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GENERAL INTRODUCTION 

American Chemical Socicty Series of 

Scientific and Technologic Monographs 

By arrangement with the lnterallied Conference of Pure and Ap­
plied Chemistry, which met in London and Brussels in July, 1919, the 
American Chemical Society was to undertake the production and 
publication of Scientific and Technologic Monographs on chemical 
sUbjeets. At the same time it was agreed that the National Research 
Council, in cooperation with the American Chemical Society ,and the 
American Physical Society, should undertake the production and pub­
lication of Critical Tubles of Chemical and Physical Constants, The 
American Chemical Society and the National Research Council mu­
tually agreed to care for these two fields of chemical development. 
The American Chemical Society named as Trustees, to make the nec­
essary arrangements for the publicatitm of the monographs, Charles 
L, Parsons, Secretary of the American Chemical Society, Washington, 
D. C.; John E. Teeple, Treasurer of the American Chemical Society, 
New York City; and Professor Gellert Alleman of Swarthmore Col­
lege. The Trustees have arranged for the publication of the American 
Chemical Society series of (a) Scicntific and (b) Technologic Mono­
graphs by the Chemical Catalog Company of New York City. 

The Council, acting through the Committee on National Policy of 
the American Chemical Society, appointed the editors, named at the 
close of this introduction, to have charge of securing authors, and of 
considering critically the manuseripta prepared. The editors c,f each 
mea will endeavor to select topics which are of current interest and 
authors who are reCognized as authorities in their respective fields. 
The liat of monographs thus far secured appears in the publisher'. 
own announcement elsewhere in this volume. 

'}'he development of knowledge in all branches of science, and espe­
cially in chemistry, has been 80 rapid during the last fifty years and 
the fields covered by this develqpment have been 80 varied that it is 
ditlicuIt for any individual to keep in touch with the progreu in 
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4 GENERAL INTRODUCTION 

branches of science outside his own specialty. In spite of the facilities 
for the examination of the literature given by Chemical Abstracts and 
BUch compendia as Bcilstein's Handbuch der Organischen Chemic, 
Richter'. Lexikon, Ostwald's Lehrbuch der Allgemeinen Chemic, 
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 coordinate the knowledge available upon II 

single topic. Consequently when men who have spent years in the 
study of important subjects are willing to coordinate their knowledge 
and present it in concise, readable form, they perform II service of the 
highest value to their fellow chemists. 

It was with a clear recognition of tlle usefulness of reviews of 
this character that II Committee of the American Chemical Society 
recommended the puhlication of the two series of monographs under 
the auspices of the Society. 

Two rather distinct purposes are to be served by these monographs. 
The first purpose, whose fulfilment will probably render to chemists 
in general the most important service, is to present the knowledge 
available upon the chosen topic in a readable form, intelligible to 
those whose activities may be along a wholly different line. Many 
chemists filii to realize how closely their investigations may be con­
nected with other work which on the surface appears far afield from 
their own. These monographs will enable such men to form closer 
contact with the work of chemists in other lines of research. The 
second purpose is to promote research in the branch of science covered 
by the monograph, by furnishing a well digested survey of the prog­
ress already made in that field and by pointing out directions in which 
investigation needs to be extended. To facilitate the attainment of 
this purpose, it is intended to include extended references to the litera­
ture, which will enable anyone interested to follow up the BUbjeet 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 Society inasmuch as it is a serious 
attempt to found an American chemical literature without primary 
regard to commercial considefations. The sueeees of the venture will 
depend in large part upon the measure of co(iperamon whiCh caD be 
IIeeIll'Ild in the preparation of books dealing adequately with topics of 
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general interest; it is earnestly hoped, therefore, that every Ill1)row of 
the vnrious organizations in the chemical IUld allied industries will 
recognize the importance of the enterprise and take sufficient interest 
to justify it. 

AMERICAN CHEMICAL SOCIETY 

BOARD OF EDITORS 

Scientific Series:-
WILLIAM A. NOYES, Editor, 
GILBliJRT N. LEWlS, 

4F~YETTE B. MENDEL, 

ARTltUR A. NOYES, 

JULlUS STIEGLITZ. 

Technologic Serics:-
JOHN JOHNSTON, Editor, 
C. G. DERICK, 

WILLIAM HOOItINS, 

F. A. LroBUR., 
ARTUUR D. LITTLE, 

C. L. REESE, 
C. P. TOWNSEND. 
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PREFACE 

Color in nature may properly be divided into two group., nnmely, 
color due to structure, which is caused by light reflections from r<>l­
loidal particles of air or water, and color due w pigment., 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. 

Th!, present monograph treats of pigmented substnnces having a 
yellow, yellow-orange, orange, red-orange and red color. So far flS the 
author is aware no authentic instances of structural colors of thene 
hues have been reported. In fnct, the wave length of light in these 
regions of the spectrum is probuLly too great for such II phenomenon 
to occur for colloidal emulsions having the refractive index of air or 
water. The particular pigments to be considered arc widely dis­
tributed in every stage of living matter, and are perhaps more fre­
quently encountered than Rny other class of natural pigments. They 
have attracted the attention of the biologists for at lenst 100 yea.rs. 
Among the earliest inquiries were those of Caventau (1817) lind 
Goebel (1823). The former was interested in tbe yellow pigment of 
the daffodil, the latter in the pigments of the crab and in the feet of 
doves and geese. 

Active investigation pf these pigments in plants and animals has 
been confined to the past fifty years. It has only been within the past 
fifteen years, however, that the chemical comp<:JSition of any of thene 
pigments has been definitely established. Their constitution still Jffers 
a fascinating problem for the organic chemist. 

The writer favors Tswett's terminology of carotinoid. for these pig­
ments. From the standpoint of phywchemistry there is definite 
evidence for the existence of five carotinoids, with indications that 
several others also occur. When it was discovered that certain of the 
carotinoids occur in animals it was believed that both plants and ani­
mals synthesize these pigments. It soon became apparent, however, 
that the ehroroolipoids found ill the higher animals, at least those 
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8 PREFACE 

which have been identified as cnrotinoids, are in reality merely derived 
from the food. The assumption therefore seems justified that a similar 
biological rclution.hip exists between all the chromolipoids of plant 
and animal life; in other words, that all animal chromolipoids are 
derived pigments and 'Ire 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 surh information regarding the pigments as 
would be useful to workers who desire to attack the many interesting 
problcms in this branch of plant and animal chromat<Jlogy. Third, he 
has made nn effort to point out lines of research which might prove 
attractive to those interested in this subject. The author hopes that 
he has had a reasonable measure of success in his efforts. 

For the convenience of readers who have not been trained i~ sys­
tematic nomenclature the scientific name of the individual species of 
plants and animals in which carotinoids occnr 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 bc of interest to the reader to know that the carotinoid pig­
ments in plants and animals have proved to be of some practical 
importance. The uses to which their occurrence in animals have been 
put are reserved for discussion in Chapter XI of the monograph. Tbe 
occurrence of carotilloids 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 chlorophyIIs and carotinoids are present together in the chIaro­
plastids. The visibility of the rays reflected from the carotinoids is 
so 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 7~ and a narrow band, with low 
transmission in the green at about ~, so that natural green foliage 
viewed through this filter appeared red, while camouflaged foliage on 
which green paint only was used, appeared green. 

The writer has encountered 10 much difference of opinion regarding 
the eorrect pronunciation of eertain words which· are used vmy fre.. 



PREFACE • 
quently in this monograph that he begs to suggest, for the sake of 
uniformity, the following pronuD('iatioDs whirh nre bt>lievM to be in 
keeping with the best modern English usage. 

Carotin = K Ii r' 0 -tin. 
Carotinoid = Kar" t. - tin - Did'. 
Lipochrome = Lip' 0- k rom. 
Chromolipoid = Kr(\m -;; -1 i p' oid. 
Chromat-ogram = K rom" - a t (\ - gr am'. 
In conclusion the author wisht's to acknowledge his indebtedncss to 

his colleague, Dr. R. A. Gortner, for many helpful criticisms in the 
preparation of the manuscript; to Dr. Josephine E. Tilden of tbe 
Department of Botany, l'nivcrsity of Minnesota, for classifying the 
algm in wbich carotinoids occur, and to Mr. Lloyd A. Janea, of the 
Eastman Kodak Co., for informat.ion regllrding tile light filtel'8 devised 
in tbe Eastman Research laboratories during the war. 

ST. PAUL, MINN. 

July 1, 1922. 
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CAROTINOIDS AND RELAtED 
PIGMENTS 

Chapter I 

General Distribution of Carotinoids. The Pigments 
Defined 

Red, orange lind yellow pigments which can be extracted (rom til­
sues by fat soh'ents are found abundantly in all forms of living mat­
ter. In the plant world they nre present in nearly all species ranging 
from bacteria, the lowest forms of cryptogams, tn 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 sud animal fields naturally based the classification of the 
pigments on simple properties, so that it is not surprising to find thst 
many names have been proposed for what is obviously the same 
pigment. 

This diversity in nomenclature is found to be especially true among 
the yellow animal pigments, and can be traced in most instances to 
slight variations in certain of the simple properties which were re­
garded as specific for various types of pigment. In some cases these 
variations w~ due tn 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 .vere 
due to the examination of the pigment in amorphous condition or in 
solution, without reference to the possible effect which these states 
might exert npon the particular properties being studied. Again, there 
WII8 frequently an abundant contamination with lipoid impurities, 
which are invariably separated with the pigments from animal tis­
eues. Another, still more important CaU8e for these variations WlI8 

the failu:re to protect the' pigmeats from oxidation. The true caro­
.tmoidI!, which unquestionably ClOIIlpl'i!e the great majority of yellow 
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14 CAROTINOlDS AND RELATED PIGMENTS 

and red tinted animal pigments included under the older term lipo­
chrome, are characterized by the ease with which they oxidize when in 
solution or in the solid state. The earlier workers did not recognize, 
however, that some of the most characteristic properties of these pig­
ments are subject to modification even in the earliest stages of oxida­
tion. This is particularly true of tbe color reactions witb various 
reagents, and the spectroscopic properties, which have heen used so 
widely, and mnny 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 u~od by various workers in the field of plant pigments, 
has been the cause of 60 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. 

Luteim 

The fiI'Bt 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 tbe 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 "Iuteinen pigments. It 
is doubtful whether Thudichum was familiar with the work of Pie­
colo and Liehen (1866), wbo bad crystallized the corpus luteum pig­
ment a few years previously and named it luteohiimatoidin or hama­
lutein. However, Thudichum mentioned the work of Holm (1867), 
who isolated the corpus luteum pigment and called it hiimatoidin. 

ThudicllUm's luteins included, besidea the corpus Juteum pigment, 
the yellow pigment of blood serum, adiJ- tisane and butter, 8IId the 
yellow pigment of ea yolk. The vegetable pip:lenw in the IuteiJI. 
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group included the pigment of yellow maile, and annatto seeds, the 
pigment of the carrot root nnd of yellow leaves, such lUI those of the 
Coleus, and the pigmentB which chnra~terile the .truneDs aDd petals of 
many flowers. 

The basis for tlw clnssificntion of the"e pigments into one group 
was: (1) their common solubility in alcohol, ether and chlorofonn, 
nnd in albuminous liquids like blood serum; (2) the fad that their 
solutions showed thN'. absorption band. in the blue, indi~o and violet 
region of the spectrum: (3) the fa!'t that they could be crystallized 
in the form of rhombic plates; (4) certain common chemieal reactions, 
such SA their pr<'<'ipitntion by m('reurir acetat. nnd mercuric nitrate, 
and their blue color reaction with nitric arid. when the pigments were 
in the solid stah' or in 80lution in acetic arid; (6) and their affinity 
for albumin. ns in blood ""rum and the fluid of o\Oarinn cysts, from 
which the pigments are extracted with difficulty. 

Thudichum's classification never received wide adoption. In fact, 
the ]uteins. as defined by Thudichum, compri"" a number of different 
pigments. Moreover, our present knowledge regarding practically all 
the pigments which were included in this clll,sifirnOon shows thnt cer­
tain of the characteristic lutein properti('s' are "perifie only for cer­
tain individuals of the group. The final abandonment of this classifi­
cation nppeaTS in the recent application of the name lutein by WiIl­
.tiitter nnd Escher (1912) to the sperific crystalline pigment isolated 
by them from the yolk. of hen's eggs. This usc of the nnme appears 
to the author to be illogical both from the standpoint of function and 
anatomy as well as on other biol~ical grounds. The name lutein 
obviously suggests the body from which the name Was derived, namely, 
the corpus luteum. The yolk of the egg of the oviparous animal is 
certainly not related to the corpu. luteum either functionally or an­
atomically. Moreover, the egg yolk pigment has been demonstrated 
by Palmer (1915) to be physiologically as well a! chemically identical 
with at least one, and probably a group of the plant pigments wl:iich 
are known as xanthophylls. Egg yolk xanthophyll is, in faet, Ii true; 
carotinoid, or mixture of carotinoids, and n,! further designation 
appears necessary. 

t The heTetofore InexpUeahle pro~ of beta .. predpitatOO by ~1'1 .. 1 .. , h«tbed 
to the Inteln8 b)' TbucUdlum. beeoJnM dear ()JJly fa the tla:ht of Palm,"'. (1914- e) obMr~ 
T.tlotI. that tbe albumin with .. bleb carotin ia BOmetJmetf ~ted ib tlte blood eerum 
(I( ... _ fa _pita.'" bT _....,. .. Its. It It> ..... _It> IIlat Tha4l_ 
-'" .... phenomenon of tit. IIdIlOt'l>lloa or _ lIT m_17 1&1" __ lIT 
_(I_b). • 
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Lipochromu 

Krukenberg (1882k, 1886), a number of years after Thudichum, 
proposed the name lipochrome t<l cover all the animal and plant pig­
ments which had previously been known as luteins, carotins, zoonery­
thrin, tetronerythrin, chlorophan, xanthophan and rhodophan. The 
name lipochrome has been widely adopted and due to the very broad 
basis upon which the name was founded it has been applied to numer­
ous plant and animal pigments not mentioned by Krukenberg, or 
unknown to him. Krukenberg believed that all the pigments which 
he proposed t<l 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 a8 chloro­
phyll and many vegetable dyes of various colors, which have a marked 
affinity for fat. Numerous workers object to the use of the name lipo­
chrome on this account. Kohl (1902a), for example, in his extensive 

, monograph on carotin, objects to designating this pigment as a lipo­
chrome because of the numerous cases in which it is known to occur 
free from fat, and also because he believes that where carotin is 
actually found associated with fat it is in combination with the fat 
and not merely in solution. 

The particular properties by which Krukenberg (1886) proposed to 
judge whether a pigment should be classified as a lipochrome are, in 
general, as follows: They are soluble in a1cobols (methyl, ethyl and 
amyl), ether, chloroform, benzene, carbon disulfide, petroleum ether 
and acetone; in the solid state they are colored blue-green to blue by 
concentrated sulphuric and nitric acids and generally blue-green with 
iodine in potassium iodide; they show two and sometimes three absorp­
tion bands in the blue and violet region of the spectrum; they are not 
destroyed on boiling with alcoholic caustic alkalies; in the solid state 
they are greenish-yellow, yellow, orange or red, and their solutions are 
yellow; they are very sensitive to light and readily bleach, the 
bleached pigments being similar to cholesterol. 

Subsequent investigations of the lipochromes, using the class char­
acteristics defined by Kruirenberg, have added very little to our knowl­
edge <If the properties of these pigments considered as 8 group, but 
have tlIll'Ved merely to defiDe more closely certain of the criteria enll-
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m~rated. Krukenberg believed that all lipochromes should be regarded 
I\B composed of carbon, hydrogen and oxygen, and free from nitrogen. 
At the present time hydrocarbons, such as carotin and its isomers, 
I\B well as the oxyhydrocarbons, fulfill all the characteristics of Hpa­
chromes. Probably wider use has been made of the color reactions 
with concentrated sulphuric and nitric acids and with iodine in potas­
sium iodide than any of the other class characteristics for identifying 
pigments as lipochrome" although many studies bave also included" 
spectroscopic observations. Unfortunately the color reactions and 
spectroscopic properties are subject to greater variation than any of 
the others upon which the classification is based. The result of the 
color tests as well as the quality of the color is often influenced 
strongly by admixture with foreign substances, and this is apparently 
especially true for the reaction with iodine in potassium iodide. Simi­
larly the spectroscopic absorption properties are subject to wide varia­
tion as to the position of the bands as well as their definiteness by 
reason of admixture with impurities, concentration of pigment, and the 
solvent employed. 

Lipoxanthi'fl8 

A more recent attempt than Krukenberg's to bring all the known 
plant and animal pigments with like properties under one name is 
that of Schrotter-Kristelli (1895a), who proposed to group together 
all the various plant and animal coloring matters which had previously 
been known as etiolin, chlorophyll yellow, xanthin, anthoxanthin, 
lutein, xanthophyll, chrysophyll, carotin, phylloxanthin, phycoxanthin, 
erythrophyll, solanorubin, lipoxanthin, haematochrom, chlororufin, 
baeteriopurpurin, 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, their 
insolubility in water, their blue color reaction with concentrated sul­
phuric acid, their absorption of the violet end of the spectrum, their 
lack of :fluorescence when in solution, and their ease of destruction hy 
light and oxygen. Sehrotter-Kristelli believed that the slight dif­
ferences in the spectroscopic properties of the various pigments were 
dne to their ease of destruction. 

A.ooording to this author lipoxanthiJls have been demonstrated to 
occur in all green leaves, in autumn leavesr in many :flowers and fruits, 
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in arils and roots, in alg", 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 Chry8ome!idre and Coc­
cineUidre, and in the secretions of various crustacea', such as various 
kinds of Diaptoma, and M aia squinado as well as in still lower forms 
of animal life. 

The Jipoxnnthins are thus seen to be a more or less indefinite group 
. of pigments, whose classification together under one head is secured 
just as well by the older term lipochrome, which no doubt explains 
why the proposed term never received wide recognition, 

ChromoliptYids 

As our knowledge of the so-called Iipochromes and Iipoxanthins 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 Iipoxanthin seem to be more and more valid, The 
botanists have been the first to definitely break away from the old 
terminology as exemplified by the citation from Kohl's monograph, 
Czapek (1913a) proposes to meet the objections to the name lipo­
chrome by calling the pigments chromolipoids. His point of view is 
that the lipochromes, at least in plants, are to be classed with the 
lipoids by reason of their many fat-like properties, especialty 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, ahsorb oxygen very readily. 
CZapek's terminology has much in its favor, in the opinion of the 
author. It is at least preferable from many standpoints to the more 
or less misleading term lipochrome. 

Ca:rotinoids 

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 ca.rota. At one time the name caro­
tin was used to cover all the plant chromolipoids. When it became 
known that differences existed between many of the so-called earn­
tins, the name was .changed to carotinen, or investigators spoke of the 
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"carotin group." The discovery that carotin itself is a hydrocarbon 
led to the adoption of the name "carotene," us proposed by Arnaud 
(1886). The London Chemical Society favors the spelling "carrotene" 
for the hydrocarbon. 

Zopf (1893a, 1895) proposed to distinguish between two groups of 
carotins, namely, eucarotins (true carotins) which were hydrocarbon 
in nature and earotinins, which contained oxygen as well, and fomlCd 
compounds with the alkali and alkaline earth metals. It should be 
stated, however, that Zopf used the term carotin synonymously with 
lipochrome in most of his extensive studies of the pigments of the 
lower forms of plants and animals. His euearotins, which were some­
times called yellow carotins, unquestionably contained representatives 
of our present group of xanthophylls whose chemical relation to caro­
tin was not discovered until several years later. The carotinins of 
Zopf were red in color. The belief that they contained oxygen was 
based on the fact that they appeared to form alkali and alkali earth 
compounds. Obviously the carotin ins 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 carotin ins. The nature of the compounds 
which the latter are stated to form with sodium, calcium and barium 
remains to be determined, as well as their true relation to the caro­
tinoids. The carotinins appear to be constituents of both plants and 
animals, as will appear from a fuller account of them given in Chap­
ters III and V. 

Tswett (1911a), to whose ingenuity we owe much of our knowledge 
regarding the physico-chemical properties of the chromolipoids, has 
proposed the term "carotinoide" for the various ehromolipoids which 
are chemically and generically related to carotin. He would desig­
nate as carotins all those chromolipoids whose constitution and prop­
erties show themselves to be hydrocarbons, and as xanthophylls all 
those whose constitution and properties show themselves to be oxy­
hydrocarbons and which are chemically, as well as generically, related 
to carotin. 

Tswett's terminology has been widely adopted. The author has 
also used it consistently in his own writings. The teI:m carotinoid has 
the objection, however, that the -oid ending is derived from the Greek 
O.oIIS, ahape, so that strictly speaking the carotinoids are pigmenta, 
which resemble carotin in form or, structure only. As yet nothing: 
definite is known regarding the structur,!! of the carotinoids. The 
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word form cannot be restricted to crystalline form, inasmuch as the 
crystalline form of the carotinoids varies widely depending upon the 
solvent from which they separate. As will be pointed out later, how­
ever, the carotinoids must of neceBBity be closely related structurally. 
Their close chemical relations and the fact that they are invariably 
found together in chlorophyllous organs support this view. 

Tswett's terminology has given promise of presenting a very simple 
solution of the difficulties of nomenclature in connection with the vari­
ous red and yellow tinted pigments which conform to the properties 
of the so-called lipochromes so widely distributed in all forms of plant 
life. Unfortunately, however, Luhimenko (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, Iycopin, etc., but of caro­
tinoids, xanthophylloids, Iycopinoids, etc., as well. One cannot but 
express the opinion that our knowledge of the carotinoids in the sense 
used by Tswett, and followed in thi .. 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, Iycopin, 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..H •• and C .. H"O., it seems little short of pre­
posterous to aBBume 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 tiBBUes and fluids of the higher mammals and 
man, and of the egg yolk and bodies of oviparous animals, is a cri­
terion of similar relations throughout the entire realm of the animal 
kingdom, then Tswett's terminology is equally applicable to the 
yellow and red tinted chromolipoids so widely distributed in all fmms 
of animal life.. The probability of such a relationship is, in fact,-the 
basis of the present monograph. 
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N on-carotiMid Plant Pigment8 

Carotinoids, however, are not the only yellow and orange colored 
pigments found in the plant and animal kingdoms, which fact must 
not be lost sight of in the examination of plant and animal products 
for the presence of carotinoid pigments. 

Although all plant pigments have a hydrocarbon nucleus there are 
only a few yellow to red hydrocarbons known which are not carotin­
oids. They are the acenaphtylene of Behr and van Dorp (1873), 
Blumenthal (1874) and Graebe (1893), the di-biphenylenathene of de 
la Harpe and van Dorp (1875) and Graebe (1892), the fulvenes of 
Thiele (19OOa), the cinnamylidenindene of Thiele (l900b), 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"O., (2) Euxanthone, 
C"H.(OH),O" (3) Maclaurin, C18H, (OH).O, (4) Datiscetin, or 
di-methyl-tetraoxyxanthone, C .. H"O., and (5) Gentisein, C"H.­
(OH),O,. 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, ~-phenyl-benzo-y-pyrone. 
Many of the natural pigments occur as glucosides and are regarded 
as the chromogens from which anthocyanins are derived (Wheldale, 
1916). Some of the more interesting members with a yellow color 
are (1) Luteolin, which is not to be confused with the carotinoid, 
Eteolin, but which is 1,2, 3, 4-tetra:-oxyflavon; and (2) Gossyptin, the 
yellow dye in the yellow flowers of the Indian cotton (Go881flJium 
herbaceum) , occurring there as a glucoside. No doubt the yellow 
color of cottonseed meal is due in part to Gossyptin, which can. J:oe 
extracted from cotton flowers with hot alcohol. The pure pigment 
exists as glistening yellow needles. 

Besides the xanthones and flavones other yellow pigments are found 
in plant parts, among whic.h may be mentioned chrysophanic acid, a 
methyl di-hydroxy anthracene whose solution in alcohol, ether, ace­
tone, benzene, chloroform or petroleum ether will dye animal tissues a 
deep yellow color. Of special interest in this connection is the yellow 
pigiDent of the seeds of annatto (Bim or'ellana), called bixin or I 
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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 seen that 
bixin, while corresponding well to the lipochrome classification, is in 

,no sense a carotinoid. Palmer and Kempster (191ge) have shown that 
the annatto pigment has no effect on the coloration of the tissues 
when fed to fowls. 

Other vegetable coloring matters of a yellow color giving reactions 
in some cases similar to carotinoids, but of entirely different com­
position, are Crocin, and Crocitin, flavones which are found in the 
petals and pollen grains of the Indian crocus (Crocus sativus), which 
dissolve in concentrated sulphuric and nitric acids, with a deep blue 
color, which passes, however, into a brown shade. Another yellow 
vegetable dye showing a like reaction, although the after shade with 
the acid reagents is yellow, is the nyctanthin which Hill and Sikar 
(1907) described a few years ago. The empirical formula for this dye 
C •• H"O., has an interesting resemblance to that of the carotinoids, 
at least when one doubles the above formula. 

The yellow, orange, and red colors seen frequently among the fungi 
of the lichen and mushroom types appear to be due in many cases to 
pigments of a nature quite different from the carotinoids. Chryso­
phanic acid, mentioned above, sometimes occurs among these plants, 
as well as many other like coloring matters which have been named 
of Zopf (l889b, 1892b, 1893b) and which other workers have found 
occurring among the Ba8idiomycetes. 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 charac.teristic of the lipochromes. 

Non-carotmoid Animal Pigments 

Several yellow pigments are present in animal tissues and fluids 
whieh are not to be mistaken for carotinoids. One of these, whOse 
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constitution is unknown, but whieh is thought to be derived from the 
blood corpuscles, is hiimatoidin, a yellow crystallizable pigment found 
in old blood exudates, in mummified embryos, and sometimes in the 
urine and other excreta. First described and named by Virchow 
(1847) and later by others, its origin as well as chemical properties 
and crystalline form have been re("cntly studied anew by Neumann 
(1904, 1905). Holm (1867) thought the corpus luteum pigment wtlS 
hiimatoidin in his early study of this pigment which hus since been 
shown to be carotin. 

Another much more widespread yellow animal pigment with cer­
tain lipochrome properties is the bile pigment bilirubin. There is 
less danger of confusing it with carotinoids, however, save with respect 
to its color, inasmuch as it is a nitrogen containing substance which 
readily forms salts with the alkali and alkaline earth metals, and has 
many other properties at variance with those of the carotinoids. 

Other non-carotinoid pigments exist in animal tissues, but which 
resemble the carotinoids in color and in solubility in fat solvents. 
Palmer and Kempster (1919a) have recently encountered such a pig­
ment in the carotinoid-free egg yolks of hens raised from hatching on 
rations devoid of carotinoids, the eggs being produced likewise on 
xanthophyll-free rations. The small amount of pigment found in the 
yolks could be extracted by acetone, but hardly at all by ether, waS 
almost entirely saponifiable and failed to rcspond to characteristic 
xanthophyll tests. The author finds that a similar pigment can be 
extracted from the carotinoid-free and apparently colorless "corpus 
luteum" of the sow, if a sufficient number of these organs are mac­
erated and extracted with fat solvent. These cases are cited in order 
t{) 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 anima:s 
and birds. These pigments, as indicated, are red in the solid condition 
but their dilute solutions are usually yellow. They have been studied 
by certain of the older investigators, such as Kiihne, Maly, Kruken­
berg, MacMunn and Zopf and others, and have received various 
names at the hands of these authors, such as rhodophan, vitellorubin, 
crustaceoruhin, tetronerythrin, lilla-carotin (from the Lina species of 
beetles in which they occur) and diaptomin. The pigments are strik­
ingly similar in many respects to the car"tinoids, but differ from thein 



24 CAROT/NOrDS AND RELATED PIGMENTS 

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, Iipo­
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 ehromolipoid seems to conform 
more nearly to present conceptions of these pigments as well as to 
more common usage in connections with substances with fat-like 
properties. 

Investigations regarding the composition of the chromolipoids show 
that a large majority of them are apparently chemically and gener­
ically related to carotin, a specific chromolipoid widely distributed 
in plant and animal tissues. 

It seems reasonable to believe, therefore, that a great many chromo­
lipoids can be classified more specifically as carotinoids, a name pro­
posed for them by Tswett (1911a). 

Two classes of carotinoids are recognized in Tswett's definition; 
carotins, whose constitution and properties show them to be hydro­
carbons identical or isomeric with carotin; and xanthophylls, whose 
constitution and properties show them to be oxy-hydrocarbons and 
which are chemically, as well as generically, related to carotin. 

Carotinoids are not the only yellow to red colored pigments occur­
ring in plants and animals. Many of these non-carotinoids resemble 
the true carotinoids in one or more properties and some even in com­
position. The reader is referred to the text for the detailed discussion 
of the DOn-carotinoids and the properties which they have in common 
with the carotinoids as· well as their distinguishing characteristics. 



Chapter II 

Carotinoids in the Phanerogams 

There is no special reason, either physiological or genetical, for 
considering the carotinoids in the phanerogams and cryptogams sepa­
rately, as is done in this and the subsequent chapter. In fact, there 
appears to be no logical reason for subdividing the plants into groups 
in connection with the distribution of carotinoids, inasmuch a8 the 
pigmente appear to be widely distributed in all forms, both chloro­
phyllous and non-chlorophyllous, from bacteria to dicotyledons. The 
subdivision, then, is merely one of convenience. 

The Pigments of the Carrot 

The pigment of the carrot root {Daucus carota) was first described 
by Wachenroder (1826), nearly 100 years ago, and called carotin by 
him. This serves as the starting point of our knowledge of the prop­
erties, as well as the nomenclature of the carotinoids, and this pigment 
today represents our most typical chromolipoid. For this reason the 
carrot pigment will be considered first. 

Wachenroder made an ether extract of the dried macerated roots, 
or the coagulum obtained on heating the carrot juice. The golden 
yellow salve-like residue left on eva'poration 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 amoUlits of alcohol. Ruby-red quadratic crystals, 
,imbedded in fatty material, were obtained. Wachenroder descri'Jed 
the crystals as tasteless and odorless, soluble in alcohol and ether, 
readily soluble in fate and ethereal oils, but insoluble in acetic acid 
and alkalis. 

VauqueJin and Bouchardat (1830) are credited with the next study 
of the carrot pigment, but it was a number of years before Zeise (1847) 
isolated carotin from carrot roote in quantity sufficient for analysis. 
Zeise discovered the ready solubility of the pigment in carbon disu1-
1ide with ite characteristic blood red color, as well as the fact that 

,~ . 



26 CAROTINOIDS AND RELATED PIGMENTS 

alcohol when added w the concentrated carbon disulfide solution will 
throw down the carotin in crystalline form. The beautiful, glistening, 
copper colored cry "ttl!. were described by Zeise, who also mentioned 
their insolubility in alcohol and their difficult solubility in ether and 
acetone. The crystals melted at 168° (+) C. Zeise made the first 
analysis of carotin and ascribed to it the formula C,H.. He was thus 
the first to show the hydrocarbon nature of the pigment, but due to 
the authoritv of the next investigator (Husemann (1861)), this fact 
was not pro~ed until Arnaud (1886) made his careful analyses of the 
carrot pigment. 

Husemann (1861) pressed the juice from finely grated carrots and 
then added weak SUlphuric acid to the diluted juice, following Zeise's 
method, throwing down a coagulum which was partially dried and 
then extracted with hot 80 per cent methyl-alcohol. The residue was 
then dried completely and extracted with carbon disulfide. Carotin 
crystals were thrown out of the concentrated carbon disulfide solution 
by addition of absolute alcohol. Husemann purified the crystals 
merely by repeated washing on a filter with hot 80 per cent alcohol 
and finally with absolute alcohol. Husemann described the ruby-red 
color and velvety appearance of the carotin crystals, and their violet­
like odor, which he found was especially noticeable on warming. He 
noticed the bleaching of the crystals in the air with the complete re­
versal of solubility, tbe bleached crystals being very difficultly soluble 
in carbon disulfide and benzine, but easily soluble in alcohol and ether. 
Husemann found that carotin was not precipitated by metallic salts 
but he observed the green color produced by adding ferric chloride W 
an alcoholic solution of the pigment. Palmer and Thrun (1916) have 
recently studied the reaction of ferric chloride on the carotinoid! 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 w show the unsaturated nature of the. 
carotin molecule, although he regarded the chlorine and iodine deriva-

. tives which he made as substitution products. Husemann's analyses 
led him w propose the formula C,.H •• O for carotin and his figures 
were accepted over those of Zeise. 

Arnaud (1886) was the next investigawr of the carrot chromolipoid. 
He isolated the pigment from 600 kilograms of carrots by pressing 
the juice from the grated roots, addin'g lead acetate to the juice, drying 
the precipitate in vacuum and extracting it with carbon disnlfide. The 
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dried press cake was extracted similarly and the carbon disulfide dis­
tilled off of the combined e>.'tracts. 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 rold petroleum ether. About 3 grams of crystals 
per 100 kilograms of carrots were obtained in this way. 

Arnaud found the hIe aching of carotin noticed by Husemann to be 
an oxidation, analys~s 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 t{)gether with the composition of the pure carotin, that led 
Arnaud to ascribe to carotin the formula C"H", and to the iodine 
derivative the formulu C"H"I,. 

Kohl (1902b) has given us one of the most detailed descriptions of 
the chemical and physical propertics of carotin. His analyses of the 
crystalline pigment, howe"er, gave unsatisfactory results, as did also 
his molecular weight determinations, using the cryoscopic method. 
He therefore accepted Arnaud's formula as representing the correet 
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. 

Willst1i.tter and Mieg (1907) definitely settled the composition of 
the carrot carotin at the time they proved its identity with the carotin 
of the chloroplastid. Their data show a mean ratio of C:H of 1:1.406 
for the carrot carotin, for which the simplest formula is C,H,. Molecu­
lar weight determinations in CHCl. and CS" using the ebulloscopic 
method, show an average of 536, which corresponds exactly witb the 
formula (C,H.,) •. or C.oH •• , which thus appears to be the correct 
formula for carotin. 

Escher (1909) and Willstiitter and Escher (19lO) 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 Willstatter 
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 Wissclingh (1915), using microchemical crystalliza­
tion methods, did not observe any xanthophyll crystals. 

It appears that anthocyanins, also, may accompany carotinoids in 
the carrot root. Wittmack (1904) has described a red variety of 
carrots (Daucus carota, var. Boisswri Schweinfurth) which contains 
both carotinoids and anthocyanin. 

Many other investigators have isolated carotin crystals from car­
Tots without, however, submitting them to chemical examination. 
According to Schimper (1885) and Courchet (1888) carotin exists in 
the carrot tissue in crystalline form. Van Wisselingh (1915), how­
ever, has shown that the little tubules which SchimpeT and Courchet 
observed are not true crystalline forms. The author, also, has never 
observed any but granular deposits of carotin in sections of the fresh 
carrot tissue. 

Carotinoids in Other Roots 

Very few other roots have been examined for carotinoids although 
several whIch are widely used as food are characterized by their 
yellow color, e.g., the yellow parsnip root (Pastinaca sativa), imd the 
sweet potato (Ipomoea batatas) , especially the highly colored varieties 
grown in the southern part of the United States, popularly called 
Yams. The pigments of these roots should be examined 

Formanek (1900) has studied the pigment of the red beet (Beta 
vulgaris) , and believes that the red pigment changes into a yellow one 
under certain conditions. The absorption bands of the latter are iden­
tical in "position with those of carotin. Formanek's red pigment 
showed only one absorption band in the yellow part of the spectnuu 
and is undoubtedly an anthocyanin. Its apparent transformation into 
C810tin cannot at present be explained. 
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Lubimenko (1914a) hae examined the pigment of the yellow turnip 
root (Bra8sica Rapa L.l and find! that it contain! a yellow pigment 
soluble in 95 per cent alcohol, but which he was not able to crystal­
lize, and also II pigment which closely resembles Iycopin, the red pig­
ment of the tomato. Spectroscopically the pigment appears to be 
identical with Iycopin 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 of the more generally accepted 
use of the tenniuology -oid as applied to the carotins and xanthophylls. 

It seems possible that the pigment of the related variety of turnips, 
namely, rutabaga (Brassica campestris L.) is of the same character. 
The question of this type of carotinoid in roots deserves confirmation 
and further study. 

Carotinoids in the Chloroplastitk 

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 plastid! are 
colorless. They are then called leucoplastids. More commonly they 
develop green pigments, chlorophylls, when the plastids are called 
chloroplastids, or chlorophyll granules. The chlorophylls in the 
chloroplastids are always accompanied by carotinoids of both types, 
namely, carotin and xanthophylls. 

Investigations regarding these yellow chromolipoid! in the chloro­
plastids apparently did not begin until the observation of Fremy 
(1860) that a yellow pigment can be obtained from green leaves by 
allowing strong ReI 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 (OR) ,. In this procedure tt.e 
ether took on a yellow color, the pigment of which Fremy called 
phylloxanthine, leaving a blue pigment, which he called phyllocyanine, 
in the aqueous acid layer. Fremy believed that his phylloxanthin 
pre-existed in the leaves. 

It is now quite certain that Fremy's phyllox8nthine was a mixture 
of $(lIIIe of the natural carotinoid! of the leaf with an acid decouwo­
sition product of chlorophyll, a view which was expressed first by 
Stokes (1864). The name phylloxanthin is, in fact, at present re-
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served for a product of rather indefinite composition which results 
from the action of acid on chlorophyll h (Tswett, 1907, 1908h). 

In a later study of methods of isolation of phylloxanthine, however, 
Fremy (1865) undouhtedly obtained much more valid proof of the 
existence of yellow pigment~ associated with chlorophyll although he 
regarded the pigment which he isolated as the same yellow phylloxan­
thine isolated by the ether-HCI method. He found that a careful 
addition of Mg(OH)" or AI(OH), to alcoholic chlorophyll solutions 
carried down the green pigment only, leaving the yellow pigment in 
solution. 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 phylloxanthine (curoti­
noids) could be extracted with alcohol. Especially interesting was 
Frcmy's observation that when his chlorophyll was saponified with 
strong bases, alcohol took up the yellow "phylloxanthin" from the 
residue, and yellow plate-formed or reddish colored prismatic crystals, 
soluble in alcohol and ether, could be obtained from this solution. 
The red crystals were described as being very much like crystals of 
potassium dichromate, and having a strong coloring power. It would 
appear as though Fremy succeeded in obtaining for the first time 
crystals of carotin, and possibly xanthophyll also, from green plants. 

Fremy's observations precipitated a lively interest in the subject of 
yellow pigments in the chloroplastids which resulted in a number of 
investigations during the succeeding years, some quite independent of 
the others. These investigations. seem to fall quite naturally into 
several groups. The first of these was a series of studies confirming 
the presence of yellow substances accompanying cblorophyll tbrough 
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 AI(OH), and a little water, it (pbylloxanthin) is mainly 
one of the yellow bodies, but when prepared by Hel and ether, it is a 
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mixture of the same yellow body (partly, it may be, decomposed) with 
the product of decomposition by acids of the second green body." 
Stokes never published his method of separation in detail but he gives 
II hint of its character in a paper in another pUblication (18Mb), in 
which he states in a discussion of the advantages of a partition between 
solvents for the separation of various substances, "Bisulphide of car­
bon in conjunction with alcohol enabled the lecturer to disentangle the 
colored substances which are mixed together in the green coloring 
matter of leaves." 

Stokes was not the only one of the earlier investigators to express 
the belief that Fromy'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. e. A. Schunck (1901), many 
years later, employed this method of obtaining his xanthophyll group 
of pigments free from chlorophyll. Schunck's "xanthophylls" included 
carotin also, so that Filhol's observation was in reality of much more 
importance th[\n he realized. 

Timiriazeff (1871), studying Fremy's phylloxanthin, also found that 
alcohol alone would extract the yellow pigment from the barium com­
pound thrown down from alcoholic leaf extracts by an excess of 
Ba (OH) ,. He preferred to call the yellow pigment xanthophyll, the 
name previously employed by BerzeHus (l837a)-from xu,DO" yellow 
and </>.>.4ov, leaf-for the yellow pigment which he extracted from the 
yellow autumn leaves of the pear tree (Pyrus communis). Borby 
(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 byeS,. 

Notwithstanding the previous observations of Fremy, Stokes, Filhol, 
Timiriazeff and Borby, credit is given in most quarters to Gregor 
Kraus (1872a) for making the first actual separation of the pigments 
of leaf extracts from one another. Kraus' method is frequently re­
ferred to as an "ausschUttlungs" method, for he shook the green 
alcoholic leaf extracts with benzene .and observed that the benzene 
had extracted the green pigment leaving ilhe alcohol layer II 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 01 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 weaker alcohol for the benzene 
separation, and found that CS, was effective when the chlorophyll 
extract was in strong alcohol. Ccmpert (1872) found that linseed oil 
could be used in place of benzene and Wiesner (1874a, b) found that 
a numher of vegetable oils (linseed, walnut, poppyseed, olive) lind 
ethereal oils (turpentine oil, rosemary oil, oil of wintergreen) and also 
carbon disulfide could be employed. Wiesner used 85 per cent (hy 
volume) alcohol and benzene, boiling at 92_940 C., for the regular 
Kraus separation. Equally good results were obtained with toluene 
and xylene, or mixtures of these with benzene. Wiesner even suc­
ceeded in shaking the green chlorophyll out of alcoholic leaf extracts 
with diluk egg albumin. Especially important was his ob~rvation 
that dilute ammoni" or cBustic alkali solutions acting on the residues 
from alcoholic leaf extracts would take up most of the yellow color 
leaving behind tbe chlorophyll, mixed with II little xanthophyll. This 
obserVation, pointing to the resistance of the yellow chromolipoids to 
alkalis and the attacking of chlorophyll by the same reagents, was 
later developed by Hansen (1884a) and is still widely used for the 
separation of carotinoids from chlorophyll. Hansen boiled young 
wheat plants in water for one-half hour, dried the product, extracted 
with cold 96 per cent alcohol in the dark, concentrated the extract to 
one-eigbth volume, saponified with NaOH, diluted the soap solution 
with water, and salted out the soap with NaC!. The green soap thus 
obtained was extracted with petroleum ether, which gave a yellow 
extract which Hansen called "chlorophyll gelb," the residue being 
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called "chlorophyll griln." Carl Kraus (1875) observed the same 
facts when be found that benzene extracts a yellow color from alco­
holic leaf extracts made strongly alkaline with KOH. He called the 
yellow pigment xanthin and regarded it as a decomposition product 
of G. Kraus' xanthophyll. 

Possibly following the hint given by Stokes (1864b), Sorby (1873) 
developed a separation method for the yellow and green constituents 
of a number of types of plants using alcohol and carbon disulfide. 
Sorby named five members of a "xanthophyll" group of yellow pig­
ments as well as two chlorophyIls, but pure pigments could not have 
been obtained in most cases, since the methods which he employed will 
not give a true separation of the various carotinoids of the chloro­
plastids. Of the various pigments named by Sorby the "yellow 
chlorophyll" is obviously a xanthophyll mixed with some chlorophyll, 
and the "orange xanthophyll" is for the most part carotin. Sorby's 
"xantbophyll" and "yellow xanthophyll" are the only true xantho­
phylls, the former being in all probability a mixture of what are now 
called a and a' xanthophyll, while the "yellow xanthophyll" appar­
ently consisted almost wholly of our present ~ xanthophyll, which is 
characterized, as Sorby found for it, by the development of a blue 
color when its alcoholic solution is treated with HCI. 

CrystaJ,line Carotinoids from Chlor&plastids 

The second group of studies relating to the yellow pigment in the 
chloroplastids deals with isolation of crystals of carotinoids, and ter­
minated with the isolation and analysis of one of the pigments and 
the discovery of its identity with the carotin of carrots. The various 
studies were, for the most part, independent of each other and accord­
ingly resulted in the proposal of several different names for the 
chloroplastid chromolipoids. 

Fremy's (1865) observations regarding crystalline chromolipoids 
have already been mentioned. He apparently regarded the crystals 
as related to his phylloxanthin, as DO special name was proposed by 
him for the crystalline pigment. Hartsen (1873a), however, several 
years later, observed golden-red crystals in the deposit from the spon­
taneous evaporation of an alcoholic extract from green leaves. He 
called the pigment cbrysophyll, a name previously applied by Sorby 
(1871b) to a group of water-soluble pigments from autumn foliage, 
and later (1875) described a-method for'purifying the crystals by 
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washing away the fat and chlorophyll with petroleum ether, taking 
up the pigment in alcohol and recrystallizing .. Hartsen regarded his 
chrysophyll as probably identical with xanthophyll (G. Kraus) and 
as existing together with chlorophyll in the leaf. According to Will­
statter and Mieg (1907) Hartsen's chrysophyll was probably a xan­
thophyll in the sense that this name is used at the present time, but 
most writers have regarded it as identical with carotin. Bougarel 
(1877), a little later, isolated red crystals from the alcoholic extract 
of peach and sycamore-tree leaves. He described the insolubility of 
the red, green reflecting crystals in alcohol and ether, and their solu­
bility in chloroform, benzene and carbon disulfide, as well as t\le 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 (l837b) many years before for the red, alcohol soluble 
pigment which he isolated from red cherries (Prunus 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 cyanophyU 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-
456fql. and 455-435",1', while the bands of Kraus' xanthophyll, as 
measured by Dippel, lay at 483-46Ofl!.t and 446-433",,,," These meas­
urements correspond almost exactly with those of carotin and xan­
thophyll, respectively, as koOWD at the present time. Dippel's xanthm 
is to be regarded, therefore, as composed of carotin for the most part. 

Borodin (1883} made one of the most striking contributions to our 
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knowledge of crystalline carotinoids accompanying chlorophyll in the 
chloroplastids. Two groups of pigments were described by him, one 
characterized by their slight solubility in alcohol and great solubility 
in benzine, corresponding with one of the properties of carotin, the 
other group being characterized by their ease of solubility in alcohol 
and their slight solubility in benzine, which corresponds with one of 
the most distinguishing properties of the xanthophylls. No names 
were proposed by Borodin for his crystalline pigments but he described 
in detail the crystal forms and certain properties of two curotins and 
two xanthophylls. One of the carotins formed orange-red rhombic 
crystals (he obtained these from the alcoholic extract of Spirogyra) 
and the other bright yellow needles with a strong violet or rose. red 
nuance. Of the two xanthophylls one formed straw yellow, ribbon­
like scales or dark brown, crooked, branching rods, and the other 
golden-yellow "navikeln," an English synonym for which the author 
has not been able to find. The latter were observed especially clearly 
by Borodin in extracts from parsley (Petroselinum sativum) . Borodin 
regarded the red and violet tinted, benzine-soluble group as widely 
distributed in all chlorophyllous plants, the red forms being identical 
with Bougarel's erythrophyll. The alcohol soluble forms were not 
regarded by Borodin as being so widely distributed, especially the 
pigment forming the golden-yellow "navikeln." With the exception 
of the red rhombic-formed crystals in the benzine-soluble group 
Borodin's crystal forms do not correspond with the carotins and 
xanthophyUs 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 (l906c) 
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 etber (Sachsse (1877) introduced the use 
of petroleum ether instead of benzene in the Kraus separation) and 
the green petroleum ether extract agitated with a solution of NaOH 
in. 95 per cent alcohol, leaving a yellow solution from which the crys­
talline material Was obtained. The pigment was no doubt carotin 
although no name was 'proposed for it by Guignet. 
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It remained for Arnaud (1885), however, to first recognize and 
prove the identity of the orange-red crystals apparently first observed 
by Fremy (1865) and later called chrysophyll, erythrophyll, xanthin, 
etc., with the carotin from carrots, which had been known and studied 
for 60 years. Arnaud (1885) first observed the identity in form and 
properties of carotin which he isolated from carrots and the red 
rhombic crystals which he isolated from spinach leaves (Spinachia 
oleracea and glabra) , mulberry leaves (M orus alba), the leaves of 
peach (Persica vulgaris) and sycamore (Acer pseudoplatanus) trees, 
and the leaves of the English ivy vine (Hedera helix), as well as from 
pumpkins (Cucurbita pepo). In a succeeding paper Arnaud (1886) 
proved this identity by his· analyses of the crystals obtained from 
carrots, to which reference has already been made, the results leading 
to the proposal of the formula 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 Willstatter and Mieg 
performed their comparative analysis many years later (1907). How­
ever, following Arnaud, investigators with few exceptions adopted his 
terminology and called the red crystalline pigment carotin which could 
be isolated so generally from chlorophyll forming plants, as well as 
many fruits and seeds, and from cryptogamic forms. Immendorff 
(1889), in fact, soon after Arnaud's work, isolated carotin from ·barley 
and rye leaves and submitted the crystalline pigment to analysis. His 
data corresponded best with Zeise's older formula, 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. 

Willstiitter and Mieg, however, starting with 100 kilos of dried 
nettle (Urtica) leaves, isolated carotin in sufficient quantity to estab­
fish 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 YeUow Pigments in the Chloroplastids 

The next group of investigations dealing with the yellow pigments 
of the chloroplsstids had to do with the question whether more than 
one yellow pigment is a constant accompaniment of the chlorophylL 
This question hrin8s us up to the present time for notwithstanding the 
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fact that two crystalline carotinoids in the xanthophyll group have 
now beeJl 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 (l864a) is to be credited with the first suggestion of the 
presence of more than one yellow pigment in chloroplastids, but in 
spite of the various yellow pigments isolated by Sorby (1873), using 
Stokes' carbon disulfide procedure, this method could not have led to 
a true isolation of the various members of the carotinoid pigments 
which are recognized today. The observation of Dippel (1878) that 
besides Kraus' xanthophyll a yellow pigment accompanied the cyano­
phyll in the petroleum ether layer, could have led to the discovery of 
the actual existence of two groups of carotinoids. Borodin (1883), 
however, first demonstrated the existence of more than one yellow 
chromolipoid when he obtained various forms of crystals from green 
plants. As already pointed out, these crystals naturally fell into 
two groups according to their solubility properties, one group, to 
which Borodin recognized the erytilrophyll (carotin) of Bougarel 
belonged, being very soluble in benzine (petroleuIl} 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 carotinoid. into the two groups now 
recognized, namely, the carotin and xanthophyll groups. This sys­
tem of classification is the only logical one, as has been pointed out by 
Tswett and proven by the chemical analyses of members of each group 
by Willstatter and his co-workers. Before reviewing the history and 
evidence in favor of this classification and the proof of the existence 
of individuals in the group, it should be stated that the plurality of 
yellow chromolipoids in chloroplastids has been recognized by other 
investigators who have proposed other systems of classification. These 
latter studies will be reviewed first. 

Tschirch found proof of the existence of more than one yellow 
chromolipoid in his well-known series of spectroscopic studies of 
chlorophyll. In his first papers Tschirch (1884, 1885, 1887) con­
sidered the yellow constituents of the chloroplastid to be erythrophyll 
(adopting Bougarel's terminology) and a -group of five xanthophylls, 
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which he called a, ~, y, a and. xanthophyll, respectively, although he 
concluded from the fact that each pigment showed two absorption 
bands showing no significant spectre-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 a xanthophyll as given by 
Tschirch (1885) would indicate that the former may have been due 
to carotin, but that the latter was undoubtedly one of the xantho­
phylls as now recognized. 

In his next paper Tschirch (1896) regarded all the yellow chromo­
lipoids as xanthophylls and distinguished between two, one of which 
was obtained in metallic glistening crystals, which he called xantho­
carotin. This pigment showed three beautiful absorption bands, the 
measurements of which correspond with those now recognized for 
xanthophyll. Tbe other xanthophyll could not be obtained in crystal­
line form and its solutions were characterized by showing no absorp­
tion bands, only end absorption of the violet and ultra-violet. 
Tschirch used fresh grass as the source of his material for this study. 

In his most recent paper Tschirch (1904) turned his attention to a 
comparison of his xanthocarotin and xanthophyll with the carotin 
from carrots. Spectroscopic absorption properties only were considered. 
There has always hcen a question in thc author's mind as to which 
group of carotinoid. Tschirch's xanthocarotin helongs. Tschirch him­
self considered that it might be identical with the carotin from car­
rots, inasmuch as the absorption spectra of the crystalline pigment 
which he isolated from carrots and that of his xanthocarotin from 
grass were identical. Kohl (1902d) believed that Tschirch's xantho­
carotin was carotin contaminated with phytosterin, and Tswett 
(1911a) apparently also regarded the pigment as a carotin although 
he recognized the absorption spectra of Tschirch's carrot ·carotin did 
not correspond exactly with the measurements given by other inves­
tigators. Willstatter and Mieg (1907) also regard the xanthocarotin 
as carotin, but with these views the author is not in agreement on the 
following grounds. The author believes that Tschirch's carotin crys­
tals from carrots were xanthophyll, not carotin, for he obtained them 
merely by spontaneous evaporation of an ether extract of sugar-free 
carrots, which would be more likely to yield xanthophyll crystals than 
carotin. Moreover, the crystals had the reddish yellow color and steel 
blue reflection described by Willstatter and Mieg for crystals of xantho­
phyll. In addition the absorption spectra of these crystals correspond 
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exactly with those of xanthophyll, not c"rotin, as the following tuble 
shows: 

Carotin in alcohol 
(Willstiitter and Stoll (1913a) 

1--492-476 1'1' 
II---459-445 " 

III--43<i-419 " 
Carrot carotin in alcohol 

(Tschirch) 
1--487-470 1'1' 

II--457-439 " 
1II--429-417 " 

Xanthophyll in alcohol 
(Wiilstaller and Mieg (1907) 

1--4&;-471 1'1' 
11--454-440 .. 

1II--425-420 " 
X anfhor:arotin in alcohol 

(Tschirch) 
1--485-468 1'1' 

Il--45lH:J8 .. 
III--43<i-418 " 

Much discussion has also resulted from the statement made by 
Tschirch in the paper under consideration that he wus <lbl" to observe 
the transformation of xanthocarotin into xanthophyll. AS!1 mtltt<'r 
of fact Tschirch observed merely that certain impure xanthocurotin 
solutions lost their absorption bands without losing their color appre­
ciably. In view of the fact that the so-called xanthophyll of Tschirch 
>;howed no absorption bands but merely end absorption, he concluded 
that xanthocarotin readily changes o,'er into xanthophyll, a most 
sweeping conclusion from such indefinite evidence. The uutllOr has 
observed many times that impure solutions of carotinoids lose their 
spectroscopic absorption bands in the earliest stages of decomposition 
with little or no loss in color of the solutions. 

A somewhat different system of yellow chromolipoids was proposed 
by Schunck (1899, 1901, 1903) in his series of papers. He depended 
largely upon the spectroscopic absorption properties of the pigments 
for their differentiation, as did Tschirch, and in his later studies upon 
the action of certain chemical agents upon the absorption bands. lt 
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 lIartB<'n's terminology for carotin in spite of the 
faet that Schunck not only referred to Arna\ld's work but confirmed 
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it from a speetroseopic standpoint. Besides chrysophyll, the only 
member of the "xanthophylls" which he was able to obtain in crystal­
line form, Selmnck separated two other xanthophylls from green leaves 
by shaking ttl(' a!eoholic chlorophyll-free 1 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, Schumk erroneously believed that the various carbon disul­
fide fractions represented more or less pure solutions of individual 
xanthophylls with "arying degrees of relative solubility in alcohol and 
carbon disulfide. 

The various carbon disulfide fructions were now allowed to evapo­
rate spontaneously, the rcsidue was taken up again in alcohol and 
the spectroscopic absorption bands photographed. The effect on these 
bands of adding eoncontrnted HCI, HNO" H 2SO" H 20 2 and nascent 
hydrogen was studied, us well as the effect of these reagents on the 
color of the alcoholic solution. Certain marked differences were 
observed with the various fractions. 

The first fraction from green leayes contained, besides chrysophyll, 
a pigment which Schunck called L. xanthophyll, whose spectroscopic 
absorption bands differed from those of chrysophyJl by being shifted 
only slightly towards the ultra-violet and whose solution, like ehryso­
phyll, changed to a green tint before fading on addition of He] 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 (Schunek observed three distinct 
bands for all his "xanthophylls") were shifted slightly more towards 
the ultra-violet, (2) the effect of acids on the alcoholic solution was 
to produce a brilliant green color which gradually changed to a beau­
tiful peacock blue, then purple, and gradually bleached entirely. 
Especially striking was the observation that the addition of ammonia 

1 This was obtained by Doe of two methods. either b7 adsorblng the chlorophyll on 
aowa! cbarcoal. which does not remove thee "xa.ntbopby:us," according to Scbun(l:k. or 
b7 saponifying the alcobolic lea! extract and extractlDI' the soap with ether, the latter 
takiDa out the Fellow pigments. After evaporation of the etber the pigments were taken 
up lD. &leobol for tQ. ''lanthophylr' aeparatlon& 
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to the blue solution restored the original yellow color of the solution, 
although less intense, the blue color reappearing on acidifying again. 
Sorby (1873) mentioned this reaction for his "yellow xanthophyll." 
The author' 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 
similar to B. xanthophyll, except that it was much less readily 
extracted from alcohol by carbon disulfide and was accordingly found 
in the alcohol after the carbon disulfide extractions. Schunck found 
no evidence of the existence of Y. xanthophyll in his leaf extracts. 

Kohl (l902e) attempted to harmonize the views of Tschirch and 
Schunck as well as his own belief that carotin is the principal pigment 
in the chloroplastids. He recognized the diffcrence between carotin 
and the xanthophyll proper of Schunck, but apparently did not recog­
nize the existence of several of these xanthophylls, as proposed by 
Schunck. Kohl recognized also the existence of the xanthophyll of 
Tschirch, which showed no absorption bands, and believed, like 
Schunck, who proposed no name for the pigment, that it could be 
extracted from the chloroplastids by hot water, as well as by alcohol. 
Kohl, therefore, proposed to call Schunck's xanthophyll 0. xanthophyll 
and the xanthophyll of Tschirch f3 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 leacling 
up to the classification of the carotinoids which prevails at the pres­
ent time. Following Borodin, Monteverde (1893) found that the 
yellow pigments accompanying chlorophyll can be divided into two 
groups according to their relative solubility in alcohol and petroleum 
ether, and he was the first to show that this fact offers a 'very simple 
means of separating the pigments from each other. Using the pro­
cedure of Frerny 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 alcohol. Petroleum ether and a 
few drops of water were added to this yellow solution, and the mix­
ture shaken. The liquids soon separated into two layers, each eon-

• 'Unpubllebed l1baenaUon.. 
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taining a yellow pigment with distinguishing characteristics. Monte­
,-erde found lhe pigment in the upper petroleum ether layer to be 
spectroscopically as well as in other respects identical with carotin 
and accordingly called it carotin. The pigment remaining in the 
alcohol layer, on the other hand, was found to be different in many 
respects and was called xanthophyll, following Gregor Kraus' termi­
nology. Monteverde regarded it as not unlikely that this "xantho­
phyll" itself consisted of two yellow pigments. In order to separate 
completely the carotin and xanthophyll the petroleum ether and 
alcohol layers after separation were shaken with fresh quantities of 
alcohol and petroleum ether, respectively. On spontaneous evapora­
tion of the alcoholic xanthophyll solutions Monteverde obtained crys­
tals which corresponded exactly in form with the "strohgelben Krys­
tallen" described by Eorodin. There is some doubt, however, whether 
the pale yellow crystals observed by Monteverde, and the similar ones 
observed by Borodin, were actually xanthophyll. Reinke (1885) sev­
eral years previously obtained yellow platelets on evaporation of alco­
holic solutions of the yellow chloroplastid pigments and found them 
to be merely phytosterol or a mixture of sterols colored with pigment. 
It is likely that Monteverde was misled by the same phenomenon, as 
the great solubility of xanthophyll in alcohol undoubtedly prevents 
the formation of crystals when one is dealing with the very small 
quantities of pigment present in Monteverde's solutions. Monteverde, 
however, described very clearly the difference between the absorption 
spectra of carotin and xanthophyll, as did Schunck, so~e 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 Hel 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 
(l906a, b, c, 1911a) from 1906 to 1911. The last paper is more of 
the nature of a slUllmary but by reason of its clear-cut statements it 
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may well serye today as our best laboratory outline for working with 
the class of pigments with which this monograph d~als. It was in this 
paper that Tswett proposed the nomenclature for the carotinoids which 
has been adopted in this monograph. • 

Tswett's most important contribution t(l the subj('rt, from an inYl's­
tigational standpoint, was on certain physico-chemical prop,'rtie' of 
the pigments. He showed (1906b) that the yarious colored constitu­
ents of the chloroplastids, when ran'full~' obtained in c('rtain solyents 
by methods which avoid the action of plant acids, exhibit very char­
acteristic adsorption coefficients towards findy didded mater;"l., such 
as CaCO" inulin and sucrose, as well as many otl1<'r inert materials 
which are insoluble in the solyent empl()~'ed and which can he obt.ained 
in a finely divided state. This exceedingly interesting phenomenon 
is no doubt due to the fact that the yarious green and yellow chromo­
lipoid constituents of the chloroplastids exist in organic solvents in 
colloidal aggregates of various sizes, the larger colloidal particles 
being the more strongly adsorbed, and some, like carotin, which is not 
adsorbed at all, existing in true solution. Tswett found petroleum 
ether, the carotin solvent, to serve best for the study of these prop­
erties, although carbon disulfide was also very useful because of the 
brilliant color which all the chloroplastid pigments show in this sol­
vent, and also because the xanthophylls are especially well differen­
tiated in this solvent. This latter fact is no doubt closely related to 
Schunck's (1903) observations regarding the relative solubility of 
xanthophylls in carbon disulfide by which he believerl 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 etber 
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 according to their adsorption affinity 
(colloidal aggregation) for the CaeO.. The resulting chromatogram 
(as Tswett proposed to call it) presented a most surprising picture of 
the chloroplastid pigments, which is strikingly similar in effect, if not 
in principle, to the well-known Liesegaag phenomena. 

By applying this chromatographic method of alll\lysis to petroleum 
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ether and r.arhon disulfide solutions of the chloroplastid pigments from 
plantain (Plantfl{JOi and dead nettle (Lamium album) leaves Tswctt 
has shown that at leust three and possihly four xanthophylls accom­
pany carotin. He has provisionally designated these II, a', a", and ~ 
xanthophylls, respectively. Tswett has characterized these pigments 
further, as follows: 

Xanthophyll G. This pigment is least adsorbed by the CaCO, and 
is closest to carotin in this respect, which is not adsorbed at all. Its 
adsorption zone is the lowest in the column of the xanthophyll zones 
and has an orange-yellow color when carbon disulfide is the solvent. 
It is hypophasic in the Kraus separation, i.e., remains in the alcohol 
layer. It shows three well marked absorption bands, the first two of 
which, in alcohol or petroleum ether solution, lie at 485-47D!1fJ. and 
455-44<lfJ.fJ.. Its alcoholic solutions are merely bleached on addition of 
con. HC!. 

Xanthophyl18 II' and an. These pigments lie very close together 
in the column but above the zone of 'xanthophyll II. In CS, their 
zones are yellow. They are similar in properties to xanthophyll a, 

i.e., in the Kraus separation and spectroscopically, but their absorp­
tion bands are shifted slightly towards the violet. The effect of HCl 
on the alcoholic solutions is not mentioned but the author (1914g) 
has found that for xanthophyll a', at least, no color reaction is 
produced. 

Xanthophyll fJ. This pigment shows the greatest adsorption affinity 
for CaCO. (exists in the largest colloidal aggregates) and comprises 
the highest yellow zone in the column. This pigment is hypophasic 
in the Kraus separation like the other xanthophylls, but may be dif­
ferentiated from them by the fact that its alcoholic solution gives a 
blue color on addition of con. HCl, and also by the fact that its 
absorption bands are shifted perceptibly towards the violet from those 
of xanthophylls a, II', and a", the first two.bands lying at 475-462"" 
and 445-43Of'f.t, when in alcoholic solution. The xanthophyll f3 of 
Tswett appears to be identical with the "yellow xanthophyll" of Sorby 
and the Y. xanthophyll of C. A. Schunck, but bears no relation what­
ever to the xanthophyll ~ of Kohl. According to Tswett (l908b) the 
latter is not a xanthophyll at all, in fact does not exist in the plant 
but is merely a post-mortem decomposition product derived from 
colorless chromogens whose alkali salts 8re yellow and which assume 
a dark color on oxidation. 

The relative IIOlubility. properties of carotin ~d xanthophylls as. 
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exhibited in the Kraus separation indicated to Tswctt (1900,,) !\ fun­
damental chemical difference between the two groups of carotinoids. 
The proof of this theory as w('11 as the nature of the difference was 
soon brought to light by Willstiitter und Mieg (1907) when they iso­
lated'the first crystalline xanthophyll and submitted it to analysis. 
Working on the same elaborate scale, which has characterized all the 
researcbes on carotinoids in Willstiitter's laboratory, a crystalline 
xanthophyll was isolated from 100 kilos of dried nettle (Urtica) leayes. 
The avcrnge of fiye ultimate analyses of crystals prepared both by 
recrystallization from methyl alcohol and from chloroform (by addi­
tion of petroleum ether) showed 84.22 pCI' cent carbon and 9.92 per 
cent h~'drogen, which corresponds very rlosely with the theoretical 
yalues of 84.44 per cent carbon and 9.93 per ccnt hydrogen for the 
formula C,,,H.,,,O,. This was confirmed fairly well by a molecular 
weight determination (found 512, theory 564), and better by an 
analysis of the iodine content of the theoretically simplest iodine addi­
tion product, C"H",O,I, (found 31.68 per cent, theory 30.86 per cent). 

The chemical properties of the crystalline xanthophyll isolated by 
Willstatter and Mieg will be considered in detail elsewhere. Several 
points. howe,,"r, may profitably be considered at this point. .The 
crystall\ne 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 rewrse of carotin in these solvents. The Kraus method of separa­
tion of the pigments was further confirmed by Willstiitter 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 poinkd out by Monteverde, was 
confirmed, the first two bands as measured by Willstiitter and Mieg 
lying at 480-470t-<1-' and 453-4371-'1-'. 

Willstiitter and Mieg expressed their belief in the existence of a 
group of xanthophylls in the paper under consideration although they 
were apparently not familiar with Tswett's demonstration of this fact 
a year before their paper appeared. The question naturally arises as 
to which xanthophyll was obtained in crystalline form by these in­
vestigators. 

Tswett (1910a) has expressed the opinion that the xanthophyll 
crystallized by Willstiitrer lind Mieg was a mixture of two or three 
xanthophylis in which xanthophyll a predominared, a possibility which 
was Jarer acknowledged by WilIst"trer and.Stoll (1913b). The evi-
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dence ava.ilable on this question indicates, however, that xanthophyll 
~ may have formed a considerable proportion of the crystalline prcp­
aration. Willstiitter and Mieg mention the fact that their prepara­
tion dissolved in strongly alcoholic HCl with a blue color, a reaction 
which is apparently characteristic of xanthophyll ~ only. In the Sorby 
and C. A. Schunck separation, however, the pure pigment differen­
tiated itself almost equally between the alcohol and carbon disulfide 
layers, a reaction which obviously characterizes the (J. group of xan­
thaphy lls because of their lesser adsorption from this solvent by 
CaCO,. Still further e"idence of a mixture of xanthophylls in the 
Willstatter and Micg preparation is the fact that its spectroscopic 
absorption bands apparently lie in an intermediary position between 
the bands of xanthophylls a and B as re<'orded 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 b€ determined. The relatiw 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"O" as WillsUitter and St{)l1 (1913) have pointed out. The 
author believes that Willstatter and Escher (1912) have already iso­
lated pure xanthophyll ,a in the form of their so-called lutein from 
egg yolk, as will be discussed more fully in a later chapter. 

It is not likely that more than four xanthophylls characterize the 
chloroplastid for the author (1914g) has found only four on applying 
the chromatographic method to extracts from an entirely different 
plant than Tswett used, namely, the leaves of alfalfa (Medicago 
sativa). The possibility of other xanthophylls being present in non­
chlorophyllous {)rgans is indicated, however, by a chromatographic 
analysis which the author (1914g) carried out on the xanthophyll 
fraction (obtained by the Kraus separation) of the pigments of the 
carrot root, in which no less than eight distinct yellow or orange 
zones characterized the chromatDgram. 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 r>henomenon of the carotinoids as colloidal so that it mllY 
not be possible to seetue these pigments in every case in the same 
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degree of colloidal aggregation. Willstatter lind Mieg found that 
their crystalline xanthophyll readily entered into ('ombination with 
solvents forming molecules of solvent of crystallization, which is 
unqu<'stionably a colloidal combination and might easily influence 
greatly the adsorption prop<'rties of the pigments. The whole adsorp­
tion phenomenon d('serves a further study uRing pure prcpltrations of 
the individual pigments. 

The xanthophylls fire usually rq:;ardrri /IS pigments in which yellow 
is the predominating color. Red colored xanthophylls also exi,t, 
howeyer. Montcyerde (1893) first called attention to a red pigment 
in the reddish-brown leaves of the young floating pond weed (Potamo­
gelon natan,,), an aquntic herb widely distributed in Russia, which 
showed the xanthophyll properties in the Kraus separation. This pig­
ment has since been ",1I1ed rhodoxanthin by Monteverde and Lubi­
mcnko (1913b), who obtained it in rryetalline 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 
xanthoph~'ll by dissolving in fonni(' arid with" yellow color, yellow 
xanthophyll dissoldng in this soh'cnt with a green color, according 
to Monteverde and Lubimenko. Rhodoxnnthin also shows spectro­
scopic absorption bands with characteristic position, especially in car­
bon bisulfide. A comparison of the xanthophyll and rhodoxanthin 
bands in this solvent, as given bv Willstatter and Stoll (1913) and by 
Mont.e\'erdc and Lubimenko. r~peetiycly, is shown in the following: 

Rhodoranthin (M. and L.J 
575-553 Ill' 
535-515 H 

500-480 " 

The general solubility properties of rhodoxanthin appear to follow 
those of xanthophyll very closely. 

The relation between the empirical constitution of carotin and the 
xanthopbylls is such that the latter may be expressed very simply as 
carotin dioxides. The character of the oxygen combination, however, 
is not clear, for according to the statement of Willstiitter and Mieg 
their crystalline xanthophyll did not show the presence of either 
hydroxy, carboxyl or carbonyl 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 
not yet been found possible to transform C81'otin into xanthophyll in 
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the lahoratory, 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 whieh have been offered regarding the possible functions of 
the carotinoid" in the ehloroplastid also fall down unless the caro­
tinoid. are closely relationed chemically. Ewart (1915), to be sure, 
has recently claimed to haye succeeded in reducing xanthophyll to 
carotin in the laboratory. The cyidence for this is very unconvincing, 
especially in view of the r,wt that Ewart on subsequent study (1918) 
failed to substantial" any of the other products which he first claimed 
to han' produced from xanthophyll on photo-oxidation. The reduc­
tion experiment of xanthophyll to carotin unfortunately was not 
repeated in tbe second study. 

Carotinoid. in Etiolated Leave. 

The ycllow chromolipoids which develop without chlorophyll in the 
leucoplastids, when plants "re grown in the dark, would seem to be 
closely rclatcd to, if not completely identical with those found in the 
ehloroplnstids, at least qualitatively, inasmuch as etiolated plants form 
chlorophyll very rapidly in the light without loss of yellow constitu­
ents in the resulling 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 employed 
are not specific for carotin. 

Joannes Rajus (1693) appears to have first recorded the observation 
that plants which grow in the dark do not turn green but have a 
yellow color. Bonnet (1754) named such plants "plantes €tiolees." 
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 lin 
emerald green color when immersed in con. H,so •. Phipson followed 
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the terminology of Berzeliu" for ~'ellow autumn pillmcnt" and called 
the etiolated pigment xanthoph~·ll.' Fremy (1860) naturally rel(ardcd 
the yellow pigment of young ,prouts and ctiolnted leav('s ns identicnl 
with his phylloxanthine and the blui~h-Jl:rcen ('olor whi('h develop" on 
treatment with acid (he aleo found the fume, of Bel and HNO" \'Ory 
effective) as identical with hi, phyllocynnine. Sorh~' (1871 b) rpro~­
nized the relation of the ~'ellow pigment of ptiolated lcawR to other 
yellow plant pigment" and regarded tilt' ('olor ,Ie dUl' to a prl'pon{kr­
ance of his so-called "xanthophyll" group, eharndprizcd by their 
solubility in ('arbon di~ultid(' Hnd two mort' or l('~l' di~tin('t. t:(w('tro­
scopic absorption bands in the blue part of till' "]wl'trmn. Gre!!or 
Kraus (1872b) romparNj the ~f)('ctro.'eopil' propl'rti,'s 01 the nlcoholi,' 
extract of etiolated leans with hi, xanthophyll pignlPnt whidl re­
mained in the alrohol OJ] Fhllking leaf rxtra"t. with benzene. The 
results led him to belie\'(' that thl' pigments w('re probably identical, 
and he proposed a geneti(' rchltion of tit" l'liolal<'<i pi!(lIlent. to the 
green pigment of plnnt~. 

Pringsheim (1874), how('yer, nlf'o u~ing a s~dro~(~opi<' examination 
of the alcoholic extracte of etiolated le,lY('o 'iF th(' hasi, of hi, {'on­
elusions, found characteristic abr-::orption bandf: in the red ('uel of the 
spectrum in addition to bande in tlle blnr whid1 ('.haraeterizrd Kruus' 
xanthophyll. Inasmuch as the "lme result was obtain",j for eal'h of 
10 different etiolated plants whieh he examined, Pringsheim conduded 
that a special pigment WHe present whieh caused the bands in the red 
8S well as the bands in the blue. He called thi, pigment "tiolin. 
Pringsheim's results have heen frequently substantiated, Hnd while 
some subsequent investigators (Wiesner (1877b), Elfving (1882), 
Tschirch (1884») have agreed with his oonclusion regarding etiolin as 
a distinct pigment, a majority (Timiriazcff (1875), Hansen (1884b) , 
Immendorff (1889), Monteverde (1894), Kohl (1902f) , Greilach 
(1904) who have studied this phase of the etiolin question havc pre­
sented convincing evidence that the spectroscopic ab,orption bands in 
the red which Pringsheim observed in his etiolated leaf extract" are 

• According to Czapt"k ~Rlocb{>ruie del' PflanZf'D, 2nd Ed., \'01. I, p. 1',79, .1(>Da. 19UH, 
,;rul108 Sachs (1859 8., b) and Jos, Boehm (1850) ealltXl the ('tiolated pigment 1puko· 
phyll aDd chlorogon, respectively. The statement is lncorrel't. The ieukophyll GC 
SacluJ waH a colorle88 chromogen in the !Weds and ah~o in the etiolated plants which 
.ave l'Iee to the grf'en chlorophyll in the snoUght or on treatment with acids (com· 
pare PbtpflOD [1858]), while the ehlorophor (not chlorog()D 88 CUpek has it) of B(I('hm 
was the I18.me eolorlf!S8 ehromogen. Boehm dift'ered from Sachs in regarding the green 
acid derivative of the ~olot'le88 chromogen as an artIficial pigment and tbe grNm .un~ 
Ught ~erlvatl"te as the true. chlorophyll. Both in~Htlgatpr8 recognized the existence of 
the 7ellow ett.olated 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
holic 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 
tbe chlorophyllins and called it protochlorophyll, a view which seems 
to have been substantiated by the work of Grcilach (1904). The 
latter proposes to reserve the name etiolin for this green pigment with 
properties like chlorophyll which exists in etiolated leaves in very 
small amounts, and to use tJw term in the same sense as Monteverde 
used the word protochloroph"·11. According to Greilach etiolin (proto­
chlorophy 11) is not a constant constituent of the etiolated leaf but 
appears and then disappears during the germiuation of the seed in 
the dark. 

Arnaud (1889), following his earlier (1885) demonstration regard­
ing the identity of tbe ycllow leaf pigment isolated by him with the 
('arotin from carrots, 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 leavcs of the 
kidney bean (Phaseolus vulgaris), using a colorimetric 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 carotin from the golden yellow extract. He did not suc­
ceed in obtaining crystals from etiolated leaves which had developed 
only a 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 
(1902f) has pointed out. 

Following lmmendorff, Molisch (1896), Tammes (1900) and Kohl 
(19020 have independently substantiated the presence of carotinoids 
in etiolated leaves from various plants using microscopic crystalliza­
tion methods on the fresh tissues. Inasmuch as our information re­
garding the yellow chromolipoids in the etiolated leaf depends at the 
present time on tOO observations of these authors and the microchemi-
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cal methods which they ·used, it will be necessary t{l stat" briefly the 
dmracter and significance of the method", r",erving " fuliPr <\"g('l'ip­
tion for II latcr chapter. 

Frank (1884) first nbsen'cd that red crystalline n,'('diPs form in the 
plastids and between the chlorophyll granult,s wl1('n !(n"'ll !caws art' 
immersed in dilute acids for it time, and then, aftt'r w,,~hill!( off tht, 
acid, arc allowed to remain in distilled wakr for a still mOl'e pro­
tracted period. Tschirch (1884), who first cxamill('d tht' phcnolllt'non, 
did not decide the nature of the crystals, but Molisch (1896) found the 
en'stals to be identical in properties, although huving a mof'(' r('ddish 
"o"lor, with the maiority of crystals which be found ('ould be produe{'d 
by an entirely different method. Molisch's metbod is to immerse the 
leaves in dilute (40 per cent by Yolume) alcohol containing 20 per 
cent KOH, until the chlorophyll is completely extracte!]: Tlle process 
sometimes requires seyeral duys. On washing off tll" green extract 
with water, and immersing the washed leaves in di,tilhl water for 
several hours W insure the complete removal of the chlorophy II, it is 
found that crystals of "arious forms and colors from ycllowish-or:mgc 
to red have appeared abundantly in tlw leaf. Molisch pro\'('d fairly 
conclusively the identity of many of the crystals thus obtained with 
the red-orange crystals which form in cOIl('{'ntratc!] alcoholic leaf 
extracts, and accordingly decided to call the r:rystals carotin. Molisch 
was careful W point out, however, that he used the tenn carotin in the 
sense of a group of closely related pigments, for he recognized that the 
crystals formed by his alkali method were not due in all "ases to the 
same pigment. Tammes (1900) and Kohl (1902), however, who 
greatly extended our knowledge of the presence of carotinoids in the 
plant kingdom, using the microchemical methods of Frank and 
Molisch, believed that only one pigment was concerned, namely, caro .. 
tin, and regarded the methods as specific for this pigment. TRwett 
(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 (1915). 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 investigawl: who has studied the method closely 
finds it W be often laborious, requiring sometimes several months for 
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the crystals to form, and that it frequently fails to show the presence 
of carotin in plant tissues ill which the pigment is kllOWn to he pres­
ent. By the usc of suitable ",lvon!s van Wisselingh has demollstrated 
very ingeniously, however, that it is possible to distillguish the xan­
thophyll erys!als a8 a group from the carotin crystals in tbc mixture 
formed by the Moli"eh m"tiJod in various plant tissues. 

Returning now to thc investigations regarding the chromolipoids in 
various (,tiol:1ted plants, it Ill"Y hi' stated that Molisch (1896) demon­
strated carotinoid. by his alkali method in the etiolated leaves of 
gurd('n cress (Le1ridium satil'Uln), barley (Hordeum vulqare), hemp 
(Cannabis sOtil'O), oats IP;_,<um satil'um) , and of balsam (Balsamina 
horten.";_', , D.C.) and fir (Abies excelsa) , but not from the sunflower 
(Helianthus annuus) , in which only orunge-red drops formed. Tammes 
(1900), using seeds from the same plants, save the balsam and fir, 
substantiated Moliseh's positi"e results with the alkali method, and 
in addit.ion obtained the carotinoid ,'rystals in the etiolated di-cotyle­
dons of the sunflower. Kohl (l902f) 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. 
In addition to the etiolated plants examined by Mohsch and Tammes, 
Kohl (1902f) was able to form 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 
xanthophyll. arc pr('scnt in the etiolated 1m!. C. A. Sehunck (1903) 
has furnished direct evidence of xanthophy lIs in an isolated case, 
namely, the etiolated leaves of the daffodil (Narcissus pseudo-nar­
cissn.) , nsing the carbon disulfide separation method which has 
already been described. A mixture of xanthophylls was found to be 
present, but Schunck was unable to obtain crystals of chrysophyll 
(carotin) although he had no difficnlty in obtaining them abundantly 
from alcoholic extracts of the etiolated leaves which had been allowed 
',Q 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 investigaton; have studied the question raised by the last 
observation of Schunck, namely, what effect greening has on the con­
tent of carotinoids in the etiolated leaf. Wiesner (1877a) first studied 
this point and concluded that tht' xanthophyll (carotinoids) diminished 
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during the greening of etiolated sprouted oat8. Innsmueh, however, 
fl' he used a colorimetrie ('omparison of the tot:d ukoholic extract of 
the etiolated plant with the nleoholic xnnthophy II laYl'r of the l'xtrUl't 
from the green plnnt following the Kraus sl'paration, it is not dif­
ficult to account for his results. Arnaud's \188\11 quantitative ('olori­
metric comparison of the e"rolin content of etiolated and green leaves 
of the kidney bean, referred to above, hI to completely opposite 
results. Arnaud',; data (mleulated from hi, l'olorinl('(rit, reading) 
show 34.0 mg. carotin in 100 grams of the dry l,tiolated leaves, and 
178.8 mg. in the same amount of dry gTl'en leaves, fi result which 
appears to have been substantiated by the obsen'atiun of i:)chunck on 
etiolated and green daffodil 10,"'08. Kohl (190'21) studied the slime 
question and drew the same ('ondu,ion at' did Aml\uu, Ilnmely, that 
carotin increases during greening. Hi!:_: method of analysis, however, 
does not permit so exact nIl interpretation, for hc merely compared 
colorimetrieally the total umaponifiablc pigment extracted from the 
leaves bv alcohol. Kohl's carotin solutions w('re thus a mixture of 
carotin ;nd xanthophylls. It is not possible to dceide from these 
observations whether xanthophylls as well as carotin incrPnse in the 
etiolated leaf during greening. This appears to be the case, however, 
in view of Ewart's (1918) statement, quoted above, and the fact that 
xanthophyll. are the predominating earotinoidc in green leaves as 
found by Willstlitter and Stoll (1913) and Miss Goerrig (1917). 

An interesting phase of the etiolated leaf pigmentation is that of the 
most favorable conditions for the development of the ('arutinoids, 
Light and temperature are ubviously the controlling fl\etors. Wiesner 
(1877b) observed that potato sprouts, whieh 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
dorl'f (1889), that carotinoid. increased greatly in leaves under con­
ditions which depressed chlorophyll formation, i.e., low temperatures 
(2° to 8 0 C.) and very diffused light. 

C arotinoids in Naturally Yellow Leave8 

Plastids which fail to develop chlorophyll but in which other pig­
ments fann instead are called chromoplastids. The pigments of 
chromoplastids are usually granular, sometimes crystalline and almost 
invariably yellow to red in color. In the case' of some plants the leaf 
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piaStid; are~jways cl;;;';acterized by an absence· of chlorophyll, ti};; 
leavcs being yellow or golden yellow in color. Seveml investigators 
have studied the pigmentation of such plants in relation to the yellow 
chromolipoids which characterizc the chloroplastid. Thudichum 
(1869), many years ago, observed the relation between the pigment of 
the carrot root and that in the yellow leaves of C OWtUl, 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 iu 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. Tumme; found that the 
plastids of yellow lea,'es gave positive carotinoid reactions with con. 
H,SO., con. HNO" and with Hel containing phenol and with bromine 
water, when the leuves wcre first dried. Yellow leaves in which the 
chromoplustids had disintegrated failed to give these reactions. When 
examined 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 iaponica Thunb. (Japanese Aokiba). 
2. Elaeagnua lati/olm L. 

:: ~~=~:iaL~~e!i~t~a~~~a~~~:;:a~~fd:r)~ spindle tree), 

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

1. Abutilon _vosum (Flowering maple). 
2. Betuta species (Birei.). 
3. Spi.roea species, variety aurea. 

Kohl made a more exhaustive study of the pigment of yellow elder 
leaves (Sa.mbucus nigra folii.s hdeis) 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 I1lcohol 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 ~ xanthophyll in being partly extracted from its aqueous 
solution by ether. It seems likely that Kohl was dealing bere with 
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TEwett's (l908b) group of colorless chromogens, whose "lk"li com­
pounds are characterized by u dark yellow or brown color. No xan­
thophyll pigment showing l3p('('trm;copic ab.orptioll bands is present 
in leaves having yellow plastid., according to Kohl. 

Yan Wissclingh (1915) made some mieroseopic observations of the 
('rvstuls which he produ(,ed in the yellow spotted leuws of Croton 
o;alfolius Vah!., GraptophyUum pictum Griff. (caricature plant), and 
SamO'" nil}ra L. folii. var., using both the alkali method of Molisch 
and the acid method of Frauk. The crystals produced by the latter 
method are described by van Wisselingh as brown crystal aggregates, 
the yellow spots in the lea"es of SambllS ni{jra showing reddish colored 
crystals also, and the similar spots in the leaves of Graptophyllum pic­
turn showing orange-red platelets and small orange-yellow crystal 
aggregates. 

Summarizing our knowledge of the pigments in naturally yellow 
or yellow spotted lea YeS, it seems certain that carotinoids are con­
cerned in part in the pigmentation, but the information is lacking 
r('garding the types and distribution of the carotinoids between carotin 
and xanthophylls. It also remains to be determined whether water­
suluble pigments of the type whose alkali salts are golden yellow in 
color, which are prohably related to flavones, are, as Kohl believed, 
normally a part of the pigmentation. 

C arotinoids in YeUow Autumn Leaves 

Tile hidden beauties of the forest, revealed in the passing of the 
chlorophyll of the leaves in the autumn, were among the earliest to 
attract the attention of the plant chemists. The author has not had 
an opportunity to determine how far back scientific observation on 
the autunm leaf pigment can be traced. Guibourt, however, as early 
as 1827, expressed the belief that the yellow and red pigments of 
autunm leaves were due to a coloring matter which persisted after 
the green chromula of tbe leaves had disappeared. Guibourt observed 
that those families whose flowers and fruits were characteri~ed 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 tbat the yellow pigment of 
the autumn leaves of the Lombardy poplar (PDRulw fastigiata) could 
be extracted with ether or hot alcobol; that the pigment thus extracted. 
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turned green on treatment with alkalis; that a yellow autumn leaf 
recovered its gre"n color when immcr"ed in alkali, while green leaves 
turned yellow and finally red when treated with acids. He accordingly 
proposed the term poly('hromc for the green chromula of the leaf 
which thus changes from green to yellow to red and vice versa, and 
regarded the plienompna which he ubsen·ed as the exact duplication 
of the yellow and red autumn coloration of leaves. Berzelius (1837a), 
" little later extnu-ted the yellow color from the autumn leaves of the 
pear tree iPyru~ communi., , with alcohol (about 85 per cent), and 
called the pigment xanthuphy I!. Bcrzclius noticed tlmt the pigment 
readily bleached. but regard"d it as a fat and as being derived from 
the green pigment of the leaf. He was eareful to distinguish (1837b) 
between the pigment xanthophyll and the red pigment which could 
be extracted from the red autumn lea\·es of the mountain ash (Sorbus 
a.ucupuria) and cherry trees (Prunus cerasus), and from the red 
autumn kaves of gooE('berry (Rii,,", glossuw.ria, var. rubra) and com­
mon barberry (Berberi., l'ulgaris I budlCs, which pigment Berzelius 
called erythropllyll. 

Following these very early 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 !lutumn eolors, which were made incidental 
to some of the plant pigment studies whieh hayc already been reviewed 
in ('ol1l1c('tiol1 with the ('arotinoids in the ehloroplastid. For eX!lmplc, 
Fn\my (1860) regarded the autumn coloration as due to his phy Jloxan­
thine, the isolation and properties of which were described in an 
earlier paragrHph. As already pointed out, Fremy 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 than the former. 
Sachs (1863) made a microscopic study of leaves during the autumn 
color change and proposed the theory that the chlorophyll migrates 
out of the plastids leaving behind a larger number of intensely yellow 
grannies. 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 presenee of yellow or brownish-yellow plastids in the cells of 
the autumn colored leaves, at least in the necrobiotic • phase, is well 

• Aecording to TlJWett (1908 e) the autuDlD coloration oeeur. In two phalleS, .name"'. 
~e necrobiotic:! and the _fIOatOlorQl. Tbe former Ja .lwllJ's ehara.ctet1zed tty a lellowJJlC 
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established (Tsmmes (1900), Goerrig (1917)). True chromoplastids 
are, in fact, present. 

The disappearance of chlorophyll frOIll the leaves in the autumn is 
alone suflkient evidence of vital dla"ltes tllking pia"c in the proto­
plasm. Viewing the phenomenon of autumn coloration, thereiore, in 
the light of what is now known regarding the yellow t'hromolipoids of 
the chloroplastids the questions naturally rnised, "8 recently pointed 
out by Miss Goerrig (1917) arc: (1) arc the "utumn pigments merely 
the yellow carotinoids already pr('sent in th,· ehloroplastids, (2) arc 
the natural ('urotinoids of the grc('n plastids augmented or possibly 
replaced by other yellow pigment, ",hi('h may I", eloRdy reitlu,d but 
still capable of being differentiated from the nonn,,1 carotinoids, or (3) 
are the autumn pigments entirely new 8ul"t"n('('s which replace the 
normal carotinoid., destroyed, perhaps, with the chlorophyll? In spitr 
of the fact that these questions haye been studied by Miss Goerrig 
(1917) and by Tswett (1908b) using the most. modern methods, the 
question of autumn coloration, at It'ast with f('''pect to the yellow 
colors, is not yet entirely cleared up. (JIll' Can apparently state defi­
nitely that the yellow colors an' not due to entirely new pigments. 
Whether the plastid carotinoid, ure present unehangcd or slightly 
modified is not so certain. It is also uneertain to what extent yellow 
pigments of an entirely foreign nature are present and what part they 
play, if any, in the autumn coloration ... · Tswd('s and Miss Goerrig's 
studies differ decidedly on this point. 

We know from Miss Wheldale's 11916) splendid monograph that 
there is a large group of trees, shrubs alld climbing plants in whose 
leaves red anthocyanins form abundant 1y in the autumn. Some of 
those mentioned by Miss Wheldale hayc been shown by certain inves­
tigators to contain carotinoid. also. Other plants do not form antho­
cyanins in their foliage in the autumn. Miss Wheldale mentions a 
number of the latter in which autumn carotinoids have not yet been 
demonstrated. These three groups of plants, together with the names 
of the investigators who have demonstrated carotinoids in the autumn 
leaf, are summarized in Tables 1, 2 and 3. 

ot the plast1d8 and a retention of the mmlOtic pre&:;ure of the cell plasmll. The latter 
i. recognized by the disappearance of th(~ pluttd pi&'lUt'nh, the dilrilltt'gra.tloD of tbe 
protoplatlm and the formation of brown, rwldtah brown or black pigments 8.tI the retlult 
of lUI oxi4atlon 01. coJor-lesa, water-soluble chromogens. 

Aln Jaolated ea8e8 such aB the yellow lea\'efj of the Oflage orange (MtJel.,..., dtwWft­
'iac5) ODe no doubt finds an abundance of the cbara~tenstic ,ellaw ffa,'onea, mortn and 
maclaurin toond ill the wood of this plant {Kre.8maun. 19r4, tn addition to earotlDOld. 
(Goema.1911). 
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TARLE. 1. AUTUMN FOLLO\Gf, CoNTAINING BarR ANTROCYANINS AND CARm'lNOlDIl 

Acer campc:;;tris (Common European Maple), Tammes, Tswett, Goerrig. 
Accr piatanoides (Norway MapJe), Tammes, Tswett, Goerrig. 
Acer pseudop{atanu..'( (Sycamore), Arnaud in green leaves. 
AcscuLus HippoOO/itanum (Buckeye), Tammes, Tswett, Goerrig. 
CrataegU8 pmnatifi~a (Hawthorne), Tswett. 
HederG helix (EnglIsh Ivy), Arnaud in green leaves. 
Prunus avium (Sweet Mazzard Cherry), Tammes. 
P1/1'1I8 gcrmanica (German Pear), Tswett. 
PyT'U8 U8suriensis (Pea.r), Tswett. 
Quercus rubra <Red Oak), Staats. 
Rosa n.t{)OSG (Rugosa rose), Tswett. 
Taxodium dUitichttm (Bald Cypress), Goerrig. 
Vitia Coi;]netiae (Grape), Goerrig. 

TABLE 2. AUTUMN FOLIAGE CONTAINING No ANTHOCYANINB 

Alnus glldina,. (Black AIder). 
Aralia (Ginseng), Tswett. 
Betula alba (White Paper-birch), Staats. 
Bromscmetia papyri/era (Paper Mulberry), Goerrig. 
Carpinus Betulus (European Hornbeam). 
C ... tanea (Chestnut). 
Celastrus scandens (Climbing Bittersweet), Tammes. 
ConvBlaria majaliB (Lily-or4he~va11ey), Tswett. 
COTI/lus Avellana (Hazelnut). 
Dwscora balatas deen. (Yam), Tammes. 
Fraxinus excet.ior (Ash). 
Funkia Sieboldii, Tswett. 
Gin~o biloba (Maidenhair tree), Tswelt, Goerrig. 
GledttM triacanth08 (Honey Locust), Tswett. 
IN germania (Fleur-de-lis or Iris), Tswett. 
Juglans regia (Englieh Walnut). 
Larix europaca (European larch), Tswett. 
Lepidium Draba (Pepperwort), Goerrig. 
Liriodendron tulipi/era (Tulip tree), Tswett. 
Maclura aurantiaca (Osage Orange), Goerrig. 
Mirabilia Jalapa (Four-o'-clock), Goerrig. 
Morus alba (Mulberry), Arnaud from green leaves. 
PlatanU8 orientaliB (Oriental sycamore). Goerrig. 
Pol1/gonum sachalinense (Sacaline), Goerrig. 
PopulU8 alba (Silve, Poplar). 
PopultJ,8 nigra (Europeaa Black Poplar). 
Popmm tremula (Aspen Poplar), Tswett. 
Ptel .. trijoliaJ.a (Hop tree), Towelt. 
1'1/f"U8 communia (Common Pear), Berzeliue. 

~= ~~t,,;., tE~"J~QO":k'rT":m~:::d Q. cocci ... a. 
RhUII toxicodendrDn (Poison Ivy), Tswett. 
Salix bablllonica (Weer.ing Willow), Goerrig. 
Salix Caprea (Goat Willow), Goerrig. 
8fJ<lTf11G7Oia alricana, Tswett. 
Ulm'U8 camputri8 (Elm), Immendorft', Tammes, Goerrig. 

TAIIUII 3. RBI> WIN'mI FOLLWII nu. !'O CAHOI'lNOIDO 

~:::!i~t:';';'enko. 
Crwtomeria jBponicG, T_. 
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Cupre ...... NaitflOCki (Cypress), Towell. 
EncephalGrt<n Hildebrandtii A. Br. and Bouche, Lubimenko. 
J uniperv.s virgini0C4 (Red Cedar), Tawell. 
Jl acrommia~ciul Lubimenko. 
Retin.Q81H)'Nl umosu (Juvenile Thuja), Tswett. 
&lagineli4 ( lub M088), Moliach, Lublmenko. 
Tams baccata (Yew), Tawell. 
Thuja orientalia (Arbor Vital), Towett, 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 yellow autumn oleander leaves and rye 
straw showed three absorption bands in the blue only. Prillgshcim 
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 exist, 
in yellow autumn leaves, which he called fJ xanthophyll, to distinguish 
it from an a xanthophyll, the yellow pigment in green leaves, although 
he regarded the two xanthophylls as closely related, if not identical. 
Tschirch believed that there was less xanthophyll in autumn le.we8 
than in green leaves. The pigment thus descrihed by Tschirch was 
probahly carotin. Immendorff (1889) succeeded in obtaining carotin 
crystals from alcoholic extracts of the yellow autumn leaves of the 
beech (Fagus) and elm (Ulmus campestris), and although he admits 
that he secured a very small quantity and that only in one case, his 
extracts always showed the carotin spectrum, which caused him to 
conclude that carotin is the cause of the yellow autumn coloration. 
Tammes (1900) examined the fallen autumn leaves of a number of 
trees and shrubs after submitting them to the Molisch alkali crystal­
lization method. The plants examined are given in Tables 1 and 2. 
Carotinoid crystals were observed in all cases in which the leaves still 
showed the presence of yellow plastids. Tammes' conclusion that car­
otin is the cause of the yellow autnmn 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 
autnmn coloration is not acceptable. A nfillll:>cr of the older investi­

.gators concluded that more than one pigment was involved even 
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before it was definitely known that several yellow chromolipoids exist 
in the green leaf. For example, Gregor Kraus (1872c) believed that 
the yellow autumn pigment was due in part to his yellow xanthophyll 
and in part to a yellow water-soluble pigment. Sorby's (1871a, b) 
idea that autumn ('oloration is due to varying mixtures of xantho­
phylls, erythrophylls nnd chrysotannins is not far different from 
Miss Goerrig's recent conclusion when one is acquainted with the par­
ticular properties of Sorby·. pigment groups. Sorby'. xanthophylls 
are our prcscnt carotinoids; his erythrophylls are acknowledged to be 
our red anthocyanins (they were ('haracterized by being strikingly 
affected in color by alkalies and aeids) ; and his chrysotannins, which 
he believed increased during the autumnal ('olor changes, were indefi­
nite water-soluble ycllow pigments with acid properties (related to 
tannic acid) which readily deepencd in color on oxidation. Miss Goer­
rig found abundant quantitieR of n yellow pigment in autumn leaves, 
which could be extrar·ted wilh dilute acetone. Saponification of the 
extmct greatly intcnsifl"d the rolor, and thc unsaponified pigment 
could not be extracted from the dilute acctone by ether. Tbere also 
seems to be little reason to doubt the identity of Sorby's chrysotannin 
and Miss Gocrrig's unnamed yellow water-soluble pigment with the 
so-called autumn-xanthin whi('h Staats (1895) extracted with alcohol 
from the yellow autumn )('nw, of the linden (Tilia), beech (Fagus), 
ash (Fraxinus) and red oak (Quercus rubra) , and which he obtained 
in the form of a red crystallinc water-soluble potassium salt. Staats 
ascribed 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 tbe precipitation of 
the potassium salt, when treated with KOR, confirming the observa­
tion of Macaire-Prinsep (1828), mentioned above, on extracts from 
autumn poplar leaves. Tbe 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 bis 
xanthophyll was practically the Gregor Kraus xanthophyll in that 
author's alcohol-benzene separation, Carl Kraus characterizing it 
further because of its change to a blue pigment on treatment with 
acid (this is either the phylloxanthine reaction of Fremy (1860), or 
the xanthophyll ~ color reaction of Tswett (1911a)). The xanthin of 
Carl Kraus, however, is undoubtedly carotin, since he found it in the 
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benzene layer of the Gregor Kraus separation, and it was not turned 
blue by acids. 

C. A. Schunck's (1903) splendid spectroscopic obseryations of the 
xanthophylls included an examination of the pigments of yellow 
autumn leaves. The method of preparation of the material for these 
studies, whirh has already been described, prcelurlcs the presence of 
pigments other than carotinoids in the alcoholic solution submitted to 
f;rhunek's carbon disulfide separation. 8dmn{'k docs not Int'ntion 
ehrysophyll (carotin) in connection with his autumn leaf ('xamination, 
but his xanthophyll solution gave four banded spertra in prnctically 
all cases. The conclusion drawn was that autumn ('oloration is due 
to L. xanthophyll and a prcpondcrllnce of tbe arid d<'rivati\"e of B. 
xanthophyll, which is characterized hy a four banded speetrum, n 
result which strongly supports the idea that certain changes do occur 
amon!! the carotinoids of the leaf during the necrobiotic period. 

Kohl (1902h) made a careful etudy of autumn pigmentation and 
ascribed the autumn colors to carotin, a xanthophyll (showing a four 
banded spectrum (sec Srhunek)), ~ xanthophyll (n w!lter soluble pig­
ment with no spectroecopic propertiee), a little phy lIofuscin and a 
small amount of another yellow pi!!IDent also deri,'ed from chlorophyll, 
whir-h he does not name. One must a~ce with Tswett (1908h), how­
eyer, that Kohl's methods are open to serious ohjection, in that the 
preliminary boiling of the leaves in water, hefor(' the extraetion of the 
pigments with hot alcoholic potash undouhtedly brou~ht about serious 
decompositions because of tbe high acidity of the cell sap in autumn 
leaves. NeYertheless, 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 (l908b) study of the pigments of yellow autumn foliage 
appears to be the most reliable which we haye 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 arc 
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 lhe pigments in fresh 
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leaves, while Miss Goerrig first dried the leaves in the air at 40° C. 
(prot~cted of course from the light), and then ground them to a 
powder, and (2) Tswett submitt~d his pigments to eonfirmatnry tc"ts 
for the various carotinoids (unfortunately omitting, however, a chro­
matographic analysis), while Miss Goerrig drew her conclusions solely 
from 11 Kraus separation between alcohol and petroleum ether. The 
bearing of these differences in procedure on the conclusions of the two 
investigators, respectively, will be pointed out below. 

Referring first to Tswetb investigation one finds that he plucked 
the autumn yellow leavell of 19 different plants during the necrobiotic 
period, and macerated them thoroughly with glass powder, or emery, 
and MgO (to insure the abs~nce of acids in the extracts) and then 
extracted the pulp with petroleum ether. This was followed by an 
cxtraction with alcoholic petroleum ether. The latter was freed froni 
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 scparation in the Kraus proce­
dure, using 80 per cent alcohol and petroleum ether. The first extrac­
tion with petroleum ether alone should extract the carotin, 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 alcohol alone, and these tested in the Kraus 
system. 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 chi oro­
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 Kraus separation, in 
an cases except the extracts' from the honey locust (Gleditsia tria­
canthos) and the buckeye (Aesculus Hippocastanum). Spectroscopi­
cally the pigment showed three absorption bands behina F, but 8S their 
position was somewhat variable no measurements were made. Tswett. 
called the pigments (he believed a mixture to be present) autumn 
xanthophylls. Saponification did not alter their carotin-like property 
of remaining for the most part in the petroleum ether layer iII the 

• The h7POpbaile porUORS of tbese extracta were uDlortunatelT not Q8miDed fQrtaer 
b,-T .. ett. 
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Kraus separation. In the author's opinion the pigments might i>ctter 
havc bem called autumn carotins, for the behavior of the carotinoids 
in the Kraus separation unquestionably depend. primurily upou chemi­
CHI compo.itioll, as Tswett 11911b) himself I"" pointed ont, while 
their relation to adsorbents is largely a ('olloidal phenomenon, no 
already explained, and is not nc('essarily related to chemical com­
position. 

Tswett also mad" a careful study of the question of the alle~cd 
iRorby, 1871a, b, Kraus, 1872, Kohl, 1902) presence of water-soluble 
yt'llow pigments in yellow autumn foliage, with most ronvincing re­
sults. He found that hot water decoetions of autumn l('n,""8, obtained 
with the exclusions of as much flir as possible, \\'ere srarcr}y colored 
at all, and that similar decoctions with dilute acetic acid were pale 
yellow, while extractions with alkaline water were golden yellow to 
brown or reddi,h brown. The more golden colors were deRtroyed by 
acid, but the deeper ones persisted. Decoctions with watrr slightly 
alkaline with carbonates were likewise golden yellow, and the extracts 
acted towards acids, alkalies and air like the extracts with distilled 
water. Tswett obtained further proof of the presence of colorless 
water- and alcohol-soluble chromogen., ' 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 ,,!eoholic extract of the yellow tulip and maple leaves 
with chloroform. This remm"ed the eolor, leaving n colorless hydro­
alcoholic layer which acted towards alkalies like the distilled water 
decoctions from the leaves, 

Tswett holds, apparently rightly, that colored salts of the above 
mentioned chromogens may at times play a part in the coloration of 
autumn leaves during the necrobiotic period. It would appear that 
the definiteness of the relation between this period and the true post­
mortal period of the leaf is the important factor in determining this 
type 'of coloration for Tswett believes that the brown oxidation prod­
ucts of the yellow alkali salts of the colorless rhromogen of the leaves 
play the chief role in the postmortal coloration of leaves, a reaction 
no doubt accelerated by oxidizing enzymes. 

Miss Goerrig's (1917) recent study of yellow autumn pigments was 
an attempt to determine quantitatively the relation of the carotinoids 
in the green and autumn leaf, just before and during the necrobiotic 

f Thele BU~Dces are probably lIavOlle8 ,wbleb are chal'lfcter1sed eMpee.Iall, bl their 
.Jellow eotor reactlon with attaJ1es. . -
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phllses, determining colorimetrically carotin and xanthophylls (as a 
group) hy the Willstiitter and Stoll (1913c) method, using potassium 
dichromate as 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 prenrcrosis pigments, never equal quantitatively those pres­
ent in the leaf in midsummer. In all cases the xanthophylls exceed 
the carotin. The reader is referred to the original paper for other 
drtails. The plants examined are noted in Tables 1 and 2. 

From a qualitative standpoint Mi$s Goerrig's results differ signifi­
cantly from Tswett's in two particulars, (1) the fonner denies the 
existence in lIutumn yellow leaves of carotinoids differing from the 
normal plastid carotinoid., (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 frequentl~' small significance of carotin and xan­
thophyll. in the autumn Iraf pigmentation." 

With regard to the Ii .. t difference, Miss Goerrig's conclusion is cer­
tainly "pen to critici~m in that she did not submit her carotin and 
xanthophyll fractions. obtained by separation between alcohol 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 calls autumn xanthophylls is indicated 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 xanthophyll. from the carotin. It is 
not difficult to conjecture that such xanthophylls, like Tswett's autumn 
pigments, would be mostly epiphasic between petroleum ether and 
80 per cent al{'ohol, 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, inQSIlluch 
as the former proved that her leaf prepamtions from both green and 
autumn leayes 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 diJference alone may be suf-
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fieien! to aerount for the divergenl'c of the re.ult, on thi. point. This 
possibility should be investigated. 

Carotinoids in Autumn and Winter Reddening 

The winter reddening of leaves of the Engli'h ivy (H cdertr hdix) , 
privet (Ligustrum vulgare) and other evergreens, and also that of cer­
tain herbaceous plants like Saxifraga umbrosa, whirll retain their 
lea "e. in winter, as well as the autumn reddening of the Rosaceae and 
manv other individuals of various plant order> is due to anthol'yanin 
for~ation. The chemistry of autumn and winter reddening, there­
fore, does not seem to fall within the .("()PC of this monograph. How­
e\"Cr, from the investigations of Molisch (1902), Tswett (1911b) , and 
Monteverde and Lubimenko (1913b), earotinoids with an antho­
cyanin-like color are responsible in some cases for autumn and winter 
reddening. 

Schimper (1885) first examined the red pigment in winter foliage of 
"arious firs (Abies) and other cOliifers, such as Thuja ericoid.R, Thuja 
standishi, and the common box trcc (8uxus sempervirens) and found 
it soluble in alcohol, benzene and CS" and that it was extract{'d from 
alcohol by the last named solvent. He also noticed the red pigment 
in various parts of the plant of many varieties of aloes, e.g., Aloe ver­
rucosa. Courchet (1888) later investigated the properties of this red 
pigment and concluded that it was different from carotin and other 
pigments because it did not give the blue color reaction with con. 
H,SO,. Moliseh (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) "arieties of aloes responded, in part at least, to 
his alkali crystallization method. The pigment crystallized in the 
form of needles, platelets, prisms or little stars, with a garnet red or 
yellowish brown color, and gave the usual reaction with con. H,SO .. 
RNO., etc. Similar crystals were obtained even more abundantly in 
the chromoplastids of several varieties of Selaginella. :r.,1olisch con­
duded that the winter reddening of alol's and Selaginella is due in 
part to a red carotin (carotinoid).' 

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

• )fo1laeb found a similar, It not tbe same pigment. normally imbedded in a colorJeu 
mama la the eoDImOll boreetan (Ell'riBetum GnletPe). tbe plament itself bavina- been 
""-ved lim. b7 _im_ (1885). 
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pigment because he first isolated it from arber vit<e (Thuja orien­
tal;',). The pigment is desrribed by Tswett as being ruby red in car­
bon disulfldc, rose in akohol .md yellow in petroleum ether. It is not 
adsorbed to any extent by CaCO, from petroleum ether or CS, solu­
tion, but is almost wholly hypophasi\' in the separation between petro­
leum ether nnd 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 Tswctt's {'\assifieation of the pigment as a carotin is 
subject to the same criticism as his elassifiration of the autumn yellow 
pigments as xanthophyll •. It has already been pointed out that chemi­
cal composition, not ('olor and colloidal and other physical and 
physi('o-ehemical properties, must he the corred basis for the classi­
fication of carotinoids. The hypophasic relations of thujorhordin in 
the Kraus separation would classify it as a xanthophyll. Monteverde 
and Lubimcnko (1913b) and Lubimenko (1914", and b) have, in fart, 
already classified it thus under the name rhodoxanthin. which appears 
to have been the name first applied to this pigment by Tswett (191Ob). 
The discovery of the same pigment in the pond-weed (Patamageton 
natnn.,) by Monteverde and I"ubimenko has been mentioned in an 
earlier paragraph, and its characteristic properties given. 

Monteverde and Lubimenko's study of the Thujn pigment differs 
from Tswett's in that the pigment was isolated in n%rly 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. 

Lyropin, the red isomer of carotin, is also involved in winter red­
dening, according to Lubimenko (19148). Two conifers whose cone 
scales owe their winter eolor to this pigment are mentioned in Table 3. 
The plants were studied under tropical conditions. 

Carotirwids in Flowers 

Yellow, orange and orange-red tints are especially abundant among 
flowers. Marquart (1835) was the first to name the yellow flower pig­
ments, calling them anthoxanthins to distinguish them from the blue, 
violet and red pigments which he called anthoeyanins. Marquart 
noticed that certain of the anthoxanthins gave a blue color with COD. 
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H,SO" so that observations regarding flower carotinoid. lllny right­
fullv be .aid to have begun with thi, invr>tigntor. 

Beginning with Frrmy and Cloi'z (1854), lIo\w\'er, it II". bc{'n rc,·­
ognized that yellow flower colors may be divided, at least roughly, into 
two groups, one insoluble in water and the other soluble ill wtlter. 
Fromy and Cloez called the former xanthin, and regarded tl ... pigment 
of the sunflower (Helianthus ann",,) a. the type. The pigments of 
the wHter-"oluble group were called xanthrin, and til£' yellow pi~ment 
which may be obtained from certain dahlias was regarded '" the type. 
Fremv and Cloez's xanthin WHS, of ('OUTBC, n mixture of cnrotinoids, 
and tileir xanthelns are recognized today llR nnthorynnin~ and flUY0!1CR, 
only a few of which, however, hii\'c heen isolated and rlo"ely studied. 
We are concerned in this monogmph only with the r!lrotinoids, but 
the subject of yellow flower pigments is somewhat complicated because 
of the fact that yellow, orange and orange-red pigments of a consti­
tution entirely foreign to that of the carotinoids urc frequently the 
cause of the color of flowers and sometime~ associated with the caro­
tinoids in causing the coloration. 

It does not appear to be possible to determine with certainty by 
mere inspection whether a yellow colored flower owes its color to 
carotinoids or to pigments of the water-soluble group, although Bid­
good (1905) states that in general all floral colors of a primrose or 
sulfur-yellow color are produced by the latter pigments, and that such 
flowers have a more delicate, transparent appearance. Microscopic 
observation, however, readily reveals the character of the pigment 
present, for the carotinoids appear to be always present in flowers in 
the form of chromoplastids, while the anthocyanins and flavones are 
always present in solution in the cell sap. There may be some excep­
tions to both statements but the differentiation is sufficiently general 
to serve as the basis for determining the character of the flower color­
ation. Confirmatory tests for carotinoid" can, of course, always be 
carried out. Yellow and orange colored anthocyanins, giving a red 
color with sulphuric acid, are more common in flowers than are flav­
ones, according to Bidgood, who lists a number of flowers whose color 
is due to the former, but very few that owe their tints to the latter. 

The vast majority of yellow to orange-red colored flowers, however, 
owe their color to carotinoid containing chromoplastids. Thudichum 
(1869)' gave a list of 32 flowers whose yellow pigment he regarded as 
due to lutein. Carotinoids have since been' demonstrated in practi­
'Cally. all these eases. Gregor Kraus (1872) first noticed the speetro-
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,",opir similarity of akoholir ~xtracts of yellow flowers with the xan­
thophyll which he obtained from gr~n Icaw~ by his well-known 
method of sepllTlltion of the green and yellow ehloroplastid pigments. 
Sorby (1873) beliC\'ed that yellow and orange colored flowers were 
colored by " mixture of the "arious xllnthopl,ylls and xanthines which 
he described and which hn \'e already been rcl'icwed in detail. Dippel 
(1878) also notired tbe similarity between the absorption spectra of 
flower extracts (he used the golden-yellow flowers of the California 
poppy (ESCMCholtzia cali/ornica) and the yellow pigments of dlloro­
plastid.. Hansen (1884e) apparently obtained the first crystals of 
carotinoid from yellow flowers. but their probable impurity is indicated 
by their ease of solubility in both altobol and petroleum ether, crys­
talline carotin being practically in.oluble in tlw former and cry"tal­
line xanthophyJls in the latter solvent. Hansen called the flower 
plnstid pigment lipochrome. berauee of its similarity in properties to 
the animal lipochrome. wbidl were being studied by Krukenberg 
(1880-1886) about tbat time. 

Sehimper (1883, 1885) Ii,..t ob'cr"ed that the orange-yellow pig­
ment. in the ehromoplastids of certain flowers exi.ted naturally in 
crystalline condition, while in others the pigment was gTanular or 
amorphous. Tbe.c observations were greatly ext.endf'd by Courchet 
(1888), who used the name chromoleurites first proposed by van 
Tieghem in place of ehromoplfistids. The fomler has not had such 
general uS(> as the latter. Courrhet's extensin investigation was not 
confined to the yellow and orange pigments of flowers and fruits, but 
eO\'ered the anthocyan ins as well. He described "ery minutely the 
morphology lind organization of the chromopltlstids and tbe pigments 
contained therein for many flowers and fruits. He found a very inter­
esting relation to exist betw~n the ~olor of " pigment and the form 
which it assumes in the plant. He showed clearly how to distinguish 
between red anthocyanin pigments dissolved in the cell sap and red 
plastid pigments frequently deposited in crystals in the plastids, the 
latter being characterized by their blue color reaction with con. 
H,.80,; in form and color and reactions with reagents tbey were shown 
to be identical with the red crystals in t<JDlato plastids, which were 
believed at tbat time to be identical with the carotin of carrots. He 
demonstrated that yellow-orange and red-orange colors in ftowers are 
always found in the chl'Omoplastids, frequently in the form of eryat.&Is 
whose rhombohedral platelets or pril!lDS were recognized as extraordi­
narily closely telated to tbe carotin of earrotB and green leaves. He 
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point.e<i out distinctly the difference bctwet.'I1 yellow Bower pigments 
dissolved in the rell sap find yellow flower pigments deposited, appar­
ently always, in nmorphous condition in the pla.lids. Courchet W!UI 

successful in rl'Crystallizing the red, n'tl-orangc and ycllow-or'llIgc 
plastid pigmentli, but not the ydlow plastid coloring mutters. The 
Intter, howe,·.r, ga"e the .ume color reaction. willi the lipochrome 
reagents as the ery.tulli,"ble pigments, and th .. ir great solubility in 
absolute alcohol shows clearly that they are to lK' c1ml. •• itied 1\8 xan­
thophyll.. It is not so certain that the crystalline forms were carotin 
in all rases on a"('oont of thdr somewhat ,·"riable "olubilits in "koho!. 

Following Courchct, carotin crystt,ls were obh\in~'Il by 'lmml',ndorff 
(1889) from extracts of the flowel'1' of "arious memocrs (If tll(' butter­
cup (Rammculu.'J family and from ""rioua memocrs of the lll.wkhit 
(Leontedon) f"mily. probably c.peeilllly the so-culled autumn dllndc­
lion (Leontedon alltumfUlic). Mobius (J8S5J hnd already Mhown that 
the pewliar oily appearance of the yellow buttercups, which i. the 
cause of their common name, is caused by the pigment heing di.wlved 
in the cell. in oil and not prescot, us usual, in plastid form. This 
flower therefore appears to present un exception to the general rule 
that flower carotinoid. are prescnt in chromoplastid.. In this con­
nection, the idea of Hilger (J894) and his pupils Wirth (1891) and 
Kil'1:hner (1892), that the enrotin pigment of the pot marigold flower 
(Calendula offici:na1is) is a mixture of sterol esters of "Miou. futty 
acid. and an unnamed colorless hydrocarbon, hus heen ('ompletcly dis­
proved. Pabst (1892) proposed the same idea to explain the consti­
tution of the pigment of the red pepper (Capsicum annum) and Ehr­
ing (1896) the pigment of the tomato (Lycopersicum esculentum). 
Even if these authors had regarded' carotin as a sterol-like substance 
in union with fatty acids, which does not appear to have been the 
case, the hydrocarbon character of carotin and the fact that xantho­
phylls apparently contain no hydroxyl group would render their con­
clusion untenable. 

We are dependent for our present knowledge of the distribution of 
carutinoids IIID9ng flowers upon the observations of TaJllDleS (1900), 
Kohl (1902), Schunck (1903), Tsehirch (1904), Bidgood (1905) and 
van Wisselingh (1915), Tammes, Kohl and van Wisselingh wb­
mitted the lowers 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 IllIditional 
tests on tbe crystals thus formed in order to determine, if possible, 
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whether the crystals were carotin or xnnthophylls. Schunck's com­
binc<l separation and photo'p<>ctrographic procedure, together with the 
cffc{'! of <'ertain r('''gents Oil the absorptioll bands, has already been 
described in ddai!. SehuIlek reported espceially the distribution of 
IIi. L. B. and Y. xanthophylls, respectively, ill II number of common 
yellow flowers. Tile author i, of tll(' opinion that Schunck's work can 
be reji"d on merely us having shown that xanthophyll curotinoids arc 
present in tJJ(' particular fiOWl'T:-O examined by him. Th{' author re ... 
(,,,,,tly' sought to \wify SdJUllt'k's observation that the pigment ot 
the common dandelion t Taraxar'um OfjiCiTUlu'') is compared solely of 
H. xtmthophyll, wliieb (·orrt'~poJld ... witb T:"wdt'~ a' and (1,." xantho­
pll)'UR, with the view 01 determining the influence of a "in!!le xantho­
phyll on t.he ('oloration of egg yolk when fed to laying hen~. Only the 
purest yellow part. (If the dandelion hend weN' exftminl'd. Applying 
reintive Boluuility, ,pet'tro8('opie and chromatographic adsorption 
methods to the extrul'tcd pigment, it was found, however, that carotin 
lind at l,'ast three xllntlwphylb were pfl',ent, carotin being especially 
abundant. Xanthophyll ~ tS"hulli·k·, Y. xanthophyiIl, l'iUlraeterized 
by the peacock-ulue color of it, alcoholic solution on treatment with 
HeI, Wae among the xllntlJOphy118 present. 

Tschirch used a still different method for his flower studies. The 
nleoholic extracts were submitted to the capillary analysis procedure 
first introduced by Goppelsroedcr (1901" and the carotinoid (,har­
acter of the principal ydlow zone confirmed spectroscopically. 

This cupillary method of separation has not been mentioncd pre­
viously so that a few statements concerning it. character may be made 
at this point. The alcoholic extract of the flower whose pigments are 
to be examined is placed in a eylindrical vessel with a flat bottom and 
strips of thick, fat-free paper, sueb as that used for the Adams' milk­
rat analysis, are immersed in the solution to a depth of about one 
centimeter. The strips used by Tsrhirch were 5 em. wide, 18 cm. long 
and about 1 rum. thick. These strips arc hung from a support. Dur­
ing the course of se"cral hours the pigmented extract gradually rises 
on the pap<>r and as it does so differentiates itself into colored zones, 
strikingly similar in appearance to those obtained in the Tswett 
chromatographic analysis. When the capillary rise has ceased the 
paper strips are removed, dried, and the various colored zones sepa­
rated with the scissors. The pigment in the individual zones is puri­
fied by repeating the capillarity until the paper takes up only one 

• UnpubUldled lIlTeJtJpUOIL 



CAROTlNOlDS IN THE PHANEROG.HIS 11 

pigment. The method i. strikingly Im'tty but h". tIl!' serious objrr­
tion that the various rarotinoid5; ure Iik('ly to Jo~(: fl:om(_\ of thdt t-har .. 

. arteri.tie prop('rtie~ through oxi,lat,ioll I.'fort, :I pUtt· pi({mrnt i. ob­
tained. Ar('lmlinj! to T,wet\ lI9Otx'\, the dill"''''nti''';oll into zone. 
is not due to adsorption. liS in hi, mNluwl, hut nl<'rd\' to " combined 
effert of suriurc e\'nporation and p!'('('ipitatinn of i>ill:lll('nts huving 
varying d('~('s of in~olubility in t.ht, inn('Il!o'ill~ly dilutt' akollo1. It, 
ip: ditTtrult to helieve, how{'ver, tllllt colloidal uih,orptiou dO{,:-l not pll\Y 
!\ part in thi8 phenomenon. 

Bidgood'. addition to th,' Hlbjert of flower pil(mcnts i. a Ii.t nf 
flower8 whose orange, brown ilnd grt'rn tone~ nfr dtlt' t,o tlw (·omhin(·d 
effrct of cHrotinoid~ and crimson and bIut' anthocvnnin .. , 

The author has att"mpted to \'oll~rt in Tllbl~ 4, 5, 6 nIHI 7 th~ 
results of the work of the \,llrious ill\'e.ti~llturs mentioned. It iR soon 
thut a "cry large number of rellow flowers owe their enlor wholly or 
in part to carotinoid.. It should be undcrNtood thnt the tables include 
only those which have been .tudied, and t.hat the lists arc not neeCII­
sarily complete. A f<w statement, may be m"'C88llry in cXl'latlj\tion 
of tile separate tables. The "nrotio-c'olltainiIlR flowers in Tuble 4 
must not be regarded ". containing this pigment (lnly. A'!l mutter 
of fact carotin appnrentiy never cxi.te a 1011(', at lellst in flowers lind 
l~a\'e8, although it mny be ti,e predominllting pigmcnt, n. in the 
corona o( the p()Pt'~ ::"'nrcissu., und the daff'Kiil wherc it i. {ouncl 
already crystallized in the pla"tids (Courc'h,'t, Bidgood, vnn Wissel­
ingh) . The orange colored pigment of the pollen of the .o-otilled 
mullein (l'erba.,cum Ihapsitorma 1..) "pp('ar> tn c·on.i"t wllolly of 
carotin (Bertrand and Poirauit, 1892). The flowers which arc 8tarrcd 
in Table 4 were placed there largely because they have been found 
to yield microchemical crystals by the acid method, which may, at 
least provisionally, be regarded as specific (or carotin on a('count of 
the great sensitiveness of xanthophyll. toward acid. The presence o( 
carotin in the other flowe", in Table 4 has been substantiattod by other 
observations. Arnaud determined quantitatively that tbe flower petals 
of tbe "sweet violet (Viola o<iorata) contain 124 mg. carotin per 100 
gms. of dried petals. The xanthophyll-containing flowers of Table 5, 
similarly, do not necessarily contain this class of carotinoids only, 
altbough it 'is possible that this may be the CIlI!C for those which are 
starred, judging from van Wisselingb's study of this question, This' 
mvestigator's conclusion that the flowenr which are double starred in 
the table contain only one xatithopbyll should be substantiated by 
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"bromatographif' nDnly,is, The colledion of flowers in Table 6 Big­
nifi('S tllllt we know,,, vet onlv that carotinoids arc present in tbese 
flow,'r.. Whetl",r til(' ('~Ior elf':.t, are "Iso due in part to yellow hued 
non-f'urotinoid. i, not known. The cas,," where this fa,'t appears to 
htlve been estllhli"t,,·" lire rt'porkd ill Table 7, whid, il1l'ludcs as well 
a few of tilt' known ('118('. where other rolor tones lIrc due in part to 
rarotinoids. 

To summarize the whole subject of flower carotinoid, very briefly, 
it i. elear that much work remains to be done before our knowledge 
can be rC!I;!\rded "' ('omplete regarding the "haracter and distribution 
of the individual enrotinoids among the yellow flowers. 

'1'1£U,. <\. "i'bU.£t.W fUYf.t.\\~ \N W\\,I,(:_'"a. C~\'Sr.~ Rt-. .. i, B.'tX.~ 1_.)i.~~~~'!Y..!>.'t\'.t,) 

-Abutilun Darwinii Hook lFlowering Maple), Tammf'lll. 
Aloe t'CTrUC08a, Molisch, 
Ascirpias ('uro"wwi.ca L. (Milk Wf't'<i), vfI,D Wi.saelingh. 
ARphodelWJ caMill'" L. (AsphodeJ), Courchct. 

:~k!~id~":&~rn~j~ It~of('-(;~:n~'i·~~JF:;;~:),vTh~~!:~lingh. 
18aJ:i6 Tinetllna L. (Dyer's Woad), van U'iSt·.eiintz:h. 
LirWdl,tulro1. tuliplif'fa (Tulip tref'), Schrotter-Kristelli. 

*Manettia bicoloT Paxt., TlllUlOes. 
Mumordica balMJmifW (Balmtm Apple). G. and F. Tohler. 
Narci,s.,w;. poeticua L. (Poet's Narcissus), Courcbet, Bidgood, van 'Vi&"('linlth. 
Narciutu PSf!1«iO-naTci&'lUg L. (DaffodiJ), van WiS$Clin~h. 

·,N(mnro lutpa D. C., Tammes. 
·P:imula officinolis (Cowslip), Tammes. 
·S"phof'.a.mP1J/os. bico;or G. Dow. Ta.mmes. 
·StiJophorum dtphyllum Nutt., TAmmes. 
Tararo(.'um (j_fficina/t.· W(·bu (Common Dandelion). Palmer. 

*'Trolliu8 asulliclU l.. (Globe Flowe-r), Ta,nmes, 
• ClIl'ot\n by tbp. R('ld mi(>roe}IPnI\c".l cr1'"-taJllutlon metbod. 

TABU: 5. YELLOW FwwEIlS IN WHICH XASTHOPUYLLS H,WE 
BEEN Dml:CN8'I1lATJ:D 

Calecolaria (Lady-slippers), Schunck . 
• ·(}alenduUz art'ensis L., van Wisselingh. 

Calendula o/fieituJIe L. (Pot Marigold), Schunck . 

.. tt;ii:;.~-::. c: Ii:. \'6:~di:r~~)~C:~n W...,ling),. 
Chrysamhcmum (probably /Mdt4ce118 L.J (Marguerite), Schunck. 
CII! ..... Laburnum L. (Broom Flower), Schunek. 

'DendTobi»". thvroiJl"""" Rcbb, iii. (o",hid), van Wtooeiing),. 
"Doro""""m P...oo:ianch .. L. (LeQpard'. Bane), Schunck, van Wisselingh. 
"G .. ania splf?1ld<1l8 Hart., Kohl, va.o w_ingh. 
n.liGkth,.. 0 .... ", (Sunflower), Schunck: . 

• ·Hieroceum atJ;I'Q;ft,tiocu.m L. (Orange Hawkweed, or Devil';;;: Bit), van Wiseelingh . 

•• ~:",t=,L~:"'~':.nW~i:h.Wtooelingh, 
Mim..J"" moscM! ... L. (Musk plant), Scbunck, 
• FIo1f(,1'8 ooDtainln,. untbopb:rlls and nq t!arottp. a{'COrdill, to van WlgeUaeh. 
•• Flowera wuOtte MomItatlOll • 4ae Dt OU$ Dlltliophl'U only. aeeordbl& to ftD 

WIIMI1IacI>. 
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NtIt't!i4Mu P~u.do-.. ciut..ull.. (lh\lfodiil, &huudc, ,"'tHt W.'lUl)Cb. 
PrimuI4 offici ..... \Co,...hp). Kohl 
R_"ncui'W08 ocn.. L. (BUtl-eTt'ul))' Knhl. Sdwudc 

~iCe~:;t.:~w:,tJ:;' J;;r~~;,:tK~~~l~thK'k), &hundc 
··Sportillm juft(,A'Um L. (Sp"Hu~h BrouIU). nm W~·llUllh. 
Toqeles CT('cta (Ma.nlfold I. &'huu("k. 
Tanuacum o/fici1ialr Wt,l:wr i('OIUnton J):tndl,houJ. Sdutlu'k, Pullnt"f. 
Tropot'olum ma.ju.a (NlU<turtnmt), Schu1)t'k 
TuJlpa Grsm'nana 1.. (Conunoll Jlttrdl'!l Tulip). \"till WilW'hhtlh 
Tuuil(jfJo FarftrfY.J L. (Cnlt~ .. fu(lt l, s<_'hutll,"k. 
Ule.z €'W"OpoC'fU (Gonw), SdlUn('k. 
Verba8cum IipPCtf"tl (MuJlf'ill), Kuhl. 
Vio14 tricolor L. <Pnne,rJ. Schunck . 

•• FlOWf'r8 .'hotlf' vlClnf'ntHtillo III dlw to (lilt· ;UflHHlI,hrll {lOI, .• eC!ord1hfC to \"I.n 
WlBIeJinPl. 

TABLE 6. YEWAlW FU)\-'EH8 IN Wlllf't! c."" .. rnsoJ()::> tlAn: nUN DIMON"ftAHD 

Abutilon mcgopotami'cum (}<'lowt'rinJC ~faJjlt·). Tttrnrnt~. 
A.butilon neTl'lJ8Um (FJowt'rinjl ~fapl('I, nohl. 
AdoniB 1'f'rnaJi8 (Sprmg Ad(Juil'l). TallJlUh' 

AI"uum sa;ralile (Goldf'n-tuft J, TIlIllIIWS 

A8tf!T epecic8, Cou~et. 
Buphthalmum saliclJo/ium, T ~hireh. 
Cacalia cocci1U'G, Tschirch. 
Caltha palwtm (Mandi Mari_old), Kohl, Tnmuu'i>\. 1'8Chlrch. 
Chf1lMmthemum /roteiJC('WJ, (M8~\lt·rltf'). vun \\'I*,lillt{h. 
Clivia miniato RCJ[el, VllTl WisI;;f'hngh. 
C olute4 media (Bladdf'r &nna), T :.ch irch. 
Carl/dati« lut('6 D. C. (Lark's HVurl, nth WI~din5l:h. 
CUCUI'bita /oeti&ima (CtUabni!dlu), Kohl 
Cucurbi.ta mclano~pcrma A. Br., HiD Wllw!)JD~h. 
C1ltiBm Laburnum L. (Broom), "un 1ViN$(:lin$Ch. 
elitism 3agUtali1f Koch. (Broom), van WJl'~I~.dm~h. 
Doronicu.m Columnae Tenore (l..eopl.\rd'l' Bane}, Kohl, Tamm~. Tr.chireh. 
Dot'onicum pianlaqin.cum L. «l'<.'f'Utum, van WiK."I(·im.m. 
DQ1'OJIicum Pa.rdJJlia.nche~. Tschlreh. 
Epimedium ma.cranlhe"Um, TllmmeH. 
Eranthu hllemaJi8 Salisb. (Winter Aronit.e). Tflmmt'f!. V3n WiMelingb. 
ETl/MUm Peroj.kianum Fisch. and !\Icy .. VIUl Wis8elingb. 
Ferula opeciu (Giant Fennel). va. Wi_lingb. 
F_tI .. a Fortunci (Golden !leU). Tamm .. . 
F~thi4 viridimma (Golden !lell), T.rom ..... Kohl. T ... hirch. 
Fritillaria Imperial .. (CrowD Irope""I), Tamm"". Kohl, vaD WiMelingb. 
Gaill4Tdi4 JJpkndem, Tscbirch. 
o-m;" sp<ciu, Tscbirob. 
GeaWa ~, Tammes. 
GerUoI4 tincloria (Dyer'. Greenwood). Courcbet . 

. g:;:.,.. ~m~~~n Wis8elingb. 
HelerIium.G1dumflQ}e (So •• ""wood), Tammeo. 
H~ Jliddendirffii Trautv. and Mey (Yellow Day Lily), van WiooeIiDBb. 
HierrJci¥m murorum L. (Hawkweed). VIUl Wis8elingb. 
H>emcium Pil_Ua 1M.,...,.., .. , Hawk .... d). COUl"1lbet. 
J",~ NoJi..Umqere (Toucb-rn<>-not), Kohl. Tam",... 
btoJ4 HeIemu:m L. (Eleeam_', VOIl W_lincIL 
I ... p~ L. van W_lingb. 
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Kf'Tria joponva D. C. (Japanese R08t'), ~ohl, Tanmu's, Tschireb. van Wlseelingh, 
Iftrilu'a GaJ1nrti (Grounw.d), van WJl'I8f"hngh. 
Kniphojia. aJooul,iH {Turch Liiy or Poker PianO, Tammcs. 
Ladamu71 h7liJfidum, KohL 
LeonlNIQrt autl~mrlaliR (Autllnln Dandelion), lmmendorff. 
iA'onil'don Tarazicum (probably Common Dandelion), T:-;chirch. 
Li/~um /Julbljf·ntm, Hansen. 
Lorwl iatrritia, Kohl. 

f~;::!l:'_~~~~bC::iI.lT\rr~~(\\Tel!(h Poppy)>, van W~~hngh. 
MI·filotm officina~Uf (Sweet Clover). Thch~rch. 
Nuphar iutl/Ufn Slbth, (E\lfOpelUl Pond Ll1y), \'l1n Wu! .. ·~diuith. 
Ot'1!.Qthno binmix (Euro~D Eveninll' Pl'nnroroe). TaruInt'toI t Kohl. 
J~h1l801iA Franchctii (ChineSf' Lantf'fn PlanO, TnmmN". 
Ranultcuius aUr1comtUi (Buttercup), Tumm('i!, Kohl. 
Ranuncultu Ficaria, iatnmes, KohL 
Rrmll.flculus GraminR.w. Tammes. 
Rafl.u»culu8 Tt'J,W'n8, Kohl, Tammes. 
R(JSQ species. yellow flow(>r5, Hansen. Kohl. 
'Rudbf'ckia .Vewmanii <Corte Hower). TilIUme8. 
Silphium p<rloliatum (Cup pl""t), Kohl. 
SinalJis alba l~., vaD Witl8elingh. 
SiBlimbrill.m S~ia, TammE'S. 
Strdit::w Rf'gi1'llJ€ (Bird...of-Psl'lldiHe flower), Tammc~, Kohl. 
~~f~k:: :;:!ci~!:!:gT~llj~h.urehet. Kohl, Taunn(.~. 
Tlu:'1'mopaia la.nefolata R. Br., van Vli8l!letingh, 
Tillandsia spirMf!1Ut, Tilmmes. 
Triton" """tn (B1 •• in~ St.,,). Kohl. T!!Chirch. 
TTOUim europn<'U8 (Globe Flow.r), Tamrnes, Kohl. 
TrcYpOf;olum maj1ut (Nasturtium), Courehet, Talllm~. Kohl. 
Tropaeolum mim~ (Na.e:turtium). Kohl, A. Mt'Yf'r. 
Tul1,pa Gesnertana L., van Wisselingh. 

b:T:n:~r::/ifi2:e:1fJJ~~;;~s:e~!~: 
Verbascum Thapailorma (Mullein). Tschireh. 
Viola ooorala (Sweet Viol.l), MoliBch, I{ohl. 
Viola bijima., Toclliroh. 
l'iola comuta L. Val. Daldowie yellow (Horned Violet), van Wieselingh. 
Viola.lutca (Yellow petal Violet), Tschireh, Tammes. 
ll" aJd8tcinia gf:oide8, Tsmmes, 

TABI.& 7. FwwlBS CONTAINING CABOTINOID8 AND OTHER PIGMENTS 

Allium skulum (Onion), Courebet. Chiefly carotinoidE wjth some chlorophyll. 
ttiving brown color. 

ArmeriG t..ug"n. (Thrift), Courohet. Chiefly CIlJotinoids, some soluble vellow 
no~tiDoids. • 

Atropcl b.Uod_ (Belladonn&), Courchet. Chiefly carotinoids, some soluble non­
ca.rotinoids. 

Bvl~ibarbtJta. Courcbet. Chiefly carotinoids, some soluble yellow antho--. 

CYOCWJ mtiv .. , Techireh. Some oarotinoids in flower petals, also Safran. Pollen 
.,..m. Safran. 

C:2$,' . '" BozollU, C. inaiqne, C. 1ZJVfl3. (Lady'. Slipper), Bidgood. Chloro­
Us back of chromoplutids .winK brown elrect. 

E It_calif""';'" <C&!ifomiaPoppy), Courohet. Chiefly anthoeyanilll!, with 
some xanthophllla (_1). 

G_ """""'"-, CoIm:Ilet. Putly.....,.., .olored oarotinoids and partly __ 
ooIored anthOeyaain. 
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MM/-<wGllia l't:'itchuu,a, Hidf(ood. }'ufJ)fr C(.Jl sap aad cttro(,jnoid chroUJoplturHdt. 
N~ 1'iufll4 (PolYlUltbulS Nan·l~W!J. UtdJotsd. Chiefly )"eUow anthncyanm 

with 80lllC carot.1D (?). 

Odi~'!ct~~~lA ~i~~'h~~~~~li?sn<"~1*o~~ 1~~'::I~~~~l8(~ro::h~:;~~H~ ~:~'~~:~r:~i 
('1.'lla and yeUow earotmoidt< aiollil uuu'r wa.l\.s u! )lAlU{' ~t'I1f,. 

WIl1J8owel'8. Bidgood. SOtn(, han crlnl.'on mp anti ('l1rotm()iitl'l In }lliu!'tltll't. 
Yellow tulip;!, Bld~. Blue anthocyanm ID (,Pl<if'fUUU N~JI",. U\'(4rl'_'lull yrHuw 

chromoplMtitis in stamina) tiluUlcnts. 11\'101 grt>eb cfft.'t'ts. 

CarotinDids in Fruit. 

A large number of ~'ellow, orange Ilnd red rolored fruits hnvc !x-en 
exnmined by \'ariou. investigators for the nature of the pigment. The 
coloring prinriple. found in mOl,t el\,,<,. ran be da.gitied with the caroti­
noids. For the m,.jority of th,' fruit$, however, we huve the obeer­
vation of only one invCRtigutor and thIS in many cases has been very 
in~dequate for the purp')!>c of properly rlll •• ifying th~ kind of .nroti­
noid prpsent. E"rn for many of the fruil$ that haw oom Htudi.,d by 
more than one im'estiglltor we only know, as yet, that rnrotinoids arc 
the cause of the pigmentation. There is gtcat Deed for an application 
of the Tswett system of analysis to the pigmenu of these fruits. Only 
in one case, namely, the tomato, has II thorough study of the pigment 
been made. Thi. work will be rderred t() in detail preseutly. 

The fruits for which only a single observation b ... been mnde will 
be reviewed tim, briefly, considering the cases chronologically. The 
various fruits for which more than one observation is available will 
be considered separately. 

Thudichum (1869) classified the pigment of the fruit of C,.ntaegua 
crus-galli (Cock"pur thorn) Rnd Cyphomandra betacea (Tree tomato) 
as luteins. It seems reasonable to suspect that carot-inoide 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 Solanu.m pseudo-capsicum (Jerusalem Cheny) , 
but the pigment involved, which is obviouRly a carotinoid, i. not 
known further. 

Schimper (1885) obser .... ed amorphous red and orange-yellow pig­
ment forms in the fruit of Bryonia diuica (Bryony) and red amor­
phous pigment in the fruit of Loniceri.a tataria (Honey8llckle), but 
these pigmelia, apparently carotinoid in nature, have not been ex­
amined in detail. 

Courchet (1888) not only examined- th~ character of the pigment 
in the plastide of several fruits but extracted the pigment and recrys-
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tallized it. For ,'xample. "armin~ ('"lured rhombohedral crystals with a 
few oranglH'l>d trapezoid,,1 forms W{'f(' obtained from the ether extract 
of tbe fruit fle"h of Curumis melo IMu8kmelon). In the ease of the 
little tomato-like fruits of Eugenia uniftora (Pitanga or Surinam 
cherry) a red anthocyanin wus found in the epidermis cells, and 
orange colored chromoplll.tids in the pericarp which crystaJlized in 
the form of red-orange rhomhic rlates. find is thus obviously caro­
tinoid in nature. The ether extra,'t of the berries of Douce-arnere and 
Solanum corymbosum, howe,",,,. d"p,,,ited both a yellow amorphous 
xanthophyll-like pigment and thin, pal<-, red, rhombohedral platelets, 
frequently grou]><'d together in tiu'tl'r,. The latter may be carotin. 

Dcsmouliere 119(2) cxtrac\pd n yellow pigment from the juice of 
Prunus armernaca (Apri{'ot I with umyl alcohol and the residue from 
this solution gllve the lipochrome rea,·tion with con. H.SO.. He con­
duded that the pigment was probahly carotin but there is no evidence 
that only one etlrotinoid \Va' present. The character of the pigment 
of the apricot and also that of peHehes should be examined in the light 
of our present knowledge of the earotinoids. 

Kohl (1902) obtained carotinoid crystals by the Molisch micro­
cbemical crystallization method in t he ease of the fruits of Berbw 
.. mgan.. (Common Barberry), and sewral kinds of Clivias and Coton­
easters, but his conclusion that carotin only was involved we know 
now to be a mistake. 

Tachirch (1904) made fl rapillarY'('olorimetrie analysis of the alco­
holic extract of the little fruits of EuonymowJ IM'opaeus (European 
Spindle-tree) lind obtained seyeral yellow to red-orange zones. The 
chief zone of the latter color unquestionably showed the spectrum of 
carotin. Whether other carotinoids are present is not known. 

Duggar (1913) obtained spectrosropic and physiological evidence 
that the prineipaJ pigment of the rarpellary tissue of M omordica 
charantia (Balsam Pear) is carotin but that Iycopin, 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 Iyeopin and 
carotin, chiefly the former, 

Lubimenko (19140) examined the pigment of a. large number of 
fruits in the famous botanical gardens at Bui.tensorg, Java, in order 
to determine the effeets of the tropical conditions on the development 
and character of the pigment. The predominating pigment found was 
Iyeopin or a closely related pigment which Lubimenko ealla Iycopin-
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oid. """ause of slight ditl'erenoes in the relative intensity of the first 
tw,; absorption band. as fompared with the ."me band. of Iyoopin, 
and """nuse of 8 !l11'"t~t ~ase of .olubility in abwiute "kohol lind 
!llnd,,1 aretic urid. In the fa'" of the fruit of Arum o,.umtak, the 
(·hie{ pigments were r .. rotin and xanthophyll~. true lycopin making up 
only n small part of the pigment. Varioll' Ag/{lOll<'ma fruits. such ... 
Ag. n;lidum KlIuth. Ag. oblongifolium Kunth. Ag. oblong. variety 
CUTtUi;;. and .4g. simp/"x HI. were found to routain "ari"ble amounts 
of ydlow pigments "".ides Iyoopin. TI,,' following fruit;. IIppeored to 
('ontain (·h:i(.,fty IY('(lp\n: ArtirnJphu)!"u", UTl{J1Uitifoli'u-8 B("('<"., A.('tirw" 
l,hlof"u., mocarthurii Bert .. . 4rdl<mthopi",('nix Al<'J',mdr< .. B. Wend!., 
C'aiyptrorulix 'pica("" Blume, Erythro:rylum nova-graMd,msr, Neoga 
8chc.f!rriana B.,(,c., :\rrtrra depre.sa Banks and Soinnd, Pnndanm 
poilicephal".s Lam .. Ptllchandro glauca Sdwff., Plycho8p<'rma clegam 
Blum,,- Si=<padi.r Pelrichiana Hort., Solan"m df!WRCpalum. Tan.mo­
montana pentasilicho Scheff. E'peciully interc8ting W(,Tt' th,' fruit. of 
Gonocm;um obouatu1II Bon nnd G(m. p!lriforme Scheff., til<' bands of 
who",' pigment in "arbon dieulfide ."lution were intermediute ""tween 
the rharnrteri,tir bands of "arotin find Iycopin. Lubimenko regarded 
the b'copin of the fruit of the palm Arem Alieae W. Hill lIa a Iyco­
pinoid ""cause it, fir"t two Hpertro",'opic absorption bands in carbon 
disulfide were of equal intensity while the .erond band in tbe case of 
Iyropin is more inten"e thnn the firet. 

Van Wisselingh (1915) obtuined a positive ('tlrotinoid rCIlt!tion on 
the fruits of T'iburtlum OpuJus (European rran""rry bll.h I, using tbe 
Molisch microchemical cryst"llizatiou method, hut made no further 
study of the crystals. 

Gill (1918) has found carotinoid. in palm oil, the commercial prod­
uct whirh is obtained from the fruit. of certain Palma('ctJ), partku­
larly El()eu guineem L. (Jacq.), which form vast forest. along the 
West Coast of Africa, and Ewe;, meiaMCOCC<l, Garb. (Allow ole;" 
fera, Humb.) which is culti"ated in the West Indies and in South 
America. Gill's observations are of interest in the light of Lubi­
menko's study of the pigments of the palm fruits, mentioned above, 

Asparagus berries, Thudichum (1869) cl_ified the pigment with 
the lotems. Hartsen (1873b) del!<'ribed the red granules of pigment 
in the berries' and stated that red-colored crystalline tablets of the 
pigment were insoluble in water, eoluble in alc.ohol and ether and 
especially so in petroleum ether. The pigment th1l8 aJl)le8l'8 to be 
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carotin, but whether other carotinoids are present has not been de­
termined. 

Ampelopsis /wdcracere. Hansen (1884) classified the pigment of 
the fruit 88 n lipochrome nnd Kohl (1902) obtained carotinoid crys­
tals bv the Molisch microdlcmical method. 

Agkwnema commutatum Shott. Tammes (1900) obtained positive 
carotinoid color tests on the rhromoplastids of the fruit. Van Wissel­
ingh (1915) mnde a detailed study of the microchemical crystals 
obtained by th., Molisdl method and concluded that the chief pigment 
is Iyropin, but tlm! other carotinoid. are present also. 

Citrus limonum I,Lemon). Neither Kohl (1902) nor Tschirch \1904) 
could find eviden('c of ('arotinoids being invoh'ed in any way in the 
pigmentation of the yellow skin of this fruit. 

('"cumis ritrulli., \Watermelon). A. and G. de Negri (1879) first 
isolated the pigment of the flesh of this fruit and called it rubidin 
b,'rausc of its red rolor. Red, needle shaped crystals were described, 
soluble in ether, hPnzinc and chloroform. forming yellow or yellow­
red solutions, and in carbon disulfide forming a magnificent rose­
colored solutioll. The insolubility of the crystals in alcohols and the 
charilCteristic three-banded absorption spectrum which was found to 
be identiral with that of the red tomato pigment obyiously classifies 
the pigmt'llt as a rl1rotin if not as lycopin itself, as there is good reason 
to belie"c. Courchct (1888) also crystallized the watermelon pig­
ment and found that the crystals resembled completely in form and 
in color those obtained from the tomato. Monteverde and Lubimenko 
11913b) haye definitely confirmed its identity with Iycopin, as well 
8S to show that carotiD and xanthophyll are also present in the red 
fruit pulp. 

Cucurbito pepo L. (Pumpkin). Arnaud (1885) stated that he ob­
tnined crystals of pigment from the flesh of this fruit which were iden­
tical in properties with carrot c,arotin. Schrotter-Kiistelli (1895b) 
later made a closeT study of the pigment of thiB family of plants, 
using for the source of his material the thin deep-red outer layer of 
the pericllrp of so-called Turk's-cap gourd. The pigment was not 
found to be readily extractable by alcohol, even by hot absolute alco­
hol, but was readily soluble in petroleum ether, ether, chloroform and 
carbon disulfide. The recrystallised pigment was found to be iden­
tical in solubility and in its reactiolll! with carotin, especially the 
emerald green color on addition of HOI to the alcoholic solution of 
the pigment. The ~Iusion seems justified that. carotin is the chief 
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pigment of the fruits of the gourd family, including pumpkin8 nnd the 
\'nriou~ yellow n""hed squash varieties. Whether oth.r tl\rotinoids 
a", nl.o pre .. ·nt h"s not bet>n dctcmlillPd. 

Gill (1918) hu. r!'ccntly .t:lI<'<1 thnt onrot; •• is fOllnd ill )'ellow 
squnsh. the 8t"t.'llWlll Il('in~ b,,",'d on Ihe u", of the CtlItnptnn­
Simons palm oil t('flt whi('h thiE- Huthor hmo; found to}x. dm' to rnrotin 
(probably car(ltinoids in ~f'ru."rlll). 

]lfomorriim f,,,I.,,,,,';rUl ,Hnklll1 AppkL C II"d 1'. Toh]t>r l11HU) 
first st.udied ti,e pi~ent of thi. fruit lind hel;('\'r<l thnt two pigments 
W('Tr pn'srnt; n :,:('lInw OtH.' f:oluhlp in ld(·olJ(J1. f'thrT, bN1z('nr Hnd fnUy 
oil". the ether ,olut;o" showill!: thl' ah.orption hand •. 478-465f'I' lIOfI 
435-415,,,.: a ruby red pi~ellt, extractable by rold nlrohol, but not by 
henz!'n". but ",Iuhll' in both of theR(, oo)\·cnl. n. well as in ot.her, 
chloroform "nd fatty oils, whif·h failed to show the lipochrome ",,,c­
tions with H),O, and J,-KI, hut which showed the following four­
bandpd ElfWrtrum jn oenzrn('. 

1. 513-496"11; II. 487-4461'1'; lII. 4f>5-4431'I'; IV. 437-42;'1'1'. 
The yellow pi!(mcnt Wft. found chiefly in the exo- and me~()('arp. 

It. solubilities and spectra incjicak that it is a xanthophyll. The red 
pigment was found chiefly in the cndoearp. Its absorption spect.rum 
in alcohol resembles oI<;ee1,' that of Iyeopin hut the other properties 
are at "arian('e. DUj(j!;ar (1913) also examinee! the balsam npple pig­
ment nnd found the cnrpcllnry tissues to he yellow I" oran~e r," did 
t.he Toblers, and the aril to 1,,"'0 a bright I'f'd color. DUR!!:ar rell.are!s 
the latkr pigment to be Iycopin, on "P<'<'troS<'opic !(fOunds, but the 
failure of the pi!(mcut to show other ('hnrnct~ri.tir carotinoid prop­
crt;c •. flS found by the Toblers, remains to be explainecl. 

Physalis alkekenzi (Strawberry Tomato, Winkr or Bladder 
Cherry). Thudichum (1869) c1a.sified the pi~ent of this fnlit 118 a 
lutein, and Tammes (1900) obtained positive carotinoid color reac­
tions with the plastid pigment. Monkverde and Lubimenko (1913b) 
regard the pigment as carotin, but differing from it hy tbe compara­
tive inknsity of the abrorption bands. They call it carotin B. 

Arum italicum (Wild Ginger). Schimpcr (1885) observed red 
amorphous pigment in the pllll'tids of the berries of this plant. 
Courchet (l88§) also observed the brick-red plastid., and obtained 
red-orange lamella and canoinc-red rhomboids from the yellow-orange 
ether extract. Kohl (1902) secured micIOChemieal carotinoid crystals 
using the Moliseh method. Carotin seems to be one of the pigmenta 
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involved here. Whether other carotinoids are present remains to be 
determined. 

Lonieera x1l1osteum (Honeysuckle). Schimper (1885) stated that 
he observed red and orange-yellow crystals in tbe 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. 

Physalu. franchetti (Chinese Lantern Plant). Carotin is appar­
ently the chief if not the only pigment present in the fruit from the 
observations of Tammes (1900), Tschirch (1904) and van Wisselingh 
(1915). Tammes obtained splendid microehemical crystals by the 
acid method. Tschirch found only one characteristic orange-colored 
zone in the capillary analysis of the alcoholic extract, showing the 
carotin bands. 

The crystals which van Wisselingh obtained by the alkali micro­
chemical method were insoluble in phenol-glycerine, a property which 
he found to be characteristic of carotins. 

Sorbus aria, Crantz (White Beam-tree). Thudichum (1869) clas­
sified the pigment of the fruit among the luteins. Tammes (1900) 
obtained carotinoid color tests on the plastid pigment. Van Wissel­
ingh (1915) found three types of crystals in the fruit wall after 15 
months' treatment by the Molisch microchemical method; (1) thin 
orange-red platelets, often parallelograms, (2) orange crystal bundles, 
and (3) orange-yellow crystal masses. The classification of the csro­
tinoids present remains to be made. 

Tamus communis (Black Bryony). Both Hartsen (1873) and 
Courehet (1888) obtained red crystals from extracts of the berries, 
but did not name the pigment. Van Wisselingh (1915) has made a 
closer study and obtained microchemical evidence of lycopin and 
xanthophylls, but not of carotin in the fruit. An analysis of the pig­
ments present using the Tswett (19118) 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 can.ma (Dog Rose), as source 
of hia D)&terial. ~onteverde and Lubimenko (1913b), however, have 
;QlaWllycopin eeystals from the dried fruit pulp, but they nevertbe-
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less regard it as a minor constituent of the pigments of this fruit. 
The microchemical Moliseh crystals which van Wisselingh (1915) 
obtained from the orange fruits of Rosa rugosa Thumb. (Rugosa 
Rose) dissolved readily in phenol-glycerine, which i. indicative of 
xanthophylls. The pigmentation of the yarious rose fruits thus "p­
pears to vary. 

Sorblls aucllparia (European Mountain Ash). Immendorff (1889) 
believed carotin to be the pigment of the fruit of this rl!tnt. Both 
Tammes and Kohl obtained microchemical crystals by the alkali 
methpd, and van Wi"e\ingh' (1915) by the arid method as well. The 
latter investi~ator made a closer study of the crystals obtained and 
found red and orange-red platelets insoluble in phenol-glycerine, and 
orani(e and yellow-orange platelets Rnd needles which dissolvcd readily 
in this reagent. Both carotin and xanthophylls appear to he present, 
and a Tswett chromatographic aURlysis of the mixed pigments would 
probably give the chnrnctcristic rhloroplastirl display of earotinoids. 

Citrus aurantium (Orange). Tamm~s (1900) ohtained positive 
carotinoid color reactions on the skin plastids but failed to secure 
crystals after a short (18 day) submission to the alkali microchemicR] 
crystallization method. Kohl examined the pigment of the pericarp, 
and found only spectroscopically inert pigment, althongh he thought 
there might be traces of carotin (carotinoid.) present. Schunck 
(1903) studied the skin pigment of several varieties of oranges and 
found considerable amounts of water-soluble (anthocyanin?) pig­
ments, especially in the red skin varieties (Blood orange, Seville 
orange and Tangerines). He fonnd, however, that the alcoholic ex­
tracts yielded crystals of chrysophyll (carotin) and showed spectro­
scopically the presence of acid derivatives of B. and Y. xanthophylls. 
Tschirch (1904) also obtained proof of the presence of water-soluble 
non-carotinoid pigments in the orange skin. His spectroscopic study 
of the principal carotinoid pigment, secured by the capillary method. 
did not give satisfactory results. Gill (1918) has obtained a carotin 
(carotinoid) test with orange skin extracts, using the color reaction 
mentioned above. A more exact study of the orange pigments, using 
chromatographic and solubility methods, as well as the improved 
microchemi~l methods, would seem desirable. 

Solanum dul&zmara (Bittersweet). Thudichum (1869) classified 
the pigment as lutein. Hartsen (1873) obtained red crystals identical' 
with those from Tamus communi<! and Asparagus berries. Schimper 
(1885) observed red crystals in the fruit plastids, and Tammes (1900) 
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crystallized them by the Molisch method. According to Lubimenko 
(1914a) Iycopin 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 condudcd that Iycopin 
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 reacti~n 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 idcntify it 
spectroscopically with carotin. Kohl (1902) regarded the pigment as 
completely idcntical with carotin, but in this he was mistaken, for 
Tschirch (1904) recognized the close relation of the pepper pigment 
spectrum with that of Iycopin. 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 Iycopin. It should be stated that the measurements of the 
absorption bands of Iycopin, given by Tschirch (1904), do not cor­
respond exactly with the Iycopin bands (in the same solvent) given 
by Willstatter and Escher (1910). Monteverde and Lubimenko 
(1913b) found the red pepper pigment to be spectroscopically identi­
cal with Iycopin but because of the ease of solubility of the crude 
pigment in alcohol, in opposition to the usual difficult solubility of 
Iycopin in this solvent, they have named it Iycopin B. 
LycopeT~um esculentum (Tomato). The red tomato pigment has 

been by Jar 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 
ill\'L'litigution, namely, lycopin, is more generally used at present., espe­
ciallv since Willstiitter and Escher (1910) adopted it in their thorough 
ebe~ical study of the pigment. Duggar (1913) bas otIcrcd the name 
lycopersicin as being more suitable, but in spite of Duggar's \"Cry valid 
arguments against the name lycopin, the latter appcllrs likc)y to 
become the prevailing term for the coloring matter. 

Millardet not only obtained tbe 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 
CS" CHCls and benzene. It showed a characteristic spectrum in 
CS" showing two bands in the green at Band F, respertively, and a 
third in tbe blue between F. and G. It readily bleached in the light. 
Millardet believed that the pigment was derived from chlorophyll, but 
this idea has long since been abandoned. 

A. and G. de Negri (1879) regarded the tomato pigment as iden­
tical with the rubidin which they isolated from the watermelon. 
Schimper (1885) observed the red crystals in the ripe tomato fruit, 
as did also Courchet (1888). Arnaud (1885), however, following his 
discovery of carotin in the chloroplastids, believed the tomato pig­
ment to be carotin. Passerini (1890) followed Arnaud in this belief 
and so did Ehring (1896), Tammes (1900) and Kohl (1902). Zopf 
(1895), however, could not identify it spectroscopically with carotin. 
Schunck (1903), also, found the red tomato pigment to have a char­
acteristic absorption spectrum. Schunck believed it to be a distinct 
pigment, ditIerent from carotin, 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 lycopin 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 wJ'll to the Arnaud formula for carotin, C"H,., which 
was still in vogue at that time. MoleCUlar weight determinations in 
benzene, using the cryoscopic method, gave values of 635-650 from 
which fact it was concluded that the pigm;nt 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 Willstiitter 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 solyents and 
in the position of the absorption bands and in the form of the crystals 
as well as their color when free and in solution: There is a slight 
difference in melting point also, lycopin melting between 1680 and 
1690 C., while carotin melts at 167.5° to 1680 C. The conclusion that 
lycopin is a true isomer of carotin seems entirely justified. 

The isolation of lycopin was carried out by Willstiitter and Escher 
on their usual generous scale, starting with 74 kg. of tomato conserve, 
from which 11 grams of pure recrystallized pigment were eyentually 
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 
Willstiitter and Escher on the pure lycopin crystals were in excellent 
agreement with theoretical composition and molecular weight of caro­
tin as found by Willstiitter and Mieg (1907), namely, C"H." as 
shown by the following data. 

Calculated for 
C •• }J~ 

C = 89.48 
H = 10.52 

Found JOT lycopin. 
(Ave. oj 4 det",.) 

C = 89.36 
H = 10.81 

Calculated Mol. 
Wt. jar C.,H~ 

536 

Mol. Wt. found for 
lycopin. 

(Ave. oj 7 delns.) 

558 

The characteristic 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 CS" 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 blelW.lBes like 
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the other carotinoids, but the oxidized product nas a charncteristic, 
different odor from oxidized carotin, according to Willstiitter and 
Escher. Especially characteristic is the position of the absorption 
spectral bands of lycopin, particularly in CS" three b:mds being yis­
ible, the second of which nearly occupies the space between the first 
two carotin bands. The measurements as carried out by Willstiitter 
and Escher are as follows, using a 0.05 per cent solution in carbon 
disulfide. The figures have been confirmed completely by Monteverde 
and Lubimenko (1913b). 

10 mm. layer. 

Band I : li54 - -MO 1'1' 
Band II : 514 - -499.4 " 
Band III : 479 . .472 " 

20 mm. laller. 

561 --tf;.5 ~g~ ':P' 
481.5--468 " 

40 mm. laycr. 
563 -533 ..525 1''' 
525 -493 ..483 .. 
483 -462,5 , ,427- " 

Note: - means very dark j - - means fairly da.·k; .. means rather weak. 

Since Willstatter and Escher's thorough study of the red tomato 
pigment, Duggar (1913) has observed that green tomato fruits ripened 
above 300 C. do not form lycopin but only carotin (possibly xantho­
phylls also), producing a yellow fruit, but that thc induced yellow 
fruits form Iycopin if the temperature is reduced to the usual ripen­
ing temperatures, namely, 200 to 250 C. These facts are of special 
interest to the plant physiologist and geneticists, 

Of particular interest from the standpoint of those desiring to iden­
tify the presence of lycopin in other fruits and plants is van Wis­
selingh's (1915) study of the microchemical crystallization of lycopin 
and the effect of various reagents on the crystals thus formed. This 
investigator finds that lycopin does not readily crystallize in the 
tomato fruit by the Molisch method at room temperature, but does 80 

more readily at SOD C., and very readily at 1400' 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 otheI 
carotinoids fail to crystallize at the high temperature. The lycopin 
crystals which form have a reddish-violet color and show a charac­
teristic color change with bromine from red-violet to blue-violet to 
blue-green, green, yellow, and finally colorless. Like carotin, the 
microchemical Iycopin crystals are insoluble in phenol-glycerin (3 
parts by weight of phenol crystals and one part by weight of glycer­
in). Van Wisselingh also found what appeared to be carotin crystals 
in tbe tomato fruit after carrying out the" Molisch procedure at SOO c. 
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Carotinoid. in Seeds and Grains 

The wide distribution of carotinoids in flowers and fruits, as re­
vcaled in the foregoing paragraphs, naturally justifies the expectation 
that the same pigments should he 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 etber extractable pigment of the 
arils of Euonymous japonicus (Japanese Spindle-tree), Momordiea 
Balsamina (Balsam Apple) and Passiftora coerulea (Passion flower 
plant). The red-orange rhombic shaped tablets obtained from the 
ari! 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 tbe other two plants were recognized by 
him as being identical in form and color with those obtainable from 
tomatoes and from the flesh of watermelons. It would appear that 
the more orange colored endocarps owe their color to carotin (and 
probably xanthophyJJs) while those of a more distinct red color are 
pigmented by Jycopin. This supposition is borne out by the observa­
tion of Schriitter-Kristelli (1895a), who found the orange color of the 
aril of Afzelia Cuazensis to be due to carotin, dissolved in a thick 
orange-yellow oil, from which he recovered and recrystallized the pig­
ment after saponification of the oil. The Toblers (1910a) and Duggar 
(1913) have confirmed Courchet's observation that the red pigment 
in the bright red ari! of M omordiea Balsamina is Jycopin. Duggar has 
observed also that the aril pigment of M omordica charantia is Jyco­
pin, which fact has already been mentioned. Lubimenko (1914a) be­
lieves that the aril of Euonymous Japonieus owes its color to the same 
pigment. 

There is Jess certainty regarding the character of the carotinoid in 
the arils of some of the other plants. Tammes (1900) obtained caro­
tinoid color reactions and a Molisch microchemical crystallization of 
the pigment in the aril of Euonymous latifolia Scop. (Spindle-tree), 
which was substantiated completely by van Wisselingh (1915). Both 
Kohl (1902) and van Wisselingh (1915) obtained positive carotinoid 
reactions for the ariFof Ta:&us baccata (Yew tree), but according to 
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Monteverde and Lubimenko (1913b) this pigment is rhodoxanthin, the 
red isomer of xanthophyll. True carotinoids arc not present in the 
aril of M ymtica jragrans Houtt. (Nutmeg), judging from Kohl's 
(1902) classification of the pigment as a xanthophyll showing no 
spectroscopic absorption properties. Lubimcnko (1914a), however, 
reports lycopin in the aril of this plant. 

Other seeds which are not characterized by highly pigmented 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 arc characterized by 
yielding a yellow oil on pressure. Gill (1918) has tested by a carotin­
oid color test flax seed (Linium usitati.ssimum, the linseed of com­
merce), mustard seed (Brassica nigra) and sesame seed (Sesamum 
indicum) , obtaining a positive test; and rape seed (Brassica campes­
tm), white sunflower seed (Helianthus) ," and cotton seed (Gossy­
pium hirsutum) , with negative results. Palmer and Kempster (1919c), 
however, have found that rape seed increases slightly the color of the 
egg yolk when fed to laying hens, indicating the presence of some 
xanthophyll in the seeds. Refined, but unbleached, cottonseed oil is 
characterized by a rich golden color and Palmer's (1914g) study of 
the character of the pigments of cottonseed meal has shown that this 
color is due to a mixture of carotin and xanthophylls. Hemp seed 
(Cannabi.s sativa) was found by Palmer and Kempster (1919c) to 
slightly increase the color of egg yolk, and thus appears to contain 
xanthophyll in small amounts. 

The cereal grains also appear to contain carotinoids more or less 
abundantly. Thudichum (1869) classified the pigment of yellow 
Indian corn (Zea mays) with the luteins. The author's (1914g) study 
of this pigment, however, shows it to be almost entirely xanthophyll, 
with a little carotin. Spectroscopically the xanthophyll corresponded 
with the principal xanthophyll (probably xanthophyll a) of the chloro­
plastids, but its relative solubility and adsorption properties were at 
variance in that it did not seem to be adsorbed to any extent from 
petroleum ether or carbon disulfide by CaCO" and it appeared to be 
just as readily extracted from 80 per cent alcohol hy petroleum ether 
as from the Ia»ter solvent by fresh 80 per cent alcohol. The peculiari-

10 The particular variety of sunflower seed examined 11'1 Dot el~ar. The common 8ll1l~ 

flower (HeUanthu8 annv8) whose seed Is used for commercial oil production, giTes a 
-ve17 pale yellow or greenish-yellow oil and It i8 "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 (Avena sativa) grains, as shown 
by Palmer and Kempster (1919c) 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 Arnaud 
(1886). The formula C",H .. was established for the pigment by 
Willstiitter and Mieg (1907) and confirmed by Euler and Nordenson 
(1908) and others. Euler and Nordenson showed that xanthophylls 
are also present in carrots, a fact confirmed by Palmer and Eckles 
(1914g). Escher (1909) was unable to determine the constitution of 
carrot carotin although he had at his disposal 150 grams of pure 
pigment. 

Other yellow roots, such us parsnip, sweet potato, yellow turnip, 
rutabaga, squash, etc., undoubtedly contain carotinoids but the exact 
nature of the pigments bas not been determined. 

The existence of yellow pigments in chloroplastids was discovered 
by Fremy (1860), but the first definite 8epar~tion from green pig­
ment was made by Stokes (1864), and later by Kraus (1872) and 
Sorby (1873) and others. 

The first crystals of yellow plastid pigment were observed by Fremy 
(1865) and later by Hartsen (1873a), Bougarel (1877), Borodin 
(1883) and Guignet (1885). It remained for Arnaud (1885), how­
ever, to observe the identity of these crystals with carrot carotin, 
which was confirmed by chemical analysis through the work of Im­
mendorff (1889) and Willstatter and Mieg (1907). 

The plurality of the yellow chloroplastid pigments was first sug­
gested by Stokes (l864a) and definitely demonstrated by Borodin 
(1883). The correct procedure for the separations of these pigments 
as well as their present classification as carotinoids was developed by 
Tswett (1906 to 1911) on the basis of the observations of Kraus 
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(1872) and Monteverde (1893), as well as on his own physico-chemi­
cal studies of the leaf pigments. Tswett's theories regarding the 
chemical relation between the carotin and xanthophyll groups of 
earotinoids were substantiated by Willstiitter and Mieg (1907), who 
isolated the first crystalline xanthophyll and established for it the 
formula C,.H"O,. Tswett's adsorption method of analysis of the 
csrotinoids in chloropltlstids indicate" the existence of at least four 
yellow xanthophylls accompanying carotin in the leaf. The crystal­
line xanthophyll isolated by Willst"tter and Mieg is probably a mix­
ture of two or more of these xanthophy lls. The author proposes a 
colloidal theory to explain the adsorption method of analysis wbich 
reveals the several xanthophyll pigments. 

Xanthophylls for the most part are yellow in color, but Monteverde 
and Lubimenko (1913b) have discovered a red xanthophyll which they 
call rhodoxanthin. 

The types of carotinoids in etiolated plants and their relative pro­
portions have not been studied since the ad\'ent of the present caro­
tinoid classification and the devclopment of methods for their separa­
tion. A review of the older studies indicate., however, that carotin 
is concerned in the etiolated color, but the evidence is not clear as to 
the character and extent of the xanthophyll distribution. 

It seems certain that carotinoids are concerned in part in the pig­
mentation of naturally yellow and yellow spotted leaves. The types 
of carotinoids and their relative proportions have not been determined 
by modern methods. 

The important questions to be answered regarding the yellow ehro­
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 Tewett (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' yijl],ldw pigments play a part in the autumn colorations. 
Tewett has' concluded that the yellow colors are due entirely to a 
mixture of slightly modified carotinOi% which he calls autumn mn­
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 watcr- 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 
pigmcnts arc regarded by Tswett as playing a part at times in the 
necrobiotic eolorations, and the postmortal colors are held to be due 
entirely to these pigments. Miss Goetrig'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 bclieves, however, that the chief rOle is played 
by new yellow pigments soluble in water. 

Autumn and winter reddening is due at times to red carotinoids. 
In some cases the red xanthophyll, rhodoxanthin, is involved, e.g., in 
arbor vitro. In other cases the red carotin, Iycopin, is involved, e.g., 
certain conifers, uuder tropical conditions. For the most part, how­
ever, red autumn colors are due to anthocyanins. 

The vast majority of yellow to orange-red flowers owe their color 
to chromoplastids containing carotinoids. Very little is known, how­
ever, regarding the character and distribution of the individual caro­
tinoids among these flowers. In general, floral colors of a primrose or 
sulfur-yellow color are produced by water-soluble non-carotinoids 
which are flavones, anthocyanins or related pigments. The latter are 
usually present in solution in the cell sap in contrast with carotinoids 
which are present in plastids. The reader is referred to the tables 
showing the flowers whose color is due chiefly, if not entirely, to 
carotinoids. 

Carotinoids are undoubtedly the cause of the color of many yellow 
to orange colored fruits. The reader is referred to the text for the 
presentation of our present knowledge' of this subject. Red tomato 
fruits are characterized by a red carotinoid called Iycopin, which is a 
chemical isomer of carotin, differing from it only in color arid certain 
physical properties. These relations were recognized first by Millardet 
(1876) and definitely established by Willstatter and Escher (1910). 
A. and G. de Negri (1879) first suggested the identity of the water­
melon pigment with the red tomato pigment, a supposition finally 
proved by Monteverde and Lubimenko (1913b). The red pepper pig­
ment is also probably Iycopin. 

The arils and carpellary tissue of a number of seeds are also char­
acterized by carotinoids, carotin, xantbophylls, lycopin and rhodoxan-
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thin having heen found in specific cnses, which are enumcrakd in the 
text. Carotinoids are also found in certain seeds whose carpellary 
tissue is less highly colored. The cereal grains also contain carotin 
and xanthophy lis. The pigment of yellow maize is characterized by 
a large proportion of xantbopby 11 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 alg!!', 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 alg"', it is 
surprising to fihd 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 alg!!', so that the subject of the carotinoids among the 
algre is by no means as yet a closed book. Some of the alg'" 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 algro, 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 alg"'. 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 regularly 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 valuable 
information might be secured if it could be found possible to control 
the growth and character of carotinoids in simple plants, like the 
bacteria. If the carotinoids are, after all, merely by-products of plant 
cell activities we should know this fact. In general, as plant life 
ascends the scale of complexity carotinoids become an established 
product of the cell life, and their invariable appearance in the chI oro­
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. 

C arotirwids 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 Phmophyceae. These plants, commonly known as the brown 
or olive-brown sea-weeds, comprise a large group, which are mostly 
marine plants. They are found everywhete in the seas, especially in 
the colder watars. A few of the species are of economic importance. 
Laminaria sacchari:na, which contains the carbohydrate mannite, is 
used in the Orient for food. The carotiuQids 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 algal 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 phycophliin, which forms in the plants 
after death, as the result of oxidation of colorless chromogens in the 
cells. The belief that phycophain is the characteristic coloring mat­
ter of the brown algae still finds expression in the text books, but this 
is only true of the dried plants. 

The brown sea-weeds which have been examined for carotinoids are 
given in Table 8. The table shows that the pigments of these plants 
attracted the attention of the early workers. While the scope of 
these first studies was naturally limited by the prevailing knowledge 
of the plant chromolipoids, they unquestionably paved the way for 
the discovery of the 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 
as sources of material for investigation. Of the various investigations 
mentioned in the table those of Tswett (1906), Czapek (1911), Kylin 
(1912) and Willstatter and Page (1914) are the most important. The 
chief contributions of these, as well as the earlier investigators, to the 
subject may be summarized as follows: 

Rosanoff (1867) appears to have first expressed the belief that the 
Fucoidim 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 PhaJophycea, to which the name 
phycophiiin was given. Reinke (1886) first expressed the belief that 
phycophiiin 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 algre turns blue when its alcoholic solution is 
treated with HCI, a reaction which appears to be specific for fuoo-
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xanthin, and is of considerable importance for the qualitative detec­
tion of this pigment. 

Sorby (1873) proposed the Mill(, fucoxanthin for the chief coloring 
matt.'r of the brown algae. He differentiated the pigment from the 
xanthophy II of the higher plant" by reason of the position of its spec­
troscopic ab;orption bands, by its great,'r resistaJl('c to the bleaching 
action of light, and by the blue color obtained when Hel is added to 
the "leoholir solution of the pigment, all of which characteristic prop­
erties h" ,.{' siner !wen confirmed for the pure pigment. Sorby also iso­
lated "orange xanthophyll" (rarotin) from brown alg,w, and was thus 
the first to show the prescn"e of the better known carotinoids in these 
plants. 

Reinke (1876) proposed the name phiiophyll for the special yellow 
pigment of Phmophycece. 

Hansen (1884d) regarded the yellow pigment of brown algae as 
identical with the "yellow chlorophyll" of higher plants. 

Tnmmes (1900) demonstrated the presenre of carotinoids in a num­
ber of species of Phmophycel€, u~ing the MoliRch alkali microchemi­
eal crystallization method. It is now known that he was mistaken 
in attributing the result to carotin only. 

Gaidukov (1903), however, denied that either carotin or a special 
pigment, phycoxanthin (using Millardet's terminology), characterizes 
the brown sea-weeds, claiming to have found in addition to chlorophyll 
only the xanthophy lls which characterize the higher plants. 

TABLE 8. PHAEOPHYCFl~E FOUND TO CONTAIN CABOTINOIDS 

Order Cyclosporoles (highest forms), 
Fuco-idiae-Rosanoff. 1867; Czapek, 1911. 
Fucus serratus-Millardet, 1869; Sorby, 1873; Reinke, 1876; Tammes, 

1900; Gaidukov, BI03; Moli""h, 1905; Tswett, 1905. 1906; Kylin, 
1912; Will,tatter and Page, 1914; van Wu..elingh, 1915. 

Fucus vesculosus-Millardet, 1869; Hansen, 1884; Tammes, 1900; 
Tswett, 1906; Kylin, 1912; van Wisselingh, 1915. 

Fucus nodosus-Millardet, 1869. 
FUCUB 't'ersoides-Molisch. 1905_ 
Ascophyllum nodosum-Tarnmes, 1900; Kylin, 1912; van Wisselingh, 

1915. 
Phyllo8pora Brodiaei, P. membranifolia-Kylin, 1912. 
Cysto8eira abrotaniJolia.-Molisch, 1905. 
Halidrys siloquosa-Millardet, 1869; Reinke, 1876; Moliach, 1905; 

Kylin, 1912. 
Order PhreospOTCJle4. 

Eciocarpaceae-Askenasy, 1869. 
Pylaiella litoralis-Kylin, 1912. 
De.smareatia aculeata-Reinke, 1876. .. 
Elachillta species-Millardet, 1869; Molisch, 1905. 
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Leathcsia marina-Millardet, 1869; Moliseh, 1905. 
Chorda filum-Taromes, 1000. 
Laminaria saccharina-Millardet, 1869; Reinke, 1876; Tammes, 1900; 

Molisch. 1905; Tswett, 1905, 1906; van Wi88elingh, 1915. 
Laminaria digitaliJs-Tammes, 1900; Molisch, 1905; Kylin, 1912; Will­

stiitter and Page, 1914; van Wisselingh, 1915. 
Cutleria multifida--Millardet, 1869; Molisch, 1905. 

Order Diotyotales. 
Diet,yola dichotoma-Miilardet, 1869; Molisch, 1905. 
Dictyopteris polypodioidcs-Tammes, 1900; Moltsch, 1905; Kylin, 

1912. 

::Jf~~~!v~~!~~r:ct;,"i~5~det, 1869; Molisch, 1905. 

Molisch's (1905) contributions to the carotinoids of brown algae 
were, (1) in showing that the water-soluble phycophiHn 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 HCI. 
Molisch obtained the latter reaction either by extracting the fresh 
plants with alcoholic-He I (98 volumes of alcohol and 2 volumes of 
con. Hel) or by adding Hel 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 
c'arotinoid, but to a colorless "Ieucocyan" in the plant, which gave rise 
to a blue "phaeocyan" with HCI. 

Tswett (1905) was quick to point out Moliscb's error with respect 
to the so-called leucocyan reaction, showing that this was due to the 
special carotinoid, fucoxanthin, in the plants, as Sorby (1873) had 
pointed out many years earlier. Tswett (1906) was thus led to make 
a closer study of the Phaeophyceae pigments, using Fucus and Lami­
naria for his material. He showed first that phycophain is a post­
mortem oxidation product and does not exist in the living plants. He 
next made a careful examination of the chromatophor pigments of the 
living plants making use of the relative solubility and chromatographic 
adsorption properties of the carotinoids. By this means he showed 
definitely that at least three .carotinoids are present, namely, fuco­
xanthin, carotin, and xanthopliyll. The former is the principal pig­
ment. It corresponds to the xanthophylls of the higher plants in being 
adsorbed from pure petroleum ether and carbon 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 reddisb­
brown color of its concentrated solutions, by the fact that it is attacked 
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by alkalies, and by its color reuetioll with BCI. T.wdt Iloticed, 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 rcgarded the .carotin 
present as identical with the carotin of higher plants. The xantho­
phyll, however, was prohably erroneously regarded as a special xan­
thophyll, to which Tswett ~Iye the name fucoxanthophyll. Tswett 
also studied the chlorophyllins of the brown algae, finding chloro­
phyllin a (chlorophyll a of Willstiitter) and chlorophyllin y, a spe­
cial pigment, which he regarded as characteristic of the Phreophycere. 
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 Fucoidere to a Tswelt chromatographic analysis and found 
chlorophyll a, fucoxanthin and xanthophyll, but no carotin. The fail­
ure to find carotin was probably due to the fact that Laminaria, 
according to Willstatter and Page, contain very small quantities of 
carotin. 

Kylin (1912) has given us one of the best systematic examinations 
of the carotinoids of the Phaeophyceae. Although Kylin falls into the 
error of regarding the Molisch microchemical crystallization test, 
which he performed on a large number of species, as specific for caro­
tin, he nevertheless succeeded in isolating the first crystals of this pig­
ment from brown algae. Impure crystals of xanthophyll were also 
secured. An unsuccessful attempt 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 that a greater solubility in petro­
leum ether is one of the distinguishing differences, a result which 
Willstiitter and Page (1914) find is characteristic of the impure pig­
ment, but not of the pure crystals. The latter are insoluble in 
petroleum ether. Kylin made the interesting discovery that the blue 
color reaction is given not only by the mineral acids, but by acetic 
and oxalic acids as well, and that dilute alkali changes the pigment 
so that the tendency to give this reaction is greatly accelerated. 

Fucoxanthin.. The chemical relation of fucoxanthin to the other' 
carotinoida is now known through the work of Willstiitter and Page 
(1914), who also determined the quantitative distribution of the dif­
ferent carotinoida in the olive-brown sea-weeda. Ultimate analyses 
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carried out on five different preparations of fucoxanthin gave the fol­
lowing results in comparison with several theoretical values. 

Calculated for 
Found 

C4oHa..O& CWHMO, CuHaoiOa 

C = 76.39 76.14 7500 76.35 
H= 8.77 8.63 • 8.93 8.76 

The investigators prefer the formula C"H"O. over C,oH,.O" 
although the lather expresses the eloser 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 Willstatter and Page show that 
great care must be taken in the isolation of fueoxanthin to prevent 
the formation of the post-mortal phycophain. This was prevented by 
Willstiitter 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 Willstatter 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
thopbyll 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 alcohol or acetone in dark red regular 
hexagons, containing water or alcohol of crystallization, the latter 
being lost only in high vacuum at 1050 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 rOlllpositinn C"H"O., 
4HC1, the yellow pigment restored by nlkali still "ont!linin~ one mole­
cule of HC!. The instability of the pigment in the pre,cn('(' of strong 
alkali, which was observed by Tswett, was confirmed on th .. pure 
substance, it being shown that " new substanre was formed which, 
when set free from the alkali by water, showed eiulfllCt.eristir 'I'e('tro­
sropir and solubility properties. It was found that the effert of alkali 
in increasing the sensitiveness of fm'oxanthin solut,ions towards the 
blue color reartion with fi('ids, which Kylin noted. was due to this 
modified pigment. Willstatter and Page obsen'ed that as little as 
0.001 per ('ent HCl would give the blue ('olor with a {'ow'entrated 
ether solution of the pigment, after its modification with alkali. 

Fueoxanthin appears to bc an even morc intense pigment. than 
rarotin or xanthophyll from the observations of Willstatter and Page, 
who found that 85 moo. of 0.2 per rent K,Cr,O, has the color equiva­
lent of 108 mm. of xanthophyll, or 80 mm. of ('arotin, but only 50 mm. 
of fucoxanthin, using in earh case a 5 X 10-' molar concentration 
of pigment. 

Other interesting properties of fucoxanthin observed by these inves­
tigators were the formation of oxonium salts, a crystalline iodide, 
C"H"O,I" and a bleached oxidation product C"H"O", 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 hoth the 
fresh and dry basis for species representing the three principal orders 
of these plants. 

Fresh Algro Dry Algte 
Fucoxan- Xantho- Fucoxan- Xantho. 

thin Carotin phyU thin Carotin phyll 
percent per cent per cent percent per cent per cent 

Fueua 0.0169 0.0089 0.0087 0.0593 0.0312 0.0305 
Dwtyota .0250 .0057 .0063 
Laminaria .0081 .0006 .0038 .0528 .0038 .0243 

Willstiittm- and Page gave some attention t<l the character of the 
xanthophyll pvesent. They were unable to observe any properties 
which would serve to distinguish the xanthophyll isolated by them 
from the crystalline xanthophyll of hig\!er green plants. This result 
throws doubt on the existence of a special fucoxanthophyll in the 
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brown algro, as Tswett concluded. The question sti!l 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 9. The 
investigations upon which our knowledge of the carotinoids in the red 
algre 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 "­
of the higher plants as revealed by Tswett's chromatographic analysis, 
and also to the chief properties of the crystalline xanthophyll isolated 
from green plants in Willstatter's laboratory. 

Reinke (1876) extracted Batrachospermum moniliforme with hot 
alcohol, and obtained a yellow extract which gave up its pigment to 
benzene. This result indicates carotin in the light of our present 
knowledge of the relative solubility properties of the carotinoids. 

Nebelung (1878) examined the effect of alcohol and petroleum ether 
as solvents for the pigments of several fresh water Rhodoph.yceae, and 
found that II yellow pigment (or pigments) could be extracted. 

Hansen (1893) applied his method of separating green and yellow 
pigments to the alcoholic extracts of a number of red algae. He 
found that green and yellow fractions could be obtained by treating 
the >extracts with &ikali 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 THbie 9, using the Moli"ch mirro­
crystallization method. Kohl (1902), using the same method, con­
firmed this work as well as obtaining positive results on othcr species. 

Order 

Order 

Order 

Order 

Order 

TABLE 9. RHOIlOPHyt'EAE FOVl'D TO CONTAJ!>I G~nOTIN01Dii 

Bangialea 
Bangia species (fresh water)-Nebelung, 1878; Kohl, 1902. 
Porphyra laciniata--Tammes, 1900. 
Porphyra hiemalis-,Kylin, 1911. 
Porphyra vulgaris-Sorby! 1873. 
N emalionales 
Lemania jluL"iatilus (fresh wau,rl-Nebelung. 18i8; Kohl. 1002. 
Batrachosp(~rmum 1noniliformc {fresh we.ter)-Rcinke, 1876; Ncbclung, 

1878; Kohl, 1902. 
Chantransia species (fresh water)-Nebelung, 1878; Kohl, 1002. 
Gigartinales 
ChorniTWl crispus-Kylin, 1911; van Wisselingh, 1915. 
Cvstoclonium purpurascens-Kylin, 1911. 
Rhodymenialcs 
Dellosseria 8an{Juinca-Kylin, 1911. 
Laurencw. pinnatijida--Kylin, 1911. 
Polllsiphonia speciea-Tammes, 19OQ. 
Polysiphonia nigrescem-Kylin, 1911. 
Rhodomela sub/usea, R. virgata-~ylin, 1911. 
Ceramium rubrum-Tammes, 1900; Kylin, 1911; van Wisse1ingh, 1915. 
Ceramium diaphan1Lm-Kylin, 1911. 
Callithamm:on hiemale-Kylin, 1911. 
Spermothamnion roseolum-Kylin, 1911. 
CryptonemialelJ 
Dumontia filijormis-Kylin, 1911. 
Furcellaria jasligiala-Kylin, 1911. 
Polyides roturnius-Kylin, 1911. 
Corallina officinal;"-Kylin, 1911. 

Kylin (1911) has given us the most complete study of the carotin­
oids of the Rhodophyceae. He first successfully applied the Molisch 
carotinoid test to some 18 different species of red alg"" as noted in 
Table 9. Unfortunately this test is not specific for carotin as Kylin 
believed. Ceramium rubrum was employed for a special study of the 
carotinoids. Both carotin and xanthophylls were demonstrated by 
applying the Kraus procedure to extracts of the plants. There seems 
to be no question regarding the presence of carotin in the red alg",. 
The study of "'he xanthophylls led to less satisfactory results. By 
evaporating the xanthophyll-containing alcohol fraction to dryness 
and heating the residue with petroleum ether it was found possible 
to separate tbe pigment into two fractions. The fraction which dis-
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solved was readily re-extracted from the solution by 80 per cent 
alcohol, and its solubility in petroleum ether was the only point of 
difference observed between the two xanthophylls. Spectroscopic and 
adsorption properties were not examined. Both xanthophylls turned 
green and then blue on addition of acids to their alcoholic solutions 
and alkali restored the yellow color. This property is characteristic 
of Tswett's xanthophyll ~ of higher plants, as pointed out in the pre­
ceding chapter. The reaction also resembles the color reaction of 
furoxanthin with acids. Kylin, himself (1912), suggests this in a foot­
note of the report of his study of the pigments of the brown "Igar, but 
was unable to decide whether the color reaction was due to traces of 
brown algae and diatoms present with his material, or to thc actual 
presence of fucoxanthin in the red algae, It is doubtful whether 
Kylin really effected a separation of distinct pigments in his xantho­
phyll fractions. It is not at all unlikely that the Rhodophycere con­
tain some furoxanthin. A spectroscopic and chromatographic analysis 
of the xanthophylls of the red algae as well as an "pplication of the 
modified Kraus procedure for separating fucoxanthin from the other 
carotin aids would be helpful in deciding whether the rolor reartion 
observed by Kylin was due to fucoxanthin or to a xanthophyll of the 
j3 type. 

Van Wisselingh (1915) has recently demonstrated carotinoids in 
two species of red algae using both the Moliseh and the a('id micro­
crystallization method. 

The Charaies, 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 Kohl (1902) were successful in showing caro­
tinoids to be present in C hara fragilis, using the Molisch method. 
The same result was obtained by van Wisselingh (1915) on NiteUa 
spores. The evidence points to the presence of carotinoids in the 
stoneworts, but nothing further is known regarding their character. 

The Chlarophycea.e. The so-called green algae constitute one of the 
largest and most important classes of lower plants. They are found 
in both fresh and salt water, but the former predominate. The cells 
as a rule contain chloroplastids which makes the question of the types 
of plastid pigments present an important one. The feature which 
has especially attracted attention, however, is the fact that the spores 
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of certain Fpecies, e.g., l/aematoro('rll~"" jn tIl{> r{'~ting stag{' arc (')mruf'­
t~rized by a deep red or violet pigmentation. The "peeie8 whieh have 
bern examined for carotinoids r('pn'13('ut all the importnut orders. 
These are gi\'en in Table 10. 

Th(> dC"elopment of the qw'stion of the dlllrartcr of the pigments 
other than ehlorophyll whieh ehnraetpriz{' tlw Jl:reen nlga> h". follow{>d 
rIo.ely the dewlopmellt of the ideas rc~ardillg the carotinoid. in the 
higher plants, as gi"en in Chapter II. For {'x:unple, the earliest 
workers, i.e., Cohn (1850), DeBary (1856), Cnspnry (1858), Hilde­
brand (1861) and Frank (1877) observed merely thnt the yellow or 
rpd pigments present in the algae which they ('xamim·d responded to 
extrac.tion by the fat solvents and gave either the blue eolor reaction 
with concentrated H,SO" characteristic of the pigments later known 
as lipochromes, or the blue color with iodine which also characterizes 
these pigments. The spectroscopic studies of Ncbelung (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) appear$ to have first definitdy recognized the rela­
tion of the yellow pigments of the C hlorophyceac to those of higher 
plants and isolated red rhombic carotin crystals from Spirogyra. 
Molisch (1896), Tammes (1900) and Kohl (1902) as well as van 
Wisselingh (1915) have also demonstrated the presence of carotinoids 
in a number of species using the Molisch micro-crystallization test. 

Rostafinski (1881) first expressed the possibility of xanthin (older 
terminology for carotin) being present in the species oj green 
algae which he examined. Willstatter and Page have not only shown 
that this is the case for Viva lactuca but have determined both carotin 
and xanthophyll quantitatively in this species. The amounts foun'; 
were 0.0243 grams of carotin and 0.0643 grams of xanthophyll per 
kilo of fresh materiaL The interesting point here is that practically 
the same proportion between carotin and xanthophyll is found to 
exist in this species of algae as in the leaves of the flowering plants. 

Attention has already been called to the interesting phenomenon 
of the red color of certain species of Chlorophyceae in the resting 
stage. Special study of the character_of the pigments present in 
Sphaerella (HaematococcU8 = Chlamydococcus) pluvialis, the so-
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called blood alga', and Trentepohlw Jolithm, the so-called violet 
algie, has been made by Rostufinski (1881), Karsten (1891) and 
Zopf (1892(\, 1895), Cohn (1850) first called the pigment haemato­
chrome and tltiB name was adopted by a number of subsequent inves­
tigators for the red pi~mcnt of many species of green algae. Rosta­
tinski attempted to associate tlte haematochrome with chrysoquinone, 
because the latter, like the red algae pigment, gave the blue color 
reaction with concentrated H,RO ,. A spectroscopic comparison of the 
two pigments failing to substantiate such an identity the name chloro­
rutin 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 Trentepohlw by absolute 
alcohol stained brown with osmic acid, a reaction, however, which 
may have been due to traces of fat present in the extracts. 

TABLE 10. CHLOROPHYt'EAE FOUND TO CONTAIN CAR<YI'INOIDS 

Order Oedogoniales (highest forms). 
Oedogonium spccies--Tammes, 1900; Kohl, 1902j van Wisselingh, 1915. 
Bulbochacte-DeBary, 1856; Cohn, 1867. 
Bulbochacte sctigcra-liohl, 1902. 

Order H cterosiphonalcs 
Botrydium-R06tafinski, 1881. 

Order C onjugatre 
Spiro()yra crassa-Borodin, 1883; Molisch, 1896; TammlO's, 1900; Kohl, 

1902. 
Spiro(lyra ma.rima-Borodin, 1883; van Wisselingh, 1915. 
Zygnema cru..ciatum-yan Wieselingh, 1915. 

Order Ulotrichales 
PhycopcltiJ epiphyton. P. TeubiiJ P. maritima, P. aurea, P. amboinemis-

Karsten, 1891; Zop!, 1892a. . 
Cephaleurus (Mycoidea) leav1.s, C. 80[utUS, C. albidus, C. parasiticus, P. 

minim u.s-Karsten. 1891 i Zopf, 1892a. 
Trentepohlia (Chroolepus) maxima, T. moniliformis, T. Cfa8siaepta, T. 

bisporangiata, T. cyanitJ.-.Karsten, 1891;- Zopf, 1892&. 
TrenJ.epohlia jolithu.s-K.",ten, 1891; Zopf, 1892a; Kohl, 1902. 
Trentepohlia aurea-Rostafinski, 1881; Zopf, 18928.. 
TrenJ.epohlia u.mbri1U>--Caspary, 1858; Frank, 1877; Zop!, 1892a. 
Trentepohlia aureum-lomemoGUm-Caspary, 1&58 j Hildebrand, 1861. 
Trentepohlia-Cohn, 1867. 
Stichococcus majus-van Wisselingh, 1915. 

Order Vlvaies 
Vk. lactuca (Sea lettuce)-Willstiitter and Page, 1914. 
Emeromorpha int .. tinalis-Tammes, 1900. 

Order Bivhooociadiaies 
Cladophora glomerata-Nebelung, 1878; Tammes, 1900; Kohl, 1902; van 

Wisselingh, 1915. 
Order ~~=aceo--Cohn, 1867. 

Vau<heria speci_Nebelung, 1878. 
CA/fJref!g, ~~ot"ecoid .. , C. V<lriegata.--van Wisselingh, lilI5. 
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Order Protococcales (lowest forms, unicellular) 
Sphoerella (HaematococC1.J.R or Chlamydo('(lccll,~) pJIIyiall:--('ohn. 1850, 

ROBtafinski, 1881; Klebs. 1883; Zopf, 189[); Kohl. 1902; .Jacob:sen, 
1913; van Wisselingh, 1915. 

Volvox-Cohn, 1867. 
Pratococcus {PleurococC1.tS) eluv~li..~-Cohn, 18W, 186;. 
ProtococcWJ vulgaris-van 'W jsselmgh, ]915. 
Scotinosphaera paradoxa-Klebs, 1881. 
Phyllobium dimorphum, P. incerium.s-Kleb!::l, 1881. 
Hydrodictyon utriculatum (\\'lticr-nct}-1'nlUmes, 1900. 

In Zopf's (1892a) first study of haematorhrome it Was pointed out 
that the previous investigations of the pigment were made on impure 
mixtures. Zop! not only succeeded in isolating practically pure crys­
tals of the pigment from Trentcpohlia Jolithus, but also established 
their identity in form and properties with the carotin from carrots. 
Zopf later (1895) was led to compare the blood and violet algae from 
a pigment standpoint. It was found that the fresh vegetation of the 
latter presents a brighter red appearanc~, the cells under the micro­
scope appearing yellow to orange; Sphaerella pluvialis, on tbe 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 t{) a special examination 
of what appeared to be a special pigment in Sphaerella (H aematococ­
eus) pluvialis different from the carotin in the Trentepohiia. Two 
carotinoids were found, namely, carotin proper, which Zopf called 
"eucarotin," and a red carotinoid-like pigment which is called "caro­
tinin," the latter being the predominating pigment. 

Special interest attaches to this red "carotinin." Its properties, as 
described by Zop!, are characterized by combining readily with alka­
lies and by showing only one wide spectroscopic absorption band at 
the F line. In other respects it has the class characteristics of a 
carotinoid. Some doubt, however, is thrown upon the alleged alkali 
combinations of the red "carotinin" described by Zopf by the obser­
vations of van Wisselingh (1915), who made a special study of the 
response of the blood algae to 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 x!i'ntl;ophyll solvent) and orange needles soluble in phenol­
glycerin, indicating the presence of carotin and xanthophyll. The 
red spores when treated with the Moli~ch reagent gave red-violet 
crystal aggregates which contained two pigments, one an orange 
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yellow and the other a "iolet colored substance. The latter was 
regarded a, Zupl's red carotinin. Its xanthophyll nature was shown 
boo its ready solubiliiy in the phenol-glycerin reagent. The possibility 
of j his pigment being a potassium compound as it should be from 
Zop!'s description, inasmuch as it was produced in a strongly alka­
line medium (Moliseh's reagent), was tested by treating the crystals 
with dilute add for 24 hours. No change was produced in their 
properties. 

The red pigment of the blood algae deserves further study in the 
light of the apparently conflicting observations of Zopf and van 
Wissclingh. Its red color and xanthophyll-like properties as de­
scribed by the latter investigator suggests the red rhodoxanthin de­
scrihed in Chapter II. No other carotinoids have yet been described, 
however, which show acid properties and combine with alkaliee R" the 
red 1l1gae 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 ('ent each 
of KNO" (NH.l,HPO" MgCI" Na,SO" but that the aplanospores 
were mostly red when allowed to develop in media containing 0.02 per 
cent NH,NO" K,HPO, and MgSO,. Jacobsen (1913) has also studied 
the conditions governing the formation of pigment in Haematococcus 
pluvialis and found that temperature as well as food conditions influ­
ence it. He was unable to extract the pigment from the plant with 
fatty oils, and it did not respond to Tswett's resorcin method for the 
microcrystallization of carotinoid. 

The Bacillariea (Diatomaceae). The diatoms are unicellular 
algae of very peculiar structure and interesting habits. The single 
cells are composed of two symmetrical valves which are held together 
by a membranous sac of slightly colored protoplasm. Tbe single 
cells are 10!1 or less in diameter. The valves of which they are con­
structed are frequently beautifully sculptured, and when many of the 
cells unite, as is sometimes the case, very peculiar shaped structures 
often result. The epidermis of the diatoms is composed of silica which 
these organisms have the power to extract from the water in which 
they develop. Deposits of silica from great growths of these plants 
have considerable commercial value as diatomaceous earth. The 
algro inhabit stagnant water, wet rocks and the sea. 

The diatoms compritre a considerable portion of the plankton of the 
sea. It is this fact, together with the part which the plankton of the 
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sea plays in the food of marine animals which makes the pigments 
of the diatoms of interest. Most species of diatoms have a brownish 
color. A few are green and probably contain chlorophyll, or tlt least 
one of the chlorophyll pigments. Of the many thouRands of species 
which are known, nnfortunately only a few haye been examined for 
carotinoids. However, these are probably to be considered flS typical 
of the remainder. 

The earliest workers regarded the color of the diatoms as due to a 
single pigment to which Nageli (1849) gave the name diatomin. This 
name was adopted hy Askenasy (1867) for the brownish yellow pig­
ment which could be extracted with alcohol, and which he d('scribed 
as showing a strong absorption of the blue half of the spectrum and 
a characteristic intense blue-green color on addition of H,SO, or Hel 
to the alcoholic solution. Nebelung (1878) extracted a yellow pig­
ment from M elolfira species with petroleum ether but called it phyco­
xanthin. The principal pigment extracted in this case may hllve been 
carotin. 

Further proof of the earotinoid nature of the Bacillariea pigments 
was furnished by Tammes (1900), who obtained the Molisch test on 
Fragilaria species and by Kohl (1902) who obtained the same test on 
Gomphonema and Navicula species. Molisch (1905), himself apply­
ing the test to Nitzschia Palea, Nitzschia sigmoidea, Cymatopleura 
solea and Pinnularia viridw (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 alg",. Zopf (1900) concluded that "cucarotin" (true carotin) 
is the chief pigment present in Gomphonema, but that the pigment 
differs somewhat from the carotin of other plants. Kohl (1906a) 
concluded that tbe liver-colored diatoms, Achnanlhidium lanceolalum 
and Eunotia (Himanlhidium) pectinalis, owe their color chiefly to 
carotin with II little of his so-called ~-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 
liS diatomin i~ carotin. Especially interesting is the obsef\"ation of 
Maliseh that tbe'lsP\l<lies which he examined (1905) gave the so-called 
leueocyan reaction which is apparently specific for fucoxanthin.' 
Askenasy (1867) had obscf\"ed the- same.. reaction for alcoholic ex­
tracts of diatoms, so that there are at least strong indications that 
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fUt'oxanthin i~ prc,cnt in these algae. The view of Kohl (1906) that 
the lcu('o('yan rcac·tion is specific for carotin is hardly to be regarded 

tlS tenable'. The imperfet't studies which have been made do not 
indicate whether true xanthophy l1s are also included among the caro­
tinoids of the Bacillarica, but it is not unlikely that this will be 
found to be the case when the matter comes to be examined in detail. 

The Peridinieac. The Peridiniales, also called the Dinofl(l{lellata 
comprise a relatively small eta"" of unicellular algae, which are found 
mostly in salt (sea) water. They sometimes form an important part 
of the plankton of the sea, so that their pigments are of interest, as 
in the case of the diatoms. on ac('ount of the part which the plankton 
of the sea plays in the food of fishes and other marine animals. 

Schiitt (1890) appears to haye made the only specific examination 
of the pigments of the Peridinieae. but since his work was performed 
before the most important developments took place in the field of 
carotinoids it is necessary to interpret his observations in the light 
of present-day knowledge of the subject. Up to his time the color 
of the Dinoflagellates was regarded as due to the same pigment which 
was believed to color the diatoms, namely, diatomin. As is now 
known, diatomin is not a specific pigment. Although Schiitt did not 
recognized this fact he did point out that the color of the Peridinieae 
is more reddish-brown and easily distingnished 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 Peridiniem examined, in addition to the yellowish-brown pig­
ment in the chromatophors of the algae. 

The Peridiniem examined by Schiitt were Gymnodinium Helix, 
Dinophysis acuta, D. laevis, Certium tripoB, C. fUBWl, C. furco, Peri­
dinium 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 phycophain of the Phaeophyceae, re­
spectively,. a wine-red alcohol extract was obtained. The pigment 
thus extracted, which could not have been pure, was soluble in ben- • 
zene, ether, cbloroform, carbon disulfide, and glacial acetic acid, but 
very little soluble in petroleum ether. Schiitt regarded the pigment 
as analogous to diatomin, and called it peridinin. The slight solu­
bility of the pigment in petroleum ether and ready solubility in alco­
hol suggests that a xanthophyll-like pigment predominates iQ the 
Peridinieoo. It is not possible to draw more specific conclusions than 
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this on such meager data. The writer is of the opinion that exami­
nation w;U disclose the fact that fucoxanthin or a similar pigment is 
the predominating carotinoid in the Peridmwae. 

The Flagellata. The flagellates are simple unicellular, aqwltic or­
ganisms intermediate between the alg'" 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 pnlmella-like cells 
of Chromulina (Chromophyton) Rosanolfii as diatomin because the 
cells turned green when treated with HCI. Klebs (1893) expressed 
the same idea for C hrysomonidina 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 
xanthophy II properties, except that only one spectroscopic absorption 
band was observed, namely, at 495-485f1fl, which corresponds fairly 
well with the first xanthophyll band. Spectroscopic studies of alco­
holic and petroleum' ether extracts of H ydrurus penicillatus were 
made by Nebelung (1878), but his results give very little hint as to 
the true character of the carotinoids present. 

Two species of Flagellata whose pigment has long been of interest 
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 effeet on the normal 
development of the organisms. The eye-spots occur chiefly in spring 
and autumn, or when the organisms are in a dry state or exposed to 
bright sunlight. Cohn (1850) and Klehs (1883) regarded the red 
coloring matter 00 identical with that of the Chlorophyceae, Haema­
tococcus pluvialis, the so-called haematochrome of Cohn. If this be 
the case the eye-spot pigment is a mixture pi carotinoids, inasmuch as 
Zop! (l892a) 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. Witti('h obtained mir'r()~('opi(', ·garnet colored octahedral crystals by 
concentrating the hot alroholic extract or by adding alcohol to the 
('oncentrated ether solution of the pigment. The crystals were quickly 
blear'hed by chlorine and gave a blue color reaction with concentrated 
sulfuric acid. The crystals melted indefinitely between 700 and 1200 

C. They dissoJ\'ed in hot alk:Jli and th" pigment could be recovered 
from this solution in amorphous form, but without loss of other prop­
erties, by addition of ar·ie\. 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 
alrohol treatment, and the latter with boiling absolute alcohol. The 
pigment extracted by Garrin 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 caro­
tinoid because the reerystallized substance melted at 105° C. and 
exhibited no absorption bands. The crystalline pigment, as well as 
its akoholic 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
yellow pigment may have been a true carotinoid inasmuch as evi­
dence of carotinoids in Euglena was obtained by van Wisselingh 
(1915) who secured a positive Molisch carotinoid test on the eye 
spots. The chief pigment present, namely, the red one, does not, 
however, appear to be identical with any of the known carotinoids, 
but resembles more nearly the red carotinins of Zopf. 

The Myxophycel1J (Cyanophycel1J). These constitute a large class 
of unicellular or filamentous algal without a true nucleus, which 
inhabit both fresh and salt water and are also found in damp soil, 
or on damp rocks and tree-trunks, fonning dark blue-green patches. 
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The algae frequently live in symbiosis with fungi or other plants. 
Tl,eir characteristic color gil'es them their common name, the blue­
green al!!a'. They are among the lowest forme of plant life which 
arc known. 

The pigment" of the blue-green algae have attracted the attention 
of a number of investigators beginning with Nageli (1849) who ex­
pressed the belief that these organisms contain a speeial pigment, 
which he called phycoehrome. present in two modifications, II blue­
green phycocyan, and an orange phycoxanthin. It was thus that the 
latter name. later applied to the pigment of the Phaeophyre(E, had 
its origin. The yarious species of blue-green alga' whil'h have been 
examined for carotinoid pigments are given in Table 11. 

T.\BLE 11. MYXOPHYCEAE FOlTND TO CONTAIN CAUOTINOIDS 

Order Ril'ularUzc(;lF (highest forms). 
Calothrix species-Kraus and Millardet, 1868. 
Rivularia species-Kohl, 1902. 

Order Scytonemac('w. 
Tolypothrix species-Kohl, 1902. 

Order N ostocacea. 
Xostoc species-Kraus. and Millardet, 1868; van 'Vis:--cJin~h, 1915. 
Nodularia-van Wis~elingh, 1915. 
Anabaena ji08 aqu(£ Bub.-Tamme.·:;, 1900; van Wj_8sclin~h, 1915. 

Order OscWatoriaccm. 
O:-;cillatoria-Sorby, 1873; Reinke, 1876; MontevNde, 1893. 
Oscillaloria (Oscillaria) limosa-Kraus and Millardet, 1868; Kraus, 1872. 
o.~cillatoria laptotricha-Molisch, 1896. 
Oscillatol'ia Froe{;'chi£-Tammes, 1900; Kohl, 1902. 
Phormidium vul.gare-Nebelung, 1878j Kohl, 1902. 

Order Chroococcacem (lowest forms). 
J.l1icrocystis (POlYCYRtW) flos aqulF Wittr. (fresh water)-Zopf, 1900. 

A survey of the observations of the various investigators shows 
conclusively that carotinoids are normal constituents of the M yxo­
phyceae. This has been demonstrated mierochemical1y by Moliseh 
(1896), Tammes (1900), Kohl (1902) and van Wisselingh (1915). 
Spectroseopic 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 MiJlardet (1868) found that alcoholic 
extracts of Oscillatoria, N ostoc and Calothrix species responded to the 
alcohol-benzene s.!paration, leaving a yellow pigment behind in the 
alcohol. Niigeli's designation, phycoxanthin, was adopted for the 
pigment remaining in the alcohol. Kraus (~872), however, later rec­
ognized that more than one pigment was probably Present in these 
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algre, and expressed the belief that the pure xanthophyll-like phyco­
xanthin in Oscillatoria is closely related to, but not identical with, the 
xanthophyll of higher green plants. 

Sorby (1873) differentiated between phycoxanthin, fucoxanthin and 
"orange xanthophyll" (carotin) in Oscillatoria. Borby's phycoxanthin 
is not identical with the so-called phycoxanthin of brown algre, the 
pigment now known as fucoxanthin. As described by Borby phyco­
xanthin is practically non-extractable from alcohol by carbon disul­
fide, but when dissolved in the latter solvent gives red solutions, 
which are still pink in great dilution, the absorption bands in this 
solvent being shifted towards the red end of the spectrum to even a 
greater extcnt than those of carotin. The presence of such a pigment 
in Oscillaforia has not b~en reported by others, and its relation to the 
carotinoids remains to be determined. Borby's fucoxanthin is identi­
cal with the furoxanthin of the brown algae, whose chemical prop­
erties haye been dest'ribed. No other investigator has reported the 
presence of this pigment in the blue-green algID. If Sorby's observa­
tions can be substantiated it will show that this pigment is much 
more universally distributed among the algae than has been hereto­
fore regarded. 

Barby 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. 

Furthp4" evidence regarding the presence of carotin in the blue­
green algre was furnished by Monteverde (1893), who demonstrated 
carotin in Oscillatoria by the Kraus method. The question of the 
character of the pigments remaining in the alcohol following the 
separation between this solvent and petroleum ether was left open 
by Monteverde. 

That even the lowest forms are abundantly pigmented· by carotin 
has been shown by Zopf (1900) who has described the ease with which 
carotin crystals can be obtained from Mic.rocystis (Polycystis) fios 
aqure Wittr. It is doubtful, however, whether Zopf is justified in re­
garcling the carotin as a special pigment, and ascribing to it the name 
polycystin. 
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C arotinoids in the Fungi 

The brilliancy of color which characterizes practically all dasses 
of fungi is a fact which is familiar eyen to the layman in the fields 
of botany and biology. Yellow, orange and red colors arc 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 whllt 
giyes prominence to a consideration of the relation of the pigments 
involved to pigments of similar color, namely, carotinoids, produced 
in the chlorophyllous plants. As has been already pointed out, how­
ever, yellow, orange and red colors in fungi appear to be more fre­
quently non-carotinoid in nature than possessing the characteristics 
of the chromolipoids. Zopf (1890) mentions a number of instances 
where this is the case. Nevertheless, carotinoids do occur among the 
fungi, especially among the higher forms, and the evidence for this 
conclusion will now be presented. It will be apparent, however, that 
specific evidence is almost completely lacking as to the kinds of caro­
tinoids involved. The plan of presentation will be similar to that 
followed in the case of the algae. 

The Basidiomycetes. The various fungi which comprise this group 
include the numerous species of mushrooms, toadstools and bracket 
fungi (included together under the Hymcnomycetes), the puff-balls 
(Gasteromycetes) known to every school child, the rusts (Uredineae) , 
and the smuts (U stilaginere) . Yellow colors do not especially char­
acterize the Gasteromycetes, and so far as the author is aware caro­
tinoids have not been demonstrated in any of the members of this 
family. The same statement likewise holds true for the smuts. 
Yellow to orange-red tints are very common, however, among the 
Hymenomycetes, and the Uridineae take their common name (rusts) 
from the predominating color of their spores. 

The species of Basidiomycetes which may be regarded as owing 
their color to carotinoids or related pigments are collected in Table 
12. It is not to be considered that this short list comprises all the 
species which probably contain carotinoids, but merely that proof has 
been furnished f~r !hose mentioned. For example, the common ID1l$h­
room Clavaria JuriJarmis (Golden Spindle) may owe its color in part 
to carotinoids although Sorby (1873) in his study of the pigments of 
many classes of j:llIInts 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 whirh are known to contain carotinoids 
arc bracket fungi whirh gro,,' on decaying wood or among fallen 
leaycH. Whcthcr these fungi derive their carotinoid, from the hosts 
upon whirh they grow or synthesize their own pigments remains to 
bc determined. 

Calocera ,·iscosa is a \"pry sticky fungus of a beautiful orange color 
which is found abundantly on rotten tree stumps, especially fir, in 
the autumn. It grows onc to three inches high. C. cornea is not so 
highly colored and grows in spikes one-fourth to two-thirds inches 
high on dead wood. Dacromyces still4tus 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. 

T.-\BI.E 12. BASIDIOMYCETES FOFND TO CONTAIN CAROTINOIDS 

llyrnenornyccics. 
Calocera 1'i.~cosa-Zopf, 1889c; Yan Wisse1ingh, 1915. 
Ca/accra corn·ca-Yan Wisselingh, 1915. 
Calocera palmala-van Wi8seling;h, 1915. 
])acryomyr~l's siillatus-Zopf, 1889c. 
Ditiola radicata-Zopf, 1893a. 

Uredl:ncre (rust~). 
Gymnosporattgium juniperinum-Bachmann, 1886. 
M dampsora Sali.cis caprctT-Bachmann, 1886. 
Pu('cinia coronaia-Bachmilnll, 1886. 
Triphragmium Ulmari.re-Bachmann, 1886. 
Uromyc£lo; alchcmillre-Bachmann, 1886. 
(,oleo~porimn pulsatilla Strau&._.,__Muller, 188.:>; Bertrand and Poirault, 1892. 
Uredo euphraS"i.r-Bertrand and Poirault, 1892. 
Jrf rlampsora accidioides D. G.-AJiilier, 1886; Bertrand and Poirault, 1892. 
Phragmidium violaceum-Mtillel', 1886. 
AecidiG, Promycelia and Sporidia Spores-Kohl, 1902. 

The evidence that these fungi owe their color to carotinoids was 
first furnished by Zopf (1889c) who found that the chromoJipoid 
when isolated not only responded to the blue color reaction with con~ 
centra ted sulfuric acid, which Zopf called the lipocyan reaction, but 
could be made to produce blue microscopic crystals under the influ­
ence of this reagent. Zopf described in detail the method for the 
formation of the blue "lipocyan" crystals for the pigments of these 
fungi and also for other lipochrome containing materials. More 
conclusive evidence that these fungi owe their color to carotinoids 
was furnished by Zt;lpf (1893a) who isolated a pigment showing the 
~pectroBcopic absorption bands of carotin from Ditiol4 radicata, and 
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morc recently by van Wisselingh (1915) who wus able to sccure 
rrvstuls of pigment by the Molisch mirTl)('hemiral test. The latter 
in~'estigator stutes that about twenty-fhe fungi whidl he examined 
b,' this method failed to respond to the test, but mentions specifically 
o;,ly those which responded. Speci"l attention was given to the crys­
tals produced in the rase of Calorera 1';.'C0811 and Dacryomyccs 
stillalu.s. From the former a heavy preripitlltion of or:lIlgP ('olored 
crystals was secured from a s('rtion bptwecn the hypet1::'. The8e gave 
all the carotinoid color reactions, and the crystals diswlw'd slowly in 
phenol-glycerin, indicating a xanthophyll-like pip;mcnt. C. cornea 
and C. palmata gave like results. In the case of Dacryarn yres Mil­
l{ltus crystals of a similar eolor were secured, as well '" red <,olored 
crystals and orange-yellow aggregates, suggesting th,' pos,ibility of 
several carotinoids being present. 

Particularly interesting is the abundant evidence that the ('oloring 
matter of the rust fungi is carotinoid in nature, Bachmann 11886) 
first called attention to the fact that the rusts from several different 
hosts owe their color to orange or yellow oil globules containing 
unsaponifiable ehromolipoids. The pigment was isolated by cutting 
out the rust spots, extracting them with ether or hot alcohol, saponify­
ing the extract, and extracting the soap with petroleum ether. The 
positions of the spectroscopic absorption bands of the extracts thus 
obtained correspond closely with those of carotin. The residues from 
the e"iracts 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 crystals are formed when the 
pollen grains of VerbWlcum 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 Bel'l;rand and Poirault.. It should be noted, however, 
that tbe 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 teJeutospores, is usually black, but in the case of one of the 
species mentioned in Table 12, namely, Uredo euphrasw: 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 promycelia, 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. 

TABLE 13. ASCOMYCETES FOUND TO CONTAIN CAROTINOIDB 

Diacomycetcs. 
PC2iza aurantia-Zopf, 1892b. 
Pcziza bicolor BUlL-Bachmann, 1886. 
Peziza 8cutellata L.-Bachmann, 1886. 
Leotia lubrica-Zopf, 1890, 1892b; Kohl, 1902. 
Ascobolus epecws-Zopf, 1889c, 1892b. 
Spathularia flavUla Pcrs.-Zopf, 1892b; Kohl, 1902. 

Pyrenomycetc$, 
Polystigma rubrum-Zopf, 1893a. 
Polystigma ochraceum \Vahlenberg (= P. fulvum D. C.)-Zopf, 1893a. 

~~~ri:t~f:~b~ri~:~B-;~h~~:1~'i~~t 1893a; Kohl, 1902; van Wis-
a.lingh, 1915. 

The Peziza genera of the Discomycetes contains several species with 
especially bright color. Peziza aurantia, which is sometimes called 
"orange-peel Elf-cup" takes the form of a shallow, irregular shaped 
cup, one to three :inches in diameter, and resembles closely a piece of 
inverted orange peel. The outside of the fungus is pale orange but 
the :interior is a brilliant orange or orange red. It is frequently found 
on the flat ground in autumn. Peziza bicolor BUll. forms a yellow to 
deep orange-red disc on dead branches of oak, hazel and hawthorn 
trees, and P. sculellata L. a deep carmine colored disc on rotten tree 
stumps. Sorby (1873) examined the pigment of the first mentioned 
species but called the pigmentipeziza xanth:in and did not identify it 
with the "xanthophylls" of the higher plants or the algae. Bachmann 
(1886) first Mowed the presence of chromollpoids :in the Peziza fungi 
when he recovered unsaponifiable pigment from them MOWing the 



CAROTINOIDS IN THE CRYPTOGAMS 117 

spectroscopic absorption bands and color reactions of the lipochromes 
from higher plants. This was confirmed by Zop! (1892b) for Peziza 
aurantia, who at the same time reported Iipochromes in two other 
Discomycetes, namely, Leatia lubrica and Spathularia ftavida Pera., 
but was unable to find lipochrome in Bulgaria inquinarts (= poly­
morpha). The presence of carotinoids in the two first mentioned was 
later confirmed by Koh[ (1902) using the Mo[iseh test. Leatia 
Lubri.ca, however, owes its color in part to a green colored pigment as 
well as to chromolipoid (Zopf, 1890). It is of interest to note also 
that Zopf (1889c, 1892b) reported that carotinoid-like pigments could 
be isolated from various species of Aseobolu.s, which flourish on the 
feces of animals. 

Among the Pyrenomycetes Bachmann (1886) first reported unsap­
onifiable lipochrome in N eetria cinnabarina (Tode) :Fries., which was 
later studied in detail together with the pigments of Poiystigma rub­
rum Pera. and P. ochraceum (= P. fulvum D. C.) by Zapf (1890, 
1893a). The former is a cushion shaped, red fungus found on the 
dead branches of deciduous trees, while Polystigma attack the foliage 
of plum trees, forming red or red-brown spots on the leaves. 

The lipochrome which Bachmann isolated from N eetria cinnabarina 
corresponded in spectroscopic bunds with xanthophyll. A red resin 
was also reported in this fungus. Zopf used the conidial layer of the 
fungus obtained from Aesculu.s Iiippocastanum for his study. The 
presence of a two-banded "carotin" was confirmed and the red resin 
of Bachmann was found to conform to a number of other "carotinins" 
studied by this investigator (e.g., the red pigment of Haematococcus 
p"tuviaUs already discussed) in that it readily formed compounds with 
sodium and barium. The sodium salt was practically insoluble in 
alcohol and ether, but soluble in chloroform, benzene and carbon 
disulfide, and the barium salt was insoluble in all these solvents. The 
ethereal solution of the base-free pigment showed two bands at 51~-
490ft!.< and 481-4641-'1-', the solution in carbon disulfide showing three· 
bands at 575-5531-'1-', 530-5081-'1-' and 494-4821-'1-'. 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). Zop! 
called the red' pigment nectriin or nectria red. 

Zopf found two pigments in Polystigma rubrum which were very 
similar to those in N. cinnabarioo, the absorption spectra of the 
"carotin" indicating identity with the carotin of carrote, the red pig-



118 CAROTINOIDS AND RELATED PIGMENTS 

ment, which appears to be the chief one present, differing from nec­
triin in thc position llnd number of the absorption bands (polystig­
min, as Zopf ralls it, showing only two even in carbon disulfide), and 
also in that thc barium compound is soluble in ether, ehloroform, car­
bon disulfide and alcohol. Zopf's examination of Polysti{}ma ochra­
ceum, which has more of a yellow than a red color, showed an abun­
dance of yellow "carotin," which was regarded as produced in the 
fungus cells. No red pigment was found, but the fungus was not de­
colorized after the extraction of the carotinoid, but was left a reddish­
brown color which could be extracted by dilute ammonium hydroxide. 

Van Wisselingh (1915) made a special examination of the micro­
chemical crystals formed in Spaerostilbe coccaphila., a red fungus 
found on fallen trees. The fungus itself contains red, fat-like globules. 
Violet-red crystals were produced in the Molisch test, which gave the 
carotinoid color reactions and dissolved readily in the phenol-glycerin 
reagcnt 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 ordinl'rily 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 thrce species 
of PiloboZus, namely, P. crystallinus, P. Kl.einii and P. Oedipus, which 
gave the lipocyan reaction, the lipochrome reaction with iodine, and 
also showed absorption bands in petroleum ether at 484-469[,[, and 
452-439[,[" which correspond closely with xanthophyll. The fint two 
species flourish on fresh horse dung, the last on dung or rotting algae. 
Zopf also stated (1892b) that Pleotrachelus lulgens, a reddish-brown 
species of another order, is a carotin (oid) former, but the evidence 
for this was not presented. 
• Kohl (1902) confirmed the presence of carotinoids in Philobolus 
species using the Molisch test, and also showed the same pigments to 
be present in Mucor species and in C h ytridium. 

Van Wisselingh (1915) included Mucor ftavus Bainer in his micro­
chemical studies. Orange-yellow crystals were secured by the Molisch 
method, which gave the carotinoid color reactions with nitric acid 
and with bromine. 

The Myxomycetes. These fungi form a distinct, independent group 
of plants, commonly known as slime molds, and were formerly classi-
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fled in the animal kingdom under tlw name .Mycetozoa. The plants 
arc naked masses "01 protoplnsm. called phsmodia, which exhibit many 
beautiful rolors Uf' f<hown in Lister's well-known work on the slime 
molds. Carotinoids are probably rare in this group, although this 
statement may be ha::;ty ina!"ffiUt'h H~ Ycry few spcl'ics hayc been 
examined. Carotinoids do not appear to be present in A,rcyria punicea 
Pers. and Ar. mdan,o.; Blill. or in Acthal1:urn ,f.l.cpticU'in Fr., H sP("('iCB of 
Fuligo &ptica-the well-known "Flowers of Tnn"-according to the 
observations of Schroeter (1875), Zopf (1892b) Ilnd Bachmann (1886). 
Carotinoids do appear to be present, however, in Stemonit;s jerru­
ginea, Stemonitis jusca, Lycogala epidendron and Lycogala ftavo­
f'~'Cllm, judging from the observations of Zopl (1889b) who made a 
special study 01 the possible presence of lipochromes in Myxomycetes. 
In no case was lipochrome found to be the only pigment present, 
although absohite 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 
rca("tion with concentrated sulfuric acid. The measurements of the 
position of the absorption bands of the lipochrome of each species as 
reported by Zopf indicate a xanthophyll-like pigment in the case of 
Stcmonitis, but carotin in the rase of Lyeogala. These observations 
might well be amplified by others, carried out in the light of our 
present knowledge of the earotinoids. 

The Imperfect FUWJi. There is evidence that rarotinoids are pres­
ent in a few species of this large group of fungi whose exact classi­
fication has not yet been determined. 

Zopf (1889c) states that the pigment which can be extracted with 
fat solvents from Cephalothecium gives the blue lipocyan crystals 
with sulfuric acid. Several of the fungi which gave positive evidence 
of carotinoids microchemically in van Wisselingh's study (1915) be­
long in the group of imperfects. For example, .M anilia sitophila 
(Mont.) Dace. gave red crystals in the Molisch test; Aspergillus 
giganteus, which has an orange-yellow mycelium, gave a positive test; 
Torula rubra also gave the reaction, but Torula cinnabarina failed to 
do so, although a color reaction was secured using SbCl •. 

Carotinoids in Bacteria 

The importance of bacteria as a means at: determining some of the 
true functions of carotinoids in plants, or at least of fixing the COD-
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ditions under which they develop, has already been pointed out. The 
work upon which our present knowledge of carotinoids in bacteria is 
based will now be reviewed. Bacteria are at present classified as 
Schizomycetes, and arc best considered as algae. Their morphology 
and reproduction most nparly resemble the Cyanophyceae. In fact, 
bacteria are considered by SOille as having "degenerated" frOill the 
blue-green algae. They do not, however, contain chlorophyll, and it 
is this fact, especially, which enhances the interest in the possibility 
of carotinoids being normal constituents of these organisms. 

As in the case of non-chlorophyll bearing fnngi, it is not to be 
assumed that all yellow, orange and red tinted bacterial colonies owe 
their color to carotinoids. The pigments of B. prodigwsus and B. 
xanthinum Ehren. first described by Schroeter (1875) are obviously 
not carotinoids, although color alone would suggest that this is the 
case. Griffiths (1892) ascribes the formula C •• H"NO. to the red 
pigment of B. prodigiosWl, 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. prodigioslls is probably 
well known to bacteriologists and might be thought to be due either 
to a variation in concentration of the same pigment or to the presence 
of distinct yellow (possibly carotinoid) and red pigments, the latter, 
when present, masking the former. Schroeter supported his explana­
tion of the change in color, however, by showing that the orange-red 
alcoholic extract of the bacteria turns red with acid and yellow with 
alkali. 

Aside from the brief observation of Schriitter (1895) that the pig­
ments of Sarcina aurantiaca and M. (Staph.) pyrogenes aureus show 
the solubility properties and color reaction (with H 2SO.) of "lipo­
xanthin" (carotinoid) our knowledge regarding carotinoid producing 
species of bacteria is due apparently solely to Zopf (1889, a, c; 1891; 
1892b) who has described the chromolipoids in eight species of bac­
teria. The descriptions as given by Zop! point with certainty to caro­
tinoids in the ease of four species only, namely, B. egregium, B. Dhry­
sogloict, M. (Staph.) aureus and Sphaerotuus roseus. The first three 
of these bacteria form yellow colonies, but the last mentioned species 
is red. The evidence for carotinoids is as follows: 

B. egregium. Forms intensely yellow colonies on gelatin or heef-
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extract agar (b.e. 2.3 per ccnt, agar one per ccnt). Colonies when 
transferred to porcelain platc give blue color with concentrated H

2
SO, 

and HNO" and blue microscopic cry"t"," with former (lipocyan reac­
tion, Zopf). Pigment is slowly extrn('ted by warm absolutt, alcohol 
and when thus extracted is soluble in "l('ohol, ether, chloroform, 
methyl alcohol, benzene and petroleum ether. The alcoholic solutions 
show two absorption bands, olle ('overing the }' line, the other between 
F and O. The pigment is not saponifiable. It develops in the dark 
as well as in the light. 

B. C hrysogloia. The yellow pigment produced corresponds exactly 
in properties with that of B. egregium. 

M. (Staph.) aureus. The yellow pigment allOWS the same prop­
erties described for the ahove mentioned baderia, according to Zopf. 

Spaerotilus roseus. A red bacteria giving a yellow to yellowish-red 
alcoholic e>.iraet. 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 11 very narrow brownish zone. The 
yellow pigment was soluble in water and the red one in alcohol, ether, 
chloroform, ligroin, petroleum ether, benzene and carbon disulfide. 
After saponification and extraction with petroleum ether the pigment 
showed all the properties of "eucarotin," the absorption bands in 
alcohol lying at 492-4741'1' and 456-442f'l'. The. properties described 
are strongly indicative of carotin. 

There is much less certainty regarding the chamcter of the pig­
ments in the other species of bacteria examined by Zopf, although 
the pigment is ascribed by Zopf to "lipochrome," The red color of 
M. (Staph.) apatdus and M. (Staph.) superbus is stated (1889c) to 
be a red lipochrome which gives the microscopic blue lipocyan crys­
tals with concentrated H,SO,. The red pigment of M. (Staph.) rho­
dochrous and M. (Staph.) Erythromyxa gives the Same reuelion. Old 
colonies of these two bacteria show scarlet or blood-red crystal aggre­
gates under the microscope (dark field), according to Zopf (1891). 
These crystals are soluble in alcohol, ether, chloroform, petroleum 
ether, benzene and carbon disulfide and these solutionH are charac­
terized by showing only one wide absorption balld in the spectroscope 
at F. The lligment is not saponifiable. It is not clear whether this 
pigment is one off the known carotinoids or is to be classified with the 
red "carotinins," which have heen repeatedly mentioned, and the 
deternriDation of whose relation to the .carotinoids is greatly to be 
desired. Overbeck (1891), who has studied the physiology of pig-
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ment produetion in the two last mentioned species of bacteria, states 
that M. Erythromyxa produces a yellow water-soluble pigment in 
addition to the red lipochrome. 

Summary 

Our knowledge ie practically complete regarding the character and 
distribution of tile ('nrotinoids among eertaill classes of algae, par .. 
ticularl" the brown and red sea-weeds. 

I<'reRh brown sea-weeds owe their olive-brown tint to the special 
algae carotinoid, [ucoxanthin, discovered by Rosanoff (1867) and 
Millardet (1869), and finally classified definitely as a carotinoid by 
Willstiitter and Page (1914). The relation of this pigment to earotin 
is shown by the empirical formula C4oH"O,. The characteristic prop­
erties of the pigment are deseribed 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. 

Dricd brown sea-weeds owe their color to phycophiiin, a post­
mortal oxidation product of colorless chromogens present in the 
fresh plants. The carotinoids are still present, but the phyeophiiin 
interferes greatly with their isolation and study. 

The principal pigment of red sea-weeds is phycoerythrin, which is 
not a carotinoid. Carotin and xanthophyll, howe"er, are present in 
these plants. There are some indieations that the xanthophyll is the 
xanthophyll ~ which characterizes higher plants. There is a possi­
bility, also, that fueoxanthin is present in the red algae. 

Carotinoid. are present in the stone worts, but nothing is known 
of their nature. 

Carotin and xanthophyll are present in the green alg"" the amount 
of each present in certain species having been determined by Will­
statter and Page. The red pigment of the so-called blood algae clas­
sified among this family, appears to be related to the carotinoids, but 
its exact relation remains to be determined. 

Carotin appears to be the principal carotinoid present in the di­
atoms. There is a possibility, also, that xanthophylls and fucoxan­
thin are present, a phase of the pigmentation of the siliceous algal 
which deserves further study. 

Our knowledge is indefinite regarding the carotinoids occurring in 
the Peridinii:ile8, although the indications are that a xanthophyll-like 
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pigment, possibly furoxanthin, predominates among the chromolipoids 
present. Brownish-red and yellow water-soluble non-carotinoids are 
the ehief cause of the color of these plants. 

Carotinoids are unquestionably present in the flagellates, althou~h 
their exact nature remains to be determined. The red pigment whirh 
{'haracterizes the so-called eye-spots of E1tgielUl spe"ics docs not "p­
pear to be identical with any of the known carotinoids, but resembles 
the red rarotinins, the determination of whose relation to the carotin­
oids is greatly to be desired. 

Carotinoid. are normal constituents of the blue-green algae. The 
facts which are known point to the presenre of {'firotin and furoxanthin 
in these plants. Another pip:ment if: prC8ent in certain species, whid1 
is non-carotinoid in nature but which resembles carotin in havin~ a 
yellow color in alcohol and a red eolor in cr.rbon disulfide. Its exact 
nature is not known. 

Carotinoid colors are more common among the fungi than among 
the alga> but the color in many cases appears to be due to other 
pigments. In fact, many fungi seem to be entirely devoid of carotin­
oid pigments. 

Among the Ba.sidiomycetes, a few speries in (he mushroom f"mily 
apparently owe their color to carotinoids. The striking examples of 
carotinoid pigmentation, however, are the rusts, whose yellow and 
red colors are due to carotin or a very closely related pigment. It 
is not known whether other carotinoids are involved. 

Seyeral 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 wbicb require furtber 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 xanthopbyll or carotin-like pigments are indicated in the 
case of certain species. 

Carotinoids,. are formed by several species of bacteria. Carotin 
appears to be me rrincipal pigment concerned in the case of B. 
egregium and Spaerotilus roseUB. The exact nature of the pigment 
has not been determined in the case of tbe otber 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 lind thus 
throwing some light on the true functions of carotin aids in plants. 
The growth of these plants is suhject to very exact laboratory con­
trol and their pigmentation is not complicated by the formation of 
chlorophyll. 



Chapter IV 

Carotinoids in the Vertebrates 

It is by no means a new idea that certain pigments, widely dis­
tributed among animals, resemble closely in their chemical and physi­
cal properties, as well as in color, the pigments of the vegetable king­
dom which were considered in the preceding chapters. This point 
was brought out in Chapter I. The demonstration of a general biologi­
cal relationship of these animal pigments to the plant carotinoids is, 
however, comparatively recent. It is because of this relationship 
that one is justified in considering the carotinoid. of plnnts and ani­
mals in one treatise. The development of this idea and the experi­
mental justification for it are reserved for presentation in a later 
chapter. It is accordingly necessary to anticipate this discussion at 
this point and to review the evidence for the distribution of the caro­
tinoids among animals without having first justified the basis for 
this distribution. The reader is therefore asked to assume for the 
moment that the yellow to orange-red animal pigments which have 
been most commonly called lipochromes are in all probability true 
or modified plant carotinoids. For certain of the higher animals 
proof has been furnished that their lipochromes are true carotinoids, 
but this knowledge does not as yet extend very far down the scale 
of aninaals. However, the thread is picked up again for certain of 
the lower animals so that it does not require a difficult stretch of 
inaagination to fill in the gap, wide as it is indeed admitted to be. 

Carotinoids in Mammals 

CorpII.'! luteum. Bearing in mind that carotin was the first veg­
etable chromoHpoid discovered, it is an interesting fact that the first 
mammalian chJiOlllolipoid to be isolated in crystalline form likewise 
eventually proved'to be carotin. The pigment referred to is that of 
the corpus luteum of the cow, first described by Piccolo and Lieben 
(1866) and a little later, apparently independently, by Holm (1867). 
All already mentioned in Chapter I, the former called the pigment, 

.l.2O 
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lutcohiimatoidin or haemolutein, while Holm called it hiimatoidin. Of 
the two papers mentioned that of Holm, only, has been accessible to 
the writer. It is gratifying to note how accurately Holm described 
the crystalline form, the color of the crystals, both alone and when 
dissolved in various solvents, and the characteristic blue color reac­
tion with nitric acid, all of which later helped to identify the pig­
ment as carotin. The close relationship of the corpus luteum pig­
ment to other yellow pigments in plants and animals was first recog­
nized by Thudichum (1869), but his supposition that most of these 
pigments were identical has since proved to be without foundation, 
although his ideas in this respect were in part correct. 

Capranica (1877) likewise isolated the corpus luteum pigment from 
cow's m'aries 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 demgemass als eine der 
phylogenetisch iiltesten chemischen Verbindungen des thierischen 
Korpers angesehen werden. ~'ir dUrfen annehmen, dass schon in den 
ersten Regnngen der organischen Materie das lichtempfindliche Mole­
cuI des Lutein vorhanden sein. Die erste Entstehung dieses MolecUls, 
kann man sich denken, war das 'Fiat Lux.' Mit ihr begann zwischen 
Sonne und organischer Materie jene empfindende Verbindung, als 
deren letzte und hochste Frucht wir des Menschen sonnenhaftes Auge 
anstaunen." 

The full significance of Capranica's contributions, however, was not 
appreciated by him or by subsequent investigators of animal chromo­
lipoids. He observed, among other things, that petroleum ether and 
carbon disulfide, respectively, would quantitatively remove the cor­
pus luteum pigment from its alcoholic solution. The development of 
the technic for separating carotin from othel' pigments by this method 
is a comparatively recent achievement, as shown in the preceding 
chapters. If Capranica had thought to apply this test to the egg 
yolk pigment which he had under investigation he would have dis­
covered a difference which may have led to a much earlier discovery 
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of the true relationship of the corpus luteum and egg yolk pigments 
to each other and to other similar pigments in plants and animals. 
A t any rate, much of the subsequent confusion of different pigments 
might, perhaps, have been avoided. 

Kuhne (1878), however, was forced to conclude that the corpus 
lutpum and egg yolk pigments were not identical, after examining 
carefully their spertroscopic absorption properties. No further study 
Ilppcars to have been made of the corpus luteum pigment until Escher 
(1913) definitely established ita identity with carotin. 

Before referring to other mammalian carotinoids it may be well to 
point out that we have definite proof that carotin is the corpus luteum 
pigment only in the case of cows and sheep, from which Escher 
obtained his material for study. Pigmented tissue appears on the 
human ovary, also, but there is no evidence that the pigment is exclu­
sively carotin. On the contrary the inference which may be drawn 
from observations regal'ding the character of the chromolipoids in 
other parts of the human body is that both carotin and xanthophylls 
prohably 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
called 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. 

Blood serum. Although the carotinoid of the corpus luteum of the 
cow was the first mammalian chroDlolipoid 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 (l885a) , who deserves 
credit for the first extensive study of the pigment, mentions the Dluch 
earlier attempts of Samson (1835), Denis (1838) snd Schmidt (1865) 
to determine its nature. It is true that Thudichum (1869) stated 
that the yellow pigment of blood serum belonged to his group of 
luteins, but he did not trouble to mention the animals in which he 
had found it, or how he had isolated the pigment. As a matter of fact 
Krukenberg (rllsia) 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 Bolven~s faHed eompletely, and 

1 Uupubllahed obaenatlona. 



128 CAROTINOIDS AND RELATED PIGMENTS 

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,SO. and RNO" 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 Iipochromes 
indicated the existence of more than one individual iu 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 
Kuhne. The additional interesting observation was made that the 
fresh serum itself showed the spectrum bands, although shifted con­
siderably towards the red end of the spectrum from their position in 
chloroform or ether. The writer was unable to verify this for a speci­
men of human blood serum which proved to be rich in carotin. 
Although Krukenberg made no attempt to identify the pigment with 
any of the vegetable lipochromes with which he was familiar, his 
graphic representation of the spectrum of the cattle serum pigment 
shows it to be identical with that of carotin. Krukenberg had no 
explanation to offer for the occurrence of the pigment in the blood. 
He was opposed to the view that it originated from hemoglobin, but 
nevertheless saw an analogy between the simultaneous occurrence of 
lipochrome with the respiratory pigment of both plants and animals. 
Van den Bergh and Snapper (1913) confirmed the general observa­
tions of Krukenberg regarding the properties of the pigment of cattle 
serum. In addition, they noted traces of bilirubin in the serum and 
proposed an interesting test for the presence of both lipochrome and 
bilirubin in blood serum based on their observation that the lipo­
chrome of cattle serum is precipitated with the proteins when two 
volumes of 95 per cent alcohol are added to one volume of serum 
while bilirubin remains in the supernatant fluid when the precipitated 
proteins are centrifug!liized. Definits identification of the lipocbrome 
of cattle serum as carotin was made by Palmer and Eckles (1914c) 
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by applying the numerous macroscopic tests for this pigment evolved 
by the plant biochemists, particUlarly Willstii.tter 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 calf. 

After Hammarsten (1878) isolated crystalline bilirubin from horse 
serum, it was believed for many years that this pigment was the sole 
cause of the well-known golden yellow color of the serum of this mam­
mal. Gallerani (1904), however, found a lipochrome-like pigment 
accompanying the bilirubin in horse serum, for which he proposed the 
name plasmachrome. Van den Bergh and Snapper (1913), also, 
found some lipochrome accompanying the bilirubin in horse serum. 
The carotinoid identity of this lipochrome was shown a little later by 
the writer (1916), using serum from a horse on bluegrass pasture 
(rich in carotinoids). Carotin only was found, adsorbed on the albu­
min, as in the case of cattle serum, although the quantity present in 
a unit volume was considerably less than was found in cattle serum 
under comparable feeding conditions. Van den Bergh and Muller 
and Broekmeyer (1920) have confirmed these findings, also, in so far 
as the character of the carotinoid and the amount present are 
concerned. 

Since Thudichum's (1869) early observation it has been recognized 
that human blood serum may be colored by a lipochrome. Zoja 
(1904) found that bilirubin is not present except under pathological 
conditions. However, van den Bergh and Snapper (1913) state that 
the serum of normal persons always contains a certain amount of 
both lipochrome and bilirubin, sometimes one and sometimes the other 
being in excess. They observed, also, that the serum of diabetics may 
contain extraordinarily large amounts of lipochrome, an observation 
subsequently confirmed by Umber (1916), BUrger 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. BUrgh and Reinhart (1918) suggested that the serum 
pigment might be of exogenous origin IIDd later (1919) presented 
quantitative data showing a rise in the pigIIlentation of the serum on 
a diet of green food. Salomon definitely identified as carotin the 
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pigment which he extracted from high colored human serum. Of 
interest is his observation that in this case direct extraction with 
ether took out very little pigment, it being necessary first to precipi­
tate the proteins with alcohol and extract the precipitate with ether. 
Apparently this investigator regarded the presence of the carotin as 
fortuitous, for he mentions the difficulty in distinguishing the pig­
ment from the normal lipochrome of the blood. 

It is obvious that none of the workers mentioned in the preceding 
paragraph were familiar with the observations of the writer on the 
character and cause of the normal chromolipoid of cattle and horse 
serum. It remained for Hess and Myers (1919) to show the direct 
application of the writer's observations on animals to the variations 
in the pigmentation of human blood serum, by demonstrating marked 
variations in the carotin content of the blood serum of children with 
variations in the carotin content of their diet. These observations 
have been extended greatly hy van den Bergh and Muller (1920) and 
van den Bergh, Muller and Broekmeyer (1920) who have shown that 
both carotin and xanthophy lls 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 charader of 
the diet was not ascertained in this case, although a similar pigment, 
readily extracted by ether, was found abundantly in the blood of two 
other persons on a diet rich in green foods (spinach and green string 
beans). By analogy with the writer's (1915) experiments with the 
pigment of fowl serum this pigment should have been xanthophyll. 
However, a phase test applied to the pigment in each case showed 
that it was almost quantitatively epiphasic between the petroleum 
ether and 80 per cent methyl alcohol. Inasmuch as this property is 
supposed to be distinctly characteristic of carotin, it appears that the 
character of the diet may influence the manner in which carotin is 
carried by I)uman blood. In each ease the serum extracts showed 
two-bru!ded absorption spectra when using a spectroscope with lUU'­

roW dispersion, but it was not possible to secure the measurements of 
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the bands when using an instrument of high dispersion equipped for 
measuring the wave-length posltions of the bands. 

A word may be said here regarding the state of carotinoid. in 
blood. Van den Bergh and Muller (1920) assert that neither "arotin 
nor xanthophylls can be shaken out of blood serum with ether. They 
believe that the pigments are always in colloidal solution in the 
plasma. The writer is in accord with this "i('w in so fflr as ('arotin 
in ox and horse serum is concerned, and at times for humttn serum. 
It is believed, however, that in all probability a double ('olloidal 
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 sernm, the writer 
merely wishes to state that he has never failed to secure its direct 
extraction with ether when present in the serum of animals, and 
accordingly does not feel justified in believing that colloidal phe­
nomena are involved in any way. The explanation for this differ­
ence offers an interesting problem in biochemistry. 

Observations are very scanty on the pigment of the blood 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 failed 
to detect the presence of even traces of carotinoid or other chromo­
lipoid-like pigment. In a similar manner the blood of each of five 
breeds of sheep, namely, Dorset, Hampshire, Merino, Shropshire and 
South down, sbowed the presence of only traces of chromolipoid, which 
appeared to be carotin, although the animals, like the swine, were 
receiving an abundance of carotinoid-rich pasture grass at the time. 
The blood of an Angora goat, under like feeding conditions, showed 
traces of carotinoid also. Van den Bergh, Muller and Broekmeyer 
(1920) likewise found no carotinoids in the blood serum of swine, 
guinea pigs or dogs, and traces only in the blood serum of cats. In 
the case of the latter animal, xanthophyll practically disappeared 
from the blood within a half hour after an intravenous injection of a 
colloidal solution of xanthophyll. It is stated that the pigment was 
found, however, in the liver. 

Milk loJ.. Thu9ichum's classic paper included the pigment of 
butter fat among the "luteina." Blythe (1879), however, regarded 
the alcohol soluble lactochrome which he isolated from milk whey as 
the cause of the butter fat color, and D~ouliere and Gautrelet 
(1903) concluded, after isolating a urobilin-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 iuteum pigment 
of the cow, that the pigment corresponds exactly in physical and 
chemical properties (spectroscopic, solubility and phase test) with 
carotin. In addition we found, when the phase test and a chroma­
tographic analysis were applied, that small amounts of xanthophylls 
usually accompany the carotin. These were most evident in highly 
colored butter fat, a chromatogram in one case showing two and pos­
sibly three distinct adsorption zones of xanthophy 11. The pigment 
in each of these zones showed the xanthophyll absorption bands and 
were hypophasic in the phase test between petroleum ether and 80 
per cent alcohol. 

The character of the carotinoids in the milk fat of other animals 
has not been determined. Palmer (1916) and Palmer and Kennedy 
(1921) have noted the presence of carotinoid in traces in the milk fat 
of sheep and goats without determining which kind of carotinoid is 
present. We have also noted a complete absence of carotinoids from 
the milk fat of albino rats and swine, even the fat of the colostrum 
milk of the latter. 

The fat of human milk is always more or less pigmented, that of 
colostrum being especially highly pigmented. Palmer and Eckles 
(1914e) fouild 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 carotinoid!! 
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 88 

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 ahnost entirely devoid of pigment. In the cases of pig­
mented' adipose tissue of cattle Palmer and Ecldes (1914b) filUDd the 
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pigment to be chiefly carotin, with some admixed xanthophylls. In 
the case of the adipose tissue of the horse van den Bergh, Muller and 
Broekmeyer (1920) found carotin exclusively. The latter im·estigators 
have made the only examination of human adipose tissue. Varying 
amounts of pigment and varying proportions of carotin and xantho­
phyll were found in numerous specimens obtained on autopsy of indi­
viduals dead of various disorders. In most cases carotin was somewhat 
in excess of xanthophyll. Of interest in this connection is the obser­
vation of Krukenberg and Wagner (1885) of a yellow 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 absorption of carotin, as we now know, is at the F line. 

Internal organs. As van den Bergh, Muller and Brockmeyer (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 alnohol, its ahsorption hands resembling those of 
the lipochrome of cattle serum, and the color reactions with con. 
H,SO, and HNO.. This was confirmed for the human adrenals by 
Lubarsch (1902), Sehrt (1904) and Hueck (1912). Sehrt concluded 
that the lipochrome was different from the plant lipochromes (caro­
tinoids). Findlay (1920) and also van den Bergh, Muller and Brook­
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 he 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 doubtful vhether the phase test can be applied except to solutions 
of the carotinoids. 

Van den Bergh, Muller and Broekmeyer examined the suprarenals 
of the horse, guinea pig, cat, dog, ana swine for carotinoid.. They 
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report carotin in aU cases, the amount varying from relatively large 
amounts in the case of the horse and guinea pig to very little in the 
case of swine, cats and dogs. Findlay reported a small amount of 
carotin-like pigment in the suprarenals of the sheep. Palmer and 
Kennedy (1921) were unable to find any pigment soluble in alcohol 
or petroleum ether in the suprarenals of alhino rats. 

There has been very little study of the pigments of mammalian 
liver from the standpoint of carotinoids. It is difficult tissue to 
examine because it is rich in pigments of unknown character which 
are soluble in certain of the fat sohoents, and also hecause one of 
these pigments, 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 Brockmeyer (1920) have found 
this to be the case. On the other hand the statement of thcse 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 hased their conclusions on color reactions with 
concentrated acids and upon solubility in carotinoid soh-ents 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 sohoents. Rosin (1896) 
first associated the pigment with the lipochromes then rising into 
prominence. He noted its presence in the human and in cattle, and 
its absence from the nerve cells of the dog, cat, rabbit, rat and mouse. 
Rosin and Fenyvessey (1900) noted that the pigment was absent from 
the nerve cells of the new born, but that it was always present in 
the nerve cell tissue of adult humanso 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 nervi. 
cells which have been observed in disease, Dolley and Guthrie (1919), 
howev~, have made A careful study of the occurrence of chromolipoid 
in the nerve cell of man and animals and have found that it can be 
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demonstrated mieroehemieally only in those species of animals in 
which carotinoids normally occur, c.g., llIan, cow and fowl. The con­
clusion which they drew seems inc'ontroYcrtible, namely, thnt the 
chromolipoids of these tissues are true carotinoid. of exogenous origin, 
the type of pigment being goyerncd by tlw speeie. of "!limn.l, i.e., by 
the type of carotinoid resorbed. 

Lipochrome pigment is also present in otlI,'r body tissue of man, 
i.e., in the seminal vesicle (Maass, 1889) and in the epitheliul muscle 
cells (Akutsu, 1902) and in the heart, where Dolley nnd Guthrie 
(1921) have shown its carotinoid nature. Of interest is Akutsn's ob­
servation that the pigment is absent from these tissues in the case of 
new born babies and young children, and begins to occur about the 
age of puberty. 

Skin. The skin of dairy cattle, especially that of the Jersey and 
Guernsey breeds, is often characterized by a high yellow color, which 
is often almost orange in hue. The wax in the ears of these animals 
is also highly pigmented. The skin color is especially noticeable on 
the udder, particularly the escutcheon. Using the ear wax as the 
source of material, .Palmer and Eckles (1914b) found the pigment to 
be carotin, chiefly, with II little xanthophyll. 

Smith (1893) observed a ycllow pigment in the "dandruff" of the 
horse, which he regarded as modified chlorophyll. Inasmuch as he 
observed a variation in the amount of this pigment with the food of 
the animal the conclusion seems obvious that the pigment was carotin, 
which characterizes the blood serum and adipose tissue of this species. 

Carotinoids may also color the human skin. Moro (1908), Kaup 
(1919), StOllzner (1919), Klose (1919) and Hess and Myers (1919) 
noted skin coloration in children after eating heavily of carrots. Most 
of these writers associated the coloration with tbe carotin in the 

. carrots, but all of them, except Hess and Myers, regarded the phe­
nomenon as an abnormality. The latter, only, pictured the phenomenon 
as an exaggeration of a normal condition and demonstrated the cardin 
in the blood serum. They state that the feeding of oranges or eggs 
to children may result in a similar skin coloration. Schussler (1919) 
and Salomon (1919) have noted similar phenomena in adults' the 
entire body being affected in the calles cited by Schussler. These were 

s Hashimato ,,<1922) stateM tbat a yellow skin pigmentation ot dietary ol'igin WaR 

described in the lapaneae literature by Baelz as earl,. 8.8 1896 and called, "aul'antla~ 
Bis cntia." It Is also pointed out that Miura (1917). a Japanese writer, ascribed the 
lJlgmentation to carotin and ueed the term .. ucarotin08ts." Hashimato reports 35 
~ a~on&' adults a8 ~e result of ezcenf.ve tilting of BQuaab. 
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due to II carrot diet. Carotin was inferred, not demonstrated, in these 
cases, although Salomon measured the extent of the "xanthemia" in 
certain individuals by determining the extinction coefficient of the 
absorption bands of the ether extract of the blood. 

Von Noorden (1904) first called attention to a frequent yellow skin 
coloration in diabetics, which was not due to jaundice. He proposed 
for it the name Xanthosis Diahetica. Van den Bergh and Snapper 
(1913) also called attention to the phenomenon and showed in addition 
that it was accompanied by an increased lipochrome content of the 
blood serum, which they regarded as the cause. Umber (1916) noticed 
the same correlation in cases of. Xanthosis Diabetica. Burger and 
Reinhart (1918) first suggested an exogenous origin of the pathological 
phenomenon, for which they later (1910), as well as Salomon (1919), 
offered proof. Hess and Myers (1919) saw the correlation between 
the pathological and normal skin colorations on carotinoid rich diets, 
and van den Bergh and Muller (1920) and van den Bergh, Muller and 
Broekmeyer (1920) have presented such extensive data on the pres­
ence of carotinoids in the human organism that their conclusion seems 
entirely justified that the skin colorations of diabetics is due pri­
marily to the vegetarian character of the diet of persons afllicted with 
this disease. It is not to be inferred, however, that carotin is always 
the cause of the skin coloration. Head and Johnson (1921) with the 
assistance of the writer have demonstrated carotin as the sale cause 
of one case where the diet of the diabetic was rich in carotin (the 
patient ate heavily of carrots), the skin clearing up when the source 
was removed. On the other hand another case of skin coloration of 
a diabetic has come under the observation of the writer which was 
evidently due largely, is not entirely, to xanthophylls. The diet was 

, rich in xanthophylls (eggs and green beans), and the blood serum 
showed much xanthophyll with little carotin. The skin in this case 
was also cleared up by removing the source of the pigment. . 

In view of the fact that carotinoids have been found in the skin of 
both normal and diseased persons, it seems doubtful whether any 
pathological significance can be attached to its appearance in the skin. 
Van den :\3ergb, Muller and Brockmeyer (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 II diabetic eould not show II xanthosis unless his diet contained 
caretlnoids. On the other hand the more frequ~t ob.servation of an 
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etlidlmnai xanthosis in diabetics than in welt persons, nnd the fad 
that a yellow color, presumably of the sume origin, is frequently seeD 
in the palms of the hands and on the soles of the fcet of persons with 
acute sickness,' may have a secondary origin. TIll' normal ""use of 
the disappearance of carotinoids from both plants and animals i8 aD 
oxidation. This is undoubtedly their ultimate fate in animals unlesa 
they are secreted in the milk fat or egg yolk (in fowls) or stored up 
as adipose tissue and thus protected from oxidation. Where the oxida­
tive tone of the body is low, as in diabetes, coupled in many cases 
with abnonnally 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. 

CarotiMids in Birlh 

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 know ledge of the present status of the 
question of carotinoid pigmentation in the caSB 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 aj'Jpears to be chemically an isomer of plant xanthophyll in spite 
of the fact that the plant xanthophyll is the source irom 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 
<If 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 ph:y;siological problems in connection with the behavior of 
carotinoids'in the animal organism turn out to be complicated, or at 

• Van den Bergh, Iluller and Bl'oekmeyer (1920) state that this phenomenon hae been 
4eleribed tor a long time by French pbysicl8:ns uudel' tbe naDle fOslgne palma1re." 
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least baffiing. For eltatnple, it would not seem unlikely thilt xantho­
phyll, readily soluble in fat, would act like a fat dye in the body of 
the hen. However, when Palmer and Kempster (1919b, c) fed Sudan 
III to a carotinoid-free cockerel, the dye quickly appeared in the 
adipose tissue and bone marrow, but not in the visible skin parts 
(shanks, beak, ear lobes, etc.), whereas xanthophyll, when fed to a 
carotinoid-free cockerel of the same breed appeared in the shank skin 
within 72 hours, and annatto, a different fat dye, did not appear in the 
body at all. Again, when Sudan III was fed to a laying carotinoid­
free hen, the dye quickly appeared in the egg yolks and deeply stained· 
the adipose tissue, whereas xanthophyll, when fed to a carotinoid-free 
laying hen appeared only in the egg yolk, the adipose tissue and epi­
dermis being unaffected even after a month of xanthophyll feeding. 
How are these interesting observations to be explained? 

Egg yolk. It is to be expected that the pigment of the yolk of 
hen's eggs should be the first of the bird chromolipoids to attract the 
attention of the physiologists. Stadeler (1867) was the first to attempt 
to secure crystals of the pigment. He failed to do 80, 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. H2SO. had the same 
effect. Thudichum (1869), as already mentioned, included the pig­
ment among his luteins. Capranica (1877) mentioned haYing noticed 
the similarity in properties of the pigment with that of the corpus 
luteum. The first detailed description of the spectroscopic absorption 
properties of the egg yolk pigment was given by KUhne (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.' 
Kuhne, as already mentioned, decided against an identify of the two 
pigments on spectroscopic grounds and also because the egg yolk pig­
ment failed to give the blue color reaction With iodine previously noted 
for the corpus luteum pigment. Of interest is Kuhne's observatioh 
that the egg yolk pigment is soluble in bile. Palmer and Eckles 
(1914d) have attached some significance to the fact that plant xantho­
phyll is soluble in bile (ox) while carotin is not, as a possible explana­
tion o~ some of the physiological differences between these types of 
carotinoids 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 alcoholic solution 
was identical with one of the xanthophyll group of pigments which 
he isolated from a number of flowers. Schunok's work is described in 
Chapter II. It was pointed out there that Schunck's method for sep­
arating the xanthophyHs is not exact. In all probability, however, 
the L xanthophyll which he described, nnd which showed the same 
spectroscopic properties as the egg yolk lipochrome, corresponds best 
with Tswett's a xanthophyll. This appears to be the xanthophyll 
which is present in the chloroplastids in greatest amount. 

The definite chemical identification of the egg yolk pigment of hen's 
eggs as xanthophyll soon followed, when Willstiitter and Escher (1912) 
isolated the crystalline pigment and showed that it corresponds in 
all its chemical and physical properties, except its melting point, with 
the crystalline xanthophyll of green plants. The failure of the egg 
yolk xanthophyll to correspond in its melting point with the plant 
xanthophyll of Willstiitter and Mieg (1907) has never been explained. 
Serono (1912) has criticized Willstlitter and Escher's work severely, 
and expressed the opinion that the product which they isolated WIIS 

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 Willstiitter and Escher for 
the egg yolk pigment. Serono's explanation of the high melting point 
of the egg yolk xanthophyll falls to the ground, however, in the light 
of the studies of the writer (1915) which showed that the egg yolk 
pigment is not only chemically related to plant xanthophyll but is 
biologically derived from it. Whether the hen's body modifies slightly 
the plant pigment, thus giving it a different melting point from il~ 

precursor, or whether the hen selects one of the several plant xantho­
phylls differing in melting point from the mixed product obtained by 
Willstlitter and Mieg from nettle leaves, or whether the difference is 
to be explained on other grounds cannot be decided definitely at the 
present time. 

Xant110phyll is not the only carotinoid in the yolk of hen's eggs. 
In fueir isolation of the crystalline pigment WillstaUer and 'Escher 
noticed the presence of a small amount of pigment with the solubility 
relations of carotin. The writer (1915) was able to confirm this in his 
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study of the biological origin of the egg yolk xanthophyll. In Will­
statter and Escher's study, however, the bulk of their carotin-like pig­
ment was saponifiahle, so that its actual identity with carotin remains 
doubtful. 

XanthophyJJ pigmented egg yolks may not be normal for all species 
of birds. Krukenberg (1882m) examined the yolk of the eggs from 
two breeds of parrots. The yolk was colorless in one case, but the 
other was weakly tinted with a pigment whose spectrum is unques­
tionably that of xanthophyll. 

Body tissues. It is not to be expected that animals whose eggs are 
highly colored with carotinoid should be devoid of the pigment in 
their body tissues. Halliburton (1886) showed that the blood serum 
and adipose tissue of the hen, pigeon and dove contains lipochrome, 
but the descriptions given do not make it possible to decide the char­
acter of the carotinoid involved. The writer has observed that the 
pigment in pigeon serum may be extracted by shaking with ether, 
which fact may indicate its xanthophyll nature. Schunck's (1903) 
spectroscopic studies included the pigment of the hen's blood serum. 
The same xanthophyll was found as in the egg yolk. The writer's 
(1915) study of the fowl's blood also showed xanthophyll to be the 
major pigment present in the serum, directly extractable with ether in 
all cases in his work. 

Krukenberg's (1882b) spectroscopic drawings of the yellow skin pig­
ments of pigeons, hens and geese resemble very closely the known 
spectra for xanthophyll. We now know that this pi~ent is xantho­
phyll, at least in the case of fowls, the extracts showing the phase test 
and spectroscopic properties of this pigment. Van den Bergh and 
Muller (1920) and van den Bergh, Muller and Broekmeyer (1920) 
have confirmed these observations with the exception of the direct 
extraction of the xanthophyll from fowl serum by ether. In only two 
out of 13 cases were they able to shake the pigment out witb ether. 
The explanation of this divergence in their observations from thO1*) 
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 relate4 to the so-called visual pigments of the eye. These 
coJore(I 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 complete correspondence 
between the retinal pigments of birds and those of the egg yolk. 

Kuhne contributed several papers on the retinal pigments, which 
appeared in the memoirs of the Physiological Institute of the Uni­
yersity of Heidelberg. Reference has already been made to the only 
one of these papers which has been accessible to the writer (Kuhne, 
1878), which is presumably the only pr.per reporting Kuhne's study 
of the chemical and physical properties of the pigments. According 
to this investigator the microscope reyeals oil globules of three colors 
in the retinal epithelium of fowls, namely red, yellow and greenish­
yellow. Kuhne's study of these globules led him to conclude that 
three distinct pigments were invoh'ed, 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 xanthe­
phane), and from admixed rhodophane by treating the chlorophane­
free xanthophane with CS" in which the rhodophane was not soluble; 
(4) spectroscopic examination of the purified pigments showed marked 
differences, the chlorophane showing two bands, the other two pig­
ments onlY one. It is difficult to decide from these and other less 
important p6ints mentioned, what kinds of carotinoids are involved. 
Save for the green color emphasized by KUhne, one might be led to 
believe in the light of our present knowledge that his chlorophane is 
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the carotin which is present in traces in fowls. Some basis for this 
is gi,·en by the fact that its CS, solution was orange colored. On the 
other hand, the spectrum of this pigment, both in ether and CS" as 
shown by Kiihne, resembles xanthophyll rather than carotin. Kiihne's 
xanthophane would seem to be the usual xanthophyll met with in 
fowls, in spite of the one-banded spectrum pictured for it. The rhodo­
phane is obviously not a carotinoid in the sense in which this term is 
now applied. Whether it is a decomposition product, which, in fact, 
Waelchi (1881) believed to be the case for all of KUhne'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 oyer the eyes) of pheasants, and 
called tetronerythrine. 

It might be mentioned in concluding the reference to Kiihne's work 
that he was unable to observe similarly colored globules in the retinal 
epithelium of man, cow, pig or snakes, but he did observe that the 
same three pigments appear in the pigeon retina as in the fowl. Cer­
tain observations respecting the eye pigments of frogs will be referred 
to presently, in connection with the carotinoids in amphibia. 

Feathers. Nowhere among the vertebrates does pigmentation and 
color attain the brilliancy and variety that is seen in the feathers of 
birds. Lovers of bird life, in general, as well as ornithologists, have 
long been interested in the phenomena. The whole range of brilliant 
as well 3S less conspicuous colors seems to be due to pigments of three 
COIOTS, namely, red, yellow and bJack, together with the structural 
colors blue' and white. Various combinations of these pigments and 
colors appear to be entirely responsible for the effects observed. It is 
true that Gadow (1882) speaks of structural yellow in birds' feathers, 
but the absence of yellow pigment in tbese cases does not seem to be 
proved. Besides, the colloidal theory of optical or structural color 
seems to preclude yellow among such colors. Of the three common 
pigments involved, black is undoubtedly melanin. Since the two re­
maining colors due to pigment are those met with among carotinoids, 
interest is at once aroused as to the possibility of the carotinoids being 
involved. Unfortunately no modem investigation has been made of 
these pigments with this point in mind, with the exception of the 
observations of Palmer and Kempster (1919b, cj showing that the 

• That blae eoloJ:'"1Il feathe.rlS ta all o.pttea1 and bot a pigmented color seems to ba", 
b<&n'~ll •• i~¥ Betld&now (1818). 
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cream color in fowls of the white feathered, nonnally yellow-shllnked 
breeds is due to deposits of xanthophyll in the feathers. 

At the same time it should be stated that Krukenberg (1881 b, 
1882a, 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 sped,ros("opir examinations, as well as solubility and the 
color reactions with ron. H,SO, and HNO,. it is possiblf' 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 tigerfineh and bullfinch and numerous 
other individual species. His studies led him to distinguish between 
five red pigments and five yen ow pigments, Not all of these enn 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 tbis. 

Of the red pigments, the most important were zoonerythrine, pre­
viously named by Bogdanow (1858) and rhodophane, previously 
named by Kuhne (1878), Of the others, "araroth," found in the red, 
orange and yellow feathers of the great red macaw, SiUace Macao, 
and the yellow and orange feathers of AprDsmictu8 melanurus, is prob­
ably identical with zoonerythrine, as Krukenberg, himself, suggested. 
The two remaining red pigments, zoom bin and pseudozoorubin, found 
in the male birds, Paraduea papuana and P. rubra, are not even lipa­
ehromes in the hroad sense. 

Krukenberg believed that zoonerythrine was a rhodophane com­
pound, the character of which is not stated. The properties arc widely 
different from those described by Kuhne 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-He!. The blue color reac­
tion with con, H2S04 was given, but the solutions showed no spectro­
scopic absorption bands, only a continuous absorption beginning in 
the green. 'Because of this failure to show absorption bands one is 
perhaps justified in concluding that the pigment is a carotinoid, altered 
either by the animal body (Krukenberg, himself, advanced the idea 
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that it was derived from the yellow pigment which colors the adipose 
tissue of many birds) or by the methods which Krukenberg found it 
necessary to usc 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 foHowing birds: C alurus auriceps, C atinga cocrulea, 
Phoenieopier1l,' antiql10rllm (flamingo), Cardmal.is virginian"s Ithe 
cardinal bird), PyrocephahUl rubinc1IS, Phlegoen1lS cmenta (the dagger­
stab pigeon of Luzon), Trogan M assera., Pamaria cueu.Uata, Piws 
major, Pyrrhula ,'ulgar;", (bullfinch), tigerfinch, Megaloprepia mag­
nifica, Cymbyrhynchus makrorhynch1Ul, and possibly Ithagin1lS cmen­
tatu.s, The red feathers of the parrots, Ec!ectlls pol.yehlorus and 
Cac.atura roseicapilla, contained the pigment as did also the yellow 
feathers of the bird of paradise Xanthomelu.s a,ureu.s, In addition, 
Krokenberg (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, psittarofulvine, is evidently not even a lipochrome in 
the broad sense, from the description gi\'en, Paradiseofu!vine, found 
in the yellow neck feathers of the male DiphyUodes magnifica, and 
the yellow head, neck and back feathers of the male Paradisea 
papuono and P, :ruhra, was extractJlbJe only niter digestion of the 
fenthers with nlkali or trypsin, Save for complete absence of absorp­
tion bands it was identical with coriosulfurine, These facts suggest 
that the treatment necessary to extract the pigment altered its spec­
troscopic properties, a supposition confirmed by Krukenberg's own 
observation that heating zoofu!vine in an alkaline fluid destroyed its 
absorption bands, 

The properties of zoofulvine and coriosulfurine are so nearly identi­
cal, differing only by a slight shift in absorption bands, that their 
separate entity is very improbable, Krnkenberg believed that the 
former was derived from the latter, Both pigments were readily ex­
tracted from the finely'divided feathers by hot alco'hol or iat solvents. 
Krukenberg st(!ted that coriosulfurine withstood saponification better 
than zoofulvine but gave a less distinct color reaction with con. H"so •. 
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Both were very sensiti"e to action of lil(ht. The position of their 
absorption bands, as pictured by Krukenberg. is practically identical 
and resembles xanthophyll "ery strongly. The identity of the zooful­
vine and egg yolk spectra was noted by Krukenbers 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 pi!(mcnts are 
the same and are none other than the xanthophyll met with in fowls. 

The birds whose feathers owe their rolor to this xanthophyll arc 
as follows: The yellow feathers of Euphonc nig";"oUis, the golden 
feathers of Oriolus galbuZa, the yellow feathers of the canary Fringilla 
canaria, the yellow feathers of the parrot Aprosmictl1., melanurus, the 
yellow and green feathers of Certhiola mexicana, and Chlorophanes 
atricapilla, the green feathers of the male parrot Eclectu.~ polychLorus, 
the orange feathers of the great red macaw Sittare Macao, the yellow 
ornamental feathers of the male Paradism papuana, the yellow and 
orange feathers of X anthomelus aurcus and Selencidcs alba Ilnd the 
feathers of the woodpeckers Chrysoptilus p1Utctigula, Chloronerpes 
aurulentus, C. Kirkii, Dendropicus cardinal"" Campethera ml/)ica, 
Tiga tridactyla, Dryocapus auratus, Colaptes auratl1.~, and C. 
olivaceus. 

The yellow picofulYinc described by Krukenberp; (l882m) in a num­
ber of species of woodpe('kers, differs from the pigments just described 
in its yellowish-green color in ether and CRCI." in its orange (not red­
orange) color in CS" in its lower solnbility in petroleum ether, and by 
the fact that its absorption bands are in a characteristic position, 
shifted 80 greatly to ... aras the "iolet from the bRnas of eoriosulfurine 
that error of observation seems exd\lded. One is reminded strongly 
of the xanthophyll ~ of Tswett, and Cis tempted to suggest, provision­
ally, that a concentration of this carotinoid in the feathers of these 
birds is responsible for the pigmentation. 

Carotinoids in Fishes 

Observations on the pigments of fishes have been confined almost 
entirely to those of the skin, namely, to the causes of surface colors. 
The body tissues have been examined in only a few instances. The 
surface col.ot{tions 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 birdll 
the various shades of brown are melanin combinations with reds and 
yellows and the greens are combinations of yellow pigment and struc­
tural blues. The structural whites, however, do not appear to be 
colloidal phenomena as in the case of birds, but are due to shiny 
crystals of guanin. Another marked difference between the surface 
colorations of birds and fishes is the deposition of the pigments in the 
latter in chromatophors over which there is nervous control such that 
a partial or complete contraction of the tissues makes it possible for 
the animal to undergo marked changes in color. This physiological 
phenomenon is shared by a number of other lower animals, both among 
the vertebrates and invertebrates. One can find the whole subject 
considered most exhaustively by Fuchs (1914). 

As in the case of birds this monograph can deal only with the red 
and yellow pigments. It may be stated at the outset that a most 
promising field for investigation from the point of view of our present 
knowledge of cnrotinoids 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 tbat 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 wbose solubilities and color reactions with the mineral acids 
are those of the carotinoids, but which have failed to show absorption 
bands in the hands of previous investigators. 

De Merejowski (1881) first called attention to a rather widespread 
occurrence of the red pigment in fishes, under the name of tetroneJj" 
thrine. He later (1883) enumerated some 20 species in which he had 
found the pigIDent, in this paper adopting Bogdanow's (1858) name 
zoonerythrine. No spectroscopic observations were made. The orange 
color in the usual fat solvents was noted, as well as the fiery red color 
in CS., the color reactions by the strong mineral acids, and the bleach­
ing in the air and sunlight. It is interesting that de Merejowski ex­
pressed the opinion that the same pigment caused the color of carrots, 
tomatoes and pimentoes. Carotin, according to him, it may be noted, 
is a water-soluble pigment from carrots and tomatoes. 

Krukenberg (1881a) first noticed the red zoonerytbrine in fishes in 
the tailfin of Luvarus imperialis, the microscope showing the red 
granular deposits in the epithelial cells. On extraction with fat sol· 
vents or bot alcobol tbe pigment confirmed the observations of 
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de Merejowaki, and in addition failed to show any absorption bands. 
Krukenberg (1882e) later found the same pigment in the "kin of the 
goldfish, Cyprinus auratm and Cyprin;u$ Carpio and (1882n) in the 
skin of M uUus barbatus. The red lipochrome in the latter fish, Ilnd 
that which Krukenberg and Wagner (1885) extraeted lrom the red 
salmon muscle, yielded a pigment on saponification which shOlwd the 
single absorption band at F of Kuhne's rhodophanc. It will be remem­
bered that Krukenberg found the same pigment in the leathers of 
certain birds. MacMunn (see Cunningham and Ma('Munn, 1883) 
later found it in a number of other fishes. III color, the pigment 
resembles carotin most closely. Its relation to this pigment should be 
determined. 

Krukenberg (1882e, n) first noted the yellow pigments in fishes, 
extracting them from Cyprinus carpio, where they were present in the 
skin along with the red chromolipoid, and from the skin of Barbm 
ftuviatilis, Muraena Helena, Belone rostrata, Scorpoena scrofa, where 
they existed free from red pigment, and from M utlm barbatu8, which 
contained the red pigment, as already noted. The absorption spectrn 
of these pigments show their carotinoid nature, but it is difficult to 
decide whether carotin or xanthophyll is the predominating pigment, 
in view of the possibility that both types of carotinoid were present in 
the solutions. 

The much more extensive observations of MacMunn (Cunningham 
and MacMunn, 1893) on the chromolipoids of the skins of a number 
of other species of fishes, which are accompanied by measurements 
of the absorption bands in ether, chloroform and carbon disulfide, are 
somewhat more instructive. A comparison of the data with known 
measurements of the absorption bands of the carotinoids leads to the 
following tentative conclusions: Carotin is the chief carotinoid in the 
skin of the Flounder (Pleuronectes ftesm) , the Plaice (p. platessa) , 
the Dab (P. limanda), the Merry Sale (P. microcephalus), of Solea 
variegata, and of the Smelt (Osmerus eperlanus); xanthophyll is tl::e 
cbief carotinoid in tbe skin of Amoglossus megastoma, Trigla cucuius, 
Trigla hirundo, the Mackerel (Scomber scombrus) , Syn,gnathus aC'U8, 
Siphonostoma typhle, Clupea naren,gus, Artherina presbyter, the John 
Dorey (Zeus faber) and the fifteen spined Stickleback (Gasterostem 
spiflQchia) ~ ~th carotin and xanthophyll are found in Coitus bubalis; 
and the banded Pipe Fish (N erophis oequorem); a pigment whose 
epeet.ra strongly resembled lycopin .js the' cause of the skin pigment. 
of the goldfish, Girasaius auratua. -
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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 he placed. 
The lower side of the fish is almost always devoid of the black and 
yellow color which characterizes the upper side of the fish. Cunning­
ham, however, was able to cause the fish to develop normal pigmen­
tation on both sides by placing them in a tank with a glass bottom 
with a light reflecting mirror below it so that the fish were exposed 
to dayligbt on both sides. Cunningham and MacMunn naturally con­
cluded that it is light which causes the deposition of pigment in the 
flounder's skin. There seems to be nothing to discredit this conclusion 
so long as one accepts as proved that pigment is actually absent from 
the colorless side of the flounder and that chromatophors in the 
epithelial tissues play no part in the phenomenon. 

With regard to chromolipoids in other tissues of the fishes, informa­
tion is almost completely lacking. 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 saponification. 
We also have the statement of MacMunn (1883) that the liver of 
fishes may contain a tetronerythrine (zoonerythrine). Finally, we 
have Miss Newbigin's (1898) examination of the red pigment in 
salmon muscle, llJ which she found a yellow non-lipochrome pigment 
as well as the red lipochrome, showing the usual lipochrome reactions 
save the absorption bands. She believed that the red pigment readily 
formed compounds with sodium and potassium, which could be decom­
posed with acetic acid. The yellow pigment was soluble in the fat 
solvents, did not form compounds with sodium and potassium but 
failed to show the color reactions with concentrated acids. The spec­
troscopic absorption properties apparently were not observed. The 
same red and yellow pigments were also present in the ovaries of the 
mature female. 

Carotinoids in Amphibians 

The phenomena governing the coloration of these vertebrates, as 
well as the colors observed, are almost identical with those of fishes. 
As in the case of the fish pigments, the chromolipoids offer an inter­
esting problem. for study from the newer point of view of these pig­
~ts, 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 sulnmander. 
The alcohol and ether extractability of the yellow pigment in frogs 

was known to the early observers, such as v. Wittid, (1854), Lcydig 
(1868), Hering and Hoyer (1869), before Caprauica (1877) found 
that the retinal pigment of the frog corresponded in its general solu­
bility, chromatic and spectroscopic properties with the corpus luteum 
and egg yolk pigment. Kiihne's (1878) chromophanc studies induded 
the pigment in the retinal llnd adipose tissue of frogs, as well as the 
skin. Only one pigment was found, readily and complct.ely extract­
able from the saponified extracts with petroleum ether. On "ceount 
of a slight spectroscopic difference from the pigment of egg yolk 
(absence of a faint third band in spectrum of frog pigment) KUhne 
gave the frog pigment the name lipochrin. 

Krukenberg (1882c) repeated Kiihne's work on the yellow or orange 
skin pigment of the frogs Ifyla arborea, Rana esc"lenta, the toads 
B"jo viridis, Bufo calamita, Bufo ,'ulgariB, and the orange skin pig­
ment of the salamanders, Triton cristatus and Salamdra macuiosa. 
The Bame pigment was found throughout, also in the ovaries of 
B. calamita and the rutty tissue of Triton crntatus. A comparison of 
the spectral drawings of Kuhne and Krukenberg for their amphibian 
lipochromes shows certain differences in the positions of the "bsorption 
bands such that it is impossible to decide whether the pigment is 
carotin or xanthophyll, so that the determination of this important 
point will have to be left to future investigation. It should be stated, 
perhaps, that Magnan (1907a, b) has claimed to have isolated a green 
and a yellow pigment from several Batracian's skins, the yellow pig­
ment differing from the chromolipoid obtained by previous workers 
in that it failed to show absorption bands, and was soluble in NaOH 
and KOH. One cannot help but raise some doubt as to the accuracy 
of this worker's observations both as to the properties of his yellow pig­
ment and the existence of a green pigment. It is an old observation 
that the frog skin loses its green color on extraction of the yellow 
pigment, showing that the green color is partly of pigment and partly 
of structural origin. 

Carotirwids in Reptiles 

The flurface colorations of reptiles are perhaps even more conspicu­
ous than" those of amphibians. The lizards and snakes have been 
studied most, and there has been at Jeast one observation regarding 
lipocbromes 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 hroad sense and thus carotinoids, in the narrower 
sense, do not appear to occur, Kiihne (1878) noticed the absence of 
retinal pigments in snakes. According to Krukenberg (1882d) the 
yellow pigment which can be extracted after long boiling with absolute 
alcohol from the skin, muscles, connecth'e tissue and fatty tissue of 
the snakes, TropidonotlUl natrix, Elaphis quadrilmea.tis Bonaparte, 
Calwpeltill quadrilineatis Pallas and Rhinescill scalaris, and which is 
soluble is ether, CHCI, and CS. 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 camel eons 
Lacerta muralu, Lacerta agilis, Camaewn vulgaris and Bombinator 
igneu8, 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 zQofulvine, but 
because of an uncertainty in his mind as to the iden.tity of the pig­
ments, Krukenberg called the lizard pigment lacertofulvine. In all 
probability the pigment is xanthophy n, or at least one of this group of 
carotinoids. 

Among turtles we have the observation of Halliburton (1886) that 
the blood serum and adipose tissue of the tortoise is rich in a lipo­
chrome showing the spectroscopic and other lipochromatic characters 
of the blood serum and adipose tissue pigments of the hen. The ques­
tion needs further study, however, before it can he even regarded as 
probable that this pigment is xanthophyll. 

Summary 

Piccolo and Lieben (1866) and Holm (1867) isolated the first ani­
mal chromolipoid in pure condition, namely, the pigment of the corpus 
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luteum of the cow. Although the general relation of this pigment to 
other yellow animal pigments, and even to certain of the plaut 
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 lutculll pigment in other ma.m­
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 Ii chromoJipoid in the blood serum of certain 
mammals was known as early as 1835. Krukenberg (l885a) first 
succeeded in isolating the pigment (using ox serum) and classified the 
pigment as a lipochrome. The relation of the pigment to the caro­
tinoids which characterize other mammalian tissues was not estab­
lished until the work of Palmer and Eckles (1914c). The chromo­
lipoid of cattle and horse serum is carotin, but in man it may be either 
carotin or xanthophyll. Carotin, when present, is frequently, if not 
always, bound to colloidal serum albumin, but this does not appear 
to be the case for xantlJOphy 11. Carotinoid is not always the sale 
pigment in blood serum, bilirubin also being present at times, particu­
larly in the case of man and the horse. The blood serum of Ii num­
ber of mammals is almost or entirely devoid of carotinoid pigment 
under all conditions, e.g., swine, sheep, goats, dogs, cats, guinea pigs 
and rats. This is also true for the new-born animals of the species 
whose serum is pigmented in later life. 

The chromolipoid of milk fat is the carotinoid which characterizes 
the blood plasma of the animal, as shown by the author's studies. 
Carotinoid coloration of milk fat is not, however, universal among 
mammals, pigmentation being determined by the kind and amount of 
carotinoid carried by the blood. 

The chromolipoids of the adipose tissue, internal organs, nerve cells 
and skin of mammals are the carotinoids which characterize the blood 
serum, only those animals whose blood serum is normally pigmen'.ed 
with carotinoids· depositing the pigments in their body tissues and 
organs. 

The more frequent observation of an epidermal carotinoid coloration 
among dil'betics than among well persons is due largely to the vege­
tarian chanfcter of the diet in diabetes, from which the pigments are 
derived. The author suggests, however, that the phenomenon is due 
also, in part at least, to the lowered oxidative tone of the body in this 
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disease, inasmuch as oxidation is undoubtedly the normal means by 
which the animal body destroys surplus carotinoids. 

The chromolipoid pigments of birds offer many interesting physio­
logical problems, particularly because of their chemical difference 
from the chromolipoids of mammals. The egg yolk pigment was 
studied as early as 1867, and while Kiihne (1878) first recognized that 
it is not identical with the pigment of the corpus luteum of mammals, 
its probably chemical relation to plant xanthophyll was not suggested 
until the work of Schunck (1903). This relation was established by 
Willstiitt€r and Escher (l912) , and extended to include a biological 
relation by Palmer (1915). Whether the hen's body modifies slightly 
the plant xanthophyll or selects one of the several plant xanthophyll. 
differing in melting point from the mixed produet 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-calJed lipochromes of the retina of the eyes of birds 
to the carotinoids is indefinite. 

Carotinoids and related pigments are unquestionably the cause of 
the yellow to red color of the feathers of certain birds which are 
enumerated in the text. Although these pigments have not been 
studied since the recent advances in our knowledge regarding animal 
carotinoids, the evidence points to the fact that xanthophyll is one 
of the pigments concerned in feather coloration. 

Skin coloration of fishes is similar in some respects to feather 
coloration in birds except that the structural whites are not colloidal 
in fishes and fish pigments are deposited in chromatophores over which 
there is physiological control. The red chromolipoid of the skin of 
many fishes does not appear to be identical with any of the known 
carotinoids although it resembles carotin in many respecte 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 GirlJllsius auratWl, which strongly resembles lycopin. 

The chromo!iJloids of the blood, body tissues and organs of fishes 
,have been ekaJDined only in the case of the salmon, in which the red 
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pigment of the flesh and ovaries appears to he the carotinoid-like 
carotinin descrihed above. 

Among amphibians the yellow pigments of the skin, adipose tissue 
and retina of frogs, toads and salamanders are unquestionably caro­
tinoids, but the evid€n~€ at hand doe8 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, howewr, that a xantho­
phyll is the chromolipoid of cnmeleon skins. The blood serum and 
adipose tissue of the tortoise also "ontain carotinoids, the nature of 
which is not known. 



Chapter V 

Carotinoids in Invertebrates 

The causes of the colorations and pigmentations encountered among 
the lower forms of animal life have not been without interest to 
the hiologists. It is to be expected that the developments in the 
field of chromatology which took place during the 19th century should 
be accompanied by studies of invertebrate pigments by the zoologists 
and others interested in these forms of life. These studies have an 
especially important bearing on the subject of the distribution of 
carotinoid pigments among animals because, as has already been 
pointed out, evidence of a more definite nature has been presented for 
the existence of these plant pigments in animals of the invertebrate 
group, than for a number of the vertebrates. It should be under­
stood, however, that carotinoids do not predominate among the pig­
ments of the lower animals. On the contrary, one would hardly be 
justified in asserting that the carotinoids predominate among the pig­
ments of yellow to red color encountered among the invertebrates. 
As in the case of plants, it appears that as one descends the scale of 
living forms, non-carotinoid pigments of yellow to red hues seem to 
be met more and more frequently. For example, it will be shown 
presently that carotinoids are undoubtedly abundantly present in the 
larvre and pupre 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
ratuB of the lower animals would insure a more abundant distribntion 
of biologically derived pigments. Whether this is true or not will have 
to,be' decided by "the investigations of the future. 

1M 
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C aroti,wids in I meets 

Zoologists recognize as many as eleven different orders of the 
[nseetia, Rnd state that a million species-more or less-may exist in 
the world. When these figures nre 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 rclatNI 
pigments being present, it is seen that very little, indeed, has heen 
done in this field. 

The insect orders in which carotinoids appear to be present arc the 
Lepidoptera (butterflies), Rhynchota (bugs), Coleoptera (beetles) 
and the Orthoptera (locusts, grasshoppers). 

Lepidoptera. In the butterflies tbemsch'cs the brilliant wing rolors 
are not due to carotinoids, as already mentioned. There are undoubt­
edly some color effects which are purely structural, but tbe red, orange, 
and yellow pigments appear to be derivatives of urie acid, as shown 
by the investigations of Hopkins (1889, 1891, 1892, 1896) and Urech 
(1893). In the larva' and pup"" however, either carotinoids or 
modified carotinoids are frequently encountered. 

Medola (1873) first showed that the green color of insects is not 
due merely to the green digestive mass in the food canal, but to a 
true absorption of pigment by the hamolymph (blood) of the animals, 
although in a somewhat modified form. This laid the foundation for 
the classic experiments of Poulton (1885) on the pigments of the 
Iarvre and pupre of a number of species of butterflies. Poulton dis­
tinguished between two kinds of pigments in phytophagus larva', 
namely, those derived from the food and thase produced by the ani­
mals themselves. The general thesis which his work supports may 
perhaps best be explained by the following quotation. a All green 
coloration is due to chlorophyll; while nearly all yellows are due to 
xanthophyll. All other colors (including black and white, and soroe 
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 larvre feed­
ing ut/0n petaIe, etc.). The derived pigments often occur dissolved 
in the blood, or segregated in the subcuticular tissues (probably the 
hypodermis cells), or even in the chitinous layer, closely associated 
with this cuticle itself," 
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Our interest naturally centers arou'nd the derived "xanthophylls" 
found in the hiimolymph 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 larvre 
and pupre rested largely upon a spectroscopic examination of the 
blood extracts in comparison with the spectrum of the pigments of 
green leaves under like conditions. Poulton's own conclusion was 
that the points of difference between the derived "xanthophyll" spec­
trum of caterpillars and that of green plants made it impossible to 
decide whether more than one derived "xanthophyll" was present. 
Interpreted from the point of view of our present knowledge of the 
carotinoids this means that. inasmuch as Poulton was dealing with 
extracts for which no purifications were attempted, it is impossible to 
decide whether carotin or xanthophyll or a mixture of carotinoid. 
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 carotinoid. taken up by these insects and which at least forms 
an interesting link between carotinoids as found in mammals and the 
same pigments in caterpillars. This point is the great stability of 
the "xanthophyll" in the blood of these insects, which led Poulton to 
believe that it "may be due to association with a protein of the 
blood." Poulton found that ether, chloroform and carbon disulfide 
would not extract the pigment from the blood, although the ether 
precipitated the blood proteins in the form of a green jelly and even­
tually, after some hours, became bright yellow with pigment. How­
ever, when alcohol was used as a protein precipitant, the pigments 
dissolved at once in the supernatant alcohol, especially if absolute 
alcohol was employed. If the affinity of carotin for blood protein, !IS 

found in some cases for mammals, is a universal property of this 
pigment, these results of Poulton's on the haemolymph of caterpillars 
lend support to the tentative conclusion that the chief carotinoid of 
the larvae and pupae of butterfiies is carotin. 

In view of the BIllall 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 Q!l follows!' Pygaem 
Bucepkalw, P. MeticuWsa, Smirinthus TiliaJ, S. Populi, S. OsceUatus, 
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Sphinx Ligustru, C. Elpenor, D. Vinula, Papilio ltfachaon, Ephyra 
Punctaria, and E. Angularia. 

Krukenberg (1886) made spectroscopic observations of the pig­
ments in the haemolympb of the pupa of several addit.ional species of 
Lepidoptera, namely, Platisama Cocropia, Telca Polyphemus, SatuT­
nia Pernyi and Saturnia Pyri. In these enses the haemolymph itself, 
as well as the alcoholic extract., showed the lipochrome absorption 
bands. 

In the case of Saturnia Pyri lipochrome was also extracted from the 
body tissues. The hiimolymph of another species, Callo.am;a Pro­
methia, did not show the presence of lipochrome until first extracted 
witb alcohol. Krukenberg's observations, unfortunately, do not throw 
any light on the chararter of the carotinoids prescnt in caterpillars, 
although they support strongly the idea of a !leneral distribution of 
carotinoids in the blood and tissues of these herbivorous inse~ts. 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 [,cpidoptera. 
In spite of an acknowledged familiarity with the work of Willstatter, 
Geyer compared the spectrum of ether solution? of th" haemolymph 
pigments with extracts of yellow flowers obtained with 70 per cent 
alcohol. Inasmuch as this soh'ent docs 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 c.aterpillars. This is unfor­
tunate because Geyer's work is sufficie,ntly reeent to have permitted 
him to use the technic whicb would have given the desired information. 

While Geyer's studies are disappointing with respect to the kind of 
carotinoid" present in caterpillars, he noticed an interesting sexual 
difference among certain species in conneetion with the pigmentation 
of the hiimolymph. In Bambyx 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 Xantkia fiavago the blood was yellowish green, while that of the 
males wa£ tolorless or very pale yellow. In other species the blood of 
the females was green, containing botb 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 ahility 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 tbe 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 ealled bugR, red, 
yellow and green colored species .are commonly encountered. Caroti­
noids are to be expected because the insects are mostly phytophagous. 
Among the Aphids, or plant lice, the green colors are undoubtedly 
derived from the food as in the case of caterpillar larvre, as Mar­
chiati (1883) first pointed out. Sorby's (1871c) study of this green 
pigment showed, howeyer, that the yellow pigments accompanying 
chlorophyll are also present, and may be extracted from the crushed 
insects with carbon disulfide. The two well-marked absorption bands 
in the blue shown by these extracts, at once classifies the pigment 
among the carotinoids. Sorby, himself, called the pigment aphidol';­
teine. The pigment of some red apbids 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, perbaps carotin itself. Thus, 
Physalix (1894) extracted the red pigment of the hemipter, Pyrrho­
caris apterus, from two liters of the insects. The pigment was deep 
red in carbon disulfide, yellow in alcohol and ether, gave the lipo­
chrome reaction with con. H,SO" and showed the absorption spectra 
of carotin. Physalix asserted that the pigment was carotin or a very 
closely related substance. 

C oieoptera. Green and yellow and red pigments also characterize 
the tegu.1nf)nt .of. the beetles. Leydig (1876) first noticed the autumn­
like changes in the color of the green beetles Cassidw and the species, 
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Carobus a1lratu8, a phenomenon also noticed by Sorby (18710) in tho 
case of green Aphids. There can be little doubt that the yellow pig­
ments found in these insects are often, if not alwtt,·s, true carotinoids. 
Thus, Zap! (1892b) describes the properties of the orange pigment in 
the wing coverings of the willow-lea! beetle Clythra quadripunctata, 
as showing all the usual lipochrome rradiolls linduding his lypocyan 
reaction described in Chapter III), and the absorption bands in 
petroleum ether lying at 4!l6-48Oflf! and 460-448f!f!. Zop! called the 
pigment a di-carotin or "eucarotin." The absorption bands indicate 
carotin itself. The same pigment was found in the yolk of this insect's 
eggs. Schulze (1913. 1914), although he has examined the pigments 
less critically from a chemical point of view, has adopted the idea that 
the yellow and orange pigments in the wing coverings of mnny beetles 
are true carotinoid.. He has examined especially the species Mela­
soma XX-pulUtatum, Mefasorna populi, Chrysomela polita and Chry­
somela varian". He states (1914) that the pigments appear to ap­
proach the xanthophy lls, rather than carotin, in their properties, but 
does not present the chemical evidence for this statement. 

The red pigments of the beetles appear to belong to the carotinoid­
like class of pigments which ha "e been mentioned repeatedly in the 
foregoing pages under the names carotinin, rhodophane, zoonerythrine, 
etc., which are characterized especially by showing only one absorp­
tion band at the F line. Zopf (l892b) described the properties of 
this pigment in the poplar leaf beetles Lina populi and Lina tremuliE, 
as well as the beetles C orcinella septcmpunctata. llnd C. quinque­
punctata. Zopf found the pigment in the wing coverings, on the abdo­
men, on the lateral edges and end of the back, and also in the eggs 
of the poplar leaf beetles. He also noticed that the latter insects 
secreted the pigment from the mouth when excited by handling or 
stimulated by chloroform. The C occinellre al80 secreted the pigment, 
but the secreting cells were found to be in the joints, not in the mouth. 
Zopf described the solubility of the pigment in the fat solvents and 
in oils, the lipochrome color reactions, including the lipocyan r~"c­
tion, and the single spectroscopic absorption band shown by the ether 
solution at 5I5-48Oftf!. At the time of his investigation of tbe pig­
ment Zap! called it a mono-carotin, but later (18931') referred to it 
as Lina-carotin. Griffiths (1897) attempted to ascertain the com­
position 'oil' the pigment, which he called coleopterin, using the species 
Pyrochra coecinea, Lina populi and Coccinella septempunctata as 
the source of his material. The extr.acts secured, using boiling alcohol 
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or ether, were purified merely by repeated re-solutions and evapora­
tions. The amorphous residue finally obtained contained 7.7 per cent 
nitrogen, and showed a gross composition conforming to the formula 
C,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 fMt, for the Iipochromes of insects in general, 
on the grounds that the older terminology of Krukenberg suffices 
until the character of the animal lipochromes has been more accu­
rately determined. It is agreed, of course, that all scientific effort 
must advance along conservative lines. At the same time one cannot 
afford to be conservative to the point of being reactionary. 

Orthoptera. The facts concerning carotinoids among insect pig­
ments presented in the preceding paragraphs in themselves lend strong 
support to the supposition that similar pigments exist in the yellow, 
green and multicolored grasshoppers and other species belonging to 
this group. The few experimental observations which have been made 
are, however, inadequate for the proof of this supposition. Kruken­
berg (1880) recorded a brief study of these pigments in connection 
with his attempt to explain Leydig's (1876) observation that the 
common green locust, Locusta viridissima, changes to a brownish­
yellow color simultaneously with similar changes in foliage in the 
autumn. Although he found that the chitinous layers in this species, 
as well as M irbius viridis and the common green grasshopper con­
tained specific green, yellow and red pigments, whose varying sensi­
tiveness to destruction by light was the probable cause of the color 
changes noted by Leydig, the chemical properties of the pigments, 
particularly their failure to show absorption bande, necessarily leaves 
the question open as to the probability of carotinoid pigments being 
involved in their coloration. It is true that Podiapolsky (1907) found 
that a golden yellow solution was obtained by treating alcoholic ex­
tractli of greep.locusts with Ba(OH)., and concluded that the pigment 
thus secured was apparently identical with plant xantlrophyU. Obvi-
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ously, the whole matter of tho grasRilOpper and lorust pigments needs 
further study. 

Acerata. The animals in this group arc not, strictly spcaking, 
insects, but are a lower order midway between inscets and crustacea. 
Heim (1892) examined the r~d pigment in til(> laryae of one species, 
namely Trombidium, or commoll red mite. He found it to be soluble 
in the fat solvents with a red color and that it gave the lipochrome 
reaction with the concentrated acids. Its possible relation to the 
carotinoids is thus indicated. 

Carotinoids in Crustacea 

Pigmentation among the Crustacea is characterized both by tbe 
variety of colors exhibited and by their brilliancy. The various colors 
found, including blue, green, and Yariolls shades of orange, red and 
brown, are more frequently found singly on a species, rather than 
mixed to give varied-colored effect,. Examples of brilliant singl" 
colors are scen in the higher and lower crabs, the lobster, and the cray­
fish. Instances of varied-colored forms are the prawns, sucb as 
Hippolyte variaTl.'l, Leander serra tor, and the wrasse, Grenilabrua 
melops. These latter species have yarious pigments deposited in 
chromatophore., whose expansion and contraction under the influence 
of various agents, bdngs about some remarkable color changes in the 
animals. Contrary to the situation found in many of the higber 
animals the blue and green colors encountered in Crustacea are not 
structural, but are due to pigments wbose 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 discoyered. 

From an historical point of view Pouchet (1876) seems to have first 
described tbe properties of red and yellow etber 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. Tbe pigments differed, however, in that 
tbe 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 witb a metallic reflection. Jolyet and Regnard (1877) noted 
the pres!lllce of B yellow, ether soluble pigment in crab's blood, and 
Frederique ~1885) a similar red pigment in the blood plasma of the 
lobster. Moseley (1877) was tbe first to name the red pigment, call­
ing it crustaceorubin. He also noticed its single absorption band in 



162 CAROTINOIDS AND RELATED PIGMENTS 

the blue-!!;reen part of the spectrum. Merejowsky (1881, 1883) de­
scribed the same pigment uuder the name zoonerythrine, and enu­
merated various species of Crustacea in which it occurred. Maly 
(1881), workin!!; with the red eggs of the spider crab, M aia Squinado, 
differentiated between a red vitellorubin and a yetlow vitellolutein, 
showing many Rolubility and chromatic properties in common, but 
differing in their spfrtroscopic properties and in their affinity for 
alkalis. Krukenberg f1882k) included both pigments under his lipo­
chromes, but was convinced of the identity of the red pigment with 
Kuhne's rhodopbane. Halliburton (188.» 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 ftuvi­
atilis) and salt water (N ephrops 1WI'wegicus) form of the latter, in 
that the pigment was almost absent from the salt water animals. 
Yellow chromolipoid is not mentioned. MarMunn (1883) examit>pd 
the liver and bile of lobsters, crabs and crayfish for lipochromes, find­
ing yellow "lutein" in some cases and red "tetronerythrine" in others. 
Many of the investigators mentioned also made a cursory examination 
of the pigments in the hypoderm, but these have been studied espe­
cially by MacMunn (1890) and Newbigin (1897) for the larger 
species of Crustacea and by Blanchard (1890) and Zopf (18938) 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 prescnt in Crustacea, one characterized by its red 
color and the other by a more yellow hue. How are these pigments 
related to the carotinoids? 

With regard to the red pigment its properties have been described 
most fully by Maly (1881), Zopf (1893tl) and Newbigin (1897) as 
follows: The ether and petroleum ether solutions are yellow, when 
dilute, but the alcohol, benzene, chloroform and carbon disulfide solu­
tions are always red or pink, even On great dilution. Water, also, 
acting on material such as the dried M aia eggs forms a protein solu­
tion in which the coloring matter is apparently dissolved, and from 
which the pigment can be removed by coagulating the protein with 
heat or aIoohnl and extracting the dried precipitate. The pigment is 
. very unstable when pure and fades very rapidly in contact with air, 
evea)n darkness. This bleaching is undoubtedly an oxidation, and 
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at once shows the close relation of the pi!!ment to the ral'Ot,;noids, 
The chromatic colorations with t.he stronl( mineral a('i,l, arc 111$0 
identical with the c[lTotinoid ('oloration, under lik" ,'ou,litious, Huw­
ever, unlike any of the known (·arot.inoids it appear:, to form ('om~ 

pounds with the caustic alkah~, and alkali earth met.al" and rtm, 
moreover, be precipitated from it, u!roholi,' $olution 01) IIrldition of 
saturated Ba(OH)" Ca(OH), and M!(IOH), "olutio11', TlIp pig­
ment ran be readily libertlted from it, alknli and alkali ,'artlt 
compound, by arids, apparently without injury to it, pruperties, 
According to Maly and Newbigin these pignll't1t ('uIllpound, afl' insol­
uble in alcohol, but are soluble in ether, dlloroform, ,'arhon di8ulfidc, 
benzene and petroleum "tllt'r I Rlight.!", I, Zopf, howe""r, ul'llil'd the 

, solubility of the ral('ium and barium rompound" in all), of tl)('~(' sol­
vents, and states thnt the sodium ('ompound, onl"', is ~()lubl,' in the 
solvents mentioned, He noted, also, that the sudium compound, like 
the free pigment, readily bleaches, t;pectros('opically, as already men­
tioned, the pigment differs from the known carotinoids in that it shows 
only on€' absorption band, According to Zopf this blind in (,ther lies 
at 515-46.5jlf' and in carbon disulfide at 533-482jlf', 

In view of the unanimity of the above mentioned investigators on 
the properties described one cannot help being somewhat surprised at 
the recent announcement of Verne (192Oa, b) that the red pigment 01 
Crustacea is none other than carotin, It iR Rtated that the pi!(ment 
which he isolated in pure crystalline form from the hypodermis of 
the Decapod Crustacea (lobsters, cmhs, etc.) has the same melting 
point, forms tbe same iodide, exhibits the same absorption spectra 
and shows the same composition On analysiF as carotin, It is true 
that Blanchard (1890) called the impure red pigment which he iso­
lated carotin, but he was hardly justified in so doing inasmul'h 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 pCl'uliar properties which 
Were obtained by all previous investigators for this carotin like 
pigment. 

As for the yellow pigment we have the observations of Muly, Kru­
kenberg, MaeMunn and Zopl, to determine it. possible relation to 
the carotinoids, Miss Newbigin's (1897) failure to confirm the lipo­
chrome cll'araeteristics of this pigment can only be explained on the 
grounds tru.t she was dealing with II 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 Bction of light on 
the red pigment. The properties of the yellow pigment which show 
its prohable carotinoid nature are its solubility in alcohol, ether, 
petroleum ether, chloroform and carbon disulfide, its color being 
orange red in the last named solvent; its resistance to saponification; 
its lipochrome color reactions with the concentrated mineral acids; 
its two-banded absorption spectrum; and the great ease with which 
the pigment bleaches. As to whether the pigment is carotin or 
xanthophy Jl we have only the measurements of the absorption bands 
of the "lutein" which MacMunn (1883) extracted from the liver of 
the crab, Cancer pagurm, and of the "yellow carotin" which Zopf 
secured from the little Diaptomus crustacean. MacMunn gives the 
measurements in ether as 498-480J.lJ.l and 466-450J.1J.l, and in CS, as . 
530-5071111 and 496-47611J.l. Zop!'s "yellow carotin" in petroleum ether 
showed bands at 498-4791l1-' and 464-450IlJ.l. The agreement exhibited 
in like solvents indicates that these investigators were dealing with 
the same pigment. The posit,ion of the bands suggests earotin rather 
than xanthophyll. 

As is well known, the red color so frequently associated with Crus­
tacea is apparently absent from the external tissues until the appli­
cation of heat prodnces the usual brilliant red hue. The common 
lobster is a conspicuous example. The shell of this. animal is very 
dark blue, although the underlying hypodermis is red. In the case 
of the fresh water crayfish, Astacu .. nobilis, the shell is grayish brown 
and tbe hypodermis blue. The salt water crayfish or Norway lobster, 
Nephrops nC'I'Wegicus> has an orange shell and red hypodermis. Green 
colors are also seen, as in the species Virbius t'iridiJJ. Blue colors 
are found among the Copepods, also, Merejowsky (1883) mentioning 
the species Anemalocera Patersoni and Pontellina uigantea. The 
very fugitive character of these blue colors has been known for many 
years. Not only heat, but reagents like alcohol, ether, 'or acids change 
the color of the tissues to the characteristic red. Pouchet (1876) 
believed that the phenomenon was due to the de~tion 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 lipochromogellB 
which were trMsformed by the various reagents into lipochromes. 
This theory hlIS been adopted by nearly all subsequent investigators, 
including Mer.ejowsky (1888), MacMunn (1890) and Newbigin 

. Jl897). Merejowsky called the lipochromogen velelline, after Negri, 
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and describes the transformation of the blue aqueous solution into 
"zoonerythrine." He says, in substance, that if a filtered blue aqueous 
extract is treated with it drop of acid (H,SO" HNO" Hel, acetic or 
picric), and then with a drop of strong KOH, NuOH or NH,OR, and 
then with se"cral drops of absolute alcohol, there is an instantaneous 
color change of blue to red orange. On filtering, the filtrate is color­
less and the red-orange substance left on the filter gives all the prop­
erties of "zoonerythrine." Merejowsky describes a similar change 
for a green water-soluble "astroviridine" which he extracted from 
the Crustacea, Gebbia littoralis and Paloemon viridis. 

Miss Newbigin (1897) likewise obtained an aqueous solution of blue 
pigment from the hypodermis of the lobster and the epidermis of the 
fresh water crayfish by suspend.ing scrapings from the shell of bypo­
dermis in 0.1 per cent HC!. She stutes, "This solution is first pink 
but later turns blue on standing as the solution becomes neutral or 
alkaline with tbe formation of CaCI, from the line of the sbell. The 
blue solution is very unstable. Heat (450 --500 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 tbat ammonia is always given off at tbe conversion of 
blue into red suggested to Miss N ewbigin that the compound of 
lipochrome giving the blue color is an organic base. She points out 
that it cannot be a simple ammonia compound because the alkali 
compounds of the red pigment are red, not blue. 

It is clear that the true explanation of the character of these inter­
esting chromogens has not yet been discovered. One cannot help but 
wonder whetber there may be an analogy between these phenomena 
and blue colloidal gold. The sensitiveness of the blue solution to 
reagents whicb are known to aggregate colloidal particles and the 
precipitation of cbromolipoid which occurs following the use of these 
reagents is certainly strongly suggestive of a colloidal phenomenon. 
The stabilizer of the suspensoid may well be a basic ammonia-con­
taining substance extracted from the tissues with water. 

C arotinoid8 in Echinoderms 

The mpst familiar of the animals included under tbis group are the 
A8te-r0id8, or star-fishes; the Ophiuroids, or brittle stars; the Echi­
noida, or sea urchins; the Crinoid8, or sea lilies; and the Holothuroids, 
or sea cucumbers. The various -colors shown by these interesting 
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animals have b~en described by many zoologists. In general the 
colors of the echinoderms resemble very closely those of the Crustacea. 
From the standpoint of the pigments proper the same rcd and yellow 
carotinoid-like pigments found in Crustacea appear to he the ('ause 
of like colorations, and, in addition, blue and green lipochromogens 
are also encountered. From obseryations cited in Miss Newbigin's 
Monograph (1898) the blue and green colors are more common in 
species found in shallow water than in the deep-sea forms, where red 
colors predominate. 

Merejowsky (1881) first called attention to the properties, later 
ascribed to lipochromes, of the red pigment in cehinodcrms, and "ited 
twenty or more specieB, representing the various orders, in which it 
occurred. He used the name zoonerythrine for the pigment, and later 
(1883) reaffirmed his previou, obsen'ations, espeeially the presenee 
of the pigment in the sea cucumber Holothuria tubulosa, which had 
been denied by Krukenberg. The observations on the chromolipoids 
in the Holothuroids have, in fact, been contradictory. Krukenberg 
(l882j) called the skin pigment of Holothuria PoLi uranidinc, 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 lipochrome. in this species, but reported a 
"rhodophane-like lipochrome" in the blood and "liver" of other species, 
namely H olothuria nifJra and H. Denius bmnneus. The single absorp­
tion band of this pigment in ether was pbced by MacMunn at 507-

471f.lIL 
It is evident from the observations of Krukenberg (1882k) and 

MacMunn (1890) that in the star-fishes, at least, chromolipoids show­
ing two-banded spectra and more nearly resembling true carotinoids 
predominate over the red pigment showing only one band. Kruken­
berg described such a pigment in the skin and "liver" of the species 
Astrospecten aurantiacu8 and Asteracanthion glacialis, under the name 
orangin (on account of its color), and MacMunn described similar 
carotinoid-like pigments in the orange-colored ovaries of Asterina 
gibbQsa. These pigments may be xanthophyll, judging from the ab­
sorption spectra described by Krukenberg. It is evident, however, 
that carqtin may be the cause of the red, two-banded pigment found 
by Ma.cMunn in the integument of GonUuter equestris, Cribella ocu­
lata and Sola¢6r papposa. The red ovaries of the Cribella species 
contain the same pigment. 

Qf ~ other forms of echinoderms, DO special examinations of pig-
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ments scem to have been made for the hrittle-staf" or sen-urchins 
with thf' exception of Merejowsky'r-: zoml(lrythril)('~('ontalning ~pccics. 

Ma('Munn (JS90) reported H yellow lipndmllllt' in lli" Crinoirl. Allte­
don rosacea, but attempt, to ""('ertain tilt' d,ar:l(·!.er of old ('xtme!s 
from other spcl:'ie::< of f'NI lilirs werr um,ath;fud,OTY, as might be 
experted. 

The eehinod(lrms , like thl' Cru~ta('(la. ma~' :d~o ('ontain \rari()u~ lipo .. 
chromogen.. Merejowsky (1883) de>cribed a red ('f'hina,trine, a I(['(,cn 
Hstroviridinc) a gray flstrogriE'eint:' and a \·jold a~tro\'iol{'ttin{l, cll.ch 
soluble in water and ~eadily going over into "zooncrytllfine" like his 
velelline, described in a pref,t'ding paragraph. HI' al", ,kR"ribed a 
brown ophiurine in species of brittle-stars. ntra-minoscopie and 
ultra-filtration studies on solutions of these and the eru.tlll'ean "lipo­
chromogen." would throw some light on whether rolloidul.phenomcnll 
are involved, as was suggested above. 

Carotinoids in MollWlcs 

One does not ordinarily associate carotinoid-like ('olors with these 
animals among which are represented the various spe"i"s of oysters, 
mussels, snails and octopus. Merejowsky (1881, 1883), however, has 
designated a number of species of gastropod" (snail, I and ('onchire 
among the "zoonerythrine" containing animals. It is not stated, how­
ever, whether tbe pigment is in the shells, or in the animals them­
selves. More specific is the statement of Krukenberg (l882f) that the 
liver of the gastropod H eli:t pomatia sometimes contains a yell 0'" 

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 "enterorhlorophyll," 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 
Mytiius edulis, in which II "lutein" pigment, showing an absorption 
bana. at F and one between F and G was found in addition to the 
"enterochlorophyll." In a more recent study of the pigments of mol­
lusc liven by Dastre (1899) there is described besides the "chloro­
phylloid" (compare with MacMunn's enterochlorophyll) a pigment 
called cholechrome, which is stated to be intennediate between bili­
rubin and lipochrome. Cholechl'llme, uncontaminated with chloro-
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phylloid, is stated to be the liver pigment of Crustacea and other 
arthropods (spiders, insects). 

It seems to be apparent from even these meager studies that the 
digestive organ, at least, of molluscs may contain a pigment which 
may be either carotin or xanthophyll or a modification of one of the 
carotinoids. 

Carotinoid in Worms 

Miss Newbigin (1898) has given an excellent summary of the 
brilliant colors, both pigmental and structural, shown by the various 
species of worms. It is evident that many types of pigments are pres­
ent. Cl\rotinoid-like pigments, however, are not entirely uhsent, if 
one is to judge from the observations of the older investigators. 
These observations, unfortunately, have been confined to only a few 
species so that it is not possible to decide how widely distributed these 
chromolipoids may be among the worms. 

Krukenberg (1882h) found a rhodophane-like lipochrome in the pure 
uncontaminated digesti,·e 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 'If worms, namely, Lepralio. folia.cea and Flu$tra 
folio.cea, is due to a rhodophane-like lipochrome. 

Among the Chaetopods, or segmented bristle worms, MacMunn 
(18003 found several species a!Dong the Polychaetes wllich appar­
ently contain carotinoids. In Arenicola piscatorium, a black worm, 
the intestine was found to be covered with an orange-colored glandu­
lar tissue. The pigment could be extracted with the fat solvents and 
alcohol, and the extracts showed two, possibly three bands in the 
green· and blue. The integument was found to contain the same pig­
ment masked by melanin. In a TerebeUa species the tentacles and 
integument contained a lipochrome showing two absorption bands. A 
like pigment was found in the integument of the species Cirratulm 
tentaculatus and C. cirratus. N ereill wens, the common clam 'Vorm 
of the northern seas, contained it also, but in smaller quantity. In 
Po11JtlOO spinifem most parts of the WOrm contained the same lipo­
ohrome. 

These ob$emtions, 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) l.isted numerous specics containing 
tetronerythrine, but Krukenberg (1882g) disproved this for Gorgonia 
verruc08a. MacMunn (1890), however, mentioned a 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 exclu­
sively to Iipochromes, in the broad sense. There is little doubt that 
the yellow and orange pigments are true carotinoids. The red pig­
ment, however, appears to belong to the carotin-like group of the 
same color which is so widely distributed among the lower forms of 
animal life. 

Krukenberg (1880) first discovered the lipochrome nature of the 
yellow and red pigments of sponges. It was not until he repeated 
(18821) his first observations, however, and purified his extracts by 
saponification that a satisfactory separation of the various pigments 
was obtained. The technic employed was essentially that used by 
KUhne in his chromophane studies. The sponges were extracted with 
alcohol, the extract saponified and the soap salted out with Nae!. 
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 Bnd 
the liberated pigment taken up with CS,. It is readily seen that this 
method would not lead to a separation of carotin and xanthophyll. 
It did serve, however, to separate distinctly carotinoid-like pigments 
in most cases from the rhodophane-like chromolipoids showing only a 
single abs9rption 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 iii some cases indicate carotin, such 
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as in the sponges Hircinw 8pinosula, Suberites fiavus, Tedania MW;;· 
gW1lf1 and Suberites massa, while in others, namely, Papillina ."berea 
and Tethya Lyncureum, xanthophyll is indirated. 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 
fimms and Pipillina suberea. Other sponges which ('ontain pigment 
showing two-banded spectra, according to Krukenberg, are Rcn-iera 
aquaeductus, Cocospongia, Chondrosw reniformis, Aplysina aero­
phoba, and Subcrites domuncu.la. 

MncMunn (1888) reported spectroscopic studies of the lipochromes 
of a number of additional species of Porifera, which throw still further 
light on the widespread occurrence of carotinoid-like pigments in the 
sponges. His method was to examine the alcoholic extracts of tbe 
sponges for ahsorption bands and then shake the aleoholic solution 
witb CS, and repeat bis observations on the CS, solutions. Neither 
solution would be expected to show the character of the carotinoids 
present inasmuch as alcohol extracts both classes of pigments from 
tissue, and also since xanthophylls are partly epiphasic between 
alcohol and carbon disulfide. However, if chromolipoid pigments 
remained in the alcobol after the carbon disulfide extraction, this fact 
would indicate the presence of xanthopbylls. 

Almost all of MacMunn's observations of absorption bands of the 
lipochromes in both alcohol and carbon disulfide show the carotinoid 
nature of the lipochromes. In general they favor carotin rather than 
one of the xanthophylls. In tbree species, namely, Halma Bucklandi, 
HalichondrW albescem and Leuconia Gossei, one lipochrome was 
found sbowing only a single absorption band. The species H alichon­
dria incrustans and H alichondrW serWta may contain both carotin 
and xanthophyns since the alcohol remaining after the carbon disul­
fide extraction still showed carotinoid absorption bandB. On the 
other hand, carotin alone may be the chromolipoid in the species 
HalichondrW caruncula and Halwhondria rosen, whose alcohol ex­
tracts were left practically colorless by the carbon disulfide. No 
information of a similar nature is given for the species Halichondria 
panicea, H ymeniacidon a!beseem, Grantia coriacea, H alichondria san­
guinea and PtlChymatiama J okmtonia, comprising the remaining' 
'~.~.' 
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Summary 

Carotinoid. arc abundantly present in the illl'('rtcbrlltcs but thny 
cannot be said to prcdolllin!lte even among the pigments of yellow 
to red color, As one descends tb~ .,·ale of animal forms non-carotinoid 
pigments of yellow to red hues are encountered more and more fre­
quently. The simpler digestiw apparat.us of the lower. ,;nimnls does 
not seem to insure n more abundant distribution of biologically de­
rived pigments. 

The orders of insects in which carotinoid, ,w,'ur arc butterflies, bugs, 
beetles and locusts (grasshoppers\. In the butterflies it is the larvlr 
and pupae whirh contain rarotinoids. not the buttcrfti('s themselves. 
Although the chromolipoid, present chi('fl~' in the hU(,lI1olymph (blood\ 
of the larvae and pupae, and also in the eg!(s, has been known as 
"xanthophyll" since the work of Poulton (885) there is evidence to 
suggest that the pigment is actually carotin. 

Among the bugs, the yellow, pigment which can be extra<·ted from 
green plant lice (Aphids) is carotinoid in nature but it is not known 
whether a single pigment or a mixture is .conecrned. Clirotin itself 
appears to be the cause of the red color of the tegument in the case 
of certain other species of bugs. 

There can be no doubt that the yellow and orange pigments found 
in the beetles are often, if not always, carotinoids. The red pig­
ment, however, belongs to the carotin-like pigments which conform 
to the properties of the so-called carotinins described in previous 
chapters. 

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

Two distinct types of chromolipoids arc prcsent in Crustacea, onc 
characterized by its red color, the other by a more yellow hue. All 
the older investigations of the red pigment agree in showing that it 
differs in its general properties from the known carotinoids only in 
exhibiting one spectroscopic absorption band and in form'ng salts 
with alkalies and alkaline earths. However, Verne 0920a, b) has 
recently announced that the pigment is identical in every respect 
with carotin. All the properties of the yellow pigments so far ex­
amined suggest carotin, rather than xanthophylL 

The'red crustacean carotinoid appears to exist in the shell of vari­
ous species as a water-soluble suhstance of blue, brown, orange or 
green color, which is instantly_ transformed into the water-insoluble 
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red carotinoid by heat, acids, alcohol, ether, etc. The author sug­
gests a colloidal explanation for the hithertc inexplicahle 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 echino­
derms (starfish, hrittle-stars, sea-urchins, etc.). In addition, red, 
green, blue and violet lipochromogens are also encountered. 

The shells of snails apparently may be colored by the red caroti­
noid-like pigment already described, and the digestive organs of these 
animals as well as some molluscs may contain a pigment which is 
either carotin or xanthophyll or a modification of one of these 
carotinoids. 

The brilliant colors encountered among marine and fresh water 
worms are due in part to carotin or related pigments. Similar colors 
among the sea-anemones, corals, jelly-fish and related animals, how­
ever, do not appear to involve the carotinoids. 

The yellow, orange and red colors of sponges have been found to 
be due almost exclusively to Iiporhromes in the broad eensc. The 
yellow and orange pigments are undoubtedly true carotinoids, and 
the red pigment is the carotin-like substance, showing one absorp­
tion band, which is so widely distributed among lower forms of ani­
mal life. The presence of both carotin and xanthophylls is indicated 
among the true carotinoids. 



Chapter VI 

Chemical Relations between Plant and Animal 
Carotilloids 

It is a chemical axiom, "0 to speak, that the final proof of the 
identity of like chemical compounds must be furnished by a chemi­
cal analysis of the purified substances, together with complete cor­
respondence in all known chemical and physical properties. It has 
been stated repeatedly in the preceding chapters that evidence has 
bcen presented which shows the character of the chemical relationship 
between plant and animal carotinoids. It is desired to consider this 
e"idence in more detail in this chapter. 

Egg yolk xanthophyll. It is not necessary to present again the 
obseryations showing the close relationship between thc 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 fir.t showed the correspondence be­
tween the egg yolk pigment and ode of the groups of plant carotinoids, 
Schunk's results, secured largely by a photographic study of the 
absorption spectra of the pigments separated by inadequate, and 
unfortunately by inaccurate means, were obtained before carotin and 
xanthophylls were established as chemical entities. This method was 
described in Chapter II. It could not have insured the freedom of 
the. "xanthophylls" from admixtnre with carotin. Nevertheless 
Schnnck was carefnl to distinguish between xanthophylls and "chry-. 
sophyll," which he recognized as probably identical with c'\rotin. 
The spectrophotographs show this very clearly so that the' spectro­
scopic relations between one of Schnnck's flower xanthophylls (his 
so-called L, XlUltbophyll) and the egg yolk pigment rightly deserve 
credit. for being the first to show the xanthophyll character of this 
animal ooromolipoid. 

Crystals of egg yolk pigment are stated by Willstiitter and Escher 
(1912) to have been observed first by KUhne (1882), It was stated 

i73 
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in Chapter III that Kilhue (1878) had previously decided, partly on 
spectroscopic grounds, that the egg yolk pigment could not be identi­
cal with the so-called lutein in the corpus luteum. it remained, 
however, for Willstatter and Escher to attempt the isolation of the 
pigment in sufficient quantity for chemical analysis. This proved to 
be a rather difficult task and involved working with large quantities 
of material. Starting with the yolks of 6,000 eggs, which weighed 
110 kg., only 4 grams of crude crystalline pigment was obtained. 
The method of isolation will he described in Chapter VIII. 

The crude egg yolk pigment was purified first by repeated crystal­
lization from hot methyl alcohol. About 250 cc. of boiling alcohol 
were required to dissolve 0.25 grams of the erude product, from which 
approximately 0.16 grams of crystals came down on standing for 
some hours. It is stated that it was also found possible to obtain 
crystals showing a constant melting point by dissolving the crude 
crystals in carhon 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 hy Willstlitter and Mieg (1907). 

Plant Egg yolk 
xanthophyU xanthophyll 

CH~OH of crystallization, calculated for 
C~HMO,. CH.OH ............... = per cent 5.33 

~~~c~)1i:OU~~i . ht' . 'j~' .. CB'6i~: .. ~b~!iC!C~:: 4.76 

method, calcu'atf'd for C.wH~Oll"""'"'''''' 568.4 
Molecular weight found ....... ,............... 512. 
Elementary analysis; pereentage compositionS C = 84.44 

required for fonnuls C_H..O, ............... I H = 9.93 
Elementary analysis found .................... 5 C = 84.22 

IH= 9.92 
Melting-point (corrected) .................... 113.5 _114.5" 

5.33 
4.35 

568.4 
640. 
84.44 

9.93 
83.58 
10.13 

195-196"C. 

An examination of these data shows that the plant xanthophyll 
analyzed 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. Willstiitter and Escher explain 
the low figure for the content of methyl alcohol of crystallization on 
the grounds of II possible oxidation of the pigment during the process 
of removal of the alcohol, which required 8 period of about 10 days 
over phosphorus pentoxide. The explanation does not seem entirely 
Satisfactory, however, in view of the statement that thls process took 
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place in 11 high vacuum. No similar explanation is offered for the 
divergence of the molecular weight and elementary composition deter­
minations from the theoretical values. It is not apparent from the 
description given that any less care was taken in purifying the crys­
tals for these analyses than w,,, t"ken by Wilbtiitt1}r and Mieg in 
preparing the plant xanthophyll for a Ilke purpose. 

When these results are "iewed from 11 strictly chemkal standpoint 
it is difficult to escape the eoncJusion 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 WiJlstiitter 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 t.he egg yolk pigment in compari­
son with the plant xanthophyll, which led Willstatter and Escher to 
call the pigment xanthophyll "b," was due to the impossibility of 
removing the unknown impurity. The presence of a wax of high 
molecular weight would undoubtedly alter the melting point of the 
pure pigment but would lower, rather than raise it. There is cer­
tainly no evidence that the preparations used for the melting point 
determinations were of any higher purity than those used for the 
elementary analyses. 

The other chemical properties of the egg yolk xanthophyll leave no 
doubt as to its identity in these respects with the plant xanthophyll. 
The actual solubility of the two pigments in various solvents is iden­
tical. The crystalline form from various solvents agrees perfectly. 
Both pigments form a violet colored crystalline iodide (showing that 
Kiihne's failure to obtain the blue iodine lipochrome reaction was not 
due to any peculiar characteristic of the pigment). The phase test 
applied to the purified pigment shows complete correspondence with 
the xanthophyll group of carotinoids, the pigment being practically 
quantitatively hypophasic between petroleum ether and SO-90 per 
cent ethyl or methyl alcohol. Finally, the spectroscopic absorption 
bands of the two pigments are identical in every respect when meas­
ured under the same conditions. 

As pointed out in Chapter IV there is also a biological basis for 
rejecting Willstatter and Escher's conclusion that the egg yolk xan­
thophyll is an isomer of plant xanthophyll, unless it be assumed that 
the plant xanthophyll from which t~e egg yolk pigment is derived is 
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modified in the animal body. The hypothesis was also advanced that 
the egg yolk xanthophyll may be an individual member of the xantho­
phyll group of carotinoids, which the digestive and assimilative organs 
of the hen have the ability to select from the group of carotinoids pre­
sented to them in the food. Considered solely from a chemical basis, 
however, it is indeed an extraordinarily closely related isomer which 
shows such complete correspondence in all its other properties, both 
chemical and physical, with the single exception of the melting point. 
Lycopin, the red isomer of carotin, found especially in the tomato, 
has the same melting point and chemical composition as carotin, but 
differs from it in a number of chemical properties, such as rolor. 
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 PIllozz! (191ll rlaimed to have isolated the lutein of 
egg yolk by a very different method, Egg yolk was extracted w'th 
95 per cent alcohol, the extract evaporated in vacuum, and the residue 
treated with acetone, This extract is stated to have contained mostly 
"lutein," II 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 tD 
pale yellow radiating clusters with a few crystalline lamella with a 
blue fluorescence, which turn yellow almost instantly in the air and 
become more and more colored until a deep red is reached, The 
analyses of this lutein indicated a mixture of cholesterol, fat and 
cholesterol esters of oleic and palmitic acids. Egg yolk is stated to 
contain about 4.04 to 4,17 per cent of this pigment, 

With the above observations as a basis it is not surprising that 
Serono (1912) vigorously attacked Willstatter and Escher's work 
showing the xanthophyll nature of the egg yolk pigment, It is ohvi­
ous, of course, that 8erono's lutein cannot be the true egg yolk pig­
ment. At the same time the poor correspondence of the egg yolk 
xanthopyhll with the plant pigment with respect to the melting point 
and elementary composition naturally offered splendid points of at­
tack. Accordingly Serono's assertion is quite incontrovertible that the 
carbon content found for the egg yolk pigment by Willstatter and 
Escher (83.58 per cent) corresponds better with the carbon content 
of an oleic acid ester of cholesterol (83.33 per cent) than it does with 
thi} carbon content of carotin dioxide (84.44 per cent). Although one 
would hardly be tempted to accept Serono's conclusions regarding a 
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cholesterol ester constitution for the egg yolk pigment, it. must be 
admitted, nevertheless, that if it were not for the complete corre­
spondence of the g:enentl ('bemical propcrties of the egg yolk pigment 
with plant xanthophyll, it would not he possible to deride on chemi­
cal grounds, from the e\"idl'nce submitted, that the two Bub,tltnces 
are identical or eycn isoIners. 

Corpus lulml'ln carotin. It was pointed out in n pr('\'iou, <'!wpter 
that tbe pigment in the rarpu, lut('um ti,sue on the ovarics of the cow 
was one of the first to attra('t the attention of those interested in dis­
covering the nature of animal pigments. It was cert"inly the first 
animal carotinoid to he ohtaim'd in crystalline form if one is to accept 
the early work of Piccolo and Licbcn (1866) and Holm (18671. 
Although a number of later worker~ dl'srrilll'd the chemical prop­
erties of the pigment. as was shown in Chapter IV, Wilbtiitter and 
Escher (1912) are t.o be credited with flrst statin~ t.he eXfll't chemical 
relationship of the corpus luteum pigment to plant rarotin. Their 
work was not the first. to show a ('onnection between "!limal coloring 
matter and plant carotin; nor were they the first to use the name 
carotin for an animal piglIlent. It will be recalled that Zop! used 
the name rarotin in the form of "eucarotin," Hdi-cnrotin/' "mono ... 
cnrotin," "carotinin," etc., for yarious anlIDHl pigments ~turlied by 
him. He certainly l{'cognized tbe relation 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 xanthophyll., in the 
sense we now know them, were included. For example, Gerlach 
(1892) working under Zopf'. direction, refers to the egg yolk pigment 
as di-carotin. On the other hand Physalix (1894) actually had 
Arnaud's carrot carotin in mind) as his paper shows, when he assigned 
the name carotin to the pigment which he isolated from the red tegu­
ment of the bug Pyrrhocoris aptcrus. The insect earotin was not, 
however, analyzed. 

It was no doubt the development of the Kraus met.hod for separat­
ing the plant carotinoids into specific carotin and xanthophyll groups, 
in which Tswet.t and Willstiittcr played a dominant part, that led 
WiIlstlitter'to examine certain of the common animal lipochromes by 
this procedure. The discovery of the xanthophyll character of the 
egg yolk J>'\gment by this means naturally prompted the study of the 
corpus luteum pigment, since the observations of the early workers 
had shown that it could be obtained in crystalline form without dif-
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ficu[ty. Willstatter 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 luten tissue naturally required 
the collection of ovaries on II lnrge scale. It was fortunately found 
possible to preserve the ovaries for many months under 60 per cent 
alcohol without impairment of the pigment (preselTation in dilute 
formalin prevented the isolation of crystals), thus making it feasible 
to collect the material in large slaughter houses over an extended 
period of time. After 146 kgs. (about 10,000 ovaries) has been col­
lected from cows and sheep, the tissue was hashed in 10 kg. lots, 
further dehydrated with 95 per cent alcohol, and then shaken in the 
cold with petroleum ether (b. p. 50°_70' C.) for several hours. 
This effected an almost complete extraction of pigment. This extract 
(about 3 liters for each 10 kg. of m'ariesl was then washed seven suc­
cessive times with one-sixth volume of 90 per cent methyl alcohol, 
the alcohol remoyed by washing four times with one-third volume of 
water, the extract freed from water by shaking with anhydrous sodium 
sulfate, filtered and concentrated to a syrup in vaCuum. On adding 
six to ten volumes of absolute ethyl alcohol and cooling in an ice-salt 
bath nearly all fatty impurities were precipitated. These were sepa­
rated quickly by means of a cloth filter, for in a short time crystalliza­
tion of the pigment began and continued for several hours, at ice-box 
temperature. Some very large (1-2 mm. long), beautiful crystals 
were obtained. Purification was secured by filtering and washing 
with a mixture of equal parts petroleum ether and absolute alcohoL 
Only 0.45 grams of pigment in all were secured in this way from the 
146 kgs. of ovaries. 

The crude ovarian pigment proved to be remarkably pure as judged 
from the microscopic examination and melting point of the crystals. 
For the elementary analyses, however, the pigment was recrystal­
lized first from alcohol, again by addition of an excess of absolute 
alcohol to a concentrated carbon disulfide solution, and finally from 
pure petroleum ether (sp. g. 0.64-.66). The elementary composition 
showed the pigment to be a hydrocarbon. The average of four closely 
concordant analyses carried out for Escher by Fisher and Sonnenfeld 
under Willstatter's direction, using Preyl's micro-method, showed 89.55 
per cent carbQD and 10.66 per cent hydrogen. This corresponds even 

. more closely to the calculated composition of the compound C,.H .. 
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than Willstatter and Mieg obtained in tlwir analyses of till' carotin 
from either green leayes or carrots. Although Eseher 'Vi," unnble to 
carry out any molecular weight determinations be""u8(, of lack of 
material, there can be no doubt frolll these data that, the oysrian 
carotin is identical in composition with the e"rotin of v('getable origin. 

Escher's observations of the melting-point of o'·ariml. ('arrot and 
leaf carotins are of interest. By heating crystalline pn'IH,rations frolll 
each source together in the sume bath using" shortf'llt'd thermometer 
he found that they all melted at exnetly the s:une tt'!)lp('rature, but 
that this temperature was about 175 0 C. ('OCre('ted). This tem­
perature is appreciably higher than the figure reported by Wilbtiitter 
and Mieg for the carotins of plant origin, nan)!'ly, 107.f>"-1(\8' C., 
which corresponded with the earliest observations of Arnaud, Kohl 
and others. Escher explained his results on the grounds that con­
siderab!e variation in melting point can be obtuilwd by modifying the 
method of heating, so that in reality the melting point of nystals of 
different carotinoids should be determined under comparative con­
ditions to secure comparable results, These results may indicate, 
therefore, that the slight difference in the melting point of carotin 
and xanthophyll crystals may not be of great importance in distin­
guishing the two forms of carotinoid. 

The general properties of the ovarian carotin also correspond exactly 
with the carotin from carrots and leaves. Thc crystalline form; 
solubility of the crystals in various so! vcnts; response to the phuse 
test (being practically quantitatively epiph!lsic between petroleum 
ether and 80-90 per cent alcohol); position of the absorption bands; 
formation of a 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 reudy 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 'Ii 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, crrks and crayfish, is identical with carrot carotin. The analyti­
eal data are not presented. In support of his conclusion, however, 
Verne makes, in substance, the {ollowing assertions. The pigment 
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was isolated by the methods of Arnaud and Escher. The crystals 
melted at 168° C., and gave an iodide of definite composition. The 
elementary analyses of a large number of samples obtained from 
Crustacea of various kinds showed the pigment to be a hydrocarbon in 
which the ratio of C:H = 5:7. The molecular weight determination 
performed on the iodides by the ebulloscopic method showed that the 
carotin of Crustacea is the same as that of vegetables, with the form­
ula C.oH... Among its most significant reactions was the formation 
of II violet-brown iodide. The pigment exhibited the same spectro­
scopic absorption bands as vegetable carotin. It was not attacked 
by alkalis and oxidized with great ease. 

These statements are certainly sufficient to establish the carotin 
identity of the crustacean pigment. It is to be hoped, however, that 
the details of this study will soon be made available. Certain of the 
points mentioned in connection with the general properties of the pig­
ment are quite at variance with the findings of numerous previouf 
investigators who were presumably studying the same crustacean pig­
ment. Either Verne was working with a different pigment, or the 
methods used hy previous investigators were decidedly at fault. It is 
important that these divergencies be explained. 

Summary 

A chemical relationship between an animal chromolipoid and II 

specific plant carotinoid was shown for the first time by Schunck's 
(1903) comparative spectroscopic studies of flower "xanthophylls" 
and the yellow pigment of the egg yolk and blood serum of fowls. 

Chemical studies of crystals of egg yolk pigment by WillsW.tter 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 det€rminations of the egg 
yolk pigment can only be regarded as approximations to the theoreti­
cal values for a substance with the formula C"H"O,. A considera­
tion of these (iivergencies in the light of tbe 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
Jipoids and plant carotin was recognized by several workers before 
Escher (1913) definitely established the chemical identity of the car-

o pUll luteum pigmen~ (of the cow) with plant carotin. 
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Escher's study of the comparative melting points of ovarian, carrot 
and leaf carotin shows thllt slight differences between the melting 
point of different, carotinoids are not significant unless the determi­
nations are carried out simultaneously. 

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



Chapter VII 

Biological Relations between Plant and Animal 
Carotinoids 

The origin of color in animals, when considered hy and large, has 
been, until recently, practically an unexplored field. So far as the 
colors which might be due to carotinoids or related pigments are con­
cerned no systematic study of their possible biological relationship to 
plant pigments of similar color was undertaken previous to the inves­
tigations by Palmer and Eckles, published in 1914. A few cleBe 
students of the subject have, indeed, suggested such a relationship in 
isolated cases, which are mentioned below, and there are also certain 
isolated observations which support the idea. It is a striking fact, 
however, that sO little experimental work had been done in this field 
that even the chemical identification of certain of the animal lipo­
chromes with plant carotinoids by Willstatter 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 suh­
stance produced from one of the specific gland cells, or is only a 
pigment whicb has been resorbed by the cells from the blood ex­
travates." It is clear, also, that Escher saw no biological relation­
ship between the xanthophyll of the egg yolk and plant xanthophylls, 
for he expresses the view that, "the oxygen-containing lutein 
(C",H .. O.) in the yolk of eggs plays the part of an atavistic plant 
respiratory pigment for the formation of hemoglobin in the embryo." 

It is true that when Fischer and Rose (1913) isolated carotin from 
the gall stones of cattle they were unable to agree with Escher's con­
clusion and suggested, rather, that the carotin in the cow's body 
probably comes from the food. In reality, however, Escher's general 
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'view that the animal lipochromes are of animal origin coincides with 
Krukenberg's (1886) conclusion in the summary of his extensive 
chromolipoid studies, where it is stated that, "they (i.e., the lipo­
chromes) originate in most cnses 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 Zop! (1893a) describing the yellow carotin-like pigment in the 
little fresh-water crustacean, Dwptomus bacilli/CT. Zopf states, "I 
could mention an objection which could be raised against the two­
banded yellow carotin found in these Crustacea. One could say that 
it is not produced by the organs of the crab but perhaps comes from 
the chlorophyll-containing algae which serve as tll('ir food, and which 
contain a two-banded yellow carotin. However, this can not be true 
because the animals with which I worked were preserved in alcohol 
and no trace of chlorophyll was extracted which would have been the 
case had algre been present in their digestive tract."-"The antennre 
of Diaptomus Castor Jurint is colored exclusively by diaptomin while 
the body cavity contains fat masses of purest yellow. I believe that 
the yellow Mrotin is produced by these animals just like the diap­
tomin." It is clear from these citations that Zopf saw no evidence 
of a biological relationship between plant and animal carotinoids. 

On the other hand Poulton (1885) believed that yellow pigment in 
caterpillars was derived from the "xanthophyll" {carotinoids} of the 
food and the green color from chlorophyll. Poulton later (1893) sub­
mitted his experimental proof of the derivation of chlorophyll by the 
caterpillar from its food, an experiment which is classic So far as the 
demonstration of derived pigments in animal colorations is concerned. 
Goode (1890) made a particularly interesting observation, which can 
hardly be classed as an experiment, but which verifies the probability 
of a biological relationship between plant and animal pigments in 
another species. To quote directly from his paper: "On certain ledges 
along the New England coast the rocks are covered with dense 
growths of scarlet and crimson seaweeds. The codfish, the cunner, 
the sea raven, the rock-eel, and the wrymouth, which inhabit these 
brilliant groves, are all colored to match their surroundings; the cod, 
which has naturally the lightest color, being most brilliant in its 
scarlet hues, while the others, whose skins have a larger original sup­
ply of bliack, have deeper tints of dark red and ruddy hrown."-"lt 
has occurred to me that the material for the pigmentary secretion is 
probably derived indirectly from,the algae, for, though the species 
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referred to do not feed upon these plants, they devour in immense 
quantities the invertebrate animals inhabiting the Bame 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. Gunther believes that the pink color in the flesh of the 
Balmon is due to the absorption of the coloring matter of the crus­
taceans they feed upon." 

Miss Newbigin, path in her papers (1898) and her Monograph 
(1898) takes II 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 Iipochromes should not occur in the cuticle 
as in the Crustacea." With reference to the carotinoids in birds, she 
states with more conviction, that" although there are several instancilB 
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 
lire self-produced and not derived." 

Miss Newbigin gives II 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 II true lipochrome in the muscle and ovaries 
of this fish. In discussing these findings she states, "The most ohvious 
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 chieJly on· haddock, herring, and similar fish, so that the transfer 
of pigment can hardly be direct. The herring, however, feeds habitu­
ally on small Crustacea, so that it might be said that the pigments of 
the salmon are obtained indirectly from herring which forms its food." 
Miss Newbigin, however, was unable to find the red pigment in her­
ring, but did find a small amount of the yellow pigment in the viscera 
and muscles. In support of the general proposition of animal lipo­
chromes being derived from the food Poulton's experiments are :first 
ilited and then the fact that, "it is not uncommon to find the fat of 
sheep (1) • and cows dyed a deep yellow color. According to some 
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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 pigment but not with thc pigment from 
yellow fat. "In other' respects, in tint, in solubility, and 80 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 pigml'lIts 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 casco 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 t1mt, "fat colored with 
the pigment in more or less modified condition is deposited in certain 
of the tissues." 

Miss Newbigin's views are quoted at some length because they not 
only have a direct bearing on some of the experiments of Palmer and 
Eckles, but they are the most definite of any of the earlier views on 
the subject of a possible general origin of animal lipochromes from 
plants. Although Miss Newbigin decided against any such general 
relatioru;hip between plant and animal pigments the writer has found 
several isolated observations which I!Upport the idea when viewed in 
the light of our present knowledge. These may be mentioned briefly. 

Schneider (1799) observed a great many years ago that the toad, 
Bu/o viridis, Joses its green color on wintering in the earth. Voo 
Wittich (1854) noted that the frog, Rana esculenta, took on a grayish­
brown instead of its usual green color after long fasting and that this 
was accompanied by a disappearance of the yellow cells in the tegu­
ment. The disappearance of the lipochromes from the skin of fajting 
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 !dotea is influenced by 
the food, in that animals which eat Fucua are dark or black, while 
those whil'h eat green alga. are green. This statement, however, has 
been denied by Mobius (1873) and Matzdorff (1883). Beddard 
{1m) cited the observation of Eis!g 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 s 
chlorophyll-like pigment which occurs normally in the liver of mol­
luscs by withholding chlorophyll-containing food, and that the pig­
ment was also absent from the liver at the end of the hibernation 
period. Villard (1903) and Przibram (1906, 1907, 1909) found that 
leaf lice which are raised on etiolated plants in the dark are mostly 
pale yellow. Schneider (1908) mentions that he found that the crab­
eating perch, Perea jluviatilis, takes on the characteristic red color of 
the crab in various places on its body. He thought that the pigment, 
which he speaks of as crustaceorubin, took the place of a red pigment 
which normally colors the fish, but it seems more likely that the 
normal red pigment of the fish is the carotinoid derived from its food. 

A still more striking as well as very recent instance of biological 
relationship affecting lipochromes i$ mentioned by Gerould (1921) in 
connection with a blue-green mutation of the normally grass-grc"Cn 
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 Apanteles fiaviconchre 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 animala, 
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 hy Beddard (1892), that there is a uniform 
absence of pigment from cave animals coincident with the absence of 
chlorophyll from cave plants. 

The number of scattered observations supporting this thesis is fairly 
gratifying. Prior to the work of Palmer and Eckles (1914), however, 
Very few de6nite experiments were carried "OUt which show the possi-



BIOLOGICAL RELATIONS BETWEEN CAROTINOlDS 187 

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 experiment of this 
kind, so far as carotinoid, lire concerned. was conducted bv Sauennann 
(1889) who studied the effect of feeding cayenne pepper to birds. He 
became interested in the problem beoause 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 c"yen~e pepper with egg 
yolk and bread and red the mixture to the very young birds or to old 
birds during the molting se""on, thereb:v ('oloring the new fcathers 
a yellow to red color. When Suuermann tried the experiment uAin!!; 
the red pods from which the pepper but not the pigment had been 
extracted with 60 per ceut alcohol, the pepper plants had scarcely any 
effect on the color of the plumage. The Aame 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 dealer" Were confirmed. 

Especially interesting were Sauermann's experiments on feeding the 
pepper pigment to fowls. In this case the cayenne pepper itself WaS 
fed to 12 white Italian fowls, 8 weeks old, the young chickens beinl!: 
fed 25 grams of the pepper night and morning mixed with moistened 
bread and potatoes. The birds received corn and oats in addition. It 
is stated that the feet of all the fowls became orange and that the 
pepper pigment could be extracted from them by soaking them in 
alcohol for a long time and then extracting with ether. No proof is 
given for the fact that the pigment extracted in this manner was the 
pepper pigment. Only two of the 12 fowls showed any effects of the 
pepper feeding on the feathers. The pigment began to appear on the 
breast of one hen in about 10 days and the other in about 3 weeks. 
The first hen eventually developed a red breast and the rest of the 
body became yellowish red, but the second hen only develope~ 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 tWQ 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 hound 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 Iycopin occurring in 
the animal body. It was shown in Chapter II that the evidence indi­
cates that the chief pigment in the ripe fruit of the pepper plant, 
Capsicum annum, is the red carotin isomer, lycopin. Presumably this 
was the chief pigment in the cayenne pepper which Sauermann fed to 
his hens, and which appeared in the egg yolks and in the feathers in 
two of the birds. The evidence, although circumstantial, is strongly 
in favor of this deduction, and should be submitted to further verifi­
cation because the result presents the apparent anomaly that lycopin, 
the isomer of carotin, can be transferred abundantly to the egg yolk 
of the ben while carotin appears in the yolk only in traces even under 
the most favorable conditious. 

The next experiment waS that of Poulton (1893), carried out to 
verify his previous (1885) hypothesis that the colors of caterpillars 
are due largely to plant pigments derived from the food. Newly 
hatched larvlll 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 larvre 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 plJ\Ced on the etiolated leav" after growing 
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to 1\ certain size, but these did not develop normal color. It is espe­
cially interesting that the larvae on the etiolated leaves, us well as 
those on the green leaves, should have developed green color. Poulton 
thought that this indicated that the pigment of the etiolated len! is 
closely related chemically to chlorophyll, but sinrc the pigment of 
the etiolated lenf is now generally regarded as consisting chiefly of 
carotin, the explanation of the greening of the caterpillars must lie 
in their failure to inhibit the development of chlorophyll from its pre­
cursors in the etiolated leaf. Poulton'8 experiments h.:\\,e been accepted 
as having proved that caterpillars derive their green .md yellow pig­
ments from their food. In fact, it is generally held at the present time 
that all phytophagous insects derive their lipochromes and ehlorophy ll­
like pigments from their food, nnd that the former, nt least, arC passcd 
on from the larvae to the adults. 

Gamble (1910) attempted to determine whether the pigments whieh 
develop in the hypodermis of the young crustacean llippolyte 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 larvre 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 
douhle-walled glass vessels, and put a mass of green or red or brown 
algre 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 Cru~tacca had in most 
cases developed a color similar to their surroundings rather than lik'l 
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 Gr.mble, 
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 Mora (1908) who noticed II tinting of the skin of children 
fed bountifully on carrot soup. The actual transference of carotin 
from the .food to the tissues and secretions of man and the higher 
animals is at least indicated, although not demonstrated, in these caseS. 

The writer's attention was at.tr~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 with the carotin when the total pigment was exam­
ined by means of the phase test Or analyzed by means of a Tswett 
chromatogram. When these facts were viewed in the light of the dis­
tribution and amount of carotinoid pigments in the usual dairy cattle 
foods, and when numerous data on the variations in the color of butter 
fat under known feeding conditions were interpreted with these facts in 
mind the conclusion was inevitable that the carotinoids of butter fat 
are derived from the carotinoids of the food. This conviction was 
strengthened further by a study of the character of the pigment of 
the adipose tissue, skin secretions and especially the blood serum of 
dairy cattle showing that the pigment in each case is chiefly carotin, 
with which a small amount of xanthophyll is usualJy associated. The 
preliminary statement of Willstatter 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 biolngical 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 hody of Jersey cattle 
which results when partially starved animals are fattened on rations 
aeficient or rich in carotin. 
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TABLE 14.-TBE RELATION SE:l'WEEN C.-\kOTIX-RICH .... l'iD C"ltOTlN~POOR RATIONS AND 
THE COLOO. 01" MILK FAT AJ:I'D BLOOD SERUM. 

Breed oj ButtcrFat BloodScru.m 
Cow Ration rf'ilow Rea Y"Uow Itcd 

Carotin-poor rations 
Ay~~ire Cottonse('d meal tmd cott ofisced hull.s 1.3 • 0.4 3.3 • 0.5 

Cottonseed }rullI', bmothy hay and wllltf' 
corn L2 0.4 2.6 1.1 

Cottonsf'ed meal, cottonseed hulls, 
timothy hay and yellow corn 2.0 0,5 4.9 1.2 

Ho}~tcin Cottonseed hulls, corD stover Ilnd cot-
tonseed Illeal 8,5 1.4 6.0 0.7 

Cottonseed hulis, corn stover and cot-
tonseed meal 3.0 0.7 7.0 0.8 

Ayrtl}ljre Cottonseed hulls, corn stover and cot-
tODBf'cd meal 2.5 0.6 11.0 0.9 

Jer . ..;py Cottonseed huJls, ('orn stoyer and cot-
tonseed meaJ 11.0 1.7 10.0 0.9 

Cotton:;ccd hulls, corn stover llnd cot-
tonseed meal 5.2 1.2 13.0 1.1 

Cottonseed hulls, corn stover llDd cot-
tonseed meal 4.7 1.5 7.5 0.7 

Carotin-rich rations 
Ayrshire Cottonseed meal, cottonseed hull:3, 

timothy ~ay, yellow corn and carrots 24.0 1.3 54.0 IS 
Mixed gram, green alfalfa hay and 

fresh pasture grass 16.0 1.1 40.0 1.0 
Holstein Mixed grain, green alfalfa hay and 

fresh pasture p;ras~ 54.0 IS 48.0 1.1 
Mixed grain) green alfalfa hay and 

fresh pasture grass 22.0 1.2 41.0 1.0 
Jersey Mixed grain. green alfalfa hay and 

fresh pasture grass 64.0 2.0 45.0 1.1 
Mixed grain, green alfalfa hay and 

fresh pasture grass 54.0 1.7 57.0 1.8 
Mixed grain, green alfalfa hay and 

fresh pasture grass 47.0 1.6 45.0 ],0 

TABLE 15.-THE RELATION HEr-WEEK C."ROTZX-POOR AND CAROTL\'-BICH RATIONS AND 
THE COlJ)R OF THE ADCPOSE TCSS('E OF DAIRY G-l,'1'TLI; DEPOSITElJ DURING THE 
FEEDING OF THESE RATIONS 

Color· oj Adipose Tissue 
C~o€ztlionw-rich Rr;}eWd1l. Caroytin-cZ·P.oOwM Rai,wend 

BOUTce oj Adipose Tissue ~ .n. I.{].n 
Inside of rib ........................ 50.0 2.3 1.4 0.1 
Mesentery .......................... 47.0 2.1 3.6 0.5 
Thoracic cavity ..................... 29.0 1.3 8.0 1.0 
Around ovaries and uterus .......... 49.0 2.3 2.5 0.3 
Attached to omasum ................ 33.0 1.6 24.0 1.7 
In pelvic cavity .................... 50.0 2.3 47.0 2.1 
Around kidney ..................... 54.0 ],6 50.0 2.1 
Over last rib ....................... 47.0 2.3 50.0 2.1 
Over outside chuck ................. 47.0 2.0 47.0 1.8 

f The color of the butter fat was determi.ned by matching a I-tncb layer ot rendered 
melted fat wi1tl th(! colol' glaslI!eH of the I.oviholld tintornetel". 

I The color of the blood serum was detet'mint'd by matching the extract frow. 10 (!C. 

of serum In 12.5 ceo voluUle and I-incb layer with the color glasses (It the Lovibond 
tiDtometer. 

"The color 1'e8.dinp were taken on a 1-Juett- layer of rendered, melted tat, usWC tile 
Lovlbou4 Untometer .. 
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The experiments demonstrated conclusively that the carotin content 
of the cow's tissues as well as that secreted in the milk fat is deter­
mined by the carotin content of the ration. One of the interesting 
features of the experiments was the demonstration that this relation 
is independent of the breed of the cow; iust as striking changes in 
the pigmentation of the milk fat, blood serum and adipose tissue were 
brought about in the highly colored breeds as in those which are not 
usually so highly pigmented. So far as the blood serum is concerned 
the breed appears to have no bearing on the maximum carotin con­
tent, as the data in Table 14 show. This fact, together with a certain 
lack of parallelism between the changes in the carotin content of the 
blood and corresponding changes in the carotin content of the milk 
fat indicates that the breed differences in\'olving 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 Eekles (1914a) as much as 12 pounds of yellow 
maize was fed without effect. These results are contrary to popular 
opinion (compare Newbigin, quoted above), but are unquestionably 
explained by the fact that carotin is only a minor fraction of the 
pigment of yellow maize, the major pigment being xanthophyll, which 
appears to play very little part in coloring the tissues or fluids of 
dairy cattle. 

A word should perhaps be said regarding the experiment whose 
results are summarized in Table 15. It is obvious on inspecting these 
data that only certain parts of the body were affected. This is ex­
plained by the fact that the preliminary starvation period of tbe 
animals failed to remove appreciable amounts of fats from the out­
side of the body or from around some of the vital organs. It seems 
evident that the mesentery and related fats were drawn upon chiefly 
dnring the period of partial starvation because it was the fat deposited 
in these parts during the fattening period that was afi'eeted by the 
carotinoid-deficient ration. 

Palmer (1915) carried out similar experiIp,ents with fowls. The 
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ref!llits not only confirmed the findin!':" of WilM"tt"r nnd Escher 
(1912) as to the xanthophyll character of the major pi!(ment of egg 
yolk, but demonstrated as well that the same pi!(ment i. 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 drmonstrnted 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 II 

carotinoid-poor ration were fed to laying hens. The yolks of the 
eggs increased materially in color on the xanthophyll-rich ration, and 
the blood serum was also rich in pigment, but there was a marked 
decline in the color of the egg yolks from the hens on the carotin­
rich and carotinoid-poor rations which was practically parallel and 
which was accompanied by almost carotinoid-free blood serum. The 
experiments showed very clearly, however, that there is not an ahso­
lute exclusion of carotin by the hen; the egg yolks, adipose tissue and 
blood serum always contained a small proportion of the total pi!(ment 
in the form of carotin, wbich was clearly somewhat greater in the yolks 
of the eggs from the carrot-fed hens. 

These experiments on the biological relation of the carotinoids of 
fowls to the carotinoids of the food found complete confirmation in 
the experiments of Palmer and Kempster (1919 a, b, c) in which a 
flock of White Leghorn fowls was raised to maturity from the time of 
hatching on rations so devoid of carotinoids that the mature birds 
showed only the merest traces of pigment in adipose tissue and no 
demonstrable amounts in the blood serum or skin and none in the 
yolks of the eggs laid by the mature hens. Xanthophyll-rich feeds 
bronght about II 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'! tiBBUcs. 

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 xant.hophyll. By analogy with the cattle experiments it was con­
cluded that the lipochromes in the human body are likewise derived 
from the carotinoids of the diet. Hess lind Myers (1919) later demon­
strated this to be the case in experiments in which it was shown that 
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the skin of infants can be colored with carotin aids hy feeding diets 
rich in carotin or xanthophyll, and that this was accompanied by an 
increased lipochrome content of the blood serum. The !utter was 
identified as carotin in the rase of ('arrot feeding. Hess and Myers 
state that the skin pigmentation resulted in infants "when the dietary 
included two oranges a day. or the yolk of one C!;g in the milk formulu 
for a period of two months, or two oumes of spinach daily for a 
month," as well as when the equivalent of two tablespoonfuls of fresh 
carrots was fed each day for 11 period of four to six weeks. An in­
crease in the carotin content of the blood serum was also noted fol­
lowing a .sub('utanf'ous inj(>{'tion of carotin f from {>arrotB) dissolved in 
olive oil, and the pigment also appeared in the urine. The lat.ter phe­
nomenon was noted also when a ('oncentrated carotin solution in olive 
oil was given to an infant by mouth. 

The general fact that man and the hi!(hcr mammals and the fowls 
derive the chromolipoids of their tisi'ues and s('cretions from the caro­
tinoids of their food is now well established. YaD den Bergh,' Muller 
and Brockmeyer (1920), especially. hU\'e contributed much valuable 
data on the variations in the carotinoids in the human body under 
normal and diseased conditions. as well as contributing observations 
on the charader and extent of the carotinoid pigmentation in various 
species of animals. The numerous reports of the skin colorations of 
diabetics, known as Xanthosis, Carotinemia, Liporhromemia, cte., 
which were cited briefly in Chapter IV, also support and confirm the 
biological relationship between plant and animal rarotinoids, at least 
for the higher animals. Since this has already been demonstrated 
to be the case for the phytophagous inse~ts there seems to be no valid 
reason for rejecting the general thesis that all animal lipochrome. 
are derived from the carotinoid, 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 tbeir food among species which are 
herbivorous, then the possibility becomes practicable, if not demon-

_ In this paper van del) B~rgb lays claim to an \lnpublish~ study carried out by bim 
In 1913 in whIch be show{>(} that the llpoe]lromf' cont!'»! of the blood serum of rot-B, 

fowl. and cattle, 88 well al'i the milk of the latter varies with the Upoehrowe content 
of their food. In his spIt>odfd paper with Snapper (see van d~n Bergh and Snapper 
[l913}) on the Upocbrom(' of the blo()(l s<'ruPl (If mlln, borses and cattle, hI:' show" 
U1U:aiBtakabl1, however, that hi.' regarded the pigment as origInating in the body. 

- although ht' ~Oes raise th(' qU{'stiOIl as to tile orIgJn of the hIgh pigtnentatlon 1\"hich be 
obftned. in tbt ~ee of diabetics. 
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strated, that there is a universal dependen(,e Oil the dipt fur the lipo­
chrome carotinoids of animttl tiSSU('Eoi, OIl{' rnnnot, in iaet, a{'('ount in 
any other way for the brilliant t'aru1 inoil1 ~'(}lorntions alllon~ ('prtain 
birds, fish and other lower Yertehrntl's. 

It must not be forgotten, however. tltat !lot all animal lipo('hrolllcs 
in the broad sense have been dl'iinitl'I)' itlcll! illt'l] ,,, (,llrotinoids. 
There is at least one (possibl)' mor,,) r('d lip""hronll' wirlt'ly di,tributNI 
among animals, HS shown in Chaptt\T lY, whic,1i doe:-: not ~l'{'m to have 
an analogue among th(' plant ('nrutinoidi') although it s('rm:-: to he 
closely related to them. i'ul'l,,, pigment O('t'U" in tIl(' f"ather:' of 
certain bird:,,) in the l"aimon mu:-;\'lc, in the hypodPTm of Cru~ta('(_~a und 
elsewhere. Is it u plant carotinoid whi('h h:" not ,'c( heell identified, 
or is it a modified pbnt carotinoid? Either of tll(''l' p()ssihiliti,'s is 
more rational than the po,,,ihilit"· that it i, ,,,'tunlly syntll('sized by 
the animals in whi('h it O(,('UfS. The r('d pi~lIIetlt un the legs of the 
pigeons is probably such a pigment. Jt i" absent from the legs (If the 
young pigeons. In the ('Olor of its solutiOlJS tbis pigment strongly 
resembles lyeopin. The writer observed recently that the pigment 
is strongly "pipltasie between petroleum ether and 90 p,'r ccnt nl!'thyl 
alcohol, but its solutions show no ('lear absorption .spectra. Tllese 
tests indicate a modified carotin, and y!'l there is lit tIc if any carotin 
in the blood serum of the pigeon, the great bulk of the pigment being 
xanthophyll as in the case of the fowl. The problem of modified caro­
tinoids in animal tissues is therefore an important ph",,, of the general 
hypothesis wbich must not be overlooked. 

There is still another phase of animal pigmentation from the caro­
tinoid standpoint which desen'os consideration, namely, that caroti­
noid pigmentation is not universal, ('ven among herbivorous :mimals. 
Tbe 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, bowever, do not lack carotinoids, for one finds =all 
amounts in the guinea pig, as shown by van den Bergh, Muller and 
Broekmeyer (1920). The rabbit is practically, if not entirely devoid 
of carotinoids, although entirely herbivorous. The sallle seems to be 
true of ;the dog, which is carnivorous, at least by preference. Cats, 
however, tontain traces, as shown by van den Bergh and associates 
(1920). The general observation that some animals lack lipochromes 
is not new, for Miss Newbigin Ils«d it as an argument against the 
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hypothesis that the lipochromes are derived pigments, as shown in 
the quotation given above from her (1898) paper on salmon pigments. 
The fact is none the less puzzling, however, and offtrs II very attrac­
tive problem for research. There is evidently II physiological factor 
involved which is characteristic of the species and thus transmitted. 
16 it an enzyme, possibly an oxidase, in the digestive tract, blood 
stream or a vital organ, as Gerould (1921) believes to be the case 
for the carotinoid-free mutant which he has discovered from a nor­
mally carotinoid-containing caterpillar? If the carotinoid-free species 
of animals possess a more highly developed means of oxidizing the 
carotinoids introduced in their food it should be possible to determine 
this fact. If the site of this destruction is in the digestive tract the 
faces of these animals should be devoid of the pigments when the ani­
mals are on carotinoid-rich diets. These ideas merely give a hint of 
the modes of attacking this problem which suggest themselves to the 
physiological chemist. 

An even more fascinating problem is offered by the fact that the 
cow and the horse resorb the carotin of their rations to the relative 
exclusion of the xanthophylls although the latter are the more 
abundant in their food, whereas the fowl resorbs xanthophylls to the 
relative exclusion of carotin. The failure of cows to respond to the 
feeding of xanthophyll and the inability of the hen to transmit appre­
ciable amounts of carotin into the egg yolk shows that these results 
are not to be explained on the grounds that these two species of ani­
mals have the power to convert one carotinoid into the other. Palmer 
and Eckles (1914d) published the results 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 natural and artificial digestive fluids on 
these two classes of carotinoids. In general, the results throw very 
little light on the fate of the carotinoids during digestion although 
carotin appeared to show a greater stability; the most significant 
result secured was that bile dissolves amorphous xanthophyll deposits 
very readily, while carotin residues are taken up very slowly. This 
may indicate that the xanthophy lls are transported to the liver and 
there become oxidized while carotin, which forms a complex with a 
blood protein, escapes this fate. Confirmation of the low solubility of 
carotin in bile is seen in the finding of Fischer and ROse (1913) that 
the gall stones of cows eontain crystallizable carotin. 

No similar studies have ever been. undertaken with fowls. The 
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determination of the relative solubility of their bile on carotin and 
xanthophylls might lead to suggestive results. No fact has as yet 
come to light, however, which offers any reasonable basis upon which 
one can construct an explanation of the rather astonishing divergel,,"e 
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 chromolipoids and plant carotinoids is a 
recent achievement. Such a relationship was suggested by earlier. 
workers in isolated cases, but even the chemical identification of cer­
tain of the animal lipochromes with plant curotinoids did not suggest 
to Willstatter and his pupil Escher their possible origin from plant 
pigments. 

Of the earlier investigators Krukenberg and Zop! saw no evidence 
of such a biological relationship. Miss Newbigin concluded that such 
a relation existed in specific crases 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, tIle earlier experiments demonstrating 
that plant carotinoid. can be transferred to animal tissues included 
Sauermann's (1889) coloring of the feathers of canary birds and fowls, 
and the egg yolks of the latter, with red pepper pigment. The experi­
ments should be repeated, however, because the results present the 
apparent anomaly that lycopin (which is apparently the red pepper 
pigment), the isomer of carotin, is assimilated by the fowl while 
carotin is absorbed only in traces under the most favorable conditions. 

Since these earlier studies Palmer (1914, 1915, 1919) has demon­
strated that the carotin of the butter fat, adipose tissue, blood serum, 
skin secretions, ete., of cattle is bi()logically derived from the food; 
that a similar relationship exists between the xanthophyll of egg yolk 
and fowl tissues and plant xanthophyll; that while there is not an 
absolute exclusion of xanthophyll by the cow or carotin by the hen, 
the occurrence of a predominating type of carotinoid in each of the 
two species is not due to the power of the animals to convert one 
type of pi.gment into the other; and that the pigments of human milk 
fat (and presumably of human tissues in general) may contain either 
carotin or xanthophy lis 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 fa!'t offers a very attrnctivc prob­
lem for research. Several methods are suggested for attacking it. 



M!'thods of IRolutioll of ('ar(ltilloid~ 

The isolation of the various carotinoid pi~ment~ i~ attl'mlcd with 
certain difficulties, which are chicfly mechanical, ",'cn if one dp,irps 
to secure only a few grnms of pure crystals. TIl(' pigm('uts «rc ,til 
quite intense' 80 that one is readily dereiycd by the ('olor as to the 
actual amount of pigment which is present. Th;:; fact make's it neces­
sary to carry out the operations involwd on a ratller generous scale, 
in order that the yields may justify the effort, The difficulties from 
II chemical point of view arc due primarily to the great (''''C of oxida­
tion of the pigments and secondarily to the presence of colorirs8 lipoid 
impurities which unavoidably contaminate the crude prodU!,ts because 
of the necessity of using the lipoid soh'ents for the extraction pr(){·ces. 
The great ease of oxidation of the carotinoids requires the cmploy­
ment of vacuum in carrying out all concentrations and the use oj 

inert gases, if possible, during crystallization processes. The removal 
of lipoid impurities naturally depends somewhat on the nature of 
the contaminating substanccs. Where relatively large "mounts of 
glycerides are involyed 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 "ertain of 
the xanthophylls are altered slightly by this process. For the caro­
tinoid fucoxanthin, howeyer, saponification should certainly be avoided 
as it is known to form a compound with alkalis under certain con­
ditions, The sterols are removed by washing the crystals with cold 
solvents, depending upon the carotinoid involved. For carotin, cold 
alcohol (absolute or 98 per cent) is best, and for xanthophyll cold 
petroleum ether (b. p. 40-60° C,), Recrystallization must of ncees-· 
sity be resorted to for the final purifications. The details of the 
operatiOlls are mentioned below. 

1 Aeeordtng to Arnaud (1887) carotin 18 still Vi8ibl~ in carbon dilmlflde in 1 pllrt pet 
IbllUon ot IJOlnnt. 

199 
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Isolation oj Carotin 

Carrots. TliC carrot root naturalJy suggests itself as the most 
available souree 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 tben 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 absolnte alcohol, and 
drying in vacuum. 

Kohl's (1902e) method for isolating carotin from carrots offers 
certain advantages over that of Arnaud, particularly because smaller 
quantities of extraction solvent are required. The carrots are sliced 
and then boiled and pressed. The writer has noticed that there is 
practically no loss of pigment in either the water in which the carrots 
are boiled or in the press juice, inasmuch as the heat coagulation of 
the proteins seems to fix the carotin in the tissues. Kohl washed the 
first press cake with cold alcohol, pressed it again, ground it and 
allowed it to dry in the air. A bright orange-red powder resulted 
if well colored carrots were chosen. Kohl extracted this powder with 
ether in an extractor of the continuous type until all the pigment was 
extracted. The ether was removed by evaporation, and saponification 
carried out in the extraction flask by boiling for an hour with alcoholic 
potash. The evaporation of the alcohol was carried out in the same 
flask in a current of CO., and the dried soap extracted with chi oro-

:I- It is alruost neces9aty to use a fat solvent in tf1ts case because of the high content 
~ on in tll-e ca.rrot .root. It is to be expected, also, that Rome piS"lDeut will be lost in 
et.'teyll.\& out the operatton. 
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form. The carotin was precipitated from tue chlorolonn by lin cxoel!8 
of absolute alcohol and purified by recrystallization frum petroleum 
ether. Kohl found that a very good yield of crystals could be seeured 
by omitting the saponification process and merely allowing the con­
centrated ether extract to eyaporate spontaneously. The crystals 
secured in this manner could be purified further by washing with cold 
ether followed by cold absolute aleohol. 

On forming a concentrated chloroform solution of this residue and 
adding three volumes of absolute alcohol, the impurities which pre­
cipitated immediately could be removed by a quick filtration. On 
allowing the solution to stand for about 24 hours, pure carotin crystal­
lized out. Kohl does not tell what yields he secured by this method, 
but he assures us that the product was of a high degree of purity. 

A method somewhat similar to that of Kohl was followed by Euler 
and Nordenson (1908). Fresh carrots in 25 kg. lots Were boiled in 
water for several hours and then pressed. The press cake was ground 
with sand and dried in thin layers at 50° C., which took about a day. 
The dried residue was extracted twice with carbon disulfide at 20° C., 
presumably by agitating with the solyent. The volume of solvent 
used was not stated. The carbon disulfide was pressed out of the 
dried carrot pulp and the sOlvent distilled off of the filtrate, at the 
last with the addition of much ether. The carrot pulp was now treated 
with 8 liters of alcohol for several hours, which became deep red with 
extracted pigment. By diluting with much water and shaking with 
ether the pigment was transferred to the lrrtter solvent. The two 
ether solutions of pigment were treated alike. They were first evapo­
rated to dryness and then taken up in a little petroleum ether and 
three volumes of alcohol added. The precipitated phosphatides were 
filtered off and the filtrates evaporated to dryness. The combined 
yields of crude pigment amounted to 26 grams. 

The most eatisfactory 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 use;! 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 grouud to a powder and the pigment completely extracted 
by P\)troleum ether in a continuous extractor. This extract was con­
centratk'll to a low volume under diminished pressure at 40° C. On 
standing, the carotin crystallized out together with a large amount of 
colorless impurities. PurificatioIt was carried out by fractional pre-
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cipitation from carbon disulflde solution with absolute alcohol. In 
this process the colorless impurities precipitnte first and then the pure 
carotin. By repeating the fractional precipitation pure carotin was 
finally obtained. 

Green /cal'es. Arnaud (1885) was one of the first to show that 
crystals of carotin may be secured by a gentle and rapid petroleum 
ether extraction o~ vacuum dried, powdered leaves, e.g., spinach, fol­
lowed by spontaneous evaporation of the concentrated extract. 
Arnaud found that the wa>."y substances could be washed away with 
a little cold ether and the pigment recrystallized from petroleum 
ether. The interesting feature of this method is the fact that quick 
extraction of the perfectly dry powdered leaves removes practically 
no green pigment, and also no appreciable amount of xanthophyll •. 

Willstatter and Mieg (1907) applied the method of Arnaud to the 
leaves of the stinging nettle, Urtica dWica, in order to isolate carotin 
on a large scale. The nettle leaves are not so good a source of plg­
ment, however, as spinach, according to these investigators, but their 
low yield of carotin may have been due to the fact tilat the leaves 
were harvested in July when their carotin content, according to Arnaud 
(1889), is quite low. The details of the operation should be useful 
for the isolation of carotin from any green, leafy material containing 
a relatively large quantity of the pigment. One hundred kgs. of pow­
dered nettle leaves (moisture 7.7 per cent) were allowed to stand in con­
tact with 120 liters of cold petroleum ether (b. p. 40-70° C.) in glass 
flasks for two days. The petroleum ether was filtered off on a BUchner 
funnel and the residue on the filter washed wlth 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 cure 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 Willstlitter 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 eth~r had c\'aporated tlw carotin 
was found as glistening rrY8tuls emb~dd('d in H dark, WIlXY mll"S, 

The removal of tbe WIlXY impurities and the final puriti<'HtlOn are 
carried out as follows. The mixture of WaX lind pigment is ,,"rdully 
shaken with three liters of the lowest boiling petroleum {·ther (pre­
sumably that boiling under 50° C.I which remo\'es the bulk of the 
wax. The solution is filtered, leaving the ('aroti .. on the filter but 
still somewhat contaminated with phyto'terol and other ('olorles" sub­
stances. According to 'Yillstatter aud Mi('g the carotin lMt in the 
filtrate can be recovered throu~b pr('cipitation by "lcolwl, but the 
details of this rccoYery are not given. The final purification is car­
ried out as in the case of the isolation of carotin from c"rrot" nnmely, 
by dissolving in a small amount of carbon disulfirjr, in which n part 
of the colorless substances do not readily di~solve, and then by nddinl( 
absolute alcohol cautiously to secure the fractional precipitation of 
the other impurities from the carotin. The colorless substances come 
down first and can be quickly filtered off. Then the carotin precipi­
tates as sparkling crystals. At this point the yield was II little over 3 
grams of crystals in Willstiitter and Mieg's work. This is mentioned 
because it gives a good idea of the se'lle on which it is apparently 
necessary to operate in order to secure even small quantities of rela­
tively pure pigment. With the facilities availahle in most laboratories 
10 kgB. 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 relati\'ely 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 carhon 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 abo,'e. 

The most tedious features of this process are the removal ~f the 
small amount of extracted chlorophyll from the dried leaves, and the 
final purification of the crude carotin. It is not likely that the frac­
tional precipitations and recrystallizations can well bc avoided. It 
S€elWl feasible, howe,'cr, to substitute a more direct method for remov­
ing the <ehlorophylI. Tswett (1900b) has shown that if a petroleum 
ether solution of chlorophyll and carotin is shaken with an excess of 
dry, finely divided CaCO" innli!!. or sucrose, the chlorophyll is com-
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pletely adsorbed, loaving the carotin in solution. Any carotin held 
mechanically by the adsorbing material can be washed out with 
petroleum ether without removing the adsorbed chlorophyll. It would 
seem entirely practicable to apply these facts to the isolation of crys­
talline carotin from leaves. The removal of the chlorophyll could be 
postponed until the bulk of the petroleum ether was distilled off and 
before the final concentration and crystallization of the pigment. 
According to the laws of adsorption it may be expected that the ad­
sorbing material will also remove a certain amount of some of the 
other impurities. In applying this method care must be taken to 
choose only the most finely dh'ided 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 
mllceration to neutralize the acids in the plant sap. In order to 
choose the proper solvent it is well to have in mind certain rules 
laid down by Tswett (1906b) for the action of the various solvents 
upon the carotinoid and chlorophyll pigments in plants. According 
to Tswett the solvents commonly used are divided into three groups 
according to their relations toward the leaf pigments. 

1. Alcohol (methyl, ethyl, amyl), acetone, acetaldehyde, ether, 
chloroform.-These solvents acting on fresh (macerated) or dried 
leaves dissolve out all the pigments equally and completely. 

2. Petroleum ether and petroleum benzine (low or high b. p. petro­
leum ether) .-Fresh leaves (macerated) give more or less yellow 
extracts when treated with these solvents. The chief pigment is carotin 
but traces of other pigments are also extracted. Leaves dried at 
low temperature likewise give up their carotin to these solvents, and 
in somewhat purer condition. Plant tissues which have been cooked, 
or only warmed to a moderately high temperature, however, give 
green extracts when macerated .with these solvents. 

3. Benzene, xylene, toluene and carbon disulfide.-These solvents 
act intermediately between the first and second groups. For the 
extraction of all the chlorophy II 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 jat." It is manifestly impossible to secure carotin in appre­
ciable quantities from animal tat, 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 rat wou Iii therefore be required to secure 0.5 grrune 
of pigment, assuming that all of it could be recovered. Tlie problem 
is rendered still more difficult by the flirt that the rat must be com­
pletely saponified before the pigment can be extracted; nnd, 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 \'olumcs of soap 
solution and ether required for the operation would soon reach a 
magnitude all out of proportion to the facilities of the best appointed 
laboratories. To he specific, at least 120 liters of ether would he 
necessary to secure the carotin from 10,000 grams of fllt, and inas­
much as the yield could not be 0''Cr a few tenths of a grnm 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 chemical and physical 
properties of the pigment. Twenty to thirty grams of well colored 
butter fat or rendered adipose tissue fat are ample for such a study. 
The butter fat must not be artificially colored, the pure rendered 
butter fat from Jersey or Guernsey cows on a fresh pasture-grass 
diet being best suited for the experiment. The fat must first be 
saponified; and, in this connection, an important precaution must 
be taken, namely, to avoid the use of alcohol which has not been 
completely purified from aldehydes which produce yellow to red col­
ored resins witb alkali.' The resins thus formed follow the Caro­
tinoids in their isolation and interfere greatly with the study of the 
properties of the pigments. 

For the saponification of the fat, 2 cc. of colorless 20 per cent 
alcoholic potash is added for each gram of fat and the mixture al­
lowed to boil for ahout one hour under a reflux condenser. The 

• Etbyl alcohoJ Is especially Ukely to contain Bucb Impurities. It can be purJfied best 
by treatment wttb sIlver nitrate, in which aoont 2.0 grams or crY5tal$ are added to 4-
liters ot' a.lco-hol and aUowed to stand, with sbaktng, tor several days. 20Q g. unl4laked 
lime are now added to precipitate the AgO, neutralize the adda and remove any e:r.ce81l 
water. The Ume can now be filtered or!' and the filtrate dlst11led. Uaually ODe 8ucb 
tl'eatuu-.t will prepare an excellent 98 per cent alCohol wblch will ahow no coloration 
OD boUing"'1n the preeence of 20 per cent KOB. Should l\ color develop under the8e 
eOJuUtlons tbe putJfteatton mU8t be repeatt'd. 

Meth71 alcohol can also be used tor the 8Ilpon16catiOD of tbe tat, but It, also. muat' 
abow DO colomtion wbe.n « ~{1 pel" eeut Xo...H 801Dtlon ot tbe alcohol 1. boiled. 



206 CAROTINOIDS AND RELATED PIGMENTS 

resulting soap is dissolved in three volumes of distilled water. After 
cooling, this solution is shaken with an equal volume of pure ether 
in a separatory funnel. The extraction is repeated with a fresh 
volume of ether equal to one-half the volume of soap solution. The 
soap should now be colorless! The comhined 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 CaCI, or 
anhydrous Na,SO, for a few hours, decanted or filtered from the 
inorganic drying agents and evaporated to dryness in a dry "aeuum. 
Little or no heat need be applied because of the rapid volatilization of 
ether under diminished pressure. The residue consists of pigment 
mixed with large quantities of cholesterol and traces of other unsaponi­
fiable matter. According to Steenbock (1921a) and others, the fat­
soluble vitamine in butter fat is present in this fraction. The choles­
terol can be removed by the digitonin method of Windaus (1909), 
by dissolving the residue in warm 95 per cent alcohol and adding 
an excess of a hot one per cent solution of digitonin in 90 per cent 
alcohol. This procedure is not necessary, however, for the study of 
the chemical and physical properties of the pigment. 

The examination of pigment isolated from animal fat in the above 
manner must be made at once unless facilities are availahle for keep­
ing the pigment in an atmosphere of inert gas. Kohl (1902b) states 
that crystalline carotin can be protected completely from oxidation, 
even in the sunlight, if placed under glycerin. The writer has never 
tried this method for crnde 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 eitber by allowing the blood to clot and permitting tbe serum 

f. )Iany of the early workers wbo 88.p()n1tI.ed their plant or animal extt'ads ~vaporated 
the alcohol aD~ extracted the dried soap. with th~ 801vents. or carried out the extrac­
tions with 808.Pf! which bad been salted ()ut of aqueous S()lution with NaCl. In the 
wrUer'& e-xpeJ'1:enee theae procedures are Dot advantageous when working with pure 
animal fats wh1ch contafD. earo-tinold«. 



METHODS OF ISOLATION OF CAROTINOIDS 207 

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 pln.ma, or merely 
by drawing the blood into sufficient saturated potassium OX,tlllte or 
sodium citrate solution to prevent clottin!!: and throwing dOWI~ the 
erythrocytes from the oxabted or citrated blood with the centrifuge. 
Each of the three preparations, namdy, serum, ddibrinnted plasma 
or oxalated (or citrated) plasma serve equally well for the isolation 
of the serum carotinoids. 

In most rases carotin, when present in blood, app~ar8 to be in 
some sort of physieo-rhemical rombination with " fraetion of the 
albumin in rolloidal solution in the blood. Whntrver 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 extwetiotl 
of the pigment with ether, petroleum (,ther, chloroform, carbon disul­
fide or any of the usual carotin solvents is impossible. However, if 
the serum is first treated with an equal volume of alcohol, the 
carotin can he 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 plasmr, 
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 trana­
ferred to a flask, alcohol added equal to the volume of serum and 
thoroughly mixed with the plaster of Paris mass. An equal volume 
of low boiling petroleum ether is now added and vigorously shaken 
with the mass. On standing, the petroleum ether rises to the surface, 
giving un almost quantitative extraction of the carotin. The extract 
can be readily poured off and the extraction repeated with fresh 
petrolenm 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 80'rt of combination with an albumin 
fraction in the serum. So far as his experience with the blood of 
cattle and horses is concerned this view still holds. However, he has 
recently examined the blood of several diabetics on vegetarian diets 
containing much green food in which this carotin-albumin com­
bination did not appear to exist. At least the pigment, which proved 
to be carotin, or at any rate to have the relative solubility and other 
chemical properties of carotin, and not xanthophyll, was readily and 
completely extracted from the serum merely by vigorous shaking with 
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fresh portions of pure ether. Even in these cases extraction of the 
pigment could be facilitated by diluting the serum with two volumes 
of water and adding an equal volume of methyl alcohol before shaking 
with ether. 

In. the writer's experience with cattle and horse serum the evidence 
for a carotin-albumin combination of some kind rests upon a number 
of easily demonstrated facts, among which are the followin!(. The 
fat solvents will e,,-tract little if any pigment from serum even after 
great dilution with water. When the globulins and albumins in the 
serum are fractionally precipitated by increasing concentrations of 
ammonium sulfate, the carotin follows the albumin fractions. In 
fact it is possible to roughly isolate an albumin which carries the 
carotin in firm combination, which, like the serum itself. will not 
give up its pigment to the fat solvents until first treated with alco­
hol, indeed unless alcohol is present. The lead, silver and mereury 
salts of the protein aet in the same manner. After coagulation with 
alcohol and drying it was found, in one test at least, that alcohol hud 
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
monium sulfate solution. This property can therefore be used for 
the isolation of the pigment-carrying protein. 

The isolation of the carotin-albumin complex can be carried out 
as follows:-The serum is first freed from globulins by adding an 
equal volume of saturated ammonium sulfate solution. These are 
filtered off on a BUchner funnel, using suction, and thoroughly washed 
with half saturated ammonium sulfate solution. The combined filtrate 
and washings are then carefully heated to a temperature of 79° C., 
at which temperature the bulk of the albumins are coagulated. 
Some carotin is lost in this coagulum, but with serum rich in carotin 
the filtrate from these proteins will have a golden yellow color. The 
carotin-albumin fraction is secured from this filtrate either by salting 
it out by any of the albumin precipitants· (complete saturation with 
ammonium sulfate is hest) or by heating to 86° C. In either case 
the precipitate will have a deep yellow color and the amount ob­
tained will be very small in comparison with the proteins which 
have been precipitated as globulins and albumins in the preliminary 
operations. The protein can be redissolved after salting out, and the 
aqueous .1!Olution thus obtained exhibits all the properties of blood 
aerum so far as its relations to fat solvents and the extraction of 
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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, 
inasmuch as it is unquestionably the source from which the milk 
fat derives its natural pigment, The failure of the fat solvents to 
remove the pigment from this protein complex by dire!'t extraction 
indicates that the pigment becomes a part of the milk fat through 
a process much more deep-seated than a mere solvent action, 1t 
seems very probable, therefore, that this caroto-albumin plays some 
important part in the process of fat synthesis in the mammary gland 
of the cow, 

Isolation of Xanthophylls 

Green leaves. 1t was dearly shown in Chapter 11 that n ~roup of 
xanthophyll pigments accompany chlorophyll and cnrotin in green 
leaves, It is not known, however, whether the crystalline xanthophyll 
which can be isolated from the green leaves of plnnts is !\ mixture 
of the xanthophyll isomers or consists of the major xunthophyll 
constituent, the xanthophyll a of TswetL The evidence on both sides 
of the question was presented in Chapter II. 

Willstlitter and Mieg (1907) were the first to isolute 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 xanthophyJis, but very little 
of the carotiD. The extract was treated in the eold wit.h KOH, con­
verting the chlorophylls into chlorophylJins, which precipitated in 
part directly from the alcoholic solution and partly on addition of 
much ether, The alkaline alcoholic-ether solution was shaken with 
successive portions of fresh water until all the green color WaR re­
moved from the ether layer, The combined ether solutions obtained 
in this way from 100 kgs. of dried nettle leaves were concentrated to 
a volume of 6 liters and after more washing with alcoholic potash and 
water and drying with anhydrous sodium sulfate, were mixed with 
two volumes of petroleum ether, This precipitated the xanthophyll 
Bnd 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
stlitter'and Mieg boiled the precipitate with 1200 cc, of acetone, which 
left a part of the colorless substance undissolved, The warm acetone 
solution was treated with about two volumes of methyl alcohol. In 



210 CAfwTINOIDS AND RELATED PIGMENTS 

the course of two days the xanthophyll crystallized out at room tem­
perature as yellow to orHnge-red tablets with a brilliant steel-blue 
reflection. Willstiitter and Mieg secured a yield of 12 grams of crude 
crystals from the 100 kgs. of dried nettle lea '·es. Further purification 
was obtained by crystallization from boiling methyl alcohol, from 
whieh the crystals come down with one molecule of alcohol of crystul­
lization, or by dissoh'ing in the least possible amount of chloroform 
and adding an excess of petroleum ether, in which the xanthophyll 
is almost insoluble. 

Jorgensen and Stiles (1917) have described what appears to be Ii 

more convenient method for isolating crystalline xanthophyll, wbich 
also gives higher yields than the method of Willstatter and Mieg. 
They prefer the dry, powdered nettle lellves because of their excellent 
keeping quality, but in this n>speet spinach, which is rieher in caro­
tinoids, should serve equall~' well as a source of pi!(ment. 

In Jorgensen and Stiles' method the air dried, powdercd lea ves 
are submitted to a final dryin\l in "acuum, over H 2S04 , About 500 
grams of this powder are placed on a filter paper in a Buchner funnel 
24 em. in diameter and sucked to the paper with a strong water pump 
or vacuum pump. To get the best results the powder must be thor­
oughly dry and be sucked in a coherent mass not more than 5 em. 
deep on tbe 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 ce. of solvent are added and slowly sucked 
through with the pump. After 5 minutes another 250 ce. 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 tbe pump is allowed to act as strongly as 
possible until the powder is sucked dry. The 1,500 ce. of solvent 
used give 800 to 900 cc. of extract. 

When the extract has been obtained from 2 kgs. of dry powder in 
this manner, the fractions are combined and washed free from many 
impurities and finally from acetone by the following procedure. The 
acetone solution is added in two successive portions to 4 liters of 
petroleum ether (sp. g. 0.64 to 0.66) in a separatory funnel of 7 liter 
capacity. Water (0.5 liters) is added with each of these additions 
while the funnel is being gently rotated, and after separation into 
two layers the lower layer is drawn off and discarded before the 
addition of the second portion. The petroleum ether layer is now 
lUixed with two successive titers of 80 per cent acetone solution, the 
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acetone being removed each time hy add in!!: 4 success;"e lit<.>rs of 
water with gentle rotation of the li,tuid and drHWiul( off tll<' luwer lay"r 
each time. 

The petroleum ether solution now remaining ('nubius the xantho­
phylls, the chlorophylls and the (·"rotin. The xllntlwphyll" wilh Rome 
chlorophyll, are removed by shaking witl, three sUI'ce""iv(' additions 
of 2 liters of 80 per cent methyl alcohol. After cad, addit.ion and 
shaking the methyl H]cohol layer is remon'd. l! the la,t <'xtrac't is 
still considerably yellow additional cxtrlH'tions llrc ma(lc' until the 
alcohol layer is prartically rolorl,'"" The xanthopl'"'J1 ill the rom­
bined methyl alcohol extracts is next ir('ed from ('hlorophyll by trans­
ferring to ether in the foll()win~ m:lllll!'r; 4 to 5 liter. of pther, 
a quantity of water and 30-50 c'(', of ('oll('entmt"d met.hyl "ll'o]'olic 
potash are added, and the mix!u,,' shahn, Thl' liquid, arc allowed 
to separate. the lower layer is drawn off and diRrarded and the (,ther 
washed with water until no more green color is l'xtr,wieti. The {>tiler 
is now dried with anhydrous Na2SOt, c\'aporatpd in \'{t('uum to u. 
volume of 30 ec" 200 to 300 cc. of mothy I alcohol !lcldeti, and the 
ether removed completely by further ('oncclltrntion in vae.uum, 
Xanthophyll precipitates out on cooling the hot, ('olwentmted mcthyl 
alcohol, the addition of a little water helping the precipitation. The 
yield of crude xanthophyll by this method is ,tated by ,Jorgensen and 
Stiles to be 0,8 grams from 2 kgs. of dricd nettle leaves which is 
over three times as much as \Villstatter and Mieg seeured by their 
method. The method just described has the additional advantage that 
the xanthophyll-free petroleum ether can be used for the isolation 
of carotin.' 

The foregoing methods are best suited for the isolation of rrystal­
line xanthophyll in quantity. A solution of mixed xanthophy lls for 
macroscopic examination can be secured by the following simple pro­
cedure. About 25 grams of dried powdered leaves or fresh leaves 

'The method r~ommend(>d 18 to wash the Iletroil'um t'tiwt, llllW conf\lloitinJ: of ahout 
3.5 liters., four tlmeJ; wlth two liter portions of wnv!r to TPlll()VI' HII' lUlit trtl(:Mt of 
8<S!tooe and methyl alcohol. lts the Jast traces of 011'1\'1" ,.:oh""llt.<; aft> r.'mol"l'fl the 
chlorophyll present in tbe petroleum ptber preeipitates fHl 9 fine sUfolTwmdon. A little 
anhydrous NagS04 Is. addt>d to take up the watl.'l' aod thf'n trIO grams of Cal'O" and 
the solution flnsHy tUtere<l througb a layer of eaeO'l 011 It Riiebrll'r flHllll')' 'l'bIH tTt"at­

ment takes out the cblorophyll suspension. The tHtrnt(' it'! ('vtlpornt .. d in "SCUUIn at 
40- C. and the oily rcsidu(! tr{'atoo with aoo ce. of 90 pt!r ct·nt alcohol. Tbf' carotin 
begln.,to crystallize- out immediately anll Is compJete on Ht8nll!ng In tbp cold. Purifica­
tion is etfitcted by shaJdng up the CrYstalliM maRS witb 200-·300 Ct. of p{·trol(.um ether 
and dlterlng quickly IlDd repenting the washing wltb II mixtUre uf two parts ()f 
petroleum ether Bud one part of absolute alcohol. The ylf>Jd of 0.25 grams from two 
law. of dried nettle leaves is much greater than WlUsdltrer and Mle& accured. 
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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 alcoholic potash (using only solutions which alone give no 
coloration whatever on boiling). After cooling, 150 cc. of distilled 
water are added and the mixture shaken with 200 cc. of pure ether 
in a separatory funnel. After the two layers have separated the lower 
greenish layer is drawn off and shaken with 100 cc. of fresh ether. 
A third extraction with fresh ether should not be necessary, but can 
be tried to insure the complete extraction of the carotinoids. The 
combined golden yellow ether extracts, which may have a slight green 
tinge, are washed with successive equal portions of distilled water 
until the washings no longer react alkaline to phenolphthalein. The 
ether may now be filtered through a layer of powdered anhydrous 
Na.SO., to remove the water. The filtrate is evaporated to dryne!!S 
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 comhined methyl alcohol solutions 
contain the xanthophyll.. On dilution with water to form a 25-30 
per cent alcohol solution ether will now extract these pigments. After 
washing the ether free from alcohol with water and drying with 
Na,,80., the ether can be evaporated off in vacuum and the pig­
mented residue used for an examination of any of the usual xantho­
phy 11 properties. 

Egg yolk. The large amount of protein, fat, lecithin and other 
Iipoids in egg yolk presents certain rather difficult problems in the 
isolation of the xanthophyll pigment present. The isolation was ac­
complished, however, by Willstatter and Escher (1912) in the fol­
lowing manner, but not without loss of a great deal of pigment, as can 
be readily seen. Egg yolk weighing 100 kgB., representing 6,000 
eggs, was beaten up and 6 kg. portions placed in stone jars with 7 
liters of methyl alcohol to coagulate the protein. The coagulum was 
separated by means of the centrifuge, the alcohol, it is stated, being 
almost free from color. Each portion of coagulum, amounting to a 
little over Ii kgs., was thoroughly mixed with 3 liters of acetone, and 
the r,olden yellow extract sucked off through a sand filter. After 
~ ~agu]um from each 6 kg. portion of egg yolk had been extracted 
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in this way the residue (94 kgs. in all) was divided into portions of 
2.8 kgs. and each portion shaken twice with fresh two liter quan­
tities of acetone in a shaking machine for one hour, the !teetone being 
sucked off each time through a sand filter. Practically all the color 
was extracted by this means. 

All the acetone extracts were now combined and amounted to 200 
liters. About 2.25 liters of oil settled out on ·standing. Although 
highly colored it was discarded. The next problem was to remove the 
phosphatides and cholesterol. The phosphatides were removed by 
mixing each 6 liter portion of acetone extract with 0.5 liter of petro­
leum ether (sp. g., 0.64-0.66), and adding three volumes of water 
carefully, to avoid an emulsion. The lower watery acetone luyer 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 deca.ntation and finally by direct addition of wa.ter, allowing 
about one hour between each addition. The reddish-brown petroleum 
ether solution was now filtered through fused Na,flO. and the filtrate 
conceptrated to 2 liters at 30-35° C., in vacuum, i. e., until the syrup 
set to a crystalline mass of cholesterol. This was filtered off and the 
deep colored filtrate diluted with 4 liters of petroleum ether (b. p. 
30°_50° C.). On standing in the ice box for II few days most of the 
pigment crystallized out as a bright red blanket of very fine needles. 
The yield of crude pigtl1ent amounted to 4 grams. The purification 
of the pigment was described in Chapter VI. It is of interest that 
the method of isolation used by Willstatter and Escher shows that 
a portion, at least, of the egg yolk carotinoids are not present dis­
solved in fat. It was not found necessary to resort to a saponification 
of the extracts in order to isolate crystals of pigment. 

The separation of sufficient egg yolk pigment for macroscopic ex­
amination can be effected in a satisfaetory manner from a single well­
colored egg yolk. For this purpose the following procedure gives 
very satisfactory results. The Taw yolk is thrown into 100 cc. of 
acetone, .and, after heating to boiling, filtered to remove the coagu­
lated, colorless proteins. The filtrate is evaporated and the residue 
saponified with 50 cc. of 20 per cent methyl alcoholic potash solution 
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at boiling temperature for about one hour, taking care to use alco­
holic potash which itself gives rise to no color on heating. The 
pigment is extracted from the saponified material using the pro­
cedure given for isolating the pigment of butter fat. Tbe ether solu­
tion of pigment is dried by filtering through a layer of anhydrous 
Na.SO. and evaporated to dryness in vacuum. The chief impurity 
in the residue will b€ 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 he extracted from petro­
leum ether by 80 per cent methyl alcohol, indicating that carotin-like 
pigments are not entirely absent from egg yolk. 

Blood serum. It is not necessary to dwell at length on the isola­
tion of xanthophyll from blood serum in view of the detailed descrip­
tion already given of the procedure to be used for isolating carotin 
from blood. One or two points, however, should be emphasized. 
Xanthophy lls are found most abundantly in the blood serum of fowls, 
as has already been pointed out. This does not mean, however, that 
blood rich in carotin, like cattle blood, is necessarily devoid of xantho­
phylls. In order to show the presence of these pigments in cattle 
blood it is necessary to extract 200-300 cc. of desiccated (with CaSO.) 
serum completely with ether as well as with petroleum ether, after 
treating with alcohol. The combined pigments from well colored 
serum will show the presence of xanthophylls when submitted to the 
phase test or analyzed by means of the chromatograph. 

It has been the writer's invariable experience with the blood of fowls 
that the xanthophylls present can be readily extracted by direct shak­
ing of either the fresh or desiccated serum with ether. The experience 
of van den Bergh and Muller (1920) has been contrary to this, these 
investigators finding a number of cases in which ether extraction 
failed. No explanation is as yet apparent for this divergence in our 
experiences. However, in view of the fact that it appears possible 
for cases to occur in which ether extraction alone fails to remove the 
pigment the writer advises that desiccated blood serum, in which 
xanthophylls are suspected to exist, be extracted first with ether, 
then treated with alcohol and the ether extraction repeated. 

Until recently the writer believed that the direct extraction of caro-
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tinoid from blood serum by ether was a criterion of its xanthophyll 
character. The instances of carotin extraction from humlln blood 
serum which the writer has already mentioned show, however, that 
this is not a safe basis for jUdging the character of the pigment 
present. 

Isolation of Lycopin 

Several investigators ha"e described the isolation of Iycopin, which 
is the characteristic fed pigment of tomatoes, red peppers, the pulp 
of the watermelon and a number of tropical fruits. The method to 
be described here, howeyer, is that used by Willstiitter and Escher 
(1910), who first showed that this pigment is a true isomer of carotin. 
These investigators first attempted to use the fresh fruits lIS the 
source of pigment, but when they found that 135 kgs. of tomatoes 
yielded only 2.6 kgs. of dry mutter from which only 2.7 grams of 
crystalline lycopin eould be obtained, they decided on a canned 
preparation of concentrated tomato soup of Italian make as better 
suited for their work. 

Starting with 74 kgs. of the condensed tomato puree, it was first 
dried in 8 kg. portions by shaking with 4 liters of 96 per cent alco­
hol, collecting the coagulum anu repeating the operation with two 
or three liters more of the alcohol. The coagulum was now pressed 
as dryas possible and finally dried completely on the steam batb 
before grinding to a powder. The total yield of dry powder was 5.6 
kgs. This was completely extracted with carbon disulfide in a con­
tinuous extractor and the extract evaporated to dryness using dimin­
ished pressure as far as possible, and finally at a temperature of 40° C. 
in a water bath. The residue was now treated with 3 volumes of 
absolute alcohol, transferred to a suction filter and washed with petro­
leum ether. The yield of crude pigment amounted to 11 grams. The 
purification of the pigment was accomplished in much the same man­
ner as carotin is purified. 

Isolation of Fucoxanthin 

The characteristic aigre pigment, (ucoxanthin, whose chemical rela­
tiOl;) to the carotinoid. was discovered by Willstiitter and Page (1914) 
w~ ieblated in qnantity by them in the following manner. Fifteen to 
20 kgs. of the fresh aJgre (Phaeophycere) were extracted with 40 per 
cent acetone, using 2 liters for. each kg. of algre. This.extract waa 
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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 algoo. 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 one liter of a mixture of 
ether and petroleum ether (b. p., 30c-500 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 algro. The petroleum ether was tben concentrated to 0.5 
liter in vacuum, diluted with an equal volume of ether and shaken 
with 70 per cent methyl alcohol saturated with petroleum ether. This 
removed the fucoxanthin, together with some xanthophyll. The xan­
thophyll was removed by shaking the methyl alcohol with an equal 
volume of a mixture of petroleum ether and ether (5:1). The fuco­
xanthin was then transferred to ether, the ether solution was concen­
trated to II thick syrup and about 1 liter of low boiling petroleum 
ether added. The precipitate of crude pigment obtained amounted to 
about 2 grams from each 4 liter portion of mother liquor, representing 
about half the total pigment present. The crude pigment was puri­
fied by recrystallization from methyl alcohol, giving crystals con­
taining three molecules of methyl alcohol of crystallization, which 
could be removed in vacuum. Solvent-free crystals were obtained 
by precipitation from ether with low b. p. petroleum ether. 

Isolatwn of Rhodoxanthm 

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 natons, later by Tswett (1911) as 
the cause of the winter red color of the arbor vitoo, Thuio orientalia, 
IIIld a little later by Monteverde and Lubimenko (1913b) in the 
arillus of the seed of the yew, Taxus baecata. The isolation of 
'cry~ for macroscopic examination can be earned out as follows, 
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according to Monteverde and Lubimenko. The dried material is finlt 
extracted with absolute alcohol, which takes out all the pigments. 
The extract is next treated with saturated Ba(OH), solution, whi~h 
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 remm'ed by sbaking 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 cryst"ls 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 se"cral carotinoids 
from plant and animal tissues are descrihed in this chapter. The 
methods are also given in detail for the isolution of crystalline carotin 
in quantity from carrots and green leaves, and of its isolution from 
animal fat and blood in sufficient qUf1ntity for macroscopic study. 

The evidence is presented for the existence of " carotin-albumin 
complex in blood serum, and the method described by which this 
can be isolated. It IS pointed out that this pigment-protein material 
may play an important part in the prucess of fat synthesis in the 
mammary gland of the cow and that its further study may therefore 
throw light on the formation of milk fat. 

Methods are described in detail whereby crystalline xanthophyll 
can be secured in quantity from green leaves and egg yolk, as well 
as methods for separating the pigment in small quantity from eggs 
and blood for macroscopic study. 

It is pointed out 'that xanthophyfl, in contrast with carotin, is, in 
most cases, readily extracted from blood serum by vigorous direct 
shaking with ether. This is not a safe basis, however, for judging 
the character of the carotinoid present in blood. 

The isolation of crystalline lycopin in quantity from tomatoes is 
deeerjPed, as well as the isolation of fucoxanthin from brown sea­
weeds. -The method is given for securing crystals of rhodoxanthin. 



Chapter IX 

General Properties and Methods of Identification of 
Carotinoids 

The preceding chapter shows clearly the difficulty of securing 
appreciable quantities of the carotinoids in crystalline form. It is 
not difficult, however, to obtain solutions of the carotinoids which 
show a number of characteristic properties that can serve for the 
identification of the pigments. For the sake of convenience, there­
fore, the properties of the carotinoid solutions and the properties of 
the crystals of the pigments will be presented separately. It may be 
stated that the facts to he presented have been drawn la.rgely from 
the observations of Kohl, Tswett, Willstiitter 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 etber, benzene, carhon tetrachloride and carbon disulfide, 
as well as in ethereal and fatty oils and oleic acid. The carbon disul­
fide solutions are characterized by their red orange to blood red color. 
The solutions in the other solvents mentioned are yellow to golden 
yellow, depending on the concentration. Amorphous carotin or caro­
tin in the presence of lipoids, will dissolve in 95 per cent alcohol or 
even absolute alcohol, giving yellow to golden colored solutions, espe­
cially if hot alcohol is used for dissolving the pigment. Very faintly 
colored solutions are secured with dilute alcohol, as a rule. Carotin 
crystals are insoluble in absolute alcohol, but oxidation of carotin 
as well lIB 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 Brockmeyer (1920) col­
loidal, aqueous solutions of carotin can be obtained by a slow evapo­
ration of a concentrated alcoholic solution to which """eral volumes 

218 
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of water have been added. This evaporation must be carried out 
in vacuum aided by a little heat. 

Solutions of carotin are unaffected by boiling with alkalis, and 
may be recovered unchanged from such solutions. When dissolved 
in petroleum ether and carbon disulfide, carotin is not adsorbed by 
finely divided substances like calcium carbonate, inulin or powdered 
sucrose. However, according to Tswett (1906b), carotin is adsorbed 
from petroleum ether solution by finely divided HgCI" CaCl, and 
PbS. Miss Stephenson (1920) has reported that butter fat dissolved 
in three volumes of petroleum ether can be completely decolorized of 
its carotin by shaking for severnl 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 •. ffective carbon so far obtainable was required to 
completely adsorb the carotin. The fact that carotin is not adsorbed 
from its petroleum ether solution by calcium carbonate distinguishes 
the pigment sharply from some of the other carotinoids, particularly 
the xanthophylls. As a corollary to this property, when a petroleum 
ether or carbon disulfide solution of carotin is filtHed through It column 
of. tightly packed, perfectly dry calcium carbonate, which has first been 
moistened with the solvent (Tswett's chromatographic analysis) the 
carotin passes through unadsorbed. When carbon disulfide is used the 
zone of carotin usually has a characteristic rose color. 

Alcoholic solutions of carotin are not characterized by giving color 
reactions on addition of concentrated Hel, HNO. or H,SO. as arc 
certain of the xanthophylls, although in most cases the golden yellow 
solutions change slowly to a deep green before fading. The com­
plete fading of this green solution may require several days. The 
addition of 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 a very small crystal of Fe,CI. in the warm oil or fat. A 
few tenths of a milligram of the iron salt is sufficient to add to 5 cc. 
of well-colored oil. The reaction is very delicate, and is given hy 
xanthophylls as well as carotin. Palmer and Thrun (1916) found 
that this reaction is caused by the oxidation of the carotinoid, the 
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iron salt being at the same time reduced to the green FeCI,. Ruse­
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 alone is involved is hardly justified, because the color 
reactions of carotin are in general shared by the other carotinoids. 

Solutions of carotin in alcohol which has been diluted with water 
to a concentration of 80 to 90 per cent alrohol are characterized by 
giving up the pigment quantitatively to carbon disulfide and petro­
leum ether. Conversely, carotin in petroleum ether is unaffected by 
shaking with 80 to 90 per cent alcohol, even 92 per cent methyl hi­
cohol failing to extract any pigment from the petroleum ether solu­
tion. These properties of earotin, 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 cha.r­
aeteristic absorption spectrum, exhihiting two, and under proper con­
ditions three absorption bands in the green and blue part of the 
spectrum, the positions of the bands varying somewhat with the re­
fractive index of the solvent. The bands are identical in ether, alco­
hol and petroleum ether because of the close agreement in the indices 
of refraction of these solvents, but are shifted somewhat towards the 
red in chloroform, which has a higher refractive index, and still fur­
ther away from the blue in carbon disulfide. The marked shift of the 
banda 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 chlorophy lis cover the second and third bands of the 
carotinoids. Even the first carotinoid band coincides very closely 
with Band YPI 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 
several absorption bands of carotin and the other carotinoids. In 
spite of this fact, however, the absorption bands of carotin solutions 
are sufficiently characteristic to distinguish the pigment sharply from 
the other carotinoids, at least from lycopin and the xanthophylls and 
rhodoxanthin, Plate 1, showing a spectrophotograph of the bands 
of carotin and xanthophyll in alcohol and carbon disulfide, brings 
out tbis point very clearly, as well as the diffuse character of the 
edges of the bands. It may be stated, however, that the bands may 
be somewhat sharper to the eye than is represented in these photo­
graphs. The characteristic feature of the bands of carotin which it 
is desired to point out is that in alcohol (an identioal spectrum is 
obtained in ether and petroleum ether) the solar line F divides the 
first band almost exactly into two equal parts, This is II character­
istic of the first carotin band which may serve to identify the caro­
tin spectrum from that of the other carotinoids. 

For direct spectroscopic observations a spectroscope Witil too wide 
a dispersion may fail to show any bands in a carotin solution which 
exhibits very beautiful bands using a spectroscope with a moderate 
dispersion of the spectrum. In working with unknown biological 
material the writer has had better success using an inexpensive spec­
troscope with a moderate dispersion whose spectrum field has been 
standardized, although arbitrarily, first with the sodium flame and 
then with known solutions of the carotinoids, Such a spectroscope 
set up in a dark room with a light of high candle power concentrated 
on the slit of the instrument but screened from the observer, gives 
excellent results. 

Willstatter and Stoll (1913) give the following measurements for 
the absorption bands of carotin in solutions containing 5 mg, of pig­
ment per liter, using a grating spectroscope, These data correspond 
with the spectro-photographs shown in Plate l. 

Carotin in carbon 
Carotin in alcohol ("") di>ulfide (",,) 

6",m, 1Omm, 10mm. tomm. 
Band I ............. 492-478 492-476 524-510 525-508 
Band n ............. 4S9-44jl 459-445 481)-475 400-47' 
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Kohl (l902b) , using a Zeiss spectroscope, obtained the measure­
ments shown in Table 16, using various solvents with different re­
fractive indices. The data also show the bands of solid carotin, 
obtained by depositing a very thin layer of carotin crystals on one 
side of a glass slide. 

Lycopin. This red isomer of carotin forms yellow solutions iu hot 
ether, chloroform, alcohol, benzene and petroleum ether. These solu­
tions have a somewhat brown tone in comparison with similar solu­
tions of carotin. Even saturated solutions of Iycopin in these sol­
vents, with the possible exception of chloroform, contains much less 
pigment than the corresponding solutions of carotin. This probably 
accounts for their yellow color. Solutions of Iycopin in carbon disul­
fide are characterized by their bluish-red color which persists even in 
grea.t dilution, while solutions of carotin in this solvent change to a 
yellowish red color on great dilution. The effect of the addition of 
mineral acids to alcoholic solutions of lycopin has not been investi­
gated. Lycopin, however, because of its great oxidizabilit.y reacts 
toward ferric 'chloride like the other carotinolds. 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. 

TABLI< 16. ,~ A.inroaPrroK Sm.."'1'RA oy CAtrorff( m l:>JUU'"tJOE &r.nt.iVT'5 W"H'H 
DlFFElU!lNT REFR..CTIVE INDII:lt (KOHL, 1902b) 

Refractive Position of bands (",,) 
Solvent Inde:t Band 1 Band II Band IJ1 

Alcohol ............... .. 1.358 (ave.) 490-475 ~ 430-418 
Ether .................. .. 1.357 490-475 455-44D 430-418 
Acetone ................. . 1.365 500-478.t61H1iO 430-420 
Chloroform ............. . 1.449 5O&-4BO 465--450 435-420 
Carbon tetrachloride .... . 1.44lO 507-480 4tlIH& 43IH2O 
Cari><ln disulJide ........ . 1.628 51(h1S5 47(1-458 437-425 
Solid ~tin ........... . T 550-530 495-480 46IH5O 

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 lyeopin spec­
tl'um in caroQILdisulfide to that of the other carotinoids in the same 
~V4IIlt is shoWn in Figure 1, taken from the paper of MonteVerde . 



Sp('ctrophoto~raph of ah::.orptio[I bands of carotin and 
xanthophyll in akohol and carbon dii'iulfide. (After 

\\'ilh4iittPl' and Stott) 

L Carotin in aleohol 
!L Xanthophyll in aleohoI 
3, Carotin in carbon du,ulfidc 
4. Xanthophyll in ('arbon difo;ulfide 

PLATE I 
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FIG. 1. Relative pooition of absorption bands of various tmotinoids in 
carbon disulfide solution. (Afln Monteverde and Lubimenkol 

1. Xanthophyll 
2. Rbodoxanthin 
3. Carotin (according to Willstiitterl 
4. Carotin (according to Monteverde) 
5. Lyoopin (according to Willotiitter, 
6. Lycopin (according to Monteverdel 



224 CAROTINOIDS AND RELATED PIGMENTS 

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 lyeopin 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 WIllsUitter and Escher as follows, 
the bands in carbon disulfide being those shown by a standard solu­
tion containing 5 mg. per liter. 

Band I 
Band II 
Band III 

Lycopin in 
alcohol (,,~) 

5HH99 
480-468 
44()-

Lycopin in carbon 
disulfide (~,,) 

10 mm. fO mm. 
554-540 561 --536 
514-499.5 517.5-498 
479-472 481.5-468 

Xanthophyll.~. 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 dcfinite crystalline form. 
Willstatter has not yet agreed to an unqualified acceptance of this 
assumption. However, if the fact that Tswett's observations can be 
readily verified is sufficient grounds for accepting his view of the 
situation, the existence of more than one xanthophyll can no longer 
be doubted. At the same time it is recognized that we owe most of 
our knowledge of the properties of xanthophyll solutions to the ob­
servations of Willstatter and Mieg (1907), who first isolated pure 
xanthophyll crystals in sufficient quantity to determine their ele­
mentary composition. For the distingnishing characteristics of the 
other xanthophylls which have not been crystallized it is necessary 
to refer to the observations of Tswett (1911). 

Xanthophylls give well-colored solutions in a large number of sol­
vents, including alcohol, ether, acetone, chloroform, benzene, carbon 
tetrachloride, glacial acetic acid, petroleum ether, carbon disulfide 
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and formic acid. Well colored solutions in low boiling petroleum 
lire difficult to secure because of the low solubility of the pigment 
in this solvent, crystalline xllntilophy II being ulmost insoluble in this 
solvent. However, xanthophyll in the nmorphous state or contami­
nated with lipoids can be dissolved quite readily even in petroleum 
ether. The solutions in all these soh·ents, exrept carbon disulfide 
and formic acid, are yellow. These solutions are distinguished from 
the corresponding carotin solutions by showing a strong greenish tinge 
on great dilution. The solution in formic acid, which is mentioned 
only by Monteverde and Lubimcnko (1913b), is green. Carotin and 
Iycopin do not dissolve in this solvent. Carbon disulfide solutions 
of xanthophylls are orange t{) orange-red, nel·rr blood red or bluish 
red like carotin and Iycopin. 

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. 'Yillstiittcr and Stoll have compared 
crystalline xanthophyll and carotin solutions and have obtained the 
following results. 

5 X 10-~ MOLAR S01~UTIONS IN CARBON DISULFIDE 

Layer of carotin Layer of zantho~ Relati1'6 
in mm. phyll in mm. intensity 

12 50 1 : 4.1 
25.5 87 1 : 3.4 
38.5 120 1 : 3.1 
g 1. I:U 

5 X 1O-~ MOLAR SOLUTIO~g, CAROTIN IN PETROLEUM ETIiER~ETHE.R, 

10 
40 
91 

XANTHOPHYLL IN F:TRER 

20 
60 

120 

1 : 2.0 
1: 1.5 
1 : 1.3 

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 Brockmeyer. Egg yolk 81)d blood 
serum xanthophyll were used as the source of pigment in the experi­
me1)ts by these investigators. 

Only very strong alkali seems to affect alcoholic solutions of xan­
th{)phylls adversely. Saponification of xanthophyll solutions with 
20 per cent alcoholic potash solutions to remove admixed fat, ap­
parently docs not affect the general properties of the pigments. Will­
statter mid .Mieg found, however, that heating amyl alcohol solu­
tions of crystalline xanthophyll with sodium decolorized the pigment, 
and heating benzene solutions with granulated potassium in an at-
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mosphere of hydrogen converted some of the pigment into a product 
which still retained the solubility of xanthophyll in ether, giving 
a yellow solution, but which readily formed an ether-insoluble salt 
with alkali. 

Willstiitter and Page (1914) state that xanthophyll is incompletely 
recovered by ether after dissolving in concentrated methyl alcoholic 
KOH. These facts all point to the possibility of xanthophyll being 
attacked by alkalis under certain conditions. 

The effect of adsorbents on petroleum ether and carbon disulfide 
solutions of the xanthophyll. is especially characteristic and serves 
not only to distinguish these carotinoids from the hydrocarbon caro­
tinoids but also from each other. Tswett (1906b) has shown that 
thoroughly dried precipitated calcium carbonate, inulin, sucrose and 
many other compounds, which are insoluble in petroleum ether, will 
completely adsorb the xanthophylls when their petroleum ether solu­
tion is shaken with an excess of the adsorbent. In order to bring 
about this adsorption, however, no trace of alcohol must be present, 
Tswett haring shown that petroleum ether containing only one per 
cent alcohol releases the bulk of the xanthophylls from the adsorbing 
agent. There is therefore good reason to believe that much smaller 
amounts of alcohol will interfere greatly with the adsorption. 

While this gross test may serve to distinguish the carotinoids con­
taining oxygen from the hydrocarbon carotinoids, the principles in­
volved can also he used to analyze further the xanthophy lIs and 
even to separate them from each other. The general principle which 
is thus utilized is that when several substances present in a single 
solvent are all adsorbed by a single adsorbent, there is more or less' 
replacement of one adsorbed substance by the others, depending upon 
the relative affinities of the several substances for the adsorbent, espe­
cially if the adsorption compounds in each case are dissociable. This 
is the principle of Tswett's chromatographic analysis of plant extracts 
containing chlorophyll and the carotinoids. 

The technic which is used for the analysis of a mixture of caro­
tinoid (and chlorophyll) pigments by this method is as follows: A 
very finely divided adsorbent is selected which will have no oxidizing 
or reducing or hydrolyzing action on the pigments to be examined. 
Calcium carbonate is especially recommended. Powdered sucrose 
is also very suitable. The calcium carbonate is first dried for several 
hours at 150° C. A glass adsorption tube 1 to 2 em. in diameter and 
10 to 15 cm. _long is now prepared which is drawn out at one .end. 
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The small end is left with only a small opening, 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 
II little at a time and packed in as tightly and evenly "" 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 em. of the top. and a final 
plug of cotton placed upon it. The tube is now B('t up through a 
rubber stopper fitted into a small fliter flask, g,'nlh· !'u('tion applied 
and a stream of pure soh'ent (either petroleum ether or ('arhon disul­
fide, depending on the soh-ent selected for the pil':mcnt 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 em. of the adsorbent. When this has passed into the column with 
the aid of gentle suction, the tube is filled with sol vent and suetion 
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 carotinoid. form dissociahle com­
pounds with CaCO. the stream of pure solnnt will slowly wash them 
through the column as differently colored zones. If the column has 
been packed perfectly evenly with the adsorbent the zones will be 
true rings, otherwise they will be irregular. Perfectly true adsorp­
tion rings are difficult to secure. Pigments obtained in the various 
zones by this method are not pure, as Tswett has pointed out, but 
can be purified by repeating the analysis on the pigment obtained 
in any desired zone. 

A chromatographic analysis applied in the above manner to a pe­
troleum ether or carbon disulfide solution of carotin and the four 
xanthophylls recognized by Tswett should show the following re$ult. 
Assuming that carbon disulfide has been used and the differentiation 
has been continued with a stream of solvent until the least adsorbed 
pigment has reached the bottom of the column the lowest zone will be 
rose colored due to carotin; above this, probably separated by II 

more or Jess colorless region, will be a wide orange-yellow zone, due to 
xanthopby:i f70, which apparently comprises the major part of the 
xanthophylls; still higher in the column and separated from the 
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xanthophyll u will he a yellow zone due to xanthophylls .: and 
.. n, whose differentiation will be described in a moment; near the top 
of the column will be a narrow yellow zone, due to xanthophyll ~. 
If a stream of benzene is run through the column at this point, the 
carotin and xanthophyll" will be quickly washed away and the yellow 
zone containing xanthophylls a' and a" will slowly separate into two 
zones. These can now be washed out of the column with petroleum 
ether containing one per cent absolute alcohol, leaving xanthophyll ~ 
still adsorbed. This pigment can be removed, however, by petro­
leum ether containing 10 per cent absolute alcohol. 

While a chromatographic analysis of an unknown pigment solution 
is instructive it does not necessarily provide a means of definite iden­
tification of any xanthophyll pigments which may be present. Any 
pigments differentiated by this test must be submitted to further ex­
amination. When several pigments are shown by such an analysis, a 
second chromatographic separation should be carried out on a solution 
of each of the pigments for the purpose of purifying it as far as pos­
sible. Comparison can then be made with the known properties of 
solutions of xanthophylls a, a', a" and [3, which are as follows: 

Xanthophyll a. This pigment is quantitatively remm·ed 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 Willstatter and Stoll 
to be as follows: 

Band I 
Band II 
Band III 

Xanthophyll in 
alcohol (ltlt) 

5mm. 10mm. 
484-472 488-471 
454-441 454-440 
41l1- 420-

Xanthophyll in carbon 
disulfide (ltlt) 

10mm. tOmm. 
515-501 51&-501 
482-469 483-467 

447-441 

Xanthophyl18 .. ' and an. These pigments are quantitatively ex­
tracted from petroleum ether by 80-90 per cent alcohol, preferably 
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methyl alcohol. They are readily adsorbed from petroleum ether by 
CaCO, and more readily adsorbed from carbon disulfide by CaCO, 
than xanthophyll u. The carbon disulfide solutions arc yellow to 
orange. The pigments are readily released from adsorption ~n CaCO, 
by benzene and when thus adsorbed in a chromatogram may be 
separated from each other by this solvent. The action of cont'en­
trated mineral acids from the alcoholic solution of these xanthophylls 
is not known, but it may be similar to that on xanthophyll~. The 
absorption bands of these xanthophy lls is stated by Tswctt to be 
shifted slightly towards the \"iolet from those of xanthopbyll u. The 
measurements of these bands has not been reported. 

Xanthophyll (3. This carotinoid, like the other xanthophylls, is 
quantitati\"ely extracted from petroleum ether by 80-90 per cent 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 petroleum ether containing 10 per cent absolute 
alcohol. Concentrated mineral acids produce a green color, passing 
to Ii peacock blue when added to its alcoholic solution. NH,OH 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 HCI. The absorption bands of alcoholic solutions of xan­
thophyll ~ lie at 475-4621111 and 445-4311111, which are seen to be 
shifted appreciably towards the violet from the bands of crystalline 
xantbophyll. 

Rhodoxanthin. Tbis red isomer of the xanthol'hylls is known 
largely through the properties of its solutions, pure crystals of the 
pigment not yet having been obtained in sufficient quantity for 
analysis. This carotinoid forms yellow solutions in petroleum ether, 
ether and benzene, like other carotinoids, but its alcoholic and acetone 
solutions are rose colored or pink. It is also dissolved by glacial 
acetic acid with a red color. The red color in certain solvents serves 
to distinguish the pigment from other carotinoids, as does 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 lIy alkali. Its xanthophyll-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 show only very slight soluhility in petroleum ether. When 
its petroleum ether or carbon disulfide solutions !ire 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 ahounds, like the winter foliage of arbor vitre (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: 

Band! 
Band II 
BAnd III 

In petroLeum 
ether (~~) 

530-513 
495-480 
47Q--455 

In carbon 
disulfide (1'1') 

575-553 
535-51f 
500-480 

The relation of these bands, when in carbon disulfide, to the bands 
of the other carotinoids in the same solvent is shown in Figure 1. 

The effect of mineral acids upon the alcoholic solution of rhodoxan­
thin has apparently not been determined. 

Fucoxanthin. This earotinoid, which is characteristic of the brown 
alg"', gives well colored solutions in practically all the organic solvents. 
Although the pure crystals are completely insoluble in petroleum 
ether, the presence of lipoids makes it possible to obtain colored solu­
tions in this solvent also. This is likewise true of methyl alcohol in 
which the pure crystals are very sparingly soluble. The ether solu­
tion of fucoxanthin is orange yellow, the alcoholic solutions have a 
somewhat rusty, or brownish yellow tinge, and the carbon disulfide 
solution is deep red. Fucoxanthin is a more intense pigment than 
either carotin or crystalline xanthophyll. Willstatter and Page (1914) 
have stated tbat a c,omparison of 5 x 10-' molar solutions of the three 
pigments in ether shows that 50 rom. of fucoxanthin is equal in color 

, to 80 mm. of the carotin and lOS 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 wOjlld be 
readily adsorbed from this solvent by CaCO,. 

Solutions 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 alcoholic solution, containing 5 mg. per liter nre given 
by Willstlitter and his co-workers as follows: 

FUCOIanilun in alcohol (~t'l) 
{) mm.layer 10 non. layer eo mm.la1ler 

Band I ..................... . 486..ffi9 49Z-4i6 49S 473 
Band II ..................... . 45i>-440 46. 451 462 443 
End Absorption .............. . 440 . 

One of the most characteristic properties of fucoxanthin solutions 
which can be used as an aid in identification as well as a llleans 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-4'thyl ether (1:1). This fact has al­
ready been pointed out in connection with the isolation of the caroti­
noids, and is especially useful in the quantitative estimation of furo­
xanthin as will be shown in the next chapter. 

Fucoxanthin solutions are wry much less stable than those of tbe 
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 HCl solution the pig­
ment bleaches and the acid layer takes on a magnificent blue-violet 
or sky-blue color. The latter is due to a stable salt containing 4 
atoms of HCI, which is probably an oxonium compound. Its solu­
bility in tbe 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 
HC!. Fucoxanthin apparently unites with other substances as well 
as HCI for Willstiitter and Stoll state that ether solutions dried over 
Cael, 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 con. 
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methyl alcohol KOH, and in this solvent the pigment is changed so 
that on dilution with water and extraction with ether (the pigment 
being liberated from its temporary alkali compoimd by water) it is 
much more sensitive towards Hel. Ether solutions will now give 
the blue color reaction on shaking with only 16 per cent HCI solu­
tion, whereas 25 per cent Hel solutions hlld scarcely any effect before 
the treatment with alkali. Even 3 per cent HCI now has a noticeable 
effect, and in concentrated ether solution even 0.001 per cent Hel 
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 furoxanthin which has been changed by the 
concentrated methyl alcohol KOH has a greenish tinge and shows a 
spectrum whose bands are shifted considerably towards the violet. 
The ether solution of this pigment containing 5 mg. per liter Ahows 
bands at 461-4511'f! and 435-4231'f! in 10 mID. layer. 

Properties of Crystalline Carotinoids 

Carotin. Carotin crystallizes from carbon disulfide on addition of 
absolute alcohol, forming rhombic tablets or prisms, and from petro­
leum ether, forming almost quadratic leaflets, which are frequently 
indented. Plate 2, figure 1, shows the form of crystals from carbon 
disulfide-alcohol. The color of the crystals varies with their thick­
ness from bright yellow to deep rose or c.opper colored with a rich 
velvety appearance. The crystals are highly pleochromatic and have 
an intense blue to bright green metallic luster by reflected light. The 
crystallography of carotin has been described in detail by Kohl 
(1902b). Some investigators have ascribed a striking violet or crocus­
like odor to the pure crystals, but this has not been observed by 
others, e.g., Willstatter. The crystals from alcohol usually contain 
some alcohol of crystallization, which is given up in vacuum over 
H.SO. or P,O,. 

Pure carotin crystals are almost insoluble in cold ethyl alcohol, 
and even less so in methyl alcohol. They dissolve with difficulty in 
the hot alcohols. A bout 1.5 liters of low boiling petroleum ether are 
required to dissoh'e 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 Dot 
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FIG. 1. Carotin from carbon dis\llfide~ 

alcohol. (X 62) 

FIG. 3. Xanthophyll iodide from 
alcohoL 

FIG. 5. Lycopin from carbon disul- _ 
fide-alcohoL (X 165) 

FIG. 2. Xant hophyll from mcthyl nl­
cohoL (X 62) 

FIG. 4. L~'eopin from petroleum 
ether, (X 165) 

FIG. 6. FliCOXttnthin from methyl 
alcohol. 

PLATE 2 
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being a ready solvent. Benzene dissolves the pure crystals mu('h more 
easily and chloroform and carbon disulfide with grrltt ense. Kohl 
(1902e) gives the .specific rotation of carotin in d,loroform 8S 

If. = -30.17°, but this property is not mentioned by other investi­
gators. 

Cl'rotin crystals, and even the amorphous pigment, if frlOc from 
lipoids, dissolve in concentrated H,SO with an indigo blue color, from 
which the pigment precipitates as green flakes on dilution. A similar 
color reaction is given by concentrated UNO" dry sulphurous acid 
and by thymol and phenol containing concentrated HC!. The crys­
tals also give a transient blue color with bromine water and with 
bromine vapor. With ferric chloride a deep green color is given. 
This reaction was explained in a previous paragraph. The color 
reaction of carotin with H,SO" which is also given by the other 
carotinoids, is regarded by many as a specific reaction for these 
pigments. There is no justification fur this idea, which may easily 
lead to erroneous conclusions, because this reaction is given by a 
large number of organic compounds, especially by certain quinones of 
the aromatic group. 

The crystals of carotin readily oxidize, whereby the crystals bleach 
entirely. The original melting point of 167.5°-168° C. falls and the 
pigment changes markedly in properties. A number of investigators 
have reported that the bleached pigment shows the color reactions 
of cholesterol, but Willstlitter 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. 
Willstiitter and Mieg obtained a maximum of 34.3 per cent, cor­
responding to 11 atoms of oxygen. WiIlstiitter 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 rrys­
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 hy adding iodine to II 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 reiJcction, which melt sharply at 136°-137° C. Willstiit­
ter and Escher obtained the same iodide by adding double the amount 
of iodine crystals to benzene-carbon disulfide and carbon disulfide­
ether solutions of carotin. The other iodide, described by Willstiittcr 
and Mieg and also by Willstiitter and Escher (1910), corresponds to 
the formula C"H .. I" 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 prescnt. 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 substitntion product, which conforms with the constitution 
C •• H"Br". The formation of this product is stated by Willstatter 
and Escher to take place on the addition of 0.5 grams of powdered 
carotin in small portions with shaking to 16 grams of bromine at 0° C., 
the bromine being protected from moisture in the reaction flask by a 
CaCI, tube. The reaction is completed by standing at room tempera­
ture and the precipitate filtered off on glass wool and washed with hot 
anhydrous formic acid, giving a brittle colorless product without defI­
nite crystalline form. The bromide has no melting point but de­
composes at about 171°_174° C. It dissolves easily in benzene and 
carbon disulfide, fairly easily in ether, but with difficulty in even hot 
alcohol or petroleum ether; it is insoluble in glacial acetic and an­
hydrous formic acid. The bromine caDDot be completely removed with 
zinc dust and gladal 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 BRme 
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, i.e., (C,H,). 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 
C1oHu . The cymenes, however, arc structurally isopropyl bcnzcn~:-;, 

and durene is tetramethy I benzene. The former is a colorless oil and 
the latter a colorless solid, m.p., 79-80° C. There seems to be no rea­
son for believing that carotin is related in any way to these substances 
or to the propyl toluenes. 

The problem of the strueture 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 bc mentioned in the 
literature is acenaphtylene, C12H., probably having the structure W. It was first described by Behr and van Dorp (1873) and 

HC:CH 
Blumenthal (1874) and later by Graebe (1893). It forms leaflets 
of a golden yellow color, soluble in alcohol, ether and benzene, which 
melt at 92°_93° C. De la Harpe and van Dorp (1875) and later 
Graebe (1892) have described the hydrocarbon di-biphenylenilthene, 
C"H,., which crystallizes as intensely yellowish red needles and 
scales, m.p., 187°-188° C. (corrected), and forming ycllow solution~. 
According to Graebe this hydrocarbon adds hydrogen readily, going 
over into the colorless compound C"H". Thiele (19008) found that 
the hydrocarbon fulven, C2H •. C :C.CH, forms brilliantly colored de­
rivatives. He mentions dimethyl iulvene, C,H,,, a bright orange col­
ored oil, methyl phenyl fulvene, C"H,,, a red oil, and diphaoyl ful­
veoe, C"H,., which crystallizes from petroleum ether as deep red 
prisms, m.p., 82° C. Thiele (l900b) has also described the hydro­
carbon cinnamylidenindene, C,H,.CH:CH.C - CH:CH, which crys-

"V/ 
, C,H, 

tallizes as' Yllllowish-red needles, m.p., 190° C., and is easily soluble 
in most organic solvents. More recently Pummerer (1912) has dis-



236 CAROTINOIDS AND RELATED PIGMENTS 

covered the red hydrocarbon, C"H", m.p., 306" C., which he calls 
rubicen, and which dissolves in CHC1" 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 498flfl. The spectroscopic properties of the other 
colored hydrocarbons mentioned has apparently not been determined. 

Apparently color among hydrocarbons, although rare, is not con­
fined to yellow and red. Sherndal (1915) has isolated a blue hydro­
carbon oil, azulene, C"H,s> from a number of essential oils. It is a 
coincidence, perhaps worth mentioning, that this blue hydrocarbon 
dissolves in 60 to 65 per cent sulfuric acid with a yellow color, 
whereas carotin, a red hydrocarbon, dissolves in strong sulfuric acid 
with a blue color. 

In addition to these substances Marchlewski (1903) called atten­
tion to the fact that pigmented compounds could be made start­
ing with methyl-ethyl maleic acid anhydride, which show a strong 
resemblance to the lipochromes both with respect to spectroscopic 
properties and color reactions. Marchlewski's note on the subject 
was for the purpose of reserving the field of investigation,' but so 
far as the writer is aware no further results have ever been published. 

XanthophyU. The crystals of xanthophyll obtained from plants 
by Willstiitter and Mieg (1907) and from egg yolk by Willstiitter 
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 irom alcohol, preferably 
methyl alcohol, from which the forms are mostly quadratic, often 
trapesiurn tablets, frequently showing indentations. Their general 
appearance is shown in Plate 2, Figure 2. From ethyl alcohol the 
crystals are lance- and wedge-shaped prisms. Sometimes the crystals 
are rhombic, almost hexahedrons. In all CRses the crystals contain a 
molecule of the solvent from which crystallization occurred. A sin­
gle example is reported by Willstiitter 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 color. The crystals are even more strongly 
pleochromatic than carotin, their brilliant steel blue re1Iection being 
especially evident when suspended in the solvent. The poWdered 
crystals have a briek 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,O, xan­
thophyll crystals from plants melt at 173.5°-174.5° C. (corrected), 
but according to Willstatter and Escher xanthophyll from egg yolk 
melts at 195°-196° C. (corrcrtcd), 

Xanthophyll crystals are entirely insoluble in low hoiling petro­
leum ether. The solubility in rold methyl alcohol is quite low, 1 gram 
requiring about 5 liters, but is considerably greater in the boiling sol­
vent, 1 gram requiring 700 cc. to 1 liter. The solubility of the pure 
pigment in ethyl alcohol is con~idcrably 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 crystals quickly 
as does hot glacial arctic acid. A mixture of 3 parts phenol crystals 
and 1 part glycerol also dissolYe xanthophyll crystals very readily, 
as van Wisselingh (1915) has shown. 

Xanthophyll crystals, like carotin, dissolve in con. H,SO, with II 

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· crystals by the fact that 
the former are colored blue but are not dissolved by 65 to 75 per cent 
H2S04 while the latter turn blue only after some lapse of time or when 
stronger acid is used. With can. 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. 

Xantbophyll, like carotin, is unsaturated and forms an iodide, 
C"H"O,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 bromin¥ed it loses its oxygen, since Willstatter and Escber (1910) 
report a xaIlthophyll bromide with the constitution C •• H • .,Br ••. 

Xanthophyll crystals slowly oxidize in the air or in oxygen, with 
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the addition of 36.5 per cent of their original weight, corresponding 
to 13 atoms of oxygen or the formula C..,H •• O". When this product is 
recrystallized from ether it contains even more oxygen and corresponds 
to the formula C.,H"O'8> and melts at 140° C. The oxidizing pig­
ment has a peculiar violet-like odor, at least in the cllse of plant xan­
thophyll, although Willstiitter and Escher did not notice this in the 
case of xanthophyll from egg yolk. The oxidized crystals dissolve in 
concentrated mineral acids with a dark brown color and in dilute 
alkalis with an intense reddish-yellow color. 

The constitution of xanthophyll, like that of carotin, is unknown. 
Even its relation to carotin is very puzzling. While the empirical re­
lations between the two carotinoids suggest that xanthophyll is a sim­
ple oxidation product of carotin, the behavior of xanthophyll shows 
that this is not the case. Xanthophyll fails to give a reaction for 

I 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 II dark reddish-brown color and melt at 
168°-169° C. (corrected). 

Lycopin crystals are less soluble than carotin in all the carotinoid 
solvents. Ethyl and especially methyl alcohol are exceptionally poor 
solvents. Low boiling petroleum ether dissolves only a small 
amount, 10 to 12 liters taking up only 1 gram. About 3 liters of ether 
are required for the same amount of pigment, but one can readily 
obtain a 2 per cent solution in CS" and even stronger solutioDl! in 
warm chloroform or benzene. Tbe crystals are insoluble in acetone 
and glacial acetic acid. They dissolve, however, in concentrated 
H.BO, and RNO. with II deep blue or purple color, which is very 
transient in the case of RNO •. 

The Iycopin crystals readily oxidize with bleaching, the niaximum 
oxygen absorption amounting to about 32.5 per cent of their original 
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weight. The oxidizing pigment has a peculiar odor, which is stated 
by Willstatter and Escher (1910) to be different from that of oxidiz­
ing carotin or xanthophyll, but is not described. 

When lycopin crystals are dissolved in II little CS, lind much ether 
and treated with one-third their weight of iodine, a Iycopin 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 excess 
of bromine to form a colorless, resinous material, insoluble in an­
hydrous formic acid, whose constitution is somewhat difficult to un­
derstand in the light of the analyses made by Willstatter and Escher. 
The combined addition and suhstitution 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. 

Fucoxanthin. This carotinoid crystallizes from concentrated 
methyl alcohol in the forms of long amber colored prisms, belonging 
to the monoclinic system. The crystals are shown in Plate 2, FigUre 
6. The powdered crystals are brick red. These crystals contain three 
molecules of methyl alcohol. When freed of the solvent by desicca­
tion, the crystals are hydroscopic. This water is difficult to remove, 
being given up only at 105° C., under diminished pressure. Fucoxan­
thin crystallizes from dilute alcobol or acetone in characteristic hexa­
gon-shaped tablets, containing 2 molecules of wa~r ot crystallization. 
The addition ot water to the alcohol or acetone solution of fucoxan­
thin prccipitates the pigment as needles which rapidly change to the 
hexagon-shaped hydrates. The anhydrous crystals melt at 159.5°-
160.5° C. (corrected), those containing methyl alcohol about 10° lower. 

Fucoxanthin resembles xanthophyll in its solubilities. One hun­
dred grams of boiling methyl alcohol dissolve 1.66 grams of pigment, 
but only 0.41 grams at 0° C. The crystals are fairly difficultly soluble 
in ether, fairly easily in CS" and easily in ethyl alcohol. The pure crys­
tals, either hydrates or methyl alcoholates, do not readily oxidize, but. 
the solutigns readily bleach, and a product can be obtained from these 
colorless soMltions which corresponds to the formula C..H .. O.. or 
C .. H .. O,.. 
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Fucoxanthin crystals correspond with the other carotinoids in dis­
solving in concentrated H,SO 4 and RNO, with a blue or purple color, 
and in addition readily form a blue oxonium salt with Hel, as has 
already been de.cribed. 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 color. They melt at 134°-
1350 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 whicb tbey orcur. So far as 
plant tissues are concerned it is possible to make a gross identification 
of carotinoids with certainty and even to differentiate carotin and 
xanthophy Us and lycopin with a reasonable degree of arcuracy. 
These results are made possible because of the excellent researches of 
Molisoh (1896), Tammes (1900) and particularly van Wisselingh 
(1915). A similar identification of carotinoids in animal tissues has 
not yet been devised; at least it will be pointed out presently how in­
secure the foundation is upon which the demonstration of animal 
lipochromes (undoubtedly rarotinoids) has been built. Attention 
will be directed tlrst to the possibilities in connection with plant 
tissues. 

Plant tissues. The demonstration and identification of carotinoids 
in the plant tissues in which they are formed rests upon a microchemi­
cal crystallization of the pigments in the tissues and a study of the 
effect of certain solvents, and reagents producing color reactions, upon 
these crystals. As has already been pointed out in a previous chap­
ter, carotinoids occur almost entirely in the plastids in plant tissues 
and very rarely as crystals in the cells. As van Wisselingh has stated, 
the carotinoids occur mostly bound to fluid, fat-like, saponifiable 
substances or actually dissolved in them. These substances are in 
the plastids or they form oily drops in the cells. It becomes neces­
sary .. therefore, first to set the pigments free from their union or solu­
tion in the plastids. It has been shown by van Wisselingh that of the 
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methods which have been propo.ed for the microchemical crystalliza­
tion of the carotinoid. only one Can be depended upon to assure this 
result, namely the alkali method of Muliseh. He has shown thllt it is 
possible by this method to secure the mierocrystallization of all types 
of known carotinoid. occurring in plants, with the possible exrep­
tion of fucoxanthin. While van 'l,isselingh found that the brown 
alga> give excellent erystals it is not dcar whether these are fuco­
xanthin or the carotin and xanthophyll which aceompany 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) arc placed in 100 to 200 rr. of aleoholie potash rontaining 40 
per cent aleohol by volume and 20 per rent KOH by weight. The 
tissue and solvent arc placed in darkness protected from the air and 
allowed to stand until the sub~tanres associated with the rarotinoids 
have dissolved or be"ome saponified and the carotinoid. present have 
crystallized out. The time of crystallization will vary with the ob­
ject from minutes to months but can bc greatly speeded up for the 
latter rases by warming the preparation for a few hours at 70°_80° C., 
on several sueressiyc days. Van Wisselingh has shown that crystals 
can be obtaincd in a few days by this modification whieh may require 
over a year at room temperature. A piere of the tissue being studied 
is withdrawn from time to time for examination as to the progress of 
the reaction. It is first washed thoroughly with water and finally 
allowed to rest in distilled water for several hours before preparing 
the section for microscopic examination. 

When carotin and xanthophyll. are present the crystals whirh will 
form divide themselves into two general classes according to their 
color, one group, probably due to xanthophylls, being orange-yellow 
to orange and the other, probably due to carotin, being orange-red 
to red. It is not safe, however, to depend upon the color of the crys­
tals for determining their character, because rhodoxanthin, if pres­
ent, would undoubtedly crystallize in the red group. In fact, van 
Wisselingh encountered red xanthophyll-like crystals in his investi­
gation. 

Lycopin does not form microcrystals in the Molisch method. A 
slight modification, however, permits their formation, namely, heat­
ing the tillsue to 140° C. in glycerol alone or in glycerol containing 
10 per cent kOH. Lycopin forms reddish violet microscopic crystals 
under these conditions. 
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The formation of crystals in plant tissues by the methods described 
is alone sufficient for a gross identification of carotinoids. For veri­
fication, however, the crystals may be treated either with strong 
H2SO, or bromine water or with a solution of SbCI, in 25 per cent. 
Hel. 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 HCI. In the other cases the prep­
aration may be placed jn a minimum amount of water. 

The differentiation of the types of crystals as xanthophyll, carotin 
or lycopin, rests upon two general tests which are reasonably accu­
rate. (1) Xanthophyll crystals dissolve very quickly in a phenol­
glycerol mixture made up of 3 parts by weight of phenol and 1 paM 
by weight of glycerol, while carotin and Iycopin dissolve very slowly 
if at all. Van Wisselingh found that carotin crystals from carrots 
and lycopin crystals from tomatoes remained untouched by this re­
agent even after several days. (2) Xanthophyll crystals give a quick 
blue color when treated with 75 per cent H2SO. while carotin and 
Iycopin crystals require a stronger H2SO. to color their crystals blue, 
or at least to do so quickly. 

Animal tissues. The possibility of a microchemical demonstration 
of carotinoids in animal tissues rests at the present time on the as­
sumption that the methods which have been used for identifying lipo­
chromes in such tissues are in reality methods for detecting caroti­
noids, and are, moreover, specific for these pigments. Let us see 
whether these assumptions are justified. 

Two methods have been used rather generally for detecting lipo­
chromes in sections of animal tissues. One has been the application 
of the so-called specific color reactions with concentrated H 2SO. and 
RNO, 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 iutercellular substance, generally in more or less gran­
ular or amorphous conditiou but also coloring what appears to be true 
fat globules. The possibility is also not excluded that they may oc­
cur in the tissues bound to protein as they at times occur in the blood. 
Sinee carotinoids dissolve readily in liquid fats, one may also expect 
to find fats at times dissolved in carotinoids. It is therefore an open 
question whether true lipochromes (carotinoids) ever occur in ani­
mal tissues in a pure condition. Since lipochrome is never encoun-
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tered in a crystalline condition in such tissues, liS it has been stated 
to occur in plants, the balance of the argument is ut present against 
the occurrence of the pure pigments. 

With regard to the lipochrome color reactions the reBults 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 can. H,SO., which is giycn by II number of 
aromatic substances besides the carotinoids, is not known. A positive 
reaction with this reagent can not therefore be regarded us conclusi,·e 
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 H2SO" therefore, has only 
a very limited application to carotinoids which may be encountered 
in histological sections of animal tissues, at least under the conditions 
in which it has been employed up to the present time. 

Practically the same conclusion must be drawn for the use of the 
iodine reaction. The cause of this reaction is the blue iodine deriva­
tive which is formed by all the known carotinoids. The reaction 
was discovered by Schwalbe (1874) as an apparently typical pig­
ment reaction for the colored oil drops in the retina of certain ani­
mals. Since that time it has been generally held that animal pig­
ments which fail to give the iodine reaction are not typical lipo­
chromes. However, even this reaction, which possesses a firm chemi­
cal basis, has frequently failed for pigments which we now know 
to be true carotinoids. For example, Kiihne (1878) failed to secure 
the reaction with egg yolk pigment, even after isolation, and Sehrt 
(1904) found that the corpus lutenm 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"lloj aware of any attempt to apply the Molisch microchemi­
cal method of crystallization of carotinoids to animal tissues. Un­
fortunately the hlgh concentratioa o! alkali in the Molisch reagent 
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would undoubtedly disintegrate animal tissues before the pigment 
could crystallize out. It would be well worth the effort, however, 
if a microchemical crystallization method could be devised which 
would be applicable to animal tissues. 

The conception of a constant association of pigment with fat which 
is suggested by the term lipochrome wa~ no doubt in a measure re­
sponsible for the introduction of fat stains for demonstrating the 
presence of such pigments in animal tissues. The writer has not 
made a thorough study of the history of the use of this technic, since 
the matter is not of great importance. It is, therefore, a little dif­
ficult to state whether the use of fat stains began with the idea of dem­
onstrating that a pigment in question was actually associated with fat 
and therefore a true "lipochrome," or whether their use was suggested 
solely by the term itself or by the statements encountered here and 
there in the literature on plant lipochromes that one of the fat stains 
(usually osmic acid) imparted its characteristic color to the pigment. 
Whatever the origin of their use may have been it is obvious that the 
present conception of the action of the fat stains, as shown by con­
sulting the modern handbooks on biochemistry and pathology, is that 
they stain the pigments themselves. For example, Wells (1918) 
states that the lipochromes "are characterized by staining hy such 
fat stains as Sudan III and Scatlet Red, and usually, but not con­
stantly, by osmic acid"; and H~rxheimer (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 uncerlrun assumption that these pigments are actually 
stained by such dyes as Sudan III, Scarlet Red and osmic acid. It 
is possible that such is the case, hut unfortunately the matter has 
never been subjected to an experimental study; and until we have 
further proof of the action of these and other fat dyes upon the 
pure pigments it is not possible to state definitely that a positive stain 
with a fat dye is a positive test for pigment of the carotinoid (lipo­
chrome) type. In fact, there is evidence which indicates that a posi­
tive stain with a fat dye is merely a test for the lipoid with which 
tbe pigment is associated. 

Neumann (1902) states that when the fat cells of the bone marrow 
and sex glands of frogs bave become completely atrophied througb 
inanition (or during hibernation) the lipochrome which remains no 
longer takes the oamic acid stain, but still gives the reaction with 



PROPERTIES AND METHODS OF lDENTIFIC.4TION 245 

iodine. Dolley and Guthrie (1919) have studied carotinoids in animal 
tissues by means of fat stains with results whieh bear on this ques­
tion. They observed that amorphous deposits of whut appeared tc 
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) tak<,s the dew that the 
lipochromes in animal tissues, which he mils sudauophilrs. arc united 
with alcohol insoluble lipoids. 

Dolley and Guthrie (see also Plllrrwr and Kempster (1919b) I made 
the interesting observation that Nile blue (used either as the hydro­
chlorate or sulfate in 1-10,000 aqueous solution or as a stronger so­
lution in 65 per cent acetone) when used tiS a progressive stain, 
"particularizes the lipochrome first as a deep blue," but stains neu­
tral fat a salmon pink even in the presence of lipochrome. The blue 
stain was found to ocrur for the amorphous carotin gmnules in the 
frozen carrot section, and for the amorphous xanthophyll granules 
and minute pigment globules in the stratum corneum of the chicken 
skin, while the salmon pink color occurred for lard stained deeply 
with carotin from carrots, for chicken fat highly colored with xan­
thophyll, for the globules in colostrum milk fnt, deeply colored with 
carotin, and for the fat globules in the natural emulsion of the deep 
yellow (xanthophyll colored) yolk of the hen's egg. Dolley and 
Guthrie later (1921) found that the lipochrome granules of the heart 
muscle stained blue with the dye, although in their earlier (1919) 
work they were unable to secure positive differentiation of lipo­
chrome and fat in nerve cells by this method. 

These findings appear, at first sight, to be a definite ad"ance 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 SlUlle man­
ner that it appears to differentiate carotinoids from neutral fats, fatty 
acids 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 

1 Herxhefmer {Abderhalden's HandblH~b del" BfQlOgiBC'hen Arbeltsmetboden, fms. part 
1, 2i)B) st,.,tes that this fact has been confirmed by Escher (Korrhl. f. SchweIzer AfZte, 
.J9 .. 1919) an~ by Boemlngbau& (Ziegler's Beltrage, 67". 532, 1920) who found also that 
ehole8terol estt-rB of fatty acids stain rOO Uke neutral fat, and many other lipoid. take 
• mhed blue and red color. 
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that the chemistry of the blue stain with Nile blue argues against 
this supposition. As stated by Smith the simultaneous staining of 
fatty acids and neutral fat by Nile blue is due to the fact that this 
dye is a mixure of a strongly basic oxazine which reacts readily with 
fatty acids to form blue soaps, and a weakly basic oxazone which 
dissolves readily in neutral fats and fat solvents. When it is remem­
bered that none of the carotinoids have acid properties it may be 
argued that the blue stain imparted to carotinoid pigment granules in 
the writer's and in Dolley and Guthrie's experiments merely indi­
cates the acid character of the lipoid with which the pigment was as­
sooiated. 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 he 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 oX!lzine 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' 
that Hueck's observation is confirmed. Complete oxidation with 
hydrogen peroxide and sunlight or careful oxidation with ferric chloride 
fails to destroy the ability of the visible, bleached pigment granules to 
take the blue oxazine base from the Nile blue dye. It thus appears 
impossible to differentiate between carotinoid pigment and fatty acids, 
although these can be distinguished from neutral fat or esters by the 
Nile blue dye. 

The effect of ferric chloride on the carotinoids is alone of some 
value in indicating the presence of carotinoids in animal tissues. 
While it is not possible to obtain the green color reaction when work­
ing with tissue sections, on account of the fact that the color reaction 
is in the reagent itself, pigment granules which are readily oxidized 
(bleached) by this reagent may be suspected to be carotinoid in na­
ture. Dolley and Guthtie fonnd that a strong solution of ferric 

'PenoaaI __ • 
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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 S!1me result, 
but Dr. Doney's recent communication indicates thut the oxidation 
is not so thorough as with the ferric chloride unless the peroxide is 
supplemented with strong sunlight. There is also the tacit assumption 
among pathologists that sections which give up their pigment to fat 
solvents contain lipochromes. This, of course, can only be considered 
contributory evidence. 

Summary 

It is impossible to summarize adequately in a few words the facts 
presented in this chapter describing in detail the chemical and physi­
cal properties of the several carotinoid. both in crystalline form and 
also when in solution in various solvents. 

It may be pointed out, however, that the properties of impure 
solutions of the individual carotinoids when freshly prepared are suf­
ficiently characteristic for their identification without resorting to the 
tedious process of isolating the pigments in pure crystalline form. The 
characteristic properties which may be employed for this purpose in­
clude color, spectroscopic absorption bands, relative solubility in al­
cohol and petroleum ether and adsorption affinity towards finely di­
vided agents like 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
feet of a phenol-glycerine solvent on the crystals and the rapidity 
with which they respond to a color reaction with sulfuric acid of 
different strengths. 

The microchemical demonstration of carotinoids in animal tissues 
does not rest on a very adequate basis. Recent work, however, indi­
cates that although it is not possihle to differentiate between carotinoid 
pigment and fatty acids, these can he 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 carotinoid. in plant and animal tissues, to­
gether with the difficulty of securing the pigments free from color­
less impurities as well as the great ease with which the pigments oxi­
dize, forbid their quantitative estimation by a gravimetric method. 
The great intensity of the carotinoid pigments and their ready solu­
bility in certain organic solvents naturally suggests the possibility of 
their quantitative estimation by colorimetric methods. The methods 
which have been proposed have, in fact, been devised on this basis. 

Estimation of Carotin and Xanthophyll 

Arnaud (1887) was the first to propose a colorimetric method for 
the quantitative estimation of carotin in plant tissues. The method 
was based on his obsen""tion that air dried, or especially VaCuum 
dried leaves (leaves dried in an oven even at low temperature cannot 
be used, according to Arnaud) do not give up any of their chlorophyll 
when allowed to remain in contact with low boiling petroleum ether, 
but permit all tbe carotin to be extracted. A further essential fea­
ture of his method was based on the observation (a single experi­
ment only is reported) tbat the color of carbon disulfide solutions of 
carotin is directly proportional to the amount of carotin present. 
Witb these observations as a basis Arnaud proceeded as follows. 

Twenty gram quantities of air-dried or vacuum-dried, powdered 
leaves were sbaken up with 1 liter of cold petroleum ether in a stop­
pered flask for a period of 10 days. The extract was filtered off and 
exactly 100 cc. evaporated to dryness. The residue was taken up in 
exactly 100 cc. of carbon disulfide and compared in a Dubosque col­
orimeter with a standard 0.001 per cent solution of carotin in carbon 
disulfide. It is stated that the colorimeter was modified slightly to 
prevent the volatilization of the solvent and that blue glasses were 
inserted to improve the sensitiveness of the instrument, but the de­
tails in regard to these modifications are not given. The data which 

US 
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Arnaud reports indicate that he set his standard carotin solution at 
19 mm. depth and compared his unknown 801utions with this arbi­
trary standard. 

Arnaud (1889) used this metlwd for tI'e quantitati,'c analysis of 
the carotin content of the air-dried lean,,, of " large number of pI lints. 
These data are shown in Tahle Ii. Arnaud cxprc>ses his confidence 
in their accuracy within 1 to 2 mg. of ('arotin for 100 grallls of dried 
leaves. The principal criticisms whidl can lw made of this method 
are, (1) the necessitr of lwdng II supply of pure ,"Ilmtin on hand for 
making up the standard wlutiun, 121 til(' failure to show that tbe 
method insures the complete extraction of thc carotin, (3) the pos­
sibility tbat some xantbophyll may be extruded al()n~ with the caro­
tin, and (4) the necessity of {'"upowting (he petroiPultl (,ther extracts 
to dryness before dissolYing in tilt' ,~tal1dllrd ,,,jn'nt, this operation 
greatly enhancing the opportnnitieo for oxidation and loss of pig­
ment. 

TABLE 1'7. G~R(YfIN CONTEST (w AW-])UlEll LZ,l.\VE,., (AnI"O:\t,'u's MI\."'THOO) 

Name 0/ plant 

Rape (Brassica oleifera) 
Violet (Viola odorata) .............. . 

]JaIl' oj 
8(l1l1pif: 

Linden (Til;" piatyphyllal .. . 
Maple (Acer p.~eudo-platanul$) .... . 
Sycamore (Acer plalmwidcs) .... .. . 
Grape (Vitis virdJcra) .......... , .. 

,JllIl(' 1 
l'vhv 23 
Ma'y 11 

. .... Jml~' 1;", 

.,.. Junt' 15 

.... .July 12 
Wild grape (Gis8US quinqucjolia) .. 
Chestnut (Aesculus hypoca.~tanllm),. 
Bean (PhaseolWi vulgaris) ....... . 
Pea (Pisum sotivum) .. ........ . 
ACitcia (Robinia pseud(J-(l,caciaJ .. . 
Peach (Persica vulgaris) •.. , ...... . 
Red currant (Ribes rubrum) ...... . 
Ivy (Hedera Helix) .............. . 
Periwinkle (VI.1tca ~it1ajor) .... . 
Olive (Olea Europaea),., ..... ...... . 
Potato (Solanum tuberosum)...... ". 
Tobacco (Nic.otinia tabacum) .... 
Stramonium (Datura stramonium). . .. . 
Spinach (Spinacia inermi.~) ............. . 
Beet (Beta vulgaris) . ..... . 
Hemp (Cannabis aativa) ......... . 
Box tree (B1.l.XU8 sempervire.ns) ... . 
S~ nettle (Urtica dimca) .. 
Walnut (IUi/lans regia) ......... ......... , ..... .. 
Yew tree (7'axus baccataL ....... .. , ............ . 
Wheat (1'fit<4um vulgare) ...................... .. 

~ (jf=,::,;r.:.'i~~ :::::::: :::::::::::::::::: 

I\1a,v 2.1 
May 6 
June 18-
May 27 
Jmu-' 8 
Junc 15 
;\-1av 21 
Mu\' 15 
Maj, 25 
.Ill!:\' 16 
July 21 
Al1~, 4 
July 20 
.June 1 
.hliy 12 
JllrlC 18 
.Junt) 4 
May 2 
May 19 
. June 4 
Jlme 4 
April 18 
June 1 

Carotin 
content 

mg. in 10()gma. 
189,7 
124.0 

79.1 
190.0 
178.0 
200.0 
145.4 
118.8 
178.8 
177.0 
209.0 
114.0 
105.5 
50.9 

130.0 
75.0 

190.0 
178.8 
177.0 
160.0 
.183.0 
215.9 
86.9 

171.7 
118.8 
167.6 
167.6 
106.3 
116.8 
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Arnaud made an interesting study of the seasonal variations in the 
carotin content of green leaves, _using the stingingiiettfeandclies~ 
nut leaves as the s";urceo{his~aterial. He found that the maximum 
carotin content_ton the dry basis) oceurredat the_tim!L~fiower: 
ing- o( the plants, and _ that it dinnnished rCgUlarly with the g;;o-w!.b: 
_ilL fhe_Jf~- Thu;'- U; the case of the nettle, a carotin cOJltent ~f 
172 mgs. per 100 grams of dried leaves was noted on May 2, but this 
had decreased to about 100 mg. by the middle of July. In a com­
parison between etiolated and green leaves of the same plant, Arnaud 
found that the ._carotin _ content, on the dry matter basis, increasel;l 
about 5 times during the f~rmation of the .chlor.ol'hyll. -- - -

Kohl (1902i) used Arnaud's method for determining the carotin 
content of the leaves of a few plants, but secured somewhat lower re­
sults. His values for spinach and stinging nettle leaves were about 
half those reported by Arnaud, and for grass about 70 per cent of 
Arnaud's value. These low results may have been due, however, to 
the fact that Kohl appaJ:ently ignored Arnaud's precaution and dried 
his material at 100° C. 

Monteverde and Lubimenko (19138) have devised a spectro-colori­
metric method for the quantitative estimation of carotin, as well as 
xanthophylls and chlorophyll, in green leaves. The writer hllS -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 8 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 spectra­
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 01 the depth of unknown solution 
required to give an absorption spectra of equal intensity as the stand­
ard. The authors found that the .first faint appearance of absorp­
tion bands for the standard solutions gave a more sensitive eompari-
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son than stronger bands, and that this was secured at 11 depth of 3 cm. 
for the carotin and xanthophyll standards. 

Using the above method Monteverde and Lubimenko dekrmined 
the carotin (and xanthophyll) content of II 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 sc­
cured by Arnaud. The writer is not convinced that absolute alcohol 
will give II quantitative extraction of carotin from the barvta-chloro­
phyll complex obtained by this method. The data in T~ble 18 are 
of interest also in showing quite wide variations between the relative 
amonntll oJ. carptin and xantnopl1yll in ilie different plants. 

TABLE 18. CARM'INOID CoNTENT OF DRY GREEN LEAVES (LUBIMENltO'S M!lTHOO) 

Name of plant 

Thu;a orientalia (arbor vitre) ........................ . 
Viburnum Tinm ................ , ................ '" 

~.e:u'':J~~':::::::::::::::::::::::::::::::: : 
~~tr.:;v.:t::duk,~~":::::::::::::::::::::::::::::: : 
Clematis vitalba ................................... . 

if::~e't':~l~.:::::::::::::::::::::::::::::::: : 
Arundinaria japonica .............................. . 

Carotin 
content 
rng.pet' 
l00gm •. 

20.8 
47.9 
61.5 
66.7 
94.4 
72.7 

100.6 
IOS.1 
106.0 
106.1 

Xanthophyll 
content 
mg. per 
100gm8. 

131.7 
154.3 
354.6 
280.9 
387.6 
263.3 
406.5 
355.6 
300.8 
350.0 

Willstatter and Stoll (1913) have described in great detail a colori­
metric method for the quantitative estimation of carotin and xantho­
phyJls whicb 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 solutiOIlll. 

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 qtlickly with 0.5 gram of quartz sand. One hundred 
ce. of 30 per cent acetone lire then poured over the apparently dry 
mass and the whole mixed for a few minutes. The extract and leafy 
material ~ the,n transferred to a suction filter containing a thin layer 
of talc, and dle, 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 WiUstatter 
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 carciull:, loosened with a spatula and macer­
ated for a few minutes with a small amount of pure acetone, and the 
acetone quickly suckcd away. This is repeated until the acetone 
comes through colorless, at which time the powder on the filter will 
also be colorless. The total volume of acetone extract will vary be­
tween 400 and 600 ce., depcndinl/: on the kind of leaves used. 

Removal of the chlorophyll. The green acetone extract is divided 
into parts of 100-200 cr., to each of which 200-250 cc. of ether are 
added and the aretone washed out with distilled water. The ether 
fractions arc now combined, dried over anhydrous sodium sulfate and 
filtered through a dry filter into II 200 ce. graduated flask which is 
filled to the mark with dry ether. 

One hundred cc. of this ether are saponified with 2 cc. of concentrated 
methyl alrohol 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 romplete 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 ce. more ether are added to the alkaline 
material, the mixture shaken, and, after adding water, allowed to 
stand until the emulsion has broken. If necessary this is repeated 
with fresh ether. 

The ethereal solutions thus obtained are washed with water to which 
a little methyl alcohol solution of KOH is added in order to sepa­
rate traces of chlorophylline and small amounts of brown acid organic 
substances. The ether is finally washed twice with pure water and 
evaporated to a volume of a few cubic centimeters in a vacuum dis­
tillation flask at room temperature. 

Separation of the carotinoids. The concentrated ether solution of 
carotinoid. in the vacuum distillation flask is washed into a separatQry 
funnel with 80 cc. of petroleum etber, the flask being washed out 
finally with a little ether. This solution is now mixed successively 
with 100 ce. of 85 per cent methyl alcohol, 100 CC. of 90 per cent 
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methyl alcohol and twice with 50 cc. of 92 per cent methyl alcohol. 
The last extract is generally colorless; if not, another e,,'traction is 
made with 92 per cent alcohoL 

The methyl alcohol extracts contain the xanthophyll.. They are 
also free from carotin, according to Willstiitter and StolL The com­
bined methyl alcohol extracts arc now mixed with 130 cc. of ether and 
the pigments transferred to the ether by a slow addition of water. 
The ether solution of the xanthophylls thus obtained and the petro­
leum ether solution of carotin are frc~d from mcthy I akohol by wash­
ing twice with water. The solutions are then filtered through dry 
filters into 100 cc. graduated flasks, the solutions deared up by the 
addition of a few drops of absolute alcohol and the flasks filled to 
the mark with ether and petroleum ether respertively. 

ColDrimetric compamon with standard so!utum.. The carotin and 
xanthophyll fractions, representing 20 grams of fresh leaves, are now 
ready for comparison with standard solutions in a colorimeter. For 
this purpose one can use either pure carotin or xanthophyll solutions 

. in petroleum ether and ether, respectively, or their color equivalents, 
namely, 0.25 per cent alaziriti in chloroform, or a 0.2 per _cent .a'l!!!l.!!ll!l.. 
soluti9n of K,Cr,O,. The pure pigment standards are not satisfactory 
beca~se- of their instahility, the xanthophyll standard, especially, fad­
ing quite rapidly. The diehromatc solution is especially well suited 
for a substitute because a standard solution once made will keep in­
definitely, It is necessary, however, to know its color value in terms 
of the 'pure carotinoid pigment solutions. Using 5 x 10" molar SI}­

lutions of carotin and xanthophyll, respectively, equivalent to _0:02.§a 
per cent carotin solution and O.028!ner cent xanthophyll solution, Will­
statter and Stoll found the following relations to exist between the 
standard 0.2 per cent K,Cr,O, solution and the carotinoids. 

1~ m,~. car~tin sol~;ion eq~~ls l~l ~?I' KlC~~Of soh:;io':l 
~ « « 19« I' « 

1:::: :: xanthophyll " ~ :: 

25 " 14 " 

In Willstlitter 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 (jOlors matched. Readings were then taken with the eup~ 
reversed in. tlfe colorimeter and the results averaged. A Wolff colori­
meter was used by these investigators but a Dubosque or Kober 
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colorimeter should serve the purpose just as well. The writer has 
found the Kober colorimeter very satisfactory, using daylight as the 
source of illumination and the black glass cups with the colorless, op-. 
tical glass bottoms for holding the solutions. 

Calling h, the height of the ';nknown 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 carotin or xanthophyll in 1 
kg. of fresh leaves can be calculated from the amount obtained from 
20 grams by the method of Wilistiitter and Stoll by means of the 
following formulae: 

1 100 
Carotin equals 50 x 0.00536 x 2x -r. and 

Xanthophyll equals 50 x 0.00568 x} x 1~. 

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 s>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 I obtained with the standards set at the equivalents of 100, 50 and 25 
mm. of pure carotinoid solutions. 

Results by WiUstiitfer and Stoll's method. Table 19 shows some 
of the results obtained by Willstiitter and Stoll using their own 
method. The data are averages of duplicate determinations reported 
in full by these investigators and show the difference between the 
carotin and xanthophyll content of leaves exposed to the light and 
those which are heavily shaded, both being obtained from the same 
plant. The fresh leaves which were in the shadow were in some cases 
appreciably lower in carotinoids than the leaves exposed to the light, 
but this difference appears to be due, in part, to a higher moisture 
content in the fresh shaded leaves. 

The quantitative results of Willstatter and Stoll show a very dif­
ferent proportion between carotin and xanthophylls than was ob­
tained by Monteverde and Lubimenko, which can not be due entirely 
to the fact that different plants were used in the two studies. The 



QUANTITATIVE ESTIMATION OF CAROTINOIDS 255 

TABLIO 19. CAROTIN AND XANTHOPHYLL CON'l'ENT OF l&.\v:r.s (MftBOb 01' 
W II...lBTA'l'TER ANI) SToLL) 

Pigment in 
fresh {{'oves 

Piqmmtin 
dry leaves 

.Yantha- XarUho-
Name 0/ plant Condition Carotin phyll Oarotin phyll 

mg.pcr mg. per mg. per mg. per 
Joogms. Joogms. Joog ..... 100"", •. 

Sambucus ni.gra Light-exposed 14.1 26.3 52.5 rn.7 
Sambucus nigra Shaded 6.3 19.2 38.5 118.0 
Acsculus hippocastanum Light-exposed 29.3 45.1 79.0 121.0 
Acsculus hippoca.~tanum Shaded 9.1 27.9 37.0 111.0 
Platanm aeeri/olia IJight~exposed 12.9 27.8 38.0 82.5 
Platanus acerijolia Shaded 12.7 3U 51.0 125.0 
Fagus sil1'atica Light-exposed 18.5 30.0 

'68:0 Fagus sill'ail'co Shaded 13.1 25.2 35.0 
Populus canade'Mis Light-exposed 9.7 29.0 

writer is inclined ·to belie"e tbat 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 clnsses of 
carotinoids as they exist in green leaves. 

Elizabeth Goerrig (1917) has applied the general principles of the 
Willstatter 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 lea"es, but it might be well to mention here Miss Goerrig's 
experience in applying 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., instead 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 ae colorimeter readings only, gives 
results much lower than Willstiitter 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)lcetone recommended. Finally, Miss Goerrig used a 0.4 per 
cent KzCrz~1 solution as a standard in place of a 0.2 per cent solu­
tion. By setting the standard at 50 rom. a greater range of color 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 Willstiitter. 
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 Willstiitter and Stoll, she found it impossible to transfer 
all the xanthophylls to ether by the slow addition of water. 

Estimation of Fucoxanthin 

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

The algre are pressed dry between filter papers and ground to a 
fine meal. Except for Laminaria. for which a different treatment is 
recommended, 40 grams of the meal are mixed with 200 grams of 
sand and macerated with 50 cc. of 40 per cent acetone, then twice 
with 50 cc. of 30 per cent acetone. These extracts are discarded. 
The pigments are then extracted with pure acetone. Laminaria are 
first cut up into small pieces and extracted with 30 per cent acetone in 
a beaker. The pulp is then ground in a meat chopper and a weighed 
quantity mixed with sand and extracted with 95 per cent acetone 
and finally with anhydrous acetone until all the pigments are ex­
tracted. 

In all cases the pigments are transferred to ether by adding 300 ec. 
of ether to the acetone solution and then adding distilled water. .The 
ether is freed from acetone by very careful washing with distilled 
water and, after mixing with an equal volume of petroleum ether, is 
ready for the extraction of the fucoxanthin. This is accomplished 
by shaking four times with an equal volume of 70 per cent methyl 
alcohol which has been saturated with petroleum ether, the volume 
of the upper layer being kept constant by additions of ether after 
each extraction. The combined alcohol extracts are freed from some 
xanthophyll which is extracted along with the fucoxantbin by shaking 
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with an equal volume of a mixture of five parts p~trolcum ether and 
one part ether. Some fucoxanthin is lost in thi, extmrt but it is re­
covered by concentrating the extract to 250 ec. in vacuum, adding an 
equal volume of ether and extracting twire with 500 cr. of 70 per 
cent alcohol, which has been saturated with petroleum ether, The 
new alcohol extract is added to the first main extract. The furo­
xanthin is finally transferred to ether, which is freed from methyl 
alcohol by washing with water, and made up to a volume of 250 cc, in 
a graduated flask, 

The solution is now compared in a colorimeter with either a stand­
and fucoxanthin solution (using a 5 x 10-' molar, or 0.0304 per cent 
solution) or the 0.2 per cent K,Cr,O, standard whirh is uRed for esti­
mating carotin and xanthophylls. The standard is set 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 hr the 
content of fucoxanthin in 1 kg. of fresh algre as calculated from the 

40 gram sample will be 25 x 0.00608 x }x 5~: if 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
ard fucoxanthin. 

Using this method Willstiitter and Page determined the fucoxan­
thin content of Fucus, Dictyota and Lamirl{jria to be, respectively, 
169 mgs., 250 mgs., and 81 mgs. per kg. of fresh algII'. 

Application to Other Biological Materials 

It seems obvious that the colorimetric methods of analysis for caro­
tin, xanthophylls and fucoxanthin as worked out by Wi1lstiitter and 
his co-workers should be applicable to any biological material con­
taining these pigments if a suitable method can he devised for free­
ing the pigment from the tissues involved. It would seem that the WiII­
statter technic Can he applied without modification to plant tissues, 
including flowers, fruits and leaves, with the exception of the fruits 
containing Aycopin, for which no quantitative method has yet been 
devised, Mo:eaver, the writer is not aware of any methods for separ­
ating carotin from Iycopin 80 that eve~ 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 ce.) so that the 
colorimeter readings can be calculah~d 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 
UDsaponifiable matter, care should be taken to a void the production of 
aldehyde resins pigments which might be caused by the use of impure 
alcohol. One to two cc. of 10 to 20 per cent alcoholic potash for each 
gram of material extracted for the pigment analysis would insure a 
large excess of alkali for the saponification and would keep the volume 
of fluids within the realm of easily conducted analyses. Following the 
saponification and extraction of the fat-free pigments from the soap, 
the combined pigments must be washed free from alkali and then con­
centrated to the lowest possible volume, preferably in vacuum, then 
diluted with petroleum ether of low boiling point and the pigments sub­
mitted to fractionation by the phase test between the petroleum ether 
and SO-90 per cent alcohol, preferably methyl alcohol. The separated 
carotin and xanthophylls Can then be compared with the standard in the 
colorimeter, after diluting or concentrating to a suitable volume. In 
the case of xanthophyll pigments, it is well to first transfer to ether, as 
in the' W"illstiitter technic for plant tissues. 
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Certain animal tissues whose carotinoid content may be desired may 
contain pigments soluble in alcohol or ether whose prc.'Cnce would in­
terfere with the direct analysis of thc extracts. Tissues such as liver, 
spleen, kidney, heart, etc. fall in this class. In most Cllses the foreign 
pigments Clln be removed by saponification, but this must be conducted 
with great care t~ avoid the production of other foreign pigments which 
may be extracted from the soap by ether and interfere, not only with 
tbe analysis, but also with the true demonstration of the presence of 
carotinoids. Bile pigments, if present, can usually be removed by 
treating the fresh tissues with lime water, previous to the extraction 
with ether, in order to form ether-insoluble calcium salts. It must be 
admitted, however, that the quantitutive analysis of tissues of this 
character for carotinoids requires considerable study before it can be 
concluded that the method proposed is entirely free from error. 

The final colorimetric comparison with the standard hardly needs 
further comment. It is obvious that the 0.2 per cent K,Cr ,0, solution 
is the most convenient to use. For animal tissues, and perhaps some 
plant tissues, the amount of pigment present may be 80 low that" con­
venient quantity of tissue will not yield snfficient pigment to match the 
dichromate standard at any of the equivalent carotinoid depths given I 
by WillstKtter and Stoll. It is convenient in these cases to set the i 
unknown solution at a given depth of say 50 mm. or 100 mm. and 
match its color with the standard dichromate. The question then arises 
as to the carotin or xanthophyll equivalent of the dichromate depth 
found in such an analysis. For this purpose the writer has constructed 
the curves shown in Chart 1. These curves are based on the somewhat 
meager data given by Willstatter and Stoll for the comparative color of 
5 x 10-" molar carotin and xanthophyll solutions with the standard 
dichromate solution and also the comparative color of the two pig­
ment solutions. 

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

Example 1. A 25 mm. layer of melted butter fat from cows on fre.h 
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 36.9 DllD. of standard dichromate equals. 45.2 mm. 01 

0.00268 per cent carotin solution. 
Therefore, ".00268 : x = 25 : 45.2 

x = 0.00485 per cent carotin in the butter fat 
(ignoring tho: sp. g. of the fat). 
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Example 2. The extract of 10 cc. of blood serum in 10 ce. 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.O,. The pigment eventually proved to be entirely xantho-

CAROTIN OR XANTHOPHYLL 

Quantitative relations between 0.2 per cent K.Cr'o, solutions and 5 x 10-' molar 
solutions of carotin and xanthophyll. 

phyll. Referring to the xanthophyll curve in Chart 1 it is seen that 
15 rom. of dichromate equals 30.5 mm. of 0.00284 per cent xanthophyll 
solution. 

Therefore, 0.00284 : x = 50 : 30.5 
x = 0.00113 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 pcr 
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 estimating lycopin quantita­
tively. A suitable standard must first be found and a method discov­
ered for separating Iycopin from carotin. 



Chapter XI 

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 carotin aids have their origin in the plants 
and occur in animals only as they are present in the food. In fact, as 
already pointed out in a previous chapter, the ability to synthesize the 
carotinoids may well serve as one of the means of distinguishing plants 
from animals. In the second place the question has recently been 
raised as to whether the carotinoid pigments are identical with vitamin 
A, or related to these unknowns which play so important a part in the 
nutrition of animals. This question is properly considered in connec­
tion with the possible function of the carotinoids in animal life. 
Finally, the occurrence of carotinoids in certain species of animals, 
such as fowls and cattle, has come to have a practical significance in 
connection with the use to which man has put these animals in the 
production of eggs and milk. 

Before discussing these questions, some of which have a practical 
as well as a biochemical point of view, it is not altogether unreasonable 
to ask why it is necessary to consider that the carotinoids must play 
a role in metabolism merely because they are of wide-spread occur­
rence. It is not Ii 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 
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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 anima] 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) dis('overed the pres­
ence of carotin in green leaves he raised the question as to its possible 
relation to chlorophyll and later (1889) suggested that til" pigment 
might ~_y !tJgk in plants similar to that of the hemoglobin of the 
blood. He also attached· considerable significance to the fact that 
()arot!l!t.wjth its great affinity for oxygen when released from the living 
l1lli!)t tissues, remains apparently unaltered at an almost constant level 
when-Iii· tlie living leaf. Arnaud could not explain this except on the· 
basis·tnatthe·carotin was constantly undergoing an altcrnating oxida­
tion and reduction analogous to that of hemoglobin in the blood. 

Zopf looked upon the lipochromes as reserve products, but Miss New­
bigin (1898) has aptly stated that it is safer to admit merely that they 
often occur in association with reserves. Zopf, however, apparently 
limited his conception of carotin as a reserve substance to certain fungi, 
such as the Uridinere (rusts) and certain molds. The idea was bused 
upon his observation that the pigment seems to concentrate in the 
spores of these plants and later to disappear during germination. 
Kohl (1902j) accepted this idea and in addition stated that be believed 
that carotin acted as a reserve substance in the carrot root. 

Kohl has, in fact, given us the most comprehensive conception of the 
various roles which carotin may play in plant life. Primarily he be­
lieves with Engelmann (1887) that_ea_r.Qtin.Jiliares wi.tll. chlQroQhylL 

..lli1;L work of c_lIJ'bon <l,ioxide .assimilation, and that this lies chiefly in 
its~l!.e.rietlc:~lJBorption of a large part of the blue-violet rays of sun­
light:.. This light js t~ansformed into heat, a property which Stahl. 
(1896) believed anthocyanin and carotin shared, permitting the pig­
IDf\nt to act indirectly as a~ for various metabolic processe.s, 
jnd'udil!g_ the ~ic_~itr;;'n ~ifth~ atmosph~ric ~~~Il.dioxide. There 
can be no doubt that the spectroscopic ·prOPerties of the carotinoids are 
one of the stlW)n~est argrunents in favor of the view that they petform 
some definite function in the plant. Whether the ligbt absorbed is 
tra.nsformed as Kohl believes or wheth'l.r it serves Borne other purpose 
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is difficult to determine. Kohl (l906b) 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 Jortlie foti'lla­
tion of chlorophyll. 

The spectroscopic absorption properties of the carotinoids may serve 
the purpose of protecting the cell enzymes agaillst the destructive ac: 
tion of certain light rays, according to Went (1904). This theory 
has heen supported by Kohl (1900c) also, who states that he was able 
to establish experimentally that carotin. soluti=. exert a protective 
action towards diastase through their absorption of the violct and 
ultra-violet rays beginning about 420I'J.I. 

With reference to carotin acting in a respiratory role through its 
power to absorb oxyg-en;aS-s;ggested by Arnaud, Kohl Ti900rn-,b.lnks 
that it mllY so act in'the chloroplastids, but that no general respiratory 
role can ·be ascribed to it inasmuch as respiration is known to procee~ 
just as no=a11y in colorless cells as in those which are pigmente9. 
From a biological point of view Kohl believes that carotin shares 
with oUler pigments of flowers and fruits the function. of an ~e.ffective , 
lUre-for insects and bIrds and other animals, in connection with t,he 
spreading of seeds' and pollen. 

Willstatter and Mieg (1907) agree with Arnaud that the most likely 
functions of the carotinoids are related to their great atfuilty for'~,cy-' 
gen. They are inclined to regard the work of these pigments in the 
light of .oxygen :tra,!§fereIl_c~, 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 Willstatter and Stoll express the helief that an 
experimental demonstration is needed of the possibility of the caroti­
noids acting in such a role alone, inasmuch as it is a chemical function 
difficult to understand for these pigments. It would appear that Kohl 
(1906c) has already furnished a certain amount of evidence along this 
line, but this does not seem to he 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 assimiJa.. 
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tion, but that this ability is still lacking e\'cn ill such shools which 
have developed a considerable amount of green color, 

A somewhat different aspect to the possible function of the caroti­
noids in the chloroplastids is given by another theory of Willstiitter 
and Stoll in which it is supposed that the cal'bun dioxide as-;;;mil-ation 
18-' controlled by the equilibrium between the chlorophyll components 
a aDd b, and that this equilibrium is in turn controllcd by the caroti­
noids. The process, as imagined by Willstiitter, is as follows. Carbon 
dioxide is attracted by the affinity of the magnesium compounds. 
(chlorophylls) for CO., and is at once rcduced by chlorophyll a. 
Chlorophyll a is thereby oxidized to chlorophyll b. Carotin then with­
draws the oxygen from chlorophyll b, reducing it again to chlorophyll 
a, the carotin at the same time being oxidized to xanthophyll. The 
reduction of the xanthophyll to carotin, in order to complete the cycle 
of Willstatter's theory, is effected by a reductase. One difficulty with 
this theory is that Willstiitter himself, as he has pointed out, does not 
admit that carotin can be oxidizcd to xanthophyll. The ability of 
carotin to redu~e chlorophyll b and thereby become oxidized is un­
questioned; as evidenced by its strong reducing action on ferric salts. 
Xanthophylls, however, share this propcrty 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 algre, which lack 
this chlorophyll component. 

Ewart has recently (1915) attempted to show that ~arotin and xan~ 
thophyll can play a part in photo-synthesis. His expenmentS purport 
toSllOWtlititcarotm'ylelds ReIn) 'when'submitted to l>hoto-oxidaUo!1 
,iJI, a_~trea,Ill ofp~-:-oxygen Rllclthat xallthophyllyields both HeHO 
and sugar under similar conditions. In view of the fact that Ewart's 
'conceptionolxantllopliYli'i.ncludes the idea that it "is soluble in water 
and in any mixture of alcohol and water," and also since there is no 
assurance that his carotin was free from impurities, his results can not 
be given unqualified acceptance. In the same paper Ewart claims to 
have produced xanthophyll from chlorophyll, but Jorgensen and Kidd 
(1917) have shown that the "xanthophyll" which Ewart produced in 
his experiments was probably phaeophytin. 

The question of the origin of the carotinoids in plants, which is aug­
geeted bf Bwart's attempt to produce xanthophyll from chlorophyll, 
ill cloeeJy related to the question of their function. The fact that the 
earotinoids form in ~~."~ l'.~a~~.w1l!gl!.t..<!h\I)!0l>hyJUli Jut.rong.· 
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point in favor of their independent existence, but does not, of course, 
show that the chlorophylls and carotinoids do not arise from a com­
mon nucleus. From a chemical point of view the most likely sub­
stance which could thus give rise to both carotinoids and chlorophyll 
would be isoprene, C,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 contentof carrots increased during the formation orstai~ll' 
Irom sugar;Diit It is difficult to decide from this observation thllt the.. 
carotin plays any part in the process. These investigators (191Ob, 
1912) have also shown that ~he f_<C.l"lA!!ti.on of carotin.aIld Iycgpin in the 
ripening of tomato fruits is. coincident with the destruction of cliloro, 
phYlC·tubimenko (1914a) has concluded that the Iycopin 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 Iycopersicin (lycopin) formation 
are present together in the fruits which normally redden on ripening, 
but that the formation of the red carotinoid could be partially or com­
pletely suppressed by ripening the green fruits at a temperature of 
30° C. or above. At these temperatures the fruits ripened with a yel­
low color and contained only carotin and xanthophylls. The inhibition 
of the lycopin was found to be proportional to the temperature (be­
tween 30° and 37° C.), but was inversely related to the age of the 
fruits, the oldest fruits requiring a. higher temperature for the sup­
pression of reddening. The failure of the fruits to develop lycopersicin 
at the higher temperatures was found to be a true suppression, inas­
much as the red pigment formed rapidly when the yellow fruits were 
returned to a lower temperature. Duggar was also able to show very 
satisfactorily both by means of the microscope and the spectroscope 
that the lycopin which formed in these cases could not have been de­
rived from the carotin present. 

Duggar also made a study of other factors entering into the forma­
tion of the lyeopin 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 cases of oxygen exclusion 
even at a favorable temperature, but llssumed a greenish yellow, yellow 
or yellow-orange color with an accompanying loss of chlorophyll. 
Whether the latter colors were due to a formation of carotin llnd xnn­
thophyll in the atmospheres of hydrogen and nitrogen ~mployed, or 
whether the carotinoids were merely revealed by the deetruction of the 
chlorophyll is not clear. Observations were also made on the catalase 
activity of the fruits as well as their titrntnble acidity under the con­
ditions of lycopin suppression, with the result that it was found that a 
very low catalase activity and decreased acidity accompany the con­
,ditions which suppress the formation of the pigment. It is apparent, 
however, that these are not the only factors concerned. 

Possible Function in Animals 

A quarter of a century ago the majority of the bioloJlists accepted 
the idea that all the visible pigments of animals, including the lipo­
chromes, are essential products of the animal metabolism. The pre­
vailing theories of evolution looked upon animal colorations as factors 
in the existence of the species which had persisted solely for some 
useful purpose. The theories which described the function of the 
pigments in various terms, such as Protective Coloration, Warning 
Coloration, Mimicry, Sexual Attraction, etc., all had their followers. 
It is not our purpose to discuss these theories. One can find them 
both adequately defended and impartially criticized in the treatises 
current during the closing years of the past century. Suffice it to say 
that the writer does not possess a biological viewpoint which is suffi­
ciently developed along academic lines to appreciate "function" as an 
abstract attribute of living organisms. Function, to be real, according 
to his conception, must be concrete or physiological. Perhaps there 
are those who will regard this as going from one extreme to the other. 
If so, the explanation lies in the fact that this monograph deals only 
with animal pigments which are derived from the food. Such pig­
ments, if possessing a function, must be linked with the physiological, 
in this case the nutritional or metabolic processes of the body. 

We have seen in Chapter VII that great variation exists among dif­
ferent qecjes 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 o! view, to destroy the carotinoids 
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ingested and thus prevent their deposition in the tissues. This fact 
alone seems to argue against the carotinoids performing any general 
physiological function in animals; a priori, a substance of general value 
in nutrition would most likely have a general occurrence and would at 
least always be present in the animal body. The complete absence 
of carotinoids from the tissues and secretions of certain species of ani- . 
mals and their almost complete absence from others, even on diets rich 
in carotinoid pigments, furnishes a sufficient basis, at least from a teleo­
logical standpoint, for rejecting any theory that the carotinoids exert 
a physiological function in animal life. 

The writer became interested in this question from an experimental 
point of view in 1912, when it was found, in connection with the bio­
logical origin of the lipochromes of cattle, that the new-born calf of a 
highly pigmented breed of cattle showed an almost complete absence 
of carotinoids. This suggcsted 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 othenyise 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 Kempeter (1919a) were not designed, however, to show the rela­
tion between carotinoids and vitamin A. The writer dismissed the 
possibility of any such relation as the result of the experiment carried 
out in the winter of 1916-17 in which young chickens weighing 700 
to 750 grams were raised to maturity and exhibited normal fecundity 
on carotinoid-free rations. The successful termination of a later ex­
periment in this series, in which a flock of 50 chickens was raised from 
hatching to maturity on similar diets, showed conclusively for the 
first time that a species of animal which is normally pigmented ,!ith 
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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 rnte 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 ccrtain new associations of 
yellow pigmentation and yitamin A and were suggesting that the two 
were at least associated in some way. Although the statemcnt 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 pi~entation 
and vitamin A content of roots (Steenbock and Gross, 1919; Steen­
bock and Sell, 1922), maize (Steenbock and Boutwell, 191911), leaves 
(Steenboek and Gross, 1920), and peas ·(Steenbock, Sell and Boutwell, 
1921), as determined by feeding pigmented and colorless varieties of 
these plant products to albino rats. However, in stUdying the extract­
ability of vitamin A from carrots, alfalfa, and yellow maize by fat 
solvents, Steenbock and Boutwell's (1920b) results show that highly 
eolored extracts 1 do not exhibit the vitamin activity which would be 
expected if vitamin A is a carotinoid; and yellow maize, even after 
extraction with hot ether is sbown to have lost very little vitamin A, 
although there must haye 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 Steen bock's theory among animal products the correlation between 
pigmentation and vitamin content was so poor when comparing prac­
tically colorless codliver oil with butter fats of high and low color that 

.1 Drummon. and Zilva (1922) have substantiated tMII. Tb~y tlnd that only "very 
eUght" growt{!. m. rat£! is promoted by ft.1J much as 2 grams daily of the crude oU 
·ertraeted from Tellow maize by petroleuDl ether. This II a high proportion of the 
diet of )'Duug rats. 
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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 2 (1920) 
for butter fat and a large number of other fats and oils (including 
vegetable oils). It is of interest that colorless dog fat and colorless 
perinephritic pig fat were relatively rich in vitamin A. Miss Stephen­
son (1920) further corroborated this by decolorizing butter fat with 
charcoal without impairing in any way its vitamin content. This ex­
periment, however, requires confirmation, primarily because of the re­
markably small amount of charcoal which was used. As statsd in 
Chapter IX, the writer has not yet succeeded in duplicating these de­
colorizations with only 2.5 per cent of any decolorizing carbon which 
he has been able to secure. 

Further proof that vitamin A is not necessarily associated with 
carotinoids was furnished by Palmer and Kennedy (1921) who found 
that albino rats grew normally and reproduced on diets in which prac­
tically carotinoid-free ewe milk fat (containing 0.00014 per cent caro­
tin) furnished the vitamin A in the ration at levels of 5 to 9 per cent, 
and that similar results followed the use of carotinoid-free egg yolk 
produced by hens on diets made up of selected white corn, skim milk, 
pork liver (about 10 per cent) and grit. With the rations containing 
carotinoids, the best results were secured with only 0.126 parts 
of carotinoid per million of ration. This is very much less pigment 
than Drummond or Miss Stephenson fed to rats without success. In 
opposition to this result Steenboek, Sell, Nelson and Buell (1920) have 

,I PrevIous to this, Rosenhi!Im and Drummond (1920) were much attracted by the 
idea of an intimate relationship between earotlDoids and vitamin A, and abandoned 
it vers reluctantly when they were unable to e.etablish aD Jd&ntlt,y of ...,.jtamin A with 
either carotin or xanthophylL Van den Bergh, Muller and Broekmeyer (1&20) bave 
also supPOrted St:eeDboek'. tbeol'7. w:ltllQUt, however. 8ub1Dltttng It to es:perimeDtal 
ver11lcatlon., 
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stated that "carotin of constant melting point through a number of 
crystallizations was always found to induce growth in rats after growth 
had been suspended by a lark of fat-soluhle vitamin in the diet." It 
is not stated how much carotin was fed. The statement is followed, 
however, by the UBive a"sertion that, "ill spite of this it is not meant 
to infer that the fat-soluble vitamin is necessarily a pigment." In the 
same note, Sleenbock and his ,,,sociate. state that tll('Y have prepared 
crystalline acetyl derivatives of ('onstitucnts in the non-saponifiable 
vitamin fraction of the extracts from alfalfa hn~', without resultant de­
struction of the vitamin. This fact alone is incompatihle with tl caroti­
noid nature for vitamin A. These pi~ments 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 rrcent experiments of Coward and 
Drummond (1921) who find that the synthesis of vitamin A is associ­
ated with the formation of chlorophy II. Their results showing the pres­
ence of little if any fat-soluble vitamin in etiolated seedlings and red 
sea-weeds, which are certainly not wanting in carotinoids, but which 
lack chlorophyll, support our own conclusion thnt vil.amin A and 
carotinoids are not necessarily associated. The finding is of added 
interest because it shows that examples of this lack of association 
occur in the vegetable world as well as in the anim'll 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. 
Th~ writer suggests that the presence of appreciahle 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 vitafuill A, by limiting the pigmented part of the hen's ration to 
carrots, for the writer (1915) has shown that the feeding of carrots 
has little influence on the color of the yolks of hen's eggs. 
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An association of carotinoids with other vitamins than vitamin A 
and with the results of other dietetic deficiencies has also been sug­
gested. Wiehuizen and others (1919) called attention to the low lipo­
chrome content of the blood serum in the case of human beriberi and 
inferred a relationship between lipochromes and the antineuritic vita­
min by stating that animal and vegetable substances with a high 
lipochrome content also have a high anti-beriberi value. It hardly 
seems possible that anyone with a thorough knowledge of the distribu­
tion and properties of vitamin B could give this suggestion any serious 
thought. 

A somewhat different conception of the significance of carotinoids 
in nutrition is presented by McCarrison (1920) who noted that butt.er 
made from milk of cows on green feed, and therefore high in pigment, 
afforded greater protection against edema of the adrenals of pigeons 
fed on autoclaved rice than less highly colored butter fat made from 
milk of cows on dry feed. McCarrison suggests that the hypothetical 
anti-edema substance may be of the nature of a lipochrome, but his re­
sults can also be explained on the basis of the seasonal (dietary) varia­
tion in the vitamin A content of butter. 

We see from the foregoing 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 appearance of carotinoid pigments in certain of the visible 
skin parts of some species which absorb the pigments. One may per­
haps be justified in discussing these uses briefly in connection with the 
possible function of the pigments, although the function in these cases 
is in the service of man. 

Practical poultry men in this country have recognized for a number 
of years that a relation exists between the amount of yellow pigment 
in the shanks, ear lobes, beaks, etc., of hens of certain breeds of poultry, 
such as Leghorns, Plymouth Rocks, Wyandottes, and Rhode Island 
Reds, and their previous egg laying activity. When Blakeslee and 
Warner (1915a,b) and Blakeslee, Harris, Warner and Kirkpatrick 
(1917) made extensive biometric analyses of data collected to deter­
mine the character and extent of this relation it was found that a defi­
nite positive correlation existed between pale shanks, ear lobes, beak, 
etc., and a recent more or less large egg production. As the result of 
these studies ~rican poultry experts have made extensive use of the 
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appearance of the normally colored skin parts of these breeds of poultry 
at the end of the laying season for the purpose of culling out the un­
profitable hens. This method of determining heavy from light laying 
fowls is not applicable, of course, to the breeds of poultry, such as the 
English Orpingtons, which never show yellow pigment in the visible 
skin parts, although normally their adipose tissue and egg yolks arc 
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 rajsing a flock of pigmentiess White 
Leghorn fowls to maturity, the females showing normal egg laying Be­

tiv;ty. It was found that xanthophyll appeared in the skin of non-lay­
ing fowls within a few days' after feeding xanthophyll-containing 
foods, hut that no pigment whatever appeared in the skin, and almost 
none in the adipose tissue of the hens which were laying, although only 
moderately (two eggs or less a week), even after a month on xantho­
phyU-rich diets. The blood serum and egg yolks r.ontained an abun­
dance of xanthophyll. It was also found that when pi~ented 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 
II normal replacement of epidermis cells by the columnar pigmented 
cells of the Malphigian layer from beneath which carried less and less 
pigment because the supply of pigment in the food had been cut off. 
The fading of a highly pigmented' skin is very gradual and usually re­
quires several months in the absence of carotinoid from the food or in 
the case of egg laying. 

The collective data were interpreted to mean that the fading of the 
skin during egg laying is the result of the deflection of the xanthophyll 
of the food to the ovaries, resulting in a cutting off of the pigment 
which would otherwise be excreted by the skin, the net result being the 
same as if the xanthophyll was no longer being ingested in the food. 
The writer ~lillves that a continuous formation of ova, but not neces-

aln ODe ease the color was dlatlnetb' visible tn 72 h.our. after xanthophyll was totro-
4_""", tlI<> raU .... 
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sarily with great frequency, is required to prevent the excretion of 
xanthophyll by way of the skin, and thus brings about a gradual fading 
of the visible skin parts. Whether there is a mohilization 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 xanthopllylJ tD 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. Nevcrtheles~, it might 
be worth while to investigate the relation between this whole phenome­
non and the more recent interpretation of the effert of Nile blue on 
the pigment granules in the epidermis of the chicken skin, namely, that 
the pigment is transported there in association with fatty acids. It is 
possible that the concentration of the fnt synthesizing powers of the 
hen in the ovaries during egg laying prevents the secretion of latty 
acids by the blood capillaries and thus causes a concentration of xan­
thophyll in the fat laid down in the ova. This docs not explain, how­
ever, why Sudan 111, 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 (11'198), 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 tat 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 DWll 
needs but also for the reproduction processes for which the jDurney is 
taken. Essentially this view of the phenomenon was adopted by Miss 
Newbigin. 



FUNCTION OF CAROT/NOIDS IN PLANTS, ANIMALS 275 

For three-quarters of a century the breeders of Guernsey ('nttle, one 
of the Channel Island dairy breeds, have laid great emphasis upon the 
fact that under comparable conditions the milk and butter from tb~ 
cows has a higher yellow color than is produced by any of the oth .... 
known breeds of dairy cattle. It is also generally recognizcd by the 
breeders of these cattle that a higb yellow secretion by the skin is re­
lated to the production of highly colored milk and bntter. The"e yel­
low secretions are nsnally localized at certain parts of the body, espe­
cially in the ear, on the end of the tail bone, lind 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 body men­
tioned. In judging bulls a similar allowance is made for higb color in 
the ears and on the tail and body generally as indicating the ability of 
the animal to transmit the production of highly colored milk to the 
offspring. Jersey cattle show the same characteristics but not to so 
great an extent. It should be stated, however, that tbe 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 tbe breed would lead one to believe. Hill (1917) states 
that on the Island of Guernsey itself there is a marked difference be­
tween the color of the butter brought to market from different herds. 

There is also a general feeling among the Jersey and Guernsey cattle 
breeders that abundant yellow secretions localized on the body indicate 
large producers of butter fat. Hooper (1921), who tried to correlate 
these ideas from observations which he made on about 160 animals, 
could find no relation between either the amount or color of the 
secretions and the production of either milk or butter fat, using yearly 
production records as the basis for his conclusions. The general idea 
is seen to be quite the reverse of the relations found to exist between 
the color of the skin of fowls and egg production. As a matter of 
fact if the phenomena of milk production, especially of milk fat pro­
duction, and egg production are related physiologically the correlation 

, between the production of milk fat and the color of the skin secretion. 
should be between high production and low skin color and not between 
high production and highly pigmented skin as the breeders of Jersey 
and Guernsey cattle seem to think. Furthermore, by analogy with 
the hen, the fresh cow or the dry cow is not suited for jUdging the fat­
producing ability by the amount or color of the skin secretions, but 
rathet: only the cow at the close of her . lactation period. So far as 
the writer has been IIble 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 II 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 phalSe of experimental biology and hiochemistry. 
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 know ledge regarding these pigments which are 
so abundantly distributed in so many plants and animals is certain to 
prove a profitable as well as an interesting undertaking. Who can 
predict the magnitude of importance of the discovery which lies just 
beyond the horizon in this or any other expedition in the search after 
truth? 

'Summary 

The functions of the carotinoids in plant tissues have not been defi­
nitely determined. The various theories which have heen advanced 
include the following; 

(I) Carotin plays a role in plants similar to that of the hemoglobin 
of the blood (Arnaud). 

(2) Carotin acts as a reserve substance (Zopf, Kohl). 
(3) Carotin shares in the work of CO. assimilation by acting in­

directly lIS a catalyst for the decomposition of atmospheric CO. 
through its absorption of light energy which it helps to transform into 
heat (Kohl). 

(4) CarDtinoids protect cell enzymes against the light rays which 
they absorb (Went, Kohl). 

(5) Carotin in 1lowers and fruits acts biologically as II lure for 
insects, birds and other animals, in eonneetion with the spreading of 
pollell. aDd ~ (K~). 
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(6) Carotinoids help regulate the oxygen pressure in plant cella 
through their great affinity for this element (Willstiitter and Mieg). 

(7) Carotinoids help control the CO, assimilation by controlling the 
equilibrium between chlorophyll" and chlorophy 11 b \ W illstii.ttcr and 
StQl1). 

(8) Carotin and xanthophylls playa part in photo-synthesis because 
they are believed to yield HeHO on photo-oxidation, xllnthophyll also 
yielding sugar (Ewart). 

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

The factor for lycopin formation in tomatoes can be suppressed at 
30° C. or above, the fruits forming only carotin and xanthophylla. 
At lower temperatures all three types of carotinoids are formed. Syn­
thesis of lycopin is independent of light but depends upon oxygen, and 
is depressed by the conditions which accompany low catalase activity 
and decreased acidity. 

The author believes that if the carotinoid pigments in animals pos­
sess a definite function, this function must be linked with the physio­
logical processes of the body, inasmuch as the carotinoids are derived 
from the food. There are a number of general facts, however, which 
indicate that these pigments play no definite role in nutrition or in 
metabolic processes, at least in the higher animals. 

A critical review of the theories regarding the possible relation of 
carotinoids and vitamin A leads to the conclusion that the substances 
cannot be identical. It appears that there is a fairly definite correla­
tion between the occurrence of carotinoids and vitamin A in plant 
tissues but not in animal tissues or in animal fats. Animals, there­
fore, possess the power to separate carotinoids and vitamin A. Ex­
periments are suggested whereby this fact can be further substantiated. 

Xanthophylls in fowls have a definite function from the standpoint 
of practical utility in that there is a correlation between low pigmenta­
tion of the visible skin parts of certain breeds of fowls and high egg 
production. The cause of this phenomenon is a selective mobilization 
of pigment in the ova during egg production, preventing its excretion 
by means of the skin. An analogous phenomenon occurs in the sal­
moD. du;ing their fresh-water migration tQ the spawning beds. 

It is geAeralIy 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 possihility 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. 
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(1' and n" :xanthophylls of Tswctt., 44. 
Abie8, 65; Abivs e.rceh<a, 52. 
Abutilon Darwinii Hook, 72; Abutilon 

m(;gopotamicu'ln, 73; Almtilon nCT­

VOBUm, 54, 73. 
Acacia leaves, carotin content of. 249. 
Acenaphtylene, a nOll-carotin01d hydro­

carbon pigment, 21, 235. 
Acerata, 161. 
Acer campestris, 58; Act'r platanoide,'{, 

58, 249; Acer pSf'udopiatanus, 36, 58, 
249. 

Achinophlocus angmlijol£u8 Decc., A. 
macarthurii Beec., 77. 

Achnanthid£um la1lccolatum, 107. 
Acidity, relation of to lycopin forma­

tion in tomatoes, 267. 
Acid microchemical crystallization 

method, 51. 
AdIpose tissue, color of in laying caro­

tinoid-free hens after xanthophyll 
feedinf{, 273; pigments of, 14, 132, 
133, 151. 

Alligator, yellow pigment in skin of, 
150. 

Allium siculum, 74. 
Alnus glutinosa, 58. 
Aloes, 58; Aloe VeTTUcosa, red caro­

tinoid in winter lea.ves of, 65, 72. 
.4.lyssum saxatile, 73. 
Amorphous carotin, effect of admixed 

lipoids on solubility of, 218. 
Amorphous xanthophyll, effect of ad­

mixed lipoids on solubility of, 225. 
Ampeiopsis hederaceae, 78. 
Amphibians, carotinoids in, 148, 149, 

153. 
Anabaena /los aquae Bub., 111. 
Arlemalocera Patersoni, 164. 
Animal fats, color and vitamin content 

of, 270. 
Animal tissues, color of carotinoid 

granules in after staining, 245-247 i 
effect of oxidation OD, 246; identifi­
~atiDn of carotinoids in, 242-247 j 
state of carotinoids in, 242. 

Adipose tissue pigments, 
on origin of, 190. 

experiments Annatto seeds, pigment of, 15, 21; ef-
fect of feeding to fowls, 22, 138. 

Adipose tissue, quantitative estimation 
of carotinoids in, 258, 

Adonis vernalis, '73. 
Adrcnnls, caJ'otinoids of, 133. 
Adsorption properties of carotinoids, 

43, 219, 226. 

Antedon rosacea, 167. 
Anthocyanins in autumn leaf colora-

tions, 57; in flowers, 66, 67, 68. 
Anthoxanthins in flowers, 66. 
Apanteles flaviconchae, 186. 
Aphidoluteine, 158. 
Aphids, anthocyanin-like pigment in, Aecidia spores, 114, 116. 

Aesculus hippocastanu7n, 58, 62, 117, 158; carotinoids in, 158, 171. 
249, 255. 

Aethalium 8cpticum, 119. 
AJzelia Cuazcnsis, 86. 
Agleonema commutatum Shott., 78. 
Agleonema fruits, carotinoids in, 77. 
Ailanthus gladu/osa, 251. 
Albizzia Julibrissin, 251. 
Alder, black, autumn pigments of, 58. 
Alfalfa leaves, pigments of, 45. 
A1Jonsia olei/era Humb., 77. 
Alizarin, use of for quantitative esti­

mation of carotinoids, 253. 
Alkalis, effect of on cbloTophylls, 32; 

on carotinoids, 32, 219, 225, 231. 
Alkali microchemical crystalliza.tion 

method, 541 52, 54, 241 ; non­
specificity o.t. for earptin, 59. 

Apiysina aerophob., 170. 
Apricot, carotinoids in, 76. 
Aprosmictus melanuT'U8 .. 143, 145. 
Aralia, 58. 
Araroth, red pigment in feathers, 143. 
Arils, carotinoids in, 86-88, 90. 
Arbor Vitae, autumn pigments of, 59, 

66, 216; carotin and xanthophyll con­
tent of, 251. 

Archonthophoenix Alexandrae H 
Wend!., 77. 

ArB~ punicea Pel'S.~ 119-; A. nutan& 

Areca Alicae W. Hill, 77. 
Arenicola piscatonum, 168. 
Armeria vulqaria, 74. 
ArnogloSBus mellaotomtJ, 147. 
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Arthcrina presbyter, 147. 
Arum italicum, 79 j Arum orientale, 77. 
Arundinaria japonica, 251. 
Asclepias Cura.ssaV"ica L., 72. 
Ascobolus species, 116. 
k~comycctc:;;, 116-118. 
Ascophyllum nodosum, 95. 
Ash, autumn pigments of, 58, 60. 
Ai.h, mountain. pigment of red autumn 

leaves of, 56; carotinoids in fruits 
of. 81. 

Asparagus berries, carotin in, 77. 
Al>pergillus gigantcus, 119. 
AsphodeJ, carotin in flowers of, 72. 
AsphodelU8 cerasijcr L., 72. 
Aslacu,s fiuviatiiis, 162; Astacus no· 

bil;.<, 164. 
Ast{,T species, 73. 
Asteracanthion glacialis, 166. 
Asterina gibbosa, 166. 
Asteroids, 165, 166. 
Astrogriseine, 167. 
Astrospecten aurantiacus, 166. 
Astroviolettine, 167. 
Astroviridjne, 16.5, 167. 
Atropa beaadonna, 74. 
Aucuba japonica Thunb., 54. 
"Ausschuttelungs" method of Kraus, 31. 
Autumn leaf pigments, 31, 33, 55-66; 

as due to chlorophyll migration, 56; 
as due to non-carotinoids. 57; plu­
rality of carotinoids in, 59-64} 89. 

Autumn leaves, difficultiL~ of deter­
mination of carotinoids in, 256. 

Autumn reddening of lcaves, 65, 66, 
90. 

Autumn-xanthin, 60. 
Autumn xanthopbylls of Tswett, prop­

erties of, 62; relation of to carotin, 
63. 

A vena satita, 88. 
n' xanthophyll of Kohl, 41; in autumn 

leaves, 61; of Tschirch, 59; of Tswett, 
44,45. 

Azulene, a blue hydrocarbon, 236. 

Bacteria, carotinoids in, 119-122, 123. 
Bacteria, study of carotinoids in as 

means of establishing function, 93, 
119, 124. 

Bacterium Chrysoglaia, 120, 121; B. 
egregium} 120, 123; B. prodigiosus, 
120; B. xanthinum, 120. 

Bacillariea, 106-108. 
Balsam apple, carotin in flowers of, 

~~ ~:= ~:;:U\~c~;~9:m~ :a~! 
tin in, 76. 

Balsam, pigment of etiolated leaves, 52. 
Balstmoina horteM., D. C, 52. 

Uarberry leav('s, red autumn pigment 
of, 56; fmit!:1, c.arotinoids. in, 76, 

RarlE'Y I(,Rvcs, etlOiat{'li, J)I~mcnts of, 
52;. harIf'Y grain, carotinoHis ill, 88. 

Bangia spt'cif'.'1, 101. 
Brmgiaic,r.;, 101. 
l-Jrlrhu~~ flul'iatill:~, 147. 
Uas'uiiomllce(f8, 113-116, 123; ehryS()oo 

phlUlH' ffCid in, 22. 
Balr(u:ho,~p('rmum 7IIOTlill'ioTYIl(" 100, 

101. 
Ratracian$, 149. 
Bpan lem'e5, carotin conh'nt of, 249, 
Bpech. carotin in ,YC'Uow Itltltumn leaves 

of, 59; autullm-xanl,hin in, 60. 
n('(~t, red (!3fia ?"ul(jllris) , red pigment 

of chUDtrmg to yellow, 28; quant.ity 
of cuxotln in lCttv<::~ of, 249, 

Bf'ctle:'1. ca.rotinoid8 in tegument of, 
158-160, 171. 

Belladonna, pi~nl{'nt~ in flowf'f8 of, 74. 
Bdlwort, carotinoids lU flowers of, 74, 
Udone rostrata, 147. 
Ih riJrris 1'ulgaris, 56, 76. 
B('tuia alba, 58. 
Betula species (Birch), 54. 
Bl'llzene, . part pbyed by in Kraus 

separatIOn, 31, 32. 
Bilirubin, 23; in blood E"ctum, 128, 129. 
Birch, carotinoids. in naturally yellow 

If\aVt~8 of, 54; In autumn leaves of, 
.58. 

Hmis, carotinoids i~. 137-145, 152; prob­
lems in COnDl'ctlon with, 137, 138; 
retinal pi~mcnts of, 140-142, 152. 

Birds of plLmdj~e, pigmf'nts in feathers 
of, 143-145. 

Bird-of-Paradise flower, carotinoids in, 
74. 

Bittenrweet, climbing, autumn pigments 
of, 58; pigments in fmit of, 81. 

Bixa orellana, 21. 
Bixin, pigment of annatto sceds, 21; 

('om position and properties of. 22; 
effect of feeding to fowls, 22. 

Black Bryony, carotinoids in fruit of, 
80. 

Bladder Senna, carotinoicis in, 73. 
Blazmg Star, carotinoids in, 74. 
Blood algae, carotinoids in, 92, 103-

106; factors governing pigment for~ 
mation in, 105, 

Blood exudates, haematoidin in, 23. 
Blood serum carotinoids, effect of diet 

~f' dls~~~~hi!:Of~:'bt~~b~~\~~ 
manner of carrying, 207, 208; meth­
ods of extraction, 'liYl. 

Blood serum of cattle, xanthophyll in, 
1:19; 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, a.bsence of ea.rotinoids 
from, 129, 151; of various mammals, 
pigments in, 131, 15l. 

Blood serum, pigment of, 14, 15, 12'1-
131, 151; quantitative estimation of 
carotinoids in, 259, 260 .• 

Blue-green algae, carotinoids in, 110-
112, 123. 

Blue hydrocarbon, 236. 
Blue pigment of Crustacea, transfor~ 

matioD of into lipochrome, a col­
loidal phenomenon, 165. 

Bombinator igneus, 150. 
Bombyx man, 157. 
Botrlldium, 104. 
Box tree leaves, carotin content of, 249. 
Bracket fungi, carotinoids in, 113-114. 
Brasaica oompcstris L., 29, 87; Bra8sica 

nigra, 87; Brassica olei/eTa, 249; 
Bra~81.·ca Rapa L., 29. 

Brittle..gtars, carotinoids in, 165, 167. 
Broom flower. xanthophyfis in, 72, 73. 
Bro'U,Ssonetia papyri/ea, 58. 
Brown sea~weeds, carotinoids in, 93-

100, 122; isolation of carotinoids 
from, 215. 

Bryonia dioica (Bryonyl, Ilarotinoids 
in fruit of, 75. 

Buckeye, autumn pigments of, 58, 62. 
811./0 calamita, 149; B. viridia, 149, 185; 

B. vu.lgaris, 149. 
BUglI, carotin in, 158, In, 177. 
Buguia neritina, 168. 
Bulbine 8emibarbata, 74. 
Bulbochaete, 104; Bulbochaete .eli-

geTa, 104. 

~::lffi~ i:t~~i~!~hl~, m: 
Buphthalmum aoliciJolium, 73. 
Butter, pigment of, 14., 131, 132, 151; 

.seasonal variation of anti-edema sulr 
stance in, 272. 

Buttercups, cryst&J.line carotin from, 
69; cause of oily appearance of, 69; 
xanthophylls in, 73, 74. 

Butter fat, carotin and vitamin con­
tent of, 269, 270; elfect of decolon. 
ing on vitamin eon~nt of, 270; ex­
periments on origin of color of, 19o.. 
192, 197; quantitative estimation of 
carotinoids in, 258, 260. 

Butter f.t carotin, adsorption of by 
charcoal, 219. 

Butterfiieo, wing colo ... ~f, 1M, lllli. 
Butterlly larvae, earotinoioa in, lM-168, 

171; pupae, earotinoida in, IM-lliB, 
111. 

Buxus sempenirens (box tree), red 
winter pigment of, 65, 249. 

B. ~thophyll, 40-42; blue color re­
action of with acida, 40, 42; acid 
derivative of in autumn leaves, 61. 

fJ X4nthophyll of Kohl, 44; in autumn 
leaves, 61; jn diatoms, 107 i of 
T8chircb, 41, 54, 59 j of Tswett, 44, 
70. 

Cacalia coccinea, 73, 
Cacat1.U'o roseicapiUa., 144. 
CalabaziHe., carotinoids in flowers of, 

73. 
Calceolaria rugosa Hook" 72. 
Calendula Grvens1.s L., 72 j Calendula 

officinale IJ" 69, 72. 
Calf blood, absence of carotinoids from 

new born, 129, 267. 
California poppy, 68, 74. 
Callithamnu-m hiemale, 101. 
CaUopeltis quadrilineatis Pallas, 150. 
Calocera VisC080, 114, 115; C. cornea, 

114, 115; C. palmata, 114, 115. 
Calothri:c species, 111. 
Caltha polustriB, 73. 
Calurus aun-ceps, 144. 
Calyptrocalix spicatU8 Blume, 77. 
Camaelon vulgaris, 150. 
Camelon skin, ca.rotinoids in, 150, 153. 
Catnouflage, carotinoids and detection 

of,7. 
Campethera n'Ubica, 145. 
Canary bird, xanthophyll in yellow 

fe.thers of, 145; elfect of feeding 
cayenne pepper to, 187, 197. 

Cancer pagurus, 164. 
Cannabts 8atii-'~ 52, 87, 249. 
Capillary method. of pigment analysis, 

70. 
Capsicum annum, 69, 82, 188. 
Cambus auratm, 159. 
CardimJlis virginianus, 144 . 
Cardinal, pigments in feathers of, 143, 

144. 
Carotene, ... spelling for carotin, 19. 
Carotin-aibumlD complex in blood, 15, 

128; method of isolation of, 208, 209; 

~c:= :fp=m~~=~ :Ui: 
192; significance of in formation of 
milk fat, 209. 

Carotin, adsorption by mercury salts, 
16; alleged oxidation of to xantho­
phyll, 264; chromatophor group ill, 
235; extraction of from pIanfB, 251, 
252; general properties of. 25-28; 
hydrocarbon nature of,26-28; iodine 
derivativ... of, ZT, 233, 2M; is0la­
tion of from animal. fat, 2M4Qai 
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from blood serum, 2Q6..209; from 
carrots, 25, 26, 2QO...202 i from ~n 
leaves, 202-204; microchemical Iden­
tification of in plant tissues, 241; 
odor of, 26, 232, 23J; pOll8ible relA­
tion of to cymenes, 235; pronuncia­
tion of, 9; relation of to xanthQ.. 
phylls, 24; relationship of to vita­
min A, 269-271; separation of from 
xanthophyl1s, 252, 253; specific ro­
tation of, 233; structure of, 234, 
235. 

Carotin content of various plants, 249, 
251, 25.5. 

Ca.rotin crystals, color and form of, 
232; color reactions of, 233; effect of 
oxidation on solubility of, 218; ha.lo­
gen derivatives of, 233. 234; oxygen 
ab$orption of, 233; solubility of, 232, 
233. 

Carotin fUDctloD in plants, as aid in 
photo-synthesis, 265, 277; as enzyme 
protectors, 264, 276; as lure for in­
sects, etc., 264, 276; as regulators of 
oxygen pressure, 264, 277; as reserve 
substances, 263, 276; as respiratory 
pigments, 263, 276; in COl assimila.~ 
tion, 265, Zl7, 

Carotin solutions, effect of Bcids on 
color of, 219; relative color of com~ 
pared to xanthophyll, 225; proper~ 
ties of, 218-222. 

Carotinemia, 194. 
Carotinins, basic compounds of, 19, 24, 

117, 118; in bacteria, 121; in beetles, 
171; in blood algae, 105, 106, 123; in 
cup fungi, 1l~; in Euglena, 110, 123, 

C~~~~~~~r~nO~f9 t~tti~:iiit;· : ~~~ 
for animal lipochrome~:l, 20. 

Ci~:n~-ir~;hli:i e:r:~~:~o:i~l 
with xanthophyll-rich feeds, 193. 

Carotinoid-free egg yolk, vitamin con­
tent of, ZlO. 

Carotinoid-free mammals, 195; possible 
cause of, 196. 

Carotinoids, decline of in leaves in aU~ 

i~nin6~o!!;s,fa:75! i~ f~::i1~ 
85, 90 i origin of in plants, 266; 
quantitative estimation of, 248-261. 

Carotinoids of animals, chemical rela­
tions of to ca.rotinoids of plants, 173-
181; biologieal relations of to caro­
tinoids of 'plants, 182-198. 

Carotinosis, 1351 
Carpellary tilisl!e of seeds, pigmenlil of, 

00. 
Carpia ... Betulua, 58. 

Carrots, cat'otin content of during 
etareb formation, 266; effect of ieed-

~ftc~ ~{'\(:edin~ol~~ h~!'sut~~ I c~~~~ 
of egg yolk, 193, ZlI. 

Carrot root, pi(tment' of as the first 
crystalline carot.inoid, 18, 25; nn­
thophyll ill. 28, 45, 88. 

(,(!~~'idac. 158. 
Cat blood, effcct of injecting xant,ho­

phyll on pitz;111Cnu, of, 131. 
Clttnlll~-C, r('lation of to Iycopin for~ 

mat-ion in tomatoes, 267. 
Caterpillar, lack of lipochrome in bhlc­

mut.ant, 186. 
Cat.erpillal'8, carotinoids in, 156-15..~; 

color in tegument of influenced by 
food. 188. 

CRterpillar CI-tIPl. pigment of derived 

C:~~~jJf::h~!~~r~~~·MSocjf\t.ion of 
carotinoid in with protein, 156; 8ex~ 
ual difference in pigmf_~ntatioD of, 
157. 

Catin(l(l, cocruleu., 144. 
Cattle, color of skin secretion in re~ 

lation to fat production, 2'7!J; skin 
color of as afiect('d by breed, 275. 

Cave animals, color of in relation to 
cave plants, 186. 

Cedar, red, autumn pigments of, 59. 
Celandine poppy, carotin and xantho-

phyll. in, 72. 
CelastM1.8 scalldrm, 58. 
C. Elpenor, 157. 
CLphaleuhu; albidus, 104; C. minimus, 

104; C. (MycoUiea) lea,.", 104; C. 
parasiticu.s, 104; C. 8olutus, 104. 

Cf'phalothcciufn, 119. 
Ceramium rubrum, 101; Ceramium dia­

phanum, 101. 
Certhiola mexicana, 145. 
Certium tropia, 108j C. f'U,SU8, 108; C. 

JUTeo, lOS. 
Chantramia species, 101. 
Chara fragilia, 102. 
Charales, 102. 
Charlock, white, xanthophyHs in, 73. 
Cheironthus cheira L., 72. 

g~~:a~i:~h~~t~l ~f, ~'; Pitanga or 
Surinam cherry, anthocyanin and 
carotiooids in, 16. 

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, 

2(9. 
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Chinese Lantern Plant, carotinoida in 
flowers of, 74; in fruits, SO. 

C hlorella protothecoid .. , 104; C. barie-
gata, 104. 

Chlorine derivative of carotin, 26. 
Chlorogon In etiolated leaves, 49. 
Chloronerpes autulentu8, 145j O. Kir-

kii,145. 
Chlorophane in bird retinas, 141; prop­

erties of, 141. 
Chlorophyceae, 101, 102-106, table 

showing species containing carotin­
aids, 104. 

Chlorophyll, sepa.ration of from yellow 
pigments, 30, 31, 226-228, 252. 

Chlorophyllins in brmvn algae, 97. 
Chloroplastids, pigments of, 29-48j 

plurality of carotinoids in, 30-48, 41, 

C~fe::~ome in mollusc livers, rela­
tion of to bilirubin and lipochrome, 
167. 

Cholesterol, removal of from unsa-
ponmable matter, 206. 

Chondrosia renijormis, 170. 
ChondMJ.8 cri8pu.'l, 100, 101. 
Chorda filum, 96. 
Chromatogram, description of, 43, 226; 

pronunciation of, 9. 
Chromatographic analysis of chIaro­

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) Rosa-

rwjii, 109. 
Chroococcaceae, 111. 
Ch'1l8anthem'Um~ 72; Chrysanthemum 

Jrutescens, 73. 
C'hryaoehlorophyll, 109. 
Chryaoehrome, 109. 
ChryoomeZa polita, 159; C. varians, 

159. 
ChT1/8Omelidae, 18, 159. 
Chryoomonidina Stein., 109. 
Chrysopharuc acid, 21; in fungi, 22. 
Chryaophyll, 33, 36, 40, 42, 173; rela-

tion of to carotin and xanthophyll, 
34. 

Chrysoptil ..... punCtigula, 145. 
Chryaoquinone, 104. 
Chryaot&nn.i.s in autumn leaves, 60. 
Chryaoxanthophyll, 109. 
Chytridi1<m, 118. 
Cinnamylidenindene, a non-carotinoid 

bydrocarhon pigment, 21, 236. 
C~ _ .... 1I7,,1Jl!. 

Cin-otullJ8 tentacuJatWJ, 168; C. cU· 
mim, 168. 

Cis1tus quinque/olio, 249. 
Citrus aurantium, 81. 
Citrus li1OO7lum, 78. 
Cladophora glomerata, 104. 
Clavaria /UJJi/ormis, l!3. 
Clematis vitalba, 251. 
Clitia miniata, Regel, 73. 
Clivias, 76. 
Club Moss, autumn pigments of, 59. 
Clupea narengus, 147. 
Clythra quadripunctala, 159. 
C occinella qu.~nquepunctata, 159; C. 

seplempunctata, 159. 
Coccinellidae, 18, 159. 
Cocoons, relation of color of to caro­

tinoids in insects, 186. 
CQcospongia, 170. 
Codliver oil, color and vitamin con­

tent of, 269. 
Coelenterates, lack of carotinoids 

among brilliant colors of, 169. 
Colaptea auratus, 145; C. olivaceus, 145. 
Coleoptera, 155, 158-160. 
Coleopterin, 159, 160. 
C oleospoMum pulsatilla Strauss, 114. 
Coleus, pigment of, 15, 54. 
Colios (Eurymus) Philadice, 186. 
Colloidal carotin, 218 j colloidal xan-

thophyll, 225. 
Colloidal phenomena involved in blood 

serum carotinoids, 131. 
Colloidal state of carotinoids in cer­

tain solutions, 43, 89. 
Color, structural vs. pigmented, 7. 
Colostrum milk, pigments of fat of in 

various animals. 132. 
Coltsfoot, xanthophylls in, 73. 
C olul .. media, 73. 
Cone Flower, carotinoids in, 74. 
Conifers, 58. 
Conjugatae, 104. 
Convalaria maial;', 58. 

~~:Ri='o~~~ioE' 164. 
Coriosulfurine, as cause of yellow 

feathers, 144, 145; relation of to xan­
thophyll II, 145. 

Corn, pigmentation and vitamin con­
tent of 269. 

Corn, yei.iow, carotinoids of, 87, 91; 
elI'ec! on color of butter of feeding 
to cows, 191. 

Corpus luteum, pigment of, 14, 23, 
125-127, 150, 151, 1n-179, 160; prop­
erties and isolation of, 178, 179. 

Corydalis lutea D. C., 73. 
Caryl ..... AvelUma, 58. 
CotDin, 21. 
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Cotoneasters. 76. 
Cottonseed meal, pigment of. 21. 
Cottonseed oil, pigment.."l of, 87. 
Cowslip, carotin in, 72; xanthophyUs 

in, 73. 
Crab, pigment in, 7, 161-165. 
Crab blood, pigment of. 161, 162. 
Crab eggs, vitellolutein and vitello-

rubin in, 162. 
Crampton-Simons palm-oil test, a test 

for earotinoids, 79, 220. 
Cratacgus crus-galli (Cock"pur thorn), 

lutein in fruit of, 75; Cralac(J1Uf, pi1/;­
flGtijida, 58. 

Crayfish, carotinoids of, 161, 162, 164, 
165. 

Cress, garden, pignwnt of etiolated 
leaves of, 52. 

Cribella oculaia, 166. 
Crinoida, 165, 167. 
Cryptonemiales, 101. 
Crocin,22. 
Crocitin, 22. 
Crocus Bativus, 22, 74. 
Croton ovalfolill .. ~ VahL, microchemical 

crystals in yellow spotted leaves of, 
55. 

Crown Imperial, carotinoids in, 73. 
Crustacea, carotinoids in, 161-165, 171, 

179, ISO, 181; experiments on influ­
ence of color of food and surround­
ll;tgS on, 189; non-carotinoids in, 154. 

Crustaceorubin, 23, 161, 165, 186. 
Cryptogams, carotinoids in, 92-124. 
Cryptomeria, 58. 
CucumiB citrullis, 78; Cucumis melo, 76. 
Cucurbita /oetism..ma, 73;, Cucwbi.ta 

melanosperma A. Br., 73; Cucurbita 
pepo, 36, 78. 

Cup fungi, carotinoids in, 116-118. 
Cup Plant, carotinoids in flowers of, 

74. 
Cupres8U8 Naitnocki, 59. 
Cutle;"a multifida, 96. 
Cyqnophyceae, 110-112. 
Cyan.ophyll, 32, 34; yellow pigment ac-

companying, 37, 54. 
Cyclo8p!)rales, 95. 
Cymatopleura salea, 107. 
Cymbyrhinchus makrorhynchus, 144. 
Cyphomandr4 betacea, 75. 
Cypress, autumn pigments of, 59; bald 

cypress, 68. 
Cyprin ... aurat'US, 147; C. CarpW, 147. 
Cypripediu.m J3oxolii, C. insigne, C. ar-

_,74. • 
CI/'toseira abi-otcmifolia, 95. 
C~m purpurascem, 101. • 
CI/f. ...... I<Jbumum L., 72, 73; CIIt ...... 

MJ(Iittalill Koch, 73. 

Dab, carotin in skin of the, 147. 
Dacromyces st.iliatus, 114, lUi. 
Dau.cuB «arota, 18, 25; vflJ'iety 80;"'" 

sieri Schu.'Cin/urth, anthooyanina in. 
28. 

D~1~~~' ~;~l~~n::' i~;E'~~~~~!if:::! 
of, 52, 53; xllnthophyl1$ in, 73. 

Dag~('r-8tllb pigl'on of LUJon, looncry­
thrine in red fcathers: of, 144. 

Dand('iion, 69, 70; carutin in, 72; xan-
thophyll. in, 73, 74. 

Dandruff of horse, carotin in, 135. 
Datura stramonium, 249. 
/)(·j{f'IIS!:ria 8angl£in('a, 101. 
IJl'ndrobi1.tnt thrysijlorum Rchb. fit, 72. 
Df'smareslia acuieata, 95. 
Diabetes, curotinoids in blood in, 207; 

exc('~i\'(' skin coloration following 
carotinoid-riCh diet. 136, 151; ex­
planation of. 137, 151. 

Diaptoma, 18. 
Diaptomin, 23, 162. 
DtaptomuJJ bacilli/cT, 162, 183; Diapto­

mus Ca.~tor Jurine, 183. 
DiatomnCI'ae (cliatollIS), carotinoid! in, 

106-108, 122. 
Diatom;n, 107, 108, 100, 183. 
Di-biphenylcnathene, a non-C!lrotinoid 

hydrocarbon piJZ:mt'nt, 21, 235. 
Di-carotin, 159, 177. 
Diclyopteri~ polllPodioides, 96. 
Dietyota dichatoma, 96. 
Digestion, effect of on carotinoids, 196, 
Dino/lagellata, 108. 
Dinvphysis acuia, 108 j D. leauill, 108. 
Dioscora balatas deen., 58. 
Discomycetes, 116, 117, 123. 
Ditiola radicata, 114. 
Dog Rose, lycopin in fruit of, SO. 
Doronicum pardalianthc8 L .• 72; Do-

ronicum Columnae Tenore. 73; 
Doroniewm plantagineum L. e;r:cel­
sum, 73. 

Doronium Parrialionches, 73. 
Douce-amerc, 76. 
Dryocapus auratm, 145. 
Dove, lipochrome in blood serum of, 

140; pigment in feet, 7. 
Dumontia filiJormia, 101. 
Dyer's Greenwood, carotinoids in, 73. 
Dyer's W cad, carotin an,d xanthophylls 

in flowers cl, 72. 
D. Vinula, 157. 

Echinastrine, 167. 
Echinoderms, carotinoids in, 166-167, 

172. 
Echi1Wids, 165, 167. 
EclectUB poll/ChlorUB, 144, 1415. 
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Ectocarpaceae, 9.5. 
Egg, production, correlation of with 

skm colors, 272, 273, 277; cause of, 
273. 

Eggs, carotinoid-free, fertility of. 268; 
vitamin content of, 270; color of as 
affected by carrots, 271. 

Eggs, xanthophyll and vitamin content 
of aft.er carrot feeding, 271. 

Egg yolk, carotin-like pigment in, 139; 
color of affected by cayenne pepper, 
187, 197 j pigment of, 14, 15, 126, 127, 
138-140, 151, 173-177; pigment of 
carotinoid-free, 23. 

Egg yolk pigment, as cholesterol ester 
of oleic acid, 139, 176; solubility of 
in bile, 138. 

Egg yolk xanthophyll, isomerism of 
with plant xanthophyll, 176, 180; 
melting point of affected by method 
of determination, 179. 

Elachista species, 95. 
ElaaeagnU8 lati/olia L., M. 
Elaphis quadrilineati8 B01UJparte~ 150. 
Elder leaves, yellow. carotinoida in, 54. 
Elecampane, caratinoida in, 73. 
Elm, a.utumn pigments of, 58, 59. 
Eloeis guinces'1.8 L. (Jacq,), 77; E. Mel-

an.ocacca Garb., 77. 
Embryos, mummified, haematoidin in, 

23. 
Encephalarto8 Hildebrandt;';' 59. 
English Ivy, carotin in leaves of~ 36; 

autumn pigments of, 58, 65. 
English walnut, autumn pigments of, 

58. 
Enterochlorophyll, 167. 
Enteromorpha intestinalis, 104. 
Ephyra Angularia, 157; E. Punctaria, 

157. 
Epimedium macrantheum, 73:. 
Equestum arvense, 65. 
Eranthis hllemalis Salisb., 73, 
Eryllimum Pero/skianum Fisch. and 

Mey., 73. 
Erythrophyll, relation of to carotin, 

34, 36, 37; in autumn leaves, 56, 60. 
Erythroxytum 7lona-granadenBe, 77. 
Eschsckoltlllia calijornica, 68, 74~ 
Eteolin, a flavone, 21. 
Ethereal oils, as eoJvent for chlor<>-

Eli!r:!le:l~:' :::'o~~~O: !l' ~, 
89; effect of greening on, 53; condi­
tions favorable for development of 
carotinoids in, 53. 

Etiolill, absence of from autumn leaves, 
59; relation of to C8J'0tin, 49, 52. 

Eucarotin, 19, 100, 1M, 171; relation of 
to ...",tin, Ill, 159. . 

Eugenia uni{iora, 76. 
Euglena sanguinea, 109, 110; Euglena 

viridis, 109. . 
Eunolw. (Himanthidium) pec{{nalis, 

107. 
Euonymous €'Uropacus, 76; EuonymoU8 

japonicus L., variety sulphurea, 54, 
86; E. latiJolia, 86. 

Euphone ni(Jricoliis, 145. 
European cranberry, carotinoids in, 77. 
European elder, carotinoids in yelJow 

leaves of, 54. 
EuxanthoDC, 21. 
Eye~spots of Euglena, pigments in, 109, 

1iO, 123. 

Fa(JW1, 59, 60; Fagm si1vatica, 255. 
Fatty seide, color of after staining 

with Nile blue, 245. 
Fat sta.ins, 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 content of, 249. 
Ferric chloride reaction of carotinoids, 

26, 219, 222; value of in identifying 
carotinoida in animal tissues, 247, 
248. 

Ferula species, 73. 
Fir leaves, etiolated pigments of, 52; 

autumn pigments of, 65. 
Fish earotinoids, origin of from food, 

184. 
Fish colors, influence of color of sur~ 

roundings on, 183. 
Fishes, pigments in skin of, 145-148. 

152; skin pigments and chrornato~ 
phore control·of, 146, 152; structural 
blues and whites of, 156. 

Flagellata, 109, lIO. 
Flamingo, pigments in feathers of, 143, 

144. 
Flounder, carotin in skin of, 145; effect 

of light on colorless side of, 148: 
Flavones, 21, 55; as cause of autumn 

Fl~~~~, ~i~~o;;e:i :~i carotinoid, 
ST. 

Flowering maple, earotinoids in natu~ . 
rally yellow leaves of, 54; carotin in 
flowers of, 72, 73. 

Flowers of Tan. 1111. 
Fl""tra /oIWeea, 168. 
Formic acid as solvent for xanthophyll, 

225; for rhodoxanthin, 229. 
Forsythia Fortune., 73; For8Vthei viti­

d'-na,73. 
Four-o'-clock, autumn pigments of, 58, 
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Fowls, xant.hophyll in blood serum of, 
140; extraction of xanthophyll from 
blood serum of with ether, 214. 

FrrI(Jiiaria species, 107. 
Froxi11'us e:rcd~ior, 58, 60. 
Fro~, carotmOlw; in, 149, l~; loss of 

8km hpochrorues of on fasting, 185. 
Pringilia canaria, 145. . 
Fritularia Imperialis, 73. 
Fucmdiae, 94, 95. 
Fucoxanthin, 94-97; amount of in cer­

tain plants, 99, 257; effect of alkalis 
on, 231, 232; function of in brown 
algae, 265; halogen derivatives of, 
240; in blue-green algae, 112; in red 
algae, 102; methods of isolation of, 

~~~nr~~ :{~at~f~ 1:s~d~~ ~!la~~~ 
solubility properties of, 98, 231, 257 j 
special properties of, 97~99. 

Fucoxanthin crystals, color and form 
of, 239; color reactions of, 240; solu­
bilIty of, 239. 

Fllcoxanthin solutions, relative color of 
compared to carotin and xantho­
phyll, 230; compared to standard 
potassium dichromate) 257. 

FucQxtlnthophyll in brown algae, {fl j 
in diatoms, 107; in dinoflagellates, 
109. 

Fucus nodosus, 95; F. ~erratU8, 95j F. 
versoides, 95; F. vesculoS'UB, 95. 

Fu/igo Septica, 119. 
Fulvenes, as non-carotinoid hydrocar~ 

bon pigments, 21, 235. 
Function of carotinoids, in plants, 263--

26'5; in animals, 267, 268. 
Fungi, carotinoids in, 113-119. 
Funkia. Bieboldii, 58. 
Furcellaria jastigiata, 101. 

Gaillatvia splende"" 73. 
Gall stones of cattle, carotin in, 182. 
GaateromyceteJ3, 113. 
GtJlJter08teus spinachia, 147. 
Gawnia splendc1I8 Hart., 72, 73. 
Gebbia littaralis, 165. 
Geese, pigment in fatty tissues, shanks 

and skin of, 140, 145; in feet of, 7, 
145. 

GeniJJta racenosa, 73; Geniata tictorW, 
73. 

Gentisein, 21. 
Geum montanum, 73; Geu:m coc-

cineum, 74. 
Giant F~l, carotinoids in, 73. 
Gigarti7UJk3, let. 
Ginkgo biWba. 58. 
Ginseng, autumn pigments of, 58. 
G~t~~h~,58.~. 

GlcMdinum specics, 108, 
Globe Hower, carotin ill, 72. 74, 
Gl)'ccritl! M prott~c~,i\'e a.gent against 

{)xidatlOD of CUtotl1l, .206. 
Goat's milk, influence of feeding canota 

on color of, 189, 
Golden Bell, carotmoidlS iu, 73, 
(Joldcll~tUft, cilrotinoui!:l ill Ouwers of, 

73. 
Goldfish, lycopin~likE! pigment in Mkin 

of, 147, 152; v.ool\erythnne in, 147. 

g~;:;;:;~t~(:~~aldr~:~ilt~.~773. 
Gonia;si.fr UltH'8trUJ, 166. 
GunQcanum ob()l atum Ho<'r., 77; Gon. 

PlIrdormc Scheff" 77. 
GooHchctry, pigment of H'U autumn 

leaveil, 56. 
qurgonia l'i'rruco,~a, ,169, 
Gorse, ~llnthoph:rlls m flowers oi, 73, 
G088vpH~m Inrs-utu7n, 87. 
Gossyptm, 21. 
Grant.ia coriacca, 170, 
Grains, carotlllOlus in, 86-88. 
Grape, uutUIUll pignU'nts of, 58. 
Grape leavc~, carotin content oi, 249. 
Grass. carotin cont,ent of, 249. 
Grapt.ophyllum )Jlciltm. Griff., micrcr 

cheulIcaJ aystlils in yellow spotted 
leaves, 55. 

Grasshoppers, 160, 171. 
Grea.t red macaw, pigments in feathers 

of, 143, 145. 
Green wgae, carotinoids in, lQ2..100, 

122. 
Grenilabrus mdops, 161. 
Groundsel, carotlDoids in flowers 01, 74. 
Guernsey cattle, relation of skin color 

to fat production in, 275-277. 
Gymnodinium H clu. 108, 
GlIrmwsporangium juniperinum, 114. 

Ha.ernatochrome, 104, 105, 109. 
Haemotococcm pluviali8. 92, 103, 105, 

109, 117. 
Halma Bucklandi, 170. 
H alichondria albescens. 170; H. CQron­

cula, 170; H. incTU3tans, 170; H. pcmi­
cea, 170; H. r081'a_. 170j H. songuinea, 
170; H. seriato, 170. 

H alidrys sit oquosa, 95. 
Halyseris polypodioides, 96. 
Haematoidin of blood exudates, etc,. 

23; corpus luteum, 14, 126. 

~:~i~~~h O~f C=t.s~~~tin!tdsl:: 
155-158. 

Haemolymph xanthophyll, origin of 
from food in case of caterpillars. 183, 
lS5. 197. 
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Hawkbit, crystalline carotin from, 69. 
Hawkweed, carotinoids in Howers of, 

13. 
Ha.wthorn, autumn pigments of, 58. 
Hazelnut, autumn pIgments of, 58. 
Hedera helix} 36, 58, 65, 249. 
Helenium autumnale, 73. 
H elianth"" annus, 52, 67, 87. 

Z=.;:,:tlkiaM}J~~ndirffii Trautv. and 

H!e:'ie~;~, carotin content of, 249; 
etiolated pigments of, 52. 

Hemk seeds, effect of on color of egg 

H:~;, ia~h,g, effect of feeding red pep­
per to, 188. 

Heterosithonales, 104. 
Hieracium murorum L., 73; Hieracium 

Pilosella, 73. 
Hircinia spino8ula, 170. 
Hippolyte varia ... , 161, 189. 
Holothuria nigra, 166; H. Oemus bTUn-­

MUS, 166; H. Poli, 166; H. tubuloSG, 
166. 

H olothuroids, 165) 166. 
Honey locust, autumn pigments of, 58, 

62. 
Honeysuckle, carotinoids in fruit of, 

75, so. 
Hop tree, autumn pigments of, 58. 
Hordeum vulgare, 52, 88. 
Hornbeam, European, autumn pigments 

of, SS. 
Horsetail, red ca.rotinoid in, 65. 
H 1IdToidictvon utriculatum, 10.5. 
HI/d"""", penioilf4!us, 109. 
Hyla arborea, 149. 
H1Imeniacidon albescens, 170. 
Hvmenom'llcetes, 113, 114. 
Hyssopus offici'lUJlu, 251. 

Identification of carotinoids in biologi­
cal product., 24().247. 

Idotea, influence of food on color of, 
185. 

Imperfect fungi, carotinoids in, 119. 
Indian crocus, pigment of, 22. 
Iodine deriva.tive of carotin, 26, 27, 45. 
Iodine color reaction of carotinoids, 

limitations of for animal tissues, 243. 
1mpat;"118 N oli-langere, 73. 
IDBetlts, pigments of, 155-161. 
Internal organs of mammals, carotin-

oids in, 133, 134. 
1ft,,1G H ekni"m L., 73. 
Invertebrates, carotinoids in, 154-172. 
lria Germinia, SS; lria pseudawrus L., 

73. 
16tJ1iia tiactoria L~ n. 

Ithaginm crueniatus, 144. 
Ivy leaves, carotin content of, 249. 

Japanese Aokiba, carotinoids in natu-
rally yellow leaves of, 54. 

Japanese Rose, carotinoids in, 74. 
Japanese spindle tree, carotinoids in 

Da.turally yellow leaves of, 54; in red 
arlls of, 86. 

Jersey cattle, relation of skin color to 
fat production in, 275-277. 

Jerusalem Cherry, carotinoids in, 75. 
J ohannis berries, erythrophyll of, 34. 
John Dorey, xanthophyll in skin of, 147. 
Juglam regia, 58, 249. 
Juniperus virgin-iaea, 59. 

Kema japonica D. C., 74. 
Kidney bean, pigment in etiolated 

leaves of, 50, 53. 
Kleima Galpini, 74. 
Kniphofia aloodes, 74. 

Lacerta agilis, 150; L. murali.s, 150. 
Lacertofuh<ine, relation of to xanthoM 

phyll, 150. 
Lactochrome, 131. 
Ladanum hybridum, 74. 
Lady-aiipper, xanthophyll in, 72; other 

pigments in, 74. 
Laminaria saccharina, 93, 94, 96; La-. 

minaria digitalis, 96. 
Lamium album, 44. 
Larch, European, autumn pigments of, 

SS. 
Larix europaea, 58. 
Lark's Spur, carotinoids in, 73. 
Laurencia pinnatijida, 101. 
Leander serrator, 161. 
Leathesia marina, 9t.i. 
Leaves, carotinoid content of as a.f-

fected by sunlight and shadow, 255. 
Lemania jluviatilus, 101. 
Lemon, absence of carotinoids from, 18. 
Leontedon autumnalis, 69, 74; Lean,.. 

tedon taraxacum, 74. 
Leopard's bane, xanthophyll in, 72, 

73. 
Leo!ia l"brica, 116, 117. 
Lepidium Draba, 58; Lepidium sati,.. 

vum,52. 
Lepidoptera, 155-1SS. 
LepralUl /oliacea, 168. 
Leucocyan reaction of alcoholic ex .. 

tracts from brown sea-weeds, 96; 
from diatoms,. 107. 

Leuconia Gos8ci, 170. 
Leueoplastids, 29, 48. 
Leukophyll in etiolated leaves, 411. 
Lichnoxantbin in {UDgi. 114. 



INDEX OF SUBJECTS 309 

Liesegang phenomena, similarity or 
Tswett'e chromatographic analysis to, 
43. 

Ligustrum wlglJTe, 65. 
Lilium croceum Chaix" 72 j Lilium bul­

bijerum, 74. 
Lily~of-the-valley, autumn pigments of, 

58. 
Lina-carotin, 23, 159. 
lAna populi, 159; L. tremulae, 159. 
Linden, autumlhxanthm in autumn 

leaves of. 60; carotin content of 
leaves of, 249. 

Linium usitati&-imum, 87. 
Lipochrin, 149. 
Lipochrome, general properties of, 16; 

origin of name of, 16; pronunciation 
oi, 9. 

Lip~chromemia, 194. 
Lipochromogens in crustacea shella, 

~~6s~t~~~ i: !~in~~e=~i67; 
172. 

Lipocyan crystals produced in bacteria, 
121; in fungi, 114, 118, 119 j for lina­
carotin, 159. 

Lipoids, effect of on properties of ani­
mal carotinoids, 13. 

Lipoxanthins, genemJ. properties ai, 17; 
origin of name and pigments included 
among, 17. 

Liriod~ndron tulipijeTG, 58, 74. 
Liver of arthropods, cholechrome in, 

168; of fish, zoonerythrine in, 148; 
of mammals, carotinoids in, 134 j of 
molluscs, cholechrome, enterochloro­
phyll and lute;n ;n, 167, 172; of mol­
luscs, influence of food and hiber­
nation on pigments in. 186. 

Liza.rds, earotinoids in, 149, ISO; chro­
matophor control of skin color in, 
150. 

Loasa. latericia, 74. 
Lobster blood, absence of tetronery­

thrine from salt water Bpecies, 162; 
ether-soluble pigment in, 161. 

Loc:utta "Iliridissima, 160. 
Locuats, 160, 171. 

~~b'::J;,ere;:::I;'r~~utumn leaf p;g-
menm, 55. 

Lonicma tataria, 75; Lonciera X1l1oa­
teum .. SO. 

LuDa gigantia, 251. 
Lutein, as specific name for egg yolk 

rs~fun~;!~, l7;~pir~r~me:, f!: 
Lutechaematoidin ni corpus luteum, 14, 

126. 
Luteolin, 21. 

Lut'4J"U8 imperia.lis) 146. 
Lllca&te aromahro, 74. 
Lycouaia epid<ndron, 119; L. flavaf ..... 

cum, 119. 
Lycopersicin, 83. 
Lycopersicum tsculcnt'Um, 69, 82. 
Lycopin, as cause of winter color of 

confiers, 66, 00; composition and 
properties of, 83-85, 222-224; difliculty 
of separation of from ca.rotin, 224; 
effect of oxygen on, 238; facton in­
fluencing its formation in tomatoes, 
266; halogen derivatives of, 239; 
meth~d of isolation of, 215; micro­
chcnucal identification of in plant 
ti&lUet:l, 241; odor of during oxilia.tiOD, 
239. 

Lycop~noids of Lubimenko, 20. 
Lyco:pIn cry~tals, color and form of, 

238; solubilIty of, 238. 
L. lffinthophyll, 40, 42{' in autumn 

leaves, 61; relation 0 to egg yolk 
pigment, 173. 

Mackerel, xanthophyll in wn of the, 
147. 

Maclaurin, 21, 57. 
M aclura aurantiaca, 57, 58. 
Alacrozamia species, 59. 
Maidenhair tree, a.utumn pigmente of, 

58. 
Maize, yellow, carotinoids in, US, 87, 

91; vitamin A in, 269. 
M aja aquinado, 18, 162. 
M anettia bicolor Taxt., 72. 
Maple, carotin content of leaves. 249; 

common European, a.utumn pigmenta 
of, 58; l'j"orway, autumn pigments of, 
58. 

~larguerite, carQtinoids in, 73. 
Mangold flower, ca.rotin and xantho-

phylis in, 69, 73, 74. 
M aslevallia Veitchiana, 75. 
Mecooopsia cambria Vig., 74. 
M edicago sativa, 45. 
M egal<>prepia magnifica, 144. 
Melampsora SaliciB capreae, 114; M. 

aecidiodea D. C., 114. 
M eiasoma populi, 159; M. XX-punc-

tatu.m,159. 
M elilopu& officitullis, 74. 
Merry Sole, carotin in skin oi the, ~~1. 
Methyl-ethyl maleic. acid anhyariae, 

relation of derivative oi to lipo­
chrome, 236. 

Microchemical crystallization methods, 
28, 105, 241. 

MicrococCUIJ apatelw, 121; M. cwreua, 
120,121; M. E1'1/thrurny.llJ, 121, 122; 
.M icrOCOCCUB (Staph.) Pll0II61IU au-
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reus, 120; M. rhodochr0'U8, 121; M. 
superbus) 121. ' 

MicroeY8t;' (PalyeY8t;') flo. Aquae 
Wittr., Ill, 112. 

Mildews, carotinoids in, 118. 
Milk fat, carotinoids in, 131, 132, 151; 

human, origin of color of, 193. 
Milk fat formation, significance of oo.ro-

tin-albumin complex of blood in, 209. 
Milkweed, carotin in flowers of, 72. 
Milk whey, lactochrome in, 131. 
AI imulus mosthatus L., 72. 
M iradilis Jalapa, 58. 
Ai irbiU8 viridis, 160. 
Mite, common red, lipochrome in, 161. 
Molds, carotinoids in, 118. 
Moliseh microchemical technic for caro-­

tinoids, 241. 
Molluscs, carotiooids in, 167, 168. 
M omordica balsamina, 72, 86; M amor-

dica charantia, 76. 
Monilia sitophila (Mont.) Dace., 119. 
Mono-carotin, 159, 177. 
Morin, 57. 
M DrU8 alba, 36, 58. 
Mouse-ear Hawkweed, carotinoids in 

flowers of, 73. 
Mucor flavWJ Bainer, US. 
Mulberry, autumn pigments of, 58' 

leaves, carotin in, 36. 
Mullein pollen, carotin sole pigment of, 

71, 115. 
Mullein, xanthophylls in flowem of, 

73, 74. 
Mullus barbatu8, 147. 
Muraena Helena, 147. 
Mushroolllf!, carotinoids in, 113, 114. 
Muskmelon, pigments in fruit of, 76. 
Musk plant, xanthophylls in flowers 

of, 72. 
Mussels, carotinoids in liver of, 167. 
Mustard-~eed oil, pigment of not caro-

tinoid,87. 
M ycetQZOD) 119. 
M yriatica IraflT""'. Routt., 87. 
Mytilm eduh., 167. 
Myxomycetes, 118, 119. 
M lIwphyeeae, 110-112. 

Nasturtium, xa.nthophylls in, 73, 74; 
other pigments in, 75. 

Narcissus, poet's, carotin the predomi­
nating pigment of carona of,.11, 72. 

Narcissus poeticu.s L., 72; lVarciBau.s 
Pseudo-narcissus L., 72, 73; NarcUJ­
BUS taxetta, 75. 

Narci88US PolllantkUB, anthocyanins in, 
75. 

Naturally yellow leaves, carotinoida in, 
53-51>. 

Nc'vicula t'iridia, 107. 
Necrobiotic pbase of autumn colora-

tions, 56. 
N ectria ci"nabarina, 116, 117. 
N ectriin, or neetria red, 117, 118. 
N emalionales, 101. 
Nenga ScheffeMOO Beee., 77. 
N ephrops norwegicus, 164. 
N ertera depre8sa Banks and Soland, 77. 
N ereis viren.s, 168. 
NerophUi oequoreus, 147. 
N enres, carotinoids in, 134, 135. 
Nettle leaves, carotin from, 36, 45; 

dead nettle, carotin and xanthophyll 
in, 44. 

Neutral fats, color of after staining 
with Nile blue, 245. 

Nodularia,111. 
Nomenclature, causes of diversity of 

among yellow animal pigments, 13; 
among yellow vegetable pigments, 14. 

Non-carotinoids, yellow and orange 
colored in animals, 22, in plante, 21. 

Nonnea lutea D. C., 72. 
N o8tocacea, 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; Nitzschia sig-

moidea, 107. . 
Nuphar luteum Sibth., 74. 
N ~ie~i, ~7~n-carotinoid pigments in 

Nyctanthin, a yellow pigment re-
sembling carotinoids in composition, 
22. 

Oak, English, autumn pigments of, 58; 
red, autumn pigments of. 58, 60. 

Oat leaves, etiolated pigments of, 52, 
53; oat grain, ca.rotinoids in, 88. 

OdintigW88Um.!l, 75. 
Odor of oxidizing carotin, 233; lycopin, 

239; xanthophyll, 237. 
Oedogoniales, 104. 
Oenothera biennis, 74. 
Olea Europaea, 249. 
Oleander leaves, autumn yellow pig .. 

ments of, .59. 
Olive leaves, carotin content of, 249. 
Oncidiu11Ul, 75. 
Onion Bowers. pigments of. 74. 
Ophiurine, 167. 
OphiuroidB~ 165, 167. 
Orange Hawkweed, xanthophyU. in 

flowers of, 72. 
Orange skin, carotinoida and other 

pigments in, 81.. 
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Orangin, an orange pigment in skin and 
liver of starfish, 166. 

Orange xanthophyll of Sorby. in brown 
algae, 95; In blue..green algae, 112. 

Orchid, xanthophylis in, 72; anthocy~ 
awns in, 75. 

Origin of animal carotinoids, early 
theories regarding, 182, 183. 

qrigin of plant carotinoids, 266. 
Orthoptera, 160. 
Oryza satil a, 88. 
Osage oraDlZe, pigments in yellow au­

tumn lea"ves of, 57. 58. 
O.~cillatoria (Osci1{aria) limosG, 111 j O. 

laptotricha, 111; O. Froelichii, Ill. 
Osmerus eperlanus, 147. 
Osmic acid, as dye for carotinoids, 244. 
Oxidation, effect of on properties of 

carotinoids, 13, 14, 27, 218, 231, 233, 
238, 246. 

Oxidation of carotinoid granules in 
animal tissues, effect of on staining 
properties, 246. 

Oxidase in animals, as cause of lack of 
carotinoids, 196. 

Oxonium salts of fucoxanthin, 98, 99, 
231. 

Pachymatisma Johmtonia, 170. 
Padina Pavonia, 96. 
Palm oil, carotinoids ()f, 77; Palm 

fruits, carotinoids of, 77. 
P(J.loemon viridis, 165. 
PalldarWA pol1lcephalus Lam., 77. 
Pansy, xanthophylls in, 73. 
Paradisea papuana, 143, 145; P. rubra, 

143. 
Paradiseofulvine, 144. 
Paroaria cucullata, 144. 
Parrots, red and yellow pigments in 

feathers of, 143-145. 
Parsley, crystalline carotinoids from by 

Borodin, 35. 
Parsnip root (Pa8tinaca sativa). 28. 
Passiflora coerulea, 86. 
Passion flower plant, pigment in arils 

of,. 86. 
Papilio Machaon, 157. 
PapiJlina 8uberea, 170. 
-Peach tree leaves, carotin in, 36; ca~o­

··tin content of, 249; erythrophyll of, 
34. 

Pea. leaves, carotin content of. 249. 
Pear . tree, pigment of autumn leaves 

. Pe~pe=:;o~? ~umn pigments of, 58. 
. Perea jlv,vi<Ui1is, 186. 
. Perch, Cra~ating, influence of food 

oil eolor of, 186. 
Peridinieae, 108, 122. 

Peridinin, 108. 
Pcriclinium di,'crgcns, 108. 
P(Tsica t''UIoari.~, 36, 249. 
ParoiellUl ether iu Kraus separation, 

32. 
rdrolff'finunt safil'um., 35. 
Pt,rtwinklc leaves, carotin content of, 

249. 
Palla auratltia, 116, 117; P. bicolor, 

116; P. 8cutdJatu L., 116. 
P('ZiZll xanthin, 116. 
Phaeop.hy~('ac, 93·100; quantity of 

carotillouis in, UH. 
[,ha(·o8pora:(,,~, 95. 
Pha8foius t'ulgari.s, 50, 249. 
Phenol-glyccrjnt~ reagent in Molish 

microchemica.l crystallization method, 
105, 118, 237, 242. 

Philobolus crYl'ltallt"nus, 118; P. Kleinii, 
118; P. Ol'dtpu..s, 118. 

Phlc()()('nm cru('nia, 144. 
Phol midium t·u1gare, Ill. 
Phlogmidium violaccum, 114. 
Phrrhocoris Qplen18, carotin in tcgu-

Ph~~:;:hr}~' ;~ 'chief . pigment in 
red algae, 100, 122; analogous pig­
ment in Dinoflagellates, lOS. 

Phycochrome, 111. 
Phycocyan, 96, 111. 
Phycomycetes, 118. 
Phycopcipis arnboinumis, 105; P. aureo, 

105; P. epiphyton, 104; P. maritima, 
105 j P. tt:udii, 105. 

Phycophiiin, 11 post.mortal pigment in 
brown sea· weeds, 94, 96, 98, 122. 

Phycoxanthin, 94, 95, 97, 107, 111, 112. 
Phyllocyaninc, 29, 49, 56. 
Phyllodium dimorphum, 105; P. in.­

certums, 105. 
Phyllofuscin, 54. 
Phyllospora Brodiaei, g5; P. membrtmi-

jolm, 96. 
Phylloxanthine, 29·31, 33, 49, 56! 60. 
Phylogenetic origin of carotinoicis, 126. 
PhY8tJiis alkekem:i, 79; P. Franchetti, 

74, SO. 
Physico-chemical properties of ca~ Goo 

tinoids,43. 
Phytophagtis larvae, carotinoids in. 

155-161. 
Pyrochta cocci-nca, 159. 
PicUt"., 144, 145 .. 
Picofulvine, 144. 
Picus major, 144 . 
Pigeons, pigment in blood 8erum of, 

140; on legs, 195 . 
Pipe Fish, carotin and xanthophyll in 

skin of, 147. 
PiaUm aativum, 52,· 249. 



312 INDEX OF SUBJECTS 

Plaice, carotin in skin of, 147. 
P14ntago (plaintain),44. 
Plant lice, green, carotinoids in, 158, 

171. 
Plant tissues, microchemical identifica­

tion of carotinoids in, 24()..242. 
PIaster of Paris, as aid in isolation of 

carotin from olood, 207. 
Platanu.s acerijolia, 255; Platan'U8 Of'i... 

entali&, 58. 
P14ti8ama Cocropia, 157. 
PleotrachelUII lulge"", 118. 
Pleuronect" jle8u8, 147; P. p14teasa, 

147; P. limanda, 147; P. microcepha­
IUII,141. 

Poison ivy, autumn pigments of, 58. 
Polychaetes, carotinaids in, 168. 
Polychrome, 56. 
Polycystin from Polycystis ftos aquae, 

relation of to carotin, 112. 
Pol1lgonum 8achalineme, 68. 
Poillide. rotundU8, 101. 
Pol1l"oe spinilera, 168. 
PolVsiphonia species, 101; PolyGiphrmia 

mgre.scens, 101. 
Polll8tiqma ",brom, 116, 117; P. Oehra­

ceum (P. /u.iwm D. C.l, 116, 111, 
liS. 

Poiystigmin, properties of, 117. 
Poly.oa, lipochrome in cuticular skele­

ton 01, 168. 
Pond Lily, European, carotinoids in, 

74. 
Pond weed, rhodoxanthin in, 47, 66, 216. 
Pontellina gigantea, 164. 
Poplar, autumn pigments of, 58, 60. 
Poppy, Welsh, carotinoids in, 74. 
POpuJUB alba, 58; Populu.s canade"';', 

200; Populus J08tiqiota, 55; POpuJIUI 
nigra, 58; Populus tremula, 58. 

Porifera, 169. 
Po"ml/Ta hiemoli8, 101; Porphyra u.c;.. 

"",to, 101; Porphyra vulgari8, 100, 
101. 

Postmortal phaBe of autumn colora­
tion, 56, 63. 

Potamogeton nata1l8, 47, 66, 216. 
Potassium dichromate standard, color 

of in comparison with carotinoids, 
253, 254, 260. 

Potato leaves, carotin content of, 249. 
Potato sprouts, effect of light and dark 

on carotinoias in, 53. 
Potato, sweet (Ipa1n<>ro OOtatas), 28. 
Prawns, carotinoids in, 161. 
Primrose, European Evening, carotin ... 

oids in, 74. 
p,.;mul4 of/icinalio 72. 
Privet, winter niddening of, 65. 
Proinyce1ia tg>OtilS, 11;{, 116. 

PrOTocentum micam, lOS. 
Protoch1orphyll, relation of to etioliJ!. 

50. 
Protococcus (Pleurococcua) pluvialil, 

105; P. vulqaria, 105. 
Prunm armeniaca, i6 i Prunm amum, 

68; Prunm cerasus, 34, 56. 
Pseudozoorubin, 143. 
PsittacofuIvine, 144. 
Ptelea trijoliata, 58. 
Pteria aquilina, 249. 
Ptychandra g14uca SchetT., 71. 
Ptycho8Perma elegans Blume, 77. 
Puccinia coronata, 114. 
PutT-balls, 113. 
Pumpkin, carotin in, 36, 78, 79. 
Pygaera Bucephal'Ul$, 156; P. meticu,. 

tosa, [56. 
Pylaiel14 litorali8, 9.>. 
Pyrenomycetea, 116, 117, 123. 
Pyrocephalv.s rub incus, 144. 
Pyrrhula vuigaria, 144. 
Pyrus communis, 29, 56, 58; P1JT1.I.8 ger­

manica, 58; P'l/f'UlI 'UUUriensis, 68. 

Quercus rubra, 58, 60; QuerC'U8 Robw, 
58. 

Rana e8culenta, 149, 185. 
Ranunculus, 69; Ranunculfi8 acris L., 

73; R. Aricomu8, 74; R. Ficaria, 74; 
R. g1'amineU8, 74; R. repena, 74. 

Rape leaves, carotin content of, 249. 
Rape seed, effect of on color of egg 

yolks, 87. 
Rape-seed oil, pigment of not carotin­

oid,87. 
Raphanus raphanistrum L., 73. 
Rats, growth of OD carotjnoid~free diets, 

270. 
Red Algae, ca.rotinoids in, 100-102. 
Red currant leaves, carotin content of, 

. 249. 
Red pepper pigment, 69, 82; feeding 

of to canaries and fowls, .187. 
Red xanthophyll, 20, 41. 
Reptiles, carotinoida in, 149, 150. 
Retina, carotinoida in, l26, 140-142, 

149, 152. 
Retinal epithelium, absence of 001-

. ore<! globules from in cow, man, pig, 
and snakes, 142. 

Retin.oatora plumOBa, 59. 
Rki1U3l!Cis 8calaris, 150. 
Rhodophane, 23; in bird feathers, 142, 

relation of to soonerythrine, 142' ill 
bird retinas, 141-142; relation ;;{ to 
tetronerythrine, 142; in __ 
162; in echinoderms, 166; in WonDB, 
168. 
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Rhodophane-like pigment in sponges, 
169 j in Tubularia imiiviaa, 169. 

Rhodophyceae, 100-102. 
Rhodoxa..uiliin, 20, 47, 66, 90; metllod 

of isolation of, 216, 217; micro­
chemical identification of in plant 
tissues, 241. 

Rbodoxanthin solutions, properties of, 
229-230. 

Rhodymeniaies, 101. 
RhU8 tOJ..icotiendron, 58. 
Rhynchota, 158. 
Ribes aureu1'n, 73; Ribes rubrum, 249. 
RibU8 glOS8Ularia, variety rubra, 56 i Ri-

bus nigrum, M. 
Rice, polished, carotinoids in, 88. 
Rivulariaceae, 111. 
Robinia pseudo-acacia, 249. 
R08a canin.a, SO. 
Rosaceae, autumn reddening of, 00. 

R~i~~!~:ain58,~l~ ~f~s80~peCjes, 74 j 
Roots, yellow, need of study of pig­

ments in, 88. 
Rugosa rose, autumn pigments of, 58; 

xanthophylls in fruit of, 81. 
Rubicen, a red non-carotinoid hydro-

carbon, 236. 
Rubus caesius, 251. 
Rudbeckia Neumanii, 74. 
Rutabaga, pigment of, 29. 
kuta graveolens, 251. 
Rustfl, carotinoids in, H3-116, 123 j 

function of carotinoids in, 263. 
Rye straw, yellow pigment of in au-

tumn, 59. 

Sacaline, autumn pigments of, 58. 
Salamanders, carotinoids of, 149, 153. 
Salamandra macuiosa, 149. 
Salix babyioniaa, 58. 
Salix Capret?-. 58. 
Salmon, fadmg of flesh of during mi-

sJ::~~~~~a=:~n~~fJ f4~, 148, 
152; as modified carotinoid, 195. 

Salmon pigments, influence of food on, 
184. 

Sambucus nigra L., variety aurea, 54; 
Samb'UcU8 nigra /oliia luteis, 54, 55. 

Saponifica.tion, effect of on carotinoids, 
205. 

Saturnia Pernvi, 157; S. Pyri, 157. 
&xi/raga UmWOSQ, winter reddening oi, 

65. 
Scarlet Red, as dye for carotinoid. in 

animal tiBsuCfi, 244. 
Scmnber _mbnJIf, 147. 
~ .... aero/a, 147. 
8cDtin00phaera paradoxa, 105. 

&ytoncmac('at, 111. 
St'{\. cu.cUlubcrs, .ca~otinoid8 in, 165, 166. 
Sea hites, carotlllOids in, 165, 167. 
Sea urclHhs, cn.rotJt~oids in, 165, 161'. 
Seeds, catotiUOlUS m, 86-88. 
S( lagwd/a. 5U, 65. 
Sdctlcidfc$ alba, 145. 
Se~al1lc-secd oil, plgment of not a car0-

tinoid, 87. 
SUlamum mdicuffl, 87. 
SJmnks, pigments of skin of in fowls 

and otJwr blrd8, 140, 145. 
Silk. colur of ~s influenced by color 

of blood of silkwurm, 186. 
SilphwlfI pt'rjow,o,tum, 74. 
f:::h.lvcr pUldur, I~utumn pigments of, 58. 
Smapl.:dlJ; l'ctnchwtw Hort., 77. 
SinapiS alba, 52, 74. 
Slpll(Jcampylo,~ b'icolor O. Dow., 72. 
Sip/wnali's, 104. 
SlphonocladJa(t~s, 104. 
l'}lphorwslu/Ua diplochaito8, 168; Si-

plwnu.~t()ma tllphlt:, 147. 
Sl:symbnum Sophia, 74. 
Stllace Macao, 143, 145. 
Skin, Cause of fudmg of in fowls durina 

egg Jaymg, 273. 
Skm 01' UlUllUUllLl:,. carotinoids in, 135--

137; effect of dIet ou, 135-137, 193, 
194, 273. 

Slime lliolds, carotinoids in, 118, 119, 
123. 

Smelt, carotin in skin 0(, 147. 
fSrrurinthus U~cellatusJ 156; 8. PDpul1., 

156; S. Til",", 156. 
Smuts, 113. 
tinl~lll'l, curotinoid in liver and shells 

of. 167, 172. 
Snakes, carotinoids in, 149, 150. 
bncezcwood, carotinoids in flowers of, 

73. 
Solanorubin, 82, 104. 
Sal anum corymbosum, 76; S. decaae· 

patum, 77; S. dulcaT1UJra, 81; Solo.­
nUl1l. pl5eudQ-ca~icum, 75 j Solanum 
tuberosurn, 249. 

So,ostCl' paPPlMO, 166. 
Solea varu;yuw, 147. 
Solvents for carntilloids, 204. 
Sarbus aria, Crantz'., 80 j Sorbus aucu-

paria, 56, 81. 
SpaerolStilbe coccaphila, 116, 118. 
Dpacrotiiud rulSC'US, 12Q, 121, 123. 
Spar mania ajricana, 58. 
Spathuiana ]Iamda .PeTS., 116, 117. 
Specificity of carotlDOlds in ani~ 

origin of, 196, 197. 
SpectroscopJc absorption properties of 

carotin solutions, 220-222; of sohd 
carotin, 222; of fucoxanthin, 231; of 
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lyeopin, 223, 224; of rhodoxanthin, 
230 j of crystalline xanthophyll, 223, 
228; of xanthophyll «, 228; of xan­
thophylli;' a' and a", 229; of xan· 
thophyll ~, 229. 

Spc:rmoliLamnion roscolum, 1Ol. 
t:iphaerella UlalJmawccus OT Ch1amll" 

dOCOCCU8) pluvialis, 105. 
Sphacrop(eacea, 104. 
Sphinx Ll{}~tru, 157. 
Spider crab, red pigment in eggs of, 

162, 163. 
Spinach, U$ source of carotin, 36; caro­

tin content of, 249, 250. 
Spinachia irwrmis, '249; Spinachw 

oteracea and olabra, 36. 
Spindle-tree, European, pigments in 

fruits of, 76. 
Spiraea species, variety aurea, 54. 
1ipirogyra, 35, 103, 104; Spirogyra cras-

sa, 104; S. maxima, 104. 
Sponges, carotinoids in, 169, 170, 172. 
Sporidia, .114, 116. 
Spring Adonis, carotinoids in flowers 

of, 73. 
Squash, pigments in yellow varieties of, 

79. 
Startium junceum L., 73. 
Stc7rWmti4 jerruginea, 119; S. /uaca, 

119. 
8tichococcus majW)} 104. 
Stilophorum diphyllum Nutt., 72. 
St.inging nettle, carotin content of, 249, 

250. 
Stone-worts, carotinoids in, 102, 122. 
Stramonium, carotin content of, 249. 
Slre,it.l14 Regulae, 74. 
Strawberry Tomato, carotin in. 79. 
Suberitea jlavus, 1'70; S. massa, 170; S. 

dom'UncuLa, 170. 
Sudan III, as dye for carotinoids. in 

animal tissues, 244; effect of feeding 
to fowls, 138, 274. 

Sudanophiles, 245. 
Sulphuric acid color reaction, non­

specificity of for carotinoicis, 233, 
243. 

Sunflower leaves, etiolated pigmenta of, 
52. . 

Sunflowers, xanthin in, 67; xantho­
pbyJls in, 72. 

Sunflower-seed oil, pigment of not a 
carotinoid, 87. 

Sycamore leaves, autumn pigments of, 
58; carotin content of, 249; carotin 
in,36. 

811f1gftat.hw acus, 147. 

Taq.t .. ereeta, 73; Taqet .. patuia, 14-
Tamlll ~ 80, JI. 

1'anernomontana pentastllcha Scheff., 
n. 

Ta.rodium distichum, 58; Taraxacum 
officinale, 70, 72, 73. 

Tams baccata, 59, 86, 216, 249. 
Tedania Muggiana, 170. 
Telea Polyphemus, 157. 
Tdekia apeciosiasima, 74. 
T erebeUa species, 168. 
Tethya Lyncurcum1 170. 
Tetronerythrin, 23; in blood .of lobster, 

~~~ ~n~J:~'t:, 1:; i!n w~l~V:~ 
"roses" of pheasants, 142. 

7'hcrmopffis lanceoia.ta R. Br., 74. 
Thuja ericoides" 65; l'huja orientalis, 

59, 66, 216, 230, 251; Thuja 8tamii8hi, 
65. 

Thujorhordin, 65, 66; relation of to 
rhodoxanthin, 66. 

T~ga tridactyla, 145. 
Tlgerfinch, pigments in feathers of, 

143, 144. 
Tilia1 60; Tilia piatyphylia, 249. 
Tillandllia .plendem, 74. 
Toads, carotinoids of, 149,153; loss of 

akin colors of in winter I 185. 
Toadstools. carotinoids in, 113, 114. 
Tobacco leaves, carotin content of, 249. 
Tol1lvothm species, 111. 
Tomato pigment, 69, 75, 82-85; tomato 

plastids, 68. 
Tomatoes, carotin and lycopin forma.­

tion in durmg ripening, 266; effect of 
temperature of ripening on lycopin 
for~ation in, 266; isolation of ly­
COplll froID, 215; suppression of Jy­
copin in, 266. 

Torch Lily, carotinoids in, 74. 
Tortoise. 'xanthophyll in, 150, 153. 
Torula cinnabarina, 119; T. rubra, 119. 
.Touch~me-not, carotinoids, 73. 
Tree tomato, lutein in, 75. 
Trentephol.i.a (Chroolepu.8) aurea, 104; 

T, aureum-tomentosu.m, 104; T. bi­
sporangiata; T. Cfassaaettaj T. Cf/'" 
arM; T. ;olith'U8; T. maxima; T. 
moniliformis; T. umbriM, 1040-

Trico.anthu.s, 7i. 
Trigla cuculus, 147; T. hirando, 147. 
Triticum wlgare, 88, 249. 
Triton cmtatus, 1411. 
Tritonia aurea, 74. 
Traqon M.....,a, 144-
Tr0U>u8 aaioticr.ul L., 72; Trollitu; _ 

poeu8,74. 
Tr~,161. 
Tropooolum "",jIII,72, 74; 7'. ~ 74-
R:b;;:\.,t~~ta of, 711, • 
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Tullpa G.meriana L., 73, 74; Tulipa 
hortemis Gagrlm., 74. 

Tulips, anthooyanins in, 75; xantho­
pbylls in, 73. 

Tulip tree, autumn pigments of, 58; 
carotin in flowers 0(, 72. 

Turk's-cap gourd, pigments of, 78. 
Turnip leaves, etiolated pigmente of, 

52. 
Turnip root, yellow (Brassica Rapa L.), 

relation of red pigment in to lyeopin, 
29. 

TUrtJE'B, carotinoids in, 149, 150. 
TlIs.ilago Farlara L., 73. 

U ranidine, a skin pigment of sea CU~ 
cumbers, 186. 

Uredineae, 113-116, 263. 
l]redo euphrtl8ix, 114, 116. 
Uredo spores, color of, 115. 
Uric acid derivatives, butterfly pig­

ments caused by. 155. 
Uromyces alchemillae, 114. 
UTtica, 36, 45; Urtica dioica, as source 

of carotin, 202; carotin content of, 
249. 

Ulex europaeus, 73. 
UlmU8 campestm, 58, 59. 
Ult'G lactuca, quantity of carotinoids 

in, 103. 
Ulvales, 104. 
Unsaponifiable matter of fats, caro-

tinoida and vitamin A in, 206. 
U valaria grandiftora, 74. 

Vaucheria 8Pecies, 104. 

Ve:;ilb1in ~u~ s:~~rO~~r32~la~ 
of correlation between pigmentation 
and vitamin content of, 270. 

Verbascum species, 73; Verbascum 
thapsilorma, 71, 74, 115. 

Viburnum Opul'U8, '17; Viburnum TinUIJ, 
251. 

Vinca Major, 249. 
i'ioJa biftora, 74; Viola comma L .. va­

riety DaIdowie yellow, 74; Viola 
lutes, 74; ViQla odorata, 71, 74, 249; 
i'iola tricolor L., 73. 

Violet algae, 104, 105. 
Violet, Horned, earotinoids in, 14; 

sweet, quantity of carotin in, 71, 247; 
carotinoids in, 74 j yellow petal, taro-­
tinoids in, 7. 

Virbius vi>;jdiB, 1114. _ 
Vitamin Ii, el\tractability of from al­

falfa, CIllTOts and yellow maize, 289; 
relationship of to carotinoids, 268-270, 
271. 

Vitellolutein, 162. 

Vitellorubin, 23, 162. 
l'itis coignetUre, 58; Vitia: v£ni{cf'o, 249. 

Wald8leinia g(~oidCII, 74. 
Wall-flower, Xtlntbophylls in, 72; an~ 

thocyanins in, 15. 
'Walnut leaves, carotin coMent of, 249. 
Waste products, earotinoida as in plants 

and animals, 262, 263. 
'Watermelon, pigments of flesh ot, 78. 
Wheat leaves, carotin content of, 249; 

flour. unbleached, carotinoids of, 88; 
8et'dJings, etiolated pigments of, 52. 

White Beam-tree, carotinoicls in fruit 
of, SO. 

Wild Ginger, carotin in fruit of, '19. 
Willow, Goat, autumn pigments oC, 58; 

weeping, autumn pit~ments of, 58. 

;~o\i~e~:r~j~ig::~~Di!~~ili:~' 0[, 
143-145. 

Wouns, carotinoids in, 168, 169; color 
of as influenced by food, 186; nOIr 
carotinoids in, 154. 

Wrasse, carotinoids in, 16l. 

XanthelDs, relation to anthocyanins and 
Jiavones, 67. 

X.anthemja, 136. 
Xanthia f/a,.ago, 157. 
Xanthin of C. Krause in autumn 

lelwcs, relation of to carotin, 60j of 
Dippel, relation to carotin and xaD~ 

~~Ot~l~y ~~ ~IJ:~6~. leaves, 54; 
Xanthocarotin, 38, 3t1j alleged transfor .. 

matlon of to xanthophyll, 39; reI ... 
tion of to c8.l'otinoids, 39. 

Xanthomelus aureus, 144, 145. 
Xanthones, 21. 
Xanthophan.. in bird retinas, rela­

tion of to xanthophyll, 142. 
Xanthophane-like pigment in Tub,,­

!aria indivisa, 169. 
Xanthosis, 194. 
Xanthophyll, absorption of oxygen by, 

~;~t;:S~n':f~t~~th:u~t~; o~r:ti-
tution ot. 238; effect of alkalis on, 
225, 226 j excretion of by skin in 
fowls, 274 i halogen derivatives of, 
237; isolation of from blood serum, 
214, 215; from egg yolk, 212-214; 
from green leaves, 209-212, 251; lack 
of hydroxyl, carboxyl and carbonyl 
groups in molecule of, 47 j origin of 
ll&me of, 31; reduction of to carOtin, 
48; relation of to carotin, 24. 

Xanthophyll u of Tswett; distitIguiBh­
ihg properties of, 228; relation of to 
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crystalline xanthopbyll of Willstlit­
ter, 45; to egg yolk xanthophyll, 45, 
139. 

XaJ~hh~yt~!. of Kohl, not true .an-
Xan~ophyll ~ of TBwett, blue color 

reaction of alcoholic solution of with 
Hel, 33, 229 i relation of to crystal­
line xanthophyll, 45. 

~:t:d~~ ~~eJ:.0rJ2, ~~~eed, 96; 
Xanthophyll in egg yolk, 15, lag-I40; 

compOBition and properties ai, 174; 
isomerism of with plant xanthophylJ, 
176, 180; method of isolation of, 173, 
174,209-215; origin of, 139, 197, 268; 
relation of to xanthophyll n, 45, 139, 
151 j va.riation in melting point of 
from plant XBDthophyll, 175. 

Xanthophyll crystals, color and form 
of, 236; color reactions of, 237; odor 
of during oxidation, 237; properties 
of, 224, 236-2ag; solubility of, 
237. 

Xanthophyll series of pigments ac­
cording to Kohl, 38, 141 j according 
to Schunck. ag, 40, 41; according to 
Tschirch, 37, ag. 

Xanthophyll solutions, properties of, 
224-229; relative color of compared 
to carotin, 225. 

Xaniliophylls, effect of acids on alco­
holic solutions of, 40, 41. 228, 229: 
method of separation of by chroma­
tographic a.nalysis, 226-228; micro-

chemical identification of in plant 
tissues, 241, 242; separation of from 
carotin, 252, 253. 

Xanthophylls a' and a", distinguish­
ing properties of, 228, 229. 

Xanthophylloids of Lubimenko, 20. 
Xanthophyll-rich food, effect of an 

color of butter, 192. 

f:ll~\:Jj~~JLY;7~:~c!:iDo~i~in, 73. 
Yellow carotin, properties of from 

Crustacea, 164. 
Y cJlow corn, effect on coJor of butter 

of feeding to cows, 191,271; probable 
effect of feeding to cows on vitamin­
content of butter, 271. 

Yellow xanthophyll of Borby, iden­
tity of with Tswett's xanthophyl1 
~, 44. 

Yew, autumn pigments of, 59; ariI, pig­
ments oi, 86; leaves, carotin content 
of,249. 

Y. Xanthophyll, 41, 42, 70; blue color 
reaction of with acids, 42. 

Z ea mays, 87. 
Zoonerythrine, as red pigment in bird 

feathers, 143; in Crustacea, 162, 165; 
in echinoderms, 166; in fish skins, 
146; in fish livers, 148 i in molluscs, 
167; in salmon muscJe, 148; relation 
of to rhodophane, 143, 148. 

Zoorubin, as red non-carotinoid in bird 
fbathers, 143. 
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