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GENERAL INTRODUCTION

American Chemical Society Series of
Scientific and Technologic Monographs

By arrangement with the Interallied Conierence of Pure and Ap-
plied Chemistry, which met in London and Brussels in July, 1919, the
American Chemical Society was to undertake the produetion and
publication of Scientific and Technologic Monographs on chemical
subjeets. At the same time it was agreed that the National Research
Council, ip codperation 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 ficlds 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 Chemieal Society, Washington,
D. C.; John E. Teeple, Treasurer of the American Chemical Bociety,
New York City; and Professor Gellert Alieman of Swarthmore Col-
lege. The Trustees have arranged for the publication of the American
Chemieal 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
cousidering critically the manuseripts prepared. The editors cf each
series will endeavor to select topics which are of current interest and
suthors 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 eape-
cially in chemistry, has been eo rapid during the last fifty years snd
the fields covered by this develgpment have been so varied that it is
difficult for any individual to keep in touch with the progress in
. 3 "



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 Handbuch der Organischen Chemie,
Richter’s Lexikon, Ostwald's Lehrbuch der Allgemeinen Chemie,
Abegg’s and Gmelin-Kraut's Handbuch der Anorganischen Chemie
and the English and French Dictionaries of Chemistry, it often takes
a great deal of time to cobrdinate the knowledge available upon a
single topic. Consequently when men who have spent years in the
study of important subjects are willing to codrdinate 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 Socicty.

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 n 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 ehemists 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-
resg 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 subjeet in
more detail. If the literature is so voluminous that a complete bibli-
ography is impracticable, a critical selection will be made of thoee
papers which are most important.

The publication of these books marks a distinct departure in the
policy of the American Chemical Bociety inssmuch as it is & serious
atteropt 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 cobperation ‘which can be

secured in the preparation of books dealing adequately with topics of
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generul 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 snd take sufficient intereat
to justify it.

AMERICAN CHEMICAL SBOCIL1ETY

BOARD OF EDITORS

Scientific Series:— Technologic Series:-—
Wiiianm A. Noves, Editor, Joun JomNston, Editor,
Giueerr N. Lewis, C. G. Denck,
Larayerre B. Mexoer, WinLian Hosgins,
Antnur A. Novss, F. A. Lipbury,

Jurius STIRALITZ. ArtHur D. LITILE,
C. L. Re=sE,

C. P. TowNSEND.



American Chemical Society
MONOGRAPH SERIES

Other monographs in the series of which this book is a part
now ready or in process of being printed or written.

Organic Campauﬂds of Mercury.
By Frank C. Whitmore. 397 pages. Price $450.
]nduatrml H dranen
Hugh 8. Taylor. 210 pages. Price $3.50.
The C’hemutry Emyme Actions.
By K. George 140 pages. Price $2.50.
The Vitamina,
By H. C. Bherman and 8. L. Smith, 273 pages. Price $4.00.
The Chemical Effects of Alpha Farticles and Elsctrmw
By Bamuel C. Lind. 180 pages, Price $3.00.
Zirconium and Its Com
By F. P. Venuble. Pnice 5250
The Propertics of Electrically Conduclmg Systems.
By Charles A. Kraus. Price $4.50
The Analysis of Rubber.
By John B. Tuttic. Price $2.50.
The Origin of Spectra.
By Paul D. Foote and F. L. Mohler. Price $4.50,
Thyroxin. By E. C. Kendasll.
The Properties of Sdica and the Silicates. By Robert B, Sosman.
Coal Carbonization. By Horace C. Porter.
The Corrosion of Alloys. By C. G. Fink.
Pie20-Chemistry. By L. H. Adams,
Cyonamide, By Joseph M. Braham,
Liquid Ammonia as a Solvent. By E. C. Franklin.
Wood Distillation. By L. F. Hawley.
Selubility. By Joe! H. Hildebrand.
Glue and Gelatin. By Jerome Alexander.
Orpanic  Arsenical Compounds. By George W. Raiziss, Jos-
eph L. Gavron.
Valence, ond the Btructure of Atoms and Molecules. By Gil-
bert N. Lewis
Shale Oil. By Ralph H. McKee.
Aluminothermic Reduction of Metals. By B. D. Baklatwalla.
The Chemistry of Leather Manufacture. By John A. Wilson.
Absorptive Carbon. By N. K. Chaney.
Refining Petroleum. By George A. Burrell, et al.
Extraction of Goasoline from Natural Gas. By George A. Burrell,
Tli& Allﬂmmal as a Converter. By H. P. Armsby and C. Robert
to
Chemistry of Celiulose. By Harold Hibbert,

The CHEMICAL CATALOG COMPANY, Inc.
19 EAST 24ma SBTREET, NEW YORK, U. 8. A,

.




PREFACE

Color in nature may properly be divided into two groups, namely,
color due to structure, which is caused by light rcflections from col~
loidal particles of air or water, and color duc 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 aa the
author is aware no authentic instances of structural colors of these
hues have been reported. In fnct, the wave length of light in these
regions of the spectrum is probably too great for such a phenomenon
to oecur for colloidal emulsions having the refractive index of air or
water. The particular pigments to be considered arc widcly 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 inquirics were those of Caventau (1817) and
Goebel (1823). The former was interested in the yeliow pigment of
the daffodil, the latter in the pigments of the crab and in the feet of
doves and geese.

Active investigation pf these pignents in plants and animals has
been confined to the past filty years. It has only been within the past
fifteen years, however, tbat the chemical composition of any of these
pigments has been definitely established. Their constitution still »ffers
& 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 existenee of five carotinoids, with indications that
several others also occur. When it wag discovered that certain of the
carotinoids oceur in. animals it was believed that both plants and ani-
mals synthesise 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
biologieal relationship exists between all the chromolipoids of plant
apd 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 uscful to workers who desire to attack the many interesting
problems in this branch of plant and animal chromatology. Third, he
has made an eflort to point out lines of research which might prove
attractive to those interested in this subject. The author hopes that
he has had 2 reazonable measure of success in his efforts. .

For the convenience of reanders who have not been trained in gys-
tematic nomenclsture 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 kmow 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 discusszion in Chapter XTI 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 war 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
80 low in the presence of the chlorophyils 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 700up, and a narrow band, with low
transmisgion in the green at about 500uy, so that natural green foliage
viewed through this filter appeared red, while camouflaged foliage on
which green paint only wag 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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quently in this monograph that he begs to suggest, for the sake of
uniformity, the following pronunciations which are believed to be In
keeping with the best modern English usage.

Carotin =Kird-tin,
Carotinoid =Ka&r” 6 -tin-oid’,
Lipochrome =Lip'6-krém.

Chromolipoid ==Krdém-§-lip’oid.

Chromatogram == Krdm’” -itd-grim’,

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
alge 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 Rescarch laboratorics during the war.

St. PauL, MINN.
July 1, 1922.
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CAROTINOIDS AND RETATED
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 naturaily based the classification of the
pigments on simple propertics, so that it is not surprising to find that
msny Dames 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 wege 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 lipeid impurities,
which are invariably separated with the pigments from animal tis-
eues, Another, still more important csuse for these variations was
the failure to protect the pigments from oxidation. The true caro-
4inoids; which uriquestionably comprise the great msjority 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
golution 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 us~d 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 lutechématoidin or hamo-
lutein. However, Thudichum mentioned the work of Holm (1887),
who isolated the corpus luteum pigment and called it himatoidin,

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 Intein
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group included the pigment of yellow maise, and anostto seeds, the
pigment of the carrot root and of yellow leaves, such as those of the
Coleus, and the pigments which characterize the stamens and petals of
many flowers,

The basis for the classification of theze pigmenta into one group
was: (1) their eommon 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 erystallized
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; (8) 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 n number of different
pigments.  Moreover, our present knowledge regarding practically all
the pigmeénts which were included in this classification shows that cer-
tain of the characteristic lutein properties* 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-
stiitter and Escher (1912) to the specific crystalline pigment isolnted
by them from the volks 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 waa derived, namely, |
the corpus luteum. The yolk of the egg of the oviparous animasl 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 lnexplicable property of being precipitated by mercury salts, ascribed
to the Inteina by Thudichuim, becomen clear only in ihe light of Palmer's (1914 ¢) obser-
vations that the albumin with which carotin is sometimes associated in the blood serum
ol is by mity, It is aisc powsible that Thedichum
of the fou of carctis by mercary salte described by

observed the
Tawett (19001},
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Lipochromes

Krukenberg (1882k, 1886), a number of years after Thudichum,
proposed the name lipochrome to cover all the animal and piant pig-
ments which had previously been known as luteins, carotins, zoonery-
thrin, tetronmerythrin, chlorophan, xanthophan and rhodophan. The
pame lipochrome has been widely adopted and due to the very broad
basis upon which the name was foundeq 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 pi it 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, bengene, 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 potaesium 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 pigiments 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 & group, but

have served merely 1o define more closely certain of the criteria eny-
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merated. Krukenberg 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 ali 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 claes characteristics for identifying
pigments as lipochromes although many studies have also included
spectroscopic observations. TUnfortunately 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 definitoness by
reason of admixture with impurities, concentration of pigment, and the
solvent employed.

Lipozanthins

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 Schrétter-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, phylioxanthin, phycoxanthin,
erythrophyll, solanorubin, lipoxanthin, haematochrom, chlororufin,
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, are their affinity for fats, théir -
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 eage of destruction by
light and oxygen. Schrotter-Kristelli believed that the slight dii-
ferences in. the spectroscopic properties of the various pigments were
due to their ease of destruction.

According to this suthor 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 alge 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 Chryaomelide and Coc-
cinellide, and in the secretions of various crustaces, 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 ns 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 lipoehromes, 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.
Cezapek’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 sll the plant chromolipoids. When it became
known that differences existed between many of the so-called caro-
tins, the name wae changed to carotinen, or investigators spoke of the
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“carotin group.” The discovery that carotin itself is a hydrocarbon
led to the adoption of the name “carotenc,” as proposed by Arnaud
(1886). The London Chemical Society favors the spelling “carrotene”
for the bydrocarbon.

Zopf (1893a, 1895) proposed to distinguish between two groups of
carotins, namely, eucarotins (true carotins) which were hydrocarbon
in nature and carotinins, 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 studics of the pigments of the
lower forms of plants and animals. His eucarotins, which were some-
times called yellow caroting, unquestionably contained representatives
of our present group of xanthophylls whose chemical reiation 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 eonstituents of both plants and
animals, as will appear from a fuller account of them given in Chap-
ters IIT and V.

Tswett (19112), 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 ag caroting 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 generieally, 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 :

edvs, shape, so that strictly speaking the carotinoids are pigments:
which resemble carofin in form or structure only. As yet nothing'

definite is known regarding the structure of the carotimoids. 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 sxmple
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, xanthophyll, 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, C,(Hy, and C,H,,0,, 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 Tewett’s terminology is equally applicable to the
yellow and red tinted chromolipoids so widely distributed in all forms
of snimal kife. The probability of such a relationship is, in fact, ﬂ;e
bagis 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),
Biumenthal (1874) and Graebe (1893), the di-biphenyleniithene of de
la Harpe and van Dorp (1875) and Graebe (1892), the fulvenes of
Thiele (1900s), 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,H,,0,, (2) Euxanthone,
C,H,(0H),0,, (3) Maclaurin, C,,H,(OH),0, (4) Datiscetin, or
di-methyl-tetraoxyxanthone, C,;H,,0,, and (§) Gentisein, C ,H,-
(OH),0,. 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, f-phenyl-benzo-y-pyrone.
Many of the natural pigments occur as glucosides and are regarded
as the chromogens from which anthocyaning 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 ie due in part to Gossyptin, which can ke
extracted from cotton flowers with hot aleohol. 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 scid, &
methyl di-hydroxy anthracene whose solution in aleohol, ether, ace-
tone, benzene, chloroform or petroleum ether will dye animal tissues a
deep. yellow color.  Of special interest in this eonnection is the yellow
pigment of the seeds of annatto (Biea 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 C,H,O,, according to Etti (1878), or
C,;,H,O,, according to van Hasselt (1909). It is thus scen that
. bixin, while corresponding well to the lipochrome classification, is in
.no sense a carotinoid. Palmer and Kempster (1919¢) have shown that
the annatto pigment has no effect on the coloration of the tissues
when fed to fowls.

QOther vegetable coloring matters of a yellow color giving reactions
in some eases 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
C,yH,;0,, 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,
ag well as many other like coloring matters which have been named
of Zopf (1889b, 1892b, 1893b) and which other workers have found
oceurring 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
bloed corpuscles, is himatoidin, a yellow crystallizable pigment found
in old blood exudates, in mummified embryos, and sometimes in the
urine and other excretn. 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 ancw by Neumann
{1904, 1905). Holm (1867) thought the corpus luteum pigment was
himatoidin in his early study of this pigment which has since been
shown to be carotin.

Another much more widespread yellow animn} pigment with eer-
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
rescmble the carotinoids in color and in solubility in fat solvents.
Palmer and Kempster (1919a) have recently encountered such a pig-
ment in the carotineid-free cgg yolks of hens raised from hatching on
rations devoid of earotinoids, 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 nurber 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 Zop{ and others, and have received varicus
names at the hands of these authors, such as rhedophan, 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 themn
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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 are 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 ehromo-
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 oecur-
ring in plants and animals. Many of these non-carotinoids resemble
the true carotinoids in one or more properties and some even in com-
pogition. 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 1T

Carotinoids in the Phanerogams

There i 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, ag 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 pigtnent, but it was a number of years before Zeise (1847)
isolated carotin from carrot roots in quantity sufficient for analysis,
-Beise discovered the ready solubility of the pigment. in carbon disul-
fide ‘with its charaecteristic blood red eolor, as well as the fact that
: %



26 CAROQOTINOIDS AND RELATED PIGMENTS

alcohol when added to the concentrated carbon disulfide solution will
throw down the carotin in crystalline form. The beautiful, glistening,
eopper colored crystals were described by Zeise, who also mentioned
their insolubility in alcobol and their difficult solubility in ether and
acetone. The crystals melted at 168°(4)C. Zeise made the first
analysis of carctin and ascribed to it the formula C,H,. He was thus

i 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
erystals were thrown out of the concentrated carbon disulfide solution
by addition of absolute alcohol. Husemann purified the erystals
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 preduced by adding ferric chloride to
an alcoholic solution of the pigment. Palmer and Thrun (1916) have

- recently studied the reaction of {erric 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 produets. Husemann’s analyses
led him to propose the formula C,,H,O 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 earrots 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 disulfide 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 petrolcum 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 C,H,,, and to the iodine
derivative the formula C, H,,I,.

Kohl (1902b) has given us one of the most detailed deseriptions of
the chemical and physical properties of carotin. His analyses of the
crystalline pigment, however, gave unsatisfactory results, as did also
his molecular weight dcterminations, 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 carctin
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;H,. Molecu-
lar weight determinations in CHCI; and CS,, using the ebulloscopic
method, show an average of 536, which corresponds exactly with the
formula (C;H,),. or C,H,, which thus appears to be the correet
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 Nordenson (1908) also isolated carotin from carrots in
quantity sufficient for analysis. Their results confirm the Willstéitter
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 erystalliza-
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 (Daucus 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 erystalline form. Van Wisselingh (1915), how-
ever, has shown that the little tubules which Schimper and Courchet
ohserved are not true crystalline forms. The author, also, has never
observed any but granular deposits of carotin in sections of the fresh
carrot tissue,

Carotinotds 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

Formeanek (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 mto
carotin ca.nnat at present be explamed .
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Lubimenko (1914a) hae 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 erystal-
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, Lubimenko pre-
ferred to call the pigment a lycopinoid, a term which the author
regards as very unfortunate in view ef 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 eharacter.
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, earotin and xanthophylls.

Investigations regarding these yellow chromolipoids in the chloro-
plastids apparently did not begin until the observation of Frémy
(1860) that a yellow pigment can be obtained from green leaves by
allowing strong HCI 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 Al(OH),;. In this procedure tkLe
ether took on a yellow color, the pigment of which Frémy called
phylloxanthine, leaving a blue pigment, which he called phyllocyanine,
in the aqueous acid layer. Frémy believed that his phylloxanthin
pre-existed in the leaves.

It is now quite certain that Frémy'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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gerved 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,
Frémy (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)},, or AI(OH), to alecoholic chlorophyll solutions
carried down the green pigment only, leaving the yellow pigment in
golution. Ca(OH), and Ba(OH), 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 phylioxanthine (caroti-
noids) could be extracted with aleohol. Especially interesting was
Frémy’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 Frémy succeeded in obtaining for the first time
crystals of earotin, 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 chiorophyll 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 Al(OH), and a little water, it (phylloxanthin) is mainly
one of the yellow bodies, but when prepared by HCI and ether, it is a

2
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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 aleohol 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 Frémy’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 (1801), 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 Frémy’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),. He preferred to call the yellow pigment xanthophyll, the
name previously employed by Berzelius (1837a)-—from xavdés, yellow
and oo, 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 CS,.

Notwithstanding the previous observations of Frémy, 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 10 as an “ausschiittlungs” method, for he shook the green
alecholic 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
followed. 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 wenker alcohol for the benzene
separation, and found that CS, was effective when the chlorophyll
extract was in strong alecohol. Cempert (1872) found that lingeed 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 disulfide could be employed. Wiesner used 85 per cent (by
volume) alcohol and benzene, boiling at 92-94° C., for the regular
Kraus separation. Equally geod results were obtained with toluene
and xylene, or mixtures of these with benzene. Wiesner even suc-
ceeded in shaking the green chlorophyll out of aleoholic leaf extracts
with dilute egg albumin. FEspecially 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-helf 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 s yellow
extract which Hansen calied “chlorophyll gelb,” the residue being
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called “chlorophyll griin.” Carl Kraus (1875) observed the same
facts when he found fthat 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 types 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
pot 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
“yanthophyll” and “yellow xanthophyll” are the only true xantho-
phylls, the former being in all probability a mixture of what are now
called « and o’ xanthophyll, while the “yellow xanthophyll” appar-
ently consisted almost wholly of our present § xanthophyll, which is
characterized, as Sorby found for it, by the development of & blue
color when its alcoholic solution is treated with HCI.

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.

Frémy’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 erystals in the deposit from the spon-
tanecus 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 & method for purifying the crystals by
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washing away the fat and chlorophyll with petroleum ether, taking
up the pigment in aleohol 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-
stitter and Mieg (1907) Hartsen’s chrysophyll was probably a xan-
thophyll in the sense that this name is uscd at the present time, but
most writers have regarded it as identical with carotin. Bougarel
(1877), a little later, isolated red crystale 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 (Pmnm cerasus), black
Johannis berries (Ribus nigrum)} 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 eyanophyll 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 Dippel’s xanthin obtained
by alkali treatment of Kraus’ benzene-cyanophyll layer lay at 490-
456pp and 455-435up, while tbe bands of Kraus’ xanthophyll, as
measured by Dippel, lay at 483-460pup and 446-433uy. 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) anede one of the most striking contributions to out
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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 curotin, the
other group being characterized by their ease of solubility in aleohol
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 he 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 Spirogyre)
and the other bright yellow needles with a strong violet or rosc-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
hag 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 ecarotins 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 cambm
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 Frémy (1865) and later called chrysophyll, erythrophyll, xanthin,
ete., 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 (Morus alba), the leaves of
peach (Persica vulgaris) and sycamore (Acer pseudoplatanus) trees,
and the leaves of the English ivy vine (Hedera helir), 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 C, H,; 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 Willstitter 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 sc 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, C,H,, 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.

Willstitter 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, C,H,, 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
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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 tbe 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 &, B, ¥, 8 and ¢ xanthophyll, respectively, although he
concluded from the fact that each pigment showed two absorption
bands showing po 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 & 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
measurcments of which correspond with those now recognized for
xanthophyll. The other xanthophyll could not be obtained in erystal-
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 Tschirch (1904) turned his attention to a
comparison of his xanthocarotin and xanthophyll with the carotin
from earrots. Specéroscopic absorption properties only were considered.
There has always been a question in the author’s mind as to which
group of carotinoids Tschirch's 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 Tschireh’s carrot carotin did
not correspond exactly with the measurements given by other inves-
tigators. Willstitter and Mieg {1907} also regard the xanthocarotin
ag carotin, but with these views the author is not in agreement on the
following grounds. The author believes that Tschireh’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 Willstitter and Mieg for erystals of xantho-
phyll.- In addition the ahsorption spectra of these crystals correspond
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cxactly with those of xanthophyll, not carotin, as the following table
shows:

.. Carotin in alcohol Xanthophyll in alcohol
(Willstiitter and Stoll (1913a) (Willstitter and Mieg (1907)
1492476 pp 1488471 pp
11459445 « 11—454-440
111—430-419 “ II1—425-420 “
Carrot carotin in alcohol Xanthocarotin in alcohol
'schirch) (Tschirch)
T—487-470 pp I—485—468 up
I1—457439 « I11—455-438 ©
Im—429-417 “ I11—430-418 “

Much discussion has also resulted from the statement made by
Tschirch 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 concluded
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
spectroscopie 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
faet that Schunck not only referred to Artaud’s work but confirmed
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it from a spectroscopic 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 chlorophyli-free! solution with successive
equal portions of carbon disulfide, each volume of carbon disulfide
being equal to about one-half 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 aleohol and
earbon disulfide.

The various carbon disulfide fractions were now allowed to evapo-
rate spontancously, the residue was taken up again in aleohol and
the spectroscopic absorption bands photographed. The effect on these
bands of adding concentrated HCI, HNO,, H,80,, H,0, 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 {rom green leaves contained, besides chrysophyll,
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 HCI or
HNO,, the absorption bands disappearing.

The subsequent carbon 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

1This was obtalned by ove of two methods, either by nd.sorbing the chlurophyll on
animal charcoal, which does not Femove the *zant]
by saponifying the alechoelic leaf extract and extracting the poap with ether, the lnttel

taking out the yellow pigmenis, After evaporation of the cther the pigments were taken
up in alechol for the “xauthophyll” sepsrations.




CAROTINOIDS IN THE PHANEROGAMS 41

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 ® 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 Schunck found evidence of the existence in flowers
of still another xanthophyll, called Y. xanthophyll, with properties
gimilar to B. xanthophyll, except that it was much less readily
extracted from aleohol 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
Schunek 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
Tsehirch, 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 o xanthophyll
and the xanthophyll of Tschirch g8 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 elassification of the carotinoids whieh prevails at the pres-
ent time. Following Borodin, Monteverde (1893) found that the
vellow 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 Frémy and Timiriazeff, Monteverde precipitated the chloro-
phyll from an alcoholic leaf extract with an excess of Ba(OH),, which
carries down with it the carotinoids also, and extracted the yellow
pigments from the precipitate with aleohol. 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-

* Unpublished phaervation,
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taining a yellow pigment with distinguishing characteristics.” Monte-
verde found the pigment in the upper petroleum ether layer to be
speetroscopically 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 quantitics of
alecoho! and petroleum ether, respectively. On spontaneous evapora-
tion of the 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-
cral 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 aleohol undoubtedly prevents
the formation of erystals 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 HCI 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
(19063, 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 statemienta 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 whloh
has been adopted in this monograph.

Tswett'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 carcfully 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 incrt 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 vellow 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 earotin, which is not
adsorbed at all, existing in truc 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 (or carbon disulfide solu~
tion) through a column of perfectly dry CaCO,, packed as tightly and
evenly as possible in a glass tube, and found that the various pig-
ments differentiated themselves aceording to their adsorption affinity
(colloidal - aggregation) for the CaCO,. The resulting chromatogram
(as Tewett proposed to eall 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 thls 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 (Lamiwm album) leaves Tswett
has shown that at least three and possibly four xanthophylls accom-
pany carotin. He has provisionally designated these a, o, o’, and B
xanthophylls, respectively. Tswett has characterized these pigments
further, as follows:

Xanthophyll a. This pigment is least adsorbed by the CaCO, and
is closest to carotin in this respect, which is not adsorbed at all. Tts
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 485-470up and
455-440pp.  Its alcoholic solutions are merely bleached on addition of
con. HCL

Xanthophylls o’ and o””. These pigments lie very close together
in the column but above the zone of xanthophyll a. In CS, their
gones are yellow. They are similar in properties to xanthophyll q,
ie., in the Kraus separation and spectroscopically, but their absorp-
tion bands are shifted slightly towards the violet. The effect of HCl
on the alecholic solutions is not mentioned but the author (1914g)
has found that for xanthophyll o’, at least, no color reaction is
produced.

Xanthophyll 8. This pigment shows the greatest adsorption affinity
for CaCO, (exists in the largest eolloidal 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. HC], and also by the fact that its
absorption bands are shifted perceptibly towards the violet from those
of xanthophylls a; o’, and &'/, the first two bands lying at 475-462uu
and 445-430up, when in aleoholic solution. The xanthophyll B of
Tswett appears to be identical with the “yellow xanthophyll” of Sorhy
and the Y. xanthophyll of C. A. Schunck, but bears no relation what-
ever to the xanthophyll § of Kohl. According to Tewett (1908b) the
latter is not & 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 xzanthophylls as
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exhibited in the Kraus separation indicated to Tswett (19064) a fun-
damental chemical difference between the two groups of carotinoids,
The proof of this theory as well as the nature of the diffcrence was
soon brought to light by Willstitter and Mieg (1907) when they iso-
lated the first crystalline xanthophyll and submitted it to analysis.
Working on the same elaborate seale, which has characterized all the
rescarches on carotinoids in Willstiitter’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
reerystallization 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 thcoretical
values of 84.44 per cent carbon and 9.93 per cent hvdrogen for the
formula C,,H,,0,. This was confirmed fairly well by a molecular
weight determination (found 512, theory 564), and hetter by an
analysis of the iodinc content of the theoretically simplest iodine addi-
tion product, C,,H,,0,.I, (found 31.68 per cent, theory 30.86 per cent).

The chemical properties of the erystalline xanthophyll isolated by
Willstitter and Micg 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 petrolcum 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 Willstitter and Mieg
lying at 480-470up and 453-437up.

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
erystallized by Willstiitter. and Mieg was a mixture of two or three
xanthophylls in which xanthophyll & 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
# 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 HCI with a blue color, a reaction
which is apparently characteristic of xanthophyll B only. In the Sorby
and C. A. Schunck separation, however, the pure pigment differen-
tiated itself almost equally between the alechol and carbon disulfide
layers, a reaction which obviously characterizes the @ group of xan-
thophylls beeause of their lesser adsorption from this solvent by
CaCQ,. Still further evidence of a mixture of xanthophylls in the
Willstitter and Mieg preparation is the fact that its spectroscopic
absorption bands apparently lie in an intermediary position between
the bands of xanthophylls « and p 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 determined. 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,
C,.H,.0,, as Willstitter and Stoll (1913) have pointed out. The
author believes that Willstitter and Escher (1912) have already iso-
lated pure xanthophyll o« in the form of their so-called lutein from
‘egg yolk, as will be discussed more fully in a later chapter.

Tt is not likely that more than four xanthophylls characterize the
chloroplastid for the author (1914g) has found only four on applying
the chromatographie 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 distinet 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



CAROTINOIDS IN THE PHANEROGAMS 47

degree of colloidal aggregation. Willstiitter and Mieg found that
their crystalline xanthophyll readily entered inte combination with
solvents forming molecules of solvent of erystallization, which is
unquestionably & 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 are usually regarded as pigments in which yellow
is 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-
gelon natans), an aquatic herb widely distributed in Russia, which
showed the xanthophy!l properties in the Kraus separation. This pig-
ment has since been called thodoxanthin by Monteverde and Lubi-
menko (1913h), who obtained it in crystaliine 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 yvellow color, yellow
xanthophyll dissolving in this solvent with a green color, according
to Monteverde and Lubimenko. Rhodoxanthin also shows spectro-
seopic absorption bands with characteristic position, especially in car-
bon bisulfide. A comparison of the xanthophyll and rhodoxanthin
bands in this solvent, as given by Willstéitter and Stoll (1913)-and by
Monteverde and Lubimenko, respectively, is shown in the following:

thﬁn?lpﬁyll (W. and 8.) Rhodozanthin (M. and L.}
Band 518-501 up 575-553 up
Band JI 483467 ¢ 535515 ¢
Band III 47441 “ 500480 “

The general solubility properties of rhodoxanthin appear to follow
those 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 eharacter of the oxygen combination, however,
is not clear, for according to the statement of Willstitter and Mieg
their crystalline xanthophyll did not show the presence of either
hydmxy, carboxy! or earbony] groups. The xanthophylls, therefore,
cannot be simple oxidation products of carotin, But these statements
regarding the character of the oxygen in the xanthophyll molecule
possibly should be confirmed, for notwithstanding the fact that it has
oot yet been found possible to transform 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 relationed ebemically. 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 redue-
tion experiment of xanthophyll to carotin unfortunately was not
repeated in the second study.

Carotinoids in Etiolated Leaves

The yellow chromolipoids which develop without chlorophyl! in the
leucoplastids, when plants are grown in the dark, would secm to be
closely related to, if not completely identical with thosc found in the
chloroplastids, at least qualitatively, inasmuch as etiolated plants form
chlorophyll very rapidly in the light without less of yellow constitu-
ents in the resulting 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 matters. 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 employecd
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. Bobnet (1754) named such plants “plantes étiolées.”
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,80,. Phipson followed
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the terminology of Berzelius for vellow autumn pigments and called
the etiolated pigment xanthophyll* Frémy (1860) naturally regarded
the yellow pigment of young sprouts and etiolated leaves as identieal
with his phylloxanthine and the bluish-green color which develops on
treatment with acid (he also found the fumes of HCl and HNO, very
effcetive) as identical with his phyllocvanine. Sorby (1871b) recog-
nized the relation of the vellow 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 disulfide and two more or less distinet spectro-
scopic absorption bands in the blue part of the speetrum. Gregor
Kraus (1872b) compared the speetroscopie properties of the aleoholie
extract of ctiolated leaves with his xanthophyll pigment which re-
mained in the alcohol on shaking leal cxtracts with benzene. The
results led him to believe that the pigments were probably identical,
and he proposed a genctic relation of the etiolated pigment to the
green pigment of plants,

Pringsheim (1874), however, alzo using o speetroscopie examination
of the alcoholic extracts of ctiolated leaves ns the basis of his con-
clusions, found characteristic absorption bands in the red end of the
gpectrum in addition to bands in the blue which characterized Kraus'
xanthophyll. Inasmuch as the same result wus obtained for ench 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 bluc. He called this pigment ctiolin,
Pringsheim’s results have been frequently substantiated, and while
some subsequent investigators (Wiesner (1877b), Elfving (1882),
Tachirch (1884)) have agreed with his conclusion regarding etiolin as
a distinct pigment, a majority (Timiriazeff (1875), Hansen (1884b),
Immendorff (1889), Monteverde (1894}, Kohl (1902f), Greilach
{1904) who have studied this phase of the etiolin question have pre-
sented convincing evidence that the speetroscopic absorption bands in
the red which Pringshcim observed in his ctiolated leaf extracts are

1A to Czapek (B der Pfianzen, 2nd Ed., vol. I, p. 579, Jena, 1913),
Jullue Sachs (1859 a, b) and Jos. Boehm (1830) ealled the ctiolated pigment leuko-
phyll and chlorogon, respectively. The statement in incorrect. The leukophyll of
Bachs was a colorless chromogen in the seeds and alro in the etiolnted plants which
gave rise to the green chlorophyll In the sunlight or on treatment with acids (com.
pare Phipeon [18581), while the ehlorophor {(not chlorogon as Czapek has ii) of Bochm
was the same colorless chromogen. Boehm differed from RBachs in regarding the green
acld & ve of the col as an srtificlal pigment and the green sun-
light gerivative as the true chlorophyll. Both investigaiprs recognized the exixtence of
the yellow etfolated leaf pigment as well as the colorless chromogen,
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either chlorophyll or a closely related forerunner of one of the chloro-
phyllins. Timiriazeff (1875) believed the absorption spectra of alco-
holje etiolated leaf extracts to be due to a small amount of chlorophyl-
lin admixed with Kraus’ xanthophyll. Hansen (1884b) regarded the
bands in the red as due to chlorophyll. Monteverde (1894) regarded
the substance giving the bands in the red as a forerunner of one of
the chlorophyllins and called it protochlorophyll, & view which seems
to have been substantiated by tbe work of Greilach (1904). The
latter proposes to reserve the name ctiolin for this green pigment with
properties like chlorophyll which exists 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) is not a constant constituent of the etiolated leaf but
appears and then disappears during the germination of the seed in
the dark.

Arnaud (1889), following his earlier (1885) demonstration regard-
ing the identity of the vellow leaf pigment isolated by him with the
carotin from earrots, regarded the yellow color of etiolated leaves as
due to the same pigment. No chemical proof was offered of this but
he determined the quantity of carotin in the etiolated leaves of the
kidney bean (Phaseolus vulgaris), using a colorimetrie method which
will be reviewed in a later chapter. Inasmuch as Arnaud’s method
of analysis would preclude all but traces of xanthophylls his result
may be regarded as the first proof of the presence of carotin in etio-
lated leaves. This was confirmed completely by Immendorff (1889)
the same year. He saponified the alcoholic extracts from etiolated
leaves, extracted the carotinoids from the soap with ether and obtained
crystals of earotin from the golden yellow extract. He did not sue-
ceed in obtaining erystals from etiolated leaves which had developed
only o pale yellow color, but 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
(1902(} has pointed out,

Following Immendorff, Molisch (1896), Tammes (1900) and Koh!
(1902f) have independently substantiated the presence of carotinoids
in etiolated leaves from various plants using microscopic crystallisa-
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 microchemj-
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cal methods which they wused, it will be necessary to state briefly the
.(:hnracter and significance of the methods, reserving a fuller deserip-
tion for 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 wushing off the
acid, are allowed to remain in distilled water for a still more pro-
tracted period. Tschirch (1884), who first examined the phenomenon,
did not decide the nature of the crystals, but Molisch (1896) found the
crystals to be identiea} in properties, although huving 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 immncrse 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 Irom 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 aceordingly decided to call the crystals carotin, Molisch
was careful to point out, however, that he used the termn carotim 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 ag specific for this pigment. Tswett
(1911a), 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 (19815}, 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 hae studied the method closely
finds it to be often laborious, requiring somgtimes 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 plants, it may be stated that Molisch (1896) demon-
strated carotinoids by his alkali method in the etiolated leaves of
garden cress (Lepidium sativum), barley (Hordeum vulgare), hemp
(Cannabis sativa), oats (Pisum sativum), and of balsam (Balsamina
hortensis, D.C.) and fir (Abics excelsa), but not from the sunflower
(Helianthus annuus), in which only orange-red drops formed. Tammes
(1900}, using seeds {rom the same plants, save the balsam and fir,
substantiated Molisch’s positive results with the alkali method, and
in addition obtained the carotinoid erystals in the ctiolated di-cotyle-
dons of the sunflower. Kohl (1902f) denounced most emphatically
the view of Pringsheim that a specific pigment is present in etiolated
leaves, devoting an entire chapter of his monograph to this question.
1o addition to the etiolated plants examined by Molisch and Tammes,
Kohl (1902f) was able to {orm carotinoid crystals in the etiolated
leaves of the turnip (Sinapis alba) and various varieties of Asphodel.

It is apparent that we have as yet only indirect evidence that
xanthophylls are present in the etiolated leaf. C. 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 ihe carbon disulfide separation method which has
already been described. A mixture of xanthophylls was found to be
present, but Schunck was unable to obtain erystals of chrysophyll
(carotin) although he had no difficulty in obtaining them abundantly
from alcoholie 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
obgervation 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 colorimetric comparison of the total aleoholic 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 colori-
metric comparison of the carotin content of etioluted and green leaves
of the kidney bean, referred to above, led to completely opposite
results, Arnaud’s data (caleulated from his colorimetric reading)
show 34.0 mg. carotin in 100 grams of the dry etiolated leaves, and
1788 mg. in the samc amount of dry green leaves, a result which
appears to have been substantiated by the observation of Sehunck on
ctiolated 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 unsaponifiable 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 cuse, 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 Willstiitter and Stoll (1913) and Miss Goerrig (1917).

An interesting phasc of the etiolated leal pigmentation is that of the
most favorable conditions for the devclopment of the carotinoids.
Light and temperature are obviously the controlling factors. Wicsner
(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 chiorophyll formation, i.c., 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 are called chromoplastids. The pigments of
chromoplastids are usually granular, sometimeg crystalline and almost
invariably yellow to red in color. In the case of some plants the leaf
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Dlastids m'ejiﬁways characterized by an absence of ch]orophyll,v the
leaves being yellow or golden yellow in color. Several investigators
have studied the pigmentation of such plants in relation to the yellow
chromolipoids which charucterize the chloroplastid.  Thudichum
(1869), many yeurs ago, observed the relation between the pigment of
the carrot root and that in the yellow leaves of Coleus, and included
them both in his group of luteins. Dippel (1878) found that the
spectroscopic absorption bands of the pigment extracted by alcohol
from yellow leaves corresponded with those of the yellow pigment
which he found to be present in Kraus’ cyanophyll layer from green
leaf extracts. Dippel called this pigment xanthin.

Tammes (1900) and Kohl (1902g) first sought to show the relation
of the pigment of such leaves to carotinoids. Tammes found that the
plastids of yellow leaves gave positive earotinoid reactions with con.
H,S0,, con. HNO,, and with HCI containing phenol and with bromine
water, when the leaves were first dried. Yellow leaves in which the
chromoplastids had disintegrated fuiled to give these reactions. When
cxamined after submitting the leaves to the Molisch alkali crystalliza-
tion method brownish yellow crystals of various shapes were observed
in each of the following cases:

1. Aucuba japonica Thunb (Japanese Aokiba).

2. Elaeag-uua latzjalla
L variety sulphurea (Japanese spindle tree).

4 Sembucus fuqra L., variety gurea. (ﬁuropean elder),

Kohl (1902g) substantiated these results, also using the Molisch
method, and in addition obtained carotinoids in the following plants
with naturally yellow leaves.

1. Abutilon nervosum (Flowering maple).
2. Betula species (Birch).
3. Spiroea species, variety aurea.

Kohl made a more exhaustive study of the pigment of yeliow elder
leaves (Sambucus nigra foliis luteis) 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  xanthophyll of Tschirch (1887), and
in part also to a new pigment which he called phyllofuscin, which dif-
fers from B xanthophyll in being partly extracted from its aqueous
solution by ether. - It seems likely that Kohl was dealing here with
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Tswett’s (1908b) group of colorless chromogens, whose slkali com-
pounds are characterized by a dark yellow or brown color. No xan-
thophyll pigment showing spectroscopic absorption bands is present
in leaves having yellow plastids, according to Kohl.

Van Wisselingh (1915) made somc microscopic observations of the
erystals which he produced in the yellow spotted leaves of Croton
ovalfolius Vahl., Graptophylium pictum Griff. {caricature plant), and
Sumbus nigre L. folits var., using both the alkali method of Molisch
and the acid method of Frank. The erystals produced by the latter
method are described by van Wisselingh as brown crystal aggregates,
the yellow spots in the leaves of Sambus nigra showing reddish colored
crystals aleo, and the similar spots in the leaves of Graptophyllum pic-
tum showing orange-red platelets and small orange-yellow erystal
aggregates.

Summarizing our knowledge of the pigmentis in naturally yellow
or yellow spotted leaves, it secins 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 carliest 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 colored flowers 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 (Populus fastigiata) could
be extracted with ether or hot aleohol; that the pigment thus extracted
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turned green on trestment with alkalis; that a yellow autwmn 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 for the green chromula of the leaf
which thus changes from green to yellow to red and vice versa, and
regarded the phenomena which he observed as 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 (Pyrus communis) with aleohol (about 85 per cent), and
called the pigment xanthophyll. Berzelius noticed that the pigment
readily bleached, but regarded it as a fat and as being derived from
the green pigment of the leaf. He was careful to distinguish (1837b)
between the pigment xauthophyll and the red pigment which could
be extracted from the red autumn leaves of the mountain ash (Sorbus
aucuparia) and cherry trees (Prunus cerasus), and from the red
autumn leaves of gooseberry (Ribus glossularia, var. rubra) and com-
mon barberry (Berberis vulgaris) bushes, which pigment Berzelius
called erythrophyll.

Following these very euarly experiments which were carried out
before the development of our present-day knowledge of the yellow
chromolipoids one finds a number of more or less unrelated observa-
tions regarding the yellow auturnn colors, which were made incidental
to some of the plant pigment studies which have already been reviewed
in connection with the carotinoids in the chloroplastid. For example,
Frémy (1860} regarded the autumn coloration as due to his phyHoxun-
thine, the isolation and properties of which were described in an
earlier paragraph. As already pointed out, Frémy believed that two
pigments existed in green leaves, a greenish-blue phyllocyanine and
a yellow phylloxanthine, and that the autumn colors were the result
of the fact that the latter pigment was more stable thap the former.
Sachs (1863) made a microscopic study of leaves during the autumn
color change and proposed the theory that the ehlorophyll migrates
out of the plastids leaving behind o 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 * phase, is well

+ According to Tewett {1908 ¢) the sutumn coloration occurs in two phapes, namely,
the biotic and the p The former is always characterized by a yellowing
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established (Tammes (1900), Goerrig (1917)). True chromoplastids
are, in fact, present.

The disappearance of chloropbyil from the leaves in the autumn is
alone sufficient evidence of vital chauges tuking pluce in the proto-
plasm. Viewing the phenomenon of autumn coloration, therefore, in
the light of what is now known regarding the yellow chromelipoids 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 earotinoids, 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 respeet to the yellow
colors, is not yet entirely clearcd up. One can apparently state defi-
nitely that the vellow colors are not duc to entirely new pigments.
Whether the plastid carotinoids are 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.” 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 trecs, 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 earotinoids alse. Other plants do not form antho-
cyanins in their folinge 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 Dames
of the investigators who have demonstrated carotinoids in the autumn
leaf, are summarized in Tables 1, 2 and 3.
of the plastids and e retentlon of the osmotic pressure of the cell plasma. The latter
i by the of the plastid pigments, the dislutegration of the
protoplasm and the formation uf brown‘ reddish brown or biack pigments 28 the result
M'.;:l isolated eatlei such ap the yellow leaves of the osage orange (Msclero awrasn-
tiaes) one no doubt finds an ahundance of the characteristic yellow flavones, morin and

maclaurin found in the wood of this plunt (Kressmann, 19T4; in addition to carotinoids
(Goerrlg, 1017).
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Tapie 1. AutoMN Fouage Containixe Borm ANTRocTANINS AND Casorinolos

Acer campesins (Common European Maple), Tammes, Tswett, Goerrig.
Acer platanoides (Norway Maple), Tammes, Tswett, Goerng
Acer pseudoplatenus (8ycamore), Arnaud in green leavea
Aesculus Hippocastanum (Buckeye) Tammes, Tswett, Goerrig.
Cratacgus pinnatifida (Hawthorne), Tswett.

Hedera heliz (English Ivy), Amaud in green leaves,

Prunus avium (Sweet Mazzard Cherry), Tammes.

Pyrus germanica (German Pear), Tswett.

Pyrus ussuriensis (Pear), Tewett.

Quercus rubra (Red Oak), Staats.

Hosa rugosa (Rugosa rose) Tawett,

Tazodium distichum (Bald Cypress) Goerrig.

Vitis Cotgnetiae (Grape), Goerrig.

Tabe 2. AuTuMN Foriace Conrtarning No ANTHOCYANING

Alnus glutinosa (Black Alder).

Aralia (Ginseng), Tswett.

Betuls alba (thte Paper-birch), Staats.
Broussonetia papynjera (Paper Mulberry), Goerrig.
Cerpinus Betulus (European Hornbeam).

Castanea (Chestnut).

Celastrus scandens (Climbing Bittersweet), Tammes.
Convalaria majahis {Lily-oi-the-valley), Tawett.
Corylus Avellana (Hazelnut).

Dioscora batatas decn. (Yam), Tammes.

Frazinus excelsior (Ash).

Punlia Sieboldi, Tswett.

Ginkgo biloba (Mmdenha.u' tree) Tswett, Goerrig.
Gleditsia triacanthos (Honey ocust), Tewett.

Iris germania (Fleur-de-lis or Iris), Tswett.

Juglans regia (English Walnut).

Lariz europaca (European larch), Tswett.
Lepidium Draba (Pepperwort), Goerr
Liriodendron tulipifera (Tulip tree), Tswett
Maclura aurantiaca (Osage Ora.nge) Goerrig.
Mirabilis Jalapa (Four-o’-clock), Goerrig.

Morus alba (Mulberry), Amsud from green leaves,
PlaLaﬂus onentalu; (Onental sycamore), Goerrig.

), Goerrlg
Popndus alba (Sllver Pophu-)
Populus nigra (European Black qular)
Populus tremula (Aspen Poplnr) ‘swett.
Ptelaa trifolista (Hop tree), T:

Pyrus communis (Common Pea.r) Berzehus
Quercus (Oak), except Quercus rubra and Q. coccinea.
Quercus Robur (English Oak), Tammes.
Rhus tozicodendron (Poisen Iv‘y) Tswett.
Saliz babylonica (Weeping Willow), Goerrig.
Salw Caprea (Goat Wlllow) Goerrig.

ljlm ;Elm), dorff, Tammes, Goerrig.

Tasws 3. Rep Winrter Fousse Dus to Carorivome

Molisch,
Comfers, Lubimenko.
Cryptomeria japonica, Taweit,
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Cupressus Naitnock: (Cypress), Tewett.
Encephalartos Hildebrandlis A. Br. B!ld Bouche, Lubimenko.
Juniperus virginigca (Red Cedar), T
Macrommw ctes, Lubimenko,
tinospora plumosa (Juvenile Thuja), Tawett.
Selagmella( lub Moss), Molisch, Lubimenko.
Tarus baccata (Yew), Tewett,
Thuja orientalis (Arbor Vite), Tswett, Monteverde and Lubimenko,

Opinion was divided even among the older investigators ns to
whether one or several pigments are 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 vellow autumn oleander leaves and rve
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 8 xanthophyll, to distinguish
it from an « 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 Techirch was
probably carotin. Immendorff (1889) succeeded in obtaining carotin
crystals from alcoholic extracts of the yellow autumn leaves of the
becch (Fagus) and elm (Ulmus campestris), and although he admits
that he secured a very small quantity and that only in one case, his
extracte nlways showed the carotin spectrum, which caused him to
conclude that earotin is the cause of the yellow sutumn coloration.
Tammes (1900) examined the fallen autumn leaves of a number of
trees and shrubs after submitting them to the Molisch alkali erystal-

- 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
automn coloration is not acceptable. A ntimber of the older investi-
.Bators concluded that more than one pigment was involved even
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before it was definitely known that several yellow chromolipoids exist
in the green leaf. For example, Gregor Kraus (1872¢) 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 recent conclusion when one is acquainted with the par-
ticular properties of Sorby's pigment groups. Sorby’s xanthophylis
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 vellow pigment in autumn leaves,
which could be extracted with dilute acctone. Saponification of the
extract greatly intensified the color, and the unsaponified pigment
could not be extracted from the dilutc acetone by ether. There also
seems to be little reason to doubt the identity of Sorby's chrysotannin
and Miss Goerrig’s unnamed vellow water-soluble pigment with the
so-called autumn-xanthin which Staats (1895) extraeted with alcohol
from the yellow autumn leaves of the linden (Tilia), beech {Fagus),
ash (Frazinus) and red oak (Quercus rubra), and which he obtained
in the form of a red crystalline water-soluble potassium salt. Staats
agcribed the autumn pigmentation solution to this coloring matter,
but in this he was, of course, mistaken. The alcoholic extract of the
oak leaves first turned green and then yellow with the precipitation of
the potassium salt, when treated with KOH, confirming the observa-
tion of Macaire-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 Frémy (1860), or
the xanthophyll B color reaction of Tswett (1911a)). The xanthin of
Carl Kraus, however, is undoubtedly carotin, since he found it i 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
xanthophylls included an examination of the pigments of yellow
autumn leaves. The method of preparation of the matcrial for these
studies, which has already been described, precludes the presence of
pigments other than carotinoids in the alcoholic solution submitted to
&chunck’s carbon disulfide scparation. Schunck does not mention
chrysophyll (carotin) in connection with his autumn leaf examination,
but his xanthophyil solution gave four banded speetra in practically
all cases. The conclusion drawn was that autumn eoloration is due
to L. xantbophyll 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 oceur
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, e xanthophyll (showing a four
banded spectrum (see Schunck)), f xanthophyll (n water soluble pig-
ment with no spectroscopic properties), a little phyllofusein 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 scrious
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 Miss Goerrig first dried the leaves in the air at 40° C.
(protected of course from the light), and then ground them to a
powder, and (2) Tswett submitted his pigments to confirmatory tests
for the various carotinoids (unfortunately omitting, however, a chro-
matographic analysis), while Miss Goerrig drew her conclusions solely
from 2 Kraus separation between salcohol and petroleum ether. The
bearing of these differences in procedure on the conelusions of the two
investigators, respectively, will be pointed out below.

Referring first to Tswett’s investigation one finds that he plucked
the autumn yellow leaves of 19 different plants during the necrobiotic
peried, and macerated them thoroughly with glass powder, or emery,
and MgO (to insure the absence of acids in the extraets) and then
extracted the pulp with petroleum cther. This was followed by an
extraction with alcoholic petroleum ether. The latter was freed from’
alcohol by washing with water and the two extracts examined sepa-
rately both spectroscopically as well as with respect to their adsorp-
tion by CaCO,, and also as to their separation in the Kraus proce-
dure, using 80 per cent alcohol and petroleum ether. The first extrac-
tion with petroleum ether alone should extract the earotin, if present,
and the second extraction with alcoholic petroleum ether should re-
move the xanthophylls. In addition, extractions were made of the
macerated leaves with alechol alone, and these tested in the Kraus
gvstem. The plants examined by Tswett may be found by referring
to Tables 1 and 2.

The result of this study was to show that, while traces of chloro-
phyllins and normal carotinoids were present, the bulk of the pigment
of the yellow autumn leaves examined before the postmortal period
was a carotinoid-like pigment (or group of pigments) which was
almost completely adsorbed from petroleum ether by CaCO,, like the
xanthophylls. At the same time the pigment was epiphasic like caro-
tin, i.e., found in the petroleum ether layer in the Xraus separation, in
all cases except the extracts® from the honey locust (Gleditsia tria-
canthos) and the buckeye (Aesculus Hippocastanum). Speetroscopi-
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 Iayer in the

*The hy h of these were unfor not d forther
by Trwett, A - ‘
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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 depeuds primarily upon chemi-
eal composition, as Tswett (1911b) himself has pointed out, while
their relation to adsorbents is largely a colloidal phenomenon, as
already explained, and is pot nccessarily related to chemical com-
position.

Tswett also made a careful study of the question of the alleged
{Sorby, 1871a, b, Kraus, 1872, Koh!, 1902) prescnce of water-soluble
vellow pigments in yellow autumn foliage, with most convincing re-
sults. He found that hot water decoctions of autumn leaves, obtained
with the exelusions of as much air as possible, were scarcely colored
at all, and that similar decoctions with dilute acetic acid were pale
vellow, while extractions with alkaline water were golden yellow to
brown or reddish brown. The more golden colors were destroved by
acid, but the deeper ones persisted. Decoctions with water slightly
alkaline with carbonates were likewise golden yellow, and the extraets
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 ehromogens * 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 vellow 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-
uets of the yellow alkali salts of the colorless chromogen of the leaves
play the ehief réle 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

*These substances are probably fiavones which are chnr:ctexlud espeelally by thelr
Yellow color reaction with alkales.
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phases, determining colorimetrically ecarotin and xanthophylls (as a
group) by the Willstitter and Stoll (1913c) method, using potassium
dichromate ag standard. The study was necessarily most exacting and
laborious. In general, the data show that the amount of autumn
carotinoids in comparison with the carotinoids in the green leaves just
before the necrobiosis 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 prenecrosis 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 origina! paper for other
detalls. The planis examined are noted in Tables 1 and 2.

From a qualitative standpoint Mies Goerrig’s results differ signifi-
cantly from Tswett's in two particulars, (1) the former denies the
existence in autumn yellow leaves of carotinoids differing from the
normal plastid carotinoids, (2) and finds 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 earotin and xan-
thophylls in the autumn leaf pigmentation.”

With regard to the first difference, Miss Goerrig's conclusion is cer-
tainly open to criticism in that she did not submit her carotin and
xanthophyll fractions, obtained by separation between aleohol and
petroleum ether, to any confirmatory tests whatsoever. That Miss
Goerrig’s carotinoids from autumn leaves were probably the same as
the mixture which Tswett calle autumn xanthophylls is indieated by
the very significant statement 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. Tt is
not difficult to eonjecture that such xanthophylls, like Tswett’s autumn
pigments, would be mostly epiphasic between petroleum ether and
80 per cenl alcohol, the normal xanthophyll solvent in the Kraus
separation.

The difference between Miss Goerrig's and Tswett’s results respect-
ing water-soluble pigments can not be explained so readily, inasmuch
a8 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. Thie
possibility should be investigated.

Carotinoids in Autumn and Winter Reddening

The winter reddening of leaves of the English ivy (Hedera helir),
privet (Ligustrum vulgare) and other evergreens, and also that of cer-
tain herbaceous plants like Saxifraga wmbrosa, which retain their
jeaves 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.

Sehimper (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 (Buzus sempervirens) and found
it soluble in alcohol, benzene and CS,, and that it was extracted from
aleohol by the last named solvent. He also noticed the red pigment
in various parts of the plant of many varieties of aloés, e.g., Aloé 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,80,. 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 aloés 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 reactien with con. H,S0,,
HNO,, ete. Similar crystals were obtained even more abundantly in
the chromoplastids of several varieties of Selaginella. Molisch con-
cluded that the winter reddening of aloés and Sela.qinella is due in
part to a red carotin (carotinoid).®

Tewett (1911b) likewise has found a red carotinoid, undoubtedly the
samme pigment, in the winter folinge of several plants. These are
enumerated in Table 3. He proposes the name thujorhordin for the

* Molisch found s similar, if not the u‘me t, normlg]y in a
stroms In the { oroense), the plgment itself baving been
obwerved vt by Scbimper (1885).
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pigment because he first isolated it {rom arbor vite (Thuja orien-
talis). The pigment is described by Tewett as being ruby red in car-
bon disulfide, rese in aleohol and vellow in petroleum ether. It is not
adsorbed to any extent by CaCO, from petroleum ether or C8, solu-
tion, but it 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-
eal composition, not color and colloidal and other physical and
physico-chemical properties, must be the correct basis for the classi-
fication of carotincids. The hypophasic relations of thujorhordin in
the Kraus separation would classify it as a xanthophyll. Monteverde
and Lubimenko {1913b} 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 {i910b).
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 Lubimenko'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 studicd under tropical conditions.

Carotinoids tn Flowers

Yellow, orange and orange-red tints are especially sbundant among
flowers. Marquart (1835) was the first to name the yellow flower pig~
ments, calling them anthoxanthine to distinguish them from the blue,
violet and red pigments which he called anthocyenins. Marquart

. noticed that certain of the anthoxanthins gave a blue color w&m con.
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H.S0,, so that observations regarding flower curotinoids may right-
fully be said to have begun with this investigator.

Beginning with Frémy and Clotz (1854}, however, it has boen ree-
ognized that yellow flower colors may be divided, at least roughly, into
two groups, one insoluble in water and the other soluble in water.
Frémy and Cloéz 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 xanthein, and the yellow pigment
which may be obtained from certain dahlias was regarded as the type.
Frémy snd Cloéz’s xanthin was, of course, a mixture of carotinoids,
and their xantheins are recognized today as anthocyanins and fluvones,
only a few of which, however, have been isolated and closely studied.
We are coneerned 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 crange-red pigments of a consti-
tution entirely foreign to that of the carotinoids arc 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 eolor are produced by the latter pigments, and that such
flowers have a more delicate, transparent appearance. Microscopie
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 anthocyaning and favones are
always present in solution in the cell sap. There may be some exeep~
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 ean, of course, always be
carried out. Yellow and orange colored anthoeyanins, 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 aleoholic extructs of vellow 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 vellow 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 (be used the golden-vellow flowers of the California
poppy (Eschscholtzia californica) und the yellow pigments of chloro-
plagtids. Hansen (1884c) apparently obtained the first crystals of
carotinoid from yellow flowers, but their probable impurity ig indicated
by their ease of solubility in both aleohol and petroleum ether, crys-
talline carotin being practically insoluble in the former and ecrystal-
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-vellow pig-
ments in the chromoplastids of certain flowers existed naturally in
erystalline condition, while in others the pigment was granular or
amorphous, These observations were greatly extended by Courchet
(1888}, who used the pame chromoleucites first proposed by van
Tieghem in place of chromoplastids. The former has not had such
genern] use as the latter. Courchet's extensive investigation was not
confined to the yvellow 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 characterizsed by their blue color reaction with con.
H,80,; 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 erystals
whose rhombohedral platelets or prisms were recognized as extraordi-
parily 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 Hower 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 ycllow 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 te be classified as xan-
thophylls. It is not so certain that the crystalline forms were caratin
in sll cases on account of their somewhat varinble solubility in sheohol.

Following Courchet, carotin crystals were obtained by lmmendorfl
(1889) from extracts of the flowers of various members of the butter-
cup (Ranuncwlug) fumily und from various members of the hawkbit
(Leontedon) family, probably especinlly the so-called nutumn dsnde-
lion (Leontedon autumnale). Mibius (1885) had alresdy shown that
the peculiar oily appearance of the yeliow buttercups, which is the
cause of their common name, is caused by the pigmeut being dissolved
in the cells ip oil and not present, as usual, in plastid form. This
flower therefore appears to present an exception to the general rule
that flower carotinvids are present in chromoplastids. In this con-
nection, the ides 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 {atty
acids and an unnamed colorless hydrocarbon, hus been completely dis-
proved. Pabst (1892) proposed the same ides 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
cage, the hydrocarbon character of carotin and the fact that xantho-
phylls apparently contain no hydroxy! group would render their con~
elusiop untenable,

We are dependent for our present knowledge of the distribution of
carotinoids amgng flowers upon the observations of Tammes (1800),
Koh! (1902), Schunck (1903), Tschirch (1904), Bidgood (1905) and
van Wigselingh (1915}, Tammes, Koh! and van Wisselingh sub-
mitted the fowers 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 snd photospectrographic procedure, together with the
cffect 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 u number of common
yellow flowers. The author is of the opinion that Schunck’s work can
be relied on merely us having shown that xanthophyvil carotinoids are
present in the particular flowers examined by him. The author re-
cently * sought to verify Schunck’s observation that the pigment of
the common dandelion (Tarazacum officinale) is compared solely of
B. xanthophyll, whieh corresponds with Tswett’s a” and «”” xantho-
phylls, with the view of determining the influence of « single xantho-
phyll on the coloration of egg volk when fed to laying hens. Only the
purest yellow parts of the dandelion head were examined. Applying
relative solubility, spectroscopic and chromatographic adsorption
mcthods to the extracted pigment, it was found, however, that earotin
and at least three xanthophylls were present, carotin being especially
abundant. Xuanthophyll f (Schunck’s Y. xanthophyll}, characterized
by the peacock-blue color of its alcoholic solution on trextment with
HCI, was among the xanthophylls present.

Tschirch used a still different method for hie flower studies. The
alcoholic extracts were submitted to the capillary analysis procedure
first. introduced by Goppeleroeder {1901), and the carotinoid char-
acter of the principal yellow zone confirmed spectrescopically.

This ecapillary method of separation has not been mentioned pre-
viously so that & few statements concerning its character may be made
at this point. The aleoholic 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 jmmersed in the solution to a depth of about one
centimeter. The strips used by Tsehirch were § em. wide, 18 em. long
and abouf 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 itsell into colored zomes,
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

* Uopublished investigation. .
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pigment. The method is strikingly pretty but has the serious objece
tion that the various carotinoids are likely to lose some of their char-
*acteristic properties through oxidation before a pure pigment is ob-
tained. According to Tswett {1906c3, the differentintion into zones
ig not due to adsorption, as in his method, but merely to a combined
effect of surface evaporation and precipitation of pigments having
varving degrees of insolubility in the increasingly dilute sleohol. It
is difficult to believe, however, that colleidal adsorption does not play
a part in thie phenomenon.

Bidgood's addition to the subject of flower pigments ix a list of
flowers whose orange, brown and green tones are due to the combined
effect of carotinoids and erimson and blue anthocyaning,

The author has atterapted to volleet in Tables 4, 5, 6 ond 7 the
results of the work of the various investigators mentioned. It is scen
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 earotin-containing flowers in Table 4
must not be regarded as containing this pigment only. As a matter
of fnct carotin apparently never exiets rlone, ut least in flowers and
leaves, nlthough it msy be the predominating pigment, as in the
eorona of the poet's Narcissus, and the duffodil where it i f{ound
already erystallized in the plsstids (Courchet, Bidgood, van Wissel~
ingh). The orange colored pigment of the pollen of the so-called
mullein (Verbascum {thapsiforma 1.} appesrs 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 microchemieal erystals by the acid method, which may, at
least provisionally, be regarded as specific for cargtin on account of
the great sensitivenese of xanthophylis toward acid. The presence of
carotin in the other flowers in Tuble 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-contaiming flowers of Table 5,
similarly, do not necessarily contain this class of carctinoids onmly,
although it “is wossible 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 xadthophyll should be substantiated by
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chromatographic analysis. The collection of flowers in Table 6 sig-
nifies that we know as vet only that carotinoids are present in these
flowers. Whether the color effects are also due in part to yellow hued
non-earolinoids is not known, The cases where this fact appears to
have been established are reported in Table 7, which inciudes as well
8 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 ie clear that much work remains to be done before our knowledge
can be regarded ne complete regarding the character and distribution
of the individual carotinoids umong the yellow flowers.

Tamz 4. Yaaow Fuowess i Wwer Owonine Have Beex Devoxereaten

*Abutilon Darwinii Hook {Flowering Maple), Tammes.
Aloé verrucosa, Molisch,

Asclepias Curaswavica L. (Milk weed), van Wisselingh.
Asphodelus cerasifer L. {Asphodel), Courchet.
*Calceolaris rugosa Hook (Lady-slippers), van Wissclingh.
*Chelidonivin majus L. (C(Lmdme oppy ), Tammes.
fsatie Tinctoria L. (Dyer's Woad), van Wisselingh.
Liriodendron tulipifera (Tulip tree), bchrotter—hmtelh
*Manettig bicolor Paxt., Tamnes.

Momordu:a balsarmina (Bnlwam Apple), G and F. Tobler,

Narcissus ticus L. (P ), Courchet, Bidgood, van Wissclingh.

Nareissus Paeudn—mrmm L (Daﬂ'odll), van Wmclmgh
*Nonneo lutea . C., Tammes,
*Primula officinalis (Cowshp) Tammes.
*Siphocampylox bicolor G, Dow, Tammes.

*Stilophorum diphyltum Nutt., Tnmmes

Tararacum officinale Weber (Common Dandelion), Pahwer.
*Trolliuz asiaticus L. (Globe Flower), Tammes,

* Carotin by the acid microchemical crystailization method.

Tauik 5. Yeiwow Froweas 18n Waice Xantaopayis Have
BeEN DEMONSTRATED

Calecolaria (Lady-sli ), Schunck
”Culeﬂdula art z-run.« L, van W‘sselmg‘l‘ll
fsrigoid), Schunck

(‘kemmlhu.s chetra L. "(Wall-flower), Schunck.
“+Chelidonium majus L. (Celxmdme l‘oppy) wm Wmehngh

Chrysanthemum (probably fr L) (M ite),

Cylisus Laburaum L. (Broom Flower), Schunek.

*Dendrobium zhyrazﬂumm Rchb fil. Orchld) van Wisselingh.
**Doronicum Pardaanches L. (Lt:opuda Banz) Schunck, van Wisselingh,
*Gasania splendens Hort., Kohl, van Wisselingh.

Helignthus annus (Sunﬂower), "Schunck.
**Hicraceum aurontiacum L. (Orange Hawkweed, or Devil's Bit), van Wisselingh.

Isatiz tinctorie L. (D}eru Woad), van Wisselingh.
$*Lalsum croceum

Mimulus moschatus L. (Muﬂk plant), ‘Schunck.

® Flowers contnining xanthopbylls and no carotis, according to van Wiasellngh.
w:‘ Flowers whowe pigmentstion ia dus to obe xanthophyll ouly, according fo van

eaclingh,
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Narciorus Psewdo-narcissus L. (Iuflodill, Sehunck, van Wisselingh.
Primula officinaiis {Cowslip), Kohl.
Ronunculus acrs L. (Buucrmp) Kohl, Schuack.
:tglwmu raphasistrum L, (White Charlock}, Schunck.
es aureun (Golden Current), Kohl.
**8partium junceum L. (hpﬂmsh Broom), viau Weehugh.
Taoelu erc cta (Manm)d) Kchunek,
Yeber 10 Dandelion), Sctumck, Paliner.
Troym olum majus (\m«mm\nm Schunck
Tulipa Geancrana L. (Common garden 'Iuhp) van Wiskelingh,
Tussilage Farfara L. (Coltsfoot), Schunck.
Ulex puropoeus (Gorse), Schunck.
Verbascum species (Mullein). Kohl.
Viola tricolor 1.. {(Pansy), Bchunck.

** Flowers whose pigmentation v due to ope xanthophyil only, aceording to van
Wisselingh.

TasLe 6. Yewow Frotvews ix Wien Capominos Have Been Desonstmarsn

Abutilon mcgopotamicum (Flowering Maple), Tammen.

Abutslon nervosum (Flowering Mapler, Kohl.

Adonis vernalis (Spring Adonmn), T ammes,

Alyssum sazatide (Golden-tuft), Tummes.

Aster species, Courchet.

Buphthalmum salicifolium, Tschirch.

Cacalie coceinea, Tschirch.

Caltha palustris (Marsh Murigold}), Kohl, Tammes, Tschirch,
Chrysanthemum frutescens (Murguerite), van Wisselingh.

Clivia miniata Regel, van Wiseelingh.

Colutea media (Bladder Senna). Txchirch.

Corydalis tutea D. C. (Lark’s Spur}, van Wisselingh.

Cucurbita foetwsima (Calabasiile), Kobl,

Cucurbila melanosperma A. Br,, van Wsseliogh,

Cytizus Laburnum L. (Broom}, van Wisselingh.

Cytisus sagittalis Koeh. (Broom), van Winselingh.

Doronicum Columnae Tenore (Leopard's Bane), Kohl, Tammes, Tachirch,

Doronicum plantagineum L. excelsum, van mehngh

Doronicum Pardalisnches, Tschirch.

Epimedium macrantheum, Tammes

Evranthis hyemalis Balisb. (Winter Aronlte) Tammes, van Wisselingh,

Erysimum Pem}skmrmm Fisch. and Mey., van Wisselingh.
Perula species (Gisnt Fennel), van Wisselingh.

Farsythie Fortune: (Golden Bell), Tammes,

Forsythia viridissima (Golden Bell), Tammes, Kohl, Techirch, -

FPritdiaria m {Crown Impensl), Tammes, huhl van Wisselingh,

Gaillardia Tschirch,

Genista tincloria (Dyer’s Greenwood) Courchet,
o Wi,
ongora galeata Reil ven Wisse
Helenium. autummxl& (Sneezewood), Tammes.
emerocallis dendirffii Trautv. ‘and Mey (Yellow Day Lily), van Wisselingh.
Hieracium mm-omm L. (Hawkweed), van Wisselingh.
Hieracium Pilosells (Mouse-ear Hawkweed), Courchet.
-upatmu Noh-tmaere (Twch-me‘not)wKoN Tnmmes
Inulo

Iris Psevdacorus L van Wmelmgh
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Kerria joponica D. C. (Japancse Rose), Kohl, Tammes, Tachirch, van Wisselingh,
Klcinia (ﬁ)lpim' {Groundsel), van Wisselingh.

Kniphofia alooides {Toreh Lily or Poker Plant), Tammes.
Ladomun hybridum, Kobl,

Leontedon autumnalis (Autumn Dandelion), Iomendorff.
Leontedon Tararicum (probably Common Dandelion), Tschirch.
Lifium buibiferum, Hansen.

Loasa lateritia, Kobl

Lycaste aromatica, Tammes. .
Meconopeis cambria Vig. (Welsh Poppy), van Wisselingh.
Melilotus officinalis (Sweet Clover), Tuchirch. .
Nuphar luteum Sibth. (European Pond Lily), ven Wisscliogh.
Qenothera biennis (European Evening Primrose). Tammes, Kohl.
Physoliz Fronchetti (Chinese Lantern Plant), Tammes.
Ranunculus auricomus (Buttercup), Tammes, Kohl.
Ranunculus Ficarig, Tammes, K

Ranunculus Grammeus, Tammes,

Ranunculug repens, Kohl, Tammes,

Roga species, yellow flowers, Hansen, Kohl. .
Rudbeckia Newmanii (Cone Flower), Tammes.

Silphium g«r{oh‘alum (Cup plant), Kobl.

Sinapis alba 1., van Wisselingh.

Sisymbrium Sophia, Tammes.

Strelitzia Reginae (Bird~of-Paradise Aower), Tammes, Kohl.
Tagetes patule (Marigold}, Courchet, Kohl, Tammes.
Telekia speciomssima, Tachirch.

Thermopsis lanceolats R. Br., van Wisselingh.

Tillandsta splendens, Tammes.

Tritonin auren {Blazing Star), Kohl, Tachireb,

Trollius europaeus (Globe Flower), Tammes, Kohl.
Tropacolum majus (Nasturtium), Courchet, Tammes, Kohl.
Tropacolum minus (Nasturtium), Kohl, A. Meyer.

Tulipa Gesneruana L., van Wisselingh.

Tulipa hortensie Gaertn., van Wisselingh.

Uvalaria grandifiora (Bellwort), Tammes,

Verbascum Thapsiforma (Mullein}, Tsehirch.

Viola odorata (Sweet Violet), Molisch, Kohl.

Viola biflora, Tachirch.

Viola coruta L. var. Daldowie yellow (Homned Violet), van Wisselingh.
Viola lutea (Yellow petal Violet), Tschirch, Tammes.
Waldstemia geoides, Tammes.

Tapwe 7. Frowess Conrarnine CamoriNoms anp Orser PioMments

Allium sicudum (Onion), Courchet. Chiefly carotinoids with some chlorophyll,
giving brown color. A .
Armeria tvulgeris (Thrift), Courch Chiefly inoids, some soluble yellow
non-carotinoids.

Atropa belladona (Bellad ), Courchet. Chiefly carotinoids, some soluble non-
carotinoids. K

Bulbine gemibarbata, Courchet. Chiefly carctinoids, some soluble yellow antho-

cyanins.
Crocus sativus, Techirch. Some carotinoids in flower petals, also Bafran. Pollen

Cyﬂ‘gﬂtﬂ Bozollii, C. insigne, C. argus. (Lady’s Blipper), Bidgood. Chlaro-
: ' ),
back of chromo; brown effe

s b of chs ing brown effect.
lteia eahfofm ; ifami‘g:)ppy), Caourchet. Chiefly anthocyanins, with
G«u:\dmmm,gowvhei Partly crange colored carotinoids and partly omnge

some xanthoph; )
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Maslenallia Veitchi Bidgood. Purple ocll sap and earotinoid chromoplastids.

Narcissua Taszeita (Polyanthus Narsus), Ridgood. Chiefly yellow anthoeyanin
with some carotin (?).

Odirtiglogrums  (Orchids), Oncidiums (Orchids), Tropoealutss  {Nuaturiiuing)
Bidgood. Many varieties of these have etimwson anthocysnin tn epideriog
cells and yellow carotinoide along mner walls of e cells,

Waliflowers, Bidgood. Some have crimson sap and earotinoids in plastide,

Yellow tulips, Bidgood. Biue anthocyanm in epidermal cells, overlying yellow
chromoplastids in staminal filaments, giving green cffects.

Carotinoids tn 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 classifving the kind of earoti-
noid present. Even for many of the fruits that have been studied by
more than one investigator we only know, as yet, that carotinoide are
the cause of the pigmentation. There is great need for an application
of the Tswett system of analysis to the pigmenta 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 (1868) claesified 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 Solanum pseudo-capsicum (Jerusalem Cheny),
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 tatsria (Honeysuckle), but
these pigments, apparently carotincid 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 recrys-
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tallized it. For example, carmine colored rhombohedral crystals with a
few orange-red trapezoidal furms were obtained from the ether extract
of the fruit Acsh of Cucumis melo (Muskmelon). In the case of the
little tomato-like fruits of Eugeniz unifiora (Pitanga or Surinam
cherry) a red anthocyanin was found in the epidermis cells, and
orsnge colored chromoplastids in the pericarp which crystallised in
the form of red-orange rhombic plates, and is thus obviously earo-
tinoid in naturc. The ether extract of the berries of Douce-amere and
Solanum corymbosum, however, deposited both s yellow amorphous
xanthophyll-like pigment and thin, pale, red, rhombohedral platelets,
frequently grouped iogether in clusters. The latter may be carotin.

Desmouliere (1902} extracted a vellow pigment from the juice of
Prunus armeniaca (Apricot) with amy] aleohol and the residue from
this solution gave the lipuehrome reaction with con. H,80,. He con-
cluded that the pigment was probably carotin but there is no evidence
that only onc 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 (1802) obtained carotinoid erystals by the Molisch miero-
chemical erystallization method in the case of the fruits of Berberis
vulgariz (Common Barberry), and several kinds of Clivias and Coton-
easters, but his conclusion that carotin only was involved we know
now to be a mistake.

Tschirch (1904) made a capillary “colorimetric apalysis of the alco-
holic extract of the little fruits of Ewonymous europacus (European
Spindle-tree) and obtained several yellow to red-orange zomes. The
chief zone of the latter color unquestionably showed the spectrum of
carotin.  Whether other carotinoids sre present is not known.

Duggar (1913) obtained spectroscopic and physiologica! evidence
that the principal pigment of the carpellary tissue of Momordica
charantia (Balsam Pear) is carotin but that lyeopin, 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 Lubimerko calls Iycopin-
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oid, because of slight differences in the relative intensity of the first
two absorption bande as compared with the same bande of lycopin,
and because of a greater ease of solubility in absolute nlcohol and
glacial acetic acid. In the case of the fruit of Arum orientale, the
chief pigments were carotin and xanthophylls, true lycopin making up
only o small part of the pigment. Varioua Aglaonema fruits, such as
Ag. nitidum Kunth, Ag. oblongifolium Kunth, Ag. oblong. variety
Curtisii, and Ag. simplez Bl. were found to coutain varisble smounts
of yellow pigments besides lycopin. The following fruite appeared to
contain chiefly lveopin: Actinophlocus angustifolius Beee., Actinog-
phlocus macarthurii Bece., Archonthophoeniz Alerandrae H. Wendl,,
Calyptrocaliz spicatus Blume, Erythrozylum nova-granadense, Nenga
Schefferiana Beec., Nertera depressa Banks and Soland, Pandanus
polycephalus L.um., Ptychandra glanca Scheff., Ptychosperma elegans
Blume. Sinaspadir Petrichiana Hort., Selanum decasepalum, Tanerno-
montana pentastycha Schefi.  Erpecially interesting were the fruits of
Gonocarium obovatum Hoer. and Gon. pyriforme Schefl., the bands of
whose pigment in carbon disulfide solution were intermediate between
the characteristic bands of carotin and lyeopin. Lubimenko regarded
the Iycopin of the fruit of the palm Arcca Alicae W. Hill as a lyeco-
pinoid because its first two spectroscopic absorption bands in carbon
disulfide were of equal intensity while the recond band in the case of
lycopin is more intense than the first.

Van Wissclingh (1915) ohtained a positive carotinoid reaction on
the fruits of Viburnum Opulus (European cranberry bush), using the
Molieeh microchemical crystallization method, but made no further
study of the erystals.

Gill (1918) has found carotinoids in palm oil, the commercial prod-
uct which is obtained from the fruits of certain Palmacee, particu-
larly Eloeis guineesis 1. (Jacq.), which form vast forests along the
West Coast of Africa, and Eloeis melanococca, Giirth. (Alfonsia olei-
fera, Humb.) which is cultivated in the West Indies snd in South
America. Gill's observations are of interest in the light of Lubi-
menko'’s study of the pigiments of the palm fruits, mentioned above,

Asparagus berrics. Thudichum (1869} classified the pigment with
the luteins, Hartsen (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 sre present has not been de-
termined.

Ampelopsis hedcracee. Hansen (1884) classified the pigment of
the fruit sg s lipochrome and Kohl (1902) obtained carotinoid crys-
tals by the Molisch microchemicsl 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 microchemicnl crystals
obtained by the Molisch method and concluded that the chicf pigment
is lyeopin, but that other carotinoids are present also.

Citrus imonum (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 crvstals were described,
soluble in cther, benzine and chloroform, forming vellow or yellow-
red solutione, and in carbon disulfide forming a magnificent rose-
colored solution. The insolubility of the crystals in alcohols and the
characteristic three-banded sbsorption spectrum which was found to
be identical with that of the red tomato pigment obviously classifies
the pigment ax a carotin if not as lycopin itself, as there is good reaspn
to believe. Courchet (1888) also crystallized the watermelon pig-
ment and found that the crystals resembled compietely 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 periearp of so-called Turk’s-cap gourd. The pigment was not
found to be readily extractable by alcobol, even by hot absolute alco-
hol, but was readily soluble in petroleum ether, cther, chloroform and
earbon disulfide. The recrystallized pigment was found to be iden-
tical in solubility and in its reactions with carotin, especiaily the
emerald green color on addition of HCI to the alcobolic solution of
the pigment.. The conclusion seems justified that carotin is the chief
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pigment of the fruite of the gourd family, including pumpkins and the
varioue yellow fleshed squash varietiea, Whether other earotinoids
are also present has not been determined.

Gill (1918) has recently stated that earotin is found in yellow
squash. ihe statement being based on the use of the Crampton-
Simong palm oil test which this author has found to be due to carotin
(probably carotinoids in general).

Momordica balsiming (Balsam Appley. G. and F. Tobler (1910)
first studied the pigment of this fruit and believed that two pigments
were present; a vellow one soluble in aleobiol, ether, benzene and {atty
oilz, the ether solution showing the absorption bands, 478-465uu nnd
435-415uu; a ruby red pigment, extractable by cold aleohol, but not by
benzene, but soluble in both of these solvents az well as in cther,
chloroform and fatty oils, whirh failed to show the lipochirome reac-
tions with H.SO, and 1,-KI, but which showed the following four-
banded speetrumi in benzene.

T. 513-496uu: 11, 4B7-446pys; 111, 455-443up; IV, 437-425pup,

The vellow pigment wag found chiefly in the exo- nnd mesocarp.
Its solubilities and speectra indicate that it is a xanthophyll. The red
pigment was found chiefly in the endocarp, Tts absorption spectrum
in aleohol rescmbles closely that of lvcopin but the other propertics
are at varianee. Duggar (1913) also examined the balsam apple pig-
ment and found the carpellary tissues to be vellow to orange as did
the Toblers, and the aril to have a bright red color. Dugrar regards
the latter pigment to be lycopin, on epectroscopic grounds, but the
failure of the pigment to show other characteristic earotinoid prop-
erties, as found by the Toblers, remains to be explained.

Physalis alkekenzi (Strawberry Tomato, Winter or Bladder
Cherry}. Thudichum (1869) classified the pigment of this fruit ag a
lutein, and Tamrmes (1900) obtained positive carotinoid color reac-
tions with the plastid pigment. Monteverde and Lubimenko (1913b)
regard the pigment as earotin, but differing from it by the compara-
tive intensity of the absorption bands. They call it carotin B.

Arum italicum (Wild Ginger). Schiroper (1885) observed red
asmorphous 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 microchemieal carctinoid erystals
using the Molisch methed. Carotin seems to be one of the pigments
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involved here. Whether other carotinoids are present remains to be
determined.

Lonicera zylosteum (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 franchettt (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 aleoholic 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.

Pamus 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 mierochernical evidence of lycopin and
xenthophylls, 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
ﬁolatgd lycopin erystals from the dried fruit pulp, but they neverthe-
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less regard it ss a minor constituent of the pigments of this fruit.
The microchemical Molisch erystals 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.

Sorbus aucuparia (Europcan Mountain Ash). Immendorff (1889)
believed carotin to be the pigment of the fruit of this plant. Both
Tammes and Kohl obtainéd mierochemical crystals by the alkali
method, and van Wisselingh- (1915) by the acid method as well. The
latter investigator made a closer studv of the crystals obtained and
found red and orange-red platelets insoluble in phenol-glycerine, and
orange and vellow-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 aurantium {(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 mierochemical
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
(1803) 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 prineipal 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
microchemicgl methods, would seem desirable.

Solanum dulfamara (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
(1814a) 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 reactien 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 earotin. 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 (Iycopin) 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 Tsachirch (1904}, do not cor-
respond exactly with the lycopin bands (in the same solvent) given
by Willstitter 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 soluhility 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
Schunck (1903), who apparently was unfamiliar with Millardet’s
investigution, namely, Iycopin, is more generally used at present, espe-
cially since Willstitter and Escher (1810) adopted it in their thorough
chemical study of the pigment. Duggar (1913) hus oftered the name
lyeopersicin as being more suitable, but in spite of Duggar’s very valid
arguments against the name lycopin, 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
C8,, CHCl; and benzene. 1t showed a characteristic spectrum in
C8,, 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 chlorophyli, 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 Koh! (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 ecarotin, and, as previously stated, named it
lycopin. 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 Iycopin 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, C, H.,,, which
was still in vogue at that time. Molecular weight determinations in
benzene, using the cryoscopi¢ method, gave vilues of 635-650, from
which fact it was concluded that the pigment Was dicarotin, or C,H,,,
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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 crystais
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 Willstitter 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
Willstitter and Escher on the pure lycopin crystals were in excellent
agreement with theoretical composition and molecular weight of caro-
tin as found by Willstitter and Mieg (1907), namely, C,H,,, as
shown hy the following data.

Mol. Wt. found for

Caleulated for Found for lycopin. Calculated Mol. lycopin,
Culle - (Ave. of 4 detns.) Wi for Cully (Ave. of 7 detns.)
C == 8048 C == 89.36
H = 1052 H = 1081 536 558

The characteristie properties of lycopin as described by Willstiitter
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 CS,
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 CB,, 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 nas a characteristic,
different odor from oxidized carotin, according to Willstitter and
Escher. Especially characteristic is the position of the absorption
spectral bands of lycopin, particularly in C8,, thirec bands being vis-
ible, the second of which nearly occupies the space between the first
two carotin bands. The measurements as carried out by Willstitter
and Escher are as follows, using a 0.05 per cent solution in carbon
disulfide. The figures have been confirmed completely by Monteverde
and Lubimenko (1913b).

10 mm. layer. 20 mm. layer. 40 man. layer.
Band I : 854 —-540 nu 561 --555 ~536 uu 563 ~533 . .526 up
Band II : 514 ~-4994 “ 5175 —498 525 493 , 483 ¢
Band IIT : 479 . 472 ¢ 481.5-—468 “ 483 4625 , .427- ¢
Note: — means very dark; —~ means {airly dask; . . means rather weak.

Since Willstiitter and Escher’s thorough study of the red tomato
pigment, Duggar (1913} has observed that green tomato fruite 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 erystallization of lycopin
and the effect of various reagents on the crystals thus formed. This
investigator finds that lycopin does not readily erystallize 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 erystallize 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 lycopm crystals are ingoluble in phenol-glycerin (3
parts by welght of phenol erystals and one part by weight of glycer-
in). Van Wisselingh also found what appeared to be earotin 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-
vesled 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 Buonymous japonicus (Japanese Spindle-tree), Momordica
Balsaminag {Balsam Apple) and Passifiora 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 endocarpe owe their color to carotin (and
probably xanthophylls) while those of a more distinct red eolor 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
arange-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 Balsaming is lycopin. Duggar has
observed also that the aril pigment of Momordica charantia is lyca-
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 latifolic Scop. (Spindle-tree),
which was substantiated completely by van Wisselingh (1915). Both
Kohl (1902) and van Wisselingh (1915) obtained positive carotinoid
reactions for the arilof Tazus baccata (Yew tree); but according to
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Monteverde and Lubimenko (1813b) this pigment is rhodoxanthin, the
red isomer of xanthophyll. True carotinoids are not present in the
aril of Myristica fragrans Houtt. (Nutmeg), judging from Kohl's
(1802} classification of the pigment as a xanthophyll showing no
spectroscopic absorption properties. Lubimenko (1914a), however,
reports lycopin in the aril of this plant.

Other seeds which are not characterized by highly pigimented 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 & 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 scsame seed (Sesamum
indicum}, obtaining a positive test; and rape sced (Brassica campes-
tris), white sunflower seed (Helianthus),*® and cotton secd (Gossy-
pium hirsutum), with negative results. Palmer and Kempster (1918¢),
however, have found that rape sced 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, cottonsced 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 (1919¢) 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 eorn (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 ) of the chloro-
plastids, but its relative solubility and adsorption properties were at
varianee in that it did not seem to be adsorbed to any extent from
petroleum ether or carbon disulfide by CaCO,, and it appeared to be
just as readily extraeted from 80 per cent alcohol by petroleum ether
as from the labter solvent by fresh 80 per cent alcohol. The peculiari-

#* The particular variety of sunflower seed examined 18 not clear. The common sun-~
flower (Helianthus annua) whose seed is nsed f(e_r commercial ofi production, gives a
very paie 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 sativum) and oat (4vena sativa) grains, as shown
by Palmer and Kempster (1919¢) and even in traces in the grains of
polished rice {Oryza sativa), 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 Wachenroder (1826). The hydrocarbon nature of the
pigment was discovered by Zeise (1847) and confirmed by Ammaud
(1886). The formula C,H,, was established for the pigment by
Willstitter and Mieg (1907) and confirmed by Euler and Nordenson

- (1908) and others. Euler and Nordenson showed that xanthephylls
are alse present in carrots, & 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.

QOther 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 Frémy (1860), but the first definite separation from green pig-
ment was made by Stokes (1864), and latér by Kraus (1872) and
Sorby (1873) and others.

The first crystals of yellow plastid pigment were observed by Frémy
(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 earrot carotin,
which was confirmed by chemical analysis through the work of Im-
mendorff (1889) and Willstitter 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 ag carotinoids was developed by
Tswett (1906 to 1911) on the basis of the observations of Kraus
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(1872) and Monteverde (1893), as well as on his own physico-chemi-
cal studies of the leaf pigments. Tswett’s theorics regarding the
chemical relation between the carotin and xanthophyll groups of
carotinoids were substantiated by Willstiitter and Mieg (1807), who
isolated the first crystalline xanthophyll and established for it the
formula C,,H;0,. 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 Willstiitter 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.

Xanthophylis 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 devclopment 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 thc xanthophyll distribution.

It seéems 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 answercd regarding the yeliow 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’ yelldw pigments play a part in the autumn colorations.
Tewett has concluded that the yellow colors are due entirely to &
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 lutter, and which readily oxidize to a brown color. These
pigments arc regarded by Tswett as playing a part at times in the
necrobiotie 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 rdle 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 vitee. In other cascs the red carotin, Iycopin, 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 eause 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 Willstitter 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-



CAROTINOIDS IN THE PHANEROGAMS 91

thin having heen found in specific cases, which are enumerated in the
text. Carotinoids are also found in certain seeds whose carpellary
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 algm, 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 alge, 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 algm, so that thc subject of the carotinoids among the
alge is by no means as yet a closed book. Some of the alge 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 alge, 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 alge. 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 which may be thus interpreted.

The study of the carotinoids which appear to be regular!y pro-
duced by bacteria of certain species is practically an unexplored field.
Practically nothing is known regarding the character and distribution
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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
are 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 valuasble
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 Pheophyceae. 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 watars. A few of the species are of economic importance.
Laminaria saccharina, which contains the carbohydrate mannite, is
used in the Orient for food. The carotingids of this class 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 alge 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 phycophiin, which forms in the plants
after death, as the result of oxidation of colorless chromogens in the
cells. The belief that phycophiin 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 prévailing knowledge
of the plant chromolipoids, they unquestionably paved the way for
the discovery of the fucoxanthin 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
a8 sources of material for investigation. Of the various investigations
mentioned in the table those of Tswett (1906), Czapek (1911), Kylin
(1912) and Willstitter 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
Fucoidie 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 Pheophycee, to which the name
phycophiin was given. Reinke (1886) first expressed the belief that
phycophiin 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 algs turns blue when its alcoholic solution is
treated with HCI, a reaction which appears to be specific for fuco-
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xanthin, and is of considerable importance for the qualitative detee-
tion of this pigment.

Sorby (1873) proposed the name fucoxanthin for the chief eoloring
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 HCI is added to
the alcoliolic 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 phiophyll for the special yellow
pigment of Pheophycec.

Hansen (1884d) regarded the vellow pigment of brown algae ns
identical with the “yellow chlorophyll” of higher plants.

Tammes (1900) demonstrated the presence of carotinoids in a num-
ber of species of Pheophycee, using the Molisch alkali microchemi-~
cal crystallization method. Tt is now known that he was mistsken
in attributing the result to carotin only,

Gaidukov (1903), however, denjed 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. PrarorEYCEAE Fousp 10 Conrars CaRoriNoms

Order Cyclosporales (highest forms).

Fucoidiae—Rosanoff, 1867; Czapek, 1911.

Fucus serratus—Millardet, 1869; Sorby, 1873; Reinke, 1876; Tammes,
1900; Gaidukov, 1903; Mohsch 1805; Tswett 1905, ]906 Kylin,
1912; Willstitter and nge 1914 van W)sselmgh, 1015,

Fucus vesculasus—-MxIlardet 1869; Hansen, 1884; Tammes, 1900;
Tawett, 1906; Kylin, 1912 van Wxsselmgh 1915,

Fucus m)dasus—Mlllardet 1860.

Fucus versoides—Molisch, 1905.

Ascopl;yllum nodosum—Tammes, 1900; Kylin, 1912; van Wisselingh,

Phyllospora Brodigei, P, membramfoha—Kyhn, 1912,
Cystoseira abrotamjolta—MDlxsch
Halidrys siloguosa—Millardet, 1869 Reinke, 1876; Molisch, 1905;
Kylin, 1912.
Order Phewosporales.
Ectocarpaceae—Askenasy, 1869.
Pylaiella lum—alw~Kyhn, 1912.
Desmarestia aculeata—Reinke, 1876,
lachista species—Millardet, 1869 Molxsch 1905.
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Leathesia marina—Millardet, 1869; Malisch, 1905.

Chorda filum—Tammes, 900.

Laminaria saccharina~—Millardet, 1869; Reinke, 1876; Tammes 1900;
Molisch, 1905; Tswett, 1905, 1906; van Wmehngh,

Laminaria dzgltalw—Tammes 1900 Mohsch 1905; hylm, 1912 Will-
stiitter and Page, 1914; van Wl.seehngh 1915.

Cutleria multzﬁda——Mllla.rdet 1869; Molisch, 1805,

Order Dictyotales.
Dw(yota dwhotama—Mxl]nrdet 1869; Malisch, 1905. .
wleris polyp Tammes, 1900; Molisch, 1905; Kylin,

Halysens polypudundes—Mlllardet 1869; Molisch, 1905,
Padina Pavoma—Molisch, 1905.

Molisch’s (1905) contributions to the carotinoids of brown algae
were, (1) in showing that the water-soluble phycophiin 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 HCl
Molisch obtained the latter reaction either by extracting the fresh
plants with alcoholie-HCI (98 volumes of alcohol and 2 volumes of
con. HCl) or by adding HCI 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 “leucocyan” in the plant, which gave rise
to a blue “phaeocyan” with HCL

Tswett (1905) was quick to point out Molisch’s error with respect
to the so-called leucocyan reaction, showing that thie was due to the
speeial carotinoid, fucoxanthin, in the plants, as Sorby (1873) had
pointed out many years earlier. Tswett (1906) was thus led to make
o cloger study of the Phaeophyceae pigments, using Fucus and Lami-
naria for his material. He showed first that phycophiin is a post-
mortem ozidation preduct 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 xanthophyll. The former is the principal pig-
ment. It eorresponds to the xanthophylls of the higher plants in being
adsorbed from pure petroleum ether and carbon disulfide 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 HCL. Tswett 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 erroncously regarded as a special xan-
thophyll, to which Tswett gave the name fucoxanthophyil. Tawett
also studied the chlorophyllins of the brown algae, finding chloro-
phyllin o (chlorophyll a of Willstitter) and chlorophyllin v, & spe-
cial pigment, which he regarded as characteristic of the Pheophycee.
This has not been confirmed by Willstiitter and Page (1914) who
found only chlorophyll a in the brown algae.

Czapek (1911) submitted petroleum ether extracts of carefully
dried Fucoidee to & Tswett chromatographic analysis and found
chlorophyll a, fuecoxanthin and xanthophyll, but no carotin. The fail-
ure to find carotin was probably due to the fact that Laminaria,
according to Willstiitter and Page, contain very small quantities of
carotin.

Kylin (1912) has given us one of the best systematic examinations
of the carotinoids of the Phaeophyceae. Although Kylin falls into the
error of regarding the Molisch microchemical erystallization test,
which he performed on a large number of species, as speeific for caro-
tin, he nevertheless succeeded in isolating the first erystals of this pig-
ment from brown algae. Impure crystals of xanthophyll were also
secured. An unsuccessful attempt was 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 thiat a greater solubility in petro-
leum ether is one of the distinguishing differences, a result which
Willstitter 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
80 that the tendency to give this reaction is greatly accelerated. R

Fucozanthin.s The chemical relation of fucoxanthin to the other
carotinoids is now known through the work of Willstitter 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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carricd out on five different preparations of fucoxanthin gave the fol-
lowing results in comparison with several theoretical values.

Cealculated for
Found
CwHaOe CuwHuO: CuHuOs
C = 7639 76.14 7590 76.35
H = 877 863 + 893 876

The investigators prefer the formula C,H 0, over C,H,0O,,
although the latter expresses the closer empirical relation to carotin,
but admit, at the same time, that their data correspond most closely
to the formula containing one additional carbon atom. In any case
the close chemical relation of fucoxanthin to the other carotinoids is
clearly established.

The observations of Tswett and of Willstitter and Page show that
great care must be taken in the isolation of fucoxanthin to prevent
the formation of the post-mortal phycophéin. This was prevented by
Willstétter by dehydrating the fresh plants with 30 per cent acetone,
after which the material was macerated and extracted at once with
pure acetone. The extract containing the combined chlorophyll and
carotinoids was then diluted with ether which was washed free from
acetone with water. The ether extract was now diluted with an equal
volume of low boiling petroleum and the mixture submitted to a modi-
fied Kraus separation using 70 per cent methyl alcohol. In this con-
nection Willstitter and Page made the valuable observation that
fucoxanthin is quantitatively removed by 70 per cent alcohol in the
Kraus separation, leaving the other carotinoids practically quantita-
tively in the petroleum ether, especially if ether is also present. It is
clear that this discovery not only permits the separation of fucoxan-
thin but does not interfere with the subsequent separation of xan-
thophyll and carotin by the usual procedure using petroleum ether
and 80 per cent methyl alcohol.

Fucoxanthin isolated on the above principle was found to crystal-
lize readily from methyl aleohol or acetone in dark red regular
hexagons, containing water or aleohol of ecrystallization, the latter
‘being lost only in high vacuum at 105° C. By precipitating the pig-
ment from ether with low boiling petroleum, in which it is insoluble,
compact needles without any solvent of crystallization were obtained.
A study of the characteristic color reaction with HCI showed it to be
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due to the formation of a hydrochloride of the composition C,;H,O,,
4HC(Y, the yellow pigment restored by alkali still containing one mole-
cule of HCL 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 specetro-
scopic and solubility properties. It was found that the effect of uikali
in increasing the sensitiveness of fucoxanthin solutions townrds the
blue color reaction with acids, which Kylin noted, was due to this
modified pigment. Wilistiitter and Page observed that us little as
0.001 per cent HCI would give the bluc color with & concentrated
ether solution of the pigment, after its modification with alkali.

Fucoxanthin appears to be an even more intense pigment than
carotin or xanthophyli from the observations of Willstiitter and Page,
who found that 85 mm. of 0.2 per cent K,Cr,0, 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 s 5 X 10 molar concentration
of pigment.

Other interesting properties of fucoxanthin observed by these inves-
tigators were the formation of oxonium salts, a erystalline iodide,
C,oH,0.1,, and a bleached oxidation product C,H,0,,. 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,

TFresh Alge Dry Alge
Fucozan- Xantho- Fucozan- Xantho-
thin Carotin phyld thin Carotin phyll
per cent per cent per cent per cent per cent per cent
Fucus 0.0169 0.0089 0.0087 0.0593 00312 0.0305
Dictyota 0250 0057 0063 ... ... ..
Laminaria 0081 0006 0038 0528 0038 0243

Willstitter and Page gave some attention to the character of the
xanthophyll psesent. They were unable to observe any propertics
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 fucoxanthophyll in the
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brown alge, as Tswett concluded. The question still remains open,
however, as to whether more than one xanthophyll is present.

The Rhodophyceae. 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 Rhodophyceae 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), and is known as phyco-
erythrin,

The red algae, however, do not lack carotinoids. Those in which
the chromolipoids have been demonstrated are given in Table 8. The
investigations upon which our knowledge of the carotinoids in the red
alge 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 Willstitter’s laboratory.

Reinke (1876) extracted Batrachospermum moniliforme with hot -
alcohol, and obtained a yellow extract which gave up its pigment to
benzene. This result indieates 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
ag 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 algse. 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 indicative of the same types of pigments as are present in
higher plants which he 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.

Tasrk 9. RHOnoPHYCEAE Founp To ConTain Carorinoins

Order Bangiales .
Bangia species (fresh water)—Nebelung, 1878; Kohl, 1902.
Porphyra laciniata—Tammes, 1900.
Forphyra hiemalis—Kylin, 1811,
Porphyra vulgaris—Sorby, 1873.
Order Nemaliorales
Lemania fluviatilus (fresh water)—Nebelung, 1878; Kohl, 1902, |
Batrachospermum moniliforme (fresh water)—Reinke, 1876; Nebclung,
1878; Kohl, 1902,
Chantransia species (fresh water)—Nebelung, 1878; Kohl, 1902.
Order Gigartinales
Chondrus crispus—Kylin, 1911; van Wisselingh, 1915.
Cystoclonium purpur Kylin, 1911,
Order Rhodymeniales
Dellesseria sangumea—Kylin, 1911,
Laurencia pinnatifide—Kylin, 1911,
Polysiphona spectes—Tammes, 1969.
Polysiphonia nigrescens—Kylin, 1911.
Rhodomela subfusce, R. virgata—Kylin, 1911,
Ceramium rubrum—Tammes, 1000; Kylin, 1911; van Wisselingh, 1015.
Ceramium diaphanym—XKylin, 1911,
Caollithamnion hiemale—Kylin, 1911,
Spermothamnion roseolum—Kylin, 1911.
Order Cryplonemiales
Dumontia filiformis—Kylin, 1911.
Furcellaria fastigiate—Kylin, 1911.
Polyides rotundus—Xylin, 1911,
Corallina oficinalis—Kylin, 1911.

Kylin (1911) has given us the most complete study of the earotin-
oids of the Rhodophyceae. He first successfully applied the Molisch
carotinoid test to some 18 different species of red alge, 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 guestion regarding the presence of carotin in the red alge.
The study of ¢he xanthophylls led to less satisfactory results. By
evaporating the xanthophyll-containing aleohol fraction to dryness
and heating the residue with petroleum ether it was found possible
fo separate the pigment inte 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 § of higher plants, as pointed out in the pre-
cceding 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. 1t is doubtful whether
Kylin really effected a separation of distinct pigments in his xantho-
phyll fractions. It is not at all unlikely that the Rhodophyce® 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
carotinoids would be helpful in deciding whether the color reaction
observed by Kylin was due to fucoxanthin or to a xanthophyll of the
f type.

Van Wisselingh (1915) has recently demonstrated carotinoids in
two species of red algae using both the Molisch and the ncid miero-
crystallization method.

The Charales. 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 Nitella. Both
Tammes (1900) and Koh! {(1902) were successful in showing caro-
tinoids to be present in Chara fragilis, using the Molisch method.
The same result was obtained by vap Wisselingh (1915) on Nitella
spores. The evidence points to the presence of carotinoids 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 ope. The feature which
has especially attracted attention, however, is the fact that the spores
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of certain species, e.g., Haematococcus, in the resting stage are charac-
terized by a deep red or violet pigmentation. The speeies which have
been cxamined for 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 11. For example, the earliest
workers, i.e., Cohn (1850}, DeBary (1856), Cuspary (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,SO,, characteristic of the pigments ater 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 ecarotin 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. Willstitter and Page have not only shown
that this is the case for Ulva 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 Chlorophycege in the resting
stage. Special study of the character of the pigments present in
Sphaerella - (Haematococcus = Chlamydococcus) pluvialis, the so-
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called blood algw, and Trentepohlia Jolithus, the so-called violet
alge, has been made by Rostafinski (1881), Karsten (1891) and
Zopf (18924, 1895). Cohn (1850) first called the pigment haemato-
chrome and this name wag 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,80,. A spectroscopic comparison of the
two pigments {ailing 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.

Tapie 10. CHLorRoPEYCEAE Founn To CoNTalN CaroriNoms

Order Oedogoniales (highest forms).
Qedogonium species—Tammes, 1800; Kobhl, 1902; van Wisselingh, 1915.
Buibochaete—DeBary, 1856; Cohn, 1867,
Bulbochaete setigera—Kohl, 1802,
Order Heterosiphonales
Botrydwm-—Rostafinski, 1881.
Order Conjugote
Spir(lzggga crassa—Borodin, 1883; Molisch, 1896; Tammes, 1%00; Kohl,

Spirogyra maxima—Borodin, 1883; van Wisselingh, 1915.
Zygnema cruciatum—van Wisselingh, 1915,
Order Utotnchales
Phycopeltis epiphyton. P. Teubii, P. maritima, P. aurea, P. amboinemis—
Karsten, 1891; Zopf, 1892a.
Cephaleurus (Mycoidea) leauis, C. solu.tua C. albidus, C. parasiticus, P.
mindmus—~Karsten, 1891; Zopi, 1
Trentepohlia (Chroolepus) T. diformis, T. crassiaepta, T.
bisporangiata, T. cyanio—Karsten, 1891 ; Zopf 1892a.
Trentepohlia ;olzlhus—Karsten 1891 ; Zopf, 1892a; Kohl 1902.
Trentepohlia aurea—Rostafinski, 1881 Zopi, 1892a.
Trentepohlia umbrma——-Caspary, 1858; Frank, 1877; Zopf, 1892a.
Trentepohlia aureum—tameniosum—@aspm’y, "1858; Htldehmnd 1861.
Trentepohlia—Cohn, 1867,
Stichococcus majus—van Wisselingh, 1915.
Order Ulvales
Uluz lactuce (Bea lettuce)-—Willstitter and Page, 1914,
'nieromorphe inlestinalis—Tammes, 1900,
Order Sc onocladiales
lophora glamemLa—Nebelung, 1878; Tammes, 1900; Kohl, 1902; van
SPMWIsselmgh 19 5h
eroE leacea—~ohn, 1867,

auchena species—Nebelung, 1878.
C’Islﬂm{la pmtothecouiea, C. vgricgata—van Wisselingh, 1915,

s

Order
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Order Pratococcales (lowest forms, unicellular)

Sphaerells (Haemat or Chlamydococcus) pluvinlie—Cohin, 1850,
Rostafinski, 1881; Klebs, 1883; Zopf, 1885; Kohl, 1902; Jucobsen,
1013; van Wisselingh, 1915,

Volvoz—Cohn, 1867.

Protococeus {Pleurocaccus) gluvialis——Colm, 1830, 1867,

Protococcus vulgaris~—van Wisselingh, 1915,

Scotinosphaera paradoro—XKiebs, 1881,

Phyllobwum dimorphum, P. incertums—Klebs, 1881,

Hydrodictyon utriculotum (water-net)—-Tammes, 1900,

In Zopf's (1892a) first study of haematochrome 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 Trentepohiia Jolithus, but also established
their identity in form and properties with the earotin from carrots.
Zop! 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 pluviglis, 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) pluvinlis different from the carotin in the Trentepohlia. Two
carotinoids were found, namecly, carotin proper, which Zopf called
“euearotin,” and a red carotinoid-like pigment which is ealled “caro-
tinin,” the latter being the predominating pigment,

Special interest attaehes 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 “earotinin” described by Zopf by the obser-
vations of van Wisselingh: (1915), who made a special study of the
response of the blood algae to microchemical 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 xs;nthophyll 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 Zop{’s red carotinin. Its xanthophyll nature was shown
by its ready solubility in the phenol-glyeerin 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 (Moliseh’s reagent), was tested by treating the erystals
with dilute acid for 24 hours. No change was produced in their
properties,

The red pigment of the blood alguae 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 the
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 KNO,, (NH,),HPO,, MgCl,, Na,80,, but that the aplanospores
were mostly red when allowed to develop in media containing 0.02 per
cent NH,NO,, K,HPO, and MgS0,. Jacobsen (1913) has also studied
the conditions governing the formation of pigment in Haematococcus
pluviglis 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 10p or less in diameter. The valves of which they are con-
structed are frequently heautifully 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 growtbs of these plants
have considerable commereial value as diatomaceous earth., The
alge inhabit stagnant water, wet rocks and the sea.

The diatoms ¢ ise a idereble pertion of the plankton of the

sea. It is this fact, tegether 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 interest. Most species of diatoms have a brownish
color, A few are green and probably contain chlorophyll, or at least
one of the ehlorophyll 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 aleohol, 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,80, or HCI
to the alcoholic solution. Nebelung (1878) extracted a yeilow pig-
ment from Melosira 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 Bacillarica pigments
was furnished by Tammes (1900}, who obtained the Molisch test on
Fragilaria species and by Koh! (1902) who obtained the same test on
Gomphonema and Navicula species. Molisch (1905), himself apply-
ing the test to Nifzschia Palea, Nitzschia sigmoidea, Cymatopleura
solea and Pinnularig viridis {Navicula viridis), obtained only yellow
drops, but these gave the chromolipoid color reactions with H,SO,
and iodine,

The conclusions of the various investigators are somewhat conflict-
ing regarding the exact nature of the carotinoids present in the silice-
ous algm. Zopf (1900) concluded that “euearotin” (true carotin)
is the chief pigment present in Gomphonema, but that the pigment
differs somewhat from the carotin of other plants. Kohl (1806a)
concluded that the liver-colored diatoms, Achnanthidium lanceolatum
and Eunotia (Himanthidium) pectinalis, owe their color chiefly to
carotin with a little of his so-called f-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 ig carotin. Especially interesting is the observation of
Molisch that the%peeies which he examined (1905) gave the so-called
leucocyan reaction which is apparently specific for fucoxanthin.
Askenasy (1867) had observed the same. reaction for alcoholic ex-.
tracts of diatoms, so that there are af 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 Bacillariea, but it is not unlikely that this will be
found to be the case when the matter comes to be examined in detail.

The Peridinicae., 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 sen, 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 Peridinicae
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 Peridinicee examined, in addition to the yellowish-brown pig-
ment in the chromatophors of the algae.

The Peridiniece examined by Sechiitt were Gymnodinium Heliz,
Dinophysis acuta, D. laevis, Certium tripos, C. fusus, C. furco, Peri-
dintum divergens, 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 phycophiin of the Phaeophyceae, re-
spectively, a wine-red alcchol 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
a9 apalogous 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.xanthephyll-like pigment predominates in the
Peridinieae. 1t is not possible to draw more specific conciusions 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 Peridinieac.

The Flagellata. The flagellates are simple unicellular, aquatic or-
ganisms intermediate between the alge and protozoa. They inhabit
ponds and streams. Only a few species have been examined for pig-
ments. 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.

Wille (1887) regarded the pigment in the brown palmella-like cells
of Chromulina (Chromopkyton) Rosancffi as diatomin because the
cells turned green when treated with HCL Klebs (1893) expressed
the same idea for Chrysomontdina Stein, but called the pigment
chrysochrome. Gaidukov (1900), however, emphatically denied the
existence of either carotin of fucoxanthin in Chromulina, 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 495-485un, which corresponds fairly
well with the first xanthophyll band. Spectroscopic studies of alco~
holic and petroleum "ether extracts of Hydrurus penicillalus 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
are Euglena sanguinea 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 sanguinea, how-
ever, and its absence seems to exert little if any effect on the normal
development of the organisms. The eye-spots oceur 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 sz identical with that of the Chlorophyceae, Haema-
tococcus pluvialis, the so-called haematochrome of Cohn. If this be
the case the eye-spot pigment iy 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 sanguinea was first isolated by v.
Wittich (1863) and later by Garcin (1889) and Kutscher (1898).
V. Wittich 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 erystals 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. Kutscher’s absolute alcohol
extracts deposited garnet colored crystals on concentration. The
pigment as described further by Kutscher does not seem to be a ecaro-
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
which 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-
vellow 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 any of the known carotinoids,
but resembles more nearly the red carotinins of Zopf.

The Myzophycee (Cyanophyce®). These constitute a large class
of unicellular or filamentous alge without a true nucleus, which
inhabit both fresh and galt water and are also found in damp soil,
ar on damp rocks and tree-trunks, forming dark blue-green patches.
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The algac frequently live in symbiosis with fungi or other plants.
Their characteristic color gives them their common name, the blue-
green alge. They are among the lowest forms of plant life which
arc known.

The pigments of the blue-green algae have attracted the attention
of a number of investigators beginning with Nigeli (1849) who ex-
pressed the belief that these organisms contain a special pigment,
which he ealled phycochrome, present in two modifications, a blue-
green phyecocyan, and an orange phycoxanthin, It was thus that the
latter name, later applied to the pigment of the Phacophycem, had
its origin. The various species of blue-green alge which have been
cxamined for carotinoid pigments are given in Table 11.

Tase 11. Myxopryceae Founp 1o ConTain CiroTinNoIDS

Order Rivulariacee (highest forms).
Cualothriz species—Kraus and Millardet, 1868.
Rivularia species—Kohl, 1902.

Order Scytonemacce.
Tolypothriz species—Kohi, 1902,

Order Nostocacea.
Nostoc specics—Kraus and Millardet, 1868; van Wisselingh, 1915,

Nodularia—van Wisselingh, 1915,
Anabaena flos ague Bub.—Tammes, 1900; van Wissclingh, 1915.
Order Oscillatoriacea.
Oscillatoria—Sorby, 1873; Reinke, 1876; Monteverde, 1893.
Oscillatoria (Oscillaria) limosa—Kraus and Millardet, 1868; Kraus, 1872.
Oscillatoria leptotricha—Molisch, 1896.
Oscillatoria Froelichiv—Tammes, 1900; Kohi, 1902.
Phormidium vulqare—\ebel\mg, 1878; I\ohl 1802.
Order Chroococcacew (lowest forms).
Microcystis (Polycystis) flos aque Wittr. (fresh water)—Zopf, 1900.

A survey of the obscrvations of the various investigators shows
conclusively that carotinoids are normal constituents of the Myzo-
phyceae. This has 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 Calothriz species responded to the
aleohol-benzene séparation, leaving a yellow pigment behind in the
alcohol. Nigeli’s designation, phycoxanthin, was adopted for the
pigment remaining in the alcohol. XKraus (1872), however, later rec-
ognized that more than one pigment was probably present in these
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alge, 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 QOscillatoria. Sorby’s phycoxanthin
is not identical with the so-called phycoxanthin of brown alge, the
pigment now known as fucoxanthin. As described by Sorby phyco-
xanthin is practically non-extractable from alecohol 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 alga. If Sorby’s observa-
tions can be substantiated it will show that this pigment is much
more universally distributed among the algne 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, finding 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 alge 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. i

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
aque 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 Fungt

The brilliancy of color which characterizes practically all classes
of fungi is & 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 chlorophylious 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) mecntions 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 algace.

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
(Gasteromycetes) known to every school ehild, the rusts (Uredineae),
and the smuts (Ustilaginee). 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 earotinoids or related pigments are collected in Table
12. Tt 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 ¥hose mentioned. For example, the common mush-
room Clgvaria fusiformis (Golden Spindle) may owe its color in part
to carctinoids 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 onme-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 hymenium two to three inches across on rotten wood,
and among fallen pine leaves, etc.

Tasie 12. BasmioMycerss Founp ro Contain CaroriNoms

Hymenomyceles.
Calocera viscosa—Zopi, 1889c; van Wisselingh, 1915.
Calocera cornca—van Wis telmgh 1915,
Calocera palmata—van Wlsselmgh 1915.
Dacryomyees stillatus—Zopf, 1889¢
Ditiola radicata—Zopf, 1893a.
Uredineee (rusts).
Gymnosporangium juniperinum—Buchmann, 1886.
Melampsora Salicis capree—Bachmann, 1886,
Puccimg coronala—Bachmann, 1886.
Triphragmium Ulmarie—Bachmann, 1886.
Uromyces alchemille—Bachmann, 1886,
Coleosporium pulsatila Stmus:—-MuHer 1885; Bertrand and Poirault, 1892.
Uredo euphrasiz—RBertrand and Pmrault 1892.
Melampsora accidioides D. C—Miiller, 1886 Bertrand and Poirault, 1892.
Phragmidium violaceum-—Miiller, 1886.
Aecidia, Promycelia and Spandm Spores—Kohl, 1902,

The evidence that these fungi owe their color to carotinoids was
first furnished by Zopf (1889¢c) 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 eolor to carotinoids
wag furnished by Zgpf (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
crvstals of pigment by the Molisch microchemical test. The latter
investigator states that about twenty-five fungi which he examined
by this method failed to respond to the test, but mentions specifically
only those which responded. Special attention wus given to the erys-
tals produced in the case of Calocera wiscosa and Dacryomyces
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 dissofved slowly in
phenol-glycerin, indicating a xanthophyil-like pigment. (. cornea
and C. palmata gave like results. 1n the case of Dacryomyces stil-
fatus 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 abtention to the fact that the rusts from several different
hosts owe their eolor 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 aleohol, saponify-
ing the extract, and extracting the soap with petroleum ether. The
positions of the spectroscopic absorption bands of the extracts thus
obtained eorrespond closely with those of carotin. The residues from
the extracts gave the usual color reactions with concentrated sulfuric
acid and iodine. Miiller (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 cerystals are formed when the
pollent 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 Berirand 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 euphrasiz 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 promyecelia, sporidia and @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.

Tasie 13. Ascomyceres Founp o ContaiN CanoTINoDs

Discomycetes.
Peziza aurantia—Zopf, 1892b.
Peziza bicolor Biill.—Bachmann, 1886.
Peziza sculellata L-—Buchmann, 1886.
Leotia lubrica—Zopf, 1890, 1892b; Kohl, 1902,
Ascobolus specics-—Zopf, 1889(: 1892,
Spathularia flavida cha——Zopf 1892b; Kohl, 1902.
Pyrenomycetes.
Polystigma rubrum—Zopf, 1893a.
Polystigma ochraceum Wahlenberg (= P. juluum D. C)—Zopf, 1893a.
Spuerostilbe coccaphila—van Wisselingh, 1915
Neetria cinnaberine—Bachmann, 1886; Zopf 1893a; Kohl, 1902; van Wis~
gelingh, 1915.

The Peziza genera of the Discomycetes eontains several species with
especially bright color. Peziza aurantin, 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 i& pale orange but
the interior is a brilliant orange or orange red. It is frequently found
on the flat ground in autumn. Peziza bicolor Biill. 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
gtumps. Sorby (1873) examined the pigment of the first mentioned
species but called the pigment}pezisa 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, Leotia lubrica and Spathularia flavida Pers.,
but was unable to find lipochrome in Bulgaria inquinans (== poly-
morpha}. The presence of carotinnids in the two first mentioned was
later confirmed by XKohl (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 (1889¢c, 1892b) reported that carotinoid-like pigments eould
be isolated from various species of Ascobolus, which fourish on the
feces of animals.

Among the Pyrenomycetes 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 (1860,
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 cinnabaring
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 “carctining”
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
alecohol 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-
490ws and 481-464pu, the solution in carbon disulfide showing three
bands at 575-553up, 530-508up and 494-482up.  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. cinnabaring, the absorption spectra of the
“carotin” indicating identity with the carctin 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 cther, 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 giobules.
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 484-469up and
452-439up, 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 {0id) 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 earotinoid color reactions with nitric acid
and with bromine.

The Myzomycetes. 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
are naked masses of protoplasm, called plasmodia, which exhibit many
beautiful colors as shown in Lister’s well-known work on the slime
molds. Carotinoids are probably rarc in this group, although this
statement may be hasty inasmuch as very few specics have been
examined. Carotinoids do not appear to be present in Arcyria punicea
Pers. and Ar. nutans Bill. or in Aethalium septicum Fr., a specics of
Fuligo Sceptica—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-
ginca, Stemonitis fusca, Lycogala epidendron and Lycogala flavo-
fuscum, judging from the observations of Zopf (1883b) who made a
special study of the possible presence of lipochromes in Myzomycetes.
In no case was lipochrome found to be thc 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 cach species as
reported 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 {rom 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.} Daecc. gave red erystals 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 SbCl,.

Carotinoids in Bacteria

The importance of bacteria as a means of determining some of the
true functions of carctinoids in plants, or at least of fixing the con-
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ditions under which they develop, has already been poirted out. The
work upon which our present knowledge of carotinoids in bacteria is
based will now be reviewed. Bacteria are at present clagsified as
Schizomycetes, and are 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
bluc-green algae. They do not, however, contain chlorophyll, and it
is this fact, especially, which cnhances 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.
zanthinwm 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 C,H, NO; 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 distinet yellow (possibly carotineid) 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 Schritter (1895) that the pig-
ments of Sarcina aurantiaca and M. (Staph.) pyrogenes aureus show
the solubility properties and color reaction (with H,SO,) of “lipo-
xanthin” (carotinoid) our knowledge regarding carotinoid producing
species of bacteria is due apparently solely to Zopf (1889, a, ¢; 1891;
1892b) who has described the cliromolipoids in eight species of bac-
teria. The descriptions as given by Zopf point with certainty to caro-
tinoids in the ease of four species only, namely, B. egregium, B. Chry-
sogloia, M. (Steph.) 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. egregivm. Forms intensely yellow colonies on gelatin or beef-
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extract agar (b.e. 2.3 per cent, agar one per cent). Colonies when
transferred to porcelain plate give blue color with concentrated H,S0,
and HNO,, and blue microscopic crystals with former (lipocyan reac-
tion, Zopf). Pigment is slowly extracted by warm absolute alcohol
and when thus extracted is soluble in aleohol, ether, chloroform,
methy] aleohol, benzene and petroleum ether. The aleoholic solutions
show two nbsorption bands, one covering thie F line, the other between
F and G. The pigment is not saponifiable. 1t develops in the dark
as well as in the light.

B. Chrysogloia. 'The yellow pigment produced corresponds exaetly
in properties with that of B. egregium.

M. (Staph.) aureus. The yellow pigment shows the same prop-
erties described for the above mentioned bacteria, according to Zopi.

Spaerotilus roseus. A red bacteria giving a ycllow to yellowish-red
aleoholic 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, petroleurn ether, benzene and carbon disulfide.
After saponification and extraction with petroleum ether the pigment
showed all the properties of *“eucurotin,” the absorption bands in
alcohol lying at 492-474pp and 456-442up.  The propertics -described
are strongly indicative of carotin.

There is much less certainty regarding the character of the pig-
ments in the other specics of bacteria cxamined by Zopf, although .
the pigment is nscribed 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,80,. The red pigment of M. (Staph.) rho-
dochrous and M. (Staph.) Erythromyza gives the same reaction. 0ld
colonies of these two bacteria show scarlet or blood-red erystal 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 saponifiable. It is not clear whether this
pigment is one ¢f 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 garotinoids 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. Erythromyza 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 brown sea-weeds owe their olive-brown tint to the special
algae carotinoid, fucoxanthin, discovered by Rosanoff (1867) and
Millardet (1869), and finally classified definitely as a earotinoid by
Willstiitter and Page (1914). The relation of this pigment to carotin
is shown by the empirical formula C,H,0,. 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 phycophiin, a post~
mortal oxidation product of colorless chromogens present in the
fresh plants. The carbtinoids are still present, but the phycophiin
interferes greatly with their isolation and study.

The principal pigment of red sea-weeds is phycoerythrin, which is
not a earotinoid. Carotin and xanthophyll, however, are present in
these plants. There are some indications that the xanthophyll is the
xanthophyll f which characterizes higher plants. There is a possi~
bility, also, 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 alge, the amount
of each present in certain species having been determined by Will-
stitter 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 alge
which deserves further stady.

Our knowledge is indefinite regarding the carotinoids occurring in
the Peridintales, although the indications are that a xanthophyll-like
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pigment, possibly fucoxanthin, predominates among the ehromolipoids
present. Brownish-red and yellow water-soluble non-carotinoids are
the chief causc of the color of these plants.

Carotinoids are unquestionably present in the flagellutes, although
their exact nature remains to be determined. The red pigment which
characterizes the so-called eye-spots of Euglena specics does not np-
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 haviog a
yellow color in aleohol and a red color in carbon disulfide. Its exact
nature is not known.

Carotinoid colors are more common among the fungi than among
the alge but the color in maony cases appears to be due to other
pigments. In fact, many fungi secm to be entirely devoid of earotin-
oid pigments.

Among the Basidiomycetes, a few species in the mushroom family
apparcntly 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 Spaerotilus roseus. The exact nature of the pigment
has not been determined in the case of the other species in which
carotinoids have been determined to be present.
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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-
eal 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 snimals 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 s little later, apparently independently, by Holm (1867).
As already mentioned in Chapter I, the former called the pigment,
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luteohiimatoidin or haemolutein, while Holm called it himatoidin. 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 élose 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 demgemiss als eine der
phylogenetisch #ltesten chemischen Verbindungen des thierischen
Korpers angesehen werden. 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 Luz’ Mit ihr begann zwischen
Sonne und organischer Materie jene empfindende Verbindung, als
deren letzte und hdchste 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, tbat petroleum ether and
carbon disulfide, respectively, would quantitatively remove tbe 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. 1f Capranica had thought to apply this fest to the egg
yolk pigment which he had under investigation he would have dis-
covered & difference which may have led to a much earlier discovery
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of the true relationship of the corpus luteum 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 pigmeuts
might, perhaps, have been avoided. )

Kithne (1878), however, was forced to conclude that the ecorpus
luteum and egg yolk pigments were not identical, after examining
carefully their spectroscopic absorption properties. No further study
appears to have been made of the corpus Juteum 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 materisl 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 are not present at all in the so-
ealled yellow bodies on the ovaries of swine, as pointed out by van
den Bergh, Muller and Broekmeyer (1920). The writer * 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.

Blaod 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
enrlier 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-whieh 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 fajled completely, and

*UnpubHahed 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,80, and HNO,, 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 ddditional 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
- gerum. 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 ate added to cne 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 ¢arotin was made by Palmer and Fckles (1914c)
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by applying the numerous macroscopic tests for this pigment evolved
by the plant biochemists, particularly Willstitter 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
could 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 ealf.

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 (1813}, 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
a8 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 lipechrome and bilirubin, sometimes one and sometimes the other
being in excess. They observed, also, that the serum of diabetics may
contain extraordinarily large amounts of lipochrome, an observation
subsequently confirmed by Umber (1916), Bitrger 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 snd later (1919) presented
quantitative data showing a rise in the pignfentation 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 preeipi-
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 Brockmeyer (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 exclusively by 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 methy! 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 ecarotin is
carried by human blood. In each case the serum extracts showed
two-banded absorption spectra when using & spectroscope with nar-
row dispersion, but it was not possible to secure the measurements of

Ry
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the bands when using an instrument of high dispersion equipped for
measuring the wave-length positions of the bands.

A word may be said here regarding the state of carotinoids in
blood. Van den Bergh and Muller (1920) assert that neither carotin
nor xanthophylls can be shaken out of blood serum with ether. They
believe that the pigments are always in colioidal 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 timnes 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 sccure ite direet
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 serum
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 {ailed
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 feceding 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. 'I"lugichum’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 Deimouliere and Gautrelet
(1903) concluded, after isolating a urcbilin-like pigment from milk,
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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 zomes 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 Kepnedy
{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 a8
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 slmost 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 sdmixed xanthophylls. In
the case of the adipose tissue of the horse van den Bergh, Muller and
Broekmeyer (1820) 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 autopey 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 Wagper (1885) of a yellow lipochrome 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 sbsorption of carotin, as we now know, is at the F line.

Internal organs. As van den Bergh, Muller and Broekineyer (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,S0, and HNO,. This was confirned 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, Muiler 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 be‘ng
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 doubtfd whether the phase test can be applied except to solutions
of the carotinoids.

Van den Bergh, Muller and Brogkmeyer 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. TFindlay reported a small amount of
carotin-like pigment in the suprarcnals of the sheep. Palmer and
Kennedy (1921) were unable to find any pigment soluble in alcohol
or petraleum 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 becsuse it is rich in pigments of unknown character which
are soluble in certain of the fat solvents, and also because one of
thesc piguents, at least, gives a color reaction with con. H,SO,
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, Muller and Broekmeyer (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 earotinoids.

Nerves. Meschede (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 presenee in the human and in eattle, and
its absence from the merve 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 oceurrence of chromolipoid
in the nerve cell of man and animals and have found that it can be
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demonstrated microchemically only in those species of animals in
which carotinoids normally oceur, c.g., nian, cow and fowl. The con-
clusion which they drew seems incontrovertible, namely, that the
chromolipoids of these tissues are true carotinoids of exogenous origin,
the type of pigment being governcd by the species of animal, ie., 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 cpithelinl muscle
cells (Akutsu, 1902) and in the heart, where Dolley and Guthrie
(1921) have shown its carotinoid nature. Of interest is Akutsu’s ob-
servation that the pigment is absent from these tissues in the casc of
new born babies and young children, and beging to occur ubout 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 earotin, chiefly, with a little xanthophyll.

Smith (1893) cbserved 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 salso color the human skin. Moro (1908), Kaup
(1919}, Stéllzner (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
2s an exaggeration of a normal condition and demonstrated the carctin
in the blood serum. They state that the feeding of oranges or eggs
to children may result in a similar skin coloration. Schiissler (1919)
and Salomon (1919) have noted similar phenomena in adults? the
entire body being affected in the cases cited by Schiissler. These were

‘Ha!hlma’to ‘(1522) states that a yellow skin pigmentation of dietary origin was
dencribed in the Japanese literature by Baelz as early as 1896 and called, ‘“‘aurantia-
Bis cutis.” It is also pointed out that Minra (1917), a Japenese writer, ascribed the

pigmentation to carotin and used the tz’rm., “earotinosis.” Hashimoato reports 35
cases among adulth 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 disbetics, 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. Biirger and
Reinhart (1918) first suggested an exogenous origin of the pathological
phenomenon, for whieh 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
asgistance 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 hag 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 alse 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 the 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 disbetics 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,® 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 uniess
they are secreted in the milk fat or egg yolk (in fowls) or stored up
a8 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 xanthophylil is the source from which the
hen derives the pigment for the egg yolk; or of the problem of explain-
ing the wide 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

* Yan den Bergh, Muller and Broekmeyer (1920) state that this phenomenon has been
described for a long time by French physiclaus under the name *'signe palmalre.”
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lenst baffling. For example, it would not seem unlikely that xantho-
phyl], readily soluble in fat, would act like a {at dye in the body of
the hen. However, when Palmer and Kempster (1919b, ¢) fed Sudan
I1I to a carotinoid-free cockerel, the dye quickly appeared in the
adipose tissue and bone marrow, but not in the visible skin parts
(shanks, benk, 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, s different fat dye, did not appesr in the
body at all. Again, when Sudan III was fed to a laying carotinoid-
iree hen, the dye quiekly appeared in the egg yolks and deeply stained- -
the adipose tissue, whereas xanthophyll, when fed to a carotinoid-free

laying hen appesared only in the egg yolk, the adipose tissue and epi-

dermis being unafiected even after a month of zanthophyll 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. Stiadeler (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 CS, with an orange color, its unsaponifiability, and
the fact that HNO,, containing NO,, imparted a dirty blue-green
color to the impure pigment, while a trace of con. H,80, 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
Juteum. 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 CS, in comparison with a similar spectrum of the corpus luteum:
pigment, show differences now readily explained in the light of our
knowledge regarding the type 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 jodine previgusly noted
for the corpus luteum pigment. Of interest is Kiihne’s observatioh
that the egg yolk pigment is soluble in bile. Palmer and Eckles
(19144} 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 physiclogical differences between these types of
caratinoids in the animal body.
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The probability of a definite chemical relation between the egg yolk
pigment and plant carotinoids was pointed out for the first time by
Schunck (1903) who found that the spectrum of the alecholic solution
wag identical with one of the xanthophyll group of pigments which
he 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 xanthophylis 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 « 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 Willstitter and Escher (1912)
isolated the crystailine pigment and showed that it corresponds in
all its chemical and physical properties, except its melting point, with
the erystalline xanthophyll of green plants. The failure of the egg
yolk xanthophyll to correspond in its melting point with the plant
xanthophyll of Willstitter and Mieg (1907) has never been explained.
Serono (1912) has criticized Willstiitter and Eseher’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 Willstitter 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 epg yolk
pigment is not only chemically related to plant xanthophyll but is
biologieally 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 erystalline pigment Willstitter and Escher
noticed the presence of a small smount 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, o that its aetual identity with carotin remains
doubtful.

Xanthophyl! 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 colorlese 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. Tbe 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 fow] 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
Capranica (1877) on the chromolipoids of the corpus luteum and egg
yolk was undertaken primarily to study the yellow to red retinal pig-
ments of amphibians and birds. He found a eomplete correspondence
between the retinal pigments of birds and those of the egg yolk.

Kiibne 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 psper reporting Kithne's study
of the ehemical 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 treatmg 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 pwints 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 knpwledge 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 CS, eolution was orange colored. On the
other hand, the spectrum of this pigment, both in ether and C8,, as
shown by Kiithne, 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,
Waelchi (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 Kithne'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. Tt is
true that Gadow (1882) speaks of structural yellow in birde’ feathers,
but the absence of yellow pigment in these cases does not seem to be
proved. Begides, the colloidal theory of optical or structural color
seems to preelude 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 peint in mind, with the exception of the
observations of Palmer and Kempster (1919b c} showing that the

‘Thnl blae color ‘in feathers is an optical and not 2 plgmented color seems to have
Mn recognised first by Boglanow (1838),
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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,
18823, b, m) made an extensive study of feather pigments from the
point of view of his lipochromes, and inasmuch as most of his observa-
tions included spectroscopie examinations, as well as solubility and the
color reactions with con. H,80, and HNO,, 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 lipochromes, 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 vellow 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, Paradisea papuana and P. rubra, are not even lipo-
chromes 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 deseribed 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,SO, 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



144 CAROTINOIDS AND RELATED PIGMENTS

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 foliowing birds: Calurus auriceps, Catinga coerulea,
Phoenicopterus antiquorum (flamingo), Cardinalis virginianus (the
cardinal bird}, Pyrocephalus rubincus, Phlegoenus cruenta {(the dagger-
stab pigeon of Luzon), Trogon Massera, Paroaria cucullata, Picus
major, Pyrrhula vulgaris (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 birds 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, psittacofulvipe, 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 magnifica, and
the yellow head, neck and back feathers of the male Paradisea
papugna and P. rubra, 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
obgervation that heating zoofulvine in an alkaline fluid destroyed its
absorption bands.

The properties of zoofulvine aud coriosutfurine 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
thau seofulvine but gave a less distinet color reaction with con. H,SO,.
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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 are
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 Oriolus galbula, the yvellow feathers of the canary Fringilla
canaria, the yellow feathers of the parrot Aprosmictus melanurus, the
vellow and green feathers of Certhiola mezicana, and Chlorophanes
atricapilla, the green feathers of the male parrot Eclectus polychlorus,
the orange feathers of the great red macaw Sittare 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
aurulentus, C. Kirkii, Dendropicus cardinalis, Campethera nubica,
Tiya tridactyla, 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 CHC],, in its orange (not red-
orange) color in CS,, in its lower solubility in petroleum ether, and by
the fact that its absorption bands arc 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 B of Tswett, 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 oply a few instances. The
surface colorfitions 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 birdg
the various shades of brown are melanin combinations with reds and
vellows 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 ease 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
& 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 Fuehs (1914).

As in the cnse of birds this monograph can deal only with the red
and yellow pigments. It may be stated at the outset that a most
promiging 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
oceurrence of the red pigment in fishes, under the name of tetromery«
thrine. He later (1883) enumerated some 20 species in which he had
found the pigment, in this paper adopting Bogdanow’s (1838) 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 C8,, the color reactions by the strong mineral acids, and the bleach-
ing io 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 (1881a) first noticed the red zoonerythrine in fishes in
the tailfin of Luvarus tmperiakis, the microscope showing the red
granular deposits in the epithelial cells. On extraction with fat sol+
vents or hot alcohol the pigment confirmed the ohservations of
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de Merejowski, and in addition failed to show any absorption bands.
Krukenberg (1882e) later found the same pigment in the skin of the
goldfish, Cyprinus auratus and Cyprinus Carpio and (1882n) in the
skin of Mullus barbatus. The red lipochrome in the latter fish, 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 remero-
bered that Krukenberg found the same pigment in the feathers of
certain birds, MacMunon (see Cunningham and MacMunn, 1883)
later found it in a number of other fishes. In coler, the pigment
resembles carotin most closely. Its relation to this pigment should be
determined.

Krukenberg (1882¢, 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
eontained 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 xanthophyl! 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 (Cunningbam
and MacMunn, 1893) on the chromolipoids of the skins of s 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
gkin 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 Arnoglossus megastoma, Trigla cuculus,
Trigla hirundo, the Mackerel (Scomber scombrus), Syngnathus acus,
Siphonostoma typhle, Clupea narengus, Artherina presbyter, the John
Darey (Zeus faber) and the fifteen spined Stickleback (Gasterosteus
spinachia) { beth carotin and xanthophyll are found in Cottus 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. h
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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 normeal pigmen-
tation on both sides by placing them in & 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 natursily con-
cluded that it is light which causes the deposition of pigment in the
flounder’s skin, There seems to be nothing to diseredit 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. We have the observations of
Krukenberg and Wagner (1885) already referred to, of a red zoonery-
thrine in salmon muscle, changing to a rhodophane on saponifieation.
We also have the statement of MacMunn (1883) that the liver of
fishes may contain a tetronerythrine (zoomerythrine). Finally, we
have Miss Newbigin's (1898) examination of the red pigment in
salmon muscle, s 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,

Carotinotds in Amphibians

The phepomena governing the coloration of these vertebrates, as
well as the colors obiserved, 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 aleohol and ether extractability of the ycllow pigment in frogs
was known to the early observers, such as v. Wittich (1854), Leydig
(1868), Hering and Hoyer (1869), before Capranics (1877) found
that the retinal pigment of the {rog corresponded in its general solu-
bility, chromatic and spectroscopic properties with the corpus luteum
and egg yolk pigment. Kilne’s (1878} chromophane studies included
the pigment in the retinal and adipose tissue of irogs, as well as the
skin. Ounly 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 cgg yolk
{absence of a faint third band in spectrum of frog pigment) Kiihne
gave the frog pigment the name lipochrin,

Krukenberg (1882¢) repeated Kiihine’s work on the yellow or orange
skin pigment of the ifrogs 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 Kithne 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 & 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 NaQH
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 eolor is partly of pigment and partly
of structural origin.

Carotinoids in Reptiles

The surface colorations of reptiles are perhaps even more econspicu-
ous than’ those of amphibians. The lizards and snakes have been
studied most, and there has beep 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, Kilhne (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
alcoho! from the skin, muscles, connective tissue and fatty tissue of
the snakes, Tropidonotus natriz, Elaphis guadrilineatis Bonaparte,
Callopeltis quadrilineatis Pallas and Rhinescis scalarts, and which is
soluble is ether, CHCl, and CS8, 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 spectroscopie 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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luteurs 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 carotin 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 1n 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 pum-
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 ehromolipoid 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
carotimoid earried 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 digbetics than among well persons is due Iargely to the vege-
tarian chardeter of the diet in diabetes, from which the pigments are
derived. The author suggests, however, that the phenomenon is due
algo, 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 Kihne (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
Willstdtter and Escher (1812), and extended to include a biological
relation by Palmer (1915). Whether the hen’s body modifics 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 fisk 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
carotinin described above.

Among amphibians the vellow 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 eameleon skins. The blood serum and
adipose tissue of the tortoisé also contain carotinoids, the nature of
which is not known.



Chapter V
Carotinoids in Invertebrates

The causzes 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 studics 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 vertehrates. 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
larvee and pups 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 2 more abundant distribution
of biologically derived pigments. Whether this is true or not will have
to_be decided by the investigations of the future,
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Carotinoids in Insects

Zoologists recognize as many as eleven different orders of the
Insectia, 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 (butterfiies), Rhynchota (bugs), Coleoptera (beetles)
and the Orthoptera (locusts, grasshoppers).

Lepidoptera. In the butterflics 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 larve and pups, however, either carotinoids or
modified earotinoids are frequently encountered.

Medola {1873) first showed that the green eolor of insects is not
due merely to the green digestive mass in the food canal, but to &
true absorption of pigment by the himolymph (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
larve and pupz of n 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 pearly 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 larvee feed-
ing upon petale, etc.). The derived pigments often occur dissolved .
in the bfood, or segregated in the subeuticular 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 hdmolymph 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 larve
and pupz 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” spee-
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 alcchol, 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 haemolyrmph 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
B kalus, P. Meticulosa, Smirinthus Tilie, S. Populi, 8. Oscellatus,

¥
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Sphinz Ligustru, C. Elpenor, D. Vinula, Papilio Mackaon, Ephyra
Punctaria, and E. Anguleria.

Krukenberg (1886) made spectroscopic observations of the pig-
ments in the haemolymph of the pupa of several additional specics of
Lepidoptera, namely, Platisama Cocropia, Telea Polyphemus, Satur-
nia Pernyt and Saturnia Pyri. In these cases the haemolymph itself,
as well as the alcoholic extracts, showed the lipochrome absorption
bands. i

In the case of Saturnia Pyrt lipochrome was also extracted from the
body tissues. The hiimolymph of another species, Collosamia Pro-
methia, did not show the presence of lipochrome until first extracted
with aleohol. 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 inseets. 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 Lepidopiera.
Tu spite of an acknowledged {amiliarity with the work of Willstétter,
Geyer compared the spectrum of cther 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 eaterpillars, 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 himolymph. In Bombyzr 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

- taales was Solorless 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.

Rynchota. Among this group of insects, usually called bugs, red,
yellow and green colored specics 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 undoubtediy
derived from the food as in the case of caterpillar larve, as Mac-
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
ingects with carbon disulfide. The two well-marked absorption bands
in the blue shown by these extracts, at once classifies the pigment
among the carotincids. 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 ecarbon disulfide, yellow in alcohol and ether, gave the lipo-
chrome reaction with con. H,S0,, and showed the absorption spectra
of carotin. Physalix asserted that the pigment was carotin or a very
closely related substance.

Coleopterns. Green and yellow and red pigments also characterize
the tegument of the beetles. Leydig (1876) first noticed the sutumn-
- like changes in the color of the green beetles Casside 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 (1892b) desceribes the properties of the orange pigment in
the wing coverings of the willow-leaf beetle Clythra quadripunctata,
as showing all the usual lipochrome reactions (including his lypoeyan
reaction described in Chapter III), and the absorption bands in
petroleum cther lying at 496-480uw and 460-448uu. Zopf called the
pigment a di-carotin or “eucarotin.” The absorption bands indieate
carotin itself. The same pigment was found in the volk 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 iden that
the yellow and orange pigments in the wing coverings of many beetles
are true carotinoids. He has examined especially the species Mela-
soma X X-~punctatum, Melasoma popult, Chrysomela polita and Chry-
somela varians. 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 earotinoid-
like class of pigments which have been mentioned repeatediy 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 tremule,
as well as the beetles Coccinella septempunctata and C. guingue-
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 chloreform, The Coccinelle also secreted the pigment,
but the secreting cells were found to be in the joints, not in the mouth.
Zapf described the solubility of the pigment in the fat solvents and
in oils, the lippchrome color reactions, including the lipocyan raae-
tion, and the single spectroscopic absorption band shown by the ether
solution at 515-480up. At the time of his investigation of the pig-
ment Zopf called it a mono-carotin, but later (1893a) referred to it
as Lipa-carotin. Griffiths (1897) attempted to ascerfain the com-
position ofthe 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



160 CAROTINOIDS AND RELATED PIGMENTS

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,H,NO,. 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 ecientific 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 chemicel 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 aleoholic ex-
tracts of green locusts with Ba(OH),, and concluded that the pigment
.. thus ‘secured was spparently identical with plant xanthophyll. Obvi-
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ously, the whole matter of the grasshopper and locust pigiments needs
further study.

Acerata. The animals in this group are not, strictly speaking,
insects, but are a lower order midway between insects and crustacea,
Heim {(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
renction 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 colars 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 serrofor, 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
onimals 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 H,SO, 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 & yellow, ether soluble pigment in crab’s blood, and
Frédérique {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, Maia Squinado,
differentiated between a red vitellorubin 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) examired
the liver and bile of lobsters, crabs and crayfish for lipochromes, find~
ing yellow “lutein” in some cases and red “tetroverythrine” 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 Newbigin (1897) for the larger
speeies of Crustacea and by Blanchard (1890) and Zopf {1893a) for
the smaller. The latter investigators used chiefly the little red Diap-
tomus bacillifer, 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
eolor 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 (18932) 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 ditution. Water, also,
acting on material such as the dried Mata eggs forms a protein solu-
tion in whieh the coloring matter is apparently dissolved, and from
which the pigment ean be removed by coagulating the protein with
“heat or aleohol 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 to the carotinoids.
The chromatic colorations with the strong mineral acids are also
identical with the carotinoid colorations under like conditions, How-
ever, unlike any of the known carotinoids it appears to form com-
pounds with the caustic alkalis, and alkali carth metals, and cun,
moreover, be precipitated from its aleoholic solution on addition of
saturated Ba(OH),, Ca(OH), and Mg{OH), solutions. The pig-
ment can be readily liberated from its alkali und alkali earth
compounds by acids, apparently without injury to its properties.
According to Maly and Newbigin these pigment compounds wre insol-
uble in alcohol, but are soluble in ether, chioroform, curbon disulfide,
benzene and petroleurn 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
sotvents mentioned. He noted, also, that the sodium compound, like
the free pigment, readily bicaches. 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 515-465pu and in carbon disulfide at 533-482up.

In view of the unanimity of the sbove 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
Crustacen is none other than carotin. It is stated that the pigment
which he isolated in pure crystalline form from the hypodermis of
the Decapod Crustacea (lobsters, crabs, etc.) has the same melting
point, forms the same jodide, 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-
Jated 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 ebservations of Maly, Kru-
kenberg, MaeMunn 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 absarption 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 498-480up and 466-450uu, and in CS, as
530-507pp and 496-476up.  Zopf's “yellow carotin” in petroleum ether
showed bands at 498-479up and 464-450up. 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-
taces is apparently absent from the externa) tissues until the appli--
cation of heat produces the ususal 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 sheil 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 Pontelling gigantea. The
very fugitive character of these biue 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 phemomenon 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 squeous solution into
“zoonerythrine.” He says, in substance, that if a filtered blue aqueous
extract is treated with a drop of acid (H,S0,, HNO,, HCI, acctic or
picric), and then with a drop of strong KOH, NaOH or NH,OH, and
then with several drops of absclute 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 HC)L. 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, 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 inte 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.

1t 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 anslogy between these phenomena
and blue colloidal gold. The sensitiveness of the blue solution to
reagents which are known to aggregate colloidal particles and the
precipitatioti of chromolipoid which oecurs 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-eon-
taining substance extracted from the tissues with water.

Carotinoids in Echinoderms

The mgst familiar of the animals included under this group are the
Asterouds, or star-fishes; the Ophiuroids, or brittle stars; the Echi-
Roids, 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 echinoderms resemble very closely thosc 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 shaliow 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
oceurred. He used the name zoonerythrine for the pigment, and Iater
(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. Xrukenberg
(1882j) ealled 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 nigre and H. Ocnius brunneus. The single absorp-
tion band of this pigment in ether was placed by MacMunn at 507~
471pp.

It iz evident from the observations of Krukepberg (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 qurantiacus and Asteracanthion glacialis, under the name
orangin {(on account of its color), and MacMunr described similar
carotinoid-like pigments in the orange-colored ovaries of Asterina
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 Gontaster equestris, Cribella ocu~
lata and Solagter papposa. The red ovaries of the Cribella species

- contain the same pigment.
Of the other forms of echinoderms, no specisl examinations of pig-
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ments seem to have been made for the brittle-stars or sen-urching
with the exception of Merejowsky’s zoonerythrine-containing species.
MacMunn (1890) reported a yellow lipachrome in the Crinoid, Ante-
don rosacea, but attempts to ascertain the character of old extracts
from other species of sen lilies were unsatisfuctory, as might be
expected.

The echinoderms, like the Crustaces, may also contain various lipo-
chromogens. Merejowsky (1883) described a red echinastrine, a green
astroviridine, a gray astrogriseine and a violet astroviolettine, each
soluble in water and readily going over into “zoonerythrine” like his
velelline, described in a preceding parngraph. He also deseribed n
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 colloidul phenomena
are involved, as was suggested above.

Carolinoids 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 conchis
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 apecific is the statement of Krukenberg (1882f) that the
liver of the gastropod Heliz pomatia sometimes rontains 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 edulis, 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 moi-
luse livezs by Dastre (1899) there is deseribed besides the “chloro-
phylioid” (compare with MacMunn’s enterochlorophyll) a pigment
called cholechrome, which is stated to be intermediate between bili-
rubin and lipochrome. Cholechrume, uncontaminated with chloro-
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phylloid, is stated to be the liver pigment of Crustacea and other
arthropods {spiders, insects).

1t seems to be apparent from cven these meager studies that the
digestive organ, at least, of mollusecs 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. 1t is evident that many types of pigments are pres-
ent. Carotinoid-like pigments, however, are pot 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 g0 that it is not possible to decide how widely distributed these
chromolipoids may be among the worms.

Krukenberg (1882h) found a rhodophane-like lipochrome in the pure
uncontaminated digestive juice of Siphonostoma diplochaitos. 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 folincea 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
aleohol, 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 teptacles 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 elam worm
of the northern seas, contained it also, but in smaller quantity. In
Polynoe spinifera most parts of the worm contained the same lipo-

.. - These observations, while brief, point very strongly to the presence
~of .earotinoids 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 specics containing
tetronerythrine, but Krukenberg (1882g) disproved this for Gorgonia
verrucose. MacMunn (1890), however, mentioned s lipochrome 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 exciu-
sively to lipochromes, in the broad scnse. 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,

Krukenberg (1880) first discovered the lipochrome nature of the
yellow and red pigments of sponges. 1t 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 CS,. 1t 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
gingle' abserption 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 is some cases indicate earotim, such
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a8 in the sponges Hircinia spinosula, Suberites flavus, Tedania Mug-
giana and Suberites massa, while in others, namely, Papillina suberea
and Tethya 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 Renicra
aquaeductus, Cocospongia, Chondrosia reniformis, 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
fight 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 C8, and repeat his observations on the CS, solutions. Neither
solution would be expected to show the character of the carotinoids
present inasmuch as aleohol extracts both classes of pigments from
tissue, and also since xanthophylls are partly epiphasic between
aleohol and carbon disulfide. However, if chromolipoid pigments
remained in the alcohol after the carbon disulfide extraction, this fact
would indicate the presence of xanthophyils.

Almost all of MaeMunn's observations of absorption bands of the
lipochromes in both alcohol and earbon disulfide show the carotinoid
nature of the lipochromes. In general they favor carotin rather than
one of the xanthophylls. Ia 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 seriate 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 aleohol ex-
tracts were left practically colorless by the carbon disulfide.  No
information of a similar nature is given for the species Halichondria -

icen, Hymeniacidon alb , Grantia cortaces, Halichondrin san~
‘gumea and Pachymazuma Jokﬂstoma, comprising the . remaining
“Bpebies -exaniined, .
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Summary

Carotinoids are abundantly present in the invertcbrates but they
cannot be said to predominate even among the pigments of yellow
to red color. As one descends the seale of animal forms non-earotinoid
pigments of yellow to red hues are encountered more and more fre-
quently. The simpler digestive apparatus of the lower animnls does
not scem to insure n more abundant distribution of biologically de-
rived pigments.

The orders of insects in which carotinoids oceur are butterflies, bugs,
beetles and locusts (grasshoppers). In the butterfiies it is the larve
and pupae which contain carotinoids, not the butterflies themselves.
Although the chromolipoid, present chiefly in the haemolymph (blooad)
of the larvae and pupae, and also in the cggs, has been known as
“xanthophyll” since the work of Poulton (1885} there is evidence to
suggest that the pigment is actually earotin.

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. Curotin 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 deseribed in previous
chapters.

The eharacter of the carotinoids which occur in many locusts and
grasshoppers is not known; the subject deserves further study.

Two distinet types of chromolipoids are present in Crustacea, one
charaeterized 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 gemeral 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 respeet
with carotin. All the properties of the yellow pigments so far ex-
ammed suggest earotin, 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 ig instantly_ transformed into the water-insoluble
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red carotinoid by heat, acids, alcohol, ether, ete. 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 carotinoid-like pigments found in Crus-
tacea appear to be the cause of like colorations among the echine-
derms (starfish, brittle-stars, sea-urchins, ete.). 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 molluses may contain a pigment which is
either carotin or xanthophyll or a modification of one of these
carotinoids.

The brilliant eolors encountered among marine and fresh water
worms are due in part to carotin or related pigments. Similar ecolors
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 eense. 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
smong the true carotinoids. :



Chapter VI ’ -

Chemical 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 propertics. It has
been stated repcatedly 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 yoll zanthophyll. 1t 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 orle 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 ag 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 chiromolipoid.

Crystals of egg yolk pigment are stated by Willstitter 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-
eal with the so-called lutein in the corpus luteum. it remained,
however, for Willstiitter 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 cggs, which weighed
110 kg, only 4 grams of crude crystailine 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 alecohol. About 250 ce. 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
erystals 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 Willstitter and Mieg (1907).

Plant Egg yolk
zranthophyll ;rcmlhophyll

CH.OH of crystallization, calculated for
CuHg0:, CHLOH............... = per cent 533 5.33
CH.,OH found..........o.oocvoiunuinn T cent 476 435
Moleculsr weight in CHCl, ebulloscopic
method, calculated for CoHaOs. ... .. AL 568.4 568.4
Molecular weight found................coo..nn 512. 540,
Elementary - analysis; percentage composxtmnSC = 8444 84.44
required for formula CuHsOs........c...... = 993 993
Elementary analysis found.................... == 8422 8358
{H= 9.92 10.13
Melting-point (corrected)..............cuvenns 1735 —~1745° 195~—-196°C.

An examination. of these data shows that the plant xanthophyll
analvzed by Willstiitter 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. Willstitter 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 similsr explanation is offered for the
divergence of the molecular weight and clementary 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 Willstitter and Mieg in
preparing the plant xanthephyll 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 Willstitter 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 bypophasic between petroleum ether and 80-90 per
cent ethyl or methyl aleohol. 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 basig for
rejecting Willstitter and Escher's conclusion that the egg yolk xan-
thopbyll 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 pumber 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 lutein of
egg yolk by a very different method. Egg volk was extracted with
95 per cent alcohol, the extract evaporated in vacuum, and the residue
treated with acetone. This extract is stated to bave contained mostly
“lutein,” g little cholesterol and traces of lecithin. The lutein 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 baeis it is not surprising that
Serono (1912) vigorously attacked Willstitter 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 Willstitter 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



CHEMICAL RELATIONS BETWEEN CAROTINOIDS 177

cholesterol ester constitution for the egg volk pigment, it must be
admitted, nevertheless, that if it were not for the complete corre-
spondence of the general chemical properties of the egg volk pigment
with plant xanthophyil, it would not be possible to decide on chemi-
cal grounds, from the evidence submitted, that the two substances
are identical or even isowners.

Corpus luteum carotin. It was pointed out in a previous chapter
that the pigment in the corpus luteum tissue on the ovarics 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 erystalline form if one is to accept
the early work of Piceolo and Iicben (1866) and Holm (1867).
Although a number of later workers deseribed the chemical prop-
erties of the pigment. as was shown in Chapter TV, Willstiitter and
Escher (1912) are to be credited with first stating the exact chemnical
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. Tt will be recalled that Zop{ used
the name carotin in the form of “eucarotin,” “di-carotin,” “mono-
carotin,” “carotinin,” ete., for various animal! pigments studied by
him. He certainly recognized the rclation between the vegetable and
animal “carotins,” to which he gave the various designations men-
tioned. It is apparent, however, that the name itself was 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
(1882} working under Zop{’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, s his paper shows, when he assigned
the name earotin to the pigment which he isolated from the red tegu-
ment of the bug Pyrrhocorts apferus. 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 Willstiitter played a dominant part, that led
Willstitter'to examine certain of the common animal lipochromes by
this procedure. The discovery of the xanthophyll character of the
egg yolk ffigment by this means naturally prompted the study of the
corpus luteum pigment, since the ohservations of the early workers
had shown that it could be obtained in erystalline form without dif-
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ficulty. Willstiitter and Escher announced their discovery of the
carotin nature of the corpus luteum 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 paturally 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
alcahol 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 petrolcum ether (b. p. 50°-70° C.) for several hours,
This effected an almost complete extraection of pigment. This extract
{about 3 liters for each 10 kg. of ovaries) was then washed seven suc-
eessive 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 & 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 erude ovarian pigment proved to be remarkably pure as judged
from the microscopic examination and melting point of the crystals.
For the elcmentary 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 Willstitter’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 caleulated composition of the compound C,H,,
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than Willstitter and Mieg obtained in their analyses of the carotin
from either green leaves or carrots. Although Lischer was unable to
carry out any molecular weight determinations beeause 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 ovariuu, carrot and
leaf carotins are of interest. By heating crystalline preparations fram
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 Willstiitter
and Mieg for the carotins of plant origin, namely, 167.5°-168° C.,
which eorresponded with the earliest observations of Arnaud, Kohl
and others. Escher explained lLis resuits on the grounds that con-
siderable variation in melting point can be obtained by modifying the
method of heating, so that in reality the mclting 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 xamthophyll 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 phuse
test (being practically quantitatively epiphasic between petroleum
ether and 80-90 per cent alcohol); position of the absorption bands;
formation of & crystalline tri-iodide (C,H,]I,) 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, crofos and crayfish, is identical with carrot carotin. The analyti-
cal data are not presented. In support of his conclusion, however,
Verpe 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 bydrocarbon 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 C,H;,. Among its most significant reactions was the formation
of a violet-brown jodide. The pigment exhibited the same spectro~
scopic absorption bands as vegetable carotin. It was not attacked
by slkalis and oxidized with great ease.

These statements are certainly sufficient to establish the carotin
identity of the crustaeean 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 dccidedly at fault. It is
important that these divergencies be explained.

Summary

A chemical relationship between an apimal chromolipeid and a
specific plant carotinoid was shown for the first time by Schunck’s
(1903) comparative spectroscopic studies of flower “xanthophylis”
and the yellow pigment of the egg yolk and blood serum 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 C,H,0,. 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 earotin shows that slight differences between the melting
point of different carotinoids are not signifiennt unless the determi-
nations are carried out simultaneously.

The recent work of Verne (1920) on the identity of the red crus-
tacean chramolipoid with plant carotin throws doubt on the results of
numerous previous workers which indicate that the pigments are
related but not identical.



Chapter VIL

Blologmal 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-
tigationg by Palmer and Eckles, published in 1914. A few clcse
students of the subject have, indeed, suggested such & relationship in
1solated 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 Willstitter 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 &
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 xanthophylis,
for he expresses the view that, “the oxygen-containing lutein
(C,oH;,0,) in the yolk of egge plays the part of an atavistic plant
respiratory pigment for the formation of hemoglobin in the embryo.”

1t is true that when Fischer and Rose {1913) isolated earotin 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 coraes 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 extenaive
chromolipoid studies, where it is stated that, “they (i.e, the lipo-
ehromes). 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-watcr crustacesn, Diaptomus bacillifer. Zopf states, “I
could mention an objection which could be raised agsinst 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 chilorophyll-containing algac 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 traee of chlorophyil was extracted which would have been the
case had algm been present in their digestive tract.”—“The antennm
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 Poulten (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 so0 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 cosst 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 maost brilliant in its
scarlet hues, while the others, whose skins have a larger original sup- -
ply of blaek, have deeper tints of dark red and ruddy brown.”"—“It
bas 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
quantitiés 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 net 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 red 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 transier
of pigment can hardly be direct. The herring, however, feeds habitu-
ally on small Crustaces, 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 (!)* and cows dyed a deep yellow color. According to some

% Question by author,
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authorities, this occurs quite sporadically without known cause, while
according to others special foods, notably maize, are the important
agents.” Miss Newbigin then states that she secured the lipochrome
color reactions with the maize piginent 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 experirnents 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.
. Schoeider (1799) observed a great many years ago that the toad,
Bufo viridis, loses its green color on wintcring in the earth. Voa
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 tegn-
ment. The disappearance of the lipochromes from the skin of {asting
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 influeneced by
the food, in that animals which eat Fucus are dark or black, while
those which eat green alge nre 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
chlorophyli-like pigment which oceurs normally in the liver of mol-
luscs by withholding chlorophyli-containing food, and that the pig-
ment was also absent [rom the liver at the end of the hihernation .
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 stil] more striking as well as very recent instance of biological
relationship affecting lipochromes is mentioned by Gerouid (1921) in
copnection with a blue-green mutation of the normally grass-green
caterpillar Colias (Eurymus) Philadice, 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 dpanteles flaviconche 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 wark of Palmer and Eckles (1914), however,
Yery 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 are merely derived from the food.

The earliest, as well as the most interesting oxperiment of this
kind, so far as carotinoids ure 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, thercby 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 Ttalian 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 eould be extracted from them by soaking them in
alcobol 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 hén eventually developed n red breast and the rest of the
body became yeliowish 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 Sauermann’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 11 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. Fresumably 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 pext 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 fpod. Newly
hatched larve 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 larve 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

s
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to a certain size, but these did not develop normal color. It is espe-
cially interesting that the larvac on the ctioluted leaves, as well an
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 ss consisting chiefly of
earotin, the explanation of the greening of the caterpiliars 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 lipochromes and chlorophyli-
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 larva 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
alge 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 Gemble,
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 thesfood to the tissues and secretions of man and the higher
animals is at least indicated, aithough not demonstrated, in these cases.

The writer'’s attention was aﬁ,ra_cted 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 W1th 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 seeretions 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 Willstdtter 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 biologieal 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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Tavs 14—THE RELATION BErwekN CAOTIN-RICH AND CAROTIN-POOR RATIONS AND
THE Cowor oF MiLk Fat axp Buoon SeruM

Breed of ) Butter Fat_Bload Scrum
Cow Ration Yellow Red Yellow Red
Carotin-poor rations

Ayrshire Cottonseed meal and cottonsced hulls 13* 04 33 05

“ Cottonseed bulls, timothy hay and white
corn 12 04 26 11

“ Cottonseed meal, cottonseed hulls,
timothy hay and vellow corn 20 0.5 49 12

Holstein Cottonseed hulls, corn stever and eot-
tonsced meal 85 14 6.0 0.7

“ Cottonseed hulls, corn stover and cot-
tonseed meal 30 07 70 08

Ayrshire Cottonseed hulls, corn stover and cot-
tonseed mes) 25 06 110 03

Jersey Cottonseed hulls, vorn stover and cot-
tonseed meal 110 17 100 0.9

" Cottonseed hulls, corn stover and coi-
tonsced mea) 52 12 130 13

N Cottonseed hulls, corn stover and cot-
tonseed mea) 47 15 75 07

Carotin-rich rations

Ayrshire Cottonseed menl, cottonseed hulls,
timothy hay, )el!o“ corn and carrots 240 13 540 138

“« Mixed grain, green alfalfa hay and
fresh pasture grass 160 1.1 400 1.0

Holstein Mixed grain, green alfalfa bhay and
fresh pasture grass 540 18 480 11

“ Mixed grain, green alfalfa hay and
fresh pasture grass 220 12 410 10

Jersey Mixed grain, green alfalin hay and
fresh pasture grass 640 20 450 Il

« Mixed grain, green alfalfa hay and
fresh pasture grass 540 1.7 570 i8

“ Mixed grain, green alfaifa hay and
fresh pasture grass 470 16 450 10

TaBLE 15 ~—THE RELATION BETWEEN CAROTIN-POOR AND CAROTIN-RICH RATIONS AND
A Cotor oF THE Aprpost TisstE of Damy CArTis DEPosITED DUKING THE

NG oF Txese Rations Color* of Adipose Tissue

Carotin-rich Ration  Carotin-poor Ration

Source of Adipose Tissue Yellow Red Yellow Red
Inside of rib . . 500 23 14 0.1
Meeentery ... 47.0 21 3.6 05
Thoracie cavity . . 290 13 80 10
Around ovaries and uterds 49.0 23 25 03
Attached to omasum .... 330 16 240 17
In pelvic cavity . 500 23 470 21
Around kidney .. 540 16 50.0 21
Over last rib .. 7.0 23 50.0 21
Over outside chuck . 470 20 470 18

2 The cojor of the butter fut wag ds-termmed by matching a 1-tach lager of rendered
melted fat with the color glasses of the Lovibond tintometer,

¢ The cofor of the blood serum way determined by matching the extract from 10 cc.
of serum in 12.5 ce. volume and 1-inch layer with the color glasses of the Lovibond
tintometer.

«The color readings were taken on a l-inclt layer of rendered, melted fat, usiog the
Lovibond tintometer.
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The experiments demonstrated conclugively 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 carresponding 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 xanthophyil, 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
snimals 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 Willstiitter and Escher
(1912) as to the xanthophyll character of the major pigment of egg
yalk, 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 volks 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 serum 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, ¢} 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 xangthophyll. By analogy with the cattle experiments it was con~
cluded thaf the lipochromes in the human body are likewise derived
from the carotinoids of the diet. Hess and Myers (1919) later deman-
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
incressed 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 volk of one egg in the milk formuia
for a period of two months, or two ounces of spinach daily for a
month,” as well ag 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 earotin (from carrots) dissolved in
olive oil, and the pigment also appeared in the urine. The latter phe-
nomenocn 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 sceretions from the caro-
tinoids of their food is now well established. Van den Bergh,® Muller
and Broekmeyer (1920), especially, have contributed much valuable
data on the variations in the carotinoids in the human body under
pormal 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 ecolorations of
diabetics, known as Xanthosis, Carotinemia, Lipochromemia, ete.,
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 ta 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-

% In this paper van den Bergh lays elalin to an unpublished study carried out by bim
in 1913 in which be showed that the Jipochrome content of the blood serum of men,
fowls and cattle, as well as the milk of the latter vartes with the lMpochrome content
of their food. In his splendid paper with Snapper (see van denm Rergh and Snapper
{191383}) on tbe lipochrome of the blood scrum of man, horses and cattle, he shows
wnmistakably, however, that he regarded the pigment as originating in the body,

- although he does raise the question as te the orlgin of the high pigmentation which he
observed in the cage of diabetics,
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strated, that there is a universal dependence on the diet for the lipo-
chrome carotinoids of animal tissues. One cannot, in fuct, account in
any other way for the brilliant carotineid colorations among coertain
birds, fish and other lower vertebrates.

It must not be forgotten, however, that not all animal lipochromes
ip the broad semse have been definitely identified as carotinoids.
There is at least one (possibly more) red lipochrome widely distributed
among animals, ag shown in Chapter 1V, which does not scem to have
an analogue among the plant carotinoids, although it scems to be
closely related to them. Such a pigment occurs i the Ieathers of
certain birds, in the salmon musele, in the hypoderm of Crustaces and
elsewhere. Is it a plant carotinoid which has not vet been identified,
or is it a modified plant carotinoid? Either of these possibilities is
more rational than the possibility that it 1= actusily synthesized by
the animals in which it occurs. The red pigment on the legs of the
pigeons ig probably such a pigment. It is absent froin the legs of the
young pigeons. In the color of its solutions this pigment strongly
resembles Iyeopin. The writer obscrved recently that the pigment
is strongly epiphasic between petroleum ether and 90 per cent methyl
aleohol, but its sclutions show no elear 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 ease of the fowl. The problemn of modified earo-
tinoids in animal tissues is therelore an hmportant phase of the general
hypothesis which must not be overlocked.

There is still another phase of animal pigmentation {rom the caro-
tinoid standpoint which deserves consideration, namcly, 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 cmall
amounts in the guinea pig, as shown by van den Bergh, Muller and
Broekmeyer (1920). The rabbit is practically, if not entirely devoid
of earotinoids, although entirely herbivorous. The same seems to be
true of the dog, which is earnivorous, at least by preference. Cats,
however, ¢ontain 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



196 CAROYINOIDS AND RELATED PIGMENTS

hypothesis that the lipochromes are derived pigments, as shown in
the quotation given above from ber (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 shauld 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 xanthoplhylls 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 of 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 patural and artificial digestive fluids on
these two classes of carotinoids. In general, the resuits throw very
fittle 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 Rise (1913) that
the gall etones of cows contain crystallizable carotin.

Na similar studies have ever been. undertaken with fowls. The
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determination of the relative solubility of their bile on caratin 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 cobstruct an explanation of the rather astonishing divergence
between this species and the mammals with respect to the class of
carotinoids which predominate in the chromolipoids which color the
body tissues.

Summary

The demonstration of the possibility of a general biological rela-
tionship between animal chromelipoids 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 earotinoids did not suggest
to Willstitter and his pupil Escher their possible origin from plant
pigments.

Of the earlier investigators Krukenberg and Zopf saw no cvidence
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
Sauermann’s (1889) coloring of the feathers of canary birds and fowls,
and the egg yoiks of the Iatter, 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 cceurrence 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 buman 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 VIIT
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 s 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 ratlier generous seale,
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 hecause
of the necessity of using the lipoid solvents for the extrnetion 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, sapopification 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 purifieations. The details of the
aperatiops are mentioped below.

1 According to Arnaund (1887) carotin is still visible fn carbon disulfide in I part per

milllon of solvent.
io9
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Isolation of 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.? 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 pigroent 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 aleohol was carried out in the same
flask in a current of COQ,, and the dried soap exiracted with chloro-

31t {s almost mecessary to nse a {at solvent {n this case becanse of the high content

of oll in the carrot root. It is to be expected, also, that some pigment will be lost in -
. earrying out the operation.
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form. The carotin was precipitated from the chloroform by an excess
of absolute slcohol and purified by reerystallization from petroleum
ether. Kohl found that a very good yicld of crystals could be secured
by omitting the saponification process and merely allowing the con-
centrated ether extract to evaporate spontaneously. The crystuls
gecured in this manner could be purified further by washing with cold
ether followed by cold absolute alcohol.

On forming & concentrated chioroform solution of this residue and
adding three volumes of absolute aleohol, 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 crystai-
lized out. Xoh! does not tell what yields he seeured by this method,
but he assures us that the product was of a high degree of purity.

A method somewhat similar to that of Kokl 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 cuke 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.,
presumsably 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 distilied 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 comsbined
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~ |
centratel to & 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 aleohol. In
this process the colorless impurities precipitate first and then the pure
carotin. By repeating the fractional preeipitation 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 pctroleum
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 cther 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 xanthophyils.

Willstidtter and Mieg (1807) applied the method of Arnaud to the
leaves of the stinging nettle, Urtica dioica, in order to isolate carotin
on & 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, aceording 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 Willstitter 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 impuritics 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 other (pre-
sumably that boiling under 50° C.) which removes the bulk of the
wax. The solution is filtered, leaving the carotim on the filter but
still somewhat contaminated with phytosierol and other colorless sub-
stanees. According to Willstatter und Mieg the carotin lost in the
filtrate can be recovered through precipitation by aleobol, 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 disulfide, 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 ervstals. At this point the yvield was a little over 3
grams of crystals in Willstiitter and Mieg's work. This is mentioned
because it gives a good idea of the scale on which it is opparently
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 purifieation of the crude carotin. It is not likely that the frac-
tional precipitations and recrystallizations can well be avoided. It
seemg feasible, however, to substitute a more direct method for remov-
ing the %hlorophyll. Tswett (1906b) 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 chlorophylt is com-
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pletely adsorbed, leaving the earotin 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 ecrystallization 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 earotinoid and chlorophyll pigments in plants. According
to Tswett the solvents commonly used are divided into three groups
aecording 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 bigh 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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pigmented adipose tissue which one finds in certain breeds of dairy
cattle. 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 propertion to the facilities of the best appointed
Iaboratories. To be specific, at least 120 liters of ether would be
necessary to secure the carotin from 10,000 grams of fut, and inas-
much as the yield could not be over a few tenths of & gram of crystal-
line product the mechanical difficulties involved would not justify
the attempt.

It is readily possible, however, to obtain sufficient carotin from
animal fat for a macroscopic study of the chemieal 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 eows 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® The resins thus formed follow the earo-
tinoids in their isolation and interfere greatly with the study of the
properties of the pigments.

For the saponification of the fat, 2 ce. of colorless 20 per cent
aleoholic potash is added for each gram of fat and the mixture al-
lowed to hoil for about ome hour under a reflux condenser. The

* Ethyl alcohol is especially lkely to contzin such impurities. It can be purified best
by treatment with silver nitrate, in which abont 2.0 grams of crystals are added to 4
liters of aicchol and allowed to stand, with sbaking, for severai days. 200 g. unslaked
Mme are now added to precipitate the Ag0O, neutralize the acide and remove any excess
water. The lime can now be fiitered off and the filtrate distilled. Usually one such
treatmept will prepare an excellent 98 per cent alcobol whbich will show no coloration
on bolling &n the presence of 20 per cent KOH. Bhould a color develop under thege

dittons the purification mast be ¢ .

Methy) alcohol can alesg be used for the sapoplfication of the fat, but it, also, must

&how ne coloration when s 20 per cent-KOH solution of the alechol ta boiled.
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resulting soap is dissclved 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* 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, or
anhydrous Na,S0, for a few hours, decanted or filtered from the
inerganic 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 (1921a2) 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
aleohol. 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 pigraent 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 eariy workers wbo saponified their plant or animal extraocts 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 agueous solutlon with NaCl. In the

writer's these pr are pot ad 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
centrifuging the erythrocytes from the defibrinated plasma, or merely
by drawing the blood into sufficient saturated potassiuin oxalate or
sodium ecitrate solution to prevent clotting and throwing down, the
erythrocytes from the oxalated or citrated bloed with the centrifuge.
Each of the three preparations, namely, serum, defibrinated plasma
or oxalated (or citrated) plasma scrve 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-chemieal combination with a fraction of the
albumin in colloidal solution in the bleod. 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 js 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 CaSO, for each 10 cc. of serum. The damp powder is trans-
ferred to a flask, aleoho! 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 extraet
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 dinbetics 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 cafotin, 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 aleo-
hol, indeed unless alcohoi is present. The lead, silver and mercury
salts of the protein act in the same manper. After coagulation with
alcohol and drying it was found, in one test at least, that alecohol had
to be added before petroleum ether 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-
monjum sulfate solution. This property can therefore be used for
the isolation of the pigment-carrying protein.

The isolation of the carotin-albumin eomplex can be carried out
ag follows:—The serum is first freed from globulins by adding an
equal volume of saturated ammonium sulfate solution. These are
filtered off on a Biichner 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 albuminz 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
carctin-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 smount 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
~ agqueous solution thus obtained exhibits all the properties of blood

serum s0 far as its relations to fat solvents and the extraction of

o
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the pigment are 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,
inssmuch as it 1s 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-scated than a mere solvent action. It
seems very probable, thercfore, that this caroto-albumin plays some
important part in the process of fat synthesis in the mammary gland
of the cow.

Isolation of Xanthophylls

Green leaves. 1t was clearly shown in Chapter 11 that a group of
xanthophyll pigments accompany chlorophyll and carctin in green
leaves. It is not known, however, whether the crystalline xanthophyil
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 o of Tswett. The evidence on both sides
of the question was presented in Chapter II.

Willstiitter 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 chlorophylling, 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 rolor was re-
moved from the ether layer. The eombined 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 tbe xanthophyil
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-
stitter and Mieg boiled the precipitate with 1200 cc. of acetone, which
left & part of the colorless substance undissolved. The warm acetone
solution was treated with about two volumes of methy! 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. Willstéitter 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 aleohol, from
which the crystals come down with one molecule of aleohol of crystal-
lization, or by dissolving in the least possible amount of chloroform
and adding an excess of petroleum ether, in which the xanthophyil
is almost insoluble.

Jorgensen and Stiles (1917) have described what appears to be a
more convenient method for isolating crystalline xanthephyll, which
also gives higher yields than the method of Willstitter 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 cqually 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,80,. 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 o 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
moetone 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 funpel is being gently rotated, and after separation into
two layers the lower layer is drawn off and discarded hefore 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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reetone being removed each time by adding 4 successive liters of
water with gentle rotation of the liquid and drawing off the lower luyer
each time.

The petroleum ether solution now remaining contains the xantho-
phylls, the chlorophylls and the carotin, The xanthophyils, with some
chlorophyll, are removed by shaking with threc successive additiona
of 2 liters of 80 per cent methyl alcohol. After ench addition and
shaking the methyl alcohol layver is removed. 1 the last extract is
still considerably yellow additional extraetions are made until the
aleohol layer is practically colorless. The xunthophyil in the rom-
bined methyl aleohol extracts is next freed from ehlorophyll by trans-
ferring to ether in the following manner: ¢ to 5 liters of cther,
a quantity of water and 30-50 cc. of conrentrated methyl aleoholic
potash are added, and the mixture shuken. The liquids are allowed
to separate, the lower layer is drawn off and disearded and the ether
washed with water until no more green color is extracted. The ether
is now dried with anhydrous Na,80,, evaporated in vacuum to a
volume of 30 cc., 200 to 300 ce. of methvl aleohol 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 erude xanthophyll by this method is stated by Jirgensen 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 sceured by their
method. The method just deseribed has the additional advantage that
the xaothophyli-free petroleum ether can be used for the isolation
of carotin.’

The foregoing methods are best suited for the isclation of erystal-
line xanthophyll in quantity. A solution of mixed xanthophylls for
macroscopie examination can be secured by the following simple pro-
cedure. About 25 grams of dried powdered leaves or fresh leaves

4 The method recommended {8 to wash the petroleum ether, new consinting of about
3.5 Hters, four times with two liter portions of water to remove the lust traces of
acetope and methyl aleshiol. As the last traces of these solveats are removed the
chlorophyll present in the petroleum ether precipitates as a fine suspension. A fittie
anhydrous Na,80, is added to take up the water and then 150 grawe of CaC0, and
the solntion finally Altered through & layer of Cal’0; on a Bilchner funned. This treat.
ment takes out the chlorophyli suspension, The flitrate i evaporated in vacuum at
40° C. and the oily residue treated with 300 cc. of 90 per cent alcohol. The carotin
beginsto crystallize out immedintely and ix complete on standing in the cold. Purifica- .
tion is efffcted by shaking up the crystalline mass with 200-300 cc. of petroleum ether
and filtering quickly and repeating tbe washing with a wixtore of twoe parts of
petrolenm ether aund one part of absolute alcohol. The yield of 0.25 grams from two
kgn. of dried nettle leaves {8 much greater than Willstdtter and Mleg secured.
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which have been macerated with emery in the presence of CaCO, 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 alcobolic 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 neceseary, 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
NagS0,, 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 aleohol solution ether will now extract these pigments. After
washing the ether free from alcohol with water and drying with
Na,S0,, 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.

Bgg yolk. The large amount of protein, fat, lecithin and other
lipoids in egg yolk presents certain rather difficult problems in the
isolation of the xantbophyll pigment present. The isolation was ac~
complished, however, by Willstiitter and Escher (1912) in the fol-
lowing msnner, 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 aleohol, 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

P
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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-
Jeum ether (sp. g., 0.64-0.66), and adding three volumes of water
carefully, to avoid an emulsion. The lower watery acetone loyer 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 Na,SO, and the filtrate
concentrated to 2 liters at 30-35° C., in vacuum, i. e, unti} the syrup
set to & 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, 1t is of interest that
the method of isolation used by Willstitter 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 beating to boiling, filtered to remove the coagu-
lated, colorless proteins. The filtrate is evaporated and the residue
saponified with 50 ce. of 20 per cent methyl aleoholie 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
Na,80, and evaporated to dryness in vacuum. The chief impurity
in the residue will bé 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 xamthophyll 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 earotin, like cattle blood, is necessarily devoid of xantho-
phylls. In order to show the presence of these pigments in eattle
blood it is necessary to extraet 200-300 ce. of desiccated (with CaS0,)
serum completely with ether as well as with petroleum ether, after
treating with alcohol. The combined pigments from well eolored
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 aleohol and the ether extraction repeated.

Until recently the writer believed that the direct extraction of caro-

)
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tinoid from blood serum 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 basie 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 & number of tropical fruits. The mcthod to
be described here, however, is that used by Willstitter and Kscher
(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, hut when they found that 135 kgs. of tomatoes
yielded only 2.6 kgs. of dry matter from which only 2.7 grams of
crystalline Iycopin 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 purée, 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
kegs. 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 alge pigment, fucoxanthin, whose chemical rela-
tiop to the carotinoids was discovered by Willstitter and Page (1914)
was igolated in quantity by them in the following manner.” Fifteen to
20 kgs. of the fresh aige (Phaeophycee) were extracted with 40 per
cent acetone, using 2 liters for each kg. of alge. 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 alge. This solution was next
shaken with CaCO, 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 opme 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 alge. 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 petroleurm 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 erystals con-
taining three molecules of methyl alcohol of crystallization, which
could be removed in vacuum. Solvent-iree crystals were obtained
by precipitation from ether with low b. p. petroleum ether.

Isolation of Rhodozanthin

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 vite, 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
erytitals for anacroscopic examination can be carried out as follows,
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according to Monteverde and Lubimenko. The dried material is first
extracted with absolute alcohol, which takes out all the pigments.
The extract is next treated with saturated Ba(OH), 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 shoking 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 {at and biood in sufficient quantity for macroscopic study.

The evidence is presented for the existence of a carotin-alburmin
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.

1t 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 cheracter of the carotinoid present in blood.

The isolation of crystalline lycopin in quantity from tomatoes ig
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
apprecisble quantities of the carotinoids in crystalline form. It is
pot difficult, however, to obtain solutions of the carotinoids which
show # number of characteristic properties that can serve for the
jdentification 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, Willstdtter 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
vellow, depending on the eoncentration. Amorphous carctin 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 fsintly
colored solutions are secured with dilute alcohol, as a rule. Carotin
crystals are insoluble in absolute aleohol, 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-
Ioidal, aquecus solutions of carotin can be obtained by a slow evape-
ration of & concentrated aleoholic solution to which several volumes
~ : 218

e
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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 Tswett (1906b), carotin is adsorbed
from petroleum ether solution by finely divided HgCl,, CaCl, and
PbS. Miss Stephenson (1920) has reported that butter fat dissolved
in three volumes of petroleum ether ean be completely decolorized of
its carctin 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 {ar obtainable was required to
completely adsorb the carotin. The {act 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 petroleumn
ether or carbon disulfide solution of carotin is filtered through a column
of tightly packed, perfectly dry ealcium carbonate, which has first been
moistened with the solvent (Tswett's chromatographic analysis} the
carotin passes through unadsorbed. When carbon disulfide 1s 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 HCl, HNO, or H,SO, a8 are
certain of the xanthophylis, 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 NH,OH 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 s very small crystal of Fe,Cl; in the warm oil or fat. A
few tenths of & milligram of the iron salt is sufficient to add to 5 cc.
of wellecolored 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 ealt being at the same time reduced to the green FeCl,, Huse-
mann (1861) apparently discovered this reaction when adding
Fe,Cl, 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 slone is involved is hardly justified, because the color
reactions of carotin are in general shared by the other carotinoids.

Solutions of carotin in alcoho! which has been diluted with water
to a concentration of 80 to 90 per cent alcoho! are characterized by
giving up the pigment quantitatively to carbon disulfide and petro-
leum ether. Conversely, carotin in petroleum ether is unafiected by
shaking with 80 to 90 per cent alcohol, even 92 per cent methy! ai~
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-
ditiona 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 & 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 earotin 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
geveral absorption bands of carotin and the other carotincids. 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 Iycopin 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 aleohol (an identical spectrum is
obtained in ether and petroleum ether) the solar line ¥ 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 direet 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-
troscape 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 8 dark room with a light of high candle power concentrated
on the slit of the instrument but screened from the observer, gives
excellent results. ]

Willstitter 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 glcohol (up) disulfide (pp)

5 mm. 10mm. 10mm, 20 mm.
Band I ...........e. 492478 402476 524510 525-508
Band II 459446 459-445 489-475 490474
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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 erystals on one
side of a glass slide.

Lycopin. This red isomer of carotin forms yellow solutions in hot
ether, chloroform, alechol, 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 chioroform, contains much less
pigment than the correspondmg solutions of carotin. This probably
accounts for their yeliow color. Solutions of lycopin in carbon disui-
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 alcobolic solutions of lycopin has not been investi-
gated. Lycopin, however, because of its great oxidizability reacts
toward ferric chloride like the other carotibolds.  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. : '

Taacs 16, Vistes Assogerron Seeoraa of Cagoriy 1N Vazous SOLveNss wiord
Durrenent Rerrscrve Inpex (Ko, 1902b)

Refractive Position of bands (up)

Band I Band 1T Band III
490475 455-445 430418
490475 455-445 430418
500-478 480450 430-420
505~480 485-450 435420
S07-480 466452 435420
510485 470458 437425
550~-530 495-480 460450

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
eulveat is ghown in Flgum 1, taken from ‘the paper of Monheverde 7



Spectraphotograph of absorption bands of carotin and
xanthophyll in aleohol uud carbon disulfide. (After
Willstiitter and Stolly

1. Carotin in alcohol

2.. Xanthophyl! in aleohol

3. Carotin in carbon disulfide

4. Xanthophyll in carbon disulfide

PLATE {
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Fic. 1. Relative position of sbsorption bands of various carotinoids in
carbon disulfide solution. (After Monteverde and Lubimenko)
1. Xanthophy!l
2. Rbodoxanthin
3. Carotin (according to Willstitter)
4, Carotin (according to Monteverde)
5. Lycopin (secording to Willstitter)
8. 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 Willstitter 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 (pp) disulfide (pu)
10 mm. 20 mm.
Band I 510-499 554-540 561 -536
Band II . 480-468 514-499.5 517.5-498
Band IIT .. 440~ 479472 481 5468

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.
Willstitter has not yet agreed to an unqualified acceptance of this
assumption. However, if the fact that Tewett’s observations can be
readily verified is sufficient grounds for aecepting 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 Willstitter 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 ecrystallized it is necessary
to refer to the observations of Tewett (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
are difficult to secure because of the low solubility of the pigment
in this solvent, crystalline xanthopbyll 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 vellow. 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 Monteverde and Lubimenko {1913b), is green. Carotin and
lycapin 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. Willstitter and Stoll have compared
crystalline xantbophyll and carotin solutions and have obtained the
following results,

5 X 10" MOLAR SOLUTIONS IN CARBON DISULFIDE

Layer of carotin Layer of zantho- Relative
in mm. phyll in mm. intensity

12 50 1:41

255 87 1:34

385 120 1:31

85 180 1:21

5 X 10 MOLAR SOLUTIONS, CAROTIN IN PETROLEUM ETHER-ETHER,
XANTHOPHYLL IN ETHER

10 20 1:20
40 60 1:15
91 120 1:13

Xanthophyll can be obtained in aqueous colloidal solution in the
same manner that colloidal carotin solution is obtained, according
to van den Bergh, 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 alecholic potash solutions to remove admixed fat, ap-
parently does not affect the general properties of the pigments. Will-
stitter afdd ,Mieg found, however, that heating amyl alechol 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.

Willstdtter 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 hydroearbon 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 inscluble 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 oue 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 alcohel 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 onc adsorbed substance by the others, depending upon
the relative affinities of the several substances for the adsorbent, espe-
eially 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 chlorophy!l) 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 ta 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, 1 to 2 mm. in diame-
ter. A plug of cotton is placed in the small end, pressed down tightly
and the tube is then filled with the dry CaCO,, 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 n
rubber stopper fitted into a small filter flask, gentle suction applied
and a stream of pure solvent (either petroleum cther or carbon disul-
fide, depending on the solvent selected for the pigmicnt 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 CaCO, 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
xanthophylis recognized by Tswett should show the following result.
Assuming that carbon disulfide has been used and the differentiation
has been continuted 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; abeve this, probably separated by a
more or Jess colorless region, will be a wide orange-ycllow zone, due to
xanthophyfl «, which apparently comprises the major part of the
xanthophylls; still higher in the column and separated from the
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xanthophyll o will be a yellow zone due to xanthophylls &* and
o’’, whose differentiation will be described in a moment; near the top
of the column will be a narrow yellow zone, due to xanthophyll 8.
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 o’ and o'’ 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 g
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
seeond chromatographic separation should be earried 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, ¢’, @’ and 8, which are as follows:

Xanthophyll . 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 CaCO, from pure, abso-
lutely alcohol-free, low boiling petroleum ether. It is the least ad-
sorbed by CaCO, from CS, 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 Wilistatter and Stoll
to be as follows:

Xanthophyll in Xanthophyll in carbon
alcohol (pp) disulfide {up)

& mm. 10 mm. 10 mm. 20 mm.

484472 488471 515-501 ~  516-501

454-441 454—440 482469 483467

419- 420- 4741

Xanthophylls o’ and o”. These pigments are quantitatively ex-
tracted fram petroleum ether by 80-90 per cent alcohol, preferably
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methyl alecohol. They are readily adsorbed from petroleum ether by
CaCO, and more readily adsorbed from carbon disulfide by CaCO,
than xanthophyll a. The carbon disulfide solutions are yellow to
orange. The pigments are readily rcleased from adsorption on CaCO,
by benzene and when thus adsorbed in a chromatogram may be
separated from each other by this solvent. The action of concen-
trated mineral acids from the alcoholie solution of these xanthophylls
is not known, but it may be similar to that on xanthophyll 8. The
absorption bands of these xanthophylls is stated by Tswett to be
shifted slightly towards the violet from those of xanthopbyll . The
measurements of these bands has not been reported.

Xanthophyll 8. This carotinoid, like the other xanthophylls, is
quantitatively extracted from petroleum ether by 80-90 per ecent alco-
hol. It forms almost undissociable adsorption compounds with CaCO,
when in petroleum ether or carbon disulfide, but can be released from
this combination by petrolcum ether containing 10 per cent absolute
alcohol. Concentrated mineral acids produce a green color, passing
to & peacock blue when added to its alcoholic solution. NHOH 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 which the yellow pigment restored by alkali still retains one mole-~
cule of HCl. The absorption bands of alcoholic solutions of xan-
thophyll § lie at 475-462up and 445-431py, which are seen to be
shifted appreciably towards the violet from the bands of crystalline
xanthophyll,

Rhodozanthin. This red isomer of the xanthophylls is known
fargely 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 aleoholie 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 alsc 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 xanthaphyli-like character is shown by the fact
that 80 pe‘r cent alcohol quantitatively extracts the pigment from its
solution in petroleum ether. In common with crystalline xanthophyll
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the crystals ehow 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 CaCO,, its adsorption zone preceding all the others in a chromato-
graphic analysis of extracts obtained from leaves in which the pig-
ment abounds, like the winter foliage of arbor vite (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 (up) disulfide (pp)
Band I 530-513 575-553
Band II 495-480 535-515
Band IIT 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.

Fucozanthin. This carotinoid, which is characteristic of the brown
alge, gives well eolored 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 aleoholic 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 erystalline xanthophyll. Willstitter and Page (1914)
have stated that a comparison of 5x10~® 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 CaCO,.

Bolutions of fucoxanthin show two well defined absorption bands,
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but the positions of the bands are not sufficiently characteristic to
distinguish the pigment sharply from carotin or xanthophyll. The
bands of the aleoholic solution, coutaining 5 mg. per liter are given
by Willstiitter and his co-workers as follows:

Fucorantlan in alcoho! (up)

& mm. layer 19 mm. layer 30 mm. layer
486469 492-476 488473
425—440 467451 462-443
“40-... s

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 faet 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 HCl which resembles in many respects the action of mineral
acids on alcoholic solutions of xanthophyll . When the ether solu-~
tion of pigment is shaken with 30 per cent HCI solution the pig-
ment bleaches and the acid layer takes on a magnificent blue-violet
or gky-blue color. The latter is due to a stable salt containing 4
atoms of HC], 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
HCl. Fucoxanthin apparently unites with other substances as well
as HCI for Willstiatter and Stoll state that ether solutions dried over
CaCl, 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), 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 com.
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methyl aleohol KOH, and in this solvent the pigment is changed so
that on dilution with water and cxtraction with ether (the pigment
being liberated from its temporary alkali compotind by water) it is
much more sensitive towards HCIL. Ether solutions will now give
the blue color reaction on shaking with only 16 per cent HCI solu-
tion, whereas 25 per cent HCI solutions had scarcely any effect before
the treatment with alkali. Even 3 per eent HCI now has a noticeabla
effect, and in coucentrated ether solution even 0.001 per eent HCI
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
speetrum whose bands are shifted considerably towards the vielet.
The ether solution of this pigment containing 5 mg. per liter shows
bands at 461-451pp and 435-423py in 10 mm. layer.

Properties of Crystalline Carotinoids

Carotin. Carotin crystallizes from carbon disulfide on addition of
absolute alcohol, forming rhombie tablets or prisms, and from petro-
leum ether, forming almost quadratie leaflets, which arc frequently
indented. Plate 2, figure 1, shows the form of crystals {rom carbon
disulfide-alechol. 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., Willstiitter. The crystals from alcohol usually contain
some alcohol of crystallization, which ig given up in vacuum over
H,80, or P,0,.

Pure earotin crystals are almost inmsoluble in cold ethyl alcohol,
and even less so in methyl alcohol. They dissolve with difficulty in
the hot alechols. 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 disulfide~  Fic. 2. Xanthophyll from ncthy! al-
aicohol. (X 62} cohol. (X 62)

Fic. 3. Xanthopbyll jodide from Fie. 4. Lycopin from petrolenm
aleohol. ether. (X 185)

Fig. 5. Lycopin from carbon disul- . Fic. 6. Fucoxanthin from methy!
fide-aleochol. (X 165) aleohol.
PLATE 2



COIMBATORE




PROPERTIES AND METHODS OF IDENTIFICATION 1233

being a ready solvent. Benzene dissolves the pure crystals much more
easily and chloroform and carbon disulfide with great ease. Kohl
(1902e) gives the specific rotation of carotin in chloroform as
@ » == —30.17°, but this property is not mecntioned by other investi-
gators,

Carotin crystals, and even the amorphous pigment, if free from
lipoids, dissolve in concentrated H,8O with an indigo blue color, from
which the pigment precipitates as green flakes on dilution. A similar
color reaction is given by concentrated HNO,, dry sulphurous acid
and by thymol and phenol containing concentrated HCl. 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 reaection was explained in a previous paragraph. The color
reaction of carotin with H,SO,, 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 rcaction is given by a
large number of organic compounds, cspecially by certain quinones of
the aromatic group.

The crystals of carotin readily oxidize, whercby 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 thc bleached pigment shows the color reactions
of cholesterol, but Willstitter 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.
Willstitter and Mieg obtained a maximum of 34.3 per cent, cor~
responding to 11 atoms of oxygen. Willstéitter 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 erys-
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, H,]I,, 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 disuifide and carbon disulfide-
ether solutions of carotin. The other iodide, described by Willstitter
and Mieg and also by Willstiatter and Escher (1910), corresponds to
the formula C,Hgl,, 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
CoHyeBry;. The formation of this product is stated by Willstitter
and Escher to take plaee on the addition of 0.5 grams of powdered
carotin in small portions with shaking to 16 grams of bromine at 0° C,,
the bromine being protected from moisture in the reaction flagk by a
CaCl, 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 aeid, 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 difficuity in even hot
alecohol or petroleum ether; it is insoluble in glacial acetic and an-
hydrous formic acid. The bromine cannot be completely removed with
zinc dust and glaeial 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 bear any relation to carotin, but it must be admitted
that they throw no light on its constitution. The simplest empirical
formula for carotin, ie., (CH,), suggests a possible relation to the
terpene derivatives, the cymenes, or to the toluene derivatives, durene
and the propyl toluenes, all of which have the empirical formula
C,H,.. The cymenes, however, are structurally isopropy! benzenes,
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 tbat carotin is related in any way to these substances
or to the propy! 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,,H,, probably having the structurc

It was first described by Behr and van Dorp (1873) and

HC:CH

Blumenthal (1874) and later by Graebe (1883). It forms leaflets
of a golden yellow color, soluble in alcohol, ether and benzene, which
melt at 92°-893° €. De la Harpe and van Dorp (1875} and later
Graebe (1892) have described the hydrocarbon di-biphenylenithene,
C,.H,,, 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,,H,,. Thiele (1900a) found that
the hydrocarbon fulven, C,H,.C:C.CH, forms brilliantly colored de-
rivatives. He mentions dimethyl fulvene, C,H,,, & bright orange col-
ored oil, methyl phenyl fulvene, C,;H,,, a red oil, and diphenyl ful-
vene, C H,,, which crystallizes from petroleum ether as deep red
prisms, m.p., 82° C. Thiele (1900b) has also described the hydro-
carbon cinnamylidenindene, C,H;. CH:CH.C ~\— CH:CH, which crys-

L C.H,
tallizes as yellowish-red needles, m.p., 180° C., and is easily soluble
in most organic solvents. More recently Pummerer (1912) has dis-
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covered the red hydrocarbon, C,H,,, m.p., 308° C., which he calls
rubicen, and which dissolves in CHCI,, 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 498un. The spectroscopic properties of the other
colored hydrocarbons mentioned has apparently not been determined.

Apparently color among bydrocarbons, although rare, is not con-
fined to yellow and red. Sherndal (1915) has isolated a biue hydro-
carbon oil, azulene, C,,H,,, 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 & stroog
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 Willstéitter and Mieg (1907) and from egg yolk by Willstitter
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 thombic, almost hexahedrons. In all cases the crystals contain a
molecule of the solvent from which erystallization oecurred. A sin-
gle example is reported by Willstatter and Mieg in which crystals
from CS, 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 eolor. 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 H,SO, or P,0, xan-
thophyll crystals from plants melt at 173.5°-174.5° C. (corrected),
but according to Willstiitter and Escher xanthophyll from egg yolk
melts at 195°-196° C. (corrected).

Xanthophyll crystals are entirely insoluble in low boiling petro-
leum ether. The solubility in cold methy! aleohol 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 CS,, 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 erystals quickly
as does hot glacial acetic acid. A mixture of 8 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,80, with a
deep blue color, from which green flakes are precipitated on dilution
with water. They also dissolve in warm ethyl alcohol containing
strong HC] 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.erystals by the fact that
the former are colored blue but are not dissolved by 65 to 75 per cent
H,S0, while the latter turn blue only after some lapse of time or when
stronger acid is used. With con. HNO, 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,oH,0,I,, 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 bromingted it loses its oxygen, since Willstatter and Escher (1910)
report 8 xarthophyll bromide with the constitution C,H,,Br,,.
Xanthophyll crystale 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 C, H,,0,,, When this product is
recrystallized from ether it containg even more oxygen and corresponds
to the formula C, H;,0,,, 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 Willstitter 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 & 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
ohtain a 2 per cent solution in CS,, 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,50, and HNO, with a deep blue or purple color, which is very
transient in the case of HNO,. )

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 oxidiging pigment has a peculiar odor, which is stated
by Willstéitter and Escher (1910) to be different from that of oxidis-
ing carotin or xanthophyll, but is not described.

. When lycopin crystals are dissolved in a little CS, and much ether
and treated with one-third their weight of odine, a lveopin iodide cor-
responding to the probable formula C, H,I, precipitates in the form
of dark green, gelatinous flakes, containing 34-37 per cent iodine.
When the lycopin crystals are treated with a trace of bromine vapor
they first turn a vivid green, and can then be dissolved in an cxeess
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 Willstitter and Escher.
The combined addition and substitution compound appears to have
the constitution C,,H,Br,, 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 C,H,Br,,, which shows the addi~
tion of only two atoms of bromine and corresponds to the di-iodide
which the pigment forms.

Fucozanthin. This carotinoid crystallizes from concentrated
methyl aleohol 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 alcehol. When freed of the sclvent 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 erystallizes 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 methy! alechol about 10° lower.

Fucoxanthin resembles xanthophyll in its solubilities. One hun-
dred grams of boiling methyl aleohol dissolve 1.66 grams of pigment,
but only 0.41 grams at 0° C. The crystals are fairly difficultly soluble
in ether, fairly easily in CS,, and easily in ethyl alcohol. The pure erys-
tals, either hydrates or methyl alcoholates, do not readily oxidize, but
the solutigns readily bleach, and a product can be obtained from these
colorless sokitions which corresponds to the formuls C,H,0,, or
CeHeO1o
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Fucoxanthin crystals correspond with the other carotinoids in dis-
solving in concentrated H,80, and HNO, with a blue or purple color,
and in addition readily form a blue oxonjum salt with HCI, 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 these 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 eolor. 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. 8o 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 vet 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 previgus 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



PROPERTIES AND METHODS OF IDENTIFICATION 241

methods which have been proposed for the mierochemical crystalliza-
tion of the carotinoide 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 fucoxanthin. While van Wisselingh found that the brown
alge give excellent crystals it is not clear whether these are fuco-
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 saponificd and the carotinoids present have
erystallized 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 {ew 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 distilied 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 erys-
tals for determining their character, because rhodoxanthin, if pres-
ent, would undoubtedly ecrystallize in the red group. In fact, van
Wisselingh encountered red xanthophyll-like crystals in his investi-
gation.

Lycopin does not form microcrystals in the Molisch method. A
sllght modification, however, permits their formation, namely, heat-
ing the tnsue to 140° C. in glycerol alone or in glycerol containing
10 per cent Kon. 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,80, or bromine water or with a solution of SbCl, in 25 per cent
HCL. 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 HCIL. In the other cases the prep-
aration may be placed in 2 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) Xanthophyl! crystals give a quick
blue color when treated with 75 per cent H,S0, while carotin and
lycopin crystals require a stronger H,S0, 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 sec
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;80, and
HNO, 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-
cellular and intercellular substance, generally in more or less gran-
ular or amorphous condition but alse 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 & pure condition. Since lipochrome is never encoun-
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tered in a crystalline condition in such tissues, as it has becn stated
to occur in plants, the balance of the argument is at present against
the occurrence of the pure pigments.

With regard to the lipochrome color 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,80,, which is given by a number of
aromatic substances besides the carotinoids, is not known. A positive
reaction with this reagent can not thercfore 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,SO,, and
sometimes not at all. The reaction with H,S0,, thercfore, 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
jodine 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, Kiithne (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#no} 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 lipechrome 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 bischemistry 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. 1t
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 posgible 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
tbe 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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jodine, Dolley and Guthrie (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 und Kempster (1919b)) made
the interesting observation that Nile blue {used either as the hydro-
chlorate or sulfate in 1-10,000 aqucous 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 & salmon pink even in the presence of lipochrome. The blue
stain was found to occur for the amorphous carotin granules in the
frozen carrot section, and for the amorphous xunthophyll 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
earotin, 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 bilue with the dye, although in their carlier (1919)
work they were umable 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 ncutral fats, fatty
acidg staining blue and neutral fat red! 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

3 Herxhelmer (Abderhalden’s der Ar oden, v#4, part
1, 208) states that this fact has been confirmed by Escher (Korrbl, f. Schwelger Arzte,
48, 1918) an® by Boeminghaus {Ziegler's Beitrage, 67, 532, 1920) who found alse that
cholesterol esters of fatty acids stain red llke neutral fat, and mapy other lipoids take
s mixed blue and red color.



246 CAROTINOIDS AND RELATED PIGMENTS

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 z
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, piginent granules which are readily oxidized
(bleached} by this reagent may be suspected to be carotincid in na-
ture. Dolley and Guthtie found that a strong solution of ferric

’Wmmnnlelwm
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chloride in 50 per cent alcohol was especially suitable for this pur-
pose. Treatment of sections showing carotinoid granules with hydro-
gen peroxide for 24 to 48 hours apparently effected the same result,
but Dr. Dolley’s recent communication indicates that the oxidation
is not so thorough as with the ferric chioride unicss the peroxide is
supplemented with strong sunlight. There is also the tacit assumption
among pathologists that sections which give up their pigment to fat
solvents contain lipochromes. This, of course, can only be considered
contributory evidence.

Summary

Tt 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 erystailine 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 CaCO;.

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 aeid 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

Armaud (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, nccording 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 drynmess. The residue was taken up in
exactly 100 cc. of carbon disulfide and compared in a Dubosque col-
orimeter with a standard 0.601 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 quantitstive analysis of
the carotin content of the air-dricd leaves of a large number of plants,
These data are shown in Table 17. Arnaud ecxpresses 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 failurc 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 cvaporating the petroleum ether cxtracts
to dryness before dissolving in the standard solvent, this operation
greatly enhancing the opportunities for oxidation and loss of pig-
ment.

TaBLE 17. Caroren CoNTENT oF Am-Dwiey Luaves (Arnavn's Murton)

Name of plant Date of Carotin
sample contend
my. in 100 gma.

Rape (Brassica oleifera) D P June 1 180.7
Violet (Viola odorata).... May 23 1240
Linden (Tilia platyphylia).. May 11 79.1
Maple (Acer pseudo-platanus June 15 1900
Sycamore (4cer platanoides) .. June 15 1780
Grape (Vitis vimafera).......... July 12 2000
Wild grape (Cissus quinguefolia) . ... Muy 25 1454
Chestnut (Aesculus hypocastanum) . .. May 6 1188
Bean (Phaseolus vulgaris).......... .. June 18 1788
Pea (Pisum sattvum)......... o Muy 27 1770
Acacia (Robinia pseudo-acacia) . June § 209.0

Peach (Persica vulgaris)........ . June 15 1140
Red currant (Ribes rubrum) Muy 2{ 1055

Yvy (Hedera Helix)........ May 15 509
Periwinkle (Vinca Major) May 25 130.0
Olive (Olea Europaea)..... Juiy 16 750
Potato (Solenum tuberosum). July 21 1900
Tobaceo (Nicotinia tabacum). Aug. 4 1788
Stramonium (Datura stramont July 20 1770
Bpinach (Spinacie inermis)....... June 1 160.0
Beet (Beta vulgaris)...... July 12 1830
Hemp (Cannabis sativa)........ Junc 18 2159
Box tree (Buzus sempervirens) . June 4 869
Stinging nettle (Urtica divica).. May 2 1717

Walnut (Juglans regia)....... May 19 1188

Yew tree (Parug baccata).. June 4 167.6
Wheat (Pritigum uulgare) June 4 167.6
Grass' (Lo#lum perenme).. April 18 108.3

Fern (Pteris aquiling) c....evvvereneeeueneiinnns o Jume 1 1168
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Arnaud made an interesting study of the seasonal variations in the

! carotin content of green leaves, using the stmgmg nettle and chest-
i nut led.w.s as the source of his maberlal He found that the maximum

mg “of the plants, and that it d1mm1shed regularly thh the gr
of the leaves,. Thus, in the case of the nettle, & 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. I.u a com-
parison between etiolated and green leaves of the same plant, Arnaud
found that the carofin content, on.the dry matter basm, increased

. about 5 times durmg the formation of the ch]oroph_yll

Kohl (1902i) used Arnaud’s ‘Toethod 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
hali those reported by Arnaud, and for grass about 70 per cent of
Arpaud’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(OH), 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 sengitive compari-



QUANTITATIVE ESTIMATION OF CAROTINOIDS 1251

son than stronger bands, and that this was secured at & 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 the
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-chioro-
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 xanthiophyll in”€he different plants.

Tasrm 18. Carorrvomw CoNTENT oF Dry Green Leaves (LueiMexko’s Mermon)

. Carotin  Xanthophyll
Name of plant content  content
my. per mg. per
100 gma. 100 gms.

Thuja orientaliz (arbor vita). .. N 208 1317
Viburnum Tinus ......... . 479 1543
Luffa gigantia .... . 615 3546
Albizzia  Julibrissin PP 66.7 280.9
Ruts veolens ......... cee 844 3876
Ailanthus glandulosa ... ceee 727 2633
Clematis vitalba ....... v 1008 408.5
Hyssopus officinalis .. 108.1 3556
Rubus eaesius ....... . 1080 3968
Arundinaria jeponica .. 108.1 3500

Willstitter 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
" ce. of 30 per cent scetone are then poured over the apparently dry
mass and the whole mixed for a few minutes. The extract and leafy
material age 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 Willstétter
 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 aeetone
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 ce. of this ether are saponified with 2 cc. of coneentrated
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 complcte 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 whieh
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 eent
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methyl alcohol and twice with 50 cc. of 92 per cent methyl alechol.
The last extract is generally colorless; if not, another extraction is
made with 92 per cent alcohol.

The methyl alcohol extracts contain the xanthophylis. They sare
also free from carotin, according to Willstiitter and Stoll. The com-
bined methy! alcohol extracts arc now mixed with 130 cc. of cther and
the pigments transferred to the cther by a slow addition of water.
The ether solution of the xanthophylls thus obtained and the petro-
leum ether solution of earotin are freed from methy! alecohol 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 alechol 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 onc 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 squeous
solution of K,Cr,0,. 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 & standard solution once made will keep in-
mtely It is necessary, however, to know its color value in terms
of the’ pure carotinoid pigment solutions. Using 5 x 10-° molar so-

Jutions of carotin and xanthophyll, respectively, equivalent_to_0.0268

per cent carotin solution and 0.0284 per eent xanthophyll solution,
stitter and Stoll found the following relations to exist between the
standard 0.2 per cent K,Cr,0, solution and the carotinoids.

100 mm. carotin solution equals 101 mm. K,Cr:O; solution
50 ¢ & m W o4« « «

o5 « « « « 19 « “ «
100 “ zanthophyll “ “ooag “ “
56 “ “ « “ gp ou « «
25 « « « 14 « « «

In Willstitter 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 mlors matched. Readings were then taken with the cups
reversed in.tle eolorimeter and the results averaged. A Wolff colori-
meter was used by these investigators but a Dubosque or Kober

J—
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colorimeter should serve the purpose just as well. The writéer has
found the Kober colorimeter very satisfactory, using daylight as the
source of illumination and the black glass cups witk the colorless, op-.
tical glags bottoms for holding the solutions.

Calling h, the height of the unknown solution required to match the
color of 100 mm. of standard carotin solution and h, the height of the
unknown solution required to match the color of 100 mm. of stand-
ard xanthophyll solution the amount of earotin or xanthophyll in 1
kg. of fresh leaves can be calculated from the amount obtained from
20 grams by the method of Willstitter and Stoll by means of the
following formulae:

Carotin equals 50 x 0.00536 x %x 1—;—]——.0’ and
a
1 100.

Xanthophyll equals 50 x 0.00568 X5 X ¢
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 Willstitter and Stoll's method. Table 19 shows some
of the results obtained by Willstitter 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 guantitative results of Willstitter 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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Taswe 19. CaromiN anNp XantHOPHYLL CONTENT oF LEAvEs (METHOD OF
‘WrILLSTATTER AND StoLL)

Pigment in Pigment in
Jresh leaves dry leaves
. Xantho- Xantho-
Name of plant Condition Carotin  phyll Carotin  phyll

mg.per  mg.per  mg.per  mg. per
100 gms. 100gms. 100 gms. 100 gms.

Sambucus nigra Light-exposed 14.1 263 525 o017
Sambucus nigra Shaded 6.3 192 385 1180
Aesculus hippocastanum  Light-exposed 283 451 790 1210
Aesculus hippocastanum  Shaded 93 279 370 1110
Platanus acerifolia Light-exposed 12.9 278 380 825
Platanus acerifolia Shaded 127 311 510 1250
Fagus silvatica Light~exposed 185 300 eie Ceeer
Fagus silvatica Shaded 13.1 252 350 68.0
Populus canadensis Light-exposed 9.7 < 200 .

writer is inclined to believe that the ratio of 1.5 to 2 molecules of
xanthophyll to 1 of carotin, as found by Willstatter and Stoll, repre-
sents more nearly the true proportion between the two classes of
carotinoids as they exist in green leaves.

Elizabeth Goerrig (1917) has applied the general principles of the -
Willstdtter and Stoll method to the determination of the carotin and
xanthophyll content of yellow autumn leaves. This work has already
been discussed in Chapter II in connection with the pigments of
autumn leaves, but it might be well to mention here Miss Gocerrig’s
experience in applving the method. She varied the procedure in sev-
eral particulars, one of the most important of which, as far as its
possible effect on her results is concerned, was the preliminary drying
of the leaves at 40° C., instend of using the fresh leaves as recom-
mended in the original method. Miss Goerrig admits that the dried
leaves were difficult to grind with the extraction solvent and, in fact,
states that the yellow leaves usually retained a part of the color which
could not be extracted by the method recommended. Moreover,
the calculation of the carotin content of some of the'leaves using Miss
Goerrig’s data, which are expressed as colorimeter readings only, gives
results much lower than Willstitter and Stoll reported for leaves from
the same species of plant. Another important particular in which
Miss Goerrig modified the Willstiitter procedure was the omission of
the preliminary extraction with 30 per cent acetone and the use of
85 to 90 per cent acetone for the extraction of the pigments instead of
the pure acetone recommended. Finally, Miss Goerrig used & 0.4 per

_cent K,Cr,9, solution as a standard in place of a 0.2 per cent solu-
tion. By setting the standard at 50 mm. a greater range of coler in-
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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-
phyllines 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 colorimetric reading, Miss Goerrig encoun-
tered the most difficult part of the whole method. Contrary to the
statement of Willstitter and Stoll, she found it impossible to transfer
all the xanthophylls to ether by the slow addition of water.

Estimation of Fucozanthin

The fucoxanthin content of brown algz can be determined by a col-
orimetric method devised by Willstéitter and Page (1914). The de-
° tails of the isolation of the pigment and its quantitative estimation
are given by these investigators as follows.

The alg® are pressed dry between filter papers and ground to a
fine meal. Except for Laminaria, for which a different treatment is
recommended, 40 grame 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
firat 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 ce.
of ether to the acetone solution and then adding distilled water. The
ether is freed from acetone by very eareful 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
aleohol 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 fucoxanthin 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-
xanthin is finally transferred to ether, which is freed from methyl
aleohol 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 fucoxanthin solution (using a 5x 10> molar, or 0.0304 per cent
solution) or the 0.2 per cent K ,Cr,0O, standard which is used for esti-
mating carotin and xanthophylls. The standard is sct at 50 mm. of
standard fucoxanthin 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, the
content of {ucoxanthin in 1 kg. of fresh alge as calculated from the
40 gram sample will be 25 x 0.00608 x —12—x %%Lif the standard fucoxan-
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-
erd fucoxanthin.

Using this method Willstiitter and Page determined the fucoxan-
thin content of Fucus, Dictyota and Laminaria to be, respectively,
169 mgs., 250 mgs., and 81 mgs. per kg. of fresh alge.

Application to Other Biological Materials

Tt seems obvious that the colorimetric methods of analysis for caro-
tin, xanthophylls and fucoxanthin ag worked out by Willstitter 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-
stitter technic can be applied without modification to plant tissues, |
including flowers, fruits and leaves, with the exception of the fruits ;
containing slycopin, for which no quantitative method has yet been
devised. Mox"edver, 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) 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 aveid the production of
sldehyde 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 Auids 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, asg
in the Willstitter technic for plant tissues,
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Certain animal tissues whose carotinoid content may be desired may
contain pigments soluble in aleoho) 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 saponification, 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 interferc, ot 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 caleium 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 eolorimetric comparison with the standard hardly nceds
further comment. It is obvious that the 0.2 per cent K,Cr,0, 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 Willstitter and Stoll. It is convenient in these cases to set thel
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 apalysis. For thig purpose the writer has constructed
the curves shown in Chart 1. These curves are based on the somewhat
meager data given by Willstitter and Stoll for the comparative color of
5x 10 molar carotin and xanthophyll solutions with the standard
dichromate solution and also the comparative color of the two pig-
ment golutions.

The method of using these curves involves no difficulties, but for the
sake of clearness one or two examples may be given.

Example 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 K,Cr,0, in
the Kober colorimeter. Referring to the carotin curve in Chart 1 it
is seen that 369 mm. of standard dichromate equals.45.2 mm. of
0.00268 per cent carotin solution.

Therefort, 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 K,Cr,0,. The pigment eventually proved to be entirely xantho-

.

CAROTIN OR XANTHOPHYLL

Q itative relations b 02 per cent KCr0q solutions and 5x 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, xanthophyll 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 cstimating lycopin quantita-
tively. A suitable standard must first be found and a method discov-
ered for separating lycopin from carotin.



Chapter X1
Function of Carotinoids in Plants and Animals

The significance of the chromolipoids in the metabolism of the liv-
ing organisms 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 whieh 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 a8 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 8 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 animul organism and
even suggests that they perform no useful purpose in the plants which
synthesize them.

Possible Function in Plants

Various theories have been advanced to explain the significance of
the carotinoids in plants. When Arnaud (1885) discovered the pres-
ence of carotin in green leaves he raised the question as to its possible
relation te chlorophyll and later (1889) suggested that the pigment
might play a _rile in plants similar to that of the hemoglobin of the
blood He also attuched considerable signiﬁcunce to the fact thnt

in the 1fv1ng leaf. Arnaud could not explain this except on the’
Dasis 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. Zopi, however, apparently
limited his conception of carotin as a reserve substance to certain fungi,
such as the Uridinee (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 (1902} 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 rdles which carotin may play in plant life. Primarily he be-
lieves with Eugelmann (1887) that carotin _sghares. Wich chlorophyll‘

its e ,_energetic absorptlon of a large part of the blue-violet rays of sun-
light. This light is transformed into heat, a property which Stahl
(1896) believed anthocyanin and carotin shared, permitting the pig-
ment to act indirectly as s catalyst for various metabolic processes,
including the decomposi f the atmospheric carbon dioxide. There
can be no doubt that the spectroscopic propertics of the carotinoids are
one of the gtmngest 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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is difficult to determine. Kohl (1906b} offered as proof of his theory
the fact that etiolated leaves which would not turn green in partial
vacuum did so when the partial vacuum was replaced by oxygen-free
CO,. He believed that this experiment shows that the carotin in the
etiolated leaf is able to transform the CO, into oxygen for the fo¥fha-
tion of chlorophyil. ‘

The spectroscopic absorption properties of the carotinoids may serve
the purpose of protecting the cell enzymes against the destructive ac-
tion of cerfain light rays, according to Went (1904). This theory
has been supported by Kohl (1906¢) also, who states that he was able
to establish experimentally that carotin solutions exert a protective
action towards diastase through their absorption of the violet and
ultra~viclet rays beginning about 420up. ‘

With reference to carotin acting in a respiratory role through its
power to absorb oxygen, as s suggested by Arnaud, Kohl (19005 thinks
that 1t it may 50 act in the chloroplastids, but that no general respiratory
réle can be ascribed to it inasmuch as respiration is known to proceed
just as pormally in colorless cells as in those which are pigmented.
From a biological point of view Kohl believes that carotin shares
wxch qther pigments of flowers and fruxts the functmn of an eﬂ“ectxve,,
spreading of seeéds and pollen.

Willstitter and Mieg (1907) agree with Arnaud that the most likely
functions of the carotinoids are related to their great affinity for oxy-
gen, They are inclinéd to régard the work of these pigments in the
light of oxygen_ transference, however, rather than as directly con-
cerned with the oxygen assimilation. They accept the possibility of a
certain amount of oxygen absorption. They are careful to point out,
however, that xanthophyll cannot well be the end product of this
oxygen absorption; but that this product is probably concerned with
the regulation of the oxygen pressure in the plant cells. With refer-~
ence to a possible part which the carotinoids might play in carbon
dioxide assimilation Willstitter and Stoll express the belief that an
experimental demonstration is needed of the possibility of the caroti-
noids acting in such a rble alone, inasmuch as it is & chemical function
difficult to understand for these pigments, It would appear that Kohl
(1908¢) has already furnished a certain amount of evidence along this
line, but this does not seem to be generally accepted by the plant
physiologists. In fact, Miss Irving (1910) has shown that the green-
ing of etiolated shoots is not indicative of the power of carbon assimila-
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tion, but that this ability is still lacking even in such shoots which
have developed & 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 Willstitter |
and Stoll in which it is supposed that the carbon dioxide assimilation
ls “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 Willstiitter, is as follows. Carbon’
dioxide is attracted by the atﬁmty of the magnesium compounds.
(chlorophylls) for CO,, 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 xonthophyll. 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,
Xanthophylls, 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 alge, which lack
this chlorophyll component.

Ewart has recently (1915) attempted to show that carotin and xan-
thophyll can play a part m photo-gynthesis. His expenments pumort
‘to show that carotin s ACHO ‘when submitted to photo-oxidation
in a stream of ‘pure oxygen and that xanthophyll ylelds both HCHO
and sugar under similar conditions. In view of the fact that Ewart's
“conception of xanthophyll in¢ludes the ides 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) bave 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 close]y‘related to the question of their function. The fact that the
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point in favor of their independent existence, but does not, of course,
show that the chlorophylls and carotinocids 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;H,, 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 Toblers (1912) observed that
the carotin content of carrots increased during the formationi of starch
Trom 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 shiown that the 'formation of carotin and lycopin in the
ripening of tomato fruits is comcldent with the destruction of. chloro-
phyll Lubimenko (1914a) has concluded that the chopm 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 ather factors entering into the forma~
tion of the lycopin of tomatoes, with the result that the synthesis of
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the pigment was found to be independent of light, but dependent upon
oxygen. The fruits failed to redden'in all eases of oxygen exclusion
even at a favorable temperature, but assumed a greenish yellow, yellow
or yellow-orange color with an accompanying loss of chlorophyll.
Whether the latter colors were due to & 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
chlerophyll is not clear. Observations were also made on the catalase
activity of the fruits as well as their titratable neidity under the con-
ditions of lycopin suppression, with the result thnt 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 socme
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” ag 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 80, the explanation lies in the fact that this monograph deals only
with animal pigments whieh are derived from the food. Such pig-
ments, if possessing a function, must be linked with the physiological,
in this case the nutritional or metabolie proeesses of the body.

‘We have seen in Chapter VII that great variation exists among dif-
ferent specjes 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. Thie fact
alone seems to argue against the carotinoids performing any general
physiological funetion 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
hatehing 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
vellow pigmentation and vitamin A and were suggesting that the two
were ab 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 Sel], 1922), maize (Steenbock and Boutwell, 1819a), 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 earrots, aifalfa, and yellow maize by fat
solvents, Steenbock and Boutwell’s (1920b) results show that highly
colored extracts? do not exhibit the vitamin activity which would be
expected if vitamin A is & carotinoid; and yellow maize, even after
extraction with hot ether is shown to have lost very little vitamin A,
although therc 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

I Drummong and Zilva (1822) have substantiated this. They find that only “very
slght” growth 1% rats 18 promoted by &3 much as 2 grams daily of the crude ofl
-extracted n'nm yellow malze by petroleum ether. This is a high proportion of the
diet of young rets.
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Steenbock 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 * (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
eharcoal without impairing in any way its vitamin content. This ex-
periment, however, requires confirmation, primarily because of the re-
markably small amount of charceal which was used. As stated in
Chapter 1X, 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

* Previous to this, Rosenheim end Drummond (1620) were much attracted by the
idea of an intlmate relatlonship between caratinoids and vitamin A, and abandomed
it very relnctantly when they were unable to establish an identity of vitamin A with
elther carotin or nnthophylL Van den Berzh Muller and Broekmeyer (1020) have
also supported k's theory, th , 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 inducc growth in rats after growth
had been suspended by a lack of fat-soluble vitamin in the diet.” It
is not stated how much earotin was fed. The statement is followed,
however, by the naive assertion that, “in spite of this it ix 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 earoti-
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 scedlings and red
sea-weeds, which are certainly not wanting in carotinoids, but which
lack chlorophyll, support our own conclusion that vitamin A and
earotinoids 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 vitafuin 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 agssociation 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 animel 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 eonception of the significance of carotinoids
in nutrition is presented by MecCarrison (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. MecCarrison 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 discussion 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 appeardnce of earotinoid pigments in certain of the visible
ekin 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, ete., of heng 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 & recent more or less large egg production. As the result of

these studies American poulfry 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 layving
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 we 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?® 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 affer a month on zantho-
phyll-rich diets. The blood serum and egg yolks contained an abun-
dance of xanthophyll. Tt 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 beeause 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 ease 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 bligves that a continuous formation of ova, but not neces-

3.In one ease the color was distinctly vieible in 72 hours after xanthophyll was intro-
Aduced into the retion, °
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sarily with great frequency, is required to prevent the excrction of
xanthophyll by way of the skin, and thus brings about a gradual fading
of the visible ekin 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. Tt 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 eauses a eoncentration of xan-
thophyll in the fat laid down in the ova. This does not explain, how-
ever, why Sudan TII, 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
peeds 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 preduced by any of the othes
known breeds of dairy cattle. It is also generally recogunized by the
breeders of these cattle that a high yellow secrction 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 seale of points for judging Guernsey
cattle includes 15 points for skin color on the parts of the bedy 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 shonld 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
seeretions 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-

, duetion, 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 eow 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 experimentsal 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 gearch after
truth?

- ’S;tmmary

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 rdle 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 CO, assimilation by acting in-
directly as a catalyst for the decomposition of atmospheric CO,
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, Kobl).

(5) Carotin in flowers and fruits acts biologically as a lure for
insects, birds and ‘other animals, in connection mth the spreading of
pollen and seeds (Kohl).
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(6) Carotinoids help regulate the oxygen pressure in plant cells
through their great affinity for this element (Willstiitter and Mieg).

(7) Carotinoids help control the CO, assimilation by controlling the
equilibrium between chlorophyll a and chlorophyll b (Willstitter and
Stoll). )

(8) Carotin and xanthophylls play a part in photo-synthesis because
they are believed to yield HCHO on photo-oxidation, xanthophyll also
yielding sugar (Ewart).

There 1s no evidence to indicate that carotinoids originate from
chlorophyll, but it is possible that both classes of pigment may arise
from isoprene, C H,.

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
irom the food. There are a number of general facts, however, which
indicate that these pigments play no definite réle 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 & definite function from the standpoint
of practical utility in that there is & 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 gkin. An analogous phenomenon occurs in the sal-
mon duging their fresh-water migration to the spawning beds.

It is geflerally 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 pigmentatioa and high production rather than the reverse,
and is analogous to that which is found in laying hens.



BIBLIOGRAPHY .

Akutsu, Dr, 1802, “Beitriige zur His-
tologie der Samenblasen nebst
Bemerkungen iieber Lipochrome.”
Virchow’s Arch. path. Anat., 168,
467-485.

Angelucei, Arnsldo 1878,
gische  Untersuchungen {iber das
Pigmentepithel der Wirbelthiere.”
Arch, Physiol., pp. 353-386.

Arnaud, A, “Recherches sur la
matiére colorante des feuilles; iden-
tité de la matiére orange-rouge et

“Histolo-

carotine, CpH.0.” Compt. rend,
100, 7517753,
Arnaud, A. 1886. “Recherches sur la

composition de In carotine, sa fonc-
tion chemique et sa formuie.”
Compt. rend., 102, 1118-1122,
Arnsud, A. 1887. “Dosage de la caro-
tine contenue dans les feuilles des

végétaux.” Compt. rend., 104, 1293-
1296.
Arnaud, A. 1889. “Recherches sur Ia

carotine, son role physiologique prob-
able dans la feuille” Compt. rend.,
109, 911-914,

Askenasy, E. 1867. “Beitrige zur
Kenntniss des Chlorophylls und em—
iger dasselbe begleitender Farbstoffe.”
Botan. Ztg., 25, 225-230; 233-238.

Askenasy, E. 1869. “Beitrﬁ.ge zur
Kenntniss der Gattung Ectocarpus.”
Botan. Ztg., 27, 785-790. ]

Bachmann, E. 1886. “Be h-

Bleioxydes aufl organishe Korper.”
Ber., 6, 7563-755.
Borgh van den, H. H. Hymans, and

Muller, P. 1920, “On _serum
lipochrome.”  Translation, Verslug
Akad. Wetenschappen Amsterdatm,

22, 748-757.

Bergh vap den, H. H. Hymans, Muller,
P., and Broekmeyer, J. 20, “Daas
lipochrome Figment io Blutserum

und Organen, Xunthosis, Hyper-
lipochromiimie.”  Biochem. %., 108,
279-303.

Bergh, van den, H. . Hymans, and
Snapper, J. 1913, “Dic Furbstofie
des Blutserums.” Deut. Arch. klin.
Med., 110, 510-561.

Bertrand, G., and Poirault, G. 1892,
“Sur Ia matitre colorsnte du pollen.”
Compt. rend., 175, 828-830.

Berzelius, J. J. 1837a. “Ucher die
gelbe Farbe der Blitter im Herhst.”
Ann,, 21, 257-262; “Einige Unter-
suchungcn iiber die Farbe welche das
Laub  verschicdener Baumattungen
im Herbst vor dem  Abfallen an-
nimmt.” Poggendorf's Ann., 42, 422-
433.

Berzelius, J. J. 1837b.
rothen Farbstofl der
Blitter im Herbst.”

“Ueber den
Beeren und
Ann.,, 21, 262-

“Floral colours

267.
Bidgood, John 1905.
d J. Roy. Hort. Soc.,

nn *

chemische Untersuchungen iiber Pilz-
farbstoffe.” Ber. botan. Ges., 4, 68~
72; Programm des Gymnasiums zu
Plauven, Ostern, 1-26.

de Bary 1856. Ber. Naturf. Ges. Frei-
burg, No. 13, p. 222.

Bate, C. Spence and Westwood, 1. O.
1868, “A history of the British sissile-
eyed crustacea” 2, London; cited
by Fuchs, R. R, in Hans Winter-
stein’s Handbuch der vergleichenden

Physiologie, 3, Part 1:2, p. 1341,
1914,

Beddard, F 1892. “Animal Colora-
tions.” acxillan_and Co.

Behr, Amno and vao Dorp, W. A. 1873.
“Ueber die Einwirkung des erhitzten

9, 463-480,
Blakeslee, A. F., Harris, J. A, Wamer,
E. and erkpntnck Ww.F. 1917,
“ngmenmtxon and other crnerm for
the selection of laying hens.” Storrs
(Conn) Agr. Exp. Sta. Bull, 92, 95

Blakeslee A. F., and Warner, D. E.
1915a. “Correlation between egg-
laying activity and yellow pigment
in the domestic fowl.” Science, 41,

432-4; .
Blakeslee, A. F., and Warner, D. E.
1915b. “Correlatlun bctween egR
laying and yellow pigment in the
domestic fowl.” Am. Naturalist, 49,

219 .



280
Blanchard,

matiére p
analogue & la carotine des végétaux.”
Compt. rend., 110, 202-264.
Biumenthal, M. 1874. “Ueber Ace-~
naphtylen.” Ber,, 7, 1092-1085.
Blythe, A. Winter 1879. “A study of
the composition of cow's milk in
health and disease.” J. Chem. Scc.,

. 530.

B(?ehm, Jos. 1859. “Ueber den Ein-
fluss  der Sonnenstrahlen auf die
Chlorophyllbildung_und das Wachs-
tum der Pflanzen iberhaupt.” Sitzb.
Akad, Wiss., Wien, 87, 453476.

Bogdanow, Andre 1857. “Note sur le
pigment rouge des plumes du Calurus
auriceps Gould.” Compt. rend., 45,
688-6!

0.

Bogdanow, Andre 1858. “Etudes sur
les causes de la coloration des
oiseaux.” Compt. rend., 46, 780-781.

Boll, Franz 1877. “Zur Anatomie und
Physiologie  der Retina.” Arch.
Physiol., 4-35.

Bonnet, Charles 1754 “Recherches
sur l'usage des feuilles dans les
plantes.” Gottingue et Leide, 209,

330,

Rorodin, J. 1883. “Ueber krystal-
linische Nebenpigmente des Chloro-
phylls.” Melanges Biologique tires
du Bulletin de !" Acad. Imper. des
Sci. de BSt. Petersbourg., 9, 512:
sbstract in Botan. -Ztg. 577-579,

Raphael 1880. “Sur la
1 te des 14

1883.

Bougarel, Ch. 1877. “Sur une nou-
velle matiére colorante rouge accom-
pagnant la chlorophylle.” Bull. soc.
chim., 27, 442-443.

Biirger, M., and Reiphart, A, 1918.
«Xanthosis Disbetica.” Z. ges. exp.
Med,, 7, 119-133.

Biirger, M,, and Reinhart, A. 1918,
«Ueber die Genése der Xanthosis
Diabetica.” Deut. med. Wochschr,

Capranica, Stefano 1877. “Physi-

ologish-chemische Untersuchungen

fiher die farbigen Substanzen der

Retina.” Arch, Physiol., 287-205.

1858, “Die Zodsporen
roolepus Ag. und ibre Haut.”

Flora, N. 8., 16, 579-598

Caventau, 1817. .“Ret-.herd;m
chimiques sur le narcisse des préa
(Narcussus do-narcissus L))"

peeu
Ann. chim. phys., 4, 321-323; J.
Pharm,, 8, 540.

CAROTINOIDS AND RELATED PIGMENZ}'S

Cempert, 1. 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. “Qbservations
sur la coloration des feuilles & I'au-
tomne.” Rev. hort., Paris, pp. 34-36.

Chevreul, M. 1854. “Note sur la
couleur d’un assez grand nombre de
fleurs.” Compt. rend., 39, 213-214.

Cohn, Ferdinand 1850. “Nachtriige
zur Natur hichte Pr
pluvigkis” Nova Acta Leop. Carolin,

Acad., 22, Part II, p. 649,

Cohn, Ferdinand 1867. “Beitriige sur
Physiologie 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, XK. H., and Drummond, J. C.
1921.  “The formation of vitamine A
in living plant tissues” Biochem. d.,

N 537,

Cunningham, J. T., and MacMunn, C.
A. 1893. “On the coloration of the
skins of fishes, especially of Pleuro-
nectide.” Trans. Roy. Soc. London,
(B), 184, 765-812.

Czapek, Frederich 1911. “Ueber die
Farbstoffe der Fukazeen” Lotos,
Naturw. 2., §9, 7, 250-251; Botan.
Centr., 120, 10, 1912.

Czapek, Frederich 1913. “Biochemie
der Pfianzen.” 1, 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, général I.——Pig—
ments hépatiques chez les vérte-
brates.” Arch. de physiol,, (5) 10,

209-224.
Denis. 1838. “Essai sur l'application
de la chemie & l'étude du sang,” p.

130.

Dennert, E. 1889. “Apatomie und
Chemie des Blumenblatts.” Botan.
Centr., 38, 421431, 465-471, 513-518,

545-553.

Desmouliere, A. 1902. “Sur la matidre
colorante et lo sucre de Vabricot.”
Ann. chim, anal. chim. appl, 7, 823~
324; Chem. Zentr., 78, ii, 1001.

d Gautrelet, L

D 1 .
présence

e, A, an
1903. - “De la constante



- BIBLIOGRAPHY

d’urobilin au lait du vache,” Compt.
rend. soc. biol.,, 56, 832-634,

Dippel, Leopold 1878. “Kinige Be-
merkungen uber die Gemengtheile desg
Chlorophylls.” Flors, No. 2, 18-27.

Dolley, David H., and Guthrie, Frances
V. 1919, “The pigmentation of
nerve cells, I1—The lipochrome a

lant camtmond pigment.” J. Med.
esearch

Dolley, Dﬂvnd H and Guthne Frances
V. 1921. “The plgmentatmn of
heart muscle.” J. Med. Research, 42,

289-301.
Dombrowsky, Dr. 1%04. “Einige Ver-

suche iber den Uebergang von
Riech- und Farbstoffen in die
Milch.” Arch. Hyg., 60, 183-191.

Drummond, J. C. 1919.  “Researches
on the fat-soluble accessory sub-
gtance, I—Observations upon its
nature and properties.” Biochem. J,,
13, 81-84,

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.

mond, J. C. and Zilve, 5. 8. 1822,
“Nutritive value of edible oils and
fats.” J. Soe. Chem. Ind,, 41, 125-
127 T.

Duggar, Benjamin Mmge 1913. “Ly-

the t of the

tomato :md the eﬂects of conditions
upon its dev W, o
Univ. Studies, 1, 22-45.

Ehring, C. 1896, “Ueber den Farb-
stof der Tomate (Lycopersicum
esculentum), Ein Beitrag zur Kennt-

niss. des Carotins” Inaug. Diss.
Miinchen. 1-35, Miinster; Botan,
Centr., 69, 154 1897

E(fvmg,Fr 882 “Ueber eine Bezxeh—
ung zwischen Licht und Enclm
Ari Botan, Inst. Wiirsburg, 2, No.
3, 495; cited by Kohl, F. G., “Unwr-
suchungen iiber das Carot,m, ete.”
Leipzig, 1902, Chapter vii.

Englemann, Th. W. 1887. “Die Far-
ben bunter Laubblitter und ihrer
Bedeutung fiir die Zerlegung det
Kohlensdure  im  Lichte.” Botan.
Zig., 46, 393-398, 409—419 425436,
441. 457.

463,
Escher, L&, 1909, “Zur Kenntmss
Qarotins und des Lycopins.”
Zﬁneh Polytechmkum

281

Escher, H. H. 1913. “Ueber den
Farbetoff des Corpus Luteum.” 2.
physiol. Chem,, 83, 198-211.

Ltu, Carl 1874, “Ueber das Bixin®
Ber,t 446,

Ky, Carl 1878, “Ueber das Bixin
Bor., 11, 864-870.

Luler, }hm, and Nordenson, Ebha
1908. “Zur Kenotuiss des Mohren-
Curotins und seine Begleitsubstan-
:zaon." %. physiol. Chem., 88,

Ewuart, Alfred J. 1815-17. “On the

{unction of chiorophyil.” Proc, Roy.
Soc. Loundon, 89 (B}, 1-17.

Ewart, Alfred J. 1918. “On chloro-
phvll carotin and xanthophyll, and
on the production of sugar from

formaldeliyde.” Proc. Roy, Sac. Vie-
toria, 30, N, 8,, ii, 178-209.
Exner, F. and G 1816, “Die physi~

kalischen  Grundiagen der Blitthen-
firbungen,” Aunz. Akad. Wiss,, Wien,

43, 11-12,
h)hul L. 1854. “Observations sur Xea
matiéres  colorantes des  fleurs.”
Compt. rend., 39, 104-168.
Fithol, L. 1860. “Note sur
ques matieres colorantes végétales.
Compt. rend., 60, 454-457.
E. 1865. “Recherches sur les
és chimiques de Ia chloro-
Compt. rend., 61, 371-373.
1868, “Recherches sur la
Compt. rend., &6,

“The pi
J. Patﬁ-.
Fintelmann, H. 1887, “Betrachtungen

iiber die Herbstfirbung der Belaub-
ung unserer Wald- und im freien

uel-
»

74
phylle.”
Tuihol, E.
chlorophylle.”
1218-1220.
Findlay, G. Marshall 1620,
ments of the adrenals.”
Buct., 23, 482-489.

Lande  uusdauerenden  Schmuck-
geholze”  Gartenflora, 36, 635-637,
Fiecher, 'Hnns, and Rose, Heinrich

1913, “lIsolierung von Carotin aus
Rindergallensteinen.” Z,  physiol.
Chem., 88, 331-333.

Formanek, J. 1930. Der Farbstoff der
rothen Riibe und sein Absorption-
spectrumn.” J. prakt. Chem., (2)
62, 310-314.

Frank, A. B. 1877. “Ueber das bi~
ologische _Verhiiltniss des Thallus
einiger  Krustenflechten.” Cohn's
Beitriige zur Biologie der Pflanzen, 2,
123-200, especially p, 160.

Frank, B, 183, In “Untersuchung-



282

en iiber das Chlorophyll,” by A.
Tschirch, Berlin, p. 82,

Frédérique, Leon 1879. “Note sur le
sang :]e 'Homard.” Bull. Acad. Roy.
Belg., (2) 47, No. 4, 409-413.

Frémy, E. 1860. “Recherches sur la
matiére colorante verte des feuilles.”
Ann, sci. nat. botan, I3, 4553;
Compt. rend., 50, 405-412, .

Frémy, E. 1865. “Recherches chimi-
ques sur la matiére verte des
feuilles.,” Compt. rend., 61, 188192,

Frémy, E., and Cloéz. 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
Physiologie 8, Part 1:2, 1189-1656.

Gadow, H. 1882. “The coloration of
feathers as_affected by structure.”
Proc. Zool. Sac., 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
Phycosanthin).” Ber. botan. Ges,
21, 535-539.

Gallerani, G. 1904. “Sur le pigment
jaune du plasma sanguin du cheval
ou plasmachrome.” Boll. Soc. Eus-
tachiang Camberino 2, 5; Arch. ital.
biol. 48, No. 3, 387; Zenitr. Physiol.
19, 749, 1905.

Gamble, F. W. 1910. “A study of the
color physiology of the prawn Hippo-
Iyte Varians and the wrasse Crenla-
brus melops (common gold sinny).”
Quart. J. Micres. Sci.,, 65, N. 8., 541-

583,

Gamble, ¥, W, and Keeble, F. W.
1900. “Hippolyte varigns: A study
in color-change.” Quart. J. Micros.
Sci., 43, 589-698.

Garcin, A. 1889, “Bur le pigment de
Peuglena songuinea” J. botan., 3,
189-194; Zeit. {. wiss, mikros., 6, 529.

Geddes, Patrick 1882, “Obseryations
on the resting state of Chlamy-
domyza _Labyrinthuloides  Archer.”
Quart. J. Micros. Sci,, 30, N, S. 30-34.

Gerlach, M. 1892. “Ueber die Ursache
der  Unbestindigkeit carotinartiger
Farbstoffe.” Zopf’s Beitrdge Physiol.
Morph. niederer Organismen, £, 49-

56.
Gerould, John H. 1821. “Blue-green

CAROTINOIDS AND RELATED PIGMENTS

caterpillars: The origin and ecology
of & mutation in hemolymph color in
Colias  (Eurymus) Philadice” J.
Exp. Zool., 84, 385-416,

Geyer, Kurt 1913. “Untersuchungen
itber die chemische Zusammensetz-
ung der Insekten-himolymphe und
ihre Bedeutung fiir die geschlecht-
liche Differenzierung.” Z. wiss, Zool.,
105, 350-499.

Gill, Augustus H. 1917,
for oils~—Palm oil” J.
Chem., 8, 136-139.

Gill, Augustus H. 1918. “The occur-
rence of carotin in oils and vege-
gzlnb]cs." J. Ind. Eng. Chem., 10, 812-

4,

“Color tests
Ind. Eng.

Gobley. 1846. “Recherches chimiques
sur le jaune d'oenf.” J. pharm. chim,,
(3) 9, 170-172.

Goebel, F. “Ueber die Fir-
besubstanz der Taubenfiisse.”
“Farbstofi aus den Giinzefiissen.”
Schweigger's J. Chem. Physik, 39,
426-431.

Goerrig, Elizabeth 1917. “Vergleich-
ende = Untersuchungen {iber den
Carotin- und  Xanthophyllgehalt

griiner und herbstlich gelben Blatter.”
Beihefte Botan. Centr., 35, 342-349.

Goode, G. Brown 1880. “The color of
fishes.” 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, — Dibiphenyleni-
then.” Ber., 26, 3146-3149.

Graebe, C. 1893. “Ueber die Farbe
g&sSAcensphtylens.” Ber., 26, 2354

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. 1802. “Sur la matidre
colorante du micrococcus prodigio-
sus.” Compt. rend., 116, 321-322.

Griffiths, A. B. 1897. “Le coléoptérine,
un pigment rouge dans le élytres de
quelques Coléoptéres.” Compt. rend.,
124, 1460-1461.

Guibourt. 1827. “La coloration des
feuilles aux diverses époques de leur
végétation.” J. pharm., 18, 26-27.

Guignet, Er. 1885, “Esxtraction de la
matiére verte des feuilles; combi-



BIBLIOGRAPHY

paisons définies formées par la
chlorophylle.” Compt. read., 100,
434-437.

Halliburton, W, D. 1885, “The blood
of the Decapod crustacea.” J.
Physiol., 6, 300-335.

Halliburton, W. D. 1886. “Note on

the colourmg matter of the serum ot
certain birds”” J. Physiol, 7, 324-
326.

Hammarsten, O. 1878, “Ucber das
Vorkommen von Gallenfarbstoff in
dem Blutserum.” Maly's Juhresher,
Fortschr, Tierchem., 8, 129-130.

Han_l;;ver, 1840, Cited by Kiihne, W.,
1878.

Hansen, Adolph 1884a. “Der Chloro-
%hvllfarbstoﬂ ”  Arb. botan, Inst, in
; Vurzburg, iii, I, 123; Botan. Ztig., 47,
16-320

Hansen, Adolph 1884b. Ibid., p. 141.

Hansen, Adolph 1884c. “Die Fmb»
stoffe’ der Blithen und Frichte.
Stahel, Wiirzburg, 1-19; Botan.
Centr., 20, 36-39.

Hansen, Adolph 1884d. “Ueber das
Chlorophyllgrun der  Fucaceen.”
Sitzb. Wiirzburger phys. med. Ges.,
8, 289; Botan. Ztg., p. 649, 1884,

Hansen, Adolph 1893. “Ueber Stofi-
bildung bei den Meeresalgen.” Mitt,
Zool. Station zu Neapel, 11; cited by
K)lrlin, 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,

Harns J. A, Blakeslee, A. F', and Kirk-
pntnck W ¥F. 19]7 ‘Interpermdlc
correlation in the egg production of
the domestic fowl.” Proc, Nat. Acad.
Sci., 3, 565-569.

Harris, T, A, Blakeslee, A. F, and
Kirkpatrick, W. ¥. 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. 1617, “Body pigmen-
tation and egg production of the
fowl.” Proc. Nat. Acad. Sci, 3, 237-

241,

Hamris, J. A, Blakeslee, A. F.,, and
Warner, D. E. 1917. “The correla-
tion be n body pigmentation and
egy production in the domestic fowl.”
Genetics, 2, 36-77.

Hartsen, ¥. 'A. 1873a. “Beitrige zur

283

organischen Chemie. Ueber den Fin~
fluse der Juhreszeiten auf die Chemie

der Pflanzen.” Chem. Zentr., 4, 205.
Hartsen, F, A, 1873b. (Article with-
out title.) Compt. rend., 76, 385,
Hartsen, I. A. 1875, “Ueber Chryso-
phyll.”  Arch. Pharm., 207, 136-137.
Hashimnto, Hirotoshi 1922, “Curo-

tinoid p|gment.ution of the skin re-
sulting from a vegetarian diet.” J.
Am. Med. Assoc., 78, 1111-1112.
Masselt van, J. F. B, 1808,
rkungen {iber die Konstits
ins.” Chem. Zentr. ii, 624,
Head, Geo. D, and Jobnson, R. A.
1921, “(;urutmemi&-—Report of s

case in an adult.” Arch. Inter. Med,,
28, 268-273.
Heim, I, 1882. “Le pigment rouge

écarlate des téguments du Trom-
bidium.” Bull. soc. entol. France. p.
xlix.

Hering, Th., aud Hoyer. 1889. “Ucber
die Bowemmuvu der sternférmigen
Pigmentzellen und die dadurch er-
zeugten Veriinderung in der Haute-

farbe der Frosche.” Centr. med.
iss., 7.

Herxheimer, G. 1913. In E. Abder-

halden’s Handbuch der biochemi-

schen Arbeitsmethoden, 7, 636,
Hess, Alfred F., and Mvers Victor C.

19]9. “Carotinemia: A new clinical
picture.” J. Am. Med. Assoc,, 73,
1743-1745

Hildebrand, F. 1861. “Ucber ein
Chroolepus mit Zoosporeobildung.”
Botan. Zig., 19, 81-85,

Hildebrand, F. 1863, “Anatomische
Untersuchungen iiber die Farben der
Bliiten,” Jahrb, wiss. Botan,, 3, 59-
75.

Hildebrand, F. 1878, “Die Farben der
Bliiten.” Leipzig, pp. 1-83.

Hilger, A. 18%4. “Zur chemischen
Kenntniss der Blumenfarbstoffe.”
Botan. Centr., 67, 375.

Hill, Charles L. 1017. “The Guernsey
Breed ? p. 60. Fred L. Kimball Co.,
Waterloo Towa.

Hill, Ernest Geo., and Bikar, Annoda
Prasad 1007. “A new colounng
meatter from Nyctanthes Arbor-tris-
tis” J. Chem. Soc., 91, 1501-1505.

Hollstein, Rabert 1878. “Das Schick-
sal der Anthoxanthink&rner in abblii-
helégen Blumenkronen.” Botan. Ztg..

25-27,
Holm, F. 1867. “Untersuchungen



284

fiber das Himatoidin” J. prakt.
Chem., 100, 142-148.

Hooper, J. J. 1921, “Btudies of dairy
cattle—V~-The body secretions in
relation to production of milk and
butter fat.”” Kentucky Agr. Exp.
Sta, Bull,, 284, 159-161.

Hopkins, ¥ G. 1889. “Note on a yel-

CAROTINOIDS AND RELATED PIGMENTS

dern infolge der Nahrung.” Miinch.
med. Wochschr,

Keeble, F., and Gamble, F. W. 1904.
“The color—phymology of higher erus-
taces.” Trans. Roy. Soc. London,
196, 295-388.

Keegan P. Q 1003. “Leaf decay and
autumn tints.” 81;2““!\‘. 69, 30.

low py ment in butterflies” Proe. Kirchuer, “Bextmge zur

Chem, (fp 117-118. 3 Kenntniss der in dem Farbstoff der
Hopkins, F. 1891. “Pigments in Bliithen der Ringeiblume (Calendula

yellow butterﬂles ?  Nature, 45, 197~ officinalis) vorkommenden Choles-

168, . S terin ester.” Inaug-Diss. Erlangen.,
Hopkms F. G. 1802, “Pigments in 1-41; Botan. Centr,, 52, 220, 1892

L optera” Nature, 45, 581. Klebs, Georg 1881. “Beitrige sur
Hopkins, F G. 1895. “The pi \/ K i ied Algenformen.”

of the Pieride: A contribution to
the study of excretory substances
which function as ornament.” Trans.
Roy Soc. London, 186 B, Part 2, 661~

Botan. Ztg., 89, 249-257, 265-272, 281-
290, 297-308, 313-319, 320-336, espe-
cially 270-272, 299 and 301.
Kiebs, Georg 1883. “Organization
elmger Flagellatengruppen und 1hre
zu Algen und Infusorien.”

Hueck W, 1812, “Pig tudien.”
ergiers Beitriige, 54, 68.
usemann, t 1861.  “Ueber
Carotin und Hydrocarotin.” Ann,,
117, 201-229,

Immendorﬁ H. 1889. “Das Carotin

in Pﬂmenkiirper und einiges iiber

den g;mnen Farbstoff des Chloro-
%yllkoms Landwirt. Jahrb, 18,

Irving, (Miss) A. A. 1910, “The be-
ginning of photosynthesls ang the
develupment of chlurophy]_l 7 Ann,

Botany, £4, 8

Jacobsen, H. C. 1912 “Die Kultur-
bed.mgungen von Haematococcus
pluralis.” Flora mlcrobloiogmn 1,
1-33; Botan, Centr., 72, 38, 1913

Jul{ft Felix and Regnard Paul 1877,

echerches physiologiques sur la
respiration des animsux aquamque
Pnrt 2 Arch. physiol,, 4, 54!

Jorge , Ingvar, and Kldd Fn;.nklm
1915-17 “On the function of chloro-
phyll” Proc. Roy. S8oc. 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 th
connected with them.” New Phy-
tologist, Reprint, No. 10, 1-180.

G. 1801. “Untersuchungen
tiber die Familie der Chroolepideen.”
Ann. Jardin botan. Buitensorg, 10, 1-
68; Botan. Centr.,, 47, 300, 1891,

Knup, Wa!t.her 1819, © “Hautverfir-

bung bei Biuglingen und Kleinkin-

Umers Botan. Inst., Tiibigen, I, 261.
Klose, Erich 1919. “Hautverfarbung
bei Sauglmgen und Kleinkindern in-

folge der Nahrung” Miinch. med.
Wochschr., 66, 419,
Kohl, Frederick G. 1002a. “Unter-

suchungen iiber das Carotin und seine

physmlogxsche Bedeutung in den
Pflanzen.” 1-185, Leipsig, especially
p. L
Kohl, Frederick G. 1902b. Ibid.,
Chapter ITI,
Kohl, Frederick G. 1802. Ibid,
Chapter XTII.
Kohl, Frederick G. 1902d. Ibid,
page 61,
Kohl, Frederick G. 1902%. Ibid,
Chapter V.
ohl, Frederick G. 1902f. Ibid.,
Chapter VII,
Kohl, Frederick G. 1002g. Ibid.,
Chapters VI and X.

, Frederick G. 1902h. 1Ibid,
Chapter VIII.
obl, Frederick G. 1902i. Ibid,
Chapter XT.
Kohl, Frederick G. 1902j. Ibid,
Chapter IT. :

,  Frederick G. 1908a. “Die
Farbstoffe der Dlatomeemchroma-
tophomn Ber. botan. Ges, 84, 124-

Kohl Frederick G. 1806b. “Die as-
similatorische Funktion des Karo-
tins.”. Ber, botan. Ges,, 24, 222-

Kohl, Frederick G. 1806e, “Kohlen-
saure-Aammllahon und Q:}.cmphy



BIBLIOGRAPRY

funktion.” Ber. botan. Ges, 24
(39)-(54).

XKonrad, Max 1872. “Vorlailfige Notig
fiber die Trennung der Chlorophyli-
farbstoffe.” Flors, No. 25, 396-397.

Kraemer, Henry 1504. “The origin
and nsture of color in plants,” Proc.
Am. Phil. Boc., 43, 257-277.

Kraus, Caxl 1876 “Ueber die Natur
des Chlorophyllfarbstoﬁes" Flora,
No. 8, 156-159.

Kraus, Gregor 18728, “Zur Kenntniss
der Chlorophyllfarbstoffe und ihrer
Verwandten. Spectralanalytische
Untersuchungen,” pp. 1-131, Stutt-

gart.

Kraus, Gregor 1872b. Ibid., p. 112.

Kraus, Gregor 1872¢. Ibid., p. 104.

Kraus, G., and Millardet, A. 1888-70.
“Ftudes sur la matitre colorante des
Phycochromacées et des Diatomées.”
Mem. soc. sci. nat. Strasbourg, o,
140.

Xraus, G, and Millardet, A. 1868.
“Sur le pigment des Phycochroma-
cées et des Diatomées” Compt.

rend., 66, 505-508.

Kreibich, €. 1020. “Ueber der Natur
der Lipochrome.” Arch. Dermatol.
Syph., 127, 762-766.

Kremer, J. 1019, “Die Fligeldecken
der Coleopteren.” Zool. Jahrb,, 41,
(2) 175-269.

ssmann, F. W. 1914, “Osage
orange—its value as a commercial
dyestuff.” J. Ind. Eng. Chem, 4,

Kmkenbérg, C. Fr. W. 1880, “Ueber
thxensche Farbstotfe und dereu physx—

Physmlogxsche Smdlen Senes 1,
Part 2, 85-77.

Krukenberg, C. Fr. W. 188la. “Bei-
triige wur Anatonue und Physlologxe
von Luvarus  imperialis, etc”

Verglelchend&hymolcglsche Studien,

Beries 1, Part 4, 30-35.

Kmkenberg, C Fr. W. 1881b, “Die
Farbstoffe der Fﬁdere:_" Erste Mit~

Btudien, Series 1, Part 5, 72-99 3
Krukenberg, C. Fr, W, 1882a. “Die
Farbstoﬁ der Federn.” | Zweite Mit-

Studien, Series 2, Part 1, 151-174,
Krukenberg;# C, Fr. W. 188%b. “Die
Farbstof der® Federn.” Dritte Mit~
theilung. Vergleichend-Physiologische
Studlen, Series 2, Part 2, 1-39.

285

Krukenberg, C. Fr. W. 1882c. ‘“Die
Hautfarbstoffl der Amphibien.” Erste
Mittheilung.  Vergleichend-Physio-
Ioglsche Btudien, Series 2, Part 2, 43-

hrukenberg, C. Fr. W. 1882d. “Die
Farbstoff der Reptilienhaut.” Erste
Mittheilung. = Vergleichend-Physio-
loglsche Studien, Series 2, Part 2, 50-

I\rukenborg, C. Fr. W. 1882. “Die
Pigmente der Fischhaut.” Erste
Mittheilung.  Vergleichend-Physio-
logmchc Studien, Series 2, Part 2, 55-

I\rukenberg C. Fr. W. 1882{, “Ueber
das Helicorubin und die Leberpig-
mente von Hehzr pomatis.” Ver-
gleichend-Physiologische Studien,
Series 2, Part 2,

Krukenberg, C. Fr, 1882¢g. “Das
Gorgonidenroth und kntmhe Bemerk-
ungen zu Merejowski’s angebliche
Entdeckungen des Zooncrythrms bei
wirbellosen Tieren.” Vergleichend-
Physiologische Btudien, Sertes 2, Part

2, 92-93,

Krukenberg, C. Fr. W. 1882h. “Ueber
die firbigen Zersetzungsprodukte dea
Chiorochromismus, des griinen Pig-
mentes in den Eiern von Siphonas-
toma diplochaitos, Otto” erglei-
chend- Phys:ologxscfxe Studien, Series
2, Part 3, 8-21.

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 Verfirbungen der
Uranidine.” Vergleickend-Physiclog-
xsche Studien, Series 2, Part 3, 41~

Krukenberg, C. Fr. 1882k, “Zur
Kenntniss der Verbrextung der Lipo-
chrome im Thierreiche” Verglei-
chend-Physiologische Studien, Beries
2, Part 3, 92-107.

Kmkenberg, C. Fr. W. 1882, “Die
Lipochrome der Bpongien.” Ver-
glelchend -Physiologische Studien,

eries 2, Part 3, 108-115.

Krukenberg, C. Fr. W, 1882m. “Die
Farbstoffe der Federn” Vierte Mit-
theilung, Vergleichend-Physiologische
Studien, Series 2, Part 3, 128-137.

Krukenberg, C. Fr. W. 1882n. “Die
Pigmente der Flschhaut »  Zweile
Mittheil releichend-Physio-




286

logische Studien, Series 2, Part 3,
138-143.

Krukenberg, C. Fr. W. 1885a. “Zur
Kenntniss der Serumfarbstoff.” Sitzb.
Jenn, Ges. Med Naturwiss,, pp. 52-
69; in Jena, Z.. Naturwiss,, 19, 1886
(Supplement). .

Krukenberg, C. Fr. W, 1885b. “Die
fiirbigen Derivate der Nebennieren-
chromogene.,” Virchow’s Arch. path.
Anat., 101, 542-571.

Krukenberg, C. Fr. W. 1886. “Grund-
siige einer vergleichenden Physi-
ologxe der Farbstoffe und der Far-
ben.” Vergleichen-Physiologische
Vortrige, Part 111, 85-104.

Krukenberg, C. Fr. W., and Wagner,
Henry 1885, “Ueber Besonderheiten
des chemisches Baues contractiler

Gewebe.” Z. Biol,, 21, 2540.
Kiihne, 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,, 109-
130, 1878.

Kiihne, W.
dem physiologische Institute
Universitit Heidelberg, 4, 169.

Kutscher, F. 1898. “Beitriige zur
Kenntniss der Euglvna sanguinea.”
Z. physiol. Chem., 24, 360-363.

Kylin, Harald 1911, “Ueber die
grimen und goldenen Farbstoffe der
Florideen,” Z. physial. Chem., 74,
105-122.

Kylin, Harald 1912, “Ueber die Farb-
stoffe der Fucoideen.” Z. physiol.
Chem., 82, 221-230,

Lendrich, Karl 1882. “Beitrag zur
Kenntniss der Bestandteile von
Menyanthes trzfaluztn und Erythraca
Centaurium.” Arch. Pharm., 230, 38-

1882. Untersuchung aus
der

60.

Lewin, L., Miethe, A., and Stenger, E.
1008, “Ueber die spektralen Eigen-
schaften des Exgelbs » Arch ‘ges.
Physiol,, etc., 124, 585-5¢

Leydig, F. 1868. “Ueber Orgs.ne eines
sechsten Sinnes. Zugleich als Beitrag
zur Kenntniss des feineren Baues der
Haut bei Amphibien und Reptilien.”
Verhandl. kais. Leopoldino-Carolini~
schen Akad, Naturforschen, 84.

Leydig, F. 1876. “Bemerkungen iiber
Farben der Hautdecke und Nerven
der isen bei Imsecten.” Arch.

mikros. Anat., 18,
Loisel, Gustave 1904, “Contributions

CAROTINOIDS AND RELATED PIGMENTS

3 l'étude des sécrétions chimiques des
glandes génitales. Les pigments
élaborés par le testicule du Poulet.”
Compt. rend. soc. biol., 56, 404-405,

Lubarsch, 0. 1902. “Ueber fetthaltige
Pigmente/’ Centr. aligem. Path,, 13,
881-885.

Lubimenko, V. 1814a. “Quelques re-
cherches sur la lycopine et sur ses

rapports avec la chlorophylle.” Rev.
gén. botan., 26, 474-493.
Lubimenko, V. 1914b. “Recherches

sur les pigments des chromoleucites.”
Compt. rend., 1568, 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.
Aced. Sci., Petrograd, (8) 83, 275
pages; Chem. Abs., 1.4, 1697, 1920.

MacMunn, Charles A. 1883. “QObser-
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., 3, 351407,

MacMunn, Charles A, 1885a. “Further
observations on enterochlorophyli
and allied pigments.” Proc. Roy.
Soc. London, 38, 319-322,

MacMunn, Charles A. 1885b. “Obser-
vations on the chromatology of
Actiniee.” Trans. Roy. Soc. Lon-
don, 176, 641-863.

MncMunn Charles A. 1888. “On the
chromatolo@ of some British
sponges.” J. Physiol, 9, 1-25.

MacMunn, Charles A. 1890. “Contri-

butions to animal chromatology.”
Quart. J. Micros. Sci., N, 8., 30, 51-

McCamson Robert 1920. “Dietetic
deﬁmencyA 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., 34, 452-
510.

Macaire-Prinsep. 1828. “Mémoir sur

la  coloration  autumnale  des
feuilles.” Amn. chim. phys., (2) 88,
415-425.



BIBLIOGRAPHY

Macchiati, L.
négli Afdi”
83,

1883. “La clorophilla
2l Bu}l. soc. entomol, Ttal.,

Macchiati, L. 1887. “Preparaziéne
délla clorofilla e délle altro sostinze
coloranti ché Paccompagnino.” Mal-
phigia, 1, 478-486.

Magnan, A. 1907a. “Propriétés des
pigments  chez  les  Batraciens.
Compt. rend., 144, 1030-1032.

Magnan, A. 1907b. “Extraction des
piements chez les  Batraciens”
Compt. rend., 744, 1068-1070.

Maly, Rmhurd 1881. “Ueber die Dot~

terpigmente.” Sitzb. Akad. Wiss,
Wien, 83, 1126-1143
Marchlewakl 1903. “(_,hlarephyll
Hamug!ubm und Lipochrome.” Z.

physiol. Chem., 38, 196 197,
Marquart, 1. 1835. “Die Farben der
Bliithen—Eine  chemisch-phystolog-
ische Abhandhing.” Bonn.
Matzdorff, Carl 1883. “Ueber die F?ir-
bung von ldotesg lricuspidota Denis.”
Jena Z. Naturwiss, 16 (N. 8. 9);
cited by Fuchs, R. R in Hans Win-
terstein’s Handbuch der vergleichen-
den Physiologie $, Part 1:2, 1342,

Medola R. 1873, “On a certain class
of variable protective coloring in in-
sects.” Proc. Zool. Soe. London, p.

153.
Mer, Fmile 1873. “La glycogénise
le régne végétal” Bull. soc.
botan. France, 20, 164-181, 195-210.
Mer, Emile 1877. “Recherches sur les
causes colorations diverses qui appa-
ramsent dans les feuilles en automne

et en hiver” Bull. soe. botan.
France, 24, 105-114.
Merejowski, de, C. 188L. “Bur la tet-

ronerythrine dans le régpe animal et
sur son role physiologique.” Compt.
rend., 83, 1029-1032.

Merejowskx de, C. 1883. “Nouvelles
recherches sur la zoonerytlmne et
autres pigments animaux.” Bull. soc.
zaol. France, 8, 81-97.

Meschede, F. 1865. “Die paralytische
Gelsteskrankbeit und ibre organische

Grundlage.” Vlrchows Arch, path.
Anat., 34, 81
Meschede F. “Ueber die fetlige

, F.
und femg-pxgmentose Degeneration
der Ganglignzellen des Gehirps in der
paralytisc isteskrankheit.” Vir-
chow’s -Arch. path. Anat, 64, 100.

Meyer, A. B. 1882,

“Ueber den Xan- )

287

thochroismus der Pnpngem Sitzb,
preus. Akad, Wiss,, 245

Millardet, A. 1880. “Sur ln nature du
pigment des Fucoidées.” Ann. sei.
naturelies, botun., Ser, 5, 10, 59-64;
Compt. vend,, 08, 462—405

Millardet, A, 1876, “Note sur une
substanee ecolorante nouvelle (sola-
norubine) découverte duns ln To-
mate.” Berger-Levrault, Naney, 1-21.

Miura, K. 1917, “Carotin als Ursnche
von  Aursntiasis  Cutis  (Baelz).”
Festschrify  gewidmet Keizo Dohi,
Tokyo, Jan, p. 203.

Mibius, Karl 1874. “Dic wirbcliosen
Tiere_der Ostsec.” Jnhresh, Kopn.
wiss, Untersuch. deut. Meere in Kiel,
1871. Berlin. Cited by Fuchs, . K.,
in Hans Winterstein's Handbuch der
vergleichenden Physiologie, 8, Part
1:2, 1342, 1914,

Mi')bms, M. 1885.

“Ucher den Glans

der  Ranunculusbliiten.”  Botan,
Centr., 23, 115-119
Molisch, Huns 1896. “Eine neue

mikrochemische Reaktion auf Chlor-
ophyll. Die Krystallization und der
Nachweis des Xanthophylls (Caro-
ting) in Blittern.” Ber. botan. Ges,,
14, 18-29.

Molisch, Hans 1902. “Ueber varliber-
gehende Rothfiirbung der Chloro-
phyllkérner in Laubblittern.” Ber.
botan, Ges., 20, 442-448,

Molisch, Hens 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
ita relation to processes of natural
and artificial  bleaching.” Local
Gov't. Board Report, N. 8. No. 73.

Montanari, C, 1004, “Matéria color-
4nte rosea del pomidéro.” Le Btaz,
Sper. agririe Itilia 37, 009-919;
Botan. Centr., 102-108, 177 1006,

Monteverde, N.A. 1803. “Das Ab-
sorptionsprektrum des Chlorophylls.”
Acta Horti Petropuhmm 1.9 121-178,

Monteverde, N. A. 1894. “Teber das
Protochlurophyll ” Actu Hortl Pet-
ropolitani, 13, 201-217

Monteverde, N. A, and Lubimenko, V.
N. 1912. “Recherches sur Ia formoa-
tion de Ja chiorophylle ches les

plantes, IL—Sur les F:gmen('.s jaunes

qui accompagnent chlorophylle
dans les chloroleucites.” Bull. Acad.



288

Sci., Petrograd, Ser. 6, 6, 609-630. (In
Russian,) .

Monteverde, N. A. and Lubimenko,
N. V. 19132, “Reclierches sur ia for-
mation de la chlorophylle chez les
plantes. III.—Application de la
methode spectrocolorimetrique de
Panalyse quantitative & Pétude de
In question concernant laccumula-
tion de la chlorophylle, de Ia 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, “Recherches sur la
{ormation de la_chiorophylle chez les
plantes. IV.—Sur la rhodoxanthine
et la lycopine.” Bull. Acad. Sci.,, Pet-
rograd, Ser. 6, 7, i1, 1105-1124, (In
Russian.} .

Moro, E, 1908. “Karottensuppe bei
Ernihrungsstérungen des Siuglings.”
Miinch. med. Wochschr,, 65, 1563.

Moseley, H. N. 1877. “On the colour-
ing-matter of various animals and
especially of deep-sea forms dredged
by H. M. 8. Challenger.” Quart. J.
Micros, Sci. (N. 8., 17, 1-23.

Miiller, J. 1886. “Dic Rostpilze der
Rosa-und Rubus-Arten und die
auf ihnen vorkommenden Parasiten.”
Landw, Jahrb. v. Thiel., p. 719.

Miiller, N. J. C. 1883, “Spektral-
analyse der Bliithenfarben” Jahrb.
wiss. Botan., 20, 78-101.

Nigeli. 1849. “Die neueren Algen-
systeme und Versuch zur Begriind-
ung eines eigenen Systems der Algen
und Florideen.”

Nebelung, Hans 1878.  “Spektro-
scopische Untersuchungen der Farb-
stoffe einiger Siisswasser-algen.”
Botun, Ztg., 56, 363-382; 385-399; 401~
423

Negri de, Antonio, and Giovanni 1879.
“Délla matéria colorinte délla
anglria e déi pomidore.” Gaz, chim.
ital, 9, 506-507.

Neumann, Ernst 1802. “Zur Kennt-
niss der Lipochrome.” Virchow’s
Arch. path. Anat., 170, 363-366.

Neumann, Emst 1904, “Nochmals
die Pigmentfrage.” Virchow’s Arch.
path, Anat., 177, 401426,

Newbigin, Marion Isabel 1896. - “An
attempt to classify common plant
pigments with some observations on
the meaning ‘of color in plants.”

CAROTINOIDS AND RELATED PIGMENTS

Trans. Botan, Boc. Edinburgh, 20,
534-549.

Newbigin, Marion 1. 1897, “The pig-
ments of the Decapod crustacea.”
J. Physiol,, 21, 237-257,

Newbigin, Marion 1. 1898a. “Pig-
ments of the muscle and ovary of the
salmon and their exchange” D, Nel
Paton, Report of Investigations on
the life history of the salmon,
Fishery Board of Scotland, Article

xv,

Newbigin, Marion I. 1808b. “Colour
in nature, a study in biology.” John
Murray, London, pp. 1-344.

Noorden von, Carl 1904,
Dermatol. Congress, Betlin.

Noorden von, Carl 1907. “Die Zucker-
krankheit.” 4th Ed. p. 149.

Overbeck, A. 1891. “Zur Kenntniss
der  Fettfarbstofi-Production  bei
Spaltpilzen.” Nova Acta Leopold-
inisch-Carolinisch Akad. Naturfor-
scher, 65, 399-416; Botan. Centr.,, 62,
87, 1892,

Pabst, Theodor 1892. “Zur Kenntniss
der Friichte von Capsicum annum.”
Arch, Pharm,, 230, 108-134.

Palmer, Leroy 8. 1915. “Xanthophyll
~The principal natural yellow pig-
ment 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.
Biol. Chem., 23, 261-279.

Palmer, Leroy S.” 1916. “The physio-
logical relation of plant carotinoids
to the carotinoids of the cow, horse,

Intern.

sheep, goat, pig and hen.” J, Biol.
Chem., 27, 27-32.

Palmer, Leroy S. 1919. “Carotincids
as fat-soluble vitamine” Bcience,
N. 8., 50, 501-502.

Palmmer, Leroy 8. 1818. “Growth and

reproduction in fowls in the absence
of carotingids and the physiological
relation of yellow pigmentation to
ggg layix71g.” Proc. Nat, Acad. Sei.,

8 87.

Palmer, Leroy 8., 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 physiological relation of the pig-
ments of milk fat to the carotin and
xanthophylls of green plants” J.
Biol. Chem,, 17, 191-210,



BIBLIOGRAPHY

Palmer, Leroy 8., and Eckles, C.
H. 1914b, “Carotin.—The principal
natural yellow pigment of milk fat,
etc. II. The pigments of the body
fat, corpus luteum and skin secre-
tions of the cow.”” J. Biol. Chem,, 17,

211-221.

Leroy 8., and FEckles, C.
H. 1914c. “Carotin~The principal
natural yellow pigment of milk {at,

ete. III. The yellow lipochrome of
bicod serum.” J. Biol. Chem., i7,
223-236

Palmer, Leroy 8., and Eckles, C.
H. 1914d. “Carotin—The principal
natural yellow pigment of milk fat,
ete. IV. The fate of carotin and
xanthophylls during digestion.” J.
Biol. Chem., 17, 237-243.

Palmer, Leroy 8., and Eckles, C.
H. 1914e. “Carotin.—The principal
natural yellow pigment of milk fat,
ete. 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 1. 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. 1814g. “Carotin—The principal
patural yellow pigment of milk fat.
Part II. Chemical and physiological
relations of pigment of milk fat to
the carotin and xanthophylls of green
plants.” Missouri Agr. Exp. Sta. Res.
Bull,, 10, 330-387.

Palmer, Leroy B. and Eckles, C.
H. 1914h. “Carotin.—The principal
natural vellow pigment of milk fat.
Part III. The pigments of the body
fat, corpus luteum and skin secre-
tions of the cow.” Missouri Agr.
Exp. 8ta. Res. Bull, 11, 391411

Palmer, Leroy 8., 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 xantho-
phylls during digestion. C. The pig-
ments of human milk fat.” Missouri
Agr. Exp. Sta, Res. Bull,, 72, 415-450.

Palmer, Leroy 8., and Kempster, H. L.
1916a. “Iﬁasion of plant catotinoids
to growih, fécundity, and reproduc-

tion of fowls” J. Biol. Chem., 39,
299-31:

289

Palmer, Leroy 8., and Kempater, H.
L. 18t9b. “The physiological rela-
tion between fecundity and the
natural yellow pigmentation of cer-
tain breeds of fowls.” J. Biol, Chem.,
39, 313-330.

Palmer, Leroy 8., and Kempster, H. L.
1919¢c. “The influence of specific
feeds and certain pigments on the
color of the egg yolk and body fat
;3f7fnw]s.” J. Biol. Chem., 89, 381~

Palmer, Leroy 8. and Kennedy, Cor-
nelia 1921, “The relation of plant
earotinoids to growth and reproduec-
tion of albino rats.” J. Biol, Chem.,
46, 559-577,

Palmer, Leroy 8., and Thrun, Walter E.
1918, “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 Itdlia, 18, 545: Cited
by Willstitter and Escher. Z.
physiol. Chem,, 64, 47-61, 1910,

Phipson, T. L. 1858. “Sur les couleura
glc; feuilles.” Compt. rend., 47, 913-

Physalix, C. 18%4. “Recherches sur la
matiére pigmentaire rouge de Pyrrho-
coris aplerus L.” Compt. rend., 118,
1282-1283.

Piccolo, G., and Licben, Ad. 1866.
Giorn. sci. nat. econ. Palermo, £,
258-275,

Paodiapolsky, P. 1907. “Ucber das
griine Pigment der Locustiden.”
Zool. Anzeiger, 31, 362.

Pouchet, Georges 1876. “Des change-

ments de coloration sous l'influence
des nerfs.” J. anat. physiol, 12,
1-90, 113-165.

Poulton, E. B. 1885. “The essential
nature of the colouring of phytopha-
gus farve (and their pupe); with
an account of some experiments upon
the relation between the colour of
such larvee and that of their food-
plants,” Proc. Roy. Soc. London, 38,

-3

269-314.

Poulton, E. B. 1893. “The experi~
mental proof that the colours of cer-
tain Lepidopterous larve are largely
due to modified plant pigments de-
rived from food.” Proc. Roy. Boe.
London, §4, 417-430.

Pringsheim. 1874, “Ueber die Ab-
sorptionspekirs der Chlorophylliarb-



290

stoff.” Monpatschr. Akad. Wiss. Ber-
lin, 628-659.

Prgibram, Hans 1908.  “Aufzucht,
Farbenwechsel und Regeneration
einer figyptischen Gottesanbeterin
(Sphodromantis bioculate).” Z.Ent.

Mech., 22, 149

Przibram, Hans 1907, “Aufzucht,
Farbenwechsel und Regenemtmn
einer eump.uschen Gottesanbeterin

(Mantis religiosa).”” 7. Ent. Mech.,,

23, 5

Przibram, Hans 1909,  “Aufzucht,
Farbenwechsel und Regeneration der
Mantiden.” Z. Ent. Mech,, 28, 561,

Pummerer, Rudolf 1912. “Ueber die
Nichtexistenz von Pseudodiphenylke-
ton und iiber einen neuen roten
Kohleriwasserstoff.” Ber., 45, 294-298.

Rafarin, 1873. “Coloration des feu-
illes & I'sutomne.” Rev. hort., Paris,

0-51.

Rajus, Joannes 1693. “Historia plan-
tarium.” (1), 1, 15, London.

Reinke, J, 1876. “Beitrag zur Kennt-
niss _des Phycoxanthins' Jahtb,
wiss. Botan,, 10, 399-416.

Reinke, J. 1885, “Zur Frage des
Krystnlhsmrbarkplt des  Xantho-
hylls.” Ber, botan. Ges., 8, Iv-
vili.

Reinke, J. 1886. “Photometrische Un-
tersuchungen iiber die Absorption
des Lichtes in den .Assimilations-
organen,” Botan. Ztg., 44, especially

p. 243,

Riddle, O., and Harris, J. A. 1918.
“Note on the relation of blocd fat to
sex and on the correlation between
blood fat and egg production in the
domestic fowl.” J. Biol. Chem., 34,
161-174,

Rosanoff, 8. 1865. “Notice sur le pxg-
ment rouge des Floridées.” .
nat. botan., Ser. 5, 4, 320-323.

Rosanoff, 8. 1867. “Observations sur
Ies fonetions et les propnetes des pig-
ments de diverses Algues. em.
soC. scx nat. Cherbourg, 18, 195-214

R 0., and Dr d, J, C.
1920. “On the relation of the lipo-
chrome pigments to the fat-soluble
accessory food factor” Lancet, 198,
862-864.

Rosin, H. 1805 “Em Bem-ag sur
Lehre vom Bau der G

.- 543-549.
Schimpger, A W.F.

CAROTINOIDS AND RELATED PIGMENTS

zellen.” Virchow's Arch. path, Anat.,
162, 532-540.

Rost.aﬁnskx J. 1881, “Ueber den
rothen Farbstoff einiger Chlorophy-
ceen, sein sonstiges Vorkommen und
seine Verwandschaft zum Chloro-
phyll.” Botan. Ztg., 39, 461-465.

Rywosh, 8., 1897. “In griinen Zeilen
vorkommendes Ol und seine Bezeih
l(x}ng zur Herbstfﬁrbung.” Ber. botan.

€s.,

Sachs, Juhus " 1859, “Ph)sm]ogmche
Untersuchungen iiber die Keimung
der Schminkbohne (Phaseolus multz-
florus).” Sitzber. Akad. Wiss., Wien,
37, 59-119.

Bachs, Julius 18589b. “Ueber das
Vorhandensein  eines  farblosen
Chlorophyll~chromogens in Pflanzen-
theilen, welche fihig sind, griin 2u

werden.” Lotos, 9, 6-14.

Sachs, Julius 1863. “Beitriige zur
Physiologie des Chlorophylls, . II.
Die Entleerung der Blitter im

Herbst.” Flora, 200-204, 214-220.

Sachsse, R. 1877. “Die Chemie und
Physiologie der Farbstofie, KohIED-
hydrate und Protemaubsmmen D.
23, Leipzig.

Selomon, H. 1019. “Ueber Zanthose
der Haut, namentlich bei gesunden
Leuten, und iiber Xanthimie.”
Wiener Klin. Wochschr., 32, 495-497.

Samsop, Martial 1835, “Etudes sur
les matiéres colorantes du Sang.”
Thesis to Paris School of Pharmacy:
Cited by H. Milne-Edwards, “Lecons
sur la physiologie et J'anatoraie com-
paré de 'homme et des animaux.”
1, 183, Note 2, 1857,

Sauermann, Dr. 1889, “Ucber die
Wirkung organischen Farbstoffe aul
das Gefieder der Voge] bei stomacha-
ler Darreichung.” ~Arch. Physiol.,

1883. “Ueber die
Entwicklung der Chlorophylikrner
und Farbkérper.” Botan. Zig., 41,
105-112, 121-131, 137-146, 153-162.

Schlmper, A F. 1885. “Unter-
suchungen iiber - die Chlorophyll-
korper und die ihnen homologen

Deut med. Wochschr., 22, 495-497
H, and Fenvaey, B. 100
“U ‘ber dag Llpoehmme der Nerven-

Gebilde.” Jarb. wiss. Botan.,, 16, 1~
e

logische Studien.” Dorpat, p. 73.
Schmidt, F. ‘1889. “Die Farben de.\'

Rliithen.” Die Natur, 48, 223-225
Schneider, Guido 1808: "Farbm-



BIBLIOGRAPHY

variationen des Flussbarsch (Perca
Ruriatilis).” Korrespondengblatt
Naturf-Ver. zu Riga, 51; ecited by
Fuchs, R. R., in Hans Winterstein's
Handbuch der vergleichenden Physi-
ologie, 3, Part 1:2, 1423, 1914.

Schneider, Joan Gottlob 1799, “His-
toria ﬂmph)bmrum paturalis et ht-
eratine fasciculua primus continens
Ranas, Bufones, Salamandras, et
Hydras in genera et species de:cnp—
tos motisque suis distinctos.” Jena.
Cited by Fuchs, R. A., in Hans Win-
terstein’s Handbuch der vergleichen-
den Physiologie, 3, Part 1:2, 1467,
1914.

Schroeter, J. 1875. “Ueher einige
durch Baktericn gebildete Pigmente,”
Cohn's Beitrige zur Biologie der
Pfanzen, 7, ii, 108-126.

Schritter, von, Hermann 1895. “Vor-
liufige Mltthellung iiber das Pigment
von Sarcina aurantiaca und Staphy-

lococeus pyrogenes aureus” Ceatr.
Bakt. Parasit,, (1) 18, 781-782,
Schritter-Kristelli, Hermann Ritter

1895a. “Ueber ein neues Vorkom-
men von Carotin in der Pflanze,
nebst Bemerkungen ilber die Ver—
breitung, Entstehung und Bedeutung
dieses Farbstoff.” Botan. Centr, 61,

33-46.
Schrétter-Kristelli, Hermann Ritter
1895b. “Zur Kenntniss des Farb-

stoffes von Cucnurbite Pepo L.”
Verhandl. zool-botan. Ges. Wien, 44,
208-302.

Schiibler, G., and Frank, C. A, 1825.
“Untersuchungen iiber die Farben der
Bliithen.” Inaug. Diss., Tiibigen, 1-

38.

Schiiler, 0. 1889, “Ueber die Bestand-
theile des Safrans, der Bliithennar-
ben von Crocus sativus” Inaug-
Diss., Miinchen, 1-59; Botan. Centr.,
8, 152, 1901.

Schulze, Paul 1913. “Studien iiber
tierische Korper der Carotingruppe.
I. Das Carotingewebe der Chryso-
mel]t'den.” Sitzber. Ges. nat. Freunde,
Bel

Schulze, Paul 1913, “Btudien iiber
tierische Korper der Carotin-Xantho-
phyligruppe. 1L Das Carotingewebe
der Chr«ysamelzden 2. Sitzber, Ges.
nat. e, Berfin, 398-406.

Sehunek 4. 1809, “The yellow
colcunng matters  accompanying

chiorophyll and their spectroseopic .

201
relations.”  Proc. Roy. Soc. London,
65, 177-188,

Sthunck C. A, 1WL. “The yellow
c\‘)luurmg matters  aceompanying

chlorophyll and their spectroscopic
relutions. Puart 11”7 Proc. Roy. Soe.
London, 68, 474-480.

Schunck, C. A. 1903, “The xantho-
ph\'ll group of yellow coloring mat-

ters” Proe. Roy. Soe. London, 72,
165-176.
Schiisgler.  1919.  “Ucber Hautver-
fairbung  durch  Mohrritbengenuss”

Miinch. med. Wochschr., 66, 597,

Schiitt, Franz 1880. “Ueber Peridi-
neenfarbstoff.”” - Ber. botan. Ges., 8,
23

9-23,

Schwaibe, G. 1874, “Anutomie der
Retina.”  Gracfe-Saemisch’s Hund-
buvh dcr ges. Augenbeilkunde, st
Ed,

Schrt, l<
gen

“Zur I\vnnfnlss der fotthalti-

Pigmente.” Virchow's  Arch.
path. Anat., 177, 248.

Serono, Cesare 1912, “Salla  costi-
tuzione délla Luteina.”  Arch. far~
n;ncologle sper. sci. affini, 14, 508-

1

Serono, Cesare and Palozzi, Antonietta
1911.  “84i lipoidi conteniti né
tudrlo d'dvo.” Arch. fermacol. sper.
scienze affini, 11, 553-570.

Sewell, Phili 1888, “The colormﬁ
matters of leaves and flowers.
Trans. Bot. Soc. Edinburgh, 77 (Part
2), 2i6-308. .

Shenkling-Prevot. 1899, “Die herbst-
liche Farbung dee Leubes.” Die
Natur, 48, 584-

Shemdal Alfrcd h 1915. “On the

blue hvdmcarbon aceurring in some
essential oils” J. Am. Chem. Soc.,
87, 187-170. .

Smxth F. 1893. “Dandrufi from the
hnrse, and its pigment.” J. Physiol,
15, 162-166.

Smxth J. Lorrein 1907. “On _the
simultaneous staining of neutml fat
and fatty acid by oxazine dyes.”

Path. Bact., 12, 14,

Sorby, H. C. 1871a. “On the vumms
tints of nutumml fulmge P Quart. J
Sei. (N. 8.), 2

Sorby, H. C. 187lb “On the colour
of leaves at different sensons of the
year.” Quart. J. Micros, 8ei., 19, 215-

234.
Sorby, H. C. 187lc. “On the colour-
ing matter of some Aphides” Quart,



292
J chrus Sci.,, 19 (N. 8., 11), 352-
Sorby, H. C. 1873. “On comparative

vegetable chromatology.” Proc. Roy.
Sac. London, 21, 442-483.
Sorby, H. C. 1884. “On the autumnal
tints of foliage.” Nature, 31, 105-106.
Sorby, H. C, 1908. ~“Ou the colourmg
glﬁatters in flowers.” Nature, 77, 260-
1

1895.

Bta. G. “Peber dem gelben
Blattfurbstoﬁ der

Herbstfarbung.”
Ber., 28, 2807-2809

Stadeler, ‘G. 1887. “Notiz iber den
Farbstoff des Eigelbs.” J. prakt.
Chem., 100, 148-150.

Stahl, E. 1896. “Ueber bunte Laub-
bliatter.,” Extrait des Ann. jardin
botan. Buitenszorg, 13, 2.

Steenbock, H. 1919, “White corn vs.
I\;ellow eorn and a probable relation
etween the fat-soluble v1tnmme and
yellow plant pigments.”
8., 60, 352-353.

Steenbock, H., Boutwell, P. W., and
Kent, H. E. 1919. “A correlation on
the occurrence of the fat-soluble
vitamine.” Proc. Am. Soc.  Biol.
Cgl}z%m April; J. Biol. Chem., 41, xii,

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.

Bteenbock, H., and Boutwell, P. W.
1920a. “Fat-soluble vitamine—IIL,
The comparative value of white and
yellow maizes.” J. Biol. Chem., 41,
81-96.

Steenbock, H., and Boutwell, P. W.

. 1820b. “Fat-soluble vitamineVI.
The extractability of the fat-soluble
vitamine from carrots, alfalfa, and
yellow corn by fat solvents.” J. Biol
Chem., 42, 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
letamme content.” J. Biol. Chem,,

Steenbock, H Sell, M. T., Nelson, E.

Science, N.

M, and Buell M. V 1920. “The
fatsoluble vitamine” Proe. Am,
Soe. Biol. Chem., Dec.; J. Bial.

Chem., 48, xxxii, 1921.

CAROTINOIDS AND RELATED PIGMENTS

Steenbock, H., Sell, M. T., and Bout-
well, P. W. '1621. “Fat-soluble vita-
mme—V The vitamine A content of
peas in relation to their pigmenta-
tion.” J. Biol. Chem., 47, 303-308.

Steenbock, H., Sell, M. TA, and Buell,
Mary V. 1921. “Fat-soluble vita-
mine—VII. The fat-soluble vitamine
and yellow pigmentation in animal
fats with somc observations on its
stability to saponification.” 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
p]a.;)t pigments.” J. Biol. Chem., 51,

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 tbe sup-
posed identity of biliverdin with
chlorophyll, with remarks on the con-
stitution of chlorophyll.” Proec. Roy.
Soc. London, I3, 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.
Chem. Soc., 17, 304-318, especially p.

311.

Stollzner, W. 1919. “Ueber Pseudo
ikterus mnach  Mohrriibengenuss.”
Miinch. med. Wochschr., 66, 419.

Tammes, Tine 1900. “Ueber die Ver-
breitung des Carotins im Pflanzen-

reiche.” Flora, 87, 205-247.

Thiele, Johaunes ~ 1900a. “Ueber
Ketonreactionen bei  Cyclopen-
tadién.” Ber., 33, 666-673.

Thiele, Johannes 1900b “Ueber Con-

densatlonsprodukte des Indens " Ber.,

Thudu:hum J L. W. 1869. “Results
of researches on Luteine and the
spectra of yellow orgenie substances,
contained in ani and phnt.s"
Proc. Roy. Sec. London, 17, 253-256.

Timiriazeﬁ', C. L1871, “Spektmlmalyse
des Chlorophylla.” 8t. Petersburg.

Timiriazeff, C. 1875. Arb. Ges. Natur-
forsch, 8t. Petersburg, 6, 47; cited hy
Monteverde, N. A, Acta Horti Pet-

itani, 13, 206,

T er, Gertrude and Friedrich 1910a.
“Untersuchungen iber Natur und
Auftreten von Carotinen, L Fruchi



BIBLIOGRAPHY

von Momordica Balsamina.” DBer.
botan. Ges., 25, 365-376.

Tobier, Gertrude and Friedrich 1910b,
“Ueber den Vorgang der Carotin~
bildung bei der Fruchtreife.” Ber.
botan. Ges., 28, 496-504

Tobler, Gertrude and Friedrich 1912,
“Zr Bildung des Lycopins und iiber
Besziehung zwischen Farb- und Spei-
cherstoffen bei Daucus.” Ber. botan.
Ges., 30, 33-41

Treub, M. 1874, “Zur Chlomphyll—
frage ? ¥lora, No, 4, 55-56
Tschirch, A. 1884, * Untemun)mngen

tiber das Chlorophyl,” pp. 1-120,

erlin,
Tschirch, A. 1885, “Untersuchungen

iber das Chlorophyll (VI})” Ber.
botan. Ges., 3, inii-Inn

Tschirch, A, 1887, “Untersuchungen
iiber das Chlorophyll.” Ber. hotan,
Ges,, 6, 128-135.

Tbﬁh]rﬂh A, 1904, “Vergleichend-
spectmanalytische Unterzuchungen

der natiirlichen und kiinstlichen gel-
ben Farbstoffe mit Hilfe des Quarr-

Spektrograph.” Ber. botan. Ges,, 22,
414439,
Tswett, M. 1905. “Kritische Bemerk-

ungen zu Molisch's Arbeit Uber die
Phaeophyceen-Farbstofl.” Bot, Ztg.,
63, Part 2, 273-278.

Tswett, M. 1906a. “Zur Kenntniss der
Phaeophyceenfarb-mﬂ”." Ber. botan.
Ges., 24, 935-244.

Tswett M. 1906b. “Physikalisch-
chemische Studien {ber das thoro—
phyll. Die Adsorptionen.” Ber.
botan. Ges., 24, 316-323.

Tswett, M. 1906c. “Adsorptions-
analyse und  chromatographische
Methode. Anwendung auf die
Chemie Chlorophylls ”  Ber.
botan. Ges., 24, 384-393

Tswett, M. “Zur Chemie des
Chlorophst Ueber Phylloxanthin,
Phyllocyanin und die Chlorophyl-
lan.” Biochem. Z., 5, 6-32.

Tswett, M. 1907b. "«Zur Chemie des

* Chlorophylls. Nochmals iiber das
I;hylloxanthm ” Biochem. Z., 6, 373-

Tswett, M. 1908a. “Zur Chemie des
Chlorophylls Ueber das Phaeophytin
und die Chilorophyllien nebst Schiuss-
bemerkupgen iiber das Phylloxan-
thin.” Biockem. Z., 10, 404-413.

Tswett, M. 1908b, “Ueber das Pig-
ment des herbstlich  vergelbten

293

Laubes.” Ber, botan. Ges,, £26a, M-

101.
Tswett, M. 1908¢c. “{leber die Vor-
firbung und die Entlecrung des ab-

sterbenden  Laubes”  Ber.  botan.
es., 20a, 88-93.
Tswett, M. 1910a. “Les chromo-

ph)'lcs daps les mondes végétnux ct
snimaux,”  (In Russian)  Warsaw,
pp. 1-380, especially p. 233,

Tswett, M. 1910b.  Ditto, p. 261,

I'a\u‘tt M. 19ita. “Ucher den mukro-
und 1n1km(hvnn~¢lwn Nachweis des
Carotins.”  Ber. botan. Ges, 29, 830-
3

636.

Tswett, M. 1011b. “Sur une nouvelle
colorante H‘zvtu](‘ fe thujorhordine.”
Compt. rend., 152, 788-78%,

Ude, H. 1919, ‘Uu the refutions be-
tween biood cotor and coeoon color

, with speeinl Te ference

taw of heredity.” Gene-
ties, 4, 305-416.

Viwber. 1816, “Dinbetische Xantho-
sis.” Berliv klin. Wochschr,, 53, 820-
830,

Urech, F. 1893, “Deitriige zur Kennt-
niss der Farbe von Insekiensschup-
pen.” Z. wiss, Zool., 42, 306-384.

Valencienacs, A., and Fluny B, 1854
“Recherches sur la compcutmu des
oeufs dans la série des animaux” J.
pharm. chimie (3), 26, 11-14.

Vauquelin - ond Bourchadat. 1830,
Schweigger's J. Chem. Physik, 68, 95-

Vm(dl I J. 1893, “Autumnal tints”
J. Roy. Hort, Soc, London, 15, 46-57,
Verne, J. 1920a. “Sur le nature du
pigment rouge des  erustacés”
Compt. rend. soc. biol., 83, 963-064.
Verne, J. 1920b. “Sur l'o‘(ydatmn du
caroténe des crustacés et sur la prés-
ence parmi les prodults d'oxydation
d'un corps ayant réactions d'un cho-
lesterine.” Compt. rend. soc. biol,
83, 988-990. )
Villard, J. 1903. “Contribution 3
Vétude des chlorophylles animal.s”
Compt, rend. soe. biol,, 56, 1580.
Virchow, R. 1847. “Die patholog:schen

ngmeule Virchow’s Arch. path,
Anat., I, 379400,
Wachenroder, H, 1825, “Ucber das

Oleum radicis Dauci Actherum, das
Carotin, den Carotenzucker und den
officinelien suceus Dauci; ete.” Diss.
de Anthelminticis, Gomgen Geiger's
Magaz. Pharm.,, 33, 144-172, 1831.



294

Waelchi, G. 1881. “Mikrospektro-
skopische Untersuchungen der ge-
firbten Kugeln in der Retina von
Vigeln.” Arch. Opthal, 27, (2) 303-

319.

Wamner, D. E, and Edmond, H. D.
1917. “Blood fat in domestlc fowls
in relation to egg laying.” J. Biol.
Chem., 31, 281-204.

Wells, “Chemlcal Path-

ev tmv ‘botan. Neer-
land, 1, 106.  Cited by Cszapek,
B:ochemxe der Pflanzen, 1, 806, 2nd

Ed.,

Wheldale ‘Muriel 1916, “The An-
Lhocvnmn Pigments of Plants.”
Cambridge Univ. Press,

Wichuizen, F. E., Alting, C., de Langen,
C.D, aud Schut, H. 1919, “Fat and
hpmd in blood in tropics, I1.” Med.
Gencesk. Lab. Weltevreden 3, Series
A, 44-67; Physiol. Abs., 291 ‘1919,

W)esner Julius 1871. ‘Untersuchung-
en iiber die herbstliche Entlaubun

der Holzgewiichse.” Sitzber. Akad.
Wiss., Wien, 64, (1), 456-510.
Wiesner, Julius 1874a. “Untersuchung-

en iber die Bezxehuug des Lichtes
zum Chlorophyll.” Sitzber. Akad.
Wiss., Wien, 69, (1), 327-385.

Wiesner, Julius 1874b. “Bemerkung-
en iiber die angeblichen Bestand-
theile des Chlorophylls.” Flora, No.
18, 278-285

Wlesner, 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
Kartoffel.” Osterr. bot. Z., 27, 7-11.

Wille, N. " 1887, “Algolomsche Mit-
thettungen VII—Ueber Chrysophyzis
bz es Stein und Dinobryon sertularia

renb.” Jahrb, wiss. Botan., 18,
473—454

Willstiitter, R. 1915, “Chlorophyil.”

J. Am. Chem. 8oc., 37, L

g;om Z. physiol. Chem., 84, 47-
Willstitter, R., and Escher, H. H.
1912, “Ueber das Lutein des Hiiner-
eidotters,” Z. physiel. Chem., 78,
214-225,

Willstitter,. R.,, and Mieg, Walter

in  der.

CAROTINOIDS AND RELATED PIGMENTS

1907, “Ucber die gelben Begleiter
des Chlorophylls.” Ann., 355, 1-28.
Willstiitter, % and Page Harold J.
1914, “Chlomph)ll xxiv—Ueber die
Pigmente der Brauna]gen” Anpn,,
04, 237-271.
Willstiitter, R., and Stoll, A. 1913a,
“Untersuchungen iiber Chiorophyll.

Methoden und Ergebmsse ?  Berlin.
. 1-424, especially p. 246
\Vlllsmtter, R., and Stoll, A, 1913b,
id., p. 235,
Willstiitter, R., and Stoll, A. 1913c.
Ibid., Chapter IV .
Windaus, A. 1910. “Ueber die quanti-

tative Bestimmung des Cholesterins
und der Cholesterinester in euugeu
normal und pathologischen Nieren.”

Z. physu)l Chem., 65, 110-117.

Wirth, P, 1891. “Ueber die Bestand-
theile der Bliithen der Ringelblume
(Calendula  officinalis).”  (Inaug.-
Diss. Erlangen, 1-38, Wesel; Beihelte
Botan. Centr,, 8, 225, 1893,

Wisselingh, van, & 71915, “Ueber die
Nachweisung und das Vorkummen
von Carotinoiden in der Pflanze.”
Flora, 107 (N, 8., 7), 371-432.

Wittich von. 1854. “Die griine Farbe
der Haut unserer Frosche, ihre
physxologxschen und patholuglschen
Veriinderungen.” Arch. Anat,,
Physiol u. wiss. Med.

Wittich von, 1868. “Ueber den Farb-
stoff der Euglenag sanguinea.” Vir-
chow’s Arch. path. Anat., &7, 573-575.

Wittmack, L. 1904, “Daucus Carota,
L. var. Boissieri Schweinfurth.” Gar-
tenfora, A8, 283, 284,

Wurm, Dr. 1871. “Tetronerythrin, ein
neuer organische Farbstoff.” Z. wiss.

das Carotin.”

1847, “Einige Bemerkungen
iiber das Carotin.” J. prakt. Chem.,
40, 287-209.

Zoja, Luigi 1004, “Stlla presénze di
bilirubina e di luteina néi siéri
uméni.” Reéle Institutio Lombardo
de Sclensze e Léttere, Réndiconti,

2), 87,
Zoph, Wikt issoa. “Ucber Pila-
arbstoffe.” Botan. Ztg., 49, 5381,
69-81, 85-81
Zopf, Wilhelm 1889b.  “Vorkommen
von Fettfarbstofien bei Pilzthieren

(Mycetozon)” Flora (N. B), 4,
353-361.



BIBLIOGRAPHY

Zopf, Wilhelm 1888c. “Ucber das
microchemische Verhalten von Fett-
farbstoffen und Fettfarbstoff-h

205
nismen  (Zweite  Mittheiluni).”
\itr.‘ Phystol. Morphol. niederer

O#nnen ?  Z. wiss. Mieros, 6, 172-

177,

Zopf, Wilhelm 1880. “Die Pilge.”
rewendt Breslau, pp. 1-500, espe-
cially pp. 139-161.

Zopf, Wilhelm 1881. “Ueber Aus-
scheidung von Fettfarbstoffen (Llpo—
chromen) seiten gewisser Spaltpilze.”
Ber. botan. Ges,, 9, 22-28.

Zopf, Wilhelm 1892, “Zur Kenniniss
der Fa.rbungsursachen niederer Or-
ganismen.” Beitriige zur Physiologie
und Morphologie niederer Organis-
men, I, 30-5, Arthur Felix, Leip-

zig.
Zopf, Wilhelm 1892b. “Zur Kenntniss
der Fhrbungsursachen gpiederer Or-

Or 2, 3-48.

Zopf, Wilhelin 1893a, “Zur Kenntniss
er Firbungsursachen niederer Or-
ganBmen  (Dntte  Mittheilung).”
Beitr. Physiol. Morphol. niederer
Organismen, 3, 26-47,

Zopf, Wilhelm 1883b. “Zur Kenntniss
der Fivbungsursachen niederer Or-
ganismen  {Vierte  Mittheilung).”
Beitr, Physiol. Morphol. nicderer
Organismen, J, 60-74

Zopf, Wilhelm 1895.
tochrom ein Samtnelbegrifl.” Biol.
Zentr,, 15, 417427,

Zopf, Wilhelm 1900, “Ueber das
Eolycystin, ein  -krystallisirendes
Carotin  aus Polycystws flos ague
Wittr.” Ber, botan. Ges,, 18, 461-467.

“Cohn's Hilma:



INDEX OF

Akutsu, Dr 135, 279.

Alting, C., 294,

Angelucei, A., 279,

Armeoud, A, 19 26, 27, 36, 39, 50, 53,
58, 78, B3< 88, 179, 180, 199, 200, 202,
234, 248251, 263, 264, 276, 279.

Askenasy, E., 31, 94, 95, 107, 279,

Bachmann, E., 114-117, 119, 279.
Bary de, 103, , 279,
Bate, C. 8, 1 979,

Beddard, F. E., 185, 186, 279,

Behr, A 21, 235 279,

Bcrgh van den H H. H,, 127-131, 133,
134, 136 137, 140, 194, 195 214 218,
225, 9,

Bertmnd G 71, 114, 115, 279.

Berzehus, 31 34 49 56, 58, 279.

Bidgood, J., 67, 69, 71, 72, 74, 75, 279.

Blakeslee, A. F., 272, 279, 283

Blanchard, R., 163, 279.

Blumenthal, M 21,.235, 280.

Blythe, A. W., 131, 280.

Boehm, J., 49, 280,

Boemmghaus 245.

Bogddnow A 142, 143, 146, 280.

Boll, F.,

Bonnet C 48 280.

Borodm, J 34, 35, 37, 41, 42, 88, 103,
104, 280.

Bougarel C., 34 35 37, 88, 280.

Bourchaciut. 5,

Boutwell, P. W , 202.

Broekmeyer, J., 127, 129-131, 133, 134,
136, 137, 140, 194, 195, 218, 225, 270.

Buell, M. V., 269, 270, 292.

Biirger, M., 129, 136, 280.

Copranica, §., 126, 138, 141, 149, 280,
Caspary, R., 103, 104, 280.

Caventau, B., 7, 280

Cempert, I 32, 280.

Chal‘guerand A., 280.

Chevreul, M.,

Clogz, 67, 283,

Cohn, F., 103-105, 109, 280.

Courchet 28, 58, f‘m 69 71-75, 78-80, 83,

Coward H., 270, 271, 280.
Crampmn-Slmons, 220.

AUTHORS

Cunningham, J, T., 147, 148, 280.
Czapek, F., 18, 49, 94, 95, 97, 280

Dastre, A., 186, 280.

Denis, 127, 280.

Dennert E 280,

Desmoullere A, 76 131, 280.

Dippel, L., 37 54 68, 281.

Dolley, D. 134 135 245-247, 281.

Dombrowsky, Dr 189 281.

Dorp van, W. A, 21, 235, 279, 283.

Drummond, J. C., 269-271, 274, 280,

Duggar, 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., 203.

Ehring, C., 69, 83, 281,

Elfving, F., 49, 53, 281.

Englemaun T. W 263, 281.

Escher, 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, 204.

Etti, C 22, 28

Euler, H 28 88 201, 233, 281,

Ewart A J., 48 52, 53, 265 217 281,

Exner F. and G 281

Fenyvessey, B., 134, 290,

. Filbol, E, 31, 281.
_ Findlay, G. M., 133, 281.

Fintelmann, H., 281.
Fischer, H., 182, 196, 281.
Floresco, N, 280.
Formanek J., 28, 281,
Frank, A. B 103 104 281,
Frnnk B, 51, 282.
Frank, C.'A., 201,
Fredenque L, 161

Frémy, E, 20°31, 36 41, 49, 56, 60,
67, 88 282, 293,
Fuchs, R. K., 146, 282,

Gadow, H., 142, 282.
Galdukov, N 96 109 282,
Gallerani, G., 129,

Gamble, F. W., 189 282, 284,

296



INDEX OF AUTHORS

Garein, A., 110, 282.
Gautrelet, L., 131, 280,

282.
Goerrig, E., 53 57-64 80, 90, 256, 282.
Goode, G. B., 183, 282.
Goppelsroeder, F_, 70, 282.
Gorgensen, I, 210, 265, 284,
Graebe, C., 21, 235, 282,

Greilach, B. H 49-62, 282.
Griffiths, A. B,, 120 159, 160, 282,
Gross, E. G., 269, 292

Guibourt, 55, 282,

Guignet, E 35 282,

Guthrie, F. V., 134 135, 245, 246, 281.

Halliburton, W. D., 140, 162, 283.

Hammarsten, O, 129, 283,

Hannover, 140, 283.

HansenA 32495068747895
100, 283.

Harpe de la, C,, 21, 235, 283,
Harris, J. A., 272, 279, 283, 290.

Hartsen, F. A, 33, 34, 39, 77, 80, 81,

88, 283,
Hashimato, H., 135, 283,
Hasselt van, J. F. B, 22, 283.
Head, G, D, 129, 136, 283,
Heim, F, 161, 283,
Hering, T., 149, 185, 283,
Herxheuner G 245, 283,
Hess, A. F., 130 135 139, 193, 194, 283.
Hlldebmnd F., '103, 104, 283.
ilger, A, 69 " 983,
Hill, C. L 27:1, 283.
Hilj, E. 22, 283.
Hallstein, R., 283,
Holm, F,, 14, 23, 125, 126, 150, 177, 283.
Hooper, J.J 2"5 27 284,
Hopkins, F. G
Hoyer 149 185 283
Hueck, W., 133, 249, 284.
Husemaxm, A, 26, 27, 219, 284.

Immendorfl, H., 36, 49, 50, 53, 58, 59,

69, 81, 88, 284,
Irving, A. A, 264, 284.

Jacobsen, H. C,, 105, 106, 284,
Jaohnson, R.' A, 129, 136, 283.
Jolyet, ‘F,.,ml 284.

Karsten, G., 104, 284.
Kaup, W., 135, 284,
Keeble, F., 282, 284.

297

Keegan, I, Q.
}\mn;hur H,

3. 268, 270
I\'vml«:d_\', C, 132, 134, 195, 270, 271,

87, B8, 138, 142,

280,
Kent. II .,

2060, 202,
Kidd, ¥, 81,

¥, 272, 279, 283,
109, 284,

27, 38, 41, 44, 48-
9, T3 74, 76, 78-83, 86,
101 1()\ 110, 114, 116~
10! 20(‘) 218, 222, 232,

L 285,
7. 42, 4447, 49-53,
. 98, 110, 117 250,

< .)7 285.
}\rukoulwrg C F W., 16, 17, 23, 68,
110, 127, 128, 133, 140, 143-152, 157,
160-164, 166, 167, 169, 183, 197, 285,
286,

Kithne, W., 23, 127, 128, 138, 141143,
149, 150, 152, 162, 169, 173, 174, 243,
286.

Kutscher, F., 110, 286,

Eylin, ., 0d- a7, 99 100-102, 286,

Langen de. C. D, 204,
Lendrich, K., 286
Lewin, L.,

280
Le)dlg, l< 149, 158, 160, 286,
Lieben, A, 14, 12.5 130, 177 289,
Loisel, G., 286.
Lubar‘dr () 133, 134, 288.
Lublmenko V 20, 29, 47, 58, 59, 65, 66,
76. 78, 79 82 80‘87 89 90 216 217
224, 225, 230 238, 250, 251 235, 266,
286-288.

MacMunn, C. A, 23, 147, 148, 152, 162~
164, 166- 168 1:0 280 386.

ML(/urrHon R 272 266,

Maass, F., 135, 286.

Macaire-Prinsep, 55, 80, 288,

Macchiati, L., 158, 286,

Magnan, A 149, 287,

Maly, R, ..3 162 163, 287,

Marehlewskx L, 236, 287

Marquart, L 66, 287.

Matzdord, C 185 287,

Medola, R., 155, 287

Mer, E, 56, .



208

Mercjowski de, C 146, 147, 162, 164,
166, 167, 169, 287,

Mf,snh(d(* ¥,

Meyer, A B

Mieg, W., l/ 34, 36, 38, 39, 4547, 84,
88, 89, 129, 139, 174 175 179, 202
203 2(]‘)~lll 225, 233, 234 236, 237,
264, 271 204,

Micthe, A., 286.

Millardet, A 82, 83 90, 94-96. 104, 111,
122, 285, 287

Mmm _B 135, 287.

Mnbxus, K 69, 185, 287,

Molisch, H., 51, 52, 54, 85, 58, 59, 65,
72, 74, 78-82, 85 9497 101-107 111
115 240 241, 243 287.

Momer—Wthms, G W., 88, 287,

Montanari, C., 83, 287.

Montevudc 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

Moseley, H. N 288,

Muller, P, 114, 127 129-131, 133, 134,
136, 137 140, 194, 195, 214 218 225,
270, 279

’Vluller J 114, lla, 288,

Miiller, N.J. c,

Myers, V. C,, 130, 135 136, 193, 194, 283.

Nigeli, 107, 111, 288,

Nebelung, H 100 101, 103, 104, 107,
109, 111, 288,

Neg‘rl de, ‘A, and G., 78, 83, 90, 288,

Nelson, o) M., 270, 292

Neumunn, E, 23, 244, 288,

Newbigin, M I, 148 162-166 168, 184,
185, 192, 195- 197 263 275, .

Noorden von, C 136 288.

I34 287.
287.

Nordenson, E 88 201, 233, 281.
Overbeck, A, 121, 288,

Pabst, T 60, 82, 288,

Page, H. J -99 103, 104, 122, 215,

296, 230, 257, 258 204,

Palmer L. S, 15, 22, 23, 26, 28, 41, 72,
73, 87 88, 127—132 134 135 138 139
142 151 152 182, 185, ]SB, 192, ]93.
195—198 "207, 208, 219, 268, 270, 271,

288, 289,
Pulonl A, 176, 291.
Passenm, . 83 289,
Phipeon, T, L., 48, 49, 289,
Physalix, C., 158, 177, 289.
Picoolo, G., 14 1?.5 150 177, 289.
Podmpo]sky 289
Poirault, G., 71 114 115, 279.
Pouchet, G., 161 6(, m.

INDEX OF AUTHORS

Poulton, E. B., 155-158, 171, 183, 184,
185, 188, 189, 197, 289.

Pringsbeim, 49, 52, 59, 289.

Przibram, H., 186, 289, 290.

Pummerer, R., 21, 235, 290,

Rafarin, 290, '

Rajus, J., 48, 290.

Regnard, P., 161, 284.

Remhart, A 129, 136, 280.

Reinke, J 42 9496 100 101, 111, 290.
Riddle, O., 290.

Rosanoff, 5., 94, 95, 122, 290,

Roee, H, 182 196, 281,

Rosenhelm O 270 274, 290,

Rosin, H,, 13 X

Roslaﬁnskz, \ 103-105 290,
Rywosh, S., 290,

Sachs, J., 49, 56, 290.

Sachsse, R. 35, 290.

Sulcmon H 129 135, 136, 290.

Samson, M., , 290,

Snuermam:ny Dr, 187-189, 197, 290.

Schimper, A. W. F, 28, 65, 68 75, 79-
81, 83, 290.

Schmldt A, 127 290,

Schmids, F

Schnelder G 186 260.

Schneider, J. "G, 180 200.

Schroeter, J., 119 120 291

Schrétter von, H 120,

Schrotter-knstelh, H. R

Schﬁbler, G., 291,

Schiiler, O., 291, .

Schulze, P., 159, 281.

Schunck, C. A., 31, 3044, 46, 52, 53, 61,
69, 70 72, 73, 81, 83, 139, 140, 173,
180, 29

Schussler 135, 291,

204,

17, 72, 78,

Sc.hwalbe G l4l 291

Sehrt, E 133 243 201.

Sell, M. T, 269, 270, 202.

Serono, C., 139 176 291.

Sewell, P., 291.

Shenkling-Prevot, 291,

Sherndal, A. E, 286, 201.

Sikar, A. P, 22, 283,

Smith, F, 135 291,

Sxmth J. L 245 201,

Snapper J. 128 129 136

Sorby, H. T, 3133343739 4, 44,
49, ,68 88 95-97 100 101
111-]13 116 158, 159, 291.

Staats, G., 58, 60, 202,

St‘ddelu, G., 138, 202,

St 292,

s Foy s



INDEX OF AUTHORS

Steenbick, H 206, 260-271, 202,

Stenger, L.,

Stephenmn M 219 270, 292.

Stiles, W., 210, 284,

Stokes, G. Cx 29-31, 33, 37, 88, 292.

Stoll, A, 39, 4:)—47 53 64, 221, 225, 228,
231, 251-256 260,

Stilllzncr, W., 135,

Tammes, T., 48, 51, 52, 84, 57-59, 69,
86, 96, 101-105, 107,

72-74, 78-81, 83,
111, 240, 292.
Thiefe, J., 21, 292,
’lhnm w. E, 26, 219, 289,
Thudichum, J. L. W, 1316, 22, 54,
75, 77, 79-82, 87, 126-129, 138 202,
Timiriazefl, C., 31, 41, 49, 292,
Tobler, G. and ¥, 72 79, 86, 266, 292.
Treub, M., 293
Tschirch, A., 37-39, 41, 49, 51, 54, B9,
61, 69, 70, 73, T4, T6, 78 80-82,

293.
Tswett, M., 7.

226, 227, 229, 203

Ude, H., 293.
Umber, 129, 136, 293.
Urech, F., 155, 293.

Valenciennes, A., 293.
Vauquelin, 25, 293

Veiteh, H, J,,

Verne, J,, 163 171 179-181, 293,

264, 283, 277, 204,

15, 19, 20, 24, 28, 30, 35,
37, 38, 41-45, 51, 55-58, 60-66, 70, 71,
80, $8-90, 94-100, 102, 106, 115, 177,
190, 203, 204, 209, 216, 218, 219, 224,

Villard, J,, 186, 293,
Virchow, 1t,, 23, 203.
H., 25

Wachenroder, 88, 293.

“vdt slehi, (ls

24, 2 4
264, Z"G Z‘H
185, 270,
2I 57, 2M,

Went,
Westwood, 1. (3,
W fe, ‘\i

Wilistitter, K.
47, 53, 64, Wb') 88-()0 {4-100, 103,

7, 28, 36-38, 43, 45-

, 122, 129, 139, 140, 152, 173-180,
182, 160, 143, 197, 202, 203, 208, 212
213, 215, 218, 221, 224-220, 228,

4, 230-239, 251-260, 254-266, 247 294
Windaus, A 206, 2.

Wirth, F., 60, 204.
W(sﬂlmph um C, 28 al 55, 89, 71-
74. 77, 78, BO-&: 2. 95, 96, 101-

106, 110, 11, !14-119 237 240, 241,

294,
Wittich, von, 110, 149, 185, 204,
Wittmack, L., 28, 204.
Wurm, Dr, 142, 204,

Zeise, 25-27, 36, 88, 24,

Lllvn 8. 8., 2689, 281,

Zoja, L., 129 294

Zopf, W, 19 22, 23, 83, 104-107, 109-
121, 1)9 160, 152-154 177, 183 197,
263, 276, 294, 295.



INDEX OF

o’ and o’ xanthophylls of Tswett, 44,

Abtes, 65; Abics excelsa, 52.

Abutilon Darwinii Hook, 72; Abutilon
megopotamicum, 73; "Abutilon ner-
vosum, 54, 73

Acacia leaves, carotin content of, 249.

Acenaphtylene, a non-carotinoid hydro-
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SUBJECTS

Alhgatur, yeliow pigment in skin of,
150,

Allium siculum, 74.

Alnus glulmoaa, 58.

Aloes, 58; Aloe verrucoss, red caro-
tinoid in winter leaves of, 65, 72,

Alyssum sazaitle, 73.

Amorphous ecarotin, effect of admixed
lipoids on solubility of, 218.

Amorphous xanthophyll, effect of ad-
mixed lipoids on solubility of, 225.
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Amphibians, earotinoids in, 148, 148,
153
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granules in after staining, 245-247;
effect of oxidation om, 246; identifi-
cation of carotinoids in, 242-247;
state of carotinoids im, 242
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Anthoxanthins in flowers, 66,
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Wendl,, 77.
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Artherina presbyter, 147,
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Ascomycetes, 116-118.
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Ash, asutumn pigments of, 58, 60.
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of, 81,

Asparagus berries, carotin in, 77.

Aspergillus giganteus, 119,

Asphodel, carotin in flowers of, 72.

Asphodelus cerasifer L., 72,

Astacus  fluviatihs, 16 Astacus no-
bilis, 164.
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as due to non-carotinoids, 57; plu-
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63.
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o xauthophyll of Kohl, 41; in autumn
leaves, 61; of Tschlrch 59 of Tswett,

45.
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Bacteria, carotinoids in, 119-122, 123,

Bacteria, study of carotinoids in as
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119, 124,
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72; lycopifi ip fruit of, 79; in arils,
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tin in, 76.

Balsam pigment of etialated leaves, 52.

Balsoming hortensis, D. C, 52.
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Burberr) leaves, red autumn pigment
of, 56 fnuls, carolinoids in, 76.
Barley Ica\'es, etiolated, pigments of,
barfey grain, carotinoids in, 88,
Bam)m species, 101,
Bangiales, 101,
Barbus fluviatilis, 147,
Basidiomycetes, 113-116,
phunic #cid i, 22
Batrachospermum
1o

123; chryso-

moniiforme, 100,

RBatracians, 140.

Bean leaves, earotin content of, 249,

Beech, carotin in yellow mutumn leaves
of, 58; autumn<xanthin in, 60,

Bcot rcd {Beta vulgards), md pigment
of changing to yellow, 28; quantity
of caratin in leaves af, 248,

Beetles, carotinoids in tegument of,
158-160, 171,

Beiladonna, pigments in flowers of, 74.

Bellwort, carotinoids in flowers of, 74.

Belone rostrata, 147,

Berberis rulgnns, 56, 76.

Betula alba, ¢

Betula species (erch) 54.

Benzene, part phved by in Kraus
separation, 31, 32.
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lems in connection with, 137 138;
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4
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of, 58; pigments in fruit of, 81.

Biza orellaruz 21,

Bixin, pigment of annatto sceds, 21;
composition and properties of, 22;
effect of feeding to fowls, 22.

Blétgk Bryony, carotinoids in fruit of,

Bladder Senna, curotinoids in, 73.

Blazing Star, carotinoids in, 74,

Blood algae, carotinoids in, 92, 103-
106; factors governing p)gmeut for-
ma.tmu in, 105.

Blood exudates, haematoidin in, 23.

Blood serum ecarotinoids, effect of diet
on, 129, 130, 190, 191, 197; method
of dlstmgmsinng from bihrubm 128;
manner of carrying, 207, 208; meth-
ods of extraction, 207,

-Blood serum of eattle, xanthophyll in,

129; of fowls, xanthophyll in, 140,
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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 memmals,
pigments in, 131

Blood serum, p]gment of 14, 15, 127-
131, 151; qunm‘.xmhve estimation of
carotinoids in, 259, 260..

Blue-green algae, carotmoxd.s in, 110-
112, 123.

Blue hydrocarbon 238,

Blue pigment of Crustacen, transfor-
mation of into lxpochrome, a col-
loidal phenomenon, 165.

Bombinator igneus, 150.

Bombyz mor:, 157.

Botrydium, 104.

Box tree leaves, carotin content of, 249.

Bracket fungi, ’ carotinoids in, 113—114

Brassica compestris L., 29, 87; Brassica

nigra, 87; Bras:nca olet]eru, 249;
Brassica Rapa L., 29.
Brittie-stars, carotmoxds in, 165, 167.

Broom flower, xnnthophyﬂs in, 72, 73.

Braussonetia papy'n!ea, 5

Brown sea-weeds, carotinoids in, 93-
100, 122; isolation of carotinoids
irom 215,

Bryama dioica (Bryony), carotinoids
in {ruit of,

Buckeye, autumn pigments of, 58, 62.

Bufo calamita, 149; B. viridis, 149 185
B. vulgaris, 149,

Bugs, carotin in, 158, 171,177,

Bugula nen.tma, 168.

Bulbine semibarbata, 74.

Bulbochaete, 104; Bulbochaete seti-
gera, 104,

Bulgaria inguinans (pol ha), 117,

Bullfinch feathers, pigments of, 143, 144.

Buphthalmum salicifolium, 73

Butter, pigment of, 14, 131, 182, 151; '

seasonal variation of anti-edema sub-
stance in, 272,

Buttercups, crystalline carotin from,
69, cause of oily appearance of, 89;
xanthophylls in, 73, 74.

Butter fat, carotin and vitamin con-
tent of, 269 270; effect of decoloris-
ing on vitamin content of, 270; ex-
periments on origin ‘of color of, 180-
183, 107; quantitative estimation. of
csrotmoxds in, 258, 260.

Butter fat carotin, ndsarptxon of by
charcoal, 218,

Butterﬂim, wing colors ofJ 154, 155,

Butterfly larvae, inoids in, 154-1

gl; pupae, carotinoids in, 154-158,
1 o
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Buxus sempervirens (box tree), red
winter pigment of, 65, 249.

B. xanthophyll, 40-4.2 ‘blue color re-
action of with acxda 40, 42; acid
derivative of in autumn lenves, 61.

8 xanthophyll of Kohi, 44; in autumn
leaves, 61; in dmtoms 107; of
_'II;)schxrcb, 41, 54, 59; of Tswett, 44,

Cacalia coccinea, 73,

Cacatura roseicapilia, 144.

Cﬁ;labazilla, carotinoids in flowers of,
3

Calcealaria rugasa Hook,, 72,

Calendula grvensis L., 72; Calendula
officinale 1., 69, T2.

Calf bjood, sbsence of carotinoids from
new bom 129, 267,

Chalifornia poppy, 68 74.

Callithamnion hiemale, 101.

Callopeltis quadrilineatis Pullas, 150,

Calocera viscose, 114, 115; C. cornea,
114, 115; C. palmata, 114, 115.

Calothriz species, 111,

Caltha palustris, 73.

Calurus auriceps, 144,

Calyptrocaliz spicatus Blume, 77.

Camaelon vulgaris, 150,

Camelon skin, carotinoids in, 150, 153.

Camouflage, carotinoids and detection

Campethera nubica, 145.

Canary bird, xanthophyll in yellow
feathers oi 145; effect of feeding
cayenne pepper to, 187, 197.

Cancer pagurus,

Cannabws sativa, 52 87 249,

Ca7pxllnry method of pigment analysis,
0.

Capsicum annum, 69, 82, 188,
Carabus suratus, 159.

Cardinalis virginionus, 144

Cardmnl pigments in feathers of, 143,

Carotene, ag spelling for carotin, 19.
Carotin-albumin complex in blood 15,
128; method of isolation of, 208, 208;
mgmﬁnanee of in debenmnm? breed
differences in pigmentation of catile,
192; significance of in formation of
AL B,y ”
otin, adsorption mercury ts,
18; nﬂeged oxidation of to xantho-

11, ahmmntophm- group .in,
235; extractmn of {rom plants, 251,
izlﬂ; general properties - of, ?S-gs.

'y

ﬁondfromunnml&t, H
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from bloed serum, 208-209; from
carrots, 25, 28, 200-202; from green
leaves, 202-204; microchemical iden-
uﬁcntwn of in plant tissues, 241;
odor of, 26, 232, 233; possible mln-
tion of to cymenes, 235 pronuncia-
tion of, 9; relation of to xantho-
phylls, 24; relationship of to vita-
min A, 269-271; separation of from
xanthophylls, 252, 253; specific ro-
tation of, 233; structure of, 234,

Carotin content of various plants, 249,
Carotin erystals, color and form of,
232; color reactions of, 233; effect of
oxidation on sojubility of, 218 halo-
gen derivatives of, 233, 234; oxygen
nbsorptmn of, 233; solublhty of, 232
233

Carotin function in plants, as aid in
photo-synthesis, 265, 277; as engyme
protectors, 284, 276; as lure for in-
sects, etc., 264, 276; as regulators of
OXygen pressure, 264 277; ag reserve
substances, 263, 276 as respiratory
pigments, 263, 276 i CG; assimila-
tion, 265, 277,

Carotin solutlons, effect of mcids on
color of, 219; relative color of com-
pared to xanthophyll 225; proper-
ties of, 218-22:

Carotmemla 194

Carotinins, basm compounds of, 19, 24,
117, 118; in bacteria, 121; in beetles,
171; in blood algae, 105, 106, 123; in

eup fungi, 117; in Euglem, 110, 123. .

Carotinoid, origin of name, 19, 88; pro-
nunciation of, 9; suitability of name
for animal lipochromes, 20.

Carotinoid-free fowls, experiments with,

93, 268; tapxdxty of coloration of
with xanthophyli-rich feeds, 193.

Carotinoid-free egg yolk, vitamin con-
tent of, 270,

Carotinoid-free mammals, 185; possible
cause of, 1

C&rot.moxds decline of in leaves in pu-
tumn, 64; fate of in digestion,
196; in tiowers, 66-75; in fruits, 75-
85, 80; origin of in plants, 266
qua:.\tltatwe estimation of, 248-261.

Cerotinoids of animals, chemical rela-
tions of to carotinoids of plante, 173-
181; biological relntwns of to caro-
tinoids of Plants, 182-198

Carotinosis, 135

Cng)pellsry tifmue of seeds, pigments of,

Carpinus Betulus, 58.
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Carrots, carotin content of dur‘mg
starch formatian, 266; effect of feed-
m to cows on color of butter, 191;

ect of feeding to hens om color
of egg yolk, 193, 271,

Carrot root, pigment’ of as the first
crvstullme cnrohnoxd 18, 25; xmn-
thophyil in, 28, 45,

Cassidae, 158,

Cat blood effect of injecting xantho-
phyll on pigments of, 131,

Cataluse, relation of to {yecopin for-
mation in tomatoes, 267.

Caterpillar, Inck of lipochrome in blue-
mutant, 186,

Caterpillars, carotinoids in, 156-1568;
color in tegument of influenced by
food, 188

Caterpillar egys, pigment of derived
from haemolymph, 158

Caterpillar haemol vmph "association of
carotinoid in with protein, 156; sex-
ual difference in pigmeumﬁun of,

7.

Catinga cocrulea, 144.

Cattle, color of skin secretion in re-
lation to fat production, 275; skin
color of s affected by breed, 975.

Cave animals, color of in relation to
cave plants, 186,

Cedar, red, autumn pigments of, 59,

Celandme pnppy, carotin and xantho-
phylls in, 72.

Celastrus scaﬂdfm, 58,

C. Elpenor, 157,

Cephaleurus albidus, 104; C. minimus,
104; C. (Mycoidea) lcams, 104; C.
parasiticus, 104; C. solutus, 104‘

Cephalothecium, 119.

Ceramium rubrum, 101; Ceramivm dig~
phanum, 101,

Certhiola mezicong, 145.

Certium tropis, 108; C. fusus, 108; C.
Jurco, 108.

Chantransia specxes, 101.

Chara_fragilis, 102

Charales, 102, i

Charlock, white, xanthophylls in, 73.

Cheiranthus cheirg L., 72

Chelidonium majus L. 72

Cherries, erthrophyll of, 34; Pitanga or
Surinam__cherry, anthocynnm and
carotinoids in, 76.

Cherry, Sweet Mazzard, autumn pig-
ments of, 58.

Cherry tree leaves, red autumn pig-
ments of, 56.

Chestnut, autumn pigments of, 58.

Chestnut leaves, carotin content of,
249.
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Chinese Lantern Plant, earotinoids in
flowers of, 74; in fruits, 80.

Chlorella protothecmdea, 104 C. barie-
gaia, 104,

Chlorine derivatiye of carotin, 28.

Chlorogon in etiolated leaves, 49.

Chloronerpes ourulentus, 145; C. Kir-
kii, 145.

Chlorophane in bird retinas, 141; prop-
erties of,

Chlorophyceae, 101, 102-108, table
showing species contammg carotin-
oids, 104.

Chlorophyll separation of from yellow
pigments, 30, 31, 226-22

Chlorophyllins in ‘brown algae, 97.

Chloroplastids, pigments of, 29-48;
géur;hty of carotinoids in, 40-48, 41

9

Cholechrome in molluse livers, rela-
tion of to bilirubin and lipochrome,

167.

Cholesterol, removal of from unsa-
ponifiable matter, 206.

Chondrosia reniformis, 170,

Chondrus cnspu.t, 100, 101,

Chorda filum, 96

Chromatogram, dascnptxon of, 43, 226;
pronunciation of, 9.

Chromatographic analysxs of chloro-
phylls and xanthophylls, 226-228.

Chromatophores, 146, 150.

Chromogens of leaf, yellow color of
with alkali, 44

Chromoleucites, 68‘

Chromolipoid, origin of name, 18; pro-
nunciation of, 9.

Chromulina  (Chromophyton)
nofii, 109.

Chroococcaceae, 111,

Chr .
mtescll;]e]ns, 7;31. 1. 108
rysochlorophyll, 109.
hrys

Rosa-

Chr h

me, 109,
Chrymmela polita, 159; C. varigns,

Chrvsomelzdae, 18, 159.
Chrysomonidina Stein., 109.
Chrysophsmc acid, 21; in fungi, 22.
Chrysophy].l , 36 40 42, 173; rela-
on of to carotin and xa.nthophyll

Chryaoptﬂuc punctigula, 145.
uinone, 104,
Chrysoka.nms in sutumn lenves, 80.
Chrysoxnnthnphyll 109
Chytndmm L.
hydrom.rb mgment. 21 238,
Cirassiug guratss, 147,152,
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Cirratulus tentaculalus, 168; C. eir-
ratus, 168,

Cissus quinguefolia, 249.

Citrus aurantium, 81.

Citrus limonum, 78.

Cladophora a[amerata 104,

Claveria ]ustjormw, 113,

Clematis vitalba,

Clivig miniata, Regel 73.

Clivias,

Club Maoss, sutumn pigments of, 59.

Clupea narengus, 147.

Clythra_gquadripunctata, 159,

Coccinella qumquezmnctata, 159; C.
septempunciaia, 15

Coccinellidae, 18, 159.

Cocoons, relutmn of color of to caro-
tinoids in insects, 186,

Cocospongia, 170.

Codliver oil, color and vitamin con-
tent of, 269,

Coelenterates, lack of
among brilliant colors of, 1

Colaptes auratus, 145; C. olwaceus, 145.

Coleoptera, 155, 158160,

Coleopterin, 159 160.

Coleosporium pulaaulla Strauss, 114.

Coleus, pigment of, 15, 54.

Colias (Eurymus) Philadice, 186.

Colloidal carotm, 218; colloidal xan-
thophyll, 22

Colloidal phenomena involved in blood
serum _carotinoids, 131.

Colloidal state of carotinoids in cer-
tain solutions, 43, 8!

Color, structural vs. pxgmented 7.

Co!ostmm milk, plgments of fat of in
various animals,

Coltsfoot, xanthophylls in, 73.

Colutea media, 73.

Cone Flower, carotinoids in, 74.

Comugatae, 104.
C'lmualarw majalis, 58.
epods, blue colom m 164.

Uora lina oﬁmnalw

Coriosulfurine, as unuse of yellow
feathers, 144 145; relation of to xan-
thophyll 8, 1.

Com, pxgmentatmn and vitamin con-
tent of, 26!

Corn, yé].low, carotinoids of, 87, 91;
effect on color of butter of f eed.mg
to cows, 1891,

us luteum, pigment of, 14, 23,
125-127, 150, 151, 177-179 180 prop-
erties and isolation of, 178, 179,

Corydalis utea D. C,, 73.

Corylus Avellana, 58.

Cotoin, 21. .

caro tinoids
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Cotoneasiers, 76.

Cottonseed meal, pigment of, 21.

Cottonseed oil, pigments of, 87.

Cowslip, carotin m, 72; xunthophylls
in,

Crab, pigment in, 7, 161-165.

Crab blood, pigment of, 161, 162,

Crab eggs, vitellolutein und vitello-
rubin in, 162.

Cmmpton-Simous palm-oil test, a test
for carotinoids, 79, 3

Crataegus crus-galli (( ockspur thorn),
lutein in fnut of, 75; Cratacgus pin-
natifida, 58

Cmé;ﬁsh earotinoids of, 161, 162, 164,

Cress, garden, pigment of ctiolated
leaves of, 52.

Cribella oculata, 166.

Crinoids, 185, 167.

Cryp}onemiales, 101.
rocin, 22,

Crocitin, 22.

Crocus sativus, 22, 74,

Croton ovalfolius Vahl,, microchemical
crystals in yellow spotted leaves of,
55,

Crown Imperial, earotinoids in, 73

Crustaces, earotinoids 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.

Cucumie citrullis, 78 ; Cucumis melo, 76.

Cucurbita [oetmmna, 73; Cuturbita
melanosperma A. Br, 73; Cucurbita
pepo, 36, 78.

Cup Iungx, carotinoids in, 116-118.

Cl;p Plant, earotinoids in flowers of,
4

Cupressus Nm’tuockz’, 59.

Cutleira mullifida, 96.
Cyanophyceae, 110-112.

Qy'anophyll 32, 34; ye].low pigment ac-
companying,

Cyclosporales, 95

Cymatopleura solea, 107,
Cymbyrhinchus makrorhynchus, 144.

Cyphomandra belacea, 75.

Cypress, autumn pigments of, 59; bald
cypress, 58.

Cyprinug auratus, 147; C. Caqno 147,

Cumpedmmgﬁozalu, c. insigne, C. ar-
4.
guawam abrotamfolm, X
Cvtwus

m purpurascens
Cytisus laburnum. L., 72,
sogntialis. Kach, 73.
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Dab, carotin in skin of the, 147.

Dacromycaa stdlatus, 114, 115.

Daucus carots, 18, 25; vnnetv Bois-
sert Schwcmfurlh a.nt.hocvu.nma in,

Duh‘odil, carolin in, 72 vellow pigment
of, 7; pigments in etiolated 7
of, 52 53; xanthophylls in, 73.

Dam.or«tub pigeon of ann zo0DeTy-
thrine in red feathers of, 144.

Dandelion, 68, 70; earotin in, 72; xan-
(hoph_vlls in, 73\ 74.

Dandruff of horse, carotin in, 135.

Datura stramontum, 249.

Dedlesseria aangumea, 101.

Dendrobium thrysiflorum Rehb. fit, 72.

Desmarestia aculeata, 95.

Diabetes, carotinoids in blood in, 207;
excossive skin coloration followmg
earotinoid-rich diet. 136, 151; ex-
planation of, 137, 151.

Daptoma, 18.

Diaptomin, 23, 162.

Diaptomus bacdlzlcr, 162, 183; Diapto-
mus Castor Jurine, 1

Diatomaceae (dmtoms) curotinoids in,
106-108, 122,

Diatomin, 107, 108, 108, 183.

Di-biphenyleniithene, a non-carotinoid
hydrocarbon pigment, 21, 235.

Di-carotin, 159, 177,

Dictyopteris polypodioides, 986

Dictyota dichotoma, 96.

Digestion, effect of on carotinoids, 106,

Dinoflagellata, 108.

Dinophysis acuta, 108; D. leawvis, 108.

Dioscora batatas decn., 58.

Discomycetes, 116, 117, 123.

Ditiola radicata, 114.

Dog Rose, lycopin in fruit of, 80.

Doronu:um pardalianthes L., 72; Do-
ronicum  Columnae Tenore, 73;
Doronicum planiggineum L. e.rcel-
sum, 73.

Doronium Pardalianches, 73.

Douce-amere, 76

Dryocapus auratus, 145.

Dove, lipochrome in blood serum of,
140; pigment in feet, 7.

Dumontw filiformis, 101.

Dyer’s Greenwood, carotinoids in, 73.

Dyer’s Woad, carotin and xanthophylls
in flowers af 72

D. Vinula, 157,

Echinastrine, 167.
Echmodzrms, carotinoids in, 165-167,

Echuwlda 165, 1
Fclectus polyddanu 144, 145,
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Ectocarpaceae, 95.
Eﬁ produetion, correlation of with
m colors, 272, 273, 277; cause of,

Eggs carotinoid-free, fertility of, 268;
vitamin content of 270; color of as
affected by carrots, 271,

Eggs, xanthophyll and vitamin nontent.
of after carrot feeding, 2

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 pxgment of
carotinoid- free, 23.

Egg yolk pigment, as cholesterol ester
of oleic acid, 139, 176; solubility of
in bile, 138.

Ege yolk xanthophyll, isomerism of
with plant xanthophyll, 176, 180;
melting point of aﬂected by met.hod
of determination, 179,

Elachista species, 95.

FElaaeagnus latifolia L., 54.

Elaphis guadrilineatis Bonaparte 150.

Elder leaves, yellow, carotinoids in, 54.

Elecampane, carotinoids in, 73.

Elm, autumn pigments of, 58, 59.

Eloeis guineesis L. (Jacq.}, 77; E. Mel-
anococea Girb., 77.

Jrélé)ryos mummlﬁed haematoidin in,

Encephalartos Heldebrandtd, 59.

English Ivy, carotin in leaves of, 36;
autumn pigments of,

English walnut, autumn pngment.s of,

58.
Enterochlorophyll, 167.
Enleromorpha intestinalis, 104.
E'p};gra Angularia, 157; E. Punctaria,

Epimedium macmntheum 73.
Equestum arvense,

Eranthis hyemalis Salxsb 7
E‘ryezmum Pero}'skwnum Fisch. and

73.
Erythrophyll relation of to carotin,
, 86, 37; in sutumn leaves, 56, 60.

Erythrm:ylum nova-gra

Eschscholtria californica, 68, 74.

Eteolin, a flavone, 21.

Ethereal oils, as salvent for chloro-

hyll in Kraus separation, 32.

Etlo ated 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, §2.
Eucarotin, 19, 105, 107, 177; relation of

to csmt.m !.ﬂ 15,
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Eugenia uniflora, 7

Euglena suﬂgumeu, 109 110; Euglena
viridis,

Eunotia
107,

Euonymous europacus, 76; Euonymous
japonicus L., variety sulphlu'ea, 5,
88; E. latz]olm 88.

Euphone nigricollis, 145.

European cranberry, carotinoids in, 77.

European elder, carotinoids in yellow
leaves of, 54.

Euxanthone, 21,

Eye-spots of Euglena, pigments in, 109,
110, 123.

(Htmnnt)ndmm) pectinalis,

Fagua, 59, 80; Fegus stlvatica, 255.

Futty acids, color of after staining
with Nile blue, 245.

Fat stains, effect of on carotinoids in
animal tissues, 242, 244-246.

Feathers, artificial coloration of with
cayenne pepper, 187, 197.

Feathers, carotinoids of 142-145, 151;
origin of blue color of 142,

Fern leaves, carotin coutent of, 249.

Ferric chloride reaction of uarotmo:ds,
26, 219, 222; value of in identifying
carotinoids in animal tissues, 247,
248

Ferulg species, 73.

Fir leaves, etiolated pigments of, 52
autumn pigments of, 85.

Flsg4 carotinoids, origin of from food,

Fish colors, influence of color of sur-
roundings on, 183,

Fishes, pigments in skin of, 145-148,
152; skin pigments and chromato-
hore control of, 146, 152; structural
lues and whites of, 156

Flagellata, 109, 110,

Flamingo, plgments 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.
Flg;{aeed pigment in ail not carotinoid,

Flowering_maple, carotinoids in natu- -
rally yellow leaves of, 54; carotin in
flowers of, 72,

Flowers of T:m1 119, .

Flustra foliaces, 168.

Formic acid as solvent for xnnthophyl!
225; for thodoxanthin, 229.

Forevthw Fortunei, 73; Foraythez Vi |

Four-o’-clmk autumn pigments of, 58,
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Fowls, xanthophyll in blocd serum of,
140; extraction of xanthophy!! from
blood serum of with ether, 214,

Frogilaria species, 107.

Frarinus excelsior, 58, 60,

Frogs, carotinoids in, 149, 153; loss of
skin lipochromes of on fus'.ipg, 185,

Fringilla canaria, 145.

Fritularia Imperialis, 73.

Fucoidie, 94, 95,

Fucoxanthin, 94-97; amount of in cer-
tain plants 99, 257 effect of alkelis
on, 231, 232; Tunction of in brown
algae, 265; halogen derivatives of,
240; m blue-green algae, 112; in red
algae, 102; methods of molatlon of
215, 216; ox:dumon products of, 23f
oxonjum salts of, 98, 99; lahve
solubility propema of, 98, 231 257;
special properties of, 87-89

Fucoxanthin crystais, color and form
of, 238; color reactions of, 240; salu-
bility of, 239,

Fucoxanthin solutions, relative color of
compared to carotin and xantho-
phyll, 230; compared to standard
potassium dlchromate 257.

Fucoxanthophyll in brown algae, 97;
in dintoms, 107; in dinoflagellates,
108,

Fucus nodosus, 95; F. serratus, 85; F.
versoides, 95; F. vesculosus,

Fuliga Septica, 119.

Fulvenes, as non-carotinoid hydrocar-
bon pigments, 21, 235.

Function of ca.rocmmds in plants, 263-

; in ani , 267, 268,

Fungi, carotinoids m, 113-119,

Funkia Sieboldii, 58

Furcellaria fastigiata, 101,

Gaillarvia splendens, 73.

Gall stones of cattle, carotin in, 182.

Gasteromycetes, 113.

Gasterosteus spinachia,

Gazanig splendens Hort 72 73.

Gebbia littoralis, 165.

Geese, pigment in fatty tissues, shanks
and skin of, 140, 145; in feet of, 7,
145,

Genista racenosa, 73; Genisia tictoria,
73

Gentisein, 21,
Geum montanum, T3; Geum coc-
cingum, T4,
Giant Fennel carotmonds in, 73.
Gigartinales,
Glinkgo bdoba, .

'Ginseng, autumn pigments of, 58.
Qleditsia triacanihos, 58, 62.

307

Glenodinum species, 108,

Giobe Hower, carctin in, 72, 74,

Glycerin, as protective agent sgoinst
oxidation of carotin, 206.

Goat’s milk, influcnee of feeding carrota
on color of, 189,

Golden Bell, cumtmoids in, 73,

Golden-tuit, carotinoids in flowem of,

73.

Goldfish, lycopin-like pigment in skin
of, 147, 152; zoonerythrine in, 147,

Gomphmwma speeies, 107,

Gongora galeale I{vn‘ilh, 73

Gonaster equestris, 168,

Gonocartum obovatum Hoer.,
pyriforme Schef., 77.

Gooscberry, pigment of red autumn
leaves, 56.

(‘uruonuz verrucosa, 169,

Gorse, mnthoph\lls in Hlowers of, 73.

Gossypium Frsutum, 87.

Gossyptin, 21.

Grantw coriacea, 170,

Grains, carotinoids in, 86-88.

Grape, uutumn pigments of, 58,

Grape leaves, carotin content of, 249,

Grass, carotin content of, 249,

Graptophylium  pictum GriﬁA, micro-
chetneal crystals in yellow spotted
loaves, 55.

Grnszhoppers 160, 171.

Great red macaw, pigments in feathers
of, 143, 145.

Greén u.lgae, carotinoids in, 102-106,
122

77; Gon.

Grenilabrus melops, 161,

Groundsel, carotinoids in flowers of, 74,

Guernsey catlle relation of skin color
1o fat productmn m, 275-277,

Gymnodinium Heliz, 108,

Gymnosporangivm Jumannum, 114,

Haematochrome, 104, 105, 109,
Haemotococcus plurmlw, 92, 103, 105,

109, 117.

Halma Bucklandi, 170.

Halichondria albescens, 170; H. carun-
cula, 170; H. incrustans, 170 H. poni-
cea, 170; H. rosea, 170; H, sanguinea,
170; H. geriata, 170.

Halidrys silogquosa, 95.

Halyseris polypodioides, 96

Haematoidin of blood exudutes ete.,
23; corpus luteum, 14, 128,

Haemolutein of corpus luteum, 14, 128,

Haemolymph of insects, carotinoids. i n,
155-158

Haemoly{nph xgntho Phyll origin of
from food in case o caterpxlla.rs 183,

, 107,
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Hawkbit, crystalline carotin from, 69.

Ht_z{wkweed carotinoids in flowers of,
3

Hawthorn, autumn pigments of 58.

Hazelnut, autumn pigments of, 58

Hedera helu: 38, 58, 65, 249.

Helenium autumﬂate, 73.

Helianthus amma 52, 67, 87.

Heliz pomatia, 167.

Heﬁ:eromllu M iddendirffii Trautv. and

ey.

Hemp ieaves carotin content of, 249;

etlolaled plgments of, 52.
iseeds effect of on color of egg

yol

Hens,
per to, 188.

Heterosithonales, 104,

Hieracium murorum L., 73; Hieracium
Pilosella, 73.

Hireinia apmosula 170.

Hippolyte varians, 161, 189,

Holothuria nigra, 166; H Ocnius brun~
neus, 166; H. Pols, 166 H. tubulosa,
166.

Holothuroids, 165, 166.
Honey locust autumn pigments of, 58,

lnymg, effect of feeding red pep-

62.
Honeysuckle, carotinoids in fruit of,

Hop] trec.a, autumn pigments of, 58,
Hordeum vulgare, 52, 88, X
Hombenm European, autumn pigments

58,
Horsetml red carot.moxd in, 65.
Hy
Hydru.wa pemmllatu.s, 109,
Hyla arborea, 149,
Hymenidacidon albescens, 170.
Hymenomycetes, 113, 114.
Hyssopus officinalis, 251,

Identification of carotinoids in biologi~
cal products, 240-247.
Idotea, influence of food on color of,

1
Imperfect fupgi, earotinoids in, 119,
Indian crocus, pigment of, 22.
Todine derivative of carotm 28, 27, 45.
Iodine color reaction of camunoxds
limitations of for animal tissues, 243.
Impatiens Noli-tangere, 73.
Insects, pigments of, 155-161.
Internal organs of ‘mammals, earotin-

Invertebrates, ca.rutmoxds m, 154~17'2

INDEX OF SUBJECTS

Ithaginus crueniatus, 1
Ivy leaves, carotin cnnbent of, 249.

Japanese Aokiba, carotinoids in matu-
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
{at production in, 275-277.

Jerusalem Cherry, carotinoids in, 75.

Johannis berries, erythrophyll of, 34.

John Dorey, xauthophyll in skin of, 147,

Juglans regia, 58, 249.

Juniperus vtrgi'nuu,a, 59,

Kerria japonica D. C,,

Kidoney bean, pxgment in etiolated
leaves of, 50, 53.

Kleinia Galpim', 74,

Kniphofia aloodes, 74.

Lacerta agilis, 150; L. muralis, 150.

Lacertofulvine, relation of to xantho-
phyll

Lactochrome, 131,

Ladanum hybridum, 74.

Lady-slipper, xanthophyll in, 72; other
pigments in, 74,

Laminaria succharma, 93, 94, 96; La-
minaria digitalis, 96

Lamium_album, 4.

Larch, European autumn pigments of,
58.

Lariz europaea, 58,

Lark’s Spur, carotinoids in, 73.

Laurencw pinnatifida, 101.

Leander_ serrator, 161.

Leathesia marina, 9.

Leaves, carotinoid content of as af-
fected by sunlight and shadow, 255.

* Lemania fluviatilus, 101,

Lemon, absence of carotinoids from, 78.

Leontedon autumnalis, 69, 74; Leon-
tedon tarazacum, 74.

Leopard’s bane, xanthophyll in, 72,

73.

Leotia lubrice, 116, 117,

Lepidium Draba, 58; Lepidium sati~
vum, 52.

Lepidoptera, 155-158.

Lepraha foliacea, 168.

Leucocyan reaction of alcoholic ex-
tracts from brown sea-weeds, 96;
from diatoms, 107.

Leucoma Gasses, 170

In_’nsGermma, 58; Iris -
Isatis tinctoria L., 72‘_

stids, 29,
Leukophyl.l in etwlnted leaves, 49.
Lichnoxanthin m fungi, 114.
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Liesegang phenomena, similarity of
Tswett.’a chromatographic analysis to,

lnmutmm vulgare, 65

Lilium croceum Chs.lx 72; Lilium bul-
biferum, 74.

Lds}é-of -the-valley, autumn pigments of,

Lina-carotin, 23, 159.

Lina populs, 159; L. tremulae, 159.

Linden, autump-xanthin in autumn
leaves of, 60; carotin content of
Jeaves of, 24

Lintum usilatisgimum, 87,

Lipochrin, 148,

Lipochrome, general properties of, 16;
oxf'xgin of name of, 16; pronunciation
of, 9.

Lipochromemia, 194,

Lipochromogens in crustacea shells,
transformation of into li ochromes,
164, 165, 172; in echinoderms, 167,
172

Lipocyan crystals produced in bacteria,
121; in fungi, 114, 118, 119; for lina-
carotin, 159.

Lipoids, effect of on propertxes of ani-
mal carotinoids,

Lipoxanthins, general properues of, 17;
origin of name and pigments included
among, 17.

Liriodendron tulipifera, 58, 74.

vaer of arthr N cholechrome in,

of fish, zoonerythrine in, 148;
of mammals carotinoids in, 134 of
molluscs, cholechrome enterochloro—

byl and lutein in, ]67 172; of mo}-
uscs, influence of food and hiber-
nation on pigments i, 188,

Lizards, carotinoids in, 149 150; chro-
matophcrr control of skm culor in,
150.

Loasa latericia, 74.

Lobster blood absence of tetromery-
thrine from salt water species, 162;
ether-soluble pigment in, 161,

Locusta viridissima, 160,

Locusts, 160, 171.

Lohum per 249, A
poplsr, leaf pig-
ments, 55.
Loniceria tataria, 756; Lonciera Xylos-
teum,

Luffa gigantia, 251,

Lutein, as specific name for egg yolk
pigmenty 15; general properties of,
15; in ﬂoweis 67; origin of name, 14,

Lumtedmemnwldm of corpus luteum, 14,

Lutealin, 21.
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Lurarus imperialis, 146

Lycaste aromatica,

Lycogala epldcndron 110 L. fiavofus-
cum, 11

Lycopersicin, 83,

Lycopersicum esculcrtum, 69, 82.

Lycopin, as ¢ause of winter color of
confiers, 66, 90; composition and
properties oi 83-85 222-224; difficulty
of s«.purnuon of from cmotm, 24;
effect of oxygen on, 238; factors in-
fluencing its furmation in tomatoes,
206; halogen derivatives of, 239;
method of isolation of, 215; miero-
chemical identification”’ of in plant
tissues, 241; odor of during oxidation,
239,

Lycopinoids of Lubimenko, 20,

Lycopin erystals, color and form of,
238; solubility of, 238,

L. xunthophyll 40, 42; in autumn
leaves, 61; rclntlon o{ to egg yolk
pigment, 173,

Munkercl xanthiophyll in skin of the,

Maclaurm, 21, 57,

Maclura aurantuxca, 57, 58,
Macrozamia species, 59,

Maidenhair tree, autumn pigments of,

58,

Maige, yellow, carotinoids in, 15, 87,
91; vitamin A in, 269,

Mu]a squinado, 18, 162,

Manetta bicolor Taxt 72,

Maple, carotin content of leaves, 249;
common Europesn, sutumn plgmenta
of, 58; Norway, autumn pigments of,

Ma.rgueme, carotinoids in, 73.

Marigold flower, carotin "and zantho-
phylls in, 69, 73 74.

Maslevallia Veuchwm, 75.

Meconopsis cambria Vig., 74.

Medicago sativa, 45.

Megaloprepia magnifica, 144.

Melampsora Sahcw capreue, 114; M,
aecidiodes D. 114,

Melasoma popuh, 159; M. XX-punc-
tatum, 159,

Meldopu officinalis, 74.

Merry Bole, carotin in skm of the, 147,

Methyl-ethyl maleic acid nnhycinde
relation of derivative of to l.\po-
chrome, 236.

Microchemical crystallization methods,
28, 105, 241.

Micrococcus apatelua, 121; M. aureus,
120 121; M. Erythrmnym, 121, 122

(Staph.)
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reus, 120; M. rhodochrous, 121; M.
superbua, 121,

erocyatm (Polycyam) flos
Wittr, 111, 112,

M)ldnws, carotinoids in, 118

Milk fat, earotinoids in, 131 ‘132, 151;
human, origin of eolor of, "193.

Milk fat formation, mgmﬁcance of caro-
tin-albumin complex of blood in, 209.

Milkweed, carotin in flowers of, 7.

Milk \\hey, lactochrome in, 131,

Mimulus 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.

Momordice balsamina, 72, 86; Momor-
dica charaniia, 76,

Monilia sitophila (Mont.) Dacc., 119.

Mono-earotin, 159, 177,

Morin, 57.

Morus alba, 36, 58.

Mouse-enr Hawkweed,
flowers of, 73.

Mucor ﬂavw; Bainer, 118.

Mulberry, autumn pigments of, 58;
leaves, carotin in,

Mullein pollen, carotin sole pigment of,

aquae

carotinoids in

115,
Mullein, xanthophylls in flowers of,
73, ™

, 74.

Mullus barbatus, 147.

Muraena Helena, 147.

Mushrooms, carotinoids in, 113, 114.

Muskmelon, pigments in fruit of, 76.

Mu?k7plant, xanthophylls in flowers
of, 72,

Mussels, carotinoids in liver of, 167.

Musturd-veed oil, pigment of not caro-
tinoid, 87.

M ycetozoa, 119.

Myristica fragrans Houtt., 87.

Mytidus edulws, 167,

Myzomycetes, 118, 119,

Myzophyceae, 10112,

Nasturtium, 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; Narcussus
Pseudo-narcissus L., 72, 73; Narcis-

rus tazeita, 75.
Nz;;czam Polyanthus, anthocyanins in,

Naturally yellow leaves, carotinoids in,
53-65.

INDEX OF SUBJECTS

Navicula viridis, 107.

Necrobiotic phase of autumn colora-
tions, 58.

Nectria cinnabarina, 116, 117.

Neectriin, or nectria red, 117, 118.

Nemalionales, 101,

Nenga Schcﬂemna Becc 7.

Nephrops norwegicus, 1

Nertera depressa Banks and Soland, 77.

Nerews virens, 188,

Nerophis oequoreus, 147.

Nerves, carotinoids in, 134, 135.

Nettle leaves, carotin [mm 36, 45;
dead nettle, carotin and xnnthophyll
in, 44,

Neutral fats, color of after staining
with Nile blue, 24:

Nodularia, 111.

Nomenclature, causes of diversity of
among yellow animal pigments, 13;
among yellow vegetable pigments, 14,

Non-carotinoids, yellow and orange
colored in ammals 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.

Nitella spores, 102,

Nitzschia Palea, 107; Ihtzschuz sig-
moidea, 107.

Nuphar luteum Sibth., 74.

Nutmeg, non-carotmmd pigments in
aril o{
chmmhm, a yellow pigment re-

sembling carotinoids in composition,
22

Osk, English, autumn pigments of 58;
red sutumn pigments of, 58, 60,

Oat leaves etiolated plgments of 52,
53; oat grain, carotinoids in, 88.

Odmtmlossuma 75.

Odor of oxidizing carotin, 233; lycopin,
239; xanthophyll, 237

Qedogoniales, 104,

Oenothera biennis, 74.

Olea Europaea, 249.

Oleander leaves, autumn yeilow pig-
ments of, 59.

Olive leaves, carotin content of, 249,

Oncidiums, 75.

Onion flowers, pigments of, 74.

Ophiurine, 167.

Ophiuroids, 165, 167.

Orange Hawkweed, xanthophylls im
flowers of, 72 -

Orange skm carolinoids a.nd other
pigments in, 81,
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Orangin, an orange pxgment in skin and
liver of starfish,

Orange mnthophyll of Sorby, in brown
algae, 95; in blue-green algae, 112.

Orchid, xsnthophylis in, 72; anthocy-
anins in, 75.

Origin of animal carotinoids, early
theories regarding, 182, 183.

Origin of plant cnrocmomls,

Orthoptera, 180.

Oryza sativa, 88.

Osage orange, pigments in yellow au-
tumn leaves of, 57, 58,

Oscillatoria (Oscillaria) limosa, 111; O.
laptotricha, 111; O. Froclichii, 111.

Qsmerus eperlanus, 147,

Osmic acid, as dye for carotinoids, 244.

Oxidation, effect of on properties of
carotinoids, 13, 14, 27, 218, 231, 233,

, 246.

Oxidation of carotinoid grabules in
animal tissues, effect of on staining
properties, 246.

Oxidase in ammals, as cause of lack of
carotinoids, 196,

Oxopium salts of fucoxanthin, 98, 99,
231,

Pachymatisma Johnstonia, 170.

Padina Pavonia, 96.

Palm oil, carotinoids of, 77; Palm
fruits, caromnmds of 7.

Paloemtm virtdis, 1

Pandanus polycephalu.s Lam., 77.

Pansy, xanthophyils in, 73.

Paradisea papuanas, 143, 145; P. rubre,
143.

Paradiseofulvine, 144.

Paroaria cucullale, 144, .

Parrots, red and yelluw pigments in
feathers of, 143-145.

Parsley, crystallme carotinoids from by
Borodin, 33.

Parsnip root (Pastmaca sativa), 28.

Passiflors  coerulee, 86.

Passion flower plant, pigment in arils
of,. 86.

Pamlw Machaon, 157.

Papillina suberes, 170.

Peach tree leaves, carotin in, 36; caro-
“tin content of, "249; erytbrophyll of,
3.

Pen leaves, carotin content of, 249,

Pear tree, pigment of autumn leaves
of, 31, 56, 58.

Pepperwort mn,umn pigments of, 58,

“Perca fluviatilis, 188.

“Perch, cmb-eaung, influence of food
on ‘eolor of, '186.

Peridinicae, 108, 122
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Perin}inin, 108.

Peridinium  divergens, 108.

Persica vulgaris, 36, 249,

Petroleum ether i Kruus sepuration,
32,

Petroselinum sativum, 35,
Periwinkle leaves, carotin content of,

Peziza aurantia, 118, 117; P. bicolor,
116; P. scutellala L, 116.

Pegizn xanthin, 116.
Phaeophyceac, 93-100;
carotinoids in, 9.

Phacosporales, 85.

Phascolus vulgaris, 50, 249,

Phenol-glycerine reagent in  Molish
microchemical crystallization method,
105, 118, 237, 242.

Philobolus crwtullinws, 118; P. Kleinds,
118; P. Ocdipus, 118,

Phicgoenux cruenie, 144

Phormidiumn vulgare, 111,

Phragmidium violaceum, 114,

Phrrhocoris apterus, curotin in tegu-
ment, of, 158, 177.

Phycoeryt,fmn, as chief pigment in
red algae, 100, 122; analogous pig-
meunt in Dmuﬂagellatts 108,

Phycochrome, 111.

Phycocyan, 96, 111.

Phycomycetes, 118,

Phycopelpis gmboinumis, 105; P. gurea,
105; P. epiphyton, 104; P, maridima,
1050 P, teudi, 106.

Phycophiiin, a post—mort.al pigment in
brown scu-weeds, 94, 122,

Phycoxanthin, 94, 85, 97 107 111, 112,

Phyllocyanine, 29 49 56.

Phylladium dtmarphum, 106; P.
certums, 105.

Phyllofusein, 54.

Phyllospora Brodiaet, 95; P. membrani-

folia
Phylloxanthlne 29-31, 33, 49, 56, 60.
Phylogenetic origin of carotmonds 128,
Pi’z]yautia alkekenzi, 79; P. me:hetu’,
4,

quantity of

, 80.
Physico-chemical properties of caio-
tinoids, 43.

Phymphagus larvae, carotinoids in,

155-161.
Pyrochra cocmwu, 159,
Puctdes, 144, 145, .

chofulvme, 144.

Picus major, 144.

Pigeons, p)gment in blood serum of,
140; on legs, 195

Pipe Flsh carotin and zanthophyll in
ekin of,

Pigiim satwum, 52, 249.
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Plaice, carotin in skin of, 147.
Plantaao (plaintain), 44.
Plant lice, green, carotinoids in, 158,

Pla.nt tissues, mlcrochemlcal identifica-
tion of carotinoids in, 240-242.

Plaster of Pans, as aid in isolation of
carotin from ‘Jlood

Platanus acerifolia, 255 Platamu ori~
entalis, 58.

Platisama Cocropia, 157,

Pleotrachelus fulgens, 118.

Pleuronectes flesus, 147; P. platessa,
1147 1P limanda, 147; P. microcepha-
us,

Poison ivy, autumn pigments of, 58.

Polychaetes, carotinoids in, 185,

Polycﬁrome, 56.

Polycystin from Polycystis flos aguae,
relation of to carotin, 112,

Polygonum aachulmme, 68.

Poliudes rotundus, 101

Polynoe spinifera, 168.

Potysiphonia specxes, 101; Polysiphonia
nigrescens,

Polystigma rubru.m, 116, 117; P. Ochra-
ﬁgm (P. fulvum D. C), 118, 117,

Polysugmm, properties of, 117
skele-

INDEX OF SUBJECTS

Prorocentum micans,
Pmtoc.h.lorpbyll rdauun “of to etialin,

P. 2 {Plew ) pluviali
105; P. vulgaris, 105.

Prunus armeniaca, 76; Prunus avium,
68; Prunus cercsus, 34, 56

Pseudomombin, 1

Psittacofulvine, 144.

Ptelea tnjoluxta, 58.

Pteris aguiling, 249.

Ptychandra glauca Scheﬁ 7.

Ptychogperma elegans Blume, 7.

Puccinia coronata, 114.

Puff-balis, 113,

Pumpkin, c.arot.m m 36, 78, 79.

Pygaera Bucep 2 56 P.
fosa, (56.

Pylawlla litoralis, 95.

Pyrenomycetes, 116 117, 123,

Pyrocephalus rubmcus, 14,

Pyrrhula vulgaris, 144,

Pyrus communis, 29, 56, 58; Pyrus ger-
manica, 58; Pyrua ussuriensis, 58.

Q'éﬁ"“ rubra, 58, 60; Quercus Robur,

"

Rana eaculerua, 149 185.
89; Ius acris L,

Polysgos, lipochrome in
ton of, 168,
Po7nd Llly, European, carotinoids in,

Pond weed, rhodoxanthin in, 47, 66, 216.

Pontelling gtgantea, 164.

Poplar, autumn pigments of, 58, 60.

Poppy Welsh, carotinoids in, 74
Populus alba, 58; Populus

73; R. Ancomus, 74; R, Ficaria, 74.
R. gramineus, 74; E. repens, 74.
Rape leaves, carotin content of, 249.
Rapti kl:eed effect of on color of egg
yol
Rape-seed oil, pigment of not carotin-

oxd 87.
R trum

us jaatzgzata, 55; Populm

255; P
nigra, 58; Populus tremula, ' 58,
Porifera, 169

Porphyra_hiemalis, 101; Porphyra laci-
mta, 101; Porphym vulgaris, 100,

Postmortal phase of avtumn colors-
tion, 56, 63.

Potamogeum natans, 47, 66, 216.

Potassium dichromate stnndard color
of in comparison with c&m\u\mdﬂ,

, 254,
Pot.nto leuva, camt;m content of, 249.

n L., 73.
Razt756 growth of on cm-otmmd free diets,
Red Algae, carotinoids in, 100-102.

_Red currant leaves, carotin content of,

249.
Red pepper pigment, 60, 82; feeding
of to canaries nnd iowls, 187.
Red xanthophyll, :
Reptiles, carotmmds m, 149 150,
126,

Retina, carotincids in, 140-142,
149, 1

Retinal eplthe.lmm absenee of eal-
-ored globuls esirommeow,man,pn;,

Potato sprouts, eﬁect of light and dark and snakes, 1

on carotinoids in, 53. Retinostora plumom, 59,
Potato, sweet (.,, batatas), 28.  Rhi scalaris, L
Prawns, carotinoids in, 161, 3 Rhodophane, 23; in bn.rd featheru, 143.
Primrose, Europm Evening, carotin- relation of to

oids in, 74, bird retinas, 141-143; reht.mn o o
Primula officinalis, 72. tetron 42, in crustaces,

Privet, winter recfdenmg of, 65.
Pmmyed\a apores, 114, 116.

%g in echmoderma, 166; in worms,



INDEX OF SUBJECTS

Rhodophane-like pi
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Scytone 111.

169; in Tubulara mdwwu, 169.

Rhodophyceae, 100-102,

Rhodoxanthin, 20, 47, 66, 90; method
of isolation of, 218, 217 micro-
chen:ucal xdennhcnt\on of 'in plant
tissues,

Rhodoxanthm solutions, propertiea of,

229-230.

Rhodymeniales, 101,

RBhus toxicodendron, 58.

Rhynchota, 158.

Ribes qureum, 73; Ribes rubrum, 299,

Ribus glosaularw, variety rubra, 56 Ri-
bus nigrum, 3.

Rice, polished, carotinoids in, 88.

Rivulariaceae, 111

Robinia pseudo-ocacia, 249.

Rosa canina, 80.

Rosaceae, autumn reddening of, 65.

Rosa rugosa, 88, 81; Ruxa spec:es, 74;
plgments m run.s of,

Roots, yellow, need of sLudy of pig-
mentg in, 88.

Rugosa rose, autumn pigments of, 58;
xanthOphyLls in fruit of, 81.

Rubicen, a red non-carotinoid hydro-
carbon, 238,

Rubus caestus, 251.

Rudbeckic Neumani, 74.

Rutabaga, pigment of 29.

Ruta graveolens, 251,

Rusts, carotinoids in, 113-116,
function of carotinoids in, 263.

Rye straw, yellow pigment of in au-
tumn, &9.

123;

Sacaline, autumn pigments of, 58.
Salamanders, carotinoids of, 149, 153.
Salemandra osa, 149.
Saliz babylonica, 58.
Saliz Caprea, 58.
Salmon, x'admg of flesh of dunng i~
Snipr':non to spawning beds,

on muscle, pigments of 147 148,

152; as modified cnrot.mmd 195.

Salmon pigments, influence of food on,

Sambucus nigra L., variety aurca, 54;
Sambucus nigra Iohw luteis, 54, 55.

Baponification, effect of on cumhnmds
205.

Saturnia Pernyi, 157; 8. Pyri, 157,
Sazifraga umbross, winter reddening of,

65.

Bearlet Red, as dye for carotinoids in
animal tissués, 244.

.. Bcamber nmml;ru!l 147.

. Sca-poem scrofa, 147,

haera peradoza, 105.

Sea cucumbars, carotinoids in, 165 168.

Sen lilies, earotinoids in, 105,

Scu urching, caratinoids m, 165 167,

Beeds, carotinoids in,

b(lagmdla 59, 65.

Selencides ulbn, 145.

Sevame-seed oil, pignent of not a caro-
tinoid, 87.

Scsamum indicum, 87,

Shanks, pigments of skin of in fowls
and other birds, 140, 145,

Silk. color of s influenced by color
of blood of silkworm, 186,

Silphium perfokatum, 74

Silver poplur, autumn plgmunts of, 58.

Sinapadiz Petrichiana Hort.,

Sinapis atba, 52, 74,

b(pluwampylos “bicolor G, Dow., 72.

Siphonales, 104.

Siphonociadiales, 104.

Siphonuvstoma  diplochaitos,
phonovstoma typhle, 147,

Su\ymbnum Sophia, 74,

Sittace Macao, 143, 145,

Skin, cause of fndmg of in fowls during
egg laying, 273,

8kin of waminuls, carotincids in, 135~
137; effect of diet on, 135-137, 183,
194, 273,

Slime wolds, carotinoids in, 118, 118,
123.

168; 8i-

Snuclt, carotin in skin of, 147,
Smirinthus Oscellatus, 156; 8, Populi,

5 8. Tiliae, 156
Smuts, 113,
Snels, curotinoid in liver and shells
of, 167, 172.

SI]LIL&,S LdrULIDOIdE in, 149, 150.
bnuzcwuod carotinoids in Howers of,

Sulunorubm, 82 104.

Sola¢

76; S.
palum, 77 S dulvamara, 81
num P 75;
Luberosum, 249,
So.aster papposa, 166.
Solea varicyaia, 147,
Solvents for carotinoids, 204.
Sorbus aria, Crantz., 80; Sorbus aucu-
paria, 56, 81.
S]NILTOALUUL coccaphila, 116, 118,
Spaerotius roseus, 120, 121, 123,
Sparmania ofricans, 58.
Spathularia jtavde Pers, 116, 117,
Specificity of c‘xmunold.s in ani
origin of, 196, 197,
Spec&roscupu. absarptwn properties of
carotin solutions, 220-222; of solid
earotin, 222; of fucoxanthin, 231; of

m,
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lycopm, 223, 224; of sh

A 1o
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g tantuch
Taner P

of crysta.lhne xanthophyll, 223,

228 of santhophyll a, 228; of xan-
thophyﬂs a' and a'’, 229; of xap-
thophyll B, 229,

Spermothamnion roscolum, 101,

Sphacerella (Hacmatoccus or Chlamy-
dococecus) pluvialis, 105,

Sphacropleacea, 104,

Sphine Ligustru, 157,

Spider (Br;b red pigment in eggs of,

2,
Spinach, as source of carotin, 36; caro-
tin content of, 248, 250.
Spinachia inermis, 249;
oleracen and glabra, 36,
Spindle-tree, European, pigments in
fruits of, 76.

Spiraea species, variety aurea, 54.

bpxrogym, 35, 103, 104; szrowra cras-
sa, 1 8. mazima,

Sponges, carotinoids in, 169 170, 172.

Sporidia, 114, 116.

Spring Adoms carotinoids in flowers
of, 73.

Squnsh, pigments in yellow varieties of,
79,

Spinachia

Slariium Juncewm L., 73.
Stemonitis ferrugines, 119; S. fusca,
119.

Stichococcus majus, 104,

Stilophorum diphylium Nutt., 72.

Stinging nettle, carotin content of, 249,
250.

Stone-worts, carotinoids in, 102, 122,
Stmmomum carotin conteut of 249.
Streutzia Reginae, 74,

Strawberry Tomato, carotin in, 79.

Suberites flavus, 170; 8. massa, 170; 8.
domuncula, 170.

Sudan , a8 dye for carotinoids . in
animal tissues, 244; effect.of feeding
to fowls, 138, 274,

Sudanophiles, 245.

Suipburic acid color reaction, non-
sz;ciﬁcity of for carotinoids, 233,
2

v Schefl,,
.
Tarody

58; Tard

officinale, 70, 72, 73.

Tarus baccata, 59 86, 216, 249,

Tedania Mugguma, 170,

Teica Polyphemus, 157,

Telekia_speciosissima, 74,

Terebella species, 168,

Tethya Lyncureum, 170.

Tetronerythrin, 23; in blood of lobster,
erab and craybsh 162; in fish hvers,
148 m fish skins, 146; in wattles and
“roses” of pheasants 142,

Thermopsis lanceolata R. Br,, 74.

Thuja ericoides, 65; Thuja orienioalis,
59, 66, 216, 230, 251 Thuja standtshv,,
85,

distich

Thujorhordin, 65, 66; relation of to
rhodoxanthin, 66.

Tiga iridactyla, 145.

Tigerfinch, pigments in feathers of,
143, 144,

Tzlm, 80; Tilia platyphylla, 249.

Tillondsia splendens, 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,

Tolypothriz 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' suppresaion of ly-
copin in, 266.

Torch Lxly, carotinoids in, 74.

Tortoise, ‘xanthophyll in, 150 153,

Torula cinnaberma, 119; T. rubm 118,

Touch-me-not, carotmmds 73.

Tree tomato, “lutein in, 75.
Trentephol.u (Chroolepua) aurea, 104;
T. aureum-tomemosum, 104; 7. bv-

tta; T.
amu, T ;olu‘,hus, T. mmma,cy".

Sunflower leaveé, etiolated of,
52,

Sunflowers, thin in, 67; th

- orm mis; T. umbrina, 104,
ricosanl

phylls ig, 7
Sunﬂower-seed oil, pigment of not a
carotmmd, 87.
leaves,  of,
58 ea.rotm content of, 249, earotin

Smmthuc acus, 147,

Tagetes erecta, 78; Togetes patuls, 74.
Tmmu wmmuuq. BO, 8.

, 76.
Trigla I 147; T. hirundo, 147.
Tntwum wlaare, 9.

Triton cristatus, 149

Triiomia aurea, 74

Trogon Massera, 1

Trollwa auatwuc L 72; Trollius euro-

;":: ol oy 73,74; T. 74,

opaeolum mapu wminus,

Tropical fruits, pigments of, 76, 77.
Tubularia tndivisa, 169. .
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Tulipa Gesneriana L, 73, 74; Tulipa
hortensis Gagrim., 7

Tulips, Anthocyamns m 75;
phylls in, 73.

Tulip tree, autumn pigments of, 58;
carotio in flowers of, 72.

Turk’s-cap gourd, pigmenta of, 78.

T‘?znip leaves, etiolated pigments of,

xantho-

Turnip root, yellow (Brassica Rapa L.),
glation of red pigment in to lycopin,

Turtles, corotinoids in, 149, 150.
Tussilago Farfare L., 73.

Uranidise, a skin pigment of sea cu-
cumbers, 186,

Uredineae, 113-116, 263.

Uredo euphrasiz, 114, 116.

Uredo spores, color of 115,

Uric aad denvatlves, butterfly pig-
ments caused by, 155.

Uromyces alchemillge, 114,

Urtica, 38, 45; Urtica dioica, aa source
g{gmrotm, 202 carotin content of,

Ulez europaeus, 73.

Ulmus compestris, 58, 5!

Ulva lactuca, quantlty of carotinoids
in, 103.

ULLales, 104,

Unsaponifisble matter of fats, caro-
tinoids and vitamin A in, 206.

Uvalaria grandifiora, T

Vauchena species, 104.
Vegetable oils, as solvent for chloro-
yll in Kraus separation, 32; lack

of correlation between pigmentation
and vitamin content of, 270.

Verbascum species, 73; Verbascum
thapsijorma, 71, 74, 115,

V:bumum Opulua, 77 "Viburnum Tinus,

Vmca Major, 24

Viola biflora, 74; lea cornuia L., va-
riety Daldowie yellow, 74; Viola
lutes, 74; Viola odorata, 71, 74 249;
Viola tricolar L., 73.

Violet algae, 104, 105.

Violet, Horned, earotinoids in, 74;
sweet, quantxty of carotin in, 71 %7
carotinoids in, 74; yellow petal, caro-
tinoids in, 7.

Virbius mgdu 184

Vitamin A, extractability of from al-
falfa, cax:row and. yellow maize, 269;

relationship of to carotinoids, 288-270,

1.
. Vitellolutein, 162.
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Vitellorubin, 23, 162,
Vit coignetine, 58; Vitls vinifera, 249.

Waldsteima geoides, 74.

Wall-flower, xanthophylls in, 72; an-
Uxoc;nmus in, 7.

Walnut leaves, carotin content of, 249.

Waste products carotinoids as in plnnt.s
and animals, 202, 263.

Watermelon, pigments of flesh of, 78.

Wheat lenves, carotin content of, 240;
flour, uubleuched carotinoids of B8;
seedlings, ctiolated pigments of 52,

White Benm.-tree, carotincids in fruit
of, 80.

Wild Ginger, carotin in fruit of, 79.
Witlow, Goat, sutuma pigments of 58;
‘weeping, autumn pigments _of, 88.

Winter Aconite, carotinoids in '73.

‘Woodpecker, pigments in teathers of,
143-145,

Woims, earotinoids in, 188, 169; color
of as influenced by food 186, non-
carotinoids in, 154.

Wrasse, carotinoids in, 161,

Xantheins, relation to anthocyanins and
flavones, 87,

Xanthemia, 136.

Xanthia flavago, 157.

Xanthin of C. Krause in autumn
leaves, relation of to carotin, 80; of
Dxppel relation to carotin and xan-
thophyll, 34; in yeliow leaves, 54;
of Frémy and Cloéz, 67,

Xanthocarotin, 38, 39; alleged transfor-
mation of to xanthoph;ll 39; rela-
tion of to carotinoids, 39.

Xanthomelus aureus, 144. 145,

Xanthoes, 21.

Xanthophanes in bird retinas, rela-
tion of to xanthophyll, 142

Xanthophane-like pigment in Tubu-
laria mdwma, 169,

Xanthosis,

Xanthophyll absorptwn of axygen by,

eged ptaduczzon of {rom
camtxn and c hyll, 265; copsti-
tution of, 238; eﬁ};ct of alkalis on,
3 226, excretion of by skin in
fowls, 274; balogen derivatives of,
237; molamon of from blood serum,
214, 215; from egg yolk, 212-214;
from green leaves, 209-212, 251; lack
of hydroxyl, carboxyl and ca.rbcnyl
groups in ‘molecule of, 47; origin of
pame of, 31; reductwn of to carotin,
48; relation’of to carotin, n,

Xanthophv]l o of Tewett;

ibg properties of, 228; relation of to
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crystaliine xanthophyll of Willstit-
ter, 45; to egg yolk xanthophyll, 45,

139,
Xanthophyll B of Kohl, not true xan-
oph, )]y 4.

th ;f v,

Xanthophyll 8 of Tewett, blue color
reaction of aleoholic solution of with

Cl, 33, 229; relation of to crystal-

line xanthophyll, 45.

Xantbo(fhyﬂ 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, 200-215; origin of, 139, 197, 268;
relation of to xanthophyll o, 45, 139,
151; variation in melting point of
from plant xanthophyll, 175,

Xanthophyll crystals, 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
‘Tachireh, 37, 38.

Xanthophyll solutions, properties of,
224-229; relative color of compared
to carotin, 225.

Xanthophylls, effect of acids on alco-
holic solutions of, 40, 41, 228, 229;
method of separation of by chroma-
tographic analysis, 226-228; micro-

INDEX OF SUBJECTS

chemical identification of in plant
tissues, 241, 242; separation of from
carotin, 252, 253. i
Xanthophylls @' and «”, distinguish-
ing properties of, 228, 228,
Xanthophylloids of Lubimenko, 20.
Xanthophyll-rich food, effect of on
color of butter, 192.

Yam, sutumn pigments of, 58.

Yellow Day Lily, carotinoids in, 73.

Yellow earotin, 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 Tawett’s xanthophyli
B, 44.

Yew, 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.

Zca mays, 87.

Zoonerythrine, as red pigment in bird
feathers, 143; in Crustaces, 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, s red non-carotinoid in bird
feathers, 143.
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