Process for production of highly enriched fractions of natural
conpounds fromPalmQ | wth supercritical and near critical fluids
Background of the invention From pal moil val uable conpounds |ike the
t ocochronmanol s, carotenoids, phytosterols, and others can be derived.
Enrichnment to highly concentrated fractions is hindered by the
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fol | onwed by, vacuum di st tlon t eps, resulting in a

car ot ene- r?%cﬁ Ia&ermaln(?f‘_"lL ?’?peoﬁog il%h ﬁ%y’é?coﬁﬁe’“%‘b?ﬁgt etfe-rich

| ayer, as wekenagst r@meetﬁmlenoﬂndr ptikersagaer bar@efiyet hemrdomeent r at ed

to produce hi giumycmﬁeaif&teedfpa&%&g %sohlrﬁiemmg-'%@%to@mus()f 30 %
f or car ot enoi ds r?g o maxi mym cont ent of about % f
S

t ocochr omaRgres” "SFOP%'?:tOSt FPEMDISE, PG TRr L8N r YU RmEDLHY - Wi
convent i onakryetchosslyidved of onde rbtthgoswidshedbecausgrdt $die- hi gh

viscosity, ey, haw Ml atdl ivi¥codRY &9%5%@@&5 %ol Be GRAUELJONal
organi cs solvents. Although a nunber i nvestigations have been
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supercritical flurds, no process was able to produce fra fions of
hi gh concerteri i 6hs Fegprtedt-propesst G@bd#@rmol(gleanéi) t rf@reaxrdt‘enm ds
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2007/ 090545pcgp%§)g>93.0m?a/tg9}981%% of carotenocids. The integrated process

for extracting carotencids and tocotrienols (vitamin B) is
carried out according to U.S. Patent 5,157,142 and is summa-
rized in Fig. 1. It invelves the transesterification of crude
palm 0il (CPO) to methyl esters (FAME), followed by vacuum
distillation and other steps, resulting in a carotene-rich
layer and a tocotrienol~rich layer. The carotene-rich layer,
as well as the tocotriencl-rich layer are further concentrated
to produce highly concentrated products of a maximum content
of 30 % for carctenoids, and a maximum content of about S0 %
for tocochromanols, mostly tocotrienols. Further enrichmebnt
with conventional methods proved to be not possible because of
the high viscosity, very low volatility, and low solubility in
conventional organics solvents. Although a number of investi-
gations have been carried out on various mixtures, mostly to-
copherols, with supercritical fluids, no process was able to
produce fractions of high concentrations for both the to-
cochromanocls and the carotenoids from crude palm oil or other

natural sources.



Fig. 1. Process for production of concentrated fractions of m xed
carotenoid and tocotrienols (U S. Patent 5,157,142). Carotenes, which
inpart the distinctive orange-red colour to palmoil, together with

t ocopherols contribute to the stability and nutritional value of the
oil. To a great extent these and other mnor constituents determ ne
the qual ity FRaPZEYESi stics of pal mojl Carotenoids aPE/EREMEH0802
recovered fromnatural fat or oil, paf’ti cularly frompalmoil.

Car ot enoi ds can be extracted from unsaponified distillation residue.
They can beF#fsd-e5tcaet etPreRPPOVChe, adserisent - 3aedsbmetdragetof the
process. Dumifg theowexbidcindofocdtaigo1ampur. spofen@r ga1E7G 189 vent s are
needed. Adsorptive processes so far have not |ed to higher

concentr at eda%awnemie@que% theOM A3hidle SPUHELESed RBASONSAre the
initial |ow concentrati ons °8%pq?ﬁf§ cosi t of carotene fractl ons,

and the i nsPabi Pty SPEE. t”éHé S &iF86 %ﬁtesto Nithre P bipd L
attenpts tolitesngmmerptoeedsvibre pfothecPhly Abgharreevnoertt athedes

fractions ogn@%ggﬁmgobws@mnﬂg%m%@ @ﬂ@lq@%ﬂ@ c‘hQFaJE%%L
wi despread and inportant pi grrents in livin ani sns. The nost

wi del y knowhSTEPor Bfadmat e FRECLENOIYS aXRPEFeR A GrEREY TARH 14ftopene.
Besi de t heil rakdkows odtdr ctaetingiaddy m;aemlai byl pLearcirends nebavel |

known to poss&ssted qfr\sfntmaeoﬁﬁ%l &'J!srt)(lﬁa?tlgheyesq_@@eb%hta&%f gL med
into vitamn . Ain vitr ave also been found to in

anti - cancer bﬁ»oséﬁﬁ%ggaﬂ@l%%éfﬂFO%PF.th\/ SPBE FE38¢ i fathe Proc-
oxy-radi cal gss.ASutire che chemestiane Irdtyar atoupospoundganiict holenasi n A

property, tRhey .BLayeda8sPQRiild S oEo &6l Bo GRAMELEI abe Rl L Saligans for
pharmaceutical and nutritional oducts synthesis. [1, 2

1.
Car ot enoi dsCHIE LTS FHHGREr TES Ve a8t &2b11%, sP‘r‘]‘E:CIeﬁdl RRpsgrdUndnut
oi |, rapeseetk ahk,irsundl ower cseedtoadioand thet himtseescwiiky dihe

concent rat i pn B, S A ALENRIS A &Q%&thﬁ@%%@%@é&% L:‘?VM, Less
t han 100ppm Anpng these, palmoil is the richest natural

source of caTVIBAES: nN’t”%errr?é’S ﬁ‘ttleé‘PF?léP g af tfCCewd tfﬁrl\)&’f"é‘%l a
contri buti ngnd heglhirghesterpentantfaget io® @I LO3NB45REE EE20@EA000802
3

Carotenoids are the mest widespread and important pigments in
living organisms. The most widely known carctenes are the o-,
B- and y-carotenes, and lycopene. Beside their colour, carote-

noids, especially P-carotene, are well known to possess pro-
vitamin A activity as they can be transformed into vitamin A
in vitro. They have also been found to inhibit anti-cancer
properties due to their ability to deactivate oxy-radicals. As
the carotenes are natural compounds with vitamin A property,
they played a positive role in commercial applications for

pharmaceutical and nutritional products synthesis. [1, 2],

Carotencids are found in numercus vegetable oils, including
groundnut oil, rapeseed oil, sunflower-seed oil and cottonseed
oil. The concentration of carotencids in these oils is gener-
ally low, less than 100ppm. Among these, palm o0il is the rich-
est natural plant source of carotene in terms of retinol

equivalent, with Malaysia contributing the highest percentage



of world palmoil production. Palmoil contains the highest known
concentration of carotenoids, ranging from500 to 3000ppm depending
on the species of the palmfruit fromwhich the oil is obtained. [1,
2] The concentration of carotenes in crude palmoil from Mal aysi a
vari es between 500 to 700ppm wth a- and [err]-carotene formup to
90% of the tol*A2FAPBtenes. [3]. Nowadays, carotenes fBGHEPAIT/DIGE
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sorption, c¢rystallization, and transesterification followed by

distillation of esters. [1,4,5].

Tocochromanols: Vitamins are important substances for the hu-
man health. They are regulating various processes in the body
and have positive effects on many vital functions. In general
terms vitamins act as coenzymes or pro-hormones while most of
their other functions like anti-carcinogen or anti-oxidizing
effects are yet to be researched. Most of the vitamins cannot
be synthesized by the human body and therefore these nutrients
have to be ingested with the food. Since vitamins vary in
their structure and their functions, a first approach is to
categorize them into water soluble and oil soluble groups. Wa-
ter soluble vitamins are distributed within the whole body and
there-fore they are taking effect in almost all organs, while
oil soluble vitamins are mostly present in the membranes. The
transport in the blood stream and the digestion of these vita-
mins can only be done if a sufficient amount of oil lipids and

micelles are present.



Vitamn E is the generic termfor eight substances fromthe group of
t he tocochromanol s that possess a Vitamn E activity. The

t ocochronmanol s can be subdivided into two groups: the tocochronanols
and the tocotrienols: with the tocotrienols possessing three
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been made. So far no success was obtained. Therefore, the need

for another approach led to the transesterification of the



State of the art Tocochromanols: The research done on extraction of
natural materials with supercritical carbon dioxide is increasing

t hese days. The critical paraneters of carbon dioxide is 7,4MPa and
304, 21K (6] . Because of these low critical paraneters, using
supercritical carbon dioxide is resulting in |ow operation cost and
because of thevdmwiesskii cal tenperature even tenper at urersensidosye
materials can be extracted. In contrary to organic solvent, carbon

di oxide is non toxical, non inflamuable, and in- WO
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di fferent viewed in the following.

State of the art

Tocochromanols:

The research done on extraction of natural materials with su-
percritical carbon dioxide is increasing these days. The
critical parameters of carbon dioxide is 7,4MPa and 304, 21K
[6]. Because of these low critical parameters, using super-
critical carbon dioxide is resulting in low operation cost and
because of the low critical temperature even temperature sen-
sitive materials can be extracted. In contrary to organic sol-

vent, carbon dioxide is non toxical, non inflammable, and in-



WO 20071090545PCT/ EP2007/ 000802 7 extent. Wang et al. [13] researched
t he separation of atocopherol and squal ene using a pressure sw ng
adsorption technique with supercritical carbon dioxide as solvent. In
the first stage of the process the feed is mxed with supercritical
CQ2 and enters a colum filled with silica gel at |ow pressure, where
the feed adsoMss20G94e silica gel. In the second stagectitezeusabt
is desorbed off the silicagel with puré supercritical carbon dioxide
under high pressure. During these experinments Wang et al. was able
to enrich a-t8EopHEFetvsir oA EPoR0dim*ide f Bedasp a68i Whl1% amtl cs6UBd @ae
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al.[11]) and the enrichment of tocopherolacetate and toco-
pherol (Fleck [12}).

The adjustment of the solubility of the supercritical carbon
dioxide through the density gives the supercritical extraction
a high flexibility. But because of the lacking pelarity of the
carbon dioxide the solubility for polar substances is limited,
One possibility to increase the solubility is to add a modi-
fier to the supercritical carbon dioxide. Common modifiers are
iso-propancl, ethanol and propane. It should not be neglected
that an increase of solubility with modifiers is often paired
with a decrease in selectivity. Thus recent studies focus on
an additional adsorption process prior the supercritical ex-
traction. Due to the additional adsorption, the selectivity of
the process can be increased, since the adsorbent has a dif-
ferent affinity to the different components. The resylt is

that the components are adsorbed and desorbed to a different



nom cal issue for the econom cal efficiency of the process. Zetzl
?19? dealt with the separation of avors fromlenon oil by applying a
sel ective adsorption on silicagel followed by a desorption under
supercritical carbon dioxide. The desorption curve of Iinonen and
citral was researched and a nodel was introduced which described the
experimental JRAWPEH a high accuracy. A patent for tRETEEPEIESIDN
techni que of selective adsorption foIIdMed by a desorption with
supercritical CO2 was filed for separating terpenes out of essenti al
oi | s. The Eur®&pean. plronet ER. 03339?iSAﬁwb&ﬁkhde&q%kbE§x§%Qhaa

ith
rocess. The @bédophsrdil %84 $Lid LisBgs at op KRSt ant temperature wit
ltohe adsor bent anog ren it é|Q:}sﬁaextra(‘:stgg Wlp?%s es'rwcleJU calrP . This

i s possible beccelfﬂé%ue PR SIPERFNA IERS i FBF ot dtlﬁélqer eatextvept. In the
Car ot enoi ds: fTHetJapmrest pat emCebBZf}(%QESJcQas[Qﬂﬂedpﬁﬁﬁe@hﬁeﬁcﬁ%ih()d

f the enric b, @ Qtene Jof [ moil is first
t?;nsegt eri fldfalg(r:lmg6 :Flﬁa?g?gr li:lgséat ﬁégmegtq!rlg%:cgeéth Slhulca [7dr DpHCl res
e

sol vent such 3¥*© Rol"% Fegd Reisarhe ant theslicac gmterir abedeester

phase. This ctreentheatdsimptt herﬁeappﬂaecedff&ha 5ﬂ;lé€5epaﬁ|fﬁdpd&4et .-

hexane
l'ica gel t sori HRE Lot ene., i hen desor du5|n
\?\/Im ch cgnt ai %égr%lngg%%g ppcriﬁOg‘(g':{etlgol%r(]"i ﬂdhs:L pti Ve Eon élﬁf?%ttlh

t he car ot ene-FPERTFHE St vate adasvas solens @y@d:hl a-thcSphPadl fNQn a
6072092 (22] ,20nhere fﬁbcliliﬁaatig&l:t Issanseduasradsaibent,.and. g darge,

amount of no toi S, Jsed. to recover carotene. European
pat ent EPOZ4%%§L€€21§§P eoggr? es SSERTIRP F9 ARTHGHLOR | iy SepFacEAL AL or

activated al FiTHe: &4doxbisonperfecandone hprReyekaronset vant [mo:ntaaum;drtg
certain anourtsadf [pe) arrnsokyaken afroshUaNkeIenb e, LN L GhiERs; of
car ot ene. 951mllar multi component adsorption isotherm in order to de-
scribe the adsorption behaviour of a complex terpene mixture
under supercritical conditions, wheras the research group of
Goto used the BET adsorption isotherm to do their simulation.
Both works lead to mathematical models which are capable to

simulate experimental data with a high accuracy.

Lee et al. [16] published a work on the adsorption kinetics of
phospholipids from treated soy oil on regenerated clay. The
research group of Lee used a reaction kinetic equation in or-
der to describe the adsorption process by measuring the con-
centration before and after the adsorber. This was a totally
different approach then the authors before, since no adsorp-
tion isotherm is used at all to describe the system. Neverthe-
less the research group of Lee was able to derive a reaction
equation which is capable to predict the experimental data.
The regeneration of modified clay with supercritical carbon
dioxide was researched by Cavalcante et al. [17) and Carneiro
et al. [18]. Modified clay is an important adsorbent in the
environmental technology, since its ability to adsorb organic
substances is very important in the field of water treatment.

Therefore the regeneration of the clay is an important eco-



Japanese patent JP63132871 [24] describes a process to enrich
carotene applying Zeolite as adsorbent and a non pol ar sol vent, such
as carbon tetrachloride as eluant. U S. Pat. No. 5157132 [25]

descri bes a process recovering carotene fromoil through
transesterification and saponification. The enriched carotene can be
extracted fromaHe/geEgponi fied residue with an organi c Feirentzooibne
obt ai ned resi due has a carotene content of 20% Al so European patent
EP1398311 |[26] describes a simlar process. 10%to 20% of carotene
concentrat e caniché ixuai fred thGeegrmnmpatient fiDEeded? 9506hd 27pcersesent s

the extracti og.Qf (ayf %QI‘@%&%WMQ%A:%%&W%@V Ledyr Wit by RLRPRARG 10T
butane. It was found that the, sol ubi bot Csa% ses can be greatly

i nproved wheRY £PEOYEY) 9eﬁ?lﬁ°§lﬁ%@&'s°ﬁé§8 Pareht E R e st PaAnf ¢
solvents i n dedcapgecranpdet sageetriantalardripecdiesideof Thhalesoipténts by

di stillation.§Q,.0R% aﬂﬂok&? mar o1ene Qa'?s COOCRRBEE@IRd & MddBE MBWin-
process only propane and supercritical CO2 are_used as sol vents at

| ow t enper at BFELCED Wé’Bfﬁl‘?‘FSFﬁéb%ﬁEEn?Wpéf’é“e“?ﬁ%sde@té‘oT’%th nsbe

easi |y renoved-agy. expansi on. Mst techniques described in literature
t hat use supercritical carbon dioxide or other conpressed gases for
t he enri chnmentpa@knbaich phytephesles antini @coehr csmael ¢ favest@dobl e

oi | start fromyery Jow soNGe0lfat, NS, ol e, her ert 183t ey cor

conponent s. nce, e main focus o sSe wor I'Tes on depl eti ng
the oil fronﬁ%ﬁflﬁé‘fﬁ?ﬁcéﬁ?%@é Pt gifyeetandest etlrAalite Bercagie R¥kese are
the by far rrnsto:apwm aent2gubsianees sMiana geakédyy whé hoiar udeniaed

esteri fied o) . eseOti Vel Al LEgnallLy.. (sl escalded, pragesses

are batch-w s operate escri approac starting
froman al r eBRRP éﬁrﬁscﬁéﬁriﬁﬂe% B depgsFaitifed Ghd B éyuwsable
conbi nati on pécaas6 WM ikAHOUSI Yiopenialed exd raektan ogol utMm with an
adsor ption/ desorption operation on 10 the one side and a subsequent
extracti on has-dtalodgt: been appli ed.

The Japanese patent JP200226723 [21] presents a method for the
enrichment of carotene from palm oil. Palm ¢il is first trans-
esterified. The ester is then extracted with a hydrophilic
solvent such as methanol to separated it into a concentrated
ester phase, This concentrate is then applied to a column
packed with silica gel to adsorb carotene. Carotene is then

desorbed using hexane which contains around 4000 ppm aceton.

Adsorptive concentration of the carotene-rich concentrate was
also employed in U.S. Pat. Neo. 6072092 [22], where silica gel
is used as adsorbent and a large amount of non-polar solvent

is used to recover carotene.

European patent EP0242148 [23] describes a similar method us-
ing silica gel or activated alumina as adsorbent and a non po-
lar solvent containing certain amounts of polar solvents as

eluant for the enrichment of carotene.



Description of the Invention: CGeneral description The vitamn
conpounds of the group of the tocochromanols and carotenoids are
enriched frommxtures derived fromnatural oils in the process
descri bed bel ow. These m xtures contain fatty acid nethyl esters or
fatty acid ethyl esters, squal ene, nonogl ycerides, diglycerides,
sterols, and wmeetarget conpounds. Wth supercritical oeatkenio@s de
as solvent, in a first separation sequénce (Fig. 2, colums O and
C2), fromthe tocochromanols or the carotenoids are renoved the
conpounds nOo&asekelHaeehtn mpeszmilt izal dSﬁi’rbBBsdzi @Xbekesst hanedrhen
target conpo t t r Y -
separation cg"ip"pcl’sceglé aﬁggf gé}s&seo%%‘éﬁs lﬁl‘l"l% SP%OWB%E%{ gggtsotlhe
bottom Thi s"?}“rt@cé‘sfé‘ Iaéa‘éFserB et ardee oifs et witt-he t ocochr omanol s
of about 70 wt.-% and for the carotenoids of about 30wm.-% The
details of this Sepamati Dib7dre FVeredrelibye al precesecormdvsepence,

directl ydf gl !:é)ﬁMlt@g% tf*}%mccglqmtﬁf&whr @B&ns@%@@ﬁsft.s;cagl%t m%tsgbsﬁlﬁesn
processed by selective adsorption and desorption ste

oorber s Al ELRa. FheyERrRChegy Bt 1< aidse op HEE* 5T LR APt
taken from t htecc cemitcercuttrenh sapatatscdreconPhe siotgired ypeidre haxal

or near-crithcalofddl doptichet BE Jaar. geAls‘éOﬁMgB@Q§ paa:eﬁlt igp1dbgpat | y
deposited on %%e adsogbent In this way ]teoh 502 of the hig
ade *p

vi scous sol utfbn9BFcie6FE §6T"h3tairoﬁ’r?%e ﬁfﬁ%%ﬁ%&ﬁﬁy,
desorption isemgarte ednobe doremmache fi xed bed Ioaded with the feed

m xture. Desorption may be carried out with the sanme supercritical or
near criticatefnzdi ghteat sE didRbBYENR70Nees@rtsi tha exegusnios of cawe- or

more of such,sol.yentsy, Se%r@L&mahswﬁ'hsgro%%sg'&dbqy;neat IglJafserent

condi tions conmpared to t sorption, i.e ferent val ues of
pressure, teﬁ%@Faf*Eﬁtet“?lscﬁfv“Ph%’etYond%%h BR5Er €A1 PP cHICAGHY ndyr
critical sol yanta way e80tB-solderps iiSeugddxt ures of supercritical or
near critical fluids, preferably of carbon di oxi de and propane. It

was found th@testehsatse%@arﬁéqugee bycga%@rsmbmsam desegdtmehnican be
i nproved by not fill | t he an t(é:_kﬁadsorben

tu
but only parf Lgptjgnd ??Vr‘f'ﬁyd% tf%weﬁtiéodughsté'tlg?tlod’sg?pcfb)%ﬁn and
desor pti on stiEpsataicacplacencaiti@iiel Nigr 8BS eehprosegparatliyopropane

ef ficiency, andsthus ibe-L£oveentEaldNgs AorbditSeparRt ednfdrachians.
The ratio of the irst adsorbed section to the free sectlgn of the

fixed bed of *a®8b7F e i CRPEPTEHSCe, TETaFI Y PF DR, B 1550 *5Fi g. 2.

FIl ow sheet ofiotehlebypreapessicner concentrating tocochromanol s and
car ot enoi ds by SEE technol ogy.
Most techniques described in literature that use supercritical

carbon dioxide or other compressed gases for the enrichment of
both phytosterols and tocochromanols from edible oil start
from very low concentrations of the here-treated components.
Hence, the main focus of these works lies on depleting the oil
from substances like triglycerides or FAME, because these are
the by far most prominent substances when dealing with crude
or esterified oil, respectively. Additionally, most described
processes are batch-wise operated. Thus, the here-described
approach, starting from an already enriched palm oil deriva-
tives and employing a combination of a continuously operated

extraction column with an adsorption/descorption operation on



Tocochromanol s The new process for the production of highly enriched
t ocochromanol -fractions, containing nostly tocotrienols from pal m oi
derived m xtures conbi nes a continuous countercurrent mnultistage
separation using a supercritical fluid, preferably carbon dioxide, to
remove the lighter volatile (i.e. the conpounds nore soluble in
supercriti cal vonpoasds resp. carbon di oxi de) over the rcoproé7idse
colum. The bottons of the columm are &h enriched fraction in
tocotrienols with a relatively high content in sterols and ot her
sonmewhat pol aiie coapoiedsnd Bhssbdmiubotneke aaitiion hees passed bawer ap-

sui tabl e ads {hent. Silicagel was found to be an applicable

adsor bent . e adsorbed mxture is desorbed by a supercritical fluid,
preferably cgrbog i oxide,in; tmotgg 3@E££ﬁ_§%§8§ eane first is
carried out at a Bressure 0 arand T emoves nnre volatlle
or nore in supercgritical carbon |0X|de S Ee co ounds. he
second desorE‘F‘? SAT S COP PR P o ife a‘%méﬁo‘iﬁ] %J 68 h“maaﬂ]ri/ a@ﬁrl ched
t ocochr onmanotafatactidsnsre contiahed Hgomudktyresodetivieéndbian narweral

extracted. The £xhrafet gdoddaChL NI HE@DDE, SRhLLe ikt hals BYncahl ecting
themin different vessels. Depending_on the cut of the fractions, the

concent rat i on®'d¥ 243 PGERFr PEROTS OFSfaltﬁyt?%dr SHye SFTBE -t 3IHEEPTY
100% wi t h a wyerelgdyodridbeutdig0ysafidehe steedlsni xudirtde Tdgeadsarbent is
regenerated withsliquid solvents |ike ethanol etc. and reused for the
adsorption step. The process starts with a pre-enriched fraction,

whi ch may be, 0ot g}, ned. by, éaelvgg ffg&émé 138 B COATRI 6985t sepa-
transesterlfl cation of h ycerides wt % et handl ~and r enovi ng the
obt ai ned f at £5ti&fi tPRSPEP s(FBg s@worcf’l‘ﬁ%ﬂshchla'é“fil $4'at 60 direple-

extracti on WeédhrSupener bt i@l citdtedsidd bke eavban tde oxdmgeund=Omore
exampl e, the Slailings gg%&rgl%kc;p Esh bl &aheCHAAERL AL-LER.AMES 2
pal m oi | derFvatives anon er substances contal ned %
t ocochr omanoP@Gii &th t}‘f?tmﬂ)tolfl %rﬂﬂunt%r CHERRN B R T2 B SEPBETPRA! ol

bei ng the map&rumePrgRNEns Sess 16 Mibe- 619gLUal BRLourkisWht Yohehybtasier ol s
(vmth05|t terol and esterol _being th t eci es),
and 11 wt. onb- - an gl g y%%r?g entﬁlahlggnsngfg[r)&a Qéggsghpg@gmag 2
cont i nuousl ya'ﬁp’ér 3R et - ekt raact Fon t08| LA CRANIF oY RGOStpEIEr T 85?
carbon di oxi d&:22%s S ¥ .sepheaihuare WasePaeked with a structured
Sul zer EX packing and has an inner dianeter of 17.5 nmand a total

hei ght of 7 m aogemdcgegl el ed:&%@l;‘f‘yd FoEIOUi QY1 118 BHESSUERS Rk 20- 30
MPa and tenperatures of 323 K, it was gos& ble to produce a

sterol - and PERGGER cFr’Pﬁn’BJrth“rrﬁé atrc?ppb?fc?aa‘a? BYoRPAPCEAT T AP ARY-on
speci fi cal | yakdANEsoxquah estepsantigronogidgcerardes], Rences)obidsarpng a

bot t om prodUE£o %&{géaw f@@fa he! R84 q&amragg@rﬂioﬁ W d Qoemetreﬁierol s

and ot her nost nor e ar conpounds conprising the rest.
| onger col unﬁe%ﬁfﬂl&?”ﬁé\%%“ C?ﬂ’T‘EFJe%Jé’Igy RIBrET D Fie BoPt M phase rom
t he hi gher - veluald b&i aagpengpRtScodfibtthd<hend cal dﬁ\zg::tmgectapmgltmi kods t he

necessary heght,olol GO ELA; 5o ra&ﬂ&ﬂaf&nﬁgﬁ% REUAIERE, v 200

nmonogl yceri des fromto romano ster ow vol at 1 |
conponent s WARlWAPE Arafetid TREVTIOSUEE Fade é"’tsﬁé‘?lea ébkﬁiﬁ"él?@tjs‘/epﬁ? at| on
of these conpenenbs isScposisdbber viirbh thd fihedr péd Qabdseperat tren

stages, Corrgg%%p%gﬁg] Desorption may be carried out with the same su-
percritical or near critical fluid, or a different one, or in
a sequence of two or more of such solvents. Desorption is also
carried out at different conditions compared te the adsorp-
ticn, i.e. different values of pressure, temperature, flow

rate of gas. Supercritical or near critical solvents may com-



WO 2007/ 090545PCT/ EP2007/ 000802 13 to a height of the colum of about
15 m a solvent-to-feed ratio of 80 to 140, with a reflux ratio of 6
to 12, at a tenperature of 323 K, and a pressure of 20-25 Mra.
Theoretically, the further enrichnment of tocotrienols should be
possi bl e by enpl oyi ng anot her countercurrent separation using a
supercri ti cal Wowd7@9sBExperi mental investigations revealretEtdeioonsize
solubility of the tocotrienol-enriched!bottom product in
supercritical carbon dioxide is too |lowto be considered as a sol vent
for a separapiien process.ofThepefcrleicalodr frieer scniel eainiitetddsy phei-he
basi c super cgg'atbhgagf ELuigy a6k hen.dh Q¢lgg...in order to increase the
solubility. The follow ng solvent conpositions were investigated: CO2
+. pr ppane W ]-ith wg‘s pfo%R n&ﬁa%og%-eens:[e O}cratz%h b5y5’adg t%ér%an%sd%gu t??ncoz +
| i quid organic solvent, nanely ethanol, 150-pr panol , 1- utanol, and
et hyl acet aten gachrraved doneentfiat isntos ‘@Ogﬁdidfer‘v&“.t- %gth the
respectivel )éiee-ﬁhﬁiﬂﬁtasul’lﬁffeﬂhﬁy% Wake oRdUciueling Rled@o PFESEUS 6sa~-ange of
5-30 MPa and_at tenperatures. o 343 3 , respect.iyvely, in
case of expefiTents \?md?%rpﬁrl(%rﬁaannedsé%%prgttl%n %i@g%sds%}(gs%lﬁr%%’o lé MPa
and at tenperatrares tht SAZrahtPB48f iciencraged oihupshehd icgorentdddi fi ers.
At all gondi tiRSot E.%Ss$é];ga&ta€£li tﬂi@c@ﬁﬂ:@ﬁni}feat:iﬂrb eﬁ tirhselfhf)sw wakati | eh
conpounds was_entri c int seous  phase, . but_.t selectivity wt
to tocotri en%‘frge\‘?\/a%ec?’éaﬁcquQﬁ%g‘%‘j‘ghseé:r?lgl?(toenfhs\’/vefr“ece%ibsego ’\Q/ea Sf’ﬁyt he
gas- phase, hericeés nekiipgld t usnpPssithtre 0t d enPi th t he tocotri enol
concentration further. Surprisingly it was found that the separation
factors renaFied2hifjhy swen choheasedtessffdrhechsint oot imgt epdainraas

mxed with spechal. i LLEs g6l gs adsthquckiesgrbed or extracted from
i cal

this adsorbent wth supercritical carbon di oxide. The bottom product
fromthe fi rfcho%ﬂéim%%ﬂg step was m xed with certain anounts of
adsorbent (silica ge In aration of 4 to 10. The m xture was
introduced into a colum fixed bed. .Then, . applying upercritical
fluid (carboldfE%ifdey=at %%rp%}éesgﬁ? Hagon oF PR LRt Red s

cochromancl-fractions, containing mostly tocotrienols from
palm o0il derived mixtures combines a continuous countercurrent
multistage separation using a supercritical fluid, preferably
carbon dioxide, to remove the lighter wvolatile (i.e. the com-
pounds mcre scluble in supercritical compound, resp. carbon
dioxide) over the top of the column. The bottoms of the column
are an enriched fraction in tocotrienols with a relatively
high content in sterols and other somewhat polar compounds.
This bottom fraction is passed over a suitable adscrbent.
Silicagel was found to be an applicable adsorbent. The ad-
sorbed mixture is desorbed by a supercritical £luid, prefera-
bly carbon dioxide in two desorption steps. The first is car-
ried out at a pressure of about 140 bar and removes more vola-
tile or more in supercritical carbon dioxide soluble com-
pounds. In the second descrption step, carried out at about
250 bar, highly enriched tocochromancl fractions, containing
mostly tocotriencls, are extracted. The extracted fractions
can be split further by collecting them in different vessels.

Depending on the cut of the fractions, the concentration of



WO 2007/ 090545PCT/ EP2007/ 000802 til e conponents such as fatty acid
esters and squal ene were desorbed. In a second desorption
(extraction)-step, at about the sane tenperature, but a higher
pressure of about 25 MPa tocotrienols were desorbed with high
concentration. Wth a ratio of adsorbent to feed of 10, a sol vent
rati o of supemEr30%e@#s car bon di oxi de of about 300 [ kg@OZERYIFe®E and
hour], a fraction of 27% of the feed w& obtained during 1 h with a
concentration of 75%tocotrienols, after that fraction, another
fracti on of 2&%toferdie fedd whe hraagd OBV Eomcentriat LBPE ofithorotiri®nol s

coul d be recgyergg: igdsapther shQU i xEXRET THERLSoMehD B Feyiilaced
car bon di oxi de and ‘g\réi‘ogane showed that the solu |I|t¥ coul qhbe

enhanced whi Y& htd REYSAEy ! Weks St af Tred " THEPETOrer THe °8C

ore, e"sol vent
rati o can besdxpneontstan.with pure CO2. Description of the

i nvention: Carotenoids. A carotenoid concentrate (1 to 10 w.-9% is
fed into a comd ichbets yraper at ed exkéatki eddeviapnconschuctyetdeas a

five-stage high.pressur i xer-settler. t . Se [ ; ences
W ih his apRardlrE ParSy ik Btk tne hly LGR8G oTRAL Ak g0k SR04
t enper at ur estifr 3930 IBFE KIS tWihsmHE§8p bleadt imer bl dEeacadattt |
cont ai ni Nng upad@ 3PidvestdoDhbyCcsrirepairdaistinlat piroduchy iest passed over
the adsor bent, .3, speclal, Sl e el 15 By el afablyo el 185 S44fhyapher eby
the m xture of carotenords, Sterol's and other substances, and the
fatty aci d eStersapii@satgortied. Lorhéheibirpl $*AErE o8 FIER HeS raaR§e™ of 4
to 10. Subseguenrtkiyvattihes|adednadsothentuitabe@ugbhtanica EORItact
first with suspercritical carbon dioxide, and then with near critical

propane at cbYRCPFOMEIOLF (HENstAPEOtEeRols R tiied s R Sref erabl y
in the ranget@fopBet@d BeMra tdrdnBk3d toudss8ntis), W§ lwvtcat bomadémxi de,

mai nl'y non-car qtenoi ds _ar esor bed. a ut ed, |

critical pr o‘ﬁ%ri”e?gﬁ?és garot cejrr"i’(l)l d ffljr“h’eOnS ggf)lr t?gg.ca%%gs%\éo]{o@eﬁ%&{gaﬂ% of
propane to feext Psonimenhesnegnge) ofengOlk gt 100 "pref endbiislapetideso.
Concentrati o, 0f nhhe-ighuhed reM0200Q7 L 09054 RRGEL FRIRRZLEDR802adH on

column, employing supercritical carbon dioxide as sclvent. The
column was packed with a structured Sulzer EX packing and has
an inner diameter of 17.5 mm and & total height of 7 m, of
which 6 m are packed. Employing pressures of 20-30 MPa and
temperatures of 323 to 358 K, it was possible to produce a
sterol- and tococchromanol-free top product, only extracting
specifically FAME, squalene, and monoglycerides, hence obtain-
ing a bottom product enriched to about 70% tocochromanols with
phytosterols and other most probably more polar compounds com-

prising the rest.

A longer column would have completely depleted the bottom
phase from the higher-volatile components. With chemical engi-
neering methods the necessary height for complete separation
of FAME, squalene, and monoglycerides from tocochromancols,
sterols, and other low-volatile components was calculated. The
results are that a complete separation of these components is

possible with 13 theoretical separation stages, corresponding



carotenoi ds were enhanced, if during the adsorption step only a
fraction of the adsorbent was |oaded with the feed. Exanples:
Tocochrananol s. Exanple 1: First Extraction Step. A continuous
operated multi-stage supercritical extraction was conducted with pure
carbon di oxide as solvent and a feed m xture containing 50 wt.-%

t ocochr omanol ¥(7PP5¥A t ocotri enol, a- tocotrienol, andcaErnToplier ol
bei ng the maj or conponents), 16 w.-% Yqual ene, 3 w - % phytosterol s
(with P-sitosterol and canpesterol being the nost prom nent species),
and 11 wt . - 9 Avhéeigid odi ey cetinfest éﬁm@telmhnoy@dsoaolammoha@bcamau

effective hEI:gchtofOﬁO & om amd waes ap@@l_(gg(f \g%lg{)bmgfsg rtq,ctllzlr eaq g I%égvgr
0
) OpeE)gg el O%ngbidp@nrea; I%ﬁ%ssf“efﬁ of 20723, MHFhese condi ti ons

sol vent-to-feed raiio =
resul ted m@h e product consisting of 2 w.-%FAME, 58 wt.-%
squal ene and 1t~ gcaggﬁplg’teerfk’”d’@ﬁl BREAFIENPE JeasohF el shadd

phyt ost er ol sbe Thes ot bm qupdduioty eonidiest e&mﬁr&ﬂ&bnt%@qua{meuSBS

% tococh{@nengl rofti Wea1 % ANt 081 L1501 Sy 28N was corrpl etely
FAI\/E-(;ree p%rcFllrsta1 Extractiéop% Step. A Ves THU368° Afer at ed

mul ti - st age sugg?ctrqattl ERY sekthHdty oft wase Wﬁ&lﬂhﬁt”@él o tiehpdrieteem bon
di oxi de as swiodent landupedceétiilxtarenCordnni g to0 W t¥0be con-

hr oman t i enol, trienal nd tocopherol
bei ng t he %l?fé‘t‘a%a@oﬁe%‘?%@“ Gt R RS, s RoAGet or ol <

(with p-sitost b?r 8recé‘Prﬁ@§t“é‘FBI “lf‘e?’ﬁ@“t ﬁepmtltmaimfhem speti es)
and 11 wt. - %amAosxidad th gryeertiodescreibe aPsQNRE1 CO} UM had 1 an

ffect h h p e h structured Sul zer EX
backi ng. - Oper ot Lo s RO R PR el b s, Sopas iy e
sol vent - t o- FeBECRE GO A6, BF 2%%ef PUx 2pati®. =3 vell Hrese: cohdlintidons

resul ted i n argtoir phamtprﬂmmty OGS ] | HG-Pfopdn¥h, -1 %utancl, and
ethyl acetate, each in a concentration of 5 and 10 wt.-%, re-~
spectively. The measurements were conducted in a pressure
range of 5-30 MPa and at temperatures of 323, 343, and 358 K,
respectively, in case of experiments with propane and at a
fized pressure of 20 MPa and at temperatures of 322 and 343 K
in case of the liquid modifiers. At all conditions investi-
gated the concentration of the low volatile compounds was en-
riched in the gaseous phase, but the selectivity with respect
to tocotrienols was reduced to such an extent that sterols
were dissolved in the gas-phase, hence making it impossible to

enrich the tocotrienol concentration further.

Surprisingly it was found that the separation factors remained
high, even increased, if the bottom material was mixed with
special silica gels and then desorbed or extracted from this
adsorbent with supercritical carbon dioxide. The bottom prod-
uct from the first enriching step was mixed with certain
amounts of adsorbent (silica gel) in a ration of 4 to 10. The
mixture was introduced into a column as fixed bed. Then, ap-
plying a supercritical fluid (carbon dioxide) at a pressure of

about 14 at a temperature of about 333 K, remaining high vola-



WO 2007/ 090545PCT/ EP2007/ 000802 16 FAME, 60 wt.-% squal ene, 2 wt.-%
tocochromanols, and 1 w.-%sterols. The bottom product consisted of
7 W .-%squal ene, 54 w.-%tocochromanols, 4 wt.-9% phytosterols, and
it was conpletely FAME-free. Exanple 3: Production of Concentrated
Fractions of Tocotrienols -1 1 g of the bottom product obtained from
exanpl e 1 was Wis8H/0a%+¥ eed material and mixed with 10 @COEPHINIDISER
gel, Zeofree 5170. The mixture is intr&duced into an enpty vessel and
supercritical CO2was used to desorb FAME and squal ene at 13 MPa and
333 K for 126%H foRR¥ertResysteds ufed tuaaridnesteaseehd aql2sMia ask af t er

60 m nutes, aefameti am (aOsé’c?og)i dé/wrﬁhl&m&ﬂﬁ%t?@n)‘ﬂﬁstep/ Qo

tocochormano cted. T e pressure was held constant or
anot her 60 mlt?l%tS\eé@(§ &% ﬁ i gt 8 on£ 2 4RH°SRAES &3l pRttedS MEd s

fraction conf%‘f%§1%‘ﬁfplﬁoiiﬁ¥mtdépyr%@o%tm¢l@efhrc@naﬂuixstldﬁxamﬁltle dira-
Producti on ofidencenidrated dor 86dd @2S10f 2aTOSQLLE BNALS 52 supei thi- the

bot t om produgf, %Q%k%rp%go;cn&% ?X% &tr%O]D \éy?s g?%gg%ﬂ@?goqé?“ al and

mxed with 10 g o I'i ca
i ntroduced i Afartan" exfpy? \F€s§é¢ feed waspebringd calr i6EPWaSs wised t o

desorb FAME aofld:eﬁﬁlﬂa&heﬁeoﬁt'i513td\48@rmt1§33af'§e%O%hraQO gad%‘i%ﬁtses'rh:
ssure was reased er ano

P;:ctl on( 1. 5?9% ‘Engga %oﬁ] ect gg/P qftg%ré e5ANE t803 00BoFgfcentration of

t ocochr omanot ¥t B@PPE ecB21d0ht gtegnve sl in another hour. Experiments

with a mixture of carbon dioxide and propane showed that the
solubility could be enhanced while the selectivity was main-
tained. Therefore, the solvent ratic can be lower than with

pure COs.
Description of the invention:Carotencids.

A carotenoid concentrate (1 to 10 wt.-%) is fed into a con-
tinuously operated extraction device, constructed as a five-
stage high pressure mixer-settler. In three separation se-
quences with this apparatus, employing pressures of 20-30 MPa
and temperatures of 323 to 358 K, it was possible to produce a
product, containing up to 30 wt.~% of carotenoids. This prod-
uct is passed over the adsorbent, a special silica gel, pref-
erably Zeofree 5170, whereby the mixture of carotencids, ster-
ols and other substances, and the fatty acid esters are ad-
sorbed. The mixing ratio is in the range of 4 te 10. Subse-
quently, the loaded adsorbent is brought intoc contact first
with suspercritical carbon dioxide, and then with near criti-
cal propane at conditions of the state, e.g. 5 MPz and 323 K,
preferably in the range of 2 to 7 MPa and 313 to 343 K, With
carbon dioxide, mainly non-carotenoids are desorbed and
eluted, and with near eritical propane, the carotenoids are
desorbed. The solvent ratic of propane to feed is in the range

of 20 to 100 preferably about 30. Concentration of the eluted



The carotenoids concentrate containing approxi mtely 10 wt % of

carotenoi ds was passed over the adsorbent
internal volume of 50 mM. Silica gel with a m ni num surface

with an

area of 165nm2/ g was used as the adsorbent with a ratio of 4:1

(129g: 39)

to the amount of feed. Extraction was WO

in an high pressure pipe

2007/ 090545PCYWEPOFF000802 17 then carried out first PRIMER2007/000802
supercritical carbon dioxide at 150 bal® and 60 00, and then with
supercritical carbon dioxide at 250 bar and 60 C. In third step,

critical

pr opaneensags use¢ athdhchkPa,ifo0uni@g Thre afip attiionsstapeonly

coll ected. TherlasStnf8Gh0MLRRShSEAd Rfadadall n66hdoscag Ot enoi ds.
2007/ 090545PCT/ EP2007/ 000802 18 Ref er ences:

Examples: Tocochromanols.
Example 1: First Extraction Step.

A continuous operated multi-stage supercritical extraction was
conducted with pure carbon dioxide as solvent and a feed mix-
ture containing 50 wt.-% tocochromanols (with y-tocotrienol, a-
tocotrienol, and a~tocopherol being the major components), 16
wt.-% squalene, 3 wt-% phytosterols (with f-sitosterol and
campesterol being the most prominent species), and 11 wt.-%
mono- and diglycerides. The employed column had an effective
height of 6 m and was packed with a structured Sulzer EX pack-~
ing. Operating conditions were as follows: 20 MPa, 323 K, sol-
vent-to-feed ratio = 19.8, refiux ratio = 7.3. These condi-
tions resulted in a top phase product consisting of 2 wt.-%
FAME, 58 wt.-% sgualene and it was completely depleted from
tocochromancls and phytosterols. The bottom product consisted
of B wt.-% sgualene, 58 wi.-% tcocochromancols, 4 wt.-% phytos-

tercls, and it was completely FAME-free.
Example 2: First Extraction Step.

A continuous operated multi-stage supercritical extraction was
conducted with pure carbon dioxide as solvent and a feed mix-
ture containing 50 wt.-% tocochromanols (with y-tocotrienol, a-
tocotrienol, and c-tocopherel being the major components), 16
wt.-% sgualene, 3 wt-% phytosterols {with P-sitostercl and
campesterol being the most prominent species), and 11 wt.-%
mono- and diglycerides. The employed column had an effective
height of 6 m and was packed with a structured Sulzer EX pack-
ing. Operating conditions were as follows: 20 MPa, 343 K, sol-
vent-to~feed ratio = 40.3, reflux ratioc = 1.3. These condi-~

tions resulted in a top phase product consisting of 2 wt.-%

near

)
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tocochormanols, was collected. The pressure was held constant
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manols.

Example 4: Production of Concentrated Fractions of Tocotrie-

nols —2.

2.4 g of the bottom product obtained from example 1 was used
&5 feed material and mixed with 10 g of silica gel, Zeofree
5170. The mixture is introduced into an empty vessel and su-
percritical CO; was used to desorb FAME and squalene at 13 MPa
and 333 K for 60 minutes. The pressure was increased to 19MPa
and after another 120 minutes, a fraction(l.59g) was col-

lected. It contains 80 wt.-% of tocochromanols.
Example 5: Carotenoids.

The carotencids concentrate containing approximately 10 wt% of
carotenoids was passed over the adsorbent in an high pressure
pipe with an internal volume of 50 ml. Silica gel with a2 mini-
mum surface area of 165m°/g was used as the adsorbent with a

ratic of 4:1 (12g:3g) to the amount of feed. Extraction was
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1. A process for the production of highly enriched fractions of

target conpounds, nanely tocotrienols, carotenoids, and sterols from
Palmoil with a first separation step conprising countercurrent

mul ti stage separation with supercritical and/or near critical fluids
removi ng the higher volatile over top, yielding a bottomfraction
enriched in t M YHOHE# conpounds and anot her count er cuPCEMP2007/000802

mul ti stage separation with supercritic# and/or near critical fluids
renoving the target natural conmpounds over top, thus cleaning it from
| ow vol ati | etbi-nPifi-iPt | €xrneanel ¢har dbtnde$ z&dLbY. GosBoon@estmpion of
conprising seleeid veordaak pldOR1 2 WdesPrpbl Qi by Mi aetdy padsor bi ng
the fracti on.dfer oggatzri@iacno nter glur'ge&t separatjon containing_the
supercritical or néar ¢ritical Ffurd on af adEsFbsht’Ctant No-4
subsequent | yo4ereds ng°84e mi xture fromthe adsorbent by the sane or
anot her supercritical or near critical fluid and collecting different
fractions. 2%.A priecess Deevrjtdienproadastd enoateebihdigiced ddsakm-usi ng
supercriti cal al.0xi de; n j tical e _
oper at i ng cotd ) oo PR 0L Qo AR SHAbER, (REERARCeE Irzran
bet ween 323 AT BES* IRITEAFCHTHOLE AL Eepf U VER A5t NfRr L sprite(aBly) -

bet ween 10 and 30 MPa, a solvent-to-feed ratio of 1 to 500,
preferably B8t BERPSEH &3d°eBOFF B3§3¥glah% ef | ux of extract at the top
of the colum in the range of 0.1 to 50, preferably between 2 and 20.
3. A procesglf ofarehespredenct iJGACGZSGRYI ng to claim 1, wherein a
second step conprising selective adsorption and4desorption by
directly adsorhbi.sg tdre tbacdd7anstirom the countercurrent separation
containing the supercritical or near critical fluid carbon dioxide
and/ or propane,rabptdie psasm: pressurg and tenperature or at reduced
density, on an adsorbent, silica gel, preferably silica gel

Zeof reeOD, i, aydpatif ?gtgm; Qpdbhzdghisuch a way that only sone part
of the -22- adsorbent is |oaded with the incom ng feed material,
and wher ei nzgpq]_g(_aspé[tpt hg_n,_,)lisqlgé)r m of elution or extraction, is
carried out wmth the sane or another supercritical or near critical
fluid in one_or_ nore steps erably in two pressure steps, wherein
ina first gFUtElu(%ﬁP%atneB?Q%T{t Eg% 83@ essure in the range of 12 to 15
MPa, the hi gher vontil e conpounds still remaining in the adsorbed

m xture are?Peifigriemsiedt Mnd?¥$0%8 subsequent second el ution, at an
enhanced pressure in the range of 22 to 35 MPa, preferably 25 MPa, at
t enperatures between 313 and 373 K the | ower volatile conmpounds are
extracted, and wherein a third elution step conprises the use of near
critical propane at conditions of 3 to 10 MPa, preferably 5 to 7 Mra.



4. A process for the production according to clains for tocochromanol

fractions.

5. A process for the production according to clains for

carotenoid fractions. 6. A process for the production according to

clains for

1.

sterol fractions. 7. A processsphar the production
according to'clainms for coenzyne QLO.

Claims

A process for the pfoduction of highly enriched fractions
of target compounds, namely tocotrienols, carotenoids, and
sterols from Palm oil with a first separation step compris-
ing countercurrent multistage separation with su@ercritical
and/or near critical fluids removing the-higher.volatile
over top, yielding a bottom fract;on enriched in the target
compounds and another. countercurrent multistage separation
with supercritical and/or near.critical fluids removing the
target natural compounds over top, thus cleaning it from
low volatile impurities, and characterized by a second step
comprising selective adsorption and desorption by directly
adsorbing Eﬁe fraction from the countercurrent separation
containing the supercritical or near critical fluid on an
adsorbent, and subsequently eluting the mixture from the
adsorbent by the same or arnother sSupercritical or near

critical fluid and collecting different fractions.

& process for the production accordiﬁg to claim 1 using su-
percritical carbon dioxide and/or near critical propane at
operating conditions for the temperature of 313 to 383 K,
preferably between 323 and 363 K, and pressures of 5 to 45
MPa, preferébly between 10 and 30 MPa, a solvent-to-feed
ratio of 1 to 300, preferably between 50 and 300, using a
reflux of extract at the top of the 'column in the range of
0.1 to 50, preferably between 2 and 20.

A process for the production according to claim 1, wherein
a second step comprising selective adsorption andﬂdesorp-
tion by‘directly adsorbing the fraction from the counter-
current separation containing the supercritical or near

critical fluid carbon dioxide and/or propane, at the sane
pressure and temperature or at reduced density, on an ad-~
sorbent, silica gel, preferably silica gel Zecfree®, in a

ratio of 4 to 10, in such a way that only some part of the



_22_

adsorbent is loaded with the incoming feed material, and

wherein the desorption, in form of elution or extraction,

is carried out with the same or another supercritical or

near critical fluid in one or more steps, preferably in two

pressure steps, wherein in a first elution step, at lower

pressure. in the range of 12 to 15 MPa, the higher volatile

compounds still remaining in the adsorbed mixture are being

removed, and in a subsequent second elution, at an enhanced

pressure in the range of 22 to 35 MPa, preferably 25 MPa,

at temperatures‘betweeﬁ 313 and 373 K the lower volatile

compounds are extracted, and wherein a third elution step

-

comprises the use of near critical propane at conditions of

3 to 10 MPa, preferably 5 to 7 MPa.

P

A process for the production according to

for tocochromanol fractions.

A process for the production according to

for carotencid fractions.

A process for the production according to

for sterol fractions.

A process for the production according to

for coenzyme Q10.
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