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SUMMARY 

A thin-layer chromatographic analysis for carotenoids has been developed 
utilizing a two-adsorbent plate and two-dimensional development with different 
solvents, The method has been applied to the analysis of alfalfa and corn rneal 
extracts and mixtures of these two. Separation of lutein, zeaxanthin, violaxanthin, 
neoxanthin, and certain of their isomers, plus isolation of the mono-hydroxy caro- 
tenoids, individually or as a group, has been accomplished by this procedure. 

INTRODUCTION 

The thin-layer chromatographic (TLC) method of NELSON AND LIVINGSTON~ 
has been extensively used in this laboratory for the analysis of alfalfa processing and 
storage samples. Carotene, lutein, and three isomers (designated X,, X, and X,) 
and violaxanthin and neoxanthin are separated by that method. However, it has 
been realized that the lutein fraction contained zeaxanthin, and that the X, band, 
located between lutein and carotene, probably consisted of more than one compounds. 
Resolution of the “htein” and “X3” bands is therefore desirable. Cis isomers of 
several xal nthophyllsare undoubtedly frequently present, particularly in processed 
plant mate rials. In audition, the violaxanthin and neoxanthin fractions obtained from 
stored or alilqerseJv_tcated.samples frequently contain g,S-epoxide isomers in addition 
to the S,G-epoxides. We sought to develop a method for separating and estimating 
all of these carotenoid constituents on one TLC ‘plate. 

JENSEN AND JENSISN~ used Kieselguhr G-impregnated circular paper chromato- 
graphy to obtain satisfactory separation of grass extract carotenoids into carotenes, 
monohydroxy- and dihydroxy-xanthophyll groups, but apparently further separa- 
tion (e*g., of cis-traqzs isomers, lutein-zeaxanthin, etc,) required additional chroma- 
tography on this paper. Using the same medium, KATAYAMA* found lutein and zeasan- 
thin mixed and subsequently separated them on magnesium oxide-HyfloSupercel- 
impregnated paper. Two-dimensional chromatography on a Kieselguhr G TLC 
plate was used by BUNT” for analysis of algal pigments, but he found it difficult or 
impossible to detect minor santhophyll components when on.e sample was chro- 
matographed in both dimensions on one plate. STRAIN ct aLa tried Kieselguhr G TLC 
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plates with unsatisfactory results due to “bleaching” of the pigments. LOSEV’ described 
a distinct separation of lutein from zeaxanthin on a thin-layer of magnesium oxide 
powder plus starch by one-way development with petroleum ether-acetone (3 : I), 
We initially sought to separate lutein from zeaxsnthin on a magnesium oxide thin 
layer, expecting a second-dimensional development on silica gel 1 lime to accomplish 
the other desired separations. Kieselguhr G was later used as a filter aid to modify 
the magnesium oxide adsorbent. 

ESPERIMBNTAL 

A two-adsorbent TLC plate was prepared, consisting of a strip of magnesium 
oxide-Celite adsorbent along one side, adjoining the Silica Gel G-calcium hydroside 
(I :G) layer of NELSON AND LIVINGSTON. Magnesium oxide powder (ACS Reagent grade) 
and diatomaceous earth (Celite’ Analytical Filter-Aid, Johns Manville Co.) (I : 4) 

were mixed dry and 6.z5.g of the mixture was ground in a mortar with 15 ml of water. 
The silica gel-lime slurry was prepared by mixing 30 g of the blended adsorbent powder 
with 50 ml of water. The thin-layer applicator (Kensington Scientific Co.) with a 
250-,u gate was provided with a reservoir divider spaced 3 cm from the guided edge 
so that the magnesium oxide-Celite and silica gel-lime slurries could be applied simul- 
taneously to the plates, producing a continuous layer. The (five) plates were then dried 
and stored in the recommended mannerl. 

5 ,~l of a cold-saponified extract of alfalfa or corn meal, concentrated under 
reduced pressure so that I ml represented 2 g of meal, was applied as one spot on the 
magnesium oxide-Celite strip 2.5 cm from one end. (In some trials, alfalfa and corn 
meal extracts were combined in order to augment the array of carotenoids.) This 
spot was developed first up the .magnesium oxide-Celite strip with hexane-acetone 
(7:3) to which ethoxyquin (0.5 g/250 ml solution) had been added. The plate was 
then dried briefly in the dark and developed in the second direction with 2 y0 butanol 
in benzene, containing ethoxyquin. The resulting spots were scraped off by means 
of a fritted-glass sample collection tube and eluted with hexane-acetone (7 : 3), adjust- 
ing the final volume to 5 ml. Visible absorption spectra were recorded in a IO-cm 
path-length cell in a Cary 15 spectrophotometer, using the 0.0-0.1 absorbance slide- 
Wire when necessary for the determination of peak wavelengths, Certain eluates were 
also tested for the presence of mono- or di-epoxide carotenoicls by treatment with 
methanolic HCl and subsequent examination for spectral shiftelO. On this TLC plate 
the spots shown in Fig. I were isolated repeatedly, but not all were present in every 
extract chromatographed. 

Although in some trials with this plate neoxanthin and violaxanthin were 
isolated free of their 5,8-epoxide isomers, often there was a serious degree of 5,6 + 
5,8-epoxide isomerization, apparently occurring after the development of the plate. 
A TLC separation carried out on a magnesium oxide layer in two dimensions had 
earlier demonstrated that neoxanthin and violaxanthin were more stable on this 
medium. Therefore, two-adsorbent plates were prepared having a 3-cm-wide Silica 
Gel ,G-lime strip adjoining a magnesium oxide-Celite layer, It was again necessary 

l Rcferencc to a bornpsny or product nnnlc clots not imply approval or rccommcnclntion of 
the prbduct by the U.S. Department of Agriculture to the exclusion of others that may bc suitable. 
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Silica Gel G- Ca(OH)Z 

I Magnesium oxide -Mite Origin 0 

-1 Development hexane -acetone (7: 3) 

Fig:. 1. Two-clin~cnsional, two-aclsorbcnt TLC of a. carotcnoid mixture on a nlapicsiuln osiclc- 
Cclite -1_ Silica Gel G-Ca(OH), pltltc. C = Carotcncs, o! -= a-cryptosanthin, p = P-cryptosnntliin, 
%&no = zcino.xanthin, I, = lutcin, % = zcasanthin, I,, nncl L, = lutein cis isomers (corrcsponcl- 
ing to “nco-A” or “V” and “1~~0-IX” or “U”, respectively), V = violasanthin, V, alicl V, = viola- 
santhin cz’s isolncrs, Z, nncl Zz = zcnsanthin cis isomers, Lutco = lutcoxanthin, N = ncostlnthin, 
N-5,8 = neosanthin g,S-cposiclc. 

to grind the magnesium oxide-Celite slurry in a mortar because of particles whicll 
caused streaking of the ‘adsorbent layer. This step was eliminated by substituting 
Iiieselguhr G (E. Merck, according to Stahl, for TLC) for Celite, wit11 satisfactory 
results. 

The two-adsorbent plates recommended were therefore prepared as follows. 

G g of Silica Gel G-calcium hydrosicle (I :G) were stirred wit11 9 ml of water 
for I min. 

4 g of magnesium oside powder sieved through a No. Go (U.S, Series equivalent) 
screen were mised dry with 16 g of Kieselguhr G in a beaker; 35 ml of water were 
added and the slurry was mixed for I min, until smooth and homogeneous. 

. With the spreader arranged as described above, both slurries were poured into 
it at once and the (five) plates were spread promptly. The plates were dried for 30 mit, 
at 1.10~ and cooled to room temperature before use. 

To use this p1ate.a IO-~1 sample spot was placed on the silica gel-lime strip 
2.5 cm from one end and 2.5 cm from the outer edge. The spot was first developed 
(dimension I) up the silica gel-lime strip with 2 o/o butanol in benzene, containing 
etlioxycluin ; development time was approsimately z 11 20 min. The plate \l*as then 
dried (1-2 min under a stream of nitrogen, protected from direct light), turned 90~ 
and developed up the magnesium o.uide-Kieselguhr layer (dimension II) in llesane- 
,ccetone(y : 3)) containing ethosyquin, This required about 40 min. The resulting spots 
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were outlined and a photostatic copy of the plate made, as a record; the carotenoids 
were then promptly eluted and their visible absorption spectra recorded as described 
above. 

For evaluation trials of this method a mixture of known carotenoids, indi- 
vidually described in Table I, was prepared. 

One-dimensional TLC of these carotenoids, individually spotted on a silica gel- 
lime plate, yielded more than one discrete spot each for monohydrosy xanthophyll, 
lutein, zeaxanthin, violaxanthin, luteoxanthin and neoxanthin 5,8-epoxide. Lutein, 
violaxanthin and zeaxanthin each presented two fainter spots, well-separated and 
at lower RF values than the all-tmlzs spots. One-dimensional TLC of the mixture, 
however, resolved only four spots at lower RIP values than the all-lmgzs lutein spot. 
After preliminary two-dimensional TLC trials with this mixture, it was supplemented 
with cis isomerized lutein and violaxanthin solutions, prepared by treatment with 
iodine in direct sunlight for 20-25 min (ref. II). (The partial cis isomerization effected 
was indicated by spectral absorption peak shifts as follows: lutein, 474, 446, 422.5 -+ 
472, 443.5, 416.5; violaxanthin, 469.5, 440, 416.5 + 467, 437, 414.) Zeaxanthin cl:s- 
isomer content was increased by adding zeaxanthin derived from corn gluten extract 
to the mixture. 

This carotenoid mixt.ure, chromatoSraphed in two dimensions on the two- 
adsorbent plate just described, typically produced a display of spots as shown in 
Fig. 2. 

The absorption maxima of the carotenoids thus isolated are presented in Table 
II. Literature values are also presented, for comparison. 

Freeze-dried and heat-dehydrated alfalfa extracts were also analyzed by this 
TLC method, with satisfactory results. 

MgO-Kieselguhr G 

Silica Gel G-Co(OH)e 
Origin 0 

c- I Development 2% butanoi in benzene 

Fig. 2. T\~o-dimensional, two-nclsorbcnt TLC of a. cnrotcnoicl misttlrc on a. Silica Gel G-Ca(Ol-I) 2 
-C hIgCbIiicselguhr G plate. A = Aurosnnthin; :L 11 other abbrc\*intiolls as in the lcgelld to Fig. I. 
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I>ISCUSSION 

By the method here described the carotene(s) always produced one irregular 
spot, well-isolated; no effort was xnade to further resolve it. The monohydrosy xan- 
thoplxylls could be separated into three components, two a-type and one p-type. 
Lutein, zeasanthin, neoxantlxin, neoxanthin s,S-epoxide, luteoxanthin, aurosanthixl, 
and the zeaxanthin and violaxanthin cis isomers, when present, were well isolated. 
The positions of the lutein cis isox-ner spots were somewhat variable, being found 
seemingly rotated about the violaxanthin spot, from positioxls below it (lower RI,- 
value in dixnexlsion II) to positions betweexl violaxanthin and lutein. This may be due 
to small variation in relative migration during the first and the secoxld developmexlt 
in different trials. The spectral &,,,. and lack of epoxide-type shift with HCl treat- 
ment easily distinguishes tile lutein isomers Troxn all-tmlts viola.uantliin or its cis 
isomers, wlliclx display tile characteristic peak of aurosantlxin at approsimately 
425 n-q after HCl treatment. 

Luteoxanthin and neoxanthin S,S-eposide, whose absorptioxl spectra are nearly 
identical, were well separated on the plate and their distinction was readily confirxned 
by HCl isomerizatioxl of luteoxanthin to auroxanthin. Both luteoxanthin and neosan- 
thin S,S-eposide were frequently found as pairs of spots, slightly separated in 
dimensioxl II. CURL ANI) BAILEYz2 also found these by countercurrent distributioxl 
analysis. The paired compouxlds usually differ in visible spectral I,,,,,. by only I or 
2 m/6. 

The aurosaxlthin spot is typically quite compressed, located at the juncture of 
the two adsorbents, and greenish yellow in color. 

Dehydrated alfalfa cstracts, analyzed by this procedure, showed all the isolated 
spots of the carotenoid misture TLC plate; however, the cl’s isomers of viola.xantlxin 
and zeasanthin, and two of the three monolxydroxy santhophylls were frequexltly 
presexlt in such low amounts that, although discerxlible on the plate, their visible 
spectra did not show well defined peaks whose 31,,laX, could be determined. The 
freeze-dried alfalfa TLC display of spots was simpler, revealixlg only one luteixl cis 
isomer, XIO cis isomers of violasanthin or zeaxantlxin, axld one xnonohydrosy san- 
tliopliyll spot. Its central &,,,, was approsimately 4.49 m,u, whereas the dehydrated 
alfalfa nxonohydrosy had &!max. of 470.5 axld 444.~~ Corn meal estracts consistexltly 
produced a group of x-nonohydrosy spots, usually three: “a” was spectrally c+crypto- 
xantliin-like, “Zeino” was zeinosantlxin-like and “p” was &cryptosanthix~-like. 

Several types of separation are dexnonstrated by this procedure and the con- 
clusions xnay be drawl1 that adsorbability is illcreased: (I) ix1 both media, with in- 
creasing xluxnber of lxydrosyls; (2) in dixnension I, by eposide groups; (3) in dixnension 
II, by S,S-eposide groups; (4) in dimexlsion II, by increased lexlgth of conjugated 
double bond system (a- VS. P-carotenoids) ; (5) in dinlension I, by certaixl tram -?- ci.q 
isomerizations. 

The commercial dehydration process2”s 2y or other heat treatnlexit28-:30 of forages 
is knowrl to produce cis and furanoid isomers of carotenoids in varying amounts. 
Storage of dehydrated forages also results in such changes *209 31 which are deleterious 
to the product. Precise cleterxnination of tlxese isoxnerizations is therefore required if 
detailed studies of these treatxnents are to be made. It is recognized that these coxl- 
versioxls could also occur during TLC analysis, axld the cautions expressed lq* STRAIN 
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et nZ.25 regarding use of siliceous adsorbents for carotenoid chromatography are well 
advised. We found, however, as they did, that if the epoxide xanthophylls are prompt- 
ly eluted following TLC separation on a plate such as here recommended, they can be ,h8,’ 
recovered with little detectable isomerization. The addition of ethoxyquin to the 
developing solvents1 results in masking of the absorption spectra of the eluted pig- 
ments in the shorter A region of the visible spectrum. However, all the carotenoids 
may be adequately identified and the inclusion of ethoxyquin for antioxidant protec- 

’ tion is recommended. 
The method here presented is more time-consuming than one-dimensional TLC 

but permits the separation, on one plate, of the various monohydroxy carotenoids, 
of lutein from zeaxanthin, of cis and trnvts isomers and of isomeric epoxide xantho- 
phyls. With appropriate equipment and procedure it can be carried out quantita- 
tively. 
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