 
serum from each experimental group of hens. The method of 
analysis was to desiccate 5 cc. of the serum with plaster of Paris 
and shake the powder with ether, and then with petroleum ether, 
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after moistening with absolute alcohol, until no more color was 
extracted. The combined extrtlcts were concentrated to small 
volume, made up to 12.5 cc. with absolute alcohol, and the color 
of this solution was observed in one inch layer in the Lovibond 
tintometer. 

In the case of the combined blood from Hens 1 and 2, fed the 
non-pigmented ration, 5 cc. of the serum yielded no perceptible 
color using the above method. On addition of sufficient alcohol 
to precipitate the proteins from the total serum remaining (50 
cc.) and shaking with a mixture of ether and petroleum ether in a 
separatory funnel, a noticeable, but faint, yellow color appeared 
in the ethereal layer. Attempts to secure more of the pigment 
from the alcoholic layer were without success, although the pro- 
tein was filtered off and boiled with absolute alcohol, and the 
extract, in combination with the filtrate from the proteins, care- 
fully extracted with ether after saponification with NaOH. This 
ether extract was added to the first petroleum ether extract of the 
serum for fear that it might contain traces of pigment impercept- 
ible to the eye. In order to obtain all the yellow pigment carried 
by the blood of the two hens, with the exception of the 5 cc. of 
serum first tested, an extract was made of the total corpuscle 
layer from the centrifuging of the defibrinated blood. This 
was done by desiccating with plaster of Paris and shaking with a 
mixture of equal parts of alcohol and ether. The extract was 
diluted with much water and the ether layer which rose to the top 
washed clear with water. It contained a bare trace of yellow color. 
This was added to the extracts already obtained from the serum, 
the combined solution containing all the yellow pigment carried 
by the blood of the two hens on the non-pigmented ration, with 
the exception of 5 cc. of serum. The pigmented solution was 
concentrated in absolute alcohol, made up to 12.5 cc. with the 
same solvent, and the color noted in one inch layer in the Lovi- 
bond tintometer. The result is given in Table IV. A relative 
solubility separation of the pigment between 83 per cent alcohol 
and petroleum ether showed that a small proportion of the pig- 
ment was carotin, but the greater part showed the properties of 
xanthophyll. 

The analysis of the combined blood from Hens 3 and 4, fed the 
xanthophyll ration, was in marked contrast to that from the hens 
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fed the non-pigmented ration. Whereas the blood serum from 
the latter showed no perceptible pigment in 5 cc., and only a 
small amount in the total blood, 5 cc. of the serum from the 
xanthophyll-fed hens yielded about one-half as much color as was 
obtained from the total blood of the two hens fed the non-pig- 
mented ration. The results of the analysis of three 5 cc. por- 
tions of the serum, carried out by the method previously described, 
are shown in Table IV. 

TABLE IV. 

InJluence of Rations on Amount of Pigment in Blood Serum. 

Ration. 

Xanthophyll (Sample 1). . 
Xanthophyll (Sample 2). 
Xanthophyll (Sample 3). . 
Non-pigmented.. 
Non-pigmented. 
Carotin.. 

- 

Volume of 
8W”rn used. 

cc. 

5 

8 
5 

50 (blood) 
5 

- 
Color of extract. 

Units of 
YdlOW. Units of red. 

7.5 0.5 
6.5 0.5 
7.0 0.6 

No perceptible color. 
16.0 1 1.7 

No perceptible color. 
I 

An examination of the pigment extracted in all three cases 
from the xanthophyll serum showed the presence of a portion rela- 
tively more soluble in petroleum ether than in 85 per cent alco- 
hol, indicating carotin. In the case of Sample 2, the separation 
of the carotin and xanthophyll was made as quantitative as pos- 
sible and the color of each’portion observed in 12.5 cc. volume 
and one inch layer. The results were as follows: 

Proportion of Pigment from Serum Due to Carotin and Xanthophyll. 
Units of Units of 
yellow. red. 

Carotin...................................... 2.0 0.2 
Xanthophyll.. . 4.5 0.3 

The examination of the blood serum of Hen 5, fed the carotin 
ration, gave results identical with those obtained from the serum 
of the hens fed the non-pigmented ration. Two trials with 5 
cc. portions of the serum, extracting in one case with ether and 
petroleum ether after complete desiccat’ion with plaster of Paris, 
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and in the other case precipitating the proteins with alcohol 
and extracting the precipitate with boiling alcohol, failed to 
yield any yellow color perceptible to the eye. There was not 
sufficient serum remaining from the one hen for further study. 
Very clearly, however, the amount of pigment carried by the serum 
in the case of the carotin-fed hen had been reduced to a very low 
quantity, as in the case of the hens fed the non-pigmented ration. 

Transportation of Carotin and Xanthophyll by the Blood. 

The studies made by Palmer and Eckles13 in regard to the 
transportation of the carotin and xanthophyll in the blood of the 
cow showed that the carotin is carried as a water-soluble com- 
pound of the albumin of the serum, while the xanthophyll, which 
is present in relatively small proportion, is carried by the fat 
of the blood. Probably the most striking demonstration of this 
is seen in the failure to extract the pigment from either the fresh 
or desiccated (with plaster of Paris) serum with pure ether (free 
from alcohol) ; while the addition of alcohol to the serum or to 
the plaster of Paris mass sufficient to coagulate the proteins, 
will liberate the carotin so that it may be readily extracted with 
petroleum ether, the result being identical with the extraction 
of carotin from 80-85 per cent alcohol with this solvent. Other 
properties of the carotin in the blood serum of the cow, and the 
method of isolation of the caroto-albumin are described in the 
previous report of this investigation. 

Similar studies made with the serum from the xanthophyll- 
fed hens failed to give conclusive evidence of a transportation 
of the xanthophyll by means of the albumin, although conclusive 
evidence was obtained that the globulin fraction of the serum 
is free from the pigment. Further study will be required to de- 
termine how hen serum carries the xanthophyll. One marked 
difference between the propert,ies of the carotin of the cow serum 
and the xanthophyll of the hen serum was noted, however, which 
is worthy of mention. Whereas it is possible to extract only 
traces of the carotin from cow serum by shaking the fresh or 
desiccated serum with ether, the entire pigment of the hen serum 

I3 Palmer and Ecldes, JOUT. Biol. Chem., 1911, xvii, 229; Missouri Agri- 
cultural Ezpeliment Stntion Rescclrch Bulletins, No. 12, 1914. 
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was found to be readily extracted by this solvent from the fresh 
as well as from the desiccated serum. Both the hen and cow 
serum were similar, however, in their failure to give up their 
respective pigments to petroleum ether and carbon bisulphide. 
The significance of these properties remains to be determined. 

The InJluence of the Rations on the Relative Proportion of Carotin 
and Xanthophyll in the Egg Yolk. 

The feeding of the high proportion of xanthophyll and carotin 
respectively in two of the groups of the experiment raised the 
question whether this would result in changing the proportion 
of the two pigments deposited in the egg yolk. An actual quanti- 
tative measurement of the pigments was, of course, out of the 
question; but it was thought that an excellent comparison of the 
effects of the ration in this regard could be obtained by compar- 
ing the amount of color due to the two classes of pigment, as 
was done in the similar studies of the individual feeds constitut- 
ing the rations. Comparisons were made on the basis of weight 
of raw yolk equivalent to one egg yolk. For example, in the 
case of the preliminary ration eggs, the yolks of the seven eggs 
involved were combined, thoroughly mixed, and weighed, and 
one-seventh of the weight was taken for the relative proportion 
analysis. The yolks from the last two eggs laid in the non-pig- 
mented and xanthophyll groups were treated similarly. The 
analysis thus represents the average from the two hens in the 
group. In the case of the carotin group, the analysis was made 
on the yolk of the last egg laid, there being only one hen left in 
this lot. The method of analysis in every case14 was to desiccate 
the material with plaster of Paris and extract the desiccated mass 
with ether and methyl alcohol until all the pigment was extracted. 
The extract thus obtained was saponified with 20 per cent methyl 
alcoholic potash solution; the pigment was recovered from the 
soap with ether in the usual way, and separated as completely 
as possible between 83 per cent alcohol and petroleum ether. 
Each portion was concentrated at once and the color of the solu- 
tion noted at a volume of 12.5 cc. in one inch layer with the Lovi- 

I4 Except in the case of the preliminary ration where the hard boiled yolks 
were directly extracted with ether until no more pigment was extracted. 
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bond tintometer. The results obtained, together with the color 
of the raw yolk, are shown in Table V. 

The two striking features of the table are, (1) the relatively 
greater proportion of color due to carotin in the carotin lot egg 
than in the non-pigmented lot eggs indicating a somewhat better 
utilization of carotin when fed in large amounts, and (2) the 
extremely low total color of the yolks of the eggs from the hens 
fed the pigment-free ration. This analysis shows in even more 
striking manner than the figures in Table III the extent to which 
the yolk pigment was reduced in this experiment, 

TABLE V. 

Influence of Different Rations on Proportion of Color in Egg Yolk Due to 
Carotin and Xanthophyll. 

Ration fed 

Preliminary.. 3.16 3.84 
Xanthophyll.. 3.40 3.40 
Carotin.. 1.70 3.20 
Pigment-free.. 1.10 2.50 

Color of yolk T- 
T 

Units of 
orange. 

Units ot 
ydl0iT. 

_- 
- 

- 

Color of pigments of yolk. 

Xanthophyll. 

Orange. Yellow. 

2.5 44.1 
2.8 58.0 
0.6 32.4 
0.5 5.5 

Carotin. 

Orange. Yellow. 

0.8 26.0 
0.5 31 .5 
0.6 8.4 
0.2 1.1 

The Pigment of the Body Fat of Hens. 

The studies made in this laboratory on the yellow pigments 
characterizing the fatty tissue of the cow showed that they were 
identical with the pigments of the butter fat, and consisted of 
carotin and xanthophyll, the former pigment being present in by 
far the greater proportion. Similarly it was anticipated that the 
pigment of the fatty tissue of the hen would be found to be iden- 
tical with the pigment characterizing the egg yolk and blood 
serum, and consist of carotin and xanthophyll, with the latter 
pigment in the greater proportion. This was found to be the 
case. Tissue fat from one of the hens on the pigment-free ration 
was rendered and the pigment isolated in the usual way from 30 
grams of the rendered fat. A careful separation of the total pig- 
ment obtained between 83 per cent alcohol and petroleum ether 
showed that by far the greater part of the pigment was more sol- 
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uble in the alcohol. The total carotin and xanthophyll from the 
30 grams of fat gave the following tintometer readings in 12.5 cc. 
volume, one inch layer: 

Proportion of Color of Body Fat Due to Carotin and Xanthophyll. 
Units of 
yellow. u%.of 

Carotin from body fat.. 9.0 0.5 
Xanthophyll from body fat.. 54.0 1.5 

Influence of the Rations on the Color of the Body Fat. 

Observation of the carcasses of the hens at the close of the ex- 
periment indicated that the different rations had been without 
influence upon the body fat. In the case of the hens fed the 
xanthophyll and pigment-free rations, portions of the caul and 

TABLE VI. 

Color oj Body Fat, Xanthophyll, and Non-pigmented Rations. 

Non-pigment-fed hens: 
Hen 1.. 
Hen2 . . . . . . ..___..._........_. 

Xanthophyll-fed hens: 
Hen3 . . . . . .._......__......_. 
Hen 4......................... 

......... 

......... 

......... 

......... 

Units of yellow. Units of red. 

60.0 1.0 
60.0 0.7 

60.0 1.2 
70.0 2.2 

mesentery fat were saved, the fatty tissue was rendered, and the 
color of the rendered fat noted in one inch layer with the tintom- 
eter. The results are shown in Table VI. 

Although the average color of the fat of the xanthophyll-fed 
hens was slightly higher than that of the hens fed the pigment- 
free ration, the difference is scarcely great enough to be signifi- 
cant. This is particularly true inasmuch as there was a wide 
difference in the amount of tissue fat around the digestive organs 
of the hens. Hens 2 and 3 had relatively small fat deposits in 
these regions, while the similar deposits were abundant in the 
case of Hens 1 and 4. 

As already noted all the hens began the experimental ration 
with very pale yellow shanks and beaks. Observation showed 
that none of the rations had any influence in either increasing or 
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decreasing the pigment deposits in these places. All the hens 
were as near alike in this regard at the end of the experiment as 
they were at the beginning. The failure of the xanthophyll ra- 
tion to increase the color of the shanks must be attributed to the 
failure of the ration to cause a deposition of fat in the lower epi- 
dermal layers of the shank skin, for it has been shown by Bar- 
rowsL5 that yellow shanks are caused by yellow fat deposits in the 
Malpighian layer of the epidermis. It would also seem probable 
that a deficiency in the normal amount of‘ fat in the shank skin 
of the xanthophyll-fed hens was also partly responsible for the 
lack of increase of the shank color. The basis for this view is 
the repeatedlyI demonstrated fact that fat deposits already laid 
down in the fowl are readily stained by feeding fat dyes, such 
as Sudan III. Whether the natural yellow pigment of the fowl 
acts in the same manner has not been demonstrated. 

DISCUSSION AND APPLICATION OF RESULTS. 

As already point,ed out, the experiments reported in this paper 
showing the physiological, as well as the chemical identity of the 
yellow pigments characterizing the egg yolk and the body fat and 
blood serum of the hen with the carotin and xanthophylls of plants 
were anticipated from similar studies involving the pigments of the 
body fat and blood serum of the cow and the butter fat of the milk. 
The most significant feature of these results, however, is t,hat the 
hen utilizes relat’ively little carotin in the pigmentation of the 
egg yolk and body fat, the principal pigment belonging to the xan- 
thophyll group of plant pigments. This is exactly opposite to 
the utilization of the plant carotin and xanthophylls by the cow 
where carotin is the greatly predominating pigment taken up and 
transmitted to the mammary gland and other fat synthesizing 
cells. There is no explanation available at present for the differ- 
ence in the utilization of these pigments by the hen and cow, out- 
side of the wide difference in the digestive systems of the two 
classes of animals. Further studies are necessary in order to clear 
up this interesting phenomenon. 

15 Barrows, H. R., Histological Basis of Shank Colors in the Domestic: 
Fowl, Illaine Agricultural Experiment Station Bulletins, iYo. 232, 1914. 

16 Rogers, Zoc. cit. M&de1 and Daniels, Zoc. cit. 
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The practical application of the results herein given is in the 
control of the color of the flesh (body fat) of poultry and of the 
yolks of the eggs during the winter season. Where the fancy 
poultry trade demands colorless flesh in the pen-fattened birds 
it is merely necessary to select feeds free from carotin and xantho- 
phylls, particularly the latter. The measure of success already 
attained in feeding practices of this character are to be attributed 
to the fact that skim milk or butter milk comprise the greater 
proportion of the ration. These feeds are devoid of both caro- 
tin and xanthophyll. Experiments involving the raising and 
fattening of poultry in which the results of these experiments are 
being applied in the control of the color of the flesh are now being 
conducted by the Department of Poultry Husbandry of the Mis- 
souri Agricultural Experiment Station. Where the demand is 
for yellow egg yolks throughout the winter months, these experi- 
ments find their application in the use of feeds rich in xantho- 
phyll. Yellow corn is particularly suited for this purpose and 
is one of the few winter feeds carrying an abundance of the 
xanthophyll pigment which is carried over into the egg yolk. 

SUMMARY. 

1. The natural pigment characterizing the egg yolk, body fat, 
and blood serum of the hen is physiologically identical with the 
carotin and xanthophyll pigments of plants, with the latter class 
of pigments present in by far the greater proportion. This is 
different from the utilization of the plant carotin and xanthophylls 
by the cow, where the carotin is the predominating pigment found 
in the milk fat, body fat, and blood serum. Feeding tests with 
laying hens in which the pigment of the feed was carotin to the 
relative exclusion of xanthophyll were without appreciable influ- 
ence upon the amount of pigment carried by the blood serum and 
deposited in the egg yolk. The feeding of rations relatively free 
from both carotin and xanthophyll to laying hens resulted in a 
marked reduction of the amount of this pigment carried by the 
blood serum and deposited in the egg yolk. 

2. The experiments reported find practical application in the 
control of the color of the flesh (body fat) of fattening poultry, 
and the control of t’he amount of natural pigment deposited in the 
egg yolk. 


