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in any such selvent exitraction procedure 1lift the protein out
of the low price class wherein lies the largest market, It
is evident that there ie still s need for s cheaper purifi-
eation precedure,

This problem of the purifiecation of the corn proteins
has been included ae part of a genseral research program
dealing with the milling of corn. &n §xamiﬁ&§i@ﬂ of the
literature indicated that much work of a fundamental nature
wag nscessary to furnish a logical basis for the projected
studies, Of the @G%ﬁ~§zﬁiﬁiﬁ$, only zein has been adequately
gk&#&@%ﬁxizaé’ A great deal ie kuown ebout the pure carotenes,
but the nature of the %ranaformations which they underge uﬁd&w
the influence of various reagents has not been satisfactorily
established. -

le thie preliminary work only that relating to the
carotencids ie included here., This work was intended to
furnish » foundstion for poesible solutions to the specific
problen of color removal, In particular it was desired:

1. To determins if the carotenoids are the only coloring
matier present in the gluten.

2, To determine, by means of chromatogrephic analysis,
1f the earotenoids are zltered when the gluten ig processed
by present commercial wethods.

3. To investigate briefly any hitherto untried methods
of approach to the b&aa@ﬁiag pwah&amﬁ'



B

The first snd last of these objectives were relatively
eagy of attainment, but the study of the isomerized pigments
proved to be much more complex than was anticipated. Refer-
ense to the ii%a:&ﬁaz@ indicated %h&ﬁ‘ﬁﬁmﬁ of the pigmwents
were exiremely labile in character. Experiment sghowed that
others were slmost identieal in many of thelr properties,

Attempts to use the customary wmethods of carctenocid
analysis for the isolation of these pigments revealed that
exteneive modifications af these methods were necessary
before %ﬁay aould be applied in the present work. This phase
of the problem resolved itself into a general study of the
igsolation and properties of isomerized plgments, Suitable
modifications in exiesting methods were devised and purified
zeaxanthin, the chief cora pigment, was isomerized undey
aa&tra&i&ﬁ conditions in order to ald in the identifisation
of sone ﬁf the many new pigments which were found present

in treated corn gluten,
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REVIE® OF LITERATURE

Since the carotenoid pilguente invariably ocour in

minute gquantities, their chemical constitution could be
satisfactorily investigated only with the advent of the
newer techniques of miorochemiatry, especially Tawett's
method of ah&m&&tagx&ghiéraaaiysis whioh was rediscovered

rann, Zechmelister and Palmer. The basic
formals of gha parotencid molecule is now definitsely kmaan’
to consist of g&~a1;9ﬁati@ carbon chein of conjugeted double
vonds ﬁé?ﬁiﬁ&%ﬁﬁg&%\ﬁ&ﬁhA%ﬁﬁ by & six-membered carbon ring,
The knagn‘aaratﬁaaiéafdiffax chiefly in the type of sub-
stituents found on the terminal rings, hydroxylated deriv-
atives aanﬁ%i§a$zﬁg'th$ zanthophyll ¢lsss and unsubstituted
ﬁyﬁr@@&tﬁ@aa the carotene clase,. ‘

The literature on carotepolds has been admirably
summarized in s number of recent publications, The chapter
on carotenoids (8} in Giluan's "Treatise on Organic Chemistry®
is valuable for its ﬁisauzsﬁan of the theoretieal sspects.
Zechmeister's manual {(28) on @ﬁr&&&%&g&aﬁkiﬂf&ﬁﬁﬁfp%iﬂﬁ,a&ﬁ
Btrain'e mﬁn@grayh'{ﬁﬁ} on the leaf xanthophylls sre particu-
larly useful for their deseriptions of experimental tech~
niques. A1l three give gquite complete references to the
{20) completely describes

original literature., Palmer's Dbook

the earlier work on this subjecti.



Gazotenoids in Oorm

Only three carotenocids--geazanthin, crypioxanthin, and
beta~onroteng~-are known 1o be present in yellow corn., A
number of workers including Holmes and Leicester (11), Ren-
dolph and Hand (23), Myburgh (18), and Clarke and Gring (4)
have determined the quantities of these pigments by colori-
metric methods without agtuslly »m@wwwwﬂm_awwma@ww»wa pig-
ments., Karrer (13, 13), using classical chemical methods,
was the first to isolste the main pigment of corn~-zeaxanthin,

& few years later Kuhs and Srundmsnn {1B) showed by
means of the chromatograph that erypitoxenthin {and possibly
a8 trace u&,wwawiaﬁwawaﬁww were the only other pigments
present, From a& kilogram of Italisn corn they isclated 14
milligrame of geaxanthin end 1.4 milligrams of eryptoxanihin,
Buxton (1) has recently confirmed the presence of thess pig-
ments although it is not clesr whether he sotually obitalned
the beta-carotene in the solid form,

Prior to the genersl use of the chromatograsph fer
separaiing pigmente, it had been known that the carotenoids
were resdily sltered by s wvariety of agents, Cowmpletely
awwmﬁwwwa% snd wmwmmaﬁwaﬁm derivatives had been prepared, and
wmeM@¢a wwwa agide, heat and ligbt would cause changes had
been noted, although the products were not ldentified.
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In one respect the chemioal resetivity of the carotenoide
3&fia of prime importance since by some unknown reaction the
beta~carotene molecule eplite in two with the simulteneocus
addition of water ail the point of rupture, thus forming two
molecules of vitamin A.

Oxidation

In his book on chromatographic snslysis, Zechmeister
haes summarized the known products which result when peroxides
or chromiec trioxide react with the various oarotenes., In
genersl, the first point of attack is at the rings. Hydroxyl,
aldehyde or ketone groups can be formed, after which the
rings may be ruptured,

The addition of oxygen from the air may oceur in elther
of two ﬁiétia@%ﬁ¥& modes, The first is a slowy addition,
requiring daye or even weeke for completion depending upon
the physical state of the carotenocid. A% completion the
gmount of oxygen added corresponds with the nusmber of double
bonds, Eé study of any of the possible intermediate products
has been reported in the litersture,

Karrer (13) found for zeaxanthin eryetals in contact
with air s percentage increase in weight of only 6.5% after
twenty days, and a 38,74 increase after 120 days. Strain
{24) adsorbed zeazanthin on cotton and after exposure to
air extracted snd chromatographed the pigment, He states



that a nusmber of bands developed, but did not carry the
experiment further. EKuhn end Brockmann (14) state thet air~
oxidiged &a&a~aaza§aﬁe is partly converted into substances
which pass into the methyl alcohol phase in partition. The
fraction left in the ya%r@l&u# ether phase is much nore
strongly adsorbed tﬁaa'i& the unchanged beta-carotene. Other
investigators have noted the presence of traces of strongly
adsorbed pigment layers in the chromatogramm, but dismies
them with the statement that they were probably oxidized
material.,

The second mode of oxygen addition occurs in the
presence of an aﬂagmﬁ; In contrast to the slowness of the
above reaction, carotenocids are decoclorized almost instantly,
in the presence of this ensyme, Haas and Bohn {9) have
patented the use of such an snzyme made from goybeans for
the bleaching of bread dough.

Qniia x&éentiy Sumner and Dounce (25) have investigated
this @aﬁgaa. They conclude that it ig an aercbic oxidase
and show that it will oxidize the double bonds in unsaturated
oils {except castor oil) as well ss those of the carotenoids,
The enzyme is motive between the pH values of 6,8 and 7.1,
with a slight optimum at 8,8, It ie readily destroyed by
heat.

Prom his work with etiolated seedlings, Strain concludes
that they contain ensymes which bleach the carotenocids, but
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he did not continue with a study of the oxidiged products.
However, his experiments ewphusize the necesgity of sultable
pracautions agpinst such anzywmes in any work with the caro-
tenoid pigmenits. As may be concluded from the persistence

of the color in corn, i% does not contain the enzyme.

8inoe the chromstograph ie such a delicate tool, it
offers the easiest and often the only method by which partly

isomerized colored products o

an be iscolated., Coneseguently

it is of fundamental importance that the adsorption process
iteelf doee not alter the pigment. & nuzber of investigators
claim that adsorption does csuse partizl isomerizstion of the
pigments, For example, both Bhinn and coworkers (33) and
Strain {34) claim that certasin adsorbents, particularly
strongly asctive ones, will csuse isomerization. ¥o experi~
mental evidence is offered.

1% i&i'@f couree, trus that adsorbents contaminated
with oxygen, oxidizing materials or acid will cause destruc-
tion of the pigment, but such conditions may be easily
remedied. The work of Holmes and Corbett (10) on pure
?i%&é&ﬁ_&f$$'%ha‘ﬁﬁl?:$£§ﬁxiﬁﬂﬁt&i evidence found to indi-
cate ﬁhﬁﬁ.@ﬁéh isomerization may tabke place, According to
theiyr results all of the commonly used adsorbents, with the

faxaaptiéa_ﬁx iron-free silica gel, will glive rise to colored
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,wﬁ@&ﬁwaw from vitanmin A4 in the presence of some of the usual
solvents, Such color produstion was occasioned by activated
alumins, magnesium oxide, and especially iron-contsining
materiale, lu the presence of benzens, cyclehexane, or ether,
m»wnm;ﬂwm garotenoide are much more stable than vitamin
A& 1t does not follow that the sbove results are directly
applicable to these pigments, but 1t does suggest that highly
wu«wﬁﬁ,wmmaw@mmﬁw;mwawwﬁ not be ussd &wﬁw;wwwwmmww adsorbed
w»%@w%@w@ Buch a combination hae the further disadvantage
that awﬁwwga is bindered and drastic conditions are regquired,
it mew»mwwm;%wwwwwwm that most of the apparent isomerization
mmaaﬁwgm;wa the chromstographio %wa@amwkﬁw in reality due to
other wwawawwﬁ ag described in wwm fellowing paragraphs,

There is no general agreement ae to the stability of
awaowwmawm.mwwmwwaﬁm exposed to light, %hile Clausen and
MoCord (5) state that solutions fade somewhat even in a few
hours, %umﬂwwmw@m {17) found that the absorption spectra of
a amwwwwm& solutien exposed to diffuse sunlight chenged but
ww¢wwa;@ﬁwwwm the firat nonth. After this time the bands
,waﬁﬁ@a qulte broad or disappeared entirely., Alcohol solu-
tiona mw,wwwﬁwawwwwww are particularly stable, according te
Strain,
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pigment were in evidence. Of these the &éﬁ&a& and largest
was zesxpothin in unsltered conditlion. The other pigments,
after elution and crysitallization, both gave unsharp meliing
points lower than zeaxanthin and sbsorpiion maxims at shorter
wave lengihe. The most strongly adsorbed layer, neozeaxan~
thin aa;is strongly dextrorotatory in contrast o the
original levorotatory zesxanthin.

A sumnary of Zechmeister's work includes the following
additional faots:

1, The iscwerlzation reaction is catalyzed by a trave
of iodine.

3. The reverse reaction is more rapld than the forward
reaction, |

3, With hypophasioc pigmente {zeaxanthin) the new bands
are above the originali with epiphasic pigments (crypto-
xanthin aaé.%étavﬁax@zaaa} they are below,

| 4, The tendency toward lsomerization incressee in the

order betg-verotens, crypioxanthin, zeaxanthin,

Be éﬁum&ﬁ& agﬁaét,ba uged to separste zesxanthin and 1its

isomers,
8. The equilibrium zeaxanthin mixture gives only one
band of pigmwent after esierification,
T x,&ﬁluﬁiaa;az any of the zeax

anthin pigmente should
not be kept longer than one day if
is to be avolded,

appreciable lsomerization
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8, Isomerized plgments are more soluble than the parent
plgnments, _

Upon publication of these results, Gillam (2) repeated
and extended his previous work on bets-carotene, with
complete confirmetion of Zechmeister's conclusione. In s
study of the tempersture coefficient of the resction, he
found even st ~2¢ 0, 2 slight tendency towsrd isomerization,
the reaction proceeding quite rapidly above 40% 8, If heat
iz used in the orystsllization process, only beta-carctene
can be isolated even from a solution grigﬁa&liy'aantaiﬁiag
only ﬁ&g is@@azix$§‘§igaanﬁ, Crystalline beta-carotene is
perfectly stable, Both Strsim (24) and Queckenbueh, Steen-
bock and Peterson {21) have published reeults which in
general tend to confirm the work of Zechmelister on the
zanthophylls,

No experiments have as yet been recorded dealing with
other properties of these synthetic pigments. A knowledge
of their resistance to oxygen end acids would be of consid-
ersble value. I% is probable that this isomerizetion
resction may play 2 role in the funotion af’aﬁrataaag in
iivsagiyianﬁsﬁ

In view of the resdiness with whioh these new pigments
form, ?&ztiﬁulariy in the case of xanthophylle, it is sur-
prising that no mentien of them has been made previously,

¥any of the methode used 30 prepare plgment solutions involve
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the use either of heat or of time suffioclent to allow for
their formation, ygtkin the literature there ie no indieation
of their pxaﬁ&aaz,f'?ha adsorbents used may heve been 80
strong that they were not separated ?xa&f%h& parent pigment,
or they mey have been lost in the mother liguors, since they

are more soluble,

¥hen xanthophylls are heated with acids the pigments
undergo extensive change., With concentrated scid, such as
glacial acetic, the gigﬁanﬁ may be compleiely decolorized,
a8 shown by Karrer (13). Milder conditions alter the pig-

ments to a2 less extent; with lutein, much of the pigment

becones epiphasic in the petroleus ether-methyl aloohol
partition.

Although Euhn and
worthy change in adsorpiion in the chromatograph results from

Brockmann (14) claim that no note~

acid treatment, later work indicates that such is the case.
Working with lutein from silege, Quackenbush, Steenbock and
Peterson (21) showed that at least three and poesibly five

scid isomerigzed pigment lavere were indicated by the chromato-

gramm, None of the sltered pigments could be orystalliszed,
In & similer experiment on lutein, Btrain (24) showed that the
altered aigmeﬁ% is only weakly adsorbed in the column, He
was able to orystallize the color which passed through the
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golumn but does not offer any proof that the material was
homogensous, The effect of dilute mcid on either zeaxsnthin
or oryptoxanthin does not seem %o have been recorded., Bets-

carotene spparently is not altered by mild aclid treatment (14).

Summax

The table on the following page summarizes the proper-
ties of the corn caroiencids.
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Properties of Corn Carotencids

Heiting Optical Absorption

Pigment

Polnt

Rotation Maxima® Investigator

Zeaxanthin
Oryptozanthin
Beta-carotens
Es&kaax#&th&n A
Neozeaxanthin B
Beozeaxanthin
Heoeryptoxanthin
&wa~ba%a«&&t§h&n&

zaaxanthia,
partly axiﬁiz&ﬁ

ﬁrypﬁaxaﬁzhi£*
partly oxidized

B&%&»ﬁaratanﬁ
paxtly széisnﬁ
Zeaxantbin + scid

Cryptoxanthin
+ aeld

Beta-carotene

+ acld

a08;
496;
498;
489;
489;

~40°
& 0°

315.8° 463  Zechmeister,

gtrain
Zechmelister,

Strain
gillam
Zechmelster
45?% "
485; 455 “
490; 458 .
4773 448%* Gillam
Strain

166°
Gives & number of bands,

Ll

No record in literature.

P@r@x&ﬁaa~& QrGz give ~0H,

or >CO0 groups, followed
by xiag breakage to give
azafrinone eldehyde.

Zechmeister

Decolorizes upon a&ating; Earrer

with glacial acetic aci
Yo record in literature, uan
Kuhn and

Fo change on mild treatment
*  Brockmann

*In benzene;

*®in hexane.
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EXPERIVENTAL HETHODS

Precsutions

The usual precesutions, summarized by ¥iller {18), that
must be taken in working with carctenoid solutions were
ecarefully observed. All solutions were kept in stoppered
bottles under an atmosphere of nitrogen sway from strong
sunlight. BSolutions kept longer than a few hours were stored |
in the icebox, Low-boiling petroleum ether was used in all of
the operations to help prevent oxidation. ZErlenmeyer or
other narrow-nouthed containers were alwsys employed where

poasible,

The a&ava procedure was also observed in the orvetalli-
zation process. Solutions were slways kept at 0° O, when
~allowed to stand. \‘

The use of Emich filtering sticks of porous slundum
disoe sealed in glase tubing made it fessible to recrysiallize
repeatedly very small smounte of material without transfer
from the originsl contaliner, Hince these filtering eticks
are moat esaeily used with preseure inetead of suction, nitre-
gen gas was uped as the pressure source in filtrations reguire

ing wore than a few minutes,
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This method of filiration was of particulsr advantage
in the removal of sterol impurities, as solutions could easily
be filtered either in an ice~salt wmixture or at the tempera-
ture of &>ﬁ§g*aﬁ%%ﬁﬁﬁ'ﬁﬁlﬁ£iﬁﬁg

Zeaxanthin pigments were crystalliszed either from
aloohol-water mixtures or by sdding Skelly A to scetone or
acetone~benzene solutions, The purification of cryptozanthin
plgmente ie a difficult probleam if heating iz to be avoided.
Iﬁ‘&amg,ﬂasag the white lapurities were npost easily removed
by filtering an acetone soluticn cooled with carbon dioxide
and soetone, In other cases they were removed by their
insolubility first in ice cold Skelly A and then in cold
sethyl aleohol., The color loss in suoh operations wae
usually large. The purified pigment was orystallized from
bengene-methyl alcohol mixtures or from alcohol and water.

s repeatedly obssrved in the llterature, impurities present
in wore than traces made orystallization impossible.

A1l meliing ?@iﬁﬁa ware itsken with the customary ﬁléaw
trically heated aluminum block, the saumple being held between
two cover glasees and a microscope used for observetion. The
apparatus wae checked and gave correct resdings throughout
the entire range, Although this method is the only one whieh
ean be used with minute amounts of msterial as isolated in
this @¢$k§ §5na aﬁ‘%ﬁe melting points of the oarotenoids
recorded in the literature seem %0 have been tsken in this
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Fundamesntally the procedure for chromatogysphioc analyeis
is quite simple! a solutlon of the material is passed through
a column contalning the adsorbent and further additione of
solvent are made until the variovus componentis sre geparated
as well defined bands, or in some cases until bands success~
ively wash through the column. In the first oase, the bands
are mechanically separated, and the adsorbed material eluted
with aﬁiapyrayxigta solvent, A brief generalized descriptien
of the process is given by Cussidy (3). Strain (24) and
particularly Zeohmeister (28) give detailed directions for
the complete analysis, The methode used in the present work
follow the recommendations of these authors in all but s
few detaile.

Column

The simplest type of aaxﬁmﬁ»atéé% tubes of varving sizes
$0 which were fused amall pieces of glpes tubing as outletgw~
proved entirely zdequate for containing the a&s&rb&ﬁﬁ, A
cork ring supporting a plerced porcelsin plate which was
covered with a layer of ssbestos supported the column of
gdsorbent material, With this arrengement 1% wag possible
either 1o @ﬁﬁh out the developed column by means of a thin
rod or to collect separate fractions of the liguid as it

passed through the column,
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It wus found %hat the column could be filled most easily

by ﬁaﬁp&ﬁg aucoessive vortione of adsorbent with the column
asted by
Zechmelster. For a mumber of ressons it was found expedient

under 2 slight vecuum from the watey puap, s Bugy

to force the solution through the column under pressure
zaﬁhaw-%&gﬁ'iﬁ use aﬁgiiﬁﬁ* In preliminary experiments 1%
wae ﬁﬁ@é@ %&&t the viscosity of the liguid used greatly in-
fiuenced the rate of flow. Thus, petroleum ether {boiling
point 28-3890,) sclutions passed through the column markedly
faeter then did benszene solutions,

Cbviously the use of suction with petroleuw sther would
eause large losses of solvent, with sttendant fire bazaerd,
Binve the use of compressed nitrogen as s source of pressure
would also serve %o exclude air, the spparstus was desipned

to operate under pressure, 20 to 30 om. of mercury being

adeguate with the adsorbenis used. The azpparatur was so

arranged that additions of solvent could be made without

raiﬁas&fafvyr&aﬁaxe on the column. More uniform bands were

obtained if the column was firet treated with solvent until

s 8teady stale was reached,

Solvents |
Petroleun ether, either alone or aixed with benzene, was

used excluzively. The use of these low boilling solvenis
@@@a@ggﬁﬁ'ﬁhﬁ additional advantage ihat upon slution they could
be readily evsporsted at room temperature., The solvent used
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in developing a chromatogramm was always washed, dried with
Naa804, and fractionally distilled before re-use,
Adsorbents

Calcium carbonste and sluminum oxide exclusively were
uged as sdsorbents., Although Zechmeister highly recommende
caleium carbonate, Strain clajms that none of the prepars-
tions he used showed good adsorptive properties, In confirma-
tion of the latter's findings, it was discovered that the
C.P. powdersd material on hand gave brosd, ill-defined bands.

A much better carbonate, giving sharply defined bands
and a8 higher adsorbing capacity, wae made by precipitation
a8 faiiawaa ‘Qaﬁygraasvﬁf white, anhydrous ¢slclum chloride,
8-mesh, was dissolved in 300 ocubie centimeters of distilled
water and the solution filtered through filter cell to remove
the slight flocculent preclipitate. Then 330 grams of
anhydrous C.P, sodium carbonate was dissolved in a liter of
distilled water in s laxge contzimer which could be aﬁaﬁysraé.

The filtered caloium solution was slowly poured beneath
the carbonste solution in s manner analogous to the Kjeldahl
%&aha&qﬁﬁ* after which the ocontalner was stoppered and shsken
vigorously. Thie osused the formation of a solid gelatinous
mase, which, after adding BOO to 1000 oo. of water and
shaking fax about five ﬁiﬁﬁ$§$,~$ﬁéﬁ§ﬁly orystalligsed, The
praaigita£e~wa§ fiitaxeﬁ@lwashgﬁ thoroughly, re-suspended in
& liter of water and shaken. ¥Finally it was agsin filtered
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and washed with water followed by 95% slcohol, The final
product, dried at 105-110° 0, over night, is a very fine
powdey, and to give a better flow of liguid it was mixed
with an equal welight of Hyflo 8u
Strain.

Ordinary powdered 0.P, aluminum oxide of two different

er Cel, as recommended by

brande possessed good adsorbent properties, but Hydralo

crushed to pass through an 80 mesh sieve was used because

it gave more rapid flow of liguid.

Heating the caleium carbonate at temperatures above
lxﬁ*aﬁﬁﬁiﬁﬁ did not noticeadly enhance ite adsorptive proper-
ties. The alumlna was sctivated by heating in alr for 10-30
' 300-500° 0, This sotivated alumina sppeared to

hours a§ 
gause ﬁﬁ%ﬁ decomposition of the solveni, resulting in the
formation of non~volatile liguids, However, repeated
a@a&xp&&aa §£~a,pigw@ﬁt on this material never ococasioned the
formation of new pigment bands, although it naturally made
the 13&&&%1@& of the pure plgment imprascticable,

¥or a milder adsorbent the activated material was
moistened with water and dried st 105° O, Thie desctivated
material had no affect on the solvent,
Recovery

The oalcium cazrbonate could be recovered and used

repeatedly with no change in properties. Thorough washing
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with alcohel and drying at 105° C, wae sufficient. Since

elution with the alumine wes often incomplete, this material
wvas always washed with sloobol and then heated at about 4009,
Development

Experience showed that no pigment band could be con-
sldered homogenecus unless 1t wess trested with a developing
golution sufficiently strong to csuse it to move slowly an

appreciable distance down the column, For the more strongly

adgorbed pigments, the addition of 1-5% acetone to the sol-
vent gave s convenient range of developing eolutions,
Skelly A -~ benzene mixtures were sultable for the more
ﬁ@akly“&ﬁsarﬁaé pigmentsa,

%hﬁxe there were a puaber of bands not differing widely
in adsorption affinity, each band had to be sdsorbed twice
more in a separate column to remove the last trace of adjscent
pignents.

Elution

#hen possible, pure acetone was usad to recover the
sdeorbed pigments, ZEpiphasie pigments were transferred to
Skelly A after slution, All solutiones were evaporasted below

roon teaperature,

The identity of two pigmente or the homogeneity of a
single yigﬁaag wes ensily determined with s mioro-chrometo-
_gxagh,haﬁiﬁg & column two centimeters high and one centimeter
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in dismeter, It was found that neither csleium carbonate nor
deactivated alumina wae altered in sdsorptive capacity by
washing with pure acetone. This fact made it poseible to use
these small columns indefinitely. After each run it was
necesasary only to elute with a few drops of scetone, wash the
a@wgaalﬁwww Skelly A, and proceed with wgaﬂmaaw‘aama;

Remarks

¥ith crude pigment solutions, the size of column needed
is governed largely by the amount of white impurities preaent.
Wwhen such impurities have the same adsorption coefficient as
the pigment, they cause the color band to become wua%m and
often indefinite. Long, narrow columns are theoretically to
be preferred, especially if many of the pigmwents are present
in small amounts as in the present case. However, the use of
guch columne is very time~consuming. BSirain states that as
wﬁw@\aw‘mwmaaaa boure 18 necessary to run one mnalysiz with
the long column he employed,

Hﬁ_@wa found more convenlent to use brosder, shorter
columns (adsorbent 10 em, high and 4.3 om. in diameter) for
a @wwwwﬁ»wanw rough separation and to re~work indiwidual
bands aaaa_m&@wwaa columns, The firet separation required
trom @wwﬁw to five hours, while adsorptions of single pig-

mente n@ﬁwm be made in as little as one-half hour,



From the literature survey it is evident that isomerigzed
pigments must be isoleted under carefully eircumscribed con-
diticne if one is to be gertain that the pigments were present
in the original material snd did not arise as artifacis during
the course of the analysis, This is especislly true in the
cage of the heat-lablle lsomers described by Zechmelster,

An idesl procedure would fulfill the following require-
mental

i« Give complete recovery of pigments in minimum amounts
of solvent.

2. Remove impurities whioh might hinder adsorption,

S. Avold beat, aﬁ§&§ and oxidation.

4, Be sufficiently rapid to eliminate or reduce the
formation of the heat-lablile lsomers during the process,

5. Regquire no special large~scsle eguipment.

Exsmination of the published methods for preparing carotenoid
solutions guitsble for chromatographic adeorption indicated
that they fell short of meeting all of these requirements,
The procedure used by Kuhz and Grundmann in thelr work on
eorn e typical of the one usually employed, It involves:

1. Extraction of the plgments with zloohel and petroleum
ether,

| 2., Transfer of the pigments intec the petroleum ether by
dilution with water.
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3. Separation of the zanthophylls by partition.

4, Saponifioation of the petroleum ether phase at
33&@&%&& elevated temperature,

B. Aﬁaaxgtian of thergnrzfiaé,pigmanz solutions on
activated adeorbents.

The suthors do not siate the volumes of sclutions regquired,
the time necessary, nor the difficulties encountered.

 The f&iiaaing experiments were made to determine if all
the sbove steps were essentisl, snd, if so, to diseover how
they could be performed eo as to conform to the conditions
outlined.

The materisl used was a commercial gluten, sir-dried
directly after being separatéd from the starch. It was first
determined that ebout 300 grams of gluten was the largest
amount that could be handled with the availsble equipment,

The color from this gluten was extracted with 8.0, of
95% alcobol, followed by C.0. of Skelly A and a final
500 c.o. portion of alcohol. The pigment in thie sclution
gould not be cox

pletely recovered by diluting with salt water
{3 liﬁaka} and extracting with workable asmounts of Skelly A,
To keer the volume of selvent at a ﬁiﬁiﬁuﬁ, the diluted
solution was first extracted with 500~700 o.c. of Skelly A
and %h&fxéﬁainiﬁg pigment recoversd by further sxtraction
with 3@§#ﬁ6@ e.¢s 0f benzene, The cowmbined pigment solutione
wwxsvwaﬁﬁa& to éémewa aleobol and dried with sodium sulfate,
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A solution prepared in this manner pas

sed through Callsz
without any adsorption, On asotivated alumine the bands were
broad and held poorly. By washing the solution with dilute
alkall or by passing 1t through a column of oaleiuwm hydroxide
(40 grams) diluted with Hyflo Super Gel (B0 grams), the
adsorption on alumina was improved although there was still

no adsorpifion on Calls. With slkali washing, color was loet
in &h@ aqn§aaa laver and the tendency for emulsiocns to form
nade %h§ §za@a$£ tedious, Using solid caleium hydroxide, the
aﬁiﬁiaggﬁ%»%aaﬁaﬁ formed a gelatinous preoipitate which
caused the flow of liquid to become wery slow, A small
amount of pigment was adsorbed with $his precipitate at the
top af §§a'¢91awB* | |
&kééiﬁ%1§£ gn$ifiﬁ& with csleium hydroxide was adeorbed

on alumiﬁaffﬁwa columns 4.3 om, in diameter and contalning a
6 om, xﬁﬁeﬁiﬁi activated and a 1.3 om. layer of deactivated
mazaxia&} &ﬁﬁ gave the following bands?

ﬁ mm, - yellow {zesxanthin and éarivazivgs}

8 mw* - liﬁﬁla golor

14 mm, « broad &xaﬁga hand with evidence of a

“““ purpie band at the bottom edge

14 mm, - light pink

‘% mm. -~ yellow

3 mm, - pink
Qpa%;aiﬁﬁiﬁﬁ.aﬁ& eveporation of the pigment solution from the
top i@#ﬁi,,tﬁ@gﬁ was left 2-3 c,¢. of oil. Elution was not
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complete unless the alechol wae acldified slightly with
acetic soid. The orude pigment was not adsorbed by ﬁaﬁég
nor did readsorption on deasctivated alumina decresse the
amount of impurities, Further tests showed that, while the
fmpurities wa?a quite insoluble in cold methanocl, the oily
precipitate carried down considerable color with it, Parii-
tion experiments indicated that the oily meterial was resdily
separated by this method and that adsorption of the color on
0al0z was then gnga&asfuli At least six pigment bands were
evident,

The broad orange oryptoxanthin layer wee highly contam-
inated both with the sterole present in the corn and the oll
formed by decomposition of the solvent. The latter could not
be completely removed either by precipitstion at low tempera-
tures or by readsorption on deactivated alumina, The small
lower layers were likewise contaminated with large amounts of
oil.

In another experiment the plgment sclution was passed
through & 4 cm, column of deasctivated alumina to remove the
zeaxanthin fractiocn., It was then saponified by shaking over-
night at room temperature with 10 grams of KOF dissolved in
50 o.c, of methanol,

The problem of removing the soaps from this mixture

without lose of color proved to be very frsublesome, If was
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3&ver»ﬁﬁﬁ?l&ﬁaig salved, ¥ven careful addition of water gave
»ue layer which contsined a considersble fraction

& lower aq{y?
of the tﬁ%ai solor. A much as twelve liters of water and
dilute alaahaz (20-60%) were required for the complete ra&awai
of the ﬁa&pg and the tendency for emulsion formation was
pxeaaﬂaﬁeﬁ* The solution also contained colloidal material
which wes filterable only after drying with sodium sulfate.

| After much experiwenting, 1t was discovered that the
process could be materially shortensd by use of the centri-
fuge. Coneentrated sslt solution was first added to the
&aﬁa&iﬁiﬁa@i&a,&slwﬁxan and the mixture allowed to stand in
the a&pﬁxﬁtﬁxy‘faﬁnal.anﬁii the iiquid separasted into three
i&yaxa%#éféiaar top solvent layer, a middle layer of preocipi-
tated soupe, snd the lower layer of ssit-alochol solution.,
The viscous 3@&@'&&ysx,r@ankaiﬁing much of the coler, was
%xaﬁafﬁﬁxaé to centrifuge botiles and paxt of the coloy
r&aavﬁ%%& hy':ﬁﬁaa%ﬁé,ﬁaatxifﬁgiag with benszene and Bkelly A,
’Fur%ﬁﬁr purificetion of the combined plgment solution now
gave mo aifficulty. |

Ea fﬁ!@k&?’@&@ﬁfﬁ@%ﬁ%& with this method, it was found

that treatment of the se
resove most of the water, with 50% caustio solution would

parated scap mixture, cenirifuged to

give & still greater recovery of the pigment, With this
medifiostion the svape begsme more compasct upon centrifuging
aud seemed to heve less affinity for the color.
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The use of concentrated alkall wae also walusble in
removing the other colleidal material present. By vigorously
shaking the cloudy solvent solution with a small portion of
concentrated caustlc, the oolloidal material largely gathered
in the slkall lsyer and the remainder agylomerated snd no
longer passed through filter paper.

In %hgvﬁxgaxiﬁanﬁ being described, the first method
using the ocustouwary water extraction was amylayaé to remove

: igment was now readily adsorbed on
deactivated alumins se & sharply defined 1 mu. orange band,
ﬁiﬁhﬁaghfﬁha‘@iaﬁgﬁ pigment was essily separated from the
sterols, oaly a trace of impure cryptoxasnthin (M.P, 130-140%)
eould be isolated. From later experiments it is probable
that this band contained other pigments se well aes erypio-
xanthin, 7The lower carotene pigmeni bande were adsorbed only
on &ﬂtiva@éﬁ Hydralo.

%ﬁa@a'§X§ﬁrims&ta indicate that none of the stepe in
%hg‘pxﬁﬁuﬁﬁxa used by Kubn and Grundmenn may be omitted,
@a&%iegxagly if ecrystalline pigments are éasir@é*' The oul~
line of the procedure %o be used in subsequent experiments
is as follows?

1, Extraction, 300 grams of gluten extzaoted with
one zg§é$§§£ 95% aleohol and .

gifﬁﬂéﬁyary of pigmente. The pigments in the extzaction

300 c.0,. of Skelly A,
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liguor are recovered by addition of 3 liters of salt water
and extraction firﬁ%'gikhkﬁﬁﬁv@%@ 0.0s 0f Skelly A followed
by extraction with 300-400 v.0. of benzens. The two sre not
conblined,

3. Partition. The zeaxsnthin plignments are removed from

the Skelly A by extraction with 80% methanel and recovered

with the original benszens exirsct. The benzene solution is

purified by alkall wasbing and sdsorbed on Callsz,

4, Petroleum ether phase, This is saponified by shaking
overnight with XOH in methanol., The sosps are removed by
the centrifuge wmethod and the purified pigment solution
adsorbed on deactivated Hydralo.
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EXPERIMENTAL RESULTS

The wet milling process for corn consiste of first
softening the kernels by heating for two days at 50° O, in
the presence of dilute squeous sulfur dioxide solution, and
secondly of grinding the softened kernels and separating the
major aawwWﬁmwwm;smw@wﬁwﬁ gluten, germ, and hull--by flotation
processes, The starch which contaminates the gluten may be
removed by hydrolysie with dilute HOl at an elevated temper~
ature.

& general wwwwﬁaa of the changes which the carotenoids
underge could be obtained by isolation of these pigmente in
whole untreated corn, in the gluten recovered afier softening
the kernel, in the gluten after removal of starxch by secid
hydrolysis, and in the oil obtalned as a residue in the

solvent extraciion process.
Carotencids in Whole Corn

Five bundred grems of Black Yellow Dent corn, 1838 crop,
was ground in a Wiley mill with 30 mesh screen. The ssmple
was added rapidly and the wwugw half coming through the screen,
consisting almost exclueively of starch and germ, was dis~
carded, The bhorny vellow gluten was further ground %o pass

through s 60 mesh soreen, The pigments were extracted and
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worked up sccording to the method outlined, except that the
Skelly A solution was not saponified, | |
The zeaxanthin freotion, developed with Skelly A con-
talning 5% acetone
apnd ¢ om, high, gave the following bandat
37 mm, ~ white
1 mm, - yellow

in 2 coluwn of Callz 4.3 om, in dismeter

2 mm, ~ white
1 ma, -~ yellow
8 mm, ~ white
1l sm, -~ orange
In addition there was & very faint 1ine below the top two.

Readsorption of these upper layers, which contained only &

small amount of color, gave a band of geaxanthin, typiosl

behavior of the neozeaxanthin pigwments. The z2esxanthin

weighed approximately 4 mg. asnd melted at 188° O,
inge were made on an ordinary analytioal balance snd are only
approzimations, The recrystallized product melted at 183,3°%,
a second adsorption on Callz failing to ralee this melting
point. Abéorﬁtion maxima were at 490 and 458 my.

The eryptozanthin frection, developed with Skelly A
containing 2% acetons on a column of asctivated Hydrelo 3.4 om.

in diameter and 6 om. high

, gave the following banda!

cleny

2 mm, - yellow
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3.5 mm, - clear

30 mm, -~ pink
The 2 mm, yellow band was epiphasic, showing that it was
eryptoxanthin and not zeaxanthin.

Three thouesnd grams of Black Yellow Dent corn, 1938
crop, was softened by the usual procedure snd milled in the
laboratory miliing spparatus. There wae isolated 520 grams
of moist gluten containing approximately 307 solide, This
was covered with 1200 c.c. of 957 aloohol, filtered after
800 c.o. of aloohol, The
Skelly A was omitted since only the zesxanthin pigments were

standing one hour and washed with

to be isolated., In other experiments not recorded here where
both alcobol and Skelly & were used, the extracted starch-
protein mixture wﬁs pragiically white in color.

The zeaxanthin plgments were recovered by partition
between 857 ethanol end Skelly A and tranaferred to the
original benzene extract, After purification by alkall

washing, this was adsorbed on two columns of Cal03, giving

a large ﬁnwﬁﬁr of thin pigment bands above the main zeaxanthin
layer. In addition some coloy passed through the columns
which gave one salmon pink layer when adsorbed on desctivated
Bydralo. The combined upper layers ware readsorbed,



Columni--Cal0Os (10 parte C.P. powdered plus 1 part of
special), 4.3 om, in diameter, 8,5 om, high, developed with
benzene~Skelly A {1:4).

11 mm, - 1light tan, no sharply defined layers

0.5 mm,~ thin yellow brown line (A0)

1 mm, - white

1.5 mm.~ orange (B)

1 mm, -~ white

1 mm, - orange (0)

1 mm, - white

2 mm, - orange yellow (D)

0.5 mm.~ white

1 mm, ~ light yellow (%)

& mm, -~ three thin lines; orange, vellow, pink

ﬁ mm, -~ not guite white

0.5 mm,~ trace of zeaxanthin
When the plgment in band AD was readsorbed it gave a lower
band of zeaxanthine-typical behavior of the neozeaxanthins.
The pigments in bands D and £ faded on storage under nitrogen
~-typical behavior of sold-isomerized pigments, HNone of the
plgments were obtained in crystalline form,

The main zeaxanthin layers were eluted and the pigment
recrystallized from 10 c.o, of acetone~benzene mixture by
adding 30 o.e. of Skelly A, Melting-point, 192-193° . A
second readsorption and two recrystallizations did not raise
this melting point. Final yleld, 5 mg.
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2 mam, - pink with yellow borders

10 mm.~ containing traces of two faint lines

1 mm, -~ clear

8 mm, - zeaxsnthin ‘
In adéitiénﬁ some color passed through without forming any
bands, Only the neozeaxanthine A and B, the pink band, and
the zeaxanthin were recoversd, Mixed microchromatographs
and B confirmed the identity of

with pure neogeaxanthine A

these two pigments.
Repeated adsorption of the pink band sbove the zeaxanthin

showed that it was s mixture of two pigments--pink sbove and

yai13w~§alaww~with praetically identical adsorption coefficlents,

#With the small smount of pigment, & separstion of the tﬁ@'was

not possible. From the 9 mm, orange layer wae recovered 5,5

mg. of zeaxanthin, which, after one recrystallization, melted

at 198-3000 U, and had sbsorption maxima st 492 and 463.5 mu .
The color which passed through this first column

adsorbed on a smaller column of desctivated Hydralo $o give
two pigment bands, salmon pink and orange, HReadsorption of
the aalméa band on 0aC03Z showed that it consisted of at leamst
five pigmeataﬁ The main band, a2 brick pink, was purified by
further adsorption to give lese than one milligram of an oil,
The 9&3&@&%/&i@ not give sharp $§3ﬁ¥§§iﬁh maxime but ihere
appearad to be a slight maximum at 483 my . Adsorption of

the orange band on CaC03 also showed that s number of pigments



.

were pregent in addition to the mein orange~yellow band, From
this band a trace of impure oryptoxanthin (M.P, uwp te 130° C,)
was isolated. Couparison with other experiments indicated
that this band was probebly a mixture,

in aifveays.u*?ha fkelly 4 - methsnol saponi~

fi@&&i@ﬁ mixture was worked up as followe: The methanol layer
which contained most of the color wes firet separated and the
Skelly & soluticon further extracted with a2 liter of methanol
containing 14 KOH to remove the larger part of the remaining
color. The soeps in the methanol solution were removed by
the usual centrifuge process and the pigment adsorbed on
deaotivated Hydralo. This was done in lieu of evaporation
and the column was not ﬁgwe&agaﬁg A purple bvand was evident

below the mein orange band,
The sterole accompanying the eluted pigments were
removed by precipitation from a smsll volume of methanol.
The pmxifieékgagmaat mixture, dissolved in Skelly A, could
now be sdsorbed on Cal0%. SBamples of 0,7, caleium hydroxide,
G.P. ocalolum oxide, and a technical lime sll gave very wesk
adsorption. . ”
Columni-~4,3 om, in diameter, 9.5 om, high, developed
with Stelly A - benzens (4:1).
4 mm. - four thin orange lines
1 mm, -~ zeaxantibin, with a faint pink band just
below it.
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2, Cryptozanthin, not separated from
g wm, - 1ight yellow
The pigment corresponding io the purple band on alumina washed

3 mm, - oran

@Kﬁ@ﬁgh"%hﬁ'ﬁ&iﬁﬂ&a The 3 mn. orange band gave s solid plg-
ment wpon ‘elution and evaporation, After ome recryetalliza-
1, the pigment weighed 3.7 nmg.
and melted at 145-148° 0, The orystals were oblong plates
characterisiic of eryptoxanthin, The third, fourth and
fifth raaxystailixa&iaﬁa from benzens and methanol gave
orystals which melted constantly at 155-158%, Resdsorption
and crystals, and three
raaryn%giiiaaxiﬂaﬁ of &ha §igman£ from the top orange layer

tion fra& benzens ylmﬁ methano

of the combined mother liquor

did not ralse this melting point., Adsorption mexima were
at 488 and 460 my, indicating that the pigment was not pure.
The 9 m#g‘yaiﬁaﬁ‘ﬁaa& in the original column gave an oil
agem,aiﬁﬁiaa, It was probably z mizturs of necoryptoxanthin
 and scid-isomerized zeaxanthin,

A sgap;g of "xanthophyll oil®--the residue left in the
as&marﬁiai_suiwa&t extraction process for obtalning sein from
corn gi§%§n9~nas obtained from the Corn Products Refining
'ﬁa&gaag;
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Preliminary experiments indicated that the blood-red,
viscous oil was entirely soluble in Skelly A, acetone and
benzene, and insoluble in methanol., Solutions in Skelly A
or scetone gave no precipitate after stunding in ice over
night. A%t the temperature of (0p they became semi-solid,
Hixtures of benzens and methanol removed considerable color
without apparently dissolving much of the oil. The presence
of large amounts of soap-like material was indicated,

One hundred ¢.0. of the oill wee diluted with 200 c.c,
of benzene and 300 c¢.c, of methanol in & separatory funnel
and cocled in ice for two hours. The lower oil layer was
then drawn off., The upper layer wae diluted with 800 c.c. of
Skelly A and the bulk of the =zeaxanthin pigments removed by
partition, using 1800 c.c. of 80% methanol. The presence of
the goap~like material caused loss of color in purifying the
bengene solution into which the %wmwaww& were transferred,
One~half of the purified benzene aolution was adsorbed on
0a003.

~ Columni--4,3 cm, in diameter, 10 om., high, developed with
500 c.0. of 1:1 Skelly A ~ bengzene containing 2,.5% wawwaﬁan
34 mm, ~ white at top, ill-defined yellow at bottom
1 ma, ~ clear
S mm, t.wwﬁw&wﬁ neozeaxanthin A
1 am, -~ clear |

20 mm, ~ orange, neozeaxanthin B



il Do

2 mm, - clear

2 mm, ﬁ~aéaaga (0)

i mm, - clear |

2 mm, - orange (D)

1 am, ~ clear

1 mm, -~ light yellow

Below this the columx aaﬁﬁainﬂﬁ some zeaxanthin, most of

which had passed through. In sddition, there were two bands
of pigment below the zesxanthin which were not saved,

The nsozeaxanthin A band, purified by readsorption, did
not cryetallize from a mixture aﬁ acetone and Skelly 4, but
yrecipitataﬁ in samimﬂallaiﬁal condition from alcohol and
water. Part of this material melted about 90° O, and the
rest between 175 and 186°, Under the microscope, the presence
of white impurities Qﬂﬁ~$¥iﬁﬁﬁ§, A wierochromatograph showed
tﬁgt the pigment was homogeneous, Hixtures with pures neo~
zeaxanthin B gave two bands of pigment, snd with neogeaxanthin
A, only one,

The neozeaxanthin B pigment band crystallized slowly
‘féaa an ice cold scetone - Skelly A solution as small nodules,
The solid material, 4.6 mg., was apparently not changed by
recrystallization, the melting point remaining at 116-117° @,
with preliminary softening. 4 mixture with pﬁrﬁ neoges- |
xanthin B gave only one umain §igm£a%‘hané upon micro-
adsorption,



The 9 mm, orenge band {C) with absorption maxima st 480
and 453 » could not be crystalliszed, The emsll smount of
color in band (D) gave a faint absorption maxima at 484 mu .
The za&xaathiﬁ in the solution whioch passed through the f&&sty

column was recovered on a second column, The msterial (13,8
ng. ) mﬁiﬁ#ﬁ at 182-184° Cu, readsorption and recoryetallize-
#&aa,fﬁiiiag'ﬁa change the melting polnt. The material gave
only one main band of pigment in a mixed miorochromatograph
with the zeaxanthin isolated from Chinese Lantern pilants,
~ The oryptoxanthin fraction, after saponificsiion
and removal of the soaps, was sdsorbed on alumine.
ﬁﬁiﬁﬁ&%~»4ﬁ$-a&, in dlameter, 2,5 om, of desotivated
and &#ﬁ“ﬁﬁg'at'aﬁti#&t&é,aiﬁmxﬁ$§ developed with 700 c.C.
of Skelly A comtaining 1% scetone. |
10 mm, - geaxanthin at top, mot guite clear below
10 mm, ~ orange, more intense at bottom
2 mm, - cleay
3 mm. - pink (0}
82 mm, - very light yellow

3 wm, ~ cleax
2 mm, - pink
The aa1§§‘ia the pink band {C) showed a slight absorption
m&xiwﬁ‘&ﬁéﬁﬁﬁ 486 my. The sterol impurities in the crypto~
xaa&kzakﬁigﬁﬁﬁ% band were removed by successive precipitation

from cold Eka&1¥~ﬁi benzene-methancl, aud scetone at the




R

%am@@&gﬁntkjﬁf'ﬁalié 002, About one~hslf of the color DPra=-
agount of benzene-methanol
splution, Three recrystallizations raised the melting peint
of the material from 159-168° €. to 177°. ¥ore careful

cipitated as a solid from a small

examinstion of the crystale revealed that two pigments were
present, |

~ In addition to the characteristic obleng plates
of cryptoxanthin there wers long needles, usually in the
form of small rosettes, The mixture gave only one plgment
band on deactivated alumina but two well-separated bands on
Ca{CH)2. Three further recrysitallizations served to remove
the rﬁm&iﬁt&g oryptozanthin and gave & pigment {about 1 mg.)
melting constantly at 179-181° C. A micro-adsorption on
Ca(0H)2 now gave only one yellow band. Mixed with pure
cryptozanthin the microchbromatograph showed two pigment bands

with the yellaw'bﬁlaw the orange oryptoxanthin band. The

sBisorption maxima of the pigment were at 487 and 456 my.
| The oil left from the first separation with benzene
and mé%&aaﬁi was saponified and sdsorbed on alumins after
removal Qf'zha soape by waehing with water. Much of the
color was lost in the sosp layer.
- Columni--deactivated Hydralo, 3.4 om, in dismeter,
8,6 a&,'highg developed with benzene -~ Skelly A4 {1:4).

5 wm., -~ geaxanthin at fop, clear below
3 mm, - orange |



1 mm, - pot quite clear
1 mm, ~ pink
50 wm, - olear
15 mm, -~ pink
The plgment from the lower 15 mm, layer of beta-carotens was
ﬁiﬁ@&lvéé in & swall smount of benzene-methanol solution and
sllowed to stand overaight in an ice bath o precipitete &

amall

amount of white muterisl, The solution was evaporsted
and rﬁﬁiskﬁivﬁé in sbout 1 ¢.¢. of benzene and 2-3 ¢,0, of
methanol, On standing in an ice bath the beta-carotene
slowly precipitated as characteriastic dismond-shaped orystals
along wiﬁ&‘sﬁaﬁ~ﬁkita-@ﬁxarial, The white material waes
readily soluble in a small smount of Skelly A. The crystals
{1ees than 1 mg.) of beta-carciens melted at 175-177° 0.
Three recrystallizations did not change this melting point.
Absorption maxima of the pigment were at 492 and 464 my .

Chinese lasntern plants, stored in s dry dark place for
about gix months, were de-stemmed and the whole flower,
including the pods and the peper-like lantern part, thor—
oughly macerated by passage through a mest grinder., Seventy
four graﬁa:@£~aa%azial were obisined, This was extracted
during two deys with s total of 400 o.c. of Bkelly 4, to part
of which was added 50 c.c. of absolute alechol, and with

*Physalis Alkekengi




il o

2786 o.0. of benzene %o which wae added 200 c.c, of acetons,
The extracted residue was brown in color, The solvent was
evaporated at room temperature, the residue saponified over
night and the soaps removed by the centrifuge method, giving
800 c.c¢. 0of bengene sclution containing the color.

Columnt——4,3 om, in diameter, 3.8 om, asotivated
Hydrale, 5.2 om, deactivated Hydralo, developed with 2% snd
5% acetone in Skelly A.

3»4 mm, - bright red, zeazanthia

1 mm, - clear
11 mm, - yellow, eryptoxanthin (orange-red in benzene)

Humerous fsint bands were present in the sctivated adsorbent,

Elution of the zeaxanibhin layer with slcohol snd benzene
left the alumine yellow, The crude zeaxanthin wes washed
with about 100 c.c. of Skelly A and then with 10 c.c, of
benzene-scetone mixture. The residue melted at 204-2305° ¢,
Raﬁryﬁﬁaiiizati@n from scetone-~benzens by addition of Skelly
A aié,ﬁéﬁ-ah&nga the melting point, Yield, 53 mg, Absorption
maxims were at 493 and 461 {2} mu, From the mother liguors
18 mg, of material melting at 180-197° were obtained. A
microchromatograph showed that the main fraction was homo-
geneous,

The impurities contaminating the oryptoxanthin (abs,

max. 493%; 464) were removed by precipitation from acetone
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15 mm, - clear

15 mm, - zeaxanthin
The two yellow bands were faint and hed indefinite boundaries,
From the 10 mm, band contalning about 0.3 mg., of piguent, a
very emall amount of zeaxanthin (mixed microchrometograph and
melting p@iﬁﬁ at 195-198°) was recovered, The top orange
band proved to be & mixture of two pigments when adsorbed on
a~amalla# column. At least one of these pigments appeared
't0 be e neozeaxanthin, although the microchromatographic test
wag not too clear, Five and one~half milligrams of unchanged

geaxanthin wers recovered alao,

Zeaxanthin (8.8 mg,) iselated from Chinese Lantern
plants ﬁaa’gaﬁ,iﬁ a test tube with 4 ¢.0, of benzene and 8
CeCa affaﬁ%raﬁhaaak,'iﬁ in scetic aocid, After displacing
thﬁ\air;#z#h nitrogen the tube was astoppered and heated over

night aﬁiﬁgﬁfﬁ, The pigment was then transferred to 60 ©,C.

of benzens which was washed with dilute alkali to remove

pd  slcohol, | |
Columni-~0a00x, 3.4 om. in diameter, 9.5 cm. high,

é&va&aﬁa@;t&th benzene-Skelly A {1:1) containing 1% acetone,

the soetic acid a

2 mm, ~ orange
1 am, -~ yellow
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8 nm, -~ clear
3 wme - yellow , ;
40 mm, - a faint band nesr the top, clear below
z@ mm, -~ gesxanthin
The amﬂua% of pigment in the ocenter bands was negligible.
Paxiﬁ&g&%i&anai the top orange band gave & plgment melting
at lﬂéﬁaﬁﬁﬁ C., neozesxanthin A. In & eimilar experiment with
80,8 ng. of sa&x&a&h&a* 17.3 mg. of unchanged pigment were
;r@@evaxﬁﬁ.
ﬁaaxaaﬁhia {1?,3 ﬁgg} was then treated in a similar
faahiaﬁg thia %iﬁe in %the presence of 20 e.c, of 984 ethanol,
1 aﬁaa»ai,iaﬁ BOl, and B c.0. of venzene, The benzene solu-
tion w&gf&ﬁ#ﬁxﬁ@ﬁ on a0z and ga?g the following chromato-
, = twl orange bands
a  1 - gleay :
0 ma, - slightly colored but no definite bonds
mm, ~ zeaxanthin
B an, - fain traces of two thin yellow bande
ff;,s mm, -~ pink

trate

ﬁamm@mm’r. The solution of the former was

aﬁaﬁyheﬁ_an-aativaﬁaé Hydralo as a purple band. The eluted

pigman&ﬁgaighaﬁ 51 mg. and was reduoced to 17 mg. by evapora-



tion overnight under a water-pump vacuum. The pigment
ehowed a faint amﬁmim maximum at about 488 my.
band u%&éht§aaaﬁa 2kraﬁgh.$aa adsorbed on

The yellow
deactivated Hydralo, Slnce the plgment behaved similarly to
ﬂarygﬁaiékﬁﬁxa-in the chromstograph, a mixed aﬁs@rg%ian with
pure exygéaxaaxkia was made. Only @aa band wae shown by the
miezaaﬁxamategraﬁh uaiag ﬁaa#@iwaﬁﬁé slumins., The g&g&a&i
ahexe&wa,fainﬁ absorption maximum around 486 mu.

Yhekyiak‘haaé below the zeaxanthin gave s slight sbsorp-
tion maximum st 483 m4. Nine and one~tenth milligrams of
eruds g%#x&aﬁhia were recovered, The iwo orangs bands at the
t@é @f:ﬁh§ @@lama were readsorbed on a smaller column two
centimeters in diameter:

10 mm, - 3 thin lines, orange, vellow, and lemon
10 mm, - neozeaxenthin A
’;3'aa§f~ clear
7 mm, - neozeaxanthin B
3 mm, ~ elear |
2 nm, - faint pink band
The neozeaxanthin A (3.3 mg.) melted at 100-103° C.; the
“»Mtﬁsg B (2.1 mg.) at 90~108°, Neither was purified
by r#aﬁﬁaxﬁﬁiﬁna

?he exyazia&a& was xapaa%yé with identiesl resulis.
?&rthﬁr tasﬁs on the yellow band uﬁiah;rssemhlﬁé eryptoxan~
thin in,bﬁhagzar ghowed that 1t nax also @gi@hamia to the



BB

same degree se the latter. Its behavior in the chromatograph
was rechecked, this time on 0al0z. About 0.5 mg, of erypto-
xanthin from Chinese Lantern plante wae dissolved in Skelly 4

z 2 om. in dismeter, There
ndl %h&'yxgmﬁa@ was
combined with the yellow pigment {sbout 1 mg,)
from zeaxanthin, and readsorbed on snother column 23 om, in
dlemeter. Thorough development with benzene~Skelly A (134)

and aﬁsaxbﬁézﬁa a column of Cel0

Ba

agvagrgﬁfﬁnxy~aaa 2,5 mm, orange

recovered,

d1d not cause any separation of the two bands, The final
ahxagaﬁégxﬁﬁmrtaa a 4,5 mm, band, the upper 3,5 mm, being
the ah&?aaﬁer%atig orange volor of cryptozanthis and the
1axsz~§ mm*‘%e%mg & light yellow in volor, This yvellow
fraa%iaaaaﬁ,agiamiaagaxiaaé zeaxanthin $hue has an almost
iﬂaatiaa&*aﬁﬂaz&&i@a,aff&ai%y&giﬁh the oryptoxanthin,

§§ﬁ§ §f,§h§ aoid-igonerized plgments except neogeaxanthine

4 and ﬁ;éﬁawaé any tendenoy to orystallize. Evaporstion of
aaxaxiéns;xﬁ acetone, Skelly 4, and ethancl, in whiah‘salvaa%a 
the p&gmeﬁ%sfaxa readily soluble, always left an oil., ¥When
these aizs were kept in the dark in cork-stoppered eantaingxg:
in an atma$phgfa of nitrogen, they faded to almost colorless
oile in;ﬁha course of sbout a week. Under identical condi-
@iaﬁa,'%&ﬁfé&y&%&&l&a@,gigmgﬁgu were stable indefinitely,

?hﬁkgiaﬁxaraaaﬁ in this experiment was a suspension of
the ma%ﬁg&@;:&bﬁ&&a&& in = laboratory milling run on waxy




uaize corn. The suspension, about 10% solide, was washed by
sentrifuging to remove any

302 snd the vellow gluten resuse.
pended in distilled water, Two soybear halled,
ground in a mortar and pestle and added to 50 ¢.c¢. portions
of the suspension. . Alr was bubbled through the liquid for
three hours, Results are tabulated in the following table:

aazmx mw B p ey
Material as mem T s “None
3 arops glacial acetic actd 4,4 . None

?ﬁt @ty‘”aia at {%ﬂg}g%@g 4,8 " Hone

| ﬁ;x  Slow, complete
5.2 Rapld, complete

7.0 None; no enzyme aﬁé&ﬁﬁf

?*a ' g’w rapid, alﬁt& -

g&ﬁi&ﬁ‘ﬁai a&@@g@,yax#;whiﬁgg
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It may further be concluded thet much of the plgment
ﬁxéaani,ia;ﬁha corn remains unchanged when the kernels are
 ' softened by hesting in squeocus solution, However, over half
the a&&x&a&hia is transformed into other pigments when the
gluten is subject to acid hydrolysis for starch removal, The

~ behavior of the cryptoxanthin has not been definitely estab=
l '1§éhaﬁ, but the fact that relatively large amounts of this
' plgment ma? be isolated from meid hydrolyzed gluten suggpesis
that 1%, and the beta-carotens, are rather reeistant to-
isomerization.

Bince the color in gluten obtained directly after the
softening process could be completely extracted by solvents,
and since this gluten could slsc be bleached with enszymes, it
is ﬁ?ﬁéﬁﬁ%‘ﬁh&t no large

smounts of pon~carotencid pigment

are present in this product. Further research is needed to

ﬁe%axmiﬁﬁgﬁh& origin of the non-solvent extracted color
px@a&aﬁfi@*&g&&ytx&gﬁaé gluten,

?hﬁﬁﬁgﬁéxiﬁaﬁts on the acid isomerization of zeaxsathin

have a} ring on the vitamin A analysis of corm or corn

products, Since cryptoxanthin is the chief vitamin 4 pre-
cursor iﬁ corn, it is customary to anslyze for this pigment
a8 8 m&&éﬁxa»af the vitamin A content. Buech &ﬁﬁl?%iﬁ usually
inﬂlﬂdﬁﬂ &a&g partition of the extracted pigments between
aloohol aﬁﬁ pﬁﬁt&lﬁwﬁ ether, fﬁiiﬁ#ﬁﬁ by & measurement of

the 11gh%~a&s@ryﬁian of the plgment in the petroleunm ether
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phage at one wave length, The experiments wmade here indicate
that such wessurements would give fictitiously high values
af pro-yitamin in corn products which have been in contaot
with noid, PFurthey, even the lsolstion of an apparently
homogeneous orange pigment band, corresponding to oryptozane
thin, especially on an active adsorbent such ae alumina,
would not be sufficleat evidence that the pigment was pure
oryptoxantbin, Only aetual leolation of the orystalline
ﬁarat&ﬁaié would seem to be conclusive,

'?ﬁﬁ experiments alse have some interest from 2
more theoretical standpoint. The tests made with purified
gaaxﬁnzﬁia indiocate thet isomerization reactions, particularly
strong acid isomerization, lesd to the formation of a large
number ﬁffﬁ§# derivatives,

' §ﬁa explanation for the large munber of pigments
ariaing%fréﬁ acid treatment would be that both neozeaxanthins
A and StaS# transformed 1o new derivatives independently of
Ea&x&nﬂh&@w@ﬁa@if‘ if such were the onse, the new derivatives
ahaulﬁ;@@&a# in groups of three, The fact that three of the
a@iﬁ*&ﬁé@ﬁ&iﬁ&ﬁ pigments sppesr as pink {or purple) bands in
the nh&ﬁ%&%ﬁg?&mﬁ is very suggestive in this respect.

. The experiments bring out very clearly the nec~
@aszty'faﬁ using mild sdsorbents in the separation of lsomer~
izged gigggﬁﬁgg They show that alumina, even when deamctivated,
is quitéﬁgasﬁi%aﬁ for any final separation of the isomerized
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pigments, slthough it can be used to advantage in the
isolation of unaltered pigmenta,.

?ﬁ&kli%awatnra pertaining ga,sag chromatographie process
ie practically devoid of any explanations for the phenomenon,
That the process is, in a large messure, an soid-base
raaati&&iin non-aggueous media hag apparently never been
Qﬁg@ﬁﬁ%ﬁé§ although the fundamental role of the hydrogen and
hydroxyl ions in the agueocus chromatograph is wﬁll;knb&ﬁ*

If it is sseumed that the hydrogen ion also plays a major
2&igyia,tka non~aqueous chromatograph, then a nusber of fantsk
are readily explainable.

First, it is appareant that the solvents used are
aaa&a@£§izy'n&utrai {not acidic or basie) in chsaracter, and
that s&#faﬂsarbaaaa are alkaline or acid adeorbing in nature,
A crude experiment with powdered sodium earbonate indicated
that it had some adsorptive power for the zesxanthina,

The role of aloohol as e developing and eluting sgent
follows from its acidic nature., Other substances which are
aﬁi&iexi&fﬁgn»&ﬁaaa&a media such a8 bensgene, scetons, and
aﬁ&ti@fgéiﬁ;rﬁﬁﬁﬁa development or elution in proportion t@'
their ﬁé%&-straﬁgth, Acetic acid is a very powerful sluent.

%ﬁé 3$££§ian of the different oarotenocids in the
9@1&%& @&£ %§ explained on the basies of their varying
a@iﬁitygithas'a dihydroxy derivative (zeaxanthin) is more
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agidic and more strongly adsorbed than i€ a mono-hydroxy
derivative {oryptoxzanthin), while an almost neutral substance
{beta~omrotene) ie only weakly adeorbed. The marked drop

in adsorption affinity which ccocurs when the Xaﬁﬁhéghylla
are esterified would be expected.

?ﬁﬁi&&aaxgﬁiﬁn of t&a~a&%¢xka§g§ often differing
radicslly in chemieal structure as ian the case of orypioxan~
thin and the sterols, at the eame place in the column may
be explained by sssuming that both have the same "acid
strength®,

| The ﬁ@l&%&fi@ﬁﬁ effect of water also receives some
~$x§i&ﬁ&§£ﬁﬁ* Sinee 1t is vapable of both acidic and basic
reaction, it would partly "neutralize® the adsorbent.

The d1fficulty of completely extracting the carctenoids,
partiﬂaia#ly the xanthophylls, from scaps or aocap solutions

*‘%&$§§,$h§# the pigments are actuslly ohrometographically

aéaaz%@é-aﬁ,%he colloidal soap molenules,
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BUMMARY

1. ﬁzia&iag'maﬁhaﬁsifar the isolation of carotenoid
pig&anﬁakhawn‘%aﬁn modified tﬁ m&ke‘%&ag more suitable for
the igal&tiaﬁ of the isomerized pﬁgm&az derivatives from
corn gl&tﬁﬁ, Greater recovery of gigﬁanta from saponifica~
tion mixtures may be obtained by the use of ﬁ&ﬂ@@ﬁtt&%&ﬁ
aqueous aikai& and centrifuging.

2, Closely related pigments sre separable only on mild
a&aarh%ﬁ%#g Deactivated alumina is not suited for such
ﬁ@gar&ﬁi#gﬁ‘k %&léiﬂﬁ earbonste shawing the necesgary

ﬁ@lﬁﬁti?& aﬁs&xgﬁiﬁn has been made by preecipitation, The

gxeaenﬁf“@f acidic and saponifisble aaﬁsri&lﬁ hinders

aﬁaarg&&aﬁ, p&rtiﬁularly on mild &ﬁsszbanta.k,ﬂ
3, gaatana is of value as & éavalﬁgiag ag&at,
,aé&arbaaﬁs %z&a&&ﬁ with acetone are not deactivated, and th&

complets fval of pigmente with this solvent can be used

to &&?&ﬂt&@$ §iﬁh the microchromatograph.

4; ?hﬁ ﬁrigiaal pigment of the corn kernel is almost
whallykgaxaﬁanaié in nature,

5%3%&@@@@3&&@ cora gluten under conditions whioch involve
&xyaﬁurefﬁafhaat, air, and acld transform the caroitencids
@&§t1§'£h§é §éa£ and seld isomerized derivstives. No large
amauaﬁajéf a@lar@é* partly oxidized pigments sre present.

/
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anthin B, prepared sccording to Zechumeister's
progedure, differed markedly both in melting point and in

absorpiion spectra from the valuee he records,

?Q'ﬁ’%xiaf study of the acld isomerization products
of zeaxanthin has been made., Dilute acetic acid results
mﬁi&iyfiﬁ,ﬁha formation of neogzeaxanthin A. Dilute hydre~
chloric ﬁﬁiﬁ<@aHSﬁ$ the formatlon of at least ten isomerized
pigments, With the exception of neozeaxanthins A and B,
these are oils. One of the pigments was found to be almost
iﬁﬁﬁﬁi#@i/ﬁiﬁhu@&?ptﬂxaﬁtﬁiﬁv%ﬂ@h in partition and adsorption
&ff&a&%fg‘

8, The presence of beta-carotene in corn has been
confirmed by the isolstion of the materisl in crystalline
form, |

9. The suggestion is made that the chromatogrepbic
&&5axp%i§ﬁ,&f gzrotenoide is fundementally en scid-base

resction ecourring in non-squeocus media.
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