A Met hod of Chromat ographic Isolation for Non-d yceride Conponents Field
of _the Invention The invention relates to a net hOd_O_f_C_tlr_O_E[B.t_le’_a.phJ_C

i solation for non- gl yceride conponents particularly ual enes. car ot enes,
vitanin E (sometines abbreviated as Vit. E) sterols m m |MHHW|ke from
crude palmoil, palmoils products and/or by- products oils
and/ or the Iike non- gl yceri de conponent s-conpri si ng conpouads:. Background
of the Invention Crude pal moil contains about 5% of "non-glyceride
conponent s” whi ch include carotenoids, tocols (tocopherols and
tocotrienols), sterols and squal ene. The carotenoids, present at

500- 700ppm and conprising mainly a and R carotenes, are inportant
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Vitam n E and al so natural anti- oxidants, are present at approximately 600
to 1000 ppmin crude palmoil; the nmajor conponent . being the
gama-tocotrienol which has recently been found to have anti- cancer
propert i e¥igkdef thednyeptonown anti - oxi dant activity. Tocotrienol has been
found to |ower blood cholesterol. The sterols consisting mainly of
li-sitosterol, stigmasterol and canpesterol, provide raw materials for
steroi d i Aherinetion aslaighdods ynghod: pf Shramstagraphic ajsglgtions bars sensglyceride

hypochol egtg &Jeﬁ gm ﬁ@fs ua1§fga's'ac|a§)%e§ %ltmnlmpaﬁamg bRALR KNt 9T

cosnetics. eneficial physiological properties. Several
met hods hammlsbeeﬁordén@elul@pé@nt orugx palae pily hameot pwémt&eaMrpbhméucts,n t he

case of R/Q eta%?eb(?lts%ﬁ@&)rdtﬁ 11&eh1%n§ﬁ9¥%e%%?&gﬁts% ré: o§1§§ﬁr'rél§ed as fol | ows:

(1) Extract y saponl I catl |t|sh 2; U. S Patent
2,460, 796; U.S. Patent 2,440, 029; U S. Patent 2 572,467, U.S. Patent

2,652, 433. d (iii) Urea process -- 2 (iv) Extraction
using Ful IBea%k%rI"é%&r) htﬂggl{r%;l{lllq]vat ed carbon, e.g. British Patent 691, 924,

British Pairedet pdm56iP,céddins dbGit %toén‘tnoﬂ—glﬁ&nﬂd&pmp()mtsl‘:‘xtvhahtmdudﬁby

Be!s,? ::It : \;S ic%rﬁle\rllglgé, %oc(i")lsg(tocophserolsl:)z?flt ocotr1e’n013)2 st%ro}s and(squa)lenlvb'{‘he caro%enmds

present at 500-700ppm and comprising mainly a and g 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, p-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:-

@A) * 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 _ e
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In the saponification nethod (i) the oil is saponified to give soap,

gl ycerol and a non-saponifiable fraction containing carotenes. In the
iodine nethod (ii), the iodine is added to a solution of palmoil in
petrol eum ether, an insoluble precipitate of carotene di-iodide is forned.
The i odo- conpound when treated with godi umthiosul phate however yields

i so-carotene or dehydro-carotene which has no biological activity. Wth
the urea nmethod (iii), the triglycerides are broken down to fatty acids and
met hyl esters which then forminsol ubl e compounds with urea and thiourea,
| eaving the carotenoids in the remaining liquid. Extraction of carotenes
usi ng adsVbent Bxtmagiongsiag Fullers eath Gaetiatst erbeyeigeBriishdaieth and  acti vat ed
carbon (et hod dop\ghy. piuRyete1 d6090@X8 a6t ONuplogbhe carotenes from the
earth gives OXIéiZé or isonefised products of carotenes. Carotene is
concentrated six tines in the extract. Extraction of carotenes by

sel ect i ve(wol vefttsctiamgtytseldctivg shlaentbest.& datepedt33W21 usi ng  propane or
furfural. The carotene is concentrated (three tines that of the original
oil) in (He fuvbieedir ktdkdon.By net hod (vi) carotenes can al so be obtai ned
by nol ecular distillation [0.13- 0.013 Pa (103-104 mm Hg)]. Fractions

col l ected_at 230C have a carotene content_aqf about fiyve i nes that of the
original &tfbke S@R%t{]‘}?“‘m E‘Ft%‘éﬁs 85 %pﬂfﬁtsiaf.’ﬁﬁ“fbeg BEGSOB Cﬁot argﬁponent s by
Seni - Pr epasmtdposifidble Huddoh Contdihiaakarblendsd Chr omat ogr aphy", Journal of the
American O Chem sts' Society, US, Anmerican G| Chem sts' Society
Champaign, vo 173, no. 4, 1Apr i | 1996 (1996- 04 - 0 1)

descri bes 1phPidaaRSet il BRasEd D 8ddel HLsaR AR o ObdIm &R P fiRMNut ddser,Ng _
supercritical _fluid chromatograph The docunent descri bes a process which

enpl oys B8R dihkle BisePitas of FArOtese t?éfdétlé formedp Apsniesiorcoppeidnibils. Lee H.
Chung B. Hreat@dWitlP8ddkum thidshiphdORGEREN 315D -k ot RGP BASHR) @rdtén MRy bean

Sl udge by Supercritical Carbon D oxide", Journal of the American GOl
Chemi st s' hasgidiielpgical ¢efivitg8, no. 8, 1991, pages 571-573 describes a
supercritical fluid extraction nethod to test the feasibility of

t ocopherol concentration from soybean sludge. GB 2,218,989 describes a
process f &Yith Begyrer petded (H) dheeAisliesrides gecopRksofovn el pfigheidsmetind st erol s

from est episfk GahidAahdR il inkbHIOc PRV ER Wi Ak a3PhbaRk, BXkdAGE ERReds&NNI ques.

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



To-date, there has not been any net hod which discloses the use of
supercritical fluid in the adsorption/desorption chromatography

i sol ati on/ separation of the non-glyceride conponents (i.e. carotenoids,
tocols, sterols and squal ene) from plant source such as CPO (crude palm
oil), palmoil products and/or by-products, vegetable oils and fats and/ or
the |ike non-glyceride conponents-conprising conpounds. Al known net hod
previ ously disclosed in the adsorption/desorption chromatographic
SeparatlOﬁuﬁﬁhﬁkylmem¢M€me§am$éthndﬂﬁVbﬂAswﬁMmKhhchmmﬁsdkmkv HAd

hazar dous),. Thus eed 19 oyihde a Separat n i sol ation
process, Wélﬁ %Qgtégf f's %ocw?o(gl}a ‘E oA y%blne usgl o prl!)lq\%eg%t g{%ﬁd
consequeanyonﬁnﬁﬁimagapmc&mﬁnshanamgou@épﬂormremﬂmeﬂmn@nmhmsammunL

gl yceri de .conmponent s e Lnvention ,.The present Jjnvention
provi des & ﬁggﬁ8aq ?a%ﬂ?gﬁgp%ﬁWgn Igeibed PGS B gmRl %ggmthg grols

vi tam n Ecahnthneasephetease galraowilaopimpasind conpri si ng squal enes, sterols,
vitam n E and carotenes, said nethod conprising the steps of: i)
esterifying the free fatty acid conponents of the conpound wth one or

nor e monoliyelH. Claing @hHI, sant cPaﬂorYrHahCmbﬂra’tibri efl Tdcoph@ﬂlpcfﬂim Soybelmavi ng a very
| ow fatty C|d cont ent fransest er e cer conppnent s of
the conpodii{ee PNt uPﬁ{?HB‘éaét greon, DIOXIIS - 6\ j ane o‘?‘%ﬁ%r e n@ﬁ%)% NEI c

al cohol s, Socikty] w)olssebﬁcequemll, yagemls‘:’bducde&glbteshe sieaualiticAl ﬂn1d<bxxra<et1c5rr om steps i)
and ii) onto a sel i ve orbent to all dsorption of the product

m xt ure, &ﬁﬁwd“%e“ﬁg%&%?@H H@oéﬁﬁgfgﬁg§m1@f§WBF “AYY$Fn E and car ot enes
fromthe adsorbent by desorptlon wherein the adsorptlon and/ or desorption
steps are carried out under a supercritical fluid environnent. The present
i nventi on GBODEES 96D dsdidbdDprobdss ﬁiﬂ&&ﬁ%@gﬂ@ﬁﬂﬁnglgb saioﬁliehgg tdc@f\rfleﬁtﬂﬂiﬂm yceride
conponents (carotenes n. E.[ sonetinme revi ated as t

e M R L R BT TR AT
conprises the use of supercritical fluid (such as SC-CQ2) in conbination
Wi th adsorfeditc tHefdikdd ndsbéeh lahg thegOl wdﬁch(ms%lds@waé g& qghagecritkbl figaigel ). The

resent invention be. subj ected d nd/ qr directly to.(a crude
present LB, TR be, SUDL et ed, ST el kel IS 4,48
esterifi cabmpdtehts @S eabtesdids| ©adls, Bferols 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



of vegetable oils) or (b) concentrate (through renoval of the bulk of the
esters from (a) via vacuum distillation including nolecular distillation)
or (c) the unsaponifiabie matters of the concentrate in (b) (through
saponification process) Hi gh concentration of carotenes, vitamn E,

sterol s and squal ene can be obtained By nonitoring supercritical fluid
process conditions such as tenperature between 30C- 100C, pressure from
50kg/ cm2 to 600kg/cn2 , with and without an to entrainer ( co- solvent such
as al cohol s). A nmai rompasitivhagengd verhiewifaityenidicontedtj es in t he use of

liquified gas at supercritical ..conditjons, hence avoidi . yeducing the
prior requi rené‘;ts for hé?ﬁ?eatcgﬁgmsggt 3§hf%qde§°n&?egglogdgedg(gn (ra}lrb ion of the
i nvention Accor di ng ifité nioh€estersey etibloyiny et dr atord thetodydrs appobals,ded a net hod of
chr omat ogr aphi Gii) i sol at i aaobdequentlyrinfroducignhegprydiet intkeure fromerpni atid if)i ncl udi ng
carotenoids, tocols, sterols and squaiene) from CPO (crude palmoil), palm

oi | products and/ or dJaprd¥eRgiint8sordeanoady adsbription ¢igh prafuctirigtute, kel
non- gl yceri de conponent s-conpri si ng conpounds, said nmethod conprising the

fol l ow ng stepsyf or thregsdlitink@Keaqtalénosl sR1QSitah@s Erand edotomds@m Rout e (a)
(i) Esterifying the free fatty acid conponent of the non-glyceride
conponent s- conpri sithg.emBABRdsowibh one or nore nonohydric al cohols to
forman esterified conmpound with a very low free fatty acid content; (ii)

Trans- est eghér¥ih 8 iR6pHbY &RYdrARsFRBRARBN b dbtridd QMA@ andp&crmaphydirc
al cohols to convert into nonoesters; (i1ii) Introducing the non-glyceride

conponent sfl¢ig §Pyifosmsy- conpounds (i.e. esters fromsteps (i) and (ii)
above) to allow the adsorption of non-glyceride conponents (carotenoids,

tocols, stepgl ?e%s%gqn\%gf_r'g{ SO Rindd 5?&1@&5@/@%%@%{?%& R ycasequent ly

(iv) Desorbin non yceride conponents f he adsorbent, \Werein

t he adsor pteowpgrdets Geapetenss, ORmithE [sroretigey sdrdvitedconporidnsterolsnsaseleps (iii) -
(iv) is from natural oils and fats, wherein the method comprises the use of supercritical fluid
(such as SC-CO,) in combination with adsorbents (such as silica gel or C18 reverse phase

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
(©) 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.



carried out under a supercritical fluid environment. Route b (i)
Esterifying the free fatty acid conponents of the non-glyceride conponents-
conpri sing conpounds with one or nore nonohydric alcohols to form an
esterified conpound with a very low free fatty acid content; (ii)
Trans-esterifying the glyceride conpoﬁ%nts W th one or nore nonohydirc

al cohols to convert into nonoesters; (iii) Renmoving bulk of the esters in
step (i) and (ii) by vacuumdistillation including nolecular distillation
to yield ortdileddesceipticeof thaivenfionl-8% 6 (iii) Introducing the

non- gl yceri de conponents conpri sing conpounds (i.e. the carotene

concentrate fromstep (iii), above) to allow the a tion of non-glyceride
conponent SeEdngtia ntBF dEeseqtpyeriion sq?%? df Provifted Hé?q@a ‘; ﬂﬁ?rﬁat%ﬁrgpg‘l‘ %ctive

adsor bent jsolAB8 & URSREHADEdriGE ¥omPeasaRd RindBidi B earBeRoigH, Y26l | segols erponent s
fromthe adsorbent, \erelin the adsor E)tl on/ de%(o?ﬁgtl on of the non-glyceride

conponent $44afng fags8 CPO\(yrude pajy qily, pafmpif produaty and{gr qusprodudty yegeiableqibal “ £ 1 ui d
envi ronmentd/ JROee 1€ ) ndrl- glycléﬁﬁé'r tdnonéhtd-Renplikife Ebgodn®Ci @i appnent of the
non- gl yceri de congonents- i Si npounds with one or nore nmonohydirc
al cohol s tempisirg ﬁfoélgw@,gpfegﬁ or %??ﬁg@‘?iﬁ“wl{t% ag depeniBed el ree fatty acid
content; (ii) Trans-esterifying the glyceride conponents with one or nore
nonohydri ¢ al cohols to convert into nonoesters; (iii) Renoving bul k of the
esters in Rowe (@) and (ii) by vacuumdistillation including nolecular
distillation to yield carotene concentrate of 1-8% (iv) Saponifing the
carotene concentrate in step (iii) to yield unsaponifiable matters; (v)

I nt r oduci ngi)t he risrerifling thei e ‘@amﬁemmoc@mﬁtheshwgglammeMBommsal | ow t he

adsorption of nqn e 19501 s and
squal ene) onto a g %%%tc?@gou%gsor@e%e of %g)l; ﬁtﬂt&)?l t)b %e 8Li ng the
non- gl yceri de cmnﬁehtompbmrrdrwuh”eeve@dbwrﬂmrﬁatty actM:entemtn

@i1) 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 non-glyceride comp'onents
(carotenoids, tocols, 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 aéid content;

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

(ii1l)  Removing bulk of the esters in step (i) and (ii) by vacuum distillation including

molecular distillation to yield carotene concentrate of 1-8%;



t he adsorption/desorption of the non-glyceride conponents in steps (v)-(vi)
is.carried out under a supercritical fluid environment. Preferably, the
esterification of step (i) above is carried out enploying (a) a solid

al kali metal bisulphate (b) a sul phate acid and/or strongly-acidic

i on- exchange resin. Preferably, the trfansesterification of step (ii) is
carried out enploying a basic catalyst. 7 Alternatively, both the
esterification and transesterification are carried out using an enzyne;
for exanple candi da rugosa and lipase. 1 to 20% by wei ght of catalyst may
be enpl oy ¢ih) de peirsducige the @bn-gReerite cghponeits-téraprising@ompdinys @.arthosydtere t 0 aci d
noi ety present in the_non-glyc nents-conprisin npounds.
Preferably, th&RSPERE froms 8&6?%&W$t?aﬁqFﬁ §@Pbg? %?%% non- gl yceri de
conponents  CORPb&RnE i(dar&éhodB] todddsl sefolahd scﬁtﬁléﬂé)&ﬂtomh%&etuﬁﬂ ddkzBengel . The
adsor bents may  be subjected to adsorptlon of the non-glyceride conponents
present withi n2BhEUSHY he fol lowing; (i) the esterified palmoil; or
(ii) the ggyot %b@o&&@@%ﬁoh%lﬁer(dﬂe SHpothetRthdaskbadt, t he esters have been

removed through vacuumdistillation or nolecul ar distillation (short path

di stillation); ergifj i ) the unsaponifiable material s by saponifying the
carotene concengg Q‘ﬁs%rpgf)n/&ésbl%)tlon c;ﬁﬁﬁe rdRlgHBS c! axsd s{eﬁi(l\t) bey)R¢ esent net hod
conprises; (i) Supercritic e.g. SCC02 (1009, and/or (i)

Supercritical fclameé optanger asepmycalu ﬂPl‘t@WﬂPW&W on with an entrainer (solvent
such as al cohol) Carotene, tocols, sterols and squal ene can be isol ated
wth > 50%purity in a single run by varying pressure from50
kg/ cn- 60RegledaR at tenperatures 30C 100C. It shall therefore be
illustrated, by neans of the follow ng exanples, that supercritical fluid,
applied to solid adsorbents such as silica gel and/or Cl8 reverse phase
silica gelli) pr ®@stepi@sngrhe ﬁ‘@rfwy&aidi csfrxii@{eﬁtl’qft}féﬁaﬂﬂglyédmﬂe i:cmioa&ﬂtsng non- gl yceri de
conponent s (|nclud|n carote tocol s, s%er %H@ﬁ £ ua que from CPO
(crude pal m of PPN STRCT SHICHS et GPMHy A ES PrGgetame o |
and/ or the ||kQoﬁ@&n@NM&Qhk@ﬂoﬁQﬁBQﬂ@@&ﬁc&ﬁaﬂf|SIng conpounds 8 Exanple 1
Crude palm.oil methyl ‘esters containing "mnor" non-glyceride conponents
(i ncl udi ndu Trans-€sterifying the glyceride components with one or more monohydric 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%.
(iv)  Saponifing the carotene concentrate in step (iii) to yield unsaponifiable matters;
V) Introducing the non-glyceride components-comprising compounds to allow the
adsorption of non-glyceride components (carotenoids, tocols, 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

) a sulphate acid and/or strongly-acidic ion-exchange resin.

Preferably,' the transesterification of step (ii) is carried out employing a basic catalyst .



carotenes, vitamn E, squal ene and sterols), derived from al coholic
esterifiation/transesterification of crude palmoil with al kali 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
tenperature of 90C 180C and pressure df less then 13.3 Pa (100m Ton) to
give a carotene concentrate of 1-8% The carotene concentrate was

subj ected to saponification process to obtain unsaponifiable matters
containing carotenes, vitamn E, sterols and squal ene. A typical sanple of
t he unsap@memb@Rlyg bost ﬂqeresterﬁﬁdaabmﬁﬁfrms@mlfﬁamamé eatied 6. 1&3@8@)

cont ai ni ng carotenes 21. 62] wtananp 6@ st er ol 59 and.

squal ene E&YD®) fopg%em EUEP R 2 Eﬂsﬁdn‘f’c,z Sdpvrsent of g tﬁly§§n y

di chl or omgt Qﬁlﬂ%yéc?ﬂéb)emﬁﬁ@uﬁdhatﬂ@dve@ﬂf Of the TRk U cdrisuxkiic & @@l mowtyt h i nter nal

di aneter 20mm and | engt 250mm) . The sanple m xture was eluted using a
m xt ure oPreswhirtlhs Rany W“WHHW%?PHESI?%CWUH@S 499 and entrai ner,

et hanol (0.05nml, 1.6% with a flowate of 3.05m /mn. The pressure of the
supercritical fluid chronmatography systemwas nonitored from P=100kg/cn?
t o 300kg/ Ereterpily.gthpyseledive adensbrnh dort therpdsortign of dshsnaglycerifle 8O@pPongais i ous
fractions ah, ekl {1@5 gatan&bms'rwe%éﬁﬂés% s Gel. BRahSHRY n?aE@e e%zé& ldiso are shown
in Table 1 quua eneé was col |l ected at PreSsure 100- Car ot ene at
P=180- 220kdgbmtien offhe apni-glyEeride cqrampentoyeiesy EitlHp anyiene @fttbfrf@ lewing; >280 kg
/cn2. Total carotenes, vitamn E, sterols and squal ene collected in each
fraction was determ ned by UV-vi si bl e spectrophot oneter at 446nm HPLC
(fluorescémt detestetibed paroiltati on 323nm and emi ssion 296nm), and GC (for
sterols and squal ene) respectively. Exanple 2 The procedure of exanple 1
was repeated except that the pal mcarotene concentrate (4% concentration)
was used i(ili])St eautie odromme;@qmocﬁtrfaiea(bw%) mmte'mrlsllloéf theeestom devertgerereovedr ecover
carotenes, vita st er.o e r.at.el erent
fractions. Resi cigh ares ﬂlgﬂ?atl Orféon e glggﬁte%i(smrtlpa%éf S?Helof)l} ‘Ocedur e of
Exanpl e 1 was repeated except that cr ude paI m0|I met hyl esters were used
directly 0)' Oagxe grrl]stao SP{%?I’ Crt'er‘iallscba sa om m r(‘|erc(a)lro the cgrmét (r)ecover
carotenes, ‘vitamn s an ﬁe separ a er1y i'm di'Tf er ent

fractions Th-e”;o verntes elflnptloyegl %or the present mertllog compns%s

(i) Supercritical fluid, e.g. SC-C0, (100%), and/or
(ii) Superecritical 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/ecm*-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 non-glyceride components (including carotencids,
tocols, 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.



Exanpl e 4 The procedure of Exanple 1 using unsaponifiable matters of the
carotene concentrate was repeated except that only.100% SC-CO2 (w t hout
entrainer) was used for adsorbing/desorbing carotenes, vitamn E, sterols
and squal ene. Results are shown in Table. 4. Exanple 5 The procedure of
Exanpl e 2 using pal m carotene concent Bat e (4% concentrati on) was repeated
except that only 100% SC-CQ2 (w thout entrainer) was used for

adsor bi ng/ desor bi ng carotenes, vitamn E, sterols and squal ene. Results are
shown in Table 5. Exanple 6 The procedure of Exanple 3 using crude palm
oil nmethyl esters was repeated except that 100% of SC-CO2 (w t hout

entrai ner ¥ f4sed. Results are shown in Table 6. Exanple 7 The procedure
of Exanple | using unsaponifiable matters of the carotene concentrate was

repeat ed except that the adsorbent. used was C 18 reverse phase. silica gel
| nst ead of TS| 14T PGPV RELST CONAPES BN PAPFAETE Fompgnn, Gaehidineg The

procedur ecgbtehsanpli@mdn USENG sgadieheCand engereRy)Ceatmatie (40 Ccaneasiic at i on)

was repeated except that the adsorbent used .C18 reverse phase silica
gel i nst egeryfation/frapsesterijicptionspfGridealm gil %@%\gﬁiwﬁﬁt@ o8 ?ul@egﬁtﬁ$ ¥9 The

procedur e edha®peadEah GordesWaAScdtRREAISEhEX TSR baled *htalytlide memhib] @iab paseddhy |

esters were used directly to | oafi ont o sg&ercori tical fl u{,ld chr omat ogr aphy
with Cl8 Heonshgwelppliggdistilgion gks (G ergtgre pEULY RV GandpeEsiaee OV Es B, sterol s
and squal eRgio0ReTUH) %o 21ve SERMnd EbncditlcoOl-8dX ARP okl ThRefa@CREUr € Of
exanpl e 7 using unsaponifiable matters of the carotene concentrate was

repeat ed E¥UEHC 1 HERONEKIHPLIRSSESSE-be YRPRBMEIEPIeIAItieE (RBINIREGEAIRIES f or
adsor bi nghfgsield, bR Lakalrags, vitamn E, sterols and squai ene onto Cl18
reverse phase silica gel adsorbent. Results are shown in Table 10.

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) aﬁd 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 (0.05ml, 1.6%) with a flowrate of 3.05m!/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 emission 296nm), and GC (for sterols and squalene)

respectively.

Example 2

The procedure of example | 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.



Exanpl e 11 The procedure of exanple 8 using pal mcarotene concentrate (4%
concentration) was repeated except that only 100% SC-CO2 (w t hout
entrainer) was used for adsorbing/desorbing carotenes, vitamn E, sterols
and squal ene onto C18 reverse phase silica gel adsorbent. Results are
shown in Table 11. Exanple 12 The proé@dure of exanple 9 was repeated
except that crude palmoil nethyl esters (instead of concentrate), .100%
SC-C2 (without entrainer) and Cl18 reverse phase silica gel (instead of
silica gel) were used. Results are shown in Table 12. 11 Exanple 13 The
procedure of Exanple 1, 2 and 3 were repeated except that other pal m oi
product s Examplesy neutralized palmoil, crude palmolein, crude palm
stearin, palmfibre oil and palmfatty acid distillate were used. The
results a i RS, t s

100- 180ng?%§%&%\2¥ ¢ Bt DAt %i“ai%g?agézdg&%/ chp’ S

kg/ cn2 andsestdiregilstodpadront@gpereytigad fipid dixematdssaphy (TIFEOVSF eseigigse of Exanple
1, 2 and %itm{n% rsgpoqgsrﬁfjsqﬁﬁﬁ&?eos% é}gtm?rin Mﬁ%ﬁéﬂ@h’gﬁio%.lﬁle§ ) rl"tsaﬁe sﬁ&\ypean’
canol a, rapeseed, coconut, sun Power 'see , corn oil, olive ol were used.
The resulit §ahlree3.t abul ated in Table 14. Squal ene was coll ected at pressure
100- 180kg/ cnR2; carotene at P=180-220 kg/cn? (if any); vitamin E at P=220
280 kg /chiamBR $sterols at P> 280 kg/cnR. Exanpl e 15 The procedure of
Exanples 7, 8, and 9 using the sanme starting materials as descri bed
therein were repeated and the results are presented in Table 15. Sone
variations to the operating conditions are also presented in Table 15 .
Exanpl e 16he pxspdire ehExsmpizal waing unssronifmble septtats of Yiercareigae EorceMeddhysat e (0. 01
g; concen Lon:.. =500 i veg 4 O i C : t S

0 chror ol Moxepl fhal s 2604 1SE-C0, AABC ARUHES was S%F’, e h

i nternal adjoshrieg/dssordgrearotedied, eitapnih E2 Senets)and Tivelent. iRgpilts are shovie entabia e

m xture mgs eluted using a mxture of supercritical carbon dioxide (5m,
95.29% and an entrainer, ethanol (0.25m, 4.8% wth a flowate of
5.25nml/ m n. The pressure of the supercritical fluid

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.



chr omat ogr aphy system was kept constant right through the run at

P=180kg/ cn2, keeping tenperature constant at 70C. The four vitamn E
isomers were collected at different tinme interval and are shown in Table
16. The presence and concentration of Vitamn E isonmer were confirmed by
HPLC as in Exanple 1. 12 Exanple 17: 19sol ation of Carotenes, Vitam n E,
sterols and squal ene (Fixed pressure and tenperature) The procedure of
Exanpl e 16, was.repeated except the unsaponiflabie matter of palm ‘carotene
concentra%éig'@.l—eeg g) containing carotenes (21.6%, Vit E (2.7%, sterols
(56.5% and squal ene (8.2% was used, Carotenes, Vit E, sterols and

squal ene were separated into different fractions and the results are shown
in Tabl e The pTavedutt fof Example 2 Usoe\pabn CERIERY Fenceirath (% pecesfatibiafii e 1 i s

that caro St ¢ xed

t emper at ur STt e A e s e G S BBl B e of
Exanpl es 38icamdl Resulinareshowpeaileble 8Unsaponi fi abl e matter of palm
caroteneNit E concentrate (0.01g) was used and | oaded onto a colum (silica
gel, with iant ?ergal di aneter 20nun and | ength 200m). The results are shown

in Table . tenes, Vit E., sterols and squalene were isolated in
different fractions. Exanple 19 The procedures of Exanples 16, 17 and 18

were repegted except .the tenperature: 40C ressure: .1 / nd SC- C02:
et hanol (Vv \‘7%?.%‘6?(?8?5’67@"?& h 2D ST T BT P BT e(fwmﬁgln?ﬁ%c"gre% eﬁ%ﬁ/it. E
concent r atueed Qiré209q) lotdSontts eupesnidcd] dhite dhromb@gapby MUMC{& irévecsa gebg Wi t h
internal di,aneter: 4.6nmm and | ength: .25 . roten Vit sterols and
squal ene WBIE %eggf 55y cﬁrog?rﬁs ’e‘r’lgdn m f%ggﬁg)ﬁ% 5%18fep%§ll§ﬁs?lés zg?esg%“rmeénent ed in
Tabl e 19. ThBledTabl e 1: Unsaponifiable Matters (with entralner) Pressure
Squal ene Carotenes Vitamn E Sterols Fractions Tinme (mn) (kg/cnm2) (%9 (%
(%9 (%9 SM- -.82 21.6 7.7 59.5 F1 0-135 100 86 - - - F2 135-195 180 9.4
ba 4 . pkmmict 550° "o 5 60 1 |

The procedure of example 7 using unsaponifiable matters of the carotene concentrate was
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 prodedure 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. Resﬁlts are shown in Table 11,

Example 12

The procedure of example 9 was repeated except that crude palm oil methy! esters (instead
of concentrate), 100% SC-CO, (without entrainer) and Cl18 reverse phase silica gel

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



F4 240-260 250 - 4.4 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) Pressure Squal ene Carotenes Vitamn E
Sterols Fraction's Tinme (mn) (kg/cn} (% (% (% (% SM- - 9.84.1 2.3
5.3 F1 0-135 100 92 - - - F2 135-1951h80 70. - F3 195-240 220 - 8.2
13.8 F4 240-260 250 .. 3.1 57.3 - F5 260- 300 250 - 3.2 22.5 - F6 300-360
280 1.4 6.6 2.4 F7 360-500 280 - - - 96.6 SM Starting Materials 14

Table 3: @xbapleHal m G| Methyl Esters (with entralner) Pressure Squal ene
Carotenes Vitamn E Sterols Fractions Time (mn) (kg/cm2) (%9 (99 (%9 (9

SM- - 0.03 0.06 0.06 0.04 FI 0-135 100 3.6 - - - F2 135-195 180 - 10.2 -

_12!:8 18_5;3%?‘9 ,E%%g%u(ge §f Exalné&e 1,7 élndzf'ovsl?egl@pe%%(a Beécéeibt Hlai'-gth@r pahE%ﬂ%ﬁQd&%O 250 -

Starting Matheasi mdugralizat |pelng mlUrrséﬁpmimf ¢lgib] erudamleﬂr sea(rw pariauﬁbrermlr @ndner)

Pressure Sqlua%a?ty ac1cc‘1a (515'[1 a[c]ee\%er\e{ &sg‘én ’ﬂle Tesu tlts are ssnown in Table 13. Squalene was
collected at pressure 100-180kg/cm?; carotene at P= 180-220 kg/em’; vitamin E at
P=220-280 kg/cm® and sterols at P> 280 kg /cm’.

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: 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

were confirmed by HPLC as in Example 1.



Fractions Tine (mn) ¢ 2 (off) (off) (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 . F6 260-300 300 - -
8.8 8.2 F7 300-450 300 - - - Sl\i Starting Materials 15 Table 5:
Car ot enes Concentrate (w thout entra||11 r) Pressure Squal ene Carotenes

Vitamn E Sterols Fractions Tinme (mn) (kg/cnm2) (%9 (%9 (%9 (%9 SM- 9.8
4.1 2.3 5.3 F1 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 2§Rampl.12: 6. 1 1. 1.Holaioh FRObbes2¥Ramin E,step@s 3nd KiMaleBeart i ng
Mat eri al s Tab e 68: Cru e Pal m e'l “Meth yl Esters w thout entrainer

Pressure raf mn E . Sterols Fractions Time (mn)
(kg/crme) (%9 (%9 (9 (% SM- - 0.03 0.06 0.06 0.04 F1 0-135 100 - - - -

IF:E %gg: égg'h%g%cedur%o%E%p; 161\25155 r%éegte 2e()?ce_pt t:lig ugsaptl):nll}ﬂa ﬁ:omz%t‘ge(r)o psgm 8.720.8 -

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-CO,: 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 interrial diameter: 4.6mm and length: 250mm). Carotenes, Vit. E, sterols and

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



F6 300-360 280 - - 6.6 1.5 F7 360-500 280 - - - 8.6 SM Starting
Materials 16 En Ooo NOO I I I I'I OO VDEn a) 0000 y OMcl~ ON
Il I ONON Usa, oc 00090, 00-1©CCit Q@ vr+00cuMNI I 00
C v vCCr1l
Table 1: Unsaponifiable Matters (with entralner)
Eract - ] Pressurze Squalene Carotenes Vitamin E Sterols
ractions ime (min) (kg/em?) (%) (%) %) (%)
SM - - 8.2 21.6 7.7 595
F1 0-135 100 86 - - -
F2 135-195 180 94 834 - -
F3 195-240 220 - 92 60.1 -
F4 240-260 250 - 4.4 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’ i ) Pressure Squalene Carotenes Vitamin E Sterols
.| Fraction's ime (min) (kger?) (%) (%) %) (%)
SM - - 9.8 4.1 2.3 5.3
F1 0-135 100 92 - - -
F2 135-195 180 4.8 70.6 - -
F3 195-240 220 - 82 13.8
4 240-260 250 3.1 573 .
F5 260-300 250 - 32 22.5 -
Fo6 300-360 280 - 1.4 6.6 . 2.4
F7 360-500 280 - - - 96.6

SM: Starting Materials

NT
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Table 3: Crude Palm Oil Methyl Esters (with entralner)

Pressure Squalene Carotenes Vitamin E Sterols
Fractions Time (min) (kg/em?) (%) (%) (%) (%)
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 - 32 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 Vite:)min E Sterols
(kg/cm®) %) 0 (lo)
SM - - 8.2 21.6 7.7 59.5
Fl 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 .
F6 260-300 300 - - 8.8 8.2
F7 300-450 300 - - - 90.2

SM: Starting Materials
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Table 5: Carotenes Concentrate (without entrainer) |
Pressure Squalene Carotenes Vitamin E Sterols
Fractions |  Time(min) | (kg/om?’) (%) (%) %) (%)
SM - - 9.8 4.1 23 53
F1 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 Qil 'Methyl Esters (without entrainer
Fractions Time (min) | 5:;5;;1?; Sql(l(;ol)ene Car((;;)e;nes Vit?:/r:;n E . St?;:l)s
SM - - 0.03 0.06 0.06 0.04
Fl1 0-135 100 - - - -
P2 135-195 180 8.6 - - -
F3 195-240 220 - 10.8 - -
F4 240-260 250 - 8.7 20.8 -
F5 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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Table 13 (Palm oil products and by-products
Palm Qil 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. CPQOo 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 55.4
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
MER 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 palmoil
PFAD palm fatty acid distillate
R residual

ME  methyl esters



Tabl e

13 (Pal moil

products and by-products Palm G |
Squal ene Carotene Vitamn E Sterols

CPOs 28.7 24.4 18.2 26.7 Concentrate 23POs 56.2 48.8 44.3 56.8 Unsap.
matters CPOs 76.8 63.3 60.5 80.1 2. CPCo 0.022 0.092 0.076 0.033 ME CPo
30°6 38.6 36.4 44.5 Concentrate CPCo 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
41.1 55.4 Concentrate NPO G3blp b Visgefabls ofls 2 Unsap. matters NPO 88. 1

Products Conpounds (%
1. CPGs 0.012 0.032 0.042 0.026 M

81.8 80.7 96.9 4 PFAD 0. 8 - 078 1 12 NE PEAD 36,7 - 455 508
Concentrate WEgmbI80®s - 79. 4{80.6 Unsap. nat&wmmoupsABI o2 6 - 88.7 91.3] 5.
Residual fibre oil 0.056 0,52 0. Z3udlertd F R Vithnie Foi | 30. 2 38&rd@s 38. 8 |57. 7
Concentatg 5{,55111@;1%3@) [ 76.3[60.1 58.6 78. Ungap matters R fpbye oil '
90.7 88.3,82cd 9 CPGs crude pal mstear|n CPOp; ¢rude pal m ohehn NPO
neutraJI|s O?galm% PFAD pal mfatty acid| disti te Rresid3§l7 MVE net hyl
esters Bfrae o Veget able oils Vegetaple OIS Compolinds (g'
Unsap matter S 90.1
2. Sunflower seed (SU) 0.064 0.362
ME SU _ 20.1 333
Concentrate SU 503 61.8
. Unsap. matter SU 63.9 91.5
3. Rapeseed oil (Ra) 0,027 0.582
MERa _ 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 B 21.6 46.3
Concentrate Ri 48.2 68.2
Unsap. matter Ri 65.8 96.1 L
5. Olive oil (OL) 0.688 0.01 0.11
ME OL 26.3 16.6 321
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 _ _ 313
Concentrate coconut oil 58.5
Unsap. matter coconut oil 84.7




Squal ene Vitamn E Sterols Soyabean G1 (SO 0,116 0.320 M SO _ 27.7
32:2 Concentrate SO 52.9 60.7 Unsap. matter SO 72.8 90.1 2. Sunfl ower
seed (SU) 0.064 0.3 62 M SU _ 20.1233.3 Concentrate SU 50.3 61.8 Unsap.
matter SU .63.9 91.5 3. Rapeseed oil (Ra) 0,027 0.582 Mt Ra 21.0 35.7
Cohcentrate Ra 43.7 65.4 Unsap. matter Ra 58.5 89.5 4. Rice bran (Ri)
0.098 1.52 ME R 21.6 46.3 Copgapigate R 48.2 68.2 Unsap. matter Ri
65.8 96.1 5. Aive oil (O 0.688 0.01 0.11 M O. 26.3 16.6 32.1

Conce o n ar 3818 606 —tUn et O-—89: : B~6. Ccorn O |
t 4 S0] Blad s %

0. 060 iacgén VB éc)oorcnn.m 5?. 2 44.4 %né’ent fa?te corn?%l | 41.8 (g% 8 Unsap.
matter corn oi |tEpEnpCA/et Coconut oi | QURERP- ME ¢ SeBiENE oi|ICrage 3
Concentrate coconut oi |™BBIB  Unsgp. matt ¢Mati€onuy Pt 84. 7 BAM Ofap) ¢ 15

Frac{ions Coll| ctn Eluknt Cpds % (A) (B) (C) Methyl

Esters

| 0-90 6ml/Ornl 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 6m1l/0.2m1l | Sterols 80.2 54.2 26.1
&

6rnl/0.4ml | Vit. E 18.E 16.8 10.9

4 210-270 6ml/Iml Carotenes |96 82.3 54.7

Operating pressure: 180 leg/em®

Table 16: Isolation of Palm Vit. E Isomers (a-T, a-T3, v-T3 and 6-T3

Fractions Collection Vit. E Vit. E Vit. E Vit. E
Time :
(min) o-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 1

6 77-145 33 97
145- :

SIM : Starting material (Vit E concentrate -50%)
T: tocopherol

T3: tocotrienol

Conditions: P= 180kg/cm?, T = 70°C
'SC-CO, : ethanol = 5m1:0.25m1(95.2% : 4.8%)

® a0 ow



time (mn) C02/ent. Unsap. Carotene Crude m/mn Matters Conc. PalmQl
Met hyl Esters 1 0-90 6m/Ornl Methyl - 20 99.9 Esters 95 80 0.02

Squal ene 2 90-190 6m./OmM Vit. E 81 36.3 68.9 6nl/0.2m Sterols 18.9 14.2
6.2% 3 190-210 6ml/0.2nml Sterols 80.2 54.2 26.1 6rnl/0.4nll Vit. E 18. E
1628 10.9 4 210-270 6nl/ImM Carotenes 96 82.3 54.7 (perating pressure:
180 lcg/cnR Table 16: Isolation of PalmVit. E Isonmers (a-T, (x-T3, Y-T3
and 6-T3 Fractions Collection Vit. EVit. EVit. EVit. E Tinme (mn) a-T

a-T3 y T3 6-T3 S/Mbleﬁu?:s?g%mﬂablegmitgrs Gvith él,;trﬁzeéoo 3 47-54 100 4 54-61
100 61-77 99 1 arting material (Vit E

conce ml;; 5099 h— (OCE, 0] B ¢ P tgn&cm rTeAPE d. onglLjions: | P=
180k g/ c%?Eﬁ 2 'odf“e(.m“gc- @) hano| = Sl 0. 25MI(95. 2% | 47@Yy 25
S/M 82 216 77 595
Fl 0.34 98.0 -
F2 3441 90.0
F3 4147 200 (-T)
80.0
F4 - 47-54 (a-T3)
100.0
F5 5461 (&-T3)
100.0
F6 (y-T3)
61-72 100.0
F7 72-77 (4-T3) 90.0
10.0
F8 77-145 (5-T3)
~ 100.0
Conditions: P= 180kg/cm? T=70°C
SC-COy: 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 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 1520 (y-T3)98.0
F6 20-25 (8T3)98.0
F7 25-40 98
Silica column: 20mm ID x 200 mm length
Condition: = 180 kg/cm?, T = 70°C

SC-CO, : ethanol = (95% : 5%, v/v)



Tabl e 17: Unsaponifiable matters (with entrained) Fractions Time (nin)

Squal ene Carotenes Vit. E Sterols (%9 (%9 (%9 (%9 S/ M8.2 21.6 7.7 59.5
FI 0.34 98.0 F2 34-41 90.0 F3 41-47»20.0 (a-T) 80.0 F4 47-54 (a-T3 )
100.0 F5 54-61 (a-T3) 100.0 F6 (y-T3) 61-72 100.0 F7 72-77 (y-T3) 90.0
1000 F8 77-145 (6-T3) 100.0 Conditions: P= 180kg/cn2, T=70C SC- C02:

et hanol = 5ni: 0. 25ML(95.2% 4 v/v) Table 18: Carotene and Vit. E Concentrate
Fractions Time (mn) Squal ene Carotgprsie Vit. E Sterols (% (%9 (%9 (%
SSM8.2 21.6 48.8 21.3 Fl 0-7 96 72 7-1I1 90 (a-T) 10.0 F3 11-13 15 (a-T)

85. F4 13- 14 a=13)5.98. 1 5-20 - 98. ; 20- 25 98.0 F7
25 4GSR | | e s friiny” chs%%af’“lﬁ X 20%%%@%%@ Q(yf)'@ (S}/oé)?"llg)

S/M 8.2 21.6 48.8 213

1 0-15 98

2 1.5-2.5 92

3 2.5-3.2 _ (a-T).96.0

4 3238 (a-T3) 98.0

5 3.8-42 (y-T3) 98.0

6 425 (5-T3) 98.0

7 5-8 99

Conditions: P= 160 kg/cm’, T=40°C
SC-CO,: ethanol = 3.0:0.2 (m1s/min) (93.75% : 6.25%, vIv)



Condition: P = 180 kg/cn2, T = 70C SC-C02: ethanol = (95%: 5% v/v) 26
Table 19 Fractions Tinme (mn) Squal ene Carotenes Vit. E Sterols (% (%
(%9 (%9 S/ M8.2 21.6 48.8 21.3 10-1.598 2 1.5-2.5092 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 4.2-5 (5-T3)
980 7 5-8 99 Conditions: P= 160 kg/cn2, T=40C SC-CO2: ethanol= 3.0:0.2
(ms/mn) (93.75%: 6.25% v/v) 27 CLAIMS 1. A nethod of chronmatographic
isolation of squal enes, sterols, vitamn E and carotenes froma conpound
conpri sing squal enes, sterols, vitamn E and carotenes, said nethod
conprising the steps of: i) esterifying the free fatty acid conponents of
t he conpound with one or nore nghéﬁgﬁric al cohols to forman esterified

conposition having a very low fatty acid content, ii) transesterifying the
gl yceride conponents of the conpound into nonoesters by enploying one or
nore nonohydric al cohols, iii) subsequently introducing the product m xture

fromsteps i) angheihbd o?RhRnfitogt@hRCikdIMRNAcSQLAEYs, fteroR| hamhiads an@t i on of
the product m xture, and iv isolatig&@the squal enes, sterols, vitamn E
and car ot 6HeENgS T £ KeMPREd SPTBRIBINSSHUARES FiETO o MAmih S GerPKBeSa 3G pt i on

and/ or degffHdl tQHpritRte AR ogarri ed out under a supercritical fluid
envi ronnent .

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



2. Anethod as clainmed in claim1, wherein the squal enes, sterols, vitamn
E mand carotenes are isolated in a single run. 3. A nethod as clained in
claim1l1 or 2, wherein the squal enes, sterols, vitamn E and carotenes are
isolated at fixed pressure. 4. A nethdd as claimed in any preceding claim
‘wherei n the squal enes, sterols, vitamin E and carotenes are isolated at
fixed tenperature. 5. A nethod as clained in any preceding claim wherein
-the selective adsorbent 28 conprises either silica gel or reverse phase C
18 sili Pac&agdrisesﬁeithé SiTRh BOG: Bvest plaRBE 118N si@iBYedpr ecedi ng claim wherein the
adsorption/desorption are carried out under a supercritical fluid
conprising an effective anount of CO2 as solvent. 7. A nmethod as clained in
any one of claims 1 to 5, wherein the adsorption/desorption are carried
out under a supercritical fluid conprising an effective amount of a

conbi nat i én of Acugthedhas climedhinapy presedingslaip) whergin thg adsaratiep/dererniion é1eai ned i n
claim 7, WHAELHR uhdle 2 SefdikiBs Fuld QOMRprisH S ifectiPf S} CorEe), ¥efMivend- A net hod
as claimed 1n clarm 8, wherein the organic solvent conprises an al kyl

al cohol. 10. A nmethod as clained in any preceding claim_ wherein the

adsor pt i oft/ des ok petheshas claineed dmgny ioeciof slatmsurie &rwhgregiihe pespiptipe/desorntion d

envir onmegl, WHLGH SIRLAYS s AuaBRIAN I QWnbMi aPlerRBlwCRhount ot A method as
claimed in any preceding claim wherein the adsorption/desorption are
carri ed ou¢mbinamn oACOwpad ar ¢ntiapal, af JolMent. envi r onnment whi ch enpl oys const ant
rel ative solvent proportions. 12. A nethod as clained in any preceding
claim wherein the esterification is carried out enploying a solid al kal
met al bi s@l f at A nzthod| @ afamerc indclaimd7, ovheseis theoentfripera corafirses em- exchange
resin as a %gggg%sg, and the transesterification is carried out using a
basi c cataP%sf. 9" A method as clainmed in any preceding claim wherein the
esterification and/or transesterification conprises the use of one or nore

d to G g COhoé%lat]h%c? as cféimngdtirrx] gldfajem?i?, ]yv%!er%‘j %dor!%agﬂccslo%ierrlp c%i%ﬁrié’g;' grrl ein the

esterification ranse raction nprises e use of methanol
29 alkyl alcohol.
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.



15. A nmethod as clainmed in any preceding claim which further conprises the
step of renoving the bulk of the esters produced in step i) and ii) by
vacuumdi stillation including nolecular distillation prior to step iii).
16, A method as clainmed in claim 15, 34%id method conprising the additional
'step of saponifying the carotene concentrate to yield 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 wherein the product

m xture of steps (1), and (ii) introduced onto fhe selective, adsorpent
contai ns or cor‘?pF‘g@é‘% a3 plaimsAd ﬁ%P‘feFegimgecqa“ﬁaf"gJéf‘3‘.’“@‘790“2?”ﬁfi§tth%ﬁe%gpcl ai med
in clai m i&ndingkBe b 6f @E Bstérd ProdBdeaGulkidp 1)ding i) by dbduam digille@rih@eiingout at 90
to 190 degrees C and a pressure_ of less than 13.3 Pa (1 OOmlorr). 18. A

met hod as RAlesriapdstiliationRiiopiestegdidng cl ai m wherein the conpound conpri sing
squal enes, sterols, vitamn E and carotenes is selected fromthe group
consistinq of crude palmoil, palmoil  products and/ﬁr £¥¢product€, and
veget abl e 18i | . A gethad gy claigepda clamg;lpetpid ﬁlefaﬂfy COIPRItSEN; they 2] Stethpleh i s
enpl oyed tghonPas te@aroRad BnVeriaRitd yieldiuRtapordifidld RiteRWvAgeiRahifhIbidoaal N E
isonmers: a-T3, -y-T3, 5-T3 and a-T., 20, A nethod as claimed in ¢laim19,
wher ei n t §&P py ek subsepuent toghe estrmification ang trepgesterifigptiqapters d thedigdetitiure i s
kept const@plan@briciQo Me iR S1ibn st 6t pa@ (IMEME wh@MY thelrSiubSmiRiudeof si¥hd (1) N and
the solvent used is a mxture of supercritical CO2 and ethanol wth

rel ative ap¢6pdptredysed exto g selrcivpoadsgrben copfains or comprisest the ynsgeoréfiabiered in
claim 19, \aekein the pressure is kept constant at 160 kg/cnR, the
tenperature is kept constant at 40 degrees C, and the solvent used is a

m xture of supercritical CO2 and ethanol wth relative proportions of

93. 75% 6, 43% byA mgypdpreciaimed ) aimrlior 1@ whgreg: the molepylar distillation is carried

out at 90 to 190 degrees C and a pressure of less than 13.3 Pa (100mTorr).

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:

a-Ts, v-T;, 8-Ts 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.



