A Met hod of Chromatographic Isolation for Non-Qd yceride Conponents Field
. of tdhe Invention The invention relates to a method of chronatographic
\solatlon for non-glyceride conponents particularly squal enes, carotenes,
vitamin E (sonetines abbreviated as Vit. E) sterols and/or the like, from
crude palmoil, palmoils products and/or by-products, vegetable oils
and/ or the Iike non- gl yceri de conponents-conpri sing conpounds Backgr ound
of the Invention Crude palmoil 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 conpri sing nainly a and R carotenes, are inportant
constituents with pro-vitamn A activity, possible antitunor formation
proper t i edd Mgthod gt GbromatographigIselation foxy Npri(dycerideCargpenentyni ch are
Vitamn E and al so natural anti- oxidants, are present at approximately 600
to 1000 ppmin crude palmoil; the najor conponent being the
gamma-tocotrienol which has recently been found to have anti- cancer
properti e¥Fiddsf thednvensioknown anti - oxi dant activity. Tocotrienol has been
found to lower blood cholesterol. The sterols consisting mainly of
(3-sitosterol, stigmasterol and canpesterol, provide raw materials for
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case of the Q he known_ net hods can he classifjed as foll ows:
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2,460, 796; U.S. Patent 2,440,029; U S. Patent 2,572,467; U.S. Patent
2,652,433, (ii) lodine nethod (ii1) Urea process
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carotenoids, tocols (tocopherols and tocotrienols), sterols and squalene. The carotenoids,

~ present at 500-700ppm and comprising mainly a and g carotenes, are important
éonstituents with pro-vitamin A activity, possible antitumor formation pjoperties, and
other physiological activities. The tocols which are Vitamin E 'a.nd falsQ ﬁatural anti-
oxidants, are present at approximately 600 to 1000 ppm in crude palm oil; the major

- component being the gamma-tocdtrienol ‘which has recently been found to have anti-
cancer properties besides its known anti-oxidant activity. Tocotrienol has been found t'o‘
lower blood cholesterol. The sterols consisting mainly of B-sitosterol, stigmasterol and
campesterol, provide raw materials for steroid intermediates and.drugs, B-Sitosterbl aiso
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 caroténoids, the known methods can be classified as follows:-

(1) 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
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© 691,924; British Patent 1,562,794; U.S. Patent 2,484.040. (v) Extraction
by selective solvents e.g. U S. Patent 2,432,6021. (vi) Mol ecular

Distillation. In the saponification nethod (i) the oil is saponified to
gi ve soap, glycerol and a non-saponifiable fraction containing carotenes.
In the iodine method (ii), the iodine2 s added to a solution of palmoil in

petrol eum ether, an insoluble precipitate of carotene di-iodide is formed.
The i odo- corrpound when treated with sodiumthiosul phate however vyields

i so-carotene or dehydro-carotene which has no biological activity. Wth
the urea nethod (iii), the triglycerides are broken down to fatty acids and
met hyl - e@iver s Rtactiont dsig FhDdirmehrIﬂSmauMa&d&@rlhiml&IgdBrichthtdﬂt‘ ea and thi ourea,

| eavi ng the carotenoids. in the guid. Extraction of carotenes
usi ng adsor bentgg g %28 Bydish Patgpty ] PSeg& 7%5%2‘%?@ %%H“I%”P' s earth and activated
carbon (nmethod i v) . However, the extraction of the carotenes fromthe

earth giwgs OXEﬂiaéﬁ%ng?,’rse]e@tﬁz@'@Bl'v&Qﬂeerpg%{eﬁtpiﬂmrlmenes Carotene is
concentrated six tines in the extract. Extraction of carotenes by

~sel ective %I veibRolEsadsyl, has been carried out using propane or
furfural . e carotene I's concentrated (three tinmes that of the original

oil) in the furfural phase. By nethod (vi) carotenes can al so be obtai ned
by nol eculmthedhsinifidaion mathpd (il Bre @l B1BpdRafied(td @B-el104n, ralyckiy) hnd Er act i ons

col | ect ed& -?a%ﬁggﬁ%%@fl%%ﬁﬂﬁﬁ e santent of about five times that of the
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"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 tocopherol concentration from
soybean sludge. GB 2,218, 989 describes a process for recovery of

carot enoi ds, tocopherols, tocotrienols and sterols fromesterified palm
pil 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 ption/ desorption chromatography isol ation/ separation of the

non- gl ycev‘shpe?cmfcgmmae@ﬁr&nétb §phy€aﬂr091tn§1n&}1 1S ArdeRGRI Gl cﬁén%t@' %ci%([})d ugqual ene)
from pl ant 'source such Cﬁ% (crude palmoil), palmoil ucts and/ or

by- product“*snerlvifg@tl&lhp@lstﬁl $0§1earrfaharr@9§na\rm1/ 3B, tge 4.1 § Kep bl 9é)|6yéb??@e
conmponent §zCONPIaesBG &aigpéayM%epaéitinglsﬂfa%alﬁ?&h%p%&\@ ggﬁg%s;ﬁ Iellﬁ@&%apsed in

t he adsorption/ desorption chromatographic - separation s ol ve the
use of sollingbsorpatpgrathyalbe depymient ¢aserites 2anrenssssyhiclriamaloys meresthal eng need to

provi de a §5epakdld, ARt 8h ol SGhALAR Process, which av0|ds or di scourages
the sole use of solvent's and consequently rendering it "non-hazardous" for

recovering these non- glyceride conponents. Summary to the Invention The

present i pyemi '@ﬁnErB)M' dgs Far8E, ﬁodcmcemh&m qYERRBbS ﬁo?r?ls%ﬂegrp of

squal enes, sterols, vitanin E and carotenes froma _.conpound conprising
“squal enes Shge by %upercwl@aérﬁaﬁboe Rivdidg’arlovmple of ﬂ@amelrmtlk@lél Qi@mpﬁti sing the

steps of: Sbélﬁggsxto?r@é}f dhrgg lédie %g%@? f97t3t (yesn?ﬁ).leéja %ﬁ:{&?ﬂg xtI‘ ﬁoncorrpound

with one or re nonohydric’ s to forman esteri conposi tion
havi ng a wethpd toigstithe fieysﬁabtly@f tooertherel poriCisI)tratmIafn@escu}écanfsyudgg the gl yceride
conponents of the compound into nonoesters by enploying one or nore
nmonohydric al cohols, iii) subsequently introducing t he product ‘m xture from

steps i) @2 b18)989%g£091.b@5)351|§' gfo}[?ecg\%}??ggpc%tt ngfas (iloco;gl't roellsd %oco r1en n of the

product m xt ur olating t squa enes Tanmin E and
car ot enes afid gerls fremeesisoliddealm d@iusthesonyehiianal sowm}remantmm'eclad@m.pt i on and/ or
desorption steps are carried out under a supercritical fluid environnent.
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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 adéorption/desorption chrorhatographic
separation solely involve the use of solvents (which are costly and hazardous). Thus, there
is a need to proyide 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



conponents (carotenes, vitamn E [sonetines abbreviated as Vit. E],
sterols, squalene) fromnatural oils and fats, wherein the nethod
conprises the use of supercritical fluid (such as SC-CQ2) in conbination
Wi th adsorbents (such as silica gel or Cl18 reverse phase silica gel). The
present invention may be subjected dirdectly and/or indirectly to (a) crude
vegetable oil esters (via catalytic alcoholic
esterification/transesterification of vegetable oils) or (b) concentrate
(through removal of Jthg,diihiafhe § Ney BRIBERcldBMeAR) Via vacuum o
distillation including nolecular distillation) or é;) t he unsaponi fi abi e
matters of theiidoncent r atteangestefifjng thi gbigeptdescopopiantsceft tho pomporest ess) Hi gh
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hence avoi ding.ar reducing.the prior requirenents for hazardous solvents. 5
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hr onat ographic isolation for "m nor
non- gl yceri de conpone I'n I'ng carotenoi ds, tocols, sterols and

squai ene) from CPO (crude | m oil al moil .products and/or..by-products,
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conpounds, flsidiefivirineed conprising the following steps for three different
routes as described below. Route (a) (i) Esterifying the free fatty acid
conponent of the non-glyceride conmponents- conprising. conpounds with one or
mor e monohy'dFiPEESEN ABEBEQ $o5o5BY Hingriod ek ehapmatogephicospigisndontopglyeenser y 1 ow
free fatty c8bshesito Mdadiénes,(Vidain E AfbneB ik ibridngh 4sheit akly ifbisdguepaonent s

wi th one or nore npnohydirc alcohols to convert into nonoesters; (iii)

| nt r oduci nd™¥haatpghol ndefetsq @hetsingbhaisthed compises ihagse shpweraecal flud. esters

- (such as SC-C0,) 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
(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.



fromsteps (i) and (ii) above) to allow the adsorption of non-glyceride
conponents (carotenoids, tocols, sterols and squal ene) onto a sel ective
adsorbent; and subsequently (iv) Desorbing the non-glyceride conponents
fromthe adsorbent, Werein the adsorption/desorption of the non-glyceride
conmponents in steps (iii) - (iv) is darried out under a supercritical
fluid environnment. Route b (i) Esterifying the free fatty acid conponents
of the non-glyceride conponents- conprising conpounds with one or nore

nonohydr i geélil%’ﬁ@cﬁp (Ig)lll %ﬁ#g}@gnﬁﬁst erified conpound with a very low free

fatty acid content,; rans-esterifying the glyceride conponents with
one or nore nonohydirc alcohols to convert into nonoesters; (iii) Renoving
bul k of tAecadiberts the psdsep ifvdntiamdhdre iiy ployided cuurthdil stfi ¢Hr@bdtegraphiic| udi ng
nmol ecul ar.djstillation to,yield carotene. concentrate,o -8% .6 i)
"t roduct HGeErb ST e bRy SrEBRaE Fup ROttt ¢ he
car ot ene eparedtfdal EPOr QISR ofl),iphlm dbprod)cts amdak bpytotitigs, adsetbtdion of

- non-gl yceride 0 nents (carotenoids, tocals, sterols and squal ene) onto
R nelent 0 S BRDORT  Poroahr R o BUENEHY TPOS e SOMEEG: LG HOHEY yeer - de
conponent sorhprzifgtthefoflesag Bepd for thy¥eel fidrént tdites aslsReqed alb@esor pti on of the
~non-gl yceride conponents in steps (iv) - (v) is «carried out under a
supercritical fluid environnent. Route (c) (i) Esterifying the free fatty
aci d conporgit (§f the non-gl yceride conponents- conprising conpounds with
one or nore nonohydic al cohols to forman esterifed conmpound with a very
|l ow free fatty acid content; (ii) Trans-esterifying the glyceride

conponent s t h gR@rifingMRE SrdSORMNUEHT LnRbERNQF $he Léh-ARMNEE ohpnts-
nonoesters; (iii) Renoving bulk of the esters in step (i) and (ii) by
vacuum di still atcpxgppsllqgcpmqqus with one or more monohydric "alcohols to form an

esterified compound with a very low free fatty acid content;

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

(iii) Introducing the non-glyceride components-comprising compé)unds (i.e. esters

' from steps (i) and (ii) above) to allow the adsorption of non-glyceride comp.onents

(carotenoids, tocols, sterols and sqﬁalene) onto a selective adsorbent; and
subsequently

(iv) Desorbing the non-glyceride components from the adsorbent,
Wherein _ '

the adsorption/desorpﬁon of the non-glyceride components in steps (iii) -(iv) is

carried out under a supercritical fluid environment.

Route (b) _

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

(ii) 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%;



nol ecul ar distillation to yield carotene concentrate of 1-8% (iv)
Saponi fng the carotene concentrate in step (iii) to yield unsaponifiable
matters; (v) Introducing the non- gl yceride conponents-conprising conpounds
to allow the adsorption of non-glyceride conponents (carotenoids, tocols,
sterols and squal ene) onto a selectiwe adsorbent; and subsequently (vi)
Desorbi ng the non-gl yceride conponents fromthe adsorbent Wherein the
adsor ption/ desorption of the non-glyceride conponents in steps (v)-(vi) is
carried out under a supercritical fluid environnment. Preferably, the
esterific on solid
kel i ot “piEnoRhEP e by B0 SRR SRl STRL RO 6 Sl
i on- exchange resmqantr&% ﬁrbmrsabl(lyl) altolve) to laﬁmwse]shﬁorpftmnaf nanrglyderidd ep (| i) is
carried out errpl 0 cal é e na
esterification anéorfergté %aéos né’%dlsftlo m]Saarng S%uﬁﬁepf) 1) oau el%@\’eﬁasoéhem’enzyrre
for exanpl e candd sdsequgasa and Ilpase 1 to 20% by wei ght of catalyst may
be enpl oyed, dependj ng..upon t he wei ght of the fr fatty carboxylic to acid
noi ety p?l&en Euil ’ng‘eﬁﬁﬂlggc%‘gf@%@o@&%@%m%de fri si ng conmpounds.
Preferably, thevsgtigctive adsor bent for the adsorption of the non-glyceride
conponents co ri%e silica %d/or Cl8 reverse phase silica gel. The
adsor bents may oBP e deserP ‘610 JORBEFYife STRoREN BBt GV elT)de conponent s
present within camig@be Bfiertah@pdr@tlcoMui@envirbdmdnbe esterified palmoil; or
(i1) the carotene concentrate (1-8% wherein bulk of the esters have been
renoved through vacuumdistillation .or nolecular distillation (short path
di stillat R@ad;c)or (iii) the unsaponifiable materials by saponifying the
carotene concentrate of (ii). The solvents enployed for the present nethod
conprises; (i) Supercritical fluid, e.g. SCCX2 (100%, and/or (ii) ,
Supercrlt ) n co nation wi.th an entrai ner (solvent
such as coh(ﬁ ﬁéh%??%}eg%@p%%l S, ero S ah y%eng%lfomr? L be i sol at ed
with > 50% pur icoyprisngacogipagide thhume bxynmalrryonastgdpcr ﬂscsmrseo farmrm Bflerifed
kg/ cm- 600kg/ ¢ %gmgéunhe%%rv%}yq eeSQa%_y]é((:)ig %c'mtent; :

(>i1) Trans-esterifying the glyceride components with one or more monohydric alcohols

to convert into monoesters;

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

(iv) Sapopiﬁng the carotene concentrate in step (iii) to yield unsaponifiable ma_tters.;

(v) Introducing the non-glyceride components-comprising compounds to allow the
adsorption of non-glyceride components (caroténoids, tocols, sterols.énd 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 .



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
C 18 reverse phase silica gel, provides a very satisfactory neans for ,
isolating non-glyceride conmponents (including carotencids, tocols, sterols
and squal ene) from CPO (crude palmoil7), palmoil products and/ or by-
products, vegetable oil and/or the |ike non-glyceride conponents-conprising
conpounds. 8 Exanple 1 Crude pal moil nmethyl esters containing "m nor"
non-gl yceri de conponents (including carotenes vitam n E, squal ene.and

sterols), .derive er| on/tr r|f|cat|on of
crude pal MMM E?Otgqb%leﬁergto 05{1? ?ﬁn%tstéancs)?s %\ Ilcat Rorfa gﬁ igdts)%)]& ‘exXénhange resin
(for est e¢iziineafot @;m)npamdznwcib hugbsaﬁﬂ%ﬂmes ddo cza%aﬂyyw@glarmcﬂ catelvha:myl was passed

th h I I | at t f 90C-180 f
v ough, Bl Sl 5t ShShbld 3o g APRSE el A0SR0 b costre ©

carotene @@ﬂﬁﬂﬂﬂ&&bﬁgw&snmﬁmhmemhsdmh@nﬁﬂpﬂmqbwmht|on process to obta|n
unsaponi fiable matters contai ning carotenes, vitamn E, sterols .and
squal ene. A typical sanple of the unsaponlflable matter of pal m carotene

concent r abRfd&blH) IS Gdlectis O '&H@UrKHnﬂ gorqaer 8dsefpeisn (02 thehhfn-glydetideTksmpones 7%)
sterols (56.5% and squal ene ( was di ssolved in an_or anlc sol vent

such as dFURITHF Sier %ﬁmrﬂﬁ%re\&rﬁa %aa@aa gt [Je 390BeBimMaY P& S EIEIGRI , wit h
internal gisaRmbebf RONTA-AVELriE PtfdnerddBIht willi€ aSRAPd fehd TN WinE  Was el ut ed
using a mxture of supercritical carbon dioxide (3.0m, 98. 4/6 and

-entrai ner, et hanol (0.05nL, 1.69%9. with a flowate of 3 0O5nl/ m n. The
pressure gi t heheSMBR &l dalth 68 or f1 Ui d chromat ography system was nonitored
from P=100kg/ cn? to 300kg/cn®? in 9 hours, - keeping tenperature constant at
80C. Various fractions at different time intervals were collected and
resul ts apg shqwcar&eJ@&heenaategﬁ@%b GG MARICO! IHRCERL s Ay ErRES MAByHO0-
180kg/ cnR, "Carot ene at P=18 n2; Vitamn E at P=220-280kg/ crn2 and
sterols at >28bmk@1W@W@n¢$@ﬁawuaambﬁéwébﬂﬂbm@%ﬁWﬁthd§@8ﬂﬁmbOand squal ene -
collected in each fraction was determ ned by UV-visible spectrophotoneter
at 446nm HPLC (fluorescent detector, excitation 323nm and em ssion .
296nm) , afith GC the wpsapanéfiablegmaierihlssyysancaieng theeapteas papsenjrateiipl e 2 The

procedure of exanple 1 was repeated except that the palnlcarotene
concent r afle solvents employed for the present method comprises;

6} 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/em?-600kg/cm’ at temperatures 30°C-100°C.

It shall therefore be illﬁstrafed, 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—glycerid¢ 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.



(4% concentration) was used instead of unsaponifiable matters of the
concentrate to recover carotenes, vitamn E sterols and squal ene
separately in different fractions. Resifts are shown in Table 2. 9

Exanpl e 3 The procedure of Exanple 1 was repeated except that crude palm
oil nethyl esters were used directlyg8to |load onto supercritical fluid
chromat ography to recover carotenes, vitamn E, sterols and squal ene
separately in different fractions. The results are shown in Table 3.
Exanpl e 4 The procedure of Exanple 1 using unsaponifiable matters of the
carotene-concentrate was repeated except that only 100% SC- CO2 (w thout
ent r ai ner Exampledsed for adsorbi ng/ desor-bing carotenes, vitamn E, sterols
and squal ene. Results are shown in Table 4. Exanple 5 The procedure of
Exanpl e 2 using pal mcarotene concentrate (4% concentration) was repeated
except t h@tudernjaym IG0HeBG SO2s (cmixtaihmlgt“ne'mr‘l‘ albmgMemmcou@enbnfsoﬁncluding

~adsor bi ng/ desorbl ng, car ot gne itam_n ol S e sults are
shown in FABFES 5. " nplg 6 sﬁ}%eenﬁr oczziréc(ljurséer(%g %emf%g S%é%l ngna?cgpg?e pal m

oi | et hybsteflagbs/tramssterdpeddnedt cewdeemtm bh amth aJl&ﬁ%smiphs@ o@@i’lplﬁomteﬂlmm

entrai ner s used a rocedure
of Exanpl <¥a nEsiTR s ezi%f%hf%og)o nd Wl&ltvqge?[g’ 6t tal§'Staarno gﬁign%owr?(ségasts ér)dat e was

repeat ed exeeptmdlétatar thlﬁ'ﬂlaﬁdﬁ otr dxemterarse df 903€- 1@(]1‘83 arelvpeesma phlassehcsu 13ica gel
8 The

IpII:] iiggﬂr g%ﬁ@)&ﬁ%@% BYE| ?lgal‘%srfeﬁﬁgo%ﬁ?nétatgno# ln%%:cgh rC%{tOteenf ﬁg/nc(%%ﬁlceevﬁ ration) .

was  r epeaitfdtedxe sgionifioatontreescs @blentnsusadiahesmiThkss cenadrisgcpbase, silica

gel inst eaxgalInlnE ?t'erlo Sandg uaIIeng{esul ts are shovvn in Table 8.
A typical sample of the unsaponifiable matter of palm caioteﬁe 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 entrainér,
ethanol (0.05ml, 1.6%) with a flowrate of 3.05ml/min. The pressure of the supercritical
fluid chromatography system was monitored from P=100kg/cm?2 to 300kg/crh2 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=1 80-2zokg¢m2; Vitamin E at P=220-28Okg/cm2 and sterols at
>280 kg fem?. Total céroteﬁes, vitamin E, sterols and squalené collected in each fraction
was determined by UV-visible spectrophotometer at 446nm, HPLC (fluorescent
dgtector, excitation 323nm,v and emission 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.



Exanpl e 9 The procedure of exanple 3 was repeated except that crude palm
oil .methyl esters were wused directly to |oad onto supercritical fluid
chromat ography with C18 reverse phase silica gel to recover carotenes,
vitam n E, sterols and squal ene. Results are shown in Table 9. Exanple 10
The procedure of exanple 7 using unsaponifiable matters of the carotene
concentrate was repeated except that only 100% SC-CO2 (w 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 in
Tabl e 10. Exanple 11 The procedure of exanple 8 using pal mcarotene

concent r aEgaffbooncentrati on) was repeated except that only 100% SC- CO2
(wi thout entrainer) was used for adsorbing/ desorbing carotenes, vitamn E,

sterols an ene_onto C 18 reverse phase silica gel adsorbent. Results
are shownl gﬁp%ﬁffi“éeil XaEpleh Pas Fpe exﬁ?%a}éadﬁwea?l%‘i&g%tﬁl SlHaEFepeat ed
except t hatedCdireet®y 1daban ¢htd sdﬁ@khﬁbal@l&ld&ihﬁorﬁdté‘%ﬁﬁ@% re@&ve@@ﬁ@@ﬁésr ate), 100%
SC-CO2 (without entrainer) and C18 reverse ase silica ? (i nstead of

silica gelMitaipgrte Siﬁgqlﬂandﬁélg%}P@@ea%r@elghﬁmf@rwfram%s ihe rgsp tsgaﬁbwnm The
procedure;pfrgpeadmpl e 1, 2 and 3 were repeated except that other pal moi
products such as neutralized palmoil, crude pal molein, crude palm
stearin, Egln1£iﬁre oil and palmfatty acid distillate were used. The
results a in Table 13. Squal ene was collected at pressure
100- 180kg/ cnR; carotene at P= 180-220 kg/cnR; vitamn E at P=220-280
kg/ cn2 and sterols at P> 280 kg /cnR. Exanple 14 The procedure of Exanple

1, 2 and 3h¥fRedudEFltRehpRXC &g @isiRhifMBIe ehaabls®f el cBrofns Bomentra®yhean,
canol a, rapeseed, coconut, sunflower seed, corn oil, olive oil mere used.

The resuftP§ated o o1osBul BrlecPith 1A% e SEAOsqdihete eREEnEd| Matt Bipdatiohr essur e

100- 180k ghgd¥sing/ 836812 RErotth e vilddHn 22 Qe B/ 268 Rqfalehe. Q{QM)I‘(.G add hawh th Fad  P=220
280 kg /cgﬂ and sterol's at

Example 5

The procedure of Example 2 using palm carotene concentrate (4% concentration) waé
~ repeated except that omly 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.



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. Sone-variations to the operating conditions are
al so presented in Table 15 . Exanple 16: Isolation of PalmVitamn E
isoners Vitamn E concentrate (0.01 gji0Oconcentration: -50% was dissolved
In organic solvent, such as dichioronmethane or ethanol and | oaded onto a
colum (silica gel, with internal dianeter 20mm and | ength 250mr) . The
Vitami n EEzomplkrirate m xture was eluted using a mixture, of supercritica
carbon dioxide (5m, 95.2% and an entrainer, ethanol (0.25m, 4.8% wth
a flowate of 5.25nml/ mn. The pressure of the supercritical fluid
chr omat 0grapbiocsdist SIENRSH1K @ Rking Pakh adtbtehd BdHcerdtfkcOUYN cdraentfaiBn)akas
P=180kg/ cn®2, keeping . tenperature constant at 70C. The four vitamin E
| Soner S WEREREIReRt Bt H° ASPIERCHES A | BirAvservRlEsaRicn 88 SHE¥NOT n Tabl e
16. The pggggpeerans aRNGERhiAThmBgof Vitam n E isomer were confirnmed by
HPLC as in Exanple 1. 12 Exanple 17: Isolation of Carotenes, Vitam n E,
sterols and squal ene (Fixed pressure and tenperature) The procedure of
Exanpl e 1Exampledpeated except the unsaponiflabie matter of palm carotene
concentrate (0.01 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 Whe @rocsdpapherampient vaglreppeed prcentrthet coruis P2aln gil trrehy] 6XEfF "$T8r e shown
in Table 14 Eﬁha%g/g g ﬁg%eoafoesup@ﬁhw@ﬁ MhufX 8BS0 shp RN dithhels vl agmle 1 i's
t hat carotenes, t E, sterol's and squal ene can be isolated at fixed
t enper at usiicg 28CJo maadveprcemsenes (iteg0n [y stepdy andesquaishe Regulphare phoediur es of
Exanpl es %@b%@ﬂ 17 were repeated. Unsaponifiable matter of palm
caroteneN't concentrate (0.01 g) was used and | oaded onto a col um
(silica gel, with internal dianeter 20mm and | ength 200mm). The results
are shown Exaifipld® 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,
: The procedure of example 7 using unsaponifiable matters of the carotene concentrate was

" repeated except that omly 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 (instéad
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.



pressure: 160kg/cnm2 and SC-C02: ethanol (v/v=93.8%6.2% . Unsaponifiable
mat t.er of palmcarotene/vit. E concentrate (0.005g) was used and | oaded
onto a colum (silica gel, wth internal diameter: 4.6mm and |ength:
250mm) . Carotenes, Vit. E, sterols and squal ene were isolated in different
fractions and results are presented ip Table 19. 13 Table 1:

Unsaponi fiable Matters (with entralner) Pressure Squal ene Carotenes Vitamn
E Sterols Fractions Time (mn) (kg/cm) (%9 (9 (O (% SM- - 8.2 21.6

7.7 59.5 ¥Fl 0! 1135 100 86 - - - F2 135-195 180 9.4 83.4 - - F3 195-240 220
- 9.2 60. 40-260 250 - 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

Car ot enes T PrssdvreoicEmpls | Fpuded waie T§PeFf“-‘ﬁ§X€?Pit et pikgy Ral qogroderis (o (%)

- - 6 - -
EI:\),/I 195- 24%“’%2% @uéalgeégaﬂﬁg %ﬁ% %‘g% %éﬁ crodg pﬁ% Sjtg"?lnl%%?’lggrg%ég%%gSo . 3.2

22.5 - F6p8@0faﬁﬁ(30128ﬁstkllaﬂ.e e, Be. The rBeuli8 G SID@HZLSCT able-13. S@@aléne B

glt’l?ll: ;: zgr Mﬂ d at pressure ?&J FBO%g/cr(rE!E carotle::)r?e! gg 9—' 1%%'63’@/ ESt evqt%mg EI Qt

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/em?.

‘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 supercriticaf 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 cornifirmed by HPLC as in Example 1. '



Pressure Squal ene Carotenes Vitamn E Sterols Fractions Tine (mn)
(kglen2) (% (O (%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 240-260 250 - 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 Material slZable 4: Unsaponifiable matters

(without entrainer) Pressure Squal ene Carotenes Vitamn E Sterols
Fractions Tinme (mn) (kLyZcm (% (%9 (10) 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 2pQyspikhs? 12.7 - ﬁaa@o@of?@ﬂoéﬁg vitfinfh 7 3t0if 194 sh1p0- 300 300 - -
8.8 8.2 F7 300- 4bU 300 - - . SM_Starting mvatertralrs 15 Table 5:

Car ot enes g §E UL RmpeYSy d?ﬂntralner) Pressure Sqgual ene Car ot enes

Vitamin E Sterols Fractions Time (min) (ka/cme) (% (% (% (% SM- -
9.8 4.1 2.3 5.3 Fl 0-135 100 24 - - - F2 135-195 180 76 - - -

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 ﬁsed, 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/em® 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 columﬁ (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.



F3 195-24.0 220 -
F6 300-360 280 -

8.7 20.3 -

Starting Materials Table 6: Crude Pal
Pressure Squal ene Carotenes Vitanm n I]—_'

(kglen2) (% (A (N (%)

P2 135-195 180 8.6 - -
- F5 260-300 250 .Ta*deh‘i‘t?afr’mﬁﬂlbt?1‘&6‘6“36‘6“‘28%)‘”‘““)6 6 1.5 F7 360-500 280 -

00

67.8 18.7 -

SM - -
F3 195-240

220 -

F4 240-260 250 -
0.2 6.11.1.4 F7 360-500 280 - -
OR 'Meth |
Sterols

10.8 - -

83. 3

18.9 58.9 F5 260-300 250 -

SM

Esters (w thout entrainer

: Fractions Tine (mn)
0.03 0.06 0.06 0.04 F1 0-135 100 -
F4 240- 260 250 -

8.7 20.8

M 00

86— SM—Starttngvx &reb 16 |§ﬂ 0 NT= roite —1 -Vllfi;_)mmEEn_ O ol
Nrrkétio N I ThmdRudyp\ gﬁ on o o
SM - 8.2 21.6 7.7 59.5
F1 0-135 100 86 - - -
F2 135-195 180 9.4 83.4 - -
F3 195-240 220 - 9.2 60.1 -
F4 . 240-260 250 - 4.4 202 -
F5 260-300 256 - 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/er?) %) (%) (%) (%)
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
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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NNNC ~-bPA~LOOOOOE .~ OO NtoL) UL) wvii O N ~b0O Op Abp Abp
oNv ~o Mn AAA Oo NCDtniInv-)410rn O co 000U [ oQCDCQ IX)
Ln En aIIcIIII~oocoOdO LOOp NMwwwwwwwQptocp
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Table 3: Crude Palm Oil Methyl Esters (with entralner)
. _ . Pressure Squalene Carotenes Vitamin E Sterols
Fractions Time (min) (kg/cmz) (%) (%) (%) (%)
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 - 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  Vitamin E Sterols
(kg/crm®) (%) (%) (°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 - - - 902

SM: Starting Materials

N
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0O coo -8b -Eib Z4 -Ea) -6b ~ ~~54 x ~4 .54 ~y ~~UOWOON-r N* (ply
'OOxONNbbtv)bb-xx-yyCéBoCI COONNYV) NO\,r, CNcc Ovl
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Table 5: Carotenes Concentrate (without entrainer)
) ) Pressure Squalene Carotenes Vitamin E Sterols
Fractions Time (min) (kg/em?) (%) (%) (%) (%)
SM - - 9.8 4.1 23 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 300-360 280 - 0.2 6.1 1.1.4
F7 360-500 280 - - - 833
SM: Starting Materials
Table 6: Crude Palm Oil 'Methyl Esters (‘vithout entrainer
Fracti Ti . Pressure Squalene Carotenes Vitamin E . Sterols
ractions ime (min) (ke/c mz) (%) (%) (%) (%)
SM - - 0.03 0.06 0.06 0.04
F1 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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Oln O[~-MOON-11111U)COMuyU O0C CO00 Cp_ NMc- 00
Q r.0,0~UcC i 22 Table 13 (Palmoil products and by-products PalmQ |
Products Conpounds (% Squal ene CaroE%ne Vitamn E Sterols 1. CPGCs 0.012
0.032 0.042 0.026 Me CPCs 28.7 24.4718.2 26.7 Concentrate CPGs 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 CPOo 30.6 38.6 36.4 44.5 Concentrate CPQo 63.1 78.2 64.3
79.9 Unsap. matt eTsblePOPHm. ofl @odictSthdlbyd@oduds NPO 0. 034 0. 065 0. 066
'0.044 MENPO 32.1 40.4 41.1 55.4 Concentrate NPO 65.0 62.5 60.6 88.2

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 44.3 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 36.4 445
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 32.1 404 41.1 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 PEFAD 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 NPO 88.1 81.8 80.7 96.9 4. PFAD 0.8 - 0.78 1.12 Mt 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 MERfibreoil
'30.2 38.9 38.8 57.7 Concentrate R fiBrfe oil 76.3 60.1 58.6 78.8 Unsap.
matters R fibre oil 90.7 88.3 82.1 93.3 CPGs crude pal mstearin CPCo crude
pal molein NPO neutralised palmoil PFAD palmfatty acid distillate R
residual ME nethyl esters 2Fapitalk &edtablveast abl e oils Vegetable O ls
Conpounds (% Squal ene Vitamn E Sterols Soyabean G| (SO 0,116 0.320 ©ME
0.

_ 7T 3 etRNgigNt rat e §O,§2 ?‘_60 7 Um@ouﬁmt%yr SO 72.8 90.1 2.
o1 B [Unsapematsor SU63-0 bl oA ERoozeba ot FLPRE) o o7 oSEEl e fa
21,0 35. 7 SorBREEA fSe Ra 43| 7 65.4 Unsap, mat Ve Ra 58/ 5 89, &20 -

ME SO _ 27.7 322
Concentrate SO 52.9 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 437 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 16.6 321
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 comn oil ' 60.5 ' 92.0

7. Coconut oil 0.10
ME coconut oil _ _ 313
Concentrate coconut oil ‘ o 58.5
Unsap. matter coconut oil 84.7




4. Rice bran (R) 0.098 1.52 ME R _ 21.6 46.3 Concentrate R 48.2 68.2
Unsap. matter R 65.8 96.1 5. dive oil (O.) 0.688 0.01 0.11 M OL 26.3
16.6 32.1 Concentrate OL 62.0 38.8 QP.G Unsap. matter OL 89.6 58.1 88.6

‘6. Corn Ol 0.060 1.02 ME corn oil ©721.2 44.4 Concentrate corn oil 41.8
-65.8 Unsap. matter corn oil 60.5 92.0 7. Coconut oil 0.10 ME coconut oi
31.3 Concentrate coconut oil 58. Unsap. matter coconut oil 84.7 24

Tabl e 15 Fractions Coll ctn El ued®Ests % (A) (B) (O tine (min) C02/ent.

‘Unsap__Carotene Crude —m/mn Matters Con Palm Q| Methyl Esters 1
0- 90-Frgetioney nl| OoBrchy| [Elpamtog. 9 ESpdr’s 95480 0. 02| Bqual ene (©) 90- 190
6mL/|Om Vit. Eti8k (hn)3 @&S/&t. 6nl/ 0. 2 St fUmap. 18. DCidbtede 6. 2%ru® 190- 210
6m /0. 2mlL Steriols 80. 2| Bnia 26.1 6rnl /0. 4mitatvért . E| €8ud= 16. 8 Piln Oil
Methyl
_ Esters
! 0-90 - 6ml/0rnl Methyl - 20 99.9
Esters
95 80 0.02
Squalene
2 90-190 6ml1/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/0.4ml | Vit. E 18.E 16.8 10.9
4 210-270 6ml/1ml Carotenes |96 82.3 54.7
Operating pressure: 180 lcg/cm2
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) a-T a-T3 y-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-
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 = 5m!:0.25m1(95.2% : 4.8%)



4 210-270 6m /I mM Carotenes 96 82.3 54.7 C(Operating pressure: 180 |cg/cn®
Tabl.e 16: Isolation of PalmVit. E Isoners (a-T, a-T3, Y-T3 and 6-T3
Fractions Collection Vit. E Vit. E\/ﬁ EVit. E Timte (mn) a-T a-T3 y-T3
6-T3 S/IM- 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 a. SIM: Starting material (Vit E
concentrate -50%9 b. T: tocopherol c. T3: tocotrienol d. Conditions: P=
180kg/cn2, T = 70C e. SC-CX2 : ethanol = 5m :0.25n(95.2%: 4.8% 25 Table

"17: Unsaponifiable matters (WI th entrai ned Fr actl ons Ti e (m n) Squal ene
Carotenes Vit. E Eakled{sUnyapenifiable mgtterswithygngragnes) 6 7 7 59 5 F| 0. 34
98.0.F2 34-41 90 0 F3 41-47 20.0 (a-T) 80.0 |:A 47-54 (a-T3) 1000 F5
54- 61 Factpm) Time (min) Squalene Carotenes Vit. E  Sterols
(%) (%) (%) (%)
SM 82 216 7.7 59.5
Fl 0.34 98.0
2 3441 90.0 :
F3 4147 20.0 (o-T)
80.0
F4 47-54 ' (0-T3)
100.0
F5 54-61 (0-T3)
100.0
F6 (y-T3)
61-72 1000
F7 7277 (-T3) 90.0
10.0
F8 . 77-145 (-T3)
100.0

Conditions: P= 180kg/cm? T=70°C
SC-CO,: ethanol = 5Sml:0.25m1(95.2%:4 v/v)

Table 18: Carotene and Vit. E Concentrate

Fractions Time (min) Squalene Carotenes 'Vit. E Sterols
() (%) (%) (%)
1 SM 82 21.6 48.8 21.3
Fl 0-7 e 96
[F2 7-11 90 (o-T) 10.0
F3 11-13 15 (o-T)85.0
F4 13-14 (0-T3)98.0
F5 15-20 (y-T3)98.0
F6 20-25 (6T73)98.0
F7 2540 ) 98
Silica column: 20mm ID x 200 mm length
Condition: P =180 kg/em?, T =70°C

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



100.0 F6 (y-T3) 61-72 100.0 F7 72-77 (y-T3) 90.0 10.0 F8 77-145 (8-T3)
100..0 Conditions: P= 180kg/cnR, T=70C SC-C02: ethanol = 5nil:0.25nl(95.2% 4
Vv/v) Table 18: Carotene and Vit. E S%ncentrate Fractions Time (mn) '
‘Squal ene Carotenes ' Vit. E Sterols“ (% (% (% (%9 S/ M8.2 21.6 48.8
-21.3 F1 0-7 96 F2 7-11 90 (a-T) 10.0 F3 11-13 15 (a-T) 85.0 F4 13-14
(a-T3) 98.0 - F5 15-20 (y-T3) 98.0 F6 0-25 (8T3) 98.0 F7 5-40 98 Silica
colum: 20mm I D x 200 mm |l ength Condition: P = 180 kg/cn2, T = 70C SC CQ2
ethanol = (95%: 5% v/v) 26 TaHdiBBledd Fractions Time (nin) Squal ene

Carotenes Vit E Sterols (9% (99 (9% (9% S/ M8 2 21 6488213 1 0-1.5
08 2 Fracgoms 5 92 Tgne(ngn)z. 2 ESaﬁa@n_e’gG_\ 0] Carotenes Vit. E Sterols
(%) (%) (%) (o)

S/M 8.2 21.6 48.8 213

1 0-1.5 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 3.8-42 (y-T3) 98.0

6 4.2-5 (8-73)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)



4 3.2-3.8 (a-T3) 98.0 5 3.8-4.2 (y-T3) 98.0 6 4.2-5 (6-T3) 98.0 7 5-8 99
Conditions: P= 160 kg/cnR2, T=40C SC-C02: ethanol = 3.0:0.2 (mls/mn)
(93.75% 6.25% v/v) 27 CLAIMS 1. A nethod of chromatographic isolation
of squal enes, sterols, vitam n E and xjarotenes from a conpound conpri sing
-squal enes, sterols, vitamn E and carotenes, said nethod conprising the
steps of: i) esterifying the free fatty acid conponents of the conpound
with one or nore nonohydric alcohols to forman esterified conposition

"having a very low fatty acid content, ii) transesterifying the glyceride
conponents of the conmpound into nonoesters by enploying one or nore
nmonohydric al cohols, iii) subsequieafM§ i ntroducing the product m xture from

steps i) and ii) onto a selective adsorbent to allow adsorption of the
product mxture, and iv) isolating the squal enes, sterols, vitamn E and
carotenes fromthe adsorbent by desorption, wherein the adsorption and/or

d ti t i ed out, .under. itical flui [ t.
2. A et hbd_ ashoParbdl CHOBREERPIES SRR R PHAS A BRe Yt &t 613 vi'tam n

E and cagebtene Sroat € cogouad eshpriding sqialkgésesteroR, viBmirAEned bacteds, alidi med in
claim1l or %, wherej n the squal enes, sterols, vitamn E and carotenes are
i sol at ed BEPPF QEPrISELAHFBS %, A nethod as claimed in any preceding claim
wherein the squal enes, sterols, vitamn E and carotenes are isolated at .
fixed tenperature. 5. A nethog.a? clajmed in an recedin céain1 wherein
the selective alisor FEWHRE the Hip ¥ etdompanents; qfit %U§@P“5?WF V&Y 8& phase C

18 silica gel. 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,

1ii) subsequently introducing the product mixture from steps 1) 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 anyrpreceding claim, wherein the selective adsorbent



6. A nethod as clainmed in any preceding claim wherein the
adsarption/desorption are carried out under a supercritical fluid
tonprising an effective anount of CO2 as solvent. 7. A nmethod as clained in
any one of clainms 1 to 5, wherein thegdsorption/desorption are carried
-out under a supercritical fluid conprising an effective anmount of a

conbi nation of CO2 and an entrainer, as solvent. 8. A nethod as clained in
claim7, wherein the entrainer conprises an organic solvent. 9. A nethod
‘as clainmed in cl 'n1%7 wherein the o ni.c so|vent conprises an al kyl

al cohol . Wp“iesﬁgjf‘%é c2,8°1 OF IV RSP PRTF {;123 ﬁﬁ‘@cgg ing claim wherein the
adsorption/desorption are carried out under a supercritical fluid

envi ronnment which enploys a constant flowrate of solvent. 11. A nmethod as
clainmed in any preceding claim wherei'n the adsorption/desorption are

carried ogit UNE@RetiddSYRRIKdIiA higairedeliial a8 WiHeROTMOLIsWi6H d&BRkIOY SrecONSt ant
relative solven%%Proportions. 12. A nethod as clained in any preceding

Cclaim whdFedpuf pedeps puppicribilyidsprnsisiog an pisgtivesiou Rp 0y ph 5 s ol i d al kal i
nmetal bisulfate, a sulfate acid and/or a strongly acidic ion- exchange

resin as a catalyshod =808l ahy &RILEhBEI fid £ AR thSadkeplibBehsOptiodSi Ng a
basic catalyst. 13. A nethod as clained in any preceding claim wherein the
esterifi caieiGriednawopnder & sureserisiesls fluidt pomprisopt sHectivpeay@gt f dne or nore

d to C8 alaahabsordd; afy Mehhad:as sshajmed in claim 13, wherein the
esterification and/or transesterifiaction conprises the use of nethanol.

29 15. A nethod as clained in any preceding claim which further conprises

the step of raNMVIRG ol Rl K it NEIRIALHS RFAAUCEShIReSHEP 1) and ii) by

vacuumdi stillation including nolecular distillation'prior to step iii).
16. A netdérethiaselnti med in claim 15, said method conprising the additional
step of saponifying the carotene concentrate to yield unsaponifiable
matters, wherein this additional step is taken subsequent to the

est eri fi cati onAandhadragnleined ireqldimidc whdreim thetorgasic apident hemptisss #1 | ati on st ep,
and priorlkﬁakgﬁﬂintroduction step of part (iii) and wherein the product
m xture of steps (i) and (ii) introduced onto the selective adsorbent
contains or conprises the unsaponifiable

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.



matters. 17. A nmethod as clainmed in claim15 or 16, wherein the nol ecul ar
distillation is carried out at 90 to 190 degrees C and a pressure of |ess
than 13.3 Pa (I OOnlorr). 18. A nethod as clainmed in any preceding claim
wherein the conpound conprising squat®nes, sterols, vitamn E and
-carotenes is selected fromthe group consisting of crude palmoil, palm
oi | products and/or by-products, and vegetable oil. 19. A nethod as clai ned
in any preceding claim which is enployed to separate palnVitamn E into
‘the followng palmVitamn E isoners: a-T3, y-T3, 5-T3 and a-T. 20. A
method as claimed in claim19, wherein the pressure is kept constant at 180
kg/ cn2, the tenpeshddidsecliimed éptinycorastimntclaah, whicll @gthere®nPrisds e sepl afent f | ow
rate is 5.25 nm/m t he sol.vent used is.a mxture, supercritical CO2
and et hanGTO%E ﬂ‘eigélﬂ‘a?afﬂgeeeswﬁsr Bg gt 8}1%%'3 a@‘g .“gl% X%f%”ﬁydls\%ﬁuﬁ’rrlrél?ctiuffg A net hod
as cl ai megholetulad dastimatib@ privhtektep i)t he pressure is kept constant at 160
kg/cn2, the tenperature is kept constant at 40 degrees C, and the sol vent
used is a mxture of supercritical CO2 and ethanol with relative
proportiong of ASdeth&daHciZibl by claito|isneidanethdd exnpraing thd adlit®dnél. Lepndf m n.

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 mixture of steps (i)
and (ii) introduced onto the selective adsorbent contains or comprises the unsaponifiable

matters.

17. A method as claimed in claim 15 or 16, wherein the molecular 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
palmVitamin E into the following palm Vitamin E isomers:

a-T3, 'Y-T3, 8-T3 and o-~T.

20. A method as claimed in claim 19, wherein the preséure 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 0f95.2%: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.



