;-./10e3eoXl PPQ S@ S>X6t XTXQJ t 12 Decenber 2003 1 A Met hod of

Chgonat ographic Isolation for Vitamin E Isoners Field of the Invention The
invention relates to a nmethod of chronmatographic isolation forl2Viecemien2¢o3
isomers, particularly individual Vit E isoners such as a-tocopherol)

(3tocopherol, y-tocopherol 8-tocopherol, a-tocotrienol, ~3-tocotrienol,
ytocotrienol, 8-tocotrienol and /or the like fromVit E-conprising
conpounds such as crude palmoil, pal m oi | products and/ or pal moil

by- product s, ble qils and/or the |ike. Background qf the Invention
Thi & Tavent ] oft stBpu e tneprinednhisrisslaifon FRE VGG P dsemties "or i ¢ami n
E isonmers ( a-tocopherol, ~i-tocopherol, y-tocopherol) 8-tocopherol; and

atocotrienol) ~3-tocotrienol, y-tocotrienol) 8-tocotrienol ) fromtocols or
Vitam n E conprising compounds. Tocols are Vitamn E and consi st of

t ocopherol s T) .and tocotrienols ( Ts) which are also found in vegetable
oils in v&#@%ﬂﬂsee Table A ). The tocols present in nost
vegetable oils are in the formof tocopherols ( a-) ~i-, 'yand/or
b-tocopherols ). On the other hand, palmoil is unique as the tocols
present afie fyemtion; relatae te @rrnﬁﬁfodt@pmpmwfgpbmwglaﬂgn@réfﬁtﬂram Es ).
Both of these tocols have shown interesting physiol ogical properties.

uui m u~i nispmers, paribedantiyeindioidalabk eBs isomeTs coptht exsolostadepbemingd i n
vegetable oils (nmg/kg) Ol a-Tp-Tr-T8-Ta- T~r-T38- TsCast or 282911 131 0- - - Cocoa
buttert tocopherol, vy-tocopherol &-tocopherol, «-tocotrienol, pB-tocotrienol, -

1- 1701 72- - Coconut - - - 2~20- - Cor n134| 841239- - - Cot t onseed5734031 7LO- - - G oundnut

L 6951441 3tocotridieR 8l tacatrien MUsh@r/SF 2hé k8 lfrom viIDIE-¥6 nEmSchEﬂp@sufnrd@m _
Hbr es1662- - - 4S648S142Pal ml50- - - 1t 2729780Pal n279- 61- 27439569~Pe70161787- __Ri

ce bran3 i i

236340 Sy anes 1is. B3R, o um ol products ndor b ol BYMOMMCR () e 6
08t 71 L--vepdigad o88LAH/bY BROBRS3! 18t r-- 12 Decenber 2003 3 Both the

t ocopherol s and tocotrienols act as powerful nutritional antioxidants and
hel p to reduce cellular danmage due to free radicals arising fromthe body's
normal oxi dative energy netabolismor fromthe action of toxic chem cals

and pol | lﬁ@dﬂg&ohﬂd%ﬁtlf‘é‘iﬂﬁﬁ%mt- Free radicals have been inplicated in
agi ng, chronic degenératl vé di seases and cancer. Vitamin Eis also a
natural antioxidants, are present at approximately 600 1000 ppmin crude

pal M Of | o160 feR, FAARINBIY BralRhOr biSind FSRhG Rl Wiy, Eecent |y

been found to have anti-cancer properties es | nown ant i oxI dant

oot Y HIER ST BLE RSSEAARE Ld BHEG SRR P et
ey ares e ELaEL OBkt B SoRcen pLon o0 Tosenherel S oMy,

Process f E Reco%/eré/ of Carotenoids and Tocotrienols fromoil. US Patent
5, 157, 132% “YRATSINSG CRBRYYRAS of Car ot enoi ds, Tocopherol's, Tocotrienols, and
Sterols from

Tocols are Vitamin E and consist of tocopherols ( T) and tocotrienols ( Ts)
which are also found in vegetable oils in varying quantity ( see Table A). The
tocols present in most vegetable oils are in the form of tocopherols ( o-, 8-, y-
and/or §-tocopherols ). On the other hand, palm oil is unique as the tocols

present are mainly in the form of tocotrienols (a-Ts, y Tz and 8- Ts ). Both of

NI
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these tocols have shown interesting physiological properties.




esterified PalmO011l GB 2,218,989. The first patent discloses the extraction
of .Vitamin E frompalmfatty acid distillates (PFAD) which involves
conversion of a PFAD into nmethyl esters, distillation of meth !4 Dgegnaheg2003
f.ol | omwed by ion-exchange chromatography and nol ecul ar distillation to get
Vitam n E concentrate of nore than 90% 12 Decenber 2003 4 The second
patent discloses extraction of Vitamn E fromcrude palmoil (CPO by
converting CPO to nmethyl esters. Thereafter renove the esters by nol ecul ar
distillatimamléd'd Yoedghearalsale@areninied h vapdeabilé sitd (indzkp) ch fractions. The third
pat ent di scl oses conversion of crude palmoil into nethyl esters followed
by subjecting the nethyl esters in the presence of solvents into

chromat ographi ¢ separation with an adsorbent to yield carotene-rich,
vitamin E-rich and sterol-rich fractions. The above three inventions only

describe the isolation of vitamn E frompalmoil and do not include any
wor k on 18 rsolation of ijndividpal vifamn E 1songrs, _whjch_haye exhi @it
i mportan ghysi ol ogi cal prop‘éﬂ-ti osB-TTo| datle, |t Hete |hdsTnot Bdén an§/'Tmat hod
whi ch di SCT0SeS the use of] supergcritical fTulfd 1n t((né adsprptron/ desorpgti on
chr omat ogF4Ry i sol ati on/ gepafat] ot of | t A& Vit 2P n |E isoners from pt ant
source su&h as CPO ( crudg palmpil ),|pal moil rcduczts and/ or |pal m oill
by- pr oduct¥°4% %l | as ot Her ‘Veget abl e| oit[% and'% atls. %Al || known | met hods
previous| y disclosed in the adsorptionfdesor )tizo chr%rat pgr aphifc
separatipn sol el y invol ve |i sol atfion of| m xtufe of V{itamn|E isovhers ang
with the gsg of solvents whigh are gostly,angd hazardous )| Hence, therg is
a need tjo provide a separation, [particularlyfanisqlation nethod for
Vitam n Bods@e®r s which ayoigs or gbi m nafes|thg sal e .usel of . solvents and
consequently, rendering the progess "non-hazardous'y . 12 Decenber 2003 5
Summary |ofrolzdaguel Nnventi on |n @scdrdgnce widsh fhepspresent ijnventipn, there is
provi-ded a nmet hod of chrofmatogrdphic i|solatipn for {Vitamn E (Vit E)
i soners [fomdVitam n E coppri-si ng congounds. [ I n-panticul ar, {he|present
inventidn stipulates the use of |superqgritical fluid such jas SC- {02 ) ir
conbi natjiM#2gd t h adsor benls 15 sych -as [si #94cal gell of C-18 keverse phase
silica del,) to effect adsorg)ticn and/|lor desprption of Vit E ispners from
Vit-E cdnptfsing conpounds. 93 - 7 - - - -

Palm from fibres 1662 - - - 456 485 142

Palm 150 - - - 1127 297 80

Palm 279 - 61 - 274 398 69

Razpe 70 16 178 7 - - -

Rice bean 324 18 53 . 236 349 ;

Safflower 477 - 44 10 - - -

Sesame 12 6 244 32 - - -

Soyabean L6 34 737 275 - - .

Sunflower 608 17 Il - - - -

Wheat garm 1179 398 493 118 tr - -




Most preferably, the present invention is subsequently applied for
isolating Vit E isoners from a) crude vegetable oil esters (13' cat a Mhic
. PP . PP . . CCeMDET
al coholic esterification/trans esterification of vegetable 0|Ist€ al one”or
by distilling the esters or by distilling the esters foll owed by
saponification to yield vitamn E concentrate, OR b) unsaponifiable matters
of vegetable oils and fats ( through gaponification process) OR c) Vitamn
E concentrate obtained through any/various processes including

chromat ogpaphy the S@APHer@9d PSSt hididd hchS a¥eldovrrigunsieitiddqal fluid
extracti on. 12 Decenber 2003 6 A main advantage of the invention lies in

the use ofaﬂt&&a@éﬂl@%&ﬁﬁe@t toSIMRE g;cielil]ﬂll‘éii'clggﬁ%@s%}eo%sﬁre@ gglglvagﬁ&ghgg or

reduci ng the prior requirenents azar vents.

descri ti Aol i Bod Y RN REERLA! ko OB PILRSH! bV hoflod NRT © 19

provi ded a nethod of" chromat ographic 1solation o I'ta Isoners from

crude pal ﬂ?ﬁ‘(;)cﬂﬁi thdrlods av{??}gmlﬁi _Sm(::lgog{g‘cérﬁlir%%%&{t. glﬁjﬁg]sr?‘hls‘:&?%hﬁgé) %gg}ls)

veget abl e $ andror rising conp

conpri si i the Vitamin E.conprising-conpounds onto sel ected
adsor benpglédgl‘lé‘%¢}é£€gj§gsggﬁ r}lgge%?ne\r/?{}‘éenfhﬁe ?ssaorhggg%r;lceﬁhd (I'l') subsequently
desorbing the adsorbed Vitam n E i soners wherein, the adsorption/desorption

of the vitamn E isonmers are carried out under a supercritical fluid
envi ron . Th resent invention, be applie ubsequent to (ge
ol | owi g/ HrBHL ESRGT A et DaniKAT : ALE EFCTE 6T BRDTSHITAel d90m Vi t E
concent ralt % as derived
000 ppm in crude palm ofl; the major components being the y-tocotrienol
which has recently been found to have anti-cancer properties besides its

known antioxidant activity. Tocotrienols have been found to lower blood

cholesterol.

A number of patents have been filed on the recovery of Vitamin E from palm

oil and they are:

i) Production of High Concentration of Tocopherols and Tocotrienols
from Palm Oil By-Product. US Patent 5,190,618;

ii) Integrated Process for Recovery of Carotenoids and Tocotrienols from
oil. US Patent 5,157,132; and

ifi) Recovery of Carotenoids, Tocopherols, Tocotrienols,and Sterols from

esterified Palm Oil GB 2,218,989.

The first patent discloses the extraction of Vitamin E from palm fatty acid
distillates (PFAD) which involves conversion of a PFAD into methyl esters,
distillation of methyl esters followed by ion-exchange chromatography and

molecular distillatign to get Vitamin E concentrate of more than 90%.




through, EITHER (i) Esterifying the free fatty acid conponent of the Vit. E
i sQners conprising oils with one or nore nonohydric al cohol s ?bgeﬁﬁFﬁﬂ%3
The esterification nay be carried out via enploying (a) a solid a i

| 2 Decenber 2003 7 netal bisulfate or a sulfate acid strongly acidic-ion
exchange resin or any acid as a catalyst; (ii) Trans-esterifying the

gl yceride conponents of Vit. E isonerg conprising oils with one or nore
nonohydric alcohols ( Cl to Ca ) into nonoesters. The trans-esterification

nmay be carygd edcod )W't@hteH&'cﬁié'eé‘ga@f%%hcofcﬁitﬁhﬂﬁtE ft&at brsteepairh @nd ii may
be carried out via enploying an enzyne e.g. candida rugosa and/or the like

effective @?’Eﬁlt%(ﬁ&]nve("ﬂlhé bﬁ@?@?\‘r‘lé&ﬁg ?ﬁeif§r’lffﬁgezﬁ’&treﬁeﬁldv@ thbeRtéds by ) by

vacuum di stilTation or ndlecular l'ation thereby yielding vitamn E

conoent f at foicTf: SALBIRIIPY, DRI SIRYEL ML aAcml Blickl gat@er mol ecul ar

distillation extraction and/or an romat ogr aphi c
met hods which are effectl ve in extracting Vitam n E concentrate from
veget abl e oils. AI ternatively, the present invention may be applied to

3."?2""2&2%@%@%{ GhEuid Oéegﬁéoﬁl'rvgisﬂ AR p%%?l?ﬁe%eﬁ@oﬁﬁrg%“h?% P amin £
o IR R PR bﬁeéﬁéis?bﬁ %Sé%fésgﬁﬁ‘? Rty vi
28%?! i'e“?l‘?°gpa$“”dsebcn§s'ee¥>e”ts Oy G erispr S arior visd, e ReEREep (" 100%
i cer  or FRPEBAIE 69 ro?riaﬂ&' AR, "8 oo") I conbi nati on with an
entrai ner (solvent such as al cohol and/ or the like organic solvent)

The above three inventions only describe the isolation of vitamin E from

palm oil and do not include any work on the isolation of individual vitamin E

isomers, which have exhibit important physiological properties.

To date, there has not been any method which discloses the use of
supercritical fluld in the adsorption/desorption chromatography
1solation/separatibn of the Vitamin E isomers from plant source such as
CPO ( crude palm oil ), palm oil products and/or palm oil by-products as
well as other vegetable oils and fats. All known methods previously disclosed
in the adsorption/desorption chromatographic separation solely involve
isolation of mixture of Vitamin E isomers and with the use of solvents (

which are costly and hazardous ).
Hence, there is a need to provide a separation, particularly an isolation

method for Vitamin E isomers which avoids or eliminates the sole use of

solvents and consequently, rendering the process “non-hazardous” .



Operating conditions Individual Vitamn E isoners may be isolated with
sukstantially higher purity (e.g. > 50% in a single nm by va%g%gl ber 2003
pressures from50 kg/cn2 to 600 kg/cn2 and tenperatures 30C - “E Shal |
therefore be illustrated) by nmeans of the follow ng exanples, that
supercritical fluid applied to solid adsorbents (silica gel and/or C 18
reverse phase silica gel), provides asvery satisfactory nmeans for isolating
Vitamn E isoners ( a-T) (3-T, 'y-T, 8T and a-T3, (3-Ts, Y-T3 and b-Ts )
from CPO $usiniiahey Pt Phtentionpal m oi | products, vegetable oil and/or the
like Vitamn E conprising conpounds. The Vitam n E isoners recovered are
useful in pharmaceutical conpositions, food and health food formulations,
di etary suppl enents and cosnetics formul ati ons. They can al so be used as
fine chemgahs&Rtdnsd aRARRHe "HESEANERARbAT MRS is FXRIRLE almekBOh &Jfi on of
PalmVitamn E isoners Crude palmoil (containing 600- 1000 ppm of vitamn
E) was t (N are - « mh y Sniere renoved
t hr ough n%kﬁ’@@%ﬁ%?x’a‘p%ﬁ%&é@%%é@? %&rﬁg{ ?I' ?t“ﬁ @aﬁoﬁ&gt hgﬁféﬁn{)er at Sfrae of
90-180 d saponification to yield a vitam n E concentrate
(> 5096§Q&®??55EQ%0 ceﬁgggte (0.01g; concentration: ~50% was dissolved in
organi ¢ solvent, such as dichl oronet hane or ethanol and | oaded onto a
colum (silica gel, with internal dianmeter 20nm and | ength 250m). The

was,, el ut.ed

Vit am i Xt i i xt f iti I
R e R v T e G R
fl te of 5,250/ mn. T f the itical flui
chr onat oG A" ST Ph v corlinBhEE R atro bt LS RO i el 4 Crs
P=180kg/ cnk, keepi n enper.ature constant at 70C., The four vitam n.E
isorrerg vﬁgyéerssoﬁ’el{lgesce?@@mn?gﬂﬁf #%reéf%pfaidﬁ@rﬁtﬁ’f“er@ /8r acﬁ“&oﬁl?uté‘)f\g“r?é tinlﬁ Tabl e
1. The pr.esence and\é%_ centration of Vitamn E isonmer were confirnmed by
HPLC . BISMBFe 5o, 1%88’5’@6&@%@@?8%9% 1 was repeated except vitanin E
concentrate obtained frompalmfatty acid distillate was used. The results
are shown in Table 2. Exanple 3 The procedure of exanple 1 was repeated

except palmpressed fiber oil vitamn E concentrate wa sed. The results

are Showi§si A% régbz' the preperiHbEntonds %8358%%‘1'1% DR f§F datirg of

exanpl e JVV\%S repeahﬁd except soybean oil vitam n E concentrate was used.
dFETSHY

The resul's Tkn Table 4. Exanple 5 The procedure of exanple 1 was

repeated except corn oil vitamn E
P a? cnﬁie vegetable oil esters ( via catalytic alcoholic esterification/trans-

esterification of vegetable oils ) alone or by distilling the esters or by
distilling the esters followed by saponification to yleld vitamin E
concentrate,

OR

b) unsaponifiable matters of vegetable oils and fats ( through saponification
process)

OR

c) Vitamin E concentrate obtained through any/various processes
including chromatography ( solvent and supercritical } as well as

supercritical fluid extraction.



concentrate was used. The results are shown in Table 5. Exanple 6 The
precedure of exanple 1 was repeated except vitamn E from Cangl g.Lgpapsesed
oil) ol was used. The results are shown in Table 6. Exanple 7 The
procedure of exanple 1 was repeated except vitamn E fromolive oil was
used. The results are shown in Table 7. Exanple 8 The procedure of exanple
1 was repeated except vitamin E from éottonseed oil was used. The results
are shown in Table 8. 12 Decenber 2003 11 Exanple 9 The procedure of
exanpl e 1AwERIR epderdagexadephe \vinvemion Biesr omtheousemeft ligielfisdhsgassed. The
results are shown in Table 9. Exanple 10 The procedure of exanple 1 was
repeat ed estggyerititalaennalitforis, dmrrdeceioiding or Ireshasingsed . pridreregaseientar e shown
in Table 10. Exanple 11 The procedure of exanple 1 was repeated except

vi tam n E fbor bazsublisaotrerdeed oil was used. The results are shown in Table
11. Exanple 12 The procedure of exanple 1 was repeated except C 18 reverse
phase silica gel was used as adsorbent instead of silica gel. O her
conditions used are Pressure : 180 kg/cnR, C02 : ethanol ratio 93.75%:
6.25% Thetadled désariptiol ofthieEInventiInpha-t ocopherol, al pha-tocotrienol,
gamua-tocotrienol and delta-tocotrienol) were eluted in the sane el ution
order as in exanple 1 and collected in high purity as in exanple 1. The
same procedures using C 18 reverse phase silica gel as adsorbents were

repeat ed A@brdthgertopah® QiréscpitOGHGdRiorPHHK Q! |s DYrdiRAUCE SnaftHoQt her
vegetable oils as nmentioned in 12 Decenber 20 12 Exanples 2-11. Simlar

el uti on qrdematdgriphriMsBleidrs BN ASE ORRENCHIOENRR! Baihy RES(@0),
adsor bent s used.
palm oil products and/or palm oil by-products, vegetable oils and/or
Vitamin E- comprising compounds, said method comprising
() Introducing the Vitamin E comprising-compounds onto selected
adsorbents to effect adsorption of Vitamin E isomers; and
(I) subsequently desorbing the adsorbed Vitamin E isomers
wherein,

the adsorption/desorption of the vitamin E isomers are carried out under a

supercritical fluid environment.

The present invention may be applied subsequent to the following steps and
thus allowing Vit E isomers to be isolated from Vit E concentrate as derived

through,

EITHER
(i) Esterifying the free fatty acid component of the Vit. E isomers-
comprising oils with one or more monohydric alcohols into esters.

The esterification may be carried out via employing (a) a solid alkali



Table 1: Isolation of PalmVit.E isonmers ( a-T, a-T3, y-Ta and b-Ts)
FractionsCollection Time (mn)Vit.E a-TVit.E a-TsVit.E -TsW De&mber2003
8-T3S/ M 12. 711. 4195. 81- - -241-47100---347-54-100- - 454-61--100-561-77--9916
77-145--3977145- - - - - a. SSM: Starting Material (vit. E concentrate ~50%
b. -T: tocopherol c. Ts: tocotrienol d. Conditions: P=180kg/cnR) T= 70aC e.
SC-C02 : ethanol = 5ml:0.25ml (95.2% :7 4.8% Table 2: Isolation of Palm
Vit.E isonmers (a-T, a-Ta. Y-Ta and 8-Ts) fromPalmFatty Acid Distillate
Fracti onsCol | egtetdnbisiiate o a)svlfate BcidastTamgly akidieddiBwktharige rebavior. E
8-TsS/ M 22. 721. 4399. 81241-47100347-54100454- 61100561- 77982677- 1452987145-
a. S/IM: SiwracidpsMatcetdlgdt; (vit. E concentrate ~90% b. T: tocopherol c.
Ts: tocotrienol d. Conditions: P=180kg/cnR, T= 70C
(i1) Trans-esterifying the glyceride components of Vit. E isomers-
comprising oils with one or more monohydric alcohols ( C, to Cs ) into
monoesters. The trans-esterification may be carried out via employing
a basic catalyst. [Both steps i and ii may be carried out via
employing an enzyme e.g. candida rugosa and/or the like effective
catalyst];
(ii)  Removing the formed esters in step (i-i} by vacuum distillation or
molecular distillation thereby ylelding vitamin E concentrate. The
esters may be removed via vacuum distillation or molecular
distillation.
OR

Supercritical extraction and/or any chromatographic methods which are

effective in extracting Vitamin E concentrate from vegetable oils.

Alternatively, the present invention may be applied to unsaponifiable

materials as obtained through saponification of vegetable oils.

Adsorbents: Selective adsorbent for the adsorption of the Vitamin E isomers
comprise silica gel, C18 reverse phase silica gel and/or the like which are
equivalently effective in adsorbing Vit E isomers from any Vit E comprising-

compounds.

Solvents: The solvents employed for the present method comprises ;



e.
3" .lsolation of PalmVit.E isoners (a-T, a-T3,

SC-C02 : ethanol = 5ml:0.25mL (95.2%: 4.8% 12 Decenber 2003

Pressed Fibre G| FractionsCollection Tine (mn)Vit. E a-TVit. E
-T3Vit. E

8-T3S/ M 42. 711. 42910. 81241- 47100347-54100454- 611 00561- 77991677-1452. 297. 871
45- a. S/IM: Starting Material (vit. B concentrate ~90% b. T: toco

E

C.

Ts:

tocotrienol d. Conditions: P=180kg/cnR2, T= 70~ e. SC-C02 : e

13 Tabl e

'y-Ts and 8- T3} hdembézabm

a-TsVit.

pher ol
t hanol =

5ml: 0. 25m (9% @¥rerideA%luiabl.e 8C-Copl(@ldem PfOPatmapflicaBld solvenss (a- T,
QT, 1~-T and 8-T) from Soyabean Q| FractionsCollection Time (mn)
a-TVit. E iBellMetprbpand MropEne, ethylene and/or the like;

OR

ii) supercritical fluid ( e.g. SC-CO; ) in combination with an entrainer

(solvent such as alcohol and/or the like organic solvent)

Operating conditions Individual Vitamin E isomers may be isolated with

substantially higher purity (e.g. > 50%)} in a single run by varying pressures

from 50 kg/cm? to 600 kg/cm? and temperatures 30°C -100°C.

[t shall therefore be illustrated, by means of the following examples, that
supercritical fluid applied to solid adsorbents (silica gel and/or C18 reverse
phase silica gel), provides a very satisfactory means for isolating Vitamin E
isomers ( o-T, B-T, v-T, 8-T and «o-Ts, B-Ts, y-Ts and 8-Ts ) from CPO ( crude
palm oil ) , palm oil products, vegetable oil and/or the like Vitamin E

comprising compounds.

The Vitamin E isomers recovered are useful in pharmaceutical compositions,
food and health food formulations, dietary supplements and cosmetics
formulations. They can also be used as fine chemicals and standard

reference materials .

Example 1: Isolation of Palm Vitamin E isomers

Crude palm oil (containing 600- 1000 ppm of vitamin E ) was trans-
esterified

into methyl esters . The methyl esters were removed through molecular

Vit.E



8-TS/ M 11. 63. 453. 717. 51235- 411 00342- 4799448- 55100558- 65100 a. S/ M:
Starting Material (vit. E concentrate ~80% b. T: tocopherol ¢ p&Ra@Etins:
P=180kg/ cnm2, T= 70C d. SC-COa : ethanol = 5ml:0.25m (95.2%: 4.8% 12
Decenber 2003 14 Table 5: Isolation of PalmVit.E isoners (a-T, ~3-T) ~r-T
and 8-T) fromCorn Ol FractionsCollection Time (mn)Vit.E a-TVit.E
B-TVit.E -TVit.E 8-TS/ M 23.41.851.23.91235-41100342-4792448-55100558- 6592
a. SSM: Starting Material (vii. E concentrate ~80% b. T: tocopherol c.
Condi t i omgstil RebB0 g hcwehpeFatLit0 Gf @0- 58D @agree Cefoaweil by Bwpnificagian (95. 2% :
4.89% Table 6: Isolation of PalmVit.E isoners (a-T, ~i-T. ~-T and S-T)

from Caneh §icfil b Jrtadsin RRoRethREtd N 5D (Mn)Vit.E a-TVit. E
Vit. E concentrate (0.01g; concentfation: ~50%) was dissolved in organic
solvent, such as dichloromethane 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?2, keeping temperature constant at 70°C. The four vitamin E
isomers were collected at different time intervals and are shown in Table 1.
The presence and concentration of Vitamin E isomer were confirmed by

HPLC .

Example 2

The procedure of example 1 was repeated except vitamin E concentrate
obtained from palm fatty acid distillate was used. The results are shown in

Table 2.

Example 3

The procedure of example 1 was repeated except palm pressed fiber oil

vitamin E concentrate was used. The results are shown in Table 3.



B-TVit.E -TVit.E 8-TS/ M 2085821235-41100342-4785448-55100558-6580 a. S/IM
. Starting Material (vit. E concentrate ~90% b. T:. tocopher b December 2003
Condi tions: P=180kg/cn2, T= 70C d. SC-C02 : ethanol = 5ml:0.25nm (95.2%:
4.89% - 12 Decenber 2003 15 Table 7: Isolation of PalmVit E isonmers (a-T,
~-T, y-T and 8-T) fromdive Gl FractionsCollection Time (mn)Vit.E
a-TVit.E B-TVit.E -TVit.E 8-TS/ M 8871235-41100342-47g0448-55558-65 a.
SIM: Starting Material (vit. E concentrate ~90% b. T: tocopherol c.

Condi t i oBgamipté80kg/ cn2, T= 70C d. SC-C02 : ethanol = 5mil:0.25nml (95.2%:
4.89% Table 8: Isolation of PalmVit E isoners (a-T, (3 T, y T and 8 T)
fromCottonseed Ol FractionsCollection Tine )Vit. E

The procedure of example 1 was repeated except soybean oil vitamin E

concentrate was used. The results are shown in Table 4.

Example 5

The procedure of example 1 was repeated except corn oil vitamin E

concentrate was used. The results are shown in Table 5.

Example 6

The procedure of example 1 was repeated except vitamin E from Canola

(grapeseed oll) oil was used. The results are shown in Table 6.

Example 7

The procedure of example 1 was repeated except vitamin E from olive oil

was used. The results are shown in Table 7.

Example 8

The procedure of example 1 was repeated except vitamin E from cottonseed

oil was used. The results are shown in Table 8.




a-Tvit. E B-Tvit. E -TVit. E

b- TS/ M 57. 3431. 711235-41100342- 4792448- 551005 ~58-65 ~85 a. SiMDecehibar1G0Bg

Material (vit. E concentrate ~90% b. T: tocopherol c. Conditions:

P=180kg/ cn2, T= 70C d. SC-C02 : ethanol = 5mil:0.25mL (95.2%: 4.8% 12

Decenber 2003 16 Table 9: Isolation of PalmVit E isoners (a-T, a-T, ~T

and 8-T) from Groundnut oil Fractionsthllection Time (mMin)Vit.E a-TVit.E

B-TVit.E _-TVit.E C~-TS/ M42.91.534.431235-41100342-47gp448-551005 ~58-65

~~85 a. FExampie & ting Material (vit. E concentrate ~80% b. T: tocopherol

c. Conditions: P=180kg/cnR2, T= 70C d. SC-C®2 : ethanol = 5nil:0.25nl (95.2%
4.5% Table 10: Isolation of PalmVit E isonmers (CGT,~~T) a-T3 and ~-T3

j fromRi cebran Q|
The procedure of example 1 was repeated except vitamin E from groundnut

oil was used. The results are shown in Table 9.

Example 10

The procedure of example 1 was repeated except vitamin E from ricebran oil

was used. The results are shown in Table 10.

Example 11

The procedure of example 1 was repeated except vitamin E from sunflower

seed oil was used. The results are shown in Table 11.
Example 12

The procedure of example 1 was repeated except C18 reverse phase silica
gel was used as adsorbent instead of silica gel. Other conditions used are :
Pressure : 180 kg/cm2, CO2 : ethanol ratio 93.75% : 6.25%. The four
vitamin E isomers ( alpha-tocopherol, alpha-tocotrienol, gamma-tocotrienol
and delta-tocotrienol) were eluted in the same elution order as in example 1
and collected in high purity as in example 1. The same procedures using
C18 reverse phase silica gel as adsorbents were repeated for other palm oil

products, palm oil by-products and other vegetable oils as mentioned in



FractionsCol lection Tine (mn)Vit. E CGTvit. E -TVit. E a-T3Vit. E

- T3S/ M 28. 2520. 638. 51235-41100342- 4795448- 55100558- 65100 a. SMbhécembar200g
Material (vit. E concentrate ~90% b. T:. tocopherol c. T3: tocotrienol d.
Condi tions: P=180kg/cn2, T= 70C e. SC-C02 : ethanol = 5mil:0.25nml (95.2%:
4.8% 12 Decenber 2003 17 Table 11: Isolation of PalmVit E isoners (a-T,
aT, 'y Tand 8 T) from Sunfl owerseedlZi | FractionsCollection Tine
(mn)Vit.E a-TVit.E B-TVit.E -TVit.E

8- TS/ M 80E88NBles1A-235Sirh 160 F1AtidiT 3548- 6585658 b5somers was observed for

both types of adsorbents used.

Table 1: Isolation of Palm Vit.E isomers { o-T, 0-Ta, v-T3 and §-T3)

Fractions Collection Vit.E Vit.E Vit.E Vit.E
Time
(min) o-T o-Ts y-Ts 8-T3
S/M - 12.7 11.4 19 5.8
1 - B _ . _
2 41-47 100 - - -
3 47-54 - 100 - -
4 54-61 - - 100 -
5 61-77 - - 99 1
6 77-145 - - 3 97
7 145- - - - -

S/M : Starting Material (vit. E concentrate ~50%)
T: tocopherol

Ta: tocotrienol

Conditions: P=180kg/cmz?, T= 70°C

SC-CO;: ethanol = 5ml:0.25ml (95.2% : 4.8%)

a0 o

Table 2: Isolation of Palm Vit.E isomers
Palm Fatty Acid Distillate

Fractions Collection | Vit.E Vit.E Vit.E Vit.E
Time
(min) o-T o-Ts ¥-Ts 5-Ts
S/M - 22.7 21.4 39 9.8
1
2 41-47 100
3 47-54 100
4 54-61 100
5 61-77 98 2
6 77-145 2 98
7 145-
a. S/M: Starting Material (vit. E concentrate ~90%)
b. T: tocopherol
c. Ts: tocotrienol
d. Conditions: P=180kg/cm?, T= 70C
e. SC-CO3: ethanol = 5ml:0.25ml (95.2% : 4.8%)
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S/M : Starting Material (vit. E concentrate ~80%)
T: tocopherol
Conditions: P=180kg/cm?, T= 70°C
SC-COs; : ethanol = 5ml:0.25ml (95.2% :

4.8%)



(tii) renmoving the fornmed esters and thereby yielding a Vitamn E
concentrate; (iv) introducing the Vitanmin E concentrate onto $2Decinibge2003
adsorbents to effect adsorption adsorption of Vitamn E isonmers and
subsequently, (v) effecting an individual desorption of the adsorbed
Vitam n E i soners, wherein the adsorption and/or desorption of the Vitamn
E isoners are carried out under a sup&*cri tical fluid environnent. 13. A
met hod chromat ogr aphi ¢ i sol ation of cl a| m 12 vvherel n the seI ective
adsor bentEatled: Igela £ Paj i 5 BhBsET g if : 12
Decenber Qd03 21 14. A rret hod of chr onat ogr aph| o |sol ation of clai m 12,
wherein step (i) is carried out via enploying a solid alkali netal

bisul fate, a sulfate acid and/or strongly acidic-ion exchange resin as a
Cata' yst ct an /||\ LS DQLrln_d —out \II a aml-ovi nn P haeu PSP

y oyt oSt
wher ei n aﬁf%ﬁé“% HoPlectiRg elsYR f i cat)i B fand/ or| Yitdhns- estoy%f@r,catl op are
carried |out via enﬂﬁﬁ ng an enzyne. 15. A nethod of chronmat ographic
i sol ati dn_of cl ai m®iN) wher €l Tt he estleBi%icatiaif-And/or | 0-T
trans- egtSNfi catilon conprisie23.the use b one or| %bPe C1-C838l cohols| 16. A
met hod afl chromat dgraphic isjolation off claim15 wherein the esterification
and/ or t{rlans- est er|/i35%-ddti on [cbdpri ses |the use of| nethanol .| 17. A net hod of
chromat ag¥ aphi ¢ i god&izon of| claim 12, 9derei n tlhhe adsorptj on/ desorpti on of
the Vitamn E i somet&58re carried out junder a suppp@ritical fluid
envi ronment conprijsgggsan efff ective anpunt of, & conbinatijoggof CO2 and an
entrainer. 18 A nethod of chromatographic 1solation of claim 17 wherein
the entrainer conprises an alcohol. 19. A nethod of chronatographic
i sol ati ora.oé(wygtaeuﬁg MhREB (v -E Sorfeeit @it ~80gs)ent rai ner conprises an
al kyl al gphe! yocdBnérdret hod of chronat ographic isolation of anyone of claimns
17-18 wher eCBnaﬁﬁ)rgupqugky&gi 1 #hdh condi tions conprise operating

t enper at Y e§cotol ~a8@izklP %}qlgrzeﬁﬁlq@g 93550 §Hpka/ cnL. 12 Decenber 2003
77 21 A nmethod of chromatographic isoiation of Vitamin E isoners according

to claim12, but without renpval of the esters, wherein the substances,
whi ch { Okl 165 SAIE AR of MY VATEN d5rhSATRSS, A T QHUGEA SAYOFNg
sel ecti VEFRRIGIENTS accoraing to crarm 12, conprise tne mxture of the
esters, fromsteps (i) and (ii) and the nonesterlfled conponents. 22 A
met hod of chromat ographic isol ation of \/ tamn E isonmers according to claim

12, said Fi5s I(S)A,]s T 3 féléhﬁ:lll T L“Vlfler t OTY&lr; (. teps [\IH(B[E to LIWFTHI bn and
desorptl on stages Lﬂ}il%r e |supercriti call | ui d |enviTtonnment, said

addi ti onal steps irfﬁ]H ed ag fb&llows: (}_53}1‘ esterif?urn free gty acid
corrpone.‘.tsj( —t \ i S 6 er szw—t—h—eﬁe or
nor e NoeH--e—a de=—corponrert s of
t he Vit am-p—Econpii h ree—al-ehoehol s;

i) refvingth Fh vl saponifying-the fracti-on—containin
Ehe )non--ésl_er_iif_i_er 42sffonent|s. (v) rend¥ ng fhe_saap@.ni_i_i_ed products—and )
t her eby i el di ng 2 %’agti an {cont ai ni ng non-sapo i ¥9Qbl e prioducts; wherein
t he subsPances whil@8-68rm tHe source af the Vitamin E | sane®@ i ntroduced
onto the selective adsorbents according to claim 12, conprise the fraction
cont ai ni ng the non-saponifiable products fromstep (v) above. 23 A nethod
of chronat oy MpiteriisgMatedal vit. & ednnentraiheP?® t he Vitam n-E conprising
conposi t borlk tarepheygét abl e sour ces.

c. Conditions: P=180kg/cm?, T= 70°C
d. SC-COz: ethanol = 5ml:0.25ml (95.2% : 4.8%)

A0




| 2 Decenber 2003 23 24 A nethod of chromatographic isolation of claim23
wherei n the vegetabl e sources conprise crude palmoil, pal mfawtyecaabs 2003
distillate, pal mpressed fiber and/ or other palmoil sources. 25 A nethod
of chromat ographic isolation of claim23 wherein the vegetabl e sources
conpri se soya bean oil, corn oil, cano oil, olive oil, cottonseed oil,
sunfl ower seed oil, groundnut oil and/ ricebran oil. 26 A nethod of

chr omat ogr LG,.i,sol ation f claiml1l2, said nethod incorporating the
addi t i onal%—#i%mwnﬂﬂ yokrard - Rlfresm@iive | on

t hr ough arg"—or vari ous processes including solvent chromatography,
supercritical fluid chromatography or supercritical fluid extraction of the
Vitamn E corrp05| tion. 27 A method of chrorrat ographic isolation of claim12

of cl ai M WisrET T ¢ et eat—H b..VHnmmn* conpL . use

of C02, propane, pr olcﬁ]%l%ﬁgﬁ e;‘nyiEene a \ét ol vent|. VIoE A et NakEof

chr omat ogr aphi c iscl(ath n of |claim1l ere| n the entrainer used is an
Tk o4 of q';"rgnratn hic isqltation of [&Biml, 12 or

al kyl al (@”}M 29 -]
22 wher ei adsdrptionldeddibtion of 7fh¢= Vitagin E isoners _are carjri ed

out with solvent funder a sypercriticgl fluid environnment [wherein sdid
sol vent i€ used in|cblnatidnlOQth et Hanol as edtrainer. 30 A nethod of
chr omat ogaphic i sol42r#6n of |claim 1 whdOein: ste¢p (a) is ¢arried out| via
enpl oyi n14a solid al48abd netal bisulfatle, a sulfate and/or [a strongly
aci di c-i hA_exchange 58e68%n _as |a cat al yst|; step (b) is carried out via
enpl oyi ng a basic catal yst; 12 Decenber 2003 2~ or wherein the
esterification and/or transesterification are carried out via enploying an
enzyne. 33a. A/MtiSidritig dateral @gr Bpfoineehgataatd@r) of claim 22 wherein the

Vi tam n Ebcdmgocaplmyotonposi ti ons are veget abl e sources which include crude
pal m oi |, cp&flanditony: Rel80kidi/tri2| Tat@ecpal m pressed fiber, other palmoil
sour ces, SOYC-ERN ethhnolcOBMIM.L5mE B, Oitlges)ol i ve oil, cottonseed oil,
sunfl ower seed oil, groundnut oil and/ or ricebran oil. 32 A nethod of

chr omat ogr aphi c i sol ation of claim8 wherein the veget abl e sources conprise
crude pal Talslel 8: gabmaticy tof Pair ¢ieSEi dsbidss or other
pal moi | GottomseedIHlA net hod of chromat ograpni ¢ | T 12 or
claim 22 wherein: step (i) is carried out via enploying a solid al kali

nmetal bisulfate, a sulfate and/or a strongl y acidic-ion exchange resin as a

cat al yst|;Frak@ipn§! | ) ChBectfI 1 EitET VI a] I 0yT 119 stTcatatysts
wherein |t he esterifftiggd i on ahd/ or trangesterifi caﬁt?ﬁ are ,gﬁriied outt via

enpl oyi g an enzyneunigf A rret&_qd of chrgopt ogr aph{,: i sol at DI‘ of claim1,

r
T

'(J

wher ei n [id)gesTerifIcation angy sor—trapg—estertt 5 t-en—eop pri-ses the use
of one @rp nor e CISC8 al tuohuts. 35— ATrethotd—of—<chrorategrap c i-solation of
claim 1Z=or Tlairm 4345\441& et QL: Vi-t-amr—E+-SserefF-s—are—ohe-or—hbre-of

al pha- t ggpptrerof [0 gtocopheros garmnaigccpheru' —delta-tocopheral

al pha-t((4mr| cuu., s 53 tocat+enel—garma-tocotirienol and

delta-t )l5ULI|C||U|. 55, Pecdrber2003 2~ 36 A met H¥Y of chy onmt agraphi c

i sol at i ormof—Vitat .E?.B B2 sondrs—accordilng to clailm 8 whichl 88 erml ov=d to

separate Vitamn E isonmers from soya bean oil, corn oil, canola oil, olive
oil, cotto d nfl ower seed oil roundnut oi |l and/or ricebran oil .
37 A met og aﬁfb g%tﬁﬁﬁl i, %q:%qe@,t,ragq: ~90%nin E i soners of claim 12
or cIa|m2 il herem)val of the forned esters in step (iii) is by

vacuum dFstgng‘ itiogs: P=180kg/cm?, T= 70°C
COgz: ethanol = 5mil: 0.25ml (95.2% : 4.8%)



38 A nethod of chromatographic isolation of claim12 or claim22 wherein

t he sol vent conprises C02. 39 A nethod of chromatographic i sollafleggmbzf 2003
claim12 or claim22 wherein the supercritical fluid environnent conprises
an effective anmount of a conbination of solvent and an entrainer. 40. A
met hod of chromatographic isolation of claim112 or claim22 wherein the
supercritical fluid conditions conpri slg operating tenperatures and

operati ng pressures whi ch are kept constant throughout the run.
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Table 10: Isolation of Palm Vit.E isomers (J-T, v-T, o-T3 and v-T3 ) from

Ricebran Qil
Fractions Collection | Vit.E Vit.E Vit.E Vit.E
Time
(min) c-T v-T o-T3 v-T3
?/M - 28.2 5 20.6 38.5
2 35-41 100
3 42-47 85
4 48-55 100
5 58-65 100
a. S/M: Starting Material (vit. E concentrate ~90%)
b. T: tocopherol
c. T3: tocotrienol
d. Conditions: P=180kg/cm?, T= 70°C
e. SC-COz: ethanol = 5ml:0.25ml (95.2% : 4.8%)
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(a) esterifying free fatty acid components of the Vitamin E
comprising compositions into esters with one or more
monohydric alcohols;

(b) trans-esterifying glyceride components of the Vitamin E
comprising compositions into esters with one or more
monohydric alcohols;

(c) introducing the product mixture from steps (a) and (b) onto
selective adsorbents to effect adsorption of Vitamin E isomers;
and subsequently

(d) effecting an individual desorption of the adsorbed Vitamin E
isomers,

wherein the adsorption and/or desorption of the Vitamin E isomers are

carried out under a supercritical fluid environment.

2. A method of chromatographic isolation of claim 1, wherein the Vitamin
E isomers are one or more of a - tocopherol, P-tocopherol, y-
tocopherol, 8-tocopherol, a-tocotrienol, p-tocotrienal, y-tocotrienol and

8- tocotrienol.

3. A method of chromatographic isolation of claim 1 wherein the selective

adsorbents include silica gel and/or reverse phase C18 silica gel.
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4. A method of chromatographic isolation of claim 1, wherein the
supercritical fluid environment comprises the use of COa2, propane,

propene, or ethylene as a solvent.

S. A method of chromatographic isolation of claim 4, wherein the solvent

comprises COa,.

6. A method of chromatographic isolation of claim 1, wherein the
supercritical fluid conditions comprise operating temperatures and

operating pressures which are kept constant throughout the run.

7. A method of chromatographic isolation of claim 1 wherein the
supercritical fluid conditions comprise a range of operating
temperatures of about 30°C to 100°C and a range of pressures of

about 50kg/cm? to 600kg/ cm?- .

8. A method of chromatographic isolation of Vitamin E isomers according
to claim 1 wherein the Vitamin E comprising compositions include
crude vegetable oil, vegetable oil products and/or vegetable oil by-

products.

9. A method of chromatographic isolation of claim 1, further comprising
concentrating the Vitamin E compositions before the Vitamin E

comprising compositions are combined with the adsorbent.

10. A method of chromatographic isolation of claim 9, wherein the Vitamin
E comprising composition is concentrated by solvent chromatography,
supercritical fluid chromatography, or supercritical fluid extraction of

the Vitamin E comprising composition.
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A method of chromatographic isolation of claim 1 wherein the
supercritical fluid environment comprises an effective amount of a

combination of solvent and an entrainer.

A method of chromatographic isolation of Vitamin E isomers from
Vitamin E comprising compositions, said method including the steps
of:

(i) esterifying free fatty acid components of the Vitamin E-
comprising compositions into esters with one or more
monohydric alcohols;

(ii) trans-esterifying glyceride components of the Vitamin E-
comprising compositions into esters with one or more
monohydric alcohols;

(iii) removing the formed esters and thereby yielding a Vitamin E
concentrate;

(iv) introducing the Vitamin E concentrate onto selective adsorbents
to effect adsorption adsorption of Vitamin E isomers and
subsequently,

v) effecting an individual desorption of the adsorbed Vitamin E
isomers,

wherein the adsorption and/or desorption of the Vitamin E isomers are

carried out under a supercritical fluid environment.

A method chromatographic isolation of claim 12, wherein the selective

adsorbents include silica gel and/or reverse phase C18 silica gel.
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a supercritical fluid environment comprising an effective amount of, a

combination of CO; and an entrainer.

18. A method of chromatographic isolation of claim 17 wherein the

entrainer comprises an alcohol.

19. A method of chromatographic isolation of anyone of claims 17-18

wherein the entrainer comprises an alkyl alcohol.

20 A method of chromatographic isolation of anyone of claims 17-18
wherein the supercritical fluid conditions comprise operating

temperatures of T=30-100° and pressure P=50-600kg/cm?.
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21 A method of chromatographic isolation of Vitamin E isomers according
to claim 12, but without removal of the esters, wherein the
substances, which form the source of the Vitamin E isomers,
introduced onto the selective adsorbents according to claim 12,
comprise the mixture of the esters, from steps (i) and (ii) and the non-

esterified components.

22 A method of chromatographic isolation of Vitamin E isomers according
to claim 12, said method incorporating additional steps prior to the
adsorption and desorption stages under the supercritical fluid
environment, said additional steps included as follows:

(i) esterifying free fatty acid components of the Vitamin E-
comprising compounds into esters with one or more monohydric
alchohols;

(iij  trans-esterifying glyceride components of the Vitamin E-
comprising compound with one or more monohydric alchohols;

(iii) removing the formed esters;

(iv)  saponifying the fraction containing the non-esterified
components;

(v) removing the saponified products and thereby yielding a fraction
containing non-saponifiable products;

wherein the substances which form the source of the Vitamin E

isomers, introduced onto the selective adsorbents according to claim

12, comprise the fraction containing the non-saponifiable products

from step (v) above.

23 A method of chromatographic isolation of claim 12 wherein the

Vitamin-E comprising compositions are vegetable sources.
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palm pressed fiber and/ or other palm oil sources.

25 A method of chromatographic isolation of claim 23 wherein the
vegetable sources comprise soya bean oil, corn oil, canola oil, olive oil,

cottonseed oil, sunflower seed oil, groundnut oil and /or ricebran oil.

26 A method of chromatographic isolation of claim 12, said method
incorporating the additional step(s) of concentrating the Vitamin E
comprising composition through any or various processes including
solvent chromatography, supercritical fluid chromatography or

supercritical fluid extraction of the Vitamin E composition.

27 A method of chromatographic isolation of claim 12 of claim 22 wherein
the supercritical fluid environment comprises the use of CO2, propane,

propene or ethylene as a solvent.

28 A method of chromatographic isolation of claim 11 wherein the

entrainer used is an alkyl alcohol.

29 A method of chromatographic isolation of claim 1, 12 or 22 wherein
the adsorption/desorption of the Vitamin E isomers are carried out
with a solvent under a supercritical fluid environment wherein said

solvent is used in combination with ethanol as entrainer.

30 A method of chromatographic isolation of claim 1 wherein:
step (a) is carried out via employing a solid alkali metal bisulfate, a
sulfate and/or a strongly acidic-ion exchange resin as a catalyst;

step (b) is carried out via employing a basic catalyst;
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36 A method of chromatographic isolation of Vitamin E isomers according
to claim 8, which is employed to separate Vitamin E isomers from soya
bean oil, corn oil, canola oil, olive oil, cottonseed oil, sunflower seed

oil, groundnut oil and/or ricebran oil.

37 A method of chromatographic isolation of Vitamin E isomers of claim
12 or claim 22 wherein the removal of the formed esters in step (iii) is

by vacuum distillation.

38 A method of chromatographic isolation of claim 12 or claim 22 wherein

the solvent comprises COa.

39 A method of chromatographic isolation of claim 12 or claim 22 wherein
the supercritical fluid environment comprises an effective amount of a

combination of solvent and an entrainer.

40. A method of chromatographic isolation of claim 12 or claim 22 wherein
the superecritical fluid conditions comprise operating temperatures and

operating pressures which are kept constant throughout the run.



