; edeY) Yy4 6TPX] C * 1 RECOVERY OF M NOR COVPONENTS AND REFI NI NG OF
\/EC;ETABLE a LS AND FA@ Technical Field of the Invention This invention

relates to r the recovery of m nor conponents a f 5
veget abl e o&\“ front crude vegetable oils and fats| mmwm Imm“

a process f oecovery of mnor conponents and refining of Megetable
oils and fats from seed oil, pulp oil jand other vegetable matter.

Background of the Invention Crude palmoil contains less than 5 % of free
fatty acid (FFA). The main fatty acids are 10 palmtic acid and ol efc acid.
During fracti oRECGQERY &HMIM@R@QMP@NEQTWSIANQBEEMN&@ENEGEE%E pal m

ol efin. Crude palmoil contains 60@y ‘q $f tocotrienol/tocopherol

m xture. The tocotrienol presence |n pa moil are y-tocotrienol,

a-t ocopher ol ,Teghniead Hield ofld Ingendio8t ocotri enol in an approximate rati o *of
5:2:2:1. Toc

fractionati Oﬁ%{s@%ﬁlg?ﬂl %lrailgek s EBE s?ﬂﬁ‘ﬁ IQco%Eg Ol?%rmr Q{? edg%tghei{% I@ﬁﬂ%ﬁ%f) esterol
15 | owelsi ng, vpgetableriisagd &atst fzomh omidd quetsbls Oéh@lds?@tﬁ,okeﬂl‘tlﬁuwl bitosesbfadlst cancer
cells, prote . SKj t|on and
as powerf ul gténctO ?eg ﬂ%ﬁlt% H#nf% ?%%51&15 réfgﬁlg Oofélgﬁlltl%{aﬁ\sﬂo%r&éd QJU 4% of

di gl yceri de. ofbagd Vb@;rvmiﬁ@abl@mﬂomm der ed undeS| rabl e as it affects
crystallization during fractionation. Based on | ong terns hunan study on

f eedi ng of dlg@i/(cerl des-rich cooking oil, diglyceride was said to be able
to reduce 20 gound pfjthy deventims, i ncr eased serum hi gh density |ipoprotein
(HDL)- chol estepad pafdi et 1egsnthws<u@|oﬁﬁga AAPEH A5V Ehohab b U Rlare O ude

paI m oi | contai ns about ,451: car ot ene. mal n car ot ene
conponenfs ' Rairaitic acid andpleinecidadeiriag Eagtionative. fathiacidrigslishticronesnartedin, ficar ot ene

i s-concentratgghidkit Gu@ Slidbil ddnfitts Boofi BRC PR to%&i%llfb%ﬂ?kﬁl ghktirecan
contain up to 1500 ppm of” carotene whereas crude palmstearin (the solid
fraction) hasTheuedetreonenreseree dn e oflaee 1-ooptagnol, é‘stgcophf?&?i POGopigrg and 8-

Consunpt i on ofc Ridhb X inWhGpRoxitate U@ ofcPS 94 ENScHBSoLlsalsHRAYidnd BY AY bal&:
protection towards free radical nediated degenerative di seases such as

cancer and catein yarg fircipnafion e dgeodrienpl wageaaimpdsto kel nelfectiveain holegerek ene but

not [ 3-qar ot eR@edidphhlidnte: A.rle)-i@sﬁzleﬁﬁlrs GhdRARE) ikt bllesst YhSer celi dﬁbt%&m%'tl@d med
t hat intake of palmcar ene_in |Ogeéts ski n peroxi dati.on_in

ul traviol et rSkii 3gpingihe @ﬁ%‘f AR reittien B S pavisT P A aﬁ?oductl on of

refined red pal moil from crude palmoil. These include U S. Patent No.

5932261 and | icatiaon 8..5.All .these
pavents | nvol LB ERATA T Grui o dn 0 ChsietiReate Yol RIS oh

t enper at ur e tundestiable @s ithfedtatriyytalimtion during H@ctbnation. das«d gadbentesn dﬁﬁm i bi ng
L1 Produot! OBy SB46% 8P GySEREENIERL Sl AR IS: REL AL ke TESBLC) e
GB2218989A anén@B tifisaes, mAqaaedl saiuln high slengitat lgepsteim (EPMedioleGerplr etd: eat ment
to the free f@&&oﬁog&ﬁmmﬁg &Cald{“%l{or%% hd lation and fol l owed by the process

of post treatnent su Si ng adsorbents.

Crude palm oil contains about 500-700 ppm of carotene. The main carotene components
are p-carotene and a-carotene. During fractionation, carotene is concentrated in the olein
(liquid) fraction. Crude palm olein can contain up to 1500 ppm of carotene whereas crude
25 palm stearin (the solid fraction) has much lower carotene (as low as less than 200 ppm).
Consumption of a mixture of natural carotene was claimed to provide protection towards
free radical mediated degenerative diseases such as cancer and cardiovascular diseases. It

was also claimed that a-carotene but not B-carotene inhibited liver carcinogenesis. It was



This .invention relates to the process of producing refined red oils and
fats, carotene concentrate, distilled fatty acid, tocotrienol and sterol”
concentrate, and diglyceride from carotene-containing natural oils and fats
and has particular but not exclusive application to 15 the process of
produci ng these products fromcrude palmoil and its fractionated products
by first renoving the pol ar corrponent§ prior to transesterification and
therefore no posttreatnent is necessary after distillation. This invention
has many advantages. It can refine palmoil and palmoil fractionated -
products wi t hed cIgiged f@dihikh oftplen GRSk GGiREkiRpdOUGHioY RAtdILILBEiblkat i on
tenperature since 20 the polar conponents including that of odoriferous
material s and™efenfatty acid are removed by al cohol extraction prior to
distillation. It also can refine crude palmoil or its fractions into the
refined, bleached and deodorized (R B.D) oils w thout using degunmm ng agent
such as phosphb¥e are Rateels deseritgeeode prodecion ol ilinddged palm fHtirop eradgeralm eitper at ur e
as nost of thendst BRAALBYPAGE Ho. 3050280 01d A REAKS PRBL ApbRlafo 1Y 1808 enoved.
25 This invention al so enables transesterification to be carried out

wi t hout pr e- edtlahesy pateatsiiniplige mpjeedarrdigtiflgtion of prlm ol ahtelpgvebn bigh Esmppradtfuct i on

of carotene conegmer@immpicidnout the need of post distillation treatnent
such as using adsorbent.” As the pol ar conponents had been renoved 3 from
the oil prior to tra.nsesterification, the transesterification reaction was

carried out Wrkd@s ais<5‘Eﬁél‘ft@de%ﬁ%gfﬂﬁ%&u%n%%@fg@ﬁg dohehli e MBhicRlde 3N
carotene remai ned in the residu h ocesses described in the gresent

. _ e. _The pr
i nvention ar e%4; r}rﬁFsérm%‘idledj'éogact@r’éﬁ\?oeéﬁ%\]/@é@n@&’mﬁ?ﬂ%ﬁfgtaﬁd tth&tP285EPi bed i n
ot her pat ent sGBD16v8T4A, €6B271898AC aYd FEM 288 M Qighin dINitBes® PaMBNInkSReddl SO
renabl es .t he recover tocatrienol, tocaopherol., sterol and

of FEA, t ocoph

di gl ycertPde aﬂﬂtr??f‘ﬁ%‘F 10 befied fafy Add melrRgish disilleten aqdpllaved|by tag priesy Ohf t he
| nventi on Thep&bir@ahendfuch Auspgadomknts.nvention is to provide a process for
t he recovery of mnor conponents and refining of vegetable oils and fats
fromcrude vegetable oils and fats 10 w thout destroying naturally
occurring corfhisn@mémsion RelitésetoCthel peocvRBEt meueingirdfmednell bkt and AGEC edrokemegl v,
there is provided pr.oce for. the recover f m nor copponents .and
refining of vEgETEBFEISIFS Ty doifaPeoimel d lerclicpoeplinic 80 PEVCRIE Bocs 1 or
t he recovery cdoternerrontaipmgpanehdis asdifdtsaed hasipagjcuddr butagetxalkiee aiplisatianth f at s
wi t hout ;dest rQyir ' 0 : 1.G. Rk rising
the stefs of : Turas Bt bRl QREHDRATECIRANENN it il R T ol e
oi | s and f at sbufishigmpyng the bl tonmorastsairionto tegnsestprifigationaing yliereddre op obst-wat er
m xture; b) reopgadkisQbcedafRel aiftfiifdnt he product obtained in step (a) by
distillation; c) addition of suitable quantity of bleaching earth to the
product obtai‘ned in step (b) at normal bl eaching tenperature foll owed by
filtration;, ameg @Oentdn dROGMY ialkigef @fcah REBHARUGH afbbainngd rhdtiosdt&p (C) at
a | ow tenperat ud[rue. This invention wll bﬁ cl earl%fdéqn_ﬁerstood and appar ent
wi th ref er end& PGS PHEOH desPYIRg e SERTERpT2dAVERIATHT BIUFEHRR terpReralyre g°e

' DesE ri poon afe pbl];a )dhﬂpbemsi oRluding the aff Wdesfedtd madRtialk lagd @I]tee tebxey hcn&fam ihon,
either as steps of .the .invention or .25, conbi natiops of parts. of. the -
Cventi on w 1R ebaces B Pt o st (R Bt At 1 cul ar
enbodi ment s dfactidne ifteshe réfined) briched raviaodoyizatiaR.BoD) dilslwithbutaking degamehingot  as
limtations oafctthl%1 iagv]gnti (_)n.ﬂ%'hed CP\% nci Ite J‘e.gt ur.es oft the | nvesr]ll'goiston may
be enpl oyed 8 &P EHEIRPHONG PHIE ATEISRITHBLA 2 FEPAF TV & T SIPFREE NS of the
i nvention. of thediree fagtp @ciil sndoinsifoouamatenlriaveibeen rehtovéds freely soluble in
oils and fats. Its solubility in Iower alkyl alcohol is low. Natural oils
and fats consist mainly of triglyceride, which also has |low solubility in
| ower al2Ryl alhésoheentienpadde easblevetaimasiaificaivd tebdranis out@rithgutprdesfezifisatian ef sol ubl e
I n n-pr O.panmfree'f?r@ EﬂpﬂQFh e%%s? oﬁﬁc'ii ﬁ?f’ﬁlfoteﬁé g&ﬁkenﬁgtg%%ut tli%‘%géotd %@stpf wat er
or a 5 mxture of “these Tower af conol water m xtures can be used'to form
two phases i rdittiHetiquriseimsateudf asoising adsadperft s sthe Bylargompenepto had besorepwied such as
| ower al kyl al cohol or |ower al kyl alcohol-water m xture, the polar
conponents such as FFA, tocopherol, tocotrienol, sterol, triteipene
al cohol , nono-gl yceride, di-glyceride, glycolipid and phospholipid can be
extracted out fromoils 10 and fats, remaining the non-polar conponents
such as carotene, squalene and triglyceride. The oil or fat after |ower
al kyl al cohol extraction can be subj ected to washing with water . Residual
sol vent and/or water can be vacuumdistilled at a tenperature |ess than
100C wi t hout destroying tocopherol and tocotrienol in the nmethanol extract.
The m xture of FFA, tocopherol, tocotrienol, sterol, triterpene al cohol,
nono- gl yceride and di-glyceride 15 can be used for their recovery. A

o B . I 1 o,




20 25 30 Ol: MeOH ratioExtraction stagesFFA, %Carotene, ppmAeight of MeCH
extract, glnitial4.308731: 1After 1 extraction2.5687025.31: 1After2
extractionl. 6787518.51: 1After 3 extraction0.9887314.81: 1After 4
extraction0.5990410. 01: 1After 5 extraction0.338897.8|l:1After 6
extraction0.219087. 11: 1After 7 extraction0O. 169066.91: 1After 8

extraction0. 0978985. Ohuti al 4. 208621: 2After 1 extracti onl. 82864~ 41.2 55
10 1: 2After2 extracti onO 7387522. 61:2After 3 extraction0.3290215. 21 2Af ter
4 extraction0.1789512.0 '1: 2After 5

extractionO. (PN

extt~acti onlgigggéggﬂ %61!% {??A ]4?%913%?1 énaglte% %ﬁ%esﬁggaélgn l%afuoék ? Sélgarréed out

ext ract i onO. Virlgmgintereren@Afane the ansaponifiable matter and carotene remained in the residue.

extractionO. 2 l.4

extractionl. g%s?%gféeéléﬁé lete%r ? r?eg%ltt ﬁ@fngﬁ@o&osélfplil alﬁ OSt effgcuve o

ext racti on0. 9594030 alaTM@csbﬂd\ﬂermheemtmamon @motmmrdgevec)afrpmepﬁhnml ahisr oom

t enperat ure t ncr eases
aftor rbmoval tapop pEehplel he MBSl APl el B0 BRAT AR O BpRRGct 001

t gnper at ur esandathenbssinl pénousmponeibarf palinwilno advant age to cany out the
extraction at the nethanol refluxing tenperature or other tenperature

bet ween room t enperature and net hanol refluxing tenperature. At nethanol
refl uxi ng teppemary-ofee Inventienneutr al oil (triglycer ide) was extracted and
the caroten 0, r i ,

i ndi cating E(T)%e&%ée‘c? tgf :th%rlgﬁé@nm%éﬂa@a%gt@ epﬁﬁﬁdfﬁaoglﬁo%ﬂzilgﬁliéﬁg}E??tgﬁgﬂﬁ%'abl e 2
st ul unar i zescompensnin #drisfinies of seeetiedlp otlhand {gtssirem crude regntablensilst 4nd 8t hanol

[ ef L uxi 0 25030} EARGAR R Lally ChdurrlRCHb Rt K Gl QR O aSTTRAY

%Car ot ene, ppm f Vei ght of g]—l extract, glnitial4.368971: 1After 1
extraction2. 6486427. 01: 1After2 exacti onl 6687425. 51: 1After 3

extraction0. R&3fdn l}12the§é- 1§-'ﬁifoklﬁéd 4 R¥detsafok 't@@c@\;&?sgﬂ-gugol olaﬁ&a&%ﬁts%nd

exi ~acti onO. 348278g After 6 extraction0.208237.51: 1After

extracti ono0. lffZ'E‘!’E%‘?f‘ﬂ“&bA?‘ElEra“CBfa@ﬂhFﬁlé‘tsﬁ’Srﬁ’EPC%%O% 0 65 10 15

I nitial 4. 2388%15c2Af theihe kecd¥dry LN &oﬂpbﬁ&ﬁﬁ&}d%ﬁla&g‘ biewfegetable 0113 and fats
extractionO. 7587I%9 61: 2Af t az 3 extractionO. 23894 61: 2Af

extract i on0. YSEEhqgIry e sRRTally oscUEng CaRPIISHY S E@%%C%‘Fﬂ’i’is’flﬁéheﬂeﬁ%%f921 3After
1 extrarstiond. &?r&ﬁ)ﬁ?oﬁ?pﬁar cBAbmfeﬁtE fremttlicatiide O B2 taBRBA6 A, fAtd 1A lower abkyl

t tion0. 13 .
oxt 1 act i ono. 05BaaRt e By et S Sedmbarenmprsy 1
extractionl. @2%0:41@ ozalwm f.ren Beegxodag obtem®d B4@0 E) by GistilkAbn;er 3
extraction0. 7% cﬁ n CO a}blseI chlgﬁ{{{')ﬂgf ﬁEaQRQ%tCMto%é]ﬁgdl}ap!)&{llléplb s gt(@dﬁud‘l as

ot her | ower elr m xture can a
sol vent to ext p%talblmb@a@msra@{fdhllmdw&éraﬁ%@@ aci d, tocopherol,

tocotrignol, g SH@JdQ\LuzattlJﬂ Jf%le&%@ct%hﬁﬁl@@hstewQt'agt)\w%{ﬂeggn@-nd di -glyceride)
from natural 0| s and fats.

This invention will be clear]ly understood and apparent with reference to the detailed

description which follows.

Detailed Description of the Invention

The features and details of the invention, either as steps of the invention or as
25 combinations of parts of the invention will now be described. It will be understood that the

particular embodiments of the invention are shown by way of illustration and not as

limitations of the invention. The principle features of the invention may be employed in

various embodiments without departing from the scope of the invention.



20 For |ower al kyl alcohol with three or nore carbons, such as iso-propanol
and n-propanol, addition of water is necessary to formtw phases wth the
oil. Table 3 revealed the effect of water content in isopropanol after the
first extraction at roomtenperature, using the oil to solvent ratio of
1: 2. The addition of water at 5% volune to isopropanol is prefen~ed over
the higher water content. 25 30 Extraction solvent FFA, %Carotene, PPmb%
wat er in iso-propanol 1.2589610% wat er 4 n i so- propanol 1. 4284715% wat er in
i so- propanol 1. 5782520% wat er in iso-propanol 1.87835  The
car ot ene- cont e [ about
0% ot hanol . Cuppets Rk pde harepCre FERUAGh 1} SRGH O ThishhoriTh e,
tenperature nakylntsolol ihlaw. (Nraurg5ds @ixbfatsi cngslspmamly off trighpeeridgy oth) cheah Habe
product is re . f ch as
refined red p{é_)lkvnms(%qﬁhlg)d ufﬁswgr, Qkyl a?coh(g SU:I % m tﬁglo gidngtl%lgl {)ﬁic %’ldg%%r %%
stearin. |t i®ubedemgtrouool} 119d>m¢pamitand @tkclda\mrsa kybaltdinek Additionadf vater syt het| c
in origia or | ijJ. or its
cor respogr:dl ngl?1 ra‘l'(;ﬁli.ﬂlF g%%etlg p%lg)(%gt?%t.& xtﬁﬁesaé%ﬁ %ér)ldd{é)?ig{nq%g ? ﬁ!lagg i ljhe
ant i - oxi dant spresideloépilymmtitatal or synthetic in origin or a conbination of
both can be added to the carotene containing oil before distillation of
Il ethal 101. 10 The subsequent carotene-containing oil can be used directly
for esterifi cBy horg pdlar salvpnt eficsl as levtr elrplodidohelmtr lower alhgles¢oboliwatganikwre, Wi t h 6
nmol ar vol une ne od S
catal yst is u@é&’gﬁ{ Q&H@Jnﬁé{geﬂ&{& o d}e '%etg‘f%%he% roa‘/%lfb zgéeg&]eyg?a% %gotl ?lbn or
transest eri f i vend-gyeends, Hi-glydeeide, tzliselsndsmdfpha@h@mﬂ Qamble ratrdstsdiodeirom ofet assi um
hydr oxi dg or can al so
be used. fb @{j{%g ﬁaéﬁtgn }r?(gsntepc?gac%Irgdtﬂ’ﬁﬁOﬁelﬁ)Sf suﬁf&sg%g%g% g@?{egiaélg?ﬁ %ﬁ%l | such
as sunflovver oil can be added into the carotene-containing oil prior to
distillation gf difyrientAshdUsy! R6RbVRGkHYE SatleSul;Bed® Wafild With Whe:.
carotene concentrate. Transestérification process ' is-nonitored by high-
resol ution gaBesidueluslyerttandnmraigr eptby vacuysi Higilire at 2 eMRIRUBHTS thagl 1EG wi t h
hydrogen as C@ftﬁdu?ﬁesgéﬁng gcyﬁ}l@xropgndrﬂo%ﬂnaﬁ/ 8Ih& BRBR %Qla@ha‘fﬁéjm*ﬁ@tﬁ@ro@t ed and
dr ained continuous when tile r eaction is toward npl etion. The
reaction is C%ﬁ’ﬁ:ﬂt%‘toéfl eWC%P.’HnOl sty frifgraeae Aleehels é‘?ﬂﬂ‘otﬂiyﬁ?lsﬁééﬁﬂ diselyesaile
di sappears i n {h®e 6RA (@A, The methyl ester layer is centrifuged,
with or witllout addition of snmall quantity of water to renove small
guantity of soap and nethanol. 25 The nethyl ester layer is then . vacuum
distilled. Inaa Iﬁkl’eE&ﬁdib palmesTéia dif RRAjle viah@igaRlubly [stiest eith | fetl@ghased v n a

160C i n two crapge srodhor: FEdbl & apbF AuPoe e Teethaer ot ood that

degassing can also be carried with short path evaporator or other suitable
vacutun distillation unit. It is al SO 8 understood that distillation of

methyl ester oy feoRa] ik Bihs é"ge%” diAeyent o Wx’fé’ FeagRratior stages.
Car ot ene congent ;ﬁfue i $ collect resi due. Meppgnol | i nyides 9l ycer ol
| ayer iggdistlilled at |ess than 100C| prefergbly under vagHum of
Initial 4.30 873 -
1:1 After 1™ extraction 2.56 870 25.3
1:1 After2™ extraction 1.67 875 18.5
1:1 After 3™ extraction 0.98 873 14.8
25 1:1 After 4" extraction 0.59 904 10.0
1:1 After 5™ extraction 0.33 889 7.8
11 After 6" extraction 0.21 908 7.1
1:1 After 7" extraction 0.16 906 6.9
1.1 After 8" extraction 0.097 898 5.0
30 Initial 420 862
1.2 After 1% extraction 1.82 864 41.2




| ess .t han 20,000 Pa. dycerol is distilled at less than | 60C under vacuun

i
resi dual

of 100 Pa. The net hanol
met hanol
distillation in short path evaporators.
by tocotrienols,

extr

t ocop

preferred enbodi nent,

tocotri enol,

t ocophero

extract is distilled to renove the nethanol. The
act is then subjected to degassing and vacuum
FFA are distilled first, followed
herol and sterols, and finally diglycerides. In a

FFA are distilled at about 200C under vacuum of 2 Pa,

| and sterol

Pa, and diglyceride at 271C 10 under

at 5l ess than 220C under vacuum of 0.1

vacuum of 0.1 Pa. After_ met hanel

removal , thereH—abter—ppthanol—extraction—can-b R B.D. oi
by treat ment ";t.‘g;azéﬁﬁ%ggééﬁEﬂg, f tia
vacuum filte ' ¥ 3 GBFIP70 4 00-390c undd® vachium &32300 ]t o 500 Pa.
It is under st ood #hat H&ﬁﬂﬁz‘%em@ﬁﬁe f 8ltac LIJ_I’HJL oart hlandle? hi dher
deodori zati o tprlrj:‘r’pr at AT 35 BXTRELGH &6i eqt 0uf% 15 The il refli ned using
this processido _not need degiunm ng mith phosphoric acid, uses |e@ss

bl eachihg eatth _and deddigal i r42@enper at %% _as| t he process had

al ready rermoyed tHe fatdferdcextraghitgd odoriferols md%rials pptor tq refiiung.
After methanol rédoval [Aftdie” eftiactight er nBfhanol ex actli on éadh be

fracti onat ed|or fldrt herAferacextsatianed, SP-hte most 9% thie di §8¥cerildes and
unsaponi fi able maft er |hfes 4bewracticanoved B8 pii or %1% the frabiiondtion
process, the|crystallilzation behaviofr is noré predictable as conpared to

t he conVWenti dnal fractjilomakti on of pal m 622 . De8%x i ptli on of Preflerred
Enbodi nents The preseniAfenveedtiagionwi | | hdW be fi 0L& her| spedd.fi call y

descri bed by|t hel#ol | ovhfreR Bmamapioas. | Al 0.3par s ab4D pericent 2gés arle by

wei ght unl es$ ot hdr wi sleAfstr 8t edlractiond EXA.00P) LE | Pl ar Jmat edisal s vere

extracted from1l L of crude pal msuperolein

carotene and 5. 7% di gl yceride) by adding 2 L of nethanol

wth 4.20% FFA, 862 ppm of

and t he

m xture

was stirred Uiegmhwuis byragtionr @orbet @mnrjsdraat ar wofmotemberatirsuiebmit 32°Q. sltivaabl e

cont ai ngf sugh
5-L separating _
phase was coiridesstoedithairihep Fepmetgmpsretares cap-afsobe msed a Thérp sgle, adTaveagprict daatiol

75, 52

cfed

to

QG b

Ks oH2

sett

i

re%o%&lugfe thle V]%%é

e 1nto two

el s

SEesS.

o

feﬂeg into a
he 'l ower oil

| ayer

vwas transferged,d BiQenls knEMRRNRLIRRNE 1BrBRY of Bhar ¥nPUARRr RhpLat wat er

bat h tenperature of I
41.2 g, consicepitgngperfursandgugtippol refluxingtesgpe

60C

under vacuum

e

I d
t%%f‘gtﬁ‘ti

of net

hanol

extract was

nstignd reffuging prgest and

sterols and Zfke 3%tk oidl ttﬂély&ﬁﬂé)%ﬁ extidd@d Bhd tht 8¥&Ene(doRentGd lowdd thih dha82% FFA

and 8642
further

4

pm car ot ene)

whi ¢h_cgnt ai ned apout 10% of net hanol

dde® wiaftipe nqterit inpiRafing, e qqiciosation 9 CURERR ERICD HOft SeEEnHas

in it

was

repeat ed as TR&CT julthriadANEmetldn6] sxtredtidn @fat WRtdARREO butex ihe nRtHana&2dg 69,

consisting of 48.0% FFA, 1.6%tocotrienols,

t

ocopher ol

and sterol

s and

24. 6% di gl yc&PPAEE® 15 The oil layer (the oil with 0.73% FFA a.nd 875 ppm

carotene) which contai ned about 10% of net hanol

init was further added

with 2 L of nethanol. The third extraction process was repeated as
descri bed aboVil: Me{dilyj dixgragfiomsageainpl Fisktoact Caepsenes. 2g Weighiof st|i ng of
26.1 FEA, 2.?@6ﬂ@6®trienols, t ocopherol and ster®® and 381e8H di dl yceri des.
The oi "™l ayer_(the oill with 0.32% FFA and 902 ppm car of erf&a cont ai ned
about 10% 20| of net hanohitigh it was furthad? added®Mth P L of nethanol. The
fourth extracti od:lprocledlerdasxtesimat pd 284 descri Bed above. 2The vilel d of
met hanol ext {~actl:lnwas 120y exgaeianst | ngl6f 12. 398TFEA, 1. 69%2%-dcot rli enol s,
t ocopherol and stldr ol s| Aftet 334xte9tieh g| yc@P des. TR oil| | ayé?6(theg oil with
0.17% FFA ai zd 895 ppm &ferdt extertianhi th 86ht ailned 83bout | 10%67 netlhanol in
it was further added widherd” exwsctionet hanBP4 The 82t h and fi%fl extraction
1:1 After 6" extraction 0.20 823 7.5
1:1 After 7" extraction 0.12 815 72
1:1 After 8" extraction 0.083 802 6.0




25 pnbcess was repeated as descri bed above.

was 8. 74,

10 5 The oil

consisting of 5.3%FFA, 1.5%tocotrienols,
and 35.8% di gl yceri des.

t

The yield of nethanol
and sterols
| ayer was rotary evaporated. The red

ocopher ol

extract

pal m superol ein contained 0.076% FFA and 896 ppm of carotene and 2. 8%
The red pal m superol ein can be further subjected to thin film

di gl yceri de.

or short path evaporator to fiu-ther

renove traces of fatty acid and

EXAM PLfJ Il Polar nmhterials were extracted from1 L of
(with 2,71 % FFA, 577 ppmof carotene and 4.1 % di gl yceride)

volatile matter.
crude pal moil

by addi ng 2 p—ef—reth mpgfmi t-he i xt-ura -was—stg %r edw-gorousty at 40C for
5 m nutes i na—sui-t-abl At-al-ner—such as-5-+—ecantealtask—Fhe{ m xture
was transfenked I':ﬁi.or A'xﬂe T,::, [{‘éqiﬁiurﬂ flyHnel anﬂwﬁ!!m,‘ed £ '4Qett e into two
phases. 10 The | Sgerdiftier Haq [ONE! 7 ) 1L conical
fl ask. sThe m t hahdl | Mﬁfé\n@{tﬁﬁ?ﬂgﬂqf errld into £1- evap 6% i on fl ask and
rotary evapo 2 f&?“b‘?ﬁfﬁcrﬁo@\n’rm fre > under v&cuum | The yi el d
of met hanol 1 AftegS3exgactionngi sP0AY o 5386§% EEA_ 1899 q

tocotrienol s|_tocopheriol and sterols and 21.5% dj lycerides. Thejoil |ayer
(the oil with 1.09% FEAY#R 599 ppm|carbifene) whi%h contained abput 10% 15
of nmethanol jn_ii3was [fAffer heﬂrxtrma@d wi t1872 1| of 8t hanol . He second
extraction process wasg Aftspondertios desct4®ed] abotP6. The vi4ld of | met hanol
extract'was [19. 23 consifet Bnextaftiog7.|5% FRA, 1. 6%%ocot ri endl&s) t ocopher ol
and sterols and B3. 8% |diftgr yCextiedos. [Th&-0881 | aye¥80(the oillAdth 0.53% FFA
and 599 ppm carotene) |which contai ngd about 10% of netlhanol in it was
further added with 2 L Igfialnet hanol . |Thettdhird exd®actijon process|was 20 r
epeat ed as descriBed dbidiee]™ &ivectigh el|d of.02net hano¥00ext fact 40es 15]1 g,

consi sting of 2019% FRAAftei2 48Graationt rli erblds, | ocoiffier ol andlst erolls and
33.?% dbgl yceri déd. THeAfer B™ bxarpeion ( t/he 0di71 th &420%| FFA Bid 604 ppm

car ot ene) which contai ned about 10% of nethanol in it was further added
with 2 L of methanol. The fourth extraction process was repeated as

descri bed aBpvendersted yhag péeratolamealyratsonchesst atizee fowspalkg alpghole enBFis alsly of 25
9.3% FFA, 13t %Qté’léoeﬂé)kﬁed a;soé%)%ﬂte{ lextﬁ@tdccﬁ‘ﬁéﬁﬁéﬁltssst@ﬂ%s%ees%tg'agidy cerides.
11 The oil layer (the oil wth 0.09% FFA and ppm car ot ene)  whi ch

cont ai ned alERRherPOYRSEricApl Kol dtiteiprne gleahals mope-ghesids aerb 41-gleHd®) fompt

met hanol . Theuhidikbnemd. final extraction process was repeated as descri bed
above. Tlie yield of nethanol extract was 8.5g, consisting of 5.8% FFA,
1.4% tocotrienols, tocopherol and sterols and 35.9%di gl ycerides. 5 The oil
| ayer \vi@s rFatlawyr aempmblaﬂ eGth thrbeorrméte parbéns Odukh m&ﬁ-ﬁ\iomdl ﬂxd(}AﬁloﬁénElFA and

604 f t 1. 7% di
furt EET gubjce(rﬁt?oé’?f’? %f Hi necefs?afyrﬁog?lxgﬁv(rg gasesafvh glsggolrilal V%al?cpthg eec?er enove

traces of f afwateraontentamdoprofaadliafie tlmﬁrstexnacﬁ)ﬁﬁdt/l?dg&l ttmlbeld?ab,arsmgﬂte@nlital S were
extracted fg ~Chi I roD 3 4,10 ppm of
car ot ene andﬁi@ g%% |08F§C?P?§%@%;Qf§*§ L‘?L'VEU& Ql@%jgorp]%gﬁoF Adagd With 5%
(v/v) of wathehighemvatdrsontentt ure was sti rred vigorously at roomtenperature

for 5 mnutes in a suitable container such as 5-L conical flask. The

m xture was transferred into a 5-L separating funnel and allowed to settle

into t@S phASESExtFiWioh S0t 01 | [ PNABRR, %AS [coCh@ened aild placed into a 5-L
coni cal Mask. The isopropanol -water |ayer| waspn ansferred into a 1-L 15
evapor ati on 5%@@{@1 ﬁﬂﬂ) Friopaably €yapornghed af Vag®r ba h tenperature of 70C
under vacuu 0% Jothr&PandSOPTr Opan@l— exrracgsmas (4. 5g, consisting of

20. 8% FFA, ﬁﬁ%@ﬁggg&rﬁ gjug, ocopt@rot—@and giserol s and 16. 8%

di gl ycepi deszgef et oLpi‘é(;&ﬁholU tre—ortgywr th—22g%% FFA and 894 ppm car ot ene)
whi ch conta opropanotfwater—Tm 1t was' further added
with 1 L of isopropanol added with 5% (v/v) 20 water. The second extraction
process was repeated as descri bed above. The yield of isopropanol extract
was 78.1 g) consisting of 9.9% FFA, 0.5%tocotrienols, tocopherol and

sterols and 11. 3% di gl yceri des.



The oil layer (the oil with 0.94% FFA and 981 ppm carotene) which contai ned
about 10% of isopropanol in it was further added with 1 L of isopropanol”
added with 5% (v/v) water. 25 The third extraction process was repeated as
descri bed above. The yield of isopropanol extract was 57.6g, consisting of
4,1% FFA, 0.3% tocotrienols, tocopherol and sterols and 7.2% di gl yceri des.
12 The oil layer (the oil wth 0.39%FFA and | 064 ppm carotene) which

cont ai ned about 10% of isopropailol/water in it was further added with 1 L
of isopropanol added with 5°0 (v/v) water. The fourth extraction process
was repeated as described above. The yield of isopropanol extract was

43. 29, ConSTlﬁtchl@QnQEon%méfgdz F e@t’el tﬂe &ﬂlmg%ﬂaéﬂoﬁ@ﬂll &ntaﬁ@%%lf'%"/@ efBh) > Sterols
and 4.7%di gl ycerid he oil layer (the oil wth 0.12% FFA and 113 8 ppm
car ot ene) }eclheﬂ(?éﬂlt Ceﬁlrbéaelmye@;by Yoo fdistilEion o ateerRarerotingere thapdhe f w- t her
added with dso é(lgbflhﬂg Oint &Hﬁéﬂ%lol%ﬁdhh%p{ ((u\é{ g)e 1%5 galﬁ-xrbﬂ ot le_tf tn%!i dl%@gaﬂn' nal
extraction process S repeated escribed abov he yield o

i sopr opanol oikfkactigest supkaes zefin@igred palmsiuperdleiy, @ﬁinéﬁ BYoprEAcleid. and 9sfined oadr i enol s,

t ocopher ol The ok L. |.ay rotary
cvapor ot ed. Pip AR 105 Bl iy Sk Ghold Bhlch Sl oy hie FBE=ES, Uf

car ot ene an@rrtbm@%ndofgboylcem bjaeadda'ch@ the dedopalim cslupratsotoaespording fectibuatadner

subj ected t ve traces of
arty aoi d Belscl s P e SRt bRl duPlAD Ok sl fof HERDR i SRS o
extracted fmmm@@gofobothrc@mée péderhts dlre pandteriencopiaining ol BEYUe Ritillagm0ofppm of
car ot ene a(r}getﬁlangf/o di gl yceride) by adding 1L of 95% et hanol and the m xture
was stirred vigorously at roomtenperature for 5 mnutes in a suitable
contai ner such as 5-L conical flask. The m xture was' transferred into a
5-L separ at tHOshwRet c%f&n@-kdn@a ﬁj%toﬁ) c%.@tl}el &ed r@lh@ctlty"\f%r QQ@?&%on—thn ower oi |l
phase was col | ected and pl aced -L coni cal 20 et hanol

| ayer was th%fﬁ%@fdeer‘@OdléHm’r H%‘1§35§11§94_1°%W§Bér*’é’c141dﬁlu?nFégWe%ﬁ’ﬂl ‘r“d}c“’al?lﬁseé%apor at ed
at wat er bagrhp sgnpenat Hyc@o@cie d0CahIRE s Wacuwms Jiaersisbe hicht atidRbBppal extract
was 22.9g, istin 9% FF 2% of {:ocotrl enol S,. tocopherol and

n
sterol s anoeStflfgeFé)@’af’r P?E‘"’é‘ﬂ‘%"é@on b‘”%‘?‘ Pases§Hsh 2% SOARmGPIthaKide BT BOteHUg) FFA and
833 gpm CaLIQrHﬁ)ﬂﬁl)sfoy\/Qﬂ cmlfer@ﬁ&bﬁlaﬂ@dntabpm&th&faiymmvdwaﬁt@lbsucm hlko B&Gselli tiist her
adde it 0 et T etraC|on roc
Fepoat o5 ac! GeBERHAHHYBL Ao oy ERION BERANOTIERT PLEE oD Rg
consi sti ng thé c&ﬁteﬂé}/cdﬁﬁmmgloﬂ?%xb@mthlsml&nm{ Sy it dteo:phétreoiecﬁmlg ststlolfs and
25. 6% di gl YGRL deﬁ camte ecom p | ayer (the oil with 1. x 5% FFA and 863
ppm car ot eng) “WAr Ch CEORt A hed about 10% of ethanol in it was further added
with 1 L of 95% et hanol. The third extractl on process was repeated as
descri bed i 0 of 42.3%
PR 1. 7% ¢ aegriaaiell ModeCls ARG pyBPLAELIE o g 5503 %‘%Fi&@%. des. 5
The oi |l | aysiog(Reniek 8 654G sphumresish Fydsogsn ds sBTerHsm @bﬁe%fﬁléﬁé)lamhi:% €cont ai ned
about  30% ofna&hReARealaRd Bﬁm@@&mﬁhﬁoﬁﬁ? br @%Qﬁt 1\%0&15&1 1]3 t(!wagf coampiéigh hapol . The
fourth extraction process was repeated as descr above. The yield of
et hanol extFaEpn iagompley Whep i e |“h$jyc‘6fldf’29nd3@%ﬂr‘3’l:%‘de P8, diseenar e i s,
t ocopher ol @pfhatdegedn0l s and 31. 0% di gl ycerides. The oil |ayer (the 0|I w th
0. 30% FFA and 888 ppm carotene) which contai ned about 10% 10 of ethanol in
it was further added with 1 L of 95 % ethanol. The fifth extraction process
was repeat e’dw&ﬁetl@@&ﬁd’l ila@@ﬂm aﬁﬁMﬁgedT‘hﬁh ¥ vaitidutaiddigbmhasalall @XdnfiBaif wass o/ . 39,
consi sting of 19. 1/ t ]f Cg nol s, tocopherol and sterols and
35. 8% di gl yEBPYSFRR aH7ah |S°a|1°£9 et ?”F? oil with 0.17% FFA and 862 ppm
car ot e@g) whiechetbydresta lngd iabentvachOfo ddtilled. hEno brefefred eminaidndntrthdreethpidded wi t h

1 L of 95% et h t t t
desc(r)i bed a%%{,généggafﬁeg 11)’} lflatfgnfl exa,[phrg%&:agcrll N cﬁ%%%w% gssi an 3€Ipaezfaﬁd%

ef¥
extract consrs |ng of 9.9%
FFA, 1.4% thDIGOP(eﬁdeS stagaaﬁpllwrpath aagbradre 1ok Snamcboaﬁlaﬁaégdqsggymeatlsodes The
oil layer (the oi W t1 }2% FEA and 871 m car oten % whi c tal ned
about 10% of® %‘l‘f‘?&n"b‘ ! silﬂnlpta“vﬁé{%pofaﬁ?rtoﬁé??heé%t © KPR P9 o gy, ét‘sn ol . The

seventh and final extraction



process was repeated as described above. The yield of ethanol extract was
4.7g, consisting 20 of 3.8% FFA, 1.5%tocotrienols, tocopherol and sterols
and 39.3% di gl ycerides. The oil |ayer was rotary evapo~~ated. The red paten
superol ein contai ned 0.058% FFA, 854 ppm of carotene and 2. 0% di gl yceri de.
The red. pal m superol ein can be further subjected to thin filmor shoe path
evaporator to further renove traces of fatty acid or volatile matter. 14
EXAMPLE V The oil after final extraction was used for transesterification
directly. 3.52kg of crude pal m superolein (carotene content 763 ppm -
extract ed SifidoditBa RIRTRIA df- meﬁm Qted BB Je'daﬁied% wﬁﬁtdaf%m Bk was
reacted wwth 1 L of nethanol in the presence of 6g of sodium5

hydr oxi de. Wom@a@ﬁgeﬁncwé@#{eﬁp%@maﬁGﬁllfétedéﬂﬁfu@@eterrperature of et hanol
for 30 m nutes. Gas chromatography reveal ed no trace of triglyceride or

di gl yceride, indicating that the reaction was conpleted. The m xtu re was
t r ansf er r ed Metitagolan ﬂleLglmi badr if tisdlled ahlgssahirol (8L, trwefereltly bmder Vévguth ofier

glycerol la a about hanol ) .
The upper rrésﬁﬂ & ﬁd cemt\édm\/\g iéﬂg‘i@ﬁn?oﬁgs @\nggtv?‘ncuglﬂ f@@(ﬁ@%f wat er .
10 The Yi el dlemﬁmrektk‘aﬁ is elstﬂdaerd toveesnole 48 kgpthad. Thdreyidwel d1):ﬂ1an‘5mextmar1mtheme ester
was al so 763 I\/PLE VI car ot ene ontainin Il ..ester
(car ot ene. 783P8Bo iabtar a4 vietork et P B Spdrdin Pl i o o
4.8kg per hdust, foﬁe\gaisbyertomnemﬁlﬁz BegphdrdDehd stwotst apdtfinaléy dipbreadidos. Iata 0. 8 Pa,
130C, internal aci t ester | ected as
oo due 15 PEETSOSTRRTEaTA SepllEhe eif e ln TRt st Boetdetlt g ue
(4.3%yi el diocegicat erﬂﬁstéiélrhﬂ%@stthan 199 under®ivViRldcod. 1 P4, 40d Biglyedride at 271°C
caroten contcgl_ni n‘gf‘”§6 Pﬁl ester (carotene 1.56% was fed into KDLS short
pat h evapor 16F V4t te of 60g per hour, short path evaporator at 6 Pa,
155C, |nternal 20 condenser at 20C. Fatty acid nethyl ester was col | ected
centrate vas co as..resi due

as residue 6‘V d ten c n

(T8 456 yi o oo Brbine te ol BB b R B Gk Boe g S pERBE R o
extract (af byg Itreitméral‘wjdthe)lﬁzpﬁf Blkdching @hrthna 19h & td 0y C wader gagasaatdmy Sitetgnéd KDLS
short path tor at rate of 97 ur_wth eva at 110C,
11700 55 padiihtist by 6 R R R aRre LA sl e i PO GE et g, The
yi el d of voledagd éf Higachihgeszihladd/br lﬁﬂleﬂﬂﬁ)d&azﬁ%n t@xﬁjﬂéihtﬁfelcﬁkgalﬂf bem%irhal’cbﬁd and
wat er. 3. 7%of "i“-%‘tiirl ate con5|sdt|nﬁ % drocar g 4 %e CI ds were
al 50 obtai nafe °F e Panefhis KSR drEPhKRoe %%c‘%’l SRAGAT %“ &'t o 1 COLS
short path ékaghogabms andtdeddoeizadat lpwef tefBpebgurp ey théipracess lsddatréadp anbovedstpor at or

at 2 Pa, 19 n n at 5 FFA was collected as distillate
(48. 2% yi eI §§yaﬁlﬁta&{ d%ug: e qﬁ%ﬁ é%lo”o Tn%vas fed again into the KDLS short

path evapor ator at the r ate of
After methanol removal, the oil after methanol extraction can be fractionated or further
fractionated. Since most of the diglycerides and unsaponifiable matter have been removed
20 prior to the fractionation process, the crystallization behavior is more predictable as

compared to the conventional fractionation of palm oil. -

Description of Preferred Embodiments
The present invention will now be further specifically described by the following examples.

All parts and percentages are by weight unless otherwise stated.



5 955g per hour, short path evaporator at 0.1 Pa, 220C, internal condenser
at 55C. Tocopherol, tocotrienol, sterol and diglyceride were collected as
distillate (10.5%yield). The conposition of the distillate were
a-tocopherol 1.26% a-tocotrienol 0.92% 'ytocotrienol 2.27% and
8-tocotrienol 1.46% canpesterol 1.46% stigmasterol 1.34% and (3sitosterol
4.80% diglyceride 61.8% 10 The residue (89.5%vyield) consists of

di gl yceride 61.72% and the bal ance wefe triglyceride, was fed again into
the KDLS short path evaporator at the rate of 633g per hour, short path
evaporator at 0.1 Pa, 271 C, inter %ﬁgﬂgqnser at 60C. Di gI yceri de was
collected as distillate (70.S% yi eld)". conposition of the distillate
was nai nly @olegd matenidlowert 84traotal it thoIﬁembabaimcsepeademr(wglh yrze%lm 885 EXAVPLE

im0 S equaP e erBRe 260 sl beBRe T Lk d A mivie FRD Wes) 20)

wer e added btirted wgmeou'sllywt-e@nptampérmmﬁ hes mﬁmttes\mlawmtébﬂneco&amf a&hvaerSeL bl eached
at 105C fo nut under nitro n r atnan No.
titee paperel I oo Phe FRYER BR0 S bt Sy Sl Aot et uE0 b
vacui un. Theetﬂeelhtonm phadesn Shpkmet ei phaaemes ct&lbeednndqﬂacﬁmuntdLe\ISl-]bmsrdcatoI our in
133. 35mm (5%,/ nch and th

ospect i ver gk TG s HE difBar SRHh AT fadh Bk B PORRL | &

det ai | ed desmatq@ﬂaathmeanerauﬂdf&om mfdafxamued Taghiei ofeiathanol b;ttrabtkmseﬂ arge shoul d

caur val ent sCERR o St e RoUt ebdPETRICFr BYIPRS Sp1 Ao 4 5% cope of

t he i nyenti diglycdrides.s i ntended to enconpass all such nodifications within

t he scope of the appended cl ai ns. 16 Al references, patents and patent
publications that are recited in this application are inconorated in their
entirety byThee@blamc(&e 011 with IC&ZNH\F&mﬁ 864 pppreacess vwhinh dohteinpd awuctd®on of

free fatty gPﬂl hanopfﬁo{ W, eﬂQfldr aﬁéeﬁ v&a hf l? g)f gllcig!n%? eﬁl‘xeds%ang%Q?[r&cﬂg? §108ng|

extract of crude ve ned after
t he renoval wef rep@kedrascd@smbnde:hm@ fTh@metIChe‘ mt:thmiel qxagrétvabﬂé 6pi dogsigimg of at s

1sing | o aflhtead) SRkt SR LOUEL AN mEbe Ak UBEL T xtUT e, wherein

| ower al kyl mneans a groups I ng car s, said process
conprising the steps of: a) short path distillation of al cohol extract

after glcohgj, &Pﬂ? %{he‘dﬂq\% OW@‘%‘W LR d%g (‘cﬁro{eﬁ %vhfl&tcfo}z{taﬁ\(%& shouPloof ur t her
short path distillation of the residue obtained rom step. (a) under vacuum

to produce Pleghaupling was rf’é}*h@f aiderd widhs2 Hjo§ pethpnel- e Thedbir YRS B PIOgEss 385 1 esi due;
and c) furt hgeatsaedbschsdahbeles trvh& Ligldic® me@hnol Bigraktass AS! @g,Qbﬂs@dtxﬂ@df fa10m st ep

b) under vacuumto rod ce di rid nt.rat e, A E
.(Az.l. AM Af ! . ﬁanL&A‘{"/f’ biriggplsajoconiey Rémg&?ﬁ%&@gl\?c %ﬁd}& 1dBEM( Qadr D&{

The oil layer (the oil with 0.32% FFA and 902 ppm carotene) which contained about 10%
20 of methanol in it was further added with 2 L of methanol. The fourth extraction process
was repeated as described above. The yield of methanol extract was 12.0g, consisting of

12.3% FFA, 1.6% tocotrienols, tocopherol and sterols and 34.6% diglycerides.

The oil layer (the oil with 0.17% FFA and 895 ppm carotene) which contained about 10%
of methanol in it was further added with 2 L of methanol. The fifth and final extraction
25 process was repeated as described above. The yield of methanol extract was 8.7g, consisting

of 5.3% FFA, 1.5% tocotrienols, tocopherol and sterols and 35.8% diglycerides.
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~ytoje [V]ca]ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calca
] ca] ca] cal] ca] cay] ca] ca] cal] ca] c: al] ca! & +' no
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..... / 1n1$2{22; 3344$553666%$777;

88}xsn| d Z]]]ca] ca] ca] ca] ca] ca] ca] ca] ](9a] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca

] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca] cal 8888999L: ; Z;

|3 * <<<&>>>MPR2 (G g §ﬂidg>a% &@ieﬁado&ans 67%]0/913‘ £ahgal ca cal

ca] ca]ca] ca]ca]ca a] ca] ca] C ] ca ca cajcalcalca caj cal caJ ca! GHoHr H

tH | JKNLL lycende The red palm superoleln can be further

cal ca] ob) ca] o5 clé]‘ga S cg‘}‘ﬁ’a 2"3}*%%]‘ beaberkaplpkeleabrabegeal cal ca

F; T{ 322?3‘_%”}1%:]nfgca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]c

bk L R b L

}}Cg]sggfgzﬂ ]Ciéagr] ‘f%a agsgxbec}gl:@galzfcaghg@j] CELE Bhaabaalaahar badGalc 87 £ i 81 cal cal ca

{{5] Y| mEn nqaﬁqg(@@pa@g (g,l)fcm,c]e @um@éwggyof methanol and the mixture was stirred

Hglsglifg;] Ll fca tgﬁiogg]ﬁﬁ]]%} %}Q%L Ce%ll %%/f&kﬁ@d ol Lakaadcel §7d cal cal ca
109&' ()-! $n1W&W@§ transfeqred/@itq( g 5-L separating funnel and allowed to settle into two phases

bg (1)0‘_’/(} bf_LOO Hellé)szv;lgcg{;p}ggé \(Y/:')s lcg%cgeg (%15‘ l(aéed]n c{%% I%%ﬁn% hig‘lng& #? % Q& I(:)10;’f)

F10% & () - | waoaagsieryed/into @IAISP]gapmgtg)\n Q]\\and rotary evaporated at water bath temperature

10\ &410% & gf) d“éjtgl%r&sa@u Thelﬂﬁ\o?\n%ﬂ%)ml Qc@%aé ) é%g &&Q%gbf(sh‘w? aBSH=!

10&9- 109&/ - 110% L109&'

%Dz X6SH=! ' | HIo841.285 eijtowtrmm tqqoplndrql@Wthplsa 211@0/@1@%@&@5100/& () 910%&' () -
@ 10% & ()- 10 10

108610%& ()-1s3'10%Vv& () - f 109 ()-@! 109 () - &{! +~\: @! & 109HH& () -

sl 10% & (}"he il lfmy(g@&-oé )WJth %’051@9@ 9 ppm carotene) which cont_ined about 10%

10% & (13- S 18méhdnbr 12 ivWK& fu@er a&&%v&h@ L S&nEDYAck.&The secdnd&ktl&%i@u frbcess
I & 10%CCCC& I 3&! 109& I & 10% 9
| 109%VVE! () - TB%?% ae)desgl_:ﬂ OY% Oned %%netlnanome)xtract was 19.2g, consisting of

37.5% FFA, 1.6% tocotrienols, tocopherol and sterols and 33.8% diglycerides.

The oil layer (the oil with 0.53% FFA and 599 ppm carotene) which contained about 10%
of methanol in it was further added with 2 L of methanol. The third extraction process was

20 repeated as described above. The yield of methanol extract was 15.1g, consisting of 20.9%
FFA, 1.4% tocotrienols, tocoplierol and sterols and 33.7% diglycerides.

The oil layer (the oil with 0.20% FFA and 604 ppm carotene) which contained about 10%
of methanol in it was further added with 2 L of methanol. The fourth extraction process
was repeated as described abgve. The yield of methanol extract was 9.4g, consisting of

25 9.3% FFA, 1.3% tocotrienols, tocopherol and sterols and 34.8% diglycerides.
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evaporation flask anc? 1otary evaporated at water bath temperature of 70°C under vacuum.
The yield of isopropanol extract was 74.5g, consisting of 20.8% FFA, 0.7% tocotrienols,

tocopherol and sterols and 16.8% diglycerides.

The oil layer (the oil with 2.23% FFA and 894 ppm carotene) which contained about 10%
of isopropanol/water in it was further added with 1 L of isopropanol added with 5% (v/v)
20 water. The second extraction process was tepeated as described above. The yield of
isopropanol extract was 78.1g, consisting of 9.9% FFA, 0.5% tocotrienols, tocopherol and

sterols and 11.3% diglycerides.

The oil layer (the oil with 0.94% FFA and 981 ppm carotene) which contained about 10%
of isopropanol in it was further added with 1 L of isopropanol added with 5% (v/v) water.

25 The third extraction process was repeated as described above. The yield of isopropanol
extract was 57.6g, consisting of 4,1% FFA, 0.3% tocotrienols, tocopherol and sterols and
7.2% diglycerides.
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1sop10panol extract was 41.0g, consisting of 0.5% FFA, 0.1% tocotrienols, tocopherol and

10 sterols and 3.1% diglycerides.

The oil layer was rotary evaporated. The red palm superolein contained 0.078% FFA, 1250
ppm of carotene and 0.3% diglyceride. The red palm superolein can be further subjected to

thin film or short path evaporator to further remove traces of fatty acid and volatile matter.

EXAMPLE 1V
15 Polar materials were extracted from 492g of crude palm superolein (with 4.66% FFA, 820
ppm of carotene and 4.7% diglyceride) by adding 1L of 95% ethanol and the mixture was
stirred vigorously at room temperature for 5 minutes in a suitable container such as 5-L
conical flask. The mixture was'transferred into a 5-L separating funnel and allowed to settle
into two phases. The lower oil phase was collected and placed into a 5-L conical flask. The
20 ethanol layer was transferred into a 1-L evaporation flask and rotary evaporated at water
bath temperature of 70°C under vacuum. The yield of ethanol extract was 22.9g, consisting

0f 68.9% FFA, 1.2% of tocotrienols, tocopherol and sterols and 17.7% diglycerides.

The oil layer (the oil with 2.50% FFA and 852 ppm carotene) which contained about 10%
ethanol in it was further added with 1 L of 95% ethanol. The second extraction process was
25 repeated as described above. The yield of ethanol extract was 12.4g, consisting of 46.8%

FFA, 1.7% tocotrienols, tocopherol and sterols and 25.6% diglycerides.
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The oil layer (the oil with 1.15% FFA and 863 ppm carotene) which contained about 10%
of ethanol in it was further added with 1 L of 95% ethanol. The third extraction process was
repeated as described above. The yield of ethanol extract was 9.2g, consisting of 42.3%

FFA, 1.7% tocotrienols, tocopherol and sterols and 28.7% diglycerides.

5 The oil layer (the oil with 0.65% FFA and 867 ppm carotene) which contained about 10%
of ethanol in it was further added with 1 L of 95% ethanol. The fourth extraction process
was repeated as described above. The yield of ethanol extract was 7.0g, consisting of 29.3%

FFA, 1.8% tocotrienols, tocopherol and sterols and 31.0% diglycerides.

The oil layer (the oil with 0.30% FFA and 888 ppm carotene) which contained about 10%
10 of ethanol in it was further added with 1 L of 95 % ethanol. The fifth extraction process was
repeated as described above. The yield of ethanol extract was 7.3g, consisting of 19.0%

FFA, 1.7% tocotrienols, tocopherol and sterols and 35.8% diglycerides.

The oil layer (the oil with 0.17% FFA and 862 ppm carotene) which contained about 10%
of ethanol in it was further added with 1 L of 95% ethanol. The sixth extraction process was
15 repeated as described above. The yield of ethanol extract was 5.4g, consisting of 9.9% FFA,

1.4% tocotrienols, tocopherol and sterols and 34.0% diglycerides.

The oil layer (the oil with 0.12% FFA and 871 ppm carotene) which contained about 10%
of ethano] in it was further added with 1 L of 95% ethanol. The seventh and final extraction
process was repeated as described above. The yield of ethanol extract was 4.7g, consisting

20 0f 3.8% FFA, 1.5% tocotrienols, tocopherol and sterols and 39.3% diglycerides.

The oil layer was rotary evaporated. The red palm superolein contained 0.058% FFA, 854
ppm of carotene and 2.0% diglyceride. The red palm superolein can be further subjected to

thin film or short path evaporator to further remove traces of fatty acid or volatile matter.
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EXAMPLE V
The oil after final extraction was used for fransesterification directly. 3.52kg of crude palm
superolein (carotene content 763 ppm) extracted similar to Example I. After the final
extraction, the oil was reacted with 1 L of methanol in the presence of 17.6g of sodium
5 hydroxide. The reaction took place at the reflux temperature of methano! for 30 minutes.
Gas chromatography revealed no trace of triglyceride or diglyceride, indicating that the
reaction was completed. The mixture was transferred into a 5-L conical flask and allowed
to settle. The lower glycerol layer was drained out. (0.82kg, containing about 54%
methanol). The upper methyl ester layer was washed ten times with one volume of water.

10 The yield of methyl ester was 3.49kg (99.1% yield). The carotene ester was also 763 ppm.

EXAMPLE VI
24 kg of carotene-containing methyl ester (carotene 763 ppm) was fed into KD6 short path
evaporator at the rate of 4.8kg per hour, degasser at 100 Pa, 120°C, short path evaporator at
0.8 Pa, 130°C, internal condenser at 12°C. Fatty acid methyl ester was collected as residue
15 (95.8% yield) and carotene concentrate was collected as residue (4.3% yield, carotene

content 1.56%).

EXAMPLE VII
170.5g of carotene-containing methyl ester (carotene 1.56%) was fed into KDL3 short path

evaporator at the rate of 602g per hour, short path evaporator at 6 Pa, 155°C, internal
20 condenser at 20°C. Fatty acid methyl ester was collected as residue (81.6% yield) and

carotene concentrate was collected as residue (18.4% yield, carotene content 8.6%).

EXAMPLE VIII
4.1kg of methanol extract (after rotary evaporation of methanol) was degassed using a
KDLS short path evaporator at the rate of 973g per hour with evaporator at 110°C, 11700
25 Pa, internal condenser at 15°C and liquid nitrogen cold trap. The yield of volatile in the
cold trap was 0.8%, consisting of methanol and water. 3.7% of distillate, consisting of

hydrocarbons and fatty acids were also obtained.
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5 955g per hour, short path evaporator at 0.1 Pa, 220°C, internal condenser at 55°C.

Tocopherol, tocotrienol, sterol and diglyceride were collected as distillate (10.5% yield).
The composition of the distillate were o-tocopherol 1.26%, a-tocotrienol 0.92%, y-
tocotrienol 2.27% and 8-tocotrienol 1.46%, campesterol 1.46%, stigmasterol 1.34% and -
sitosterol 4.80%, diglyceride 61.8%.

10 The residue (89.5% yield) c(msists of diglyceride 61.72% and the balance were triglyceride,
was fed again into the KDLS5 short path evaporator at the rate of 633g per hour, short path
evaporator at 0.1 Pa, 271°C, internal condenser at 60°C. Diglyceride was collected as
distillate (70.5% yield). The composition of the distillate was mainly diglyceride (84.6%)

with the balance as triglyceride.

15 EXAMPLE IX
lkg of refined red superolein obtained similar to Example I was divided into 3 equal
portions. 0, 0.3 and 0.5% of bleaching earth (Pure-Flo M85/20) were added into the three
portions respectively. The samples were bleached at 105°C for 15 minutes under nitrogen
blanket, filtered through Whatman No. 1 filter paper, and steam distilled at 240°C for 60
20 minutes at 500 Pa vacuum. The refined palm superolein were determined for Lovibond

colour in 133.35mm (5% inch) cell and the readings were 3.6R, 2.8R and 2.6R respectively. -

It should be understood that the preceding is merely a detailed description of certain
preferred embodiments. It therefore should be apparent to those skilled in the art that
various modifications and equijvalents can be made without departing from the spirit and
25 scope of the invention. It is intended to encompass all such modifications within the scope

of the appended claims.
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