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The fractionation of carotenoids by means of countercurrent distribution in a glass Craig 
apparatus has been studied. By the use of two different solvent systems, a total of six 
fractions was obtained, which were identified as: ( a )  hydrocarbons; (b)  monohydric 
alcohols; ( c )  diols; (d) and (e) diols containing in addition one or two cyclic ether groups, 
respectively; and ( f )  polyols containing more than two hydroxyl groups. Chromatog- 
raphy of fractions (a), (b), and (c) for Valencia orange juice constituents resulted in the 
identification of phytofluene, a-, p-, and {-carotenes, cryptoxanthin, zeaxanthin, and 
lutein. Another fraction was tentatively identified as hydroxy a-carotene. 

EPARATION AND IDEKTIFICATION Of  S the carotenoids of California \-a- 
lencia orange juice have been part of a 
study of the deteriorative changes oc- 
curring on storage of orange juices and 
concentrates. Only a small part of the 
pigment mixture is hydrocarbon? the 
remainder being an unusually complex 
mixture of xanthophylls. Countercur- 
rent distribution has been investigated 
as a means of fractionating this carot- 
enoid mixture. Numerous types of 
compounds have been investigated so far 
by countercurrent distribution, such as 
amino acids, polypeptides, and fatty 
acids ( J ) ,  but apparently the only study 
involving carotenoids has been by Lan- 
caster et d. (a)? who investigated the 
separation of chlorophylls A and B and 
carotene. 

Chromatography is an  indispensable 
tool in the separation of carotenoids. 
Partition between two solvents, such as 
petroleum ether and methanol contain- 
ing- 10 to 1570 of water, is often used to 
separate the carotenoids into two frac- 
tions, carotenes and xanthophylls. pre- 
liminary to chromatography. Mono- 
hydroxy compounds such as crypto- 
xanthin occur in both fractions. I t  is 
possible to separate the carotenoids 
readily into three fractions by means of 
countercurrent distribution in a 200- 
tube glass Craig apparatus, with a sol- 
vent system consisting of petroleum ether 
and 99 or 100% methanol, and applica- 
tion of 99 or even somewhat fewer trans- 
fers. These fractions consist of com- 
pounds containing: (I) no hydroxyl 
group; (11) one hydroxyl group; and 
(111) tlvo or more hydroxyl groups. 
\Vith a solvent system consisting of 
petroleum ether, benzene, and 877, 
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methanol. and Lvith 150 to 200 trans- 
fers. separation into five fractions can be 
achieved. These fractions apparently 
consist of: (I + 11) compounds con- 
taining not more than one hydroxyl 
group; ( I I I A ?  I I I B ,  and 111C) com- 
pounds containing two hydroxyl groups 
plus 0. 1,  or 2 cyclic ether groups? re- 
spectively; and (I11 D) compounds con- 
taining more than 2 hydroxyl groups. 
Attempts to resolve fraction I11 D fur- 
ther by countercurrent distribution have 
been partially successful. The same 
solvent systems were also tested on two 
commercial xanthophyll preparations. 
Chromatography of the six fractions ob- 
tained from orange juice carotenoids 
showed two or more components in each 
fraction. or a total of at  least 25 com- 
ponents, probably 7 of Lvhich are stereo- 
isomers. 

Countercurrent distribution is thus of 
value in effecting a preliminary separa- 
tion of carotenoids into several fractions, 
but chromatography is still necessary for 
the final separation and purification. 
Countercurrent distribution does not 
appear promising as a means of sepa- 
rating similar pairs of compounds such 
as a- and @-carotenes. or zeaxanthin and 
lutein. In some cases tivo substances 
which occur together or close together in 
a chromatogram are found in different 
fractions on countercurrent distribution 
and are thus more readily separable. 
The  relative position of the maximum 
(or the distribution coefficient) of a given 
substance on countercurrent distribution 
Lvith a given solvent system is a n  im- 
portant clue to the number of hydroxyl 
or other functional groups present and 
hence an aid in identification. This 
could be a valuable aid in differentiating 
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substances with similar absorption spec- 
tra, such as neoxanthin, violaxanthin, 
and taraxanthin (73). 

Apparatus 
Preliminary experiments carried out 

in a 25-tube circular steel countercurrent 
distribution apparatus (3)  indicated a 
partial separation of orange juice carot- 
enoids into three fractions. Later a 
100-tube glass apparatus ( 7 .  2) became 
available, Lvhich was subsequently ex- 
panded to 200 tubes. 

Solvent Systems 
Carotenoids could be readily sepa- 

rated into three fractions by distribution 
in a system of petroleum ether (boiling 
point 63' to 70' C.) and absolute 
methanol (commercial) (2.5 to 1 by 
volume). This system is rather sensitive 
to temperature and becomes homogene- 
ous a t  about 26" C.  Later it was found 
that petroleum ether and 9970 methanol 
(1.8 to 1) was more satisfactory. I t  did 
not become homogeneous even a t  45 ' C. 
and gave somewhat better separations of 
orange juice carotenoids into three por- 
tions. The  two phases separated rapidly, 
only 1 hour and 45 minutes being re- 
quired for a 99-transfer run. Petroleum 
ether and 98y0 methanol (1.68 to 1) 
was also a satisfactory system, but the 
separations were not as good as with the 
corresponding svstem using 997c meth- 
anol. 

For the fractionation of xanthophylls, 
a 1 to 1 mixture of benzene and petro- 
leum ether was found to be suitable. 
Runs were made Lvith the 1 to 1 mixture 
of benzene and petroleum et-her with 
75 to 94.5Yc methanol. .4 good sepa- 



ration of the xanthophyll fraction of 
saponified orange juice carotenoids into 
four parts was obtained when 8770 
methanol was used. 

Materials 

Most of the experiments were carried 
out on the lipide fraction of California 
Valencia orange juice. A few experi- 
ments lvere carried out with two com- 
mercial xanthophyll preparations-an 
oil manufactured from corn. and  a con- 
centrate prepared from alfalfa. Both un- 
saponified and saponified materials were 
used. 

Orange juice was hand-reamed, screened, 
deaerated, canned in vacuo, and stored at 
-23' C. The cans were thawed when 
needed, 20 grams of filter aid \vas added 
per liter, and the juice \vas filtered on a 
precoated Buchner funnel. The filter cake 
was extracted with acetone in a fritted-glass 
funnel, the filtrate evaporated in vacuo, 
and the aqueous residue extracted with 
light petroleum ether (boiling point 30" to 
60' C.) and finally with ethyl ether. This 
solution was washed lrith water, dried over 
sodium sulfate, evaporated in vacuo, and 
for runs with unsaponified material, the 
residue was dissolved in the upper phase 
of the solvent system being used. 

For runs Lvith saponified material, the 
residue was dissolved in a small volume of 
ethyl ether, and an equal volume of 2070 
potassium hydroxide in methanol was 
added (a homogeneous solution forms] and 
allowed to stand at room temperature over- 
night. The solution was then diluted \vith 
5 volumes of water and extracted with 
ether. The ether extract was washed re- 
peatedly with Lvater, dried over sodium 
sulfate, and evaporated in vacuo, and the 
residue was dissolved in the upper layer of 
the solvent system being used. 

Procedure for 
Countercurrent Distribution 

I n  all runs reported, the fundamental 
procedure was used (7-.3). After the 
lower layer of the solvent system had 
been added and distributed, tube 0 was 
entirely filled irith lower layer and the 
excess decanted down to about tube 5 
(to ensure that each tube was completely 
filled \vith lower layer when the upper 
layer arrived). For a 100-tube run, 7 
to 10 transfers \vere usually made by 
adding successively 10-rnl. portions of 
upper layer, containing no solute, to 
tube 0. (As the run progressed, a few of 
the highest-numbered tubes originally 
containing both upper and lower layers 
became homogeneous.) The  material 
to be fractionated was then added suc- 
cessively in 1- to 5-10-ml. aliquots of 
upper layer. The  latter number is 
preferable. as it usually results in smaller 
volume changes in the lower layer of the 
lolver-numbered tubes. At  the end of 
the run, the solutions were removed from 
the tubes by means of a glass syringe 
and transferred to numbered test tubes. 

I n  order to measure the amount  of 
carotenoid present, the solution in each, 

or every other, test tube was diluted Jvith 
sufficient acetone to make it homogene- 
ous and to a definite volume (25 or 30 
ml., depending on the solvent system 
used). T h e  depth of color was then 
measured in an  Evelyn photoelectric 
colorimeter using filter 440. Further 
dilutions if necessary were made with 
acetone. T h e  values obtained were 
calculated as 6-carotene. \.%'hen it is 
desired simply to separate the several 
fractions without quantitative color meas- 
urements, the points of minimum color 
between these fractions can be visually 
estimated rather closely. 

Distribution 

on saponified and unsaponified lipide 
material obtained from orange juice: 
xanthophyll oil, and xanthophyll con- 
centrate. I n  all six runs three distinct 
fractions were obtained, which were quite 
clean-cut in the saponified samples and 
someivhat less so in the unsaponified 
samples. The  results with the orange 
juice samples are shown in Figure 1. 
T h e  saponified orange juice lipides, 
xanthophyll oil, and xanthophyll con- 
centrate samples were examined chro- 
matographically. Fraction I \vas found 
to consist of hydrocarbons such as 
8-carotene? fraction I1 monohydroxy 
compounds such as cryptoxanthin, and 
fraction I11 polyhydroxy compounds 
such as zeaxanthin and lutein. In  the 
unsaponified samples, fraction I \vas 
much greater in amount than in the 
saponified samples from the same mate- 
rial, indicating the presence of consider- 
able amounts of fully esterified xantho- 
phylls \vhich accompany the hydro- 
carbons; fraction I1 also contained 
esters, probably tvith one free hydroxyl 

Figure 1. Countercurrent distribution of 
petroleum ether-absolute methanol 
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or other hydrophilic group or groups; 
fraction 111 probably contained little, 
if any, esterified xanthophylls. 

T h e  results of all six runs are  sum- 
marized in Table I. The  position of the 
peak of each of the three fractions is not 
given, hut was used in calculating the 
partition coefficient and another value 
called -Ylo0. This calculated value is the 
tube number of the peak for a hypo- 
thetical 100-transfer run. When the 
sample vias added in several aliquots, a 
correction factor was applied to the 
number of transfers-for example, where 
a total of 99 transfers was made and  the 
sample was added in 5 aliquots, the 
average or effective number of transfers 
is 97. There is some variation in the 
.Y,Oo values of a given fraction in the 
various materials tested. which may be 
due in part to differences in composition 
of the carotenoids present. This varia- 
tion is somewhat greater than that found 
in other solvent systems which are not as 
close to the critical solution point a t  
room temperature, hut these variations 
are much smaller than the differences 
between the AYloo values of the fractions 
containing tuo .  one, or no free hydroxyl 
groups, respectively. 

After the work Petroleum Ether-99 reported above 
And '*% was completed, 
a comparison \vas made of the system of 
petroleum ether and absolute methanol 
with similar systems using 99 and 9870 
methanol. T h e  material used was sapon- 
ified xanthophyll concentrate. Because 
this \\as found to he rather low in frac- 
tion 11, a sufficient amount of crypto- 
xanthin (obtained from orange juice) 
\vas added to make the amounts of frac- 
tions I,  11, and I11 of the same order of 
magnitude for these two runs. T h e  
results are given in Table 11. IYhen 9970 

Valencia orange juice carotenoids in 
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Table I. Countercurrent Distribution of Carotenoids in Petroleum Ether-Absolute Methanol 
(99 transfers) 

Material 

Orange juice lipides 
Unsap. 
Sap. 

Xanth. oil 
Unsap. 
Sap. 

Unsap. 
Xanth. concentrate 

Sap. 
lVIO0 

Av. unsap. 
Av. sap. 
4 v .  all 

Total 
Carotenoids N m Q  and Partition Coefficient yo of Total Carotenoids (Calcd. as p-Carotene) 

(as 0-Carotene), Mg. Fr. l Fr. 11 Fr. 111 Fr. 1 Fr. I /  Fr. 111 

5 . 7  
27.7 

85 (5.7) 55 (1.22) 22 (0.28) 
79 (3.8) . .53 (1.13) 24 (0.32) 

69 
6 

21 
12 

10 
82 

0.59 93 (13.3) 54 (1.18) 14 (0.16) 61 33 6 

27.4 79 (3.8) 54 (1.18) 21 (0.27) 45 9 46 
24.8 81 (4.3) 48 (0.92) 20 (0.25) 42 6 52 

1.69 86 (6.1) 50 (1 . O O )  15 (0.18) 6 41 53 

8 6 & 5  (6 .1 )  5 4 f 0  (1.18) 1 9 f 3  (0.23) 
82 =I= 3 (4.6) 5 0 i  2 (1.00) 20 i 3 (0.25) 
8 4 i  4 (5.3) 52 f 2 (1.08) 19 & 3 (0.23) 

iV100 Partition coefficients in parentheses. Partition coefficient = ~- 100 - N , o o  0 A\’IOO = tube No. of peak for a hypothetical 100-transfer run. 

methanol was used instead of absolute 
methanol, the .VI00 values of fractions I 
and I1 were increased 13 and 3, respec- 
tively, while that of fraction I11 was 
decreased 9. This signifies that a good 
separation of fractions I, 11, and I11 
could be obtained with considerably 
fewer transfers with petroleum ether and 
99% methanol. With the corresponding 
system using 98% methanol, the .VlOo 
values of fractions I and I1 were in- 
creased 3 and 5, respectively, and frac- 
tion I11 was lowered 2. In this case the 
separation of fractions I1 and I11 was 
improved, and that of fractions I and I1 
was less good than in the system petro- 
leum ether-99% methanol. 

T h e  system of petro- 
leum ether and 
methanol showed 
little promise in 

In Petroleum 
Ether-Benzene- 
Methanol-Water 

fractionating the xanthophylis containing 
two or more hydroxyl groups, a t  least 
10 of which occur in orange juice. In 
order to increase the solubility of the 
xanthophylls in the upper layer. systems 
similar to the above, but containing 
benzene in addition, were investigated. 
\Yhen equal volumes of petroleum ether, 
benzene, and methanol were mixed, the 
system was homogeneous; it was neces- 
sary to add about 1.5% water (this 
corresponds to 95.5y0 methanol) in 
order to cause separation into two layers. 
This system is not satisfactory, as it is 
too sensitive to temperature changes; 
systems with higher Ivater contents \vere 
more stable. 

When 94.576 methanol was used, the 
carotenoids were separated into three 
fractions in a manner similar to that in 
petroleum ether-absolute methanol. 
With 93.77, methanol. a fourth fraction 
was separated. which apparently con- 
sisted of compounds containing three or 
more hydroxyl groups. 

\Vhen the system of petroleum ether. 
benzene, and 87% methanol was used 
with saponified orange juice carotenoids, 

a 198-transfer run resulted in separation 
into five fractions (Figure 2) ; fractions I 
and  I1 of Figure 1 now appeared as a 
single peak, while fraction I11 was split 
into four parts. Considerably more than 
100 transfers were necessary to separate 
fractions I11 A, I11 B, and 111 C effec- 
tively. By means of chromatography, 
fraction I11 A was found to contain 
zeaxanthin and lutein only. Fractions 
I11 B and I11 C consisted of compounds 
containing, in addition to two h>droxyl 
groups, one and two cyclic epoxide or 
furan oxide groups, respectively. Frac- 
tion I11 D separated readily and appar- 
ently consisted of compounds containing 
three or more hydroxyl groups; the 
broad, nearly flat peak indicated a fur- 
ther partial separation of this frartion. 
.411 components isolated from this frac- 
tion also contained cyclic ether groups. 

The  same system was also used for 
saponified material from the two xantho- 
phyll preparations (Table 111); it was 
found to be unsuitable for unsaponified 
material. as slowly separating emulsions 
were formed. With the xanthophyll oil 
and xanthophyll concentrate prepara- 
tions, a much smaller amount of carot- 
enoid material was found in fractions 
111 B. I11 C. and I11 D than kvith 
orange juice lipides. indicating the rela- 
tive absence of compounds containing 
more than t\vo oxygen atoms per mole- 
cule; for this reason the runs were not 

Table II. Comparison of Fractiona- 
tion of Carotenoids in Craig Appa- 
ratus with Petroleum Ether and 100, 

99, and 98% Methanol 
Methanol, Niooa ANion 

% Fr. I Fr. I I  Fr. I11 Fr .  1-11 Fr. 11-111 

100 79 54 21 25 33 
99 92 57 12 35 45 
98 95 62 10 33 52 

a .\’,Po = tube No. of peak for hypo- 
thetical 100-transfer run. 

carried beyond 99 transfers. The  values 
of .VI00 obtained for the various fractions 
showed somewhat less variation than 
\+ith the system of petroleum ether and 
methanol (Table I ) .  

Runs were also made in the Craig 
apparatus with the system consisting of 
petroleum ether. benzene. and 87% 
methanol. LLith samples of zeaxanthin 
and lutein. The  values of -Vl00 obtained 
were 70 and 72, respectively, which are 
in excellent agreement with the values 
for fraction I11 -4 in Table I11 (70 to 72). 
This close agreement of the .\-l~o values 
for zeaxanthin and lutein indicates that 
a very large number of transfers would 
be needed to separate those compounds 
by countercurrent distribution. 

*ittempts were made to separate frac- 
tion I11 D further by the systems of 
petroleum ether, benzene, and 81.6 and 
7570 methanol. In the former the peak 
was broadened somewhat; in the latter, 
separation into four fractions u a s  indi- 
cated. but the run was carried to only 
59 transfers because of difficulty with 
emulsions. 

Chromatography 

The  solutions comprising 
each fraction byere combined 

and evaporated in vacuo. The  residue 
was dissolved in petroleum ether (frac- 
tions I and 11) or benzene. and chro- 
matographed on columns (12 X 200 
mm.) of magnesia (Westvaco S o .  2642) 
plus diatomaceous earth. 1 to 1 by volume. 
The  tubes were filled with solvent, 
adsorbent \{as added. and the tubes were 
packed \\ith compressed air. The carot- 
enoid solution was then added, washed 
into the column with the solvent. and 
fractionally eluted with a series of eluents 
of increasing strength. For fraction I 
the eluent was acetone in petroleum 
ether. for fractions I1 and 111, ethanol in 
petroleum ether or in benzene. The  
eluted fractions were evaporated in 
vacuo and the residue was dissolved in 
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Figure 2. 
enoids in petroleum ether-benzene-87% methanol 

Countercurrent distribution of saponified Valencia orange juice carot- 

petroleum ether (fractions I and I I )?  
benzene (fraction 111), or ethanol (frac- 
tion I11 D)?  and spectral absorption 
curves were run in a Cary recording 
spectrophotometer. 

Saponified Xanthophyll Oil. Only 
fractions I. 11. and I I IA  were investigated 
chromatographically. Fraction I con- 
tained @-carotene with perhaps a small 
amount of a-carotene; fraction I1 con- 
sisted of cryptoxanthin accompanied by 
about half as much hydroxy-a-carotene 
(?); fraction I11 -4 contained zeaxanthin 
and lutein, the former perhaps five times 
as much as the latter. 

Saponified Xanthophyll Concentrate. 
Fractions I. 11, and I11 .4 only were in- 
vestigated chromatographically. Frac- 
tion I consisted mostly of 8-carotene; 
fraction I1 of cryptoxanthin and hl-- 
droxy-a-carotene (?) in similar amounts; 
fraction I I IA contained lutein and ze- 
axanthin, the former in 5 to 10 times the 
quantity as the latter. 

colored zone had a brilli&t green 
fluorescence with ultraviolet light and 
a spectral absorption curve which cor- 
responded closely to that of phyto- 
fluene (75). The identifications of frac- 
tions 1-2 and 1-3 as a- and @-carotenes. 
respectively. were confirmed by mixed 
chromatograms Lvith preparations of a- 
and p-carotenes which had been ob- 
tained by chromatographing a commer- 
cial carotene sample stated to be 90% 
@-carotene and 10% a-carotene. The 
amount of p-carotene obtained from 
orange juice was about three times that 
of the a-carotene. 

Fraction 1-4 was eluted just after 
/3-carotene and gave a spectral absorp- 
tion curve which corresponded closel) to 
that of {-carotene ( 7 7 ) .  This fraclion 
gave no color in the ether-hydrochloric 
acid test. which together with the posi- 
tion in the chromatogram ivould rule 
out aurochrome ( 7 7 ) .  .A fraction ivith 

I + U  

I 
10 

absorption maxima corresponding to 
fraction 1-4 was found by Zechmeister 
and Tuzson (76): but was not identified. 
The  authors' work indicated the pres- 
ence of {-carotene and p-carotene in 
similar quantities in orange juice. 

Fraction 11. This fraction contained 
two carotenoid components, the spec- 
tral absorption curves of which corre- 
sponded closely to those of a-caro- 
tene and 0-carotene. These fractions 
were eluted from a column much more 
rapidly than lutein and much more 
slou~ly than {-carotene. I t  was con- 
cluded that fraction 11-2 was crypto- 
xanthin, which had been reported as a 
major constituent of the carotenoids of 
oranges, by Zechmeister and Tuzson (76). 
The other component (11-1) appears to 
be hydroxy-a-carotene, which has been 
reported several times (5, 70> 7J), but 
apparently has not been crystallized and 
the structure elucidated. I t  might be 
either (or a mixture of both) of tivo 
compounds, depending on Lvhether the 
hydroxyl group is on the CY- or /?-ionone 
ring of a-carotene. .4 similar fraction 
was found in orange peel by Zechmeister 
and Tuzson (76), but was not identified. 
I n  the authors' \vork cryptoxanthin ap-  
peared to be present in about three times 
the quantity of the hydroxy-a-carotene 
(?); the latter bvould account for about 
37,  of the total carotenoids. 

Fraction I1 contained a considerable 
amount, relatively. of colorless material. 
which on chromatography was eluted 
out ahead of fraction 11-1. This mate- 
rial readily crystallized in long needles 
from absolute alcohol and gave positive 
tests for sterols in the Solkobvski and 
Liebermann-Burchard reactions. O n  
recrystallization the melting point (un- 
corrected) was 136': indicating it to be 
sitosterol. ivhich \vas found in Valencia 
orange pulp by hlatlack ( 9 ) .  

Fraction I11 A. This fraction con- 
sisted essentially of t\vo components 
\vhich from the spectral absorption curves 
ivere identified as lutein and zeaxanthin. 
These identifications \vex  confirmed by 
mixed chromatograms Lvith samples of 

Table 111. Countercurrent Distribution of Saponified Carotenoids in Petroleum Ether-Benzene-87% Methanol 
Fraction Total 

Carotenoids 1-11 111 A 111 B 111 c 111 D 1-11 111 A 111 6 111 C 111 D 
(or P-Coro- No. of ';F of  fotol ccrofenoids 

(:dcd. CIS &carotene) Moferial fene) ,  Mg. Transfers N,o,ln ond partition coefficient 

Orange juicr lipides 33.0 198 96 (241 70 (2 .3 )  56 (1 .27) 39 (0.63) 9 (0.09) 19 22 26 23 10 
Xanth. oil (xantho- 0 .86 99 95 (19) 71 (2 4) . . . 44 ( 0 . 7 9 )  10 (0.11) 3 73 . . 12 13 

phyll fr.) 
Xanth. concentrate 21 . 6  99 97 (32) 72 (2 .6 )  . . . 43 (0.75) 11 (0.12)  52 45 . .  2 2 
AV. 96 rk 1 (25) 71 f 1 (2.4)  56 (1 ,271 42 i. 2 (0 .72)  10 =I= 1 (0 .11)  

'YlOO -- 
100 - -VI00 

a SIOO = tube No. of peak for hypothetical 103-transfer run. Partition coefficients in parentheses. Partition coefficient = 
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Table IV. Carotenoids Isolated from Saponified Orange Juice Lipides 

(Fractions I ,  II, 111 A) 

Fraction Solvent Max. 

1-1 Pet. ether 367 (0.88) 
1-2 Pet. ether 474 (0.89) 
1-3 Pet. ether 478 (0.84) 
1-4 Pet. ether 425 (0.93) 

11-1 Pet. ether 474 (0.89) 
11-2 Pet. ether 477 (0.85) 

I11 A-1 Benzene 487 (0.88) 
I11 A-2 Benzene 490 (0.86) 

5 Relative optical density in parentheses. 
b Tentative identification. 

W o v e  length o f  M a x i m a  ond Minimo", Mfi 
M i n .  Max. M i n .  

359 (0.53) 348 (1.00) 339 (0.63) 
462 (0.71) 446 (1 . O O )  427 (0.68) 
468 (0.80) 450 (1.00) 
414 (0.47) 400 (1.00) 387'(0,53) 
463 (0.70) 445 (1 . O O )  427 (0.69) 
468 (0.81) 450 (1.00) 
473 (0 .71)  456 (1 . O O )  437 'i0.'68) 
480 (0.81) 463 (1.00) . . . . .  

Identity or 
Tentative 

Max. Identification 

332 (0,78) Phytofluene 
422 (0.69) a-Carotene 

8-Carotene 
378 '('0.63) [-Carotene 
422 (0.69) Hydroxy-a-caroteneb 

430 '(0.'69) Lutein 
Cryptoxanthin 

. . . . .  Zeaxanthin 

lutein and zeaxanthin. The  amount of 
zeaxanthin present appeared to be about 
double that of the lutein. 

Fractions I11 B, I11 C, and I11 D. These 
three fractions were found to consist of 
five, six, and six components, respec- 
tively, of which 3, 3, and 1, respectively, 
appear to be stereoisomers of other com- 
ponents. The properties of these com- 
ponents, and the identification of some 
of them, will be the subject of a separate 
communication. 

None of the components isolated from 
Fractions I, 11, or I11 A gave a color in 
the hydrochloric acid-ether test, indi- 
cating the absence of epoxide or furan- 
oxide groups. All of the components of 
fractions I11 B, I11 C, and I11 D gave 
blue colors; those of fraction I11 B were 
light blue, while those of fraction I11 C 
were deep blue: indicating the presence 
of one and two cyclic ether groups, 
respectively. 

Discussion 

Each of the six fractions obtained 
from saponified orange juice was re- 
solved into two or more components, 
which were numbered 1-1, 1-2, 1-3, etc.. 
in the order in which they were eluted 
from the column. The eight compo- 
nents thus obtained from fractions I, 11. 
and I11 A are listed in Table IV, to- 
gether with their identity or tentative 
identification; the wave lengths of the 
maxima and minima of the spectral 
absorption curves, together with the 
relative optical densities a t  these points, 
are also given. The values for most of 
the fractions are in close agreement with 
those found for carotenoids isolated from 
corn seedlings by Moster et  al .  (70), such 
as a- and p-carotenes, OH-cu-carotene 
(?), cryptoxanthin. lutein, and zeaxan- 
thin. 

.4 number of carotenoids have been 
previously found in oranges. The  pig- 
ments of Sicilian orange peel and pulp 
were investigated by Zechmeister and 
Tuzson (76-78), who also studied the 
pigments of the Mandarin orange 
(79, 20). In the orange, &carotene, 

cryptoxanthin, citraurin, zeaxanthin, lu- 
tein, and violaxanthin were identified, 
and tentatively, flavoxanthin. I t  was 
pointed out that only a small portion of 
the total carotenoids was carotenes, the 
remainder being an unusually complex 
mixture of xanthophylls. -4 number of 
fractions were not identified. Karrer 
and Jucker (6> 7) reported the presence 
also of citroxanthin in the peel. Nata- 
rajan and Mackinney (72) reported the 
presence in Valencia orange juice of 
phytofluene, a-, p- ,  and [-carotenes, and 
also probably lutein epoxide and flavo- 
xanthin. Of the compounds found in 
the present work in fractions I, 11, and 
I11 A, only hydroxy-cu-carotene (?) was 
not previously reported, though it was 
apparently found by Zechmeister and 
Tuzson (76). 
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