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GENERAL INTRODUCTION

American Chemical Society Series of

Scientific and Technologic Monographs

By arrangement with the Interallied Conference of Pure and Ap-

plied Chemistry, which met in London and Brussels in July, 1919, the

American Chemical Society was to undertake the production and

publication of Scientific and Technologic Monographs on chemical

subjects. At the same time it was agreed that the National Research

Council, in cooperation with the American Chemical Society and the

American Physical Society, should undertake the production and pub-
lication of Critical Tables of Chemical and Physical Constants. The

American Chemical Society and the National Research Council mu-

tually agreed to care for these two fields of chemical development.

The American Chemical Society named as Trustees, to make the nec-

essary arrangements for the publication of the monographs, Charles

L. Parsons, Secretary of the American Chemical Society, Washington,
D. C.; John E. Teeple, Treasurer of the American Chemical Society,

New York City; and Professor Gellert Alleman of Swarthmore Col-

lege. The Trustees have arranged for the publication of the American

Chemical Society series of (a) Scientific and (b) Technologic Mono-

graphs by the Chemical Catalog Company of New York City.

The Council, acting through the Committee on National Policy of

the American Chemical Society, appointed the editors, named at the

close of this introduction, to have charge of securing authors, and of

considering critically the manuscripts prepared. The editors of each

series will endeavor to select topics which are of current interest and

authors who are recognized as authorities in their respective fields.

The list of monographs thus far secured appears in the publisher's

own announcement elsewhere in this volume.

The development of knowledge in all branches of science, and espe-

cially in chemistry, has been so rapid during the last fifty years and

the fields covered by this development have been so varied that it is

difficult for any individual to keep in touch with the progress in
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4 GENERAL INTRODUCTION

branches of science outside his own specialty. In spite of the facilities

for the examination of the literature given by Chemical Abstracts and

such compendia as Beilstein's Handbueh der Organischen Chcmic,
Richter's Lexikon, Ostwald's Lehrbuch der Allgemeinen Chemie,

Abegg's and Gmelin-Kraut's Handbueh der Anorganischen Chemie
and the English and French Dictionaries of Chemistry, it often takes

a great deal of time to coordinate the knowledge available upon a

single topic. Consequently when men who have spent years in the

study of important subjects are willing to coordinate their knowledge
and present it in concise, readable form, they perform a service of the

highest value to their fellow chemists.

It was with a clear recognition of the usefulness of reviews of

this character that a Committee of the American Chemical Society

recommended the publication of the two series of monographs under

the auspices of the Society.

Two rather distinct purposes are to be served by these monographs.
The first purpose, whose fulfilment will probably render to chemists

in general the most important service, is to present the knowledge
available upon the chosen topic in a readable form, intelligible to

those whose activities may be along a wholly different line. Many
chemists fail to realize how closely their investigations may be con-

nected with other work which on the surface appears far afield from

their own. These monographs will enable such men to form closer

contact with the work of chemists in other lines of research. The
second purpose is to promote research in the branch of science covered

by the monograph, by furnishing a well digested survey of the prog-

ress already made in that field and by pointing out directions in which

investigation needs to be extended. To facilitate the attainment of

this purpose, it is intended to include extended references to the litera-

ture, which will enable anyone interested to follow up the subject in

more detail. If the literature is so voluminous that a complete bibli-

ography is impracticable, a critical selection will be made of those

papers which are most important.

The publication of these books marks a distinct departure in the

policy of the American Chemical Society inasmuch as it is a serious

attempt to found an American chemical literature without primary

regard to commercial considerations. The success of the venture will

depend in large part upon the measure of cooperation which can be

secured in the preparation of books dealing adequately with topics of
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general interest ; it is earnestly hoped, therefore, that every member of

the various organizations in the chemical and allied industries will

recognize the importance of the enterprise and take sufficient interest

to justify it.

AMERICAN CHEMICAL SOCIETY

BOARD OF EDITORS

Scientific Series:- Technologic Series:-

WILLIAM A. NOYES, Editor, JOHN JOHNSTON, Editor,

GILBERT N. LEWIS, C. G. DERICK,

LAFAYETTE B. MENDEL, WILLIAM HOSKINS,
ARTHUR A. NOYES, F. A. LIDBURY,
JULIUS STIEGLITZ. ARTHUR D. LITTLE,

C. L. REESE,

C. P. TOWNSEND.
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PREFACE

Color in nature may properly be divided into two group?, namely,

color due to structure, which is caused by light reflections from col-

loidal particles of air or water, and color due to pigments, which is

caused by substances having remarkable powers of absorption of light

rays of certain wave length and reflection of others. The reflected

rays, of course, give the pigment its color.

The present monograph treats of pigmented substances having a

yellow, yellow-orange, orange, red-orange and red color. So far as the

author is aware no authentic instances of structural colors of these

hues have been reported. In fact, the wave length of light in these

regions of the spectrum is probably too great for such a phenomenon

to occur for colloidal emulsions having the refractive index of air or

water. The particular pigments to be considered are widely dis-

tributed in every stage of living matter, and are perhaps more fre-

quently encountered than any other class of natural pigments. They

have attracted the attention of the biologists for at least 100 years.

Among the earliest inquiries were those of Caventau (1817) and

Goebel (1823). The former was interested in the yellow pigment of

the daffodil, the latter in the pigments of the crab and in the feet of

doves and geese.

Active investigation of these pigments in plants and animals has

been confined to the past fifty years. It has only been within the past

fifteen years, however, that the chemical composition of any of these

pigments has been definitely established. Their constitution still offers

a fascinating problem for the organic chemist.

The writer favors Tswett's terminology of carotinoids for these pig-

ments. From the standpoint of phytochemistry there is definite

evidence for the existence of five carotinoids, with indications that

several others also occur. When it was discovered that certain of the

carotinoids occur in animals it was believed that both plants and ani-

mals synthesize these pigments. It soon became apparent, however,

that the chromolipoids found in the higher animals, at least those

7



8 PREFACE

which have been identified as carotinoids, are in reality merely derived

from the food. The assumption therefore seems justified that a similar

biological relationship exists between all the chromolipoids of plant

and animal life; in other words, that all animal chromolipoids are

derived pigments and are either true or modified carotinoids.

The writer has had three main ideas in mind in preparing this mono-

graph. First, he has attempted to compile a thorough history of the

development of the chemistry of the plant and animal chromolipoids.

This has not been attempted before in this particular field. Second,

he has tried to present such information regarding the pigments as

would be useful to workers who desire to attack the many interesting

problems in this branch of plant and animal chromatology. Third, he

has made an effort to point out lines of research which might prove

attractive to those interested in this subject. The author hopes that

he has had a reasonable measure of success in his efforts.

For the convenience of readers who have not been trained in sys-

tematic nomenclature the scientific name of the individual species of

plants and animals in which carotinoids occur has been supplemented
wherever possible by the common name. For the plants, this informa-

tion has been drawn largely from Bailey's Cyclopedia of Horticulture.

It may be of interest to the reader to know that the carotinoid pig-

ments in plants and animals have proved to be of some practical

importance. The uses to which their occurrence in animals have been

put are reserved for discussion in Chapter XI of the monograph. The

occurrence of carotinoids in plants, particularly green plants, formed

the basis for the construction of the light filters used by the American

Army during the late \var for the detection of camouflaged foliage.

Natural green foliage reflects both green and red light, due to the fact

that the chlorophylls and carotinoids are present together in the chloro-

plastids. The visibility of the rays reflected from the carotinoids is

so low in the presence of the chlorophylls which are present in five to

six times the concentration of the orange and red pigments, that green
color only appears to be reflected. However, it was found possible to

construct a light filter which absorbed practically all light rays except
a wide band in the red at about 700|i|i, and a narrow band, with low

transmission in the green at about 500|4i, so that natural green foliage

viewed through this filter appeared red, while camouflaged foliage on

which green paint only was used, appeared green.

The writer has encountered so much difference of opinion regarding
the correct pronunciation of certain words which are used very fre-
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qucntly in this monograph that he hcu-. (,, sii_:.iic.-l ,
for the sake of

uniformity, the following pronunciations which arc believed to be in

keeping with the best modern Kn.dish usage.

Carotin :K fir' 6- tin.

Carotinoid = Kar" 6 - tin - oid'.

Lipochrome = L I p' 6 - k r 6 m.

Chromolipoid = Kr6m-6-lip'6id.
Chromatogram

-
: K r 5 m" - a t o -

g r a m'.

In conclusion the author wishes to acknowledge his indebtedness to

his colleague, Dr. R. A. Gortner, for many helpful criticisms in the

preparation of the manuscript; to Dr. Josephine E. Tilden of the

Department of Botany, University of Minnesota, for classifying the

algae in which carotinoids occur, and to Mr. Lloyd A. Jones, of the

Eastman Kodak Co., for information regarding the light filters devised

in the Eastman Research laboratories during the war.

ST. PAUL, MINN.

July 1, 1922.
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CAROTINOIDS AND RELATED
PIGMENTS

Chapter I

General Distribution of Carotinoids. The Pigments
Defined

Red, orange and yellow pigments which can be extracted from tis-

sues by fat solvents are found abundantly in all forms of living mat-

ter. In the plant world they are present in nearly all species ranging

from bacteria, the lowest forms of cryptogams, to the dicotyledons,

the highest forms of phanerogams. Similarly in the animal kingdom

we find yellow to reddish pigments in all forms of both invertebrates

and vertebrates, from protozoa to man. The earliest workers in both

the plant and animal fields naturally based the classification of the

pigments on simple properties, so that it is not surprising to find that

many names have been proposed for what is obviously the same

pigment.

This diversity in nomenclature is found to be especially true among
the yellow animal pigments, and can be traced in most instances to

slight variations in certain of the simple properties which were re-

garded as specific for various types of pigment. In some cases these

variations were due to the fact that the method employed for the iso-

lation of the pigment did not insure its freedom from other pigments of

similar but not identical properties. In other cases the variations were

due to the examination of the pigment in amorphous condition or in

solution, without reference to the possible effect which these states

might exert upon the particular properties being studied. Again, there

was frequently an abundant contamination with lipoid impurities,

which are invariably separated with the pigments from animal tis-

sues. Another, still more important cause for these variations was

the failure to protect the pigments from oxidation. The true caro-

tinoids, which unquestionably comprise the great majority of yellow
13



14 CAROTINOIDS AND RELATED PIGMENTS

and red tinted animal pigments included under the older term lipo-

chrome, are characterized by the ease with which they oxidize when in

solution or in the solid state. The earlier workers did not recognize,

however, that some of the most characteristic properties of these pig-

ments are subject to modification even in the earliest stages of oxida-

tion. This is particularly true of the color reactions with various

reagents, and the spectroscopic properties, which have been used so

widely, and many times exclusively, as the basis for the classification

of the animal chromolipoids.

Confusion in terminology, however, has not been confined to the

animal pigments. The chief difficulty regarding the plant carotinoids

has been the proposal of names already in use for pigments of obvi-

ously different composition and properties. For example, the name

xanthophyll, as used by various workers in the field of plant pigments,
has been the cause of so much confusion in the nomenclature as to

be very disconcerting to many students of this subject.

It is not surprising, therefore, that certain investigators have

attempted to bring some semblance of order to the confusion by pro-

posing one name to cover all the names previously proposed for pig-

ments of like or similar properties. A brief history of these attempts
with their resulting influence on the nomenclature of plant and animal

chromatology may prove of interest at this point.

Luteins

The first attempt to bring various yellow pigments together under

one name is found in Thudichum's (1869) classic paper, in which the

yellow pigments found in many tissues of both vegetable and animal

origin are grouped under the name "luteine," or luteins. The name
was obviously suggested by the fact that the characteristic yellow pig-

ment of the corpus luteum on the ovaries of mammals, especially that

of the cow, is one of the representatives of the "luteine" pigments. It

is doubtful whether Thudichum was familiar with the work of Pic-

colo and Lieben (1866), who had crystallized the corpus luteum pig-
ment a few years previously and named it luteohamatoidin or hamo-
lutein. However, Thudichum mentioned the work of Holm (1867),
who isolated the corpus luteum pigment and called it hamatoidin.

Thudichum's luteins included, besides the corpus luteum pigment,
the yellow pigment of blood serum, adipose tissue and butter, and the

yellow pigment of egg yolk. The vegetable pigments in the lutein
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group included the pigment of yellow maize, and annatto seeds, the

pi.umrnt of the carrot root and of yellow leaves, such as those of the

Coh us, and the pigments which characterize the stamens and petals of

many flowers.

The basis for the classification of these pigments into one group

was: (1) their common solubility in alcohol, ether and chloroform,

and in albuminous liquids like blood serum; (2) the fact that their

solutions showed three absorption bands in the blue, indigo and violet

region of the spectrum; (3) the fact that they could be crystallized

in the form of rhombic plates; (4) certain common chemical reactions,

such as their precipitation by mercuric acetate and mercuric nitrate,

and their blue color reaction with nitric acid, when the pigments were

in the solid state or in solution in acetic acid; (6) and their affinity

for albumin, as in blood serum and the fluid of ovarian cysts, from

which the pigments are extracted with difficulty.

Thudichum's classification never received wide adoption. In fact,

the luteins, as defined by Thudichum, comprise a number of different

pigments. Moreover, our present knowledge regarding practically all

the pigments which were included in this classification shows that cer-

tain of the characteristic lutein properties
1 are specific only for cer-

tain individuals of the group. The final abandonment of this classifi-

cation appears in the recent application of the name lutein by Will-

st litter and Escher (1912) to the specific crystalline pigment isolated

by them from the yolks of hen's eggs. This use of the name appears

to the author to be illogical both from the standpoint of function and

anatomy as well as on other biological grounds. The name lutein

obviously suggests the body from which the name was derived, namely,

the corpus luteum. The yolk of the egg of the oviparous animal is

certainly not related to the corpus luteum either functionally or an-

atomically. Moreover, the egg yolk pigment has been demonstrated

by Palmer (1915) to be physiologically as well as chemically identical

with at least one, and probably a group of the plant pigments which

are known as xanthophylls. Egg yolk xanthophyll is, in fact, a true

carotinoid, or mixture of carotinoids, and no further designation

appears necessary.

'The heretofore inexplicable property of being precipitated by mercury salts, ascribed

to the luteins by Thudichum, becomes clear only in the light of Palmer's (1914 c) obser-

vations that the albumin with which carotin is sometimes associated in the blood serum
of animals is precipitated by mercury salts. It is also possible that Thudichum
observed the phenomenon of the adsorption of carotin by mercury salts described by
Tswett (1906 b).
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Lipochromes

Krukenberg (1882k, 1886), a number of years after Thudichum,

proposed the name lipochrome to cover all the animal and plant pig-

ments which had previously been known as luteins, carotins, zoonery-

thrin, tetronenr

thrin, chlorophan, xanthophan and rhodophan. The
name lipochrome has been widely adopted and due to the very broad

basis upon which the name was founded it has been applied to numer-

ous plant and animal pigments not mentioned by Krukenberg, or

unknown to him. Krukenberg believed that all the pigments which

he proposed to designate as lipochromes were associated with fat in

their natural state, and the name suggests this supposition as well as

their capability of existing in association with fats and oils.

It was obviously the intention of the originator of the name lipo-

chrome to limit it to pigments of yellow or reddish tints, but the name
itself is applicable to pigments of many other colors, such as chloro-

phyll and many vegetable dyes of various colors, which have a marked

affinity for fat. Numerous workers object to the use of the name lipo-

chrome on this account. Kohl (1902a), for example, in his extensive

monograph on carotin, objects to designating this pigment as a lipo-

chrome because of the numerous cases in which it is known to occur

free from fat, and also because he believes that where carotin is

actually found associated with fat it is in combination with the fat

and not merely in solution.

The particular properties by which Krukenberg (1886) proposed to

judge whether a pigment should be classified as a lipochrome are, in

general, as follows: They are soluble in alcohols (methyl, ethyl and

amyl), ether, chloroform, benzene, carbon disulfide, petroleum ether

and acetone; in the solid state they are colored blue-green to blue by
concentrated sulphuric and nitric acids and generally blue-green with

iodine in potassium iodide ; they show two and sometimes three absorp-

tion bands in the blue and violet region of the spectrum; they are not

destroyed on boiling with alcoholic caustic alkalies; in the solid state

they are greenish-yellow, yellow, orange or red, and their solutions are

yellow; they are very sensitive to light and readily bleach, the

bleached pigments being similar to cholesterol.

Subsequent investigations of the lipochromes, using the class char-

acteristics defined by Krukenberg, have added very little to our knowl-

edge of the properties of these pigments considered as a group, but

have served merely to define more closely certain of the criteria enu-
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merated. KrukenlxTg believed that all lipochromes should be regarded

as composed of carbon, hydrogen and oxygen, and free from nitrogen.

At the present time hydrocarbons, such as carotin and its isomers,

as well as the oxyhydrocarbons, fulfill all the characteristics of lipo-

chromes. Probably wider use has been made of the color reactions

with concentrated sulphuric and nitric acids and with iodine in potas-

sium iodide than any of the other class characteristics for identifying

pigments as lipochromes although many studies have also included

spectroscopic observations. Unfortunately the color reactions and

spectroscopic properties are subject to greater variation than any of

the others upon which the classification is based. The result of the

color tests as well as the quality of the color is often influenced

strongly by admixture with foreign substances, and this is apparently

especially true for the reaction with iodine in potassium iodide. Simi-

larly the spectroscopic absorption properties are subject to wide varia-

tion as to the position of the bands as well as their definiteness by

reason of admixture with impurities, concentration of pigment, and the

solvent employed.

Lipoxanthins

A more recent attempt than Krukenberg's to bring all the known

plant and animal pigments with like properties under one name is

that of Schrotter-Kristelli (1895a), who proposed to group together

all the various plant and animal coloring matters which had previously

been known as etiolin, chlorophyll yellow, xanthin, anthoxanthin,

lutein, xanthophyll, chrysophyll, carotin, phylloxanthin, phycoxanthin,

erythrophyll, solanorubin, lipoxanthin, haematochrom, ehlororufin,

bacteriopurpurin, haemolutein, vitellorubin and tetronerythrin. He

regarded these pigments as at least an homologous group, if not com-

pletely identical, and chose the name lipoxanthin as the most suitable

for a general designation. The chief characteristics of the lipoxan-

thins, according to Schrotter-Kristelli, arc their affinity for fats, their

insolubility in water, their blue color reaction with concentrated sul-

phuric acid, their absorption of the violet end of the spectrum, their

lack of fluorescence when in solution, and their ease of destruction by

light and oxygen. Schrotter-Kristelli believed that the slight dif-

ferences in the spectroscopic properties of the various pigments were

due to their ease of destruction.

According to this author lipoxanthins have been demonstrated to

occur in all green leaves, in autumn leaves, in many flowers and fruits,
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in arils and roots, in algse lichens, fungi and bacteria; among ani-

mals they have been demonstrated in the egg yolk of the sea-spider,

in the retina of bird's eyes, in insects, such as Chrysomelidce and Coc-

cinellidcB, and in the secretions of various Crustacea-, such as various

kinds of Diaptoma, and Maia squinado as well as in still lower forms

of animal life.

The lipoxanthins are thus seen to be a more or less indefinite group

of pigments, whose classification together under one head is secured

just as well by the older term lipochrome, which no doubt explains

why the proposed term never received wide recognition.

Chromolipoids

As our knowledge of the so-called lipochromes and lipoxanthins has

been extended by exhaustive researches regarding the various indi-

vidual representatives from both plant and animal sources the objec-

tions which have been raised by various workers to terms such as

lipochrome and lipoxanthin seem to be more and more valid. The

botanists have been the first to definitely break away from the old

terminology as exemplified by the citation from Kohl's monograph.

Czapek (1913a) proposes to meet the objections to the name lipo-

chrome by calling the pigments chromolipoids. His point of view is

that the lipochromes, at least in plants, are to be classed with the

lipoids by reason of their many fat-like properties, especially solu-

bility, and also because of their widespread occurrence in cells in

which lipoids are known to exist. Moreover, the lipochromes, in com-

mon with phosphatides and sterols, absorb oxygen very readily.

Czapek's terminology has much in its favor, in the opinion of the

author. It is at least preferable from many standpoints to the more
or less misleading term lipochrome.

Carotinoids

Attempts have not been wanting to secure uniformity in the termi-

nology of the yellow plant pigments. The first yellow plant pigment
to be isolated in crystalline form was carotin, the pigment of the root

of the cultivated carrot, Daucus carota. At one time the name caro-

tin was used to cover all the plant chromolipoids. When it became
known that differences existed between many of the so-called caro-

tins, the name was changed to carotinen, or investigators spoke of the
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"Carotin group." The discovery that carotin itself is a hydrocarbon

li-d to the adoption of the name "carotene," as proposed by Arnaud

1 1886). The London Chemical Society favors the spelling "carrotene"

for the hydrocarbon.

Xopf (1893a, 1895) proposed to distinguish between two groups of

carotins, namely, eucarotins (true carotins) which were hydrocarbon

in nature and carotiriins, which contained oxygen as well, and formed

compounds with the alkali and alkaline earth metals. It should be

stated, however, that Zopf used the term carotin synonymously with

lipochrome in most of his extensive studies of the pigments of the

lower forms of plants and animals. His eucarotins, which were some-

times called yellow carotins, unquestionably contained representatives

of our present group of xanthophylls whose chemical relation to caro-

tin was not discovered until several years later. The carotinins of

Zopf were red in color. The belief that they contained oxygen was

based on the fact that they appeared to form alkali and alkali earth

compounds. Obviously the carotinins are not related to the oxygen-

containing xanthophylls, as known at the present time. None of the

true carotinoids so far isolated in pure, crystalline state show acid

properties like the so-called carotinins. The nature of the compounds
which the latter are stated to form with sodium, calcium and barium

remains to be determined, as well as their true relation to the caro-

tinoids. The carotinins appear to be constituents of both plants and

animals, as will appear from a fuller account of them given in Chap-
ters III and V.

Tswett (1911a), to whose ingenuity we owe much of our knowledge

regarding the physico-chemical properties of the chromolipoids, has

proposed the term "carotinoide" for the various chromolipoids which

are chemically and generically related to carotin. He would desig-

nate as carotins all those chromolipoids whose constitution and prop-
erties show themselves to be hydrocarbons, and as xanthophylls all

those whose constitution and properties show themselves to be oxy-

hydrocarbons and which are chemically, as well as generically, related

to carotin.

Tswett's terminology has been widely adopted. The author has

also used it consistently in his own writings. The term carotinoid has

the objection, however, that the -oid ending is derived from the Greek

ei5i>$, shape, so that strictly speaking the carotinoids are pigments
which resemble carotin in form or structure only. As yet nothing
definite is known regarding the structure of the carotinoids. The
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word form cannot be restricted to crystalline form, inasmuch as the

crystalline form of the carotinoids varies widely depending upon the.

solvent from which they separate. As will be pointed out later, how-

ever, the carotinoids must of necessity be closely related structurally.

Their close chemical relations and the fact that they are invariably

found together in chlorophyllous organs support this view.

Tswett's terminology has given promise of presenting a very simple

solution of the difficulties of nomenclature in connection with the vari-

ous red and yellow tinted pigments which conform to the properties

of the so-called lipochromes so widely distributed in all forms of plant

life. Unfortunately, however, Lubimenko (1914, 1915, 1916) has

greatly complicated the system on very inadequate evidence by using

the ending -oid for a group of pigments which he believes to corre-

spond to each of the definitely known carotinoids. Thus, Lubimenko

speaks not only of carotin, xautliophyll, lycopin, etc., but of caro-

tinoids, xanthophylloids, lycopinoids, etc., as well. One cannot but

express the opinion that our knowledge of the carotinoids in the sense

used by Tswett, and followed in this monograph, is not sufficiently

extensive to warrant a belief in the existence of numberless interme-

diate products. As a matter of fact, the chemistry of the specific indi-

viduals of Lubimenko's terminology, namely carotin, lycopin, xantho-

phyll and rhodoxanthin, argues against the existence of many plant

chromolipoids of the nature of those mentioned. Certainly in view

of the fact that there is every evidence to believe that all the xan-

thophylls bear the simple relation to carotin that is expressed in their

respective formulae, C40H56 and C40H56O2 ,
it seems little short of pre-

posterous to assume the existence of a group of "carotinoids" which

are oxidation products of carotin and another group of "xanthophyl-
loids" which are reduction products of xanthophylL

Tswett's terminology, therefore, seems entirely adequate for our

present knowledge of the chromolipoids of plant origin. If the chemi-

cal and physiological relation of the carotinoids to the yellow animal

chromolipoids of the tissues and fluids of the higher mammals and

man, and of the egg yolk and bodies of oviparous animals, is a cri-

terion of similar relations throughout the entire realm of the animal

kingdom, then Tswett's terminology is equally applicable to the

yellow and red tinted chromolipoids so widely distributed in all forms
of animal life. The probability of such a relationship is, in fact, the

basis of the present monograph.
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Non-carotinoid Plant Pigments

Carotinoids, however, are not the only yellow and orange colored

pigments found in the plant and animal kingdoms, which fact must

not be lost sight of in the examination of plant and animal products
for the presence of carotinoid pigments.

Although all plant pigments have a hydrocarbon nucleus there are

only a few yellow to red hydrocarbons known which are not carotin-

oids. They are the acenaphtylene of Behr and van Dorp (1873),

Blumenthal (1874) and Graebe (1893), the di-biphenylenathene of de

la Harpe and van Dorp (1875) and Graebe (1892), the fulvenes of

Thiele (1900a), the cinnamylidenindene of Thiele (1900b), and the

rubicene of Pummerer (1912). Each of these is discussed more fully

in Chapter IX, in connection with the probable constitution of carotin.

Among the naturally occurring yellow vegetable pigments which

contain carbon, hydrogen and oxygen, but which have no relation to

the xanthophyll group of carotinoids, two especially well defined

groups are known, namely, the xanthones and the flavones. Five

xanthones are known, (1) Cotoin, C 13H 12 4 , (2) Euxanthone,
C13H6 (OH) 2 2 , (3) Maclaurin, C 13H5 (OH) 50, (4) Datiscetin, or

di-methyl-tetraoxyxanthone, C 15H 12 6 ,
and (5) Gentisein, C 13H -

(OH) 3 2 . The structural constitution of each of these pigments is

known. A much larger number of flavones are known, all of which

are characterized by the common nucleus, (3-phenyl-benzo-y-pyrone.

Many of the natural pigments occur as glucosides and are regarded

as the chromogens from which anthocyanins are derived (Wheldale,

1916). Some of the more interesting members with a yellow color

are (1) Luteolin, which is not to be confused with the carotinoid,

Eteolin, but which is 1,2, 3, 4-tetra-oxyflavon ;
and (2) Gossyptin, the

yellow dye in the yellow flowers of the Indian cotton (Gossypium
herbaceum) , occurring there as a glucoside. No doubt the yellow
color of cottonseed meal is due in part to Gossyptin, which can be

extracted from cotton flowers with hot alcohol. The pure pigment
exists as glistening yellow needles.

Besides the xanthones and flavones other yellow pigments are found

in plant parts, among which may be mentioned chrysophanic acid, a

methyl di-hydroxy anthracene whose solution in alcohol, ether, ace-

tone, benzene, chloroform or petroleum ether will dye animal tissues a

deep yellow color. Of special interest in this connection is the yellow

pigment of the seeds of annatto (Bixa orellana), called bixin or
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annatto, which is widely used for the artificial coloring of butter and

cheese, and which' has been commonly regarded as a lipochrome and

was included by Thudichum among the luteins. The annatto pig-

ment does, in fact, correspond in almost every particular with the

class characteristics of the lipochromes. It is not entirely unattacked

by alkalies, however, and furthermore is decomposable into a number

of well known substances, such as m-xylene, m-ethyl toluene, and even

palmitic acid. It reduces Fehling's solution even in the cold. Its

constitution is unknown, as yet, but its elementary composition cor-

responds to the formula C28H 34 5 , according to Etti (1878), or

C29H34 5 , according to van Hasselt (1909). It is thus seen that

bixin, while corresponding well to the lipochrome classification, is in

no sense a carotinoid. Palmer and Kempster (1919c) have shown that

the annatto pigment has no effect on the coloration of the tissues

when fed to fowls.

Other vegetable coloring matters of a yellow color giving reactions

in some cases similar to carotinoids, but of entirely different com-

position, are Crocin, and Crocitin, flavones which are found in the

petals and pollen grains of the Indian crocus (Crocus sativus), which

dissolve in concentrated sulphuric and nitric acids, with a deep blue

color, which passes, however, into a brown shade. Another yellow

vegetable dye showing a like reaction, although the after shade with

the acid reagents is yellow, is the nyctanthin which Hill and Sikar

(1907) described a few years ago. The empirical formula for this dye
C20H 27 4 ,

has an interesting resemblance to that of the carotinoids,

at least when one doubles the above formula.

The yellow, orange, and red colors seen frequently among the fungi

of the lichen and mushroom types appear to be due in many cases to

pigments of a nature quite different from the carotinoids. Chryso-

phanic acid, mentioned above, sometimes occurs among these plants,

as well as many other like coloring matters which have been named
of Zopf (1889b, 1892b, 1893b) and which other workers have found

occurring among the Basidiomycetes. In color and in some of their

solubility properties these pigments resemble the carotinoids, and cer-

tain of them give a color reaction with concentrated sulphuric acid

which is not unlike that regarded as characteristic of the lipochromes.

Non-carotinoid Animal Pigments

Several yellow pigments are present in animal tissues and fluids

which are not to be mistaken for carotinoids. One of these, whose
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constitution is unknown, but which is thought to be derived from the

blood corpuscles, is hiimatoidin, a yellow crystallizable pigment found

in old blood c-xudates, in mummified embryos, and sometimes in the

urine and other excreta. First described and named by Virchow

(1847) and later by others, its origin as well as chemical properties

and crystalline form have been recently studied anew by Neumann

(1904, 1905). Holm (1807) thought the corpus luteum pigment was

hiimatoidin in his early study of this pigment which has since been

shown to be carotin.

Another much more widespread yellow animal pigment with cer-

tain lipochrome properties is the bile pigment bilirubin. There is

less danger of confusing it with carotinoids, however, save with respect

to its color, inasmuch as it is a nitrogen containing substance which

readily forms salts with the alkali and alkaline earth metals, and has

many other properties at variance with those of the carotinoids.

Other non-carotinoid pigments exist in animal tissues, but which

resemble the carotinoids in color and in solubility in fat solvents.

Palmer and Kempster (1919a ) have recently encountered such a pig-

ment in the carotinoid-free egg yolks of hens raised from hatching on

rations devoid of carotinoids, the eggs being produced likewise on

xanthophyll-free rations. The small amount of pigment found in the

yolks could be extracted by acetone, but hardly at all by ether, was

almost entirely saponifiable and failed to respond to characteristic

xanthophyll tests. The author finds that a similar pigment can be

extracted from the carotinoid-free and apparently colorless "corpus

luteum" of the sow, if a sufficient number of these organs are mac-

erated and extracted with fat solvent. These cases are cited in order

to point out the danger in assuming that all animal pigments of a

yellow color are carotinoid in nature. Such a sweeping conclusion

cannot be justified.

The same statement can also be made, although with less assur-

ance, for certain red pigments which appear among the lower animals

and birds. These pigments, as indicated, are red in the solid condition

but their dilute solutions are usually yellow. They have been studied

by certain of the older investigators, such as Kiihne, Maly, Kruken-

berg, MacMunn and Zopf and others, and have received various

names at the hands of these authors, such as rhodophan, vitellorubin,

crustaceorubin, tetronerythrin, lina-carotin (from the Lina species of

beetles in which they occur) and diaptomin. The pigments are strik-

ingly similar in many respects to the carotinoids, but differ from them
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in showing only one wide absorption band at F, and in forming,

according to the statement of certain of their investigators, true com-

pounds with sodium, calcium and barium. These points of divergence

from the carotinoids should be examined in the light of our present

knowledge of carotin and xanthophylls before it can be stated with

assurance that these pigments are distinct substances. They all cor-

respond completely to the class characteristics of the older termi-

nology of lipochromes.

Summary

Red, orange and yellow pigments which have certain simple prop-

erties in common arc found in almost all forms of plants and animals.

These pigments have been variously classified as luteins, lipo-

chromes, lipoxanthins and chromolipoids.

These classifications have been based on general properties rather

than on composition and are accordingly subject to both error and

criticism.

As a general class term the name chromolipoid seems to conform

more nearly to present conceptions of these pigments as well as to

more common usage in connections with substances with fat-like

properties.

Investigations regarding the composition of the chromolipoids show

that a large majority of them are apparently chemically and gener-

ically related to carotin, a specific chromolipoid widely distributed

in plant and animal tissues.

It seems reasonable to believe, therefore, that a great many chromo-

lipoids can be classified more specifically as carotinoids, a name pro-

posed for them by Tswett (1911a).

Two classes of carotinoids are recognized in Tswett 's definition;

carotins, whose constitution and properties show them to be hydro-

carbons identical or isomeric with carotin; and xanthophylls, whose

constitution and properties show them to be oxy-hydrocarbons and

which are chemically, as well as generically, related to carotin.

Carotinoids are not the only yellow to red colored pigments occur-

ring in plants and animals. Many of these non-carotinoids resemble

the true carotinoids in one or more properties and some even in com-

position. The reader is referred to the text for the detailed discussion

of the non-carotinoids and the properties which they have in common
with the carotinoids as well as their distinguishing characteristics.



Chapter II

Carotinoids in the Phanerogams

There is no special reason, either physiological or genetical, for

considering the carotinoids in the phanerogams and cryptogams sepa-

rately, as is done in this and the subsequent chapter. In fact, there

appears to be no logical reason for subdividing the plants into groups
in connection with the distribution of carotinoids, inasmuch as the

pigments appear to be widely distributed in all forms, both chloro-

phyllous and non-chlorophyllous, from bacteria to dicotyledons. The

subdivision, then, is merely one of convenience.

The Pigments of the Carrot

The pigment of the carrot root (Daucus carota) was first described

by Wachenroder (1826), nearly 100 years ago, and called carotin by
him. This serves as the starting point of our knowledge of the prop-

erties, as well as the nomenclature of the carotinoids, and this pigment

today represents our most typical chromolipoid. For this reason the

carrot pigment will be considered first.

Wachenroder made an ether extract of the dried macerated roots,

or the coagulum obtained on heating the carrot juice. The golden

yellow salve-like residue left on evaporation of the solvent was shaken

repeatedly with ammonia to separate admixed fatty material, dis-

solved again in ether and the ether allowed to evaporate slowly with

addition of small amounts of alcohol. Ruby-red quadratic crystals,

imbedded in fatty material, were obtained. Wachenroder described

the crystals as tasteless and odorless, soluble in alcohol and ether,

readily soluble in fats and ethereal oils, but insoluble in acetic acid

and alkalis.

Vauquelin -and Bouchardat (1830) are credited with the next study
of the carrot pigment, but it was a number of years before Zeise (1847)
isolated carotin from c/arrot roots in quantity sufficient for analysis.
Zeise discovered the ready solubility of the pigment in carbon disul-

fide with its characteristic blood red color, as well as the fact that

25
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alcohol when added to the concentrated carbon disulfide solution will

throw down the carotin in crystalline form. The beautiful, glistening,

copper colored crystals were described by Zeise, who also mentioned

their insolubility in alcohol and their difficult solubility in ether and

acetone. The crystals melted at 168 (+)C. Zeise made the first

analysis of carotin and ascribed to it the formula C5H8 . He was thus

the first to show the hydrocarbon nature of the pigment, but due to

the authority of the next investigator (Husemann (1861)), this fact

was not proved until Arnaud (1886) made his careful analyses of the

carrot pigment.

Husemann (1861) pressed the juice from finely grated carrots and

then added weak sulphuric acid to the diluted juice, following Zeise's

method, throwing down a coagulum which was partially dried and

then extracted with hot 80 per cent methyl-alcohol. The residue was

then dried completely and extracted with carbon disulfide. Carotin

crystals were thrown out of the concentrated carbon disulfide solution

by addition of absolute alcohol. Husemann purified the crystals

merely by repeated washing on a filter with hot 80 per cent alcohol

and finally with absolute alcohol. Husemann described the ruby-red

color and velvety appearance of the carotin crystals, and their violet-

like odor, which he found was especially noticeable on warming. He
noticed the bleaching of the crystals in the air with the complete re-

versal of solubility, the bleached crystals being very difficultly soluble

in carbon disulfide and benzine, but easily soluble in alcohol and ether.

Husemann found that carotin was not precipitated by metallic salts

but he observed the green color produced by adding ferric chloride to

an alcoholic solution of the pigment. Palmer and Thrun (1916) have

recently studied the reaction of ferric chloride on the carotinoids and

have found it a most useful test for confirming the presence of these

pigments in oils and fats and in various extracts of plant and animal

tissues.

Husemann was the first to show the unsaturated nature of the

carotin molecule, although he regarded the chlorine and iodine deriva-

tives which he made as substitution products. Husemann's analyses
led him to propose the formula C18H.,4 for carotin and his figures

were accepted over those of Zeise.

Arnaud (1886) was the next investigator of the carrot chromolipoid.
He isolated the pigment from 600 kilograms of carrots by pressing
the juice from the grated roots, adding lead acetate to the juice, drying
the precipitate in vacuum and extracting it with carbon disulfide. The
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dried press cake was extracted similarly and the carbon disulfidc dis-

tilled off of the combined extracts. The residue was washed with cold

petroleum ether and the pigment purified by crystallization from car-

bon disulfide with absolute alcohol and then allowing it to crystallize

spontaneously from cold petroleum ether. About 3 grams of crystals

per 100 kilograms of carrots were obtained in this way.
Arnaud found the bleaching of carotin noticed by Husemann to be

an oxidation, analyses which he made of the bleached product show-

ing an addition of 21 per cent oxygen. The rapid bleaching of caro-

tin solutions was also noticed; and Arnaud pointed out the influence

of this fact on the securing of pure preparations for analysis.

Arnaud's analyses of freshly prepared crystals showed an average

composition of 88.67 per cent carbon and 10.69 per cent hydrogen,

definitely proving the correctness of Zeise's assertion regarding the

hydrocarbon nature of the pigment. This investigator was also the

first to prepare the crystalline iodine derivative of carotin by adding
iodine crystals a little at a time to a solution of carotin in anhydrous

petroleum ether, maintaining the while an excess of carotin in the

solution. It was the elementary composition of this product, con-

sidered together with the composition of the pure carotin, that led

Arnaud to ascribe to carotin the formula C26H38 ,
and to the iodine

derivative the formula C 26H38I2 .

Kohl (1902b) has given us one of the most detailed descriptions of

the chemical and physical properties of carotin. His analyses of the

crystalline pigment, however, gave unsatisfactory results, as did also

his molecular weight determinations, using the cryoscopic method.

He therefore accepted Arnaud's formula as representing the correct

composition of carotin. Certain of Kohl's detailed descriptions of

carotin will be summarized in Chapter IX, where the physical and
chemical properties of the carotinoids are considered.

Willstatter and Mieg (1907) definitely settled the composition of

the carrot carotin at the time they proved its identity with the carotin

of the chloroplastid. Their data show a mean ratio of C:H of 1:1.406

for the carrot carotin, for which the simplest formula is C 5H 7 . Molecu-
lar weight determinations in CHC1 3 and CS2 , using the ebulloscopic

method, show an average of 536, which corresponds exactly with the

formula (C 5H7 ) 9 . or C40HGO ,
which thus appears to be the correct

formula for carotin.

Escher (1909) and Willstatter and Escher (1910) have confirmed

these results completely. Escher furthermore attempted to ascertain
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the structure of carotin using 150 grams of the pigment isolated from

carrot meal by extraction with petroleum ether. His efforts led only
to the production of amorphous products, all of high molecular weight.
The constitution of the pigment thus remains to be determined.

Euler and Nordcnson (1908) also isolated carotin from carrots in

quantity sufficient for analysis. Their results confirm the Willstiitter

formula. The purified crystals from 25 kilos of fresh carrots were

found to contain xanthophyll, which was identified by the color of

the crystals and their solubility properties. Palmer and Eckles

(1914g) have also shown the presence of xanthophyll carotinoids in

the carrot root by the Tswett (1906c) chromatographic method of

analysis, but van Wisselingh (1915), using microchemical crystalliza-

tion methods, did not observe any. xanthophyll crystals.

It appears that anthocyanins, also, may accompany carotinoids in

the carrot root. Wittmack (1904) has described a red variety of

carrots (Daitcus carota, var. Boissieri Schweinfurth) which contains

both carotinoids and anthocyanin.

Many other investigators have isolated carotin crystals from car-

rots without, however, submitting them to chemical examination.

According to Schimper (1885) and Courchet (1888) carotin exists in

the carrot tissue in crystalline form. Van Wisselingh (1915), how-

ever, has shown that the little tubules which Schimper and Courchet

observed are not true crystalline forms. The author, also, has never

observed any but granular deposits of carotin in sections of the fresh

carrot tissue.

Carotinoids in Other Roots

Very few other roots have been examined for carotinoids although

several which are widely used as food are characterized by their

yellow color, e.g., the yellow parsnip root (Pastinaca sativa), and the

sweet potato (Ipomoea batatas) , especially the highly colored varieties

grown in the southern part of the United States, popularly called

Yams. The pigments of these' roots should be examined.

Formanek (1900) has studied the pigment of the red beet (Beta

vulgaris) ,
and believes that the red pigment changes into a yellow one

under certain conditions. The absorption bands of the latter are iden-

tical in -position with those of carotin. Formanek's red pigment
showed only one absorption band in the yellow part of the spectrum
and is undoubtedly an anthocyanin. Its apparent transformation into

carotin cannot at present be explained.
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Lubimcnko (1914a) has examined the pigment of the yellow turnip

root (Brassica Rapa L.) and finds that it contains a yellow pigment

soluble in 95 per cent alcohol, but which he was not able to crystal-

lize, and also a pigment which closely resembles lycopin, the red pig-

ment of the tomato. Spectroscopically the pigment appears to be

identical with lycopin but because of a difference in the relative inten-

sity of the bands as compared with lycopin, and a greater ease of

solubility in alcohol and concentrated acetic acid, Lubimcnko pre-

ferred to call the pigment a lycopinoid, a term which the author

regards as very unfortunate in view of the more generally accepted

use of the terminology -oid as applied to the carotins and xanthophylls.

It seems possible that the pigment of the related variety of turnips,

namely, rutabaga (Brassica campestris L.) is of the same character.

The question of this type of carotinoid in roots deserves confirmation

and further study.

Carotinoids in the Chloroplastids

The tissues of all chlorophyllous plants are characterized by certain

specialized bodies, probably protein in nature, of microscopic size,

called plastids. In early stages of the plant's development and often

in the subterranean parts of the plant after maturity the plastids are

colorless. They are then called leucoplastids. More commonly they

develop green pigments, chlorophylls, when the plastids are called

chloroplastids, or chlorophyll granules. The chlorophylls in the

chloroplastids are always accompanied by carotinoids of both types,

namely, carotin and xanthophylls.

Investigations regarding these yellow chromolipoids in the chloro-

plastids apparently did not begin until the observation of Fremy
(1860) that a yellow pigment can be obtained from green leaves by

allowing strong HC1 and ether to act upon the residue from the alco-

holic extract, or by similar treatment of the precipitate thrown down
from the alcoholic leaf extract by A1(OH) 3 . In this procedure the

ether took on a yellow color, the pigment of which Fremy called

phylloxanthine, leaving a blue pigment, which he called phyllocyanine,

in the aqueous acid layer. Fremy believed that his phylloxanthin

pre-existed in the leaves.

It is now quite certain that Fremy's phylloxanthine was a mixture

of some of the natural carotinoids of the leaf with an acid decompo-
sition product of chlorophyll, a view which was expressed first by
Stokes (1864). The name phylloxanthin is, in fact, at present re-
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served for a product of rather indefinite composition which results

from the action of acid on chlorophyll b (Tswett, 1907, 1908b) .

In a later study of methods of isolation of phylloxanthine, however,

Fremy (1865) undoubtedly obtained much more valid proof of the

existence of yellow pigments associated with chlorophyll although he

regarded the pigment which he isolated as the same yellow phylloxan-

thine isolated by the ether-HCl method. He found that a careful

addition of Mg(OH) 2 ,
or A1(OH) 3 to alcoholic chlorophyll solutions

carried down the green pigment only, leaving the yellow pigment in

solution. Ca(OH) 2 and Ba(OH) 2 gave similar results, but the best

procedure with the last named reagent was to add an excess, which

threw down all the pigments, from which the phylloxanthine (caroti-

noids) could be extracted with alcohol. Especially interesting was

Fremy's observation that when his chlorophyll was saponified with

strong bases, alcohol took up the yellow "phylloxanthin" from the

residue, and yellow plate-formed or reddish colored prismatic crystals,

soluble in alcohol and ether, could be obtained from this solution.

The red crystals were described as being very much like crystals of

'potassium dichromate, and having a strong coloring power. It would

appear as though Fremy succeeded in obtaining for the first time

crystals of carotin, and possibly xanthophyll also, from green plants.

Fremy's observations precipitated a lively interest in the subject of

yellow pigments in the chloroplastids which resulted in a number of

investigations during the succeeding years, some quite independent of

the others. These investigations seem to fall quite naturally into

several groups. The first of these was a series of studies confirming

the presence of yellow substances accompanying chlorophyll through
the development of suitable methods for their separation.

Separation of Yellow Pigments from Chlorophyll

Stokes (1864a) is to be credited with first discovering a method for

separating the actual yellow pigments accompanying chlorophyll and

for recognizing the existence of distinct green and yellow constituents

in the plastids. This investigator states, "I find the chlorophyll of

land-plants to be a mixture of four substances, two green and two

yellow, all possessing distinctive properties"; and later referring to

phylloxanthine he states, "When prepared by removing the green

bodies by A1(OH) 3 and a little water, it (phylloxanthin) is mainly
one of the yellow bodies, but when prepared by HC1 and ether, it is a
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mixture of the same yellow body (partly, it may be, decomposed) with

the product of decomposition by acids of the second green body."

Stokes never published his method of separation in detail but he gives

a hint of its character in a paper in another publication (1864b), in

which he states in a discussion of the advantages of a partition between

solvents for the separation of various substances, "Bisulphide of car-

bon in conjunction with alcohol enabled the lecturer to disentangle the

colored substances which are mixed together in the green coloring

matter of leaves."

Stokes was not the only one of the earlier investigators to express

the belief that Fremy's pigments were decomposition products. Filhol

(1865) also reached this conclusion, as did Askenasy (1867). Filhol

(1868) a little later noticed that it is possible to remove the green

constituent of crude alcoholic chlorophyll solutions by treating them
with animal charcoal insufficient to completely decolorize the solution.

A yellow colored solution remained on filtering off the bone-black, the

color of which Filhol believed to be due to a pre-existing pigment or

pigments associated with the green one. C. A. Schunck (1901), many
years later, employed this method of obtaining his xanthophyll group
of pigments free from chlorophyll. Schunck's "xanthophylls" included

carotin also, so that Filhol's observation was in reality of much more

importance than he realized.

Timiriazeff (1871), studying Fremy's phylloxanthin, also found that

alcohol alone would extract the yellow pigment from the barium com-

pound thrown down from alcoholic leaf extracts by an excess of

Ba(OH) 2 . He preferred to call the yellow pigment xanthophyll, the

name previously employed by Berzelius (1837a) from xavSo?, yellow
and (f>v\\ov, leaf for the yellow pigment which he extracted from the

yellow autumn leaves of the pear tree (Pyrus communis). Sorby
(1871b) employed the same term for a group of yellow and orange pig-
ments which, with chlorophyll, he believed caused the green color of

leaves, and were represented as types by pigments which could be
extracted from carrots by CS2 .

Notwithstanding the previous observations of Fremy, Stokes, Filhol,

Timiriazeff and Sorby, credit is given in most quarters to Gregor
Kraus (1872a) for making the first actual separation of the pigments
of leaf extracts from one another. Kraus' method is frequently re-

ferred to as an "ausschiittlungs" method, for he shook the green
alcoholic leaf extracts with benzene and observed that the benzene
had extracted the green pigment leaving the alcohol layer a beautiful
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yellow. Kraus named the green pigment cyanophyll and the yellow

pigment xanthophyll. From our present knowledge of the relative

solubility properties of the carotinoids which have been built very

largely upon Kraus' observations, it is obvious that his xanthophyll

pigment was composed almost entirely of the xanthophyll carotinoids,

although traces of carotin may have been present also. Kraus found

that the absorption bands of his xanthophyll fraction in the blue part

of the spectrum corresponded with Bands V and VI of the leaf extract.

The residue from Kraus' xanthophyll fraction gave a deep blue colora-

tion with concentrated sulphuric acid, and the xanthophyll solution

itself bleached very quickly in the sunlight.

Several studies of the leaf pigment, using the Kraus procedure, soon

followeH. Konrad (1872) observed that the separation of xanthophyll

from chlorophyll by benzene was effective only when an alcohol of

about 70 per cent (by volume) strength was employed. Treub (1874)

substantiated the necessity of using weaker alcohol for the benzene

separation, and found that CS, was effective when the chlorophyll

extract was in strong alcohol. Ccmpert (1872) found that linseed oil

could be used in place of benzene and Wiesner (1874a, b) found that

a number of vegetable oils (linseed, walnut, poppyseed, olive) and

ethereal oils (turpentine oil, rosemary oil, oil of wintergreen) and also

carbon disulfidc could be employed. Wiesner used 85 per cent (by

volume) alcohol and benzene, boiling at 92-94 C., for the regular

Kraus separation. Equally good results were obtained with toluene

and xylene, or mixtures of these with benzene. Wiesner even suc-

ceeded in shaking the green chlorophyll out of alcoholic leaf extracts

with dilute egg albumin. Especially important was his observation

that dilute ammonia or caustic alkali solutions acting on the residues

from alcoholic leaf extracts would take up most of the yellow color

leaving behind the chlorophyll, mixed with a little xanthophyll. This

observation, pointing to the resistance of the yellow chromolipoids to

alkalis and the attacking;; of chlorophyll by the same reagents, was

later developed by Hansen (1884a) and is still widely used for the

separation of carotinoids from chlorophyll. Hansen boiled young
wheat plants in water for one-half hour, dried the product, extracted

with cold 96 per cent alcohol in the dark, concentrated the extract to

one-eighth volume, saponified with NaOH, diluted the soap solution

with water, and salted out the soap with NaCl. The green soap thus

obtained was extracted with petroleum ether, which gave a yellow
extract which Hansen called "chlorophyll gelb," the residue being
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called "chlorophyll grim." Carl Kraus (1875) observed the same

facts when he found that benzene extracts a yellow color from alco-

holic leaf extracts made strongly alkaline with KOH. He called the

yellow pigment xanthin and regarded it as a decomposition product

of G. Kraus' xanthophyll.

Possibly following the hint given by Stokes (1864b), Sorby (1873)

developed a separation method for the yellow and green constituents

of a number of tj^pes of plants using alcohol and carbon disulfide.

Sorby named five members of a "xanthophyll" group of yellow pig-

ments as well as two chlorophylls, but pure pigments could not have

been obtained in most cases, since the methods which he employed will

not give a true separation of the various carotinoids of the chloro-

plastids. Of the various pigments named by Sorby the "yellow

chlorophyll" is obviously a xanthophyll mixed with some chlorophyll,
and the "orange xanthophyll" is for the most part carotin. Sorby's

"xanthophyll" and "yellow xanthophyll" are the only true xantho-

phylls, the former being in all probability a mixture of what are now
called a and a' xanthophyll, while the "yellow xanthophyll" appar-

ently consisted almost wholly of our present (3 xanthophyll, which is

characterized, as Sorby found for it, by the development of a blue

color when its alcoholic solution is treated with HC1.

Crystalline Carotinoids from Chloroplastids

The second group of studies relating to the yellow pigment in the

chloroplastids deals with isolation of crystals of carotinoids, and ter-

minated with the isolation and analysis of one of the pigments and
the discovery of its identity with the carotin of carrots. The various

studies were, for the most part, independent of each other and accord-

ingly resulted in the proposal of several different names for the

chloroplastid chromolipoids.

Fremy's (1865) observations regarding crystalline chromolipoids
have already been mentioned. He apparently regarded the crystals
as related to his phylloxanthin, as no special name was proposed by
him for the crystalline pigment. Hartsen (1873a), however, several

years later, observed golden-red crystals in the deposit from the spon-
taneous evaporation of an alcoholic extract from green leaves. He
called the pigment chrysophyll, a name previously applied by Sorby
(1871b) to a group of water-soluble pigments from autumn foliage,
and later (1875) described a method for purifying the crystals by
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washing away the fat and chlorophyll with petroleum ether, taking

up the pigment in alcohol and recrystallizing. Hartsen regarded his

chrysophyll as probably identical with xanthophyll (G. Kraus) and

as existing together with chlorophyll in the leaf. According to Will-

statter and Mieg (1907) Hartsen's chrysophyll was probably a xan-

thophyll in the sense that this name is u^'d at the present time, but

most writers have regarded it as identical with carotin. Bougarel

(1877), a little later, isolated red crystals from the alcoholic extract

of peach and sycamore-tree leaves. He described the insolubility of

the red, green reflecting crystals in alcohol and ether, and their solu-

bility in chloroform, benzene and carbon disulfide, as well as the rose

color of the solution in the last named solvent. Notwithstanding his

familiarity with Hartsen's chrysophyll, which he mentions, Bougarel

regarded his pigment crystals as a new substance and unfortunately

proposed the name erythrophyll for it, which had already been given

by Berzelius (1837b) many years before for the red, alcohol soluble

pigment which he isolated from red cherries (Prunus cerasus), black

Johannis berries (Ribus nigmm) and the red autumn leaves of vari-

ous plants, and which was also used by Sorby (1871, 1873) for a group
of water-soluble pigments. The erythrophyll of Bougarel is unques-

tionably to be regarded as carotin.

Dippel (1878) made a careful study of the absorption spectra of

G. Kraus' xanthophyll and cyanophyll and the products of the action

of KOH and acid on the pigments prepared according to the Kraus
method. He found that yellow pigments could be prepared in each

case but that the absorption spectrum of the yellow pigment from

the acid treatment of cyanophyll was entirely different from the

spectra of the yellow pigment from the alkali treatment of both

xanthophyll and cyanophyll. Dippel proposed the name xanthin

(compare C. Kraus (1875)) for the yellow pigment obtained from
Kraus' xanthophyll and cyanophyll on treatment with alkali and

extracting with alcohol, and regarded it as the true yellow constituent

of chlorophyll. The absorption bands of DippePs xanthin obtained

by alkali treatment of Kraus' benzene-cyanophyll layer lay at 490-

456|4i and 455-435(.iu, while the bands of Kraus' xanthophyll, as

measured by Dippel, lay at 483-460j.iu and 446-433^1. These meas-
urements correspond almost exactly with those of carotin and xan-

thophyll, respectively, as known at the present time. Dippel's xanthin

is to be regarded, therefore, as composed of carotin for the most part.
Borodin (1883) made one of the most striking contributions to our
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knowledge of crystalline carotinoids accompanying chlorophyll in the

chloroplastids. Two groups of pigments were described by him, one

characterized by their slight solubility in alcohol and great solubility

in benzine, corresponding with one of the properties of carotin, the

other group being characterized by their ease of solubility in alcohol

and their slight solubility, in benzine, which corresponds with one of

the most distinguishing properties of the xanthophylls. No names

were proposed by Borodin for his crystalline pigments but lie described

in detail the crystal forms and certain properties of two carotins and

two xanthophylls. One of the carotins formed orange-red rhombic

crystals (he obtained these from the alcoholic extract of Spirogyra)

and the other bright yellow needles with a strong violet or rose-red

nuance. Of the two xanthophylls one formed straw yellow, ribbon-

like scales or dark brown, crooked, branching rods, and the other

golden-yellow "navikeln," an English synonym for which the author

has not been able to find. The latter were observed especially clearly

by Borodin in extracts from parsley (Petroselinum sativum). Borodin

regarded the red and violet tinted, benzine-soluble group as widely

distributed in all chlorophyllous plants, the red forms being identical

with Bougarel's erythrophyll. The alcohol soluble forms were not

regarded by Borodin as being so widely distributed, especially the

pigment forming the golden-yellow "navikeln." With the exception

of the red rhombic-formed crystals in the benzine-soluble group

Borodin's crystal forms do not correspond with the carotins and

xanthophylls which have since been isolated in pure form by various

investigators so it is not known whether they represent forms which

were modified by the solvents employed or isomeric carotin and

xanthophyll carotinoids not yet isolated in quantity. The latter pos-

sibility is not to be disregarded in view of the various yellow chromo-

lipoids which are revealed in chloroplastids using Tswett's (1906c)

chromotographic analytical procedure.

Guignet (1885) observed orange crystalline material from extracts

obtained by a method similar to that used by Dippel for xanthin.

Alcoholic leaf extract in strong alcohol was agitated with one-tenth

its volume of petroleum ether (Sachsse (1877) introduced the use

of petroleum ether instead of benzene in the Kraus separation) and

the green petroleum ether extract agitated with a solution of NaOH
in 95 per cent alcohol, leaving a yellow solution from which the crys-

talline material was obtained. The pigment was no doubt carotin

although no name was proposed for it by Guignet.
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It remained for Arnaud (1885), however, to first recognize and

prove the identity of the orange-red crystals apparently first observed

by Fremy (1865) and later called chrysophyll, erythrophyll, xanthin,

etc., with the carotin from carrots, which had been known and studied

for 60 years. Arnaud (1885) first observed the identity in form and

properties of carotin which he isolated from carrots and the red

rhombic crystals which he isolated from spinach leaves (Spinachia

oleracea and glabra) , mulberry leaves (Moms alba), the leaves of

peach (Persica vulgaris) and sycamore (Acer pseudoplatanus) trees,

and the leaves of the English ivy vine (Hedera helix) ,
as well as from

pumpkins (Cucurbita pepo). In a succeeding paper Arnaud (1886)

proved this identity by his analyses of the crystals obtained from

carrots, to which reference has already been made, the results leading

to the proposal of the formula C2GH38 for the pigment. Arnaud did

not make any analyses of the apparently identical crystals which he

obtained from leaves, so that strictly speaking the final proof of the

identity of the crystals was not furnished until Willstatter and Mieg

performed their comparative analysis many years later (1907). How-

ever, following Arnaud, investigators with few exceptions adopted his

terminology and called the red crystalline pigment carotin which could

be isolated so generally from chlorophyll forming plants, as well as

many fruits and seeds, and from cryptogamic forms. Immendorff

(1889), in fact, soon after Arnaud's work, isolated carotin from barley

and rye leaves and submitted the crystalline pigment to analysis. His

data corresponded best with Zeise's older formula, C5
H8 ,

but he pre-

ferred to accept the Arnaud formula because it appeared to be sub-

stantiated by Arnaud's analysis of the iodine derivative of carotin.

Willstatter and Mieg, however, starting with 100 kilos of dried

nettle (Urtica) leaves, isolated carotin in sufficient quantity to estab-

lish for it the correct formula, C40H56 . Their analyses gave the

average composition of 89.29 per cent carbon and 10.53 per cent hydro-

gen as compared with the theoretical values 89.48 and 10.52 per cent

carbon and hydrogen, respectively.

Plurality of Yellow Pigments in the Chloroplastids

The next group of investigations dealing with the yellow pigments

of the chloroplastids had to do with the question whether more than

one yellow pigment is a constant accompaniment of the chlorophyll.

This question brings us up to the present time for notwithstanding the



CAROTINOIDS IN THE PHANEROGAMS 37

fact that two crystalline carotinoids in the xanthophyll group have

now been isolated from plant forms and their composition determined,

the isolation of other known members of this group of pigments still

remains to be carried out and their composition and relation to the

known members determined.

Stokes (1864a) is to be credited with the first suggestion of the

presence of more than one yellow pigment in chloroplastids, but in

spite of the various yellow pigments isolated by Sorby (1873), using

Stokes' carbon disulfide procedure, this method could not have led to

a true isolation of the various members of the carotinoid pigments

which are recognized today. The observation of Dippel (1878) that

besides Kraus' xanthophyll a yellow pigment accompanied the cyano-

phyll in the petroleum ether layer, could have led to the discovery of

the actual existence of two groups of carotinoids. Borodin (1883),

however, first demonstrated the existence of more than one yellow

chromolipoid when he obtained various forms of crystals from green

plants. As already pointed out, these crystals naturally fell into

two groups according to their solubility properties, one group, to

which Borodin recognized the erythrophyll (carotin) of Bougarel

belonged, being very soluble in benzine (petroleum ether) and dif-

ficultly soluble in alcohol, and the other group being easily soluble in

alcohol but dissolving with difficulty in benzine. These observations

of Borodin's are the basis of the classification of the carotinoids which

prevail at the present time, considerably extended and supported, of

course, by other chemical and physical properties; they also furnish

the basis for the separation of the carotinoids into the two groups now

recognized, namely, the carotin and xanthophyll groups. This sys-

tem of classification is the only logical one, as has been pointed out by
Tswett and proven by the chemical analyses of members of each group

by Willstatter and his co-workers. Before reviewing the history and

evidence in favor of this classification and the proof of the existence

of individuals in the group, it should be stated that the plurality of

yellow chromolipoids in chloroplastids has been recognized by other

investigators who have proposed other systems of classification. These

latter studies will be reviewed first.

Tschirch found proof of the existence of more than one yellow

chromolipoid in his well-known series of spectroscopic studies of

chlorophyll. In his first papers Tschirch (1884, 1885, 1887) con-,

sidered the yellow constituents of the chloroplastid to be erythrophyll

(adopting Bougarel's terminology) and a. group of five xanthophylls,
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which he called a, p, y, 8 and e xanthophyll, respectively, although he

concluded from the fact that each pigment showed two absorption

bands showing no significant spectro-analytical differences that they
were probably identical substances. Kohl (1902c) later considered

all these xanthophylls to be carotin, but a comparison of the meas-

urements of the spectrum bands of y and 8 xanthophyll as given by
Tschirch (1885) would indicate that the former may have been due

to carotin, but that the latter was undoubtedly one of the xantho-

phylls as now recognized.

In his next paper Tschirch (1896) regarded all the yellow chromo-

lipoids as xanthophylls and distinguished between two, one of which

was obtained in metallic glistening crystals, which he called xantho-

carotin. This pigment showed three beautiful absorption bands, the

measurements of which correspond with those now recognized for

xanthophyll. The other xanthophyll could not be obtained in crystal-

line form and its solutions were characterized by showing no absorp-

tion bands, only end absorption of the violet and ultra-violet.

Tschirch used fresh grass as the source of his material for this study.

In his most recent paper T.schirch (1904) turned hi* attention to a

comparison of his xanthocarotin and xanthophyll with the carotin

from carrots. Spectroscopic absorption properties only were considered.

There has always been a question in the author's mind as to which

group of carotinoids Tschirch'* xanthocarotin belongs. Tschirch him-

self considered that it might be identical with the carotin from car-

rots, inasmuch as the absorption spectra of the crystalline pigment
which he isolated from carrots and that of his xanthocarotin from

grass were identical. Kohl (1902d) believed that Tschirch's xantho-

carotin was carotin contaminated with phytosterin, and Tswett

(1911a) apparently also regarded the pigment as a carotin although

he recognized the absorption spectra of Tschirch's carrot carotin did

not correspond exactly with the measurements given by other inves-

tigators. Willstatter and Mieg (1907) also regard the xanthocarotin

as carotin, but with these views the author is not in agreement on the

following grounds. The author believes that Tschirch's carotin crys-

tals from carrots were xanthophyll, not carotin, for he obtained them

merely by spontaneous evaporation of an ether extract of sugar-free

carrots, which would be more likely to yield xanthophyll crystals than

carotin. Moreover, the crystals had the reddish yellow color and steel

blue reflection described by Willstatter and Mieg for crystals of xantho-

phyll. In addition the absorption spectra of these crystals correspond
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exactly with (hose of xanthophyll, not carotin, as the following table

shows:

Carotin in alcohol Xanlhojih t/ll ni alcohol
(Willstatter :md Stoll (1913n) (WilUiiiicr and Micj? (1907)

1492-476 nn 1488-471 mi
11459-445 " 11454-440 "

1114307419
"

. Ill 425-420 "

Carrot carotin in alcohol Xanthocarotin in alcolml
(Tschirch) (Tschirch)

I 487H170 mi 1485-468 nn
11457-439 " 11455-438 "

III 429-417 "
III 430-418

"

Much discussion has also resulted from the statement made by
T-chireh in the paper under consideration that he was able to observe

the transformation of xanthocarotin into xanthophyll. As a matter
of fact Tschirch observed merely that certain impure xanthocarotin

solutions lost their absorption bands without losing their color appre-

ciably. In view of the fact that the so-called xanthophyll of Tschirch

showed no absorption bands but merely end absorption, he conclude* 1

that xanthocarotin readily changes over into xanthophyll, a most

sweeping conclusion from such indefinite evidence. The author has

observed many times that impure solutions of carotinoids lose their

spectroscopic absorption bands in the earliest stages of decomposition
with little or no loss in color of the solutions.

A somewhat different system of yellow chromolipoids was proposed

by Schunck (1899, 1901, 1903) in his series of papers. He depended

largely upon the spectroscopic absorption properties of the pigments
for their differentiation, as did Tschirch, and in his later studies upon
the action of certain chemical agents upon the absorption bands. It

may be stated of Schunck's work, faulty as it was in certain respects,

particularly in his adoption of Sorby's method for separating the

various yellow coloring matters by carbon disulfide, that he has given
us some of the most beautiful spectro-photographs of the carotinoids

that exist in the literature. Schunck accepted from the outset that

more than one yellow chromolipoid was present in the chloroplastids.

Inasmuch, however, as he modified his views somewhat regarding the

number and nomenclature of these pigments during the course of his

studies his final views only will be discussed.

Schunck proposed to call all the yellow pigments accompanying
chlorophyll xanthophylls, the chief member of the group being chryso-

phyll, thus adopting Hartsen's terminology for carotin in spite of the

fact that Schunck not only referred to Arnaud's work but confirmed
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it from a spcetroscopic standpoint. Besides chrysophyll, the only

member of the "xanthophylls" which he was able to obtain in crystal-

line form, Schunck separated two other xanthophylls from green leaves

by shaking the alcoholic chlorophyll-free
1 solution with successive

equal portions of carbon disulfide, each volume of carbon disulfide

being equal to about one-lialf the volume of the crude solution experi-

mented upon. This was continued until no more color was extracted,

three or four extractions being sufficient as a rule to accomplish this

result.

With the exception of the first carbon disulfide extract, which con-

tained the crystallizable chrysophyll as well as one of the xantho-

phylls, Schunck erroneously believed that the various carbon disul-

fide fractions represented more or less pure solutions of individual

xanthophylls with varying degrees of relative solubility in alcohol and

carbon disulfide.

The various carbon disulfide fractions were now allowed to evapo-

rate spontaneously, the residue was taken up again in alcohol and

the spectroscopic alt-orption bands photographed. The effect on these

bands of adding rmuviitrated HC1, HNO :! ,
H 2S04 ,

H 2 2 and nascent

hydrogen was studied, as well as the effect of these reagents on the

color of the alcoholic solution. Certain marked differences were

observed with the various fractions.

The first fraction from green leaves contained, besides ehrysophyll,

a pigment which Schunck called L. xanthophyll, whose spectroscopic

absorption bands differed from those of chrysophyll by being shifted

only slightly towards the ultra-violet and whose solution, like chryso-

phyll, changed to a green tint before fading on addition of HC1 or

HN0 3 ,
the absorption bands disappearing.

The subsequent rarbon disulfide extracts contained a second xan-

thophyll, called B. xanthophyll, which differed from the first in two

respects, (1) the absorption bands (Schunck observed three distinct

bands for all his "xanthophylls") were shifted slightly more towards

the ultra-violet, (2) the effect of acids on the alcoholic solution was

to produce a brilliant green color which gradually changed to a beau-

tiful peacock blue, then purple, and gradually bleached entirely.

Especially striking was the observation that the addition of ammonia

1 This was obtained by one of two methods, either by adsorbing the chlorophyll on

animal charcoal, which does not remove the "xanthophylls," according to Schunck, or

by saponifying the alcoholic leaf extract and extracting the soap with ether, the latter

taking out the yellow pigments. After evaporation of the ether the pigments were taken

up in alcohol for the "xanthophyll" separations.
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to the blue solution restored the original yellow color of the solution,

although less intense, the blue color reappearing on acidifying again.

Sorby (1873) mentioned this reaction for his "yellow xanthophyll."

The author 2 has observed that the change from yellow to blue and

vice versa can be repeated apparently indefinitely with one of the

xanthophylls obtained from plants by Tswett's chromotographic

method.

In his last paper Sclmnck found evidence of the existence in flowers

of still another xanthophyll, called Y. xanthophyll, with properties

similar to B. xanthophyll, except that it was much less readily

extracted from alcohol by carbon disulfide and was accordingly found

in the alcohol after the carbon disulfide extractions. Schunck found

no evidence of the existence of Y. xanthophyll in his leaf extracts.

Kohl (1902e) attempted to harmonize the views of Tschirch and

Schunck as well as his own belief that carotin is the principal pigment

in the chloroplastids. He recognized the difference between carotin

and the xanthophyll proper of Schunck, but apparently did not recog-

nize the existence of several of these xanthophylls, as proposed by

Schunck. Kohl recognized also the existence of the xanthophyll of

Tschirch, which showed no absorption bands, and believed, like

Schunck, who proposed no name for the pigment, that it could be

extracted from the chloroplastids by hot water, as well as by alcohol.

Kohl, therefore, proposed to call Schunck's xanthophyll a xanthophyll

and the xanthophyll of Tschirch /? xanthophyll, and expressed the

belief that carotin and these two xanthophylls comprised the yellow

pigments in the chloroplastids.

We will now return to a consideration of the investigations leading

up to the classification of the carotinoids which prevails at the pres-

ent time. Following Borodin, Monteverde (1893) found that the

yellow pigments accompanying chlorophyll can be divided into two

groups according to their relative solubility in alcohol and petroleum

ether, and he was the first to show that this fact offers a very simple

means of separating the pigments from each other. Using the pro-

cedure of Fremy and Timiriazeff, Monteverde precipitated the chloro-

phyll from an alcoholic leaf extract with an excess of Ba(OH) 2 ,
which

carries down with it the carotinoids also, and extracted the yellow

pigments from the precipitate with alcohol. Petroleum ether and a

few drops of water were added to this yellow solution, and the mix-

ture shaken. The liquids soon separated into two layers, each con-
J Unpublished observation.
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taining a yellow pigment with distinguishing characteristics. Monte-

vcrde found the pigment in the upper petroleum ether layer to be

spcctroscopically as well as in other respects identical with carotin

and accordingly called it carotin. The pigment remaining in the

alcohol layer, on the other hand, was found to be different in many

respects and was called xanthophyll, following Gregor Kraus' termi-

nology. Monteverde regarded it as not unlikely that this "xantho-

phyll" itself consisted of two yellow pigments. In order to separate

completely the carotin and xanthophyll the petroleum ether and

alcohol layers after separation were shaken with fresh quantities of

alcohol and petroleum ether, respectively. On spontaneous evapora-

tion of tin- alcoholic xanthophyll solutions Monteverde obtained crys-

tals which corresponded exactly in form with the "strohgelben Krys-

tallen" described by Borodin. There is some doubt, however, whether

the pale yellow crystals observed by Monteverde, and the similar ones

observed by Borodin, were actually xanthophyll. Reinke (1885) sev-

eral years previously obtained yellow platelets on evaporation of alco-

holic solutions of the yellow chloroplastid pigments and found them

to be merely phytosterol or a mixture of sterols colored with pigment.

It is likely that Monteverde was misled by the same phenomenon, as

the great solubility of xanthophyll in alcohol undoubtedly prevents

the formation of crystals when one is dealing with the very small

quantities of pigment present in Monteverde's solutions. Monteverde,

however, described very clearly the difference between the absorption

spectra of carotin and xanthophyll, as did Schunck, some years later,

between chrysophyll (carotin) and the L. B. and Y. xanthophylls which

he separated. Monteverde also described the green coloration, chang-

ing to a blue on addition of concentrated HC1 to the alcoholic xan-

thophyll solution, a reaction which also characterized the B. and Y.

xanthophylls of Schunck, as mentioned in an earlier paragraph.

Tswett was very quick to recognize the importance of Monteverde's

work and the significance of the Kraus method of separation in indi-

cating the existence of alcohol-soluble xanthophylls in contrast with

benzine-soluble carotin. This investigator's keen appreciation of the

significant properties of carotin and xanthophylls is what makes pos-

sible today the extension of our knowledge of the distribution of

these pigments in all forms of plant and animal matter. Tswett's

important observations are accessible to us in a series of papers

(1906a, b, c, 1911a) from 1906 to 1911. The last paper is more of

the nature of a summary but by reason of its clear-cut statements it
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may well serve today as our best laboratory outline for working with

the class of pigments with which this monograph deals. It was in this

paper that Tswett proposed the nomenclature for the carotinoids which

has been adopted in this monograph.
Tswctt's most important contribution to the subject, from an inves-

tigational standpoint, was on certain physico-chemical properties of

the pigments. He showed (1906b) that the various colored constitu-

ents of the chloroplastids, when carefully obtained in certain solvents

by methods which avoid the action of plant acids, exhibit very char-

acteristic adsorption coefficients towards finely divided materials, such

as CaCO
:! ,

inulin and sucrose, as well as many other inert materials

which are insoluble in the solvent employed and which can be obtained

in a finely divided state. This exceedingly interesting phenomenon
is no doubt due to the fact that the various green and yellow chromo-

lipoid constituents of the chloroplastids exist in organic solvents in

colloidal aggregates of various sizes, the larger colloidal particles

being the more strongly adsorbed, and some, like carotin, which is not

adsorbed at all, existing in true solution. Tswett found petroleum

ether, the carotin solvent, to serve best for the study of these prop-

erties, although carbon disulfide was also very useful because of the

brilliant color which all the chloroplastid pigments show in this sol-

vent, and also because the xanthophylls are especially well differen-

tiated in this solvent. This latter fact is no doubt closely related to

Schunck's (1903) observations regarding the relative solubility of

xanthophylls in carbon disulfide by which he believed he was able to

separate them from one another by a shaking-out method. Schunck's

observations were near the truth but can not be compared in accuracy
with the method of separation which Tswett was able to develop from

the colloidal properties of xanthophylls.

Tswett hit upon a very ingenious method indeed of applying the

results of his study. He filtered the moisture-free petroleum ether

solution of the mixed chloroplastid pigments for carbon disulfide solu-

tion) through a column of perfectly dry CaC0 3 , packed as tightly and

evenly as possible in a glass tube, and found that the various pig-

ments differentiated themselves according to their adsorption affinity

(colloidal aggregation) for the CaC0 3 . The resulting chromatogram
(as Tswett proposed to call it) presented a most surprising picture of

the chloroplastid pigments, which is strikingly similar in effect, if not

in principle, to the well-known Liesegang phenomena.

By applying this chromatographic method of analysis to petroleum
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ether and carbon disulfide solutions of the chloroplastid pigments from

plantain (Plantago) and dead nettle (Lainium album) leaves Tswctt

has shown that at least three and possibly four xanthophylls accom-

pany carotin. He has provisionally designated these a, u', a", and
(3

xanthophylls, respectively. Tswett has characterized these pigments

further, as follows:

Xanthophyll a. This pigment is least adsorbed by the CaC03 and

is closest to carotin in this respect, which is not adsorbed at all. Its

adsorption zone is the lowest in the column of the xanthophyll zones

and has an orange-yellow color when carbon disulfide is the solvent.

It is hypophasic in the Kraus separation, i.e., remains in the alcohol

layer. It shows three well marked absorption bands, the first two of

which, in alcohol or petroleum ether solution, lie at 485-470|i(j, and

455-440^1. Its alcoholic solutions are merely bleached on addition of

con. HC1.

Xanthophylls a' and a". These pigments lie very close together

in the column but above the zone of xanthophyll a. In CS2 their

zones are yellow. They are similar in properties to xanthophyll a,

i.e., in the Kraus separation and spcctroscopically, but their absorp-
tion bands are shifted slightly towards the violet. The effect of HC1
on the alcoholic solutions is not mentioned but the author (1914g)
has found that for xanthophyll a

,
at least, no color reaction is

produced.

Xanthophyll /?. This pigment shows the greatest adsorption affinity

for CaC0 3 (exists in the largest colloidal aggregates) and comprises
the highest yellow zone in the column. This pigment is hypophasic
in the Kraus separation like the other xanthophylls, but may be dif-

ferentiated from them by the fact that its alcoholic solution gives a

blue color on addition of con. HC1, and also by the fact that its

absorption bands are shifted perceptibly towards the violet from those

of xanthophylls a, a', and a", the first two bands lying at 475-462|j|i

and 445-430(i(.i, when in alcoholic solution. The xanthophyll (5
of

Tswett appears to be identical with th.e "yellow xanthophyll" of Sorby
and the Y. xanthophyll of C. A. Schunck, but bears no relation what-

ever to the xanthophyll (3
of Kohl. According to Tswett (1908b) the

latter is not a xanthophyll at all, in fact does not exist in the plant
but is merely a post-mortem decomposition product derived from
colorless chromogens whose alkali salts are yellow and which assume
a dark color on oxidation.

The relative solubility properties of carotin and xanthophylls as
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exhibited in the Kraus separation indicated to Tswctt (1906a> a fun-

dament ;il chemical difference between the two groups of carotinoids.

The proof of this theory as well as the nature of the difference was

soon brought to light by Willstattcr and Mieg (1907) when they iso-

lated (lie first crystalline xanthophyll and submitted it to analysis.

Working on the same elaborate scale, which has characterized all the

researches on carotinoids in Willst Jitter's laboratory, a crystalline

xanthophyll was isolated from 100 kilos of dried nettle (Urtica) leaves.

The average of five ultimate analyses of crystals prepared both by

recrystallization from methyl alcohol and from chloroform (by addi-

tion of petroleum ether) showed 84.22 per cent carbon and 9.92 per

cent hydrogen, which corresponds very closely with the theoretical

values of 84.44 per cent carbon and 9.93 per cent hydrogen for the

formula C 4 ,,H-,.,0.,. This was confirmed fairly well by a molecular

weight determination (found 512, theory 564), and better by an

analysis of the iodine content of the theoretically simplest iodine addi-

tion product, C 40H 5(; 2I 2 (found 31.68 per cent, theory 30.86 per cent).

The chemical properties of the crystalline xanthophyll isolated by
Willstatter and Mieg will be considered in detail elsewhere. Several

points, however, may profitably be considered at this point. The

crystalline product showed the greatest solubility difference from caro-

tin in alcohol and low boiling petroleum ether, being practically in-

soluble in the latter, but readily soluble in the former, which is just

the reverse of carotin in these solvents. The Kraus method of separa-

tion of the pigments was further confirmed by Willstatter and Mieg
by applying the test in several ways to solutions of the purified pig-

ments. The difference between the position of the absorption bands

of carotin and the xanthophylls, first pointed out by Monteverde, was

confirmed, the first two bands as measured by Willstatter and Mieg
lying at 480-470i.in and 453-437^.

Willstatter and Mieg expressed their belief in the existence of a

group of xanthophylls in the paper under consideration although they
were apparently not familiar with Tswett's demonstration of this fact

a year before their paper appeared. The question naturally arises as

to which xanthophyll was obtained in crystalline form by these in-

vestigators.

Tswett (1910a) has expressed the opinion that the xanthophyll
crystallized by Willstatter and Mieg was a mixture of two or three

xanthophylls in which xanthophyll a predominated, a possibility which
was later acknowledged by Willstatter and Stoll (1913b). The evi-
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dence available on this question indicates, however, that xanthophyll

(3 may have formed a considerable proportion of the crystalline prep-

aration. Willstatter and Mieg mention the fact that their prepara-

tion dissolved in strongly alcoholic HC1 with a blue color, a reaction

which is apparently characteristic of xanthophyll (3 only. In the Sorby

and C. A. Schunck separation, however, the pure pigment differen-

tiated itself almost equally between the alcohol and carbon disulfide

layers, a reaction which obviously characterizes the a group of xan-

thophylls because of their lesser adsorption from this solvent by
CaC0 3 . Still further evidence of a mixture of xanthophylls in the

Willstatter and Mieg preparation is the fact that its spectroscopic

absorption bands apparently lie in an intermediary position between

the bands of xanthophylls a and
(5

as recorded by Tswett.

The isolation of the various members of the xanthophyll group in

crystalline form seems greatly to be desired in order that the dif-

ferences existing between the individual members of this class of

carotinoids may be determim-d. The relative adsorption properties

of these pigments offers the most promising method for accomplishing

this result but the experimental work would have to be conducted on

a very generous scale. The xanthophylls are unquestionably either

isomorphic or isomeric forms of the same empirical composition,

C40HS6 2 ,
as Willstatter and Stoll (1913) have pointed out. The

author believes that Willstatter and Escher (1912) have already iso-

lated pure xanthophyll a in the form of their so-called lutein from

egg yolk, as will be discussed more fully in a later chapter.

It is not likely that more than four xanthophylls characterize the

chloroplastid for the author (1914g) has found only four on applying
the chromatographic method to extracts from an entirely different

plant than Tswett used, namely, the leaves of alfalfa (Medicago
sativa). The possibility of other xanthophylls being present in non-

chlorophyllous organs is indicated, however, by a chromatographic

analysis which the author (1914g) carried out on the xanthophyll
fraction (obtained by the Kraus separation) of the pigments of the

carrot root, in which no less than eight distinct yellow or orange
zones characterized the chromatogram. The possibility remains to

be investigated, however, whether this result was influenced in any

way by the method of preparation of the material or other experi-

mental steps in the procedure employed. The author regards the

adsorption phenomenon of the carotinoids as colloidal so that it may
not be possible to secure these pigments in every case in the same
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decree Dl' colloidal atinre<:ai ion. \Yillstiitter and Mieg found lliat.

their crystalline xanthophyll readily entered into combination with

solvents I'orminu molecules of solvent of crystallization, which is

unquestionably a colloidal combination and might easily influence

greatly the adsorption properties of the pigments. The whole adsorp-

tion phenomenon deserves a further study using pure preparations of

the individual pigments.

The xanthophylls arc usually regarded as pigments in which yellow

i- the predominating color. Red colored xanthophylls also exist,

however. Monteverde (1893) first called attention to a red pigment
in the reddish-brown leaves of the young floating pond weed (Potamo-
<n't<>n natans), an aquatic herb widely distributed in Russia, which

showed the xanthophyll properties in the Kraus separation. This pig-

ment has since 1 been called rhodoxanthin by Monteverde and Lubi-

menko (1913bl, who obtained it in crystalline form. The pigment

appears to be isomeric with the xanthophyll of the chloroplastids, as

lycopin is isomeric with carotin. It differs from the usual yellow

xanthophyll by dissolving in formic acid with a yellow color, yellow

xanthophyll dissolving in this solvent with a green color, according

to Monteverde and Lubimenko. Rhodoxanthin also shows spectro-

scopic absorption bands with characteristic position, especially in car-

bon bisulfide. A comparison of the xanthophyll and rhodoxanthin

band- in this solvent, as given by Willstiitter and Stoll (1913) and by
Monteverde and Lubimenko, respectively, is shown in the following:

-\niitli<>i>lii/ll (W. and S.) Rhodoxanthin (M. and L.)
Band I 516-501 nn 575-553 HM-
B.i nd II 483-467 "

535-515 "

Band III 447-441 "
500-480

"

The general solubility properties of rhodoxanthin appear to follow

thoM' of xanthophyll very closely.

The relation between the empirical constitution of carotin and the

xanthophylls is such that the latter may be expressed very simply as

carotin dioxides. The character of the oxygen combination, however,
i- not dear, for according to the statement of Willstiitter and Micg
their cn>t;dline xanthophyll did not show the presence of cither

hydroxy, carboxyl or carbonyl groups. The xanthophylls, therefore,
cannot be nmple oxidation products of carotin. But these statements

iv-:i?-dinii the character of the oxygen in the xanthophyll molecule

p-ibly should be confirmed, for notwithstanding the fact that it has
not yet been found possible to t ran.- form carotin into xanthophyll in
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the laboratory, the constant presence of these pigments in the chloro-

plastid is very difficult to explain unless the constitution of one type

of pigment bears a simple relation to that of the other. The various

theories which have been offered regarding the possible functions of

the carotinoids in the chloroplastid also fall down unless the caro-

tinoids are closely relationcd chemically. Ewart (1915), to be sure,

has recently claimed to have succeeded in reducing xanthophyll to

carotin in the laboratory. The evidence for this is very unconvincing,

especially in view of the fact that Ewart on subsequent study (1918)

failed to substantiate any of the other products which he first claimed

to have produced from xanthophyll on photo-oxidation. The reduc-

tion experiment of xanthophyll to carotin unfortunately was not

repeated in the second study.

Carotinoids in Etiolated Leaves

The yellow chroniolipoids which develop without chlorophyll in the

leucoplastids, when plaiiN are grown in the dark, would seem to be

closely related to. if not completely identical with those found in the

chloroplastids, at lea>t qualitatively, inasmuch as etiolated plants form

chlorophyll very rapidly in the li<rht without loss of yellow constitu-

ents in the re.-ultini chloroplastids. No studies have been made of the

pigments of etiolated leaves, however, since our newer chemical con-

ceptions of the plant carotinoids have arisen so that it is necessary
to depend upon older investigations for our experimental knowledge
of these coloring matter^. It is possible to state with certainty that

carotin is present in the etiolated plant, but the evidence is insuffi-

cient to substantiate the belief of Tammes (1900) and Kohl (1902f)

that it is probably the only yellow chromolipoid present inasmuch as

it is now known that the methods which these investigators employed
are not specific for carotin.

Joannes Rajus (1693) appears to have first recorded the observation

that plants which grow in the dark do not turn green but have a

yellow color. Bonnet (1754) named such plants "plantes etiolces."

The question whether the yellow pigment or some colorless substance

was the forerunner of the green pigment which developed so rapidly
when etiolated plants are exposed to the light occupied the attention

of many investigators. Interest in this question was stimulated by the

discovery of Phipson (1858) that etiolated leaves rapidly assume an

emerald green color when immersed in con. H 2S04 . Phipson followed
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the terminology of Ber/elius for yellow autumn pigments and called

the etiolated pigment xanthophyll/' Fremy (I860) naturally regarded

the yellow pigment of young sprouts and etiolated leaves as identical

with his phylloxanthine and the bluish-green color which develops on

treatment with acid (he also found the fumes of HC1 and HNO, very

effective) as identical with his phyllocyanine. Sorby (18711) I recog-

nized the relation of the yellow pigment of etiolated leaves to other-

yellow plant pigments and regarded the color as due to a preponder-

ance of his so-called "xanthophyll" group, characterized by their

solubility in carbon disnlfide and two more or less distinct spectro-

scopic absorption bands in the blue part of the spectrum. (Iregor

Kraus (1872b'l compared the spectroscopic properties of the alcoholic

extract of etiolated leaves with his xanthophyll pigment which re-

mained in the alcohol on shaking leaf extracts with benzene. The

results led him to believe that the pigments were probably identical,

and he proposed a genetic relation of the etiolated pigment to the

green pigment of plants.

Pringsheim (1874), however, also using a spectroscopic examination

of the alcoholic extracts of etiolated leaves as the basis of his con-

clusions, found characteristic absorption bands in the red end of the

spectrum in addition to bands in the blue which characterized Kraus'

xanthophyll. Inasmuch as the same result was obtained for each of

10 different etiolated plants which he examined, Pringsheim concluded

that a special pigment was present which caused the bands in the red

as well as the bands in the blue. He called this pigment ctiolin.

Pringsheim's results have been frequently substantiated, and while

some subsequent investigators (Wiesner (1877b), Elfving (1882),

Tschirch (1884) ) have agreed with his conclusion regarding etiolin as

a distinct pigment, a majority (Timiriazcff (1875), Hansen ( 18841) ),

Immendorff (1889), Monteverde (1894), Kohl ( 19021'), Greilach

(1904) who have studied this phase of the etiolin question have pre-

sented convincing evidence that the spectroscopic absorption bands in

the red which Pringsheim observed in his etiolated leaf extracts are

" According to <'/apck I I'.iochemie der IMhin/rii. L'nd Kd. , vol. I, |>. r>7!t. .Trim. r.H.'ii,

Julius Sachs MX.V.I ;i. Ill and Jos. Hoehlll (1S.V.M called (he et iolated pigment leuko-

pliyll and chlorogon, respectively. Tin- statement is incorrect. The h'ukophyll of

Sachs was a colorless chromogcn in the seeds ;iiid also in Hie etiolated plants which

gave rise to the green clilornphyll in Ihe sunlight or on treatment with acids i coin-

pare Phipson [isr>s|t, while the chlorophor (not chlorogon as C/apek lias it i of Moehin
was the same colorless chromouen. r.oehni dilTered from Sachs in regarding the green
acid derivative of the colorless chroinogen as an artificial pi.mnent and the green sun

light derivative as the true chloi-ophyll. Koth investigators recognised the existence of

the yellow etiolated leaf pigment us, well as, the colorless chroinogen.
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either chlorophyll or a closely related fore-runner of one of the chloro-

phyllins. Timiriazeff (1875) believed the absorption spectra of alco-

holic etiolated leaf extracts to be due to a small amount of chlorophyl-

lin admixed with Kraus' xanthophyll. Hansen (1884bi re.irarded the

bands in the red as due to chlorophyll. Montevenle 1 1894 1 regarded

the substance giving the bands in the red as a forerunner of one of

the chlorophyllins and called it protochlorophyll, a view which seems

to have been substantiated by the work of (Ireilach (1904). The

latter proposes to reserve the name etiolin for this green pigment with

properties like chlorophyll which exist- in etiolated leaves in very

small amounts, and to use the term in the same sense as Monteverde

used the word protochlorophyll. According to Greilach etiolin (proto-

chlorophyll I is not ;i constant constituent of the etiolated leaf but

appears and then di-appcars during the germination of the seed in

the dark.

Arnaud (18891, following his earlier (1885) demonstration regard-

ing the identity of the yellow leaf pimnent isolated by him with the

carotin from carrots, minnled the yellow color of etiolated leaves MS

due to the s;iine piinni'nt. No ch< mical proof was offered of this but

he determined the quantity of carotin in the etiolated leaves of the

kidney bean I /%/*< />/x r///[/am I
, using a colorimet ric method which

will be reviewed in a later chapter. Inasmuch as Arnaud's method

of analysis would preclude all but trace- of xanthophylls his result

may be regarded as the first proof of the presence of carotin in etio-

lated leave-. This \va> confirmed completely by Tmmendorff (1889)

the same year. He saponified the alcoholic extracts from etiolated

leaves, extracted the carotinoids from the soap with ether and obtained

crystals of carotin from the golden yellow extract. He did not suc-

ceed in obtaininu crystals from etiolated leaves which had developed

only a pale yellow color, hut only from those having a more orange

color, but this cannot be interpreted as indicating another pigment in

the less pigmented leaves, as Immendorff believed, but must be re-

garded as due solely to differences in concentration of pigment, as Kohl

(1902f ) has pointed out.

Following Immendorff, Molisch (1896), Tammes (1900) and Kohl

(1902f) have independently substantiated the presence of carotinoids

in etiolated leaves from various plants using microscopic crystalliza-

tion methods on the fresh tissues. Inasmuch as our information re-

garding the yellow chromolipoids in the etiolated leaf depends at the

present time on the observations of these authors and the microchemi-
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eal methods which they used, it will In- necessary to state brielly the

character and significance of I he methods, reserving a fuller descrip-

tion t'nr a later chapter.

Frank (1884) first observed that red crystalline needles form in the

plastids and between the chlorophyll granules when green leaves are

immersed in dilute acids for a time, and then, after washing off the

acid, are allowed to remain in distilled water for a still more pro-

tracted period. Tschirch (1884 1, who first examined the phenomenon,

did not decide the nature of the crystals, but Molisch 1 1890) found the

crystals to be identical in properties, although having a more reddish

color, with the majority of crystals which he found could be produced

by an entirely different method. Molisch's method is to immerse the

leaves in dilute (40 per cent by volume) alcohol containing 20 per

cent KOH, until the chlorophyll is completely extracted. The process

sometimes requires several days. On washing off the green extract

with water, and immersing the washed leaves in distilled water for

several hours to insure the complete removal of the chlorophyll, it is

found that crystals of various forms and colors from yellowish-orange

to red have appeared abundantly in the leaf. Molisch proved fairly

conclusively the identity of many of the crystals thus obtained with

the red-orange crystals which form in concentrated alcoholic leaf

extracts, and accordingly decided to call the crystals carotin. Molisch

was care"ful to point out, however, that he used the term carotin in the

sense of a group of closely related pigments, for he recognized that the

crystals formed by his alkali method were not due in all cases to the

same pigment. Tammes (1900) and Kohl (1902), however, who

greatly extended our knowledge of the presence of carotinoids in the

plant kingdom, using the microchemical methods of Frank and

Molisch, believed that only one pigment was concerned, namely, caro-

tin, and regarded the methods as specific for this pigment. Tswett

1 191 la), however, proved definitely that the crystals obtained by
Molisch's method are a mixture of carotinoids, and this has been com-

pletely confirmed by van Wisselingh (1915i. Other microchemical

methods for carotinoids have been worked out by the two investi-

gators just mentioned, and these will be reviewed in. a later chapter.

Tswett has stated that Frank's acid method may possibly be specific

for carotin. This may well be the case in view of the much greater

sensitiveness of the xanthophylls to acids, as van Wisselingh has

pointed out, but this investigator who has studied the method closely

finds it to be often laborious, requiring sometimes several months for
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the crystals to form, and that it frequently fails to show the presence

of carotin in plant tissues in which the pigment is known to be pres-

ent. By the use of suitable solvents van Wisselingh has demonstrated

very ingeniously, however, that it is possible to distinguish the xan-

thophyll crystals as a group from the carotin crystals in the mixture

formed by the Molisch method in various plant tissues.

Returning now to the investigations regarding the chromolipoids in

various etiolated plant-, it may be stated that Molisch (1896) demon-

strated carotinoids by his alkali method in the etiolated leaves of

garden cress (Lcpidiuni *<itiruni i , barley (Hordeum vulgare) , hemp
(Cannabis satird), oats i/V.v///// \ f / ///// ///

,
and of balsam (Balsamina

hortensis, D.C.) and fir i.l/m.s <.rn/.sa), but not from the sunflower

(Heliantlmx annuux). in which only orange-red drops formed. Tammes

(1900J, using seeds from the same plants, save the balsam and fir,

substantiated Molisch's positive results with the alkali method, and

in addition obtained the carotinoid crystals in the etiolated di-cotyle-

dons of the suntlower. Kohl (19021) denounced most emphatically
the view of I'ringsheim that a specific pigment is present in etiolated

leaves, devoting an entire chapter of his monograph to this question.

In addition to the etiolated plants examined by Molisch and Tammes,
Kohl (19021) was able to form carotinoid crystals in the etiolated

leaves of the turnip i.S/m//y/.s <iH> ( i) and various varieties of Asphodel.
It is apparent that we have as yet only indirect evidence that

xanthophylls are pre>ent in the etiolated leaf. ('. A. Schunck (1903)

has furnished direct evidence of xanthophylls in an isolated case,

namely, the etiolated leaves of the daffodil (Narcissus pseudo-nar-

cissus}, using the carbon disulfide separation method which has

already been described. A mixture of xanthophylls was found to be

present, but Schunck was unable to obtain crystals of chrysophyll

(carotin) although he had no difficulty in obtaining them abundantly
from alcoholic extracts of the etiolated leaves which had been allowed

to turn green in the sunlight. Greilach's (1904) spectroscopic obser-

vations of the pigments in etiolated leaves led him to conclude that

yellow pigments other than carotin are also concerned in the colora-

tion of the leaves. Ewart (1918) states that he has found 8 to 10

parts of carotin to one of xanthophyll in etiolated wheat seedlings.

Several investigators have studied the question raised by the last

observation of Schunck, namely, what effect greening has on the con-

tent of carotinoids in the etiolated leaf. Wiesner (1877a) first studied

this point and concluded that the xanthophyll (carotinoids) diminished
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during the greening of etiolated sprouted oats. Inasmuch, however,

as he used a eolorimetric comparison of the total alcoholic extract of

the etiolated plant with the alcoholic xanthophyll layer of the extract

from the green plant following the Kraus separation, it is not dif-

ficult to account for his results. Arnaud's (1889) quantitative eolori-

metric comparison of the carotin content of etiolated and green leaves

of the kidney bean, referred to above, led to completely opposite

results. Arnaud's data (calculated from his eolorimetric reading)

show 34.0 mg. carotin in 100 grams of the dry etiolated leaves, and

178.8 mg. in the same amount of dry green leaves, a result which

appears to have been substantiated by the observation of Schunck on

etiolated and green daffodil leaves. Kohl (1902f) studied the same

question and drew the same conclusion as did Arnaud, namely, that

carotin increases during greening. His method of analysis, however,

does not permit so exact an interpretation, for he merely compared

colorimetrically the total unsaponifiablc pigment extracted from the

leaves by alcohol. Kohl's carotin solutions were thus a mixture of

carotin and xanthophylls. It is not possible to decide from these

observations whether xanthophylls as well as carotin increase in the

etiolated leaf during greening. This appears to be the case, however,
in view of Ewart's (1918) statement, quoted above, and the fact that

xanthophylls are the predominating carotinoids in green leaves as

found by Willstatter and Stoll (1913) and Miss Goerrig (1917).

An interesting phase of the etiolated leaf pigmentation is that of the

most favorable conditions for the development of the carotinoids.

Light and temperature are obviously the controlling factors. Wiesner

(1877b) observed that potato sprouts, which formed in the light,

showed little if any yellow pigment, while those which formed in the

dark developed from 30 to 150 per cent more pigment. More interest-

ing is the result of Elfving (1882), which was confirmed by Immen-
dorff (1889), that carotinoids increased greatly in leaves under con-

ditions which depressed chlorophyll formation, i.e., low temperatures

(2 to 8 C.) and very diffused light.

Carotinoids in Naturally Yellow Leaves

Plastids which fail to develop chlorophyll but in which other pig-

ments form instead arc called chromoplastids. The pigments of

chromoplastids are usually granular, sometimes crystalline and almost

invariably yellow to red in color. In the case of some plants the leaf
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plastids arc always characterized by an ab-ence of chlorophyll, the

leaves being yellow or golden yellow in color. Several investigators

have studied the pigmentation of such plants in relation to the yellow

chrom'olipoids which characterize the chloroplastid. Thudichinn

(1869). many years ago, observed the relation between the pigment of

the carrot root and that in the yellow leave- of Coleus, and included

them both in his group of luteins. Dippel 11878) found that the

spectroscopic absorption bunds of the piment extracted by alcohol

from yellow leaves corresponded with those of the yellow pigment

which hi 1 found to be present in Kraus' cyanophyll layer from green

leaf extracts. Dippel called tin- pigment xanthin.

Tammes |1900) and Kohl i!902gi lir.-t -ought to show the relation

of the pigment of such leave- to carotinoids. Tamme- found that the

plastids of yellow leave- gave positive carorinoid reaction- with con.

H,SO 4 ,
con. HXO... and with HCl containing phenol and with bromine

water, when the leaves were tirst dried. Yellow leaves in which the

chromoplastids had disintegrated failed to give these reactions. When
examined after -ubmittin-j; the leave- to the Moli-ch alkali cry.-tailiza-

tion method brownish yellow crystals of variola -hape- were ob-erved

in each of the following cases:

1. Aiicuba japonica Thiinb. (Japanese Aokiba).
2. Elaeagnus latifolia li.

3. Euonymous japonicus L. variety vulphwrea '.Japanese .-pindlr tree).
4. Sainbitntfi nii/ni I.., variety awrea. < Kuropean eldi

Kohl (1902g) substantiated the-e re-ults, also using the Molisch

method, and in addition obtained carotinoids in the following plants
with naturally yellow leav

1. Abutilon n<r;ns,tm (Flowering maple).
2. Bctula species (Birch).
3. Spiroea species, variety nun a.

Kohl made a more exhaustive study of the pigment of yellow elder

leaves I S,, //,/,,/,//* nnjra foliix liittix* and found that the dilute alco-

holic KOH extract of the leaves gave up only a small part of the pig-
ment to ether. The ether extract thus obtained gave the carotin

spectrum, but the pigment remaining in the alkaline alcohol layer
showed only end absorption of the spectrum. He believed that this

pigment was due in part to the
(3 xanthophyll of Tschirch (1887), and

in part also to a new pigment which he called phyllofuscin. which dif-

fers from
(3 xanthophyll in being partly extracted from its aqueon-

solution by ether. It seems likely that Kohl was dealing here with
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Tswett's (1908b) group of colorless chroniogcns, whose alkali com-

pounds arc characterized by a dark yellow or brown color. No xan-

thophyll pigment showing spec) roscopic absorption bands is present

in leaves having yellow plastids, according to Kohl.

Van Wisselingh (1915) made some microscopic observations of the

crystals which he produced in the yellow spotted leaves of Croton

ovalfolius Vahl., Graptophyllum pictum Griff, (caricature plant), and

Siinthux niiira L. foliix var., using both the alkali method of Molisch

and the acid method of Frank. The crystals produced by the latter

method are described by van Wisselingh as brown crystal aggregates,

the yellow spots in the leaves of Sambm nigra showing reddish colored

crystals also, and the similar spots in the leaves of Graptophyllum pic-

tum showing orange-red platelets and small orange-yellow crystal

aggregates.

Summarizing our knowledge of the pigments in naturally yellow

or yellow spotted leaves, it seems certain that carotinoids are con-

cerned in part in the pigmentation, but the information is lacking

regarding the types and distribution of the carotinoids between carotin

and xanthophylls. It also remains to be determined whether water-

soluble pigments of the type whose alkali salts are golden yellow in

color, which are probably related to flavones, are, as Kohl believed,

normally a part of the pigmentation.

Carotinoids in Yellow Autumn Leaves

The hidden beauties of the forest, revealed in the passing of the

chlorophyll of the leaves in the autumn, were among the earliest to

attract the attention of the plant chemists. The author has not had
an opportunity to determine how far back scientific observation on

the autumn leaf pigment can be traced. Guibourt, however, as early
as 1827, expressed the belief that the yellow and red pigments of

autumn, leaves were due to a coloring matter which persisted after

the green chromula of the leaves had disappeared. Guibourt observed

that those families whose flowers and fruits were characterized by
yellow pigments had yellow leaves in the autumn, while the families

with red co.lored llowers and fruits had red autumn leaves.

Macaire-Prinsep (1828) apparently made the first chemical exami-
nation of the autumn pigments. He found that the yellow pigment of

the autumn leaves of the Lombardy poplar (Popuhiji jastigiata) could

be extracted with ether or hot alcohol; that the pigment thus extracted
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turned given on treatment with alkali*; that a yellow autumn leaf

recovered its green color when immersed in alkali, while green leaves

turned yellow and finally red when treated with acids. He accordingly

proposed the term polychrome lor the green chromuhi of the leaf

which thus changes from green to yellow to red and vice versa, and

regarded the phenomena which he oh-crved Q the exact duplication

of the yellow and red autumn coloration of leaves. Berzelius (1837a),

a little later extracted the yellow color from the autumn leaves of the

pear tree ( /'/////* ct>niinnni*\ with alcohol (about 8f> per cent I, and

called the pigment xant hophyll. Ber/celius noticed that the pigment

readily bit ached, but regarded it as a fat and a- beiim derived from

the green piument of the leaf. He was careful to distinguish (1837b)

between the pigment xanthophyll and the red pigment which could

be extracted from the red autumn leave- of the mountain ash (Xorbnx

<iitciij>(iri(i\ and cherry tree.- i /'///////* c> /V/.S//M . and from the red

autumn leaves of gooseberry (Hilm* <ilosxnl(n-i<i, var. ruhr<i) and com-

mon barberry (Ii< rl>< ri* rulij<irix\ bushes, which pigment Berzelius

called erythrophyll.

Following the-e very early experiment- which were carried out

before the development of our prc-ent-day knowledge of the yellow

chromolipoids one tinds a number of more or less unrelated observa-

tion;- reuardinti the yellow autumn colors, which were made incidental

to some of the plant piument studies which have already been reviewed

in connection with the carotinoids in the chlorophtstid. For example,

Fremy ilSGOi regarded the autumn coloration as due to his phylloxan-

thine, the isolation and properties of which were described in an

earlier paragraph. As already pointed out, Fremy believed that two

pigments existed in green leaves, a reenish-blue phyllocyanine and

a yellow phylloxanthine, and that the autumn colors were the result

of the fact that the latter pigment was more stable than the former.

Sachs (1863) made a microscopic study of leaves during the autumn

color change and proposed the theory that the chlorophyll migrates

out of the plastids leaving behind a larger number of intensely yellow

granules. The latter were actually observed and were soluble in

alcohol. Mer (1873), however, was not able to substantiate this

belief regarding a migration of the green granules out of the leaf cells,

but the presence of yellow or brownish-yellow plastids in the cells of

the autumn colored leaves, at least in the necrobiotic 4
phase, is well

* According to Tswett (1908 c) the autumn coloration occurs in two phases, namely,
the necrobiotic and the postmortal. The former is always characterized hy a yellowing
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established (Tammcs (1900), Gocrrig (1917)). True chromoplastids

are, in fact, present.

The disappearance of chlorophyll from the leaves in the autumn is

alone sufficient evidence of vital changes taking place in the proto-

plasm. Viewing the phenomenon of autumn coloration, therefore, in

the light of what is now known regarding the yellow chromolipoids of

the chloroplastids the questions naturally raised, as recently pointed

out by Miss Goerrig (1917) are: (1) are the autumn pigments merely

the yellow carotinoids already present in the chloroplastids, (2) are

the natural carotinoids of the green plastids augmented or possibly

replaced by other yellow pigments which may be closely related but

still capable of being differentiated from the normal carotinoids, or (3)

are the autumn pigments entirely new substances which replace the

normal carotinoids, destroyed, perhaps, with the chlorophyll? In spite

of the fact that these questions have been studied by Miss Goerrig

(1917) and by Tswett (1908b) using the most modern methods, the

question of autumn coloration, at least with respect to the yellow

colors, is not yet entirely cleared up. One can apparently state defi-

nitely that the yellow colors are not due to entirely new pigments.

Whether the plastid carotinoids arc present unchanged or slightly

modified is not so certain. It is also uncertain to what extent yellow

pigments of an entirely foreign nature are present and what part they

play, if any, in the autumn coloration.5 Tswett's and Miss Goerrig's

studies differ decidedly on this point.

We know from Miss Wheldale's ( 1916) splendid monograph that

there is a large group of trees, shrubs and climbing plants in whose

leaves red anthocyanins form abundantly in the autumn. Some of

those mentioned by Miss Wheldale have been shown by certain inves-

tigators to contain carotinoids also. Other plants do not form anthor

cyanins in their foliage in the autumn. Miss Wheldale mentions a

number of the latter in which autumn carotinoids have not yet been

demonstrated. These three groups of plants, together with the names
of the investigators who have demonstrated carotinoids in the autumn

leaf, are summarized in Tables 1, 2 and 3.

of the plastids and a retention of the osmotic pressure of the cell plasma. The latter

is recognized by the disappearance of the plastid pigments, the disintegration of the

protoplasm and the formation of brown, ivddish brown or black pigments as the result

of an oxidation of colorless, water-soluble rhronioyens.
In isolated cases such as the yellow leaves of the osage orange (Mm-lnrn nuran-

tiaca) one no doubt finds an abundance of the characteristic yellow ilavones, morin and
maclaurin found in the wood of this plant (Kressmanu, 11)14) in addition to carotinoids

(Goerrig, 1917).
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T.UiLE 1. AUTUMN I'mm.i; CuNTAININU lioTH A.NTHOCYANINS AN1) C.MJOTIN01D8

Act r t-ii in IH xtri* (Common European Maple), Tamim-. T.-\\< It, Goerrig.
Ad r pliltiliiouli N (Norway Maple'. Tamme-. T-\\ett, (loenii:.

Acer pseudoplatanus (Sycamore). Arnaud in nieen leaves.

Aesculus llii>iHn-n.<tiuiiiin (Buckeye). Tamme-. T-\\ett. (Juerrig.

CratiKi/u* jiiniuitijiilu ( Hawthoiiie i. 'l'>\\ctt.

If i ill ni In l/.r ( \-.]\<a\\-\\ Ivy). Arnaud in un i n lea

I'niin. 3wee1 M: : //ard ( 'licri-y ). 'riniiiin -

/' (ma 1/1 niiiinii-ii (( Icnnaii Pear), T-wett .

/' ma uxxiiru n.-iix (real-). 'I'-u.-it.

(Jin mix ruhrii (Red <>ak>. StaatS.

rugosa < Hui:i'-a roa . Tswett.
ilixtirlniHi (Bald Cypress). Cn rriLr .

Vili* Coil/in tin' ira]>e), (iocrrij:.

TAIILE 2. AIM MN I-'m.i M;I. CONTAINING N< AM HIM VAMNS

Alnus glutinosa (Black Al:
Aralin (Cinseii- i. Tswett.
7). tula alba (While Paper-lurch i.

-

Brousxoiii-tiu i>ni>:irijim (Paper Mnllierry), Goerrig.
Cory-'- /' ' >n Honilx am ).

Caslant n (( 'ln-nr.
< i

C'liinhiiij: Bittersweet) , Tammes.
1

l.ily-dl'-tlie-\ alley ), 'I'.- welt.

... I Iliiiin ( Ha/elnnt I.

Dioscora batata* decn. i \'am), Tammes.
I-'nisi a A -lit.

l-'nnLin ,s'.
;

. boldn, T.-ueti .

Ginkgo biloba (Maidenhair ti< Tswett,
Gleditsia triacaiith" !! ;.

5
I < ,-

. |'-welt.

i/i mini, a (Fli ur-de-li> m ln>). T>\M it.
'

r, gia '' 1 .i:L:li-li \\~alnut i.

Lar/. i,n (European larch), Tswett.
L, iiiiliitm Draba (Pepperwort) , Goerriu.

iilititlmn tulipijera (Tnliji tree), T-wett.
Maci ira a arant aca n >sage t.)rant;e),

Mirabilix Jalapa (Four-o'-clock),
Morn* alba (Mulberry), Aniaud from jin-en leaves.
PlatattH* ori ( )rieiiial .-ycamoie), C'lOcrrig.

Polygonum saclmlin> >/*, (Sacalino), Goerrig.
Populu* alba (Silver Pojilan.
Populu* ttiyra (European Black Poplar).
Pufiutiix tr< ntuln (Aspen Poplar), Tswett.
1'tilea trifoliata (Hop tree), T.-wett.

Pyrus co in innni.^ (Common Pear), Berzelius.

Quercus (Oak), except Qmrcu* rubra and Q. coccinia.

(Jucrcus ffobur (English Oak), Tammes.
Ithux toxicodendron (Poison Ivy), Tswett.
Salix babylonica (Weeping Willow), Goerrig.
Salix Caprca (Goat Willow), Goerrig.
Sparmania africana, Tswett.
I'hnus campestris (Elm), Immendorff, Tammes, Goerrig.

TABLE 3. RED WINTER FOLIAGE DUE TO CAROTINOIDS

Aloes, Molisch.

Qonifers, Lubimenko.
Cryptomcria japonica, Tswett.
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Nailiiiirki (Cypress), Ts\vHt.
]''n/-i ]>li<ilurtox ]li.[(lt'hminllii A. Hr. and Bourhe, Lubimeuko.
Jnnipirus riri/iu/acn (Hod Cedar), Tswett.
M ncrozani'ut species, Lubiincnko.

Iiftinoxpora phtmoxa (Juvcnilo Thuja), Tswett.

Seloginella (Club Moss), Molisch, Lubiinenko.
Taxus baccata (Yew), Tswett.

Thuja oricntalis (Arbor Vita?), Tswett, Monteverde and Lubimenko.

Opinion was divided even among the older investigators as to

whether one or several pigments arc involved in the autumn colora-

tion, and as to what relation they bear to the normal pigments of the

green leaf. Among those who believed that only one pigment is

involved may be mentioned Pringsheim (1874), whose spectroscopic

observations of extracts of yellow autumn oleander leaves and rye

straw showed three absorption bands in the blue only. Pringsheim
concluded that the pigment involved was different from his etiolin,

and he adopted Berzelius' name of xanthophyll for the yellow autumn

pigment. Tschirch (1884) also believed that only one pigment exists

in yellow autumn leaves, which he called ft xanthophyll, to distinguish

it from an a xanthophyll, the yellow pigment in green leaves, although

he regarded the two xanthophylls as closely related, if not identical.

Tschirch believed that there was less xanthophyll in autumn leaves

than in green leaves. The pigment thus described by Tschirch was

probably carotin. Immendorff (1889) succeeded in obtaining carotin

crystals from alcoholic extracts of the yellow autumn leaves of the

beech (Fag us) and elm (Ulmus campestris) ,
and although he admits

that he secured a very small quantity and that only in one case, his

extracts always showed the carotin spectrum, which caused him to

conclude that carotin is the cause of the yellow autumn coloration.

Tammes (1900) examined the fallen autumn leaves of a number of

trees and shrubs after submitting them to the Molisch alkali crystal-

lization method. The plants examined are given in Tables 1 and 2.

Carotinoid crystals were observed in all cases in which the leaves still

showed the presence of yellow plastids. Tammes' conclusion that car-

otin is the cause of the yellow autumn coloration is, of course, not

valid, in view of the fact that we now know that the Molisch reaction

is not specific for carotin.

In view of the multiplicity of carotinoids at present acknowledged
to exist in the chloroplastids the idea of only one pigment in the yellow

autumn coloration is not acceptable. A number of the older investi-

gators concluded that more than one pigment was involved even
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before it was definitely known that several yellow ehromolipoids exist

in the green leaf. For example. Gregor Kraus (1872c) believed that

the yellow autumn pigment was due in part to his yellow xanthophyll

and in part to a yellow water-soluble pigment. Sorby's (1871a, b)

idea that autumn coloration is due to varying mixtures of xantho-

phylls, erythrophylls and chrysotannins is not far different from

Miss Goerrig's remit conclusion when one is acquainted with the par-

ticular properties of Sorby'< piumrnt groups. Sorby's xanthophylls

are our present carotinoids; his erythrophylls are acknowledged to be

our red anthocyanins (they were characterized by being strikingly

affected in color by alkalies and acids )
;
and his chrysotannins, which

he believed increased during the autumnal color changes, were indefi-

nite water-soluble yellow pigments with acid properties (related to

tannic acid) which readily deepened in color on oxidation. Miss Goer-

rig found abundant quantities of a yellow pigment in autumn leaves,

which could be extracted with dilute acetone. Saponificatioo of the

extract greatly intensified the color, and the unsaponified pigment

could not be extracted from the dilute acetone by ether. There also

seems to be little reason to doubt the identity of Sorby's chrysotannin

and Mi-s Goerrig's unnamed yellow water-soluble pigment with the

so-called aiitunin-xantliin which Staats (1895) extracted with alcohol

from the yellow autumn leaves of the linden (Tilia) ,
beech (Fagux),

ash (Fraxinm) and red oak (Quercw n/hra), and which he obtained

in the form of 'a red crystalline water-soluble potassium salt. Staats

ascribed the autumn pigmentation solution to this coloring matter,

but in this he was, of cour-< . mi-taken. The alcoholic extract of the

oak leaves first turned irreen and then yellow with the precipitation of

the potassium salt, when treated with KOH, confirming the observa-

tion of Macairc-Prinsep (1828), mentioned above, on extracts from

autumn poplar leaves. The explanation of this interesting color reac-

tion of autumn leaves is not apparent.

Carl Kraus (1875) also ascribed the autumn coloration to more

than one pigment, naming two, xanthin, especially, and also xantho-

phyll. To explain briefly his terminology it may be stated that his

xanthophyll was practically the Gregor Kraus xanthophyll in that

author's alcohol-benzene separation, Carl Kraus characterizing it

further because of its change to a blue pigment on treatment with

acid (this is either the phylloxanthine reaction of Fremy (1860), or

the xanthophyll |3
color reaction of Tswett (1911a)). The xanthin of

Carl Kraus, however, is undoubtedly carotin, since he found it in the
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benzene layer of the Gregor Kraus separation, and it was not turned

blue by acids.

C. A. Schunck's (1903) splendid spectroscopic observations of the

xanthophylla included an examination of the pigments of yellow

autumn leaves. The method of preparation of the material for these

studies, which has already been described, precludes the presence of

pigments other than carotinoids in the alcoholic solution submitted to

Schunck's carbon disulfide separation. Schunck does not mention

chrypophyll (carotin) in connection with his autumn leaf examination,

but his xanthophyll solution gave four banded spectra in practically

all cases. The conclusion drawn was that autumn coloration is due

to L. xanthophyll and a preponderance of the acid derivative of B.

xanthophyll, which is characterized by a four banded spectrum, a

result which strongly supports the idea that certain changes do occur

among the carotinoids of the leaf during the necrobiotic period.

Kohl (1902h) made a careful study of autumn pigmentation and

ascribed the autumn colors to carotin, a xanthophyll (showing a four

banded spectrum (see Schunck)), (3 xanthophyll (a water soluble pig-

ment with no spectroscopic properties), a little phyllofuscin and a

small amount of another yellow pigment also derived from chlorophyll,

which he does not name. One must agree with Tswett (1908b), how-

ever, that Kohl's methods are open to serious objection, in that the

preliminary boiling of the leaves in water, before the extraction of the

pigments with hot alcoholic potash undoubtedly brought about serious

decompositions because of the high acidity of the cell sap in autumn
leaves. Nevertheless, Kohl's observations do indicate that carotinoids

may be expected to decline noticeably during the autumn color change,
thus confirming the belief expressed by Tschirch (1884). Kohl states

that it is sometimes difficult to demonstrate the presence of carotin

(carotinoids) at all in autumn leaves, and concludes that the intense

yellow color of some autumn leaves is due to the formation of other

yellow pigments.

Tswett's (1908b) study of the pigments of yellow autumn foliage

appears to be the most reliable which we have available at present on

which to base a definite knowledge of the autumn yellow colors. It

is true that Miss Goerrig's (1917) more recent study gave quite oppos-

ing results in some particulars, but the apparent contradictions are

not wholly irreconcilable when one takes into account the fact that

Tswett's and Miss Goerrig's studies differ in at least two very sig-

nificant points, namely, (1) Tswett studied the pigments in fresh
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leaves, while Mi-- < ioerrig fir>t dried the leaves in the air at -10 C.

i protected of course from the liiihti. and then Around them tn a

powder, and (2i Tswett submitted hi.- pigments to confirmatory testa

for the various carotinoids (unfortunately omitting, however, a chro-

matonTaphir analysis i. while Mi-.- (ioerrig drew her conclusions solely

from a Krau- reparation between alcohol and petroleum ether. The

bearing of these difference- in procedure on the conclusions of the two

investigators, iv-pect ively. will he pointed out below.

Inferring first to Tswett's inve-tiuation one finds that he plucked

the autumn yellow leaves "f 19 diffen nt plants during the ne.-rohiotic

period, and macerated them thoroughly with glass powder, or emery,

and MgO (to in-ure the absence of acid- in the extractsi and then

extracted the pulp with petroleum ether. This was followed by an

extraction with alcoholic petroleum ether. The latter wa- freed from

alcohol by wa-hing with water and the two extracts examined sepa-

rately both spectroscopically as well as with re-pert to their ad-oip-

tion by Ca('<> . and al-o as to their -cparation in the Krau-: proce-

dure, u-ing 80 per cent alcohol and petroleum ether. The lir-t extrac-

tion with petroleum ether alone -hoiild extract the carotin, if present,

and the -econd extraction with alcoholic petroleum ether should re-

move the xanthophyll-. hi addition, extractions were made of the

macerated leaves with alcohol alone, and these tested in the Kraus

system. The plant- examined by T-wett may be iound by referring

to Tables 1 and 2.

The result of this study wa- to -how that, while traces of ehloro-

phyllins and normal carotinoids were pre-ent. the bulk of the pigment

of the yellow autumn leaves examined before the postmortal period

was a earotinoid-like pigment ior group of pigments) which was

almost completely adsorbed from petroleum ether by CaCO,, like the

xanthophylls. At the same time the pigment was epiphasie like caro-

tin, i.e., found in the petroleum ether layer in the Kraus reparation, in

all cases except the extract-" from the honey locust (Gl< :

<Ht*i(i triti-

canthos) and the buckeye Llr.sr/////.s Hippocastanum) . Spectroscopi-

cally the pigment showed three absorption bands behind" F, but as their

position was somewhat variable no measurements were made. Tswett

called the pigments (he believed a mixture to be present) autumn

xanthophylls. Saponification did not alter their carotin-like property

of remaining for the most part in the petroleum ether layer in the

8 The hypophasic portions of tbesc extracts were unfortunately not examined further

by Tswett.
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Kraus separation. In the author's opinion the pigments might better

have been called autumn carotins, for the behavior of the carotinoids

in the Kraus separation unquestionably depends primarily upon chemi-

cal composition, as Tswett (1911b) himself has pointed out, while

their relation to adsorbents is largely a colloidal phenomenon, as

already explained, and is not necessarily related to chemical com-

position.

Tswett also made a careful study of the question of the alleged

(Sorby, 1871a, b, Kraus, 1872, Kohl, 1902) presence of water-soluble

yellow pigments in yellow autumn foliage, with most convincing re-

sults. He found that hot water decoctions of autumn leaves, obtained

with the exclusions of as much air as possible, were scarcely colored

at all, and that similar decoctions with dilute acetic acid were pale

yellow, while extractions with alkaline water were golden yellow to

brown or reddish brown. The more golden colors were destroyed by

acid, but the deeper ones persisted. Decoctions with water slightly

alkaline with carbonates were likewise golden yellow, and the extracts

acted towards acids, alkalies and air like the extracts with distilled

water. Tswett obtained further proof of the presence of colorless

water- and alcohol-soluble chromogens
7 in autumn leaves (he regards

the chromogens as present in green leaves also), which give golden

yellow salts with alkalies and oxidize to a dark brown color, by shak-

ing the diluted alcoholic extract of the yellow tulip and maple leaves

with chloroform. This removed the color, leaving a colorless hydro-

alcoholic layer which acted towards alkalies like the distilled water

decoctions from the leaves.

Tswett holds, apparently rightly, that colored salts of the above

mentioned chromogens may at times play a part in the coloration of

autumn leaves during the necrobiotic period. It would appear that

the definiteness of the relation between this period and the true post-

mortal period of the leaf is the important factor in determining this

type of coloration for Tswett believes that the brown oxidation prod-
ucts of the yellow alkali salts of the colorless chromogen of the leaves

play the chief role in the postmortal coloration of leaves, a reaction

no doubt accelerated by oxidizing enzymes.
Miss Goerrig's (1917) recent study of yellow autumn pigments was

an attempt to determine quantitatively the relation of the carotinoids

in the green and autumn leaf, just before and during the necrobiotic

7 These substances are probably flavones which are characterized especially by their
yellow color reaction with alkalies.
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phases, determining colorimetrically carotin and xanthophylls (a* a

group) by the AVillstiitter and Stoll (1913c) method, using potassium

dichromate IIP standard. The study was necessarily most exacting and

laborious. In general, the data show that the amount of autumn

rarotinoids in comparison with the rarotinoids in the green leaves just

before the nerrobiosis varies with the kind of plant and the character

of the weather during the latter period, sometimes being more and

sometimes less, but that the autumn carotinoids, even when higher

than the prencerosis pigments, never equal quantitatively those pres-

ent in the leaf in midsummer. In all cases the xanthophylls exceed

the carotin. The reader is referred to the original paper for other

details. The plant? examined arc noted in Tables 1 and 2.

From a qualitative standpoint Miss fioerrie's results differ signifi-

cantly from Tswctt's in two particulars, (1) the former denies the

existence in autumn yellow leaves of carotinoids differing from the

normal plastid carotinoids, (2) and find* water-soluble pigments in

abundance so that, ""When one compares the color of the extracted

meal and the wash waters with the meal before extraction a good idea

is obtained of the frequently small significance of carotin and xan-

thophylls in the autumn leaf pigmentation."

With regard to the first differ- -n.-e. Mi- Ooerrig's rondusion is cer-

tainly open to criticism in that she did not submit her carotin and

xanthophyll fraction-;, obtained by reparation between alcohol and

petroleum ether, to any confirmatory testa whatsoever. That Mis
Ooerrig's carotinoids from autumn leaves were probably the same as

the mixture which Tswett calls autumn xanthophylls is indicated by

the very significant -tatement that repeated extractions of the petro-

leum ether solutions with high percentage methyl alcohol were fre-

quently required to separate the xanthophylls from the carotin. It is

not difficult to conjecture that such xanthophylls, like Tswett's autumn

pigments, would be mostly epiphasic between petroleum ether and

80 per cent alcohol, the normal xanthophyll solvent in the Kraus

separation.

The difference between Miss Ooerrig's and Tswett's results respect-

ing water-soluble pigments can not be explained so readily, inasmuch

as the former proved that her leaf preparations from both green and

autumn leaves did yield strongly colored extracts to both distilled

water and to tap water, as well as to very dilute acetone. Leaf pow-
ders from leaves dried at 40 C. were used for these tests, while Tswett

examined only the fresh tissues. This difference alone may be suf-
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ficient to account for the divergence of the results on this point. This

possibility should be investigated.

Carotinoids in Autumn, and Winter Reddening

The winter reddening of leaves of the English ivy (Hedcra helix),

privet (Ligitstrum vulgare) and other evergreens, and also that of cer-

tain herbaceous plants like Sa.rifraga umbroxa, which retain their

leaves in winter, as well as the autumn reddening of the Rosaceae and

many other individuals of various plant orders is due to anthocyanin

formation. The chemistry of autumn and winter reddening, there-

fore, does not seem to fall within the scope of this monograph. How-

ever, from the investigations of Molisch (1902), Tswett (1911b), and

Monteverde and Lubimenko (1913b), carotinoids with an antho-

cyanin-like color are responsible in some cases for autumn and winter

reddening.

Schimper (1885) first examined the red pigment in winter foliage of

various firs (Abies) and other conifers, such as Thuja ericoides, Thuja

standishi, and the common box tree (Buxus sempervirens) and found

it soluble in alcohol, benzene and CS 2 ,
and that it was extracted from

alcohol by the last named solvent. He also noticed the red pigment
in various parts of the plant of many varieties of aloes, e.g., Aloe ver-

rucosa, Courchet (1888) later investigated the properties of this red

pigment and concluded that it was different from carotin and other

pigments because it did not give the blue color reaction with con.

H 2S0 4 . Molisch (1902) believed that he was dealing with the same

pigment when he found that the red plastids in winter-red foliage

leaves of many (26) varieties of aloe's responded, in part at least, to

his alkali crystallization method. The pigment crystallized in the

form of needles, platelets, prisms or little stars, with a garnet red or

yellowish brown color, and gave the usual reaction with con. H 2SO4 ,

HNO
:) ,

etc. Similar crystals were obtained even more abundantly in

the chromoplastids of several varieties of Selaginella. Molisch con-

cluded that the winter reddening of aloes and Selaginella is due in

part to a red carotin (carotinoid).
8

Tswett (1911b) likewise has found a red carotinoid, undoubtedly the

same pigment, in the winter foliage of several plants. These are

enumerated in Table 3. He proposes the name thujorhordin for the

Molisch found a similar, if not the same pigment, normally imbedded in a colorless
stroma in the common horsetail (Equiaetum arvense), the pigment itself having been
observed first by Schimper (1885).
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pigment because he first isolated it from arbor vitse (Thuja oricn-

talis). The pigment is described by Tswett as being ruby red in car-

bon disulfide, rose in alcohol and yellow in petroleum ether. It is not

adsorbed to any extent by CaCO.
(
from petroleum ether or CS2 solu-

tion, but is almost wholly hypophasic in the separation between petro-

leum ether and 80 per cent alcohol. Tswett's pigment showed three

absorption bands in petroleum ether and- four in carbon disulfide.

Spectroscopically the pigment differs from any previously known

carotinoid, but Tswett's classification of the pigment as a carotin is

subject to the same criticism as his classification of the autumn yellow

pigments as xanthophylls. It has already been pointed out that chemi-

cal composition, not color and colloidal and other physical and

physico-chemical properties, must be the correct basis for the classi-

fication of carotinoids. The hypophasic relations of thujorhordin in

the Kraus separation would classify it as a xanthophyll. Monteverde

and Lubimcnko (19131)) and Lubimenko (1914a, and b) have, in fact,

already classified it thus under the name rhodoxanthin, which appears

to have been the name first applied to this pigment by Tswett (1910b).

The discovery of the same pigment in the pond-weed (Potamogeton

natans] by Monteverde and Lubimenko has been mentioned in an

earlier paragraph, and its characteristic properties given.

Monteverde and Lubimcnko's study of the Thuja pigment differs

from Tswett's in that the pigment was isolated in nearly pure crystal-

line form, making it possible to show that Tswett's four banded spec-

trum for rhodoxanthin in carbon disulfide was probably due to some

admixed carotin or xanthophyll, the pure pigment showing only three

bands. According to Monteverde and Lubimenko many of the coni-

fers owe their winter reddening to rhodoxanthin.

Lycopin, the red isomer of carotin, is also involved in winter red-

dening, according to Lubimenko (1914a). Two conifers whose cone

scales owe their winter color to this pigment are mentioned in Table 3.

The plants were studied under tropical conditions.

Carotinoids in Flowers

Yellow, orange and orange-red tints are especially abundant among
flowers. Marquart (1835) was the first to name the yellow flower pig-

ments, calling them anthoxanthins to distinguish them from the blue,

violet and red pigments which he called anthocyanins. Marquart
noticed that certain of the anthoxanthins gave a blue color with con.
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JLSOj, so that observations regarding flower caret ino'n Is may right
-

fully 1)0 said to have begun with this investigator.

Beginning with Fremy and Cloez (1854), however, it has been rec-

ognized that yellow flower colors may be divided, at least roughly, into

two groups, one insoluble in water and the other soluble in water.

Fremy and Cloez called the former xanthin, and regarded the pigment
of the sunflower (Helianthus annus) as the type. The pigments of

the water-soluble group were called xanthe'in, and the yellow pigment
which may be obtained from certain dahlias was regarded as the type.

Frciny and Cloez's xanthin was, of course, a mixture of carotinoids,

and their xantheins are recognized today as anthocyanins and flavones,

only a few of which, however, have been isolated and closely studied.

We are concerned in this monograph only with the carotinoids, but

the subject of yellow flower pigments is somewhat complicated because

of the fact that yellow, orange and orange-red pigments of a consti-

tution entirely foreign to that of the carotinoids are frequently the

cause of the color of flowers and sometimes associated with the caro-

tinoids in causing the coloration.

It does not appear to be possible to determine with certainty by
mere inspection whether a yellow colored flower owes its color to

carotinoids or to pigments of the water-soluble group, although Bid-

good (1905) states that in general all floral colors of a primrose or

sulfur-yellow color are produced by the latter pigments, and that such

flowers have a more delicate, transparent appearance. Microscopic

observation, however, readily reveals the character of the pigment

present, for the carotinoids appear to be always present in flowers in

the form of chromoplastids, while the anthocyanins and flavones are

always present in solution in the cell sap. There may be some excep-

tions to both statements but the differentiation is sufficiently general

to serve as the basis for determining the character of the flower color-

ation. Confirmatory tests for carotinoids can, of course, always be

carried out. Yellow and orange colored anthocyanins, giving a red

color with sulphuric acid, are more common in flowers than are flav-

ones, according to Bidgood, who lists a number of flowers whose color

is due to the former, but very few that owe their tints to the latter.

The vast majority of yellow to orange-red colored flowers, however,
owe their color to carotinoid containing chromoplastids. Thudichum

(1869) gave a list of 32 flowers whose yellow pigment he regarded as

due to lutein. Carotinoids have since been demonstrated in practi-

cally all these cases. Gregor Kraus (1872) first noticed the spectro-
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scopic similarity of alcoholic extracts of yellow flowers with the xan-

thophyll which he obtained from green leaves by his well-known

method of separation of the green and yellow chloroplastid pigments.

Sorby (1873) believed that yellow and orange colored flowers were

colored by a mixture of the various xanthophylls and xanthines which

he described and which have already been reviewed in detail. Dippel

(1878) also noticed the similarity between the absorption spectra of

flower extracts (he used the golden-yellow flowers of the California

poppy (Eschscholtzia calijornica) and the yellow pigments of chloro-

plastids. Hansen (1884c) apparently obtained the first crystals of

carotinoid from yellow flowers, but their probable impurity is indicated

by their ease of solubility in both alcohol and petroleum ether, crys-

talline carotin being practically insoluble in the former and crystal-

line xanthophylls in the latter solvent. Hansen called the flower

plastid pigment lipochrome, because of its similarity in properties to

the animal lipochromes which were being studied by Krukenberg
(1880-1886) about that time.

Schimper (1883, 1885) first observed that the orange-yellow pig-

ments in the chromoplastids of certain flowers existed naturally in

crystalline condition, while in others the pigment was granular or

amorphous. These observations were greatly extended by Courchet

(1888), who used the name chromoleucites first proposed by van

Tieghem in place of chromoplastids. The former has not had such

general use as the latter. Courchet's extensive investigation was not

confined to the yellow and orange pigments of flowers and fruits, but

covered the anthocyanins as well. He described very minutely the

morphology and organization of the chromoplastids and the pigments
contained therein for many flowers and fruits. He found a very inter-

esting relation to exist between the color of a pigment and the form

which it assumes in the plant. He showed clearly how to distinguish
between red anthocyanin pigments dissolved in the cell sap and red

plastid pigments frequently deposited in crystals in the plastids, the

latter being characterized by their blue color reaction with con.

H2S04 ;
in form and color and reactions with reagents they were shown

to be identical with the red crystals in tomato plastids, which were
believed at that time to be identical with the carotin of carrots. He
demonstrated that yellow-orange and red-orange colors in flowers are

always found in the chromoplastids, frequently in the form of crystals
whose rhombohedral platelets or prisms were recognized as extraordi-

narily closely related to the carotin of carrots and green leaves. He
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pointed out distinctly the difference between yellow flower pigments

dissolved in the cell sap and yellow ilower pigments deposited, appar-

ently always, in amorphous condition in the plastids. Courchet was

successful in recrystallizing the red, red-orange and yellow-orange

plastid pigments, but not the yellow plastid coloring matters. The

latter, however, gave the same color reactions with the lipochrome

reagents as the crystallizable pigments, and their great solubility in

absolute alcohol shows clearly that they are to be classified as xau-

thophylls. It is not so certain that the crystalline forms were carotin

in all cases on account of their somewhat variable solubility in alcohol.

Following Courchet, carotin crystals were obtained by Immendorff

(1889) from extracts of the flowers of various members of the butter-

cup (Ranunculus) family and from various members of the hawkbit

(Leontedori) family, probably especially the so-called autumn dande-

lion (Leontedon autumnale). Mobius (1885) had already shown that

the peculiar oily appearance of the yellow buttercups, which is the

cause of their common name, is caused by the pigment being dissolved

in the cells in oil and not present, as usual, in plastid form. This

flower therefore appears to present an exception to the general rule

that flower carotinoids are present in chromoplastids. In this con-

nection, the idea of Hilger (1894) and his pupils Wirth (1891) and

Kirchner (1892), that the carotin pigment of the pot marigold flower

(Calendula officinalis) is a mixture of sterol esters of various fatty

acids and an unnamed colorless hydrocarbon, has been completely dis-

proved. Pabst (1892) proposed the same idea to explain the consti-

tution of the pigment of the red pepper (Capsicum annum) and Ehr-

ing (1896) the pigment of the tomato (Lycopersicum esculentum}.
Even if these authors had regarded carotin as a sterol-like substance

in union with fatty acids, which does not appear to have been the

case, the hydrocarbon character of carotin and the fact that xantho-

phylls apparently contain no hydroxyl group would render their con-

clusion untenable.

We are dependent for our present knowledge of the distribution of

carotinoids among flowers upon the observations of Tammes (1900),
Kohl (1902), Schunck (1903), Tschirch (1904), Bidgood (1905) and
van Wisselingh (1915). Tammes, Kohl and van Wisselingh sub-

mitted the flowers examined by them to one or more of the micro-

chemical crystallization methods previously described, the last named
investigator supplementing these in certain instances with additional

tests on the crystals thus formed in order to determine, if possible,
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whether the crystals were carotin or xanthophylls. Schunck's com-

bined separation and photospectrographic procedure, together with the

effect of certain reagents on the absorption bands, has already been

described in detail. Schunck reported especially the distribution of

his L. B. and Y. xanthophylls, respectively, in a number of common

yellow flowers. The author is of the opinion that Schunck's work can

be relied on merely as having shown that xanthophyll carotinoids are

present in the particular flowers examined by him. The author re-

cently
9
sought to verify Schunck's observation that the pigment of

the common dandelion (Taraxacum officinale) is compared solely of

B. xanthophyll, which corresponds with Tswett's a' and a" xantho-

phylls, with the view of determining the influence of a single xantho-

phyll on the coloration of egg yolk when fed to laying hens. Only the

purest yellow parts of the dandelion head were examined. Applying

relative solubility, spectroscopic and chromatographic adsorption

methods to the extracted pigment, it was found, however, that carotin

and at least three xanthophylls were present, carotin being especially

abundant. Xanthophyll (5 (Schunck's Y. xanthophyll), characterized

by the peacock-blue color of its alcoholic solution on treatment with

HC1, was among the xanthophylls present.

Tschirch used a still different method for his flower studies. The

alcoholic extracts were submitted to the capillary analysis procedure

first introduced by Goppelsroeder (1901), and the carotinoid char-

acter of the principal yellow zone confirmed spectroscopically.

This capillary method of separation has not been mentioned pre-

viously so that a few statements concerning its character may be made

at this point. The alcoholic extract of the flower whose pigments are

to be examined is placed in a cylindrical vessel with a flat bottom and

strips of thick, fat-free paper, such as that used for the Adams' milk-

fat analysis, are immersed in the solution to a depth of about one

centimeter. The strips used by Tschirch were 5 cm. wide, 18 cm. long

and about 1 mm. thick. These strips are hung from a support. Dur-

ing the course of several hours the pigmented extract gradually rises

on the paper and as it does so differentiates itself into colored zones,

strikingly similar in appearance to those obtained in the Tswett

chromatographic analysis. When the capillary rise has ceased the

paper strips are removed, dried, and the various colored zones sepa-

rated with the scissors. The pigment in the individual zones is puri-

fied by repeating the capillarity until the paper takes up only one

Unpublished investigation.
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pigment. The method is strikingly pretty but has the serious objec-

tion that the various carotinoids arc likely to lose some of their char-

acteristic properties through oxidation before a pure pigment is ob-

tained. According to Tswctt (1906c), the differentiation into zones

is not due to adsorption, as in his method, but merely to a combined

effect of surface evaporation and precipitation of pigments having

varying degrees of insolubility in the increasingly dilute alcohol. It

is difficult to believe, however, that colloidal adsorption does not play

a part in this phenomenon.

Bidgood's addition to the subject of flower pigments is a list of

flowers whose orange, brown and green tones are due to the combined

effect of carotinoids and crimson and blue anthocyanins.

The author has attempted to collect in Tables 4, 5, 6 and 7 the

results of the work of the various investigators mentioned. It is seen

that a very large number of yellow flowers owe their color wholly or

in part to carotinoids. It should be understood that the tables include

only those which have been studied, and that the lists are not neces-

sarily complete. A few statements may be necessary in explanation
of the separate tables. The carotin-containing flowers in Table 4

must not be regarded as containing this pigment only. As a matter

of fact carotin apparently never exists alone, at least in flowers and

leaves, although it may be the predominating pigment, as in the

corona of the poet's Narcissus, and the daffodil where it is found

already crystallized in the plastids (Courchet, Bidgood, van Wissel-

ingh). The orange colored pigment of the pollen of the so-called

mullein (Verbascum thapsijorma L.) appears to consist wholly of

carotin (Bertrand and Poirault, 1892). The flowers which are starred

in Table 4 were placed there largely because they have been found

to yield microchemical crystals by the acid method, which may, at

least provisionally, be regarded as specific for carotin on account of

the great sensitiveness of xanthophylls toward acid. The presence of

carotin in the other flowers in Table 4 has been substantiated by other

observations. Arnaud determined quantitatively that the flower petals
of the sweet violet (Viola odorata) contain 124 mg. carotin per 100

gms. of dried petals. The xanthophyll-containing flowers of Table 5,

similarly, do not necessarily contain this class of carotinoids only,

although it is possible that this may be the case for those which are

starred, judging from van Wisselingh's study of this question. This

investigator's conclusion that the flowers which are double starred in

the table contain only one xanthophyll should be substantiated by
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chromatographic analysis. The collection of flowers in Table 6 sig-

nifies that we know as yet only that carotinoids are present in these

flowers. Whether the color effects are also due in part to yellow hued

non-carotinoids is not known. The cases where this fact appears to

have been established are reported in Table 7, which includes as well

a few of the known cases where other color tones are due in part to

carotinoids.

To summarize the whole subject of flower carotinoids very briefly,

it is clear that much work remains to be done before our knowledge
can be regarded as complete regarding the character and distribution

of the individual carotinoids among the yellow flowers.

TABLE 4. YELLOW FLOWERS IN WHICH CAROTINS HAVE BEEN DEMONSTRATED

*Abutilon Darwinii Hook (Flowering Maple), Tammes.
Aloe verrucosa, Molisch.

Asdepias Curassavica L. (Milk weed), van Wisselingh.
Asphodclus ccraxifir L. (Asphodel), Courchet.
^Calceolaria rugosa Hook (Lady-slippers), van Wisselingh.
*Chelidonium majus L. (Celandine Poppy), Tammes.
Isatis Tinctoria L. (Dyer's Woad), van Wisselingh.
Liriodendron Luitpijira (Tulip tree), Schrotter-Kristelli.

*Manettia bicolor Paxt., Tammes.
Momordica balsam ina (Balsam Apple), G. and F. Tobler.
Narcissus pocticun L. (Poet's Narcissus), Courchet, Bidgood, van Wisselingh.
Narcissus Pseudo-narcissus L. (Daffodil), van Wisselingh.
*Nonnea lutea D. C., Tamrm >.

*Primula officinalis (Cowslip), Tammes.
*Siphocampylox bicolor G. Dow. Tammes.
*Stilopkorum diphyllum Nutt., Tammes.
Taraxacum officinale Weber (Common Dandelion), Palmer.

*Trollius asiaticus L. (Globe Flower), Tammes.
* Carotin by the acid microcliemical crystallization method.

TABLE 5. YELLOW FLOWERS IN WHICH XANTHOPHYLLS HAVE
BEEN DEMONSTRATED

Calceolaria (Lady-slippers), Schunck.
**Calendula arrensis L., van Wisselingh.
Calendula officinale L. (Pot Marigold), Schunck.
Cheiranthus cheira L. (Wall-flower), Schunck.

**Chelidonium majus L. (Celandine Poppy), van Wisselingh.

Chrysanthemum (probably frutescens L.) (Marguerite), Schunck.

Cytisus Laburnum L. (Broom Flower), Schunck.
*Dendrobium thijrsiflorum Rchb. fil. (Orchid), van Wisselingh.
**Doronicum Parda'danches L. (Leopard's Bane), Schunck, van Wisselingh.
*Gazania sphndcns Hort.. Kohl, van Wisselingh.
Helianthus amius (Sunflower), Schunck.

**Hieraceum aurantiacum L. (Orange Hawkweed, or Devil's Bit), van Wisselingh.
Isatis tinctoria L. (Dyer's Woad), van Wisselingh.

**Lilium croceum Chaix., van Wisselingh.
Mimulus moschatus L. (Musk plant), Schunck.
* Flowers containing xanthophylls and no carotin, according to van Wisselingh.
** Flowers whose pigmentation is due to one xanthophyll only, according to van

Wisselingh.
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Narcissus Pseudo-narcissus L. (Daffodil >, Srlnmrk. van Wisselingh.
Primula officinal is (< 'oxvslip 1

.
Kohl.

Itanu-nculttx <//* L. (Buttercup), Kohl. SrlmncL

Itaplnniu.t raphanistrum \<. (White Chailock i, Schunck.
Itibcs aun uni (Golden Current.), Kohl.

**Spartium junctum L. (Spanish Bruoin), van Wissclin^h.

Tagctcs (ncta (Marigold), Scliunck.

Taraxacum officinalc Weber (Coinnion Dandelion), Schunck, Palmer.

Tropaiului/i majua (Nasturtium) ,
Schunck.

Tulipa (n-smriana L. (Cominon garden Tulip), van Wisselingh.

Titssilago Farfara L. (Coltsfoot), Schunck.
Ulex europoeus (Gorse), Schunck.
Vi rbascum species (Mullein), Kohl.
Viola tricolor L. (Pansy), Schunck.

** Flowers whose pigmentation is due to one x:intli<iiiliyll only, according to van

Wisselingh.

TABLE 6. YELLOW FLOWERS IN WHICH CAROTINOIDS HAVE BEEN DEMONSTRATED

Abutilon mcgopotamicum (Flowering Maple), Tammes.
Abutilon ncrvosum (Flowering Maplo), Kohl.
Adonis vcnialis (Spring Adonis), Tammes.
Alyssum saxatile (Golden-tuft), Tammes.
Aster species, Courchct.

Buphthalmum salicijolium, Tschirch.

Cacalia coccinea, Tschirch.

Caltha palustris (Marsh Marigold), Kohl, Tammes, Tschirch.

Chrysanthemum frutcscens (Marguerite), van Wisselingh.
Clivia miniata Regel, van Wisselingh.
Colutea media (Bladder Senna), Tschirch.

Corydalis httca D. C. (Lark's Spur), van Wisselingh.
Cucurbita foctissima (Calabazilla), Kohl.
Cucurbita melanosperma A. Br., van Wisselingh.
Cytisus Laburnum L. (Broom), van Wisselingh.
Cytisus sagittalis Koch. (Broom), van Wisselingh.
Doronicum Columnac Tcnore (Leopard's Bane), Kohl, Tammes, Tschirch.
Doronicum plantagincum I,, cxcehum, van Wisselingh.
Doronicum Pardalianches, Tschirch.

Epimedium macrantheum, Tammes.
Erant his hyemalis Salisb. (Winter Aconite), Tammes, van Wisselingh.
Erysimum Perofskianum Fisch. and Mey., van Wisselingh.
Ferula species (Giant Fennel), van Wisselingh.
Forsythia Fortunei (Golden Bell), Tammes.
Fursythia liridissima (Golden Bell), Tammes, Kohl, Tschirch.
Fritillaria hnperialis (Crown Imperial), Tammes, Kohl, van Wisselingh.
GaiUardia splendens, Tschirch.
Gazania species, Tschirch.
Genista racemosa, Tammes.
Genista tinctoria (Dyer's Greenwood), Courchet.
Geum montanum, Tschirch.

Gongora gahala Reichb., van Wissclinuh.
Helenium autumnale (Sneezewood), Tammes.
Hemerocallis Middendirffii Trautv. and Mey ( Vellow Day Lily), van Wisselingh.
Hieracium murorum L. (Hawkweed), van Wi-selingh.
Hieracium Pilosella (Mouse-car II:iwkweed). Courchet.
Impatiens Npli-tangere (Touch-me-not), Kohl. Ta mines.
Inula Helenium L. (Elecampane), van Wisselingh.
Iris Pseudacorus L., van Wisselingh.
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Kcrria japonica D. C. (Japanese Rose), Kohl, Tammes, Tschirch, van Wisselihgh.

Kleinia Galpini (Groundsel), van Wisselingh.

Kniphofia alooidcs (Torch Lily or Poker Plant), Tarnmes.

Ladamun hybridum, Kohl.
Leontedon autumnalis (Autumn Dandelion), Immendorff.

Leontedon Taraxicum (probably Common Dandelion), Tschirch.

Lilium bulbiferum, Hanson.
Loasa lateritia, Kohl.

Lycaste aromatica, Tammes.
Meconopsis cambria Vig. (Welsh Poppy), van Wisselingh.

Melilotus officinalis (Sweet Clover), Tschirch.

Nuphar luteum Sibth. (European Pond Lily), van Wisselingh.

Oenothera biennis (European Evening Primrose), Tammes, Kohl.

Physalis Franchetti (Chinese Lantern Plant), Tammes.
Ranunculus a.uricomus (Buttercup), Tammes, Kohl.

Ranunculus Ficaria, Tammes, Kohl.
Ranunculus Gramineus, Tammes.
Ranunculus repens, Kohl, Tammes.
Rosa species, yellow flowers, Hansen, Kohl.
Rudbeckia Newmanii (Cone Flower), Tarnmes.

Silphium perfoliatum (Cup plant), Kohl.

Sinapis alba L., van Wisselingh.
Sisymbrium Sophia, Tammes.
Strelitzia Reginae (Bird-of-Paradise flower), Tammes, Kohl.

Tagetes patula (Marigold), Courchet, Kohl, Tammes.
Telekia speciosissima, Tschirch.

Thermopsis lanceolata R. Br., van Wisselingh.
Tillandsia splendens, Tammes.
Tritonia aurea (Blazing Star), Kohl, Tschirch.

Trollius europaeus (Globe Flower), Tammes, Kohl.

Tropaeolum majus (Nasturtium), Courchet, Tammes, Kohl.

Tropaeolum minus (Nasturtium), Kohl, A. Meyer.
Tulipa Gesneriana L., van Wisselingh.

Tulipa hortensis Gaertn., van Wisselingh.
Uvalaria grandiflora (Bellwort), Tammes.
Verbascum Thapsijorma (Mullein), Tschirch.

Viola odorata (Sweet Violet), Molisch, Kohl.
Viola biflora, Tschirch.
Viola cornuta L. var. Daldowie yellow (Horned Violet), van Wissolingh.
Viola lutca (Yellow petal Violet), Tschirch, Tammes.
Waldsteinia geoides, Tammes.

TABLE 7. FLOWERS CONTAINING CAROTINOIDS AND OTHER PIGMENTS

Allium siculum (Onion), Courchet. Chiefly carotinoids with some chlorophyll,

giving browrn color.

Armeria vulgaris (Thrift), Courchet. Chiefly carotinoids, some soluble yellow
non-carotinoids.

Atropa belladona (Belladonna), Courchet. Chiefly carotinoids, some soluble non-
carotinoids.

Bulbine semibarbata, Courchet. Chiefly carotinoids, some soluble yellow antho-

cyanins.
Crocus sativus, Tschirch. Some carotinoids in flower petals, also Safran. Pollen

grains Safran.

Cypripedium Boxollii, C. insigne, C. argus. (Lady's Slipper), Bidgood. Chloro-

phylls back of chromoplastids giving brown effect.

Eschscholtzia californica (California Poppy), Courchet. Chiefly anthocyanins, with
some xanthophylls (?).

Geum coccineum, Courchet. Partly orange colored carotinoids and partly orange
colored anthocyanin:
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Maslevallia ]'.i/cliidii. Bid^ood. Purple crll sap mid carol moid climnmph-t ids.

Narcissus Tazetta (Polyanthus Narcissua), Bidgood. Chiefly yellow anthocyanin
with some carotin '(?).

l)<!lnti<jlo**uni* (Orchids). Oncidiums (Orchids), Tropoeolums (Nasturtiums).

Bidgood. Many varieties of these have crimson anthocyanin in epidermal
cells and yellow carotmoids alonj: inner walls of same cells.

Wallflowers, Bid.uood. Some have crimson sap and carotinoids in plastids.

Yellow tulips, Bidpood. Blue anthocyanin in epidermal cells, overlying yellow

chromophu-Uds. in staminal filaments, giving green effects.

Carotinoids in Fruits

A large number of yellow, orange and red colored fruits have been

examined by various investigators for the nature of the pigment. The

coloring principles found in most cases can be classified with the caroti-

noids. For the majority of the fruits, however, we have the obser-

vation of only one investigator and this in many cases has been very

inadequate for the purpose of properly classifying the kind of caroti-

noid present. Even for many of the fruits that have been studied by
more than one investigator we only know, as yet, that carotinoids are

the cause of the pigmentation. There is great need for an application

of the Tswett system of analysis to the pigments of these fruits. Only
in one case, namely, the tomato, has a thorough study of the pigment
been made. This work will be referred to in detail presently.

The fruits for which only .a single observation has been made will

be reviewed first, briefly, considering the cases chronologically. The
various fruits for which more than one observation is available will

be considered separately.

Thudichum (1869) classified the pigment of the fruit of Crataegus

crus-galli (Cockspur thorn) and Cyphomandra betacea (Tree tomato)
as luteins. It seems reasonable to suspect that carotinoids are in-

volved, but nothing further is known regarding their character.

Gregor Kraus (1872) observed orange-red, round or spindle forms
in the fruit flesh of Solamim pseudo-capsicum (Jerusalem Cherry),
but the pigment involved, which is obviously a carotinoid, is not

known further.

Schimper (1885) observed amorphous red and orange-yellow pig-
ment forms in the fruit of Bryonia dioica (Bryony) and red amor-

phous pigment in the fruit of Loniceria tataria (Honeysuckle), but
these pigments, apparently carotinoid in nature, have not been ex-

amined in detail.

Courchet (1888) not only examined the character of the pigment
in the plastids of several fruits but extracted the pigment and rccrys-
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tallized it. For example, carmine colored rhombohedral crystals with a

few orange-red trapezoidal forms were obtained from the ether extract

of the fruit flesh of Cucumis mclo (Muskmelon) . In the case of the

little tomato-like fruits of Eugenia uniflora (Pitanga or Surinam

cherry) a red anthocyanin was found in the epidermis cells, and

orange colored chromoplastids in the pericarp which crystallized in

the form of red-orange rhombic plates, and is thus obviously caro-

tinoid in nature. The ether extract of the berries of Douce-amere and

Solarium coryinbosum, however, deposited both a yellow amorphous

xanthophyll-like pigment and thin, pale, red, rhombohedral platelets,

frequently grouped together in clusters. The latter may be carotin.

Desmouliere (1902) extracted a yellow pigment from the juice of

Primus armeniaca (Apricot) with amyl alcohol and the residue from

this solution gave the lipochrome reaction with con. H2S0 4 . He con-

cluded that the pigment was probably carotin but there is no evidence

that only one carotinoid was present. The character of the pigment
of the apricot and also that of peaches should be examined in the light

of our present knowledge of the carotinoids.

Kohl (1902) obtained carotinoid crystals by the Molisch micro-

chemical crystallization method in the case of the fruits of Berberis

vulgaris (Common Barberry), and several kinds of Olivias and Coton-

easters, but his conclusion that carotin only was involved we know
now to be a mistake.

Tschirch (1904) made a capillary colorimetric analysis of the alco-

holic extract of the little fruits of Euonymous europaeus (European
Spindle-tree) and obtained several yellow to red-orange zones. The
chief zone of the latter color unquestionably showed the spectrum of

carotin. Whether other carotinoids are present is not known.

Duggar (1913) obtained spectroscopic and physiological evidence
that the principal pigment of the carpellary tissue of Momordica
charantia (Balsam Pear) is carotin but that lycopin, the red tomato

pigment, characterizes the bright red aril of the seed.

Monteverde and Lubimenko (1913b) found the bright red pulp of

the tropical fruit Trichosanthus to owe its pigment to lycopin and
carotin, chiefly the former.

Lubimenko (1914a) examined the pigment of a large number of
fruits in the famous botanical gardens at Buitenzorg, Java, in order
to determine the effects of the tropical conditions on the development
and character of the pigment, The predominating pigment found was
lycopin or a closely related pigment which Lubimenko calls lycopin-
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old, because of slight differences in the relative intensity of the first

two absorption bands as compared with the same bands of lycopin,

and because of a greater case of solubility in absolute alcohol and

glacial acetic acid. Tn the case of the fruit of Arum orientate, the

chief pigments were carotin and xanthophylls, true lycopin making up

only a small part of the pigment. Various Aglaonema fruits, such as

.1(7. nit'nlum Kunth, Ag. oblongifolium Kunth, Ag. oblong, variety

C'lirtixii, and Ag. sini/ili x Bl. were found to contain variable amounts

of yellow pigments besides lycopin. The following fruits appeared to

contain chiefly lycopin: Actinophlocus angustifolius Becc., Actino-

/j///or//.x' n/acurtJ/urii Becc., Archonthophocnix Alcxandrae H. Wendl.,

Calyptrocalix spicatus Blume, Erythroxylum nova-granadense, Ncnga

Schcffcriana Bece., Nertera depressa Banks and Soland, Pandanus

polycephalus Lam., Ptychandra glauca Scheff., Ptychospcrma elegans

Blume, Sinaspadix Petrichiana Hort., Solanum decasepalum, Tanerno-

montana pentastycha Scheff. Especially interesting were the fruits of

Gonocarium obovatum Hocr. and Gon. pyriforme Scheff., the bands of

whose pigment in carbon disulfide solution were intermediate between

the characteristic bands of carotin and lycopin. Lubimenko regarded

the lycopin of the fruit of the palm Areca Alicae W. Hill as a lyco-

pinoid because its first two spectroscopic absorption bands in carbon

disulfide were of equal intensity while the second band in the case of

lycopin is more intense than the first.

Van Wisselingh (1915) obtained a positive carotinoid reaction on

the fruits of Viburnum Opulus (European cranberry bush), using the

Molisch microchemical crystallization method, but made no further

study of the crystals.

Gill (1918) has found carotinoids in palm oil, the commercial prod-
uct which is obtained from the fruits of certain Palmacece, particu-

larly Eloeis guineesis L. (Jacq.), which form vast forests along the

West Coast of Africa, and Eloeis melanococca, Garb. (Aljonsia olei-

fera, Humb.) which is cultivated in the West Indies and in South

America. Gill's observations are of interest in the light of Lubi-

menko's study of the pigments of the palm fruits, mentioned above.

Asparagus berries. Thudichum (1869) classified the pigment with

the luteins. Hart-sen (1873b) described the red granules of pigment
in the berries and stated that red-colored crystalline tablets of the

pigment were insoluble in water, soluble in alcohol and ether and

especially so in petroleum ether. The pigment thus appears to be
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carotin, but whether other carotinoids are present has not been de-

termined.

Ampelopsis hederacece. Hansen (1884) classified the pigment of

the fruit as a lipochrome and Kohl (1902) obtained carotinoid crys-

tals by the Molisch microchemical method.

Aglaonema commutatum Shott. Tammes (1900) obtained positive

carotinoid color tests on the chromoplastids of the fruit. Van Wissel-

ingh (1915) made a detailed study of the microchemical crystals

obtained by the Molisch method and concluded that the chief pigment

is lycopin, but that other carotinoids are present also.

Citrus limonum (Lemon). Neither Kohl (1902) nor Tschirch (1904)

could find evidence of carotinoids being involved in any way in the

pigmentation of the yellow skin of this fruit.

Cucumis citrullis (Watermelon). A. and G. de Negri (1879) first

isolated the pigment of the flesh of this fruit and called it rubidin

because of its red color. Red, needle shaped crystals were described,

soluble in ether, benzine and chloroform, forming yellow or yellow-

red solutions, and in carbon disulfide forming a magnificent rose-

colored solution. The insolubility of the crystals in alcohols and the

characteristic three-banded absorption spectrum which was found to

be identical with that of the red tomato pigment obviously classifies

the pigment as a carotin if not as lycopin itself, as there is good reason

to believe. Courchet (1888) also crystallized the watermelon pig-

ment and found that the crystals resembled completely in form and

in color those obtained from the tomato. Monteverde and Lubimenko

(1913b) have definitely confirmed its identity with lycopin, as well

as to show that carotin and xanthophyll are also present in the red

fruit pulp.

Cucurbito pepo L. (Pumpkin). Arnaud (1885) stated that he ob-

tained crystals of pigment from the flesh of this fruit which were iden-

tical in properties with carrot carotin. Schrotter-Kristelli (1895b)

later made a closer study of the pigment of this family of plants,

using for the source of his material the thin deep-red outer layer of

the pericarp of so-called Turk's-cap gourd. The pigment was not

found to be readily extractable by alcohol, even by hot absolute alco-

hol, but was readily soluble in petroleum ether, ether, chloroform and

carbon disulfide. The recrystallized pigment was found to be iden-

tical in solubility and in its reactions with carotin, especially the

emerald green color on addition of HC1 to the alcoholic solution of

the pigment. The conclusion seems justified that carotin is the chief
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pigment of the fruits of the gourd family, including pumpkins and the

various yellow fleshed squash varieties. Whether other cnrotinoids

are also present has not been determine- 1.

Gill (1918) has recently stated that carotin is found in yellow

M|iia>h, the statement being based on the use of the Crampton-

Sinum^ palm oil test which this author has found to be due to carotin

(probably cnrotinoids in general).

Mouwrdim bnl.^iniina I Balsam Apple). G. and F. Tobler (1910)

first studied the pigment of this fruit and believed that two pigments

were present ;
a yellow one soluble in alcohol, ether, benzene and fatty

oils, the ether solution showing the absorption bands, 478-465(.ij.i and

435-415u}i ;
a ruby red pigment, extractable by cold alcohol, but not by

benzene, but soluble in both of these solvents as well as in ether,

chloroform and fatty oils, which failed to show the lipochrome reac-

tions with HoS0 4 and I 2-KI, but which showed the following four-

banded spectrum in benzene.

I. 513-496uu ; II. 487-446uu; III. 455-443uu
;

IV. 437-425u|t.

The yellow pigment was found chiefly in the exo- and mesocarp.

Its solubilities and spectra indicate that it is a xanthophyll. The red

pigment was found chiefly in the endocarp. Its absorption spectrum

in alcohol resembles closely that of lycopin but the other properties

are at variance. Duggar (1913) also examined the balsam apple pig-

ment and found the carpellary tissues to be yellow to orange as did

the Toblers, and the aril to have a bright red color. Duggar regards

the latter pigment to be lycopin, on spectroscopic grounds, but the

failure of the pigment to show other characteristic carotinoid prop-

erties, as found by the Toblers, remains to be explained.

Physalis alkckenzi (Strawberry Tomato, Winter or Bladder

Cherry). Thudichum (1869) classified the pigment of this fruit as a

lutcin, and Tammes (1900) obtained positive carotinoid color reac-

tions with the plastid pigment. Monteverde and Lubimenko (1913b)

regard the pigment as carotin, but differing from it by the compara-
tive intensity of the absorption bands. They call it carotin B.

Arum italicum (Wild Ginger). Schimper (1885) observed red

amorphous pigment in the plastids of the berries of this plant.

Courchet (1888) also observed the brick-red plastids, and obtained

red-orange lamella and carmine-red rhomboids from the yellow-orange
ether extract. Kohl (1902) secured microchcmical carotinoid crystals

using the Molisch method. Carotin seems to be one of the pigments
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involved here. Whether other carotinoids are present remains to be

determined.

Lonicera xylosteum (Honeysuckle). Schimper (1885) stated that

he observed red and orange-yellow crystals in the plastids of the fruit.

Molisch (1896) and Kohl (1902) obtained microchemical crystals by
the alkali method of the former worker. Nothing further is known

regarding the carotinoids present.

Physalis franchetti (Chinese Lantern Plant). Carotin is appar-

ently the chief if not the only pigment present in the fruit from the

observations of Tammes (1900), Tschirch (1904) and van Wisselingh

(1915). Tammes obtained splendid microchemical crystals by the

acid method. Tschirch found only one characteristic orange-colored

zone in the capillary analysis of the alcoholic extract, showing the

carotin bands.

The crystals which van Wisselingh obtained by the alkali micro-

chemical method were insoluble in phenol-glycerine, a property which

he found to be characteristic of carotins.

Sorbus aria, Crantz (White Beam-tree). Thudichum (1869) clas-

sified the pigment of the fruit among the luteins. Tammes (1900)

obtained carotinoid color tests on the plastid pigment. Van Wissel-

ingh (1915) found three types of crystals in the fruit wall after 15

months' treatment by the Molisch microchemical method; (1) thin

orange-red platelets, often parallelograms, (2) orange crystal bundles,

and (3) orange-yellow crystal masses. The classification of the caro-

tinoids present remains to be made.

Tamus communis (Black Bryony). Both Hartsen (1873) and

Courchet (1888) obtained red crystals from extracts of the berries,

but did not name the pigment. Van Wisselingh (1915) has made a

closer study and obtained microchemical evidence of lycopin and

xanthophylls, but not of carotin in the fruit. An analysis of the pig-

ments present using the Tswett (1911a) procedure would be of value

in confirming this interesting case of carotinoid distribution.

Rosa species. Both Tammes (1900) and Kohl (1902) demonstrated

carotinoids in fruits of this family, the former using both colorimetric

and alkali crystallization methods and the latter the microchemical

crystallization (alkali) method only on the plastids. The dark-orange

capillary zone which Tschirch (1904) examined showed the carotin

spectrum, using the fruit skins of Rosa canina (Dog Rose) ,
as source

of his material. Monteverde and Lubimenko (1913b), however, have

isolated lycopin crystals from the dried fruit pulp, but they neverthe-
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less regard it as a minor constituent of the pigments of this fruit.

The microchemical Molisch crystals which van Wisselingh (1915)

obtained from the orange fruits of Rosa rugosa Thumb. (Rugosa

Rose) dissolved readily in phenol-glycerine, which is indicative of

xanthophylls. The pigmentation of the various rose fruits thus ap-

pears to vary.

Sorbvs aucuparia (European Mountain Ash). Immendorff (1889)

believed carotin to be the pigment of the fruit of this plant. Both

Tammes and Kohl obtained microchemical crystals by the alkali

method, and van Wisselingh (1915) by the acid method as well. The

latter investigator made a closer study of the crystals obtained and

found red and orange-red platelets insoluble in phenol-glycerine, and

orange and yellow-orange platelets and needles which dissolved readily

in this reagent. Both carotin and xanthophylls appear to be present,

and a Tswett chromatographic analysis of the mixed pigments would

probably give the characteristic chloroplastid display of carotinoids.

Citrus aiirantiiun (Orange). Tammes (1900) obtained positive

carotinoid color reactions on the skin plastids but failed to secure

crystals after a short (18 day) submission to the alkali microchemical

crystallization method. Kohl examined the pigment of the pericarp,

and found only spectroscopically inert pigment, although he thought

there might be traces of carotin (carotinoids) present. Schunck

(1903) studied the skin pigment of several varieties of oranges and

found considerable amounts of water-soluble (anthocyanin?) pig-

ments, especially in the red skin varieties (Blood orange, Seville

orange and Tangerines). He found, however, that the alcoholic ex-

tracts yielded crystals of chrysophyll (carotin) and showed spectro-

scopically the presence of acid derivatives of B. and Y. xanthophylls.
Tschirch (1904) also obtained proof of the presence of water-soluble

non-carotinoid pigments in the orange skin. His spectroscopic study
of the principal carotinoid pigment, secured by the capillary method,
did not give satisfactory results. Gill (1918) has obtained a carotin

(carotinoid) test with orange skin extracts, using the color reaction

mentioned above. A more exact study of the orange pigments, using

chromatographic and solubility methods, as well as the improved
microchemical methods, would seem desirable.

Solanum dulcamara (Bittersweet). Thudichum (1869) classified

the pigment as lutein. Hartsen (1873) obtained red crystals identical

with those from Tamus communis and Asparagus berries. Schimper
(1885) observed red crystals in the fruit plastids, and Tammes (1900)
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crystallized them by the Molisch method. According to Lubimenko

(1914a) lycopin is the chief pigment present. Van Wisselingh (1915)

obtained crystals of pigment by the acid microchemical method as well

as by the alkali method, and on further study concluded that lycopin

is the chief pigment, but that another orange-red carotinoid is present

also, which fails to react towards the I,-KI reagent. A further study

of the latter pigment, which van Wisselingh found in other fruits also,

would seem to be desirable. It has previously been considered that

the frequent failure of the iodine reaction was characteristic of the

animal lipochromes only, and was, in fact, one point of difference

between the plant and animal lipochromes. This differentiation seems

to break down in the light of van Wisselingh's results.

Capsicum annum (Red Pepper). The red pepper pigment has

interested a number of plant biologists. Thudichum (1869) first

classed it with the luteins. Pabst (1892) was unable to identify it

spectroscopically with carotin. Kohl (1902) regarded the pigment as

completely identical with carotin, but in this he was mistaken, for

Tschirch (1904) recognized the close relation of the pepper pigment

spectrum with that of lycopin. Duggar's (1913) spectroscopic obser-

vations led him to conclude that lycopersicin (lycopin) is the pigment

of both the skin and flesh of the red pepper. While van Wisselingh

(1915) obtained a positive carotinoid test using the alkali crystalliza-

tion method, he does not classify the Capsicum fruit among those con-

taining lycopin. It should be stated that the measurements of the

absorption bands of lycopin, given by Tschirch (1904), do not cor-

respond exactly with the lycopin bands (in the same solvent) given

by Willstatter and Escher (1910). Monteverde and Lubimenko

(1913b) found the red pepper pigment to be spectroscopically identi-

cal with lycopin but because of the ease of solubility of the crude

pigment in alcohol, in opposition to the usual difficult solubility of

lycopin in this solvent, they have named it lycopin B.

Lycopersicum esculentum (Tomato). The red tomato pigment has

been by far the most extensively studied of the fruit pigments of the

carotinoid class, and is the only one, in fact, for which we possess at

present definite chemical knowledge that it is not identical with the

usual carotin and xanthophylls of the chloroplastids.

Millardet (1876), who first investigated the tomato pigment, recog-

nized that it is not identical with the orange and yellow pigments

which characterize other fruits. He therefore proposed the name

solanorubin for the pigment. It is recognized now that the name was
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not very wisely chosen. The name proposed for the pigment by

Schnnck (1903), who apparently was unfamiliar with Millardet's

investigation, namely, lyropin, is more generally used at present, espe-

cially since \Yillstatter and Eschcr (1910) adopted it in their thorough

chemical study of the pigment. Duggar (1913) has ni'lered the name

Ivcopersiein as being more suitable, but in spite of Duggar's very valid

ariiuiiu-nts against the name lyeopin, the latter appears likely to

become the prevailing term for the coloring matter.

Millardet not only obtained the tomato pigment in crystalline con-

dition, but also observed the crystals in the flesh of the ripe fruit.

The crystalline pigment was described by him as being insoluble in

water, soluble in alcohol at higher temperatures, and easily soluble in

CS2 ,
CHC13 and benzene. It showed a characteristic spectrum in

CS2 , showing two bands in the green at B and F, respectively, and a

third in the blue between F. and G. It readily bleached in the light.

Millardet believed that the pigment was derived from chlorophyll, but

this idea has long since been abandoned.

A. and G. de Negri (1879) regarded the tomato pigment as iden-

tical with the rubidin which they isolated from the watermelon.

Schimper (1885) observed the red crystals in the ripe tomato fruit,

as did also Courchet (1888). Arnaud (1885), however, following his

discovery of carotin in the chloroplastids, believed the tomato pig-

ment to be carotin. Passerini (1890) followed Arnaud in this belief

and so did Ehring (1896), Tammes (1900) and Kohl (1902). Zopf

(1895), however, could not identify it spectroscopically with carotin.

Schunck (1903), also, found the red tomato pigment to have a char-

acteristic absorption spectrum. Schunck believed it to be a distinct

pigment, different from carotin, and, as previously stated, named it

lyeopin. The same pigment is found in the leaves of the tomato plant,

according to Montanari (1904), but this fact has not been reported

by other investigators.

The first hint of the true relation of lyeopin to carotin was obtained,

however, by Montanari, who submitted the pure crystals to analysis

for the first time. He obtained an average composition of C = 88.14

per cent and H - - 10.88 per cent, which he regarded as correspond-

ing sufficiently well to the Arnaud formula for carotin, C20H 38 ,
which

was still in vogue at that time. Molecular weight determinations in

benzene, using the cryoscopic method, gave values of 635-650, from

which fact it was concluded that the pigment was dicarotin, or C62H74>
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the theoretical molecular weight of which is 698. A melting point of

173.7 C. (corrected) was found for the crystals.

From the work of Willstatter and Escher (1910), however, it is

evident that lycopin is identical in general composition and molecular

weight with carotin, differing only in solubility in certain solvents and

in the position of the absorption bands and in the form of the crystals

as well as their color when free and in solution. There is a slight

difference in melting point also, lycopin melting between 168 and

169 C., while carotin melts at 167.5 to 168 C. The conclusion that

lycopin is a true isomer of carotin seems entirely justified.

The isolation of lycopin was carried out by Willstatter and Escher

on their usual generous scale, starting with 74 kg. of tomato conserve,

from which 11 grams of pure recrystallized pigment were eventually

obtained. Crystals of carotin were also obtained in small amounts as

by-product, showing that the factor for yellowing which the red

tomato possesses, and which is familiar to the botanist, is due, in

part at least, to the usual carotin of the chloroplastids.

The analyses and molecular weight determinations carried out by

Willstatter and Escher on the pure lycopin crystals were in excellent

agreement with theoretical composition and molecular weight of caro-

tin as found by Willstatter and Mieg (1907), namely, C40H 56 ,
as

shown by the following data.

Mol. Wt. jound jor
Calculated jor Found JOT lycopin. Calculated Mol. lycopin.

C//M (Ave. oj 4 dttns.J in. jor CW/, (Ave. oj 7 detns.)

C = 89.48 C = 89.36

H = 10.52 H = 10.81 536 558

The characteristic properties of lycopin as described by Willstatter

and Escher may be summarized briefly as follows. The crystals are

dull brownish-red to carmine colored flakes and lack the metallic

iridescence of carotin and xanthophyll crystals. The solution in CS2

retains its bluish-red color on great dilution, and while the ethereal

and alcoholic solutions are yellow they have a somewhat browner tone

than carotin or xanthophyll solutions. The solubility of the lycopin

crystals in the usual carotin solvents, namely, ether, petroleum ether

and CS2 ,
is somewhat less than that of carotin, and it is even more

difficultly soluble in hot alcohol than pure carotin. An iodine addi-

tion product of constant composition and characteristic form could

not be obtained, the product being amorphous and having an iodine

content of 34-37 per cent. Lycopin readily oxidizes and bleaches like
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the other carotinoids, but the oxidized product has a characteristic,

different odor from oxidized carotin, according to Willstiitter and

Escher. Especially characteristic is the position of the absorption

spectral bands of lycupin, particularly in CS 2 ,
three bands being vis-

ible, the second of which nearly occupies the space between the first

two carotin bands. The measurements as carried out by Willstiitter

and Escher are as follows, using a 0.05 per cent solution in carbon

disulfide. The figures have been confirmed completely by Monteverde

and Lubimcnko (1913b).

10 mm. layer. 20 mm. layer. 40 mm. layer.

Band I : 554 --540 mi 561 ---555 -536 HH 563 -533 . .525 nn
Band II : 514 499.4

" 517.5 -498
"

525 -493 . .483
"

Band III : 479 . .472
" 481.5 468 483 -462.5 . .427-

'

Note: - means very dark; means fairly dark; . . means rather weak.

Since Willstiitter and Escher's thorough study of the red tomato

pigment, Duggar (1913) has observed that green tomato fruits ripened

above 30 C. do not form lycopin but only carotin (possibly xantho-

phylls also), producing a yellow fruit, but that the induced yellow

fruits form lycopin if the temperature is reduced to the usual ripen-

ing temperatures, namely, 20 to 25 C. These facts are of special

interest to the plant physiologist and geneticists.

Of particular interest from the standpoint of those desiring to iden-

tify the presence of lycopin in other fruits and plants is van Wis-

selingh's (1915) study of the microchemical crystallization of lycopin

and the effect of various reagents on the crystals thus formed. This

investigator finds that lycopin does not readily crystallize in the

tomato fruit by the Molisch method at room temperature, but does so

more readily at 80 C., and very readily at 140 C., using a 10 per

cent solution of KOH in glycerin instead of in alcohol, the high tem-

perature, of course, making the use of alcohol unfeasible. The other

carotinoids fail to crystallize at the high temperature. The lycopin

crystals which form have a reddish-violet color and show a charac-

teristic color change with bromine from red-violet to blue-violet to

blue-green, green, yellow, and finally colorless. Like carotin, the

microchemical lycopin crystals are insoluble in phenol-glycerin (3

parts by weight of phenol crystals and one part by weight of glycer-

in). Van Wisselingh also found what appeared to be carotin crystals

in the tomato fruit after carrying out the Molisch procedure at 80 C.
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Carotinoids in Seeds and Grains

The wide distribution of carotinoids in flowers and fruits, as re-

vealed in the foregoing paragraphs, naturally justifies the expectation

that the same pigments should be found in seeds and especially in the

grains of plants of the grass species where fruit and seed are, for

practical purposes, one and the same.

Of the true seeds the plant biochemists who have studied pigments

naturally have been interested especially in the highly pigmented

endocarp or aril which characterizes a number of plants. Several

of these have been the object of investigation.

Courchet (1888) recrystallized the ether extractable pigment of the

arils of Euonymous japonicus (Japanese Spindle-tree), Momordica
Balsamina (Balsam Apple) and Passiflora coerulea (Passion flower

plant). The red-orange rhombic shaped tablets obtained from the

aril of the Spindle-tree indicate the close relation of the pigment to

carotin, while the carmine colored needles which Courchet obtained

from the bright red arils of the other two plants were recognized by
him as being identical in form and color with those obtainable from

tomatoes and from the flesh of watermelons. It would appear that

the more orange colored endocarps owe their color to carotin (and

probably xanthophylls) while those of a more distinct red color are

pigmented by lycopin. This supposition is borne out by the observa-

tion of Schrotter-Kristelli (1895a), who found the orange color of the

aril of Afzelia Cuazensis to be due to carotin, dissolved in a thick

orange-yellow oil, from which he recovered and recrystallized the pig-

ment after saponification of the oil. The Toblers (1910a) and Duggar
(1913) have confirmed Courchet's observation that the red pigment
in the bright red aril of Momordica Balsamina is lycopin. Duggar has

observed also that the aril pigment of Momordica charantia is lyco-

pin, which fact has already been mentioned. Lubimenko (1914a) be-

lieves that the aril of Euonymous Japonicus owes its color to the same

pigment.

There is less certainty regarding the character of the carotinoid in

the arils of some of the other plants. Tammes (1900) obtained caro-

tinoid color reactions and a Molisch microchemical crystallization of

the pigment in the aril of Euonymous latifolia Scop. (Spindle-tree),

which was substantiated completely by van Wisselingh (1915). Both

Kohl (1902) and van Wisselingh (1915) obtained positive carotinoid

reactions for the aril of Taxus baccata (Yew tree), but according to
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Montcvcrde and Lubimcnko (1913b) this pigment is rhodoxunthin, the

red isomcr of xanthophyll. True carotinoids are not present in the

aril of Myrixtica fnujrans Houtt. (Nutmeg), judging from Kohl's

(1902) classification of the pigment as a xanthophyll showing no

jqurtroscopic absorption properties. Lubimcnko (1914a), however,

reports lycopin in the aril of this plant.

Other seeds which are not characterized by highly pigmentcd endo-

carpellary tissue have been found to contain carotinoids although

nothing is known regarding the distribution of the individual caro-

tinoids among the total pigment. These seeds are characterized by

yielding a yellow oil on pressure. Gill (1918) has tested by a carotin-

oid color test flax seed (Linium usitatissimum, the linseed of com-

merce), mustard seed (Brassica nigra) and sesame seed (Sesamum

indicum), obtaining a positive test; and rape seed (Brassica campes-

tris), white sunflower seed (Helianthus),
10 and cotton seed (Gossy-

pium hirsutum), with negative results. Palmer and Kempster (1919c),

however, have found that rape seed increases slightly the color of the

egg yolk when fed to laying hens, indicating the presence of some

xanthophyll in the seeds. Refined, but unbleached, cottonseed oil is

characterized by a rich golden color and Palmer's (1914g) study of

the character of the pigments of cottonseed meal has shown that this

color is due to a mixture of carotin and xanthophylls. Hemp seed

(Cannabis sativa) was found by Palmer and Kempster (1919c) to

slightly increase the color of egg yolk, and thus appears to contain

xanthophyll in small amounts.

The cereal grains also appear to contain carotinoids more or less

abundantly. Thudichum (1869) classified the pigment of yellow

Indian corn (Zea mays) with the luteins. The author's (1914g) study

of this pigment, however, shows it to be almost entirely xanthophyll,

with a little carotin. Spectroscopically the xanthophyll corresponded

with the principal xanthophyll (probably xanthophyll a) of the chloro-

plastids, but its relative solubility and adsorption properties were at

variance in that it did not seem to be adsorbed to any extent from

petroleum ether or carbon disulfide by CaC03 ,
and it appeared to be

just as readily extracted from 80 per cent alcohol by petroleum ether

as from the latter solvent by fresh 80 per cent alcohol. The peculiari-

10 The particular variety of sunflower seed examined is not clear. The common sun-

flower (Hcliaiithux iiiiitiixt whose seed is used for commercial oil production, gives a

very pale yellow or greenish-yellow oil and it is possible that carotinoids may not be

present.
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ties of this pigment have not yet been explained and the work should

be repeated.

Monnier-Williams (1912) has shown that carotin is one, if not the

chief pigment of unbleached wheat flour. The author has confirmed

the presence of both carotin and xanthophylls in the wheat grain

(Triticum vulgare). Carotinoids are also present in small amounts in

barley (Hordeum satiuum) and oat (Avena sativa) grains, as shown

by Palmer and Kempster (1919c) and even in traces in the grains of

polished rice (Oryza satira) ,
as shown by the experiments of the same

authors (1919a).

Summary

Carotin, the specific pigment of the carrot root, was first isolated

and named by "\Yaclu-nroder (1826). The hydrocarbon nature of the

pigment was discovered by Zeise (1847) and confirmed by Arnaud

(1886). The formula C 40H 50 was established for the pigment by

Willstiitter and Mieg (1907) and confirmed by Euler and Nordenson

(1908) and others. Euler and Nordenson showed that xanthophylls

are also present in carrots, a fact confirmed by Palmer and Eckles

(1914g). Escher (1909) was unable to determine the constitution of

carrot carotin although he had at his disposal 150 grams of pure

pigment.
Other yellow roots, such as parsnip, sweet potato, yellow turnip,

rutabaga, squash, etc., undoubtedly contain carotinoids but the exact

nature of the pigments has not been determined.

The existence of yellow pigments in chloroplastids was discovered

by Fremy (I860), but the first definite separation from green pig-

ment was made by Stokes (1864), and later by Kraus (1872) and

Sorby (1873) and others.

The first crystals of yellow plastid pigment were observed by Fremy

(1865) and later by Hartsen (1873a), Bougarel (1877), Borodin

(1883) and Guignet (1885). It remained for Arnaud (1885), how-

ever, to observe the identity of these crystals with carrot carotin,

which was confirmed by chemical analysis through the work of Im-

mendorff (1889) and Willstiitter and Mieg (1907).

The plurality of the yellow chloroplastid pigments was first sug-

gested by Stokes (1864a) and definitely demonstrated by Borodin

(1883). The correct procedure for the separations of these pigments

as well as their present classification as carotinoids was developed by
Tswett (1906 to 1911) on the basis of the observations of Kraus
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(1872) and Montevcrdc (1893), as well as on his own physico-chemi-

cal studies of the leaf pigments. Tswett's theories regarding the

chemical relation between the carotin and xanthophyll groups of

carotinoids were substantiated by >Yillstiitter and Micg (1907), who

isolated the first crystalline xanthophyll and established for it the

formula C 40H 50(X. Tswett's adsorption method of analysis of the

carotinoids in chloroplastids indicates the existence of at least four

yellow xanthophylls accompanying carotin in the leaf. The crystal-

line xanthophyll isolated by Willstatter and Mieg is probably a mix-

ture of two or more of these xanthophylls. The author proposes a

colloidal theory to explain the adsorption method of analysis which

reveals the several xanthophyll pigments.

Xanthophylls for the most part are yellow in color, but Monteverde

and Lubimenko (1913b) have discovered a red xanthophyll which they

call rhodoxanthin.

The types of carotinoids in etiolated plants and their relative pro-

portions have not been studied since the advent of the present caro-

tinoid classification and the development of methods for their separa-

tion. A review of the older studies indicates, however, that carotin

is concerned in the etiolated color, but the evidence is not clear as to

the character and extent of the xanthophyll distribution.

It seems certain that carotinoids are concerned in part in the pig-

mentation of naturally yellow and yellow spotted leaves. The types

of carotinoids and their relative proportions have not been determined

by modern methods.

The important questions to be answered regarding the yellow chro-

molipoids concerned in autumn colorations are: (1) are the yellow

autumn pigments merely the carotinoids already present in the chloro-

plastids, (2) are these augmented or replaced by other yellow pig-

ments closely related to the normal carotinoids but still capable of

being differentiated from them, (3) are the yellow autumn pigments

entirely new substances? The most recent study of these questions

by Tswett (1908c) and Miss Goerrig (1917) shows definitely that the

yellow colors are not due to entirely new pigments. It has not been

determined with certainty, however, whether or not the chloroplastid

carotinoids are slightly modified during the necrobiosis or to what

extent new yellow pigments play a part in the autumn colorations.

Tswett has concluded that the yellow colors are due entirely to a

mixture of slightly modified carotinoids, which he calls autumn xan-

thophylls, but which the author believes should better have been
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named autumn carotins. Green as well as autumn leaves also con-

tain, according to Tswett, colorless water- and alcohol-soluble chromo-

gens which form golden yellow salts with acids and alkalies, particu-

larly the latter, and which readily oxidize to a brown color. These

pigments are regarded by Tswett as playing a part at times in the

necrobiotic colorations, and the postmortal colors are held to be due

entirely to these pigments. Miss Goerrig's conclusions oppose those

of Tswett in indicating that the yellow autumn colors are due in part

to the normal unchanged carotinoids of the chloroplastids, diminished

somewhat in quantity in comparison with the mid-summer green
leaves. Miss Goerrig believes, however, that the chief role is played

by new yellow pigments soluble in water.

Autumn and winter reddening is due at times to red carotinoids.

In some cases the red xanthophyll, rhodoxanthin, is involved, e.g., in

arbor vitae. In other cases the red carotin, lycopin, is involved, e.g.,

certain conifers, under tropical conditions. For the most part, how-

ever, red autumn colors are due to anthocyanins.

The vast majority of yellow to orange-red flowers owe their color

to chromoplastids containing carotinoids. Very little is known, how-

ever, regarding the character and distribution of the individual caro-

tinoids among these flowers. In general, floral colors of a primrose or

sulfur-yellow color are produced by water-soluble non-carotinoids

which are flavones, anthocyanins or related pigments. The latter are

usually present in solution in the cell sap in contrast with carotinoids

which are present in plastids. The reader is referred to the tables

showing the flowers whose color is due chiefly, if not entirely, to

carotinoids.

Carotinoids are undoubtedly the cause of the color of many yellow
to orange colored fruits. The reader is referred to the text for the

presentation of our present knowledge of this subject. Red tomato
fruits are characterized by a red carotinoid called lycopin, which is a

chemical isomer of carotin, differing from it only in color and certain

physical properties. These relations were recognized first by Millardet

(1876) and definitely established by Willstatter and Escher (1910).
A. and G. de Negri (1879) first suggested the identity of the water-

melon pigment with the red tomato pigment, a supposition finally

proved by Monteverde and Lubimenko (1913b). The red pepper pig-
ment is also probably lycopin.

The arils and carpellary tissue of a number of seeds are also char-

acterized by carotinoids, carotin, xanthophylls, lycopin and rhodoxan-
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thin having been found in specific cases, which are enumerated in the

text. Carotihoids are also found in certain seeds whose carpcllary

tissue is less highly colored. The cereal grains also contain carotin

and xanthophylls. The pigment of yellow maize is characterized by
a large proportion of xanthophyll carotinoid.



Chapter III

Carotinoids in the Cryptogams

The non-flowering forms of plant life, the chromolipoids of which

are considered in the present chapter, are as abundantly characterized

by pigments as the phanerogamous, or flowering forms. Indeed,

among the algae, which will be first considered, the more important
classes derive their names, at least their common designations, from

their general distinguishing color. The same is true in a few cases

for fungi, for example, the rusts.

The information available regarding the character and distribution

of carotinoids among the lower forms of plants is, on the whole, more
abundant than might be supposed. Speaking first for the algae, it is

surprising to find that our knowledge is practically complete for cer-

tain of the classes, particularly the red and brown sea-weeds. On
the other hand, fragmentary information only is available for other

classes of algae, so that the subject of the carotinoids among the

algae is by no means as yet a dosed book. Some of the algae seem

to owe their characteristic color, at least in part, to carotinoids. This

is true of the brown sea-weeds as a class in the living condition. Cer-

tain species among other classes apparently owe their color entirely

to carotinoid pigments, for example, the so-called blood algae Haemo-
tococcus pluvialis, one of the Chlorophyceae, but this phenomenon
does not seem to be the general rule.

Carotinoid-like colors are more common among the fungi than

among the algae, but the colors in many cases appear to be due to

other pigments. In general, it may probably be stated with some

degree of assurance that carotinoids are not so common among the

fungi as among the algae. In fact, many fungi appear to be entirely

devoid of carotinoid pigment, while practically all classes of algae

appear to contain pigments of this type to some extent, or at least

to give reactions wrhich may be thus interpreted.

The study of the carotinoids which appear to be regularly pro-

duced by bacteria of certain species is practically an unexplored field.

Practically nothing is known regarding the character and distribution

92
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of the carotinoids which appear to be produced by certain of these

organisms. Splendid opportunities for research exist also in regard

to the factors governing the kinds and amount of the pigment pro-

duced in each case. Such a study offers some fascinating possibilities

in connection with the discovery of the true function of the carotinoids

in plants. No matter how acceptable the theories appear to be which

arc at present in the ascendency regarding this function, it is to be

admitted that no theories have been advanced which can claim much

experimental basis. It seems logical to assume that much valuable

information might be secured if it could be found possible to control

the growth and character of carotinoids in simple plants, like the

bacteria. If the carotinoids are, after all, merely by-products of plant

cell activities we should know this fact. In general, as plant life

ascends the scale of complexity carotinoids become an established

product of the cell life, and their invariable appearance in the chloro-

plastids has been interpreted in favor of a functional theory. The
fact that the same pigments appear at times in other organs of the

chlorophyllous plants and also in plants which lack chlorophyll en-

tirely may, however, be significant. At any rate the possibility is

not to be overlooked of throwing some light on this question through
a study of the carotinoids in bacteria.

Carotinoids in the Algae

The plan which will be followed will be to present the available

knowledge regarding each class of algae separately. The species which

have been examined will be tabulated, together with the names of the

investigators and the dates their work was published. The author

has found such an arrangement helpful in the study of the subject

and believes it will furnish a convenient mode of reference for future

workers in this field. The order of presentation of the various classes

follows in general a descending scale with regard to complexity of the

plant forms.

The Phceophyceac. These plants, commonly known as the brown

or olive-brown sea-weeds, comprise a large group, which are mostly
marine plants. They are found everywhere in the seas, especially in

the colder waters. A few of the species are of economic importance.
Laminaria saccharina, which contains the carbohydrate mannite, is

used in the Orient for food. The carotinoids of this Hass of algae are

better known both qualitatively and quantitatively than the chromo-
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lipoids of any other class of algae. The fresh plants owe their olive-

brown tint to the high concentration of the special algae carotinoid,

fucoxanthin, the most recent member of the chromolipoid pigments

to be brought to a definite chemical conception. The dried plants owe

their brown color to the pigment phycophain, which forms in the plants

after death, as the result of oxidation of colorless chromogens in the

cells. The belief that phycophain is the characteristic coloring mat-

ter of the brown algae still finds expression in the text books, but this

is only true of the dried plants.

The brown sea-weeds which have been examined for carotinoids are

given in Table 8. The table shows that the pigments of these plants

attracted the attention of the early workers. While the scope of

these first studies was naturally limited by the prevailing knowledge
of the plant chromolipoids, they unquestionably paved the way for

the discovery of the fucoxanthfn which characterizes the brown algae.

The fact that certain species, like the Fucoidiae and Laminaria, are

abundant and easily obtained no doubt accounts for their popularity

as sources of material for investigation. Of the various investigations

mentioned in the table those of Tswett (1906), Czapek (1911), Kylin

(1912) and Willstatter and Page (1914) are the most important. The
chief contributions of these, as well as the earlier investigators, to the

subject may be summarized as follows:

Rosanoff (1867) appears to have first expressed the belief that the

Fucoidice contain a special pigment besides chlorophyll.

Millardet (1869), working in Kraus' laboratory, submitted the abso-

lute alcohol extracts from several species of both the dried and fresh

plants to the benzene separation method which had just been worked

out by Kraus. The yellow pigment remaining in the alcohol layer

was regarded as differing from the xanthophyll of higher plants and

was called phycoxanthin, the name which Kraus and Millardet (1868)

had already given to the pigment prepared in the same manner from

green algae and diatoms. Millardet was also the discoverer of the

brown water-soluble pigment of the Phceophyceos, to which the name

phycophain was given. Reinke (1886) first expressed the belief that

phycophain is a post-mortem product. Molisch (1905) first offered

experimental proof of this fact which was later definitely proved by
Tswett (1906) and confirmed by Kylin (1912).

Askenasy (1869) noticed that the yellow pigment discovered by
Millardet in the brown algae turns blue when its alcoholic solution is

treated with HC1, a reaction which appears to be specific for fuco-
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xanthin, and is of considerable importance for the qualitative detec-

tion of this pigment.

Sorby (1873) proposed the name fucoxanthin for the chief coloring

matter of the brown algae. He differentiated the pigment from the

xanthophyll of the higher plants by reason of the position of its spec-

troscopic absorption bands, by its greater resistance to the bleaching

action of light, and by the blue color obtained when HC1 is added to

the alcoholic solution of the pigment, all of which characteristic prop-
erties have since been confirmed for the pure pigment. Sorby also iso-

lated "orange xanthophyll" (carotin) from brown algae, and was thus

the first to show the presence of the better known carotinoids in these

plants.

Reinke (1876) proposed the name phaophyll for the special yellow

pigment of Phceophycece.

Hansen (1884d) regarded the yellow pigment of brown algae as

identical with the "yellow chlorophyll" of higher plants.

Tammes (1900) demonstrated the presence of carotinoids in a num-
ber of species of Phceophycece, using the Molisch alkali microchemi-

cal crystallization method. It is now known that he was mistaken

in attributing the result to carotin only.

Gaidukov (1903), however, denied that either carotin or a special

pigment, phycoxanthin (using Millardet's terminology), characterizes

the brown sea-weeds, claiming to have found in addition to chlorophyll

only the xanthophylls which characterize the higher plants.

TABLE 8. PHAEOPHYCEAE FOUND TO CONTAIN CAROTINOIDS

Order C
'

yclospomlcs (highest forms).
Fucoidiae Rosanoff. 1867; Czapek, 1911.
Fucus serratus Millardet, 1869; Sorby, 1873; Reinke, 1876; Tammes,

1900; Gaidukov, 1903; Molisch, 1905; Tswett, 1905, 1906; Kylin,
1912; Waistatter and Page, 1914; van Wissclingh, 1915.

Fucits vesculosus Millardet, 1869; Hansen, 1884; Tammes, 1900;
Tswett, 1906; Kylin, 1912; van Wisselingh, 1915.

Fucus nodosus Millardet, 1869.

Fucus versoides Molisch, 1905.

Ascophyllum nodosum^ Tammes, 1900; Kylin, 1912; van Wisselingh,
1915.

Phylloxpora Brodiaci, P. mcmbranifolia Kylin, 1912.

Cystoseira abrotanifolia Molisch, 1905.

Halidrys siloquoxa Millardet, 1869; Reinke, 1876; Molisch 1905"
Kylin, 1912.

Order Phceoxporales.

Ectocarpaccac Askenasy, 1869.

Pylaiclla litoralis Kylin, 1912.

Desmarestia aculeata Reinke, 1876.
Elachista species Millardet, 1869; Molisch, 1905.
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Lcathcsia marina Millardet., 1869; Molisch, 1905.

Chorda filumTammes, 1900.

Laminaria saccharina Millardet, 1869; Reinke, 1876; Tummes, 1900;

Molisch, 1905; Tswett, 1905, 1906; van Wisselingh, 1915.

Laminaria digitalis Tammes, 1900; Molisch, 1905; Kylin, 1912; Will-

statter and Page, 1914; van Wisselingh, 1915.

Cutleria nwtti/Wa Millardet, 1869; Molisch, 1905.

Order Dictyotales.
Dictyota dichotomy Millardet, 1869; Molisch, 1905.

Dictyopteris polypodioidcs Tammes, 1900; Molisch, 1905; Kylin,
1912.

Halyseris polypodioides Millardet, 1869; Molisch, 1905.

Padina Pavonia Molisch, 1905.

Molisch's (1905) contributions to the carotinoids of brown algae

were, (1) in showing that the water-soluble phycophain exists only

in the dried plants or those which have been placed in hot water for

a few minutes, (2) in rediscovering the blue color reaction with HC1.

Molisch obtained the latter reaction either by extracting the fresh

plants with alcoholic-HCl (98 volumes of alcohol and 2 volumes of

con. HC1) or by adding HC1 to the alcoholic layer after the Kraus

separation, using petroleum ether for extracting the carotin and

chlorophyll. Molisch, however, did not attribute this reaction to a

carotinoid, but to a colorless "Icucocyan" in the plant, which gave rise

to a blue "phaeocyan" with HC1.

Tswett (1905) was quick to point out Molisch's error with respect

to the so-called leucocyan reaction, showing that this was due to the

special carotinoid, fucoxanthin, in the plants, as Sorby (1873) had

pointed out many years earlier. Tswett (1906) was thus led to make
a closer study of the Phaeophyceae pigments, using Fucus and Lami-

naria for his material. He showed first that phycophain is a post-
mortem oxidation product and does not exist in the living plants. He
next made a careful examination of the chromatophor pigments of the

living plants making use of the relative solubility and chromatographic

adsorption properties of the carotinoids. By this means he showed

definitely that at least three carotinoids are present, namely, fuco-

xanthin, carotin, and xanthoph'yll. The former is the principal pig-
ment. It corresponds to the xanthophylls of the higher plants in being
adsorbed from pure petroleum ether and carbon clisulfide by calcium
carbonate and other finely divided materials, and by remaining hypo-
phasic in the Kraus separation between petroleum ether and 80 per
cent alcohol. It differs from the xanthophylls of the higher plants in

the position of its absorption bands in the spectrum, by the reddish-

brown color of its concentrated solutions, by the fact that it is attacked
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by alkalies, and by its color reaction with IK'1. T-\\r!t noticed, like

Sorby, that alkali would restore the yellow color of alcoholic solu-

tions turned blue with acid, but mentioned that the shade of yellow

was not quite the same as the original. Tswett regarded the carotin

present as identical with the carotin of higher plants. The xantho-

phyll, however, was probably erroneously regarded as a special xan-

thophyll, to which Tswett gave the name fucoxanthophyll. Tswett

also studied the chlorophyllins of the brown algae, finding chloro-

phyllin a (chlorophyll a of Willstatter) and chlorophyllin y, a spe-

cial pigment, which he regarded as characteristic of the Phceophycece.

This has not been confirmed by Willstatter and Page (1914) who

found only chlorophyll a in the brown algae.

Czapek (1911) submitted petroleum ether extracts of carefully

dried Fucoideoe to a Tswett chromatographic analysis and found

chlorophyll a, fucoxanthin and xanthophyll, but no carotin. The fail-

ure to find carotin was probably due to the fact that Laminaria,

according to Willstatter and Page, contain very small quantities of

carotin.

Kylin (1912) has given us one of the best systematic examinations

of the carotinoids of the Phaeophyccac. Although Kylin falls into the

error of regarding the Molisch microchemical crystallization test,

which he performed on a large number of species, as specific for caro-

tin, he nevertheless succeeded in isolating the first crystals of this pig-

ment from brown algae. Impure crystals of xanthophyll were also

secured. An unsuccessful attempt wras also made to secure crystals

of fucoxanthin, for which pigment Kylin prefers the name phycoxan-
thin. Kylin pointed out the probable close chemical relation of fuco-

xanthin to xanthophylls. He found that a greater solubility in petro-

leum ether is one of the distinguishing differences, a result which

Willstatter and Page (1914) find is characteristic of the impure pig-

ment, but not of the pure crystals. The latter are insoluble in

petroleum ether. Kylin made the interesting discovery that the blue

color reaction is given not only by the mineral acids, but by acetic

and oxalic acids as well, and that dilute alkali changes the pigment
so that the tendency to give this reaction is greatly accelerated.

Fucoxantlun. The chemical relation of fucoxanthin to the other

carotinoids is now known through the work of Willstatter and Page
(1914), who also determined the quantitative distribution of the dif-

ferent carotinoids in the olive-brown sea-weeds. Ultimate analyses
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carried out on five different preparations of fucoxanthin gave the fol-

lowing results in comparison with several theoretical values.

Found
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due to the formation of a hydrochloride of the composition (',,,Hi4O ,

4HC1, the yellow pigment restored by alkali still containing one mole-

cule of Hri. The instability of the pigment in the presence of strong

alkali, which was observed by Tswett, was confirmed on the pure

substance, it being shown that a new substance was formed which,

when set free from the alkali by water, showed characteristic spectro-

scopic and solubility properties. It was found that the effect of alkali

in increasing the sensitiveness of fucoxanthin solutions towards the

blue color reaction with acids, which Kylin noted, was due to this

modified pigment. Willstiitter and Page observed that as little as

0.001 per cent HC1 would give the blue color with a concentrated

ether solution of the pigment, after its modification with alkali.

Fucoxanthin appears to be an even more intense pigment than

carotin or xanthophyll from the observations of Willstiitter and Page,

who found that 85 mm. of 0.2 per cent K 2Cr2O 7
has the color equiva-

lent of 108 mm. of xanthophyll, or 80 mm. of carotin, but only 50 mm.
of fucoxanthin, using in each case a 5 X 10"

5 molar concentration

of pigment.

Other interesting properties of fucoxanthin observed by these inves-

tigators were the formation of oxonium salts, a crystalline iodide,

C40H 54 UI 4 ,
and a bleached oxidation product C 40H54O 1G . In con-

nection with the last named product it was found that the crystals of

pigment are much more stable than carotin or xanthophyll, but that

the solutions, especially benzene solutions, bleach readily.

Regarding the quantitative distribution of the carotinoids in Phaeo-

phyceae, Willstiitter and Page give the following figures on both the

fresh and dry basis for species representing the three principal orders

of these plants.

Fresh A Into Dry Algae

Fucoxan- Xantho- Fuc.ran- Xnntho-
thin Carotin phi/11 thin Camlin i>lii/ll

percent percent percent percent percent percent

Fucus 0.0169 0.0089 0.0087 0.0593 0.0312 0.0305

Dictyota .0250 .0057 .0063

Laminaria .0081 .0006 .0038 .0528 .0038 .0243

Willstiitter and Page gave some attention to the character of the

xanthophyll present. They were unable to observe any properties

which would serve to distinguish the xanthophyll isolated by them
from the crystalline xanthophyll of higher green plants. This result

throws doubt on the existence of a special fucoxaiithophyll in the
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brown algae, as Tswett concluded. The question still remains open,

however, as to whether more than one xanthophyll is present.

The Rhodophyccac. These plants, commonly known as the red sea-

weeds, are, like the brown algae, found mostly in salt waters, only a

few inhabiting fresh water. Both forms, fortunately, have been ex-

amined for carotinoids. The plants are especially abundant in the

tropic oceans and in the temperate regions at lower depths. Several

hundred species have been described. The dried thallus of Chondrus

crispus forms the carragheen, or dried moss which is used for its gela-

tion properties. Various species of these plants are the source of agar-

agar. The thallus of the Rhodophyccae is abundant in pigment and

may be red, violet or purple, but rarely green. The characteristic

pigment, however, never appears to be carotinoid. Some chlorophyll

appears to be present, but the chief pigment is a protein-like material

or is combined with such (Kylin, 1911 1, and is known as phyco-

erythrill.

The red algae, however, do not lack carotinoids. Those in which

the chromolipoids have been demonstrated are given in Table 9. The

investigations upon which our knowledge of the carotinoids in the red

algae depends may be summarized as follows.

Sorby (1873) appears to have first called attention to the presence
of yellow pigments in this class of plants, when he was able to demon-
strate the presence of xanthophyll in Porphyra vulgaris. It will be

recalled from the summary of Sorby 's work given in Chapter II that

his "xanthophyll" corresponds in properties with the xanthophyll a

of the higher plants as revealed by Tswett's chromatographic analysis,

and also to the chief properties of the crystalline xanthophyll isolated

from green plants in Willstatter's laboratory.

Reinke (1876) extracted Batrachospermum moniliforme with hot

alcohol, and obtained a yellow extract which gave up its pigment to

benzene. This result indicates carotin in the light of our present

knowledge of the relative solubility properties of the carotinoids.

Nebelung (1878) examined the effect of alcohol and petroleum ether

as solvents for the pigments of several fresh water Rhodophyceae, and
found that a yellow pigment (or pigments) could be extracted.

Hansen (1893) applied his method of separating green and yellow

pigments to the alcoholic extracts of a number of red algae. He
found that green and yellow fractions could be obtained by treating
the extracts with alkali and shaking with ether. He regarded the
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result as indicative1 of the same types of pigments as are present in

higher plants which lie had studied with like results.

Tammes (1900) demonstrated carotinoids in three species of red

algae, which are mentioned in Table 9, using the Molisch micro-

crystallization method. Kohl (1902), using the same method, con-

firmed this work as well as obtaining positive results on other species.

TABLE 9. RHODOPHYCEAE FOUND TO CONTAIN CAKOTINOIDS

Order Bangidles

Bangia species (fresh water) Nebelung, 1878; Kohl, 1902.

Porphyra laciniata Tammes, 1900.

Porphyra hiemalis Kylin, 1911.

Porphyra vulgaris Sorby, 1873.

Order Netnalionales
Lemania fluvialilus (fresh water) Nebelung, 1878; Kohl, 1902.

Batrachospcrmum momliforme (fresh water) Reinke, 1876; Nebelung,
1878; Kohl, 1902.

Chantransia species (fresh water) Nebelung, 1878; Kohl, 1902.

Order Gigarlinales
Chondrus crispus Kylin, 1911; van Wisselingh, 1915.

Cystoclonium purpurascens Kylin, 1911.

Order Rhodymeniales
Dellesseria sanguinea Kylin, 1911.

Laurencia pinnatifida Kylin, 1911.

Polysiphonia species Tammes, 1900.

Polysiphonia nigrescens Kylin, 1911.

Rhodomela subjusca, R. virgata Kylin, 1911.

Ceramium rubnim Tammes, 1900; Kylin, 1911; van Wisselingh, 1915.

Ceramium diaphanum Kylin, 1911.

Callithamnion hiemale Kylin, 1911.

Spermothamnion roseolum K}r

lin, 1911.
Order Cryptonemiales

Dumontw, filijormis Kylin, 1911.

Furcellaria fastigiata Kylin, 1911.

Polyides rotundus Kylin, 1911.

Corallina officinal^ Kylin, 1911.

Kylin (1911) has given us the most complete study of the carotin-

oids of the Rhodophyceae. He first successfully applied the Molisch

carotinoid test to some 18 different species of red algae, as noted in

Table 9. Unfortunately this test is not specific for carotin as Kylin
believed. Ceramium rubrum was employed for a special study of the

carotinoids. Both carotin and xanthophylls were demonstrated by
applying the Kraus procedure to extracts of the plants. There seems

to be no question regarding the presence of carotin in the red algae.

The study of the xanthophylls led to less satisfactory results. By
evaporating the xanthophyll-containing alcohol fraction to dryness
and heating the residue with petroleum ether it was found possible
to separate the pigment into two fractions. The fraction which dis-
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solved was readily re-extracted from the solution by 80 per cent

alcohol, and its solubility in petroleum ether was the only point of

difference observed between the two xanthophylls. Spectroscopic and

adsorption properties were not examined. Both xanthophylls turned

green and then blue on addition of acids to their alcoholic solutions

and alkali restored the yellow color. This property is characteristic

of Tswett's xanthophyll (5
of higher plants, as pointed out in the pre-

ceding chapter. The reaction also resembles the color reaction of

fucoxanthin with acids. Kylin, himself (1912), suggests this in a foot-

note of the report of his study of the pigments of the brown algae, but

was unable to decide whether the color reaction was due to traces of

brown algae and diatoms present with his material, or to the actual

presence of fucoxanthin in the red algae. It is doubtful whether

Kylin really effected a separation of distinct pigments in his xantho-

phyll fractions. It is not at all unlikely that the RhodophycecB con-

tain some fucoxanthin. A spectroscopic and chromatographic analysis

of the xanthophylls of the red algae as well as an application of the

modified Kraus procedure for separating fucoxanthin from the other

earotinoids would be helpful in deciding whether the color reaction

observed by Kylin was due to fucoxanthin or to a xanthophyll of the

(3 type.

Van Wisselingh (1915) has recently demonstrated earotinoids in

two species of red algae using both the Molisch and the acid micro-

crystallization method.

The Chorales. This class of algae, commonly known as the stone-

worts, have the interesting property of depositing calcium from the

waters in which they thrive, from which they derive their popular

name. Only two genera are known, namely, Chara and Xitella. Both

Tammes (1900) and Kohl (1902) were successful in showing earo-

tinoids to be present in Chara fragilis, using the Molisch method.

The same result was obtained by van Wisselingh (1915) on Nitella

spores. The evidence points to the presence of earotinoids in the

stoneworts, but nothing further is known regarding their character.

The Chlorophyceae. The so-called green algae constitute one of the

largest and most important classes of lower plants. They are found

in both fresh and salt water, but the former predominate. The cells

as a rule contain chloroplastids which makes the question of the types

of plastid pigments present an important one. The feature which

has especially attracted attention, however, is the fact that the spores
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of certain species, e.g., II<i< matocoCCUS, in the resting stage are diarac-

teri/.ed by a deep red or violet pigmentation. The species which have

been examined tor carotinoids represent all the important orders.

These are given in Table 10.

The development of the question of the character of the pigments

other than chlorophyll which characterize the green alga- has followed

closely the development of the ideas regarding the carotinoids in the

higher plants, as given in Chapter II. For example, the earliest

workers, i.e., Colin (1850), DeBary (1856), Caspary (1858), Hilde-

brand (1861) and Frank (1877) observed merely that the yellow or

red pigments present in the algae which they examined responded to

extraction by the fat solvents and gave either the blue color reaction

with concentrated H 2S0 4 ,
characteristic of the pigments later known

as lipochromes, or the blue color with iodine which also characterizes

these pigments. The spectroscopic studies of Nebelung (1878) unfor-

tunately contributed very little to the elucidation of the character of

the pigments present. Klebs (1881) made a more thorough study

of the properties of the "yellow oil" in certain species, and mentions

properties now well recognized as class characteristics of the

carotinoids.

Borodin (1883) appears to have first definitely recognized the rela-

tion of the yellow pigments of the Chlorophyceae to those of higher

plants and isolated red rhombic carotin crystals from Spirogyra.

Molisch (1896), Tammes (1900) and Kohl (1902) as well as van

Wisselingh (1915) have also demonstrated the presence of carotinoids

in a number of species using the Molisch micro-crystallization test.

Rostafinski (1881) first expressed the possibility of xanthin (older

terminology for carotin) being present in the species of green

algae which he examined. Willstatter and Page have not only shown

that this is the case for Viva lactuca but have determined both carotin

and xanthophyll quantitatively in this species. The amounts found

were 0.0243 grams of carotin and 0.0643 grams of xanthophyll per

kilo of fresh material. The interesting point here is that practically

the same proportion between carotin and xanthophyll is found to

exist in this species of algae as in the leaves of the flowering plants.

Attention has already been called to the interesting phenomenon
of the red color of certain species of Chlorophyceae in the resting

stage. Special study of the character of the pigments present in

Sphaerella (Haematoco^cus -- Chlamydococcus) pluvialis, the so-
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called blood al^i-, and Trcntcpohlia Jolithus, the so-called violet

algap, has been made by Rostafinski (1881), Karsten (1891) and

Zopf (1892a, 1895). Cohn (1850) first called the pigment haemato-

chrome and this name was adopted by a number of subsequent inves-

tigators for the red pigment of many species of green algae. Rosta-

finski attempted to associate the haematochrome with chrysoquinone,

because the latter, like the red algae pigment, gave the blue color

reaction with concentrated H 2S0 4 . A spectroscopic comparison of the

two pigments failing to substantiate such an identity the name chloro-

rufin was proposed for the algae pigment, and the possibility expressed

of an identity with the solanorubin (lycopin) which had been de-

scribed a few years previously by Millardet (1876). Karsten observed

that the haematochrome extracted from Trentepohlia by absolute

alcohol stained brown with osmic acid, a reaction, however, which

may have been due to traces of fat present in the extracts.

TABLE 10. CHLOROPHYCEAE FOUND TO CONTAIN CAROTINOIDS

Order Oedogoniales (highest forms).

Oedogonium ,vy> <</,> Tammes, 1900; Kohl, 1902; van Wisselingh, 1915.

BulbochaeteDeBacy, 1856; Cohn, 1867.

Bulbochaete setigcra Kohl, 1902.

Order Heterosiphonalt .s

Botrydium Ko.<tafinski, 1881.

Order Conjugates
Spirogyra crassa Borodin, 1883; Molisch, 1896; Tammes, 1900; Kohl,

1902.

Spirogyra maxima Borodin, 1883; van Wisselingh, 1915.

Zygncma cruciatum van Wisselingh, 1915.

Order Utotrichales

Phycopcltis epiphyton. P. Tcubii, P. maritima, P. aurea, P. amboincmis
Karsten, 1891; Zopf, 1892a.

Cephaleurus (Mycaided) Icavis, C. solutus, C. albidus, C. parasiticus, P.
minimus Karsten, 1891 ; Zopf, 1892a.

Trentepohlia (CHroolepus) maxima, T. moniUjormis, T. crassiaepta, T.

bisporangiata, T. cyania Karsten, 1891 ; Zopf, 1892a.

Trentepohlia Jolithus Karsten, 1891; Zopf, 1892a; Kohl, 1902.

Trentepohlia aurea Rostafinski, 1881; Zopf, 1892a.

Trentepohlia umbrina Caspary, 1858; Frank, 1877; Zopf, 1892a.

Trentepohlia aureum-tomentosum Caspary, 1858; Hildebrand, 1861.

Trentepohlia Cohn, 1867.

Stichococcus majus van Wisselingh, 1915.
Order Ulvales

Uha lactuca (Sea lettuce) Willstiitter and Page, 1914.

Enteromorpha intestinalis Tammes, 1900.
Order Siphonocladiales

Cladophorq glomerataKebehmg, 1878; Tammes, 1900; Kohl, 1902; van
Wisselingh, 1915.

Sphaeropleacea Cohn, 1867.
Order Siphonales

Vaucheria species Nebelung, 1878.
Chlorella protothccoides, C. variegata van Wisselingh, 1915.
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Order Protococcalcs (lowest forms, unicellular)

Sphacrclla (Haematococcus <>r Chlamydococcus) pluvialis Culm. 1850,

Koftulinski. 1881; Kli-l-s. INS:',; Zopf, 1895; Knhl. I'.ttrJ; Jacobsen,

1913; van \Vi-.'lmi:li, 1915.

Volro* Cohn. 1867.

Protocofcu* (Plewococcus) pluvialis Cohn, 1S50, IsdT.

Pruttin;-u* ntlyaria \an Wisselingh, 1915.

Scotiiwsphacra paradoxa KK-hs, 1881.

1'ltt/lluhium ilinn>ii>iinin. P. incertumsKlebs, ls*l.

Hydrodictyon utnculuimn (water-net) Tammes, 1900.

In Zopf's (1892a) first study of hacmatochrome it was pointed out

that the previous investigations of the pigment were made on impure

mixtures. Zopf not only succeeded in isolating practically pure crys-

tals of the pigment from Trentepohlia Jolithus, but also established

their identity in form and properties with the carotin from carrots.

Zopf later (1895) was led to compare the blood and violet algae from

a pigment standpoint. It was found that the fresh vegetation of the

latter presents a brighter red appearance, the cells under the micro-

scope appearing yellow to orange; Sphaerella pluvialis, on the other

hand, appears dark red-brown when fresh, even thin layers in water

having a blood red color, the same coloration appearing under the

microscope. These and other differences led to a special examination

of what appeared to be a special pigment in Sphaerella (Haematococ-

cus) pluvialis different from the carotin in the Trentepohlia. Two
carotinoids were found, namely, carotin proper, which Zopf called

"eucarotin," and a red carotinoid-like pigment which is called "caro-

tinin," the latter being the predominating pigment.

Special interest attaches to this red "carotinin." Its properties, as

described by Zopf, are characterized by combining readily with alka-

lies and by showing only one wide spectroscopic absorption band at

the F line. In other respects it has the class characteristics of a

carotinoid. Some doubt, however, is thrown upon the alleged alkali

combinations of the red "carotinin" described by Zopf by the obser-

vations of van Wisselingh (1915), who made a special study of the

response of the blood algae to mirrnrhrmical crystallization tests, as

well as the effect of various reagents on the pigment crystals. Three

carotinoids were found. The Molisch alkali method applied to the

green spores of the algae gave red platelets insoluble in phenol-

glycerin (a xanthophyll solvent) and orange needles soluble in phenol-

glycerin, indicating the presence of carotin and xanthophyll. The

red spores when treated with the Molisch reagent gave red-violet

crystal aggregates which contained two pigments, one an orange
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yellow and the other a violet colored substance. The latter was

regarded as Zopfs red carotinin. Its xanthophyll nature was shown

by its ready solubility in the phenol-glycerin reagent. The possibility

of this pigment being a potassium compound as it should be from

Zopf's description, inasmuch as it was produced in a strongly alka-

line medium (Molisch's reagent), was tested by treating the crystals

with dilute acid for 24 hours. No change was produced in their

properties.

The red pigment of the blood algae deserves further study in the

light of the apparently conflicting observations of Zopf and van

Wisselingh. Its red color and xanthophyll-like properties as de-

scribed by the latter investigator suggests the red rhodoxanthin de-

scribed in Chapter II. No other carotinoids have yet been described,

however, which show acid properties and combine with alkalies as t la-

red algae pigment is stated to do.

An interesting observation made by van Wisselingh in connection

with his study of the blood algae was that the plants had mostly green

aplanospores when cultivated in media containing 0.01 per cent each

of KN0 3 , (NH 4),HPO4 , MgCl 2 ,
Na2S0 4 ,

but that the aplanospores
were mostly red when allowed to develop in media containing 0.02 per

cent NH 4N0 3 ,
K2HP04 and MgS04 . Jacobsen (1913) has also studied

the conditions governing the formation of pigment in Haematococcus

pluvialis and found that temperature as well as food conditions influ-

ence it. He was unable to extract the pigment from the plant with

fatty oils, and it did not respond to Tswett's resorcin method for the

microcrystallization of carotinoid.

The Bacillariea (Diatomaceae) . The diatoms are unicellular

algae of very peculiar structure and interesting habits. The single

cells are composed of two symmetrical valves which are held together

by a membranous sac of slightly colored protoplasm. The single

cells are lOu. or less in diameter. The valves of which they are con-

structed are frequently beautifully sculptured, and when many of the

cells unite, as is sometimes the case, very peculiar shaped structures

often result. The epidermis of the diatoms is composed of silica which

these organisms have the power to extract from the water in which

they develop. Deposits of silica from great growths of these plants

have considerable commercial value as diatomaceous earth. The

algae inhabit stagnant water, wet rocks and the sea.

The diatoms comprise a considerable portion of the plankton of the

sea. It is this fact, together with the part which the plankton of the
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sea plays in the food of marine animals which makes the pigments

of the diatoms of inteiv-t. Most species of diatoms have a brownish

color. A few are green and probably contain chlorophyll, or at least

one of the chlorophyll pigments. Of the many thousands of species

which are known, unfortunately only a few have been examined for

carotinoids. However, these are probably to be considered as typical

of the remainder.

The earliest workers regarded the color of the diatoms as due to a

single pigment to which Niigeli (1849) gave the name diatomin. This

name was adopted by Askenasy (1867) for the brownish yellow pig-

ment which could be extracted with alcohol, and which he described

as showing a strong absorption of the blue half of the spectrum and

a characteristic intense blue-green color on addition of H 2SO 4 or HC1
to the alcoholic solution. Nebelung (1878) extracted a yellow pig-

ment from M^< losira species with petroleum ether but called it phyco-
xanthin. The principal pigment extracted in this case may have been

carotin.

Further proof of the carotinoid nature of the Bacillariea pigments
was furnished by Tammes (1900), who obtained the Molisch test on

Fragilaria species and by Kohl (1902) who obtained the same test on

Gomphonema and Navicula species. Molisch (1905), himself apply-

ing the test to Nitzschia Palea, Nitzschia sigmoidea, Cymatopleura
solea and Pinnultiria viridis (Navicula viridis), obtained only yellow

drops, but these gave the chromolipoid color reactions with H 2S04

and iodine.

The conclusions of the various investigators are somewhat conflict-

ing regarding the exact nature of the carotinoids present in the silice-

ous algff. Zopf (1900) concluded that "cuearotin" (true carotin)

is the chief pigment present in Gomphonema, but that the pigment
differs somewhat from the carotin of other plants. Kohl (1906a)
concluded that the liver-colored diatoms, Achnanthidiwn lanceolatum

and Eunotia (Himanthidium) pectinalis, owe their color chiefly to

carotin with a little of his so-called (3-xanthophyll (which is not

carotinoid in the true sense) present also, as well as traces of chloro-

phyll. Kohl had previously (1902) concluded that the pigment known
as diatomin is carotin. Especially interesting is the observation of

Molisch that the species which he examined (1905) gave the so-called

leucocyan react inn winch is apparently specific for fncoxaiithin.

Askenasy (1867) had observed the same reaction for alcoholic ex-

tracts of diatoms, so that there are at least strong indications that
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fucoxanthin is present in these algae. The view of Kohl (1906) that

the leucocyan reaction is specific for carotin is hardly to be regarded

as tenable. The imperfect studies which have been made do not

indicate whether true xanthophylls are also included among the caro-

tinoids of the Bacili<iricci, but it is not unlikely that this will be

found to be the case when the matter comes to be examined in detail.

The Peridinieae. The Peridiniales, also called the Dinoflagellata

comprise a relatively small class of unicellular algae, which are found

mostly in salt (sea) water. They sometimes form an important part
of the plankton of the sea, so that their pigments are of interest, as

in the case of the diatoms, on account of the part which the plankton
of the sea plays in the food of fishes and other marine animals.

Schiitt (1890) appears to have made the only specific examination

of the pigments of the Peridinieae, but since his work was performed
before the most important developments took place in the field of

carotinoids it is necessary to interpret his observations in the light

of present-day knowledge of the subject. Up to his time the color

of the Dinoflagellates was regarded as due to the same pigment which
was believed to color the diatoms, namely, diatomin. As is now

known, diatomin is not a specific pigment. Although Schiitt did not

recognized this fact he did point out that the color of the Peridinieae

is more reddish-brown and easily distinguished from the yellowish-
brown color of the diatoms. This difference in tint was found to be

due to the presence of carmine colored drops or globules in many of

the Peridiniece examined, in addition to the yellowish-brown pig-
ment in the chromatophors of the algae.

The Peridiniece examined by Schiitt were Gymnodinium Helix,

Dinophysis acuta, D. laeris, Certium tripos, C. fusus, C. furco, Peri-

dinium divergem, Prorocentum micans, and Glenodinium species. In

addition to brownish-red and brownish-yellow water extracts, the

pigments of which were regarded as analogous to the phycoerythrin
of the Rhodophyceae and the phycophain of the Phaeophyceae, re-

spectively, a wine-red alcohol extract was obtained. The pigment
thus extracted, which could not have been pure, was soluble in ben-

zene, ether, chloroform, carbon disulfide, and glacial acetic acid, but

very little soluble in petroleum ether. Schiitt regarded the pigment
as analogous to diatomin, and called it peridinin. The slight solu-

bility of the pigment in petroleum ether and ready solubility in alco-

hol suggests that a xanthophyll-like pigment predominates in the

Peridinieae. It is not possible, to draw more specific conclusions than
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this on such meager data. The writer is of the opinion that exami-

nation will disclose the fact that fucoxanthin or a similar pigment is

the predominating carotinoid in the l'< rnlinitac.

The Fl(i(i< Unto. The flagellates arc simple unicellular, aquatic or-

iiani-ms intermediate between the algae and protozoa. They inhabit

ponds and streams. Only a few species have been examined for pig- .

mcnts. A survey of the somewhat scanty evidence does, however,

point with certainty to the presence of carotinoids in those species

which have been examined. The exact character of the carotinoids

remains to be determined.

AVille (1887) regarded the pigment in the brown palmella-like cells

of Chromulina (Chromophyton) Hosanoffii as diatomin because the

cells turned green when treated with HC1. Klebs (1893) expressed

the same idea for Chrysomonidina Stein, but called the pigment

chrysochrome. Gaidukov (1900), however, emphatically denied the

existence of either carotin of fucoxanthin in Chromulinn, claiming to

have found only two pigments present, a chlorophyll-like pigment

(chrysochlorophyll) and a xanthophyll-like pigment (chrysoxantho-

phyll). The latter pigment as described by Gaidukov shows true

xanthophyll properties, except that only one spectroscopic absorption

band was observed, namely, at 495-485|i[ji, which corresponds fairly

well with the first xanthophyll band. Spectroscopic studies of alco-

holic and petroleum ether extracts of Hydrums penicillatus were

made by Nebelung (1878), but his results give very little hint as to

the true character of the carotinoids present.

Two species of Flagellata whose pigment has long been of interest

arc Euglena sanguined and Euglena viridis. In these organisms the

pigment occurs in a red ring around the nucleus, giving the appear-

ance of an eye, from which the popular name, eye-spots, of Euglena,

is derived. When these organisms turn green the chlorophyll develops

first at the periphery of the red ring and gradually spreads inward.

The red pigment does not always occur in Euglena sanguined, how-

ever, and its absence seems to exert little if any effect on the normal

development of the organisms. The eye-spots occur chiefly in spring

and autumn, or when the organisms are in a dry state or exposed to

bright sunlight. Cohn (1850) and Klebs (1883) regarded the red

coloring matter as identical with that of the Chlorophyceae, Haema-

tococcus pluvialis, the so-called haematochrome of Cohn. If this be

the case the eye-spot pigment is a mixture of carotinoids, inasmuch as

Zopf (1892a) has shown that haematochrome consists of carotin and
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a red xanthophyll-like pigment whose exact relation to the caro-

tinoids remains to be determined.

The red pigment of Euglena sanguined was first isolated by v.

Wittich (1863) and later by Garcin (1889) and Kutscher (1898).

V. AVittich obtained microscopic, garnet colored octahedral crystals by

concentrating the hot alcoholic extract or by adding alcohol to the

concentrated ether solution of the pigment. The crystals were quickly

bleached by chlorine and gave a blue color reaction with concentrated

sulfuric acid. The crystal? melted indefinitely between 70 and 120

C. They dissolved in hot alkali and the pigment could be recovered

from this solution in amorphous form, but without loss of other prop-

erties, by addition of acid. Neither Garcin nor Kutscher was able

to extract the pigment from Euglena cultures with cold alcohol, but

the former obtained orange-red extracts with chloroform, following

alcohol treatment, and the latter with boiling absolute alcohol. The

pigment extracted by Garcin showed no absorption bands, but dis-

solved in concentrated sulfuric acid with a blue color. Garcin pro-

posed the name rufin for the pigment. Kut seller's absolute alcohol

extracts deposited garnet colored crystals on concentration. The

pigment as described further by Kut seller does not seem to be a caro-

tinoid because the recrystallized substance melted at 105 C. and

exhibited no absorption bands. The crystalline pigment, as well as

its alcoholic solution, turned blue on addition of dilute (50 per cent)

sulfuric or nitric acids, but alkalies had no effect.

Besides these more critical studies Krukenberg (1886) found that

saponified alcoholic extracts of Euglena would yield a greenish-yellow

lipochrome to petroleum-ether or ether" in addition to the red pigment
wrhich acetic ether only would extract from the soap. The red pig-

ment, according to Krukenberg, showed one absorption band, which

is contrary to the statement of the other investigators. The greenish-

yellow pigment may have been a true carotinoid inasmuch as evi-

dence of carotinoids in Euglena was obtained by van Wisselingh

(1915) who secured a positive Molisch" carotinoid test on the eye

spots. The chief pigment present, namely, the red one, does not,

however, appear to be identical with ay of the known carotinoifls,

but resembles more nearly the red carotinins of Zopf.

The Myxophycece (Cyanophycece) . These constitute a large class

of unicellular or filamentous algae without a true nucleus, which

inhabit both fresh and salt water and are also found in damp soil,

or on damp rocks and tree-trunks, forming dark blue-green patches.
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The algae frequently live in symbiosis with fungi or other plants.

Their characteristic color gives them their common name, the blue-

grcen alga-. They are among the lowest forms of plant life which

are known.

The piunients of the blue-green algae have attracted the attention

of a number of investigators beginning with Nageli (1849) who ex-

pressed the belief that these organisms contain a special pigment,

which he called phycochrome, present in two modifications, a blue-

green phycocyan, and an orange phycoxanthin. It was thus that the

latter name, later applied to the pigment of the Phaeophycew, had

its origin. The various species of blue-green algie which have been

examined for carotinoid pigments are given in Table 11.

TABLE 11. MYXOPHYCEAE FOUND TO CONTAIN CAROTINOIDS

Order Rirulariqcece (highest forms).

CalotJirix species Kraus and Millardet, 1868.

Rivularia species Kohl, 1902.

Order Scytonemaccce.
Tolypothrix species Kohl, 1902.

Order Noslocacea.
Nostoc species Kraus and Millardet, 1868; van Wisselingh, 1915.

Nodularia van Wisselingh, 1915.

Anabacna flos aquce Bub. Tammes, 1900; van Wisselingh, 1915.

Order Oscillatoriacece.

OscillatoriaSorby, 1873; Reinke, 1876; Monteverde, 1893.

Oscillntoria (Oscillaria) limosa Kraus and Millardet, 1868; Kraus, 1872.

Oxcillaloria laptotricha Molisch, 1896.

Oscillatoria Frorlichii Tammes, 1900; Kohl, 1902.

Phormidium ywZpare Nebelung, 1878; Kohl, 1902.

Order Chroococcacece (lowest forms).

Microcystis (Polycystis) flos aquce Wittr. (fresh water) Zopf, 1900.

A survey of the observations of the various investigators shows

conclusively that carotinoids are normal constituents of the Myxo-

phyceae. This lias been demonstrated microchemically by Molisch

(1896), Tammes (1900), Kohl (1902) and van Wisselingh (1915).

Spectroscopic studies were made by Reinke (1876) and Nebelung

(1878) on different species, and while the results indicate carotinoids,

the solutions examined were not free from other pigments.

The evidence regarding the character of the carotinoids present is

less conclusive. Kraus and Millardet (1868) found that alcoholic

extracts of Oscillatoria, Nostoc and Calothrix species responded to the

alcohol-brn/uir separation, leaving a yellow pigment behind in the

alcohol. Nageli's designation, phycoxanthin, was adopted for the

pigment remaining in the alcohol. Kraus (1872), however, later rec-

ognized that more than one pigment was probably present in these
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algae, and expressed the belief that the pure xanthophyll-like phyco-

xanthin in Oscillatoria is closely related to, but not identical with, the

xanthophyll of higher green plants.

Sorby (1873) differentiated between phycoxanthin, fucoxanthin and

"orange xanthophyll" (carotin) in Oscillatoria. Sorby's phycoxanthin

is not identical with the so-called phycoxanthin of brown algse, the

pigment now known as fucoxanthin. As described by Sorby phyco-

xanthin is practically non-extractable from alcohol by carbon disul-

fide, but when dissolved in the latter solvent gives red solutions,

which are still pink in great dilution, the absorption bands in this

solvent being shifted towards the red end of the spectrum to even a

greater extent than those of carotin. The presence of such a pigment

in Oscillatoria has not been reported by others, and its relation to the

carotinoids remains to be determined. Sorby's fucoxanthin is identi-

cal with the fucoxanthin of the brown algae, whose chemical prop-

erties have been described. No other investigator has reported the

presence of this pigment in the blue-green algce. If Sorby's observa-

tions can be substantiated it will show that this pigment is much

more universally distributed among the algae than has been hereto-

fore regarded.

Sorby also reported observations regarding the distribution of

phycoxanthin, "orange xanthophyll" and fucoxanthin in Oscillatoria

with different exposures of the organisms to light, rinding that the

more intense the light during growth the more phycoxanthin and

"orange xanthophyll" (carotin) they contain and the less fucoxanthin.

Further evidence regarding the presence of carotin in the blue-

green alga? was furnished by Monteverde (1893), who demonstrated

carotin in Oscillatoria by the Kraus method. The question of the

character of the pigments remaining in the alcohol following the

separation between this solvent and petroleum ether was left open

by Monteverde.

That even the lowest forms are abundantly pigmented by carotin

has been shown by Zopf (1900) who has described the ease with which

carotin crystals can be obtained from Microcystis (Polycystis) flos

aqucB Wittr. It is doubtful, however, whether Zopf is justified in re-

garding the carotin as a special pigment, and ascribing to it the name

polycystin.
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Carotinoids in the Fungi

The brilliancy of color which characterizes practically all classes

of fungi is a fact which is familiar even to the layman in the fields

of botany and biology. Yellow, orange and red colors are by no

means the least conspicuous among these plants, and may in many
cases be regarded as the predominating ones. This fact, together

with the absence of chlorophyll from this form of plant life, is what

gives prominence to a consideration of the relation of the pigments
involved to pigments of similar color, namely, carotinoids, produced
in the chlorophyllous plants. As has been already pointed out, how-

ever, yellow, orange and red colors in fungi appear to be more fre-

quently non-carotinoid in nature than possessing the characteristics

of the chromolipoids. Zopf (1890) mentions a number of instances

where this is the case. Nevertheless, carotinoids do occur among the

fungi, especially among the higher forms, and the evidence for this

conclusion will now be presented. It will be apparent, however, that

specific evidence is almost completely lacking as to the kinds of caro-

tinoids involved. The plan of presentation will be similar to that

followed in the case of the algae.

The Basidiomycetes. The various fungi which comprise this group

include the numerous species of mushrooms, toadstools and bracket

fungi (included together under the Hymenomycetes) ,
the puff-balls

(G'astervmycetes) known to every school child, the rusts (Uredineae) ,

and the smuts (Ustilaginece) . Yellow colors do not especially char-

acterize the Gasteromycetes, and so far as the author is aware caro-

tinoids have not been demonstrated in any of the members of this

family. The same statement likewise holds true for the smuts.

Yellow to orange-red tints are very common, however, among the

Hymenomycetes, and the Uridineae take their common name (rusts)

from the predominating color of their spores.

The species of Basidiomycetes which may be regarded as owing
their color to carotinoids or related pigments are collected in Table

12. It is not to be considered that this short list comprises all the

species which probably contain carotinoids, but merely that proof has

been furnished for those mentioned. For example, the common mush-

room Clavaria fusiformis (Golden Spindle) may owe its color in part

to carotinoids although Sorby (1873) in his study of the pigments of

many classes of plants speaks of this fungus only as a source of
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"lichnoxanthin," whose exact relation to known pigments is as yet
obscure.

All of the Hymenomycetes which are known to contain carotinoids

are bracket fungi which grow on decaying wood or among fallen

leaves. Whether these fungi derive their carotinoids from the hosts

upon which they grow or synthesize their own pigments remains to

be determined.

Calocera viscosa is a very sticky fungus of a beautiful orange color

which is found abundantly on rotten tree stumps, especially fir, in

the autumn. It grows one to three inches high. C. cornea is not so

highly colored and grows in spikes one-fourth to two-thirds inches

high on dead wood. Dacromyces stillatus forms deep orange colored

spots on pine and other decaying wood. Ditiola radicata produces a

golden-yellow hymcnium two to three inches across on rotten wood,

and among fallen pine leaves, etc.

TABLE 12. BASIDIOMVCETES FOUND TO CONTAIN -CAROTINOIDS

Hymenomycetes.
Calocera viscosa Zopf, 1889c; van Wisselingh, 1915.

Calocera cornea van Wisselingh, 1915.

Calocera palmata van Wisselingh, 1915.

Dacryomyces stillatus Zopf, 1889c.

Ditiola radicata Zopf, 1893a.

Urcdincce (rusts).

Gymnosporangium junipcrinum Bachmann, 1886.

Mclampsora Salicis caprcce Bachmann, 18S6.

Puccinia coronata Bachmann, 1886.

Triphragmium Ulmarice Bachmann. 1886.

Uromyccs alchcmillce Bachmann, 1886.

Colcosporium piilsatiUa Strauss Mullor, 1885; Bertrand and Poirault, 1892.

Uredo euphrasLr Bertrand and Poirault. 1892.

Melampsora accidioides D. C. Mviller, 1886; Bertrand and Poirault, 1892.

Phragmidium violaccum Miiller, 1886.

Aecidia, Promycclia and Sporidia Spores Kohl, 1902.

The evidence that these fungi owe their color to carotinoids was

first furnished by Zopf (1889c) who found that the chromolipoid

when isolated not only responded to the blue color reaction with con-

centrated sulfuric acid, which Zopf called the lipocyan reaction, but

could be made to produce blue microscopic crystals under the influ-

ence of this reagent. Zopf described in detail the method for the

formation of the blue "lipocyan" crystals for the pigments of these

fungi and also for other lipochrome containing materials. More

conclusive evidence that these fungi owe their color to carotinoids

was furnished by Zopf (1893a) who isolated a pigment showing the

spectroscopic absorption bands of carotin from Ditiola radicata, and
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more recently by van Wisselingh (1915) who was able to secure

crystals of pigment by the Molisch inicroclR-inical test. The latter

invigilator states that about twenty-live fungi which he examined

by this method failed to respond to the test, but mentions .-.pirifically

only those which responded. Special attention was given to the crys-

tals produced in the case of Calocera viscosa and Ducryomyces

stillatus. From the former a heavy precipitation of orange colored

crystals was secured from a section between the hypens. These gave

all the carotinoid color reactions, and the crystals dissolved slowly in

phenol-glycerin, indicating a xanthophyll-like pigment. ('. cornea

and C. palmata gave like results. In the case of Dacryomyccs stil-

latus crystals of a similar color were secured, as well as red colored

crystals and orange-yellow aggregates, suggesting the possibility of

several carotinoids being present.

Particularly interesting is the abundant evidence that the coloring

matter of the rust fungi is carotinoid in nature. Bachmann (1886)

first called attention to the fact that the rusts from several different

hosts owe their color to orange or yellow oil globules containing

unsaponifiable chromolipoids. The pigment was isolated by cutting

out the rust spots, extracting them with ether or hot alcohol, saponify-

ing the extract, and extracting the soap with petroleum ether. The

positions of the spectroscopic absorption bands of the extracts thus

obtained correspond closely with those of carotin. The residues from

the extracts gave the usual color reactions with concentrated sulfuric

acid and iodine. Miillcr (1886) observed that red pigment crystals

appeared in the spores of certain rusts when placed in glycerin.

Zopf (1890) held that these were due to a pigment other than lipo-

chrome, but that the fungi contain the lipochrome as well as the

special red pigment. Bertrand and Poirault (1892), however, who

observed the same phenomenon in the rusts examined by Miiller, as

well as other species, regarded the red crystals to be due to cholesterol

colored by carotin, inasmuch as identical crystals are formed when the

pollen grains of Verbascum thapsiforme L. (mullein) are mounted

in glycerin. In view of the observations of Bachmann pointing con-

clusively to the presence of carotinoids in the rusts, it seems likely

that pigments of this type are involved in the crystals observed by
Miiller and by Bertrand and Poirault. It should be noted, however,

that the uredo spores of these fungi, which is the chief pigmented

stage in their development, are not colored alike for the various

species, the color varying from yellow to reddish orange. The winter
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stage, or teleutospores, is usually black, but in the case of one of the

species mentioned in Table 12, namely, Uredo euphrasix Schum., this

stage is red. Other stages in the life cycle of the rusts appear to con-

tain carotinoids also, since Kohl (1902) reports a positive Molisch

test on promycclia, sporidia and a?cidia of the fungi, the consecutive

stages in the germination of the teleutospores to the uredospore stage.

The Ascomycetes. These fungi, which are commonly known as the

cup or sac fungi because of their shape, are frequently brilliantly

colored with yellow, orange or reddish pigments. The coloring mat-

ter responsible for these tints has naturally attracted the attention

of a few of the pigment workers, notably Zopf, to whom we owe much

of our knowledge regarding the fungi pigments. The species of

Ascomycetes whose pigmentation may with some assurance be re-

garded as due largely to carotinoids are mentioned in Table 13. No
doubt others could be added to the list.

TABLE 13. ASCOMYCETES FOUND TO CONTAIN CAROTIXOIDS

Discomycetes.
Peziza aurantiaZopi, 1892b.

Peziza blcolor Bull. Bachmann, 1886.

Peziza scutcilata L. Bachmann, 1886.

Leotia lubricaZopi, 1890, 1892b; Kohl, 1902.

Ascobolus species Ziopf, 1889c, 1892b.

Spatkularia jlavida Pers. Zopf, 1892b; Kohl, 1902.

Pyrenomycetes.
Polystigma rubrum Zopf, 1893a.

Polystigma ochraceum Wahlenberg (= P. jnluum D. C.) Zopf, 1893a.

S-paeroslH.be coccaphila van Wisselingh, 1915.

Nectria cinnabarina Bachmann, 1886; Zopf, 1893a; Kohl, 1902; van Wis-

selingh, 1915.

The Peziza genera of the Discomycetes contains several species with

especially bright color. Peziza aurantia, which is sometimes called

"orange-peel Elf-cup" takes the form of a shallow, irregular shaped

cup, one to three inches in diameter, and resembles closely a piece of

inverted orange peel. The outside of the fungus is pale orange but

the interior is a brilliant orange or orange red. It is frequently found

on the flat ground in autumn. Peziza bicolor Bull, forms a yellow to

deep orange-red disc on dead branches of oak, hazel and hawthorn

trees, and P. scutellata L. a deep carmine colored disc on rotten tree

stumps. Sorby (1873) examined the pigment of the first mentioned

species but called the pigment peziza xanthin and did not identify it

with the "xanthophylls" of the higher plants or the algae. Bachmann

(1886) first showed the presence of chromolipoids in the Peziza fungi

when he recovered unsaponifiable pigment from them showing the
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spectroscopic absorption bands and color reactions of the lipochromes

from higher plants. This was confirmed by Zopf (1892b) for Peziza

aurantia, who at the same time reported lipochromes in two other

Discomycetes, namely, Lcotia lubrica and Spathularia flavida Pers.,

but was unable to find lipochrome in Bulgaria inquinans (=poly-

morpha). The presence of carotinoids in the two first mentioned was

later confirmed by Kohl (1902) using the Molisch test. Leotia

lubrica, however, owes its color in part to a green colored pigment as

well as to chromolipoid (Zopf, 1890). It is of interest to note also

that Zopf (1889c, 1892b) reported that carotinoid-like pigments could

be isolated from various species of Ascobolus, which flourish on the

feces of animals.

Among the Pyrcnomycetes Bachmann (1886) first reported unsap-

onifiable lipochrome in Nectria cinnabarina (Tode) Fries., which was

later studied in detail together with the pigments of Polystigma rub-

rum Pers. and P. ochraceum (= P. fulvum D. C.) by Zopf (1890,

1893a). The former is a cushion shaped, red fungus found on the

dead branches of deciduous trees, while Polystigma attack the foliage

of plum trees, forming red or red-brown spots on the leaves.

The lipochrome which Bachmann isolated from Nectria cinnabarina

corresponded in spectroscopic bands with xanthophyll. A red resin

was also reported in this fungus. Zopf used the conidial layer of the

fungus obtained from Aesculus Hippocastanum for his study. The

presence of a two-banded "carotin" was confirmed and the red resin

of Bachmann was found to conform to a number of other "carotinins"

studied by this investigator (e.g., the red pigment of Haematococcus

pluvialis already discussed) in that it readily formed compounds with

sodium and barium. The sodium salt was practically insoluble in

alcohol and ether, but soluble in chloroform, benzene and carbon

disulfide, and the barium salt was insoluble in all these solvents. The

ethereal solution of the base-free pigment showed two bands at 512-

490[A|i and 481-464(41, the solution in carbon disulfide showing three

bands at 575-553^.1, 530-508|4i and 494-482uu. The relation of this

pigment to the carotinoids remains to be determined. It was either

this pigment or the yellow "carotin" which responded to the Molisch

test in the hands of Kohl (1902) and van Wisselingh (1915). Zopf

called the red pigment nectriin or nectria red.

Zopf found two pigments in Polystigma rubrum which were very

similar to those in N. cinnabarina, the absorption spectra of the

"carotin" indicating identity with the carotin of carrots, the red pig-
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ment, which appears to be the chief one present, differing from nec-

triin in the position and number of the absorption bands (polystig-

min, as Zopf calls it, showing only two even in carbon disulfide), and

also in that the barium compound is soluble in ether, chloroform, car-

bon disulfide and alcohol. Zopf's examination of Polystigma ochra-

ceum, which has more of a yellow than a red color, showed an abun-

dance of yellow "carotin," which was regarded as produced in the

fungus cells. No red pigment was found, but the fungus was not de-

colorized after the extraction of the carotinoid, but was left a reddish-

brown color which could be extracted by dilute ammonium hydroxide.

Van Wisselingh (1915) made a special examination of the micro-

chemical crystals formed in Spaerostilbe coccaphila, a red fungus
found on fallen trees. The fungus itself contains red, fat-like globules.

Violet-red crystals were produced in the Molisch test, which gave the

carotinoid color reactions and dissolved readily in the phenol-glycerin

reagent which appears to be specific for xanthophyll.

The Phycomycetes. This class of fungi includes the molds, the

mildews and the yeasts and thus contains many species of plants of

great importance. One does not ordinarily associate carotinoid colors

with these fungi, and the presence of such pigments does not, in fact,

appear to be common. Carotinoids have been demonstrated to be

present, however, in several instances.

Zopf (1892b) was able to extract a carotinoid from -three species

of Pilobolus, namely, P. crystallinus, P. Kleinii and P. Oedipus, which

gave the lipocyan reaction, the lipochrome reaction with iodine, and
also showed absorption bands in petroleum ether at 484-469^ and

452-439^.1, which correspond closely with xanthophyll. The first two

species flourish on fresh horse dung, the last on dung or rotting algae.

Zopf also stated (1892b) that Pleotrachelus fulgens, a reddish-brown

species of another order, is- a carotin (oid) former, but the evidence

for this was not presented.

Kohl (1902) confirmed the presence of carotinoids in Philobolus

species using the Molisch test, and also showed the same pigments to

be present in Mucor species and in Chytridium.
Van Wisselingh (1915) included Mucor flavus Bainer in his micro-

chemical studies. Orange-yellow crystals were secured by the Molisch

method, which gave the carotinoid color reactions with nitric acid

and with bromine.

The Myxomycetes. These fungi form a distinct, independent group
of plants, commonly known as slime molds, and were formerly classi-
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fied in the animal kingdom under the name Mycetozoa. The plants

an 1 nakrd masses of protoplasm, f:il!i'd plasmndia, which exhibit many
beautiful colors as shown in Lister's well-known work on the slime

molds. Carotinoids are probably rare in this group, although this

statement may be hasty inasmuch a.s very few species have been

examined. Carotinoids do not appear to be present in Arcyria punicea
IVrs. and Ar. nutuns Blill. or in Acthaiium scpticum Fr., a species of

Fuligo Scptica the well-known "Flowers of Tan"- according to the

observations of Schroeter (1875), Zopf (1892b) and Bachmann (1886).

Carotinoids do appear to be present, however, in Stemonitis ferru-

yinca, Stemonitis jusca, Lycogala epidendron and Lycogala flavo-

fuscum, judging from the observations of Zopf (1889b) who made a

special study of the possible presence of lipochromes in Myxomycetes.
In no case was lipochrome found to be the only pigment present,

although absolute alcohol was found to extract completely the color

from the carrot-red plasmodia and fruits of L. epidendron. In each

case an unsaponifiable lipochrome was isolated showing the color

reaction with concentrated sulfuric acid. The measurements of the

position of the absorption bands of the lipochrome of each species as

iv| >orted by Zopf indicate a xanthophyll-like pigment in the case of

Stemonitis, but carotin in the case of Lycogala. These observations

might well be amplified by others, carried out in the light of our

present knowledge of the Carotinoids.

The Imperfect Fungi. There is evidence that Carotinoids are pres-

ent in a few species of this large group of fungi whose exact classi-

fication has not yet been determined.

Zopf (1889c) states that the pigment which can be extracted with

fat solvents from Cephalothecium gives the blue lipocyan crystals

with sulfuric acid. Several of the fungi which gave positive evidence

of Carotinoids microchemically in van Wisselingh's study (1915) be-

long in the group of imperfects. For example, Monilia sitophila

(Mont.) Dace, gave red crystals in the Molisch test; Aspergillus

giganteus, which has an orange-yellow mycelium, gave a positive test;

Torula rubra also gave the reaction, but Torula cinnabarina failed to

do so; although a color reaction was secured using SbCla .

Carotinoids in Bacteria

The importance of bacteria as a means of determining some of the

true functions of Carotinoids in plants, or at least of fixing the con-
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ditions under which they develop, has already been pointed out. The
work upon which our present knowledge of carotinoids in bacteria is

based will now be reviewed. Bacteria are at present classified as

Schizomycetes, and arc best considered as algae. Their morphology
and reproduction most nearly resemble the Cyanophyceae. In fact,

bacteria are considered by some as having "degenerated" from the

blue-green algae. They do not, however, contain chlorophyll, and it

is this fact, especially, which enhances the interest in the possibility

of carotinoids being normal constituents of these organisms.

As in the case of non-chlorophyll bearing fungi, it is not to be

assumed that all yellow, orange and red tinted bacterial colonies owe
their color to carotinoids. The pigments of B. prodigiosus and B.

xanthinum Ehren. first described by Schroeter (1875) are obviously
not carotinoids, although color alone would suggest that this is the

case. Griffiths (1892) ascribes the formula C38H56N05 to the red

pigment of B. prodigiosus, but the empirical relation between the car-

bon and hydrogen suggests, rather than negatives a relation of the

pigment to carotin. Schroeter described the change of color of the

colonies of this bacteria from red to orange to yellow and ascribed it

to the formation of an alkaline substance in the course of the growth
of the bacteria. This variation in color of B. prodigiosus is probably
well known to bacteriologists and might be thought to be due either

to a variation in concentration of the same pigment or to the presence
of distinct yellow (possibly carotinoid) and red pigments, the latter,

when present, masking the former. Schroeter supported his explana-
tion of the change in color, however, by showing that the orange-red
alcoholic extract of the bacteria turns red with acid and yellow with

alkali.

Aside from the brief observation of Schrotter (1895) that the pig-
ments of Sarcina aurantiaca and M. (Staph.) pyrogenes aureus show
the solubility properties and color reaction (with H2S04 ) of "lipo-
xanthin" (carotinoid) our knowledge regarding carotinoid producing
species of bacteria is due apparently solely to Zopf (1889, a, c; 1891;

1892b) who has described the chromolipoids in eight species of bac-

teria. The descriptions as given by Zopf point with certainty to caro-

tinoids in the case of four species only, namely, B. egregium, B. Chry-
sogloia, M. (Staph.) aureus and Sphaerotilus roseus. The first three

of these bacteria form yellow colonies, but the last mentioned species
is red. The evidence for carotinoids is as follows:

B. egregium. Forms intensely yellow colonies on gelatin or beef-
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extract ngar (b.c. 2.3 per cent, agar one per cent). Colonies when

transferred to porcelain plate give blue color with concentrated H 2S0 4

and UN**.;, ami blue microscopic crystals with former (lipocyan reac-

tion, Zopf). Pigment is slowly extracted by warm absolute alcohol

and when thus extracted is soluble in alcohol, ether, chloroform,

methyl alcohol, ben/.ene and petroleum ether. The alcoholic solutions

show two absorption bands, one covering the F line, the other between

F and G. The pigment is not saponifiablc. It develops in the dark

as well as in the light.

B. Chrysogloia. The yellow pigment produced corresponds exactly

in properties with that of B. egrcgium.

J/. (Staph.) aureus. The yellow pigment shows the same prop-

erties described for the above mentioned bacteria, according to Zopf.

Spaerotilus roseus. A red bacteria giving a yellow to yellowish-red

alcoholic extract. Strips of filter paper immersed at one end in the

extract showed in time three zones, a wide red zone over which was a

narrow yellow zone and over this a very narrow brownish zone. The

yellow pigment was soluble in water and the red one in alcohol, ether,

chloroform, ligroin, petroleum ether, benzene and carbon disulfide.

After saponification and extraction with petroleum ether the pigment

showed all the properties of "eucarotin," the absorption bands in

alcohol lying at 492-474u|i and 456-442u|i. The properties described

are strongly indicative of carotin.

There is much less certainty regarding the character of the pig-

ments in the other species of bacteria examined by Zopf, although

the pigment is ascribed by Zopf to "lipochrome." The red color of

M. (Staph.) apatelus and M. (Staph.) superbus is stated (1889c) to

be a red lipochrome which gives the microscopic blue lipocyan crys-

tals with concentrated H 2S0 4 . The red pigment of M. (Staph.) rho-

dochrous and M. (Staph.) Erythromyxa gives the same reaction. Old

colonies of these two bacteria show scarlet or blood-red crystal aggre-

gates under the microscope (dark field), according to Zopf (1891).

These crystals are soluble in alcohol, ether, chloroform, petroleum

ether, benzene and carbon disulfide and these solutions are charac-

terized by showing only one wide absorption band in the spectroscope

at F. The pigment is not saponi liable. It is not clear whether this

pigment is one of the known carotinoids or is to be classified with the

red "carotinins," which have been repeatedly mentioned, and the

determination of whose relation to the carotinoids is greatly to be

desired. Overbeck (1891), who has studied the physiology of pig-
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ment production in the two last mentioned species of bacteria, states

that M. Erythromyxa produces a yellow water-soluble pigment in

addition to the red lipochrome.

Summary

Our knowledge is practically complete regarding the character and

distribution of the carotinoids among certain classes of algae, par-

ticularly the brown and red sea-weeds.

Fresh browrn sea-weeds owe their olive-brown tint to the special

algae carotinoid, fucoxanthin, discovered by Rosanoff (1867) and

Millardct (1869), and finally classified definitely as a carotinoid by
Willstatter and Page (1914). The relation of this pigment to carotin

is shown by the empirical formula C40H56 6 . The characteristic prop-

erties of the pigment are described in detail in the text.

Brown sea-weeds also contain carotin and xanthophyll. The exact

relation of this xanthophyll to the xanthophylls of higher plants has

not been definitely settled.

Dried brown sea-weeds owe their color to phycophiiin, a post-

mortal oxidation product of colorless chromogens present in the

fresh plants. The carotinoids are still present, but the phycophain
interferes greatly with their isolation and study.

The principal pigment of red sea-weeds is phycoerythrin, which is

not a carotinoid. Carotin and xanthophyll, however, are present in

these plants. There are some indications that the xanthophyll is the

xanthophyll (3
which characterizes higher plants. There is a possi-

bility, als$ that fucoxanthin is present in the red algae.

Carotinoids are present in the stone worts, but nothing is known
of their nature.

Carotin and xanthophyll are present in the green algae, the amount

of each present in certain species having been determined by Will-

statter and Page. The red pigment of the so-called blood algae clas-

sified among this family, appears to be related to the carotinoids, but

its exact relation remains to be determined.

Carotin appears to be the principal carotinoid present in the di-

atoms. There is a possibility, also, that xanthophylls and fucoxan-

thin are present, a phase of the pigmentation of the siliceous algae

which deserves further study.

Our knowledge is indefinite regarding the carotinoids occurring in

the Peridiniales, although the indications are that a xanthophyll-like
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piirment, possibly fucoxanthin, predominates among the chromolipoidfl

pre-ent. Brownish-red and yellow water-soluble non-carotinoids are

the chief cause of the color of these plants.

Carotinoids are unquestionably present in the flagellates, although

their exact nature remains to be determined. The red pigment which

characterizes the so-called eye-spots of Euglena species does not ap-

pear to be identical with any of the known carotinoids, but resembles

the red carotinins, the determination of whose relation to the carotin-

oids is greatly to be desired.

Carotinoids are normal constituents of the blue-green algae. The

facts which are known point to the presence of carotin and fucoxanthin

in these plants. Another pigment is present in certain species, which

is non-carotinoid in nature but which resembles carotin in having a

yellow color in alcohol and a red color in carbon disulfide. Its exact

nature is not known.

Carotinoid colors are more common among the fungi than among
the algae but the color in many cases appears to be due to other

pigments. In fact, many fungi seem to be entirely devoid of carotin-

oid pigments.

Among the Basidiomycetes, a few species in the mushroom family

apparently owe their color to carotinoids. The striking examples of

carotinoid pigmentation, however, are the rusts, whose yellow and

red colors are due to carotin or a very closely related pigment. It

is not known whether other carotinoids are involved.

Several of the brilliantly colored cup fungi owe their color to

carotinoids. The exact nature of these has not been determined in

the case of the Discomycetes, but in the case of certain Pyrenomycetes
carotin is undoubtedly concerned, as well as red carotinoid-like pig-

ments which require further study.

Carotinoids have been identified in a few molds and yeasts but

their nature is unknown.

There is considerable uncertainty regarding the exact relation to

the carotinoids of certain yellow pigments characterizing the slime

molds, but xanthophyll or carotin-like pigments are indicated in the

case of certain species.

Carotinoids are formed by several species of bacteria. Carotin

appears to be the principal pigment concerned in the case of B.

egregium and Spacrotilus roseus. The exact nature of the pigment
has not been determined in the case of the other species in which

carotinoid? have been determined to be present.



124 CAROTINOIDS AND RELATED PIGMENTS

Carotinoid-forming bacteria afford an excellent opportunity for

fixing the conditions under which these pigments develop and thus

throwing some light on the true functions of carotinoids in plants.

The growth of these plants is subject to very exact laboratory con-

trol and their pigmentation is not complicated by the formation of

chlorophyll.



Chapter IV

Carotinoids in the Vertebrates

It is by no means a new idea that certain pigments, widely dis-

tributed among animals, resemble closely in their chemical and physi-

cal properties, as well as in color, the pigments of the vegetable king-

dom which were considered in the preceding chapters. This point

was brought out in Chapter I. The demonstration of a general biologi-

cal relationship of these animal pigments to the plant carotinoids is,

however, comparatively recent. It is because of this relationship

that one is justified in considering the carotinoids of plants and ani-

mals in one treatise. The development of this idea and the experi-

mental justification for it are reserved for presentation in a later

chapter. It is accordingly necessary to anticipate this discussion at

this point and to review the evidence for the distribution of the caro-

tinoids among animals without having first justified the basis for

this distribution. The reader is therefore asked to assume for the

moment that the yellow to orange-red animal pigments which have

been most commonly called lipochromes are in all probability true

or modified plant carotinoids. For certain of the higher animals

proof has been furnished -that their lipochromes are true carotinoids.

but this knowledge does not as yet extend very far down the scale

of animals. However, the thread is picked up again for certain of

the lower animals so that it does not require a difficult stretch of

imagination to fill in the gap, wide as it is indeed admitted to be.

Carotinoids in Mammals

Corpus luteum. Bearing in mind that carotin was the first veg-

etable chromolipoid discovered, it is an interesting fact that the first

mammalian chromolipoid to be isolated in crystalline form likewise

eventually proved to be carotin. The pigment referred to is that of

the corpus luteum of the cow, first described by Piccolo and Lieben

(1866) and a little later, apparently independently, by Holm (1867).

As already mentioned in Chapter I, the former called the pigment
125
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luteohamatoidin or hacmolutein, while Holm called it hamatoidin. Of
the two papers mentioned that of Holm, only, has been accessible to

the writer. It is gratifying to note how accurately Holm described

the crystalline form, the color of the crystals, both alone and when
dissolved in various solvents, and the characteristic blue color reac-

tion with nitric acid, all of which later helped to identify the pig-

ment as carotin. The close relationship of the corpus luteum pig-

ment to other yellow pigments in plants and animals was first recog-
nized by Thudichum (1869), but his supposition that most of these

pigments were identical has since proved to be without foundation,

although his ideas in this respect were in part correct.

Capranica (1877) likewise isolated the corpus luteum pigment from

cow's ovaries and obtained it in crystalline form. The general prop-

erties (color reactions, spectroscopic absorption bands and solubility)

corresponded so closely with those of the pigment of the yolk of eggs

(hen) and the pigment in the retina of the eyes, as examined by this

investigator, that he regarded the three pigments as identical. This

conclusion led him to regard this pigment as one of the most impor-
tant substances in living matter. The following quotation from

Capranica's paper is, to say the least, the most enthusiastic concep-
tion of the part which carotinoids play in animal life, which the writer

has encountered. "Diese Substanz muss demgemiiss als eine der

phylogenetisch altesten chemischen Verbindungen des thierischen

Korpers angesehen wcrden. Wir diirfen annehmen, dass schon in den

ersten Regungen der organischen Materie das lichtempfindliche Mole-

cul des Lutein vorhanden sein. Die erste Entstehung dieses Moleciils,

kann man sich denken, war das 'Fiat Lux.' Mit ihr begann zwischen

Sonne und organischer Materie jene empfindende Verbindung, als

deren letzte und hb'chste Frucht wir des Menschen sonnenhaftes Auge
anstaunen."

The full significance of Capranica's contributions, however, was not

appreciated by him or by subsequent investigators of animal chromo-

lipoids. He observed, among other things, that petroleum ether and

carbon disulfide, respectively, would quantitatively remove the cor-

pus luteum pigment from its alcoholic solution. The development of

the technic for separating carotin from other pigments by this method
is a comparatively recent achievement, as shown in the preceding

chapters. If Capranica had thought to apply this test to the egg

yolk pigment which he had under investigation he would have dis-

covered a difference which may have led to a much earlier discovery
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of the true relationship of the corpus lutcum and egg yolk pigments

to each other and to other similar pigments in plants and animals.

At any rate, much of the subsequent confusion of different pigments

niiiilit, perhaps, have been avoided.

Kiihnc (1878), however, was forced to conclude that the corpus

luteum and egg yolk pigments were not identical, after examining

carefully their spcctroscopic absorption properties. No further study

appears to have been made of the corpus luteum pigment until Escher

(1913) definitely established its identity with carotin.

Before referring to other mammalian carotinoids it may be well to

point out that we have definite proof that carotin is the corpus luteum

pigment only in the case of cows and sheep, from which Escher

obtained his material for study. Pigmented tissue appears on the

human ovary, also, but there is no evidence that the pigment is exclu-

sively carotin. On the contrary the inference which may be drawn

from observations regarding the character of the chromolipoids in

other parts of the human body is that both carotin and xanthophylls

probably appear in the human corpus luteum. Still less is known

regarding the pigment in the corpus luteum of other mammals. In

the horse it is probably carotin, since this pigment appears in the

blood of that animal. Carotinoids arc not present at all in the so-

called yellow bodies on the ovaries of swine, as pointed out by van
den Bergh, Muller and Broekmeyer (1920). The writer 1 succeeded in

extracting a small amount of yellow coloring matter from swine

ovaries when a sufficient number were extracted, but all attempts to

identify the pigment as carotinoid resulted in failure.

Blood serum. Although the carotinoid of the corpus luteum of the

cow was the first mammalian chromolipoid to be isolated in crystal-

line form, the coloring matter in the blood serum of cattle was prob-

ably the first to attract attention. Krukenberg (1885a), who deserves

credit for the first extensive study of the pigment, mentions the much
earlier attempts of Samson (1835), Denis (1838) and Schmidt (1865)

to determine its nature. It is true that Thudichum (1869) stated

that the yellow pigment of blood serum belonged to his group of

luteins, but he did not trouble to mention the animals in which he

had found it, or how he had isolated the pigment. As a matter of fact

Krukenberg (1885a) found it to be rather difficult to separate the

pigment of cattle serum from the other blood constituents; direct

extraction with all the known fat solvents failed completely, and
1 Unpublished observations.
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success was attained only by repeated extractions of the serum with

amyl alcohol. The writer's study of blood serum pigments of cattle

has shown that this difficulty is readily explained. When the chromo-

lipoid present is carotin, the pigment is physico-chemically attached

to serum-albumin. Alcohols have a greater attraction than pigment

for the colloidal protein and thus replace it. Fat solvents will then

extract the pigment, petroleum ether being the best solvent to use.

Krukenberg's observations of the pigment isolated by him from ox

serum were confined to solubility properties in the lipochrome sol-

vents, the color reactions with concentrated H 2S04 and HN0 3 ,
and

the spectrum bands of the pigment. Positive identification as a lipo-

chrome was secured in each case. Krukenberg was careful to recog-

nize that pronounced spectroscopic differences among lipochromes

indicated the existence of more than one individual in his lipochrome

group. On these grounds he was led to conclude that the blood serum

pigment of the ox is probably identical with the lutein of the corpus

luteum, whose spectrum properties had been previously pictured by

Kiihne. The additional interesting observation was made that the

fresh serum itself showed the spectrum bands, although shifted con-

siderably towards the red end of the spectrum from their position in

chloroform or ether. The writer was unable to verify this for a speci-

men of human blood serum which proved to be rich in carotin.

Although Krukenberg made no attempt to identify the pigment with

any of the vegetable lipochromes with which he was familiar, his

graphic representation of the spectrum of the cattle serum pigment

shows it to be identical with that of carotin. Krukenberg had no

explanation to offer for the occurrence of the pigment in the blood.

He was opposed to the view that it originated from hemoglobin, but

nevertheless saw an analogy between the simultaneous occurrence of

lipochrome with the respiratory pigment of both plants and animals.

Van den Bergh and Snapper (1913) confirmed the general observa-

tions of Krukenberg regarding the properties of the pigment of cattle

serum. In addition, they noted traces of bilirubin in the serum and

proposed an interesting test for the presence of both lipochrome and

bilirubin in blood serum based on their observation that the lipo-

chrome of cattle serum is precipitated with the proteins when two

volumes of 95 per cent alcohol are added to one volume of serum

while bilirubin remains in the supernatant fluid when the precipitated

proteins are centrifugalized. Definite identification of the lipochrome

of cattle serum as carotin was made by Palmer and Eckles (1914c)
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by applying the numerous macroscopic tests for this pigment evolved

by the plant biochemists, particularly Wills! litter and Mieg and

Tswett. This fact has recently been confirmed by van den Bergh

and Muller (1920) and by van den Bergh, Muller and Broekmeyer

(1920). In addition, Palmer and Eckles found that xanthophylls

eould also be demonstrated in small amounts in well-colored serum if

sufficient material (250-300 c.c.) was used. Neither type of carotinoid

was present in the blood of a newborn calf.

After Hammarsten (1878) isolated crystalline bilirubin from horse

serum, it was believed for many years that this pigment was the sole

cause of the well-known golden yellow color of the serum of this mam-

mal. Gallerani (1904), however, found a lipochrome-like pigment

accompanying the bilirubin in horse serum, for which he proposed the

name plasmachrome. Van den Bergh and Snapper (1913), also,

found some lipochrome accompanying the bilirubin in horse serum.

The carotinoid identity of this lipochrome was shown a little later by

the writer (1916), using serum from a horse on bluegrass pasture

(rich in carotinoids). Carotin only was found, adsorbed on the albu-

min, as in the case of cattle serum, although the quantity present in

a unit volume was considerably less than was found in cattle serum

under comparable feeding conditions. Van den Bergh and Muller

and Broekmeyer (1920) have confirmed these findings, also, in so far

as the character of the carotinoid and the amount present are

concerned.

Since Thudichum's (1869) early observation it has been recognized

that human blood serum may be colored by a lipochrome. Zoja

(1904) found that bilirubin is not present except under pathological

conditions. However, van den Bergh and Snapper (1913) state that

the serum of normal persons always contains a certain amount of

both lipochrome and bilirubin, sometimes one and sometimes the other

being in excess. They observed, also, that the scrum of diabetics may
contain extraordinarily large amounts of lipochrome, an observation

subsequently confirmed by Umber (1916), Biirger and Reinhart (1918,

1919), Salomon (1919), van den Bergh and Muller (1920), van den

Bergh, Muller and Broekmeyer (1920), and by Head and Johnson

(1921). Umber was able to shake the pigment out of the serum with

ether alone. Biirger and Reinhart (1918) suggested that the serum

pigment might be of exogenous origin and later (1919) presented

quantitative data showing a rise in the pigmentation of the serum on

a diet of green food. Salomon definitely identified as carotin the
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pigment which he extracted from high colored human serum. Of

interest is his observation that in this case direct extraction with

ether took out very little pigment, it being necessary first to precipi-

tate the proteins with alcohol and extract the precipitate with ether.

Apparently this investigator regarded the presence of the carotin as

fortuitous, for he mentions the difficulty in distinguishing the pig-

ment from the normal lipochrome of the blood.

It is obvious that none of the workers mentioned in the preceding

paragraph were familiar with the observations of the writer on the

character and cause of the normal chromolipoid of cattle and horse

serum. It remained for Hess and Myers (1919) to show the direct

application of the writer's observations on animals to the variations

in the pigmentation of human blood serum, by demonstrating marked

variations in the carotin- content of the blood serum of children with

variations in the carotin content of their diet. These observations

have been extended greatly by van den Bergh and Muller (1920) and

van den Bergh, Muller and Broekmcyer (1920) who have shown that

both carotin and xanthophylls play a part in causing the normal pig-

mentation of human blood serum, sometimes one and sometimes the

other predominating, although carotin is usually in excess.

The writer has recently observed an interesting case of marked

change in the character of the carotinoid in the blood serum of an

adult. At the time of the first examination the serum was colored

almost exolusivelv bv carotin, which could not be shaken out of the

blood with ether. At this time carrots played a large part in the diet.

At the time of the second examination the pigment was readily ex-

tracted simply by shaking the serum with ether. The character of

the diet was not ascertained in this case, although a similar pigment,

readily extracted by ether, was found abundantly in the blood of two

other persons on a diet rich in green foods (spinach and green string

beans). By analogy with the writer's (1915) experiments with the

pigment of fowl serum this pigment should have been xanthophyll.

However, a phase test applied to the pigment in each case showed

that it was almost quantitatively epiphasic between the petroleum
ether and 80 per cent methyl alcohol. Inasmuch as this property is

supposed to be distinctly characteristic of carotin, it appears that the

character of the diet may influence the manner in which carotin is

carried by human blood. In each case the serum extracts showed

two-banded absorption spectra when using a spectroscope with nar-

row dispersion, but it was not possible to secure the measurements of
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the bands when using an instrument of high dispersion equipped for

measuring the wave-length positions of the band-.

A word may be said here regarding the state of carol inoids in

blood. Van den Bergh and Muller (1920) assert that neither carotin

nor xanthophylls can be shaken out of blood serum with ether. Tiny

believe that the pigments are always in colloidal solution in the

plasma. The writer is in accord with this view in so far as carotin

in ox and horse serum is concerned, and at times for human serum.

It is believed, however, that in all probability a double colloidal

phenomenon is involved in these cases, i.e., first, a colloidal adsorption

of the carotin by albumin and second, a colloidal solution of this albu-

min in the plasma. As for xanthophyll in blood serum, the writer

merely wishes to state that he has never failed to secure its direct

extraction with ether when present in the serum of animals, and

accordingly does not feel justified in believing that colloidal phe-

nomena are involved in any way. The explanation for this differ-

ence offers an interesting problem in biochemistry.

Observations are very scanty on the pigment of the blood scrum

of other mammals. The writer (1916) examined the blood of each of

three breeds of swine, representing the Duroc-Jersey, Poland China

and Berkshire breeds at a time when they were on pasture, but failed

to detect the presence of even traces of carotinoid or other chromo-

lipoid-like pigment. In a similar manner the blood of each of five

breeds of sheep, namely, Dorset, Hampshire, Merino, Shropshire and

Southdown, showed the presence of only traces of chromolipoid, which

appeared to be carotin, although the animals, like the swine, were

receiving an abundance of carotinoid-rich pasture grass at the time.

The blood of an Angora goat, under like feeding conditions, showed

traces of carotinoid also. Van den Bergh, Muller and Broekmeyer

(1920) likewise found no carotinoids in the blood serum of swine,

guinea pigs or dogs, and traces only in the blood serum of cats. In

the case of the latter animal, xanthophyll practically disappeared

from the blood within a half hour after an intravenous injection of a

colloidal solution of xanthophyll. It is stated that the pigment was

found, however, in the liver.

Milk fat. Thudichum's classic paper included the pigment of

butter fat among the "luteins." Blythe (1879), however, regarded

the alcohol soluble lactochrome which he isolated from milk whey as

the cause of the butter fat color, and Desmouliere and Gautrelet
'*

(1903) concluded, after isolating a urobilin-likc pigment from milk,



132 CAROTINOIDS AND RELATED PIGMENTS

that no lipochromes are present. On the other hand the fact that the

pigment of butter fat appears in the unsaponifiable ether extractable

material at once classifies it as a chromolipoid. Palmer and Eckles

(1914a) were the first to make a critical examination of the pigment
from the standpoint of the plant carotinoids, finding, as might be

expected in the light of Escher's work on the corpus luteum pigment
of the cow, that the pigment corresponds exactly in physical and

chemical properties (spectroscopic, solubility and phase test) with

carotin. In addition we found, when the phase test and a chroma-

tographic analysis were applied, that small amounts of xanthophylls

usually accompany the carotin. These were most evident in highly

colored butter fat, a chromatogram in one case showing two and pos-

sibly three distinct adsorption zones of xanthophyll. The pigment
in each of these zones showed the xanthophyll absorption bands and

were hypophasic in the phase test between petroleum ether and 80

per cent alcohol.

The character of the carotinoids in the milk fat of other animals

has not been determined. Palmer (1916) and Palmer and Kennedy
(1921) have noted the presence of carotinoid in traces in the milk fat

of sheep and goats without determining which kind of carotinoid is

present. We have also noted a complete absence of carotinoids from

the milk fat of albino rats and swine, even the fat of the colostrum

milk of the latter.

The fat of human milk is always more or less pigmented, that of

colostrum being especially highly pigmented. Palmer and Eckles

(1914e) found both carotin and xanthophylls in about equal quan-

tities, as judged from the color of the solutions obtained in the phase
test when applied to the isolated pigment. Two samples of human
milk were examined, from different individuals, one sample being
colostrum. This result is to be expected in the light of what has been

found subsequently regarding the presence of both types of carotinoids

in human blood.

Adipose tissue. The adipose tissue of cattle, horses and man is

characterized by varying amount of pigment, which at times attains a

high concentration in the horse, in certain breeds of cattle, such as

the Jersey and Guernsey dairy breeds, and at times in man. The

adipose tissue of other species of mammals, including sheep and goats,

dogs, cats, rabbits, swine, rats, guinea pigs and other rodents, is

entirely or almost entirely devoid of pigment. In the cases of pig-

mented adipose tissue of cattle Palmer and Eckles (1914b) found the
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pigment to be chiefly carotin, with some admixed xanthophylls. In

the ease of the adipose tissue of the horse van den Bergh, Muller and

Broekmeyer (1920) found carotin exclusively. The latter investigators

have made the only examination of human adipose tissue. Varying
amounts of pigment and varying proportions of carotin and xantho-

phyll were found in numerous specimens obtained on autopsy of indi-

viduals dead of various disorders. In most cases carotin was somewhat

in excess of xanthophyll. Of interest in this connection is the obser-

vation of Krukenberg and Wagner (1885) of a yellow lipochroine in

human bone marrow. The position of the spectroscopic absorption

bands of the pigment which are shown in a drawing by these authors

resembles xanthophyll rather than carotin inasmuch as the maximum

absorption of the first band is on the violet side of the F line, while

the maximum absorption of carotin, as we now know, is at the F line.

Internal organs. As van den Bergh, Muller and Broekmeyer (1920)

have shown in their extensive study of carotinoids in the human and

animal body, certain of the internal organs of mammals appear to have

an elective affinity for carotinoids which is greater than can be ex-

plained by their fat content. Krukenberg (1885b) first called atten-

tion to the presence of lipochrome in human and animal adrenals, at

times in high concentration in the human glands. He described its

extraction with hot alcohol, its absorption bands resembling those of

the lipochrome of cattle serum, and the color reactions with con.

H 2SO 4 and HN0 3 . This was confirmed for the human adrenals by
Lubarsch (1902), Sehrt (1904) and Hueck (1912). Sehrt concluded

that the lipochrome was different from the plant lipochromes (caro-

tinoids). Findlay (1920) and also van den Bergh, Muller and Broek-

meyer (1920) have examined the pigment of human adrenals from the

standpoint of carotinoid properties. Both carotin and xanthophylls

were demonstrated, the latter authors reporting data for a large number

of cases. The technic of Findlay is to be criticized, however, in that

he drew his conclusion regarding both types of carotinoids being

present by applying the phase test for the carotinoids directly to the

issues. In other words, he regarded pigments which did not readily

dissolve out of the tissue with petroleum ether as xanthophyll, while

that which was extracted by this solvent he regarded as carotin. It

is doubtful whether the phase test can be applied except to solutions

of the carotinoids.

Van den Bergh, Muller and Broekmeyer examined the suprarenals
of the horse, guinea pig, cat, dog, and swine for carotinoids. They
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report carotin in all cases, the amount varying from relatively large

amounts in the case of the horse and guinea pig to very little in the

case of swine, cats and dogs. Findlay reported a small amount of

carotin-like pigment in the suprarenals of the sheep. Palmer and

Kennedy (1921) were unable to find any pigment soluble in alcohol

or petroleum ether in the suprarenals of albino rats.

There has been very little study of the pigments of mammalian

liver from the standpoint of carotinoids. It is difficult tissue to

examine because it is rich in pigments of unknown character which

are soluble in certain of the fat solvents, and also because one of

these pigments, at least, gives a color reaction with con. H.,S04

which may easily be mistaken for a carotinoid reaction. It is to be

expected that the liver of animals whose blood and adipose tissue

may be rich in carotinoids will also contain these pigments, e.g., that

the human liver will contain varying amounts of both carotin and

xanthophylls, and that the liver of the cow and horse will contain

carotin. Van den Bergh, Mullcr and Broekmeycr (1920) have found

this to be the case. On the other hand the statement of these investi-

gators that the liver of swine, cats, dogs and guinea pigs contains

small amounts of carotinoids is to be accepted with reserve until the

experimental evidence for this statement is extended to include the

spectroscopic and adsorption properties of the pigments isolated.

These investigators based their conclusions on color reactions with

concentrated acids and upon solubility in carotinoid solvents and upon
the phase test. None of these properties is properly to be regarded

as specific for carotinoids.

Nerves. Meschcde (1865, 1872) first observed yellow pigment in

nerve cells which could be extracted with fat solvents. Rosin (1896)

first associated the pigment with the lipochromes then rising into

prominence. He noted its presence in the human and in cattle, and

its absence from the nerve cells of the dog, cat, rabbit, rat and mouse.

Rosin and Fenyvessey (1900) noted that the pigment was absent from

the nerve cells of the new born, but that it was always present in

the nerve cell tissue of adult humans. Following the studies of Lu-

barsch (1902), who regarded the lipochrome as an "abnutzung"

(wear-and-tear) product of endogenous origin, pathologists have at-

tached significance to the increase in lipochrome pigmentation in nerve

cells which have been observed in disease. Dolley and Guthrie (1919),

however, have made a careful study of the occurrence of chromolipoid
in the nerve cell of man and animals and have found that it can be
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demonstrated microehemically only in lliose species of animals in

which carotinoids normally occur, e.g., man, cow and fowl. The con-

clusion which they drew seems incontrovertible, namely, that the

chromolipoids of these tissues arc true carotinoids of exogenous origin,

the type of pigment being governed by the species of animal, i.e., by

the type of carotinoid resorbed.

Lipochrome pigment is also present in other body tissue of man,

i.e., in the seminal vesicle (Maass, 1889) and in the epithelial muscle

cells (Akutsu, 1902) and in the heart, where Dolley and Guthric

(1921) have shown its carotinoid nature. Of interest is Akutsu's ob-

servation that the pigment is absent from these tissues in the case of

new born babies and young children, and begins to occur about the

age. of puberty.

Skin. The skin of dairy cattle, especially that of the Jersey and

Guernsey breeds, is often characterized by a high yellow color, which

is often almost orange in hue. The wax in the ears of these animals

is also highly pigmented. The skin color is especially noticeable on

the udder, particularly the escutcheon. Using the ear wax as the

source of material, Palmer and Eckles (1914b) found the pigment to

be carotin, chiefly, with a little xanthophyll.

Smith (1893) observed a yellow pigment in the "dandruff" of the

horse, which he regarded as modified chlorophyll. Inasmuch as he

observed a variation in the amount of this pigment with the food of

the animal the conclusion seems obvious that the pigment was carotin,

which characterizes the blood serum and adipose tissue of this species.

Carotinoids may also color the human skin. Moro (1908), Kaup

(1919), Stollzner (1919), Klose (1919) and Hess and Myers (1919)

noted skin coloration in children after eating heavily of carrots. Most

of these writers associated the coloration with the carotin in the

carrots, but all of them, except Hess and Myers, regarded the phe-

nomenon as an abnormality. The latter, only, pictured the phenomenon
as an exaggeration of a normal condition and demonstrated the carotin

in the blood serum. They state that the feeding of oranges or eggs

to children may result in a similar skin coloration. Schussler (1919)

and Salomon (1919) have noted similar phenomena in adults'- the

entire body being affected in the cases cited by Scnussler. These were

2 Hashimato (1922) states flint a yellow skin pigmentation of dietary origin was
described in the Japanese literature by Baelz as early as 1890 and called, "auruntia-

sis cntis." It is also pointed out that Miura (1917), a Japanese writer, ascril>ed Hie

pigmentation to carotin and used the term, "car<tino-is." I lashimain r<p,irt> :;.~i

cases among adults as the result of excessive eating of squash.
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due to a carrot diet. Carotin was inferred, not demonstrated, in these

cases, although Salomon measured the extent of the "xanthemia" in

certain individuals by determining the extinction coefficient of the

absorption bands of the ether extract of the blood.

Von Noorden (1904) first called attention to a frequent yellow skin

coloration in diabetics, which was not due to jaundice. He proposed
for it the name Xanthosis Diabetica. Van den Bergh and Snapper

(1913) also called attention to the phenomenon and showed in addition

that it was accompanied by an increased lipochrome content of the

blood serum, which they regarded as the cause. Umber (1916) noticed

the same correlation in cases of Xanthosis Diabetica. Burger and

Reinhart (1918) first suggested an exogenous origin of the pathological

phenomenon, for which they later (1910), as well as Salomon (1919),

offered proof. Hess and Myers (1919) saw the correlation between

the pathological and normal skin colorations on carotinoid rich diets,

and van den Bergh and Muller (1920) and van den Bergh, Muller and

Broekmeyer (1920) have presented such extensive data on the pres-

ence of carotinoids in the human organism that their conclusion seems

entirely justified that the skin colorations of diabetics is due pri-

marily to the vegetarian character of the diet of persons afflicted with

this disease. It is not to be inferred, however, that carotin is always
the cause of the skin coloration. Head and Johnson (1921) with the

assistance of the writer have demonstrated carotin as the sole cause

of one case where the diet of the diabetic was rich in carotin (the

patient ate heavily of -carrots), the skin clearing up when the source

was removed. On the other hand another case of skin coloration of

a diabetic has come under the observation of the writer which was

evidently due largely, is not entirely, to xanthophylls. The diet was

rich in xanthophylls (eggs and green beans), and the blood serum

showed much xanthophyll with little carotin. The skin in this case

was also cleared up by removing the source of the pigment.
In view of the fact that carotinoids have been found in the skin of

both normal and diseased persons, it seems doubtful whether any

pathological significance can be attached to its appearance in the skin.

Van den Bergh, Muller and Broekmeyer (1920), who have studied

this question extensively, were unable to note any correlations between

the pigmentation of various tissues and tfye character of the disease.

The difficulty, of course, is that the pigments must be of dietary origin.

Even a diabetic could not show a xanthosis unless his diet contained

carotinoids. On the other hand the more frequent observation of an
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epidermal xanthosis in diabetics than in well persons, and the fact

that a yellow color, presumably of the same origin, is frequently seen

in the palms of the hands and on the soles of the feet of persons with

acute sickness/
1

may have a secondary origin. The normal cause of

the disappearance of carotinoids from both plants and animals is an

oxidation. This is undoubtedly their ultimate fate in animals unless

they are secreted in the milk fat or egg yolk (in fowls) or stored up

as adipose tissue and thus protected from oxidation. Where the oxida-

tive tone of the body is low, as in diabetes, coupled in many cases

with abnormally large intake of carotinoids, it is not surprising that

the pigments should appear in the tissues in abnormally large amounts.

This is especially likely to be true of the epidermal tissues inasmuch

as the effect of eating carotinoid-rich diets in normal persons shows

that the subcutaneous glands can serve as an excretory medium for

these pigments.

Carotinoids in Birds

The chromolipoid pigments of birds offer many of the most inter-

esting problems in the field of animal chromatology. This is true in

spite of the fact that a cursory knowledge of the present status of the

question of carotinoid pigmentation in the case of the domestic fowl

would lead one to believe that the character of the carotinoid pig-

ments found in the feathered animals, as well as the origin of the

pigments, has been settled for all species of birds. This belief is not

justified. Who knows, for example, whether or not numerous species

lack carotinoids entirely, as is the case, or nearly so, with many
domestic mammals? This is a relatively simple problem to solve.

But what shall one say of the problem of determining why the type

of carotinoid in the hen is different from that of the cow; or of the

problem of ascertaining why the xanthophyll of the yolk of the hen's

egg appears to be chemically an isomer of plant xanthophyll in spite

of the fact that the plant xanthophyll is the source from which the

hen derives the pigment for the egg yolk; or of the problem of explain-

ing the wride variation in the appearance of carotinoid in the epidermis

of fowls, in all of which the adipose tissue is highly colored with

xanthophyll, as well as the egg yolk? What might be expected to be

simply physiological problems in connection with the behavior of

carotinoids in the animal organism turn out to be complicated, or at

1 Van den Bergh, Muller and Broekmoyt-r (1920) state tbat this phenomenon has been

described for a long time by French physicians under the name "signe palmaire."
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least baffling. For example, it would not seem unlikely that xantho-

phyll, readily soluble in fat, would act like a fat dye in the body of

the hen. However, when Palmer and Kempster (1919b, c) fed Sudan

III to a carotinoid-free cockerel, the dye quickly appeared in the

adipose tissue and bone marrow, but not in the visible skin parts

(shanks, beak, ear lobes, etc.), whereas xanthophyll, when fed to a

carotinoid-free cockerel of the same breed appeared in the shank skin

within 72 hours, and annatto, a different fat dye, did not appear in tin-

body at all. Again, when Sudan III was fed to a laying carotinoid-

free hen, the dye quickly appeared in the egg yolks and deeply stained

the adipose tissue, whereas xanthophyll, when fed to a carotinoid-free

laying hen appeared only in the egg yolk, the adipose tissue and epi-

dermis being unaffected even after a month of xanthophyll feeding.

How are these interesting observations to be explained?

Egg yolk. It is to be expected that the pigment of the yolk of

hen's eggs should be the first of the bird chromolipoids to attract the

attention of the physiologists. Stadeler (1867) was the first to attempt

to secure crystals of the pigment. He failed to do so, but observed

the solubility of the pigment in ether and chloroform with a golden

yellow color, in CS2 with an orange color, its unsaponifiability, and

the fact that HN0 3 , containing N02 , imparted a dirty blue-green

color to the impure pigment, while a trace of con. H2S04 had the same

effect. Thudichum (1869), as already mentioned, included the pig-

ment among his luteins. Capranica (1877) mentioned having noticed

the similarity in properties of the pigment with that of the corpus

luteum. The first detailed description of the spectroscopic absorption

properties of the egg yolk pigment was given by Kiihne (1878).

Careful drawings of the pigment spectrum in ether, petroleum ether

and CS2 in comparison with a similar spectrum of the corpus luteum

pigment, show differences now readily explained in the light of our

knowledge regarding the t}*pe of carotinoid involved in each case.

Kiihne, as already mentioned, decided against an identify of the two

pigments on spectroscopic grounds and also because the egg yolk pig-

ment failed to give the blue color reaction with iodine previously noted

for the corpus luteum pigment. Of interest is Kiihne's observation

that the egg yolk pigment is soluble in bile. Palmer and Eckles

(1914d) have attached some significance to the fact that plant xantho-

phyll is soluble in bile (ox) while carotin is not, as a possible explana-

tion of some of the physiological differences between these types of

carotinoids in the animal body.



CAROTINOIDS IN Till: VERTEBRATES 139

The probability of a definite chemical relation between the egg yolk

pigment and plant cnrotinoids was pointed out for the first time by

Schunok (1903) who found that the spectrum of the alcoholic solution

was identical with one of the xanthophyll group of pigments which

lie isolated from a number of flowers. Schunck's work is described in

Chapter II. It was pointed out there that Schunck's method for sep-

arating the xanthophylls is not exact. In all probability, however,

the L xanthophyll which he described, and which showed the same

spectroscopic properties as the egg yolk lipochrome, corresponds best

with Tswett's a xanthophyll. This appears to be the xanthophyll

which is present in the chloroplastids in greatest amount.

The definite chemical identification of the egg yolk pigment of hen's

eggs as xanthophyll soon followed, when Willstatter and Escher (1912)

isolated the crystalline pigment and showed that it corresponds in

all its chemical and physical properties, except its melting point, with

the crystalline xanthophyll of green plants. The failure of the egg

yolk xanthophyll to correspond in its melting point with the plant

xanthophyll of Willstatter and Mieg (1907) has never been explained.

Serono (1912) has criticized Willstatter and Escher's work severely,

and expressed the opinion that the product which they isolated was

not a carotinoid at all, but a cholesterol ester of oleic acid. He shows

how the elementary composition of such an ester corresponds even

more closely with the analyses of the egg yolk xanthophyll than the

latter does with plant xanthophyll, and advances the belief that this

explains the high melting point found by Willstatter and Escher for

the egg yolk pigment. Serono's explanation of the high melting point

of the egg yolk xanthophyll falls to the ground, however, in the light

of the studies of the writer (1915) which showed that the egg yolk

pigment is not only chemically related to plant xanthophyll but is

biologically derived from it. Whether the hen's body modifies slightly

the plant pigment, thus giving it a different melting point from its

precursor, or whether the hen selects one of the several plant xantho-

phylls differing in melting point from the mixed product obtained by
Willstatter and Mieg from nettle leaves, or whether the difference is

to be explained on other grounds cannot be decided definitely at the

present time.

Xanthophyll is not the only carotinoid in the yolk of hen's eggs.

In their isolation of the crystalline pigment Willstiittcr and Escher

noticed the presence of a small amount of pigment with the solubility

relations of carotin. The writer (1915) was able to confirm this in his
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study of the biological origin of the egg yolk xanthophyll. In Will-

statter and Escher's study, however, the bulk of their carotin-like pig-

ment was saponifiable, so that its actual identity with carotin remains

doubtful.

Xanthophyll pigmented egg yolks may not be normal for all species

of birds. Krukenberg (1882m) examined the yolk of the eggs from

two breeds of parrots. The yolk was colorless in one case, but the

other was weakly tinted with a pigment whose spectrum is unques-

tionably that of xanthophyll.

Body tissues. It is not to be expected that animals whose eggs are

highly colored with carotinoid should be devoid of the pigment in

their body tissues. Halliburton (1886) showed that the blood serum

and adipose tissue of the hen, pigeon and dove contains lipochrome,

but the descriptions given do not make it possible to decide the char-

acter of the carotinoid involved. The writer has observed that the

pigment in pigeon serum may be extracted by shaking with ether,

which fact may indicate its xanthophyll nature. Schunck's (1903)

spectroscopic studies included the pigment of the hen's blood serum.

The same xanthophyll was found as in the egg yolk. The writer's

(1915) study of the fowl's blood also showed xanthophyll to be the

major pigment present in the serum, directly extractable with ether in

all cases in his work.

Krukenberg's (1882b) spectroscopic drawings of the yellow skin pig-

ments of pigeons, hens and geese resemble very closely the known

spectra for xanthophyll. We now know that this pigment is xantho-

phyll, at least in the case of fowls, the extracts showing the phase test

and spectroscopic properties of this pigment. Van den Bergh and

Muller (1920) and van den Bergh, Muller and Broekmeyer (1920)

have confirmed these observations with the exception of the direct

extraction of the xanthophyll from fowl serum by ether. In only two

out of 13 cases were they able to shake the pigment out with ether.

The explanation of this divergence in their observations from those

made by the writer is not at present apparent.

Retina. It has been known since the early observation of Hannover

(1840) that globules varying in color from red to greenish-yellow occur

in the retina of the eyes of many animals and birds. The physiolo-

gists were greatly interested in these pigmented globules during the

latter half of the 19th century, particularly as to the possibility of

their being related to the so-called visual pigments of the eye. These

colored globules interest us, however, only in so far as the character
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of the pigments is concerned. Unfortunately no modern investigation

of these pigments has been made, so that it is necessary to rely on

the observations of those who were unfamiliar with the possibility of

their being related to plant carotinoids. The blue color reaction of

the lipochromes with iodine was introduced by Schwalbe (1874) in

connection with these retinal pigments. The splendid early work of

Capraniea 1 1877) on the chromolipoids of the corpus luteum and egg

yolk was undertaken primarily to study the yellow to red retinal pig-

incut < of amphibians and birds. He found a complete correspondence
between the retinal pigments of birds and those of the egg yolk.

Kiihne contributed several papers on the retinal pigments, which

appeared in the memoirs of the Physiological Institute of the Uni-

versity of Heidelberg. Reference has already been made to the only

one of these papers which has been accessible to the writer (Kiihne,

1878), which is presumably the only paper reporting Kiihne's study
of the chemical and physical properties of the pigments. According
to this investigator the microscope reveals oil globules of three colors

in the retinal epithelium of fowls, namely red, yellow and greenish-

yellow. Kiihne's study of these globules led him to conclude that

three distinct pigments were involved, which he called rhodophane,

xanthophane and chlorophane, respectively. The evidence for the

existence of three pigments was based on the observations: (1) that

when a dry sodium soap was prepared of the orange-red ether extract

of the retinas and submitted to successive extractions with petroleum

ether, ether and benzene until each solvent extracted no more pigment,
the extracts were, in succession, yellowish-green, orange and rose-red

in color; (2) the chlorophane in the yellowish-green petroleum ether

could be purified from admixed xanthophane by repeated evaporations
and extractions with petroleum ether, giving solutions more and more

green in color; (3) the xanthophane in the orange ether extract could

be purified from admixed chlorophane by treating the ether residue

with petroleum ether (not, however, without some loss of xantho-

phane), and from admixed rhodophane by treating the chlorophane-
free xanthophane with CS,, in which the rhodophane was not soluble;

(4) spectroscopic examination of the purified pigments showed marked
differences, the chlorophane showing two bands, the other two pig-
ments only one. It is difficult to decide from these and other less

important points mentioned, what kinds of carotinoids are involved.

Save for the green color emphasized by Kiihne, one might be led to

believe in the light of our present knowledge that his chlorophane is
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the carotin which is present in traces in fowls. Some basis for this

is given by the fact that its CS2 solution was orange colored. On the

other hand, the spectrum of this pigment, both in ether and CS2 ,
as

shown by Kiihne, resembles xanthophyll rather than carotin. Kiihne's

xanthophane would seem to be the usual xanthophyll met with in

fowls, in spite of the one-banded spectrum pictured for it. The rhodo-

phane is obviously not a carotinoid in the sense in which this term is

now applied. Whether it is a decomposition product, which, in fact,

AYaelchi (1881) believed to be the case for all of Kiihne's pigments, or

another type of pigment, related perhaps to the carotinoids, cannot be

decided from the meager evidence at hand. Perhaps this is the same

pigment which Wurm (1871) extracted with chloroform from the

wattles and "roses" (red warty spots over the eyes) of pheasants, and

called tetronerythrine.

It might be mentioned in concluding the reference to Kiihne's work

that he was unable to observe similarly colored globules in the retinal

epithelium of man, cow, pig or snakes, but he did observe that the

same three pigments appear in the pigeon retina as in the fowl. Cer-

tain observations respecting the eye pigments of frogs will be referred

to presently, in connection with the carotinoids in amphibia.
Feathers. Nowhere among the vertebrates does pigmentation and

color attain the brilliancy and variety that is seen in the feathers of

birds. Lovers of bird life, in general, as well as ornithologists, have

long been interested in the phenomena. The whole range of brilliant

as well as less conspicuous colors seems to be due to pigments of three

colors, namely, red, yellow and black, together with the structural

colors blue * and white. Various combinations of these pigments and

colors appear to be entirely responsible for the effects observed. It is

true that Gadow (1882) speaks of structural yellow in birds' feathers,

but the absence of yellow pigment in these cases does not seem to be

proved. Besides, the colloidal theory of optical or structural color

seems to preclude yellow among such colors. Of the three common

pigments involved, black is undoubtedly melanin. Since the two re-

maining colors due to pigment are those met with among carotinoids,

interest is at once aroused as to the possibility of the carotinoids being
involved. Unfortunately no modern investigation has been made of

these pigments with this point in mind, with the exception of the

observations of Palmer and Kempster (1919b, c) showing that the

* That blue color in feathers is an optical and not a pigmented color seems to have
been recognized first by Bogdanow (1858).
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cream color in fowls of the white feathered, normally yellow-shanked

breeds is due to deposits of xanthophyll in the feathers.

At the same time it should be stated that Krukenberg (1881b,

1882a, b, m) made an extensive study of feather pigments from the

point of view of his lipoehromes, and inasmuch as most of his observa-

tions included sprct rnscopic examinations, as well as solubility and the

color reactions with con. H..SO, and HN0 3 ,
it is possible to draw some

inferences from his work which are of value in answering the question

in hand.

Krukenberg confined his attention almost entirely to the brightly

colored birds, including parrots, woodpeckers, the birds of paradise,

the flamingo, cardinal, the tigerfinch and bullfinch and numerous

other individual species. His studies led him to distinguish between

five red pigments and five yellow pigments. Not all of these can be

regarded as lipoehromes, even in the sense in which Krukenberg used

the term, and only a few can be considered specifically as carotinoids

with the evidence given. There may be reasonable doubt, also,

whether Krukenberg was justified in considering each of the pigments
as separate entities. It should be stated, however, that Krukenberg,

himself, was aware of this.

Of the red pigments, the most important were zoonerythrine, pre-

viously named by Bogdanow (1858) and rhodophane, previously
named by Kiihne (1878). Of the others, "araroth," found in the red,

orange and yellow feathers of the great red macaw, Sittace Macao,
and the yellow and orange feathers of Aprosmictus melanurus, is prob-

ably identical with zoonerythrine, as Krukenberg, himself, suggested.

The two remaining red pigments, zoorubin and pseudozoorubin, found

in the male birds, Paradwea papuana and P. rubra, are not even lipo-

ehromes in the broad sense.

Krukenberg believed that zoonerythrine was a rhodophane com-

pound, the character of which is not stated. The properties are widely
different from those described by Kiihne for rhodophane, giving deep

orange solutions in all the fat solvents, which readily extracted the

pigment from the finely divided feathers, especially after several days
digestion with alkaline trypsin or pepsin-HCl. The blue color reac-

tion with con. H,S04 was given, but the solutions showed no spectro-

scopic absorption bands, only a continuous absorption beginning in

the green. Because of this failure to show absorption bands one is

perhaps justified in concluding that the pigment is a carotinoid, altered

either by the animal body (Krukenberg, himself, advanced the idea
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that it was derived from the yellow pigment which colors the adipose
tissue of many birds) or by the methods which Krukenberg found it

necessary to use in extracting the pigment from the feathers. It is

well known that the spectroscopic properties of the carotinoids are

among the first to be affected adversely.

Zoonerythrine was found to be the cause of the color of the red

feathers of the following birds: Calums auriceps, Catinga coerulea,

Phoenicoptenis antiquorum (flamingo), Cardinalis virginianus (the

cardinal bird) , Pyrocephalm rubincns, Phlegoenus cruenta (the dagger-
stab pigeon of Luzon), Trogon Massera, Paroaria cucullata, Picus

major, Pyrrliula rulgaris (bullfinch), tigerfinch, Megaloprepia mag-
nifica, Cymbyrhynchus makrorhynchus, and possibly Ithaginus cruen-

tatus. The red feathers of the parrots, Eclectus polychlorus and
Cacatura roseicapilla, contained the pigment as did also the yellow
feathers of the bird of paradise Xanthomelus aureus. In addition,

Krukenberg (1882m) lists 14 species of Picides (woodpeckers) whose
red pigment is rhodophane.

Among the yellow feather pigments Krukenberg mentions zooful-

vine, coriosulfurine, paradiseofulvine, picofulvine and psittacofulvine,

believing, as is evident from the names, that the b.i*"^ of paradise, the

woodpeckers and the parrots contained, in some cases, special yellow

pigments besides the general ones listed first. Of these the special

parrot pigment, psittacofulvine, is evidently not even a lipochrome in

the broad sense, from the description given. Paradiseofulvine, found

in the yellow neck feathers of the male Diphyllodes magnified, and

the yellow head, neck and back feathers of the male Paradisea

papuana and P. mbra, was extractable only after digestion of the

feathers with alkali or trypsin. Save for complete absence of absorp-
tion bands it was identical with coriosulfurine. These facts suggest
that the treatment necessary to extract the pigment altered its spec-

troscopic properties, a supposition confirmed by Krukenberg's own
observation that heating zoofulvine in an alkaline fluid destroyed its

absorption bands.

The properties of zoofulvine and coriosulfurine are so nearly identi-

cal, differing only by a slight shift in absorption bands, that their

separate entity is very improbable. Krukenberg believed that the

former was derived from the latter. Both pigments were readily ex-

tracted from the finely divided feathers by hot alcohol or fat solvents.

Krukenberg stated that coriosulfurine withstood saponification better

than zoofulvine but gave a less distinct color reaction with con. H2S04 .
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Both were very sensitive to action of light. The position of their

absorption bands, as pictured by Krukenberg, is practically identical

and resembles xanthophyll very strongly. The identity of the zooful-

vine and egg yolk spectra was noted by Krukenberg himself, and inas-

much as coriosulfurine is stated to be the pigment found in the beaks,

shanks, skin and fatty tissue of fowls and geese, as well as in certain

feathers, there is no reasonable doubt left that the two pigments arc

the same and are none other than the xanthophyll met with in fowls.

The birds whose feathers owe their color to this xanthophyll are

as follows: The yellow feathers of Euphone nigricollis, the golden

feathers of Oriohis galbula, the yellow feathers of the canary Fringilla

canaria, the yellow feathers of the parrot Aprosmictus melanurus, the

yellow and green feathers of Certhiola mexicana, and Chlorophanes

atricapilla, the green feathers of the male parrot Eclectus polycMorus,
the orange feathers of the great red macaw Sittace Macao, the yellow
ornamental feathers of the male Paradisea papuana, the yellow and

orange feathers of Xanthomelus aureus and Selencides alba and the

feathers of the woodpeckers Chrysoptilus punctigula, Chloronerpes

aundentus, C. Kirkii, Dendropicus cardinalis, Campethera nitbica,

Tiga tridactyk Dryocapus auratus, Colaptes auratus, and C.

olivaceus.

The yellow picofulvine described by Krukenberg (1882m) in a num-
ber of species of woodpeckers, differs from the pigments just described

in its yellowish-green color in ether and CHC13 ,
in its orange (not red-

orange) color in CS2 ,
in its lower solubility in petroleum ether, and by

the fact that its absorption bands are in a characteristic position,
shifted so greatly towards the violet from the bands of coriosulfurine

that error of observation seems excluded. One is reminded strongly
of the xanthophyll (3

of Tswctt, and is tempted to suggest, provision-

ally, that a concentration of this carotinoid in the feathers of these

birds is responsible for the pigmentation.

Carotinoids in Fishes

Observations on the pigments of fishes have been confined almost

entirely to those of the skin, namely, to the causes of surface colors.

The body tissues have been examined in only a few instances. The
surface colorations may be likened in many respects to the feather

colorations of birds. The pigments involved appear to be almost

wholly reds, yellows and blacks, combined (in a physical sense) in
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various ways and also with structural blues and whites. As in birds

the various shades of brown are melanin combinations with reds and

yellows and the greens are combinations of yellow pigment and struc-

tural blues. The structural whites, however, do not appear to be

colloidal phenomena as in the case of birds, but are due to shiny

crystals of guanin. Another marked difference between the surface

colorations of birds and fishes is the deposition of the pigments in the

latter in chromatophors over which there is nervous control such that

a partial or complete contraction of the tissues makes it possible for

the animal to undergo marked changes in color. This physiological

phenomenon is shared by a number of other lower animals, both among
the vertebrates and invertebrates. One can find the whole subject

considered most exhaustively by Fuchs (1914).

As in the case of birds this monograph can deal only with the red

and yellow pigments. It may be stated at the outset that a most

promising field for investigation from the point of view of our present

knowledge of carotinoids is offered by these pigments. No investiga-

tion whatever has been undertaken since the recent developments in

this field. However, there is no reasonable doubt that the yellow pig-

ments, at least, are carotinoids, either carotin or xanthophylls or

both. What is needed especially, besides an exact determination of

the carotinoid character of the yellow pigments, is a study of the red

pigments whose solubilities and color reactions with the mineral acids

are those of the carotinoids, but which have failed to show absorption

bands in the hands of previous investigators.

De Merejowski (1881) first called attention to a rather widespread

occurrence of the red pigment in fishes, under the name of tetronery-

thrine. He later (1883) enumerated some 20 species in which he had

found the pigment, in this paper adopting Bogdanow's (1858) name

zoonerythrine. No spectroscopic observations were made. The orange

color in the usual fat solvents was noted, as well as the fiery red color

in CS2 ,
the color reactions by the strong mineral acids, and the bleach-

ing in the air and sunlight. It is interesting that de Merejowski ex-

pressed the opinion that the same pigment caused the color of carrots,

tomatoes and pimentoes. Carotin, according to him, it may be noted,

is a water-soluble pigment from carrots and tomatoes.

Krukenberg (1881 a) first noticed the red zoonerythrine in fishes in

the tailfin of Luvarus imperialis, the microscope showing the red

granular deposits in the epithelial cells. On extraction with fat sol-

vents or hot alcohol the pigment confirmed the observations of
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de Merejowski, and in addition failed to show any absorption bands.

Krukenberg (1882e) later 1'ouiul the same pi.ument in the skin of the

goldfish, Cyprinus auratus and Cyprinus Carpio and (1882n) in the

skin of Mullus barbatiis. The red lipochrome in the latter iish, and

that which Krukenberg and Wagner (1885) extracted from the red

salmon muscle, yielded a pigment on saponification which showed the

single absorption band at F of Kiihne's rhodophane. It will be remem-

bered that Krukenberg found the same pigment in the feathers of

certain birds. MacMunn (see Cunningham and MacMunn, 1883)

later found it in a number of other fishes. In color, the pigment

resembles carotin most closely. Its relation to this pigment should be

determined.

Krukenberg (1882e, n) first noted the yellow pigments in fishes,

extracting them from Cyprinus carpio, where they were present in the

skin along with the red chromolipoid, and from the skin of Barbus

fluviatilis, Muraena Helena, Belone rostrata, Scorpoena scrofa, where

they existed free from red pigment, and from Mullus barbatus, which

contained the red pigment, as already noted. The absorption spectra

of these pigments show their carotinoid nature, but it is difficult to

decide whether carotin or xanthophyll is the predominating pigment,

in view of the possibility that both types of carotinoid were present in

the solutions.

The much more extensive observations of MacMunn (Cunningham
and MacMunn, 1893) on the chromolipoids of the skins of a number

of other species of fishes, which are accompanied by measurements

of the absorption bands in ether, chloroform and carbon disulfide, are

somewhat more instructive. A comparison of the data with known

measurements of the absorption bands of the carotinoids leads to the

following tentative conclusions: Carotin is the chief carotinoid in the

skin of the Flounder (Pleuronectes flesus), the Plaice (P. platessa),

the Dab (P. limanda), the Merry Sole (P. microcephalus) ,
of Solea

variegata, and of the Smelt (Osmerus eperlanus) ; xanthophyll is the

chief carotinoid in the skin of Amoglossus megastoma, Trig la cuculus,

Trigla hirundo, the Mackerel (Scomber scombrus), Syngnathus acus,

Siphonostoma typhle, CLupea narengus, Artherina presbyter, the John

Dorey (Zeus jaber) and the fifteen spined Stickleback (Gasterosteus

spinachia) ;
both carotin and xanthophyll are found in Coitus bubalis,

and the banded Pipe Fish (Nerophis oequoreus) ;
a pigment whose

spectra strongly resembled lycopin is the cause of the skin pigment
of the goldfish, Cirassius auratus.
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One cannot leave the paper of Cunningham and MacMunn without

referring to the interesting experiments of Cunningham on the color-

less side of flounders. These interesting fish, as is well known, have

the habit of lying continuously on their left sides as near as possible

to the bottom of the sea, or the tank in which they may be placed.

The lower side of the fish is almost always devoid of the black and

yellow color which characterizes the upper side of the fish. Cunning-

ham, however, was able to cause the fish to develop normal pigmen-
tation on both sides by placing them in a tank with a glass bottom

with a light reflecting mirror below it so that the fish were exposed
to daylight on both sides. Cunningham and MacMunn naturally con-

cluded that it is light which causes the deposition of pigment in the

flounder's skin. There seems to be nothing to discredit this conclusion

so long as one accepts as proved that pigment is actually absent from

the colorless side of the flounder and that chromatophors in the

epithelial tissues play no part in the phenomenon.
With regard to chromolipoids in other tissues of the fishes, informa-

tion is almost completely lacking. AVe have the observations of

Krukenberg and Wagner (1885) already referred to, of a red zoonery-

thrine in salmon muscle, changing to a rhodophane on saponification.

We also have the statement of MacMunn (1883) that the liver of

fishes may contain a tetronerythrine (zoonerythrine). Finally, we
have Miss Newbigin's (1898) examination of the red pigment in

salmon muscle, m which she found a yellow non-lipochrome pigment
as well as the red lipochrome, showing the usual lipochrome reactions

save the absorption bands. She believed that the red pigment readily

formed compounds with sodium and potassium, which could be decom-

posed with acetic acid. The yellow pigment was soluble in the fat

solvents, did not form compounds with sodium and potassium but

failed to show the color reactions with concentrated acids. The spec-

troscopic absorption properties apparently were not observed. The
same red and yellow pigments were also present in the ovaries of the

mature female.

Carotinoids in Amphibians

The phenomena governing the coloration of these vertebrates, as

well as the colors observed, are almost identical with those of fishes.

As in the case of the fish pigments, the chromolipoids offer an inter-

esting problem for study from the newer point of view of these pig-

ments. The observations which have been made from the older lipo-
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chrome point of view have been confined to the frog and salamander.

The alcohol and ether cxtractability of the yellow pigment in frogs

was known to the early observers, such as v. Wittich (1854), Leydig

(1868), Bering and Hoyer (1869), before Capranica (1877) found

that the retinal pigment of the frog corresponded in its general solu-

bility, chromatic and spectroscopic properties with the corpus luteum

and egg yolk pigment. Kiihne's (1878) chromophane studies included

the pigment in the retinal and adipose tissue of frogs, as well as the

skin. Only one pigment was found, readily and completely extract-

able from the saponified extracts with petroleum ether. On account

of a slight spectroscopic difference from the pigment of egg yolk

(absence of a faint third band in spectrum of frog pigment) Kiihne

gave the frog pigment the name lipochrin.

Krukenberg (1882c) repeated Kiihne's work on the yellow or orange

skin pigment of the frogs Hyla arborea, Rana esculenta, the toads

Bufo viridis, Bufo calamita, Bufo vulgaris, and the orange skin pig-

ment of the salamanders, Triton cristatus and Salamdra maculosa.

The same pigment was found throughout, also in the ovaries of

B. calamita and the fatty tissue of Triton cristatus. A comparison of

the spectral drawings of Kiihne and Krukenberg for their amphibian

lipochromes shows certain differences in the positions of the absorption

bands such that it is impossible to decide whether the pigment is

carotin or xanthophyll, so that the determination of this important

point will have to be left to future investigation. It should be stated,

perhaps, that Magnan (1907a, b) has claimed to have isolated a green

and a yellow pigment from several Batracian's skins, the yellow pig-

ment differing from the chromolipoid obtained by previous workers

in that it failed to show absorption bands, and was soluble in NaOB
and KOH. One cannot help but raise some doubt as to the accuracy

of this worker's observations both as to the properties of his yellow pig-

ment and the existence of a green pigment. It is an old observation

that the frog skin loses its green color on extraction of the yellow

pigment, showing that the green color is partly of pigment and partly

of structural origin.

Carotinoids in Reptiles

The surface colorations of reptiles are perhaps even more conspicu-

ous than those of amphibians. The lizards and snakes have been

studied most, and there has been at least one observation regarding

lipochromes in turtles. The deposition of the skin pigment in nerve
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controlled chromatophores and the consequent power to change color

has been developed to a high point of perfection in the lizards.

Among the snakes, which frequently are marked with yellow colors,

lipochromes in the broad sense and thus carotinoids, in the narrower

sense, do not appear to occur. Kiihne (1878) noticed the absence of

retinal pigments in snakes. According to Krukenberg (1882d) the

yellow pigment which can be extracted after long boiling with absolute

alcohol from the skin, muscles, connective tissue and fatty tissue of

the snakes, Tropidonotus natrix, Elaphis quadrilineatis Bonaparte,

Callopeltis quadrilineatis Pallas and Rhinescis scalaris, and which is

soluble is ether, CHC1 3 and CS2 after extraction, differs from the

lipochromes in the persistent green fluorescence of its solutions, the

failure tc show absorption bands or chromatic reactions, and the

failure to bleach with oxidizing agents. Similarly, according to Cun-

ningham and MacMunn (1893) the yellow skin pigment of the alliga-

tor is not lipochrome.

Among the lizards, however, the presence of ether and alcohol

soluble pigments of yellow color was apparently observed by a num-

ber of workers before Krukenberg (1882d, n) first submitted them

to spectroscopic examination. Using the skins of the cameleons

Lacerta muralis, Lacerta agilis, Camaelon vulgaris and Bombinator

igneus, the yellow and orange pigments were extracted and found to

correspond completely with other yellow and orange lipochromes.

The position of the two absorption bands resembled most those previ-

ously found by Krukenberg for the feather pigment zoofulvine, but

because of an uncertainty in his mind as to the identity of the pig-

ments, Krukenberg called the lizard pigment lacertofulvine. In all

probability the pigment is xanthophyll, or at least one of this group of

carotinoids.

Among turtles we have the observation of Halliburton (1886) that

the blood serum and adipose tissue of the tortoise is rich in a lipo-

chrome showing the spectroscopic and other lipochromatic characters

of the blood serum and adipose tissue pigments of the hen. The ques-

tion needs further study, however, before it can be even regarded as

probable that this pigment is xanthophyll.

Summary

Piccolo and Lieben (1866) and Holm (1867) isolated the first ani-

mal chromolipoid in pure condition, namely, the pigment of the corpus
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luteum of the cow. Although the general relation of this pigment to

other yellow animal pigments, and even to certain of the plant

chromolipoids was recognized by a number of subsequent investigators,

its identity as rarotin was not established until the work of Escher

(1913). The character of the corpus luteum pigment in other mam-
mals and in man has not been determined. Carotinoids are absent

entirely in the case of the so-called yellow bodies on the ovaries of

swine.

The existence of a chromolipoid in the blood serum of certain

mammals was known as early as 1835. Krukenberg (1885a) first

succeeded in isolating the pigment (using ox serum) and classified the

pigment as a lipochrome. The relation of the pigment to the caro-

tinoids which characterize other mammalian tissues was not estab-

lished until the work of Palmer and Eckles (1914c). The chromo-

lipoid of cattle and horse serum is carotin, but in man it may be either

carotin or xanthophyll. Carotin, when present, is frequently, if not

always, bound to colloidal serum albumin, but this does not appear

to be the case for xanthophyll. Carotinoid is not always the sole

pigment in blood serum, bilirubin also being present at times, particu-

larly in the case of man and the horse. The blood serum of a num-

ber of mammals is almost or entirely devoid of carotinoid pigment

under all conditions, e.g., swine, sheep, goats, dogs, cats, guinea pigs

and rats. This is also true for the new-born animals of the species

whose serum is pigmented in later life.

The chromolipoid of milk fat is the carotinoid which characterizes

the blood plasma of the animal, as shown by the author's studies.

Carotinoid coloration of milk fat is not, however, universal among

mammals, pigmentation being determined by the kind and amount of

carotinoid carried by the blood.

The chromolipoids of the adipose tissue, internal organs, nerve cells

and skin of mammals are the carotinoids which characterize the blood

serum, only those animals whose blood serum is normally pigmented

with carotinoids depositing the pigments in their body tissues and

organs.

The more frequent observation of an epidermal carotinoid coloration

among diabetics than among well persons is due largely to the vege-

tarian character of the diet in diabetes, from which the pigments are

derived. The author suggests, however, that the phenomenon is due

also, in part at least, to the lowered oxidative tone of the body in this
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disease, inasmuch as oxidation is undoubtedly the normal means by
which the animal body destroys surplus carotinoids.

The chromolipoid pigments of birds offer many interesting physio-

logical problems, particularly because of their chemical difference

from the chromolipoids of mammals. The egg yolk pigment was

studied as early as 1867, and while Kiihne (1878) first recognized that

it is not identical with the pigment of the corpus luteum of mammals,
its probably chemical relation to plant xanthophyll was not suggested

until the work of Schunck (1903). This relation was established by
Willstatter and Escher (1912), and extended to include a biological

relation by Palmer (1915). Whether the hen's body modifies slightly

the plant xanthophyll or selects one of the several plant xanthophylls

differing in melting point from the mixed product obtained from green

leaves, cannot be decided at present.

Xanthophyll also appears to be the chief, if not the sole carotinoid

in the blood serum, adipose tissue, nerve cells, body organs and skin

of fowls. Detailed studies have not been made for other birds. The

relation of the so-called lipochromes of the retina of the eyes of birds

to the carotinoids is indefinite.

Carotinoids and related pigments are unquestionably the cause of

the yellow to red color of the feathers of certain birds which are

enumerated in the text. Although these pigments have not been

studied since the recent advances in our knowledge regarding animal

carotinoids, the evidence points to the fact that xanthophyll is one

of the pigments concerned in feather coloration.

Skin coloration of fishes is similar in some respects to feather

coloration in birds except that the structural whites are not colloidal

in fishes and fish pigments are deposited in chromatophores over which

there is physiological control. The red chromolipoid of the skin of

many fishes does not appear to be identical with any of the known

carotinoids although it resembles carotin in many respects and appears

to be related to the red so-called carotinin found in many lower plants.

The yellow chromolipoids of fishes are no doubt true carotinoids, the

evidence available, based on older observations of Krukenberg and

MacMunn, indicating the presence of both carotin and xanthophylls.

MacMunn has even described a lipochrome in the skin of the gold-

fish Cirassius auratus, which strongly resembles lycopin.

The chromolipoids of the blood, body tissues and organs of fishes

have been examined only in the case of the salmon, in which the red
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pigment of the flesh and ovaries appears to be the carotinoid-like

rarotinin described above.

Among amphibians the yellow pigments of the skin, adipose tissue

and retina of frogs, toads and salamanders are unquestionably caro-

tinoids, but the evidence at hand does not show whether carotin or

xanthophyll or both are concerned.

Yellow pigments among reptiles appear to be more frequently non-

carotinoid in nature. There is a probability, however, that a xantho-

phyll is the chromolipoid of camelcon skins. The blood serum and

adipose tissue of the tortoise also contain carotinoids, the nature of

which is not known.



Chapter V

Carotinoids in Invertebrates

The causes of the colorations and pigmentations encountered among
the lower forms of animal life have not been without interest to

the biologists. It is to be expected that the developments in the

field of chromatology which took place during the 19th century should

be accompanied by studies of invertebrate pigments by the zoologists

and others interested in these forms of life. These studies have an

especially important bearing on the subject of the distribution of

carotinoid pigments among animals because, as has already been

pointed out, evidence of a more definite nature has been presented for

the existence of these plant pigments in animals of the invertebrate

group, than for a number of the vertebrates. It should be under-

stood, however, that carotinoids do not predominate among the pig-

ments of the lower animals. On the contrary, one would hardly be

justified in asserting that the carotinoids predominate among the pig-

ments of yellow to red color encountered among the invertebrates.

As in the case of plants, it appears that as one descends the scale of

living forms, non-carotinoid pigments of yellow to red hues seem to

be met more and more frequently. For example, it will be shown

presently that carotinoids are undoubtedly abundantly present in the

larva and pupa? of butterflies and moths, but the brilliant reds, golds

and yellows seen in the butterflies themselves are apparently caused

by pigments of entirely different characteristics. Again, among the

Crustacea and worms, other red and yellow pigments are often the

cause of colorations. These facts, however, do not detract from the

interest which is naturally aroused by the presence of the carotinoids

in at least some species of almost all the main groups of invertebrate

animals. One might think, perhaps, that the simpler digestive appa-
ratus of the lower animals would insure a more abundant distribution

of biologically derived pigments. Whether this is true or not will have

to be decided by the investigations of the future.

154
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Carotinoids in Insects

Zoologists recognize as many as eleven different orders of the

In-sectia, and state that a million species more or less may exist in

the world. When these figures are contrasted with the fact that not

over thirty-five or forty species, belonging to four orders, have been

examined, with reasonable indications, of carotinoids or closely related

pigments being present, it is seen that very little, indeed, has been

done in this field.

The insect orders in which carotinoids appear to be present are the

Lepidoptera (butterflies), Rhynchota (bugs), Coleoptera (beetles)

and the Orthoptera (locusts, grasshoppers).

Lepidoptera. In the butterflies themselves the brilliant wing colors

are not due to carotinoids, as already mentioned. There are undoubt-

edly some color effects which are purely structural, but the red, orange,

and yellow pigments appear to be derivatives of uric acid, as shown

by the investigations of Hopkins (1889, 1891, 1892, 1896) and Urech

(1893). In the larvae and pupa?, however, either carotinoids or

modified carotinoids are frequently encountered.

Medola (1873) first showed that the green color of insects is not

due merely to the green digestive mass in the food canal, but to a

true absorption of pigment by the hamolymph (blood) of the animals,

although in a somewhat modified form. This laid the foundation for

the classic experiments of Poulton (1885) on the pigments of the

larvae and pupae of a number of species of butterflies. Poulton dis-

tinguished between two kinds of pigments in phytophagus larva-,

namely, those derived from the food and those produced by the ani-

mals themselves. The general thesis which his work supports may
perhaps best be explained by the following quotation. "All green

coloration is due to chlorophyll; while nearly all yellows are due to

xanthophyll. All other colors (including black and white, and some

yellow, especially those with an orange tinge) are due to the second

class of cause (so far as I am aware: It is, however, extremely prob-

able that certain colors may be proved to arise from the modification

of the derived pigments, and many observations make it probable that

other colors may be derived from plants in the case of larvae feed-

ing upon petal?, etc.). The derived pigments often occur dissolved

in the blood, or segregated in the subcuticular tissues (probably the

hypodermis cells)
,
or even in the chitinous layer, closely associated

with this cuticle itself."
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Our interest naturally centers around the derived "xanthophylls"
found in the hamolymph and other tissues, and Poulton's proof for

its existence. It may be stated first, however, that Poulton used the

word xanthopyll in a collective sense for the yellow pigments accom-

panying chlorophyll. The use of the word carotinoids conveys the

same meaning. The proof for the derived carotinoids in the larvse

and pupae rested largely upon a spectroscopic examination of the

blood extracts in comparison with the spectrum of the pigments of

green leaves under like conditions. Poulton's own conclusion was
that the points of difference between the derived "xanthophyll" spec-

trum of caterpillars and that of green plants made it impossible to

decide whether more than one derived "xanthophyll" was present.

Interpreted from the point of view of our present knowledge of the

carotinoids this means that, inasmuch as Poulton was dealing with

extracts for which no purifications were attempted, it is impossible to

decide whether carotin or xanthophyll or a mixture of carotinoids

causes the colors of the carotinoid type found in caterpillars.

It is impossible to review Poulton's entire paper. There is one

further point, however, which may throw some light on the character

of the carotinoids taken up by these insects and which at least forms

an interesting link between carotinoids as found in mammals and the

same pigments in caterpillars. This point is the great stability of

the "xanthophyll" in the blood of these insects, which led Poulton to

believe that it "may be due to association with a protein of the

blood." Poulton found that ether, chloroform and carbon disulfide

would not extract the pigment from the blood, although the ether

precipitated the blood proteins in the form of a green jelly and even-

tually, after some hours, became bright yellow with pigment. How-

ever, when alcohol was used as a protein precipitant, the pigments

dissolved at once in the supernatant alcohol, especially if absolute

alcohol was employed. If the affinity of carotin for blood protein, as

found in some cases for mammals, is a universal property of this

pigment, these results of Poulton's on the haemolymph of caterpillars

lend support to the tentative conclusion that the chief carotinoid of

the larvae and pupae of butterflies is carotin.

In view of the small number of insect species studied from the point

of view of carotinoids it may be well to mention that the species

of Lepidoptera examined by Poulton were as follows: Pygaera

Bucephalus, P. Meticulosa, Smirinthus Tilice, S. Populi, S. Oscellatus,
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Sphinx Ligustru, C. Elpcnor, D. Vinula, Papilio Machaon, Ephyra

Punctaria, and E. Angularia.

Krukcnberg (1886) made spectroscopic observations of the pig-

ments in the haemolymph of the pupa of several additional species of

Lepidoptera, namely, Platisama Cocropia, Tclea Polyphemus, Satur-

nia Pcrny'i and Saturnia Pyri. In these cases the haemolymph itself,

as well as the alcoholic extracts, showed the lipochrome absorption

bands.

In the case of Saturnia Pyri lipochrome was also extracted from the

body tissues. The hamolymph of another species, Collosamia Pro-

methia, did not show the presence of lipochrome until first extracted

with alcohol. Krukenberg's observations, unfortunately, do not throw

any light on the character of the carotinoids present in caterpillars,

although they support strongly the idea of a general distribution of

carotinoids in the blood and tissues of these herbivorous insects. This

cannot be said, however, of the recent extensive study of this question

by Geyer (1913). According to Geyer's own conclusions his results

are in entire agreement with Poulton's as to the presence of xantho-

phyll in the haemolymph of the larvae and pupae of the Lepidoptera.

In spite of an acknowledged familiarity with the work of Willstatter,

Geyer compared the spectrum of ether solutions of the haemolymph
pigments with extracts of yellow flowers obtained with 70 per cent

alcohol. Inasmuch as this solvent does not extract the true caroti-

noids from plant tissues, it is not surprising that Geyer's spectrum

revealed no absorption bands in the blue and green. His blood ex-

tracts also failed to show absorption bands, in opposition to the work

of Poulton, so that we are still in the dark as to the exact nature of

the carotinoid pigments taken up by the caterpillars. This is unfor-

tunate because Geyer's work is sufficiently recent to have permitted

him to use the technic which would have given the desired information.

While Geyer's studies are disappointing with respect to the kind of

carotinoids present in caterpillars, he noticed an interesting sexual

difference among certain species in connection with the pigmentation
of the hamolymph. In Bomb.yx mori, the larva and pupa blood of

the males was always colorless or very faintly tinted, while that of the

females was always a bright golden yellow. Similarly in the females

of Xanthia flavago the blood was yellowish green, while that of the

males was colorless or very pale yellow. In other species the blood of

the females was green, containing both chlorophyll and carotinoids, but

the males again showed colorless or nearly colorless blood. Geyer
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believes that this sexual difference is related to the ability of the

females to impart the blood pigmentation to the eggs, for protective

purposes, an idea previously proposed by Poulton, who also noticed

the pigmentation of the eggs. Although the writer is not in sympathy
with the protective notions regarding animal colorations, believing that

such phenomena are to be explained entirely on physiological grounds,

and not through theories built upon the assumption that colors impart

the same sensations upon the retina of the eyes of lower animals that

they do upon our own, it is nevertheless an interesting fact that insects

apparently have the ability to impart the derived pigments found in

the blood to their eggs just as is found in the case of the higher ovi-

parous animals.

Rrjnchota. Among this group of insects, usually called bugs, red,

yellow and green colored species are commonly encountered. Caroti-

noids are to be expected because the insects are mostly phytophagous.

Among the Aphids, or plant lice, the green colors are undoubtedly

derived from the food as in the case of caterpillar larvse, as Mao-

chiati (1883) first pointed out, Sorby's (1871c) study of this green

pigment showed, however, that the yellow pigments accompanying

chlorophyll are also present, and may be extracted from the crushed

insects with carbon disulfide. The two well-marked absorption bands

in the blue shown by these extracts, at once classifies the pigment

among the carotinoids. Sorby, himself, called the pigment aphidolu-

teine. The pigment of some red aphids may not be carotinoid, be-

cause Sorby found that the red color of aphids which he found on

apple trees could be extracted with hot water, the extract turning

yellow on addition of acetic acid, and red again when ammonium

hydroxide was added. The properties of the pigment suggest an

anthocyanin-like substance.

Red coloration in the tegument- among some species of bugs, is

unquestionably carotinoid at times, perhaps carotin itself. Thus,

Physalix (1894) extracted the red pigment of the hemipter, Pyrrho-

coris apterus, from two liters of the insects. The pigment was deep

red in carbon disulfide, yellow in alcohol and ether, gave the lipo-

chrome reaction with con. H2S0 4 ,
and showed the absorption spectra

of carotin. Physalix asserted that the pigment was carotin or a very

closely related substance.

Coleoptera. Green and yellow and red pigments also characterize

the tegument of the beetles. Leydig (1876) first noticed the autumn-

like changes in the color of the green beetles Cassidce and the species,
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Carabus auratus, a phenomenon also noticed by Sorby (1871c) in the

case of green Aphids. There can be little doubt that the yellow pig-

ments found in these insects are often, if not always, true carotinoids.

Thus, Zopf (18921)) describes the properties of the orange pigment in

the wing coverings of the willow-leaf beetle Clythra quadripunctata,
;is showing all the usual lipochromc reactions (including his lypocyan
reaction described in Chapter III), and the absorption bands in

petroleum ether lying at 496-480^1 and 460-448[i[i. Zopf called the

pigment a di-carotin or "eucarotin." The absorption bands indicate

carotin itself. The same pigment was found in the yolk of this insect's

eggs. Schulze (1913, 1914), although he has examined the pigments
less critically from a chemical point of view, has adopted the idea that

the yellow and orange pigments in the wing coverings of many beetles

are true carotinoids. He has examined especially the species Mela-

soma XX-punctatum, Melasoma populi, Chrysomela polita and Chry-
somela t'cirians. He states (1914) that the pigments appear to ap-

proach the xanthophylls, rather than carotin, in their properties, but

does not present the chemical evidence for this statement.

The red pigments of the beetles appear to belong to the carotinoid-

like class of pigments which have been mentioned repeatedly in the

foregoing pages under the names carotinin, rhodophane, zoonerythrine,

etc., which are characterized especially by showing only one absorp-

tion band at the F line. Zopf (1892b) described the properties of

this pigment in the poplar leaf beetles Lina populi and Lina tremulce,

as well as the beetles Coccinella septempunctata and C. quinque-

punctata. Zopf found the pigment in the wing coverings, on the abdo-

men, on the lateral edges and end of the back, and also in the eggs

of the poplar leaf beetles. He also noticed that the latter insects

secreted the pigment from the mouth when excited by handling or

stimulated by chloroform. The Coccinellce also secreted the pigment,

but the secreting cells were found to be in the joints, not in the mouth.

Zopf described the solubility of the pigment in the fat solvents and

in oils, the lipochrome color reactions, including the lipocyan reac-

tion, and the single spectroscopic absorption band shown by the ether

solution at 515-480uu. At the time of his investigation of the pig-

ment Zopf called it a mono-carotin, but later (1893a) referred to it

as Lina-carotin. Griffiths (1897) attempted to ascertain the com-

position of the pigment, which he called coleopterin, using the species

Pyrochra coccinea, Lina populi and Coccinella septempunctata as

the source of his material. The extracts secured, using boiling alcohol
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or ether, were purified merely by repeated re-solutions and evapora-

tions. The amorphous residue finally obtained contained 7.7 per cent

nitrogen, and showed a gross composition conforming to the formula

C 7H5N0 6 . This is the only analysis that has been made of the sub-

stance. The method employed for its purification could not be ex-

pected to prevent oxidation of the pigment (Zopf showed that the

pigment readily bleached in the air) and would not insure freedom of

the product from alcohol and ether soluble impurities. Griffiths' re-

sults are therefore open to question and cannot be accepted as show-

ing the constitution of this important carotin-like pigment.

Kremer (1919) has recently objected vigorously to the use of the

terms carotin and xanthophyll in connection with the lipochromes of

the Coleoptera, and, in fact, for the lipochromes of insects in general,

on the grounds that the older terminology of Krukenberg suffices

until the character of the animal lipochromes has been more accu-

rately determined. It is agreed, of course, that all scientific effort

must advance along conservative lines. At the same time one cannot

afford to be conservative to the point of being reactionary.

Orthoptera. The facts concerning carotinoids among insect pig-

ments presented in the preceding paragraphs in themselves lend strong

support to the supposition that similar pigments exist in the yellow,

green and multicolored grasshoppers and other species belonging to

this group. The few experimental observations which have been made

are, however, inadequate for the proof of this supposition. Kruken-

berg (1880) recorded a brief study of these pigments in connection

with his attempt to explain Leydig's (1876) observation that the

common green locust, Locusta viridissima, changes to a brownish-

yellow color simultaneously with similar changes in foliage in the

autumn. Although he found that the chitinous layers in this species,

as well as Mirbius viridis and the common green grasshopper con-

tained specific green, yellow and red pigments, whose varying sensi-

tiveness to destruction by light was the probable cause of the color

changes noted by Leydig, the chemical properties of the pigments,

particularly their failure to show absorption bands, necessarily leaves

the question open as to the probability of carotinoid pigments being
involved in their coloration. It is true that Podiapolsky (1907) found
that a golden yellow solution was obtained by treating alcoholic ex-

tracts of green locusts with Ba(OH) 2 ,
and concluded that the pigment

thus secured was apparently identical with plant xanthophyll. Obvi-
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ously, the whole matter of the grasshopper and locust pigments needs

further study.

Acerata. The animals in this group are not, strictly speaking,

insects, but are a lower order midway l>et \\ecn insects and Crustacea.

11 rim (1892) examined the red pigment in the larvae of one species,

namely Trombidium, or common red mite. He found it to be soluble

in the fat solvents with a red color and that it gave the lipochrome

reaction with the concentrated acids. Its possible relation to the

carotinoids is thus indicated.

Carotinoids in Crustacea

Pigmentation among the Crustacea is characterized both by the

variety of colors exhibited and by their brilliancy. The various colors

found, including blue, green, and various shades of orange, red and

brown, are more frequently found singly on a species, rather than

mixed to give varied-colored effects. Examples of brilliant single

colors are seen in the higher and lower crabs, the lobster, and the cray-

fish. Instances of varied-colored forms are the prawns, such as

Hippolyte varians, Leander serrator, and the wrasse, Grenilabrus

melops. These latter species have various pigments deposited in

chromatophores, whose expansion and contraction under the influence

of various agents, brings about some remarkable color changes in the

animals. Contrary to the situation found in many of the higher

animals the blue and green colors encountered in Crustacea are not

structural, but are due to pigments whose relation to the red lipo-

chrome so common to these animals is so intimate and yet so fugi-

tive, that its exact nature has never been discovered.

From an historical point of view Pouchet (1876) seems to have first

described the properties of red and yellow ether soluble pigments in

the hypodermis, eggs and ovaries of the lobster and other Crustacea.

Both pigments dissolved in concentrated H2S04 with a color change
from green to blue to violet. The pigments differed, however, in that

the yellow one was soluble in alcohol, but the red one was not. The
red pigment was obtained in crystalline form, the crystals being violet

colored with a metallic reflection. Jolyet and Regnard (1877) noted

the presence of a yellow, ether soluble pigment in crab's blood, and

Frcderiquc (1885) a similar red pigment in the blood plasma of the

lobster. Moseley (1877) was the first to name the red pigment, call-

ing it crustaceorubin. He also noticed its single absorption band in
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the blue-green part of the spectrum. Merejowsky (1881, 1883) de-

scribed the same pigment under the name zoonerythrine, and enu-

merated various species of Crustacea in which it occurred. Maly

(1881), working with the red eggs of the spider crab, Mala Squinado,

differentiated between a red vitcllorubin and a yellow vitellolutein,

showing many solubility and chromatic properties in common, but

differing in their spectroscopic properties and in their affinity for

alkalis. Krukenberg (1882k) included both pigments under his lipo-

chromes, but was convinced of the identity of the red pigment with

Kiihne's rhodophane. Halliburton (1885) made a special study of

the red "tetronerythrine" in the blood of the lobster, crab and cray-

fish, but noticed a difference between the fresh water (Astacus fluvi-

atilis) and salt water (Nephrops norwegicus) form of the latter, in

that the pigment was almost absent from the salt water animals.

Yellow chromolipoid is not mentioned. MacMunn (1883) examined

the liver and bile of lobsters, crabs and crayfish for lipochromes, find-

ing yellow "lutein" in some cases and red "tetronerythrine" in others.

Many of the investigators mentioned also made a cursory examination

of the pigments in the hypoderm, but these have been studied espe-

cially by MacMunn (1890) and Ncwbigin (1897) for the larger

species of Crustacea and by Blanchard (1890) and Zopf (1893a) for

the smaller. The latter investigators used chiefly the little red Diap-

tomus bacillifcr, found in fresh water, for the source of their material.

Blanchard found only one pigment, but Zopf describes both red and

yellow pigments, the red one being called diaptomin.

This brief historical survey makes it clear that two distinct types

of chromolipoids are present in Crustacea, one characterized by its red

color and the other by a more yellow hue. How are these pigments

related to the carotinoids?

With regard to the red pigment its properties have been described

most fully by Maly (1881), Zopf (1893a) and Newbigin (1897) as

follows: The ether and petroleum ether solutions are yellow, when

dilute, but the alcohol, benzene, chloroform and carbon disulfide solu-

tions are always red or pink, even on great dilution. Water, also,

acting on material such as the dried Maia eggs forms a protein solu-

tion in which the coloring matter is apparently dissolved, and from

which the pigment can be removed by coagulating the protein with

heat or alcohol and extracting the dried precipitate. The pigment is

very unstable when pure and fades very rapidly in contact with air,

even in darkness. This bleaching is undoubtedly an oxidation, and
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at once shows the close relation of the pigment (o the carol inoids.

The chromatic colorations with the strong mineral acids arc also

identical with the earotinoid colorations under like conditions. How-

ever, unlike any of the known carotinoids it appears to form com-

pounds with the caustic alkalis, and alkali earth metals, and can,

moreover, be precipitated from its alcoholic solution on addition of

saturated Ba(OH) 2 , Ca(OH) 2 and Mg(OH) 2 solutions. The pig-

ment can be readily liberated from its alkali and alkali earth

compounds by acids, apparently without injury to its properties.

According to Maly and Newbigin these pigment compounds are insol-

uble in alcohol, but are soluble in ether, chloroform, carbon disulfide,

benzene and petroleum ether (slightly). Zopf, however, denied the

solubility of the calcium and barium compounds in any of these sol-

vents, and states that the sodium compound, only, is soluble in the

solvents mentioned. He noted, also, that the sodium compound, like

the free pigment, readily bleaches. Spectroscopically, as already men-

tioned, the pigment differs from the known carotinoids in that it shows

only one absorption band. According to Zopf this band in ether lies

at 515-465|4i and in carbon disulfide at 533-482u(i.

In view of the unanimity of the above mentioned investigators on

the properties described one cannot help being somewhat surprised at

the recent announcement of Verne (1920a, b) that the red pigment of

Crustacea is none other than carotin. It is stated that the pigment
which he isolated in pure crystalline form from the hypodcrmis of

the Decapod Crustacea (lobsters, crabs, etc.) has the same melting

point, forms the same iodide, exhibits the same absorption spectra

and shows the same composition on analysis as carotin. It is true

that Blanchard (1890) called the impure red pigment which he iso-

lated carotin, but he was hardly justified in so doing inasmuch as his

pigment showed no absorption bands whatever. The findings of

Verne, therefore, while very significant, cannot be given unqualified

acceptance until it is possible to explain the peculiar properties which

were obtained by all previous investigators for this carotin-like

pigment.

As for the yellow pigment we have the observations of Maly, Kru-

kenberg, MacMunn and Zopf, to determine its possible relation to

the carotinoids. Miss Newbigin's (1897) failure to confirm the lipo-

chrome characteristics of this pigment can only be explained on the

grounds that she was dealing with a decomposition product. There

is certainly no basis for her idea that the two-banded spectrum ob-
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served by the other investigators was due to the action of light on

the red pigment. The properties of the yellow pigment which show

its probable carotinoid nature are its solubility in alcohol, ether,

petroleum ether, chloroform and carbon disulfide, its color being

orange red in the last named solvent; its resistance to saponification;

its lipochrome color reactions with the concentrated mineral acids;

its two-banded absorption spectrum; and the great ease with which

the pigment bleaches. As to whether the pigment is carotin or

xanthophyll we have only the measurements of the absorption bands

of the "lutein" which MacMunn (1883) extracted from the liver of

the crab, Cancer pagurus, and of the "yellow carotin" which Zopf

secured from the little Diaptomus crustacean. MacMunn gives the

measurements in ether as 498-480^1 and 466-450|i|i, and in CS2 as

530-507nn and 496-476u^i. Zopfs "yellow carotin" in petroleum ether

showed bands at 498-479|i[.i and 464-450ii[.i. The agreement exhibited

in like solvents indicates that these investigators were dealing with

the same pigment. The position of the bands suggests carotin rather

than xanthophyll.

As is well known, the red color so frequently associated with Crus-

tacea is apparently absent from the external tissues until the appli-

cation of heat produces the usual brilliant red hue. The common

lobster is a conspicuous example. The shell of this animal is very

dark blue, although the underlying hypodermis is red. In the case

of the fresh water crayfish, Astacus nobilis, the shell is grayish brown

and the hypodermis blue. The salt water crayfish or Norway lobster,

Nephrops norwegicus, has an orange shell and red hypodermis. Green

colors are also seen, as in the species Virbius viridis. Blue colors

are found among the Copepods, also, Merejowsky (1883) mentioning

the species Anemalocera Patersoni and Pontellina gigantea. The

very fugitive character of these blue colors has been known for many
years. Not only heat, but reagents like alcohol, ether, or acids change

the color of the tissues to the characteristic red. Pouchet (1876)

believed that the phenomenon was due to the destruction of a very

unstable blue pigment which then allowed previously invisible red

pigment to be seen. Krukenberg (1882k), however, advanced the

theory that the blue and green colors were due to lipochromogens

which were transformed by the various reagents into lipochromes.

This theory has been adopted by nearly all subsequent investigators,

including Merejowsky (1883), MacMunn (1890) and Newbigin

(1897). Merejowsky called the lipochromogen velelline, after Negri,
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and describes the transformation of the blue aqueous solution into

"zoonerythriin
1

." He says, in substance, that if a filtered blue aqueous

extract is treated with a drop of acid (H 2S0 4 ,
HN03 , HC1, acetic or

picric), and then with a drop of strong KOH, NaOH or NH4OH, and

then with several drops of absolute alcohol, there is an instantaneous

color change of blue to red orange. On filtering, the filtrate is color-

less and the red-orange substance left on the filter gives all the prop-

erties of "zoonerythrine." Merejowsky describes a similar change

for a green water-soluble "astroviridine" which he extracted from

the Crustacea, Gebbia littoralis and Paloemon viridis.

Miss Newbigin (1897) likewise obtained an aqueous solution of blue

pigment from the hypodermis of the lobster and the epidermis of the

fresh water crayfish by suspending scrapings from the shell of hypo-
dermis in 0.1 per cent HC1. She states, "This solution is first pink

but later turns blue on standing as the solution becomes neutral or

alkaline with the formation of CaCl 2 from the line of the shell. The

blue solution is very unstable. Heat (45 50 C.), acids, alcohol or

ether turn it pink instantly. The pink pigment is readily soluble in

alcohol or ether, and gives all the characters of crustaceorubin." An
observation that ammonia is always given off at the conversion of

blue into red suggested to Miss Newbigin that the compound of

lipochrome giving the blue color is an organic base. She points out

that it cannot be a simple ammonia compound because the alkali

compounds of the red pigment are red, not blue.

It is clear that the true explanation of the character of these inter-

esting chromogens has not yet been discovered. One cannot help but

wonder whether there may be an analogy between these phenomena
and blue colloidal gold. The sensitiveness of the blue solution to

reagents which are known to aggregate colloidal particles and the

precipitation of chromolipoid which occurs following the use of these

reagents is certainly strongly suggestive of a colloidal phenomenon.
The stabilizer of the suspensoid may well be a basic ammonia-con-

taining substance extracted from the tissues with water.

Carotinoids in Echinoderms

The most familiar of the animals included under this group are the

Asteroids, or star-fishes; the Ophiuroids, or brittle stars; the Echi-

noids, or sea urchins; the Crinoids, or sea lilies; and the Holothuroids,
or sea cucumbers. The various colors shown by these interesting
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animals have been described by many zoologists. In general the

colors of the cchinodcrms resemble very closely those of the Crustacea.

From the standpoint of the pigments proper the same red and yellow
carotinoid-like pigments found in Crustacea appear to be the cause

of like colorations, and, in addition, blue and green lipochromogens
are also encountered. From observations cited in Miss Newbigin's

Monograph (1898) the blue and green colors are more common in

species found in shallow water than in the deep-sea forms, where red

colors predominate.

Merejowsky (1881) first called attention to the properties, later

ascribed to lipochromes, of the red pigment in echinoderms, and cited

twenty or more species, representing the various orders, in which it

occurred. He used the name zoonerythrine for the pigment, and later

(1883) reaffirmed his previous observations, especially the presence

of the pigment in the sea cucumber Holothuria tubulosa, which had

been denied by Krukenberg. The observations on the chromolipoids
in the Holothuroids have, in fact, been contradictory. Krukenberg

(1882J) called the skin pigment of Holothuria Poli uranidine, but later

(1882k) stated that "rhodophane" is present in an especially pure

condition in the ovaries and blood vessels of this species, while Mac-
Munn (1890) found no lipochromes in this species, but reported a

'rhodophane-like lipochrome" in the blood and "liver" of other species,

namely Holothuria nigra and H. Ocnius brunneus. The single absorp-

tion band of this pigment in ether was placed by MacMunn at 507-

471 [41.

It is evident from the observations of Krukenberg (1882k) and

MacMunn (1890) that in the star-fishes, at least, chromolipoids show-

ing two-banded spectra and more nearly resembling true carotinoids

predominate over the red pigment showing only one band. Kruken-

berg described such a pigment in the skin and "liver" of the species

Astrospecten aurantiacus and Asteracanthion glacialis, under the name

orangin (on account of its color), and MacMunn described similar

carotinoid-like pigments in the orange-colored ovaries of Astcrina

gibbosa. These pigments may be xanthophyll, judging from the ab-

sorption spectra described by Krukenberg. It is evident, however,

that carotin may be the cause of the red, two-banded pigment found

by MacMunn in the integument of Goniaster equestris, Cribella ocu-

lata and Solaster papposa. The red ovaries of the Cribella species

contain the same pigment.

Of the other forms of echinoderms, no special examinations of pig-
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incuts seem to have been made for the brittle-stars or sea-urchins

with the except. inn of Merejmvskv's /nnneryt hrine-containing species.

M: ii -.Munn (1890) reported a yellow lipochroine in the ('rinoid, Ante-

don rosacea, but attempts to ascertain the character of old extracts

from other species of sea lilies were unsatisfactory, as might be

expected.

The cchinoderms, like the Crustacea, may also contain various lipo-

chromogens. Merejowsky (1883) described a red echinastrinc, a green

astroviridine, a gray astrogriseine and a violet astroviolettine, each

soluble in water and readily going over into "zoonerythrine" like his

vclelline, described in a preceding paragraph. He also described a

brown ophiurine in species of brittle-stars. Ultra-microscopic and

ultra-filtration studies on solutions of these and the crustacean "lipo-

chromogens" would throw some light on whether colloidal phenomena
are involved, as was suggested above.

Carotinoids in Molluscs

One does not ordinarily associate carotinoid-like colors with these

animals among which are represented the various species of oysters,

mussels, snails and octopus. Merejowsky (1881, 1883), however, has

designated a number of species of gastropods (snails) and conchise

among the "zoonerythrine" containing animals. It is not stated, how-

ever, whether the pigment is in the shells, or in the animals them-

selves. More specific is the statement of Krukenberg (1882f) that the

liver of the gastropod Helix pomatia sometimes contains a yellow

lipochrome showing two absorption bands, one over F and the other

between F and G. MacMunn (1883, 1885a) failed to find such a pig-

ment in the liver of this species as well as a number of other gas-

tropods, finding only "enterochlorophyll," a pigment showing the

absorption bands of chlorophyll in the red and green parts of the

spectrum, which MacMunn held to be of animal origin. A different

result was obtained in the examination of the liver of the mussel

Mytilus cdulis, in which a "lutein" pigment, showing an absorption
band at F and one between F and G was found in addition to the

"enterochlorophyll." In a more recent study of the pigments of mol-

lusc livers by Dastre (1899) there is described besides the "chloro-

phylloid" (compare with MacMunn's enterochlorophyll) a pigment
called cholechrome, which is stated to be intermediate between bili-

rubin and lipochrome. Cholechrome, uncontaminated with chloro-
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phylloid, is stated to be the liver pigment of Crustacea and other

arthropods (spiders, insects).

It seems to be apparent from even these meager studies that the

digestive organ, at least, of molluscs may contain a pigment which

may be either carotin or xanthophyll or a modification of one of the

carotinoids.

Carotinoid in Worms

Miss Newbigin (1898) has given an excellent summary of the

brilliant colors, both pigmental and structural, shown by the various

species of worms. It is evident that many types of pigments are pres-

ent. Carotinoid-like pigments, however, are not entirely absent, if

one is to judge from the observations of the older investigators.

These observations, unfortunately, have been confined to only a few

species so that it is not possible to decide how widely distributed these

chromolipoids may be among the worms.

Krukenbcrg (1882h) found a rhodophane-like lipochrome in the pure
uncontaminated digestive juice of Siphonostoma diploehditos. He

(1882i) has also described a lipochrome in the cuticular skeleton of

the Polyzoa, Bugula neritina, whose spectrum is identical with that

of carotin. The pigment is not, however, the chief one of this species.

According to MacMunn (1890) the orange-red color of two other

species of this class of worms, namely, Lepralia foliacea and Flustra

foliacea, is due to a rhodophane-like lipochrome.

Among the Chaetopods, or segmented bristle worms, MacMunn
(1890) found several species among the Polychaetes which appar-

ently contain carotinoids. In Arenicola piscatorium, a black worm,
the intestine was found to be covered with an orange-colored glandu-
lar tissue. The pigment could be extracted with the fat solvents and

alcohol, and the extracts showed two, possibly three bands in the

green and blue. The integument was found to contain the same pig-

ment masked by melanin. In a Terebella species the tentacles and

integument contained a lipochrome showing two absorption bands. A
like pigment was found in the integument of the species Cirratulus

tentaculatus and C. cirratus. Nereis virens, the common clam worm
of the northern seas, contained it also, but in smaller quantity. In

Polynoe spinifera most parts of the worm contained the same lipo-

chrome.

These observations, while brief, point very strongly to the presence

of carotinoids in worms. Before passing to the sponges in which
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carotinoid-like pigments appear to be widely distributed it might be

mentioned that there is no definite evidence that the Coelenterates

(sea-anemones, corals, jelly-fish and related animals) contain caro-

tinoids, notwithstanding the brilliant colorations which they exhibit.

It is true that Merejowsky (1881) listed numerous species containing

tetronerythrine, but Krukenbcrg (1882g) disproved this for Gorgonia

verrucosa. MacMunn (1890), however, mentioned a lipuchrome re-

sembling rhodophane or xanthophane in the red polyp head of the

species Tubularia indivisa. Further study is needed of the pigments

in this group of animals.

Carotinoids in Sponges

The Porifera, or sponges, when fresh show a variety of colors from

red to 'green, some of which are quite brilliant, but others dull. The

yellow, orange and red colors have been found to be due almost exclu-

sively to lipochromes, in the broad sense. There is little doubt that

the yellow and orange pigments are true carotinoids. The red pig-

ment, however, appears to belong to the carotin-like group of the'

same color which is so widely distributed among the lower forms of

animal life.

Krukenbcrg (1880) first discovered the lipochrome nature of the

yellow and red pigments of sponges. It was not until he repeated

(18821) his first observations, however, and purified his extracts by

saponification that a satisfactory separation of the various pigments

was obtained. The technic employed was essentially that used by
Kiihne in his chromophane studies. The sponges were extracted with

alcohol, the extract saponified and the soap salted out with NaCl.

This material was then shaken with petroleum ether until no more

pigment was extracted. A similar treatment with ether followed, and

if any pigment remained the soap was treated with acetic acid and

the liberated pigment taken up with CS2 . It is readily seen that this

method would not lead to a 'separation of carotin and xanthophyll.

It did serve, however, to separate distinctly carotinoid-like pigments
in most cases from the rhodophane-like chromolipoids showing only a

single absorption band. In general the petroleum ether extracts

showed two absorption bands, and the residues left on evaporation

gave the characteristic color reactions with concentrated acids. The
bands pictured by Krukenberg in some cases indicate carotin, such
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as in the sponges Hircinia spinosula, Suberites flavus, Tedania Mug-
giana and Suberites massa, while in others, namely, Papillina suberea

and Tcthya Lyncureum, xanthophyll is indicated. The ether extract

of the soap, after the petroleum ether treatment, in most cases showed

only a single absorption band, from which Krukenberg drew the

conclusion as to the presence of a rhodophane-like pigment. Pig-

ment of this character is apparently not present in all sponges. For

example, Krukenberg found only carotinoid-like pigments in Suberites

flavus and Pipillina suberea. Other sponges which contain pigment

showing two-banded spectra, according to Krukenberg, are Reniera

aquaeductus, Cocospongia, Chondrosia renijormis, Aplysina aero-

phoba, and Suberites domuncula.

MacMunn (1888) reported spectroscopic studies of the lipochromes

of a number of additional species of Porifera, which throw still further

light on the widespread occurrence of carotinoid-like pigments in the

sponges. His method was to examine the alcoholic extracts of the

sponges for absorption bands and then shake the alcoholic solution

with CS2 and repeat his observations on the CS2 solutions. Neither

solution would be expected to show the character of the carotinoids

present inasmuch as alcohol extracts both classes of pigments from

tissue, and also since xanthophylls are partly epiphasic between

alcohol and carbon disulfide. However, if chromolipoid pigments

remained in the alcohol after the carbon disulfide extraction, this fact

would indicate the presence of xanthophylls.

Almost all of MacMunn's observations of absorption bands of the

lipochromes in both alcohol and carbon disulfide show the carotinoid

nature of the lipochromes. In general they favor carotin rather than

one of the xanthophylls. In three species, namely, Halma Bucklandi,

Halichondria albescens and Leuconia Gossei, one lipochrome was

found showing only a single absorption band. The species Halichon-

dria incrustans and Halichondria seriata may contain both carotin

and xanthophylls since the alcohol remaining after the carbon disul-

fide extraction still showed carotinoid absorption bands. On the

other hand, carotin alone may be the chromolipoid in the species

Halichondria caruncula and Halichondria rosea, whose alcohol ex-

tracts were left practically colorless by the carbon disulfide. No
information of a similar nature is given for the species Halichondria

panicea, Hymeniacidon albescens, Grantia coriacea, Halichondria san-

guinea and Pachymatisma Johnstonia, comprising the remaining

species examined.
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Summary

Carotinoids arc abundantly present in the invertebrates lut they

cannot be said to predominate even among the pigments of yellow

to red eolor. As one descends the scale of animal forms non-carotinoid

pigments of yellow to red hues are encountered more and more fre-

quently. The simpler digestive apparatus of the lower animals does

not seem to insure a more abundant distribution of biologically de-

rived pigments.

The orders of insects in which carotinoids occur are butterflies, bugs,

beotlrs and locusts (grasshoppers). In the butterflies it is the larvae

and pupae which contain carotinoids, not the butterflies themselves.

Although the chromolipoid, present chiefly in the haemolymph (blood)

of the larvae and pupae, and also in the eggs, has been known as

"xanthophyll" since the work of Poulton (1885) there is evidence to

suggest that the pigment is actually carotin.

Among the bugs, the yellow pigment which can be extracted from

green plant lice (Aphids) is carotinoid in nature but it is not known

whether a single pigment or a mixture is concerned. Carotin itself

appears to be the cause of the red color of the tegument in the case

of certain other species of bugs.

There can be no doubt that the yellow and orange pigments found

in the beetles are often, if not always, carotinoids. The red pig-

ment, however, belongs to the carotin-like pigments which conform

to the properties of the so-called carotinins described in previous

chapters.

The character of the carotinoids which occur in many locusts and

grasshoppers is not known; the subject deserves further study.

Two distinct types of chromolipoids are present in Crustacea, one

characterized by its red color, the other by a more yellow hue. All

the older investigations of the red pigment agree in showing that it

differs in its general properties from the known carotinoids only in

exhibiting one spectroscopic absorption band and in forming salts

with alkalies and alkaline earths. However, Verne (1920a, b) has

recently announced that the pigment is identical in every respect

with carotin. All the properties of the yellow pigments so far ex-

amined suggest carotin, rather than xanthophyll.

The red crustacean carotinoid appears to exist in the shell of vari-

ous species as a water-soluble substance of blue, brown, orange or

green color, which is instantly transformed into the water-insoluble
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red carotinoid by heat, acids, alcohol, ether, etc. The author sug-

gests a colloidal explanation for the hitherto inexplicable relations

between these apparently water-soluble chromogens and the red

pigment.

The same red and yellow "carotinoicl-like pigments found in Crus-

tacea appear to be the cause of like colorations among the echino-

derms (starfish, brittle-stars, sea-urchins, etc.). In addition, red,

green, blue and violet lipochromogens are also encountered.

The shells of snails apparently may be colored by the red caroti-

noid-like pigment already described, and the digestive organs of these

animals as well as some molluscs may contain a pigment which is

either carotin or xanthophyll or a modification of one of these

carotinoids.

The brilliant colors encountered among marine and fresh water

worms are due in part to carotin or related pigments. Similar colors

among the sea-anemones, corals, jelly-fish and related animals, how-

ever, do not appear to involve the carotinoids.

The yellow, orange and red colors of sponges have been found to

be due almost exclusively to lipochromes in the broad sense. The

yellow and orange pigments are undoubtedly true carotinoids, and

the red pigment is the carotin-like substance, showing one absorp-

tion band, which is so widely distributed among lower forms of ani-

mal life. The presence of both carotin and xanthophylls is indicated

among the true carotinoids.



Chapter VI

Clu'iiiical Relations between Plant and Animal
Carotinoids

It is a chemical axiom, so to speak, that the final proof of the

identity of like chemical compounds must be furnished by a chemi-

cal analysis of the purified substances, together with complete cor-

respondence in all known chemical and physical properties. It has

been stated repeatedly in the preceding chapters that evidence has

been presented which shows the character of the chemical relationship

between plant and animal carotinoids. It is desired to consider this

evidence in more detail in this chapter.

Egg yolk xanthophyll. It is not necessary to present again the

observations showing the close relationship between the pigment of

the yolk of the hen's egg and the plant chromolipoids, which was
known to numerous workers through the macroscopic examination of

the pigment. Reference may be made, however, to the spectroscopic

studies of Schunck (1903) who first showed the correspondence be-

tween the egg yolk pigment and one of the groups of plant carotinoids.

Schunk's results, secured largely by a photographic study of the

absorption spectra of the pigments separated by inadequate, and

unfortunately by inaccurate means, were obtained before carotin and

xanthophylls were established as chemical entities. This method was
described in Chapter II. It could not have insured the freedom of

the "xanthophylls" from admixture with carotin. Nevertheless

Schunck was careful to distinguish between xanthophylls and "chry-

sophyll," which he recognized as probably identical with carotin.

The spectrophotographs show this very clearly so that the spectro-

scopic relations between one of Schunck's flower xanthophylls (his

so-called L. xanthophyll) and the egg yolk pigment rightly deserve

credit for being the first to show the xanthophyll character of this

animal chromolipoid.

Crystals of egg yolk pigment are stated by Willstatter and Escher

(1912) to have been observed first by Kiihne (1882). It was stated

173
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in Chapter III that Kiihne (1878) had previously decided, partly on

spectroscopic grounds, that the egg yolk pigment could not be identi-

cal with the so-called lutein in the corpus luteum. It remained,

however, for Willstattcr and Escher to attempt the isolation of the

pigment in sufficient quantity for chemical analysis. This proved to

be a rather difficult task and involved working with large quantities

of material. Starting with the yolks of 6,000 eggs, which weighed

110 kg., only 4 grams of crude crystalline pigment was obtained.

The method of isolation will be described in Chapter VIII.

The crude egg yolk pigment was purified first by repeated crystal-

lization from hot methyl alcohol. About 250 cc. of boiling alcohol

were required to dissolve 0.25 grams of the crude product, from which

approximately 0.16 grams of crystals came down on standing for

some hours. It is stated that it was also found possible to obtain

crystals showing a constant melting point by dissolving the crude

crystals in carbon disulfide and recrystallizing from this solvent. The
chemical studies on the purified substance showed the following aver-

age results. For comparison similar data are shown for the plant

xanthophyll isolated by Willstatter and Mieg (1907).

Plant Egg yolk
xanthophyll xanthophyll

CH.OH of crystallization, calculated for

CJHsnO-, CH,OH = per cent 5.33 5.33

CH,OH found percent 4.76 4.35

Molecular weight in CHCU. ebulloscopic

method, calculated for C,oHM 2 568.4 568.4

Molecular weight found 512. 640.

Elementary analysis; percentage composition { C = 84.44 84.44

required' for formula CHM 2 ? H = 9.93 9.93

Elementary analysis found $ C = 84.22 83.58

} H = 9.92 10.13

Melting-point (corrected) 173.5 174.5 195 196C.

An examination of these data shows that the plant xanthophyll

analyzed by Willstatter and Mieg showed excellent agreement, at

least in chemical composition, with the theoretical values. The re-

sults of the analyses of the egg yolk pigment, however, can only be

regarded as approximations, at best. The molecular weight deter-

mination is also very unsatisfactory. Willstatter and Escher explain

the low figure for the content of methyl alcohol of crystallization on

the grounds of a possible oxidation of the pigment during the process

of removal of the alcohol, which required a period of about 10 days

over phosphorus pentoxide. The explanation does not seem entirely

satisfactory, however, in view of the statement that this process took
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place in a high vacuum. No similar explanation is offered for the

divergence of the molecular weight and elementary composition deter-

minations from the theoretical values. It is not apparent from the

description given that any less care was taken in purifying the crys-

tals for these analyses than was taken by Willstiitter and Micg in

preparing the plant xanthophyll for a like purpose.

When these results are viewed from a strictly chemical standpoint

it is difficult to escape the conclusion that the purest preparations

were not free from admixture with a substance of high molecular

weight which is lower in carbon and higher in hydrogen than the

xanthophyll. This conclusion is supported by Willstiitter and

Escher's own statement that the 4 grams of crude pigment contained

a large proportion of wax-like material which had solubility prop-

erties similar to the pigment. On the other hand, it is hardly pos-

sible that the high melting point of the egg yolk pigment in compari-

son with the plant xanthophyll, which led Willstiitter and Escher to

call the pigment xanthophyll "b," was due to the impossibility of

removing the unknown impurity. The presence of a wax of high

molecular weight would undoubtedly alter the melting point of the

pure pigment but would lower, rather than raise it. There is cer-

tainly no evidence that the preparations used for the melting point

determinations were of any higher purity than those used for the

elementary analyses.

The other chemical properties of the egg yolk xanthophyll leave no

doubt as to its identity in these respects with the plant xanthophyll.

The actual solubility of the two pigments in various solvents is iden-

tical. The crystalline form from various solvents agrees perfectly.

Both pigments form a violet colored crystalline iodide (showing that

Kiihne's failure to obtain the blue iodine lipochrome reaction was not

due to any peculiar characteristic of the pigment). The phase test

applied to the purified pigment shows complete correspondence with

the xanthophyll group of carotinoids, the pigment being practically

quantitatively hypophasic between petroleum ether and 80-90 per
cent ethyl or methyl alcohol. Finally, the spectroscopic absorption
bands of the two pigments are identical in every respect when meas-
ured under the same conditions.

As pointed out in Chapter IV there is also a biological basis for

rejecting Willstiitter and Escher's conclusion that the egg yolk xan-

thophyll is an isomer of plant xanthophyll, unless it be assumed that

the plant xanthophyll from which the egg yolk pigment is derived is
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modified in the animal body. The hypothesis was also advanced that

the egg yolk xanthophyll may be an individual member of the xantho-

phyll group of carotinoids, which the digestive and assimilative organs

of the hen have the ability to select from the group of carotinoids pre-

sented to them in the food. Considered solely from a chemical basis,

however, it is indeed an extraordinarily closely related isomer which

shows such complete correspondence in all its other properties, both

chemical and physical, with the single exception of the melting point.

Lycopin, the red isomer of carotin, found especially in the tomato,

has the same melting point and chemical composition as carotin, but

differs from it in a number of chemical properties, such as color,

absorption spectrum, solubilities, etc. Therefore, from this point of

view, also, it seems unlikely that the alleged isomerism of the egg

yolk xanthophyll actually exists.

Serono and Palozzi (1911) claimed to have isolated the lutcin of

egg yolk by a very different method. Egg yolk was extracted with

95 per cent alcohol, the extract evaporated in vacuum, and the residue

treated with acetone. This extract is stated to have contained mostly

"lutein," a little cholesterol and traces of lecithin. The lutcin was

obtained in crystalline form from this solution by precipitation from

boiling acetone. The crystals thus secured are described as white to

pale yellow radiating clusters with a few crystalline lamella with a

blue fluorescence, which turn yellow almost instantly in the air and

become more and more colored until a deep red is reached. The

analyses of this lutein indicated a mixture of cholesterol,, fat and

cholesterol esters of oleic and palmitic acids. Egg yolk is stated to

contain about 4.04 to 4.17 per cent of this pigment.
With the above observations as a basis it is not surprising that

Serono (1912) vigorously attacked Willstatter and Escher's work

showing the xanthophyll nature of the egg yolk pigment. It is obvi-

ous, of course, that Serono's lutein cannot be the true egg yolk pig-

ment. At the same time the poor correspondence of the egg yolk

xanthopyhll with the plant pigment with respect to the melting point

and elementary composition naturally offered splendid points of at-

tack. Accordingly Serono's assertion is quite incontrovertible that the

carbon content found for the egg yolk pigment by Willstatter and

Escher (83.58 per cent) corresponds better with the carbon content

of an oleic acid ester of cholesterol (83.33 per cent) than it does with

the carbon content of carotin dioxide (84.44 per cent). Although one

would hardly be tempted to accept Serono's conclusions regarding a
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cholesterol ester constitution for the egg yolk pigment, it must be

admitted, nevertheless, that if it were not for the complete corre-

spondence of the general chemical properties of the egg yolk pigment

with plant xanthophyll, it would not be possible to decide on chemi-

cal grounds, from the evidence submitted, that the two substances

are identical or even isomers.

Corpus lut< nni ctirotin. It was pointed out in a previous chapter

that the pigment in the corpus luteum tissue on the ovaries of the cow

was one of the first to attract the attention of those interested in dis-

covering the nature of animal pigments. It was certainly the first

animal carotinoid to be obtained in crystalline form if one is to accept

the early work of Piccolo and Lieben (1866) and Holm (1867).

Although a number of later workers described the chemical prop-

erties of the pigment, as was shown in Chapter IV, Willstatter and

Escher (1912) are to be credited with first stating the exact chemical

relationship of the corpus luteum pigment to plant carotin. Their

work was not the first to show a connection between animal coloring

matter and plant carotin; nor were they the first to use the name
carotin for an animal pigment. It will be recalled that -Zopf used

the name carotin in the form of "eucarotin," "di-carotin," "mono-

carotin," "carotinin," etc., for various animal pigments studied by
him. He certainly recognized the relation between the vegetable and

animal "carotins," to which he gave the various designations men-

tioned. It is apparent, however, that the name itself w^as a collective

name in Zopf's mind and that both carotin and xanthophylls, in the

sense we now know them, were included. For example, Gerlach

(1892) working under Zopf's direction, refers to the egg yolk pigment
as di-carotin. On the other hand Physalix (1894) actually had

Arnaud's carrot carotin in mind, as his paper shows, when he assigned

the name carotin to the pigment which he isolated from the red tegu-

ment of the bug Pyrrhocoris apterus. The insect carotin was not,

however, analyzed.

It was no doubt the development of the Kraus method for separat-

ing the plant carotinoids into specific carotin and xanthophyll groups,

in which Tswett and Willstatter played a dominant part, that led

Willstatter to examine ci-rfain of the common animal lipochromes by
this procedure. The discovery of the xanthophyll character of the

egg yolk pigment by this means naturally prompted the study of the

corpus luteum pigment, since the observations of the early workers

had shown that it could be obtained in crystalline form without dif-
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ficulty. Willstatter and Escher announced their discovery of the

carotin nature of the corpus lutcum pigment in connection with their

studies on egg yolk xanthophyll. The details of the corpus luteum

work were later published by Escher (1913).

The relatively small size of corpora lutea tissue naturally required

the collection of ovaries on a large scale. It was fortunately found

possible to preserve the ovaries for many months under 60 per cent

alcohol without impairment of the pigment (preservation in dilute

formalin prevented the isolation of crystals), thus making it feasible

to collect the material in large slaughter houses over an extended

period of time. After 146 kgs. (about 10,000 ovaries) has been col-

lected from cows and sheep, the tissue was hashed in 10 kg. lots,

further dehydrated with 95 per cent alcohol, and then shaken in the

cold with petroleum ether (b. p. 50-70 C.) for several hours.

This effected an almost complete extraction of pigment. This extract

(about 3 liters for each 10 kg. of ovaries) was then washed seven suc-

cessive times with one-sixth volume of 90 per cent methyl alcohol,

the alcohol removed by washing four times with one-third volume of

water, the extract freed from water by shaking with anhydrous sodium

sulfate, filtered and concentrated to a syrup in vacuum. On adding

six to ten volumes of absolute ethyl alcohol and cooling in an ice-salt

bath nearly all fatty impurities were precipitated. These were sepa-

rated quickly by means of a cloth filter, for in a short time crystalliza-

tion of the pigment began and continued for several hours, at ice-box

temperature. Some very large (1-2 mm. long), beautiful crystals

were obtained. Purification was secured by filtering and washing
with a mixture of equal parts petroleum ether and absolute alcohol.

Only 0.45 grams of pigment in all were secured in this way from the

146 kgs. of ovaries.

The crude ovarian pigment proved to be remarkably pure as judged
from the microscopic examination and melting point of the crystals.

For the elementary analyses, however, the pigment was recrystal-

lized first from alcohol, again by addition of an excess of absolute

alcohol to a concentrated carbon disulfide solution, and finally from

pure petroleum ether (sp. g. 0.64-.66). The elementary composition

showed the pigment to be a hydrocarbon. The average of four closely

concordant analyses carried out for Escher by Fisher and Sonnenfeld

under Willstatter's direction, using Preyl's micro-method, showed 89.55

per cent carbon and 10.66 per cent hydrogen. This corresponds even

more closely to the calculated composition of the compound C40H5G
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than AVillstattcr and Mieg obtained in their analyses of tho carotin

from cither green leaves en- carrots. Although Kscher was unable to

carry out any molecular weight determinations because of lack of

material, there can be no doubt from these data that the ovarian

carotin is identical in composition with the carotin of vegetable origin.

Escher's observations of the melting-point of ovarian, carrot and

leaf carotins are of interest. By heating crystalline preparations from

each source together in the same bath using a shortened thermometer

he found that they all melted at exactly the same temperature, but

that this temperature was about 175 C. (corrected). This tem-

perature is appreciably higher than the figure reported by Willstatter

and Mieg for the carotins of plant origin, namely, 167.5-168 C.,

which corresponded with the earliest observations of Arnaud, Kohl

and others. Escher explained his results on the grounds that con-

siderable variation in melting point can be obtained by modifying the

method of heating, so that in reality the melting point of crystals of

different carotinoids should be determined under comparative con-

ditions to secure comparable results. These results may indicate,

therefore, that the slight difference in the melting point of carotin

and xanthophyll crystals may not be of great importance in distin-

guishing the two forms of carotinoid.

The general properties of the ovarian carotin also correspond exactly

with the carotin from carrots and leaves. The crystalline form;

solubility of the crystals in various solvents; response to the phase
test (being practically quantitatively epiphasic between petroleum
ether and 80-90 per cent alcohol); position of the absorption bands;
formation of a crystalline tri-iodide (C 40H 56I 3 ) in carbon disulfide

solution, melting at 133.5-135 C., and showing 40.6 per cent iodine

(calculated value 41.5 per cent) ;
and its ready oxidation to a grayish-

yellow powder, soluble in alcohol and containing 36 per cent oxygen,
all corresponded exactly with the properties of carotin from leaves

and carrots. There can be no doubt whatever that the carotin from
the corpus luteum of the cow is identical with the carotin so widely
distributed in the vegetable kingdom.

Crustacean carotin. As stated in Chapter V in connection with the

chromolipoids of Crustacea, Verne (1920) has recently stated that the

red pigment in the hypodermis of the higher Crustacea, such as lob-

sters, crabs and crayfish, is identical with carrot carotin. The analyti-
cal data are not presented. In support of his conclusion, however,
Verne makes, in substance, the following assertions. The pigment
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was isolated by the methods of Arnaud and Escher. The crystals

melted at 168 C., and gave an iodide of definite composition. The

elementary analyses of a large number of samples obtained from

Crustacea of various kinds showed the pigment to be a hydrocarbon in

which the ratio of C:H 5:7. The molecular weight determination

performed on the iodides by the ebulloscopic method showed that the

carotin of Crustacea is the same as that of vegetables, with the form-

ula C40H56 . Among its most significant reactions was the formation

of a violet-brown iodide. The pigment exhibited the same spectro-

scopic absorption bands as vegetable carotin. It was not attacked

by alkalis and oxidized with great ease.

These statements are certainly sufficient to establish the carotin

identity of the crustacean pigment. It is to be hoped, however, that

the details of this study will soon be made available. Certain of the

points mentioned in connection with the general properties of the pig-

ment are quite at variance with the findings of numerous previous

investigators who were presumably studying the same crustacean pig-

ment. Either Verne was working with a different pigment, or the

methods used by previous investigators were decidedly at fault. It is

important that these divergencies be explained.

Summary

A chemical relationship between an animal chromolipoid and a

specific plant carotinoid was shown for the first time by Schunck's

(1903) comparative spectroscopic studies of flower "xanthophylls"

and the yellow pigment of the egg yolk and blood scrum of fowls.

Chemical studies of crystals of egg yolk pigment by Willstiitter and

Escher (1912) showed a complete correspondence with plant xantho-

phyll in all properties except melting point, but the results of the ele-

mentary analyses and molecular weight determinations of the egg

yolk pigment can only be regarded as approximations to the theoreti-

cal values for a substance with the formula C40H 56 2 . A considera-

tion of these divergencies in the light of the biological relationship

between egg yolk pigment and plant xanthophyll leads to doubts

regarding the alleged isomerism of the two pigments.

A possible chemical relationship between certain animal chromo-

lipoids and plant carotin was recognized by several workers before

Escher (1913) definitely established the chemical identity of the cor-

pus luteum pigment (of the cow) with plant carotin.
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Escher's study of the comparative melting points of ovarian, carrot

and leaf carotin shows that slight differences between the melting

point of different carotinoids are not significant unless the determi-

nations arc carried out simultaneously.

The recent work of Verne (1920) on the identity of the red crus-

tacean chromolipoid with plant carotin throws doubt on the results of

numerous previous workers which indicate that the pigments are

related but not identical.



Chapter VII

Biological Relations between Plant and Animal
Carotinoids

The origin of color in animals, when considered by and large, has

been, until recently, practically an unexplored field. So far as the

colors which might be due to carotinoids or related pigments are con-

cerned no systematic study of their possible biological relationship to

plant pigments of similar color was undertaken previous to the inves-

tigations by Palmer and Eckles, published in 1914. A few close

students of the subject have, indeed, suggested such a relationship in

isolated cases, which are mentioned below, and there are also certain

isolated observations which support the idea. It is a striking fact,

however, that so little experimental work had been done in this field

that even the chemical identification of certain of the animal lipo-

chromes with plant carotinoids by Willstiitter and Escher (1912)

and by Escher (1913) apparently raised no query in their minds as

to their possible origin from the plant pigments. For example,

Escher, in concluding the paper on corpus luteum carotin remarks,

"What this unsaturated terpene hydrocarbon, carotin, which is so

widely distributed in the plant world, is doing in such an important

gland as the corpus luteum, can not even be conjectured at present,

there is nothing in the literature to establish whether it is a sub-

stance produced from one of the specific gland cells, or is only a

pigment which has been resorbed by the cells from the blood ex-

travates." It is clear, also, that Escher saw no biological relation-

ship between the xanthophyll of the egg yolk and plant xanthophylls,

for he expresses the view that, "the oxygen-containing lutein

(C40H 56 2 ) in the yolk of eggs plays the part of an atavistic plant

respiratory pigment for the formation of hemoglobin in the embryo."
It is true that when Fischer and Rose (1913) isolated carotin from

the gall stones of cattle they were unable to agree with Escher's con-

clusion and suggested, rather, that the carotin in the cow's body

probably comes from the food. In reality, however, Escher's general
182
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view that the animal lipochromes are of animal origin coincides with

Krukenberg's (1886) conclusion in the summary of his extensive

c-hromolipoid studies, where it is stated that, "they (i.e., the lipo-

chromes) originate in most cases from fat-like substances." A more

specific instance of the same general conclusion reached by one of the

foremost earlier workers on animal lipochromes is found in the paper

by Zopf (1893a) describing the yellow carotin-like pigment in the

little fresh-water crustacean, Diaptomus bacillifer. Zopf states, "I

could mention an objection which could be raised against the two-

banded yellow carotin found in these Crustacea. One could say that

it is not produced by the organs of the crab but perhaps comes from

the chlorophyll-containing algae which serve as their food, and which

contain a two-banded yellow carotin. However, this can not be true

because the animals with which I worked were preserved in alcohol

and no trace of chlorophyll was extracted which would have been the

case had algae been present in their digestive tract."- "The antennae

of Diaptomus Castor Jurine is colored exclusively by diaptomin while

the body cavity contains fat masses of purest yellow. I believe that

the yellow carotin is produced by these animals just like the diap-

tomin." It is clear from these citations that Zopf saw no evidence

of a biological relationship between plant and animal carotinoids.

On the other hand Poulton (1885) believed that yellow pigment in

caterpillars was derived from the "xanthophyll" (carotinoids) of the

food and the green color from chlorophyll. Poulton later (1893) sub-

mitted his experimental proof of the derivation of chlorophyll by the

caterpillar from its food, an experiment which is classic so far as the

demonstration of derived pigments in animal colorations is concerned.

Goode (1890) made a particularly interesting observation, which can

hardly be classed as an experiment, but which verifies the probability

of a biological relationship between plant and animal pigments in

another species. To quote directly from his paper: "On certain ledges

along the New England coast the rocks are covered with dense

growths of scarlet and crimson seaweeds. The codfish, the cunner,
the sea raven, the rock-eel, and the wrymouth, which inhabit these

brilliant groves, are all colored to match their surroundings; the cod,
which has naturally the lightest color, being most brilliant in its

scarlet hues, while the others, whose skins have a larger original sup-

ply of black, have deeper tints of dark red and ruddy brown." "It

has occurred to me that the material for the pigmentary secretion is

probably derived indirectly from the algae, for, though the species
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referred to do not feed upon these plants, they devour in immense

quantities the invertebrate animals inhabiting the same region, many
of which are likewise deeply tinged with red. Possibly the blacks and

greens which prevail among the inhabitants of other colored bottoms

are likewise dependent upon coloring matter which is absorbed with

the food. Giinther believes that the pink color in the flesh of the

salmon is due to the absorption of the coloring matter of the crus-

taceans they feed upon."

Miss Newbigin, both in her papers (1898) and her Monograph

(1898) takes a somewhat intermediate position on the 'question of

derived animal pigments. Regarding insects, she accepts Poulton's

results but qualifies them by stating that, "At the same time there is

no apparent reason why insects should not themselves produce lipo-

chromes, and why such lipochromes should not occur in the cuticle

as in the Crustacea." With reference to the carotinoids in birds, she

states with more conviction, that "although there are several instances

described of birds whose colors can be heightened or altered by the

employment of special kinds of food, there is at present no reason to

doubt that under ordinary circumstances the lipochromes of birds

are self-produced and not derived."

Miss Newbigin gives a more extensive presentation of her views on

this subject in her paper on salmon pigments (1898). It will be re-

called that she found a rod lipochrome and a yellow pigment which

she could not identify as a true lipochrome in the muscle and ovaries

of this fish. In discussing these findings she states, "The most obvious

explanation is that the pigments of the salmon are derived directly

from its food. ... At first sight the suggestion has much to recom-

mend it. ... There are, however, some difficulties in the way of the

acceptance of this suggestion. In the first place, the salmon seems to

feed chiefly on haddock, herring, and similar fish, so that the transfer

of pigment can hardly be direct. The herring, however, feeds habitu-

ally on small Crustacea, so that it might be said that the pigments of

the salmon are obtained indirectly from herring which forms its food."

Miss Newbigin, however, was unable to find the red pigment in her-

ring, but did find a small amount of the yellow pigment in the viscera

and muscles. In support of the general proposition of animal lipo-

chromes being derived from the food Poulton's experiments are first

cited and then the fact that, "it is not uncommon to find the fat of

sheep (?)
x and cows dyed a deep yellow color. According to some

1 Question by author.
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authorities, this occurs quite sporadically without known cause, while

Mi-cording to others special foods, notably maize, are the important

agents." Miss Newbigin then states that she secured the lipochrome

color reactions with the maize pigment but not with the pigment from

yellow fat. "In other respects, in tint, in solubility, and so on, the

pigments closely resemble each other. This fact, taken in combination

with Mr. Poulton's experiments, seems to me at least to prove the

possibility of the transference of these pigments from one organism

to another, and therefore to suggest such an origin for the yellow pig-

ment of the salmon."

On further consideration Miss Newbigin concluded that the deriva-

tion of yellow pigment from the food could not be very general, other-

wise pigmented fat would be universally found in herbivorous animals,

which Miss Newbigin knew is not the case. Her explanation of the

phenomenon which she believed to be peculiar to caterpillars, salmon

and domesticated cattle was that they ingested more colored fat in

their food than they required with the result that, "fat colored with

the pigment in more or less modified condition is deposited in certain

of the tissues."

Miss Newbigin's views are quoted at some length because they not

only have a direct bearing on some of the experiments of Palmer and

Eckles, but they are the most definite of any of the earlier views on

the subject of a possible general origin of animal lipochromes from

plants. Although Miss Newbigin decided against any such general

relationship between plant and animal pigments the writer has found

several isolated observations which support the idea when viewed in

the light of our present knowledge. These may be mentioned briefly.

Schneider (1799) observed a great many years ago that the toad,

Bujo viridis, loses its green color on wintering in the earth. Von

Wittich (1854) noted that the frog, Rana esculenta, took on a grayish-

brown instead of its usual green color after long fasting and that this

was accompanied by a disappearance of the yellow cells in the tegu-

ment. The disappearance of the lipochromes from the skin of fasting

frogs was confirmed by Hering and Hoyer (1869), who also noted its

slow reappearance when the animals were given their usual food. Bate

and Westwood (1869) stated that the color of Idotea is influenced by
the food, in that animals which eat Fucus are dark or black, while

those which eat green algae are green. This statement, however, has

been denied by Mobius (1873) and Matzdorff (1883). Beddard

(1892) cited the observation of Eisig that certain marine worms be-
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come colored by the lipochromes of the sponge upon which they live

as a parasite. Dastre (1899) noticed that he could suppress a

chlorophyll-like pigment which occurs normally in the liver of mol-

luscs by withholding chlorophyll-containing food, and that the pig-

ment was also absent from the liver at the end of the hibernation

period. Villard (1903) and Przibram (1906, 1907, 1909) found that

leaf lice which are raised on etiolated plants in the dark are mostly

pale yellow. Schneider (1908) mentions that he found that the crab-

eating perch, Perca fluviatilis, takes on the characteristic red color of

the crab in various places on its body. He thought that the pigment,

which he speaks of as crustaceorubin, took the place of a red pigment

which normally colors the fish, but it seems more likely that the

normal red pigment of the fish is the carotinoid derived from its food.

A still more striking as well as very recent instance of biological

relationship affecting lipochromes is mentioned by Gerould (1921) in

connection with a blue-green mutation of the normally grass-green

caterpillar Colias (Euriinnix) Phiiadice, the blue mutant lacking

the normal lipochrome in its hemolymph, eye, cuticle, etc., and the

eggs of the butterfly from the blue mutant being pure white instead

of the usual yellow. The biological relationship involving the lipo-

chrome is between the caterpillar and the color of the cocoons spun

by the parasite Apanteles flaviconchce which emerges from it. These

cocoons are normally yellow from the normal, lipochrome containing

grass-green caterpillar, but were pure white from the blue-green

mutant which lacked lipochrome. According to Gerould, "Yellow

blood in silkworms is closely correlated with the spinning of yellow

silk, white blood with white silk. Ude (1919), however, has dis-

covered a strain of yellow stock that spins white silk, although their

silk glands are yellow."

All of the above citations support the idea of a relationship between

plant and animal pigments and even between pigments among animals,

which is more than a mere chemical relationship or identity. An

especially striking argument supporting the existence of a general

biological relation such as is suggested by these instances is furnished

by the fact, pointed out by Beddard (1892), that there is a uniform

absence of pigment from cave animals coincident with the absence of

chlorophyll from cave plants.

The number of scattered observations supporting this thesis is fairly

gratifying. Prior to the work of Palmer and Eckles (1914), however,

very few definite experiments were carried out which show the possi-
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bility of transferring carotinoid pigment from plants to animals, or

which were designed to determine whether any of the normal pigments

of animals arc merely derived from the food.

The earliest, as well as the most interesting experiment of this

kind, so far as carotinoids are concerned, was conducted by Sauermann

(1889) who studied the effect of feeding cayenne pepper to birds. He
became interested in the problem because of the custom in vogue at

that time of coloring the feathers of canary birds by feeding them red

pepper. It is stated in the paper that the canary bird dealers who

practiced this artificial coloring mixed the cayenne pepper with egg

yolk and bread and fed the mixture to the very young birds or to old

birds during the molting season, thereby coloring the new feathers

a yellow to red color. When Sauermann tried the experiment using

the red pods from which the pepper but not the pigment had been

extracted with 60 per cent alcohol, the pepper plants had scarcely any
effect on the color of the plumage. The same result followed the feed-

ing of the crude pigment which had been extracted with absolute

alcohol, but when this extract was dissolved in sunflower oil the re-

sults reported by the canary bird dealers were confirmed.

Especially interesting were Sauermann's experiments on feeding the

pepper pigment to fowls. In this case the cayenne pepper itself was

fed to 12 white Italian fowls, 8 weeks old, the young chickens being

fed 25 grams of the pepper night and morning mixed with moistened

bread and potatoes. The birds received corn and oats in addition. It

is stated that the feet of all the fowls became orange and that the

pepper pigment could be extracted from them by soaking them in

alcohol for a long time and then extracting with ether. No proof is

given for the fact that the pigment extracted in this manner was the

pepper pigment. Only two of the 12 fowls showed any effects of the

pepper feeding on the feathers. The pigment began to appear on the

breast of one hen in about 10 days and the other in about 3 weeks.

The first hen eventually developed a red breast and the rest of the

body became yellowish red, but the second hen only developed red

feathers on the breast, the rest of the body remaining white. Old hens

were not influenced in the least by pepper-feeding, even during the

molting season. If the pigment which appeared on the feathers of

the two young birds was the red pepper pigment, it is difficult to

understand why none of the other young birds were affected, or why
the old hens did not develop some tint in the new feathers formed

during the molt.
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Somewhat more convincing were Sauerraann's results on feeding the

red pepper to laying hens. By feeding a hen 5 grams of the pepper

each day the pigment appeared in the third egg laid after the beginning

of the pepper feeding, as a thin band of color at the periphery of the

yolk. By the time the sixth egg was laid the yolk was entirely pig-

mented. Two interesting properties were noticed in connection with

the yolks colored by the pepper pigment: (1) it was impossible to

hard-boil them, (2) ether would not extract all the color from the dried

yolks, because a part of the pigment was apparently bound tightly to

the protein.

These experiments have a bearing on the biological relationship be-

tween plant and animal carotinoids for two reasons. They not only

record the first authentic instance in which a plant carotinoid was

transferred to an animal under experimental conditions, but are also

the only experiments showing the possibility of lycopin occurring in

the animal body. It was shown in Chapter II that the evidence indi-

cates that the chief pigment in the ripe fruit of the pepper plant,

Capsicum annum, is the red carotin isomer, lycopin. Presumably this

was the chief pigment in the cayenne pepper which Sauermann fed to

his hens, and which appeared in the egg yolks and in the feathers in

two of the birds. The evidence, although circumstantial, is strongly

in favor of this deduction, and should be submitted to further verifi-

cation because the result presents the apparent anomaly that lycopin,

the isomer of carotin, can be transferred abundantly to the egg yolk
of the hen while carotin appears in the yolk only in traces even under

the most favorable conditions:

The next experiment was that of Poulton (1893), carried out to

verify his previous (1885) hypothesis that the colors of caterpillars

are due largely to plant pigments derived from the food. Newly
hatched larvae were placed on three diets: (1) yellow etiolated leaves

from the center of a heart of cabbage, (2) white mid-rib of cabbage

containing no pigment, and (3) deep green external leaves. All were

kept in the dark. The larva? raised on the green leaves and the

etiolated leaves grew normally, those on the etiolated leaves growing
far more rapidly than those on the green leaves. Both of these sets of

caterpillars developed the normal green and brown colors of the

species. The caterpillars on the colorless cabbage did very poorly and

only one was raised to adult size. This individual, however, remained

colorless throughout the experiment. Some of the group of caterpillars

on the colorless food were placed on the etiolated leaves after growing
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to a certain size, but these did not develop normal color. It is espe-

cially interesting that the larvae on the etiolated leaves, as well as

those on the green leaves, should have developed green color. Poulton

thought that this indicated that the pigment of the etiolated leaf is

closely related chemically to chlorophyll, but since the pigment of

the etiolated leaf is now generally regarded as consisting chiefly of

carotin, the explanation of the greening of the caterpillars must lie

in their failure to inhibit the development of chlorophyll from its pre-

cursors in the etiolated leaf. Poulton's experiments have been accepted

as having proved that caterpillars derive their green and yellow pig-

ments from their food. In fact, it is generally held at the present time

that all phytophagous insects derive their lipochromcs and chlorophyll-

like pigments from their food, and that the former, at least, are passed

on from the larvae to the adults.

Gamble (1910) attempted to determine whether the pigments which

develop in the hypodermis of the young crustacean Hippolyte varians,

is derived from the food. The newly-hatched larvae of this species are

colorless with the exception of lines of red pigment on the hypodermis.

When the adolescent larvae are placed among green or red seaweeds,

the entire hypodermis will turn green or red in 48 hours. Gamble

placed the colorless adolescent Crustacea in the inner chamber of

double-walled glass vessels, and put a mass of green or red or brown

alga9 in the outer chamber and fed the Crustacea various foods, such

as etiolated Laminaria, red crab meat, colorless crab ovaries, and red

crab ovaries. At the end of several days the Crustacea had in most

cases developed a color similar to their surroundings rather than like

that of their food. The conclusion, therefore, seems justified that the

red, green and brown colors in Hippolyte are not derived from the

food. No observation seems to have been made, however, on the

yellow pigment which occurs in the chromatophores of the fully de-

veloped Crustacea. Gamble states that true yellow pigment is absent

from the chromatophores of the newly hatched larvae.

In addition to the experiments of Sauermann, Poulton and Gamble,
there remains to be mentioned that of Dombrowsky (1904) who ob-

served that the milk of a goat was tinted by feeding it carrots, and

also that of Moro (1908) who noticed a tinting of the skin of children

fed bountifully on carrot soup. The actual transference of carotin

from the food to the tissues and secretions of man and the higher

animals is at least indicated, although not demonstrated, in these cases.

The writer's attention was attracted to a possible biological rela-
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tionship between plant and animal carotinoids in 1912 in order to

explain the quantitative variations in the pigmentation of butter fat

due to changes in the ration of the cow. A study of the chemical and

physical properties of the butter fat pigment had shown it to be iden-

tical with carotin, regardless of the extent of the pigmentation of the

butter fat from which the pigment was isolated. The more highly

tinted fats, however, showed the presence of small amounts of xantho-

phylls associated with the carotin when the total pigment was exam-

ined by means of the phase test or analyzed by means of a Tswett

chromatogram. When these facts were viewed in the light of the dis-

tribution and amount of carotinoid pigments in the usual dairy cattle

foods, and when numerous data on the variations in the color of butter

fat under known feeding conditions were interpreted with these facts in

mind the conclusion was inevitable' that the carotinoids of butter fat

are derived from the carotinoids of the food. This conviction was

strengthened further by a study of the character of the pigment of

the adipose tissue, skin secretions and especially the blood serum of

dairy cattle showing that the pigment in each case is chiefly carotin,

with which a small amount of xanthophyll is usually associated. The

preliminary statement of Willstiitter and Escher (1912), published

during the course of these studies, that the corpus luteum pigment of

the cow is also carotin (an observation which we were able to con-

firm), lent additional support to the theory of a biological relationship

between the lipochromes in cattle and the carotinoids of their ration.

The correctness of this theory was shown by varying the content

of carotinoids in the ration of the cow through the proper selection

of foods deficient in carotinoids or containing an abundance of these

pigments and observing the quantitative variations in the amount

of pigment in the blood serum and butter fat. These experiments were

supplemented by an examination of the character of the pigment in

the blood and butter. In addition two dairy cows of the Jersey breed,

whose adipose tissue is normally highly pigmented with carotin, were

fattened on rations respectively rich and poor in carotin after a pre-

liminary period of sixty days on straw alone. Some of the data

secured in the experiments designed to show the biological relation

between the carotin content of the blood serum and milk fat and that

of the ration are given in Table 14. Table 15 shows the effect on the

color of the adipose tissue in certain parts of the body of Jersey cattle

which results when partially starved animals are fattened on rations

deficient or rich in carotin.
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The experiments demonstrated conclusively that the carotin content

of the cow's tissues as well as that secreted in the milk fat is deter-

mined by the carotin content of the ration. One of the interesting

features of the experiments was the demonstration that this relation

is independent of the breed of the cow; just as striking changes in

the pigmentation of the milk fat, blood serum and adipose tissue were

brought about in the highly colored breeds as in those which are not

usually so highly pigmented. So far as the blood serum is concerned

the breed appears to have no bearing on the maximum carotin con-

tent, as the data in Table 14 show. This fact, together with a certain

lack of parallelism between the changes in the carotin content of the

blood and corresponding changes in the carotin content of the milk

fat indicates that the breed differences involving the color of the milk

fat and adipose tissue are determined at the site of the synthesis of

the milk fat and adipose tissue. It is not at all improbable that the

carotin-albumin complex which carries the carotin in the blood serum

plays a prominent part in controlling these differences.

A surprising feature of the experiments was the failure of a

xanthophyll-rich cattle food, such as yellow maize, to exert any appre-
ciable influence on the color of butter fat. This is brought out clearly

in Table 14. In the experiment reported in that table the ration con-

tained 6 pounds of yellow maize daily. In other experiments re-

ported by Palmer and Eckles (1914a) as much as 12 pounds of yellow
maize was fed without effect. These results are contrary to popular

opinion (compare Newbigin, quoted above), but are unquestionably

explained by the fact that carotin is only a minor fraction of the

pigment of yellow maize, the major pigment being xanthophyll, which

appears to play very little part in coloring the tissues or fluids of

dairy cattle.

A word should perhaps be said regarding the experiment whose
results are summarized in Table 15. It is obvious on inspecting these

data that only certain parts of the body were affected. This is ex-

plained by the fact that the preliminary starvation period of the

animals failed to remove appreciable amounts of fats from the out-

side of the body or from around some of the vital organs. It seems

evident that the mesentery and related fats were drawn upon chiefly

during the period of partial starvation because it was the fat deposited
in these parts during the fattening period that was affected by the

carotinoid-deficient ration.

Palmer (1915) carried out similar .experiments with fowls. The
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results not only confirmed the findings of Willstatter and Escher

(1912) as to the xanthophyll character of the major pigment of egg

yolk, but demonstrated as well that the same pigment is found in the

blood serum and adipose tissue. The results of the earlier studies on

the origin of the carotin in cattle naturally suggested that the xantho-

phyll in the tissues of the fowl and in the yolks of its egg is similarly

derived from the xanthophyll of the food. This was demonstrated to

be the case in carefully controlled feeding experiments in which a

xanthophyll-rich ration (containing an abundance of yellow maize),

a carotin-rich ration (containing an abundance of carrots) and a

carotinoid-poor ration were fed to laying hens. The yolks of the

eggs increased materially in color on the xanthophyll-rich ration, and

the blood serum was also rich in pigment, but there was a marked
decline in the color of the egg yolks from the hens on the carotin-

rich and carotinoid-poor rations which was practically parallel and

which was accompanied by almost carotinoid-free blood serum. The

experiments showed very clearly, however, that there is not an abso-

lute exclusion of carotin by the hen; the egg yolks, adipose tissue and

blood scrum always contained a small proportion of the total pigment
in the form of carotin, which was clearly somewhat greater in the yolks
of the eggs from the carrot-fed hens.

These experiments on the biological relation of the carotinoids of

fowls to the carotinoids of the food found complete confirmation in

the experiments of Palmer and Kempster (1919 a, b, c) in which a

flock of White Leghorn fowls was raised to maturity from the time of

hatching on rations so devoid of carotinoids that the mature birds

showed only the merest traces of pigment in adipose tissue and no
demonstrable amounts in the blood serum or skin and none in the

yolks of the eggs laid by the mature hens. Xanthophyll-rich feeds

brought about a rapid coloration in all parts of the body and in the

egg yolks (except in the case of laying hens when the egg yolks only
were colored) while carotin, fed in the form of highly colored

(colostrum) butter fat had practically no effect on the color of the

bird's tissues.

It was found in connection with the writer's (1914e) milk fat

studies that the pigment of human milk fat consists of both carotin

and xanthophyll. By analogy with the cattle experiments it was con-
cluded that the lipochromes in the human body are likewise derived
from the carotinoids of the diet. Hess and Myers (1919) later demon-
strated this to be the case in experiments in which it was shown that
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the skin of infants can be colored with carotinoids by feeding diets

rich in carotin or xanthophyll, and that this was accompanied by an

increased lipochrome content of the blood serum. The latter was

identified as carotin in the case of carrot feeding. Hess and Myers
state that the skin pigmentation resulted in infants "when the dietary

included two oranges a day, or the yolk of one egg in the milk formula

for a period of two months, or two ounces of spinach daily for a

month," as well as when the equivalent of two tablespoonfuls of fresh

carrots was fed each day for a period of four to six weeks. An in-

crease in the carotin content of the blood serum was also noted fol-

lowing a subcutaneous injection of carotin (from carrots) dissolved in

olive oil, and the pigment also appeared in the urine. The latter phe-

nomenon was noted also when a concentrated carotin solution in olive

oil was given to an infant by mouth.

The general fact that man and the higher mammals and the fowls

derive the chromolipoids of their tissues and secretions from the caro-

tinoids of their food is now well established. Van den Bergh,
5 Muller

and Broekmeyer (1920), especially, have contributed much valuable

data on the variations in the carotinoids in the human body under

normal and diseased conditions, as well as contributing observations

on the character and extent of the carotinoid pigmentation in various

species of animals. The numerous reports of the skin coloration's of

diabetics, known as Xanthosis, Carotinemia, Lipochromemia, etc.,

which were cited briefly in Chapter IV, also support and confirm the

biological relationship between plant and animal carotinoids, at least

for the higher animals. Since this has already been demonstrated

to be the case for the phytophagous insects there seems to be no valid

reason for rejecting the general thesis that all animal lipochromes

are derived from the carotinoids of the food. This conclusion must

be accepted for the herbivorous animals of all species, both vertebrates

and invertebrates, in which lipochromes are found. When one con-

siders that those animals which prey solely on lower forms of animal

life usually, if not always, select their food among species which are

herbivorous, then the possibility becomes practicable, if not demon-

1 In this paper van den Bergh lays claim to an unpublished study carried out by him
in 1913 in which he showed that the lipochrome content of the blood serum of men,
fowls and cattle, as well as the milk of the latter varies with the lipochrome content

of their food. In his splendid paper with Snapper (see van den Bergh and Snapper
[1913]) on the lipochrome of the blood serum of man, horses and cattle, he shows
unmistakably, however, that he regarded the pigment as originating in the body,

although he does raise the question as to the origin of the high pigmentation which he
observed in the case of diabetics.
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stratcd, that there is a universal dependence on the diet for the lipo-

c'hroine carotinoids of animal tissues. One cannot, in fact, account in

any other way for the brilliant carotinoid colorations among certain

birds, fish and other lower vertebrates.

It must not be forgotten, however, that not all animal lipochromes
in the broad sense have been definitely identified as carotinoids.

There is at least one (possibly more) red lipochrome widely distributed

among animals, as shown in Chapter IV, which does not seem to have

an analogue among the plant carotinoids, although it seems to be

closely related to them. Such a pigment occurs in the feathers of

certain birds, in the salmon muscle, in the hypoderm of Crustacea and

elsewhere. Is it a plant carotinoid which has not yet been identified,

or is it a modified plant carotinoid? Either of these possibilities is

more rational than the possibility that it is actually synthesized by
the animals in which it occurs. The red pigment on the legs of the

pigeons is probably such a pigment. It is absent from the legs of the

young pigeons. In the color of its solutions this pigment strongly

resembles lycopin. The writer observed recently that the pigment
is strongly epiphasic between petroleum ether and 90 per cent methyl

alcohol, but its solutions show no clear absorption spectra. These

tests indicate a modified carotin, and yet there is little if any carotin

in the blood serum of the pigeon, the great bulk of the pigment being

xanthophyll as in the case of the fowl. The problem of modified caro-

tinoids in animal tissues is therefore an important phase of the general

hypothesis which must not be overlooked.

There is still another phase of animal pigmentation from the caro-

tinoid standpoint which deserves consideration, namely, that caroti-

noid pigmentation is not universal, even among herbivorous animals.

The writer (1916) first called attention to some variations of this

kind among mammals, showing that practically no carotinoids occur

in sheep and goats and none in swine. Palmer and Kennedy (1921)

showed that there are none of these pigments in the albino rat. Ro-

dents in general, however, do not lack carotinoids, for one finds small

amounts in the guinea pig, as shown by van den Bergh, Muller and

Broekmeyer (1920). The rabbit is practically, if not entirely devoid

of carotinoids, although entirely herbivorous. The same seems to be

true of the dog, which is carnivorous, at least by preference. Cats,

however, contain traces, as shown by van den Bergh and associates

(1920). The general observation that some animals lack lipochromes
is not new, for Miss Newbigin used it as an argument against the
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hypothesis that the lipochromes are derived pigments, as shown in

the quotation given above from her (1898) paper on salmon pigments.

The fact is none the less puzzling, however, and offers a very attrac-

tive problem for research. There is evidently a physiological factor

involved which is characteristic of the species and thus transmitted.

Is it an enzyme, possibly an oxidase, in the digestive tract, blood

stream or a vital organ, as Gerould (1921) believes to be the case

for the carotinoid-free mutant which he has discovered from a nor-

mally carotinoid-containing caterpillar? If the carotinoid-free species

of animals possess a more highly developed means of oxidizing the

carotinoids introduced in their food it should be possible to determine

this fact. If the site of this destruction is in the digestive tract the

faces of these animals should be devoid of the pigments when the ani-

mals are on carotinoid-rich diets. These ideas merely give a hint of

the modes of attacking this problem which suggest themselves to the

physiological chemist.

An even more fascinating problem is offered by the fact that the

cow and the horse resorb the carotin of their rations to the relative

exclusion of the xanthophylls although the latter are the more

abundant in their food, whereas the fowl resorbs xanthophylls to the

relative exclusion of carotin. The failure of cows to respond to the

feeding of xanthophyll and the inability of the hen to transmit appre-

ciable amounts of carotin into the egg yolk shows that these results

are not to be explained on the grounds that these two species of ani-

mals have the power to convert one carotinoid into the other. Palmer

and Eckles (1914d) published the results (3f an attempt to determine

whether there is a greater destruction of xanthophyll than carotin

along the digestive tract of the cow and whether there is any differ-

ence between the action of the natural and artificial digestive fluids on

these two classes of carotinoids. In general, the results throw very

little light on the fate of the carotinoids during digestion although

carotin appeared to show a greater stability; the most significant

result secured was that bile dissolves amorphous xanthophyll deposits

very readily, while carotin residues are taken up very slowly. This

may indicate that the xanthophylls are transported to the liver and

there become oxidized while carotin, which forms a complex with a

blood protein, escapes this fate. Confirmation of the low solubility of

carotin in bile is seen in the finding of Fischer and Rose (1913) that

the gall stones of cows contain crystallizable carotin.

No similar studies have ever been undertaken with fowls. The
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determination of the relative solubility of their bile on carotin and

xanthophylls might lead to suggestive results. No fact has as yet

come to light, however, which offers any reasonable basis upon which

one can construct an explanation of the rather astonishing divergence

between this species and the mammals with respect to the class of

carotinoids winch predominate in the chromolipoids which color the

body tissues.

Summary

The demonstration of the possibility of a general biological rela-

tionship between animal chromolipoids and plant carotinoids is a

recent achievement. Such a relationship was suggested by earlier

workers in isolated cases, but even the chemical identification of cer-

tain of the animal lipochromes with plant carotinoids did not suggest

to Willstatter and his pupil Escher their possible origin from plant

pigments.

Of the earlier investigators Krukenberg and Zopf saw no evidence

of such a biological relationship. Miss Newbigin concluded that such

a relation existed in specific cases but was not general. Poulton, how-

ever, decided that for caterpillars the yellow pigment is derived from

"xanthophyll" and the green from chlorophyll.

In addition to Poulton's work, the earlier experiments demonstrating

that plant carotinoids can be transferred to animal tissues included

Saucrmann's (1889) coloring of the feathers of canary birds and fowls,

and the egg yolks of the latter, with red pepper pigment. The experi-

ments should be repeated, however, because the results present the

apparent anomaly that lycopin (which is apparently the red pepper

pigment), the isomer of carotin, is assimilated by the fowl while

carotin is absorbed only in traces under the most favorable conditions.

Since these earlier studies Palmer (1914, 1915, 1919) has demon-

strated that the carotin of the butter fat, adipose tissue, blood serum,

skin secretions, etc., of cattle is biologically derived from the food;

that a similar relationship exists between the xanthophyll of egg yolk
and fowl tissues and plant xanthophyll; that while there is not an

absolute exclusion of xanthophyll by the cow or carotin by the hen,

the occurrence of a predominating type of carotinoid in each of the

two species is not due to the power of the animals to convert one

type of pigment into the other; and that the pigments of human milk

fat (and presumably of human tissues in general) may contain either

carotin or xanthophylls or both.
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These results have been confirmed by subsequent investigations by
others and support the thesis that all animal chromolipoids are derived

from the carotinoids of the food, and, either unchanged or slightly

modified, are the cause of the yellow to red chromolipoid colors of all

species of animals.

Carotinoid pigmentation of animal tissues is not, however, universal,

even among animals whose diet is normally rich in these pigments, as

shown by Palmer (1916). This fact offers a very attractive prob-

lem for research. Several methods are suggested for attacking it.



Chapter VIII

Methods of Isolation of Carotinoids

The isolation of the various carotinoid pigments is attended with

certain difficulties, which are chiefly mechanical, even if one desires

to secure only a few grams of pure crystals. The pigments are all

quite intense * so that one is readily deceived by the color as to the

actual amount of pigment which is present. This fact makes it neces-

sary to carry out the operations involved on a rather generous scale,

in order that the yields may justify the effort. The difficulties from

a chemical point of view are due primarily to the great ease of oxida-

tion of the pigments and secondarily to the presence of colorless lipoid

impurities which unavoidably contaminate the crude products because

of the necessity of using the lipoid solvents for the extraction process.

The great ease of oxidation of the carotinoids requires the employ-

ment of vacuum in carrying out all concentrations and the use of

inert gases, if possible, during crystallization processes. The removal

of lipoid impurities naturally depends somewhat on the nature of

the contaminating substances. Where relatively large amounts of

glycerides are involved it is necessary to resort to saponification and

subsequent extraction of the unsaponified pigment. As far as carotin

is concerned, or its isomer lycopin, this can be done without injury to

the pigment. There may be some question whether or not certain of

the xanthophylls are altered slightly by this process. For the caro-

tinoid fucoxanthin, however, saponification should certainly be avoided

as it is known to form a compound with alkalis under certain con-

ditions. The sterols are removed by washing the crystals with cold

solvents, depending upon the carotinoid involved. For carotin, cold

alcohol (absolute or 98 per cent) is best, and for xanthophyll cold

petroleum ether (b. p. 40-60 C.). Recrystallization must of neces-

sity be resorted to for the final purifications. The details of the

operations are mentioned below.

'According to Arnaud (1887) carotin is still visible in carbon disulfldc in 1 part per

million of solvent.

199
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Isolation oj Carotin

Carrots. The carrot root naturally suggests itself as the most

available source of the pigment carotin. Several methods have been

proposed by various investigators, each of which may be indicated

briefly.

The method of Arnaud (1886) was to submit the fresh grated car-

rots to heavy pressure and add an excess of neutral lead acetate to

the juice. The precipitate was filtered off, dried in vacuum and added

to the pressed carrot pulp, which had also been dried. The combined

material was then washed with carbon disulfide at a low temperature.

Crude carotin crystallized out of this extract on concentrating it to a

low volume and allowing it to stand, if sufficient material had been

used. Arnaud obtained three grams from 100 kgs. of carrots by this

method. He states that most of the impurities could be washed away
from the crude crystalline material by cold petroleum ether. 2 Final

purification was secured in Arnaud's work by dissolving the crystals

in the least possible amount of carbon disulfide and then adding a

large excess of absolute alcohol, in which carotin is practically in-

soluble. This was followed by a spontaneous crystallization from

cold pertoleum ether, a final washing with cold absolute alcohol, and

drying in vacuum.

Kohl's (1902e) method for isolating carotin from carrots offers

certain advantages over that of Arnaud, particularly because smaller

quantities of extraction solvent are required. The carrots are sliced

and then boiled and pressed. The writer has noticed that there is

practically no loss of pigment in either the water in which the carrots

are boiled or in the press juice, inasmuch as the heat coagulation of

the proteins seems to fix the carotin in the tissues. Kohl washed the

first press cake with cold alcohol, pressed it again, ground it and

allowed it to dry in the air. A bright orange-red powder resulted

if well colored carrots were chosen. Kohl extracted this powder with

ether in an extractor of the continuous type until all the pigment was

extracted. The ether was removed by evaporation, and saponification

carried out in the extraction flask by boiling for an hour with alcoholic

potash. The evaporation of the alcohol was carried out in the same

flask in a current of CO 2 ,
and the dried soap extracted with chloro-

2 It is almost necessary to use a fat solvent in this case because of tbe high content

of oil in the carrot root. It is to be expected, also, that some pigment will be lost in

carrying out the operation.
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form. The carotin was precipitated from the chlorntnnn by an excess

of absolute alcohol and purified by recrystallization i'roni petroleum

ether. Kohl found that a very good yield of crystals could be secured

by omitting the saponification process and merely allowing the con-

centrated ether extract to evaporate spontaneously. The crystals

secured in this manner could be purified further by washing with cold

ether followed by cold absolute alcohol.

On forming a concentrated chloroform solution of this residue and

adding three volumes of absolute alcohol, the impurities which pre-

cipitated immediately could be removed by a quick filtration. On

allowing the solution to stand for about 24 hours, pure carotin crystal-

lized out. Kohl does not tell what yields he secured by this method,

but he assures us that the product was of a high degree of purity.

A method somewhat similar to that of Kohl was followed by Euler

and Nordenson (1908). Fresh carrots in 25 kg. lots were boiled in

water for several hours and then pressed. The press cake was ground

with sand and dried in thin layers at 50 C., which took about a day.

The dried residue was extracted twice with carbon disulfide at 20 C.,

presumably by agitating with the solvent. The volume of solvent

used was not stated. The carbon disulfide was pressed out of the

dried carrot pulp and the solvent distilled off of the filtrate, at the

last with the addition of much ether. The carrot pulp was now treated

with 8 liters of alcohol for several hours, which became deep red with

extracted pigment. By diluting with much water and shaking with

ether the pigment was transferred to the latter solvent. The two

ether solutions of pigment were treated alike. They were first evapo-

rated to dryness and then taken up in a little petroleum ether and

three volumes of alcohol added. The precipitated phosphatides were

filtered off and the filtrates evaporated to dryness. The combined

yields of crude pigment amounted to 26 grams.

The most satisfactory yields of pure pigment were reported by
Escher (1909) who obtained 125 grams from 472 kgs. of dried (5,000

kgs. fresh) carrots. The complete details of the method used have

not been accessible to the writer. In general, however, Escher dried

the carrots without previous cooking, using a low heat. The dried

pulp was ground to a powder and the pigment completely extracted

by petroleum ether in a continuous extractor. This extract was con-

centrated to a low volume under diminished pressure at 40 C. On

standing, the carotin crystallized out together with a large amount of

colorless impurities. Purification was carried out by fractional pre-
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cipitation from carbon disulfide solution with absolute alcohol. In

this process the colorless impurities precipitate first and then the pure

carotin. By repeating the fractional precipitation pure carotin was

finally obtained.

Green leaves. Arnaud (1885) was one of the first to show that

crystals of carotin may be secured by a gentle and rapid petroleum
ether extraction of vacuum dried, powdered leaves, e.g., spinach, fol-

lowed by spontaneous evaporation of the concentrated extract.

Arnaud found that the waxy substances^could be washed away with

a little cold ether and the pigment recrystallized from petroleum
ether. The interesting feature of this method is the fact that quick

extraction of the perfectly dry powdered leaves removes practically

no green pigment, and also no appreciable amount of xanthophylls.

Willstiitter and Mieg (1907) applied the method of Arnaud to the

leaves of the stinging nettle, Urtica dioica, in order to isolate carotin

on a large scale. The nettle leaves are not so good a source of pig-

ment, however, as spinach, according to these investigators, but their

low yield of carotin may have been due to the fact that the leaves

were harvested in July when their carotin content, according to Arnaud

(1889), is quite low. The details of the operation should be useful

for the isolation of carotin from any green, leafy material containing

a relatively large quantity of the pigment. One hundred kgs. of pow-
dered nettle leaves (moisture 7.7 per cent) were allowed to stand in con-

tact with 120 liters of cold petroleum ether (b. p. 40-70 C.) in glass

flasks for two days. The petroleum ether was filtered off on a Biichner

funnel and the residue on the filter washed with 60 liters of petroleum

ether. It is stated that no xanthophyll was present in the greenish

yellow extract. The small amount of chlorophyll present was removed

first. This was done by shaking the extract gently with a little con-

centrated alcoholic potash, being careful to avoid an emulsion. The

alkali was removed by washing with water, but here again care had

to be taken to shake the mixtures very gently because the petroleum

ether solution still contained considerable fat-like material. In the

writer's experience these processes of removing the chlorophyll and

washing out the alkali are likely to be somewhat tedious. When they

are completed one can proceed to the evaporation of the extracts,

which must be carried out in vacuum. In Willstatter and Mieg's ex-

periments the 200 liters of petroleum ether were evaporated to about

three liters before setting aside for the carotin to crystallize out. It
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is stated that when the petroleum ether had evaporated the carotin

was found as glistening crystals embedded in a dark, waxy mass.

The removal of the waxy impurities and the final purification are

carried out as follows. The mixture of wax and pigment is carefully

shaken with three liters of the lowest boiling petroleum ether (pre-

sumably that boiling under 50 C.) which removes the bulk of the

wax. The solution is filtered, leaving the carotin on the filter but

still somewhat contaminated with phytosterol and other colorless sub-

stances. According to Willstatter and Mieg the carotin lost in the

filtrate can be recovered through precipitation by alcohol, but the

details of this recovery are not given. The final purification is car-

ried out as in the case of the isolation of carotin from carrots, namely,

by dissolving in a small amount of carbon disulfidc, in which a part

of the colorless substances do not readily dissolve, and then by adding

absolute alcohol cautiously to secure the fractional precipitation of

the other impurities from the carotin. The colorless substances come

down first and can be quickly filtered off. Then the carotin precipi-

tates as sparkling crystals. At this point the yield was a little over 3

grams of crystals in Willstatter and Mieg's work. This is mentioned

because it gives a good idea of the scale- on which it is apparently

necessary to operate in order to secure even small quantities of rela-

tively pure pigment. With the facilities available in most laboratories

10 kgs. of dried, highly pigmented leaves would be somewhat burden-

some to carry through rapidly enough to avoid loss of pigment by
oxidation. The yield of relatively pure pigment by this method would

not be over 0.5 grams at the most, using highly pigmented spinach

leaves as the source of material.

The final purification of carotin is carried out in the usual manner,

namely, by repeated precipitations from carbon disulfide by absolute

alcohol and a final crystallization from the lowest boiling petroleum
ether. The final yield of perfectly pure pigment would naturally be

somewhat less than the figures mentioned above.

The most tedious features of this process are the removal of the

small amount of extracted chlorophyll from the dried leaves, and the

final purification of the crude carotin. It is not likely that the frac-

tional precipitations and recrystallizations can well be avoided. It

seems feasible, however, to substitute a more direct method for remov-

ing the chlorophyll. Tswctt (19001)) has shown that if a petroleum
ether solution of chlorophyll and carotin is shaken with an excess of

dry, finely divided CaCO,, inulin or sucrose, the chlorophyll is com-
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pletely adsorbed, leaving the carotin in solution. Any carotin held

mechanically by the adsorbing material can be washed out with

petroleum ether without removing the adsorbed chlorophyll. It would

seem entirely practicable to apply these facts to the isolation of crys-

talline carotin from leaves. The removal of the chlorophyll could be

postponed until the bulk of the petroleum ether was distilled off and

before the final concentration and crystallization of the pigment.

According to the laws of adsorption it may be expected that the ad-

sorbing material will also remove a certain amount of some of the

other impurities. In applying this method care must be taken to

choose only the most finely divided adsorbing agent.

The problem of securing pigment solutions from fresh or dried plant

tissues merely for macroscopic examination is much less compli-

cated. Fresh tissues should first be macerated. Tswett recom-

mends the use of a little CaCO
:!

or MgO in connection with the

maceration to neutralize the acids in the plant sap. In order to

choose the proper solvent it is well to have in mind certain rules

laid down by Tswett (1906b) for the action of the various solvents

upon the carotinoid and chlorophyll pigments in plants. According
to Tswett the solvents commonly used are divided into three groups

according to their relations toward the leaf pigments.
1. Alcohol (methyl, ethyl, amyl), acetone, acetaldehyde, ether,

chloroform. These solvents acting on fresh (macerated) or dried

leaves dissolve out all the pigments equally and completely.
2. Petroleum ether and petroleum benzine (low or high b. p". petro-

leum ether). Fresh leaves (macerated) give more or less yellow
extracts when treated with these solvents. The chief pigment is carotin

but traces of other pigments are also extracted. Leaves dried at

low temperature likewise give up their carotin to these solvents, and
in somewhat purer condition. Plant tissues which have been cooked,
or only warmed to a moderately high temperature, however, give

green extracts when macerated with these solvents.

3. Benzene, xylene, toluene and carbon disulfide. These solvents

act intermediately between the first and second groups. For the

extraction of all the chlorophyll and carotinoid pigments Tswett recom-
mends petroleum ether containing 10 per cent absolute alcohol for

fresh leaves and petroleum ether containing 1 per cent alcohol for

dry leaves.

Animal fat. It is manifestly impossible to secure carotin in appre-
ciable quantities from animal fat, like butter fat, or from the highly
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pigmentcd adipose tissue which one finds in certain breeds of dairy

cuttle. At the most butter fat contains little more than 0.005 per

cent carotin, and in many cases considerably less than this amount.

Ten to 20 kgs. of fat would therefore be required to secure 0.5 grams

of pigment, assuming that all of it could be recovered. The problem

is rendered still more difficult by the fact that the fat must be com-

pletely saponified before the pigment can be extracted; and, if it is

necessary to use a procedure in connection with the saponification

and extraction of pigment from large quantities of fat such as has

been found practicable for small quantities, the volumes of soap

solution and ether required for the operation would soon reach a

magnitude all out of proportion to the facilities of the best appointed

laboratories. To be specific, at least 120 liters of ether would be

necessary to secure the carotin from 10,000 grams of fat, and inas-

much as the yield could not be over a few tenths of a gram of crystal-

line product the mechanical difficulties involved would not justify

the attempt.

It is readily possible, howr

ever, to obtain sufficient carotin from

animal fat for a macroscopic study of the chemical and physical

properties of the pigment. Twenty to thirty grams of well colored

butter fat or rendered adipose tissue fat are ample for such a study.

The butter fat must not be artificially colored, the pure rendered

butter fat from Jersey or Guernsey cows on a fresh pasture-grass

diet being best suited for the experiment. The fat must first be

saponified; and, in this connection, an important precaution must

be taken, namely, to avoid the use of alcohol which has not been

completely purified from aldehydes which produce yellow to red col-

ored resins with alkali. 3 The resins thus formed follow the caro-

tinoids in their isolation and interfere greatly with the study of the

properties of the pigments.

For the saponification of the fat, 2 cc. of colorless 20 per cent

alcoholic potash is added for each gram of fat and the mixture al-

lowed to boil for about one hour under a reflux condenser. The
8 Ethyl alcohol is especially likely to contain such impurities. It can be purified best

by treatment with silver nitrate, in which about 2.0 grains of crystals are added to 4

liters of alcohol and allowed to stand, with shaking, for several days. 200 g. unslaked
lime are now added to precipitate the AgO, neutralize the acids and remove any excess
water. The lime can now be filtered off and the filtrate distilled. Usually one such
treatment will prepare an excellent 98 per cent alcohol which will show no coloration
on boiling in the presence of 20 per cent KOII. Should a color develop under these
conditions the purification must l>e repeated.

Methyl alcohol can also be used for the saponification of the fat, but it, also, must
show no coloration when a 20 per cent KOII solution of the alcohol is boiled.
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resulting soap is dissolved in three volumes of distilled water. After

cooling, this solution is shaken with an equal volume of pure ether

in a separatory funnel. The extraction is repeated with a fresh

volume of ether equal to one-half the volume of soap solution. The

soap should now be colorless.4 The combined ether extracts are

now washed many times with an excess of water, carefully at first

to avoid emulsions, and more vigorously with subsequent washings.

When the wash water no longer reacts alkaline to phenolphthalein,

the ether solution is dried by shaking with neutral, fused CaCl 2 or

anhydrous Na 2S0 4 for a few hours, decanted or filtered from the

inorganic drying agents and evaporated to dryness in a dry vacuum.

Little or no heat need be applied because of the rapid volatilization of

ether under diminished pressure. The residue consists of pigment
mixed with large quantities of cholesterol and traces of other unsaponi-
fiable matter. According to Steenbock (1921a) and others, the fat-

soluble vitamine in butter fat is present in this fraction. The choles-

terol can be removed by the digitonin method of Windaus (1909),

by dissolving the residue in warm 95 per cent alcohol and adding
an excess of a hot one per cent solution of digitonin in 90 per cent

alcohol. This procedure is not necessary, however, for the study of

the chemical and physical properties of the pigment.

The examination of pigment isolated from animal fat in the above

manner must be made at once unless facilities are available for keep-

ing the pigment in an atmosphere of inert gas. Kohl (1902b) states

that crystalline carotin can be protected completely from oxidation,

even in the sunlight, if placed under glycerin. The writer has never

tried this method for crude preparations of pigment from animal

tissues, so is unable to vouch for its usefulness for pigments prepared

by the method just given.

Blood serum. The blood serum of man and certain animals may
be relatively rich in carotin, giving it a golden yellow color. While

this material can not be expected to serve as a suitable source of

pigment in large quantities the pigment can be isolated in sufficient

amounts for chemical examination without great difficulty. Serum
or plasma free from erythrocytes must first be obtained. This may
be done either by allowing the blood to clot and permitting the serum

* Many of the early workers who saponified their plant or animal extracts evaporated
the alcohol and extracted the dried soaps with the solvents, or carried out the extrac-

tions with soaps which had been salted out of aqueous solution with NaCl. In the

writer's experience these procedures are not advantageous when working with pure
animal fats which contain carotinoids.
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to separate when the clot contracts, or by defibrinating the freshly

drawn blood by whipping it vigorously, filtering off the fibrin and

ci'titrifuging the erythrocytcs from the defibrinatcd plasma, or merely

by drawing the blood into sufficient saturated potassium oxalate or

sodium citrate solution to prevent clotting and throwing down the

erythrocytes from the oxalated or citrated blood with the centrifuge.

Each of the three preparations, namely, serum, defibrinated plasma
or oxalated (or citrated) plasma serve equally well for the isolation

of the serum carotinoids.

In most cases carotin, when present in blood, appears to be in

some sort of physico-chemical combination with a fraction of the

albumin in colloidal solution in the blood. Whatever the expla-

nation of the state of the pigment in the blood may be in these

cases, the fact remains that when this occurs the direct extraction

of the pigment with ether, petroleum ether, chloroform, carbon disul-

fide or any of the usual carotin solvents is impossible. However, if

the serum is first treated with an equal volume of alcohol, the

carotin can be readily extracted by shaking with the solvents men-

tioned. Based on this fact the writer devised the following method

for extracting the carotin from blood serum: Clear serum or plasma
is mixed with an excess of plaster of Paris, using about 40 grams
of the CaS04 for each 10 cc. of serum. The damp powder is trans-

ferred to a flask, alcohol added equal to the volume of serum and

thoroughly mixed with the plaster of Paris mass. An equal volume

of low boiling petroleum ether is now added and vigorously shaken

with the mass. On standing, the petroleum ether rises to the surface,

giving an almost quantitative extraction of the carotin. The extract

can be readily poured off and the extraction repeated with fresh

petroleum ether in order to insure a complete extraction.

Reference has already been made to the manner in which blood

carries the carotin. Until recently the writer held the view that

carotin is always present in some sort of combination with an albumin

fraction in the serum. So far as his experience with the blood of

cattle and horses is concerned this view still holds. However, he has

recently examined the blood of several diabetics on vegetarian diets

containing much green food in which this carotin-albumin com-

bination did not appear to exist. At least the pigment, which proved
to be carotin, or at any rate to have the relative solubility and other

chemical properties of carotin, and not xanthophyll, was readily and

completely extracted from the serum merely by vigorous shaking with
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fresh portions of pure ether. Even in these cases extraction of the

pigment could be facilitated by diluting the serum with two volumes

of water and adding an equal volume of methyl alcohol before shaking
with ether.

In the writer's experience with cattle and horse serum the evidence

for a carotin-albumin combination of some kind rests upon a number

of easily demonstrated facts, among which are the following. The
fat solvents will extract little if any pigment from serum even after

great dilution with water. When the globulins and albumins in the

serum are fractionally precipitated by increasing concentrations of

ammonium sulfate, the carotin follows the albumin fractions. In

fact it is possible to roughly isolate an albumin which carries the

carotin in firm combination, which, like the serum itself, will not

give up its pigment to the fat solvents until first treated with alco-

hol, indeed unless alcohol is present. The lead, silver and mercury
salts of the protein act in the same manner. After coagulation with

alcohol and drying it was found, in one test at least, that alcohol had

to be added before petroleum other would extract the pigment from

the protein. This albumin, moreover, seems to have a more or less

definite heat-coagulation point of 86 C., when in half-saturated am-

monium sulfate solution. This property can therefore be used for

the isolation of the pigment-carrying protein.

The isolation of the carotin-albumin complex can be carried out

as follows: The serum is first freed from globulins by adding an

equal volume of saturated ammonium sulfate solution. These are

filtered off on a Biichncr funnel, using suction, and thoroughly washed

with half saturated ammonium sulfate solution. The combined filtrate

and washings are then carefully heated to a temperature of 79 C.,

at which temperature the bulk of the albumins are coagulated.

Some carotin is lost in this coagulum, but with serum rich in carotin

the filtrate from these proteins will have a golden yellow color. The
carotin-albumin fraction is secured from this filtrate either by salting

it out by any of the albumin precipitants (complete saturation with

ammonium sulfate is best) or by heating to 86 C. In either case

the precipitate will have a deep yellow color and the amount ob-

tained will be very small in comparison with the proteins which

have been precipitated as globulins and albumins in the preliminary

operations. The protein can be redissolved after salting out, and the

aqueous solution thus obtained exhibits all the properties of blood

serum so far as its relations to fat solvents and the extraction of
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the pigment arc concerned. The writer has long been impressed with

the possibility of throwing light upon the formation of milk fat

through a study of this interesting complex in the blood of cattle,

inasmuch as it is unquestionably the source from which the milk

fat derives its natural pigment. The failure of the fat solvents to

remove the pigment from this protein complex by direct extraction

indicates that the pigment becomes a part of the milk fat through

a process much more deep-seated than a mere solvent action. It

seems very probable, therefore, that this caroto-albumin plays some

important part in the process of fat synthesis in the mammary gland
of the cow.

Isolation o/ Xanthophylls

Green leaves. It was clearly shown in Chapter II that a group of

xanthophyll pigments accompany chlorophyll and carotin in green

leaves. It is not known, however, whether the crystalline xanthophyll
which can be isolated from the green leaves of plants is a mixture

of the xanthophyll isomers or consists of the major xanthophyll

constituent, the xanthophyll a of Tswett. The evidence on both sides

of the question was presented in Chapter II.

Willstatter and Mieg (1907) were the first to isolate crystalline

xanthophyll in quantity. Their method was as follows. Air-dried,

powdered nettle leaves were extracted with cold 95 per cent alcohol,

which extracted the chlorophylls and xanthophylis, but very little

of the carotin. The extract was treated in the cold with KOH, con-

verting the chlorophylls into chlorophyllins, which precipitated in

part directly from the alcoholic solution and partly on addition of

much ether. The alkaline alcoholic-ether solution was shaken with

successive portions of fresh water until all the green color was re-

moved from the ether layer. The combined ether solutions obtained

in this way from 100 kgs. of dried nettle leaves were concentrated to

a volume of 6 liters and after more washing with alcoholic potash and
water and drying with anhydrous sodium sulfate, were mixed with

two volumes of petroleum ether. This precipitated the xanthophyll
and a considerable amount of colorless, high molecular weight alcohol,

the xanthophyll coming down as a reddish-yellow precipitate.

To remove the impurities from the precipitated xanthophyll Will-

statter and Mieg boiled the precipitate with 1200 cc. of acetone, which
left a part of the colorless substance undissolved. The warm acetone

solution was treated with about two volumes of methyl alcohol. In
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the course of two days the xanthophyll crystallized out at room tem-

perature as yellow to orange-red tablets with a brilliant steel-blue

reflection. Willstatter and Mieg secured a yield of 12 grams of crude

crystals from the 100 kgs. of dried nettle leaves. Further purification

was obtained by crystallization from boiling methyl alcohol, from

which the crystals come down with one molecule of alcohol of crystal-

lization, or by dissolving in the least possible amount of chloroform

and adding an excess of petroleum ether, in which the xanthophyll
is almost insoluble.

Jorgensen and Stiles (1917) have described what appears to be a

more convenient method for isolating crystalline xanthophyll, which

also gives higher yields than the method of Willstatter and Mieg.

They prefer the dry, powdered nettle leaves because of their excellent

keeping quality, but in this respect spinach, which is richer in caro-

tinoids, should serve equally well as a source of pigment.
In Jorgensen and Stiles' method the air dried, powdered leaves

are submitted to a final drying in vacuum, over H 2S0 4 . About 500

grams of this powder are placed on a filter paper in a Biichner funnel

24 cm. in diameter and sucked to the paper with a strong water pump
or vacuum pump. To get the best results the powder must be thor-

oughly dry and be sucked in a coherent mass not more than 5 cm.

deep on the funnel. Half a liter of 80 per cent acetone is now al-

lowed to permeate the powder on the filter for 5 minutes without the

use of the pump. Then 250 cc. of solvent are added and slowly sucked

through with the pump. After 5 minutes another 250 cc. portion of

solvent is added and sucked through with the pump for 10 minutes.

This operation is repeated with two further 250 cc. portions of 80 per

cent acetone, and finally the pump is allowed to act as strongly as

possible until the powder is sucked dry. The 1,500 cc. of solvent

used give 800 to 900 cc. of extract.

When the extract has been obtained from 2 kgs. of dry powder in

this manner, the fractions are combined and washed free from many
impurities and finally from acetone by the following procedure. The

acetone solution is added in two successive portions to 4 liters of

petroleum ether (sp. g. 0.64 to 0.66) in a separatory funnel of 7 liter

capacity. Water (0.5 liters) is added with each of these additions

while the funnel is being gently rotated, and after separation into

two layers the lower layer is drawn off and discarded before the

addition of the second portion. The petroleum ether layer is now
mixed with two successive liters of 80 per cent acetone solution, the
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acetone being removed each time by adding 4 successive liters of

water with gentle rotation of the liquid and drawing off the lower layer

each time.

The petroleum ether solution now remaining contains the xantho-

phylls, the chlorophylls and the carotin. The xanthophylls, with some

chlorophyll, are removed by shaking with three successive additions

of 2 liters of 80 per cent methyl alcohol. After each addition and

shaking the methyl alcohol layer is removed. If the last extract is

still considerably yellow additional extractions are made until the

alcohol layer is practically colorless. The xanthophyll in the com-

bined methyl alcohol extracts is next freed from chlorophyll by trans-

ferring to ether in the following manner: 4 to 5 liters of ether,

a quantity of water and 30-50 cc. of concentrated methyl alcoholic

potash are added, and the mixture shaken. The liquids are allowed

to separate, the lower layer is drawn off and discarded and the ether

washed with water until no more green color is extracted. The ether

is now dried with anhydrous Na2S04 , evaporated in vacuum to a

volume of 30 cc., 200 to 300 cc. of methyl alcohol added, and the

ether removed completely by further concentration in vacuum.

Xanthophyll precipitates out on cooling the hot, concentrated methyl

alcohol, the addition of a little water helping the precipitation. The

yield of crude xanthophyll by this method is stated by Jorgensen and

Stiles to be 0.8 grams from 2 kgs. of dried nettle leaves which is

over three times as much as Willstatter and Mieg secured by their

method. The method just described has the additional advantage that

the xanthophyll-free petroleum ether can be used for the isolation

of carotin.5

The foregoing methods are best suited for the isolation of crystal-

line xanthophyll in quantity. A solution of mixed xanthophylls for

macroscopic examination can be secured by the following simple pro-
cedure. About 25 grams of dried powdered leaves or fresh leaves

'The method recommended is to wash the petroleum ether, now consisting of about
3.5 liters, four times with two liter portions of water to ivnmvo tin- last traces of

aeetone and methyl alcohol. As the last traces of these solvents are removed the

chlorophyll present in the petroleum ether precipitates as a fine suspension. A little

anhydrous Na 2SO4 is added to take up the water and then 150 Drains of CaCO3 , and
the solution finally filtered through a layer of CaCO3 on a Biiclnn T funnel. This treat-
ment takes out the chlorophyll suspension. The filtrate is evaporated in vacuum at
40 C. and the oily residue treated with 300 cc. of nu per cent alcohol. The carotin
hegins to crystallize out immediately and is complete on standing in the cold. Purifica-
tion is effected by shaking up the crystalline mass with 200-300 cc. of petroleum ether
and filtering quickly and repeating the washing with a mixture of two parts ol
petroleum ether and one part of absolute alcohol. The yield of <>.:_>:, -rams from two
kgs. of dried nettle leaves is much greater than Willstatter and Mieg secured.
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which have been macerated with emery in the presence of CaC0 3 or

MgO (to neutralize plant acids) are allowed to stand in contact with

pure carbon disulfide in a stoppered flask for 24-48 hours. The

solvent is filtered off and evaporated to dryness in vacuum. The

residue is boiled for thirty minutes with 50 cc. of 20 per cent methyl
or ethyl alcoholic potash (using only solutions which alone give no

coloration whatever on boiling). After cooling, 150 cc. of distilled

water are added and the mixture shaken with 200 cc. of pure ether

in a separatory funnel. After the two layers have separated the lower

greenish layer is drawn off and shaken with 100 cc. of fresh ether.

A third extraction with fresh ether should not be necessary, but can

be tried to insure the complete extraction of the carotinoids. The
combined golden yellow ether extracts, which may have a slight green

tinge, are washed with successive equal portions of distilled water

until the washings no longer react alkaline to phenolphthalein. The
ether may now be filtered through a layer of powdered anhydrous
Na2S04 ,

to remove the water. The filtrate is evaporated to dryness
in vacuum and the residue taken up at once in 100 cc. of hot petro-

leum ether (b. p. 30-50 C.). After cooling, the solution is shaken

with successive 100 cc. portions of 80 per cent methyl alcohol until

no more color is extracted. The combined methyl alcohol solutions

contain the xanthophylls. On dilution with water to form a 25-30

per cent alcohol solution ether will now extract these pigments. After

washing the ether free from alcohol with water and drying with

Na2S0 4 ,
the ether can be evaporated off in vacuum and the pig-

mented residue used for an examination of any of the usual xantho-

phyll properties.

Egg yolk. The large amount of protein, fat, lecithin and other

lipoids in egg yolk presents certain rather difficult problems in the

isolation of the xanthophyll pigment present. The isolation was ac-

complished, however, by Willstatter and Escher (1912) in the fol-

lowing manner, but not without loss of a great deal of pigment, as can

be readily seen. Egg yolk weighing 100 kgs., representing 6,000

eggs, was beaten up and 6 kg. portions placed in stone jars with 7

liters of methyl alcohol to coagulate the protein. The coagulum was

separated by means of the centrifuge, the alcohol, it is stated, being
almost free from color. Each portion of coagulum, amounting to a

little over 5 kgs., was thoroughly mixed with 3 liters of acetone, and
the golden yellow extract sucked off through a sand filter. After

the coagulum from each 6 kg. portion of egg yolk had been extracted
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in this way the residue (94 kgs. in all) was divided into portions of

2.8 kgs. and each portion shaken twice with fresh two liter quan-

tities of acetone in a shaking machine for one hour, the acetone being

sucked off each time through a sand filter. Practically all the color

was extracted by this means.

All the acetone extracts were now combined and amounted to 200

liters. About 2.25 liters of oil settled out on standing. Although

highly colored it was discarded. The next problem was to remove the

phosphatides and cholesterol. The phosphatides were removed by

mixing each 6 liter portion of acetone extract with 0.5 liter of petro-

leum ether (sp. g., 0.64-0.66), and adding three volumes of water

carefully, to avoid an emulsion. The lower watery acetone layer was

drawn off after standing a day and the dark brown, thick oily syrup

rinsed out with petroleum ether. Twenty liters, in all, of this oily

material were obtained. Large clumps of almost colorless phospha-

tides, amounting to nearly 2 kgs. were thrown down by adding 2

volumes of acetone to the petroleum ether solution of this syrup. The

pigmented acetone-petroleum ether solution was decanted, filtered

through linen, and freed from acetone again by washing with water,

first by decantation and finally by direct addition of water, allowing

about one hour between each addition. The reddish-brown petroleum

ether solution was now filtered through fused Na2SO4 and the filtrate

concentrated to 2 liters at 30-35 C., in vacuum, i. e., until the syrup

set to a crystalline mass of cholesterol. This was filtered off and the

deep colored filtrate diluted with 4 liters of petroleum ether (b. p.

30-50 C.). On standing in the ice box for a few days most of the

pigment crystallized out as a bright red blanket of very fine needles.

The yield of crude pigment amounted to 4 grams. The purification

of the pigment was described in Chapter VI. It is of interest that

the method of isolation used by Willstatter and Escher shows that

a portion, at least, of the egg yolk carotinoids are not present dis-

solved in fat. It was not found necessary to resort to a saponification

of the extracts in order to isolate crystals of pigment.

The separation of sufficient egg yolk pigment for macroscopic ex-

amination can be effected in a satisfactory manner from a single well-

colored egg yolk. For this purpose the following procedure gives

very satisfactory results. The raw yolk is thrown into 100 cc. of

acetone, and, after heating to boiling, filtered to remove the coagu-

lated, colorless proteins. The filtrate is evaporated and the residue

saponified with 50 cc. of 20 per cent methyl alcoholic potash solution
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at boiling temperature for about one hour, taking care to use alco-

holic potash which itself gives rise to no color on heating. The

pigment is extracted from the saponified material using the pro-

cedure given for isolating the pigment of butter fat. The ether solu-

tion of pigment is dried by filtering through a layer of anhydrous
Na2S04 and evaporated to dryness in vacuum. The chief impurity

in the residue will be cholesterol. By dissolving in the least possible

amount of hot methyl alcohol and cooling to a low temperature a

great deal of the cholesterol will precipitate out and can be removed

by filtration. The cholesterol which remains will not interfere with

the examination of the pigment. In the writer's experience egg yolk

pigment prepared in this way will invariably show the presence of

a small amount of pigment which cannot be extracted from petro-

leum ether by 80 per cent methyl alcohol, indicating that carotin-like

pigments are not entirely absent from egg yolk.

Blood serum. It is not necessary to dwell at length on the isola-

tion of xanthophyll from blood serum in view of the detailed descrip-

tion already given of the procedure to be used for isolating carotin

from blood. One or two points, however, should be emphasized.

Xanthophylls are found most abundantly in the blood serum of fowls,

as has already been pointed out. This does not mean, however, that

blood rich in carotin, like cattle blood, is necessarily devoid of xantho-

phylls. In order to show the presence of these pigments in cattle

blood it is necessary to extract 200-300 cc. of desiccated (with CaS04 )

serum completely with ether as well as with petroleum ether, after

treating with alcohol. The combined pigments from well colored

serum will show the presence of xanthophylls when submitted to the

phase test or analyzed by means of the chromatograph.
It has been the writer's invariable experience with the blood of fowls

that the xanthophylls present can be readily extracted by direct shak-

ing of either the fresh or desiccated serum with ether. The experience

of van den Bergh and Muller (1920) has been contrary to this, these

investigators finding a number of cases in which ether extraction

failed. No explanation is as yet apparent for this divergence in our

experiences. However, in view of the fact that it appears possible

for cases to occur in which ether extraction alone fails to remove the

pigment the writer advises that desiccated blood serum, in which

xanthophylls are suspected to exist, be extracted first with ether,

then treated with alcohol and the ether extraction repeated.

Until recently the writer believed that the direct extraction of caro-
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tinoid from blood scrum by ether was a criterion of its xanthophyll
character. The instances of carotin extraction from human blood

serum which the writer has already mentioned show, however, that

this is not a safe basis for judging the character of the pigment

present.

Isolation of Lycopin

Several investigators have described the isolation of lycopin, which

is the characteristic red pigment of tomatoes, red peppers, the pulp
of the watermelon and a number of tropical fruits. The method to

be described here, however, is that used by Willstiitter and Escher

(1910), who first showed that this pigment is a true isomer of carotin.

These investigators first attempted to use the fresh fruits as the

source of pigment, but when they found that 135 kgs. of tomatoes

yielded only 2.6 kgs. of dry matter from which only 2.7 grams of

crystalline lycopin could be obtained, they decided on a canned

preparation of concentrated tomato soup of Italian make as better

suited for their work.

Starting with 74 kgs. of the condensed tomato puree, it was first

dried in 8 kg. portions by shaking with 4 liters of 96 per cent alco-

hol, collecting the coagulum and repeating the operation with two
or three liters more of the alcohol. The coagulum was now pressed
as dry as possible and finally dried completely on the steam bath

before grinding to a powder. The total yield of dry powder was 5.6

kgs. This was completely extracted with carbon disulfide in a con-

tinuous extractor and the extract evaporated to dryness using dimin-

ished pressure as far as possible, and finally at a temperature of 40 C.

in a water bath. The residue was now treated with 3 volumes of

absolute alcohol, transferred to a suction filter and washed with petro-
leum ether. The yield of crude pigment amounted to 11 grams. The

purification of the pigment was accomplished in much the same man-
ner as carotin is purified.

Isolation of Fucoxanthin

The characteristic algse pigment, fucoxanthin, whose chemical rela-

tion to the carotinoids was discovered by Willstiitter and Page (1914)
was isolated in quantity by them in the following manner. Fifteen to

20 kgs. of the fresh algae (Phaeophycea) were extracted with 40 per
cent acetone, using 2 liters for each kg. of algao. This extract was
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discarded. The extracted material was pulverized and extracted at

once (i. e., within a few days) with 5 portions of 85 per cent alcohol.

The last four fractions were combined (the first being discarded) and

amounted to 25 liters for the 20 kgs. of algae. This solution was next

shaken with CaC0 3 to neutralize acids, and decanted from the set-

tled chalk. The solution was now diluted with water, using 3.4

volumes for each 10 volumes of extract. The chlorophyll which pre-

cipitated was allowed to settle out and the supernatant fluid, amount-

ing to 40 liters in all, used as the mother liquor for the isolation of the

fucoxanthin. This was accomplished as follows:

Four-liter portions were treated with one liter of a mixture of

ether and petroleum ether (b. p., 30-50 C.), 3:1, and 1.5 liters of

water added. The ether layer which took up the pigment was then

washed very carefully with water (to avoid emulsions) in order to

free it from the acetone which was used to extract the pigments

from the alga?. The petroleum ether was then concentrated to 0.5

liter in vacuum, diluted with an equal volume of ether and shaken

with 70 per cent methyl alcohol saturated with petroleum ether. This

removed the fucoxanthin, together with some xanthophyll. The xan-

thophyll was removed by shaking the methyl alcohol with an equal

volume of a mixture of petroleum ether and ether (5:1). The fuco-

xanthin was then transferred to ether, the ether solution was concen-

trated to a thick syrup and about 1 liter of low boiling petroleum
ether added. The precipitate of crude pigment obtained amounted to

about 2 grams from each 4 liter portion of mother liquor, representing

about half the total pigment present. The crude pigment was puri-

fied by recrystallization from methyl alcohol, giving crystals con-

taining three molecules of methyl alcohol of crystallization, which

could be removed in vacuum. Solvent-free crystals were obtained

by precipitation from ether with low b. p. petroleum ether.

Isolation of Rhodoxanthin

This pigment, as explained in an earlier chapter, appears to be

a red xanthophyll. It was discovered by Monteverde (1893) in the

Russian pond-weed, Potamogeton natans, later by Tswett (1911) as

the cause of the winter red color of the arbor vita?, Thuja orientalis,

and a little later by Monteverde and Lubimenko (1913b) in the

arillus of the seed of the yew, Taxus baccata. The isolation of

crystals for macroscopic examination can be carried out as follows,
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according to Montcvcrdc and Lubimenko. The dried material is first

extracted with absolute alcohol, which takes out all the pigments.

The extract is next treated with saturated Jia(01I) 2 solution, which

precipitates all the pigments. The precipitate is extracted with al-

cohol, which extracts the rhodoxanthin, together with the carotin and

xanthophylls, if present. The carotin is removed by shaking with

petroleum ether. This removes a little of the rhodoxanthin, but the

bulk of the pigment remains in the alcohol. The rhodoxanthin shows

great crystallizability, and can be obtained in crystalline form merely

by evaporating the alcohol solution, whereas the xanthophyll is left

as an amorphous deposit. The rhodoxanthin crystals can be washed

free from most impurities by petroleum ether, in which the pigment,

like xanthophyll, is practially insoluble.

Summary

The principles involved in the isolation of the several carotinoids

from plant and animal tissues are described in this chapter. The

methods are also given in detail for the isolation of crystalline carotin

in quantity from carrots and green leaves, and of its isolation from

animal fat and blood in sufficient quantity for macroscopic study.

The evidence is presented for the existence of a carotin-albumin

complex in blood serum, and the method described by which this

can be isolated. It is pointed out that this pigment-protein material

may play an important part in the process of fat synthesis in the

mammary gland of the cow and that its further study may therefore

throw light on the formation of milk fat.

Methods are described in detail whereby crystalline xanthophyll
can be secured in quantity from green leaves and egg yolk, as well

as methods for separating the pigment in small quantity from eggs

and blood for macroscopic study.

It is pointed out that xanthophyll, in contrast with carotin, is, in

most cases, readily extracted from blood serum by vigorous direct

shaking with ether. This is not a safe basis, however, for judging
the character of the carotinoid present in blood.

The isolation of crystalline lycopin in quantity from tomatoes is

described, as well as the isolation of fucoxanthin from brown sea-

weeds. The method is given for securing crystals of rhodoxanthin.



Chapter IX

General Properties and Methods of Identification of

Carotinoids

The preceding chapter shows clearly the difficulty of securing

appreciable quantities of the carotinoids in crystalline form. It is

not difficult, however, to obtain solutions of the carotinoids which

show a number of characteristic properties that can serve for the

identification of the pigments. For the sake of convenience, there-

fore, the properties of the carotinoid solutions and the properties of

the crystals of the pigments will be presented separately. It may be

stated that the facts to be presented have been drawn largely from

the observations of Kohl, Tswett, Willstatter and his coworkers, to-

gether with the writer's own experience with these pigments. These

researches have already been referred to specifically a number of times

in the preceding pages.

Properties of Carotinoid Solutions

Carotin. Carotin forms well colored solutions in ether, chloroform,

petroleum ether, benzene, carbon tetrachloride and carbon disulfide,

as well as in ethereal and fatty oils and oleic acid. The carbon disul-

fide solutions are characterized by their red orange to blood red color.

The solutions in the other solvents mentioned are yellow to golden

yellow, depending on the concentration. Amorphous carotin or caro-

tin in the presence of lipoids, will dissolve in 95 per cent alcohol or

even absolute alcohol, giving yellow to golden colored solutions, espe-

cially if hot alcohol is used for dissolving the pigment. Very faintly

colored solutions are secured with dilute alcohol, as a rule. Carotin

crystals are insoluble in absolute alcohol, but oxidation of carotin

as well as melting the crystals greatly increases the solubility in this

solvent. At the same time the solubility in carbon disulfide decreases.

According to van den Bergh, Muller and Broekmeyer (1920) col-

loidal, aqueous solutions of carotin can be obtained by a slow evapo-
ration of a concentrated alcoholic solution to which several volumes

218
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of water have been added. This evaporation must be carried out

in vacuum aided by a little heat.

Solutions of carotin are unaffected by boiling with alkalis, and

may be recovered unchanged from such solutions. When dissolved

in petroleum ether and carbon disulfide, carotin is not adsorbed by

finely divided substances like calcium carbonate, inulin or powdered
sucrose. However, according to Tswctt (1906b), carotin is adsorbed

from petroleum ether solution by finely divided HgCl 2 ,
CaCl2 and

PbS. Miss Stephenson (1920) has reported that butter fat dissolved

in three volumes of petroleum ether can be completely decolorized of

its carotin by shaking for several hours with a special birchwood

charcoal, using 2.5 grams per 100 grams of fat. The writer has

experimented with a number of decolorizing carbons without being
able to duplicate this result. In strictly adsorption experiments in

which there was no indication that decolorization was due in part

to oxidation of the carotin, it was found that at least five times this

amount of the most effective carbon so far obtainable was required to

completely adsorb the carotin. The fact that carotin is not adsorbed

from its petroleum ether solution by calcium carbonate distinguishes

the pigment sharply from some of the other carotinoids, particularly
the xanthophylls. As a corollary to this property, when a petroleum
ether or carbon disulfide solution of carotin is filtered through a column
of tightly packed, perfectly dry calcium carbonate, which has first been

moistened with the solvent (Tswett's chromatographic analysis) the

carotin passes through unadsorbed. When carbon disulfide is used the

zone of carotin usually has a characteristic rose color.

Alcoholic solutions of carotin are not characterized by giving color

reactions on addition of concentrated HC1, HN03 or H2S04 as are

certain of the xanthophylls, although in most cases the golden yellow
solutions change slowly to a deep green before fading. The com-

plete fading of this green solution may require several days. The
addition of NH4OH to the green solution will restore the yellow
color, although the color is somewhat lighter than the original, and
the green color can be renewed by adding acid. Solutions of carotin

in oil or melted fat give a beautiful green color reaction on dis-

solving a very small crystal of Fe 2Cl 6 in the warm oil or fat. A
few tenths of a milligram of the iron salt is sufficient to add to 5 cc.

of well colored oil. The reaction is very delicate, and is given by
xanthophylls as well as carotin. Palmer and Thrun (1916) found
that this reaction is caused by the oxidation of the carotinoid, the
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iron salt being at the same time reduced to the green FeCl 2 . Huse-

mann (1861) apparently discovered this reaction when adding
Fe 2Cl 6 to an alcoholic solution of carotin, but it is doubtful whether

the reaction is applicable to alcoholic solutions of the pigment be-

cause of the fact that alcohol itself will reduce the red ferric salt to

the green ferrous compound.
Gill (1917) has found that the so-called Crampton-Simons test

for palm oil, in which a bluish-green color reaction is given by an

acetic anhydride reagent, is due to carotinoids in the oil. Gill's idea

that carotin alone is involved is hardly justified, because the color

reactions of carotin are in general shared by the other carotinoids.

Solutions of carotin in alcohol which has been diluted with water

to a concentration of 80 to 90 per cent alcohol are characterized by

giving up the pigment quantitatively to carbon disulfide and petro-

leum ether. Conversely, carotin in petroleum ether is unaffected by

shaking with 80 to 90 per cent alcohol, even 92 per cent methyl al-

cohol failing to extract any pigment from the petroleum ether solu-

tion. These properties of carotin, especially the relatively great solu-

bility in petroleum ether in comparison with diluted alcohol, serves

to distinguish carotin sharply from the xanthophylls, rhodoxanthin

and fucoxanthin, and affords the best means of effecting a separation

of the two classes of carotinoids.

Solutions of carotin in alcohol and the fat solvents show a char-

acteristic absorption spectrum, exhibiting two, and under proper con-

ditions three absorption bands in the green and blue part of the

spectrum, the positions of the bands varying somewhat with the re-

fractive index of the solvent. The bands are identical in ether, alco-

hol and petroleum ether because of the close agreement in the indices

of refraction of these solvents, but are shifted somewhat towards the

red in chloroform, which has a higher refractive index, and still fur-

ther away from the blue in carbon disulfide. The marked shift of the

bands into the brighter part of the spectrum when in the last named

solvent makes it especially useful for observing the spectroscopic

properties of carotin, as well as the other carotinoids.

Leaf extracts containing chlorophyll can not be used for a study

of the absorption spectra of the carotinoids because the absorption

bands of the chlorophylls cover the second and third bands of the

carotinoids. Even the first carotinoid band coincides very closely

with Band VIII of chlorophyll b.

The width and intensity of the absorption bands of carotin depend
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on the concentration of the solution used and the depth of the layer

through which the light passes into the spectroscope and thence to

the eye of the observer. This fact, together with the fact that the

edges of the absorption bands are not sharp and clear cut like the

lines of the solar spectrum, no doubt explains the slight differences

between the data given by various observers as to the width of the

several absorption bands of carotin and the other carotinoids. In

spite of this fact, however, the absorption bands of carotin solutions

are sufficiently characteristic to distinguish the pigment sharply from

the other carotinoids, at least from lycopin and the xanthophylls and

rhodoxanthin. Plate 1, showing a spectrophotograph of the bands

of carotin and xanthophyll in alcohol and carbon disulfide, brings

out this point very clearly, as well as the diffuse character of the

edges of the bands. It may be stated, however, that the bands may
be somewhat sharper to the eye than is represented in these photo-

graphs. The characteristic feature of the bands of carotin which it

is desired to point out is that in alcohol (an identical spectrum is

obtained in ether and petroleum ether) the solar line F divides the

first band almost exactly into two equal parts. This is a character-

istic of the first carotin band which may serve to identify the caro-

tin spectrum from that of the other carotinoids.

For direct spectroscopic observations a spectroscope with too wide

a dispersion may fail to show any bands in a carotin solution which

exhibits very beautiful bands using a spectroscope with a moderate

dispersion of the spectrum. In working with unknown biological

material the writer has had better success using an inexpensive spec-

troscope with a moderate dispersion whose spectrum field has been

standardized, although arbitrarily, first with the sodium flame and
then with known solutions of the carotinoids. Such a spectroscope
set up in a dark room with a light of high candle power concentrated

on the slit of the instrument but screened from the observer, gives
excellent results.

Willstatter and Stoll (1913) give the following measurements for

the absorption bands of carotin in solutions containing 5 mg. of pig-
ment per liter, using a grating spectroscope. These data correspond
with the spectro-photographs shown in Plate 1.

Carotin in carbon
Carotin in alcohol (mi) disulfide (mi)

6mm. 10mm. 10mm. 20mm.
Band I 492-478 492-476 524-510 525-508
Band II 459-446 459-445 489-475 490-474



222 CAROTINOIDS AND RELATED PIGMENTS

Kohl (1902b), using a Zeiss spectroscope, obtained the measure-

ments shown in Table 16, using various solvents with different re-

fractive indices. The data also show the bands of solid carotin,

obtained by depositing a very thin layer of carotin crystals on one

side of a glass slide.

Lycopin. This red isomer of carotin forms yellow solutions in hot

ether, chloroform, alcohol, benzene and petroleum ether. These solu-

tions have a somewhat brown tone in comparison with similar solu-

tions of carotin. Even saturated solutions of lycopin in these sol-

vents, with the possible exception of chloroform, contains much less

pigment than the corresponding solutions of carotin. This probably

accounts for their yellow color. Solutions of lycopin in carbon disul-

fide are characterized by their bluish-red color which persists even in

great dilution, while solutions of carotin in this solvent change to a

yellowish red color on great dilution. The effect of the addition of

mineral acids to alcoholic solutions of lycopin has not been investi-

gated. Lycopin, however, because of its great oxidizability reacts

toward ferric chloride like the other carotinoids. The relation of

lycopin toward adsorbents remains to be studied.

Lycopin shows its hydrocarbon nature by exhibiting the same rela-

tive solubility properties as carotin when examined by the phase
test between petroleum ether and dilute alcohol, on the one hand, and

between dilute alcohol and carbon disulfide on the other hand. In

each case the pigment is found quantitatively in the petroleum ether

or carbon disulfide.

TABLE 16. VISIBLE ABSORPTION SPECTRA OF CAROTIN IN VARIOUS SOLVENTS WITH
DIFFERENT REFRACTIVE INDEX (KOHL, 1902b)

Refractive Position 0} bands

Solvent Index Band I Band II Band III

Alcohol ................. 1.358 (ave.) 490-475 455-445 430-418
Ether .................... 1.357 490-475 455-445 430-418
Acetone .................. 1.365 500-478 460-450 430-420
Chloroform .............. 1.449 505-480 465-450 435-420
Carbon tetrachloride ..... 1.460 507-480 466-452 435-420
Carbon disulfide ......... 1.628 510-485 470-458 437-425
Solid carotin ............ ? 550-530 495-480 460-450

One of the most characteristic properties of lycopin solutions which

is especially serviceable for the identification of the pigment is the

position of the absorption bands. The relation of the lycopin spec-

trum in carbon disulfide to that of the other carotinoids in the same
solvent is shown in Figure 1, taken from the paper of Monteverde
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Spectrophotograph of absorption bands of carotin and

xanthophyll in alcohol and carbon disulfide. (After

Willstiittrr and Stoll)

1. Carotin in alcohol

2. Xanthophyll in alcohol

3. Carotin in carbon dis-ulfido

4. Xanthophyll in carbon disulfide
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FIG. 1. Relative position of absorption bands of various carotinoids in

carbon disulfide solution. (After Monteverde and Lubimenko)

1. Xanthophyll
2. Rhodoxanthin

3. Carotin (according to Willstiitter)

4. Carotin (according to Monteverde)
5. Lycopin (according to Willstiitter)

6. Lycopin (according to Monteverde)
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and Lubimenko (1913b). The lycopin bands represent the general

impression which one obtains when viewing a solution containing

about 5 mg. per liter at a depth of about 20 mm. The relative posi-

tions of the lycopin and carotin bands are very characteristic, but

they at once introduce the difficulty that a mixture of the two pig-

ments would show an almost continuous absorption spectrum. It is

seen, therefore, that lycopin solutions should be nearly free from caro-

tin in order to identify lycopin by the position of its absorption bands.

No means have yet been devised for effecting such a separation when

the isomers are present together in solution. Fractional crystallization

must be resorted to, and this is made possible by the fact that lycopin

is much less soluble than carotin in almost all the carotin solvents.

The measurements of the absorption bands of lycopin in alcohol

and carbon disulfide are given by Willstatter and Escher as follows,

the bands in carbon disulfide being those shown by a standard solu-

tion containing 5 mg. per liter.

Lycopin in Lycopin in carbon
alcohol (mi) disulfide (mi)

10 mm. 20 mm.
Band I 510-499 554-540 561 -536
Band II 480-468 514-499.5 517.5-498
Band III 440- 479-472 481.5-468

Xanthophylls. As pointed out in Chapter II, the chromatographic
evidence of Tswett seems to justify the assumption that several

isomeric xanthophylls exist in nature, in spite of the fact that only
one such pigment has so far been secured in definite crystalline form.

Willstatter has not yet agreed to an unqualified acceptance of this

assumption. However, if the fact that Tswett's observations can be

readily verified is sufficient grounds for accepting his view of the

situation, the existence of more than one xanthophyll can no longer
be doubted. At the same time it is recognized that we owe most of

our knowledge of the properties of xanthophyll solutions to the ob-

servations of Willstatter and Mieg (1907), who first isolated pure

xanthophyll crystals in sufficient quantity to determine their ele-

mentary composition. For the distinguishing characteristics of the

other xanthophylls which have not been crystallized it is necessary
to refer to the observations of Tswett (1911) .

Xanthophylls give well-colored solutions in a large number of sol-

vents, including alcohol, ether, acetone, chloroform, benzene, carbon

tetrachloride, glacial acetic acid, petroleum ether, carbon disulfide
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and formic acid. Well colored solutions in low boiling petroleum

arc difficult to secure because of the low solubility of the pigment

in this solvent, crystalline xanthophyll being almost insoluble in this

solvent. However, xanthophyll in the amorphous state or contami-

nated with lipoids can be dissolved quite readily even in petroleum

ether. The solutions in all these solvents, except carbon disulfide

and formic acid, are yellow. These solutions are distinguished from

the corresponding carotin solutions by showing a strong greenish tinge

on great dilution. The solution in formic acid, which is mentioned

only by Montevcrde and Lubimenko (1913b), is green. Carotin and

lycopin do not dissolve in this solvent. Carbon disulfide solutions

of xanthophylls are orange to orange-red, never blood red or bluish

red like carotin and lycopin.

The relative color intensities of solutions of carotin and xanthophyll

at equi-molar concentrations in different solvents varies considerably

with the depth of the solutions. Willstatter and Stoll have compared

crystalline xanthophyll and carotin solutions and have obtained the

following results.

5 X ID'
5 MOLAR SOLUTIONS IN CARBON DISULFIDE

Layer of carotin Layer of xantho- Relative
in mm. phyll in mm. intensity

12 50 1

25.5 87 1

38.5 120 1

85 180 1

4.1

3.4

3.1

2.1

5 X ID'
5 MOLAR SOLUTIONS, CAROTIN IN PETROLEUM ETHER-ETHER,

XANTHOPHYLL IN ETHER

10 20 1

40 60 1

91 120 1

2.0

1.5

1.3

Xanthophyll can be obtained in aqueous colloidal solution in the

same manner that colloidal carotin solution is obtained, according
to van den Bcrgh, Muller and Broekmeyer. Egg yolk and blood

serum xanthophyll were used as the source of pigment in the experi-
ments by these investigators.

Only very strong alkali seems to affect alcoholic solutions of xan-

thophylls adversely. Saponification of xanthophyll solutions with

20 per cent alcoholic potash solutions to remove admixed fat, ap-

parently does not affect the general properties of the pigments. Will-

statter and Mieg found, however, that heating amyl alcohol solu-

tions of crystalline xanthophyll with sodium decolorized the pigment,
and heating benzene solutions with granulated potassium in an at-
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mosphere of .hydrogen converted some of the pigment into a product

which still retained the solubility of xanthophyll in ether, giving

a yellow solution, but which readily formed an ether-insoluble salt

with alkali.

Willstiitter and Page (1914) state that xanthophyll is incompletely

recovered by ether after dissolving in concentrated methyl alcoholic

KOH. These facts all point to the possibility of xanthophyll being

attacked by alkalis under certain conditions.

The effect of adsorbents on petroleum ether and carbon disulfide

solutions of the xanthophylls is especially characteristic and serves

not only to distinguish these carotinoids from the hydrocarbon caro-

tinoids but also from each other. Tswett (1906b) has shown that

thoroughly dried precipitated calcium carbonate, inulin, sucrose and

many other compounds, which are insoluble in petroleum ether, will

completely adsorb the xanthophylls when their petroleum ether solu-

tion is shaken with an excess of the adsorbent. In order to bring

about this adsorption, however, no trace of alcohol must be present,

Tswett having shown that petroleum ether containing only one per

cent alcohol releases the bulk of the xanthophylls from the adsorbing

agent. There is therefore good reason to believe that much smaller

amounts of alcohol will interfere greatly with the adsorption.

While this gross test may serve to distinguish the carotinoids con-

taining oxygen from the hydrocarbon carotinoids, the principles in-

volved can also be used to analyze further the xanthophylls and

even to separate them from each other. The general principle which

is thus utilized is that when several substances present in a single

solvent are all adsorbed by a single adsorbent, there is more or less

replacement of one adsorbed substance by the- others, depending upon
the relative affinities of the several substances for the adsorbent, espe-

cially if the adsorption compounds in each case are dissociable. This

is the principle of Tswett's chromatographic analysis of plant extracts

containing chlorophyll and the carotinoids.

The technic which is used for the analysis of a mixture of caro-

tinoid (and chlorophyll) pigments by this method is as follows: A
very finely divided adsorbent is selected which will have no oxidizing

or reducing or hydrolyzing action on the pigments to be examined.

Calcium carbonate is especially recommended. Powdered sucrose

is also very suitable. The calcium carbonate is first dried for several

hours at 150 C. A glass adsorption tube 1 to 2 cm. in diameter and

10 to 15 cm. long is now prepared which is drawn out at one end.
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The small end is left with only a small opening, Mo 2 mm. in diame-

ter. A plug of cotton is placed in the small end, pn>.-rd dmvn tightly

and the tube is then filled with the dry CaCO
;t ,

which is poured in

a little at a time and packed in as tightly and evenly as possible

with a glass rod or wooden stick. The success of the chromatograph

depends upon the evenness with which the adsorbent is packed into

the tube. The tube is filled within 2 or 3 cm. of the top, and a final

plug of cotton placed upon it. The tube is now set up through a

rubber stopper fitted into a small filter flask, gentle suction applied

and a stream of pure solvent (either petroleum ether or carbon disul-

fide, depending on the solvent selected for the pigment solution)

passed through the column until the adsorbent is moistened with

it. The suction is stopped and the upper cotton plug removed. Suf-

ficient pigment solution is now poured into the tube to color about

1 cm. of the adsorbent. When this has passed into the column with

the aid of gentle suction, the tube is filled with solvent and suction

continued. The upper part of the tube is kept filled with pure solvent

in order to establish a stream of the solvent through the adsorbing

column. The layer of pigment will now pass through slowly and will

differentiate itself into zones of relative adsorption, that of greatest-

adsorption affinity being at the top, and that of the least at the bottom.

Inasmuch as all the chlorophylls and carotinoids form dissociable com-

pounds with CaC0 3 the stream of pure solvent will slowly wash them

through the column as differently colored zones. If the column has

been packed perfectly evenly with the adsorbent the zones will be

true rings, otherwise they will be irregular. Perfectly true adsorp-

tion rings are difficult to secure. Pigments obtained in the various

zones by this method are not pure, as Tswett has pointed out, but

can be purified by repeating the analysis on the pigment obtained

in any desired zone.

A chromatographic analysis applied in the above manner to a pe-

troleum ether or carbon disulfide solution of carotin and the four

xanthophylls recognized by Tswett should show the following result.

Assuming that carbon disulfide has been used and the differentiation

has been continued with a stream of solvent until the least adsorbed

pigment has reached the bottom of the column the lowest zone will be

rose colored due to carotin; above this, probably separated by a

more or less colorless region, will be a wide orange-yellow zone, due to

xanthophyll a, which apparently comprises the major part of the

xanthophylls; still higher in the column and separated from the
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xanthophyll a will be a yellow zone due to xanthophylls a' and

a", whose differentiation will be described in a moment; near the top

of the column will be a narrow yellow zone, due to xanthophyll (3.

If a stream of benzene is run through the column at this point, the

carotin and xanthophyll a will be quickly washed away and the yellow
zone containing xanthophylls a' and a" will slowly separate into two

zones. These can now be washed out of the column with petroleum
ether containing one per cent absolute alcohol, leaving xanthophyll (3

still adsorbed. This pigment can be removed, however, by petro-

leum ether containing 10 per cent absolute alcohol.

While a chromatographic analysis of an unknown pigment solution

is instructive it does not necessarily provide a means of definite iden-

tification of any xanthophyll pigments which may be present. Any
pigments differentiated by this test must be submitted to further ex-

amination. When several pigments are shown by such an analysis, a

second chromatographic separation should be carried out on a solution

of each of the pigments for the purpose of purifying it as far as pos-

sible. Comparison can then be made with the known properties of

solutions of xanthophylls a, a', a" and ft, which are as follows:

Xanthophyll a. This pigment is quantitatively removed by 80-90

per cent alcohol, preferably methyl alcohol, from its solution in petro-

leum ether. It is adsorbed by an excess of CaC0 3 from pure, abso-

lutely alcohol-free, low boiling petroleum ether. It is the least ad-

sorbed by CaC0 3 from CS2 of any of the xanthophylls. Its carbon

disulfide solutions are orange to red orange. Its alcoholic solution is

bleached by addition of concentrated mineral acids, passing through
a green color before fading. Its spectroscopic absorption bands are

identical with those of crystalline xanthophyll. Plate 1 shows these

bands in alcohol and carbon disulfide in comparison with those of

carotin. The measurements of these bands, using a solution contain-

ing 5 mg. of pigment per liter, are stated by Willstatter and Stoll

to be as follows:

Xanthophyll in Xanthophyll in carbon
alcohol (HM.) disulfide (M.H)

5mm. 10mm. 10mm. 20mm.
Band I 484-472 488-471 515-501 516-501
Band II 454-441 454-440 482-469 483-467
Band III 419- 420- 447-441

Xanthophylls of and a". These pigments are quantitatively ex-

tracted from petroleum ether by 80-90 per cent alcohol, preferably
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methyl alcohol. They arc readily adsorbed from petroleum ether by
C'aCO. and more readily adsorbed from carbon disulfide by CaC0 3

than xanthophyll a. The carbon disulfide solutions are yellow to

orange. The piuiuents are readily released from adsorption on CaC0 3

by benzene and when thus adsorbed in a chromatograrri may be

separated from each other by this solvent. The action of concen-

trated mineral acids from the alcoholic solution of these xanthophylls

is not known, but it may be similar to that on xanthophyll (3.
The

absorption bands of these xanthophylls is stated by Tswett to be

shifted slightly towards the violet from those of xanthophyll a. The

measurements of these bands has not been reported.

Xanthophyll ft. This carotinoid, like the other xanthophylls, is

quantitatively extracted from petroleum ether by 80-90 per cent alco-

hol. It forms almost undissociable adsorption compounds with CaC0 3

when in petroleum ether or carbon disulfide, but can be released from

this combination by petroleum ether containing 10 per cent absolute

alcohol. Concentrated mineral acids produce a green color, passing

to a peacock blue when added to its alcoholic solution. NH4OH will

restore the yellow color and acid the blue color. The reaction is similar

to one shown by fucoxanthin, in which a hydrochloride is formed, and

in wrhich the yellow pigment restored by alkali still retains one mole-

cule of HC1. The absorption bands of alcoholic solutions of xan-

thophyll (3
lie at 475-462|i[.i and 445-43 lp|i, which are seen to be

shifted appreciably towards the violet from the bands of crystalline

xanthophyll.

Rhodoxanthin. This red isomer of the xanthophylls is known

largely through the properties of its solutions, pure crystals of the

pigment not yet having been obtained in sufficient quantity for

analysis. This carotinoid forms yellow solutions in petroleum ether,

ether and benzene, like other carotinoids, but its alcoholic and acetone

solutions are rose colored or pink. It is also dissolved by glacial

acetic acid with a red color. The red color in certain solvents serves

to distinguish the pigment from other carotinoids, as does also the

ruby red or violet red color in carbon disulfide. Formic acid also

dissolves the pigment, at first with a pink color which later turns

yellow.

Rhodoxanthin, in common with other carotinoids, is not readily at-

tacked by alkali. Its xanthophyll-like character is shown by the fact

that 80 per cent alcohol quantitatively extracts the pigment from its

solution in petroleum ether. In common with crystalline xanthophyll
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the crystals show only very slight solubility in petroleum ether. When
its petroleum ether or carbon disulfide solutions are analyzed by means

of the chromatograph the pigment shows very little adsorption affinity

for CaC0 3 ,
its adsorption zone preceding all the others in a chromnto-

graphic analysis of extracts obtained from leaves in which the pig-

ment abounds, like the winter foliage of arbor vita? (Thuja orientalis).

When carbon disulfide is employed as solvent the rhodoxanthin zone

has a characteristic ruby red color.

Solutions of rhodoxanthin show three absorption bands in a char-

acteristic position in the spectrum, being shifted farther towards the

red than any of the other carotinoids. The position of the bands,

taken from the observations of Monteverde and Lubimenko (1913b),

which appear to be the most accurate, are as follows:

In petroleum In carbon
ether (M.J.I) disulfide (nn)

Band I 530-513 575-553
Band II 495-480 535-515
Band III 470-455 500 480

The relation of these bands, when in carbon disulfide, to the bands

of the other carotinoids in the same solvent is shown in Figure 1.

The effect of mineral acids upon the alcoholic solution of rhodoxan-

thin has apparently not been determined.

Fucoxanthin. This carotinoid. which is characteristic of the brown

algae, gives well colored solutions in practically all the organic solvents.

Although the pure crystals are completely insoluble in petroleum

ether, the presence of lipoids makes it possible to obtain colored solu-

tions in this solvent also. This is likewise true of methyl alcohol in

which the pure crystals are very sparingly soluble. The ether solu-

tion of fucoxanthin is orange yellow, the alcoholic solutions have a

somewhat rusty, or brownish yellow tinge, and the carbon disulfide

solution is deep red. Fucoxanthin is a more intense pigment than

either carotin or crystalline xanthophyll. Willstatter and Page (1914)

have stated that a comparison of 5 x 10~5 molar solutions of the three

pigments in ether shows that 50 mm. of fucoxanthin is equal in color

to 80 mm. of the carotin and 108 mm. of xanthophyll.

The effect of adsorbents on petroleum ether and carbon disulfide

solutions of fucoxanthin has not been studied, but the very low solu-

bility of the pigment in petroleum ether suggests that it would be

readily adsorbed from this solvent by CaC0 3 .

Solutions of fucoxanthin show two well defined absorption bands,



PROPERTIES AND METHODS OF IDENTIFICATION 231

but the positions of the bands arc not sufficiently characteristic to

distinguish the pigment sharply from carotin or xanthophyll. The

bands of the alcoholic solution, containing 5 mg. per liter arc given

by AVillstattrr and his co-workers as follows:

Fucojcanlhin in ulrohol ((J,|x)

6mm. layer in nun. In HIT ,.
Ju mm. layer

Kami I isii 469 492-476 498-473
Bainl II 455-440 467-451 462443
Knd Absorption 440-. . .

One of the most characteristic properties of fucoxanthin solutions

which can be used as an aid in identification as well as a means of

separation of the pigment from other carotinoids is the fact that 70

per cent methyl alcohol will quantitatively extract the pigment from

its solution in petroleum ether ethyl ether (1:1). This fact has al-

ready been pointed out in connection with the isolation of the caroti-

noids, and is especially useful in the quantitative estimation of fuco-

xanthin as will be shown in the next chapter.

Fucoxanthin solutions are very much less stable than those of the

other carotinoids, particularly in the light. Benzene solutions bleach

especially readily. Ether solutions of fucoxanthin give a reaction

with HC1 which resembles in many respects the action of mineral

acids on alcoholic solutions of xanthophyll (3.
When the ether solu-

tion of pigment is shaken with 30 per cent HC1 solution the pig-

ment bleaches and the acid layer takes on a magnificent blue-violet

or sky-blue color. The latter is due to a stable salt containing 4

atoms of HC1, which is probably an oxonium compound. Its solu-

bility in the aqueous layer is due only to the ether which is dis-

solved in the acid solution. On regeneration of the yellow pigment
with alkali, the hydrochloride still persists and retains one atom of

HC1. Fucoxanthin apparently unites with other substances as well

as HC1 for Willstatter and Stoll state that ether solutions dried over

CaCl 2 yield a pigment showing 3 to 4 per cent CaO.
Another especially characteristic property of fucoxanthin is the

action of alkalis on its solutions, or rather on the pigment itself when
in solution. The pigment apparently has no acid properties but

under certain conditions it is attacked by alkali. Metallic sodium,
solid Ba(OH) 2 and 50 per cent KOH have no effect upon it. It is

dissolved, however, by strong aqueous KOH solutions, and cannot

be extracted from this solution by ether. This is also true of con.
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methyl alcohol KOH, and in this solvent the pigment is changed so

that on dilution with water and extraction with ether (the pigment

being liberated from its temporary alkali compound by water) it is

much more sensitive towards HC1. Ether solutions will now give

the blue color reaction on shaking with only 16 per cent HC1 solu-

tion, whereas 25 per cent HC1 solutions had scarcely any effect before

the treatment with alkali. Even 3 per cent HC1 now has a noticeable

effect, and in concentrated ether solution even 0.001 per cent HC1
will give the blue color. The hydrochlorides formed in these cases

apparently contain even more chlorine than the hydrochloride which

the original pigment forms.

The ether solution of fucoxanthin which has been changed by the

concentrated methyl alcohol KOH has a greenish tinge and shows a

spectrum whose bands are shifted considerably towards the violet.

The ether solution of this pigment containing 5 mg. per liter shows

bands at 461-451(41 and 435-423[.iu. in 10 mm. layer.

Properties of Crystalline Carotinoids

Carotin. Carotin crystallizes from carbon disulfide on addition of

absolute alcohol, forming rhombic tablets or prisms, and from petro-

leum ether, forming almost quadratic leaflets, which are frequently

indented. Plate 2, figure 1, shows the form of crystals from carbon

disulfide-alcohol. The color of the crystals varies with their thick-

ness from bright yellow to deep rose or copper colored with a rich

velvety appearance. The crystals are highly pleochromatic and have

an intense blue to bright green metallic luster by reflected light. The

crystallography of carotin has been described in detail by Kohl

(1902b). Some investigators have ascribed a striking violet or crocus-

like odor to the pure crystals, but this has not been observed by

others, e.g., Willstatter. The crystals from alcohol usually contain

some alcohol of crystallization, which is given up in vacuum over

H2S04 or P2 5 .

Pure carotin crystals are almost insoluble in cold ethyl alcohol,

and even less so in methyl alcohol. They dissolve with difficulty in

the hot alcohols. About 1.5 liters of low boiling petroleum ether are

required to dissolve one gram, under a reflux condenser, but the solu-

bility is somewhat greater in the higher boiling gasoline fractions.

About 900 cc. of hot ether are required for one gram of crystals.

Acetone dissolves the crystals with difficulty, even hot acetone not
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FIG. 1. Carotin from carbon disulfido- FIG. 2. Xanthophyll from methyl al-

alcohol. (X62) cohol. (X62)

FH;. 3. Xantliophyll iodide from

alcohol.

FIG. 4. Lycopin from petroleum
ether. (X165)

FIG. 5. Lycopin from carbon disul-

li<l.-alcoh(l. (X 165)

PLATi: '2

FIG. 6. Fucoxanthin from methyl
alcohol.
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being a ready solvent. Benzene <li>snlvr.- ihc pmv crystals much more

easily and chloroform and carbon disultidc with great ease. Kohl

(1902e) gives the specific rotation of carotin in chloroform as

g D = 30.17, but this property is not mentioned by other investi-

gators.

Carotin crystals, and even the amorphous pigment, if free from

lipoids, dissolve in concentrated H..SO with an indigo blue color, from

which the pigment precipitates as green flakes on dilution. A similar

color reaction is given by concentrated HN03 , dry sulphurous acid

and by thymol and phenol containing concentrated HC1. The crys-

tals also give a transient blue color with bromine water and with

bromine vapor. With ferric chloride a deep green color is given.

This reaction was explained in a previous paragraph. The color

reaction of carotin with H 2S0 4 ,
which is also given by the other

carotinoids, is regarded by many as a specific reaction for these

pigments. There is no justification for this idea, which may easily

lead to erroneous conclusions, because this reaction is given by a

large number of organic compounds, especially by certain quinones of

the aromatic group.

The crystals of carotin readily oxidize, whereby the crystals bleach

entirely. The original melting point of 167.5-168 C. falls and the

pigment changes markedly in properties. A number of investigators

have reported that the bleached pigment shows the color reactions

of cholesterol, but Willstatter and Mieg and Euler and Nordenson were

unable to confirm this. The amount of oxygen which carotin is ca-

pable of taking up during the oxidation has been variously reported,

Arnaud reporting 21 to 24 per cent, Kohl as high as 37.87 per cent.

Willstatter and Mieg obtained a maximum of 34.3 per cent, cor-

responding to 11 atoms of oxygen. Willstatter and Escher (1910) ob-

tained an oxidized product in dry oxygen corresponding to nearly 12

atoms of oxygen. They found that oxidation in a room saturated with

moisture gave a product with a like amount of oxygen but containing

2 molecules of water, in addition. The perfectly pure pigment crys-

tals did not oxidize readily. By placing them in a stream of pure

oxygen the increase in weight was only 0.3 per cent after five days.

After this the oxidation was more rapid, and was accompanied by the

violet-like odor which had been described by others for the pure pig-

ment.

Carotin being an unsaturated hydrocarbon would be expected to form

stable halogen derivatives. Two iodides have been described, one by
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Arnaud (1886) which would correspond to the formula C 10H 56 I 3 ,
ac-

cording to our present accepted composition of the hydrocarbon. This

iodide is formed by adding iodine to a petroleum ether solution of caro-

tin crystals in less than the required amount to combine with all the

carotin. The iodide crystallizes out as dark violet leaflets with a cop-

per colored reflection, which melt sharply at 136-137 C. Willstiit-

ter and Escher obtained the same iodide by adding double the amount
of iodine crystals to benzene-carbon disulfide and carbon disulfide-

ether solutions of carotin. The other iodide, described by Willstatter

and Mieg and also by Willstatter and Escher (1910), corresponds to

the formula C 40H 5(i
I 2 ,

and is prepared by adding crystalline iodine to

an ether solution of carotin in an amount equal to only one-third the

weight of carotin present. The form and color of these crystals are

the same as those of the tri-iodide, but differ from it by showing no

definite melting point, the crystals slowly decomposing between 140

and 170 C.

The analyses which have been made of the two iodides, one contain-

ing two atoms and the other three atoms of the halogen, show ex-

cellent correspondence with the theoretical amount of iodine in com-

pounds showing this composition. It is not clear, however, just what

structure of the carotin molecule would permit the formation of an

iodide containing three atoms of iodine.

Carotin also forms a bromine derivative which is at once both an ad-

dition and a substitution product, which conforms with the constitution

C40H36Br22 . The formation of this product is stated by Willstatter

and Escher to take place on the addition of 0.5 grams of powdered
carotin in small portions with shaking to 16 grams of bromine at C.,

the bromine being protected from moisture in the reaction flask by a

CaCl2 tube. The reaction is completed by standing at room tempera-
ture and the precipitate filtered off on glass wool and washed with hot

anhydrous formic acid, giving a brittle colorless product without defi-

nite crystalline form. The bromide has no melting point but de-

composes at about 171 -174 C. It dissolves easily in benzene and

carbon disulfide, fairly easily in ether, but with difficulty in even hot

alcohol or petroleum ether; it is insoluble in glacial acetic and an-

hydrous formic acid. The bromine cannot be completely removed with

zinc dust and glacial acetic acid, or with silver acetate.

The structure of the carotin molecule has proved to be a difficult

problem to solve. Escher's (1910) attempt resulted only in the pro-
duction of amorphous products of high molecular weight. One nat-
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urally wonders whether any of the known compounds of the same

empirical formula hear any relation to carotin, hut it must be admitted

that they throw no light on its constitution. The simplest empirical

formula for carotin, i.e., (C r,H 7 ) 8 suggests a possible relation to the

trrpene derivatives, the cymenes, or to the toluene derivatives, durcne

and the propyl toluenes, all of which have the empirical formula

(\,,H 14 . The cymenes. however, are structurally isopropyl benzene-,

and durene is tetramethyl benzene. The former is a colorless oil and

the latter a colorless solid, m.p., 79-80 C. There seems to be no rea-

son for believing that carotin is related in any way to these substances

or to the propyl toluenes.

The problem of the structure of carotin is of special interest because

pigmented hydrocarbons are something of a novelty. Those which

have been described will be mentioned briefly, inasmuch as their con-

stitution at least indicates the probably chromatophor group in caro-

tin, namely, >C:C<.
Apparently the first pigmented hydrocarbon to be mentioned in the

literature is acenaphtylene, C 12H8 , probably having the structure

It was first described by Behr and van Dorp (1873) and

HC:CH
Blumenthal (1874) and later by Graebe (1893). It forms leaflets

of a golden yellow color, soluble in alcohol, ether and benzene, which

melt at 92-93 C. De la Harpe and van Dorp (1875) and later

Graebe (1892) have described the hydrocarbon di-biphenylenathene,

C 26H 16 , which crystallizes as intensely yellowish red needles and

scales, m.p., 187-188 C. (corrected), and forming yellow solutions.

According to Graebe this hydrocarbon adds hydrogen readily, going

over into the colorless compound C 2BH 1S . Thiele (1900a) found that

the hydrocarbon fulven, C 2H 4.C:C.CH, forms brilliantly colored de-

rivatives. He mentions dimethyl fulvene, C 8H 10 ,
a bright orange col-

ored oil, methyl phenyl fulvene, C 13H 12 ,
a red oil, and diphenyl ful-

vene, C 1SHM ,
which crystallizes from petroleum ether as deep red

prisms, m.p., 82 C. Thiele (1900b) has also described the hydro-'

carbon cinnamylidenindene, CGH 5 .CH:CH.C CH:CH, which crys-V7
C, ;

H5

tallizes as yellowish-red needles, m.p., 190 C., and is easily soluble

in most organic solvents. More recently Pummerer (1912) has dis-
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covered the red hydrocarbon, C
211
H 14 , m.p., 306 C., which he calls

rubicen, and which dissolves in CHC1 3 , giving solutions showing an

intense yellow fluorescence. It is not readily soluble in the other or-

ganic solvents. The chloroform solution shows one absorption band

with a maximum at 498iui. The spectroscopic properties of the other

colored hydrocarbons mentioned has apparently not been determined.

Apparently color among hydrocarbons, although rare, is not con-

fined to yellow and red. Sherndal (1915) has isolated a blue hydro-

carbon oil, azulene, C 15H ]S , from a number of essential oils. It is a

coincidence, perhaps worth mentioning, that this blue hydrocarbon
dissolves in 60 to 65 per cent sulfuric acid with a yellow color,

whereas carotin, a red hydrocarbon, dissolves in strong sulfuric acid

with a blue color.

In addition to these substances Marchlewski (1903) called atten-

tion to the fact that pigmented compounds could be made start-

ing with methyl-ethyl maleic acid anhydride, which show a strong

resemblance to the lipochromes both with respect to spectroscopic

properties and color reactions. Marchlewski's note on the subject

was for the purpose of reserving the field of investigation, but so

far as the writer is aware no further results have ever been published.

Xanthophyll. The crystals of xanthophyll obtained from plants

by Willstiitter and Mieg (1907) and from egg yolk by Willstatter

and Escher show complete correspondence in form, color, solubility,

oxidation products and halogen derivatives, but not in melting point.

The latter point was discussed in Chapter VI.

Xanthophyll appears to crystallize best from alcohol, preferably

methyl alcohol, from which the forms are mostly quadratic, often

trapesium tablets, frequently showing indentations. Their general

appearance is shown in Plate 2, Figure 2. From ethyl alcohol the

crystals are lance- and wedge-shaped prisms. Sometimes the crystals

are rhombic, almost hexahedrons. In all cases the crystals contain a

molecule of the solvent from which crystallization occurred. A sin-

gle example is reported by Willstatter and Mieg in which crystals

from CS2 contained 22 per cent sulphur.

The color of the crystals varies with the thickness from a green-

ish-yellow to a rose, similar to the crystals of carotin but distin-

guished by a less red color. The crystals are even more strongly

pleochromatic than carotin, their brilliant steel blue reflection being

especially evident when suspended in the solvent. The powdered

crystals have a brick red to red-lead color. After removing the sol-
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vent of crystallization by drying in vacuum over H2S04 or P2 5 xan-

thophyll crystals from plants melt at 173.5-174.5 C. (corrected),

but according to Willstiitter and Ksrhcr xanthophyll from egg yolk

mi-Its at 195-196 C. (corrected).

Xanthophyll crystals arc entirely insoluble in low boiling petro-

leum ether. The solubility in cold methyl alcohol is quite low, 1 gram

requiring about 5 liters, but is considerably greater in the boiling sol-

vent, 1 gram requiring 700 cc. to 1 liter. The solubility of the pure

pigment in ethyl alcohol is considerably greater. The crystals dis-

solve rather easily in warm CS2 ,
1 gram requiring about 400 cc. of

solvent. The solubility in ether is a little greater and in acetone and

chloroform quite rapid. Phenol also dissolves the crystals quickly

as does hot glacial acetic acid. A mixture of 3 parts phenol crystals

and 1 part glycerol also dissolve xanthophyll crystals very readily,

as van Wisselingh (1915) has shown.

Xanthophyll crystals, like carotin, dissolve in con. H 2S04 with a

deep blue color, from which green flakes are precipitated on dilution

with water. They also dissolve in warm ethyl alcohol containing

strong HC1 with a pure green color which soon changes to blue. This

reaction is apparently peculiar to xanthophyll in contrast with the

hydrocarbon carotinoids. According to van Wisselingh xanthophyll

crystals can be distinguished from carotin crystals by the fact that

the former are colored blue but are not dissolved by 65 to 75 per cent

H 2S0 4 while the latter turn blue only after some lapse of time or when

stronger acid is used. With con. HN0 3 a colorless solution only is

obtained from which colorless flakes separate. This is Willstatter

and Mieg's finding, but van Wisselingh found that the blue color re-

action resulted with 50 per cent acid. This may also serve to dis-

tinguish the crystals of the two types of carotinoids.

Xanthophyll, like carotin, is unsaturated and forms an iodide,

C 40H56 2I 2 ,
which precipitates at once on addition of iodine to the

ethereal solution of the pigment. An excess of iodine prevents the

crystallization. The iodide has a dark violet color and consists of

tuft-like prisms, the form of which is shown in Plate 2, Figure 3. The

compound is not very stable and possesses no definite melting point.

It is fairly readily soluble in the xanthophyll solvents, excepting

ether, giving yellow to yellowish-red solutions. When xanthophyll
is brominated it loses its oxygen, since Willstiittcr and Escher (1910)

report a xanthophyll bromide with the constitution C 40H40Br22 .

Xanthophyll crystals slowly oxidize in the air or in oxygen, with
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the addition of 36.5 per cent of their original weight, corresponding
to 13 atoms of oxygen or the formula C40H56 15 . When this product is

recrystallized from ether it contains even more oxygen and corresponds

to the formula C 40H56 18 ,
and melts at 140 C. The oxidizing pig-

ment has a peculiar violet-like odor, at least in the case of plant xan-

thophyll, although Willstatter and Escher did not notice this in the

case of xanthophyll from egg yolk. The oxidized crystals dissolve in

concentrated mineral acids with a dark brown color and in dilute

alkalis with an intense reddish-yellow color.

The constitution of xanthophyll, like that of carotin, is unknown.

Even its relation to carotin is very puzzling. While the empirical re-

lations between the two carotinoids suggest that xanthophyll is a sim-

ple oxidation product of carotin, the behavior of xanthophyll shows

that this is not the case. Xanthophyll fails to give a reaction for

carbonyl, alcohol or acid groups, which suggests that the oxygen must

be present in an ether-like combination. If this be accepted as prob-

able it would indicate that the carotinoids are not derived from each

other but are rather built up from a common nucleus.

Lycopin. This red isomer of carotin crystallizes in the form of a

bright or dark carmine colored, velvety appearing mat of wax-like

crystal aggregates, consisting of elongated microscopic prisms, whose

ends are usually quite ragged. The crystals usually obtained from pe-

troleum ether are of this character and are shown in Plate 2, Figure
4. Figure 5, Plate 2 shows the fine needles which crystallize from

ether or from carbon disulfide-alcohol, which frequently occur in

beautiful starlike clusters, according to Monteverde and Lubimenko.

The powdered crystals have a dark reddish-brown color and melt at

168-169 C. (corrected).

Lycopin crystals are less soluble than carotin in all the carotinoid

solvents. Ethyl and especially methyl alcohol are exceptionally poor
solvents. Low boiling petroleum ether dissolves only a small

amount, 10 to 12 liters taking up only 1 gram. About 3 liters of ether

are required for the same amount of pigment, but one can readily

obtain a 2 per cent solution in CS2 ,
and even stronger solutions in

warm chloroform or benzene. The crystals are insoluble in acetone

and glacial acetic acid. They dissolve, however, in concentrated

H 2SO4 and HN03 with a deep blue or purple color, which is very
transient in the case of HN03 .

The lycopin crystals readily oxidize with bleaching, the maximum

oxygen absorption amounting to about 32.5 per cent of their original
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weight. The oxidizing pigment, has a peculiar odor, which is stated

by Willstatter and Escher (1910) to be different from that of oxidiz-

ing carotin or xanthophyll, but is not described.

AY hen lycopin crystals are dissolved in a little OS, and much ether

and treated with one-third their weight of iodine, a lycopin iodide cor-

responding to the probable formula C 40H,J, precipitates in the form

of dark green, gelatinous flakes, containing 34-37 per cent iodine.

AA'hen the lycopin crystals are treated with a trace of bromine vapor

they first turn a vivid green, and can then be dissolved in an excess

of bromine to form a colorless, resinous material, insoluble in an-

hydrous formic acid, whose constitution is somewhat difficult to un-

derstand in the light of the analyses made by Willstatter and Escher.

The combined addition and substitution compound appears to have

the constitution C40H44Br,,;
, indicating substitution of 12 hydrogen

atoms and addition of 14 bromine atoms. This would indicate a much

greater instability of the lycopin double bonds than is the case with

carotin which forms the bromide C40H 36Br22 ,
which shows the addi-

tion of only two atoms of bromine and corresponds to the di-iodide

which the pigment forms.

Fucoxanthin. This carotinoid crystallizes from concentrated

methyl alcohol in the forms of long amber colored prisms, belonging

to the monoclinic system. The crystals are shown in Plate 2, Figure

6. The powdered crystals are brick red. These crystals contain three

molecules of methyl alcohol. When freed of the solvent by desicca-

tion, the crystals are hydroscopic. This water is difficult to remove,

being given up only at 105 C., under diminished pressure. Fucoxan-

thin crystallizes from dilute alcohol or acetone in characteristic hexa-

gon-shaped tablets, containing 2 molecules of water of crystallization.

The addition of water to the alcohol or acetone solution of fucoxan-

thin precipitates the pigment as needles which rapidly change to the

hexagon-shaped hydrates. The anhydrous crystals melt at 159.5-

160.5 C. (corrected), those containing methyl alcohol about 10 lower.

Fucoxanthin resembles xanthophyll in its solubilities. One hun-

dred grams of boiling methyl alcohol dissolve 1.66 grams of pigment,

but only 0.41 grams at C. The crystals are fairly difficultly soluble

in ether, fairly easily in CS 2 ,
and easily in ethyl alcohol. The pure crys-

tals, either hydrates or methyl alcoholates, do not readily oxidize, but

the solutions readily bleach, and a product can be obtained from these

colorless solutions which corresponds to the formula C40H 54 16 or

\-JAnklrA\JlA-
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Fucoxanthin crystals correspond with the other carotinoids in dis-

solving in concentrated H2S04 and HN0 3 with a blue or purple color,

and in addition readily form a blue oxonium salt with HC1, as has

already been described. The pigment also forms an iodide, but ap-

parently one containing 4 atoms of iodine, instead of di-iodide which

the other carotinoids form. This product is obtained in the form of

dark violet, short, pointed prisms with a copper luster, which have a

gray to blue-green color by transmitted light when viewed under the

microscope. One obtains those crystals by adding the iodine to an

ether solution of the pigment. The crystals are easily soluble in

chloroform and acetone with a deep blue color. They melt at 134-

135 C. A bromide of the pigment does not appear to have been

made.

Methods of Identification in Biological Products

It is at times very desirable to be able to identify carotinoid pig-

ments in the plant or animal tissues in which they occur. So far as

plant tissues are concerned it is possible to make a gross identification

of carotinoids with certainty and even to differentiate carotin and

xanthophylls and lycopin with a reasonable degree of accuracy.

These results are made possible because of the excellent researches of

Molisch (1896), Tammes (1900) and particularly van Wisselingh

(1915). A similar identification of carotinoids in animal tissues has

not yet been devised; at least it will be pointed out presently how in-

secure the foundation is upon which the demonstration of animal

lipochromes (undoubtedly carotinoids) has been built. Attention

will be directed first to the possibilities in connection with plant

tissues.

Plant tissues. The demonstration and identification of carotinoids

in the plant tissues in which they are formed rests upon a microchemi-

cal crystallization of the pigments in the tissues and a study of the

effect of certain solvents, and reagents producing color reactions, upon
these crystals. As has already been pointed out in a previous chap-

ter, carotinoids occur almost entirely in the plastids in plant tissues

and very rarely as crystals in the cells. As van Wisselingh has stated,

the carotinoids occur mostly bound to fluid, fat-like, saponifiable

substances or actually dissolved in them. These substances are in

the plastids or they form oily drops in the cells. It becomes neces-

sary, therefore, first to set the pigments free from their union or solu-

tion in the plastids. It has been shown by van Wisselingh that of the
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methods which have been proposed for the microchemical crystalliza-

tion of the earotinoids only one can be depended upon to assure this

result, namely the alkali method of Molisch. He has shown that it is

possible by this method to secure the microcrystallization of all types

of known carotinoids occurring; in plants, with the possible excep-

tion of fueoxanthin. While van Wisselingh found that the brown

al.ua
1 give excellent crystals it is not clear whether these are fueo-

xanthin or the carotin and xanthophyll which accompany it in these

plants.

The method is carried out as follows. Several small pieces of plant

tissue or sections of the same (leaf, petal, slice of fruit or other bulky

tissue) are placed in 100 to 200 cc. of alcoholic potash containing 40

per cent alcohol by volume and 20" per cent KOH by weight. The

tissue and solvent are placed in darkness protected from the air and

allowed to stand until the substances associated with the carotinoids

have dissolved or become saponified and the carotinoids present have

crystallized out. The time of crystallization will vary with the ob-

ject from minutes to months but can be greatly speeded up for the

latter cases by warming the preparation for a few hours at 70-80 C.,

on several successive days. Van Wisselingh has shown that crystals

can be obtained in a few days by this modification which may require

over a year at room temperature. A piece of the tissue being studied

is withdrawn from time to time for examination as to the progress of

the reaction. It is first washed thoroughly with water and finally

allowed to rest in distilled water for several hours before preparing

the section for microscopic examination.

When carotin and xanthophylls are present the crystals which will

form divide themselves into two general classes according to their

color, one group, probably due to xanthophylls, being orange-yellow

to orange and the other, probably due to carotin, being orange-red

to red. It is not safe, however, to depend upon the color of the crys-

tals for determining their character, because rhodoxanthin, if pres-

ent, would undoubtedly crystallize in the red group. In fact, van

Wisselingh encountered red xanthophyll-like crystals in his investi-

gation.

Lycopin docs not form microcrystals in the Molisch method. A
slight modification, however, permits their formation, namely, heat-

ing the tissue to 140 C. in glycerol alone or in glyccrol containing

10 per cent KOH. Lycopin forms reddish violet microscopic crystals

under these conditions.
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The formation of crystals in plant tissues by the methods described

is alone sufficient for a gross identification of carotinoids. For veri-

fication, however, the crystals may be treated either with strong

H,S0 4 or bromine water or with a solution of SbCly in 25 per cent

HC1. In each case the reagent will impart a blue color to caroti-

noid crystals of all types. When using the antimony reagent the prep-

aration must first be placed in dilute HC1. In the other cases the prep-

aration may be placed in a minimum amount of water.

The differentiation of the types of crystals as xanthophyll, carotin

or lycopin, rests upon two general tests which are reasonably accu-

rate. (1) Xanthophyll crystals dissolve very quickly in a phenol-

glycerol mixture made up of 3 parts by weight of phenol and 1 part

by weight of glycerol, while carotin and lycopin dissolve very slowly

if at all. Van Wisselingh found that carotin crystals from carrots

and lycopin crystals from tomatoes remained untouched by this re-

agent even after several days. (2) Xanthophyll crystals give a quick

blue color when treated with 75 per cent H 2S0 4 while carotin and

lycopin crystals require a stronger H 2S0 4 to color their crystals blue,

or at least to do so quickly.

Animal tissues. The possibility of a microchemical demonstration

of carotinoids in animal tissues rests at the present time on the as-

sumption that the methods which have been used for identifying lipo-

chromes in such tissues are in reality methods for detecting caroti-

noids, and are, moreover, specific for these pigments. Let us see

whether these assumptions are justified.

Two methods have been used rather generally for detecting lipo-

chromes in sections of animal tissues. One has been the application

of the so-called specific color reactions with concentrated H 2S0 4 and

HN0 3 and with iodine-potassium-iodide solution; the other has been

the reaction of the pigments towards certain fat stains, particularly

Scarlet Red, Sudan III and osmic acid.

Carotinoid pigments are encountered in animal tissues both as intra-

ccllular and intercellular substance, generally in more or less gran-

ular or amorphous condition but also coloring what appears to be true

fat globules. The possibility is also not excluded that they may oc-

cur in the tissues bound to protein as they at times occur in the blood.

Since carotinoids dissolve readily in liquid fats, one may also expect

to find fats at times dissolved in carotinoids. It is therefore an open

question whether true lipochromes (carotinoids) ever occur in ani-

mal tissues in a pure condition. Since lipochrome is never encoun-
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tered in a crystalline condition in such (issues, as it has been stated

to occur in plants, the balance of the argument is at present against

tin- occurrence of the pure pigments.

With regard to the lipochrome eolor reactions the results which

have been secured are not encouraging as to their applicability to the

carotinoids which occur in animal tissues. The chemistry of the

blue color reaction with con. H 2S0 4 ,
which is given by a number of

aromatic substances besides the carotinoids, is not known. A positive

reaction with this reagent can not therefore be regarded as conclusive

proof of the presence of carotinoids, although it would indicate this

possibility. This reaction, however, fails completely in the presence

of glycerides, and may be vitiated even by the presence of other

lipoids which are attacked by strong sulfuric acid. It can not be used

at all for detecting carotinoids. dissolved in fats. A negative test

on even more suitable material is not necessarily conclusive; for

example, Sehrt (1904) discredited the corpus luteum pigment as a

lipochrome because it was colored only a faint blue by H 2S0 4 ,
and

sometimes not at all. The reaction with H2S0 4 , therefore, has only

a very limited application to carotinoids which may be encountered

in histological sections of animal tissues, at least under the conditions

in which it has been employed up to the present time.

Practically the same conclusion must be drawn for the use of the

iodine reaction. The cause of this reaction is the blue iodine deriva-

tive which is formed by all the known carotinoids. The reaction

was discovered by Schwalbe (1874) as an apparently typical pig-

ment reaction for the colored oil drops in the retina of certain ani-

mals. Since that time it has been generally held that animal pig-

ments which fail to give the iodine reaction are not typical lipo-

chromes. However, even this reaction, which possesses a firm chemi-

cal basis, has frequently failed for pigments which we now know
to be true carotinoids. For example, Kiilme (1878) failed to secure

the reaction with egg yolk pigment, even after isolation, and Sehrt

(1904) found that the corpus luteum pigment only occasionally re-

acted.

These results seem very discouraging. We have already seen, how-

ever, that no great difficulty attends the use of color reactions in the

microchemical identification of carotinoids in plant tissues. The
author is not aware of any attempt to apply the Molisch microchemi-

cal method of crystallization of carotinoids to animal tissues. Un-

fortunately the high concentration of alkali in the Molisch reagent
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would undoubtedly disintegrate animal tissues before the pigment

could crystallize out. It would be well worth the effort, however,

if a microchemical crystallization method could be devised which

would be applicable to animal tissues.

The conception of a constant association of pigment with fat which

is suggested by the term lipochrome was no doubt in a measure re-

sponsible for the introduction of fat stains for demonstrating the

presence of such pigments in animal tissues. The writer has not

made a thorough study of the history of the use of this technic, since

the matter is not of great importance. It is, therefore, a little dif-

ficult to state whether the use of fat stains began with the idea of dem-

onstrating that a pigment in question was actually associated with fat

and therefore a true "lipochrome," or whether their use was suggested

solely by the term itself or by the statements encountered here and

there in the literature on plant lipochromes that one of the fat stains

(usually osmic acid) imparted its characteristic color to the pigment.

Whatever the origin of their use may have been it is obvious that the

present conception of the action of the fat stains, as shown by con-

sulting the modern handbooks on biochemistry and pathology, is that

they stain the pigments themselves. For example, Wells (1918)

states that the lipochromes "are characterized by staining by such

fat stains as Sudan III and Scarlet Red, and usually, but not con-

stantly, by osmic acid"; and Herxheimer (1913) makes practically

the same statement, without, however, making any reservations with

respect to osmic acid.

As far as the true carotinoids are concerned this conception rests

upon the uncertain assumption that these pigments are actually

stained by such dyes as Sudan III, Scarlet Red and osmic acid. It

is possible that such is the case, but unfortunately the matter has

never been subjected to an experimental study; and until we have

further proof of the action of these and other fat dyes upon the

pure pigments it is not possible to state definitely that a positive stain

with a fat dye is a positive test for pigment of the carotinoid (lipo-

chrome) type. In fact, there is evidence which indicates that a posi-

tive stain with a fat dye is merely a test for the lipoid with which

the pigment is associated.

Neumann (1902) states that when the fat cells of the bone marrow

and sex glands of frogs have become completely atrophied through
inanition (or during hibernation) the lipochrome which remains no

longer takes the osmic acid stain, but still gives the reaction with
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iodine. Dolley and Guthric (1919) have studied carotinoids in animal

tissues by means of fat stains with results which bear on this ques-

tion. They observed that amorphous deposits of what appeared to

be pure lipochrome in both animal and plant (carrot) tissues still

stained with Sudan III and Scarlet Red after the pigment granules

had become bleached through oxidation. This fact does not prove

that the pigment granules were not pure pigment, but it does throw

doubt upon this conclusion. Kreibich (1920) takes the view that the

lipochromes in animal tissues, which he calls sudanophiles, are united

with alcohol insoluble lipoids.

Dolley and Guthrie (see also Palmer and Kcmpster (1919bj) made

the interesting observation that Nile blue (used either as the hydro-

chlorate or sulfate in 1-10,000 aqueous solution or as a stronger so-

lution in 65 per cent acetone) when used as a progressive stain,

"particularizes the lipochrome first as a deep blue," but stains neu-

tral fat a salmon pink even in the presence of lipochrome. The blue

stain wras found to occur for the amorphous carotin granules in the

frozen carrot section, and for the amorphous xanthophyll granules

and minute pigment globules in the stratum corneum of the chicken

skin, while the salmon pink color occurred for lard stained deeply

with carotin from carrots, for chicken fat highly colored with xan-

thophyll, for the globules in colostrum milk fat, deeply colored with

carotin, and for the fat globules in the natural emulsion of the deep

yellow (xanthophyll colored) yolk of the hen's egg. Dolley and

Guthrie later (1921) found that the lipochrome granules of the heart

muscle stained blue with the dye, although in their earlier (1919)

work they were unable to secure positive differentiation of lipo-

chrome and fat in nerve cells by this method.

These findings appear, at first sight, to be a definite advance in the

technic of demonstrating carotinoids in animal tissues. This conclu-

sion is weakened, however, by the fact that Smith (1907) showed that

Nile blue differentiates fatty acids from neutral fats in the same man-
ner that it appears to differentiate carotinoids from neutral fats, fatty

acids staining blue and neutral fat red. 1 This fact alone, however,
would not necessarily disprove the supposition that carotinoids may
act like fatty acids towards Nile blue, although it must be admitted

1 Herxheimcr (AbderhaMrn's Handbuch dcr Biologischen Arbeltsmethoden, viil, part
1, 208) states that this fact has been confirmed by Escher (Korrbl. f. Schweizer Arzte,

1ft, 1919) and by Boeminghaus (Ziegter's Beit rage, 67, 532, 1920) who found also that
cholesterol esters of fatty acids stain red like neutral fat, and many other lipoids take
a mixed blue and red color.
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that the chemistry of the blue stain with Nile blue argues against

this supposition. As stated by Smith the simultaneous staining of

fatty acids and neutral fat by Nile blue is due to the fact that this

dye is a mixure of a strongly basic oxazine which reacts readily with

fatty acids to form blue soaps, and a weakly basic oxazone which

dissolves readily in neutral fats and fat solvents. When it is remem-

bered that none of the carotinoids have acid properties it may be

argued that the blue stain imparted to carotinoid pigment granules in

the writer's and in Dolley and Guthrie's experiments merely indi-

cates the acid character of the lipoid with which the pigment was as-

sociated. This argument would have to be accepted as conclusive if

the oxidized pigment granules should be found to retain their prop-

erty of taking the blue stain with the Nile blue oxazine like they have

been observed to do with Sudan III and Scarlet Red. On the other

hand, if it should be found that the oxidized pigment granules in

plant or animal tissues no longer take the blue stain with Nile blue

there would be strong basis for believing that the oxazine base in the

dye is specific for carotinoids as well as for fatty acids. Certainly

it would not be unreasonable to assume that the profound changes
which undoubtedly occur in the chemical characters of the carotinoids

during their oxidation also alter their relation towards dyes.

Hueck (1912) has stated that lipochrome in animal tissue still

stains blue with Nile blue after oxidation with hydrogen peroxide.

At the writer's suggestion Dr. Dolley has investigated this point more

exhaustively using frozen sections of carrot tissue, with the result 2

that Hueck's observation is confirmed. Complete oxidation with

hydrogen peroxide and sunlight or careful oxidation with ferric chloride

fails to destroy the ability of the visible, bleached pigment granules to

take the blue oxazine base from the Nile blue dye. It thus appears

impossible to differentiate between carotinoid pigment and fatty acids,

although these can be distinguished from neutral fat or esters by the

Nile blue dye.

The effect of ferric chloride on the carotinoids is alone of some

value in indicating the presence of carotinoids in animal tissues.

While it is not possible to obtain the green color reaction when work-

ing with tissue sections, on account of the fact that the color reaction

is in the reagent itself, pigment granules which are readily oxidized

(bleached) by this reagent may be suspected to be carotinoid in na-

ture. Dolley and Guthrie found that a strong solution of ferric

2 Personal communication.
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chloride in 50 per cent alcohol was especially suitable for this pur-

pose. Treatment o!' sections showing carotinoid grannies with hydro-

gen peroxide tor 24 to 48 hours apparently effected the same result,

but Dr. Pulley's recent communication indicates that the oxidation

is not so thorough as with the ferric chloride unless the peroxide is

supplemented with strong sunlight. There is also the tacit assumption

among pathologists that sections which give up their pigment to fat

M>1 vents contain lipochromes. This, of course, can only be considered

contributory evidence.

Summary

It is impossible to summarize adequately in a few words the facts

presented in this chapter describing in detail the chemical and physi-

cal properties of the several carotinoids both in crystalline form and

also when in solution in various solvents.

It may be pointed out, however, that the properties of impure
solutions of the individual carotinoids when freshly prepared are suf-

ficiently characteristic for their identification without resorting to the

tedious process of isolating the pigments in pure crystalline form. The
characteristic properties which may be employed for this purpose in-

clude color, spectroscopic absorption bands, relative solubility in al-

cohol and petroleum ether and adsorption affinity towards finely di-

vided agents like CaC0 3 .

It is fortunately possible to identify carotinoids in general in plant
issues through a microchemical crystallization method. It is possi-

ble, also, to roughly differentiate these crystals into groups, such as

carotin, xanthophyll and lycopin-like pigments, by means of the ef-

fect of a phenol-glycerine solvent on the crystals and the rapidity

with which they respond to a color reaction with sulfuric acid of

different strengths.

The microchemical demonstration of carotinoids in animal tissues

does not rest on a very adequate basis. Recent work, however, indi-

cates that although it is not possible to differentiate between carotinoid

pigment and fatty acids, these can be distinguished from neutral fat

and esters by means of their characteristic staining reaction with Nile

blue, the former staining blue and the latter some shade of pink.



Chapter X

Quantitative Estimation of Carotinoids

The small amount of carotinoids in plant and animal tissues, to-

gether with the difficulty of securing the pigments free from color-

less impurities as well as the great ease with which the pigments oxi-

dize, forbid their quantitative estimation by a gravimetric method.

The great intensity of the carotinoid pigments and their ready solu-

bility in certain organic solvents naturally suggests the possibility of

their quantitative estimation by colorimetric methods. The methods

which have been proposed have, in fact, been devised on this basis.

Estimation of Carotin and Xanthophyll

Arnaud (1887) was the first to propose a colorimetric method for

the quantitative estimation of carotin in plant tissues. The method

was based on his observation that air dried, or especially vacuum

dried leaves (leaves dried in an oven even at low temperature cannot

be used, according to Arnaud) do not give up any of their chlorophyll

when allowed to remain in contact with low boiling petroleum ether,

but permit all the carotin to be extracted. A further essential fea-

ture of his method was based on the observation (a single experi-

ment only is reported) that the color of carbon disulfide solutions of

carotin is directly proportional to the amount of carotin present.

With these observations as a basis Arnaud proceeded as follows.

Twenty gram quantities of air-dried or vacuum-dried, powdered
leaves were shaken up with 1 liter of cold petroleum ether in a stop-

pered flask for a period of 10 days. The extract was filtered off and

exactly 100 cc. evaporated to dryness. The residue was taken up in

exactly 100 cc. of carbon disulfide and compared in a Dubosque col-

orimeter with a standard 0.001 per cent solution of carotin in carbon

disulfide. It is stated that the colorimeter was modified slightly to

prevent the volatilization of the solvent and that blue glasses were

inserted to improve the sensitiveness of the instrument, but the de-

tails in regard to these modifications are not given. The data which
248
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Arnaud reports indicate that he set his standard carotin solution at

19 mm. depth and compared his unknown solutions with this arbi-

trary standard.

Arnaud (1889) used this method for the quantitative analysis of

the carotin content of the air-dried leaves of a large number of plants.

These data are shown in Table 17. Arnaud expresses his confidence

in their accuracy within 1 to 2 mg. of carotin for 100 grams of dried

leaves. The principal criticisms which can be made of this method

are, (1) the necessity of having a supply of pure carotin on hand for

making up the standard solution, (2) the failure to show that the

method insures the complete extraction of the carotin, (3) the pos-

sibility that some xanthophyll may be extracted along with the caro-

tin, and (4) the necessity of evaporating the petroleum ether extracts

to dryness before dissolving in the standard solvent, this operation

greatly enhancing the opportunities for oxidation and loss of pig-

ment.

TABLE 17. CAROTIN CONTENT OF AIR-DRIED LEAVES (ARNAUD'S METHOD)

Name of plant Date of Carotin

sample content

mg. inlOO gms.
Rape (Brassica oleifera) June 1 189.7
Violet ( Viola odorata) May 23 124.0
Linden (Tilia platyphylla) May 11 79.1

Maple (Acer pseudo-platanus) June 15 190.0

Sycamore (Acer platanoides) June 15 178.0

Grape (Vitis vinifera) July 12 200.0
Wild grape (Cissus quinquejolia) May 25 145.4
Chestnut' (Acsculus hypocastanum) May 6 118.8
Bean (Phaseolus vulgaris) June 18 178.8
Pea (Pisurn satirum) May 27 177.0
Acacia (Robinia pseudo-acacia) June 8 209.0
Peach (Persica vulgaris) June 15 114.0
Red currant (Ribes rubrum) May 21 105.5

Ivy (Hedera Helix) M:iy 15 50.9
Periwinkle (Vinca Major) May 25 130.0
Olive (Olea Europaea) July 16 75.0
Potato (Solanum tuberosum) July 21 190.0
Tobacco (Nicotinia tabacum) Aug. 4 178.8
Stramonium (Datura stramonium) July 20 177.0

Spinach (Spinacia inermis) June 1 160.0
Beet (Beta vulgaris) July 12 183.0

Hemp (Cannabis sativa) .June 18 215.9
Box tree (Buxus sempervirens) June 1 86.9

Stinging nettle (Urtica dioica) M;iy 2 171.7
Walnut (Juglans regia) May 19 118.8
Yew tree ( Taxus baccata) June 4 167.6
Wheat (Triticum vulgare) June 1 167.6
Grass (Lolium pcrenne) April 18 106.3
Fern (Pteris aquilina) June 1 116.8
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Arnaud made an interesting study of the seasonal variations in the

carotin content of green leaves, using the stinging nettle and chest-

nut leaves as the source of his material. He found that the maximum
carotin content (on the dry basis) occurred at the time of the flower-

ing of the plants, and that it diminished regularly with the growth
of the leaves. Thus, in the case of the nettle, a carotin content of

172 mgs. per 100 grams of dried leaves was noted on May 2, but this

had decreased to about 100 mg. by the middle of July. In a com-

parison between etiolated and green leaves of the same plant, Arnaud

found that the carotin content, on the dry matter basis, increased

about 5 times during the formation of the chlorophyll.

Kohl (1902i) used Arnaud's method for determining the carotin

content of the leaves of a few plants, but secured somewhat lower re-

sults. His values for spinach and stinging nettle leaves were about

half those reported by Arnaud, and for grass about 70 per cent of

Arnaud's value. These low results may have been due, however, to

the fact that Kohl apparently ignored Arnaud's precaution and dried

his material at 100 C.

Monteverde and Lubimenko (1913a) have devised a spectro-colori-

metric method for the quantitative estimation of carotin, as well as

xanthophylls and chlorophyll, in green leaves. The writer has not

been able to secure a clear translation of this method which has been

published only in Russian. In general, however, the method appears

to be based on the extraction of all the pigments from fresh leaves,

0.1 gram quantities, by grinding in a mortar with alcohol. Measured

quantities of the extract are then treated with strong Ba(OHj 2 solu-

tion to throw down all the pigments. After standing for some hours,

the precipitate is filtered off and extracted completely with abso-

lute alcohol, which is said to take out only the carotinoids. These

are fractionated by the Kraus method between 80 per cent alcohol

and petroleum ether, and these fractions compared in the spectro-

colorimeter with standard 0.001 per cent carotin and xanthophyll so-

lutions. By keeping all extracts in definite volumes the data can be

calculated back to the quantity of pigments in the plant tissues exam-

ined. The feature of the spectro-colorimetric method is the compari-
son of the solutions on the basis of the depth of unknown solution

required to give an absorption spectra of equal intensity as the stand-

ard. The authors found that the first faint appearance of absorp-

tion bands for the standard solutions gave a more sensitive compari-
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son than stron.urr hands, and that this was secured at a depth of 3 cm.

for the carotin and xanthophyll standards.

Using the above method Monteverde and Lubimenko determined

the carotin (and xanthophyll) content of a number of plants. The

data are given in Table 18. The results are striking in so far as tin-

low content of carotin is concerned in comparison with the results se-

cured by Arnaud. The writer is not convinced that absolute alcohol

will give a quantitative extraction of carotin from the baryta-chloro-

phyll complex obtained by this method. The data in Table 18 are

of interest also in showing quite wide variations between the relative

amounts of carotin and xanthophyll in the different plants.

TABLE 18. CAROTINOID CONTENT OF DRY GREEN LEAVES (LUBIMENKO'S METHOD)

Carotin Xanthophyll
Name of plant content content

mg. per mg. per
lOOgms. lOOgms.

Tli n.ja oricntalis (arbor vita-) 20.8 131.7

Viburnum Tinus 47.9 154.3

Luffa gigantia, 61 .5 354.6

Albizzia Julibrissin 66.7 280.9

Ruta graveolens 94.4 387.6

Ailanthus glandulosa 72.7 263.3

Clematis vitalba 100.6 406.5

Hyssopus officinalis 108.1 355.6

Rubus caesius 106.0 396.8

Arundinaria japonica 106.1 350.0

Willstatter and Stoll (1913) have described in great detail a colori-

metric method for the quantitative estimation of carotin and xantho-

phylls which appears to give very accurate results. The method as

given is intended to be used for green plant tissues. For convenience

in understanding the details the method may be divided into several

parts, as follows: (1) Preparation of the material, (2) extraction of

the pigments, (3) removal of the chlorophyll, (4) separation of the

carotinoids, (5) colorimetric comparison of the carotinoids with stand-

ard solutions.

Preparation of the material. Forty grams of fresh leaves are

placed in a mortar (diam. 25 cm.) with 50 cc. of 40 per cent acetone

and macerated quickly with 0.5 gram of quartz sand. One hundred

cc. of 30 per cent acetone are then poured over the apparently dry

mass and the whole mixed for a few minutes. The extract and leafy

material are then transferred to a suction filter containing a thin layer

of talc, and the extract sucked away. After sucking dry, the material

on the filter is washed with 100-200 cc. of 30 per cent acetone in small
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portions, or until the filtrate is colorless. According to Willstlitter

and Stoll the grinding and preliminary extraction require 15 to 30

minutes. The preliminary extracts are discarded.

Extraction of the pigments. The dry mixture of leafy material

and sand on the filter is carefully loosened with a spatula and macer-

ated for a few minutes with a small amount of pure acetone, and the

acetone quickly sucked away. This is repeated until the acetone

comes through colorless, at which time the powder on the filter will

also be colorless. The total volume of acetone extract will vary be-

tween 400 and 600 cc., depending on the kind of leaves used.

Removal of the chlorophyll. The green acetone extract is divided

into parts of 100-200 cc., to each of which 200-250 cc. of ether are

added and the acetone washed out with distilled water. The ether

fractions are now combined, dried over anhydrous sodium sulfate and

filtered through a dry filter into a 200 cc. graduated flask which is

filled to the mark with dry ether.

One hundred cc. of this ether are saponified with 2 cc. of concentrated

methyl alcohol solution of KOH by shaking carefully by hand and

then in a shaking machine for 30 minutes. After standing a little

while the ether is usually a pure yellow color, but if it still shows

a red fluorescence the shaking is continued, if necessary with the ad-

dition of more alkali. After complete saponification of the chloro-

phyll the ether solution is decanted from the alkali-chlorophyllines

into a small separatory funnel and the chlorophyll salts washed gently

with ether. In order, however, to completely free the precipitate of

occluded xanthophylls 30 cc. more ether are added to the alkaline

material, the mixture shaken, and, after adding water, allowed to

stand until the emulsion has broken. If necessary this is repeated

with fresh ether.

The ethereal solutions thus obtained are washed with water to which

a little methyl alcohol solution of KOH is added in order to sepa-

rate traces of chlorophylline and small amounts of brown acid organic

substances. The ether is finally washed twice with pure water and

evaporated to a volume of a few cubic centimeters in a vacuum dis-

tillation flask at room temperature.

Separation of the carotinoids. The concentrated ether solution of

carotinoids in the vacuum distillation flask is washed into a separatory

funnel with 80 cc. of petroleum ether, the flask being washed out

finally with a little ether. This solution is now mixed successively

with 100 cc. of 85 per cent methyl alcohol, 100 cc. of 90 per cent
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methyl alcohol and twice with 50 cc. of 92 per cent methyl alcohol.

The last extract is generally colorless; if not, another extraction is

made with 92 per cent alcohol.

The methyl alcohol extracts contain the xanthophylls. They are

also free from carotin, according to Willstatter and Stoll. The com-

bined methyl alcohol extracts are now mixed with 130 cc. of ether and

the pigments transferred to the ether by a slow addition of water.

The ether solution of the xanthophylls thus obtained and the petro-

leum ether solution of carotin are freed from methyl alcohol by wash-

ing twice with water. The solutions are then filtered through dry

filters into 100 cc. graduated flasks, the solutions cleared up by the

addition of a few drops of absolute alcohol and the flasks filled to

the mark with ether and petroleum ether respectively.

Colorimetric comparison with standard solutions. The carotin and

xanthophyll fractions, representing 20 grams of fresh leaves, are now

ready for comparison with standard solutions in a colorimeter. For

this purpose one can use either pure carotin or xanthophyll solutions

in petroleum ether and ether, respectively, or their color equivalents,

namely, 0.25 per cent alazirin in chloroform, or a 0.2 per cent aqueous
solution of K,Cr2 7 . The pure pigment standards are not satisfactory

because of their instability, the xanthophyll standard, especially, fad-

ing quite rapidly. The dichromate solution is especially well suited

for a substitute because a standard solution once made will keep in-

definitely. It is necessary, however, to know its color value in terms

of the pure carotinoid pigment solutions. Using 5 x 10~5 molar so-

lutions of carotin and xanthophyll, respectively, equivalent to 0.0268

per cent carotin solution and 0.0284 per cent xanthophyll solution, Will-

statter and Stoll found the following relations to exist between the

standard 0.2 per cent K2Cr2 7 solution and the carotinoids.

100 mm. carotin solution equals 101 mm. K^CrzOi solution

5Q u n 4^ it (i

25
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In Willstatter and Stoll experiments the standard carotinoid solu-

tions only were apparently used. The standard solutions were always
set at a depth of 100 mm. and the height of the unknown adjusted

until the colors matched. Readings were then taken with the cups
reversed in the colorimeter and the results averaged. A Wolff colori-

meter was used by these investigators but a Dubosque or Kober
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colorimeter should serve the purpose just as well. The writer has

found the Kober colorimeter very satisfactory, using daylight as the

source of illumination and the black glass cups with the colorless, op-

tical glass bottoms for holding the solutions.

Calling h c the height of the unknown solution required to match the

color of 100 mm. of standard carotin solution and hx the height of the

unknown solution required to match the color of 100 mm. of stand-

ard xanthophyll solution the amount of carotin or xanthophyll in 1

kg. of fresh leaves can be calculated from the amount obtained from

20 grams by the method of Willstatter and Stoll by means of the

following formulae:

Carotin equals 50 x 0.00536 x -^x and
2i nc

Xanthophyll equals 50 x 0.00568 x^- x -

-' nx

If the standard potassium dichromate solutions have been used in

place of the pure carotin and xanthophyll, the same formulae are

used because the dichromate is used at a depth of color corresponding

to 100 mm. of the carotinoid solutions. These need not necessarily be

set at the values corresponding to 100 mm. of the carotinoid solutions,

but, if desired, can be set at the values corresponding to 50 or 25 mm.
of the standard carotinoid solutions. In fact, the writer believes that

more accurate determinations are secured by averaging the results

obtained with the standards set at the equivalents of 100, 50 and 25

mm. of pure carotinoid solutions.

Results by Willstatter and Stall's method. Table 19 shows some

of the results obtained by Willstatter and Stoll using their own

method. The data are averages of duplicate determinations reported

in full by these investigators and show the difference between the

carotin and xanthophyll content of leaves exposed to the light and

those which are heavily shaded, both being obtained from the same

plant. The fresh leaves which were in the shadow were in some cases

appreciably lower in carotinoids than the leaves exposed to the light,

but this difference appears to be due, in part, to a higher moisture

content in the fresh shaded leaves.

The quantitative results of Willstatter and Stoll show a very dif-

ferent proportion between carotin and xanthophylls than was ob-

tained by Monteverde and Lubimenko, which can not be due entirely

to the fact that different plants were used in the two studies. The
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tensity was secured for the unknown color solutions. No attempt

was made to calculate the results in terms of carotin and xantho-

phyll content of the leaves studied.

Miss Goerrig mentions one or two points of interest in connection

with the remaining steps of the method, which were followed closely.

In the removal of the chlorophyll by saponification the alkali-chloro-

plwllines did not retain the xanthophylls as mentioned by Willstatter.

Again, in the final removal of the xanthophyll to ether before making

up the solutions for the colorimctric reading, Miss Goerrig encoun-

tered the most difficult part of the whole method. Contrary to the

statement of Willstatter and Stoll, she found it impossible to transfer

all the xanthophylls to ether by the slow addition of water.

Estimation of Fucoxanthin

The fucoxanthin content of brown algae can be determined by a col-

orimetric method devised by Willstatter and Page (1914). The de-

tails of the isolation of the pigment and its quantitative estimation

are given by these investigators as follows.

The algse are pressed dry between filter papers and ground to a

fine meal. Except for Laminaria, for which a different treatment is

recommended, 40 grams of the meal are mixed with 200 grams of

sand and macerated with 50 cc. of 40 per cent acetone, then twice

with 50 cc. of 30 per cent acetone. These extracts are discarded.

The pigments are then extracted with pure acetone. Laminaria are

first cut up into small pieces and extracted with 30 per cent acetone in

a beaker. The pulp is then ground in a meat chopper and a weighed

quantity mixed with sand and extracted with 95 per cent acetone

and finally with anhydrous acetone until all the pigments are ex-

tracted.

In all cases the pigments are transferred to ether by adding 300 cc.

of ether to the acetone solution and then adding distilled water. The
ether is freed from acetone by very careful washing with distilled

water and, after mixing with an equal volume of petroleum ether, is

ready for the extraction of the fucoxanthin. This is accomplished

by shaking four times with an equal volume of 70 per cent methyl
alcohol which has been saturated with petroleum ether, the volume
of the upper layer being kept constant by additions of ether after

each extraction. The combined alcohol extracts are freed from some

xanthophyll which is extracted along with the fucoxanthin by shaking
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with an equal volume of a mixture of five parts petroleum ether and

one part ether. Some fucoxantliin is lost in this extract but it is re-

covered by concentrating the extract to 250 cc. in vacuum, adding an

equal volume of ether and extracting twice with 500 cc. of 70 per
cent alcohol, which has been saturated with petroleum ether. The
new alcohol extract is added to the first main extract. The fuco-

xantliin is finally transferred to ether, which is freed from methyl
alcohol by washing with water, and made up to a volume of 250 cc. in

a graduated flask.

The solution is now compared in a colorimeter with either a stand-

and fucoxantliin solution (using a 5 x 10"5
molar, or 0.0304 per cent

solution) or the 0.2 per cent KoCr2 7 standard which is used for esti-

mating carotin and xanthophylls. The standard is set at 50 mm. of

standard fucoxantliin or 85 mm. of the dichromate solution, which is its

equivalent, and the depth of the unknown solution which is required

to match the color determined. If the height of the unknown is h f the

content of fucoxantliin in 1 kg. of fresh alga? as calculated from the

1 50
40 gram sample will be 25 x 0.00608 x x -r-^if the standard fucoxan-

2 li
f

thin solution is used, or a similar result if the dichromate has been

used, since the latter will be set at the equivalent of 50 mm. of stand-

ard fucoxantliin.

Using this method Willstatter and Page determined the fucoxan-

tliin content of Fucus, Dictyota and Laminaria to be, respectively,

169 mgs., 250 mgs., and 81 mgs. per kg. of fresh algae.

Application to Other Biological Materials

It seems obvious that the colorimetric methods of analysis for caro-

tin, xanthophylls and fucoxanthin as worked out by Willstatter and
his co-workers should be applicable to any biological material con-

taining these pigments if a suitable method can be devised for free-

ing the pigment from the tissues involved. It would seem that the Will-

statter technic can be applied without modification to plant tissues,

including flowers, fruits and leaves, with the exception of the fruits

containing lycopin, for which no quantitative method has yet been

devised. Moreover, the writer is not aware of any methods for separ-

ating carotin from lycopin so that even a quantitative estimation of
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carotin is not possible in fruits in which these two carotinoids are

present together.

For animal tissues and fluids containing only a single carotinoid an

extraction with ether or petroleum ether either directly, if sufficiently

dry, or after treatment with alcohol, if much water is present or if the

pigment is bound to protein, should yield a solution which may be used

at once for quantitative estimation, colorimetrically. A preliminary
concentration of the extract, previous to comparing with the standard,

may be advisable. For blood work the writer concentrates the extracts

to the original volumes of blood taken (usually 10 cc.) so that the

colorimeter readings can be calculated directly to the percentage of

carotinoid in the blood. In the case of animal fats, like butter fat or

adipose tissue fat, the approximate concentration of carotinoid present

(assuming that only one is present I can be determined at once by com-

paring the rendered, melted fat with the standard in the colorimeter.

If the fat is highly colored the necessity of keeping the fat melted can

be avoided by diluting with an equal volume of ether, inasmuch as no

great difficulties in the calculation of the results are thereby introduced.

For animal tissues and fluids containing both types of carotinoids

in sufficient quantities so that the assumption of only a single type in-

volves too great an error, it is not likely that a saponification of the

extracts can be avoided because of the presence of more or less fat in

nearly all animal tissues containing the chromolipoids. In carrying

out this saponification and subsequent recovery of the pigments in the

unsaponifiable matter, care should be taken to avoid the production of

aldehyde resins pigments which might be caused by the use of impure
alcohol. One to two cc. of 10 to 20 per cent alcoholic potash for each

gram of material extracted for the pigment analysis would insure a

large excess of alkali for the saponification and would keep the volume

of fluids within the realm of easily conducted analyses. Following the

saponification and extraction of the fat-free pigments from the soap,

the combined pigments must be washed free from alkali and then con-

centrated to the lowest possible volume, preferably in vacuum, then

diluted with petroleum ether of low boiling point and the pigments sub-

mitted to fractionation by the phase test between the petroleum ether

and 80-90 per cent alcohol, preferably methyl alcohol. The separated
carotin and xanthophylls can then be compared with the standard in the

colorimeter, after diluting or concentrating to a suitable volume. In

the case of xanthophyll pigments, it is well to first transfer to ether, as

in the Willstatter technic for plant tissues.
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Certain animal (issues whose carotinoid content may he desired may
contain pigments soluble in alcohol or ether whose presence would in-

terfere with the direct analysis of the extracts. Tissues such as liver,

spleen, kidney, heart, etc. fall in this class. In most cases the foreign

pigments can be removed by saponih'cation, but this must be conducted

with great care to avoid the production of other foreign pigments which

may be extracted from the soap by ether and interfere, not only with

the analysis, but also with the true demonstration of the presence of

carotinoids. Bile pigments, if present, can usually be removed by

treating the fresh tissues with lime water, previous to the extraction

with ether, in order to form ether-insoluble calcium salts. It must be

admitted, however, that the quantitative analysis of tissues of this

character for carotinoids requires considerable study before it can be

concluded that the method proposed is entirely free from error.

The final colorimetric comparison with the standard hardly needs

further comment. It is obvious that the 0.2 per cent K,Cr2O 7 solution

is the most convenient to use. For animal tissues, and perhaps some

plant tissues, the amount of pigment present may be so low that a con-

venient quantity of tissue will not yield sufficient pigment to match the

dichromate standard at any of the equivalent carotinoid depths given

by Willstatter and Stoll. It is convenient in these cases to set the

unknown solution at a given depth of say 50 mm. or 100 mm. and

match its color with the standard dichromate. The question then arises

as to the carotin or xanthophyll equivalent of the dichromate depth

found in such an analysis. For this purpose the writer has constructed

the curves shown in Chart 1. These curves are based on the somewhat

meager data given by Willstatter and Stoll for the comparative color of

5 x 10~5 molar carotin and xanthophyll solutions with the standard

dichromate solution and also the comparative color of the two pig-

ment solutions.

The method of using these curves involves no difficulties, but for the

sake of clearness one or two examples may be given.

1-A'ample 1. A 25 mm. layer of melted butter fat from cows on fresh

pasture grass was found to require 36.9 mm. of 0.2 per cent K2Cr2 7
in

the Kober colorimeter. Referring to the carotin curve in Chart 1 it

is seen that 36.9 mm. of standard dichromate equals 45.2 mm. of

0.00268 per cent carotin solution.

Therefore, 0.00268 : x --- 25 : 45.2

x -- 0.00485 per cent carotin in the butter fat

(ignoring the sp. g. of the fat).
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Example 2. The extract of 10 cc. of blood serum in 10 cc. volume

in ether was compared colorimetrically with standard dichromate. A
50 mm. layer of serum extract was found to equal 15 mm. of 0.2 per

cent K2Cr2 7 . The pigment eventually proved to be entirely xautho-

100

10 20 SO -fO SO 6O 70 dO O 100 IlO Z&m-m.

CAROTIN OR XANTHOPHYLL

Quantitative relations between 0.2 per cent K2Cr2O7 solutions and 5 x 10- molar

solutions of carotin and xanthophyll.

phyll. Referring to the xanthophyll curve in Chart 1 it is seen that

15 mm. of dichromate equals 30.5 mm. of 0.00284 per cent xanthophyll

solution.

Therefore, 0.00284 : x = 50 : 30.5

x = 0.00173 per cent xanthophyll in the serum

(ignoring the sp. g. of the serum).
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Summary

The quantitative estimation of carotinoids in plant and animal tis-

sues must be carried out by colorimetric methods. Standard 0.2 per

cent potassium dichromate solution serves for the color comparison

with carotin, xunthophyll and fucoxanthin solutions. The quantitative

relations between the standard and the pigments mentioned are de-

scribed and charted in this chapter. The methods are also described in

detail for preparing plant and animal tissues for the analysis as well

as the separation of the individual carotinoids mentioned when present

together in the plant extracts. Data are given showing the results of

applying the methods to various plant and animal tissues.

No method has yet been devised for estimating lycopin quantita-

tively. A suitable standard must first be found and a method discov-

ered for separating lycopin from carotin.



Chapter XI

Function of Carotinoids in Plants and Animals

The significance of the chromolipoids in the metabolism of the liv-

ing organism? in which they are found has not been discovered. Their

almost universal occurrence in vegetative organisms and their very

frequent appearance in animals naturally leads to the belief that they

perform some function in the economy of life. It is natural for the

biochemist to seek for the basis of the occurrence of any wide-spread

substance or group of substances in living matter but so far as the caro-

tinoids are concerned their significance and possible functions have not

got beyond the realms of speculation. In presenting the theories which

have been advanced it seems best to consider the plant side of the ques-

tion separately from that of the animal. There are several reasons for

this. In the first place the carotinoids have their origin in the plants

and occur in animals only as they are present in the food. In fact, as

already pointed out in a previous chapter, the ability to synthesize the

carotinoids may well serve as one of the means of distinguishing plants

from animals. In the second place the question has recently been

raised as to whether the carotinoid pigments are identical with vitamin

A, or related to these unknowns which play so important a part in the

nutrition of animals. This question is properly considered in connec-

tion with the possible function of the carotinoids in animal life.

Finally, the occurrence of carotinoids in certain species of animals,

such as fowls and cattle, has come to have a practical significance in

connection with the use to which man has put these animals in the

production of eggs and milk.

Before discussing these questions, some of which have a practical

as well as a biochemical point of view, it is not altogether unreasonable

to ask why it is necessary to consider that the carotinoids must play
a role in metabolism merely because they are of wide-spread occur-

rence. It is not a new idea that the lipochromes in animals are of the

nature of waste products of the organism. Although this idea was
advanced while the belief was generally held that animals synthesize

262
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their own lipochromes, the fact that animals merely derive their lipo-

chromes preformed from their food does not invalidate the idea that

these pigments are merely casual products in the animal organism and

even suu^e-ts that they perform no useful purpose in the plants which

synthesi/e them.

Possible Function in Plants

Various theories have been advanced to explain the significance of

the earotinoids in plants. When Arnaud (1885) discovered the pres-

ence of carotin in green leaves he raised the question as to its possible

relation to chlorophyll and later (1889) suggested that the pigment

might play a role in plants similar to that of the hemoglobin of the

blood. He also attached considerable significance to the fact that

carotin, with its great affinity for oxygen when released from the living

plant tissues, remains apparently unaltered at an almost constant level

when in the living leaf. Arnaud could not explain this except on the

basis that the carotin was constantly undergoing an alternating oxida-

tion and reduction analogous to that of hemoglobin in the blood.

Zopf looked upon the lipochromes as reserve products, but Miss New-

bigin (1898) has aptly stated that it is safer to admit merely that they
often occur in association with reserves. Zopf, however, apparently
limited his conception of carotin as a reserve substance to certain fungi,

such as the Uridinece (rusts) and certain molds. The idea was based

upon his observation that the pigment seems to concentrate in the

spores of these plants and later to disappear during germination.
Kohl (1902J) accepted this idea and in addition stated that he believed

that carotin acted as a reserve substance in the carrot root.

Kohl has, in fact, given us the most comprehensive conception of the

various roles which carotin may play in plant life. Primarily he be-

lieves with Engelmann (1887) that carotin shares with chlorophyll
the work of carbon dioxide assimilation, and that this lies chiefly in

its energetic absorption of a large part of the blue-violet rays of sun-

light. This light is transformed into heat, a property which Staid

(1896) believed anthocyanin and carotin shared, permitting the pig-
ment to act indirectly as a catalyst for various metabolic processes,

including the decomposition of the atmospheric carbon dioxide. There
can be no doubt that the spectroscopic properties of the earotinoids are

one of the strongest arguments in favor of the view that they perform
some definite function in the plant. Whether the light absorbed is

transformed as Kohl believes or whether it serves some other purpose
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tion, but that this abilitj* is still lacking even in such shoots which

have developed a considerable amount of green color.

A somewhat different aspect to the possible function of the caroti-

noids in the chloroplastids is given by another theory of Willstatter

and Stoll in which it is supposed that the carbon dioxide assimilation

is controlled by the equilibrium between the chlorophyll components
a and b, and that this equilibrium is in turn controlled by the caroti-

noids. The process, as imagined by Willstatter, is as follows. Carbon

dioxide is attracted by the affinity of the magnesium compounds

(chlorophylls) for C02 ,
and is at once reduced by chlorophyll a.

Chlorophyll a is thereby oxidized to chlorophyll b. Carotin then with-

draws the oxygen from chlorophyll b, reducing it again to chlorophyll

a, the carotin at the same time being oxidized to xanthophyll. The

reduction of the xanthophyll to carotin, in order to complete the cycle

of Willstatter's theory, is effected by a reductase. One difficulty with

this theory is that Willstatter himself, as he has pointed out, does not

admit that carotin can be oxidized to xanthophyll. The ability of

carotin to reduce chlorophyll b and thereby become oxidized is un-

questioned, as evidenced by its strong reducing action on ferric salts.

Xanthophyils, however, share this property with carotin. At the same

time some support is given to the theory of a functional relation be-

tween the chlorophylls and carotinoids by the possibility that fucoxan-

thin plays the part of chlorophyll b in the brown algae, which lack

this chlorophyll component.
Ewart has recently (191' ^mpted to show that carotin and xan-

thophyll can play a part in photo-synthesis. His experiments purport

to show that carotin yields HCHO when submitted to photo-oxidation

in a stream of pure oxygen and that xanthophyll yields both HCHO
and sugar under similar conditions. In view of the fact that Ewart's

conception of xanthophyll includes the idea that it "is soluble in water

and in any mixture of alcohol and water," and also since there is no

assurance that his carotin was free from impurities, his results can not

be given unqualified acceptance. In the same paper Ewart claims to

have produced xanthophyll from chlorophyll, but Jorgensen and Kidd

(1917) have shown that the "xanthophyll'' which Ewart produced in

his experiments was probably phaeophytin.

The question of the origin of the carotinoids in plants, which is sug-

gested by Ewart's attempt to produce xanthophyll from chlorophyll,

is closely related to the question of their function. The fact that the

carotinoids form in etiolated plants without chlorophyll is a strong
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point in favor of their independent existence, but does not, of course,

show that the chlorophylls and carotinoids do not arise from a com-

mon nucleus. From a chemical point of view the most likely sub-

stance which could thus give rise to both carotinoids and chlorophyll

would be isoprene, C 5H 8 ,
the terpene "baustein" which may go to

phytol on the one hand, as Willstatter believes, and perhaps could also

go to carotin on the other.

Very little study has been given to the physiological conditions which

govern the formation of the carotinoids in plants or to the problem of

the relations between the different carotinoids or between the caroti-

noids and other plant constituents. The Toblcrs (1912) observed that

the carotin content of carrots increased during the formation of starch

from sugar, but it is difficult to decide from this observation that the

carotin plays any part in the process. These investigators (1910b,

1912) have also shown that the formation of carotin and lycopin in the

ripening of tomato fruits is coincident with the destruction of chloro-

phyll. Lubimenko (1914a) has concluded that the lycopin forms in

this case at the expense of the chlorophyll, but there is no chemical

basis for assuming that this indicates that the carotinoids are actually

formed from the chlorophyll.

Duggar (1913) made an especially interesting study of the develop-

ment of carotinoids in tomato fruits. He found that the factor for

carotin formation and the factor for lycopersicin (lycopin) formation

are present together in the fruits which normally redden on ripening,

but that the formation of the red carotinoid could be partially or com-

pletely suppressed by ripening the green fruits at a temperature of

30 C. or above. At these temperatures the fruits ripened with a yel-

low color and contained only carotin and xanthophylls. The inhibition

of the lycopin was found to be proportional to the temperature (be-

tween 30 and 37 C.), but was inversely related to the age of the

fruits, the oldest fruits requiring a higher temperature for the sup-

pression of reddening. The failure of the fruits to develop lycopersicin

at the higher temperatures was found to be a true suppression, inas-

much as the red pigment formed rapidly when the yellow fruits were

returned to a lower temperature. Duggar was also able to show very

satisfactorily both by means of the microscope and the spectroscope

that the lycopin which formed in these cases could not have been de-

rived from the carotin present.

Duggar also made a study of other factors entering into the forma-

tion of the lycopin of tomatoes, with the result that the synthesis of
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the pigment \vas found to lie independent of light, but dependent upon

oxygen. The fruits failed to redden in all cases of oxygen exclusion

even at a favorable temperature, but assumed a greenish yellow, yellow

or yellow-orange color with an accompanying loss of chlorophyll.

"\Yhether the latter colors were due to a formation of carotin and xan-

thophyll in the atmospheres of hydrogen and nitrogen employed, or

whether the carotinoids were merely revealed by the destruction of the

chlorophyll is not clear. Observations were also made on the catalase

activity of the fruits as well as their titratable acidity under the con-

ditions of lycopin suppression, with the result that it was found that a

very low catalase activity and decreased acidity accompany the con-

ditions which suppress the formation of the pigment. It is apparent,

however, that these are not the only factors concerned.

Possible Function in Animals

A quarter of a century ago the majority of the biologists accepted

the idea that all the visible pigments of animals, including the lipo-

chromes, are essential products of the animal metabolism. The pre-

vailing theories of evolution looked upon animal colorations as factors

in the existence of the species which had persisted solely for some

useful purpose. The theories which described the function of the

pigments in various terms, such as Protective Coloration, Warning

Coloration, Mimicry, Sexual Attraction, etc., all had their followers.

It is not our purpose to discuss these theories. One can find them

both adequately defended and impartially criticized in the treatises

current during the closing years of the past century. Suffice it to say
that, the writer does not possess a biological viewpoint which is suffi-

ciently developed along academic lines to appreciate "function" as an

abstract attribute of living organisms. Function, to be real, according

to his conception, must be concrete or physiological. Perhaps there

are those who will regard this as going from one extreme to the other.

If so, the explanation lies in the fact that this monograph deals only

with animal pigments which are derived from the food. Such pig-

ments, if possessing a function, must be linked with the physiological,

in this case the nutritional or metabolic processes of the body.
We have seen in Chapter VII that great variation exists among dif-

ferent species of mammals with respect to their ability to absorb the

carotinoids from their food and deposit the pigments in their tissues,

or, if one prefers the opposite point of view, to destroy the carotinoids
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ingested and thus prevent their deposition in the tissues. This fact

alone seems to argue against the carotinoids performing any general

physiological function in animals; a priori, a substance of general value

in nutrition would most likely have a general occurrence and would at

least always be present in the animal body. The complete absence

of carotinoids from the tissues and secretions of certain species of ani-

mals and their almost complete absence from others, even on diets rich

in carotinoid pigments, furnishes a sufficient basis, at least from a teleo-

logical standpoint, for rejecting any theory that the carotinoids exert

a physiological function in animal life.

The writer became interested in this question from an experimental

point of view in 1912, when it was found, in connection with the bio-

logical origin of the lipochromes of cattle, that the new-born calf of a

highly pigmented breed of cattle showed an almost complete absence

of carotinoids. This suggested the idea of raising animals to maturity

on carotinoid-free diets, particularly those species which normally de-

posit the carotinoids in their tissues. Later, after the writer (1915)

had shown that the lipochromes of fowls are derived from plant xantho-

phyll, plans were laid for carrying out such an experiment on these

animals, because of the obvious advantages associated with a smaller,

more rapidly growing species.

The problem was primarily one of selecting a ration entirely devoid

of carotinoids, particularly xanthophyll, but otherwise adequate for

normal growth. The problem had the added interest that the rapidly

growing subject of vitamins had already (1916) indicated a casual re-

lationship between the occurrence of fat-soluble vitamin A and caroti-

noids in certain foods such as butter and green leaves, and the absence

of both substances from lard. The experiments showing the possi-

bility of raising fowls on diets lacking the natural pigment of their

adipose tissue, which were begun in 1916 and were reported by Palmer

and Kempster (1919a) were not designed, however, to show the rela-

tion between carotinoids and vitamin A. The writer dismissed the

possibility of any such relation as the result of the experiment carried

out in the winter of 1916-17 in which young chickens weighing 700

to 750 grams were raised to maturity and exhibited normal fecundity

on carotinoid-free rations. The successful termination of a later ex-

periment in this series, in which a flock of 50 chickens was raised from

hatching to maturity on similar diets, showed conclusively for the

first time that a species of animal which is normally pigmented with
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carotinoids does not require these pigments for its growth or for the

reproduction of its kind.

While the last experiment was in progress Drummond (1919) re-

ported the failure of pure crystalline carotin, fed at the rate of 0.003

per cent of the ration to improve the condition of albino rats suffering

from vitamin A deficiency; while Steenbock, Boutwell and Kent (1919),

on the other hand, were calling attention to certain new associations of

yellow pigmentation and vitamin A and were suggesting that the two

were at least associated in some way. Although the statement was

made that vitamin A "is not carotin," this was later retracted by Steen-

bock (1919) and the provisional assumption advanced that this vita-

min is one of the carotinoid pigments. In support of this assumption

Steenbock and his associates have published a series of papers showing
that a rather close correlation exists between carotinoid pigmentation

and vitamin A content of roots (Steenbock and Gross, 1919; Steen-

bock and Sell, 1922), maize (Steenbock and Boutwell, 1919a), leaves

(Steenbock and Gross, 1920) ,
and peas (Steenbock, Sell and Boutwell,

1921), as determined by feeding pigmented and colorless varieties of

these plant products to albino rats. However, in studying the extract-

ability of vitamin A from carrots, alfalfa, and yellow maize by fat

solvents, Steenbock and BoutwelPs (1920b) results show that highly
colored extracts l do not exhibit the vitamin activity which would be

expected if vitamin A is a carotinoid; and yellow maize, even after

extraction writh hot ether is shown to have lost very little vitamin A,

although there must have been a considerable loss of pigment. On the

other hand, especially favorable to Steenbock's theory was the finding
in this paper that the fat-soluble vitamin follows the carotin in the

application of the phase test to the unsaponifiable extracts from alfalfa

leaves. When one bears in mind, however, that the solvents employed
in the separation of the carotinoids by this method are respectively

exceedingly poor and very excellent fat solvents, it is not surprising
that the fat-soluble vitamin will follow the substance which goes into

the better fat solvent.

When Steenbock, Sell and Buell (1921) attempted to obtain support
for Steenbock's theory among animal products the correlation between

pigmentation and vitamin content was so poor when comparing prac-

tically colorless codliver oil with butter fats of high and low color that
1 Drummond and Zilva (1922) have substantiated this. They find that only "very

slight" growth in rnts is promotod !>y as much as 2 grams daily of the crudr oil

extracted from yellow maize by petroleum ether. This is a high proportion of the
diet of young rats.
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Stcenbock has been forced to abandon his position that the two sub-

stances may be identical and to admit that their "coincident occurrence

in nature might be due to physiological determination, pure and sim-

ple." The attempts to show some correlation between the color of

perinephritic beef fat and vitamin A content in the same paper are not

especially convincing on close examination, especially when the results

are compared with butter fat of like color fed at much lower levels.

In addition, the statement is made that egg yolks of a light color but

with a normal vitamin content can be produced on specially selected

rations, which confirms the observations of Palmer and Kempster

(1919b) and Palmer and Kennedy (1921).

The lack of correlation between pigmentation and vitamin content of

animal fats was first pointed out by Drummond and Coward 2
(1920)

for butter fat and a large number of other fats and oils (including

vegetable oils). It is of interest that colorless dog fat and colorless

perinephritic pig fat were relatively rich in vitamin A. Miss Stephen-

son (1920) further corroborated this by decolorizing butter fat with

charcoal without impairing in any way its vitamin content. This ex-

periment, however, requires confirmation, primarily because of the re-

markably small amount of charcoal which was used. As stated in

Chapter IX, the writer has not yet succeeded in duplicating these de-

colorizations with only 2.5 per cent of any decolorizing carbon which

he has been able to secure.

Further proof that vitamin A is not necessarily associated with

carotinoids was furnished by Palmer and Kennedy (1921) who found

that albino rats grew normally and reproduced on diets in which prac-

tically carotinoid-free ewe milk fat (containing 0.00014 per cent caro-

tin) furnished the vitamin A in the ration at levels of 5 to 9 per cent,

and that similar results followed the use of carotinoid-free egg yolk

produced by hens on diets made up of selected white corn, skim milk,

pork liver (about 10 per cent) and grit. With the rations containing

carotinoids, the best results were secured with only 0.126 parts

of carotinoid per million of ration. This is very much less pigment
than Drummond or Miss Stephenson fed to rats without success. In

opposition to this result Steenbock, Sell, Nelson and Buell (1920) have

2 Previous to this, Rosenheim and Drummond (1920) were much attracted by the
idea of an intimate relationship between carotinoids and vitamin A, and abandoned
it very reluctantly when they were unable to establish an identity of vitamin A with
either carotin or xanthophyll. Van den Bergh, Muller and Broekmeyer (1920) have
also supported Steenbock's theory, without, however, submitting it to experimental
verification.
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stated that "carotin of constant melting point through a number of

crystallizations was always found to induce growth in rats after growth

had been suspended by a lack of fat-soluble vitamin in the diet." It

is not stated how much carotin was fed. The statement is followed,

however, by the naive assertion that, "in spite of this it is not meant

to infer that the fat-soluble vitamin is necessarily a pigment." In the

same note, Steenbock and his associates state that they have prepared

crystalline acetyl derivatives of constituents in the non-saponifiable

vitamin fraction of the extracts from alfalfa hay, without resultant de-

struction of the vitamin. This fact alone is incompatible with a caroti-

noid nature for vitamin A. These pigments being hydrocarbons or

hydrocarbons with an ether-like nucleus are quite incapable of forming

acetyl derivatives.

Some light on the cause of the coincident occurrence of vitamin A
and carotinoids is furnished by the recent experiments of Coward and

Drummond (1921) who find that the synthesis of vitamin A is associ-

ated with the formation of chlorophyll. Their results showing the pres-

ence of little if any fat-soluble vitamin in etiolated seedlings and red

sea-weeds, which are certainly not wanting in carotinoids, but which

lack chlorophyll, support our own conclusion that vitamin A and

carotinoids are not necessarily associated. The finding is of added

interest because it shows that examples of this lack of association

occur in the vegetable world as well as in the animal kingdom.
These results when considered together with the results of Drum-

mond and Steenbock, as well as those of Palmer and Kennedy, show-

ing the lack of definite correlation between the carotin and vitamin

content of milk fat, indicate very clearly that the animals which trans-

fer carotin abundantly from the food to the milk, as well as those

which do not do so, have the power to separate pigment and vitamin.

The writer suggests that the presence of appreciable amounts of vita-

min A in the almost colorless butter fat examined by Steenbock may
have come from more or less yellow maize in the diet of the cows.

Palmer and Eckles (1914a) found that yellow maize has no appreciable
effect on the color of butter fat, but it should bolster up the vitamin

content of the butter, according to Steenbock's findings on the rela-

tive vitamin content of yellow and white maize. In an analogous man-
ner it should be possible to produce eggs with low pigmented yolks,

high in vitamin A, by limiting the pigmented part of the hen's ration to

carrots, for the writer (1915) has shown that the feeding of carrots

has little influence on the color of the yolks of hen's eggs.
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An association of carotinoids with other vitamins than vitamin A
and with the results of other dietetic deficiencies has also been sug-

gested. Wiehuizen and others (1919) called attention to the low lipo-

chrome content of the blood serum in the case of human beriberi and

inferred a relationship between lipochromes and the antineuritic vita-

min by stating that animal and vegetable substances with a high

lipochrome content also have a high anti-beriberi value. It hardly

seems possible that anyone with a thorough knowledge of the distribu-

tion and properties of vitamin B could give this suggestion any serious

thought.

A somewhat different conception of the significance of carotinoids

in nutrition is presented by McCarrison (1920) who noted that butter

made from milk of cows on green feed, and therefore high in .pigment,

afforded greater protection against edema of the adrenals of pigeons

fed on autoclaved rice than less highly colored butter fat made from

milk of cows on dry feed. McCarrison suggests that the hypothetical

anti-edema substance may be of the nature of a lipochrome, but his re-

sults can also be explained on the basis of the seasonal (dietary) varia-

tion in the vitamin A content of butter.

We see from the foregoing di=rii?sion that there is little evidence to

support the idea that the carotinoids exert a definite physiological

function either in the species of animals in which they are visible after

absorption or in those animals which do not appear to absorb the pig-

ments at all. Curiously enough, however, a very practical use has been

made of the appearance of carotinoid pigments in certain of the visible

skin parts of some species which absorb the pigments. One may per-

haps be justified in discussing these uses briefly in connection with the

possible function of the pigments, although the function in these cases

is in the service of man.

Practical poultry men in this country have recognized for a number

of years that a relation exists between the amount of yellow pigment
in the shanks, ear lobes, beaks, etc., of hens of certain breeds of poultry,

such as Leghorns, Plymouth Rocks, Wyandottes, and Rhode Island

Reds, and their previous egg laying activity. When Blakeslee and

Warner (1915a,b) and Blakeslee, Harris, Warner and Kirkpatrick

(1917) made extensive biometric analyses of data collected to deter-

mine the character and extent of this relation it was found that a defi-

nite positive correlation existed between pale shanks, ear lobes, beak,

etc., and a recent more or less large egg production. As the result of

these studies American poultry experts have made extensive use of the
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appearance of the normally colored skin parts of these breeds of poultry

at the end of the laying season for the purpose of culling out the un-

profitable hens. This method of determining heavy from light laying

fowls is not applicable, of course, to the breeds of poultry, such as the

English Orpingtons, which never show yellow pigment in the visible

skin parts, although normally their adipose tissue and egg yolks are

colored with xanthophyll.

Palmer and Kempster (1919b) made a study of the physiological

cause of the fading of the visible skin parts during egg laying. The as-

certaining of the correct cause of this phenomenon was made possible

by the success which wo had in raising a flock of pigmentless White

Leghorn fowls to maturity, the females showing normal egg laying ac-

tivity. It was found that xanthophyll appeared in the skin of non-lay-

ing fowls within a few days
3 after feeding xanthophyll-containing

foods, but that no pigment whatever appeared in the skin, and almost

none in the adipose tissue of the hens which were laying, although only

moderately (two eggs or less a week) ,
even after a month on xantho-

phyU-rich diets. The blood serum and egg yolks contained an abun-

dance of xanthophyll. It was also found that when pigmented fowls

which were not laying (in these cases cockerels were used) were placed

on carotinoid-free diets, they gradually lost the pigment from the visi-

ble skin parts in the same manner as laying hens. Histological studies

of the skin during this fading indicated that the movement of the pig-

ment was outward from the rete of Malphigi, where it is chiefly local-

ized, towards the epidermis. No evidence was obtained that the loss

of pigment was due to resorption but the indications were rather of

a normal replacement of epidermis cells by the columnar pigmented
cells of the Malphigian layer from beneath which carried less and less

pigment because the supply of pigment in the food had been cut off.

The fading of a highly pigmented skin is very gradual and usually re-

quires several months in the absence of carotinoid from the food or in

the case of egg laying.

The collective data were interpreted to mean that the fading of the

skin during egg laying is the result of the deflection of the xanthophyll
of the food to the ovaries, resulting in a cutting off of the pigment
which would otherwise be excreted by the skin, the net result being the

same as if the xanthophyll was no longer being ingested in the food.

The writer believes that a continuous formation of ova, but not neces-

In one case the color was distinctly visible in 72 hours after xanthophyll was intro-

duced into the ration.
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sarily with great frequency, is required to prevent the excretion of

xanthophyll by way of the skin, and thus brings about a gradual fading

of the visible skin parts. Whether there is a mobilization of pigment

in other organs of the body, such as the liver, was not determined in

our experiments.

Rosenheim and Drummond (1920) have expressed the view that this

deflection of xanthophyll to the ovaries during egg laying indicates that

the pigment is required for a definite and important function in the

egg and that this fact thus supports the theory that the carotinoids are

related to the vitamins. It is just as reasonable to suppose, however,

that the egg yolk is an easier path of excretion for a fat-soluble pig-

ment than is the skin, just as the kidneys are ordinarily the chief path

of excretion of water-soluble waste products. Nevertheless, it might

be worth while to investigate the relation between this whole phenome-
non and the more recent interpretation of the effect of Nile blue on

the pigment granules in the epidermis of the chicken skin, namely, that

the pigment is transported there in association with fatty acids. It is

possible that the concentration of the fat synthesizing powers of the

hen in the ovaries during egg laying prevents the secretion of fatty

acids by the blood capillaries and thus causes a concentration of xan-

thophyll in the fat laid down in the ova. This does not explain, how-

ever, why Sudan III, a fat dye, never appears in the skin when fed to

either laying or non-laying fowls, although it appears abundantly in

the egg yolk, bone marrow and adipose tissue, and feathers.

A phenomenon somewhat analogous to the fading of the skin of fowls

during egg laying has been observed in the case of salmon during their

fresh-water migration to the spawning beds from the sea, during which

time the animals starve. As described by Miss Newbigin (1898), the

flesh of the fish has the familiar strong pink color and the small ovaries

a yellow-brown color when the fish come from the sea. As the re-

productive organs develop the flesh becomes paler and the rapidly grow-

ing ovaries acquire a fine orange-red color. The explanation of this

phenomenon unquestionably lies in the mobilization of the fat stores

of the body in the reproductive organs and the shed ova, rather than

in a mobilization of pigment itself. It is to be remembered that the

fish are taking no food whatever during their migration, and must

therefore draw upon every possible reserve, not only for their own
needs but also for the reproduction processes for which the journey is

taken. Essentially this view of the phenomenon was adopted by Miss

Newbigin.
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For three-quarters of a century the breeders of Guernsey cattle, one

of the Channel Island dairy breeds, have laid great emphasis upon the

fact that under comparable conditions the milk and butter from these

cows has a higher yellow color than is produced by any of the other

known breeds of dairy cattle. It is also generally recognized by the

breeders of these cattle that a high yellow secretion by the skin is re-

lated to the production of highly colored milk and butter. These yel-

low secretions are usually localized at certain parts of the body, espe-

cially in the ear, on the end of the tail bone, and about the udder. In

fact, at the present time the official scale of points for judging Guernsey
cattle includes 15 points for skin color on the parts of the body men-

tioned. In judging bulls a similar allowance is made for high color in

the ears and on the tail and body generally as indicating the ability of

the animal to transmit the production of highly colored milk to the

offspring. Jersey cattle show the same characteristics but not to so

great an extent. It should be stated, however, that the ability of cows

of the Guernsey breed to transfer the carotin from their feed to the

milk is not so firmly fixed in the breed generally as the enthusiastic

advocates of the breed would lead one to believe. Hill (1917) states

that on the Island of Guernsey itself there is a marked difference be-

tween the color of the butter brought to market from different herds.

There is also a general feeling among the Jersey and Guernsey cattle

breeders that abundant yellow secretions localized on the body indicate

large producers of butter fat. Hooper (1921), who tried to correlate

these ideas from observations which he made on about 160 animals,
could find no relation between either the amount or color of the

secretions and the production of either milk or butter fat, using yearly

production records as the basis for his conclusions. The general idea

is seen to be quite the reverse of the relations found to exist between

the color of the skin of fowls and egg production. As a matter of

fact if the phenomena of milk production, especially of milk fat pro-

duction, and egg production are related physiologically the correlation

between the production of milk fat and the color of the skin secretions

should be between high production and low skin color and not between

high production and highly pigmented skin as the breeders of Jersey
and Guernsey cattle seem to think. Furthermore, by analogy with
the hen, the fresh cow or the dry cow is not suited for judging the fat-

producing ability by the amount or color of the skin secretions, but
rather only the cow at the close of her lactation period. So far as

the writer has been able to ascertain no observations have ever been
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made indicating that the yellow skin secretions of Jersey and Guernsey
cattle change their appearance with advance in the lactation period. It

is perhaps not too hazardous to predict that it is only along such lines

that a correlation may be expected to exist between skin pigmentation

and butter fat production for cows of the Channel Island breeds. As

a matter of fact Hooper's data show a slight indication of such a cor-

relation for one group of cows but not for the other whose records and

skin colorings are recorded. An investigation of the theory from the

point of view of a fading of the skin color during heavy production

might lead to very profitable results.

This brief discussion indicates the practical ends which may be

served through the occurrence of plant carotinoids in the animal body.
The whole subject is a fascinating one and offers as many unsolved

problems as any other phase of experimental biology and biochemistry.

The writer can not conclude this monograph, however, without inviting

the attention of the biochemists to this field of work. The extension

of the frontiers of our knowledge regarding these pigments which are

so abundantly distributed in so many plants and animals is certain to

prove a profitable as well as an interesting undertaking. Who can

predict the magnitude of importance of the discovery which lies just

beyond the horizon in this or any other expedition in the search after

truth?

Summary

The functions of the carotinoids in plant tissues have not been defi-

nitely determined. The various theories which have been advanced

include the following:

(1) Carotin plays a role in plants similar to that of the hemoglobin
of the blood (Arnaud) .

(2) Carotin acts as a reserve substance (Zopf, Kohl) .

(3) Carotin shares in the work of C02 assimilation by acting in-

directly as a catalyst for the decomposition of atmospheric C02

through its absorption of light energy which it helps to transform into

heat (Kohl).

(4) Carotinoids protect cell enzymes against the light rays which

they absorb (Went, Kohl).

(5) Carotin in flowers and fruits acts biologically as a lure for

insects, birds and other animals, in connection with the spreading of

pollen and seeds (Kohl).
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(6) Carotiuoids help regulate the oxygen pressure in plant cells

through their great ailinity for this element (\Villstatter and Mieg).

(7) Carotinoids lielp control the (JOa assimilation by controlling the

equilibrium between chlorophyll a and chlorophyll b (Willstatter and

Stoll).

(8) Carotin and xanthophylls play a part in photo-synthesis because

they are believed to yield HCHU on photo-oxidation, xauthophyll also

yielding sugar (Ewart).

There is no evidence to indicate that carotinoids originate from

chlorophyll, but it is possible that both classes of pigment may arise

from isoprene, C5H8 .

The factor for lycopin formation in tomatoes can be suppressed at

30 C. or above, the fruits forming only carotin and xanthophylls.

At lower temperatures all three types of carotinoids are formed. Syn-
thesis of lycopin is independent of light but depends upon oxygen, and

is depressed by the conditions which accompany low catalase activity

and decreased acidity.

The author believes that if the carotinoid pigments in animals pos-
sess a definite function, this function must be linked with the physio-

logical processes of the body, inasmuch as the carotinoids are derived

from the food. There are a number of general facts, however, which

indicate that these pigments play no definite role in nutrition or in

metabolic processes, at least in the higher animals.

A critical review of the theories regarding the possible relation of

carotinoids and vitamin A leads to the conclusion that the substances

cannot be identical, it appears that there is a fairly definite correla-

tion between the occurrence of carotinoids and vitamin A in plant
tissues but not in animal tissues or in animal fats: Animals, there-

fore, possess the power to separate carotinoids and vitamin A. Ex-

periments are suggested whereby this fact can be further substantiated.

Xanthophylls in fowls have a definite function from the standpoint
of practical utility in that there is a correlation between low pigmenta-
tion of the visible skin parts of certain breeds of fowls and high egg

production. The cause of this phenomenon is a selective mobilization

of pigment in the ova during egg production, preventing its excretion

by means of the skin. An analogous phenomenon occurs in the sal-

mon during their fresh-water migration to the spawning beds.

It is generally believed by certain cattle breeders that abundant

(carotinoid) pigmentation of the skin of Guernsey and Jersey cattle
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is correlated with large fat production in the milk. The author sug-

gests the possibility that if a correlation does exist in this case it is be-

tween low pigmentation and high production rather than the reverse,

and is analogous to that which is found in laying hens.



BIBLIOGRAPHY

Akutsu, Dr. 1902. "Beitriige zur His-

tologie der Samenblasen nebst

Bemerkungen ueber Lipochrome."
Virchow's Arch. path. Anat., 168,
467-485.

Angelucci, Arnaldo 1878. "Histolo-

gische Untersuchungen iiber das

Pigmentepithel der Wirbelthiere."

Arch. Physiol., pp. 353-386.

Arnaud, A. 1885. "Recherches sur la

matiere colorante des feuilles; iden-

tite de la matiere orange-rouge et

carotine, CisELO." Compt. rend.,

100, 751-753.

Arnaud, A. 1886. "Recherches sur la

composition de la carotine, sa fonc-

tion chemique et sa formula."

Compt. rend., 102, 1119-1122.

Arnaud, A. 1887. "Dosage de la caro-

tine contenue dans les feuilles des

vegetaux." Compt. rend., 104, 1293-

1296.

Arnaud, A. 1889. "Recherches sur la

carotine, son role physiologique prob-
able dans la feuille." Compt. rend.,

109, 911-914.

Askenasy, E. 1867. "Beitriige zur

Kenntniss des Chlorophylls und ein-

iger dasselbe begleitender Farbstoffe."

Botan. Ztg., 25, 225-230 ; 233-238.

Askenasy, E. 1869. "Beitriige zur

Kenntniss der Gattung Ectocarpus."
Botan. Ztg., 27, 785-790.

Bachmann, E. 1886. "Botanisch-
chemische Untersuchungen iiber Pilz-

farbstoffe." Ber. botan. Ges., 4, 68-

72; Programm des Gymnasiums zu

Plauen, Ostern, 1-26.

de Bary 1856. Ber. Naturf. Ges. Frei-

burg, No. 13, p. 222.

Bate, C. Spence and Westwood, I. 0.

1868. "A history of the British sissile-

eyed Crustacea." 2, London; cited

by Fuchs, R. R., in Hans Winter-
stein's Handbuch der vergleichenden
Physiologic, S, Part 1:2, p. 1341,
1914.

Beddard, F. E. 1892. "Animal Colora-
tions." Macmillan and Co.

Behr, Arno and van Dorp, W. A. 1873.

"Ueber die Einwirkung des erhitzten

Bleioxydes auf organishe Korper."
Ber., 6, 753-755.

Bergh van den, H. H. Hymans, and
Muller, P. 1920. "On serum

lipochrome." Translation. Verslag
Akad. Wetenschappen Amsterdam,
22, 748-757.

Bergh van den, H. H. Hymans, Muller,
P., and Broekmeyer, J. 1920. "Das
lipochrome Pigment in Blutserum
und Organen, Xanthosis, Hyper-
lipochromiimie." Biochem. Z., 108,
279-303.

Bergh, van den, H. H. Hymans, and
Snapper, J. 1913. "Die Farbstoffe

des Blutserums." Deut. Arch. klin.

Med., 110, 540-561.

Bertrand, G., and Poirault, G. 1892.

"Sur la matiere colorante du pollen."

Compt. rend., 115, 828-830.

Berzelius, J. J. 1837a. "Ueber die

gelbe Farbe der Blatter im Herbst."

Ann., 21, 257-262; "Einige Unter-

suchungen iiber die Farbe welche das
Laub verschiedener Baumattungen
im Herbst vor dem Abfallen an-
nimmt." Poggendorffs Ann., 42, 422-

433.

Berzelius, J. J. 1837b. "Ueber den
rothen Farbstoff der Beeren und
Blatter im Herbst." Ann., 21, 262-

267.

Bidgood, John 1905. "Floral colours
and pigments." J. Roy. Hort. Soc.,

29, 463-480.

Blakeslee, A. F., Harris, J. A., Warner,
D. E., and Kirkpatrick, W. F. 1917.

"Pigmentation and other criteria for

the selection of laying hens." Storrs

(Conn.) Agr. Exp. Sta. Bull., 92, 95-

194.

Blakeslee, A. F., and Warner, D. E.
1915a. "Correlation between egg-
laying activity and yellow pigment
in the domestic fowl." Science, 41 >

432-434.

Blakeslee, A. F., and Warner, D. E.
1915b. "Correlation between egg
laying and yellow pigment in the
domestic fowl." Am. Naturalist, 49,
360-368.

279



280 CAROTINOIDS AND RELATED PIGMENTS

Blanckard, Raphael 1890. "Sur la

matiere colorante des Diaptomus,
analogue a la carotine des vegetaux."

Compt. rend., 110, 292-294.

Blumenthal, M. 1874. "Ueber Ace-

naphtylen." Bcr., 7, 1092-1095.

Blythe, A. Winter 1879. "A study of

the composition of cow's milk in

health and disease." J. Chem. Soc.,

p. 530.

Boehm, Jos. 1859. "Ueber den Em-
fluss der Sonnenstrahlen auf die

Chlorophyllbildung und das Wachs-
tum der Pflanzen Uberhaupt." Sitzb.

Akad. Wiss., Wien, 37, 453-476.

Bogdanow, Andre 1857. "Note sur le

pigment rouge des plumes du Calurus

auriceps Gould." Compt. rend., 4>
688-690.

Bogdanow, Andre 1858. "Etudes sur

les causes de la coloration des

oiseaux." Compt. rend., 46, 780-781.

Boll, Franz 1877. "Zur Anatomie und

Physiologic der Retina." Arch.

Physiol., 4-35.

Bonnet, Charles 1754. "Recherches
sur 1'usage des feuilles dans les

plantes." Gottingue et Leide, 209,

330.

Borodin, J. 1883. "Ueber krystal-
linische Nebenpigmente des Chloro-

phylls." .Mi lunges Biologique tires

du Bulletin de I
1 Acad. Imper. des

Sci. de St. Petersbourg, 9, 512:

abstract in Botan. Ztg. 577-579,
1883.

Bougarel, Ch. 1877. "Sur une nou-
velle matiere colorante rouge accom-

pagnant la chlorophylle." Bull. soc.

chim., 27, 442-443.

Burger, M., and Reinhart, A. 1918.

"Xanthosis Diabetica." Z. ges. exp.

Med., 7, 119-133.

Burger, M., and Reinhart, A. 1919.

"Ueber die Genese der Xanthosis
Diabetica." Deut. med. Wochschr.,

45, 430-433.

Capranica, Stefano 1877. "Physi-
ologish-chemische Untersuchungen
iiber die farbigeu Substanzen der
Retina." Arch. Physiol., 287-295.

Caspary, R. 1858. "Die Zoosporen
von Chroolepus Ag. und ihre Haut."

Flora, N. S., 16, 579-598.

Caventau, B. 1817. "Recherches

chimiques sur le narcisse des pres
(Narcissus pseudo-narcissus L.)."
Ann. chim. phys., 4, 321-323; J.

Pharm., 2, 540.

Cempert, I. 1872. "Bydrage tot de
Kennis van de groene kleurstof der

plantin.," p. 88; cited by H. deVries,
Flora, No. 4, 52-53, 1873.

Charguerand, A. 1874. "Observations
sur la coloration des feuilles a 1'au-

tomne." Rev. hort., Paris, pp. 34-36.

Chevreul, M. 1854. "Note sur la

couleur d'un assez grand nombre de
fleurs." Compt. rend., 89, 213-214.

Cohn, Ferdinand 1850. "Nachtrage
zur Naturgeschichte des Protococcus
pluuialis." Nova Acta Leop. Carolin.

Acad., 22, Part II, p. 649.

Cohn, Ferdinand 1867. "Beitrage zur

Physiologic der Phycochromaceen
und Florideen." Arch, mikros. Anat.,
3, 1-60, especially pp. 43-46.

Courchet. 1888. "Recherches sur les

chromoleucites." Ann. sci. naturelles,
bot., Ser. vii, 7, 263-374, especially p.
356.

Coward, K. H., and Drummond, J. C.
1921. "The formation of vitarnine A
in living plant tissues." Biochem. J.,

15, 530-537.

Cunningham, J. T., and MacMunn, C.
A. 1893. "On the coloration of the
skins of fishes, especially of Pleuro-
nectidce." Trans. Roy. Soc. London,
(B), 184, 765-812.

Czapek, Frederich 1911. "Ueber die
Farbstoffe der Fukazeen." Lotos,
Naturw. Z., 59, 7, 250-251; Botan.
Centr., 120, 10, 1912.

Czapek, Frederich 1913. "Biochemie
der Pflanzen." /, p. 803, 2nd Edition,
Jena, 1913.

Dastre, A. 1899. "La chlorophylle du
foie chez les mollusque." J. physiol.
path, gen., 1, 111-120.

Dastre, A., and Floresco, N. 1898.

"Pigments du foie, general I. Pig-
ments hepatiques chez les verte-
brates." Arch, de physiol., (5) 10,
209-224.

Denis. 1838. "Essai sur 1'application
de la chemie a 1'etude du sang," p.
130.

Dennert, E. 1889. "Anatomie und
Chemie des Blumenblatts." Botan.
Centr., S3, 421-431, 465-471, 513-518,
545-553.

Desmouliere, A. 1902. "Sur la matiere
colorante et le sucre de Pabricot."
Ann. chim. anal. chim. appl., 7, 323-

324; Chem. Zentr., 78, ii, 1001.

Desmouliere, A., and Gautrelet, L.
1903. "De la constante presence



BIBLIOGRAPHY 281

d'urobilin au lait du vache." Compt.
rend, soc. biol., 55, 632-634.

Dippel, Leopold 1878. "Einige Be-

nuTkungen liber die Cemeugtheile des

Chlorophylls." Flora, No. 2, 18-27.

Dolley, David H., and Guthrie, Frances

V. 1919. "The pigmentation of

nerve cells, II. The lipochrome a

plant carotinoid pigment." J. Mid.
Research, 40, 295-309.

Dolley, David H.
(
and Guthrie, Frances

V. 1921. "The pigmentation of

heart muscle." J. Med. Research, ./.,

289-301.

Dombrowsky, Dr. 1904. "Einige Ver-
suche iiber den Uebergang von
Riech- und Farbstoffen in die

Milch." Arch. Hyg., 50, 183-191.

Drummond, J. C. 1919. "Researches
on the fat-soluble accessory sub-

stance, I. Observations upon its

nature and properties." Biochem. J.,

IS, 81-94.

Drummond, J. C., and Coward, K. H.
1920. "Researches on the fat-soluble

accessory substance, V. The nutri-

tive value of animal and vegetable
oils and fats considered in relation to

their color." Biochem. J., 14, 668-677.

Drummond, J. C. and Zilva, S. S. 1922.

"Nutritive value of edible oils and
fats." J. Soc. Chem. Ind., 41, 125-

127 T.

Duggar, Benjamin Minge 1913. "Ly-
copersicin, the red pigment of the

tomato and the effects of conditions

upon its development." Washington
Univ. .Studies, 1, 22-45.

Ehring, C. 1896. "Ueber den Farb-
stoff der Tomate (Lycopersicum
esculentum) . Ein Beitrag zur Kennt-
niss des Carotins." Inaug. Di-s.

Miinchen. 1-35, Miinster; Botan.

Centr., 69, 154, 1897.

Elfving, Fr. 1882. "Ueber eine Bezieh-

ung zwischen Licht und Etiolin."

Arb. Botan. Inst. Wiirzburg, 2, No.

3, 495; cited by Kohl, F. G., "Unter-

suchungen iiber das Carotin, etc."

Leipzig, 1902, Chapter vii.

Englemann, Th. W. 1887. "Die Far-

ben bunter Laubblatter und Hirer

Bedeutung fur die Zerlegung der

Kohlensaure im Lichte." Hot an.

Ztg., 45, 393-398, 409-419, 425-436,
441-450, 457-463.

Escher, H. H. 1909. "Zur Kenntniss
des Carotins und des Lycopins."
Zurich, Polytechnikum.

J-cher, H. H. 1913. "Ueber den
Farbstoff des Corpus Luteum." Z.

physiol. Chem., M, 198-211.

I'Mi, Carl 1874. "Ueber das Bixin."

Ber., 7, -1 Hi.

Etti, Carl 178. "Ueber das Bixin."

Ber., 11. 864-870.

Kuler, Hans, and Nordenson, Ebba
1908. "Zur Kenntniss des Mohren-
Carutm.- und seine Begleitsubstan-
zen." Z. physiol. Chem., 56, 223-
235.

Ewart, Alfred J. 1915-17. "On the
function of chlorophyll." Proc. Roy.
Soc. London, 89 (B), 1-17.

Ewart, Alfred J. 1918. "On chloro-

phyll, carotin and xanthophyll, and
on the production of sugar from
formaldehyde." Proc. Roy. Soc. Vic-

toria, 30, N. S., ii, 178-209.

Exner, F. and G. 1910. "Die physi-
kalischen Grundlagen der Bliithen-

farbungen." Anz. Akad. Wiss., Wien,
48, 11-12.

Filhol, E. 1854. "Observations sur les

niatieres colorantes des fleurs."

Compt. rend., 39, 194-198.

Filhol, E. 1860. "Note sur quel-
ques matiercs colorantes vegetales."
Compt. rend., 50, 454-457.

Filhol, E. 1865. "Recherches sur les

proprietes chimiques de la chloro-

phylle." Compt. rend., 61, 371-373.

Filhol, E. 1868. "Recherches sur la

chlorophylle." Compt. rend., 66,
1218-1220.

Findlay, G. Marshall 1920. "The pig-
ments of the adrenals." J. Path.

Bact., 23, 482-489.

Fintelmanu, H. 1887. "Betrachtungen
iibcr die Herbstfiirbung der Belaub-
ung unserer Wald- und im freien

Lande ausdauerenden Schmuck-
geholze." Gartenflora, 86, 635-637,
651-656.

Fischer, Hans, and Rose, Heinrich
1913. "l-olicnni;i von Carotin aus

Rindergallensteinen." Z. physiol.
Chem., .S.S. 331-333.

Formanck, .1. 1900. Dcr Farbstoff der
rothen Rube und sein Absorption-
spectrum." J. prakt. Clicui., (2)

G2, 310-314.

Frank, A. B. 1877. "Ueber das bi-

ologische ViThaltniss des Thallus

einiger Kru>!( nth chten." Cohn's

Beitrage x.ur Biolojiie der Pflanzen, 2,

123-200. (.-.-penally p. 160.

Fiauk, B. 1884. In "Untersuchung-



282 CAROTINOIDS AND RELATED PIGMENTS

en liber das Chlorophyll," by A.

Tschirch, Berlin, p. 92.

Frederique, Leon 1879. "Note sur le

sang de I'Homard." Bull. Acad. Roy.
Belg., (2) 47, No. 4, 409-413.

Fiemy, E. 1860. "Recherches sur la

matiere colorante verte des feuilles."

Ann. sci. nat. botan., 13, 45-53;

Compt. rend., 50, 405-412.

Fremy, E. 1865. "Recherches chimi-

ques sur la matiere verte des

feuilles." Compt. rend., 61, 188-192.

Fremy, E., and Cloez. 1854. "Ueber
die Farbstoffe der Blumen." J. prakt.

Chem., 62, 269-275.

Fuchs, R. R. 1914. "Die Farben-
wechsel und die chromatische Haut-
funktion der Tiere." Hans Winter-
stein's Handbuch der vergleichenden
Physiologic 8, Part 1:2, 1189-1656.

Gadow, H. 1882. "The coloration of

feathers as affected by structure."

Proc. Zool. Soc., 409-421.

Gaidukov, N. 1900. "Ueber das Chry-
sochrom." Ber. botan. Ges., 18, 331-

335

Gaidukov, N. 1903. "Ueber den brau-
nen Algenfarbstoff (Phycophaein und
Phycoxanthin) ." Ber. botan. Ges.,
21 535-539

Gallerani, G. 1904. "Sur le pigment
jaune du plasma sanguin du cheval
ou plasmachrome." Boll. Soc. Eus-
tachiana Camberino 2, 5; Arch. ital.

biol. 43, No. 3, 387; Zentr. Physiol.

19, 749, 1905.

Gamble, F. W. 1910. "A study of the

color physiology of the prawn Hippo-
lyte Varians and the wrasse Crenila-
brus melops (common gold sinny)."

Quart. J. Micros. Sci., 65, N. S., 541-

583

Gamble, F. W., and Keeble, F. W.
1900. "Hippolyte varians: A study
in color-change." Quart. J. Micros.

Sci., 43, 589-698.

Garcin, A. 1889. "Sur le pigment de

I'euglena sanguined." J. botan., 3,
189-194 ;

Zeit. f. wiss. mikros., 6, 529.

Geddes, Patrick 1882. "Observations
on the resting state of Chlamy-
domyxa Labyrinthuloides Archer."

Quart. J. Micros. Sci., 30, N. S. 30-34.

Gerlach, M. 1892. "Ueber die Ursache
der Unbestandigkeit carotinartiger
Farbstoffe." Zopf's Beitrage Physiol.

Morph. niederer Organismen, 2, 49-

56

Gerould, John H. 1921. "Blue-green

caterpillars: The origin and ecology
of a mutation in hemolymph color in

Colias (Eurymus) Philadice." J.

Exp. Zool., 34, 385-416.

Geyer, Kurt 1913. "Untersuchungen
iiber die chemische Zusammensetz-
ung der Insekten-hiimplymphe und
ihre Bedeutung fur die geschlecht-
liche Differenzierung." Z. wiss. Zool.,

105, 350-499.

Gill, Augustus H. 1917. "Color tests

for oils. Palm oil." J. Ind. Eng.
Chem., 9, 136-139.

Gill, Augustus H. 1918. "The occur-
rence of carotin in oils and vege-
tables." J. Ind. Eng. Chem., 10, 612-
614.

Gobley. 1846. "Recherches chimiques
sur le jaune d'oeuf." J. pharm. chim.,
(3) 9, 170-172.

Goebel, F. 1823. "Ueber die Far-
besubstanz der Taubenfiisse."
"Farbstoff aus den Ganzefiissen.''

Schweigger's J. Chem. Physik.. 39,
42QA31.

Goerrig, Elizabeth 1917. "Vergleich-
ende Untersuchungen iiber den
Carotin- und Xanthophyllgehalt
grimer und herbstlich gelben Blatter."
Beihefte Botan. Centr., 35, 342-349.

Goode, G. Brown 1890. "The color of
iishes." Science, 15, 211-213.

Goppelsroeder, Fr., 1901. Verhandl.
Naturf. Ges., Basel, 14; "Anregung
zum Studium der Kapillaranalyse,"
Basel, 1906.

Graebe, C. 1892. "Ueber ein rothen

Kohlenwasserstoff, Dibiphenylena-
then." Ber., 25, 3146-3149.

Graebe, C. 1893. "Ueber die Farbe
des Acenaphtylens." Ber., 26, 2354-
2355.

Greilach, P. Hugo 1904. "Spektral-
analytische Untersuchungen iiber die

Entstehung des Chlorophylls in der
Pflanze." Sitzb. Akad. Wiss., Wien,
113 i, 121-168.

Griffiths, A. B. 1892. "Sur la matiere
colorante du micrococcus prodigio-
sus." Compt. rend., 115, 321-322.

Griffiths, A. B. 1897. "Le coleopterine,
un pigment rouge dans le elytres de
quelques Coleopteres." Compt. rend.,
124, 1460-1461.

Guibourt. 1827. "La coloration des
feuilles aux diverses epoques de leur

vegetation." J. pharm., 13, 26-27.

Guignet, Er. 1885. "Extraction de la

matiere verte des feuilles; combi-



BIBLIOGRAPHY

naisons di'fmies formees par la

chlorophylle." Compt. rend., 100,
434-437.

Halliburton, W. D. 1SS5. "The blood
of the Decapod Crustacea." J.

Physiol., 6, 300-335.

Halliburton, W. D. 1886. "Note on
the colouring matter of the serum ol

certain birds." J. Physiol., 7, 324-

326.

Hammarsten, 0. 1878. "Ueber das
Vorkommen von Gallenfarbstoff in

dem Blutserum." Maly's Jahresber.

Fortschr. Tierchem., 8, 129-130.

Hannover, 1840. Cited by Kuhne, W.,
1878.

Hansen, Adolph 1884a. "Der Chloro-

phyllfarbstoff." Arb. botan. Inst. in

Wtirzburg, iii, 1, 123; Botan. Ztg., 42,
316-320.

Hansen, Adolph 1884b. Ibid, p. 141.

Hansen, Adolph 1884c. "Die Farb-
stoffe der Bliithen und Friichte."

Stahel, Wurzburg, 1-19; Botan.

Centr., 30, 36-39.

Hansen, Adolph 1884d. "Ueber das

Chlorophyllgrun der Fucaceen."
Sitzb. Wiirzburger phys. med. Ges.,

S, 289; Botan. Ztg., p. 649, 1884.

Hansen, Adolph 1893. "Ueber Stoff-

bildung bei den Meeresalgen." Mitt.
Zool. Station zu Neapel, 11

; cited by
Kylin, H., Z. physiol. Chem., 69, 170,
1910.

Harpe de la, C., and van Dorp, W. A.
1875. "Ueber die Einwirkung des
erhitzen Beioxyds auf Fluoren." Ber.,

8, 1048-1050.

Harris, J. A, Blakeslee, A. F., and Kirk-

patrick, W. F. 1917. "Interpenodic
correlation in the egg production of

the domestic fowl." Proc. Nat. Acad.

Sci., 3, 565-569.

Harris, J. A., Blakeslee, A. F., and
Kirkpatrick, W. F. 1918. "The cor-

relation between egg production dur-

ing various periods of the year in the
domestic fowl." Genetics, 3, 27-72.

Harris, J. A., Blakeslee, A. F., and
Warner, D. E. 1917. "Body pigmen-
tation and egg production of the
fowl." Proc. Nat. Acad. Sci., 3, 237-
241.

Harris, J. A., Blakeslee, A. F., and
Warner, D. E. 1017. "The correla-
tion between body pigmentation and
egg production in the domestic fowl."

Genetics, 2, 36-77.

Hartsen, F. A. 1873a. "Beitrage zur

organischcn Chemie. Ucbcr dm Ein-
ilus.s der .Jahreszeiten auf die Chmiie
der Pflanzen." Chem. Zentr., 4, 205.

Hartsen, F. A. 1873b. (Article with-
out title.) Compt. rend., 76, 385.

Hartsen, F. A. 1875. "Ueber Chry.-n-

phyll." Arch. Pharm., 207, 136-137.

Hashimato, Hirotqshi 1922. "Caro-
tinoid pigmentation of the skin re-

sulting from a vegetarian diet." J.

Am. Med. Assoc., 78, 1111-1112.

Hasselt van, J. F. B. 1909. "Eini^
Bernerkungen liber die Kqnstitution
des Bixins." Chem. Zentr. ii, 624.

Head, Geo. D., and Johnson, R. A.

1921. "Carotinemia. Report of a

case in an adult." Arch. Inter. Med.,
28, 268-273.

Heim, F. 1892. "Le pigment rouge
ecarlate des teguments du Trom-
bidium." Bull. soc. entol. France, p.
xlix.

Bering, Th., and Hoyer. 1869. "Ueber
die Bewegungen der sternformigen
Pigmentzellen und die dadurch er-

zeugten Veranderung in der Hautc-
farbe der Frosche." Centr. med.
Wiss. 7.

Herxheimer, G. 1913. In E. Abder-
halden's Handbuch der biochemi-
schen Arbeitsmethoden, 7, 686.

Hess, Alfred F., and Myers, Victor C.

1919. "Carotinemia: A new clinical

picture." J. Am. Med. Assoc., 73,

1743-1745.

Hildebrand, F. 1861. "Ueber ein

Chroolepus mit Zoosporenbildung."
Botan. Ztg., 19, 81-85.

Hildebrand, F. 1863. "Anatomische
Untersuchungen liber die Farbeu der
Bliiten." Jahrb. wiss. Botan., S, 59-

75.

Hildebrand, F. 1879. "Die Farben der
Bliiten." Leipzig, pp. 1-83.

Hilger, A. 1894. "Zur chcmisrlim
Kenntniss der Blumenfarbstoffe."
Botan. Centr., 57, 375.

Hill, Charles L. 1917. "The Guernsey
Breed," p. 60. Fred L. Kimball Co.,

Waterloo, Iowa.

Hill, Ernest Geo., and Sikar, Annoda
Prasad 1907. "A new colouring
matter from Nyctanthes Arbor-tris-

tis." J. Chem. Soc., 91, 1501-1505.

Hollstein, Robert 1878. "Das Schick-
sal der Anthoxanthinkorner in abblii-

henden Blumenkronen." Botan. Ztg..

25-27.

Holm, F. 1867. "Untersuchungen



284 CAROTINOIDS AND RELATED PIGMENTS

iiber das Hiimatoidin." J. prakt.

Chem., 100, 142-148.

Hooper, J. J. 1921. "Studies of dairy
cattle. V. The body secretions in

relation to production of milk and
butter fat." Kentucky Agr. Exp.
Sta. Bull., 234, 159-161.

Hopkins, F. G. 1889. "Note on a yel-
low pigment in butterflies." Proc.

Chem. Soc., pp. 117-118.

Hopkins, F. G. 1891. "Pigments in

yellow butterflies." Nature, 45, 197-

198.

Hopkins, F. G. 1892. "Pigments in

Lepidoptera." Nature, 45, 581.

Hopkins, F. G. 1895. "The pigments
of the Pieridce-' A contribution to
the study of excretory substances
which function as ornament." Trans.

Roy. Soc. London, 186 B, Part 2, 661-
682.

Hueck, W. 1912. "Pigmenstudien."
Ziegler's Beitriige, 54. 68.

Husemann, August 1861. "Ueber
Carotin und Hydrocarotin." Ann.,
117, 201-229.

Immendorff, H. 1889. "Das Carotin
in Pflanzenkorper und einigcs iiber

den griinen Farbstoff des Chloro-

phyllkorns." Landwirt. Jahrb. 18,
507-520.

Irving, (Miss) A. A. 1910. "The be-

ginning of photosynthesis and the

development of chlorophyll." Ann.

Botany, 84, 805-818.

Jacobsen, H. C. 1912. "Die Kultur-

bedingungen von Hacmatococcus
pluvialis." Flora microbiologica, 1,

1-33; Botan. Centr, 72, 38. 1913.

Jolyet, Felix and Regnard, Paul 1877.

"Recherches physiologiques sur la

respiration des animaux aquatique."
Part 2 Arch, physiol.. 4, 548-633.

Jorgensen, Ingvar. and Kidd, Franklin
1915-17. "On the function of chloro-

phyll." Proc. Roy. Soc. London, 89

(B), 342-361.

Jorgensen, Ingvar and Stiles, Walter
1917. "Carbon assimilation A re-
view of recent work on the pigments
of the green leaf and the processes
connected with them." New Phy-
tologist, Reprint, No. 10, 1-180.

Karsten, G. 1891. "Untersuchungen
iiber die Familie der Cliroolepideen."
Ann. Jardin botan. Buitenzorg, 10, 1-

66; Botan. Centr., 47, 300, 1891.

Kaup, Walther 1919. "Hautverfar-
bung bei Sauglingen und Kleinkin-

dern infolge der Nahrung." Munch,
med. Wochschr., 66, 330.

Keeble, F., and Gamble, F. W. 1904.

"The color-physiology of higher crus-

tacea." Trans. Roy. Soc. London,
196, 295-388.

Keegan, P. Q. 1903. "Leaf decay and
autumn tints." Nature, 69, 30.

Kirchner, A. 1892. "Beitriige zur

Kenntniss der in dem Farbstoff der

Bliithen der Ringelblume (Calendula

officinalis) vorkommenden Choles-
terin ester." Inaug.-Diss. Erlangen.,
1-41

;
Botan. Centr., 52, 229, 1892.

Klebs, Georg 1881. "Beitrage zur

Kenntniss niederer Algenformen."
Botan. Ztg.. SO, 249-257, 265-272, 281-

290. 297-308. 313-319, 329-336, espe-

cially 270-272, 299 and 301.

Klebs, Georg 1883. "Organization
einiger Flagellatcngruppen und ihre

Bcziehung zu Algen und Infusorien."

Unters. Botan. Inst., Tubigen, /, 261.

Klose, Erich 1919. "Hautverfarbung
bei Sauglincen und Kleinkindern in-

folge der Nahrung." Munch, med.

W'.chschr, 6tf, 419.

Kohl, Frederick G. 1902a. "Unter-

suchungen iiber das Carotin und seine

physiologische Bedeutung in den
Pflanzen." 1-165, Leipzig, especially

p. 1.

Kohl, Frederick G. 1902b. Ibid.,

Chapter III.

Kohl, Frederick G. 1902c. Ibid.,

Chapter XIII.

Kohl, Frederick G. 1902d. Ibid.,

page 61.

Kohl, Frederick G. 1902e. Ibid.,

Chapter V.

Kohl, Frederick G. 1902f. Ibid.,

Chapter VII.

Kohl, Frederick G. 1902g. Ibid.,

Chapters VI and X.
Kohl, Frederick G. 1902h. Ibid.,

Chapter VIII.

Kohl, Frederick G. 1902i. Ibid.,

Chapter XI.

Kohl, Frederick G. 1902J. Ibid.,

Chapter II.

Kohl, Frederick G. 1906a. "Die
Farbstoffe der Diatomeen-Chroma-
tophoren." Ber. botan. Ges., 24, 124-

134

Kohl, Frederick G. 1906b. "Die as-

similatorische Funktion des Karo-
tins." Ber. botan. Ges., 24, 222-229.

Kohl, Frederick G. 1906c. "Kohlen-
saure-Assimilation und Chlorophyll-



BIBLIOGRAPHY 285

funktion." Bcr. botan. Ges., S4,

(39)-(54).

Konra.l, Max 1872. "Vorlaiifige Notiz
ill XT die Trennung dcr Chlorophyll-
farbstoffe." Flora, No. 25, 396-397.

Kraemer, Henry 1904. "The origin
and nature of color in plants." Proc.

A in. Phil. Soc.. 43, 257-277.

Kraus, Carl 1875. "Ueber die Natur
ilr> Chlorophyllfarbstoffes." Flora,
No. 8, 155-159."

Kraus, Gregor 1872a. "Zur Kenntniss
der Chloropli3'llfarbstoffe und ihrer

Verwandten. Spectralanalytische
Untcrsuchungen," pp. 1-131, Stutt-

gart.

Kraus, Gregor 1872b. Ibid., p. 112.

Kraus, Gregor 1872c. Ibid., p. 104.

Kraus, G., and Millardet, A. 1866-70.

"fitudes sur la matiere colorante des

Phycochromacees et des Diatomees."
Mem. soc. sci. nat. Strasbourg, 0,

1-40.

Kraus, G., and Millardet, A. 1868.

''Sur le pigment des Phycochroma-
cees et des Diatomees." Compt.
rend., 66, 505-508.

Kreibich, C. 1920. "Ueber der Natur
der Lipochrome." Arch. Dermatol.

Syph., 127, 762-766.

Kremer, J. 1919. "Die Flugeldecken
der Coleoptercn." Zool. Jahrb., 41,
(2) 175-269.

Kressmann, F. W. 1914. "Osage
orange its value as a commercial

dyestuff." J. Ind. Eng. Chem., 0,

462-464.

Krukenberg, C. Fr. W. 1880. "Ueber
thierische Farbstoffe und deren physi-
ologische Bedeutung." Vergleichend-
Physiologische Studien, Series 1,

Part 2, 65-77.

Knikenberg, C. Fr. W. 1881a. "Bei-

trage zur Anatomic und Physiologic
von LuvaruK imperialis, etc."

Vergleichend-Physiologische Studien,
Series 1, Part 4, 30-35.

Krukenberg, C. Fr. W. 1881b. "Die
Farbstoffe der Federn." Erste Mit-
theilung. Vergleichend-Physiologische
Studien, Series 1, Part 5, 72-99.

Krukenberg, C. Fr. W. 1882a. "Die
Farb?toff der Federn." Zweite Mit-
theilung. Vergleichend-Physiologische
Studirn. Series 2, Part 1, 151-174.

Knikrnlvrir. C. Fr. W. 1882b. "Die
Farbstoff der Federn." Dritte Mit-
theilung. Vergleichend-Physiologische
Studien, Series 2, Part 2, 1-39.

Krukenberg, C. Fr. W. 1882c. "Die
Hautfarbstoff dcr Amphibian." Erste

Mittheilung. Vergleichcnd-Physio-
lomische Studien, Series 2, Part 2, 43-

49.

Krukenberg, C. Fr. W. 1882d. "Die
Farbstoff der Reptilienhaut." Krste

Mittheilung. Vergleichend-Physio-
logische Studien, Series 2, Part 2, 50-

54.

Krukenberg, C. Fr. W. 1882e. "Die

Pigmente der Fischhaut." Erste

Mittheilung. Vergleichend-Physio-
logische Studien, Series 2, Part 2, 55-

58.

Krukenberg, C. Fr. W. 1882f. '.'Ueber

das Helicorubin und die Leberpig-
mente von Helix pomatia." Ver-

gleichend-Physiologische Studien,
Series 2, Part 2, 63-69.

Krukenberg, C. Fr. W. 1882g. "Das
Gorgonidenroth und kritische Bemerk-
ungen zu Merejowski's angebliche
Entdeckungen des Zoonerythrins bei

wirbellosen Tieren." Vergleichend-
Physiologische Studien, Series 2, Part
2 92-93

Krukenberg, C. Fr. W. 1882h. "Ueber
die farbigen Zersetzungsprodukte des

Chlorochromismxis, des griinen Pig-
mentes in den Eiern von Siphonas-
loma diplochaitos, Otto." Verglei-

chend-Physiologische Studien, Series

2, Part 3, 6-21.

Krukenberg, C. Fr. W. 1882i. "Ueber
die Floridine." Vergleichend-Phy-
siologische Studien, Series 2, Part 3,

22-40"

Krukenberg, C. Fr. W. 1882j. "Ueber
die melanotischen Verfarbungen der
Uranidine." Vergleichend-Physiolog-
ische Studien, Series 2, Part 3, 41-

61.

Krukenberg, C. Fr. W. 1882k. "Zur
Kenntniss der Verbreitung der Lipo-
chrome im Thierreiche." Verglei-

chend-Physiologische Studien, Series
2. Part 3. 92-107.

Krukenberg, C. Fr. W. 18821. "Die
Lipochrome der Spongien." Ver-

gleichend-Physiologische Studien,
Series 2, Part 3. 108-115.

Knikenberg, C. Fr. W. 1882m. "Die
Farbstoffe der Federn." Vierte Mit-

theilung. Vergleichend-Physiologische
Studirn, Series 2, Part 3, 128-137.

Krukenberg, C. Fr. W. 1882n. "Die
Pigmente dcr Fi-dihaut ." Zweite

Mittheilung. Vcrgleichend-Physio-



286 CAROTINOIDS AND RELATED PIGMENTS

logische Studien, Series 2, Part 3,

138-143.

Krukenberg, C. Fr. W. 1885a. "Zur
Kenntniss der Serumfarbstoff." Sitzb.

Jena. Ges. Med Naturwiss., pp. 52-

69; in Jena. Z. Naturwiss., 19, 1886

(Supplement).
Krukenberg, C. Fr. W. 1885b. "Die

farbigen Derivate der Nebennieren-

chromogene." Virchow's Arch. path.
Anat., 101, 542-571.

Krukenberg, C. Fr. W. 1886. "Grund-
ziige einer vergleichenden Physi-
ologie der Farbstoffe und der Far-
ben." Vergleichen-Physiologische
Vortrage, Part III, 85-104.

Kmkenberg, C. Fr. W., and Wagner,
Henry 1885. "Ueber Besonderheiten
des chemisches Baues contractiler

Gewebe." Z. Biol., 21, 25-40.

Kuhne, W. 1878. "On the stable

colour of the retina. Translation
from German in Untersuch. Physiol.
Inst. Univ. Heidelberg, 1 (4), p. 341,

by W. C. Ayres. J. Physiol., 1, 109-

130, 1878.

Kuhne, W. 1882. Untersuchung aus
dem physiologische Institute der
Universitat Heidelberg, 4, 169.

Kutscher, F. 1898. "Beitrage zur
Kenntniss der Euglcna sanguined."
Z. physiol. Chem., 24, 360-363.

Kylin, Harald 1911. "Ueber die

griinen und goldenen Farbstoffe der
Florideen." Z. physiol. Chem., 74,
105-122.

Kylin, Harald 1912. "Ueber die Farb-
stoffe der Fucoideen." Z. physiol.
Chem., 82, 221-230.

Lendrich, Karl 1892. "Beitrag zur
Kenntniss der Bestandteile von
Menyanthes trijoliata und Erythraea
Centaurium." Arch. Pharm., 230, 38-
60.

Lewin, L., Miethe, A., and Stenger, E.
1908. "Ueber die spektralen Eigen-
schaften des Eigelbs." Arch. ges.

Physiol., etc., 124, 585-590.

Leydig, F. 1868. "Ueber Organe eines
sechsten Sinnes. Zugleich als Beitrag
zur Kenntniss des feineren Baues der
Haut bei Amphibien und Reptilien."
Verhandl. kais. Leopoldino-Carolini-
schen Akad. Naturforschen, 34.

Leydig, F. 1876. "Bemerkungen iiber
Farben der Hautdecke und Nerven
der Driisen bei Insecten." Arch,
mikros. Anat., 12, 536-550.

Loisel, Gustave 1904. "Contributions

a 1'etude des secretions chimiques des

glandes genitales. Les pigments
elabores par le testicule du Poulet."

Compt. rend. soc. biol., 66, 404-405.

Lubarsch, 0. 1902. "Ueber fetthaltige

Pigmente." Centr. allgem. Path., 13,
881-885.

Lubimenko, V. 1914a. "Quelques re-

cherches sur la lycopine et sur ses

rapports avec la chlorophylle." Rev.
gen. botan., 25, 474-493.

Lubimenko, V. 1914b. "Recherches
sur les pigments des chromoleucites."

C9mpt. rend., IBS, 510-513.

Lubimenko, V. 1915. "Nouvelles
recherches sur les pigments des chro-
moleucites." Compt. rend., 160, 277-

280.

Lubimenko, V. 1916. "Transforma-
tions of plastid pigments in living

plant tissue." (In Russian.) Mem.
Acad. Sci., Petrograd, (8) 33, 275

pages; Chem. Abs., 14, 1697, 1920.

MacMunn, Charles A. 1883. "Obser-
vations on the coloring matters in the
so-called bile of invertebrates, and
those of the bile of vertebrates."
Proc. Roy. Soc. London, 35, 370-403.

MacMunn, Charles A. 1883- "Studies
in animal chromatology." Proc. Bir-

mingham Phil. Soc., 8, 351-407.

MacMunn, Charles A. 1885a. "Further
observations on enterochlorophyll
and allied pigments." Proc. Roy.
Soc. London, SS, 319-322.

MacMunn, Charles A. 1885b. "Obser-
vations on the chrom'atology of

Actiniae." Trans. Roy. Soc. Lon-
don, 176, 641-663.

MacMunn, Charles A. 1888. "On the

chromatology of some British

sponges." J. Physiol., 9, 1-25.

MacMunn, Charles A. 189Q. "Contri-
butions to animal chromatology."
Quart. J. Micros. Sci., N. S., 30, 51-
96.

McCarrison, Robert 1920. "Dietetic

deficiency and endocrine activity,
with special reference to deficiency
edemas." Brit. Med. J., No. 3111,
236-239.

Maass, Fr. 1889. "Zur Kenntniss der

kornigen Pigmente im menschlichen
Korper. Arch, micros. Anat., 84, 452-
510.

Macaire-Prinsep. 1828. "Memoir sur
la coloration autumnale des
feuilles." Ann. chim. phys., (2) 88,
415-425.



BIBLIOGRAPHY 287

Macchiafi. L. IS.S:
1

,. "La clorophillu

neiili Aliili." Hull. soc. cntomol. It.al.,

15, ic.:;.'

Macchiati, L. IssT. "Preparazi6ne
iti ll;t clorolilla r delle altro soMati/e

coloranti die I'accompagnano." Mal-

plunia, /, -ITS- ISC,.

Magnan. A. l!H)7;i. "Proprietes des

pigment.- ehez les Batracicns."

Compt. rend., /;;. 1030-1032.

Magnan. A. 1907b. "Extraction des

pminrii!- che/c les Batraciens."

Compt. rend., /;;. 1068-1070.

Maly, Richard 1SS1. "Ueber die Dot-

terpigmente." Sitzb. Akad. Wiss.,
W ii-n. 88, 1126-1143.

Marchlew>ki. L. 1903. "Chlorophyll,
Hamotilobin und Lipochrome." Z.

phy.Mol. Chem., ., 196-197.

Mar.jiiart, L. 1835. "Die Farben der

Bl iit hen Kim- chemisch-physiolog-
ische Abhandhmg." Bonn.

Matzdorff, Carl 1883. "Ueber die Far-

bung von Idutia tricuspidota Denis."

Jena Z. Xaturuiss.. 1C (N. S. 9);
cited by Fuchs, R. R.. in Hans Win-
terstein's Handbuch der vergleichen-
den Physiologic 3, Part 1:2, 1342,
1914.

Medola, R. 1873. "On a certain class

of variable protective coloring in in-

sects." Proc. Zool. Soc. London, p.

153.

Mer, fimile 1873. "La glycogenese
dans le regne vegetal." Bull. soc.

botan. Frtmcr. ?0, 1(14-181, 195-210.

Mer, Emile 1877. "Recherches sur les

causes colorations diverses qui appa-
raissent tlans les feuilles en automne
et en hiver." Bull. soc. botan.

France, 34. 105-114.

Merejowski, de, C. 1881. "Sur la tet-

ronerj'thrine dans le regne animal et

sur son role physiologique." Compt.
rend.. 93, 1029-i032.

M. rejowski, de, C. 1883. "Nouvelles
recherches sur la zoonerj-thrine et

ailtres i>igiuents aliiliuuix." Bull. SOC.

zool. France, S, 81-97.

Meschede, F. 1865. "Die paralytische
Geisteskrankheil und ihre organische
Grundlage." Virchow'.- Ardi. path.
Anat., 34, 81, 2-1!).

Meschede, F. 1ST2. "Ueber die fettige
und fettig-pigmentose Degeneration
der < ianirlii nxellen des Geliiru< in der

]>aralyti>clien ( Jei.-teskrankheit." Vir-
chow's Arch. path. Ann., ~>'

t
. 100.

M.yer, A. B. 1882. "Ueber den Xan-

lliocliroi>iini- der Pajia^ein." Sit/b.

preus. Akail. Wiss., ';. :,iT-.v_'l.

Millanlet, A. ISli!). "Sur la natiiri du

jiigiuent de- Pucoid^CS." Ann. BCi.

naturelles, botan.. S. i . .",, 10, .VJ-64 ;

Compt. rend., us, l(L'-466.

Millanlet. A. 1.STC). "Note sur line

substance colmante nouvelle (.-ola-

norubine) decouverte dans la To-
mato." Her-ier-l.i \ i.nilt. Nancy, 1-21.

Miura, K. 1917. "Carotin als Ursache
von Aurantiasis Cutis (Baelz)."
Festschrift gewidmet Keizo Dohi,
Tokyo, Jan., p. 203.

Mobins, Karl 1873. "Die wirbellosen
Tiere der Ostsee." Jahresb. Konn.
\viss. Untersuch. deut. Meere in Kiel,
1871. Berlin. Cited by Fuchs, R. R.,
in Hans Wintcrstein's Handbuch der

vcrgh-iclienden Physiologic, 3, Part
1:2, 1342, 1914.

Miibius, M. 1885. "Ueber den Glanz
der Ranunculusbliiten." Botan.
Centr., S3, 115-119.

Molisch, Hans 1896. "Eine neue
mikrochemische Reaktion auf Chlor-

ophyll. Die Krystallization und der
Naclnveis des Xanthophylls (Caro-
tins) in Bliittern." Ber. botan. Ges.,
14, 18-29.

Molisch, Hans 1902. "Ueber voriibcr-

gehende Rothfiirbung der Chloro-

phyllkorner in Laubblattern." Ber.

botan. Ges., 20, 442-448.

Molisch, Hans 1905. "Ueber den
braunen Farbstoff der Phaeophyceen
und Diatomeen." Botan. Ztg., 63,
(1) 131-144.

Monier-Williams, G. W. 1912. "Nature
of the coloring matter of flour and
its relation to processes of natural
and artificial bleaching." Local
Gov't. Board Report, N. S. No. 73.

Montanari, C. 1904. "Materia color-

ante rossa del pomidoro." Le Staz.

Sper. agraric Italia 37, 909-919;
Botan. Centr., 102-103, 177, 1906.

Monteverde. N. A. 1893. "Das Ab-
sorptionsprektrum des Chlorophylls."
Acta Horti Petropolitani, 13, 121-178.

Monteverde. N. A. 1894. "Ueber das

Protochlorophyll." Acta Horti Pet-

ropolitani, IS, 201-217.

Monie\eide. N. A., and Lubimenko, V.
N. 1912. "Recherches Mir la forma-
tion de la chlorophylle chez les

plantes. II. Sur les pigments jaunes
qui accompasiiient la chlorophylle
dans |rs chloroleucites." Bull. Acad.



288 CAROTINOIDS AND RELATED PIGMENTS

Sci., Petrograd, Ser. 6, 6, 609-630. (In

Russian.)

Monteverde, N. A., and Lubimenko,
N. V. 1913a. "Recherches sur la for-

mation de la chlorophylls chcz los

plantes. III. Application de la

methodc spectrocolorimetrique dc

1'analyse quantitative ;\ lY-iudi- dc

la question concernant 1'accumula-

tion de la chlorophyllc, do la xantho-

phylle et de la carotine dans la

plante." Bull. Acad. Sci., Petrograd,
Ser. 6, 7, ii, 1007-1028. In (Rus-

sian.)

Monteverde. N. A., and Lubimenko,
N. W. 1913b. ''Rec-hen-hes sur la

formation de la chlorophylle chez les

plantes. IV. Sur la rhodoxanthine
et la lycopine." Bull. Acrid. Sci., Pet-

rograd, Ser. 6, 7, ii, 1105-1124. (In

Russian.)

Moro, E. 1908. "Karottensuppe bei

Ernahrungsstorungcn dcs Sauglin.

Munch, med. \\ ~>63.

Moseley, H. N. 1877. "On the colour-

ing-matter of various animals and

c.-|n'fi:dly of i! .Inched

by H. M. S. Challeu'.ier." Quart. .1.

Micros. Sci. (N. S.), 17, 1-23.

Miillor, J. 1886. "Die Rostpilze der

Rosa-und Rubus-Arten und die

auf ihnen vorkommenden Para-iten."

Landw. .lahrb. v. Thiel., p. 719.

Miiller, N. J. C. 1889. "Spektral-
analv-e der Bliithenfarben." Jahrb.

wiss." Botan., 20, 78-101.

Ni-sieli. 1S19. "Die neueren A
>v-temc und Yersuch zur l'.e<inind-

ung eines figencn Sy-tnn- d r A
und Floruit

Nebelung, Han? 1878. "Spektro-
scopische Untersuchungen der Fail>-

stoffe einiger Siisswasser-algen."
Botan. Ztg., 30, 369-382; 385-399; 401-

423.

Negri de, Antonio, and Giovanni 1879.

"Delia materia colorante della

anguria e dei pomidoro." Gaz. chim.

ital., 9, 506-507.

Neumann, Ernst 1902. "Zur Kennt-
niss der Lipochrome." Virchow's
Arch. path. Anat., 170, 363-366.

Neumann, Ernst 1904. "Nochmals
die Pigmentfrage." Yin-how's Arch,

path. Anat.. 177. 401-426.

Newbigin, Marion Isabel 1896. "An
attempt to classify common plant
pigments with some observations on
the meaning of color in plants."

Trans. Botau. Soc. Edinburgh, 20,
534-549.

Newbigin, Marion I. 1897. "The pig-
ments of the Decapod Crustacea."
J. Physiol., 21, 237-257.

Newbigin, Marion I. 1898a. "Pig-
ments of the muscle and ovary of the
salmon and their exchange." D. Noel
Paton, Report of Investigations on
the life history of the salmon,
Fishery Board of Scotland, Article

igin, Marion I. 1898b. "Colour
in nature, a study in biology." John
Murray, London, pp. 1-341.

Noorden von, Carl 1904. Intern.
I Jermatol. Congress, Berlin.

Nnorden von, Carl 1907. "Die Zucker-
krankheit." 4th Ed., p. 149.

Overbeck, A. 1891. "Zur Kenntniss
der l-'ettfarbstoff-Production bei

Spaltpilzen." Nova Acta Leopold-
inisch-Carolinisch Akad. Naturfor-

r. .'75, 399-416; Botan. Centr., 52,
S7, 1892.

t, Theodor 1892. "Zur Kenntniss
der Friichte von Capsicum annum."
Arch. Pharm., 230, 108-134.

Pahner. Leroy S. 1915. "Xanthophyll
-The principal natural yellow pig-

nt of the egg yolk, body fat, and
the blood serum of the hen. The
physiological relation of the pigment
to the xanthophyll of plants." J.

Mii.l. Them., ,',',, 261-279.

Palmer. Leroy S. 1916. "The physio-
!ugic;d relation of plant carotinoids

i he carotinoids of the cow, horse,
shoep, goat, pig and hen." J. Biol.

Chem., /:, 27-32.

Palmer, Leroy S. 1919. "Carotinoids
fat-soluble vitamine." Science,

X. S., 50, 501-502.

Palmer. Leroy S. 1919. "Growth and
reproduction in fowls in the absence
of carotinoids and the physiological
relation of yellow pigmentation to

.; laying." Proc. Nat. Acad. Sci.,
'. .582-587.

Palmer, Leroy S., and Eckles, C. H.
1914a. "Carotin. The principal
natural yellow pigment of milk fat:
Its relations to plant carotin and the
carotin of the body fat, corpus luteum
and blood serum. I. The chemical
and phj'siological relation of the pig-
ments of milk fat to the carotin and
xanthophylls of green plants." J.

Biol. Chem., 17, 191-210.



BIBLIOGRAPHY 289

Palmer, Leroy S., and Kckles, C.

J[. I'.Hlb. "Carotin. The principal
natural yellow pigment ol' milk fat,

etc. 11. 'I'll'' pigment- oi ihc body
I'MI. corpu.- luieum ami >km Secre-

tions ol' thr COW." J. Biol. ('hem., 17,

211-221.

Palmer, I.eroy S.. and Kckles, C.

H. 1914c. "Carotin. The principal
natural yellow pigment of milk fat,

etc. III. The yellow lipochrome of

blood M.TUIH." J. Biol. Chem., 17,

223-236.

rainier. I.eroy S.. and Eckles, C.

H. 1914d. "Carotin. The principal
natural yellow pigment of milk fat,

etc. IV. The fate of carotin and

xantliophylls during digestion." J.

Biol. Chem., 17, 237-243.

Palmer, Leroy S., and Eckles, C.

H. 1914e. "Carotin. The principal
natural yellow pigment of milk fat,

etc. V. The pigments of human milk
fat." J. Biol. Chem., 17, 245-249.

Palmer, Leroy S., and Eckles, C.

H. 1914f. "Carotin. The principal
natural yellow pigment of milk fat.

Part I. A review of the literature

concerning the yellow plant and ani-

mal pigments." Missouri Agr. Exp.
Sta. Res. Bull., 9, 313-336.

Palmer. Leroy S., and Eckles, C.

H. 1914g. "Carotin. The principal
natural yellow pigment of milk fat.

Part II. Chemical and physiological
relations of pigment of milk fat to

the carotin and xantliophylls of green
planN.'' Missouri Agr. Exp. Sta. Res.

Bull., 10, 339-387.

Palmer, Leroy S., and Eckles, C.

H. 1914h. "Carotin. The principal
natural yellow pigment of milk fat.

Part III. The pigments of the body
fat, corpus luteum and skin secre-

tions of the cow." Mi-souri Agr.
Exp. Sta. Res. Bull., 11, 391-411.

Palmer. Leroy S., and Eckles, C.

H. 1914i. "Carotin. The principal
natural yellow pigment of milk fat.

Part IV. A. The yellow pigment of

blood serum. B. Carotin and vmllio-

phylls during dige.-tion. C. The pig-
ment.- of human milk fat." Missouri
Ar. 1-ixp. Sta. Res. Bull., IS, 41f>-450.

Palmer, Leroy S., and Keinpster, H. L.
1919a. "Relation of plant carotinoids

to growth, fecundity, and reproduc-
tion of fowls." J.'Biol. Chem., 39,
299-312.

Palmer, I.erov S.. and Kempster, II.

L. 191!lb. "Tin physiological rela-

tion between fecundity and tin:

natural yellow pigmentation of cer-

tain breeds of fowls." J. Biol. Chem.,

Palmer, l,i roy S., and Kemp.-ter, H. L.

I'.HDr. "The inlluence of specific
feeds and certain pigments on the
color of the egg yolk and body fat

of fowls." J. Biol. Chem., 39, 331-
337.

Palmer, Leroy S., and Kennedy, Cor-
nelia 1921. "The relation of plant
carotinoids to growth and reproduc-
tion of albino rats." J. Biol. Chem.,
46, 559-577.

Palmer. Leroy S., and Thrun, Walter E.
1916. "The detection of natural and
artificial pigments in oleomargarine
and butter." J. Ind. Eng. Chem., 8,
614-616.

Passerini, N. 1890. Le Stazione speri-
mentali agrarie Italia, IS, 545: Cited
by Willstatter and Escher. Z.

physiol. Chem., 6/f , 47-61, 1910.

Phipson, T. L. 1858. "Sur les couleurs
des feuilles." Compt. rend., 47, 913-
914.

Physalix, C. 1894. "Recherches sur la

matiere pigmentaire rouge de Pyrrho-
coris apterus L." Compt. rend., 118,
1282-1283.

Piccolo, G., and Lieben, Ad. 1866.

Giorn. sci. nat. econ. Palermo, 2,

258-275.

Podiapolsky. P. 1907. "Ueber das
grime Pigment der Locustiden."
Zool. Anzeiger, 31, 362.

Pouchet, Georges 1876. "Des change-
ments de coloration sous Finfluence
des nerfs." J. anat. physiol., 12,

1-90, 113-165.

Poulton, E. B. 1885. "The essential
nature of the colouring of phytopha-
gus larvai (and their pupae) ; with
an account of some experiments upon
the relation between the colour of

such larva 1 and that of their food-

plants." Proc. Roy. Soc. London, 38,
269-314.

Poulton, I-]. B. 1893. "The experi-
mental proof that the colours of cer-
tain Lepidopterous larvae are largely
due to modified plan!, pigments de-
rived from food." Proc. Roy. Soc.
London. 54, 417-430.

Pringsheim. 1874. "Ueber die Ab-
sorptionspektra der Chlorophyllfarb-



290 CAROTINOIDS AND RELATED PIGMENTS

stoff." Monatschr. Akad. Wiss. Ber-

lin, 628-659.

Przibram, Hans 1906. "Aufzucht,
Farbenwechsel und Regeneration
einer iigyptischen Gottesanbeterin

(Sphodronianti^ bioculata)." Z. Ent.

Mech., 22, 149.

Przibram, Hans 1907. "Aufzucht,
Farbenwechsel und Regeneration
einer europaischen Gottesanbeterin

(M ant in nligiosa)." Z. Ent. Mech.,

23, 600.

Przibram, Hans 1909. "Aufzucht,
Farbenwechsel und Regeneration der

Mantiden." Z. Ent, M.-di.. >S, 561.

Pummerer, Rudolf 1912. "Ueber die

Nichtexistcnz von Pseudodiphenylke-
ton und iiber einen neuen roten

Kohlenwasseretoff." Ber., 45, 294-298.

Rafarin, 1873. "Coloration des feu-

illes a Fautomne." Rev. hort., Paris,
50-51.

Raj us, Joannes 1693. "Historia plan-
tarium." (I), 1, 15, London.

Reinke, J. 1876. "Beit rag zur Kennt-
niss des Phycoxanthlns." Jahrb.
wiss. Botan., 10, 399-416.

Reinke, J. 1885. "Zur Frage des

Krystallisierbarkeit des Xantho-

phylls." Ber. botan. Ges., 8, Iv-

Iviii.

Reinke, J. 1886. "Photometrische Un-
tcrsurhungrn iiber die Absorption
des Lichtes in dm Assimilations-

organen." Botan. Ztg., 44, especially

p. 243.

Riddle, O.. and Harris, J. A. 1918.

"Note on the relation of blood fat to

sex and on the correlation between
blood fat and egg production in the

domestic fowl." J. Biol. Chem., 34,

161-174.

Rosanoff, S. 1865. "Notice sur le pig-
ment rouge des Floridees." Ann. sci.

nat. botan., Ser. 5, 4, 320-323.

Rosanoff, S. 1867. "Observations sur

les fonctions et les proprietes des pig-
ments de diverges Algues." Mem.
soc. sci., nat. Cherbourg, 13, 195-214.

Rosenheim, O.. and Drummond, J. C.

1920. "On the relation of the lipo-
chrome pigments to the fat-soluble

accessory food factor." Lancet, 19S,

862-861.'

Rosin, H. 1895. "Ein Beitrag zur

Lehre vom Ban der Ganlienzellen."
Deut. med. Wochschr., 22, 495-497.

Rosin, H., and Fenyvessey, B. 1900.

"Ueber das Lipochrome der Nerven-

zellen." Virchow's Arch. path. Anat.,

162, 532-540.

Rostafinski, J. 1881. "Ueber den
rothen Farbstoff einiger Chlorophy-
ceen, sein sonstigos Vorkominrn und
seine Vcrwandschaft zuiu Chloro-

phyll." Botan. Ztg.. 89, 461-465.

Rywosh, S., 1897. "In griinen Zellen
vorkommendes Ol und seine Bezeih

ung zur Herbstfiirbung." Ber. botan.

Ges., 15, 199.

Sachs, Julius 1859a. "Physiologische
Untersuchungen iiber die Keimung
der Schminkbohne (Pluix* nlu* multi-

florin)." Sitzber. Akad. Wiss., Wien,
37, 59-119.

Sachs, Julius 1859b. "Ueber das
Vorhandensein e i n e s farblosen

Chlorophyll-chromogens in Pflanzen-

theilen, welche fiihig sind, griin zu
wiTdt-n." Lotos, 9, 6-14.

Sachs, Julius 1863. "Beitnige zur

Physiologic des Chlorophylls. II.

Die Entleerung der Blatter im
Herbst." Flora, 200-204, 214-220.

Sachsse, R. 1877. "Die Chemie und
Physiologic dcr Farbstoffe. Kohlcn-

hydrate und Proteinsubstanzen," p.

23, Leipzig.

Salomon, H. 1919. "Ueber Zanthose
dir Haut, naincntlich bei gesunden
Leuten, und iiber Xanthamie."
\\"icner Klin. Wochschr., .!>, 495-497.

Samson, Martial 1835. "fitudes sur

les matirres colorantes du Sang."
Thesis to Paris School oi Pharmacy:
Cited by H. Milne-Edwards, "Lecons
sur la physiologic et 1'anatomie com-
pare de 1'homme et des animaux."

1, 183, Note 2, 1857.

Smrrnmnn, Dr. 1889. "Ueber die

Wirkung organischen Farbstoffe auf
das Gefieder der Vogel bei stomaclia-
ler Darreichung." Arch. Physiol.,
543-549.

Schimper, A. W. F. 1883. "Ueber die

Entwicklung der Chlorophyllkorner
und Farbkurper." Botan. Ztg., 41,

105-112, 121-131, 137-146, 153-162.

Schimper, A. W. F. 1885. "Unter-

suchungen iiber die Chlorophyll-
korper und die ihnen homologen
Gebilde." Jarb. wiss. Botan., 16, 1-

246.

Schmidt, Alexander 1865. "Hiimato-

logische Studien." Dorpat, p. 73.

Schmidt, F. 1899. "Die Farben der
Bliithen." Die Natur, 48, 223-225.

Schneider, Guido 1908. "Farben-



BIBLIOGRAPHY 291

variationen des Flus>liarsch (/

jluriutilix > ." Korrespondenzblatt
Viliirf.-Ver. 7.\\ Riga, 51} cited by
Fuch>. R. R., in Huns Winteratein'fi

Handbiich der vergleichenden Physi-
ologic, ;. Par) 1 :_'. 1 1 1':!. Mil 1.

S, 1m, i,i. T. .loan Cult l.l) 1799. "His-
lona amphiluonim naturalis et lit-

erariae fa.-ciciilua ])rinius continens

AV'/i/x, JiuftHnx. XiilnifHiHilnix, et

//.././/f/.x in lienera ct species de,-crip-
i< noti.-qiie .-ui- distmctos." .Jena.

Cited by Kuchs. R. A., in Hans Win-
terstein'a Handlmch dcr vergleichen-
dcn Physiologic, ,}. Part 1:2, 1407,
1914.

Schroder. J. 1S75. "Teher einige
dutch Bakterien gehildete Pigmente."
( '"Im's Beitrage zur Biologie der

Pflanzen, 7. 11. 109-126.

Sflirotici-. von. Hermann 1895. "Vor-
liiuriiic Mittliciluntr iiher das Pigment
von X(ir<-iitd nnnnttiacd und titaphy-
Ini-urritx i>i/r<>(/fit<'x nun i/.s." Centr.
liakt. Parasit., (1) IS, 781-782.

Schrotter-Kristelli, Hermann Ritter
1895a. "Uebcr ein neues Vorkom-
mcn von C'arotin in der Pflanze,
nebst Bemerkungen iiber die Ver-
breitung. l-lntstchung und Bedeutung
dieses Farbstoff." Botan. Centr., 61,

^
33-46.

Schrotter-Kristelli, Hermann Ritter
1895b. "Zur Kenntniss des Farb-
Mot'fes von Cucurbito Pepo L."
\ i ihandl. zool.-botan. Ges. Wien, 44,
298-302.

Srhiibl.T. G., and Frank, C. A. 1825.

"Untersuchungen iiber die Farben der
Bliithen." Inaug. Diss., Tiibigen, 1-

38.

Schiiler, 0. 1899. "Ueber die Bestand-
thcile des Safrans, der Bliithennar-
ben von Crocus sativus." Inaug.-
Disa., Munchen, 1-59; Botan. Centr.,

87, 152, 1901.

S.-liulze. Paul 1913. "Studien iiber

ticrischc Korper der Carotingruppe.
I. Das Carotingewebe der C//;-//so-

mi lidt n." Sitzber. Ges. nat. Freunde,
Berlin.

Schulze, Paul 1913. "Studien iiber
n< ii-che Korper der Carotin-Xantho-

phyllgruppe. II. Das Carotingewebe
del ///' liil< n, 2." Sitzber. Ges.
nat. Freunde, Berlin, 398-406.

Schunck, C. A. 1899. "The yellow
colouring matter- accompanying
chlorophyll and their spectroscopic

relations." I'roc. Kuv. Soc. London,
<!:',, I 77- ISC..

Scliunck. C. A. 1!H)1. "'I'lie ydlow
colouring mat I.TS ai companying
chloro]ih\'ll and I heir .-|ieciro.-copic

relations. Pari 11." I'roc. l{o.\. Sue.

London, <:s. 171-180.

Srhunck. C. A. I'.MW. "The xantho-

lh\-ll group of yellow coloring mat-
ters." I'roc. Hoy. Soc. London, ? .

;
,

1C..-.- 176.

Schiissler. 1919. 'Ceber ILmtver-
fiirhung (hii-ch Mohrrubengenuss."
Miinch. med. \\"ochschr., <!<!. 597.

Schiitt. Franz 1890. "Uebcr Peridi-

neenfarbstoff." Ber. botan. C!e.s., 8,

9-23.

Schwalbc, G. 1874. "Anatomic der

Retina." Graefe-Saemisch's Oand-
buch der ges. Augenheilkunde, 1st

Ed., /, 414.

Si hrt, E. "Zur Kenntniss der fetthalti-

gen Pigmente." Virchow's Arch,

path. Anat., 177, 248.

Serono, Cesare 1912. "Sulla costi-

tuzione della Luteina." Arch, far-

macologie sper. sci. affini, 14, 509-

511.

Serono, Cesare and Palozzi, Antonietta

1911. "Sui lipoidi contenuti ne

tuprlo d'uvo." Arch, farmacol. sper.

scienze affini, 11, 553-570.

Sewell, Philip 1888. "The coloring
matters of leaves and flowers."

Trans. Bot. Soc. Edinburgh, 17 (Part

2). 276-308.

Shenkling-Prevot. 1899. "Die herbst-

liche Farbung des Laubes." Die
Xatur, 48, 584-585.

Sherndal, Alfred K. 1915. "On the

blue hydrocarbon occurring in some
essential oils." J. Am. Chem. Soc.,

87, 167-170.

Smith, F. 1893. "Dandruff from the

horse, and its pigment." J. Physiol.,

1.5, 162-166.

Smith, J. Lorrain 1907. "On the
simultaneous staining of neutral fat

and fattv acid by oxazine dyes." J.

Path. Bact., I,?, 1-4.

Sorby, H. C. 1871a. "On the various
tint.- of autumnal foliage." Quart. J.

Sci. (N. S.), 20, 64-77.

Sorby, H. C. 1871b. "On the colour
of leaves at different -ea-ons of the

year."- Quart. J. Micros. Sci., 19, 215-

234.

Sorby, H. C. 1871c. "On the colour-

ing matter of some .1/i/m/rx." Quart.



292 CAROTINOIDS AND RELATED PIGMENTS

J. Micros. Sci., 19 (N. S, 11), 352-

361.

Sorby, H. C. 1873. "On comparative
vegetable chromatology." Proc. Roy.
Soc. London, 81, 442-483.

Sorby, H. C. 1884. "On the autumnal
tints of foliage." Nature, 81, 105-106.

Sorby, H. C. 1908. "On the colouring
matters in flowers." Nature, 77, 260-

261.

Staats, G. 1895. "Ueber dem gelben
Blattfarbstoff der Herbstfarbung."
Ber., 28, 2807-2809.

Stiideler, G. 1867. "Notiz liber den
Farbstoff des Eigelbs." J. prakt.

Chem., 100, 148-150.

Stahl, E. 1896. "Ueber bunte Laub-
bliitter." Extrait des Ann. jardin
botan. Buitenzorg, 13, 2.

Steenbock, H. 1919. "White corn vs.

yellow corn and a probable relation

between the fat-soluble vitamine and

yellow plant pigments." Science, N.

S., 50, 352-353.

Steenbock, H., Boutwoll, P. W., and
Kent, H. E. 1919. "A correlation on
the occurrence of the fat-soluble

vitamine." Proc. Am. Soc. Biol.

Chem., April; J. Biol. Chem., 41, xii>

1920.

Steenbock, H., and Gross, E. G. 1919.

"Fat-soluble vitamine II. The fat-

soluble vitamine content of roots, to-

gether with some observations on
their water-soluble vitamine con-
tent." J. Biol. Chem., 40, 501-532.

Steenbock, H., and Boutwell, P. W.
1920a. "Fat-soluble vitamine III.

The comparative value of white and

yellow maizes." J. Biol. Chem., J+l,

81-96.

Steenbock, H., and Boutwell, P. W.
1920b. "Fat-soluble vitamine VI.
The extractability of the fat-soluble

vitamine from carrots, alfalfa, and
3'ellow corn by fat solvents." J. Biol.

Chem., 43, 131-152.

Steenbock, H., and Gross, E. G. 1920.

"Fat-soluble vitamine IV. The fat-

soluble vitamine content of green
plant tissues together with some ob-
servations on their water-soluble
vitamine content." J. Biol. Chem.,
41, 149-162.

Steenbock, H., Sell, M. T., Nelson, E.

M., and Buell, M. V. 1920. "The
fat-soluble vitamine." Proc. Am.
Soc. Biol. Chem., Dec.; J. Biol.

Chem., 46, xxxii, 1921.

Steenbock, H., Sell, M. T., and Bout-
well, P. W. 1921. "Fat-soluble vita-

mine V. The vitamine A content of

peas in relation to their pigmenta-
tion." J. Biol. Chem., 47, 303-308.

,Sh mbock, H., Sell, M. T., and Buell,

Mary V. 1921. "Fat-soluble vita-

mine VII. The fat-soluble vitamine
and yellow pigmentation in animal
fats with some observations on its

stability to saponirication." J. Biol.

Chem., 47, 89-109.

Steenbock, H., and Sell, M. T. 1922.

"Fat soluble vitamine. X. Further
observations on the occurrence of

fat-soluble vitamine with yellow
plant pigments." J. Biol. Chem., 61,

63-76.

Stephenson, Marjory 1920. "A note
on the differentiation of the yellow
plant pigments from the fat-soluble

vitamine." Biochem. J., 14, 715-720.

Stokes, G. G. 1864a. "On the sup-

posed identity of biliverdin with

chlorophyll, with remarks on the con-
stitution of chlorophyll." Proc. Roy.
Soc. London, 13, 144.

Stokes, G. G. 1864b. "On the applica-
tion of the optical properties of

bodies to the detection and discrim-
ination of organic substances." J.

(.'hem. Soc., 17, 304-318, especially p.
311.

Stollzner, W. 1919. "Ueber Pseudo
ik tenis nach MohrrubengenusB."
Munch, med. Wochschr., 06, 419.

Tammes, Tine 1900. "Ueber die Ver-

breitung des Carotins im Pflanzen-
reiche." Flora, 87, 205-247.

Thiele, Johannes 1900a. "Ueber
Ketonreactionen bei Cyclopen-
tadien." Ber., 33, 666-673.

Thiele, Johannes 1900b. "Ueber Con-
densationsprodukte des Indens." Ber.,
33, 3395-3401.

Thudichum, J. L. W. 1869. "Results
of researches on Luteine and the

spectra of yellow organic substances,
contained in animals and plants."'
Proc. Roy. Soc. London, 17, 253-256.

Timiriazeff, C. 1871. "Spektralanalyse
des Chlorophylls." St. Petersburg.

Timiriazeff, C. 1875. Arb. Ges. Natur-

forsch, St. Petersburg, 6, 47
;
cited by

Monteverde, N. A., Acta Horti Pet-

ropolitani, 13, 206, 1894.

Tobler, Gertrude and Friedrich 1910a.

"Untersuchungen iiber Natur und
Auftreten von Carotinen. I. Frucht



BIBLIOGRAPHY 293

von Momordica Balsamina." l><r.

botan. Ges., $8, 365-376.

Tobler, Gertrude and Friedrich I'.Hub.

"lld-ei- il'ii V urging der Carotin-
bilduiii: bei tier I'Vucht ivifr." l'..-r.

botan. Ges., ?8, -I'.Hi-.'iO!.

Tobler, Gertrude and 1'Yiedrich I'll 2.

"Zur Bildnng de- l.ycopins und iiber

I'M .:ir!ii:im zwi.-ehen Karb- uiul Spei-
rstoft'en in'i Daucus" !'>' T. liolan.

Ges., ',33-41.

Trcub. M. 1ST I. "Zur Chlorophyll-

frage." Flora, No. I. 55-56.

Tschirdi. A. 1SSI. "Untersuchungen
iili.-r das Chlorophyll," pp. 1-120.

Berlin.

Tschirdi. A. 1SS.1. "Untersuchungen
iiber das Chlorophyll (VI)." Ber.

botan. Ges., 3. xliii-liv.

T-chirch. A. 18S7. "Untersuchungen
iilirr das Chlorophyll." HIT. bo

Ges., 6, 128-135.

Tsdiirch, A. 1904. "Vergleichend-
spectroanalytische ersuchungen
dor natiirlichcn und kunstlidn n gel-
ben Karb-toi'fe init IIillV drs Qnarx-
Spektrograph." Ber. botan. i ,.

411-439.

Tsxvett, M. 1905. "Knfische Bemerk-
ungen zu Molisdi's Arhcit iiber die

P/weop/iyceen-Farbstoff." l'>nt. /iur .,

63, Part 2, 273-27S.

Tswett, M. inoii-i. -Zui- Kenntniss dcr

Phaeophyceenfarbstoff." l'-rr. botan.

Ges., .';.

Tswett, M. 1906b. "Physikalisrli-
Stud'.i'n liber da.s Clil"n>-

I'hyll. Die Adxii-piionrii.'' Ber.
botan. < -

;. :;io-:;-J3.

Tswctr, M. 190Gc. "Adsorptions-
analyse und chromatographische
Methode. Ainvfndini.si anl die

Chemie des Chlorophyll.-.'' Ber.
botan. G( 3., /;. 384-393.

Tswett. ^^. l!M)7a. -Zur riicniie des

Chloroj-hylU. 1'. bcr Phylluxanthin,
Phyllocyanin und die Chlorophyl-
l.-.n." Biochem. /.. 5, G-32.

Tswett, M. I'.ilCI). /in- C'li.-niie drs
( 'lilurophvlls. X(ichn:als iiber das

Phylluxanthin." Biodu in. Z., 6, 373-

Tsw< tt. M. 190S.-I. -Zur Chemie
( 'hlonijihylK. 1 F< b'|- da- I'han .phyl in

und die Chlorophyllen neb-t Schluss-
b.-; gen iil>er das I'hylloxail-
llun." i',i. )( 'liein. /.. W, 101-11",.

Tswett, M. I'.iosb. i.s Pig-
ment des liei b-l lidi vermeil n i n

Laubes." Ber.

101.

Tswett, M. liidsc. "Ui ber die Ver-
!',

:

ilbllll'_r und die I'jit lee] iiliii de> ab-

i bendi n I. an! \' V. lull. in.

Ge 93.

Tswett, M. l!M()a. "Lea chromo-

lihyles dan- I' .- DQOnd Unix et

aniniaux." (In !' \Var.-a\v,

pp. 1-380, especially p. 233.

Tswett, AI. I'Uol). Ditto, p. 201.

Tswett, M. 191 la. "Uebi r den niakrn-

nnd mikrochemischen \adiwei< des

("ami in-." Ber. botan. Ges., ?9, G30-

630.

Tswett, M. 1911b. "Sur une aouyi
H.

colorante vegetale, le thujorhordine."
Compt. rend.. 162, 7SS-789.

H. 1919. "On the relations be-

tween blood color and cocoon color

in silk worms, with special reference

to Mendel's law of heredity." Gene-
tics, 4, 395-116.

Umber. 1916. "Diabetische Xantho-
sis." Berlin klin. Wochschr., 53, 829-

830.

Urech, F. 1893. "Beitnige zur Kennt-
niss der Farbe von Insektensschup-
pen." Z. wiss. Zool., 42, 306-384.

Valencienne-, A., and Fivmy, lv 1854.

'Kecherches sur la composition des

oeufs dans la serie des aniniaux." J.

pharm. chimie (3), ;?'/, 11-1 I.

\"auquelin and Bourchadat. 1830.

Schweigger'^ J. Chcm. Phvsik, 5S, 95-

98.

Veitch, II. J. 1893. "Autumnal tints."

J. Roy. Hort. Soc. London, 15, 46-57.

Verne. J. 1920a. "Sur le nature du

pigment rouge des crustaces."

aipt. lend. soc. biol., 83, 963-964.

Verne, J. 1920b. "Sur 1'oxydation du^
carotene des crustaces et sur la pres-
ence parmi les produiis d'oxydation
d'un corps ayant reactions d'un cho-
h n line." Compt. rend. soc. biol.,

83, 988-990.

Villard, J. 1903. "Contribution a
IVtnde des chlorophylles animal' -."

( Jompt. rend. soc. biol., SB, l.'isn.

\"irdiow, I{. 1S17. "Die pathologischen
I'iiiinente." Virchow's Arch. path.
Ami.. /. :;7'.l-100.

r,
II. 1S26. "Ueber das

dicis Dauci Aetherum. das

M. ilen ( 'arol en/ucker und den
1 lanci

;
i i C." I >isS.

de Antheln en; Geig
Magaz. Pharm., 33, 144-172, 1831.



294 CAROTINOIDS AND RELATED PIGMENTS

Waelchi, G. 1881. "Mikrospektro-
skopische Untersuchungcn der ge-
fiirbten Kugoln in der Retina von
Vogeln." Arch. Opthal, ,'7, (2) 303-
319.

Warner, D. E., and Edmond, H. D.
1917. "Blood fat in domestic fowls
in relation to egg laving." J. Biol.

Chem., 31, 281-294.

Wells, H. G. 1918. "Chemical Path-

ology." 3rd -Ed., p. 474.

Went. 1904. Rev. trav. hotan. Neer-
land, 1, 106. Cited by Czapek,
Biochemie der Pflanzen, 1, 806, 2nd
Ed.. 1913.

Wheldale, Muriel 1916. "The An-
thix-yanin Pigments of Plants."

Cambridge Univ. Press.

Wiehuizcn, F. E., Alting, C., de Langen,
C. D., and Schut, H. 1919. "Fat and
lipoid in blood in tropics. II." Med.
Genresk. Lab. Weltevivdcn, .?, Scries

A. 44-67; Physiol. Abs., 5, 291, 1919.

Wiesner, Julius 1871. "Untersuchung-
en iiber die herbstliche Entlaubung
der Holzgewachse." Sitzbcr. Akad.
Wiss.. Wirn, fi4. (1), 456-510.

Wiesner, Julius lS74a. "Unter.<uchung-
en liber die Beziehung des Lichtrs
zum Chlorophyll." Sitzber. Akad.
Wiss., Wicn, 69, (1), 327-385.

Wiesner, Julius 1874b. "Bemerkung-
en iiber die angeblichen Bestand-
theile des Chlorophylls." Flora, No.
18, 278-285.

Wiesner, Julius 1877a. "Die Entsteh-

ung des Chlorophylls in der Pflanze,
eine Physiologische Untersuchung."
Wien.

Wiesner, Julius 1877b. "Ueber das
Vorkommen und die Entstehung von
Etiolin und Chlorophyll in der
Kartoffel." Osterr. bot. Z., 27, 7-11.

Wille. N. 1887. "Algologische Mit-

theihmgen VII Ueber Chrysophyxis
bipcs Stein und Dinobryon sertularia

Ehrenb." Jahrb. wiss. Botan., IS,
473-484.

Willstatter, R. 1915. "Chlorophyll."
J. Am. Chem. Soc., 37, 323-344.

Willstatter, R., and Escher, H. H.
1910. "Ueber den Farbstoff der
Tomate." Z. physiol. Chem., 64, 47-
61.

Willstatter, R., and Escher, H. H.
1912. "Ueber das Lutein des Hiiner-
eidotters." Z. physiol. Chem., 76,
214-225.

Willstatter, R., and Mieg, Walter

1907. "Ueber die gelben Begleiter
des Chlorophylls." Ann., 355, 1-28.

Willstatter, R,, and Page, Harold J.

1914. "Chlorophyll, xxiv. Ueber die

Pigment c der Braunalgen." Ann.,
404, 237-271.

Wills) iii tor, R., and Stall, A. 1913a.

"Untersuchungen iiber Chlorophyll.
Methoden und Ergebnisse." Berlin,

pp. 1-424, especially p. 246.

Willstatter, R., and Stall, A. 1913b.

Ibid., p. 235.

Willstiitter, R., and Stall, A. 1913c.

Ibid., Chapter IV.

Windaus, A. 1910. "Ueber die quanti-
tative Bestimmung des Cholesterins
und der Cholesterinester in oinigen
normal und pathologischen Nieren."
Z. physiol. Chem., nr>, 110-117.

Wirth, F. 1891.. "Ueber die Bestand-
theile der Bliithen der Ringelblume
(Calendula officinalis)." (Inaug.-
Diss. Erlangcn. 'l-38, Wesel; Beihefte
Botan. Centr., 3, 225, 1893.

Wisselingh, van, C. 1915. "Ueber die

\arh\veisung und das Vorkommen
von Carotinoiden in der Pflanze."

Flora, 107 (N. S, 7), 371-432.

Wittich von. 1854. "Die griine Farbe
der Haut unserer Fn'ische, ihre

physiologischen und pathologischen
Veranderungen." Arch. Anat.,

Physiol 11. wiss. Med.
Wittich von. 1863. "Ueber den Farb-

stoff der Eiif/lt na sa)i<jni>n a," Vir-

chow's Arch. path. Anat., 27, 573-575.

Witt mack. L. 1904. "Daucus Carota,
L. var. Boissicri Schwcinfurth." Gar-
tenflora, 53, 281, 284.

Wurm, Dr. 1871. "Tetronerythrin, ein

neuer organische Farbstoff." Z. wiss.

Zool., 21. 535-537.

Zeise. 1847. "Ueber das Carotin."

Ann., 4?, 380-382.

Zeise. 1847. "Einige Bemerkungen
iiber das Carotin." J. prakt. Chem.,
40, 297-299.

Zoja, Luigi 1904. "Sulla presenza di

bilirubina e di luteina nei sieri

umani." Reale Institutio Lombardp
de Sciensze e Lettere, Rendiconti,
(2), 37, 839-850.

Zopf, Wilhelm 1889a. "Ueber Pilz-

farbstoffe." Botan. Ztg., 49, 53-61,

69-81. 85-91.

Zopf, Wilhelm 1889b. "Vorkommen
von Fettfarbstoffen bei Pilzthieren

(Mycetozoa)." Flora (N. S.), 47,
353-361.



iiinuoc;if,\riiY 295

Zopf, Wilhrlm lS89o. "IVbrr ,| : .s

microchemische Yrrlialini von 1'Vtt-

fa rl>- 1 ot'irii uiul FettfarbstofE-hall inm
< >rnaiirli." Z. \viss. Micros., <!, 17'J-

177.

Zopf, Wilhi'lm lsMi. "Die I'll/.-."

Tivwindt. !'!( -I MI. pp. 1-")(K), espe-
cially pp. i:;<l-llil.

Zopf, Willu-liu 1S!>1. -r.-ln-r Aus-
.-clii idling vim Ft'ltt'arl)~tolTrn ( Lipo-
clironi^ii) sciit'ii m'\vi>x T Spaltpilze."
lirr. liotan. (ics.. !>, 22-28.

Xonf, Wilhclin 1892a. "Zur Kcnntniss
ili-r Parbungsursachen nicdcrcr ()r-

H'anisnifH." Ht-itriiu't' xur Physiologic
uiid Morphologic nimlcrcr ( )r>ianis-

incii, /, 30-56. Arthur 1-Vlix, Leip-
zig.

Zopf. Wilh.'lm 1892b. "Zur Kenntniss
il.T Farbungsursachen nicderer Or-

nanisincti (Zwcitc Mittheilung)."
licitr. l'li\--iol. Mm phol. ninli i. i

i >ii;alil.-iiir||, ,.', '.',- IS.

Zopf, Willirlm lS!t:5a. "Zur l\mnl ni-s

drr Farbungsursachen mnlrrrr ( )i--

HaiiiMiicn ( I )i :l te Mm l

licitr. I'liysiol. Moi]i|iol.
( )l'!zalll>liicn. 3, 2(i- 17.

ZopT. Willirlm lS!i;>li. "Zur I\i'!intni>s

dcr Farbungsursachen ninln-cr ( )r-

Hanisin-n (Vicrtc Mittheilung)."
licitr. Physiol. Morpliol. nn ih n r

Organismen, /'. (>!)-71.

Zopf, Willi.-lm 1895. "Cohn's Hiinia-

tochroin cin .Saniinclhrm-il'f." Jiiol.

Zcntr., 15, 417-427.

Zopf, Wilhelm 1900. "Uchcr das

Polycystin, ein krystallisirendes
Carotin aus Potycyxti* flux acjuce

Wittr." Ber. botan. Gcs., 18, 461-467.



INDEX OF AUTHORS

Akutsu, Dr., 135, 279.

Alting, C., 294.

Angelucci, A., 279.

Arnuud. A., 19, 26, 27, 36, 39, 50, 53,

58, 78, 83. 88. 179, 180, 199, 200, 202,
234. 24S-251. 263, 264, 276, 279.

Askenasy, E., 31, 94, 95, 107, 279.

Bachmann, E., 114-117, 119, 279.

Bary de, 103, 104, 279.

Bate, C. S, 185, 279.

Beddard, F. E., 185, 186, 279.

Behr, A., 21, 235, 279.

Bergh van den, H. H. H., 127-131, 133,
134, 136, 137, 140, 194, 195, 214, 218,

225, 270, 279.

Bertrand, G, 71, 114. 115. 279.

Berzelius, J. J.. 31, 34, 49, 56, 58, 279.

Bidgood, J., 67, 69, 71. 72, 74, 75, 279.

Blakeslee, A. F., 272. 27!), 283.

Blanchard, R., 163, 279.

Blumenthal. M., 21. 235, 280.

Blythc, A. W., 131, 280.

Boehm, J., 49, 280.

Boeminghaus, 245.

Bogdanow, A., 142, 143, 146, 280.

Boll, F., 280.

Bonnet, C., 48, 280.

Borodin, J., 34, 35, 37, 41, 42, 88, 103,

104, 280.

Bougarel, C., 34, 35, 37, 88, 280.

Bourchadat, 25, 292.

Boutwell, P. W.. 269, 292.

Broekmeyer, J., 127, 129-131, 133, 134,

136, 137, 140, 194, 195, 218, 225, 270.

Euell, M. V., 269. 270. 292.

Burger, M., 129, 136, 280.

Capranica, S., 126, 138, 141, 149, 280.

Caspary, R., 103, 104, 280.

Caventau, B., 7, 280.

Cempert, I., 32, 280.

Charguerand. A.. 280.

Chevreul. M.. 280.

Cloez, 67, 282.

Cohn, F., 103-105, 109, 280.

Courchet, 28, 58, 65, 69, 71-75, 78-80, 83,

86, 280.

Coward, K. H., 270, 271, 280.

Crampton-Simons, 220.

Cunningham, J. T., 147, 148, 280.

Czapek, F., 18, 49, 94, 95, 97, 280.

Dastre, A., 186, 280.

Denis, 127, 280.

Dennert, E., 280.

Dcsmouliere, A., 76, 131, 280.

Dippel, L., 34, 35, 37, 54, 68, 281.

Dollcy, D. H., 134, 135, 245-247, 281.

Dombrowsky, Dr., 189, 281.

Dorp van, W. A., 21, 235, 279, 283.

Drummond, J. C., 269-271, 274, 280.

Diiiisiar. B. M., 76, 79, 82, 83, 85, 86,

266, 281.

Eckles, C. H., 28, 88, 128, 129, 132, 135,

138, 151, 182, 185, 186, 192, 196, 271,

288, 289.

Edmond, H. D., 293.

Klmng, C., 69, 83, 281.

Elfving, F., 49, 53, 281.

Englemann, T. W., 263, 281.

her, H. H., 15, 27, 46, 82-85, 88, 90,

127, 132, 139, 140, 151, 152, 173-176,

178-182, 190, 193, 197, 201, 224, 233,

234, 236-239, 245, 281, 294.

Etti, C., 22, 281.

Euler, H., 28, 88, 201, 233, 281.

i:\vuit, A. J., 48, 52, 53, 265, 277, 281.

Exner, F. and G., 281.

Fenyvessey, B., 134, 290.

Filhol, E., 31, 281.

Findlay, G. M., 133, 281.

Fmtelmann, H., 281.

Fischer, H., 182, 196, 281.

Floresco, N., 280.

Formanek, J., 28, 281.

Frank, A. B, 103, 104, 281.

Frank, B., 51, 55, 282.

Frank, C. A., 291.

Frederi.que, L., 161, 282.

Fremy, E., 29-31, 33, 36, 41, 49, 56, 60,

67, 88, 282, 293.

Fuchs, R. R., 146, 282.

Gadow, H., 142, 282.

Gaidukov, N., 95, 109, 282.

Gallerani, G., 129, 282.

Gamble, F. W., 189, 282, 284.

296



1NJ>1:\ OF AUTHORS 297

Garcin, A., 110, 282.

Gautrdet, I,.. 131, 2SO.

Geddes, P., 282.

Gerlach, M.. 177. 282.

Gerould, J. II.. isii. 196, 2S2.

Geyer, K.. i.'.7. JvJ.

Gill. A. 11.. 77, 79, 81, 87, 220, 2S2.

Gobley. IN_.

Goebel, P., 7. 282.

niu'. i-:.. :>;!, :>7-ci. so, 90, 256, 282.

Goode. G. 11.. 183, 282.

Goppelsroeder, I-

1

.. 7H. 2s2.

Guni.-iiM-ii. 1 . 210, 2G.'. 284.

Graebe, C., 21. 235, 282.

Greilach, I
1

. II l'.i-;,i>. 282.

Gniliths. A. H.. 120. 159, 160, 282.

Gross, E. C.. 269, 292.

Guibourt, 55. 2v_>.

Gurnet, E., 35,88, 282.

Guthri. . 1 . \
., 134, 135, 245, 246, 281.

Halliburton, W. D, 140, 162, 283.

Ilaminar-ien. (.).. 129, 283.

Hannover, 140. 283.

Hanson. A., 32, 49, 50, 68, 74, 78, 95,

100, 283.

Hurpe de la, C.. 21, 235. 283.

Harris, J. A., 272. 279, 283, 290.

Ilartscn. F. A., 33, 34, 39, 77, 80, 81,

88, 283.

Huslmna;<>, H., 135, 283.

Eassell van, J. F. B., 22, 283.

H.-ail, G. D., 129, 136, 283.

Heim, F., 161, 283.

Hering, T., 149, 185, 283.

Herxheimer, G., 245, 283.

He-- A. F., 130, 135, 139, 193, 194, 283.

HiMehrand. F., 103, 104, 283.

H sitter, A., 69, 283.

Hill, C. L., 275, 283.

Hill, E. G., 22, 283.

Hollstein, R., 283.

Holm, F., 14, 23, 125, 126, 150, 177, 283.

Hooper, J. J., 275, 276, 284.

Hopkins, F. G., 155, 284.

Hoyer, 149, 185, 283.

Huerk. \V.. 133. 249, 284.

Husemami. A., 26, 27, 219, 284.

Ii.miendnrlT. II.. 36, 49, 50, 53, 58, 59,

69, 81, 88, 284.

Irvine A. A.. L'fil. 284.

.1 icobsen, II. C'., 105, 106, 284.

John-. n. l;. A., 129, 136, 283.

Jolyet, F., 161, 284.

Karston. G.. 104, 284.

Kaup. W., 1 ::.V 2sl.

KM hie, F., 282, 284.

Keegan, 1'. Q., 2M.

Kempster, II. I... 22. 2:;. s7, ss. i:;s, 1 12,

Hi:;. 21 is. LTD. 27:;. 2s;i.

K. nnedy, C., 1 :;_'. i:;i. 195, 27n. 271,

289.

Kent, II. K.. _'(.! I. 202.

Kidd, F.. 21'.:.. 2s I.

Kircl.n. T, A.. (i!i. 284.

Kirkpatrirk, \V. F.. 272. 27'.i. 2s:;.

Klebs, G., 103, 105, Mi. 284.

Klose, I .. L35, 284.

Kohl, F. G., Hi. is. 27, 38, 41. 44, 48-

55, (il. '.:;. li'.i. 7:;. 71, 7(i. 78-83, 86,

87, 101-105. 107, 10.X. 110, 114, 116-

118, 179, 200, 201. 206, 218, 222, 232,

_>:>o. 2<;:;. 2111, 271;. 284.

Koiirad. -M.. 32, 284.

Kraemer, H., 2S1.

Kraus, C., 33, 34. 60. 285.

Kraus, G., 31-34, 37, 42, 44-47, 49-53,

60-63, 67, 75, SS. 94, US, 110, 177, 250,

285.

Kieibich, C., 285.

Kremer, J.. 160, 285.

Kre-sniann. F. W., 57, 285.

Kiukenber-, C. F. W., 16, 17, 23, 68,

110, 127, 128, 133, 140, 143-152, 157,

160-164, 166, 167, 169, 183, 197, 285,

286.

Ktihne, W., 23, 127, 128, 138, 141-143,

149, 150, 152, 162, 169, 173, 174, 243,

286.

Kutscher, F., 110, 286.

Kylin, H., 94-97, 99, 100-102, 286.

Laneen de, C. D., 294.

Lendncli. K.. 286.

Lcwin, L., 286.

I .>< lip, F., 149, 158, 160, 286.

Lieben, A., 14. 125, 150, 177, 289.

Luisel, G., 286.

LubaiM-h, O., 133, 134, 286.

Lubmienko, V., 20, 29, 47, 58, 59, 65, 66,

76, 78, 79, 82, 85-87, 89, 90, 216, 217,

224. 225. 230, 238, 250, 251, 255, 266,
286-288.

Ma.Munn, C. A.. 23, 1 17. 148, 152, 162-

1C.1. 166-168. 170. 2S(I. 2sii.

Mn H. H.. 272. 2S6.

Maass, F .. i:;5, 2S6.

Macaire-Prinsep, 55, 00, 286.

Macclnati. I... 15S. L'Mi.

Magnan, A.. 119, 287.

Maiv. I!.. 2:;. 1C.2, 163, 287.

Marchlewski, L., 236, 287.

Marquart, I... 66, 287.

Matzdorff, C., 185, 287.

Medola, 1-'.. I.M. 287.

Mt r. I... 56, 287.



298 INDEX OF AUTHORS

Merrjowski de, C.. 146, 147, 162, 164,

166, 167, 169, 287.

Meschr.lc, F., 134, 287.

Meyer, A. B., 287.

Mieg, W., 27, 34, 36, 38, 39, 45-47, 84,

88, 89, 129, 139, 174, 175, 179, 202,

203, 209-211, 225, 233, 234, 236, 237,
264. 277, 294.

Aliethe, A., 286.

Millanlrt. A., 82, 83, 90, 94-96. 104, 111,

122, 285, 287.

Aliura, K.. 135, 287.

Mobius. K., 69, 185, 287.

Molisch. H., 51, 52, 54, 55, 58, 59, 65,

72, 74, 78-82, 85, 94-97, 101-107, 111,

115, 240, 241, 243, 287.

Monior-Williains, G. W., 88, 287.

Montanan, C., 83, 287.

Muntrvt'nli-', N. A., 41, 42, 47, 49, 50,

65, 66, 76, 78-80, 82, 85, 87, 90, 98,

111, 112, 216, 217, 222, 225, 230, 238,

250, 251, 255, 287, 288.

Moro, E., 135, 189, 288.

MoM-lry. H. X., 161, 288.

Aluller, P., 114, 127, 129-131, 133, 134,

136, 137, 140, 194, 195, 214, 218, 225,

270, 279.

Miillcr. J., 114, 115, 288.

Miillcr, N. J. C.. 288.

Myers, V. C, 130, 135, 136, 193, 194, 283.

Xageli, 107, 111, 288.

Xelx-lun-, H.. 100, 101, 103, 104, 107,

109, 111, 288.

Negri de, A. and G., 78, 83, 90, 288.

Nelson, E. M., 270, 292.

Xeumann, E., 23, 244, 288.

Newbigin, M. I., 148, 162-166, 168, 184,
185, 192, 195-197, 263, 275, 288.

Xoorden von, C., 136, 288.

Xordenson, E., 28, 88, 201, 233, 281.

Overbeck, A., 121, 288.

Pabst, T., 69, 82, 288.

Page, H. J., 94-99, 103, 104, 122, 215,

226, 230, 257, 258, 294.

Palmer. L. S., 15, 22, 23, 26, 28, 41, 72,

73, 87, 88, 127-132, 134, 135, 138, 139,
142, 151, 152, 182, 185, 186, 192, 193,

195-198, 207, 208, 219, 268, 270, 271,

273, 288, 289.

Palozzi, A., 176, 291.

Passerini, N.. 83, 289.

Phipson, T. L., 48, 49, 289.

Physalix, C., 158, 177, 289.

Piccolo, G., 14, 125, 150, 177, 289.

Podiapolsky, P., 160, 289.

Poirault, G., 71, 114, 115, 279.

Pouchet, G., 161, 164, 289.

Poult on, E. B., 155-158, 171, 183, 184,

185, 188, 189, 197, 289.

Pringshcim, 49, 52, 59, 289.

Przibram, H., 186, 289, 290.

Pummerer, R., 21, 235, 290.

Rafarin, 290.

Raj us, J., 48, 290.

Regnard, P., 161, 284.

Reinhart, A., 129, 136, 280.

Reinke, J., 42, 94-96, 100, 101, 111, 290.

Riddle, 0., 290.

Rosanoff, S., 94, 95, 122, 290.

Rose, H., 182, 196, 281.

Roscnhcim, ()., 270, 274, 290.

Rosin, H., 134, 290.

Rostafinski, J., 103-105, 290.

Rywosh, S., 290.

Sachs, J., 49, 56, 290.

Sachsse, R., 35, 290.

Salomon, H., 129, 135, 136, 290.

Samson, M., 127, 290.

Sauermann, Dr., 187-189, 197, 290.

Schiinper, A. W. F., 28, 65, 68, 75, 79-

81, 83, 290.

Schmidt, A., 127, 290.

Schmidt, F., 290.

Schneider. G., 186, 290.

Schneider, J. G., 185, 290.

Schroeter, J., 119, 120, 291.

Schrotter von, H., 120, 291.

Schrotter-Kristelli, H. R., 17, 72, 78,

86, 291.

Schiibler, G., 291.

Schiiler, O., 291.

Schulze, P., 159, 291.

Schunck, C. A., 31, 39-44, 46, 52, 53, 61,

69, 70, 72, 73, 81, 83, 139, 140, 173,

180, 291.

Schussler, 135, 291.

Schut, H., 294.

Schiitt, F., 108, 291.

Schwalbe, G., 141, 291.

Sehrt, E., 133, 243, 291.

Sell, M. T., 269, 270, 292.

Serono, C., 139, 176, 291.

Sewell, P., 291.

Shenkling-Prevot, 291.

Sherndal, A. E., 236, 291.

Sikar, A. P., 22, 283.

Smith, F., 135, 291.

Smith, J. L., 245, 291.

Snapper. J., 128, 129, 136, 194.

Sorby, H. C., 31, 33, 34, 37, 39, 41, 44,

49, 60, 63, 68, 88, 95-97, 100, 101,

111-113, 116, 158, 159, 291.

Staats, G., 58, 60, 292.

Stadeler, G., 138, 292.

Stahl, E., 263, 292.



INDEX OF AUTHORS 299

Steenbock, II.. -Jin;, 2r..i-27l. 2112.

Stenger, E., 2sr,.

Stephenson, M.. 210. 27n. 2'.i2.

Stiles, W., 210. 2.si

Stokes, G. G., 2!t-3l. 33. 37. SS. 2.rj.

Stdll. A.. ;;o. 15-47, 53, til. 221. 225. 22X.

231, 251 -'-'."'I >. 2iin. L'C.I. I'd:,, 277. 294.
-

ll/.nrr. \V.. 135. 202.

Tammes, T., IN. 51, 52. 51. 57-59, 69,

72-74, 78-81, S3, 86, 96, 101-105, 107,

111, I'll I. _'!_'.

Thiele, J., 21, 202.

Tlirun. W. I'.., 2(5. 219, 289.

Tliii.licluim. .). L. W., 14-16, 22, 54,

75. 77. 70-S2, S7, 126-129, 138, 292.

Timiriazeff, ('.. 31, 41, 49, 292.

Tobler, G. :m<l F.. 72, 7!), 86, 266, 292.

Treub, M.. 32, 293.

Tsrhirrl.. A.. 37-39, 41, 49, 51, 54, 59,

61. 69, 70, 73, 74, 76, 78, 80-82,
293.

Tswett, M.. 7. 15. 19, 20, 24, 28, 30, 35,

37. 3S. 41-45. 51. 55-58, 60-66, 70, 71,

80, 88-90. 94-100, 102, 106. 145, 177,

190. 203. 20 J. 209, 216, 218, 219, 224,

226, 227, 229, 293.

Ude. H., 293.

UmlxT, 129, 136, 293.

Uri'fh, F., 155, 293.

Yalciinrnnrs. A., 293.

Yuuquelin. 25. 293.

Veitch, II. J., 293.

Y.-rne, J., 163, 171, 179-181, 293.

\ ill.-ml. J., isii. _.>:;.

Yiirlinxv. l{.. _':;, 2

Wachenroder, II.. 25, 88, 293

Waelchi, (!.. 1 12. 2!i:',.

Wagner, II.. i:
1

,:

1

.. 1 17. l is, L'SC,.

Warner. I). I!.. 272. L'7'.l. L's:i. L".i:i.

Wells. II. (i., 211. _".H

Went, -'til. 27(5. 2!U.

Westwood, [. 0., 1N5. 'J7'.).

Wln-lchlr, M., 21. 57. 2!M.

Wi.'li.ux.. n. F. K.. 272. 294.

Wiesner, .1.. 32. lit. 52, 53, 2'.H.

Will.'. N.. 10!). 201.

Willstatter, H., 15. 27, 28, 36-39. 43, 45-

47, 53, 64. S2-85, 88-90, 94-100, 103,

104. 122, 129, 139, 140, 152, 173-180,

182, 190, 193, 197, 202. 2(13, 209, 212,

213, 215, 218, 221, 224-226, 228, 230-

234, 236-239, 251-260, 254-266, 277,294.
Wm.hus, A., 206, 294.

Wirlh, F., 69, 294.

Wisseliiifrli van, C., 28. 51. 55, 69, 71-

74, 77, 78, 80-82, 85. 86, 95, 96, 101-

106, 110, 111, 114-119, 237, 240, 241,

294.

Wittich, von, 110. 149, 185, 294.

Witt mack, L., 28, 294.

Wurm, Dr., 142, 294.

Zeise, 25-27, 36, 88, 294.

/ilva, S. 8., 269, 281.

Zoja, L.. 129. 294.

Zopf, W., 19. 22. 23, 83, 104-107, 109-

121, 159, 160, 162-164, 177, 183, 197,

263, 276, 294, 295.



JXDEX OF SUBJECTS

a' and a'
'

xanthophylls of Tswett, 44.

Abies, 65; Abu .- excelsa, 52.

Abutilon Darwinii Hook, 72; Abutilon

mcgopotamicum, 73; Abutilon ner-

vosum, 54, 73.

Acacia leaves, carotin content of, 249.

Acenaphtylene, a non-carotinoid hj'dro-
carbon pigment, 21, 235.

Acerata, 161.

Acer campestris, 58; Ac<r platanoides,
58, 249; Acer pycudoplatanux, 36, 58,

249.

AchinophlociiJ angustifolius Becc., A.
macniiliiini Bccc., 77.

Achnanihidium lanceolatum, 107.

Acidity, relation of to lycopin forma-
tion in tomatoes, 267.

Acid microohemiral crystallization

method, 51.

Adipose tissue, color of in laying caro-

tinoid-free hens after xaiithophyll

feeding, 273; pigments of, 14, 132,

133. 151.

Adipose tissue pigments, experiments
on origin of, 190.

Adipose tissue, quantitative estimation
of carotinokls in, 2oS.

Adonis vcrnalis, 73.

Adrenals, carotinoids of, 133.

Adsorption properties of carotinoids,

43, 219, 226.

Aecidia spores, 114, 116.

Acscuhis hippocastanum, 58, 62, 117,

249, 255.

Aethalium scpticum, 119.

Afzelia Cuazensis, 86.

Agleoncma comniulatum Shott., 78.

Agleonema fruits, carotinoids in, 77.

Ailanthus glndulosa, 251.

Albizzia Julibrissin. 251.

Alder, black, autumn pigments of, 58.

Alfalfa leaves, pigments of, 45.

Aljonsia oleijtra Humb., 77.

Alizarin, use of for quantitative esti-

mation of carotinoids, 253.

Alkalis, effect of on chlorophylls, 32;
on carotinoids, 32, 219, 225," 231.

Alkali microchemical crystallization

method, 51, 52, 54, 241; non-

specificity of for carotin, 59.

Alligator, yellow pigment in skin of,

150.

AtHum siculum, 74.

.i' glutinosa, 58.

Aloes, 58; Aloe vcrrucosa, red caro-

tinoid in winter leaves of, 65, 72.

Aiyssum saxatile, 73.

Amorphous carotin, effect of admixed
lipoids on solubility of, 218.

Amorphous xanthophyll, effect of ad-
mixed lipoids on solubility of, 225.

Ampelopsis hederaceae, 78.

Amphibians, carotinoids in, 148, 149,
153.

Anabaena flos aquae Bub., 111.

Anemalocera Patcrsoni, 164.

Animal fats, color and vitamin content

of, 270.

Animal tissues, color of carotinoid

granules in after staining, 245-247;
effect of oxidation on, 246; identifi-

cation of carotinoids in, 242-247;
state of carotinoids in, 242.

Annutto seeds, pigment of, 15, 21; ef-

fect of feeding to fowls, 22, 138.

Antcdon rosacca, 167.

Anthocyanins in autumn leaf colora-

tions, 57; in flowers, 66, 67, 68.

Anthoxanthins in flowers, 66.

Apanteles flaiiconchae, 186.

Aphidoluteine, 158.

A jilt ids, anthocyanin-like pigment in,

158; carotinoids in, 158, 171.

Aplysina aerophoba, 170.

Apricot, carotinoids in, 76.

Aproxmictus melanurus, 143, 145.

Ai-iiiia, 58.

Araroth, red pigment in feathers, 143.

Arils, carotinoids in, 86-88, 90.

Arbor Vitae, autumn pigments of, 59,
66, 216; carotin and xanthophyll con-
tent of, 251.

Archonthophoenix Alexandrae H
Wcndl., 77.

Arcyria punicea Pers., 119; A. nutans
Bull.

Ar,-cn Alicae W. Hill, 77.

Arcnicola piscatorium, 168.

Armeria rulgaris, 74.

Arnoglossus inegastoma, 147.
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Art lit rinn }>r< >/>///< r. 1 17.

Arum italicuni. 7'.*: ArtiW! orii nto/< ,
77.

AniinHiKinn jtii J.M .

. 1 . -is Cimj.-M/ <('((/ !>., 7'J.

>o///.s species, liti.

> in I/a /< S, 1 H>-1 1 s -

.1 roptii/lltitn nitilnxinn, 95.

A.-li, :iiituinii pigments iif, f>$, 60.

A-h. mountain, pmment of red autumn
leave* df, ."id

;
carotinoids in fruit*

81.

A-paragus berries, carotin in, 77.

. l.vy< n/illux yitjuittt HX, 111).

A-plmdel. carotin in flowers of, 72.

A*i>liti<l< 1 1 ii* c< ntx/h r L., 72.

fluriatilix, 162; yls^acws ??o-

>/7/X llil.

-pecie-. 73.

Asteracanthion glacialis, 166.

.-!.>/( ///" ijtbboxa, 166.

AN\'( niitl*. 16"), 166.

A*iroiiri.*eine, 167.

A-"tro.-ii>< t-ti n aurantiacus, 166.

Astrovioli ttine, 167.

A.-tniviridino, 165, 167.

Atropu bt'/i: 71.

//>// japtintcn Tlnmb., 54.

"Ausschuttelungs" method of Kraus, 31.

Autumn leaf pi.mncnts, 31, 33, 55-66;
as due to chlorophyll migration, 56;
a< due to non-carotinoids, 57; plu-
rality di' can it UK in Is in, 59-64, 89.

Autumn leaves, difficulties of deter-
mination of carotinoids in, 256.

Autumn reddening of Leaves, 65, 66,
90.

Autumn-xanthin, 60.

Autumn xanthophylle of Tswett, prop-
erties of, 62; relation of to carotin,
63.

.1 ///; ."titi 11, 88.
'

xanthophj'll of Kohl, 41; in autumn
1. av< -, 61; of Tschirch, 59; of TS\M tt,

H. 45.

Axulene, a blue hydrocarbon, 236.

Bacteria, carotinoids in, 119-122, 123.

Hacfei-ia. .-iud\- of carot uioids in as
means of e.-tablishing function, 93,

119, 121.

Bact<r"iin Chrysogloia, 120, 121; B.

egregium, 120, 123; B. prodigiosus,
l-'ii; /;. xanthinum, 120.

Bacillari* a, 106-108.

K-il-am apple, carotin in flo\vcrs of,

72; lyciipm in fruit of, 79; in arils,

86; Hi Nam pear, lycopin and caro-
1111 in, 76.

J'.al-am, pigment of etiolated leaves, 52.

Balsamina hortensis, D. C., 52.

I'.arlieiTv leaves, red autumn |n't;nienl

of. "ili ; friii I IIM nl> in, 7ii.

Barley leaves, elitilateil, pigments of,
.">2

; l-ai'ley j^rain, cai-nt iiKinN in, 88.

UtiiKjni 101.

lilllll/illll N. 101.

ll'irhii* tluriiililix, I 17.

113-116, 123; chr\-(i-

pliamc acid in, 22.

Batrachospermum iinmUijorrne. 100,
KH.

Batracians, 149.

I Van leaves, carotin content of, 249.

Meech, carotin in yellow 'autumn leaves

of, 59; aut umn-xaiii Inn in, 60.

Reet, red (Beta ni/i/nris), red pigment
of changing to yellow, 28; quantity
of carotin in leaves of, 249.

PHetlos, carotinoids in tegument of,

158-160, 171.

Belladonna, pigments in flowers of, 74.

Bell\\url, carotinoids in flowers of, 74.

!>> lone rostrala, 147.

lit rbcris vulgaris, 56, 76.

Urtula alba, 58.

/' I nla species (Birch), 54.

Benzene, part played by in Kraus
separation, 31, 32.

Bilirubin, 23; in blood serum, 128, 129.

Birch, carotinoids in naturally yellow
leaves of, 54; in autumn leaves of,
58.

Birds, carotinoids in. 137-145, 152; prob-
lems in connection with, 137, 138;
retinal pigments of, 140-142, 152.

Bird* of paradiM', piuments in feathers

of, 143-145.

Bird-of-Paradise flower, carotinoids in,
74.

Bittersweet, climbing, autumn pigments
of, 58; pigments in fruit of, 81.

Iii.i-a onlluiiti, 21.

Bixin, pigment of annatto seeds, 21
;

composition and properties of, 22;
effect of feeding to fowls, 22.

Black Bryony, carotinoids in fruit of,
80.

Bladder Senna, camt inoids in, 73.

Blaxing Star, carotinoids in, 74.

Blood aluae, carotinoids in, 92, 103-

106; factors governing pigment for-

mation in, 105.

I'.lood exudates, hai matoidin in, 23.

Blood serum camt moid*, effect of diet

on, 129, 130, 190, 191, 15)7; paethod
of distinguishing from bilirubin, 128;
manner of carrying, 207, 208; meth-
ods of extraction, 207.

Blood serum of cattle, xanthophyll in,

129; of fowls, xanthophyll in, 140,



302 INDEX OF SUBJECTS

152 ;
of humans, carotin and xantho-

phyll in, 130, 151
;

of horse, carotin

and bilirubin in, 129, 151; of new
born calf, absence of carotinoids

from, 129, 151
;
of various mammals,

pigments in, 131, 151.

Blood serum, pigment of, 14, 15, 127-

131, 151; quantitative estimation of

carotinoids in, 259, 260.

Blue-green algae, carotinoids. in, 110-

112, 123.

Blue hydrocarbon, 236.

Blue pigment of Crustacea, transfor-

mation of into lipochrome, a col-

loidal phenomenon, 165.

Bombinator igneus, 150.

Bombyx mori, 157.

Bolrydium, 104.

Box tree leaves, carotin content of, 249.

Bracket fungi, carotinoids in, 113-114.

Braxxica campestris L., 29, 87; Brassica

nigra, 87; Brassica oltijera, 249;
Braxsica Rapa L., 29.

Brittle-stars, carotinoids in, 165, 167.

Broom flower, xanthophylls in, 72, 73.

Brouxxunctia papyrijca, 58.

Brown sea-weeds, carotinoids in, 93-

100, 122; isolation of carotinoids

from, 215.

Bryonia dioica (Bryony), carotinoids

in fruit of, 75.

Buckeye, autumn pigments of, 58, 62.

Bujo calamita, 149; B. tiridi-s, 149, 185;
B. iidgaris, 149.

Bugs, carotin in, 158, 171, 177.

Buyuia n< ritina, 168.

Bulbine semibarbata, 74.

Bulbochacte, 104; Bulbochaete seti-

gera, 104.

Bulgaria inquinans (polymorpha), 117.

Bullfinch feathers, pigments of, 143, 144.

Buphthalmum salicijolium, 73.

Butter, pigment of, 14, 131, 132, 151;
seasonal variation of anti-edema sub-
stance in, 272.

Buttercups, crystalline carotin from,
69; cause of oily appearance of, 69;

xanthophylls in, 73, 74.

Butter fat, carotin and vitamin con-
tent of, 269, 270; effect of decoloriz-

ing on vitamin content of, 270; ex-

periments on origin of color of, 190-

192, 197; quantitative estimation of

carotinoids in, 258, 260.

Butter fat carotin, adsorption of by
charcoal, 219.

Butterflies, wing colors of, 154, 155.

Butterfly larvae, carotinoids in, 154-158,
171

; pupae, carotinoids in, 154-158,
171.

Bitxus scmpcnirens (box tree), red
winter pigment of, 65, 249.

B. xanthophyll, 40-42; blue color re-

action of with acids, 40, 42; acid

derivative of in autumn leaves, 61.

)8 xanthophyll of Kohl, 44; in autumn
leaves, 61

;
in diatoms, 107 ;

of

Tschirch, 41, 54, 59; of Tswett, 44,

70.

Cacalia coccinea, 73.

Cacatura roseicapilla, 144.

Calabazilla, carotinoids in flowers of,

73.

Calceolaria rugosa Hook., 72.

Cdl< ml ula arvcnsis L., 72; Calendula

officinale L., 69, 72.

Calf blood, absence of carotinoids from
new born, 129, 267.

California poppy, 68, 74.

Callithamnion hicmale, 101.

Callopdtis quadrilineatis Pallas, 150.

Caloci rti rixcoxa, 114, 115; C. cornea,

114, 115; C. palmata, 114, 115.

Calothrix species, 111.

Caltha palustris, 73.

Cdhirux auriceps, 144.

Caiyptrocaiix spicatus Blume, 77.

Camaclon vulgaris, 150.

( 'a melon skin, carotinoids in, 150, 153.

Camouflage, carotinoids and detection

of, 7.

Campethera nubica, 145.

Canary bird, xanthophyll in yellow
feathers of, 145; effect of feeding
cayenne pepper to, 187, 197.

Cancer pagurus, 164.

Cannabis saliva, 52, 87, 249.

Capillary method of pigment analysis,
70.

Cnpxicum annum, 69, 82, 188.

Carabus auratus, 159.

Cardinalis virginianus, 144.

Cardinal, pigments in feathers of, 143,
144.

Carotene, as spelling for carotin, 19.

Carotin-albumin complex in blood, 15,

128; method of isolation of, 208, 209;

significance of in determining breed
differences in pigmentation of cattle,

192; significance of in formation of
milk fat, 209.

Carotin, adsorption by mercury salts,

15; alleged oxidation of to xantho-

phyll, 264; chromatophor group in,

235; extraction of from plants, 251,

252; general properties of, 25-28;

hydrocarbon nature of, 26-28; iodine
derivatives of, 27, 233, 234; isola-

tion of from animal fat, 204-206;
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from hi. io.l scrum, 200-209; from

carrots, _'">, 26, 200-202; from green

leaves, JifJ-'JUl ; microchemical iden-

utii-itioii of in plant tissues, 241;
odor of, 20. 232, 233; possible rela-

tion of i" cynienes. 2:'.">; pronuncia-
tion of. !); relation of to xantho-

phylls 21; relat ionshi]) of to vita-

min A. 20D-271; separation of from

vmthophylK 2.Y2. 253; specific ro-

tation of, 233; structure of, 234,

235.

Carotin content of various plants, 249,

251, 255.

(.'a rot in crystals, color and form of,

232; color reactions of, 233; effect of

oxidation on solubility of, 218; halo-

uen derivatives of, 233, 234; oxygen
absorption of, 233; solubility of, 232,
233.

Carotin function in plants, as aid in

photosynthesis, 265, 277; as enzyme
protectors, 264, 276; as lure for in-

sects, etc., 264, 276; as regulators of

oxygon pressure, 264, 277; as reserve

substances, 263. 276; as respiratory
pigments, 263, 276; in C02 assimila-

tion, 265, 277.

Carotin solutions, effect of acids on
color of, 219; relative color of com-
pared to xanthophyll, 225; proper-
ties of, 218-222.

Carotinemia, 194.

Carotinins. basic compounds of, 19, 24,

117. 118; in bacteria, 121; in beetles,

171; in blood algae, 105, 106, 123; in

cup fungi, 117; in Euglena, 110, 123.

Carotinoid, origin of name, 19, 88; pro-
nunciation of, 9; suitability of name
for animal lipochromes, 20.

Carotinoid-free fowls, experiments with,
193, 268; rapidity of coloration of
with xanthophyll-rich feeds, 193.

Carotinoid-free egg yolk, vitamin con-
tent of, 270.

Carotinoid-free mammals, 195; possible
cause of, 196.

Carol moid-, decline of in leaves in au-
tumn, 61, 64; fate of in digestion,
196; in flowers, 66-75; in fruits, 75-

85, 90; origin of -in plants, 266;
ijuantitafive estimation of, 248-261.

Carol moid- ot' animals, chemical rela-

tion.- of to carotinoids of plants, 173-

181; biological relations of to caro-

tinoids of pi ints, 182-198.
1 rotini isifi, 135.

Carpellary n-.-ne of seeds, pigments of,

90.

Carpinus BcLulus, 58.

Carrots, carotin content of during

starch formation, 200
; effecl >i' feed-

ing to co\\ - OD color of butler, I'.H
;

effecl of h edmir to liens on color

of ,-tig yolk, !'.>:;, 271.

Carrot root, pi'/nieni of as flic fir.-t,

crystalline carotinoid, IS, 2."> ; xan-

thophyll in, 28, 45, 88.

idcu , 158.

Cat blood, effect, of inji cling xantlio-

jihyll <ni pigments of, lol.

Catalase, relation of to lycopin for-

mation in tomatoes, 267.

Caterpillar, lack of lipochrome in I

mutant, 186.

Caterpillars, carotinoids in, 156-158;
color in tegument of influenced by
food, 188.

Caterpillar eggs, pigment of derived

from haenmh mph, 158.

Caterpillar haemolymph, association of

carotinoid in with protein, 156; sex-

ual difference in pigmentation of,

157.

Cii/inga cocrulea, 144.

Cattle, color of skin secretion in re-

lation to fat production, 275; skin

color of as affected by breed, 275.

Cave animals, color of in relation to

cave plants, 186.

Cedar, red, autumn pigments of, 59.

Celandine poppy, carotin and xantho-

phylls in, 72.

Celastrus scandens, 58.

C. Elpenor, 157.

Cephaleurus albidus, 104; C. minimus,
104; C. (Mycoidea) Icaris, 104; C.

parasiticus, 104; C. solutus, 104.

Cephalothecium, 119.

Ci minium rubrum, 101; Ccramium dia-

phanum, 101.

Certhiola mexicana, 145.

Ccrtium tropis, 108; C. jusus, 108; C.

furco, 108.

Chantransia species, 101.

Chara jragilis, 102.

Choral<s, 102.

Charlock, white, xauthophylls in, 73.

('In iranllms chcira L., 72.

Chelidonium mujnx L., 72.

Cherries, erthrojihyll of, 34; Pitanga or

Surinam cherry, anthocyanin and
carotinoids in. 70.

Cherry. Sweet Mazzard, autumn pig-
tni'iit- of, 58.

(lurry free leaves, red autumn pig-
ments, of, 56.

Chestnut, autumn pigments of, 58.

('hestnut leaves, carotin content of,

249.
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Chinese Lantern Plant, carotinoids in

flowers of, 74; in fruits, 80.

Chlorella protothccoides, 104; C. barie-

gata, 104.

Chlorine derivative of carotin, 26.

Chlorogon in etiolated leaves, 49.

Chloroncrpes aurulentus, 145; C. Kir-

kii, 145.

Chlorophane in bird retinas, 141
; prop-

erties of, 141.

Chlorophyceae, 101, 102-106, table

showing species containing carotin-

oids, 104.

Chlorophyll, separation of from yellow
pigments, 30, 31, 226-228, 252.

Chlorophyllins in brown algae, 97.

Chloroplastids, pigments of, 29-48;

plurality of carotinoids in, 30-48, 41,

88, 89.

Cholechromc in mollusc livers, rela-

tion of to bilirubin and lipochrome,
167.

Cholesterol, removal of from unsa-

ponifiable matter, 206.

Chondrosia rcnijormis, 170.

Chondrus crispus, 100, 101.

Chorda filum, 96.

Chromatogram, description of, 43, 226;

pronunciation of, 9.

Chromatographic analysis of chloro-

phylls and xanthophylls, 226-228.

Chromatophores, 116, 150.

Chromogcns of leaf, yellow color of

with alkali, 44.

Chromoleucites, 68.

Chromplipoid, origin of name, 18; pro-
nunciation of, 9.

Chromulina (Chromophyton) Rosa-

nofii, 109.

Chroococcaceac, 111.

Chrysanthemum, 72; Chrysanthemum
frutescens, 73.

Chrysochlorophyll, 109.

Chrysochrome, 109.

Chrysomcla polita, 159; C. varians,
159.

Chrysomclidae, 18, 159.

Chrysomonidina Stein., 109.

Chrysophanic acid, 21
;
in fungi, 22.

Chrysophyll, 33, 36, 40, 42, 173; rela-

tion of to carotin and xanthophyll,
34.

Chrysoptilus punctigula, 145.

Chrysoquinone, 104.

Chrysotannis in autumn leaves, 60.

Chrysoxanthophyll, 109.

Chytridium, 118.

Cinnamylidenindene, a non-carotinoid

hydrocarbon pigment, 21, 235.

Cirassius auratus, 147, 152.

Cirratulus tentaculatus, 168; C. cir-

ratus, 168.

Cissus quinquejolia, 249.

Citrus aurantium, 81.

Citrus limonum, 78.

Cladophora glomerata, 104.

Clavaria jusijormis, 113.

Clematis vitalba, 251.

Clivia miniata, Regel, 73.

Clivias, 76.

Club Moss, autumn pigments of, 59.

Clupea narengus, 147.

Clythra quadripunctata, 159.

Coccinella quinquepunctata, 159; C.

septcmpunctata, 159.

Coccinellidae, 18, 159.

Cocoons, relation of color of to caro-

tinoids in insects, 186.

Cocospongia, 170.

Codliver oil, color and vitamin con-

tent of, 269.

Coelenterates, lack of carotinoids

among brilliant colors of, 169.

Colaptes auratus, 145
; C. olivaceus, 145.

Coleoptera, 155, 158-160.

Coleopterin, 159, 160.

Colcosporium pulsatilla Strauss, 114.

Coleus, pigment of, 15, 54.

Colias (Eurymus) Philadicc, 186.

Colloidal carotin, 218; colloidal xan-

thophyll, 225.

Colloidal phenomena involved in blood
serum carotinoids, 131.

Colloidal state of carotinoids in cer-

tain solutions, 43, 89.

Color, structural vs. pigmented, 7.

Colostrum milk, pigments of fat of in

various animals, 132.

Coltsfoot, xanthophylls in, 73.

Colutea media, 73.

Cone Flower, carotinoids in, 74.

Conifers, 58.

Conjugatae, 104.

Convalaria majalis, 58.

Copeppds, blue colors in, 164.

Corallina officinalis, 101.

Coriosulfurine, as cause of yellow
feathers, 144, 145; relation of to xan-

thophyll (3, 145.

Corn, pigmentation and vitamin con-

tent of, 269.

Corn, yellow, carotinoids of, 87, 91
;

effect on color of butter of feeding
to cows, 191.

Corpus luteum, pigment of, 14, 23,

125-127, 150, 151, 177-179, 180; prop-
erties and isolation of, 178, 179.

Corydalis lutea D. C., 73.

Corylus Avellana, 58.

Cotoin, 21.
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Cotonecaten, 76.

Cottonseed meal, pigment of. '_'!.

Cottonseed ml. pigment.- of. S7.

C'o\\>lip, c:iri)tin in, 7'J; xanthophylls
in, To.

dab, pigment in. 7. Kil-lli.V

Crab blood, pigment of, 161. 162.

Crab eiig-. \ itellolutein ami vitello-

rubin in. KL*.

Crampton-Simona palm-oil test, a te-t

for carotinoids, 711, 220.

Crnl<H(/ii* crux-anlli (Corkspur thorn),
lutein in fruit of, 7,"); ('rntm </ux pin-
iiatiliiln. 58.

Crayfish, carotinoids of, 161, 162, 16-1,

165.

Cress, garden, pigment of etiolated

leaves of, 52.

Cribclla oculata, 166.

Crinoids, 165, 167.

Cryptonemiales, 101.

Crocin, 22.

Crocitin, 22.

Crocu* tintirits. 22. 74.

Croton ovalfolius Vahl., microchemical

crystals in j-ellow spotted leaves of,

55.

Crown Imperial, carotinoids in, 73.

Crustacea, carotinoids in. 161-165, 171,

179, 180, 181; experiments on influ-

ence of color of food and surround-

ings on, 189; non-carotinoids in, 154.

Crustaceorubin, 23, 161, 165, 186.

Cryptogams, carotinoids in, 92-124.

Cryptomeria, 58.

Cucumis citrullis, 78; Cucumis mclo, 76.

Cucurbita foettssima, 73; Cucutrbita

melanospcrma A. Br., 73; Cucurbita

pepo, 36, 78.

Cup fungi, carotinoids in, 116-118.

Cup Plant, carotinoids in flowers of,
74.

Cupressus Naitnocki, 59.

Cutleira multifidn, 96.

Cyanophyceae, 110-112.

Cyanophyll, 32, 34; yellow pigment ac-

companying, 37, 54.

Cyclosporalcs, 95.

Cymatoplcura solea, 107.

Cymbyrhinchus makrorhynchus, 144.

Cyphomandra bctacta, 75.

Cypress, autumn pigments of, 59; bald

cypress, 58.

Cyprinus auratus, 147; C. Carpio, 147.

Cypripcdium Boxolii, C. insignc, C. ar-

gus, 74.

Cystoscira abrotanijolia, 95.

Cyspoclonium purpurasccns, 101.

//.S- laburnum L., 72, 73; Cytisus
say it tails Koch, 73.

I )-.<}>. cariit in in skin of the, 147.

I >in-niitii/fi .s N//7/r;///.s-, 111, 11.").

liuin-iix ciirutn, 18, 2,"); \anet\- Hnis-

rieri Schweinfurth, anthocyanina in,

28

Daffodil, carotin in. 72; yellow pigment
of. 7; pigments in etiolated leaves

of. .VJ. 53; vmthophylls in. 73.

Dagger-stab pigeon of l,n/'Hi. xooneiy-
t hrine m red feat her- of, III.

I )andelion, fi!), 7(1; carol in in, 72; xan-

tho])hyll> in. 7:1. 74.

I Vmdruff of hoi>e, carotin in, 135.

Datum stramonium, 2I'..

/ )i Hi .s.s-i rill xani/uiiit a, 101.

])< i/ilrali/u/n tliri/xi]lnnn Kchl). I'll., 72.

1)< smart *ti<i ncnli ata, 95.

Diabetes, carotinoids in blood in, 207;
excessive skin coloration following
carotinoid-rich diet. 136, 151; ex-

planation of, 137, 151.

Diaptnnia. 18.

Diaptomin, 23, 162.

D/a/ito/iiux barillifrr, 162, 183; Dinpto-
tnus Caxiur .1 urine, 183.

Dialon/nn a.r (diatoms), carotinoids in,

106-108, 122.

Diatomin, 107, 108, 109, 183.

Di-biphenylenathene, a non-carotinoid

hydrocarbon pigment, 21, 235.

Di-carotin, 159, 177.

Dictyopteris polypodioides, 96.

Dictyota dichotoma, 96.

Digestion, effect of on carotinoids, 196.

Dinnllauiilftia, 108.

Di.nophysis acuta, 108; D. Icaris, 108.

Diuxrora batatas decn., 58.

l)ix<-iycetes, 116. 117, 123.

D idola radicata, 114.

Dog Rose, lycopin in fruit of, 80.

Doronicum pardalianthes L., 72; Do-
mnicum Coin in no Tenore, 73;
Doronicum plantagineum L. cxccl-

sum, 73.

Domain HI Pardalianches, 73.

I)ouci '-inin ri\ 76.

Dryocapus auratux, 14").

Dove, lipochrome in blood serum of,

140; pigment in feet, 7.

1> a muni ia filijormis, 101.

Dyer's (Ircenwood. carotinoids in, 73.

Dyer's Woad. carotin and xaiithophylls
in flowers of, 72.

D. Vinula, 157.

Echinastrine, 167.

l']chinoderms, carotinoids in, 165-167,
172.

]''.<-liinoids, 165, 167.

Eckctus polychlorus, 144, 145.
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Ectocarpctccae, 95.

Egg production, correlation of with
skin colors, 272, 273, 277; cause of,

273.

Eggs, carotinoid-free, fertility of, 268;
vitamin content of, 270; color of as

affected by carrots, 271.

Eggs, xanthophyll and vitamin content
of after carrot feeding, 271.

Egg yolk, carotin-like pigment in, 139;
color of affected by cayenne pepper,
187, 197; pigment of, 14, 15, 126, 127,

138-140. 151, 173-177; pigment of

carotinoid-free, 23.

.Egg yolk pigment, as cholesterol ester

of oleic acid, 139, 176; solubility of

in bile, 138.

Egg yolk xanthophyll, isomerism of

with plant xanthophyll, 176, 180;

melting point of affected by method
of determination, 179.

Elachista species, 95.

Elaacagnus latijolia L., 54.

Elaphis quadrilineatis Bonaparte, 150.

Elder leave.-?, yellow, carotinoids in, 54.

Elecampane, carotinoids in, 73.

Elm, autumn pigments of, 58, 59.

Elocis guiitfi-xiH L. (Jacq.), 77; E. Mel-
unococca Garb., 77.

Embryos, mummified, haematoidin in,
23.

Encephalartos Hildi brandtii, 59.

English Ivy, carotin in leaves of, 36;
autumn pigments of, 58, 65.

English walnut, autumn pigments of,

58.

Enterochlorophyll, 167.

Ent< roniorpha intcstinalis, 104.

E/ihyra Angularia, 157; E. Punctaria,
157.

Epimedium macrantheum, 73.

Equestum arvcnse, 65.

Eranthis hyemails Salisb., 73.

Erysimum Perofskianum Fisch. and
Mey., 73.

Erythrophyll, relation of to carotin,
34, 36, 37; in autumn leaves, 56, 60.

Erythroxylum nora-granadense, 77.

Exrhxc)wl(zia co.lijornica, 68, 74.

Eteolin, a flavone, 21.

Ethereal oils, as solvent for chloro-

phyll in Kraus separation, 32.

Etiolated leaves, carotinoids of, 48-53,

89; effect of greening on, 53; condi-
tions favorable for development of

carotinoids in, 53.

Etiolin, absence of from autumn leaves,
59; relation of to carotin, 49, 52.

Eucarotin. 19. 105, 107, 177; relation of

to carotin, 19, 159.

Eugenia uniflora, 76.

Euglcna sanguined, 109, 110; Euglena
viriJis, 109.

Eunotia (Himanthidium) pectinaHs,
107.

Euonymous curopaeus, 76; Euonymous
japoniciis L., variety aulplian u, 54,

86; E. latijolia, 86.

Euphone niyricoliis, 145.

European cranberry, carotinoids in, 77.

European elder, carotinoids in yellow
leaves of, 54.

Euxanthone, 21.

Eye-spots of Euglcna, pigments in, 109,

*, 123.

Fagus, 59, 60; Fagus silvalica, 255.

Fatty acids, color of after staining
with Nile blue, 245.

stains, effect of on carotinoids in
'

animal tissues, 242, 244-246.

;liers, artificial coloration of with

cayenne pepper, 187, 197.

1'VatlnTs, carotinoids of, 142-145, 151;
origin of blue color of, 142.

I'Yni leaves, carotin content of, 249.

Ferric chloride reaction of carotinoids,

26, 219, 222; value of in identifying
carotinoids in animal tissues, 247,
248.

Ft ntla species, 73.

Fir leaves, etiolated pigments of, 52;
autumn pigments of, 65.

Fish carotinoids, origin of from food,
184.

Fish colors, influence of color of sur-

roundings on, 183.

Fi>hes, pigments in skin of, 145-148,

152; skin pigments and chromato-

phore control of, 146, 152; structural

blues and whites of, 156.

Flagellata, 109, 110.

Flamingo, pigments in feathers of, 143,
144.

Flounder, carotin in skin of, 145; effect

of light on colorless side of, 148.

Flavones, 21, 55; as cause of autumn
colors, 63; in flowers, 67.

Flaxseed, pigment in oil not carotinoid,
87.

Flowering maple, carotinoids in natu-

rally yellow leaves of, 54; carotin in

flowers of, 72, 73.

Flowers of Tan, 119.

Flustra joliacea, 168.

Formic acid as solvent for xanthophyll,
225; for rhodoxanthm, 229.

Forsythia Fortunei, 73; Forsythei viri-

dissma, 73.

Four-o'-clock, autumn pigments of, 58.
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Foul-. \alltllopliyll III blood -.mill of,

I 111; r\t lad ion of \ant Impliyll I'nini

hliioil M'linn of \vitli ether, L'l I

/'r,i(/iltir
:
(i .-pecics, 107.

I-' ni ni< itx < .r<'< />/<*;. ."iS. (H).

Fn>u>. caiot moid- in. 1 I'.', {'}','>; loss of

-km hpochrome- of on fasting, 185.

/ ngilla c/in/tnn, 1 I.").

//// iinrni I ntfh naliK, 71!.

oidicu . \n. 95.

Fucovinthin. '.M-H7; amount of in cer-

lain plant-. !!!, '2~>7
',

effect of alkalis

on. _';il. _':;_'; function of 111 brown
a lniu'. 'Jti.">; halogen derivatives of,

_MD; in hlue-gieeii algae, 112; in red

algae, lnj; methods of isolation of,

'21'}. L'l(>; oxidation products of, 239;
oxoiiuiiii .-alts of, 98, 99; relative

-olubility properties of, 98, 231, 257;
ciai properties of, 97-99.

Fucoxainhin crystals, color and form
of. 239; color reactions of, 240; solu-

bility of, 239.

Fucoxaiithin solutions, relative color of

compared to carotin and xantho-

pliyll. 230; compared to standard

potassium dichromate, 257.

Fucoxanthophyll in brown algae, 97;
in diatoms. 107; in dinoflagellates,
109.

Fiimx i.txlosus, 95; F. scrratus, 95; F.
r> r.-i lii'cs, 95; F. vesculosus, 95.

l-'nluju & ptica, 119.

Fulvenes, as non-carotinoid hydrocar-
bon pit-mcnts, 21, 235.

Function of carotinoids, in plants, 263-

265; in animals, 267, 268.

Funiii. cai'it moids in, 113-119.
i I: in Si> hniil ii, 58.

/'///f< liana jastigidta, 101.

Gaillnri in N/J/I mliiis, 73.

(i.dl .-tones of cattle, carotin in, 182.
( in.^/i nn ijcetes, 113.

Ga*l> ruxli t <x xi>tnachia, 147.

Gazama xj>lt mlcm Hort., 72, 73.

C- lihifi littoralis, 165.

(lit-r. jiinicnt in fatty tissues, shanks
and .-km of, 140, 145; in feet of, 7,

145.

Gcn/.s/rt racenosa, 73; Genista lictoria,
73.

<
. nti-cin. 21.

Gi u in Httnit'iitum, 73; Geum coc-
riiii inn, 74.

-it Fennel, carotinoids in, 73.

(i'ii/iiiii)ifili 8, 101.

Iniiilin, 58.
( Jin- HL'. autumn

]. 11:1111 nts of, 58.

litsia triacantltux, 58, 62.

(Hi nodinum >pccir-, 108.

( ilolir (lower, carol in m. 7'J. 7 1.

( il\ ccnii, afi protective a^nil against
oxidal ion of carol m, lit Hi.

(ioat's milk, inlliit'iicc of frrdum carrots

on culm ol
.

1 Mi.

( ioldrii Hell, carol moid- in, 711.

( iolden-t lift
,

carol llioid> in llowers of,

73.

(loldli.-li. 1\cojiin-likr ]ni;iiient m skin

of. 1 17. l.VJ ;
xooners tin nir in. 1 17.

< inn/ /ilinili inn -]iec|r-, 107.

(nmi/iiril (/ill, n/n Ixelchl)., 73.

( inn inst , r i ,/n, N//VN, Kill.

(I'liiiiifiu-iinii dbovatum Hocr., 77; Gun.
l>i/r/fur/ni Sclieff., 77.

( iooselx'i r\
, piiiiin in of red autumn

leaves, 56.

Gorgonia r< rrucoxa, 169.

Gorse, xanthophylls in flowers of, 73.

dtixxt/iHinn Itii-xii I mil, 87.

Gossyptin, 21.

(irnntia coriacea, 170.

Grains, carotinoids in. 86-88.

(Irape, autumn pigments of, 58.

Grape leave-, carotin content of, 249.

(iras-. carotin content of, 249.

Graptophyllum /i^-linn Griff., micro-
chemical cry.-tals in yellow spotted
leaves, 55.

Grasshoppers, 160, 171.

Great red macaw, pigments in feathers

of, 143, 145.

(Irecn altiae, carotinoids in, 102-106,
122.

Grenilabrus melops, 161.

Groundsel, carotinoids in flowers of, 74.

Guernsey cattle, relation of skin color
to fat production in, 275-277.

Gymnodininni {/ilix, 108.

Gymnosporangium jmtipcrinnm, 114.

Haematochrome, 104, 105, 109.

///. inolococcus plm inlix, 92, 103, 105,

109, 117.

Ilnlina Jiiicl:l(iinli, 170.

Halichondria ailx xc< ti.<, 170; //. carim-

riila, 170; //. iitrruxtdit*, 170; H.pani-
cca, 170; //. nixm. 170; //. xmii/uinea,
170; //. seriata, 170.

Ilnlidryx xil<>(/ini.<(i. 95.

Hal !i.<i rix polypodioides, 96.

Haematoidm of blood exudates. etc.,

23; corpus luteuin, 11, 126.

I la. molutein of cor]ui- luteuin. 14, 126.

Haemolvmph of niM'ci-. c.irotinoids in,

155-158.

I ' :n niolymjili \antlio]iliyll. origin of
from food m case of caterpillars, 183,

185, 197.
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Hawkbit, crystalline carotin from, 69.

Hawkweed, carotinoids in flowers of,

73.

Hawthorn, autumn pigments of, 58.

Hazelnut, autumn pigments of, 58.

Hedera helix, 36, 58, 65, 249.

Helenium autumnale, 73.

Helianthus annus, 52, 67, 87.

Helix pomatia, 167.

Hemerocallis Middcndirffii Trautv. and

Mey., 73.

Hemp leaves, carotin content of, 249;
etiolated pigments of, 52.

Hemp seeds, effect of on color of egg
yolk, 87.

Hens, laying, effect of feeding red pep-
per to, 188.

Hi'terosithonales, 104.

Hieracium murorum L., 73; Hieracium

Pilpsella, 73.

Hircinia spinosula, 170.

Hippolyte variaiis, 161, 189.

Holothuria nigra, 166; //. Ocnius brun-

neus, 166; //. Poll, 166; //. tubulosa,
166.

Holothuroids, 165, 166.

Honey locust, autumn pigments of, 58,
62.

Honeysuckle, carotinoids in fruit of,

75, 80.

Hop tree, autumn pigments of, 58.

Hurdt'itm rulgare, 52, 88.

Hornbeam, European, autumn pigments
of, 58.

Horsetail, red carotinoid in, 65.

Hydroidictyon utriculatum, 105.

Hydrusus penicillatus, 109.

Hyla arborca, 149.

Hymeiuaddon albesccns, 170.

Hymcnomycetes, 113, 114.

Hyssopus officinalis, 251.

Identification of carotinoids in biologi-
cal products, 240-247.

Idotca, influence of food on color of,

185.

Imperfect fungi, carotinoids in, 119.

Indian crocus, pigment of, 22.

Iodine derivative of carotin, 26, 27, 45.

Iodine color reaction of carotinoids,
limitations of for animal tissues, 243.

Impatiens Noli-tangiTC, 73.

Insects, pigments of, 155-161.

Internal organs of mammals, carotin-

oids in, 133, 134.

Inula Helenium L., 73.

Invertebrates, carotinoids in, 154-172.

Iris Germinia, 58; Iris pseudacorus L.,
73.

Isatis tinctoria L., 72.

Ithaginus cruentatus, 144.

Ivy leaves, carotin content of, 249.

Japanese Aokiba, carotinoids in natu-

rally yellow leaves of, 54.

Japanese Rose, carotinoids in, 74.

Japanese spindle tree, carotinoids in

naturally yellow leaves of, 54; in red
arils of, 86.

Jersey cattle, relation of skin color to
fat production in, 275-277.

Jerusalem Cherry, carotinoids in, 75.

Johannis berries, erythrophyll of, 34.

John Dorey, xanthophyll in skin of, 147.

Juglans regia, 58, 249.

Juniperus virginiaca, 59.

Kerria japonica D. C., 74.

Kidney bean, pigment in etiolated
leaves of, 50, 53.

Kleinia Galpim, 74.

Kniphofia aloodes, 74.

Laccrta ag'dis, 150; L. muralis, 150.

Lacertofulvine, relation of to xantho-

phyll, 150.

Lactochrome, 131.

Ladanum kybridum, 74.

Lady-slipper, xanthophyll in, 72; other

pigments in, 74.

Laminaria saccharina, 93, 94, 96; La-
minaria digitalis, 96.

Lantium album, 44.

Larch, European, autumn pigments of,

58.

Larix europaca, 58.

Lark's Spur, carotinoids in, 73.

Laurcncia pinnatifida, 101.

Lcandcr serratur, 161.

L> (itht-sia marina, 96.

Leaves, carotinoid content of as af-

fected by sunlight and shadow, 255.

Lemania fluviatilus, 101.

Lemon, absence of carotinoids from, 78.

Ltontedon autumnalis, 69, 74; Leon-
tedon taraxacum, 74.

Leopard's bane, xanthophyll in, 72,
73.

Lcotia lubrica, 116, 117.

L(.']>idium Draba, 58; Lepidium sati-

i urn, 52.

Lepidoptera, 155-158.
Li pralia joliacea, 168.

Leucocyan reaction of alcoholic ex-
tracts from brown sea-weeds, 96;
from diatoms, 107.

Leuconia Gossei, 170.

Leucoplastids, 29, 48.

Leukophyll in etiolated leaves, 49.

Lichnoxanthin in fungi, 114.
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I iiang phenomena, similarity of

Dswett'a chromatographic analvsis to,

i:;.

Liliuni croci uni I'haiv, 72; I.iliuin bul-

!i ruin, 7 I.

LiJy-of-the-valley, autumn pimnents of,

58.

I. ma-carotin, 23, 159.

Lina populi, 159; L. tr> iniiliK', 159.

Linden, autumn-xanthin m autumn
leaves of, 60; carotin content of

leaves of, L'l'.i.

Liniuni usitatissimum, N.
Lipochrin, 149.

Lipochrome, general properties of, 16;

orimn of name of, 16; pronunciation
01, 9.

Lippchromemia, 194.

Lipochromogens in Crustacea shells,

transformation of into lipochromes,
In I, 165, 172; in echiuoderms, 167,

17-'.

Lipocyan crystals produced in bacteria,

121; in fungi, 114, 118, 119; for lina-

carotin, 159.

Lipoids, effect of on properties of ani-

mal carotinoids, 13.

Lippxanthins, general properties of, 17;

origin of name and pigments included

among, 17.

Liriodendron tulipijera, 58, 74.

Liver of arthropods, cholechrome in,

168; of fish, zoonerythrine in, 148;
of mammals, carotinoids in, 134; of

molluscs, cholechrome, entcrochloro-

jihyll and lutein in, 167, 172; of rnol-

hiscs, influence of food and hiber-

nation on pigments in, 186.

Lizards, carotinoids in, 149, 150; chro-

matophor control of skin color in,

150.

Loasa lattricia, 74.

Lobster blood, absence of tetronery-
thrine from salt water species, 162;
ether-soluble pigment in, 161.

Locuxla viridissima, 160.

Locusts, 160, 171.

. '-'19.

Lombardy poplar, autumn leaf pig-

ments, 55.

J.it'i-i_ria lataria, 75; Luu<-
'

/ Xylos-
t< um, SO.

Lulju yiyunt ./. _'.")!.

Lutein, as ,-pccific name for egg yolk
1'i^iiH in . l.'i; general priipcrtics of,

l.'i; in fluui re, U7; origin ui name, 14.

Li:
1

nlin of corpu.- luteum, 1 1,

L26.

Luteolin, 21.

309

/ urn* i in
i>< rialis, 1 16.

aromatica, 71.

/. ago 1 111; L. jlnrojus-
Cinn, llil.

I.ycdjii rsicin, 83.

ui n in
, 69, 82.

J.ycupin, aa caus( "i \\mtrr color of
conlii i's, (ill, !lll; cnmpn-il ion and
prtiptini'.- of, ^.; s

."'. -'-'J-L'-'I
;

(lilli.-

of -''paration ol from carotin, 2- 1
;

i tii ri of oxygen on, 238; factors in-

lluencing it.> formation in tomatoes,
266; halogen derivatives of, 239;
method of i-olation of, 215; micro-
cliemical identification of in plant
tissues, I'll

; odor of during oxidation,
239.

Lycopinoids of Lulumenko, 20.

Lycopin crvstals, color and form of,

238; solubility of, 238.

L. xanthophyll, 40, 42; in autumn
leaves, 61; relation of to egg yolk
pigment, 173.

Mackerel, xanthophyll in skin of the,
147.

Maclaurin, 21, 57.

Madura aurantiaca, 57, 58.

Macrozamia species, 59.

Maidenhair tree, autumn pigments of,

58.

Maize, yellow, carotinoids in, 15, 87,

91; vitamin A in, 269.

Muja squinado, 18, 162.

Manctlia bicolor Taxt., 72.

Maple, carotin content of leaves, 249;
common Euro]" an, autumn pigments
of, 58; Norway, autumn pigments of,

58.

Marguerite, carotiuoids in, 73.

Marigold flower, carotin and xantho-

phylls in, 69, 73, 74.

MtixkiL'allia Veitchiana, 75.

Mi rintoji.o,-; cambria \ ig., 74.

M<<l/cayo saliva, 45.

M !/al(j]>rt ]>ia inu<jiiijica, 111.

Melampsora /S'o/a-/.-,- cajinm, 114; M.
a< cidtudis D. C., 111.

M<;a.>ittu populi, 159; M. XX-punc-
tatuin, 159.

M liloplti lijjir/ituli.-;, 71.

Merry Soli , carotin in skin of the, 147.

Meiliyl-ethyl maleic acid anhydride,
lelaiion of dei i\-alive of to lipo-

diromc, 236.

Microchemical ci \ .-talli/ation methods,
_'s. in.-), I'll.

Micrococcu* njiiih ln.i, ll'l
; M. aurcus,

li'(i. ui; M. Erythromyxa, 121, 122;
Micrococcua (IStapk.) pyogcnes an-
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reus, 120; M. rhodochrous, 121; M.
supcrbus, 121.

Microcystis (Polycystis) flos aquae
\\ntr., Ill, 112.

Mildew?, carotinoids in, 118.

Milk fat, carotinoids in, 131, 132, 151;

human, origin of color of, 193.

Milk fat formation, significance of caro-

tin-albumin complex of blood in, 209.

Milkweed, carotin in flowers of, 72.

Milk whey, lactochrome in, 131.

M/inidus mosthatus L., 72.

Miradilis Jalapa, 58.

Mirbius viridis, 160.

Mite, common red, lipochrome in, 161.

Molds, carotinoids in, 118.

Molisch microchemical technic for caro-

tinoids, 241.

Molluscs, carotinoids in, 167, 168.

Momordica balsamina, 72, 86; Momor-
dica charantia, 76.

Monilia sitophila (Mont.) Dace., 119.

Mono-carotin, 159, 177.

Morin, 57.

Morus alba, 36, 58.

Mouse-ear Hawkweed, carotinoids in

flowers of, 73.

Mucor flaius Bainer, 118.

Mulberry, autumn pigments of, 58;
loaves, carotin in, 36.

Mullein pollen, carotin sole pigment of,

71, 115.

Mullein, xanthophylls in flowers of,

73, 74.

Mullus barbatus, 147.

M it f'i< na Helena, 147.

Mushrooms, carotinoids in, 113, 114.

Mutkmelon, pigments in fruit of, 76.

Musk plant, xanthophylls in flowers

of, 72.

Mussels, carotinoids in liver of, 167.

Mustard-seed oil, pigment of not caro-

tinoid, 87.

Mycctozoa, 119.

Myristica jragrans Houtt., 87.

Mytilus edulis, 167.

M i/.romycetes, 118, 119.

Myxophyccae, 110-112.

X;i.-turtium, xanthophylls in, 73, 74;
other pigments in, 75.

Narcissus, poet's, carotin the predomi-
nating pigment of carona of, 71, 72.

Narcissus poeticus L., 72; Narcissus
Pseudo-narcissus L., 72, 73; Narcis-
sus taxetta, 75.

Narcissus Polyanthus, anthocyanins in,

75.

Naturally yellow leaves, carotinoids in,

53-55.

Naricula viridis, 107.

Necrobiotic phase of autumn colora-

tions, 56.

Ncctria cinnabarina, 116, 117.

Nectriin, or nectria red, 117, 118.

Nemalionales, 101.

Nenga Schefferiana Becc., 77.

Nephrops norwegicus, 164.

Nertera depressa Banks and Soland, 77.

Nereis virens, 168.

N< rophi-s oequoreus, 147.

Nerves, carotinoids in, 134, 135.

Nettle leaves, carotin from, 36, 45;
dead nettle, carotin and xanthophyll
in, 44.

Neutral fats, color of after staining
with Nile blue, 245.

Nodularia, 111.

Nomenclature, causes of diversity of

among yellow animal pigments, 13;

among yellow vegetable pigments, 14.

Non-carotinoids, yellow and orange
colored in animals, 22, in plants, 21.

Nonnea lutea D. C., 72.

Nostocacea, 111.

Nicotinia tabacum, 249.

Nile blue, differentiation of neutral fats

and fatty acids by, 245; effect of on
animal carotinoids, 245, 246.

Nitclla spores, 102.

Nitzschia Palea, 107; Nitzschia sig-

inoidca, 107.

Nuphar luteum Sibth., 74.

Nutmeg, non-carotinoid pigments in

aril of, 87.

Nyctanthin, a yellow pigment re-

sembling carotinoids in composition,
22.

Oak, English, autumn pigments of, 58;
red, autumn pigments of, 58, 60.

Oat leaves, etiolated pigments of, 52,

53; oat grain, carotinoids in, 88.

Odintiglossums, 75.

Odor of oxidizing carotin, 233; lycopin,
239; xanthophyll, 237.

Otdogoniales, 104.

Oenothera biennis, 74.

Olea Europaea, 249.

Oleander leaves, autumn yellow pig-
ments of, 59.

Olive leaves, carotin content of, 249.

Oncidiunis, 75.

Onion flowers, pigments of, 74.

Ophiurine, 167.

Ophiuroids, 165, 167.

Orange Hawkweed, xanthophylls in

flowers of, 72.

Orange skin, carotinoids and other

pigments in, 81.
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Orangin, :in orange pigment in skin and
IIV.T o!" starfish. IOC.

Orange xanthophyll of Sorby, in brown
algae, !l.">; in blue-green algae, 112.

Orchid. xantliti|iliylls in, 72; anthocy-
ar.ni> in. 75.

Origin of animal carotinoids, early
theoric- regarding, 1S2. 183.

Oiigin ui plant carotinoids, 266.

Ortliopttru, 160.

Oiijzn Mitira, 88.

< >~age orange, pigments in yellow au-
tumn lea\ es nf. 57, 58.

Oscillatoria (Oxfiliaria) limosa, 111; 0.

laptntriclin, 111; 0. Froclichii, 111.

( )s>nt nix i pi r/<niity, 147.
< i-mic acid, as dye for carotinoids, 244.

Oxidation. effect of on properties of

carotinoids, 13, 14, 27, 218, 231, 233,

238, 246.

Oxidation of carotinoid granules in

animal tissues, effect of on staining

properties, 246.

Oxidase in animals, as cause of lack of

carotinoids, 196.

Oxonium salts of fucoxanthin, 98, 99,
231.

Pachymatisma Johnstonia, 170.

I'tiilina Paronia, 96.

Palm oil, carotinoids of, 77; Palm
fruits, carotinoids of, 77.

Paloemon i-iridia, 165.

Paruianus polycephalus Lam., 77.

Pansy, xaiithophylls in, 73.

I'rnuii.o a papuana, 143, 145; P. rubra.
143.

Paradiseofulvine, 144.

1'nroaria cucullata, 144.

Parrots, red and yellow pigments in

feathers of, 143-145.

Parsley, crystalline carotinoids from by
Borodin, 35.

Parsnip root (Paslinaca satira), 28.

Pnxsijlora coerulea, 86.

Passion flower plant, pigment in arils

of, 86.

Pupilio Machaon, 157.

P<i]iHlina suberea, 170.

li tree leaves, carotin in, 36; caro-
tin content of, 249; erythrophyll of,
34.

Pea leaves, carotin content of, 249.
Pear tree, pigment of autumn leaves

of, 31, 56, 58.

Pepperwort, autumn pigments of, 58.
/' n-n tin i

iutili.f, 186.

Perch, ciah-eating, influence of food
on color of, 186.

Peridinicae, 108, 122.

Peridinin, ins.

/' r'nininini (Sir, n/i n*, IDS.

ix. .'!(i. 249.

Ptrnleiini eilur in Krau> >epa ration,
32.

/'r troxi-liitiim sill i rum, 35.

Periwinkle leaves, carotin content nf,

249.

/' ;i;n intnuilia, 116, 117; /'. liimlnr,

116; P. scuti'llaln L., 116.

P'exixa xantllin, 116.

Plt(i>'<>i>ln/ri ac, 93-100; quantity of

carotinoids in, 99.

I'inn <>xjii>r<i<< N, 95.

/'//r;.sro/)/.s rii/t/urix, 50, 249.

Phenol-glycerine reagent in Molish
microchemical crystallization method,
105, 118, 237, 242.

Pliilubolus cryxtallinus, 118; P. Kleinii,
118; P. Oedipus, 118.

Phlegoenus crucnta, 144.

Phormidium vulyare, 111.

Phragmidium violaceum, 114.

Phrrhocoris aptcrus, carotin in tegu-
ment of, 158, 177.

Phycoerythrin, as chief pigment in

red algae, 100, 122; analogous pig-
meiit in Dinoflagellates, 108.

Phycochrome, 111.

Phycocyan, 96, 111.

Phycomycetes, 118.

Phycopelpis amboinumis, 105; P. aurea,
105; P. epiphyton, 104; P. maritima,
105; P. teudii, 105.

Phycophain, a post-mortal pigment in

brown sea-weeds, 94, 96, 98, 122.

Phycoxanthin, 94, 95, 97, 107, 111, 112.

Phyllocyanine, 29, 49, 56.

Phyllodium dimorphum, 105; P. in-

certurns, 105.

Phyllofuscin, 54.

Phyllospora Brodiaci, 85; P. mcmbrani-
jolia, 95.

Phylloxanthine. 29-31, 33, 49, 56, 60.

Phylogenetic origin of carotinoids, 126.

Physalis alkekcnzi, 79; P. Franchetti.

74, 80.

Physico-chemical properties of caro-

tinoids, 43.

Phytophagus larvae, carotinoids in.

155-161.

Pyrochra coccinca, 159.

P '-rides, 144, 145.

Picofulvine, 144.

Picus major, 111.

Pigeons, pigment in blood serum of,

140; on legs, 195.

Pipe Fish, carotin and xanthophyll in
skin of, 147.

Pisum sativum, 52, 249.
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Plaice, carotin in skin of, 147.

Plantago (plaintain), 44.

Plant lice, green, carotinoids in, 158,

171.

Plant tissues, microchemical identifica-

tion of carotinoids in, 240-242.

Plaster of Paris, as aid in isolation of

carotin from blood, 207.

Platanus acerijolia, 255; Platanus ori-

entalis, 58.

Platisama Cocropia, 157.

Pleotrachelus julgens, 118.

Pleuroncctes fiesus, 147; P. platessa,

147; P. limanda, 147; P. microccpha-

lus, 147.

Poison ivy, autumn pigments of, 58.

Polychaetes, carotinoids in, 168.

Polychrome, 56.

Polycystin from Polycyslis flos aquae,
relation of to carotin, 112.

Polygonum sachalincnse, 68.

Polyidcs rotundas, 101.

Polynpe spinifcra, 168.

Polysiphonia species, 101; Polysiphonia
nigresccns, 101.

Polystigma rubrum, 116, 117; P. Ochra-
ceum (P. julvum D. Cj, 116, 117,

118.

Polystigmin, properties of, 117.

Polyzoa, lipochrome in cuticular skele-

ton of, 168.

Pond Lily, European, carotinoids in,

74.

Pond weed, rhodoxanthin in, 47, 66, 216.

Pontellina gigantca, 164.

Poplar, autumn pigments of, 58, 60.

Poppy, Welsh, carotinoids in, 74.

Populus alba, 58; Populus canadcnsis,

255; Populus jatstigiata, 55; Populus
nigra, 58; Populus tremula, 58.

Porifera, 169.

Porphyra liiemalis, 101 ; Porphyra laci-

niata, 101
; Porphyra vulgaris, 100,

101.

Postmortal phase of autumn colora-

tion, 56, 63.

Potamogeton natans, 47, 66, 216.

Potassium dichroniate standard, color

of in comparison with carotinoids,

253, 254, 260.

Potato leaves, carotin content of, 249.

Potato sprouts, effect of light and dark
on carotinoids in, 53.

Potato, sweet (Ipomoca batatas), 28.

Prawns, carotinoids in, 161.

Primrose, European Evening, carotin-

oids in, 74.

Primula officinalis, 72.

Privet, winter reddening of, 65.

Promycelia spores, 114, 116.

Prorocentum micans, 108.

Protochlorphyll, relation of to etiolin,,

50.

Protococcus (Pleurococcus) pluvialis,

105; P. vulgaris, 105.

Prun us armcniaca, 76; Prunus avium,
68; Prunus cerasus, 34, 56.

Pseudozoorubin, 143.

Psuttacofulvine, 144.

Ptelca trijoliata, 58.

Pti-ris aquilina, 249.

Ptychandra glauca Scheff., 77.

Ptychosperma elegans Blume, 77.

Puccinia coronata, 114.

Puff-balls, 113.

Pumpkin, carotin in, 36, 78, 79.

Pygacra Bucephalus, 156; P. meticw-

losa, 156.

Pylaiella litoralis, 95.

Pyrenomycetes, 116, 117, 123.

P yroccphalu-s rubincus, 144.

Pyrrhula rulgaris, 144.

Pyrus communis, 29, 56, 58; Pyrus ger-

inanica, 58; Pyrus ussuriensis, 58.

(Jinrcus rubra, 58, 60; Quercus Robur,
58.

Rana esculcnta, 149, 185.

Ranunculus, 69; Ranunculus acris L.,

73; R. Aricomus, 74; R. Ficaria, 74;
R. gramincus, 74; R. rcpens, 74.

Rape leaves, carotin content of, 249.

Rape seed, effect of on color of egg
yolks, 87.

Rape-seed oil, pigment of not carotin-

oid, 87.

llnphanus raphanistrum L., 73.

Rats, growth of on carotinoid-free diets,

270.

Red Algae, carotinoids in, 100-102.

Red currant leaves, carotin content of,

249.

Red pepper pigment, 69, 82; feeding
of to canaries and fowls, 187.

Red xanthophyll, 20, 47.

Reptiles, carotinoids in, 149, 150.

Retina, carotinoids in, 126, 140-142,

149, 152.

Retinal epithelium, absence of col-

ored globules from in cow, man, pig,
and snakes, 142.

Retinostora plumosa, 59.

h'hiiuscis scalaris, 150.

Rhodophane, 23; in bird feathers, 143;
relation of to zoonerythrine, 143; iu

bird retinas, 141-142; relation of to

tetronerythrine, 142; in Crustacea,

162; in echinoderms, 166; in worms,
168.
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Rhotl<i|'!i:ttli -like pigment in .-polities,

169; in Tnlni/nrm nuitrisn, Kill.

Rhodophyceat ,
luo-urj.

Rhodoxanthin, 2d, 17. r><>, !); method
of isolation of, 2I(>, 217; iniero-

chemical identification <>i in plant
t Leslies, 1M1.

Rhodoxanthin solutions, properties of,

22U-230.

Rlnxlyint niali'x, 101.

Jill us to.iifodi mlrun, 58.

h'fti/ncftota, 158.

titles nurt uin. 73; Ribcs rubnnn, 249.

minis glossitlarin, variety rubra, 56; Hi-
bus nigrutn, 34.

Rice, polished, carotinoids in, 88.

Rii'uhiriiifi at , 111.

1-tobinia pseudo-acacia, 249.

.ftcwa can ina, 80.

Roaaccai, autumn reddening of, 65.

tiosa rugosa, 58, 81 ; Rosa species, 74 ;

pigments in. fruits of, 80.

Roots, yellow, need of study of pig-
ments in, 88.

Rugosa rose, autumn pigments of, 58;

xanthophylls in fruit of, 81.

Rubicen, a red non-carotiuoid hydro-
carbon, 236.

Rubus caesius, 251.

Rudbeckia Neumann, 74.

Rutabaga, pigment of, 29.

Jiuta graveolens, 251.

Rusts, carotinoids in, 113-116, 123;
function of carotinoids in, 263.

Rye straw, yellow pigment of in au-

tumn, 59.

Sacaline, autumn pigments of, 58.

Salamanders, carotinoids of, 149, 153.

Salamandra maculosa, 149.

Salix babyloxica, 58.

Salix Caprca, 58.

Salmon, fading of flesh of during mi-

gration to spawning beds, 271.

Salmon muscle, pigments of, 147, 148,

152; as modified carotinoid, 195.

Salmon pigments, influence of food on,

f

184.

Sambucus nigra L., variety aurca, 54;
SambltCUS nigra juliix lutrix, 54, 55.

Saponification, effect of on carotinoids,
205.

Saturnia Pcrnyi, 157; S. Pyri, 157.

Saxijraga umbrusa, winter reddening of,

65.

Scarlet Red, as dye for carotinoid.- in

animal tis-m -, 211.

Scomber scombrus, 147.

Scorpoena scrofa, 147.

Scotitwyphaera paradoxa, 105.

nun-, ae, 1 1 1.

S> 'a eui'iiiiiln i-, (.iiMiiiii.nl- in, KM, 166.

s> i lilies, carol innnls m, iti.'i, n;7.

Si -a lirrlilli-
1

,
(Ml (.1 lln H'l- III. KM, Ki7.

Seeds, carotinoids m, sii-s.s.

59, ii").

S( ' llf/lll ,S (///)((, 1 \~>.

Si .-Miin '-.M ill ml, piuinriii nf not a caro-

tinoid, 87.

: iinun uiiln-nin, 87.

Shank-, jiinniciit- ul i-kin of in fowls
and oilier bird-, 1 Id, 1 15.

Silk, i-ulor of as inlliienrrd by color
MI' blond u!' <ilkwonn, 186.

>S/lfili'itrn IK rjnlnil nni, 74.

Silver iiojilar, autumn pi^un nis of, 58.
,s napadix l'i lr-li/un<i llort., 77.

Si>uii>/x alba, 52, 71.

Siphocampylos bicolor G. Dow., 72.

Siphonales, 104.

Siphonocladiah .s, 104.

Siphonostoma <ltplu<-h(i<tux, 168; Si-

phonostom'a li/phl* , 1 17.

Sisymbrium Suphin, 71.

Macao, I !'.. 145.

Skin, cause of I'admg of in fowls during
egg layini:, 27:i.

Skin u! nianiinals. carotinoids in, 135-

137; eiiect of diet on, 135-137, 193,

l'J4, 273.

Slime molds, carotinoids in, 118, 119,

^
123.

Smelt, carotin in skin of, 1 17.

Xnn'rittthux Oscellatux, 156; S. Popnlt,
156; S. T iliac, 156.

Smuts. 113.

Snail-, c.uotinoid in liver and shells

of, 167, 172.

rarniinoids in, 149, 150.

Sneezewood, carotinoids in flowers of,
73.

Snlanorubin, 82, 101.

Solarium rai-innhu.-.um, 76; S. dccasc-

palum, 77; ,S. dulcamara, si; X<ii<i-

cum, 75; fra/mtum
lulu rosum, 219.

S< i a. ii / piijijin.^i, 166.

Sn/i n varii an, n. 1 17.

SoK-mts IMI carotinoids, 2111.

Sorb ( Irantz., su
; Si aucu-

paria, 56, SI.

Sj/ii a, 116, 118.

Si>: ml >!:.. I 20, 121 . 12.;.

Sj><ir,ii<iii/u africana, 5S.

Spa : . 116, 117.

irol molds in animals,

origin of, mii. 197.

Spi Cl I OSCI ipic absi 'I
|

'I il 'II proper! les of

eai oi m si 'Inn i _'''-222
;

M) .-olid

carotin, 222; ni fucoxanthin, 2;;!
;

of
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lycopin, 223, 224; of rhodoxanthinj
230; of crystalline xanthophyll, 223,

22S; of xanthophyll a, 228; of xan-

thoj'hylls u' and a", 229; of xan-

thophyll (3, 229.

Spermothamnion roseolum, 101.

tip/imri'lla (Hacmaioccus or Chlamy-
dococcus} pluvialis, 105.

S/i/Hit rtiplfucea, 104.

S/ilu/ij- Ligustru, 157.

Spider crab, red pigment in eggs of,

162, 163.

Spinach, as source of carotin, 36; caro-

tin content of, 249, 250.

tip/iuicliia intnHix, 249; Spinachia
olcracca and glabra, 36.

Spindle-tree, European, pigments in

fruits of. 76.

Spiraea species, variety aurca, 54.

Kpirogyra, 35, 103, 104; Spirogyra cras-

sa, 104; S. maxima, 104.

Sponges, carotinoids in, 169, 170, 172.

Sporidia, 114, 116.

Spring Adonis, carotinoids in flowers

of, 73.

Squash, pigments in yellow varieties of,

79.

Startiuni juncmm L., 73.

S/< tnonitis fcrruginea, 119; S. fusca,
119.

Stickococcus majus, 104.

Stilophorum diphyllum Nutt., 72.

Slinging nettle, carotin content of, 249,
250.

Stone-worts, carotinoids in, 102, 122.

Stramonium, carotin content of, 249.

Strelitzia Reginae, 74.

Strawberry Tomato, carotin in, 79.

tiuberites flai-us, 170; S. massa, 170; S.

domuncula, 170.

Sudan III, as dye for carotinoids in

animal tissues, 244; effect of feeding
to fowls, 138, 274.

Sudanophiles, 245.

Sulphuric acid color reaction, non-

specificity of for carotinoids, 233,
243.

Sunflower leaves, etiolated pigments of,

52.

Sunflowers, xanthin in, 67; xantho-

phylls in, 72.

Sunflower-seed oil, pigment of not a

carotinoid, 87.

Sycamore leaves, autumn pigments of,

58; carotin content of, 249; carotin

in, 36.

Syngnathus acus, 147.

Tagetcs (.recta, 73; Tagetes patula, 74.

Tamus communis, 80, 81.

Tanernomontana pcntastycha Scheff.,
77.

Taxodiutn distichum, 58; Taraxacum
officinalc, 70, 72, 73.

Taxus baccata, 59, 86, 216, 249.

T( (/until Muggiana, 170.

Ti l( a Polyphemus, 157.

Tt it Ida spiciosissima, 74.

Terebella species, 168.

'l\thya Lyncurcum, 170.

Tetronerythrin, 23; in blood of lobster,
crab and crayfish, 162; in fish livers,

148; in fish skins, 146; in wattles and
"roses" of pheasants, 142.

Thi.rmopsis lanceolata R. Br., 74.

Thuja cricoidi'S, 65; Thuja orientalis,

59, 66, 216, 230, 251 ; Thuja standishi,
65.

Thujorhordin, 65, 66; relation of to

rhodoxanthin, 66.

Tiga tndactyla, 145.

Tigerfinch, pigments in feathers of,

143, 144.

Tilia, 60; Tilia platyphylla, 249.

Tillandsia spltndens, 74.

Toads, carotinoids of, 149, 153; loss of

skin colors of in winter, 185.

Toadstools, carotinoids in, 113, 114.

Tobacco leaves, carotin content of, 249.

Tolypothrix species, 111.

Tomato pigment, 69, 75, 82-85; tomato
plastids, 68.

Tomatoes, carotin and lycopin forma-
tion in during ripening, 266; effect of

temperature of ripening on lycopin
formation in, 266; isolation of ly-

copin from, 215; suppression of ly-

copin in, 266.

Torch Lily, carotinoids in, 74.

Tortoise, xanthophyll in, 150, 153.

Torula cinnabarina, 119; T. rubra, 119.

Touch-me-not, carotinoids, 73.

Tree tomato, lutein in, 75.

Trentepholia (Chroolepus] aurea, 104;
T. aureum-tomentosum, 104; T. bi-

sporangiata; T. crassiaetta; T. cy-
ania; T. jolithus; T. maxima; T.

moniliformis; T. umbrina, 104.

Tricosanthus, 76.

Trigla cuculus, 147; T. hirundo, 147.

Trtticum vulgar-e, 88, 249.

Triton crislalus, 149.

Tritonia aurea, 74.

Trogon Massera, 144.

Trollius asiaticus L., 72; Trollius euro-

paeus, 74.

Trombidium, 161.

Tropaeolum majus, 73, 74; T. minus, 74.

Tropical fruits, pigments of, 76, 77.

Tubularia indivisa, 169.
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Tnli/in (,', SIK i-'iinn I... 71!, 71; Tulii
!irt< ;i.v7.s' (I'dijrl >/>.. 7 1

Tulips. :mili(ir\MIIIIIS in, 7~> ;
xantho-

plnlls in. 71!.

Tulip tree, autumn pigments of, 58;
rami in in tlnueis nf, 7L1

.

TurkV-r;ip gourd, pigments of, 78.

Turnip leaves, .nolated pin-mi nts of,

52.

Turnip root, yellow (Brassica Rapa L.),
relation of red piument in to lycopin,
29.

Turtles, carol inoids in, 149, 150.

Farfara L., 73.

rranidini\ a skin pigment of sea cu-

eumlier--. 166.

/ edineae, 113-116, 263.
;
i> i upl/raxir, 114, 116.

I'redo spore?, color of, 115.

I'ric acid derivatives, butterfly pig-
ments caused by, 155.

I'ronu/ccs alchcmillae, 114.

I'rlica, 36, 45; Urtica dioicn, as source

of carotin, 202; carotin content of,

249.

I '!> .r cjiro]>a< UK, 73.

I'lniuft cainji, .--/r/'x, 58, 59.

I'Ira Inctnca, quantity of carotinoids

in. 103.

Ulvales, 104.

Unsaponifiable matter of fats, caro-

tinoids and vitamin A in, 206.
I alaria grandiflora, 74.

Vaucheria species, 104.

Vegetable oils, as solvent for chloro-

phyll in Kraus separation, 32; lack

of correlation between pigmentation
and vitamin content of, 270.

Virbascum species, 73; Vcrbascum
thapsiforma, 71, 74, 115.

mum Opulns, 77; Viburnum Tinus,
251.

Vhii-a Mnjor, 249.

Viola b/flora, 74; Viola cornuta L., va-

riety DaMowic yellow, 74; Viola
Inhs, 74; Viola odorata, 71, 74, 249;
\ tula tricolor L., 73.

Yiulrt alcae, 104, 105.

\"inlpf. Jliiiind, carotiimids in, 74;

sweet, quantity of c:irotin in, 71, 247;
(Mi-nf inoid.< in, 74; yullow petal, caro-
tiimids in. 7.

Virb . 1R1.

Vitamin A, extractability of from al-

t'all'a. carrots and yrllmv maizr, 269;
ivlatinn.-lijp nf tr, cMiiitiiKJid.s, 268-270,
271

Vitellolutein, 162.

Vitrlloruhin. '2:\. ir>J

I'/O.s- cuii/iii I "i: ,
.~>s

;
1 fi fO, -III.

\\'nlilsi, ii/in, i/, aides, 7 1.

Wall-llmvcr, \antliojiliylU in, ~'l
;

an-

tll(ic\ :ilims ill, 75.

Walnut lca\ '( in content (if, -111.

\\'astc pi-mil, ,t moids as in plants
and animals, 262, 263.

Watermelon, pigments of lloh of, 78.

Wheat leaves, carotin content of, 249;

flour, unbleached, carol inoids of, 88;

seedlings, etiolated pigments of, 52,

White Beam-tree, carotinoids in fruit

of, 80.

Wild Ginger, carotin in fruit of, 79.

Willow, Goat, autumn pigments of, 58;

weeping, autumn pigments of, 58.

Winter Aconite, carotinoids in, 73.

Woodpecker, pigments in feathers of,

143-145.

Worms, carotinoids in, 168, 169; color

of as influenced by food, 186; non-
carotinoids in, 154.

Wra.->e, carotinoids in, 161.

Xanthei'ns, relation to anthocyauins and

flavones, 67.

Xant hernia, 136.

Xanthia flarago, 157.

Xanthin of C. Krause in autumn
leaves, relation of to carotin, 60; of

Dippel, relation to carotin and xan-

thophyll, 34; in yellow leaves, 54;
of Fremy and Cloe'z, 67.

Xanthocarotin, 38, 39; alleged transfor-

mation of to xanthophyll, 39; rela-

tion of to carotinoids, 39.

Xanthomelus aureus, 144, 145.

Xanthones, 21.

Xanthophanes in bird retinas, rela-

tion of to xanthophyll, 142.

Xanthophane-like pigment in Tubu-
laria indirisa, 169.

Xanthosis, 194.

Xanthophyll, absorption of oxygen by,

237, 238; alleged production of from
carotin and chlorophyll, 265; consti-

tution of, 238; effect of alkalis on,

225, 226; excretion of by skin in

fouls, 274; halogen derivatives of,

237; isolation of from blood serum,

214, 215; from cgn yolk, 212-214;
from green leaves, L'li'.l-L'IJ, LV>1

;
lack

of hydroxyl, carl>o\vl and carlionyl

groups in molecule of, 17; origin of

name of, :!1 ; reduct ion of to carotin,

48; relation of to carotin, -1.

Xanthophyll a ti; distinguish-

ing properties of, 228; relation of to
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crystalline xanthophyll of Willstat-

ter, 45; to egg yolk xanthophyll, 45,

139.

Xanthophyll (3 of Kohl, not true xan-

thophyll, 44.

Xanthophyll (3
of Tswett, blue color

reaction of alcoholic solution of with

HC1, 33, 229; relation of to crystal-
line xanthophyll, 45.

Xanthophyll in brown sea-weed, 96;
in red sea weeds, 102, 122.

Xanthophyll in egg yolk, 15, 138-140;

composition and properties of, 174;
isomerism of with plant xanthophyll,
176, 180; method of isolation of, 173,

174, 209-215; origin of, 139, 197, 268;
relation of to xunthophyll a, 45, 139,

151; variation in melting point of

from plant xanthophyll, 175.

Xanthophyll cry.-t.-ils. color and form
of, 236; color reactions of, 237; odor
of during oxidation, 237; properties

of, 224, 236-238; solubility of,

237.

Xanthophyll series of pigments ac-

cording to Kohl, 38, 141; according
to Schunck, 38, 40, 41; according to

^Tschirch. 37, 38.

Xanthophyll solutions, properties of,

224-229; relative color of compared
to carotin. 22.">.

Xanthophylls, effect of acids on alco-

holic solutions of, 40, 41, 228, 229;
method of separation of by chroma-
tographic analysis, 226-228; micro-

chemical identification of in plant

tissues, 241, 242; separation of from

carotin, 252, 253.

Xanthophylls a' and a", distinguish-

ing properties of, 228, 229.

Xanthophylloids of Lubimenko, 20.

Xanthophyll-rich food, effect of on
color of butter, 192.

Yam, autumn pigments of, 58.

Yellow Day Lily, carotinoids in, 73.

Yellow carotin, properties of from

Crustacea, 164.

Yellow corn, effect on color of butter

of feeding to cows, 191, 271 ; probable
effect of feeding to cows on vitamin-
content of butter, 271.

Yellow xanthophyll of Sorby, iden-

tity of with Tswett's xanthophyll
3, "44.

"\ ew, autumn pigments of, 59; aril, pig-
ments of, 86; leaves, carotin content

of, 249.

Y. Xanthophyll, 41, 42, 70; blue color

reaction of with acids, 42.

Z( a mays, 87.

Zoonerythrine, as red pigment in bird

feathers, 143; in Crustacea, 162, 165;
in echinoderms, 166; in fish skins,

146; in fish livers, 148; in molluscs,

167; in salmon muscle, 148; relation

of to rhodophane, 143, 148.

Zoorubin, as red non-carotinoid in bird

feathers, 143.














