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(57) ABSTRACT 

A method of isolating, purifying and recrystalliZing substan 
tially pure lutein, preferably from saponi?ed marigold oleo 
resin in its pure free form, apart from chemical impurities 
and other carotenoids. Lutein may be used as an analytical 
standard or in cancer prevention trials and as a safe and 
effective color additive for human food. 
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PROCESS FOR ISOLATION, PURIFICATION, 
AND RECRYSTALLIZATION OF LUTEIN 

FROM SAPONIFIED MARIGOLD 
OLEORESIN AND USES THEREOF 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions 
made by reissue. 

NOTICE 

More than one reissue application has been ?led for the 
reissue of US. Pat. No. 5,382, 714. The reissue applications 
are the present continuation reissue patent application, 
application Ser. No. 11/150,599?led Jun. 10, 2005 (reissue 
ofU.S. Pat. No. 5,382,714), application Ser. No. 11/330,423 
(divisional reissue of US. Pat. No. 5,382,714) and applica 
tion Ser No. 11/782,117 (continuation reissue application of 
US. Pat. No. 5,382, 714). 

BACKGROUND OF THE INVENTION 

Lutein is a naturally occurring carotenoid that has no vita 
min A activity. There are three asymmetric centers in lutein 
at C-3, C-3', and C-6' positions. The absolute con?guration 
of lutein in foods (fruits and vegetables) and human serum/ 
plasma is known to be 3R,3'R,6'R. This con?gurational iso 
mer of lutein which is the most abundant form of lutein is 
also known as lutein A. However in human serum/plasma a 
small amount of another con?gurational isomer of lutein, 
namely (3R,3'S,6'R)-lutein also known as 3'-epilutein or 
lutein B has been shown to be present. The chemical struc 
tures of lutein and 3'-epilutein are shown below. Other 
known con?gurational isomers of lutein have only been iso 
lated from the integument of marine ?shes. 
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The terms all-E- and Z-isomers are new terminology used 
for lutein and other carotenoids, and refer to old terminology 
of all-trans and cis isomers of these compounds, respec 
tively. Unless speci?ed lutein refers to all -E (all-trans) iso 
mer. 

2 
Numerous epidemiological studies in various populations 

have shown that the consumption of substantial amounts of 
fruits and vegetables reduce the risk of cancer. One hypoth 
esis is that the carotenoids in these foods act as antioxidants 
through a free radical mechanism by quenching singlet oxy 
gen and other oxidizing species resulting in the termination 
of free radical chain reactions and in the prevention of cellu 
lar oxidative damage. The correlation between dietary caro 
tenoids and carotenoids found in human serum or plasmid 
indicate that only selected groups of carotenoids make their 
way into the human bloodstream to exert their effect. To 
date, 19 carotenoids have been identi?ed to be present in 
human blood. With the exception of [3-carotene, none of 
these carotenoids have been studied for their anti-cancer 
activity. 

There has been recent evidence to suggest that lutein, one 
of the most abundant carotenoids in the diet and in human 
blood possesses strong antioxidant capabilities and may be 
useful in reduction of the incidence of cancer. The allylic 
hydroxyl group at the C-3' position of the E-end group of 
this compound can readily undergo oxidation as a result of 
activation by the neighboring double bond. The non-allylic 
hydroxyl group at the C-3 position of the [3-end group can 
also activate the C-4 carbon allylic to the double bond mak 
ing this carbon highly susceptible to direct oxidation. These 
oxidation reactions result in the formation of four metabo 
lites of lutein, which have been isolated and characterized 
from extracts of human serum or plasma. Further evidence 
for an in vivo oxidation of lutein has also been obtained in 
human feeding studies. To date, pure lutein suitable for 
human use has not been commercially available for use as a 

chemopreventive agent in clinical trials. Pure lutein, free 
from chemical contaminants and suitable for human 
consumption, is needed to design and conduct proper human 
intervention studies. 

Lutein is one of the major constituents of green vegetables 
and fruits such as broccoli, green beans, green peas, lima 
beans, Brussels sprouts, cabbage, kale, spinach, lettuce, 
kiwi, and honeydew. The lutein in these green vegetables 
and fruits exists naturally in the free non-esteri?ed form and 
co-exists with other carotenoids. 

However, the isolation and puri?cation of free form, pure 
lutein in large quantities from green vegetables is not eco 
nomical. Many expensive and time-consuming puri?cation 
steps are required to remove and purify lutein from the large 
quantities of chlorophylls, [3-carotene, and carotenoids 
epoxides that are also present in green vegetables. 

Lutein is also abundant in a number of yellow/orange 
fruits and vegetables such as mango, papaya, peaches, 
prunes, acorn squash, winter squash, and oranges. Lutein in 
these yellow/orange fruits and vegetables exists in the esteri 
?ed form with fatty acids such as myristic, lauric, and palm 
itic acids. Upon ingestion of these foods, lutein esters 
undergo hydrolysis to regenerate free lutein which is then 
absorbed and metabolized by the body. However, these 
yellow/orange fruits and vegetables also contain high con 
centrations of a number of other carotenoids which make the 
isolation and puri?cation of lutein costly and time 
consuming. 

Marigold ?ower petals are an excellent source of lutein 
because they contain high levels of lutein and no signi?cant 
levels of other carotenoids. Extracts of marigold ?owers are 
commercially available but consist of lutein that is esteri?ed 
with fatty acids such as lauric, myristic, and palmitic acids. 
Lutein in its natural form as it exists in marigold ?owers 
does not exist as free lutein. Upon saponi?cation of the mari 
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gold extract, the lutein fatty acid esters are converted to 
lutein. However, the resulting lutein is still contaminated 
With a number of chemical impurities. To date, no method 
has been described to isolate and purify the free form of 
lutein from these chemical impurities. 

The saponi?ed extracts of marigold ?oWer petals are com 
mercially available and currently used in chicken feed to 
enhance the yelloW color of egg yolk and the skin of chick 
ens. HoWever, the extract is not acceptable as a direct color 
additive for human foods because of the presence of impuri 
ties. The availability of substantially pure lutein suitable for 
human use and the evidence that signi?cant levels of lutein 
derivatives are normally found in human blood Would also 
make lutein an attractive color additive. 

While chemical processes for synthesis of lutein from 
commercially available starting materials are knoWn, such 
processes are extremely time-consuming, involve multiple 
steps, and to date have simply not provided an economical 
process for production of lutein. It therefore appears that the 
most likely economic route to substantially pure lutein is 
through a process that extracts, isolates, and puri?es lutein 
from marigold ?oWers. Such substantially pure lutein, if 
economically available could be used in cancer prevention 
studies, as Well as an attractive, naturally-occurring, non 
harmful color additive in human foods. 

It is therefore evident that there is a need for a carotenoid 
composition of substantially pure lutein. The primary obj ec 
tive of the present invention is the ful?llment of this need. 

Another objective of the present invention is to provide a 
method for isolating, purifying and recrystallization lutein in 
high purity from a saponi?ed marigold extract. 

Another objective of the present invention is to provide a 
method for isolating, purifying and recrystalliZing lutein in 
high purity Which is economical to perform With a minimum 
of processing steps. 

Another objective of the present invention is to provide 
puri?ed lutein in crystalline form such that it is acceptable 
for human consumption and use in cancer prevention trials 
and treatments Without causing toxic side effects due to 
residual impurities. 

Yet a further objective of the present invention is to pro 
vide puri?ed lutein in crystalline form such that it is accept 
able as a color additive in human foods. 

The method and means of accomplishing each of the 
above objectives as Well as others Will become apparent 
from the detailed description of the invention Which folloWs 
hereinafter. 

SUMMARY OF THE INVENTION 

The present invention relates to an e?icient method of 
isolating, purifying, and recrystalliZing substantially pure 
lutein preferably from a saponi?ed marigold oleoresin. 
Lutein puri?ed according to this method is free from a num 
ber of chemical impurities that are knoWn constituents of 
?oWers and plants. Lutein, in pure form may be used as an 
analytical standard and in cancer prevention trials, and as a 
safe and effective color additive in human food. The method 
involves purifying, preferably, a saponi?ed marigold extract 
through use of a series of ?ltrations and Water/alcohol 
Washes to obtain crude lutein crystals. The crystals are dis 
solved in a halogenated organic solvent in Which lutein is 
strongly soluble and then a second organic solvent in Which 
lutein is only partially soluble. Upon cooling of the mixture 
Lutein is recrystalliZed in a high purity and then ?ltered and 
dried under vacuum. 

DETAILED DESCRIPTION OF THE INVENTION 

A saponi?ed marigold oleoresin commercially available 
under the trademark “Kemin YelloW Oil” from Kemin 
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4 
Industries, Inc., Des Moines, IoWa, is a preferred starting 
material. While other extracts of marigold ?oWers may be 
used, this particular one from marigold petals is most pre 
ferred because it is substantially free from other carotenoids. 
Generally, the concentration of other carotenoids in the start 
ing material should be 10% or less. The starting material, 
preferably the marigold petal extract available as “Kemin 
YelloW Oil” is homogeniZed With a mixture of distilled Water 
and ethanol, preferably at 5° C.*10° C. for about 30 minutes 
to remove Water soluble impurities such as anthocyanins 
(typical red pigments found in extracts from ?owers). The 
ratio of distilled Water to alcohol should be from 3 to 1, 
preferably 2.3 to 1. 
The saponi?ed marigold oleoresin is derived from an 

organic solvent extraction of dried marigold ?oWers 
(Tagetes erecta) and then treated With an alkaline solution 
resulting in lutein free from fatty acids such as palmitic, 
myristic and lauric acids. At the preferred ratio of Water/ 
ethanol of 2.3:1 (Within the range of from 3 to 1) and at the 
cold temperature employed, lutein precipitates out from 
saponi?ed marigold oleoresin as orange crystals Which are 
collected upon ?ltration. Other ratios of Water/alcohol not 
Within the range speci?ed resulted in loWer recoveries of 
lutein. The ?ltrate contains potassium hydroxide (from the 
previous saponi?cation step of marigold extract employed 
by the manufacturer of the starting material), anthocyanins, 
and Water soluble ?avonoids. 

Instead of ethanol, other alcohols such as methanol or 
isopropyl alcohol may also be employed. HoWever, since the 
puri?ed lutein is required not to contain even traces of any 
toxic chemicals, the use of methanol instead of food grade 
ethanol in this puri?cation process is not normally recom 
mended. 

the cold temperatures of 5° C.*10° C. result in the best 
recoveries for lutein, since this compound is not very Well 
soluble in cold alcohol solutions. At higher temperatures, 
hoWever, solubility of lutein in alcohol is increased Which of 
course results in loWer yields for this compound. Tempera 
tures Within the above range provide economical yields. 
The retained orange precipitate of lutein is then Washed 

With distilled Water until the ?ltrate is almost colorless and 
the pH is near neutral. This ensures the complete removal of 
anthocyanins (red pigment) and the potassium hydroxide 
from the precipitated lutein. 
The precipitate is then Washed sequentially With cold (0° 

C.*5° C.) alcohol, preferably ethanol and then preferably 
With hexane. These sequential Washes result in the removal 
of the plant sterols and the ?nal Wash With hexane also 
results in removal of alcohol from lutein. As a result the 
crystals of this compound are dried at a faster rate due to the 
evaporation of the volatile hexane. The hexane Wash also 
removes most of 0t— and [3-cryptoxanthin, and particularly 
[3-carotene Which are present in very loW concentrations in 
the saponi?ed marigold extracts. 

Instead of hexane, other straight chain hydrocarbons such 
as pentane, heptane, or petroleum ether (b.p. =30° C.*60° 
C.) can also be effectively used since lutein has very loW 
solubility in all of these organic solvents. The resulting 
orange crystals of lutein obtained at this point are normally 
about 70% pure as determined spectrophotometrically. 
While 70% pure lutein may be acceptable for use in animal 
feed, further puri?cation of this compound may be employed 
to produce lutein With purity greater than [97%] 90% for 
human consumption. 

Final puri?cation of lutein is accomplished by recrystalli 
Zation from a binary solvent system, preferably a 1:1 mix 
ture of dichloromethane and hexane. This binary solvent 
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system has never been used in the puri?cation of lutein. The 
choice of dichloromethane is because of the excellent solu 
bility of lutein in this solvent. Instead of dichloromethane 
other halogenated solvents such as chloroform or 1,2 
dichloroethane can also be used; and instead of hexane one 
can also use other straight chain hydrocarbons such as 
pentane, heptane, and petroleum ether (b.p. 30°i60° C.) 
Therefore, partially puri?ed lutein (70% pure) is dissolved in 
a minimum amount of dichloromethane preferably contain 
ing 1% triethylamine and hexane is added until the solution 
becomes cloudy. The 1% addition of triethylamine to dichlo 
romethane neutralizes the trace amount of the acids that are 
normally present in halogenated solvents. These residual 
acids could result in conversion of lutein to another caro 
tenoid knoWn as 2',3'-anhydrolutein. Thus, the 1% addition 
of triethylamine is preferred to prevent lutein from undergo 
ing side reactions and to maximize the yield of pure lutein. 

The above cloudy solution is kept Within the range of 
from —20° C. to —10° C. to commence recrystallization. At 
this range of temperature, the recrystallization is most el? 
cient and it is usually completed Within 2 to 3 hours. Storage 
of the solution at 0° C. prolongs the recrystallization process 
Which may take as long as 24 hours and the recovery of pure 
lutein is not optimum. The crystals of lutein are then ?ltered 
off and Washed, preferably With cold (0° C.) hexane. The 
pure crystalline lutein is dried in vacuo, i.e., at 50° C. for 
three days. 

The purity of the resulting lutein is usually greater than 
90%, most often greater than 97% as determined by 
UV/visible spectrophotometry. Based on quantitative HPLC 
analysis, the puri?ed lutein consists of 94.79% lutein, 3.03% 
of its geometrical isomers, and a total of 2.18% of 2', 
3'-anhydrolutein, zeaxanthin, ot-cryptoxanthin, and 
[3-cryptoxanthin. The presence of the loW levels of these 
carotenoids is not of any concern since these carotenoids are 
of dietary origin and are found routinely at much higher 
concentrations relative to that of lutein in human serum or 
plasma. NMR analysis shoWed no residual solvents (i.e., 
dichloromethane, hexane, ethanol, triethylamine) or other 
non-carotenoid impurities. The lutein puri?ed according to 
this method exists in substantially purer form in comparison 
With lutein found in the matrix of any naturally occurring 
plant. In comparison With multi-step chemical synthesis, the 
puri?cation of lutein according to this method is much more 
economical. Furthermore, lutein isolated and puri?ed from 
marigold ?oWers does not contain hazardous chemical 
impurities as a result of various organic reagents that are 
normally employed in the sequential synthesis of this com 
pound. 

The folloWing examples are offered to illustrate but not 
limit the product and process of the present invention. 

EXAMPLES 

Example 1 

Saponi?ed marigold oleoresin available commercially as 
“Kemin YelloW Oil” Was obtained. It Was previously pro 
cessed in the folloWing manner. 
Upon receipt the ?oWers Were tested for herbicides and 

pesticides in order to ensure that they meet quali?cations for 
food ingredients. The completed oleoresin extract (200 g) 
Was then subjected to saponi?cation With aqueous potassium 
hydroxide. This Was accomplished through continuous mix 
ing under heat (65°14 70° C.) of food grade aqueous potas 
sium hydroxide (45%) and the oleoresin until greater than 
98% of lutein Was free from fatty acid esters. The saponi? 
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6 
cation Was normally completed Within 35 minutes. The 
product Was then homogenized With a mixture of distilled 
Water (700 mL)/ethanol (300 mL, food grade):2.3/1 at room 
temperature for 30 minutes. The mixture Was ?ltered off and 
the ?ltrate Was discarded. The retained orange precipitate of 
lutein Was Washed With distilled Water until the ?ltrate Was 
almost colorless and the pH Was neutral. The precipitate Was 
then Washed sequentially With cold (0° C.*5° C.) ethanol 
(200 mL) and hexane (200 mL), respectively. The resulting 
lutein obtained as orange crystals from three to be 70% pure 
by spectrophotometric analysis. 

Final puri?cation Was accomplished by recrystallization 
from a 1:1 mixture of dichloromethane and hexane by dis 
solving the 70% pure crystals in about 550 ml of dichlo 
romethane containing 1% of triethylamine. The hexane Was 
added until the solution became cloudy. The cloudy solution 
Was kept at —20° C. to —10° C. to commence recrystalliza 
tion. This Was completed Within about 3 hours resulting in 
orange crystals of lutein. The crystals Were then ?ltered off 
and Washed With cold (0° C.) hexane (200 ml) and dried in 
vacuo at 50° C. for 3 days. The purity of lutein in this 
instance Was greater than 97%. 

Example 2 

Saponi?ed marigold oleoresin (200 g) Was homogenized 
With a mixture of distilled Water/ ethanol (food grade) at vari 
ous ratios at 0° C.*10° C. for 30 minutes. The mixture Was 
?ltered off and the ?ltrate Was discarded. The retained 
orange precipitate of lutein Was Washed With distilled Water 
until the ?ltrate Was almost colorless and the pH Was neutral. 
The precipitate Was then Washed sequentially With cold (0° 
C.*5° C.) ethanol (200 mL) and hexane (200 mL), respec 
tively. The yield of lutein obtained as orange crystals from 
three experiments employing different ratios of Water/ 
ethanol are shoWn beloW. The lutein obtained in all three 
experiments Was shoWn to be about 70% pure by spectro 
photometric analysis. 

Weight (g) of Crude Lutein 
Isolated from 200 g Saponi 

Ratio of Water/Ethanol ?ed Marigold Oleoresin 

2.3/1 28 
3.0/1 22 
1.0/2 15 

This example demonstrates the highest yield of lutein is 
obtained With 2.3/1 ratio of Water/ethanol. The ?nal puri?ca 
tion step by recrystallization Was accomplished as in 
Example 1, to give lutein in excess of 97% purity. 
The purity and the constituents of the lutein isolated from 

“Kemin YelloW Oil” have been determined by UV/visible 
spectrophotometry as Well as high performance liquid 
chromatography-photodiode array detection/mass spectrom 
etry (HPLC/MS). In addition proton nuclear magnetic reso 
nance (NMR) spectrum of the puri?ed lutein has been 
obtained in order to determine the presence of trace amounts 
of residual solvents and other impurities. 

UV/Visible Spectrophotometric Analysis. The purity of 
lutein is greater than 97% as determined from the absorption 
spectrum of this compound in ethanol, Which exhibits 
maxima at 422, 446, and 476 nm and extinction coef?cient 
of 1% E=2550 in ethanol at 446 nm. 

HPLC/MS Analysis: The puri?ed lutein has been exam 
ined by HPLC equipped With a photodiode array detector on 
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both a Cls-reversed phase column and a silica-based nitrile 
bonded column. The HPLC system Was interfaced With a 
HeWlett-Packard particle beam mass spectrometer. The 
analysis of the puri?ed lutein With HPLC/MS system in 
addition to HPLC peak purity determination at various 
Wavelengths also provided further evidence for purity of this 
compound from the total ion chromatogram obtained by 
mass spectrometry analysis. 

The HPLC pro?le of the puri?ed lutein on a Cls-reversed 
phase column Was observed. 1). As revealed in 
chromatograms, the puri?ed lutein also contains four other 
carotenoids as minor impurities. In the order of chromato 
graphic elution on a Cls-reversed phase column, the caro 
tenoids in the puri?ed and recrystalliZed lutein are: lutein+ 
Zeaxanthin (coeluting HPLC peaks, 99.31%), 2',3' 
anhydrolutein (0.23%), ot-cryptoxanthin (0.34%), and 
[3-cryptoxanthin (0.10%). Since lutein and its geometrical 
isomers as Well as Zeaxanthin (present as a minor 

component) are not separated on the Cls-reversed phase 
column, a nitrile bonded column Was employed. The HPLC 
pro?le of the puri?ed lutein on the nitrile bonded column 
revealed that under these chromatographic conditions, 2',3' 
anhydrolutein, ot-cryptoxanthin, and [3-cryptoxanthin appear 
as one HPLC peak, While lutein and Zeaxanthin and several 
of their geometrical isomers are Well separated. Based on 
Quantitative HPLC analysis of puri?ed lutein on C18 
reversed phase and nitrile bonded columns, the chemical 
composition of this compound isolated and puri?ed from 
extracts of marigold ?oWers are shoWn in Table I. 

TABLE I 

Carotenoid Composition of Lutein Isolated and 
Puri?ed from Extracts of Marigold Flowers (Tageles 

erecla variety oranggde) 

Carotenoids Composition (%) 

all-E Lutein 94.79 
9Z-Lutein 0.14 
9'Z-Lutein 0.15 
13 + 13'Z-Lutein 0.29 
Poly Z-Lutein 2.45 

Total of Lutein + Z-Isomers 97.82 
2',3'—Anhyd.rolutein 0.23 
All-E-Zeaxanthin 1.51 
ot-Cryptoxanthin 0.34 
[5-Cryptoxanthin 0.10 

Total of Other Carotenoids 2.18 

From these data it appears that the puri?ed lutein from 
marigold ?oWers consists of 94.79% of all E-lutein, 3.03% 
of its geometrical isomers (Z-luteins), and a total of 2.18% 
of 2', 3'-anhydrolutein, Zeaxanthin, ot-Cryptoxanthin, and 
[3-Cryptoxanthin. The presence of the loW levels of these 
carotenoids in the puri?ed lutein product should not be of 
any concern since these carotenoids are of dietary origin and 
they are found routinely at much higher concentrations rela 
tive to that of lutein in human serum/plasma. Individual 
carotenoids separated by the tWo HPLC columns described 
above have also been characterized from comparison of their 
absorption and mass spectra determined by a photodiode 
array detector interfaced into a mass spectrometer With those 
of standards characterized previously. 
NMR Analysis: The proton NMR spectrum of the puri?ed 

lutein Was in agreement With the spectrum of this compound 
reported previously and no residual solvents (i.e., 
dichloromethane, hexane, methanol, triethylamine) or other 
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8 
non-carotenoid impurities (plant sterols and fatty acids) 
could be detected in this sample. 

No substantially pure form of lutein derived from plant 
extract having these levels of purity has heretofore been 
available. 

Example 3 

Preparation of Lutein Dose For Oral 
Supplementation 

Carotenoids are considered among the fat soluble nutri 
ents and are usually associated With the liproprotein frac 
tions of human blood. Therefore, the absorption and bio 
availability of carotenoids is signi?cantly increased if these 
compounds are orally ingested With a small amount of an oil 
or foods that contain certain amounts of lipids. In a human 
study that Was conducted the folloWing preparation of lutein 
resulted in excellent absorption of this compound by the 
subjects as determined from the analysis of their plasma 
carotenoid pro?le. In the folloWing, the procedure employed 
for the preparation of a small batch (100 dose, each 10 mg) 
of puri?ed lutein is described. 

Puri?ed lutein from marigold ?oWers extract (1 g) Was 
added to absolute alcohol (75 mL). To this solution 
ot-tocopherol (50 mg) and food grade polysorbate 80 (an 
emulsi?er, 4 g) Was added and the mixture Was sonicated for 
10 minutes. The addition of ot-tocopherol (0.01% by Weight) 
Was to stabiliZe lutein and prevent this compound from pos 
sible oxidation during long term storage. The above suspen 
sion Was then mixed With 350 g of light and mild olive oil 
(saturated fat/polyunsaturated fat=2/ 1) and the mixture Was 
sonicated for 5 minutes. This resulted in a suspension of 
lutein in olive oil Which Was stored under nitrogen in a 
refrigerator. 7 mL aliquots of this suspension Was shoWn by 
spectrophotometric analysis to contain 10 mg of lutein. At 
various intervals, the stability and the purity of lutein sus 
pension in the olive oil Was determined by spectrophotomet 
ric and HPLC analysis. The stability studies revealed that 
lutein prepared and stored under the conditions described 
above is stable for up to one month. In one study each 7 mL 
aliquot of the olive oil (containing 10 mg lutein) Was spread 
on a bagel prior to ingestion. Alternatively, this small volume 
of oil can be readily taken With other foods. Although this 
preparation of lutein dose is appropriate for conducting 
human studies With a limited number of subjects, other 
preparations of this compound into tablets or capsules can be 
accomplished. The formulation of [3-carotene into tablets 
and capsules Which has been developed by Hoffman-La 
Roche Inc. (Nutley, N.J.), may also be found suitable for 
lutein With some minor modi?cations. 

From the above examples it can be seen that applicant has 
prepared the ?rst ever substantially pure lutein as derived 
initially from plant extracts. The product is substantially free 
of impurities, substantially free of other carotenoids, and 
contains only very loW levels of certain carotenoids of 
dietary origin. The presence of these carotenoids are of no 
concern since they are found routinely at much higher con 
centrations in human serum/plasma relative to that of lutein. 

It can therefore be seen that the invention accomplishes at 
least all of its stated objectives. 

What is claimed is: 
[1. The carotenoid composition consisting essentially of 

substantially pure lutein crystals derived from plant extracts 
that contain lutein, said lutein crystals being of the formula: 
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20, 19, 17' 16' 

wherein the lutein is substantially free from other caro 
tenoids and chemical impurities found in the natural form of 
lutein in the plant extract.] 

[2. The lutein carotenoid composition of claim 1 Wherein 
the plant extract is derived from naturally occurring plants 
selected from the group consisting of fruits, vegetables and 
marigolds.] 

[3. The lutein carotenoid composition of claim 1 admixed 
With an edible triglyceride oil to provide a dose form.] 

[4. The lutein carotenoid composition of claim 1 Wherein 
the lutein is derived from marigold ?oWer extract.] 

[5. A method of obtaining substantially pure, free form 
lutein crystals from saponi?ed marigold extract, comprising 
the steps of: 

(a) mixing the marigold extract With Water/alcohol mix 
ture remove soluble impurities; 

(b) loWering the temperature of the mixture to a tempera 
ture to precipitate lutein crystals; 

(c) Washing the lutein crystals With Water to remove Water 
soluble impurities; 

(d) Washing the lutein crystals With an organic solvent 
mixture to remove organic impurities, and thereafter 
recrystalliZing the lutein.] 

[6. The process of claim 5 Wherein the recrystallization 
involves dissolving the lutein crystals in a binary solvent 
system and thereafter loWering the temperature to recrystal 
liZe lutein in substantially pure form free from other caro 
tenoids and chemical impurities.] 

[7. The process of claim 6 Wherein the binary solvent 
system is a halogenated organic solvent in Which lutein is 
strongly soluble folloWed by addition of a second organic 
solvent in Which lutein is only partially soluble.] 
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[8. The method of claim 7 Wherein the halogenated sol 

vent is dichloromethane, chloroform, or 1, 
2-dichloroethane.] 

[9. The method of claim 8 Wherein the halogenated sol 
vent contains a small but effective amount of an organic base 
to neutraliZe trace amounts of acids that are normally present 
in halogenated solvents 

[10. The process of claim 9 Wherein the organic base is 
triethylamine.] 

[11. The process of claim 10 Wherein triethylamine is 
present at about 1% by volume of the added halogenated 
solvent.] 

[12. The process of claim 7 Wherein the organic solvent is 
a straight chain hydrocarbon.] 

[13. The method of claim 5 Wherein the ratio of Water to 
alcohol is 2.3 to l in step (a).] 

[14. The method of claim 5 Wherein the alcohol in step (a) 
is selected from the group consisting of ethanol, methanol 
and isopropyl alcohol 

[15. The method of claim 6 Wherein the temperature is 
loWered Within the range of from about 5° C. to about 10° 

C.] 
[16. The method of claim 5 Wherein the organic solvent 

mixture in step (d) includes a straight chain hydrocarbon 
solvent and an alcohol.] 

[17. The method of claim 16 Wherein the temperature of 
the alcohol and the organic solvent is from about 0° C. to 
about 5° C.] 

[18. The method of claim 7 Wherein the ratio of the halo 
genated organic solvent and the second organic solvent is 
1:1.] 

[19. The method of claim 6 Wherein the temperature of the 
solution is loWered to Within the range of from —20° C. to 
—10° C. for from 2 to about 3 hours.] 

[20. The method of claim 6 Wherein the recrystallized 
lutein is dried in vacuo at 50° C. for 3 days.] 

2]. A lutein composition suitablefor human consumption 
which comprises: 

(a) at least about 90% lutein having been extracted and 
puri?ed from plant extracts which contain 10% or less 
ofnon-lutein carotenoids, 

(b) no traces of toxic chemicals that would render the 
lutein composition unsuitablefor human consumption, 
and 

(c) significantly less than about 10% ofnon-lutein caro 
tenoids obtained by purification of said plant extracts. 

* * * * * 


