27 March 2008 1 A Method of Chromat ographic Isolation for Non-d yceride
=Components Field of the Invention The invention relat ed7 Mprgh 280804 of
“chromat ogr aphi c isolation of squal enes, carotenes, vitamn E (sonetines
abbreviated as Vit.. E) and sterols fromcrude palmoil, palmoils products’
:and/ or by-products, vegetable oils and/or the like non-glyceride
conponent s- conpri sing conpounds. Background of the Invention Crude palm
oi | contains about 5% of "non-glyceride conmponents” which include
carotenoi ds, tocols (tocopherols and tocotrienols), sterols and squal ene.
The carotenoids, present at 500-700ppm and conprising mainly a and (3
carotenes, are inportant constituents with pro-vitamn A activity,
possi bl e aAtMethwodrof iChroniatagraphio fsnldtionsfor Nod-Glytéréde Gompondmigi cal
activities. The tocols which are Vitamn E and al so natural anti- oxidants,
are present at approximately 600 to 1000 ppmin crude palmoil; the major
conponent being the ganmma-tocotrienol which has recently been found to have
anti - canCgild¥reRElnvefsonbesi des its known anti-oxi dant activity.
Tocotrienol has been found to |ower blood cholesterol. The sterols
consisting mainly of O-sitosterol, stigmasterol and canpesterol, provide
raw mat eri @SinkQfion rQhRE B 4 HeROHBE 'cl%ﬁx&oér@ﬂ.jéj isdBfon &f squaleRi! &r&kned] SO
possesses hypochol esterolem c effect. Squal ene is an inportant ingredient
f or cosmnet Yitasmin E| (sorastisess ahbraatsd ae Vitc Ehpndptigrels dtosyfrads palmgple pelimesils Sever al
met hods haﬁ,%d&%e&qﬂ&v@. Bifd:st QedettbledSils nlRs ?heVﬁlkéJﬂM-?y&HHPQUrﬂﬂ&em%-” the
case of the carotenoi'ds, the known nethods can be classified as Tollows:
(i) Extracednamisipg cemprynils. i cation e.g. British Patent 567,682; U S. Patent
2,460, 796; U.S. Patent 2,440,029; U S. Patent 2,572,467; U.S. Patent
2,652,433. (ii) lodine nethod (iii) Urea process 27 March 2008 2 (iv)
Ext r act i onBadkignepnd of kleerIngendiont h or acti vated carbon, e.g. British Patent

691, 924; B&f’utdé s;ﬁlrﬁ)aogle&;ntalné%u? %6’0’ op "'§0n—E@Eeq'me gdn%;?o%‘egté'o'which include
carotenoids, tocols (tocopherols and tocotrienols), sterols and squalene. The carotenoids,
present at 500-700ppm and comprising mainly o and 3 carotenes, are important
constituents with pro-vitamin A activity, possible antitumor formation properties, and
other physiological activities. The tocols which are Vitamin E and also natural anti-
oxidants, are present at approximately 600 to 1000 ppm in crude palm oil; the major
component being the gamma-tocotrienol which has recently been found to have anti-
cancer properties besides its known anti-oxidant activity. Tocotrienol has been found to
lower blood cholesterol. The sterols consisting mainly of B-sitosterol, stigmasterol and
campesterol, provide raw materials for steroid intermediates and drugs, B-Sitosterol also
possesses hypocholesterolemic effect. Squalene is an important ingredient for cosmetics.

It also shows beneficial physiological properties.

Several methods have been developed to extract these valuable compounds. In the case of

the carotenoids, the known methods can be classified as follows:-

(i) Extraction by saponification e.g. British Patent 567,682; U.S. Patent 2,460,796;
U.S. Patent 2,440,029; U.S. Patent 2,572,467; U.S. Patent 2,652,433.

(>ii) Iodine method

(iii) Urea process
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(v) Extraction by selective solvents e.g. U S. Patent 2 _432,021. (Vi)

Mol ecular Distillation. In the saponification method (i%7M#rehi2008s
saponified to give soap, glycerol and a non-saponifiable fraction

contai ning carotenes. In the iodine nejhod (ii), the iodine is added to a
«solution of palmoil in petroleumether, an insoluble precipitate of
carotene di-iodide is fornmed. The iodo-conpound when treated with sodi um
t hi osul phat e however yields iso-carotene or dehydro-carotene which has no
bi ol ogi cal activity. Wth the urea method (iii), the triglycerides are

br oken dowgy)t 0 fmrsaﬁoﬂ%iq%m&ds EBhRY hetivared SrbonV\lh Hitlsh @Redtor m i nsol ubl e
conpounds with urea and thiourea, |eaving the carotenoids in the renmaining

| i qui d. Extract i68h9; BegistoPasent 4,565 7 Mg Usd Pates ii84.0Mbs been carri ed out using
Fuller's earth and activated carbon (nmethod i v) . However, the extraction

of the car&gne%x{rmghhoggel%%g})lveg{é\égg?g%ﬂ,%%ég%%z'_sorreri sed products of

car ot enes. rotene I's toncentrate in the extract. Extraction
of car otengs) by ell ect ir?v? 1stol vents (method v) has been carried out using
propane or Pur f MTAPURFRSILAYY ene is concentrated (three times that of the
original oil) in the furfural phase. By nethod (vi) carotenes can al so be
obt ai ned by e k&ouifRstiod méthdd @f 1hewil[i9 sdpdnified &l ZivE8oap( %Q&r&%dmm Ho) ] .
Fractions coll ect.‘grg‘la%zi 230C have a carotene content of about five tines
that of thBPToEPYIHANe iFcHon eigINe §reeney|  Separation of Crude Palm G |
Conmponents by Sem -Preparation 27 March 2008 3 Supercritical Fluid

Chr omat ogr aphy”,. Journal of the American Ol Chem sts' Socjety, US,

Ameri can O theiedine method Ghcthe fadinerisadded 19,3 solptien af palan oi g peroleymather, | 1996
(1996- 0 4an ifdbIdEFENIPIRRS o cRbRELESiohiRE i ERRER THIDi06-LEHEp I WHh !
conponents using .supercritical fluid chromatogr aph¥l. The docunent

descri bes BeRdorEsodinR) thigswphstedipereyss yislds fisqrratoffae ordshydra-cargteseyhicht e t he
pal m oi | C%@%Wgcalk%%ﬁ Chung B.H., and Park, Y.H "Concentration of
Tocopherol s from Soybean ™ Sl udge by Supercritical Carbon Di oxi de", Journal
of the Anerican G| Chem sts'

With the urea method (iii), the triglycerides are broken down to fatty acids and methyl
esters which then form insoluble compounds with urea and thiourea, leaving the carotenoids

in the remaining liquid.

Extraction of carotenes using adsorbents has been carried out using Fuller's earth and
activated carbon (method iv). However, the extraction of the carotenes from the earth
gives oxidized or isomerised products of carotenes. Carotene is concentrated six times

in the extract.

Extraction of carotenes by selective solvents (method v) has been carried out using -
propane or furfural. The carotene is concentrated (three times that of the original oil) in
the furfural phase.

By method (vi) carotenes can also be obtained by molecular distillation [0.13- 0.013 Pa
(10*-10* mm Hg)]. Fractions collected at 230°C have a carotene content of about five

times that of the original oil.

Choo Y M et al "Separation of Crude Palm Oil Components by Semi-Preparation



Soci ety, vol 68, no. 8, 1991, pages 571-573 describes a_supercritical fluid
-extraction nethod to test the feasibility of tocopheroF7@@H@Bﬁpp§tion from
soybean sl udge. GB 2,218, 989 describes a process for recovery of '
carot enoi ds, tocopherols, tocotrienols3y and sterols fromesterified palm
:0i | using conventional solvent extraction techniques. To-date, there has
not been any nethod which di scl oses the use of supercritical fluid in the

adsor pti on/desar.ption r onat 0gr ap i sol ati,on/.separation of the

non_ ol ycer PreRtg s Sa SPioRRReah et Mriah8f Bt SREEEEN LrBRi tocldls Uhual ene)

f rom pl ant Asetidaa ®isCledmias SaREy Chanpyile, pal M39ido)., 4 pal Apnill 1 gréodued é- and/ or
by-product& o g&ta le ails ﬁﬁd fats and/{or thﬁ | i ke non- gl cetkd
conponents-%brér SENYS @ BREERHASSPRPIEABEP2HR PR ST &V 8 6i°8e¢f%sed in

t he adsor pfluid rhidamaigiph MThe doouradnd desefibdsca proaa waich Ginptays @toye thad @nwe t he
use of solvints whi ch ar§ cogtkﬁ and hazardous). Thus, there is a need to
provi de a NFE}RFRAALS G PEM SLEMRPESH: process, whi ch avoi ds or di scour ages
the sole use of solvents and consequently rendering it "non-hazardous" for

recovering, t hese, nons gl yceri de ponents. S ry t he vention The
present i n{feenﬁl glﬁmfﬁ g\;?’d%'édegarg'e}’%gg&g?ce%%(?ﬂa‘#?;ol‘;’%%ﬁfo% f’%légﬁe&ﬂ of |
squal enes, Sluddecby SaperdtiticalniCarbbn d¥ickidetl Gdueiae Df fthe AnericanuUCkendQsYPri si ng
squal enes, _st rolf Vi qghg E agg g?i t enes, said.ne{EQg co%Prising t he
steps of: PJODar8 ﬁ”)}’Pn% R 't 9658‘& 8 2 BRP AL LW FHER ormpound

W th one omethod @ tesd thelfasdibility &ff tociphdrsl doficehiation &dmEsoiteth fludsd. 27 March 2008 4

conposition having a very low fatty acid content, ii) transesterifying the
gl yceride conponents of the conpound into nonoesters by enploying one or

hydr, hol.s, iii b |y introd th duct m xt
{1 om ot opsOPP-ARgeY AsHengiegricte VORIV ChiroPRu LB aPPORVARRE pt i on of

t he producinditedisifrem esdiitied paih oilueihgtdnRentibit s epntdx@aadn t&haigedss, vitamn E
and carotenes fromthe adsorbent by desorption, wherein the adsorption

223{ ?gngg?‘fc_r)-ggtle,q erg tth3 r?ot %Eeeen acn%rnrqétl?o% V(a}lill(t:h (liligcqgsres t esulélg g{ sCurp!ertc}it(i:c%‘ ﬂuifdlixllJ Hd
the adsorption/desorption chromatography isolation/separation of the non-glyceride
components (i.e. carotenoids, tocols, sterols and squalene) from plant source such as CPO
(crude palm oil), palm oil products and/or by-products, vegetable oils and fats and/or the

like non-glyceride components-comprising compounds.

All known method previously disclosed in the adsorption/desorption chromatographic
separation solely involve the use of solvents (which are costly and hazardous). Thus, there
is a need to provide a separation and/or isolation process, which avoids or discourages the
sole use of solvents and consequently rendering it "non-hazardous" for recovering these non-

glyceride components.

Summary to the Invention

The present invention provides a method of chromatographic isolation of squalenes,
sterols, vitamin E and carotenes from a compound comprising squalenes, sterols,
vitamin E and carotenes, said method comprising the steps of:

i) esterifying the free fatty acid components of the compound

with one or more monohydric alcohols to form an esterified



The present invention concerns a nethod of chromatographic isolation for
-non-gl yceride conponents (carotenes, vitamn E [soneti FeManch2008 at ed as
Vit. E], sterols, squalene) fromnatural oils and fats, wherein the method
conprises the use of supercritical flugd (such as SC-C02) in conbination
-W th adsorbents (such as silica gel or C 18 reverse phase silica gel). The
present invention nmay be subjected directly and/or indirectly to (a) crude
veget abl e oi | est er scompositiarciasiny b very fdwcfateyddidcontent,

esterification/transesterjficati.an .of vegetable oils) or (b oncentrate
(through rermoval of the LGRS ?’q‘%ﬂ&gg’@ﬁg&f?%’?ﬂ(’f’?}s ?ﬁ‘&e&%ﬁﬁ?ﬁf
distillation includiin@ méloestdtd B enthlAriglohébr iidte¢ mefiohydréd alédhelsunsaponi f i abi e

matters of the gconcentrate in (b) . (throu saponi fication rocess) High
concentration ofYcar ot ene%“,bs"\ﬂf‘é“élgﬁ“?(ﬁmg‘,‘c‘%&gtg? Bl “%H’é?‘t‘ér&@:?wg@éﬂg% obt ai ned
by nonitoring super gitb b kl@kivé dddbrberd torMIB® adsofpich bf tRsiSrodudChixtbe, bITPEr at ur e

bet ween 30C- 100C, pressure from 50kg/cn2 to 600kg/cn2 , with and w t hout
an to entraineri¥! co- sol PRAtnadheaualenes, steaply | visming Jpgicarolenesffimge of the
invention lies in thgeudarseht dylddstrftiodd gas at supercritical conditions,
hence avoi di ng. or reducing the prior requirenents for hazardous sol vents.
27 March 20d0sreimsthpadsomtion apdercdssprpliofnsteps afsearyiod, @K tunger JAsWPSICHSR to t he
present i Ny dORodhi@fe 1S provided a nethod of chromatographic isolation
of carotenoids,Vitamn E sterols and squal ene from CPO (crude palmoil),
pal m oil products and/or by-products, vegetable oil and/.or the |ike

non- gl ycer i tee prosepoimeention congams i iethpd of whromatdgraphiaiselatiamt fantbnegyperidesi ng t he
following s r i ff.er t i Route (a)
(1) Estori { TR chBleRs, thinsfERbmer il s ARLHBF ¥l BE R el
conponent s- froomptura oily apd digss widseimihie method compnises ¢hermsa offi yaherctitied] dlolibl s t o

form an es{se i dslged 63%}7’90%%}34)& vrs}it}?‘a&/sgr%gr%tsl &‘i‘é}{a{.gi%l i B LY it coptent: (i)
Trans-estertfying thé’glyceride conponents w one®or nore nonohydirc
silica gel). The present invention may be subjected directly and/or indirectly to

(a) crude vegetable oil esters (via catalytic alcoholic esterification/transesterification
of vegetable oils) or
(b) concentrate (through removal of the bulk of the esters from (a) via vacuum

distillation including molecular distillation)

or
(c) the unsaponifiabie matters of the concentrate in (b) (through saponification

process)

High concentration of carotenes, vitamin E, sterols and squalene can be obtained by
monitoring supercritical fluid process conditions such as temperature between 30°C-
100°C, pressure from 50kg/cm’ to 600kg/cm’ , with and without an to entrainer ( co-

solvent such as alcohols).

A main advantage of the invention lies in the use of liquified gas at supercritical

conditions, hence avoiding or reducing the prior requirements for hazardous solvents.



al cohols to convert into nonoesters; (iii) Introducing the non- gl yceri de
-conponent s-conpri si ng conpounds (i.e. esters frontstep 3rc,%§ gii)
above) to allow the adsorption of carotenoids, Vitamn E, sterols and
squal ene onto a sel ective adsorbent; afd subsequently (iv) Desorbing the
=non- gl yceri de conponents fromthe adsorbent, wherein the

adsor ption/desorption of the non-glyceride conponents in steps (iii) - (i1v)

is carried_out under a supercritical fluid environnment. Route b (i)
Est eri fyi nBetpiied deseriptomaf gheBy@pti®Brponent s of the non-glyceride conponents-
conpri sing conpounds with one or nore nonohydric al cohols to forman

esterifi edacQpRm sl (v fntésé?it \{We){tldnomeifer %e%rﬁﬁhéd)’ a dthbdC Qﬂ’é%ﬁtatogﬂabﬂic .
Trans-esterifying the glyceride conponen one or nore nonohydirc

al cohol s  seatiaieatotanpids Vitgpadssterels and squplenesom (PR cde Ralpfoil)alest ers i n
step (i) a&fig&ut&s /0¥ 8§ ;&w&ak Sviegétdbt’é&%dy &Cthyﬁm%n-gm%ﬂmoﬂ{ ofinit i | 'ation

to yield carotene concentrate of (1'11r) Introduci ng the non-glyceride
conponent SCAmPTgng s“«pmgolmdmmldnu@hf(d COenPHSIIfle tl@eadei@‘éms step farethtee gliféerént om st ep

(i) abovg) k9 klawabhgyadsorption of non-glyceride 27 March 2008 6
conponent s caroten0|% tocols, sterols and squal ene) onto a sel ective

adsor bent; and subsequently (|v) Desor bi ng the non-gl yceri de conponents
fromthe ad 85? , Wherein the adsorption/desorption of the non-glyceride
conponent s s (iv) - (v) is carried out under a supercritical fluid
envi ronment . Route (c) (i) Esterifying the free fatty aci d conmponent of

the non- gl ygﬂel’i deF&Qi{l%%netﬂé Yree (i'gtgp £c1<§ Qrgpon%rr&p S {Plg CPon ycend%e ?n;?quglliSe

nonohydi rc coho Forman esterif ow free
fatty acid cont esimprising) co‘ﬁipamsisewttlerqnéwrrngoxtehmxgjhyw akdehormmcpdmmtas W th
one or nore nDnOQX f%ﬁc? coh nt noesters; (i11) Renoving

bul k of the estefs rgpou{lgf& aie?’ "Xyreerttatt acidcatts

YoV cuunté’Stillation i ncl udi ng
(ii) Trans-esterifying the glyceride components with one or more monohydirc

alcohols to convert into monoesters;

(iii) Introducing the non-glyceride components-comprising compounds (i.e. esters
from steps (i) and (ii) above) to allow the adsorption of carotenoids, Vitamin E,
sterols and squalene onto a selective adsorbent; and subsequently

@iv) Desorbing the non-glyceride components from the adsorbent, wherein the
adsorption/desorption of the non-glyceride components in steps (iii) - (iv) is

carried out under a supercritical fluid environment.

Route (b)

) Esterifying the free fatty acid components of the non-glyceride components-
comprising compounds with one or more monohydric alcohols to form an
esterified compound with a very low free fatty acid content;

(i) Trans-esterifying the glyceride components with one or more monohydirc alcohols
to convert into monoesters;

(iii)  Removing bulk of the esters in step (i) and (ii) by vacuum distillation including
molecular distillation to yield carotene concentrate of 1-8%;

(i)  Introducing the non-glyceride components-comprising compounds (i.e. the carotene

concentrate from step (iii) above) to allow the adsorption of non-glyceride



nmol ecul ar distillation to yield carotene concentrate of 1-8% (i vg

=Saponi fing the carotene concentrate in step (iii) to vyi GV(M%WQE%% ifiable
matters; (v) Introducing the non-glyceride conponents-conprising conpounds
to allow the adsorption of carotenoidg, Vitamin E, sterols and squal ene
-onto a selective adsorbent; and subsequently (vi) Desorbing the

non- gl yceri de conponents fromthe adsorbent, wherein the

adsor pt i on/ des o¢gmpoaehtOfarbiefoidy) Focgls,)steedls 8iRl sqaaIRR)@d 5 sdléttisd &Grbént) - (Vi) i s
carried out under a}Bsu erlcri tical fluid environment. Preferably, the
esterification JH9UPEREY apove is carried out enploying (a) a solid

al kal i met@)) bi Bedougd @hd Monalysedihabmporeihtsl o/ Bk adsb®et] Ywikedifli e
i on- exchange res%sr);@,Pr f er abl the transesterificatign of step (ii) is

carried out enpldSorPHQYYdesqpiion ¥E§P%~§‘§?ﬁﬂ.e°°m%qnﬁa% $eRsIY) —99ish t he

esterification eugeddubisRss QipblchiGal 1818 eAViRnMmadt! | €d out using an enzyne;
for exanpl e candida rugosa and |lipase. 1 to 20% by wei ght of catal yst may

be enpl oyed dependi ng upon the weight of the free fatty carboxylic to acid
noi ety pre§R&t)in the non-glyceride conponents-conprising conpounds. 27
March 2008 7 Preferably, the nonohydric al cohols used in the
esterification of step(i)or transesterification of step (ii) conprise one

or norse G to |.cohol.s st . prefer met hanol . Preferably, the
sel ective C\g)d sor %en"t e f ﬁéefagg%%dr %ﬂp(%rﬁeno‘%ﬂi{%neo “ﬁ}a ﬁgrbd‘fgﬁ%%?olna'éts'c onponent s
conpri se sili cacogelrisiap déropouadsBvitleareros mophmswhgiitc iatahdeto.forhhwh @sfadbent s may

be subjected to__adso ion of the n- ceride conponents present within
anyone of the f%ﬂ“?pé’v“\ﬁ"‘{n‘g%‘h?ﬁry[ weflgeeest{t’]tgyﬁcﬁéﬂteﬁtal moil; or (ii) the carotene

concent r at @) ( 1- Bhs-vdeifyihgthb glykerik cbhiponedt @itk oMot end?€MBnoh9aRYVAbholshr ough
vacuumdistillation or nmolecular distillation (short path distillation); or
(iii) the unsapBfPRYCHINME PP s by saponifying the carotene concentrate

of (1i). [@He SRéNQHSHUBGHIRYEE: A ete%p (B VacilB! NG RELERS: (1)
Supercritical fluid, edwg SC-CQ2 (10 , and/or gl i) Supercritical fluid
(e.g. SC C02) imolegiaidishllation towield caroteap eenseniate of d84ent such as
(iv)  Saponifing the carotene concentrate in step (iii) to yield unsaponifiable matters;
W) Introducing the non-glyceride components-comprising compounds to allow the
adsorption of carotenoids, Vitamin E, sterols and squalene onto a selective
adsorbent; and subsequently
(vi)  Desorbing the non-glyceride components from the adsorbent, wherein the

adsorption/desorption of the non-glyceride components in steps (v)-(vi)

is carried out under a supercritical fluid environment.

Preferably, the esterification of step (i) above is carried out employing

(a) a solid alkali metal bisulphate

(b) a sulphate acid and/or strongly-acidic ion-exchange resin.
Preferably, the transesterification of step (ii) is carried out employing a basic catalyst .

Alternatively, both the esterification and transesterification are carried out using an
enzyme; for example candida rugosa and lipase. 1 to 20% by weight of catalyst may
be employed depending upon the weight of the free fatty carboxylic to acid moiety

present in the non-glyceride components-comprising compounds.



al cohol) Carotene, tocols, sterols and squal ene can be isqQlated with > 50%
purity in a single run by varying pressure from50 kg/@ﬁ@ﬂBU@MHW@nQ at
tenperatures 30C-100C. It shall therefore be illustrated, by neans of the
foll owi ng exanples, that supercritical;fluid, applied to solid adsorbents
such as silica gel and/or C 18 reverse phase silica gel, provides a very
sati sfactory neans for isolating carotenoids, Vitamn E, sterols and

squal ene from CPO (crude palmoil), palmoil products and/or by-products,
veget abl e Qi d/or the |ike non-glyceride conmponents-conprising
corrpounds.lg)rﬁgi’r b cﬁhe’ZO‘B%“OhSdrB(aﬂ‘ﬁﬂh@gl uesdy g p'%? meﬁF‘l'ﬁcﬁ%?%ng eHERDY

cont ai ni NGtrandésiificatbAGI Blep QY LHpriz® BROBEMbSe O RS LY dictibis, GREOCERASBly Vi tam n
E, squal ene and sterols), derived fromal coholic
esterifiatPemotansesterification of crude palmoil with alkali bisul phate
or sul phonated ion exchange resin (for esterification) and with 0. 3-2%
based catal yst and net hanol was passed through nolecular distillation at a

t enper at ur &efsrabbip ther sitrctivmadsproertstar dheordseration ofhida npg-glycerfig orporaton) to
give a car Qg GRAGRMAIRE €19tevdrsSifase ifcaGRl ThENRoBAREARY BAduBjelBP 1o

subj ected to saponification process to obtain unsaponifiable nmatters

cont ai ni ngdserptiereefdle nonwglycamde-romporentspasent avillingnyene of the following; cal sanpl e of
t he unsaponi fiable nmatter of pal mcarotene concentrate (0.0368()

contai ning carotenes (21.6%, vitamn E (2.7%, sterols (56.5% and

squal ene (®. 299 thpgserifipd palgt @ib@ri n an organi ¢ sol vent, such as

di chl oronet hane (2m ) and | oaded onto a colum (silica gel, with interna
di ameter 20nm and | ength: 250nmm . The sanple nmixture was eluted using a

m xt ur e of (ig upe e dardtenglconegntnaser (168 ‘%ox whkeeit Bullwif th@ 85494 havwlbeentreradwedr

et hanol (0. 05nt, 9 Lt fo: 3 10 T ressure of the
supercritical ft ?ﬁ%%%u%ﬁ%tlgggog%ﬁ@gfg@sl g%gl\}\?g@%% ?ag} %a;g&ﬁ}a E}%n ?¥:100kg/ cnk
to 300kg/cn2 in 9 hours, Kkeeping tenperature constant at 80C. Vari ous
fractions at, dif t L .nteryal re .collected and r lts are shown
in Table f@bSqué‘§%§ﬂﬁ%§m€%P?%%?@§?§§°W§@¥§B?%“t88P°T§EE%?8ﬁ§? Car ot ene at
P=180- 220 cnR: Vitam t P=220-280kg/crn2 and sterols at >280 kg
/cn2. Tota ecsg’jrz‘fg t%ﬁrélgl?yer\;llfggﬁle ﬁreﬁn?rgf’té ‘g‘f"gﬂpgﬁﬁ, squal ene col l ected in each
fraction was determ ned by UV-visible spectrophotoneter at 446nm HPLC

(fluorescent s .
(i) Supercritical fluid, e.g. SC-C0, (100%), and/or

(i1) Supercritical fluid (e.g. SC-CO,) in combination with an entrainer (solvent such as

alcohol)

Carotene, tocols, sterols and squalene can be isolated with > 50% purity in a single

run by varying pressure from 50 kg/cm*-600kg/cm’ at temperatures 30°C-100°C.

It shall therefore be illustrated, by means of the following examples, that supercritical fluid,
applied to solid adsorbents such as silica gel and/or C18 reverse phase silica gel, provides a
very satisfactory means for isolating carqtenoids, Vitamin E, sterols and squalene from
CPO (crude palm oil), palm oil products and/or by-products, vegetable oil and/or the like

non-glyceride components-comprising compounds.



detector, excitation 323nm and em ssion 296nn), and GC_(for sterols and
-squal ene) respectively. Exanple 2 The procedure of exa P@“Thﬁﬁgsrepeated
except that the pal mcarotene concentrate (4% concentration) was used
instead of unsaponifiable matters of tge concentrate to recover carotenes,
:vitam n E, sterols and squal ene separately in different fractions. Resifts
are shown in Table 2. 27 March 2008 9 Exanple 3 The procedure of Exanple 1
was repeated except that crude palmoil nmethyl esters were wused directly
to load onto supercritical fluid chromatography to recover carotenes,
vitam n E Efdmeplols and squal ene separately in different fractions. The
results are shown in Table 3. Exanple 4 The procedure of Exanple 1 using
unsaponifiable matters of the carotene concentrate was repeated except
that only GRQ¥pam Gmnétwltémm contdining r\mrn))rm gigefldd osmpoasia® (iatlagihgesor bi ng

carotenes, vitamn sterols an squalene Results aje shown i able 4.
Exanpl e 5 %‘gerﬁﬁ’océ’&ﬁw of™ Exé‘i’rﬁ‘je P ng eb‘?i? ‘iﬂ"&?‘% eé%ncélﬁ‘{’]'l"i‘fe (4%
concent r at eswamau@stran@@mﬁwmnex cfydé pilhﬁdll Wit ¥1ka106%a1Katd6Psulphbiidicalion

entrai ner s used for i ng/ rhij arQtenes, vitamn E, sterols
Snd aqual LeiEhemat s B este R o vta D Bitefeiat Bdgnerisof P e, of

Exanpl e 3 thﬁdu@@rr@[ddﬁl@r AailEtiai dt a i@ biituresHonr 1986 ahéprauRbrexstih 13.8at  100%
of SC- CO2 #%At tralneE% was used. Re?ﬁﬁ%§'ﬂﬁe shown in Table 6.
Exanpl e 7 ISR & ERIE SoncenEyth & J1Rh it FrABI CoReRIEBe %81 ¢ he
carot ene cebfeed ﬁcaga@omﬁe&ﬁpﬁ giReat el obrxie apbapbhiakblé RRtad Tonhiang ddfobsedas C18
reverse phase S|I|c% gﬁl |qstead of silica gel. Results are shown in Table
7. vitamin E, sterols and squalene. :

A typical sample of the unsaponifiable matter of palm carotene concentrate (0.0368g)

containing carotenes (21.6%), vitamin E (2.7%), sterols (56.5%) and squalene (8.2%) was

dissolved in an organic solvent, such as dichloromethane (2ml) and loaded onto a column

(silica gel, with internal diameter 20mm and length: 250mm). The sample mixture

was eluted using a mixture of supercritical carbon dioxide (3.0ml, 98.4%) and entrainer,

ethanol (0.05m1, 1.6%) with a flowrate of 3.05m1/min. The pressure of the supercritical

fluid chromatography system was monitored from P=100kg/cm2 to 300kg/cm2 in 9 hours,

keeping temperature constant at 80°C. Various fractions at different time intervals were

collected and results are shown in Table 1. Squalene was collected at Pressure 100-

180kg/cm’, Carotene at P=180-220kg/cm?; Vitamin E at P=220-280kg/crn? and sterols at

>280 kg /cm?. Total carotenes, vitamin E, sterols and squalene collected in each fraction

was determined by UV-visible spectrophotometer at 446nm, HPLC (fluorescent

detector, excitation 323nm, and emissiqn 296nm), and GC (for sterols and squalene)

respectively.

Example 2

The procedure of example 1 was repeated except that the palm carotene concentrate
(4% concentration) was used instead of unsaponifiable matters of the concentrate to
recover carotenes, vitamin E, sterols and squalene separately in different fractions.

Resifts are shown in Table 2.



27 March 2008 10 Exanple 8 The procedure of Exanple 2 ysing pal m carotene
zconcentrate (4% concentration) was repeated except tha?7PﬁB‘g@QB$bent used
was C 18 reverse phase silica gel instead of silica gel. Results are shown
in Table 8. Exanple 9 The procedure ofgexanple 3 was repeated except that
scrude palmoil methyl esters were used directly to | oad onto supercritical
fluid chromat ography with C18 reverse phase silica gel to recover
carotenes, vitamn E, sterols and squal ene. Results are shown in Table 9.
Exanpl e 10 The procedure of exanple 7 using unsaponifiable nmatters of the
carotene cppafpkhate was repeated except that only 100% SC CO2 (wi t hout
entrainer) was used for adsorbing/describing carotenes, vitamn E, sterols
and squai ene onto C18 reverse phase silica gel adsorbent. Results are
shown i n Thi rrogeduref Expmple 1 waFhepepicd exagnl thaterudsypalpp b n@thyk esteys pratem
carotene c 9 | hat only 100%
Oy e G A DT S MR

vi t am n E, vitamen &) sferalsdind quialean ecparataly @lditferentdrastionshBlseresdliy arsashgein
adsorbent ., Resylt,s are shown in Table 11. Exanple 12 The procedure of
exanpl e 9 was repeated except that crude palmoil nethyl esters (instead

of concentrate), 100% SC-CO2 (w thout entrainer) and Cl8 reverse phase
silica geIE5¥¥H§ﬁead of silica gel) were used. Results are shown in Table
12. 27 March 2008 11 Exanple 13 The procedure of Exanple 1, 2 and 3 were
repeated except that other palmoil products such as neutralized palmoil,
crude pal Mgl §hOdueHELamak mﬁg%ga&mﬂam&;de@&% éar%%@ cog@én Ly acid

distillate were used. The results are shown in Table . Squal ene was
repeated except that only 100% SC-CO, (without entrainer) was used for

adsorbing/desorbing carotenes, vitamin E, sterols and squalene. Results are shown in Table
4,

Example 5

The procedure of Example 2 using palm carotene concentrate (4% concentration) was
repeated except that only 100% SC-CO, (without entrainer) was used for
adsorbing/desorbing carotenes, vitamin E, sterols and squalene. Results are shown in Table

5.

Example 6

The procedure of Example 3 using crude palm oil methyl esters was repeated except that

100% of SC-CO, (without entrainer) was used. Results are shown in Table 6.

Example 7

The procedure of Example 1 using unsaponifiable matters of the carotene concentrate
was repeated except that the adsorbent used was C18 reverse phase silica gel instead of

silica gel. Results are shown in Table 7.



coll ected at pressure 100-180kg/cnR; carotene at P= 180- ii& ﬂ ing vitamn
:E at P=220-280 kg/cn2 and sterols at P> 280 kg /cn®. reh 2808 o
procedure of Exanple 1, 2 and 3 were repeated except other vegetable oils
such as soybean, canol a, rapeseed, cqgonut, sunflower seed, corn oil,
rolive oil were used. The results are tabulated in Table 14. Squal ene was
coll ected at pressure 100-180kg/cnR; carotene at P=180-220 kg/cnR (if
any); vitaptample 8t P=220 280 kg /cn2 and sterols at P> 280 kg/cnR. Exanple
15 The procedure of Exanples 7, 8, and 9 using the sane starting materials
as described therein were repeated and the results are presented in Table
15. Some vid gbid 5t0Exta91?1e PREH ARG LARAIcbhRAFaB (8 SRnUERFVeEd T 1
Table 15 . according t he invention): Isolation of Palm
Vitanin E 1eB except] tlhélnﬁhﬁ aEsqzbméeisﬂdr\aQSeC(SoreGgrsgph@ersd@ﬁtgebmsmd of 509 was
di ssol ved as dichi oronet hane or et hanol and

| oaded ont%ﬂ% %egqﬁgr?gltssﬁk}ll can lgr;le BE&% th internal dianeter -20mm and | ength
250mm) . The Vitamin E concentrate m xture was eluted using a m xture of
supercritiExmpladbon di oxi de (5ml, 95.2% and an entrainer, ethanol
(0.25m, 4.8% with a flowate of 5.25nl/mn. The pressure of the
supercritical fluid chromatography system was kept constant right through
the run at TiR-p8cdyrecafzxakgle 3i wag remeewp@r@puﬂet godespalmtoilanetzyl @stemheert our
vitamn E [ r . V. n Le shown
in Table 1‘?%9%”&3% 18?1&0 glllté%gﬁeg%ﬁgéln@r at ﬁ%ﬁ%?g&@%?a%k tEglrg\c')errr%r ®Mar ch
2008 12 welien gartbirecoyer LarotedsCvasminnE,Btaxniplaed SqualenanRéseltd dre dhewhadhi on of
Car ot enes. \ger?m n E, sterols and squal ene (Fixed pressure and
terrperature e procedure of Exanple 16 was repeated except the
unsaponi fl abie matter of palm carotene concentrate (0.01 g) containing
carotenes (RiampR10Vit E (2.7%, sterols (56.5% and squalene (8.2% was
used, Carotenes, Vit E, sterols and squal ene were separated into different
fractions and the results are shown in Table 17. The difference between
Exanpl e 17 &haipro¢edureof exaxmphep] esig unsapohifinble mattere pibe cagpteneoneangate vas and

repeated except that only 100% SC-CO, (without entrainer) was used for
adsorbing/describing carotenes, vitamin E, sterols and squaiene onto C18 reverse phase

silica gel adsorbent. Results are shown in Table 10.

Example 11

The procedure of example 8 using palm carotene concentrate (4% concentration) was
repeated except that only 100% SC-CO, (without entrainer) was used for
adsorbing/desorbing carotenes, vitamin E, sterols and squalene onto C18 reverse phase

silica gel adsorbent. Results are shown in Table 11.

Example 12

The procedure of example 9 was repeated except that crude palm oil methyl esters (instead
of concentrate), 100% SC-CO, (without entrainer) and C18 reverse phase silica gel

(instead of silica gel) were used. Results are shown in Table 12.



squal ene can be isolated at fixed tenperature (70C) and _pressure (180

-kg/ cnR) . Exanpl e 18 The procedures of Exanples 16 and 177Maxch20885t ed.
Unsaponi fiable nmatter of palm caroteneNit E concentrate (0.01 g) was used
and | oaded onto a colum (silica gel, Mith internal dianeter 20mm and

:l ength 200mm) . The* results are shown in Table 18. Carotenes, Vit E.,
sterols and squal ene were isolated in different fractions. Exanple 19 The
procedures of Exanples 16, 17 and 18 were repeated except the tenperature:
40C, pressure: 160kg/cnm2 and SC- C02: ethanol (v/v=93.8%6.2% .

Unsaponi fig}a{‘@%lenigter of palmcarotene/vit. E concentrate (0.005g) was
used and | oaded onto a colum (silica gel, wth internal dianeter: 4.6nmm

and length: 250mr). Carotenes, Vit. E, sterols and squal ene were isolated

in diff o) r i I ¥ Mar ch
I2808I Tg[)legﬁel§r%%!r?§gep§in;??1ggl 1‘2%}\%1%1? e‘r%srg( ﬁegt%&g’thct%&a*gn}eo} Ig(rglgggltlj P éozﬁgé%al ene
Car ot enes ¥ich aminautkaliZed painsoil, Fenadet pabm olel, meudenpatth s{elgn,cpah b9 ol %pd (%9 (99

SM- - 8.2 21.67.7,59.5 Fl 0-135 100 86 - - - F2 135-195 180 9.4 83.4 - -
F3 195- 2401’%’?0&53' gcigd dé%‘iite-wﬁfﬁ“’f -TEZ-%éeSE%SOarP shoyn ?bf}gbﬁ? 11253‘1}’8 130¢5 250 -
1.5 11. 1 F&IROEd 3 Gresdite - 100-180Bg/8n® - ddrotdné 2360 5@@-22(8@(ﬁfcm2; vitd®in5E a0M

Starting Materials Table 2: Carotene Congcentrate (wth entral ner) Pressure
Squal ene CBr0e238&eigny apd vierplsat By 88&ke /mmaction's Time (nmin) (kg/cnR) (9
(%9 (% (%9 SM- - 9.8 4.1 2.35.3 Fl 0-135 100 92 - - - F2 135-195 180
4.8 70.6 - -

Example 14

The procedure of Example 1, 2 and 3 were repeated except other vegetable oils such as
soybean, canola, rapeseed, coconut, sunflower seed, corn oil, olive oil were used. The
results are tabulated in Table 14. Squalene was collected at pressure 100-180kg/cm?;
carotene at P=180-220 kg/cm’ (if any); vitamin E at P=220 280 kg /cm’® and sterols at
P> 280 kg/cm’.

Example 15

The procedure of Examples 7, 8, and 9 using the same starting materials as described
therein were repeated and the results are presented in Table 15. Some variations to the

operating conditions are also presented in Table 15 .

Example 16 (not according to the invention): Isolation of Palm Vitamin E isomers

Vitamin E concentrate (0.01 g; concentration: -50%) was dissolved in organic solvent,
such as dichioromethane or ethanol and loaded onto a column (silica gel, with internal
diameter 20mm and length 250mm). The Vitamin E concentrate mixture was eluted using a
mixture of supercritical carbon dioxide (5ml, 95.2%) and an entrainer, ethanol (0.25ml,
4.8%) with a flowrate of 5.25ml/min. The pressure of the supercritical fluid
chromatography system was kept constant right through the run at P=180kg/cm’, keeping
temperature constant at 70°C. The four vitamin E isomers were collected at different time

interval and are shown in Table 16. The presence and concentration of Vitamin E isomer



F3 195-240 220 - 8.2 13.8 F4 240-260 250 .. 3.1 57.3 - 5; 0 250 - 3.2
:22.5 - F6 300-360 280 - 1.4 6.6 2.4 F7 360-500 280 - 2088,

Starting Materials 27 March 2008 14 Table 3: Crude PaImOI thyI Esters
(wth entral ner) Pressure Squal ene Carngtenes Vitamn E Sterols Fractions
*Time (mn) (kg/cnm2) (%9 (%9 (9 (% SM- - 0.03 0.06 0.06 0.04 F1 0-135

100 3.6 - - - F2 135-195 180 - 10.2 - - F3 195-240 220 - 3.2 1.2 - F4
240- 260 25@ere cdnf2méPbyoHPLE S indRaBple 1250 - 12.0 10.8 - F6 300-360 280 - -
2.8 0.8 F7 360-500 280 - - - 3.6 SM Starting Materials Table 4:

Unsaponi fiable matters (w thout entrainer) Pressure Squal ene Carotenes
Vitam n E Eistipglé $7: Ifolstidn of (Cardteies, Vitimin E s(ePdls 40d) sqahlene (Plided - 8.2 21.6 7.7

59.5 F1 0-100 100 36 - F2 100-160 180 88 2 - - F3 160-200 220 - 81.3 0.8
F4 200- 240REegsyre anditemperature) 5 540.260 250 - 6.6 73.6 0.9 F6 260-300 300
- - 8.8 8.2 F7 300-450 300 - - - 90.2

The procedure of Example 16 was repeated except the unsaponiflabie matter of palm
carotene concentrate (0.01 g) containing carotenes (21.6%), Vit E (2.7%), sterols
(56.5%) and squalene (8.2%) was used, Carotenes, Vit E, sterols and squalene were
separated into different fractions and the results are shown in Table 17. The difference
between Example 17 and that of Example 1 is that carotenes, Vit E, sterols and

squalene can be isolated at fixed temperature (70°C) and pressure (180 kg/cm?).

Example 18

The procedures of Examples 16 and 17 were repeated. Unsaponifiable matter of palm
caroteneNit E concentrate (0.01g) was used and loaded onto a column (silica gel, with
internal diameter 20mm and length 200mm). The' results are shown in Table 18. Carotenes,

Vit E., sterols and squalene were isolated in different fractions.

Example 19

The procedures of Examples 16, 17 and 18 were repeated except the temperature: 40°C,
pressure: 160kg/cm’ and SC-COj: ethanol (v/v=93.8%:6.2%). Unsaponifiable matter of
palm carotene/vit. E concentrate (0.005g) was used and loaded onto a column (silica gel,
with internal diameter: 4.6mm and length: 250mm). Carotenes, Vit. E, sterols and

squalene were isolated in different fractions and results are presented in Table 19.



SM Starting Materials 15 27 March 2008 Tabl e 5: Carot%nes

Concentrate
(W thout entrainer) Pressure Squal ene13Car ot enes Vit ani n“EMgrgeh008
Fractions Time (mn) (kg/cn2) (%9 (%9 (%9 (9 SM- - 9.8 4.1 2.3 5.3 171
0-135 100 24 - - - F2 135-195 180 76 - - - F3 195-24.0 220 - 67.8 18.7 - F4

:240-260 250 - 18.9 58.9 F5 260-300 250 - 8.7 20.3 - F6 300-360 280 - 0.2
6.1 1.1.4 F7 360- 5&5’102‘8anap°mﬁa'§31v§“°§l\hw"§t%EF'PMQ) Materials Table 6: Crude

Pal mG+Methyt—Esters—(w Pr'és%urle et i) F Ssure Spuatene rotenes
Vi t dni@ctlons Bt emifé Gnin)Fr agt q(§p32 Ti e (ﬂ‘@ (kgP (%Vlfa}?m(ﬁl/c) (’)%tifo L -
0.03 0.06 0.06 0.04 F1 21 195/ 180%. 6 - - (B3
195-{240SM0 10.8-- - F4 240- 260 250 8-2 8. 7 20286- Fp 260-1300 |25059.5 6. B
16.7 - F6 300P-360 280 - { 6.6 1.5| F7 360-500 280 - |} - 8.6 3M Startipg
Mat eF i algg 271 Varcip.3808 [y Go®0 U Ggl T T T T = 0 - -

F2 135-195 180 94 83.4 - -

F3 195-240 220 - 92 60.1 -

F4 240-260 250 - 44 20.2 -

F5 260-300 250 - 1.5 11.1

F6 300-360 280 - 0.8 8.8 5.0

F7 360-500 280 - - - 95.5

SM: Starting Materials

Table 2: Carotene Concentrate (with entralner)

Fraction's Time (min) Pressure Squalene Carotenes | Vitamin E Sterols
(kg/err?) %) %) (%) %)
SM - - 9.8 4.1 2.3 5.3
Fl 0-135 100 92 - - -
F2 135-195 180 4.8 70.6 - -
F3 195-240 220 - 8.2 13.8
F4 240-260 250 . 3.1 573 -
F5 260-300 250 - 32 225 -
F6 300-360 280 - 1.4 6.6 2.4
F7 360-500 280 - - - 96.6

SM: Starting Materials
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Table 3: Crude Palm Oil Methyl Esters (with entralner)
) . . Pressure Squalene Carotenes Vitamin E Sterols
Fractions Time (mm) (kg/cm2) (%) (%) (%) (% )

SM - - 0.03 0.06 0.06 0.04

Fl 0-135 100 3.6 - - -

F2 135-195 180 - 10.2 - -

F3 195-240 220 - 3.2 1.2 -

F4 240-260 250 - 1.2 12.6 -

FS 260-300 250 - 12.0 10.8 -

F6 300-360 280 - - 2.8 0.8

F7 360-500 280 - - - 3.6

SM: Starting Materials

Table 4: Unsaponifiable matters (without entrainer)
Fractions Time (min) Pressure Squalene Carotenes Vitamin E Sterols
(kg/cm®) (%) (%) (°lo)

SM - - 8.2 21.6 7.7 59.5

F1 0-100 100 36 - -

F2 100-160 180 88 2 - -

F3 160-200 220 - 81.3 0.8

F4 200-240 250 - 11.7 12.7 -

F5 240-260 250 - 6.6 73.6 0.9

Fé6 260-300 300 - - 8.8 8.2

F7 300-450 300 - - - 90.2

SM.: Starting Materials

O
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Table 5: Carotenes Concentrate (without entrainer)
Pres;ﬁ;é Squalene Caroteﬁes Vitamin E Sterols
Fractions Time (min) (kg/cm?) (%) (%) (%) (%)
SM - - 9.8 4.1 23 5.3
Fl1 0-135 100 | 24 - - -
F2 135-195 180 76 - - -
F3 195-24.0 220 - 67.8 18.7 -
F4 240-260 250 - 18.9 58.9
F5 260-300 250 - 8.7 20.3 -
F6 300-360 280 - 0.2 6.1 1.1.4
F7 360-500 280 - - - 83.3
SM: Starting Materials
Table 6: Crude Palm Oil 'Methyl Esters (without entrainer
Fractions Time (min) g:;ss;rlze) Sq?;j)ene Car((zz;nes Vita(iz};;n E . Stczg/c:l)s
SM - - 0.03 0.06 0.06 0.04
Fl 0-135 100 - - - -
P2 135-195 180 8.6 - - -
F3 195-240 220 - 10.8 - -
F4 240-260 250 - 8.7 20.8 -
FS 260-300 250 6.8 16.7 -
F6 300-360 280 - - 6.6 1.5
F7 360-500 280 - - - 8.6

SM: Starting Materials
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. a Hw 27 March 2008 22 Table 13 (Pal moil products and by-products Pal m
O | Products Compounds (% Squal ene Carotene Vitamin E Sterols 1. CPUs
*0.012 0.032 0.042 0.026 Me CPCs 28.7 24.4 18.2 26.7 Concentrate CPGs 56. 2
48.8 44.3 56.8 UnsTable 18 {RatmSilroductOand HyPpradedds 5 80. 1 2. CPCo 0. 022 0.092
0.076 0.033 ME CPOo 30.6 38.6 36.4 44.5 Concentrate CPOo 63.1 78.2 64.3
79.9

Palm Oil Products Compounds (%)
Squalene Carotene Vitamin E Sterols
1. CPOs 0.012 0.032 0.042 0.026
ME CPOs 28.7 24.4 18.2 26.7
Concentrate CPOs 56.2 48.8 443 56.8
Unsap. matters CPOs 76.8 63.3 60.5 80.1
2. CPOo 0.022 0.092 0.076 0.033
ME CPOo 30.6 38.6 36.4 44.5
Concentrate CPOo 63.1 78.2 64.3 79.9
Unsap. matters CPOo 85.7 95.2 89.1 98.1
3.NPO 0.034 0.065 0.066 0.044
MENPO 32.1 40.4 411 554
Concentrate NPO 65.0 62.5 60.6 88.2
Unsap. matters NPO 88.1 81.8 80.7 96.9
4, PFAD 0.8 - 0.78 1.12
ME PFAD 36.7 - 45.5 50.8
Concentrate PFAD 73.3 - 79.4 80.6
Unsap. matters PFAD 92.6 - 88.7 91.3
5. Residual fibre oil 0.056 0,52 0.23 0.48
ME R fibre oil 30.2 38.9 38.8 57.7
Concentrate R fibre oil 76.3 60.1 58.6 78.8
Unsap. matters R fibre oil 90.7 88.3 82.1 933

CPOs crude palm stearin
CPOo crude palm olein

NPO neutralised palm oil
PFAD palm fatty acid distillate
R residual

ME  methyl esters



Unsap. matters CPOo 85.7 95.2 89.1 98.1 3. NPO 0.034 0. ngg&g g%‘\)ﬁ 044
-MENPO 32.1 40.4 41.1 55.4 Concentrate,{NPO 65.0 62.5 60 sap.
matters NPO 88.1 81.8 80.7 96.9 4. PFAD 0.8 - 0.78 1.12 M PFAD 36.7 -
45.5 50.8 Concentrate PFAD 73.3 - 79.4 80.6 Unsap. matters PFAD 92.6 -
‘88.7 91.3 5. Residual fibre oil 0.056 0,52 0.23 0.48 ME R fibre oil 30.2
38.9 38.8 57.7 Concentrate TFabl b4cvedetabldoils 60. 1 58.6 78.8 Unsap. matters
R fibre oil 90.7 88.3 82.1 93.3 CPGCs crude pal mstearin CPCo crude palm

ol ei n [NPO nexgge@blbmd pal mqil PFAD pal m f@bﬁ,y(,tﬁgg @)distillate _ R
resi dual IVE rret hyl esters 27 VhT b$b}1ﬂé}f€ 23 TaR) B min E veq;'E'l‘a'b‘l‘Sﬁ‘;gE‘l‘s_
Veget a.,. € "W“&"nuo 29—Serral-ere—vitatn—E tlf‘" o1 Scyau"%a {SO
0, 116 0. SZgbyaﬁ)?uéHJ 7.7 32.12 Concentrate¢ SO §§ 6 60 Unsap Pnat t er SO
72.8 90. 1 MESQnf| ower seed (|SU) 0.064 0.3[62 M73U _ 20 1 33.332
Concent r at €orgent&t: ¥ 61. 8 529 60.7
Unsap. matter SO' 72.8 90.1
2. Sunflower seed (SU) 0.064 0.362
ME SU . 20.1 333
Concentrate SU 50.3 61.8
Unsap. matter SU 63.9 91.5
3. Rapeseed oil (Ra) 0,027 0.582
ME Ra _ : 21.0 35.7
Concentrate Ra 43.7 65.4
Unsap. matter Ra 58.5 89.5
4. Rice bran (Ri) 0.098 1.52
ME Ri _ 21.6 46.3
Concentrate Ri 48.2 68.2
Unsap. matter Ri 65.8 96.1
5. Olive oil (OL) 0.688 0.01 0.11
ME OL 26.3 16.6 32.1
Concentrate OL 62.0 38.8 60.6
Unsap. matter OL 89.6 58.1 88.6
6. Corn Oil 0.060 1.02
ME com oil _ 21.2 44.4
Concentrate corn oil 41.8 65.8
Unsap. matter corn oil 60.5 92.0
7. Coconut oil 0.10
ME coconut oil _ _ 31.3
Concentrate coconut oil 58.5
Unsap. matter coconut oil 84.7




Unsap. matter SU 63.9 91.5 3. Rapeseed oil
-35.7 Concentrate Ra 43.7 65.4 Unsap
_21.6 46.3

R 65.8 96.1 5. Aive oil
*Concentrate OL 62.0 38.8 60.6 Unsa .

(Ri) 0.098 1.5

2 M R

0.060 1.02 WME corn oil

21.2 44Xabledg centrate corn oil

0 7

nmatter

(Ra) 0,027 0.582 _
matter Ra 58.5 837March008 pran

ncentrate R 48.2 68.2 Unsap. natter
(OL) 0.688 0.01 0.11 ME OL 26.3 16.6 32.1
OL 89.6 58.1 88.6 6. Corn Q|
41.8 65.8 Unsap.

ME Ra

21.0

2008

matter _corn oil _60.5 9 Coconut oj | 10 ME coconut oil 31.3
Conceritractions co¢Gallictnoi || B®n6  Unsapf-pdsdte t erAzoconut| @)1 84. 7| &) March
24 Tabl e 15 Fr atine @) (@o,/eaf.n El uent Cpds UBfsgp) ( B)Cdréikne ti enddei n)
C02/ e@nt. Unsap,| Carotenenf@igde mj{ m n MatitnesteersCond.cdirgl m O | pAki by |
Esterl|s 1 0-90|6ml/Ornl| Methyl - 2D 99.9 |(Esters Methyl
Esters
1 0-90 6m1/0rnl Methyl - 20 99.9
Esters
95 80 0.02
Squalene
2 90-190 6m1/Oml Vit. E 81 76.3 68.9
&
6ml/0.2ml | Sterols 18.9 14.2 6.2%
3 190-210 6m1/0.2m1 | Sterols 80.2 54.2 26.1
&
6rnl/0.4m1l | Vit. E 18.E 16.8 10.9
4 210-270 6ml/1ml Carotenes | 96 82.3 54.7
Operating pressure: 180 lcg/cm’
Table 16: Isolation of Palm Vit. E Isomers (a-T, a-T3, y-T3 and 3-T3
Fractions Collection Vit. E Vit. E Vit. E Vit. E
Time
(min) a-T a-T3 v-T3 5-T3
S/M - 12.7 11.4 19 5.8
1
2 41-47 100
3 47-54 100
4 54-61 100
5 61-77 99 |
6 77-145 33 97
145-
a. SIM : Starting material (Vit E concentrate -50%)
b. T: tocopherol
¢c. T3:tocotrienol
d. Conditions: P= 180kg/cm’, T = 70°C
e. SC-CO;: ethanol = 5m1:0.25m1(95.2% : 4.8%)



95 80 0.02 Squalene 2 90-190 6m 1 /Om Vit. E 81 76.737%18".“5‘12%0%/0. 2ml
-Sterols 18.9 14.2 6.2% 3 190-210 6 .2ml Sterols 80.2 54.2 26.1
6rnl/0.4m Vit. E 18.E 16.8 10.9 4 2T0-270 6m 1 / | m Carotenes 96 82.3
54.7 Operating pressure: 1801cg/cnR Table 16: Isolation of PalmVit. E
*Isoners (a-T, a-T3, Y-T3 and 8-T3 Fractions Collection Vit. E Vit. E Vit.
EVit. E Time (mn) a-T a-T3 y-T3 8-T3 S/M- 12.7 11.4 19 5.8 1 2 41-47
100 3 47-54 100 4 54 61 100 61- 77 99 1 6 77 145 33 97 145 a. SIM:

Starting mat er| al ¥ ocopherol c¢. T3:
t ocot rienaol Condi-tions:

_-_ i e

P= ’IRﬂlznlr- . T = 7('\(" =) SC-CO2 - _ethanal =
5ml: 0 213%@@5 204 Tie (muy 27 Wqralane 2008  STONEH| o 17V€nsapgni S8 e ngtters
(wi t h| entrai ned)| Fractions [Ti rE™®ni n) |Squal®®ne Carot@es Vilt. E"3terolls
(%9 (P9 (BM(9%9 | SIM8.2 21[ 6 787 59. 1§ 21.6 7.7 59.5

Fl 0.34 98.0
F2 3441 90.0
F3 4147 20.0 (@-T)
80.0
F4 47-54 (0-T3)
100.0
F5 54-61 (a-T3)
. 100.0
F6 (v-T3)
61-72 100.0
F7 72-77 (y-T3) 9.0
10.0
F8 . 77-145 (5-T3)
1600
Conditions: P= 180kg/cm? T=70°C
SC-CO,: ethanol = 5ml:0.25m1(95.2%:4 v/v)
Table 18: Carotene and Vit. E Concentrate
Fractions Time (min) Squalene Carotenes ' Vit. E Sterols
(%) (%) (%) (%)
SM 82 216 48.8 213
Fl 0-7 96
T2 7-11 90 (@-T) 10.0
F3 11-13 15 (a-T) 85.0
F4 13-14 (&-T3)98.0
F5 1520 (y-T3)98.0
F6 00-25 (6T3)98.0
F7 2540 98
Silica column: 20mm ID x 200 mm length

Condition:

P = 180 kg/cm?, T = 70°C
SC-CO, : ethanol = (95% : 5%, v/v)



FI '0.34 98.0 F2 34-41 90.0 F3 41-47 200(aT) 800F44754 a-T3)
-100.0 F5 54-61 (a-T3) 100.0 F6 (y- }g 61-72 100.0 F#7March200873) 90.0
10.0 F8 77-145 (6-T3) 100.0 Conditfons: P= 180kg/cn2, T=70C SC- C02:

et hanol = 5ni: 0. 25n(95.2% 4 v/v) Table 18: Carotene and Vit. E Concentrate
*Fractions Tinme (min) Squal ene Carotenes Wt. E Sterols (%9 (% (% (9
SSM8.2 21.6 48.8 21.3 Fl 0-7 96 2 7-11 90 (a-T) 10.0 F3 11-13 15 (a-T)
85.0 F4 13-14 (a-T3) 98.0 F5 15-2Bableldr3y 98 0" Fp 0-25 (8T3) 98.0 F7

5-40.98 Silica colum: 20mm 1D x 20 m‘nlpnnfh Condition: P = 180 kqg/cn?,
T = 7dectiags. o2 Tee{mipl = ?9@%165% Fapgteres 27 | Mitr Bh 2008 Sterols
%) (%) (%) (%)

S/M 8.2 21.6 48.8 21.3

1 0-15 98

2 1.5-2.5 92

3 2.5-3.2 (a-T).96.0

4 3.2-3.8 (a-T3) 98.0

5 3.8-4.2 (y-T3) 98.0

6 42-5 (3-T3) 98.0

7 5-8 99

Conditions: P= 160 kg/cm?, T=40°C
SC-CO,: ethanol = 3.0:0.2 (mls/min) (93.75% : 6.25%, V/v)



Tabl e 19 Fractions Tine (mn) Squal ene Carotenes Vit ;gfrol é@@ (%
(% (%9 S/M8.2 21.6 48.8 21.3 1 0-1.5 98 2 1.5-2.5 93 ch 260
(a-T).96.0 4 3.2-3.8 (a-T3) 98.0 5 378-4.2 (y-T3) 98.0 6 4.2-5 (6-T3)
98.0 7 5-8 99 Conditions: P= 160 kg/en2, T=40C SC-C02: ethanol = 3.0:0.2
"(mMs/mn) (93.75%: 6.25% v/v) 27 March 2008 27 CLAIMS 1. A nethod of
chromat ographi c isol ati on of squal enes, sterols, vitamn E and carotenes
froma conmpound conprising squal enes, sterols, vitam n E and car ot enes,
said nethod conprising the steps of: i) esterifying the free fatty acid
conponents of the conmpound with &@IAMIS nore nonohydric al cohols to form an

esterified conposition having a very low fatty acid content, ii)
transesterifying the glyceride conponents of the conmpound into nonoesters
by enpl oyi ng one or nore nonohydric alcohols, iii) subsequently introducing

t he produc 0 eps i),.and cti.ve.adsorbent to
o adschptt on-ndd BkEbERS e Mool oPRRisfer, Sl VAR E Bl S ence,
sterol s, viara@erien fiomenchngint @nesisihg emleirs, staols,ofthaitE byl ceqateptsaidn, wherein
t he adsorptl qiand/or ﬂV E gﬂéon steps are carried out under a
supercrltl@ﬁ R i Lk T LA o) 2. Anmethod as clained in claim1

wherei n the squal enes, sterols, vitamn E and

i) esterifying the free fatty acid components of the compound with one or
more monohydric alcohols to form an esterified composition having a very

low fatty acid content,

ii) transesterifying the glyceride components of the compound into

monoesters by employing one or more monohydric alcohols,

iii) subsequently introducing the product mixture from steps i) and ii) onto a

selective adsorbent to allow adsorption of the product mixture, and

iv) isolating the squalenes, sterols, vitamin E and carotenes from the

adsorbent by desorption,

wherein the adsorption and/or desorption steps are carried out under a supercritical

fluid environment.

2. A method as claimed in claim 1, wherein the squalenes, sterols, vitamin E and

carotenes are isolated in a single run.

3. A method as claimed in claim 1 or 2, wherein the squalenes, sterols, vitamin E and

carotenes are isolated at fixed pressure.

4. A method as claimed in any preceding claim, wherein the squalenes, sterols, vitamin E

and carotenes are isolated at fixed temperature.

5. A method as claimed in any preceding claim, wherein the selective adsorbent



carotenes are isolated in a single run. 3. A nethod as imed._ip claimil
.or 2, wherein the squal enes, sterols, vitamn E and ca?t%&gzhﬁ% i sol ated
at fixed pressure. 4. A nethod as claiged in any preceding claim wherein
t he squal enes, sterols, vitamin E and carotenes are isolated at fixed
‘tenperature. 5. A nethod as claimed in any preceding claim wherein the

sel ective adsorbent 27 March 2008 28 conprises either silica gel or
reverse phase .C 1513‘11 si.k.i ca grel . B. hA r’@wodr as claimed in any precedi ng
claim whePBPRSPRELFUGH ST PosTaEL0P5t S 08 €% arried out under a
supercritical fluid conprising an effective anount of CO2 as solvent. 7. A
nmethod as clainmed in any one of clains 1 to 5, wherein the
adsorption/desorption are carried out under a supercritical fluid

conpri si ngé.an eAfmstiod\ae claified i argfpreediagctbin) 8herein thed adséoBti@rdbsarpti@idre ai ner ,
as solvent. 8. A nmethod as.clained in .claim7, wherei he entrai ner

Compri ses ST SPLUHIETS LBFTitel el comprisfe et llsdive PO Al SOk 1SSaNRALS,  wher e n
t he organic solvent conprises an alkyl alcohol. 10. A nethod as clainmed in
any precedi.ng clAahgihodehesimidlintalyorz dSQ4ifk | T, oRreih Piid dsorptidnRiesaptioned out
under a super critical H%Jaui d envi.r.oagrrﬁna whi ch e%I oys .a constan£ flow rate
of sol vent@r® 1FMeR Al FET A syemrifier) HHd rpEsing i At Qidmoutih et & n t he
adsor pt i ondostbamatipi 6f0T0, Sden@Atdihe@ths@slveninder a supercritical fluid

envi ronment whi ch enpl oys constant relative solvent proportions. 12. A
met hod as clainmed in any preceding claim wherein the esterification is
carried ogit enpl aythed adclailed dn alakal7, wiereial thiieptedifert Bmpases Uinf at e aci d
and/or a strongly acidic ion- exchange resin as a catal yst, and the
transest er "BPEAIY A i s carried out using a basic catalyst. 13. A nethod as
claimed in any preceding claim wherein the esterification and/or
transesterification conprises the use of one or nore C to C8 al cohols. 14.
A nethod a¥ cl afrfedhadss elpimedimolim fruhesginthe prganig solyqnt pemprisesrnand/ or

transest erjijkjiarbhddn conprises the use of nethanol.

10. A method as claimed in any preceding claim, wherein the adsorption/desorption
are carried out under a supercritical fluid environment which employs a constant flow rate

of solvent.

11. A method as claimed in any preceding claim, wherein the adsorption/desorption
are carried out under a supercritical fluid environment which employs constant relative

solvent proportions.

12. A method as claimed in any preceding claim, wherein the esterification is carried
out employing a solid alkali metal bisulfate, a sulfate acid and/or a strongly acidic ion-

exchange resin as a catalyst, and the transesterification is carried out using a basic catalyst.

13. A method as claimed in any preceding claim, wherein the esterification and/or

transesterification comprises the use of one or more Cl to C8 alcohols.

14. A method as claimed in claim 13, wherein the esterification and/or

transesterifiaction comprises the use of methanol.



27 March 2008 29 15. A nethod as clainmed in any preced&gg@clgi nb whi ch
further conprises the step of renoving the bul k of the e ZB ®duced in
step i) and ii) by vacuumdistillationgincluding nolecular distillation
prior to step iii). 16. A method as clained in claim15, said nethod
~conprising the additional step of saponifying the carotene concentrate to
yi el d unsaponifiable matters, wherein this additional step is taken
subsequent to the esterification and trans-esterification steps and the
distillation step, and prior to the introduction step of part (iii) and
wher ei n t his. pr odlusdthadi astclairgedin @iy epeding claiam dvhidhi furthencoaptiseethe crep f t he

sel ective adsar ben ontains or conprises, the.ynsaponif.iapl.e . ters. 17.
A ot hod <EmgTEg el B o Pt Sy i BhabHEt sl wFBERE ] ot i on
i S carri edmoledillar distil®fdiod prick dbsteteigly.ees C and a pressure of |less than 13.3 Pa
(I OOmrorr). 18. A method as clainmed in any preceding claim wherein the
conpound conprising squalenes, sterols, vitamn E and carotenes is

sel ect ed fréom t Aemaicdup otdined i ¢lnigh OF, said uibehod prampriahg the paditiomil ktepodduct s

and/ or by-products, and vegetabl e oi 19. t hod as clainmed..i.n any

pr ecedi ng %P%ﬂ‘&f”%? %aﬁ‘g?r‘f < %1?‘8\}%‘8 Y ‘éné?i’g?@fﬂggmﬁ%r%‘@iertem agd‘f‘?ﬂa t he

fol | ow ng gl igtaked abs¢yubntits heesterificationdind YrankZsteBfichBortdteps andlthe ditillafiomet hod as
claimed in claim19, wherein.the pressure i s kept constant at_ 180 . kg/cng,
the tenperifPupl Argr ‘i?élbe[mté?SfH%ti"&ﬁEep g{pa’?é“‘ @&r‘%@?‘r@w PRACLBIXOERO P8 r ate i s
5.25 i/ namd (@nchtiotigced @htoant seletidle hdsofbelfi cohtding oPtorfpHred theiunkapahifiske and
ethanol with relative proportions of 95.2% 48% by volune. 21. A nethod as

clai med i "% 'm 19, wherein the pressure is kept constant at 160 kg/cn®,
the tenperature is kept constant at 40 degrees C, and the solvent used is a

m Xt ur e of 15upenGictiod@atlaiidd inlainelian6) whdrdilthe eloddchMEdiRIRAGY s icarisd Of
0, 0, . 1
93. 75% 6, 205ut/0atbé/0 to\{% Hergeegegné L 8yc\:/sslijfaéto% legg thgil ?39 Pa2 (1%10141%(')#)'.

18. A method as claimed in any preceding claim, wherein the compound comprising
squalenes, sterols, vitamin E and carotenes is selected from the group consisting of crude

palm oil, palm oil products and/or by-products, and vegetable oil.

19. A method as claimed in any preceding claim, which is employed to separate

palm Vitamin E into the following palm Vitamin E isomers:
0-Ts, v-Ts, 6-T3 and o-T.

20. A method as claimed in claim 19, wherein the pressure is kept constant at 180
kg/cm’, the temperature is kept constant at 70 degrees C, the solvent flow rate is 5.25
ml/min and the solvent used is a mixture of supercritical CO, and ethanol with relative

proportions of 95.2%:48% by volume.

21. A method as claimed in claim 19, wherein the pressure is kept constant at 160
kg/cm?, the temperature is kept constant at 40 degrees C, and the solvent used is a
mixture of supercritical CO, and ethanol with relative proportions of 93.75%:6,25% by

volume and flow rate of 3.0:0.2 ml/min.



