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The great variety of coloring matters that exe
ist thrqughout the entire plant and animal kingdoms
have long been of interest to scientists. From
the standpoint of both the chemist and the physie
ologist & great deal of investigation has been car-
ried on to determine the chemical constitution, the
cause, and the function of these various pigments.

To greatl& increase the interest in this work it has
been discovered within the last few years that a def=~
inite relationship exists between & number of the
animal and vegetable pigments.

To the practical deiryman and especially to the
creamery man the color of the butter is of vital ime
portance. The public demands that marketable butter
shall be of a certain depth of yellow. It is known
of course that during the spring and summer seasons of
the year milk fat is much richer in color than during
the other seasons. The creamery is thus forced,at
least throughout pert of the year, to use artificial
coloring matters in its dutter to meét the demands
of the publio. A great many farmers who sell small
amounts do not artificially color their butter and in
the minds of a great many people the distinction be-

tween creamery and so called "oountry' butter lies
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in the fact that the former is yellow and the latter
sometimes almost as white as lard, when in reality both
butters, with the esception of the éolor, would be
scored equally high by both the chemist and the butter
Jjudge.

As previously stated, the natural color of the
butter depends on the season of the year. 7This 1s
due of course to the fact that the cows are then on
pasture. Green feeds of all kinds,especially fresh
grass or green alfalfa hay greatly increase the color
of butter. Other feeds are said to have the same
effect, such as carrots, while others decrease the
color to a marked degree.

The breed of the cow has something to do with
it also. Tor instance Jersey cows are known to
give higher colored butter fat than Holsteins, altho
both may be on the same ration.

There is also some difference among individual
cows. Some Jerseys always give higher colored
butter fat than others of the same breed.

The color of butter fat then offers many inter-
esting and important problems for investigation to
the chemist, the physiologist, and also to the
prectical dairyman. Some of these problems may be
stated as; (1) the chemical constitution of the
butter pigment; (2) the physiological and biological
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importance of the pigment; (3) the physiology of
the production of the pigment; (4) the chemical
relationship between the pigment and the various
feeds that affect its production; (5) +the chemical
relationship befween the pigment and the other
animal and vegetable pigments; (6) the cause of
the difference of intensity of color as exhibited
by different breeds of cows and also by different
cowg of the same breed; (7) the question whether
the intensity of the color* of the butter fat is

due to different amounts of pigment or to different
degrees of intensity of the pigment itself; (8) the
question whether it may be possible to inecrease the
‘nafural color of the fat by means of feeds so that
the cow nmay produce highly colored butter fat thruout
the entire year and artificial coloring matters thus
be dispensed with.

The present investigation naturally could not
include all of these problems. The scope of this
work was confined to a thoro search of the liter=
ature in regard to the subject, to the colleection
of some data which would throw light on the chemical
constitution of the pigment and if possible to the

*Note:= A word of explanation here may make my mean-
ing clearer. There is at the most such a small
quantity of the pigment present in the fat (the total
crude pigment seldom exceeding .5%) that it seems
difficult to explain the very high color that is some
times seen merely on the ground of the amount of

igment.
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assigning of at least an impiarical formula to it.
Research im now in progress by means of which

it is hoped that data may be secured that will,at

least -in some measure, answer all of the problemw

that have been stated.
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PREVIOUS INVESTIGATIONS,

L m————

An examination of the literature disecloses s
. e A s e A

S
great deal of investigation in regard to plant and
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anima} pigmenta. Aside from the earlier work on

plant pigments by Grew in 1682, and by Rouells,

Mayei, Fouroroy, Berthellot, Senebier, Proust, and
Vanquelin during the eighteenth century and in the
early years of the nineteenth, which pigments were

_ 51
named chlorophyll by Caventon in 1817, Thudicum( )

geems to have been the first one to call attention

e, sansom, B
tb the general distribution of these bodies eSpec
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1a11y those of yellow colorz/ He says, "Various
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parts of animals and plants contain a yellow
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orystalizable substance whlch haswggtgerto not been
EB?qgeh and which I oqll 1utein. "It ocours in
AT Ay “‘\. oA Ry S /
the corpors lutea of the ovaries of mammals, in the
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lerum of the blood in the c¢ells of the adigose

g g IR T it IR S e

tissue. in butter, in t e _yo lks of of eggxs of oviparous
P .M"Muw"’ v B
animals, in seeds sueh as mgge, in husks and pulps

W b i S o,
of fruits such as anatto, in roots sueh as carrots,
in leaves such as those of the colens, and in the
stemina and petals of a great many flowers."/
M

Thudioum describes the properties of these luteins

a8 being solu: ble In alcohol, ether, chloroform,
”—/M.-../_\“.,..—-M .
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albuminous liquids and blood serum, but insolu ble /%/
in water. The luteins show a characteristiec
spectrum, the red, green and yellow parts being
markedly brilliant. The spectrum is further char-
acterized by three absorption bands in the blue,
indigo and violet, the positions of the bands vary=
ing a little with different solvents.

Thudioum claims to have obtained the 1uteiné in
crystaline forms. He.éescribes them as, "Rhombic
plates of which two or more are always superimposed
in a curious manner," the peculiar appearance being
due to the fact that, " they may be rhombohedra
imperfectly developed on four of their edges.”™ He
says further that the crystals are, "microscopiec,
yellow when thin, orange or red when thick, and
have no resemblance to any other known animal or
vegetable substance."

Some very interesting reactions are desoribed.
The luteins are preoipitated as a yellow deposit
with mercury acetate and morogry nitrate, the latter
preoipitate turning white on standing. Cdncentrated
nitric acid when poured over the orystals gives a
blue color which immediately passes into yallow. This
oolor reaction is transient when the luteins are

dissolved in acetic aocid, and does not appear



at all when they are dissolved in alecohol, chloroform
or ether,

The luteins show a great affinity for fats,
according to Thudicum. He says in this connection,
"They exist in granules in egg yolk and in the
corpora lutea and when extracted from these are ale
ways mixed with a considerable amount of an oily
fat which contains cerebrine, and nautral fats,
amongst which is one containing phosphorous, like
cerebrine.” "They are also found dissolved in

Béggffer fat.” .~-_k’ wa;x

Thudi;ﬁﬁ's obs;rvatlon in regard to the 1~
ubility of luteins in fat is correct. The fact
that they are found with fat after extraction is,
however, due to the faect that the solvents used are
also fat solvents.. The phosphorous containing
neutral fat is undoubtedly lecithin or one of its
decomposition products as Kirsten later showed,
which work will be referred to agaih. (

%]
In 1879. Blythe published an serticle __in which

_r..oo“
is describhed the preparation of a body which he

called Laotoohrom. This 1actochrgm"is gaid”hy

P
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~Oliver (Milk, Cheese and Butter) to cause the color

[ untaa e a4 ST s g0
of butter and whey.@ 011ver says that i ated.
with a peptone called albumenoue, and, 'Is probably
N ettt PSS S m SO
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derived from the hematin of the blood."™, Blythe ob=

e v e s GRUBISHERREE

tained the body from the yellow whaey of milk from
which both the casein and albumen had been separated.
It 1s obtained first from the yellow whey by pre-
cipitaeting with mercury nitrate., Blythe eays, "This
precipitate by nitrqte of mercury has long been
known, ‘and was considergd to denote the existence
of a third albumenoid, called lacto~protein.™
Blythe says further, "Lacto-protein as a single
gimple substance has no existence, the precipitate
by nitrate of mercury being a mixture of galaetin,
lactochrome, any trace of albumen vhich msy still
remain in solution, and similarly any trace of
uresa whiéh the milk may have Qontained, all united
with mercury.” ‘

ji\ZBlythe effects the_separatibh of the two prin-->{
cipal constitutents, galactin and lactochrome, by
decomposing the mercury salt with hydrogen sulphide,
fiitering off fhe mercury sulphide and precipitating
the galactin bj lead acetate, the lactochrome failing
to form an insolu ble lead salt. To obtain the
lactochrome, the lead salt .of gglactin'is filtéred
off, the excess of lead acetate in the filtrate de-
composed by hydrogen sulphide, the resulting lead
sulphide filtered off and the lactochrome again pre-
bipitated as its mercury salt by the addifion‘of

B



merEE£X~Eiszzigl*{Blythe calls the lactochrome an

~ alkaloidalfcolofing_matter and assigns to it the
formula Hg066H18N06 . Blythe says further,
"Lactochrome itself may be obtained by the eareful
decomposition of the meréury compound." "As ob-
tained by evaporating its solution in water or
alcohol, it is in the form éf bright red-orange
resin~like masses, séftening at‘100° C., very solw-
u ble in hot aleohol, but partially-separating as
the 1liquid @ools; it is freely solu ble in water.“
"Concentrated solutions.give a simple spectrum,
allowing most of the red and yellow rays to pass
thru."” "No bands were discovered,™ Y

Ae—r X

AN
have never found any reference to this very

interesting work of Blythe's in any of the liter-

ature on plant or animal coloring matters so that

its direct bearing upon the subject is not evident.

I repeated Blythe's work, with the exception of the

determination of the composition of the body, and

confirmed it in every partiocular. Some of the

results that were obtained will be discussed later.
About this time a number of independent inves-~

tigations began in regard to animal and plant pigments.

On the one hand Sorby was studying vegetable coloring
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matters, which work extended from 1867 to 1873, the
re?erence to which may be found in his classic paper,
"Comparative Vegetable Chromotology ‘47. his
was followed immediately by the work of Schwalbe(44,
Capra;nicam'9 and K‘ﬂl:me(.z5

Schgalbe and Capranica worked on the means of
1dentification of this class of pigments by the use

of color reactions with concentrated scids and were

the first to make use of the iodine reaction. ‘
Ktthne isolated three pigments from the retina ~:7<j

of the eyes of certain birds, and from egg lutein

and other bodies. Ee called them collectively

chromophans and respectively-rhodophan, chlorophan

and xanthphan, and he showed how to distinguish

them from eacrh other and how to recognize them when

met with elsewhg;g&<44kor this purpose he made use

"~ A
of the color reactions of Schwalbe and Capramica and

by directing renewed attention to them showed how

important they are. These reactions ‘msy be mentioned

here for they will be referred to a number of times

during the course of this paper. They may he

stated as follows: When in the solid state the pig—,‘
e —
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ments are colored blue-=green to blue w1th qpncen~
g T T ——

trated nitrio,‘sulphurigﬂggg;yzgzpcholrio acids

P

generally blue-green with a solubion of iodine 1
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potassium iod{ig//
WM
3381ng his work on the researches of Kthne,

e s
.

Krukenberg commenced 8 series o? researches which

e e b A i eI

Nt ST o G e

“extended from 1880 to 1886 “the most_important of

K Wt 8

which appeared in his, "Vargleichende Physiologishe
Studien“flznd especially in the paper, " Grundzfige
einer vergleichenden Physiologie der Farbstoff

und der Farbeanghich appeared in 1884. Krukenberg
made an exhaustive study of what had been done on
animal pigmentation and ineluded under one head

éll those pigments which had previously been known
a8 luteins, carrotin, zoomerythrin (tetronerythrin)
and Kftthne's chromophansvand called them lipochromes
and assigned to them the following properties. They
are bodies which are solu ble in alcohol, ether,
chloroform, benzol, carbon bisulphide, petroleum
ether, etec. They are colored blue~green to blue
byaconcentrated nitrie and sulphuric acids and
generally blme~green with iodine in potassium iodide,
when in the solid state. They show two and some
times three absorption bands ih the blue and violet
end of the spectrum, In the solidhgtate they are
ugually red or yellow, and their solutions are yellow.

Later work by other investigators assigned other

properties to the lipochromes.
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To show more fully the properties and relstions
of the lipochromss as worked out by Krukenberg I
quote from his paper, "Grundzlge einer vergleichenden
Physiologie der Farbstoff und der Farben." Kruken-
berg says, "The lipochromes are characteristically
gimilar in their solubilities, in their indestruct-
ibleness by saponification with dilute hoiling
alcoholio caustic alkali, in their blue colorstion
which trey show thru contzet in the warm with
concentrated sulphuric or nitric acids, in their
sengibility towards the Tight, in the similarity
of their bleach products which are cholesterin-
or cholesterin~like bodics, in their chemical com=
position (i.e. composed ohly of carbon, hydrogen
and oxygen) and finally in their color (greenish
yellow, yellow, orange and red)."

Credit is assigned for this work in some of the
notes accompanying the paper. 3 Jittich in 1863 ?irst t

S —————

noticed the hlue coloration with sulphuric acid and

n—— s
T e WM"”‘"

Buchholt oticed it wlth e fat plgment from a

B it

AL s s g P

Gangleen cell o* an invertebrate animal, and Mar-
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quart's flower yellow (Antbrozanthine) is colored
eanill T s e T
dark indlgo bldb blue to parple red wlth sulphuric

I e 0
‘acid, the oolor disapoearlng with water. Piccolo(

o

‘.___.——*—""\\“ e s ( 6
found a similar change in lutein and Filhol |, St!dele(48
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and Thudicum‘so

reported that concentrated hydrochloriec
acid gives the same color reaction. Schwalbe first
showed the iodine reaction, i.e. green changing

to blue green and then to blue. The absence of

nitrogen in these bodies is shown in the investi-
i sas AT ST e rism:

B — R e b b, S

gations of the pigment. Carotin,{ The absence

S )
of nitrogen in amimal lipochromes was shown by

GBbel in 1823 in his iﬁvestigations of bird skins
and Crustaceans and the investigations of Maly

and EKfthne confirmed this. Krukenberg ssays
of Ktthne's work, "K#hne's pioneer work on chro~
mophans showed how to separate the lipochromes
from other piéments and fat, and from other mem-
bers of pigments of the samé class and how to
characterize them thru their spectroscopic absorp=-
tion and their different sensibilities towsrds
light." 1In iegar&fﬁo crystaline forms emong 1ip-
69hromes Krukenberg says, "Wittich seems to have
icbtained a rhodophan-like pigment in 1863 from
Buglenia sanguiruba end a chlorophen-like one
wes obtained in 1876 by Pouchet(41 from lobsters,
both in crystaline form." "Crysteline luteins
were firét represented by Piccalo and Leben(4°,
later by Thudicum, and Kfthne succeeded 1n}crysta1-

izing Bl8ochrin end Lecithinoehiin, and Eansénfla

«13~



obtained chlorophyll yellow in crystaline form.™
To quote further from Krukenberg's paper in

regard to lipochromses, he says, "A sharp distinction
between the lipochromes is not possible, because
they are sometimes difficultly distinguished in

the spectroscope and because the lipochromoids
which are difficultly or almost insulu ble in the
lipochrome solvents readily go over into Melanoids."
"Furthermore, at other times, as Kfthne has shown,

a true lipochrome,namely rhodophan, -after purification
will no longer give the blue coloration with concen~
trated hydrochloric acid.”™ "The lipochromes have
this characteristic, namely that while in one caée
they are colored blue-green by moistening with
iodine infpotassium iodide, in another case they
give this reaction very indefinitely." "The
spectroscopic absorption of certain lipochrmmses
in many cases differ obnsiderably; for example, the
solutions of ganthaphan and rhodophan are indicated
by one absorption band and those of ohlorophan by
two and three."™  "The absorption bands of the same
lipochromes are even different in different solutions.™
.“Inlaloohol or ether they lie mostiy in the violet

end of the spectrum and in.oarbon bisulphide in the

red end, while in chloroform and fatty oils they

wldw



lie between these extremes."  "Experiment has shown
that this difference is not due to the specific gravity
of the solvent but to the broken force of the

solvent, and it may be stated in general that the
greater the dispersion of the solvent for the blue

part of the spectrum, that much further do the
absorption bands advance towards the more refrangible
side of the spectrum.™

"The color intensity of the lipochromes is an
extraordinary strong one, and the transposition into
cholesterin~like matter which the lipochromes under
go thru oxidation in the light (this action is much
slower in the dark) is correspendingly rapid, so
that it is"very difficult to obtain large quantities
in the pure state.”

Krukenberg says further, "In regard to the
establishment of the chemical composition of lipo-
chromes, it may be stated that up to this time every
oné has depended entirely upon Carotin, which is
recognized as the best known representative of thig
class of coloring matters.” "Carotin (618H240 )
is the coloring matter of the cultivated carrot (
{Daucus Carota L)." "Its broﬁn—red'striped orystals
of rhombie plate form melt at 168° C. and show
direct resemblance to Hydrocarotin (clsnsoo) ~which

is olose to it in the carrots and stands olose to cholesterin."”

=16



Krukenberg says in regard to the origin of
lipochromes that, "™ It is probable that in most
cases they originate from fatty substances, for
frequently, if not without exception, they occur
in company with fat and allow themsslves to easily
g0 over into cholesterin~like bodies.™. ™In the
same way their ocourrence in green plants is ex=
plained, which, as is well known, is so general

that until the meretorious work of Hansen(ll

it
could not be considered as an individual sub-
stance notwithstanding the innumbrable discussions in
regard to the association 6f the green and yellow
chlorophyll coloring matter." "But doubtless the
lipochromes occur in other ways, i.e. from lipo~
chromogens or pigments which have no direct relation
to the lipochromes; for example frbm cyano crystals,
the blue crystaline coloring matter that occurs in
the coats of many Crustaceans,.and which are changed
into lipochromes by the slightest interference.”
Krukenberg says.that the wide distribution of
lipochromes is of great interest and that, "Collectw
ively the yellow flower petals, yellow and fed 1ym;
phatic fluids, and numerous secretions of verteﬁfate
and invertehrate animals, the colored fat globules

in the uvulve of vertebrate animal retinas, the corpora

lutea, the egg yolk of many different énimal'species,

-]lf=



the yellow,green, orange and red membranes of
Arthropodes and vertebrates (from fish to birds) which
have been investigated, owe their color without s
single exception to either slightly or diffusly de-~
posited 1ipochfomes; on the other hand the lipochromes
have no share in the coloration of shells of birds?
eggs and they appear also to bhe ébsent in many
protoplasmic and unicellular creatures.“ Krukenberg
says that the intensity of the lipochromatie colors,
especially among fatty bodies, exhibit ver& striking
constant differences in different species,- and says
further that, "It is very surprising that the lipo=-
chromes occur only in'traces in snakes, while. the
ve%; orange colors of bifds, amphibians, fish end of
many reptiles are saturated with 1ipochromatic s01-
utions.™

Krukenberg says that a very fruitful 1nvesti;
gation could be carried out which would accurately
olaésify the many yellow, orange, red and brown pig-
ments of plants such as are now designated as Bixin,
Polychroit, safflower, Carthamine, Luteolin and Dracon-~
ium, as to whether or not they are lipochromes, and
he says further that, "It would be especially useful
to learn whether sharp chemical differences ocour
between the spectroscopieally so disﬁinguiahed chlorophan,

xanthophan and rhodophen, and whether they perhaps are

3, T



not derived from one another as homologues or as
anhydrous compounds.™

Erukenberg devotes a large part of the remain-
der of his paper in‘attempting to show a relation
between the haemoglobins, i.e., the blood pigments,
tre gell pigments, the melanoids and the lipochromes,
and in this connection presents fhe'very interesting
chart shown in table I.

I will not attempt to discuss the results as
later investigators have not given much weight to
them.

Thet possibly there is some relation unetween
haemoglobin and lipochrome and thus betwean 1ipo=-
chrome and chlorophyll is indicated by Marchléwski's
work in 190332 Marchlewski used Pechmann's very
interesting.work as the basis of his own. Pechmann'gag
work is the first and probably the only work which
throws any light on the.possible structure of the
lipochromes and yet it seeﬁs to have heen salmost un-
notiééd, He condensed maleiec acid anhydrido.ﬁith
methane by the presence of aluminium chloride, formw-
ing ketoneyécids, which under the influence of a water
free agent, go over into & coloring matter which showg
great gimilarity to the lipochromes. It shows the
blue color with concentrated sulphuric acid, and also

ghows 8imilar spectrum bapds. By way 9f parenthesis
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Table No. 1
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it may be said that at present there seems to be

no doubt that chlorophyll and haemoglobin are
(42 34

intimately related. Schunck . Marchlewski(

. (54 (37
Willstdtter , Uenki and Zaleski snd many others

’

have firmly established this fact. It must be

noted, however, that chlorophyll, ss referred to

here, is the green constitutent of that body. Re~
turning to Marchlewskl's paper, he says, "Both
haemoglobin and chlorophyll break down to haemo=
pyrrol which is Zmethyl 4 n propyl-pyrrol, & reaction
which, according to'Nenki(zv ocours also in living
orgenisms.”  "Further Kﬁstegzz showed that haemo=~
pyrrol can be oxidized . to methyl n propyl maleic acid
snhydride."” Marchlewski thinks that, "The latter
bodies which are not different principally from those
studied by Pechmann can enter into condensations within
the animsl and plant organisms, and that the products -
obtained go over further into colorihg matters which
are identical with the lipochromes." Marchlewski thinks
that these resctions are a proof of a relation between
ohlorothll, haemoglobin and lipochrome. FEe con-
densed methyl—ethyi malei¢ anhydride with methane,

the anhydride, he says, "Being one in close relation-
ship to haematinio acid,™ &nd reports that he was at

thaf time Opoupied, "With the study of the action of

-20~



the water free agent on the resulting ketonic acids,

ags also with the clearing up of the constitution of the
simple coloring matter of Pechmann,” and adds that he
intends to take up methyl n propyl maleic anhydride as
well as other homolbgues of maleic anhydride during
his investigations. As far as can be 1earned‘

Marchlewski has never reported the results of his

further work, »Mwww,MMﬂ»ummn\wy/&\
/ é It may perhaps be well to state here that the rem

lation that has been established between haemoglobin

and green plant chlorophyll is not that these bodies
have similar functions. It has been shown however
that the disintegration produects of haematin and
chlorophyll are strikingly similar. The more like-
ly oondlusioh then is that the relationship between
the bodies is explained by the fact that haematin

is formed from both chlorophyll and hasmoglobin, altho

unfortunately no one has been able to offer positive

proof of this. . W
ak:““"bonﬁ nuing the review of work on 1ipochromes,‘
(9

we find that Halliburton' ° reports that he extracted
a yellow lipochrome from the blood serum of the |
pigeon, hen, dove, and tortoise by means of alcohol.
The body was solu: ble in alecohol, ether, petroleum

ether, ‘chloroform, benzine, carbon bisulphide and 1light

=21lw



petroleum, but was insolu ble in water and turpentine.
It was read;ly bleached by sunlight, hut EFalliburton
claims that this wag neither en oxidation or a re-
duction. It gave a spectrum band just over the
F line extending from A 475 to A 500¢ Krukenberg
had obtained a yellow lipockhrome from the blood
serum of the oxl 21 but it differed spectroscopically
and in its solubilities from the one of Halliburton.
The latter pigment gavgzg green color with fuming
nitric acid but the readtion was momentary. Concen-
trated sulphuric acid aﬁd iodine gave no reaction
bﬁt together produped & violet color. Halliburton
reports ahiidentical pigment in the body fat of these
same animals.

The next investigator‘of note along the line of

~———

animal pigmentation wes MoMunn, Some of his most

o e e R Y TN 8 N e e et e,

interesting work was in regard to a pigment named by

-—

" 20
him Enterochlorophyll . This pigment was found

"in the "bile" of invertebrates and it derived its

name from its great similarity to plant chlorophyll. [

ansen!II Tz, by saponfying plant chlorophyll obtained

erystals of "chlorophyll green" and "chlorophyll
yellow™ and claimed that ehlorophyll is not decomposed
n)y the treatment. IicKunn repea;‘&éd the work, using

fresh green ‘gress, and he gives evidence to shaw that

~28lm



the chlorophyll is decomposed by saponification,
finding that the spectrum bands of the solution after
saponification are in an entirely different position
than they were before saponfication. - MNcMunn sep-
arated the constitutents of plant chlorophyll by
Eansen's method and obtained the "chlorophyll Breen”
and"chlorOphyll yellow"™, the 1atter in'some cases

in yellow needles, altho Mcliunn states that he &oes |
not think it proved whether or not these needles

may belong to a fatty acid whose crystals are stained
by the pigment, The yellow crystals gave the color
reactions of the 1ipbchromes and were solu: ble in the
lipochrome solvents;~ Mémunn found that entero=~
chiorophyll was altered by saponification. With some
1nvertebrate~livers, he separated and obtained crystals
of a green and yellow constitutent, the latter being
radiating needles. The solid yellow pigment gave the
lipochrome color reactiorswith the exception of the

iodine reaotionHWhich was doubtful, and were solu ble

in' the lipechroms mvlvemtsi—

A MeMunn concludes from these ¥esults that the
yellow constituentvof'both plant, chlorophyll and entero-
ohlorophyll ére,lipochromes.‘ Hansen d?ew the same
conclusion in regard'to piant chlorophyll, That they
‘are, hoyever, not the same lipochrome is showﬁ by the

fact that their gpectrum absorption was different and that
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only the plant 1ipochrome gave the iodine reaction
>< 0f the six absorption bands that plant chlorophyll shows,
MeMunn believed Nos. 1 to 4 were due to the "ereen
constitutent”, and ﬂos. 5 and é to the "yellow cone
stitutent." He found that the first four bands of
enterochlorophyll corresponded to those of plant
chlorophyll but Nos. 5 end 6 of the latter were replaced
by one and some times two, occuﬁying somewhat different
positions, in the enterochlorophyll.
In a paper published that same year McMunn(zv
says, "Just as there are several haembglobins (Hop-
pe seyler, Physiol. Chem. p 2397} so there are
many haematins, haematéporphyrins; éhloroPhylls,
1ipochromés, ineluding xanthephylls and so on,"
"There are in fact, classes of.éolorihg matters which
present bands similar_but»not always identical in
position, but each class has well defined character-
istiecs, such as solubility in certain media, behavior
towards slkslies and acids, bands in the blue or red
end of the spectrum, and *eactions of the solid residue."
"To amy one practioed in this kind of work, the recog—
nition of the identity oF of the relationship of these
pigments,lié not a matter of much difficukty.” "There
is one'fagt. however, that has forced itself on my
attention, namely that~one‘may meet with coloring

matters ldentical in all respects with decompositidn



products of haemoglobin, but are not derived from

it."  "And this is not to be wondered at when one
considers that physiological complexity may pro=
gressively incréase as we ascend the scale, Jjust as
morphological complexity increases.™ "It is possible
that the study of sgch gradually increasing complex-
ity may in time enable one to understand the synthesis
of very complex molecules." "At thé same time it
must not be lost sight of that pigments may be de-
graded and in the process of disappearancé as Ileoseley(56
points out, the animal to which they belong, having,
owing to changed modes of existence, no longer any
use for them, and, it may be added, for the coloring
matters of whigh they are the metabolites.”

In & paper published two years later Moltinn 29
was lead to believe from observing that in sponges
lipochromes soO oﬁﬁen accompany chlorophyll and gome
times replace it, that the step bétwesﬁ a chlorophyll
and a iipochrome is not a great one. "It is highly
probable, "he says,"that thése pigments (lipochromes)
are concerned in the formation of the fatty metters.
from waste carbonic énhydride given off during the
katabolic changes in the tissues, and from the water

in which they are bathed." This corresponds with the

view that' chlorophyll is a respiratory pigment altho
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probably a carbonic acid carrier rather than an oxygen
carrier.

lclunn's greatest coatribution to animal chrom-

(30
otology was in 1899 . The pigments of a great

many marine ahimals,’Crustaceans; worms and sponges
were expmined and clazsified. Lipochromes and entero-
chlorophyll were Ffound adbundantly, Mcllunn drawing a
distincetion as to whether the lipochrome was a
rhodophan or & chlorophan~like lipochrome. - This
distinction is mainly one of color, the former being
a red livochrome anéd the letter a yellow lipdchrome.

In the concluding remarks mcﬁuﬁ?calls attention
to the féct that a great many pigments formerly
designated tetronerythrins, are}iﬁ'feality lipochromes
and lipochroﬁogens and therefore disputes the results
of liere Jkowsky who claimed that all tetronerythins
were respiratory pigments; leliunn says, "There haé
never been any valid reason given for considering
eny of the lipochromes included under the name tet-
ronerythin, as respiratory pigments." "And for this
reason, that they fall:fo respond to the test used
in determining whether any pigment is respiratory
or not, i.e. change of color and spectrum under the
influence of réducing agents.”

In regard to some of the properties of the

1ipochromes McMunn states, &s did Krukenberg, that
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they are sensitive to light, both in the solid state
end in solution, and yield in many cases chdlesterin-
like suhstances, ": AR observation", he says, ™which
gains additional significance when we éompare an
animal lipochrome with one of the most typical

of that series among plants, namely carotin, which
is accqmpanied by a cholesterin.” 1McMunn gives

as the general properties those that have already
been stated in connection with Xrukenberg's paper,
altho he says that he has often found that enimal
lipochromes fail to respond to the iodine tests.
McMunn aiso takes exception again, as in a former
paper, to Krukenberg's statement that the lipo=
chromes are not decomposqd by saponification, and
thinks toé that Kﬁhne'é failure to obtain the
nifric acid color reaction with rhodophan, after
purification, was due to the fact that purification

in that case meant decomposition.

Krukenberg's remarks in regard to carotin are
e ety T

The formulas 0183240 for

e
shown to be serronous.

J—

M . . %
carotin and 3183500 for hydrocarotin,which are due

(1

to Hussmenn' 1> were shown by Arnsud(l to ve wrong.

Arnsud showed that carotin is identical with the

orange-red oerEZIIES“EEEEEZﬁca that oen be obtained

From green leaves, and whioh exists in many Pruits,
W \_A&
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ospecially the tgggEB}J It has the formual Coplpgs and

is therefore not sn oxygen compount but an unsatursted
hydrocarbon. Eydrocarotin is merely an impure
chdolesterin.,  Arnaud isolated the oure cholesterin

from carrots and assigned the formula C. 0 to it.

26" 44
Carotin itself was obtained by Arnaud in rhombiec
plate crystals, which had a metaliic lustre, blue
by reflected and orange by transmitted light.

kcuunn showed, however, that carotin is a genuine

. e

lipochrome for he carefully examined a coloring

T s e,

matter wﬁich Hartsen,called chrysophyll anE"Boug-

TNy NP e 3 4y o
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arel called erythvon%vll and which accordlng to

—_— 753 T e

Arnaud are identlcal w;&hmaa£231£;/

i s 4705

lcilunn says of this pigment, "It was crystalized

i s

in beautiful plates of a fine orange or red color,
by transmitted 1ight, snd under the misciipe the
crystals appeared reddish yellow.,™ "Dissolved in
ether, they formed an orange solution, which in
deep iayer transmitted the red and a little green,
but the solution had to be diluted to a pale
yellow color before the bands could be seemi® "The
Pirst of these began at A\ 496 and extended to

A 471, the second from about A\ 462 to A 444."

"It formed a fine red color in carbon bisulphide,

which in a suitabie depth showed ths following bands;
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first A 535 }to A 506; secondAl.l.% to A475.‘.' "Trere
may have been a third feeple band near the violet.™
"It was also solu ble in alcohol, but not so easily
as in the above solvents, and here it had 1ike speocw
troscopic charascters.” "The residue from the
solutions became & fine blue and green with iodine in
potassium iodide, and & fine dark blue -and perhaps
deep violet with concentrated sulphuric acid, and a
blue which rapidly faded passing into a violet tint
with nitric acid.”

McMunn concludes by stating that altho, "No
anima1~lipochrome}hés yet been obtained pure enough
for an analysis,that can be depended upon, still the
gspectroscopic and chemical charac ters of animal
and plant lipochromes are sb similar, that there can
not be a’gfeat difference between them."

The next investigétor of note was C. A. Schunck.
He confined his attentions to chlorophyll and its
constitutents. He first showed(42 that ch¥ysophyll
and carotin gave three distinect absorption bands of
the spectrum, as McMunn had suggested might be the
case, He next reported that his observations 1ed\'
him to believe that the yellow constitutent of chlo-
rophyll is & mixture of coloring matters, the chief

constitutent of which is chrysophyll, the only member
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that so far may be obtained in orystaline form.

Schunck later reports an exceedingly interesting
investigation of the coloring metters which accompany
the chrysophyll, which he groups under the name
xanthophylls. EHe says of this, "The group considered
comprises those coloring matters occurring in flowers,
leaves, fruit, etec., which accomnany the erystaline
chrysophyll and which are insolu bie‘in water, but
are solu ble in alecohol, ether, caibon'bisulphide and
other organic solvents, and which are unattacked i.e.
unsaponified by alkalies." . "There is another group
that sometimes accompanies the xanthophyll group that
are solu ble in boiling water, alcohol, but sparingly
solu ble in ether and insolﬁ:ble in carbon bisudphide
and react towérds alkalies,™

Schunck found three constitutents in the xantho-
phyll group and he calls them respectively L. B, and
Y. xanthophyll. Ee was not able to isolate, purify
or cryéfalize aﬁy of the constitutents but depended
entirely upon thelr color reactions and absorption
gpeotra for their identification. Ee found that the
xéﬁtﬁbphylls were'all characterized by giving tﬁe
same color reactions in the dry state with concen~
trated suipﬁhric and nitric acids as are given by

the lipochromes, and similar absorption bands in the



violet region of the spectrum. The three xantho-
phyllg, however, do not appear to be identical and
Schunck reports the very interesting fact that on
comparison of the xanthophylls with the pigment of
egg yolk and fowl serum, the bright yellow alooholiec
solution of the latter show an identical spectrum
with that of L. #anthophyll. He says further that
the action of acids upon the spectra of the egg
&olk and fowl serum pigments is identical with that
upon L. xanthophyll, and the color reactions with
hydrochloriec, sulphuric and.nitric acids are the
gsame, altho perhaps not so brilliant, due no doubt
to the presence of fats., .In his experiments with
egg yolk, Schunek obtained a few red crystals on
evaporation of an ether solution, but the quantity
was so small that he could not decide whether they
were the pigments itself or some other substance
colored by it.

Sinoce Schunck's investigation seems to indicate
that his so-called L. Xanthophyllband the lipochromes
from egg yolk and fowl serum are identieal, it might
be well to report their properties more in detail.
Schunck's description is as follows; ”Thé absorption
bands of these three pigments are three in number and
lie between the solar lines F and H; the line S being
just between fhe two heavier bands, the light band
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lying near F." "The ultra violet rays are trans-
mitted to a considerable extent.” “HYdrochloric
acid has no immediate effect on the bands."™ "They
fade after a time, however, with an indication of
a fourth more refrangible one, the solution becom~ -
ing by deérees péler'and_assuming a slight green
tinge before becoming colorless."” "Nitriec acid
repidly affects the coloring matfer, a fourth more
refrangible pronounced band heing formed, the first
aﬁd second by degrees disappearing, snd the third
becoming faint, the solutidn in a short time assum~
ing & green‘finge and finally becoming ocolorless."
"The'same reactions take place with sulphuriec acid
and hyﬁrogen_peroxide and nascent hydrogen, but the
sotion is slower." "No color reaction 1s produced
4in alcoholié golutions of L. xanthophylls with
hydrochloric acid.™ "In the dry state, howevér, it
turng & Prussian blue color with a drbp of nitrie
acid, which is evanescent, and an indigo blue with
oonceﬁfrated sulphuric acid, which is more lasting.™
Sehunck cbncludes,"Whether the'lipoohromes from
other sources wili also provs to_oonsist of the same
coloring matter, opportunity of investigation has not
gso far been afforded, but from the spectroscopic pro~
perties of the lipochromes in the above cases, they

appear to be identical with L. xshthophyll, snd as
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they thus appear to be present along with both chlo-
rophyll and haemoglobin, an interesting speculation
is presented whether this colbring matter too is 6f
physiologicai importance.™

M. Henze(l5 reports some very interesting lipp-
chrome properties in his article on, "A cholesterin
like body in a sponge and its relation to'lipo-
ohrome.," . Hénxe states that an ether solution of
the 1lipochrome Tro:m which the cholesterin had been
separated, when evapérateﬁ‘left‘a strong reddish yellow
salve like body which had a pleas&nt odor which dise
appeared on warming. The 1ip6chrome could not be
crystalized. v'In a solution of suitable conéentration
it sﬁowed one absoiption‘band over line C. Henze
noticed that the 1ipochrome‘unaéf went some changes
in the sunlighf. }While no crystalizqtion was at any
time obgerved, there was a slow and complete decolor=
a%ion. Henze ssays-in regard to fhis, "The slow de-‘
ooloration of the pigment in the sunlight manifestly
appears“fo be due to an oxadation‘chénge." "We know
that fat snd & great meny other organic compounds take
on ozone like properties in the light and approach
autoeoxidation.™ "It is Very probabie that lipochrome,
a fatty body, is analegous.™ "The suppostion that the

decoloration or decomposition of the lipochrome lies

close to ‘an oxidation change, will appear probable in
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the light of the investigation."

"An ether solution of the lipochrome was sopped
up with blotting paper." "ifter the evaporation of
the ether the strips of paper with the lipochrome

on them were rolled up and put into little bottles
which contained respectively; (1) air; (2) oxygen;
(3) carbon dioxide; (4) hydrogen.™ "The tubes
were cut out in the direet sunlight." The'resulfs
were very interesting. "After six months tubes

(3) and (4),vhick contained the carbon dioxide and
hyrdrogen,were almost as colored as at the beginning."
"rube (2) was decolorized in twenty minutes.“““After
that time tuhe (1) Still retained a2 little yellowish
red color, manifestly because the oxygen of the aig
was soon used .up and the tube consequently did not
reach fuil oxidation.™ Eenze fouhd too that solutions
of the lipochrome in organic solvents were tmstable

in the light but much more slowly decoloriéed in the
dark, &1thg}f£ the latter case +the atmosphere was
full of ozone the decoloration was very répid.
Henze found that the bleached lipochromes did not «ive
the usual lipochrome color reaction, but instead an
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