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The Carotenoids of Yellow Corn Grain'
By JONATHAN W. WHITE, JR., F. P. ZSCHEILE AND ARTHUR M. BRUNSON

It has only recently been recognized that the
followingcarotenoids, other than "carotene" and
"xanthophyll," often occur in the grain of yellow
corn (Zea mays L.): zeaxanthol," cryptoxanthol"
/3-c~otene, a-carotene, K carotene and neocryp-
toxanthol.4 It has been shown that the isomeri-
zation products neo-d-carotene.v" neocryptoxan-
thol," and neozeaxantholsA,Band e7,sare present
under ordinary conditions in solutions containing
/3-carotene, cryptoxanthol, and zeaxanthol, re-
spectively. Nagy? recently studied the caroten-
oid pigments of corn gluten meal and noted the
formation of numerous isomeric forms, particu-
larly of zeaxanthol, under acid conditions. The
degree of isomerization of carotenoids during and
after extraction from natural sources will depend
upon experimental conditions. In quantitative
analysis of corn grain pigments, Fraps and Kern-
merer" considered the presence of neocryptoxan-
thol, Beadle and Zscheile!"showed the neces-
sity for inclusionof neo-d-carotene in the analysis
of vegetable carotenoids.
In order to analyze solutions containing these

nee-type pigments by spectroscopicmethods, it is
necessary that their identity and quantitative
absorption spectra be known. Data given in this
paper form the foundation for such a system of
analysis which will be presented later.
During an investigation of the carotenoids of

corn grain, several pigments were separated that
had not previously been observed there.
Luteol.-Chromatography from ether on MgO-Super-

ce111 of the saponified carotenol fraction of yellow corn
showed in every case the presence of a zone immediately
below the zeaxanthol zone. An ethanolic solution of the
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pigment from this zone had a characteristic absorption
spectrum identical with that of luteol. Absorption spectra
were determined on a photoelectric spectrophotometer
previously employed for pigment studies,lo,ll.t2 The
only other known carotenoid (except luteol esters) with an
absorption spectrum of this type is ",·carotene. When
a-carotene and this pigment from corn grain were mixed in
ether and adsorbed on magnesia, two zones were formed,
indicating that the corn pigment was not a-carotene.
From the above considerations it is concluded that this
pigment is luteol.
Unnamed Carotene I.-A spectrophotometric study

was made of the carotene fraction of corn carotenoids, pre-
pared from an extract by partition between hexane and
78.5% diacetone alcohol [which removed the carotenols,
except cryptoxanthol] followed by partition between
hexane and 92% 2-methyl-2,4-pentanediol as recommended
by White and Zscheile.P In addition to other deviations
from the absorption spectra of the pure pigments believed
to be present, it was noted that a shelf [in some prepara-
tions a maximum] was' present at 4250 A. Chromato-
graphy on magnesia (three times), followed successively
by adsorption on calcium hydroxide and on Brockmann's
alumina gave a product with the absorption spectrum
shown in Fig. 1 as curve 1. A short heating of the" solution
had no effect on the spectrum. The quantity of the com-
pound was too small to permit the establishment of quan-
titative values for absorption coefficients or to permit
chemical analysis. Strain-" described a carotenoid from
carrots with absorption maxima at 4250 and 4000 A. A
preparation of this carotenoid was made from carrots
following Strain's directions. Its absorption spectrum
had maxima at 4250, 4000, 3790, and 3600 A. and a pro-
nounced minimum at 4150 A.
'Y-Carotene.-Investigation of the cause in corn caro-

tene fractions of relatively high absorption on the long
wave length side of the 4780 A. maximum of fl-carotene
resulted in the separation of a pigment with absorption
maxima [4900,4600, and 4300 A. in hexane] in good agree-
ment with those of 'Y-carotene." It was adsorbed from
hexane solution on magnesia above ,B-carotene. Quanti-
ties were too small to permit the most accurate determina-
tion of absorption values. The characteristic spectrum in
hexane solution is shown in Fig. 1 as curve II.

Carotenoid with Properties Expected of a Monohy-
droxy-a-carotene.-The cryptoxanthol fraction of several
inbred lines of yellow corn was found to produce from four
to eight distinct zones on a magnesia adsorption column
when absorbed from hexane and washed with ether.
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In all cases but one, the zones other than those due to
cryptoxanthol and to small amounts of i3-carotene (not
removed by the partition process) were too small to be iso-
lated. In the case of inbred M4BI7 a buff zone was found
immediately below the cryptoxanthol layer. These two
zones were of approximately equal thickness. After

thol solution 'was evaporated to dryness in vacuo, made to
the original volume, and its spectrum redetermined. As
shown in Fig. 2, the absorption of a solution of the ma-
terial after drying decreased over the range from 3800 to
4157 and increased over the range from .4157 to 5000 A.
It is well known that the change cryptoxanthol-to-neo-

cryptoxanthol is reversible.' The
absorption coefficient at 4157 A. did
not change, indicating that the ab-
sorption coefficients of cryptoxan-
thol and of neocryptoxanthol are
identical at this wave length. This
makes it possible to establish the
absorption spectrum of neocrypt-
oxanthol on a quantitative basis. IS

0.040 It was necessary that the above
procedure be used because the quan-

0.020 tities of neocryptoxanthol available
were too small to be weighed accu-
rately. Alsoplotted in Fig. 2 is the

0.000 characteristic spectrum of crypt-
oxanthol, recalculated from earlier
data,i. placed to intersect the other
two curves at 4157 A. It will be
noted that the curve of the dried
preparation falls at a proportional
distance between the other two
curves over the entire range. De-
terminations of the intersection
point with several preparations
(intersection points, 4137, 4157,

and 4177 A. gave the quantitative absorption spectrum of
neocryptoxanthol shown in Fig. 3. The maximum
deviation from this curve of absorption values of six prepa-
rations is =3%. This curve bears a relation to cryptoxan-
thol which is strikingly similar to that between neo-i3-and
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I.-Absorption spectra in hexane: I, unnamed carotene I; II,1'-carotene
preparation from corn. Absorption = 10glO(Io/lJ/l."

washing with ether and elution with ethanolic hexane, the
characteristic absorption spectrum of the pigment in this
lower zone was determined in hexane. It agreed well
with that of a-carotene, having maxima at 4740, 4450 and
4250 A., and a deep minimum at 4625 A.
Portions of the solution were mixed with solutions of a-

carotene in hexane and with luteol in ether. The result-
ing solutions each produced two zones when adsorbed on
magnesia. The same results were obtained after the un-
known compound was boiled for twenty minutes with alco-
holic alkali, which indicated that it was not an ester of
luteol. The mixed chromatograms showed that the com-
pound was neither a-carotene nor luteol. In view of its
occurrence in the cryptoxanthol fraction, its position of
adsorption immediately below cryptoxanthol (a-carotene
is adsorbed immediately below i3-carotene), and its non-
identity with a-carotene and luteol, it is suggested that the
compound may be a monohydroxy-o-carotene. Quanti-
ties available were t.oo small for chemica:l analysis.
Neocryptoxanthol.-A hexane solution of pure crypto-

xanthol was heated in an amber glass flask under reflux
for twenty-four hours, cooled, and adsorbed on Ca(OH),-
Supercel (1:1). After washing with 20% ether in hexane,
two zones were found. No oxidation products were evi-
dent. The upper one contained cryptoxanthol, the lower
neocryptoxanthol. After elution the latter was read-
s.orbed, eluted, and made to volume. Its absorption spec-
trum was determined. An aliquot of this neocryptoxan-

(17) The designation of the various inbred lines is purely'arbi..
trary and has no significance as to type of plant or chemical composi-
tion. -
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Fig. 2.-Reversion of neocryptoxanthol
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(18) In the case ofneo-d-carotene, this method gave results which
agreed with data obtained with weighed samples.a

~ )
/
f
I

I
I
iJ

i
"



~ ~,!

/
1,
j

Nov., 1942 THE CAROTENOIDS OF YELLOW CORN GRAIN

280

/

40

,.,/"..,.to.~

./ \,
.,.-?" >~~ "a4--: ~

'" ,~
\

~
\
"I

\

-CRYPTOXANTHOL \
-- ••"""'g- NEOCRYPTOXANTHOL '\

'\ -,
...•..•.,.

4000 4400 4800
IVave length inA.

Fig. 3.-Absorption spectra of neocryptoxanthol and
cryptoxanthoJ1' in hexane.

tl-carotenes.'O Table I presents absorption values for two
preparations of neocryptoxanthol in hexane solution.

TABLE I
ABSORPTION VALUES OF NEOCRYPTOXANTHOL IN HEXANE

SOLUTION

Wave length, 1.
4650 Shelf
4425 Maximum
4150--4160 Region of intersection

Specific absorption
coefficient, liters/g. em.

1 2

147 148
185 187

133-135 133-135

Neozeaxanthols.-An ethanol solution of pure zeaxan-
thol was heated in an amber glass flask under reflux for
twenty-four hours, the pigment transferred to a 50%
solution of ether in hexane, and adsorbed on Ca(OH).-:-
Supercel as before Three zones were found. Spectra
of the eluted pigments were determined, and the pigment
from zone 2 was identified as zeaxanthol. The other two
curves had maxima shifted toward shorter wave lengths
than those of zeaxanthol. Since the relation of these
two neo- pigments to neozeaxanthols A, B, and C of
Zechmeister and Tuzson7.Bwas not clear, they were named
neozeaxanthol I (more strongly adsorbed) and neozeaxan-
thol II (less strongly adsorbed). The neo-isomers were
purified by further adsorption and attempts were made to
apply the intersection-point method used with neocrypto-
xantho!. A short heating of the solutions was used instead
of evaporation to dryness. When compared to the ab-
sorption curve before heating, the curve of the solution of
neozeaxanthoI I after heating decreased over the range
4350 to 5000 A., increased over the range 3800 to 4200 A.,
and did not change over the range 4200 to 4350 A. Under
similar treatment the absorption spectrum of neozeaxan-
tho! II changed as follows: it increased over the range
4407 to 5000 A., decreased over the range 3800 to 4407 A.,
and did not change at 4250 A. Adsorption showed three
compounds in the solution.

In order to obtain a provisional value for the absorption
spectra of these two compounds, it was assumed that the
isomerization of neozeaxanthol I was to neozeaxanthol II
and that of neozeaxanthol II was to zeaxanthol, It is on
these assumptions that the absorption spectra of the neo-
zeaxanthols shown in Fig. 4 were determined. These
curves are only first approximations.

280

.~
!!3 200 -
8

·1
~ 120
u
]
~

4000 4400 4800
Wave length in A.

Fig. 4.-Absorption spectra of neozeaxanthols I and
II in ethanol; spectrum of zeaxanthol in ethanol from
earlier data."

Discussion
If the method of measurement of pigment con-

centration used for the determination of the caro-
tenoids of corn is sensitive enough to detect the
presence of the neocarotenoids, it is necessary
that proper account be taken of their possible
presence" Likewise, if the other pigments re-
ported here are present in high enough concen-
tation, they must be considered. Determination
of the carotenoids of corn is usually made for es-
timation of provitamin A potency. From this
point of view the provitamin A potency of neo-
cryptoxanthol and of the carotenoid with maxima
at 4250and 4000A. must be determined. Fraps
and Kemmerer" reported neocryptoxanthol to be
nearly as potent as cryptoxanthol.
In the same paper, Fraps and Kemmerer re-

ported the presence in corn of a compoundwhich
they call K carotene and to which they assign
provitamin A activity. They presented a quali-
tative absorption spectrum for the pigment with
maxima at 4250 and 3970 A. and a prominent
shelf at 4450 to 4500 A. Strain 16 reported the
isolation of a pigment from carrot roots which he
termed "flavoxanthin-like carotene." Its spec-
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trum had maxima at 4250 and at 4000 A. He also
noted that his product was apparently identical
with a pigment isolated by van Stolk, Guilbert,
and Penau in 1932. In the spectrum of this
compound as separated in this Laboratory, there
was no trace of a shelf or maximum at 4500 A.
The spectrum was quite similar to that of un-
named carotene 1 as shown in Fig. 1, except for the
absence of the maximum at 4500 A. This maxi-
mum is not due to contamination of unnamed
carotene 1 by iJ-carotene since absorption at 4800
A. is too low. No preparation of unnamed caro-
tene 1 from corn failed to show a maximum at
4500 A. Since Fraps and Kemmerer's! curve for
K carotene shows neither the 3790 A. maximum
nor the 3600 A. shelf, it is possible that K carotene
and un-named carotene 1 may not be identical.

Fraps and Kemmerer also stated that a-caro-
tene was found in all but one of twenty-two corn
varieties. The authors have never observed a-

carotene in corn (six inbreds, several sweet corn
varieties, and two hybrids were studied). The
adsorbent used by Fraps and Kemmerer was
capable of separating cryptoxanthol from neo-
cryptoxanthol and might be expected to separate
iJ-carotene from neo-o-carotene. However, they
did not report neo-d-carotene in their corn ex-
tracts. They identified their a-carotene spectro-
photometrically and by mixed chromatography.
In this connection, it should be pointed out that

Gillam and El Ridi 6 were unable to distinguish
spectroscopically between a-carotene and neo-iJ-
carotene. They found that a-carotene and neo-
iJ-carotene formed a single zone when adsorbed on
alumina from the carotene fraction of butter;'"
Examination of the spectra of a-carotene and neo-
iJ-carotene by a very sensitive photoelectric
spectrophotometer'v-'! shows that they can be dif-
ferentiated spectroscopically with an instrument
of sufficient accuracy. The experience of Gillam
and EI Ridi illustrates that failure of a mixture
of two compounds to form two zones on a given
adsorbent does not necessarily indicate that the
compounds are identical. The writers consider
it possible that the pigment identified by Fraps
and Kemmerer as a-carotene might have been
neo-d-carotene.

Summary

1. Luteol, -y-carotene and a compound tenta-
tively identified as a hydroxy-a-carotene were
found in yellow corn grain for the first time.

2. A compound having some properties like
Fraps and Kemmerer's K carotene was also sepa-
rated from yellow corn grain.

3. Preliminary quantitative absorption spec-
tra of neocryptoxanthol and two neozeaxanthol
isomers are presented.
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