l 1 MPROVI NG THE QUALI TY OF CRUDE O LS AND FATS AND RECOVERY OF AMOR
COVPONENTS Technical Field of the Invention This invention relates to a
novel process for the recovery of mnor conponents 5 fromoils and fats

W t hout destroying the natural conponents in the oils or fats and at the
Sanme tinme inproving the quality of vegetabje oils and fats. Mre
specifically, the invention is concerned wth the separation and renoval of
triacylglycerols and diacyl gl ycerols, partial separation and renoval of free

fatty acids, ster IMPROVENG THE QUALITY OF CREDEOIRS AND FATSAND €

tocotrienols by 10 |iquid-|I i&i d extraction, urea_inclusion conpound
formation and fractionati on, RECOVER¥ OBEMINOR GOMBONENES on to furt her

separate free fatty acids and nonoacyl glycerols to obtain tocotrienol
concentrate. The oils and fats after the processes described in this

I nvention are b&dchhicahFielbof the Insentivipared to the original oils and fats
based on the current trade specifications. 15 Background of the Invention
Tocotrienol s ar Hventionrelatesota, 2 naygl precess fon the reGovert of minargempenertsber s
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yi group processes described in this invention are better in quality as compared to the

original oils and fats based on the current trade specifications.

15 Background of the Invention
Tocotrienols are members of the vitamin E family. In nature, twelve members of
the vitamin E family are known, collectively they are called tocols. These are a-,
B-, v- and &-tocopherols, a-, B-, v- and S-tocotrienols, desmethyltocotrienol,
didesmethyltocotrienol and two isomers of a-tocomonoenol. Tocopherol has
Q 20 saturated phytyl side chain attached to the chroman ring whereas tocotrienol has
three double bonds in the farnesyl side chain. Tocomonoenol has a single double
bond in the hydrocarbon side chain. Besides the side chain, tocopherols,
tocomonoenols and tocotrienols share the similar chemical structure of having a

chroman ring.

25  o-Tocol refers to tocol with positions 5, 7 and 8 of the chroman ring substituted
by methyl groups, whereas B-tocol refers to tocol with positions 5 and 8 of the
chroman ring substituted by methyl groups, y-tocol refers to tocol with positions 7
and 8 of the chroman ring substituted by methyl groups and 3-tocol refers to tocol
with position 8 of the chroman ring substituted by a methyl group.



| 2 Unlike tocopherols, little attention was paid to tocotrienols until the
Jast' '‘decade. This is not surprising as the sources of tocotrienols are very
limted. However, recent research findings revealed that tocotrienols have
-good cheno-preventive properties that are not shared with tocopherols. Sone
.'of the research findings 5 include anti2angiogenetic properties
-potentially for inhibiting gromh and proliferation of cancer cells

. (I'nokuchi et al, 2003, Biosci., Biotech. Biochem, 67,1623-1627), inducing
apopt osi s of hulinlikeétocoptieralslittle attention w@updid ite tarotrignplsnoil thelastNdecade. 10

127, 544S-548S; saretnamet al ., 1998, Li.pid , 461-4 t al, 1999,
Nt 1 Cancer . 33TS ot B3t SRBrsine. i the, DErdp Of RsoRien are ery fiped H O‘NYPF =
Suppl . S95- 103 rebdR Qearchl findiREY véale&“'ﬂiai tocofttienold havd g&i cifbfo-pré 3?
natriuretic (Saito et al, 2003, J. Lipid Res. 44, 1530-1535), ¢h esterol

| owering (Pear cprolaertles thalwl;loththWmmpB&plswselﬁdeah@mﬁath,
Par ker et _al, 91:% . Biol, Chem 268, 11230-11238; Qureshi et al, 1995,
Li pids, 30, 117%€ ?‘%7 Theriat et al, 1999, Clint Biochem 32, 309-319;

Chao el al . 2002 JiflingiSitheio bt APoRRS. dfentRlg- 307 iGMBRBY! ol B802

At heroscl erosis, 161, 207) anti-platel et” aggregation—( et al,
1991, Ant. J. O] rprohferauon c&“:canmzellﬂlnmmm@smos;&gsm BigechoBiachkemt,i d

- stenosi s (Kooyenga 2“@.597, Asia Pacific J. .din. Nutr, 6, 72-75),
neur o- prot ecti on a Ailh tamat e i nduced t oxi city (Sen et al, 2000 J.

?321)8 %6?35%) %ﬁﬁ%%eaﬁ%ﬁgs afso I 'np |caét?l‘alé tgge potentlal

of tocotri@nols i nl27% 6i4S-5488; Negaretnanes tad 908 hEigiddy 38y 4614468; Yaead, 1999,
agpirin and stating Ofaneer, 33, 26-32; Nesaretnam et al, 2000, Int. J. Food Sci. Nutr. 51
Suppl. §95-103; Chao et al, 2002, J. Nutr. Sci. Vitaminol. 48: 332-337;),
e nafriuretic (Saito et al, 2003, J. Lipid Res. 44, 1530-1535),
e cholesterol lowering (Pearce et al, 1992, J Med. Chem. 35, 526-541 & 3595-
15 3606; Parker ef al, 1993, J. Biol, Chem. 268, 11230-11238; Qureshi ef al,
1995, Lipids, 30, 1171-1177; Theriat et al, 1999, Clin. Biochem. 32, 309-319;
Chao et al, 2002, Nutr. Sci. Vitaminol., 48, 332-337; Qureshi et al, 2002,
Atherosclerosis, 161, 199-207),
e anti-platelet aggregation (Qureshi ef al, 1991, Am. J. Clin. Nutr., 53, 10218-
20 10268S),
, e regression of carotid stenosis (Kooyenga et al, 1997, Asia Pacific J. Clin.
( Nutr, 6, 72-75),
e  neuro-protection against glutamate induced toxicity (Sen et al, 2000, J. Biol.
Chem. 275, 13049-13055; .Khanna et al, 2003, J. Biol. Chem. 278, 43508-
25 43515).

These research findings also implicated the potential of tocotrienols in

substituting for established drugs like tamoxifen, aspirin and statins or use in

combination with these drugs. The advantages of tocotrienols over the drugs

include their multi-functional therapeutic properties, no known side effects and no
30 known overdose toxicity was reported.



conbination with these drugs. The advantages of tocotrienols over the drugs
Fngl ude ‘their nulti-functional therapeutic properties, no known side effects
and no known overdose toxicity was reported. | 3 Unlike tocopherols, the
sources of tocotrienols are scarce in nature. It is unlikely that
Significant anmpunt of tocotrienols can be derived by normal food intake.
Tocotrienols are found in low levels in palmoil, rice bran oil, barley,
wheat germ rye, coconut oil and pal mkernel oil. There are three known
commer ci al sour cHaliké tetbphd261s] the 80@ces of 100btiendls arel dcareelih avupd. | Itaddnlaenat t o
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al cohol s. Based on the current trade specifications, crude palmoil quality
specifications conprising of three paraneters, free fatty acid contents,
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i nduci ng apopt ostriterpérst alcohgls.c\Based on the cumvedi ade spedifications; aatds palm oil
tocotrienol constituted about 12%in the 25 tocols derived frompalmoil.

Al t hough tocotri ty £ GatAmy compayng of threg parameters, free fatty acid contents,

~ moisture and impurities contents and a recently included locally developed
15 parameter called deterioration of bleachability index (DOBI).

The current world production of rice bran oil is estimated to be less than one
million tonnes and the bulk being of industrial grade. The annual production of
annatto beans was about ten thousand tonnes for the year 1992.

C The tocols composition in palm oil has advantages over that of rice bran oil.
20 Almost half of the tocols from rice bran oil is tocopherols whereas tocopherol

6ontent in palm oil constituted about 22%. In addition, rice bran oil practically

does not contain §-tocotrienol.  3-Tocotrienol was reported to have the highest

potency amongst all the tocols in anti-angiogenesis, inducing apoptosis and in

prevention of cardio-vascular diseases. 3-tocotrienol constituted about 12% in the

25 tocols derived from palm oil. Although tocotrienol from annatto beans is rich in
8-tocotrienol, however it does not contain a-tocotrienol. a-Tocotrienol was

reported to have the highest neuro-protection activity.



S-tocotrienol, however it does not contain a-tocotrienol. a-Tocotrienol was
reported to have the highest neuro-protection activity. 4 One main concern
on tocotrienols is the poor absorption in the blood and/or [|ynphatic
systens and their bioavailability. It is known that the absorption of
tocotrienols is poor wthout the presence gf dietary fat to stinulate the
secretion of bile and |ipases. U S. Patent No. 6200602 descri bed
formul ati on usi ng 5 nonoacyl gl ycerol and di acyl gl ycerol of medi um chain
fatty acids and @ne dhasipasontery argetotrienoBnisathe epdoh absgrptitee infthe blavd aidies

fromthe col on ereas U.S. Patent . 8596306 descri bed formul ati ons usi ng
surfactants (la ¢ ﬂﬁe%ﬂn‘;'\(;@éhgl‘gé‘ﬁlé‘gﬁﬁﬁl At & koo, that &hs, gbsorption) of; o
enhance the toc | | : eﬂgﬁ r &gt 10
m nut e quanti tyqi&)ﬁbtgie?ésls gﬁgb g‘?%[}oufiﬁlzé ?‘??%“%%dgﬁiféé‘{e}?gﬂ“ avlgaftaotﬁ gé separ at ed

or renoved in orafebile¢ mndnlipmsese Utk BatemteNor 62006020 tlescribedtformulatisn ibhigs can
Qt her, . m nor

be achieved by transesterificatjon or .solvent. extracti,on. ]

conponent sghave @Bn%y@ﬁ%gda? Wé&l)’?%"]grﬂfi siedpum ¢ phain fatty hacids g @ enol
concentration. 1§ 8 & AeSHidkal Snd1Re G |

tocotrienols fromvege aagléﬁet oils and fats. (;I\)%gt o?ﬁ?ﬁese ;ggétqgﬁlimsl ‘iﬂrl\vo| ved
transesterifi catWUén Ratent INo. 0i6596306f descpbadoformulations asiag \sudhctants (labrasoliMs
fol |l owed by vacuu i sti i on and post-dgistillation treatnment such as
usi g adsor bont Snd e §01R), alin &fken BT obean ot 16 pufehes the eag0nl delivene 15,
Eur opean Pat ent m)333472A2, U. K Patent No. 20 GB2218989A, (GB2160874A

and GB1515238. There were many exanpl es of using solvent extraction to
renove inmpurities or undesired conponents fromoil seeds and sol vent oil

m scel | a. ampl gs, of the applications include.U.S. Patent Na. 59417

déscri bed & pro %?"Hg{eﬁ Sé&%@&f@‘?%&wﬂr mr‘é'ﬁo‘?ﬂdﬁ%tsa e&“ﬁ‘iﬁéy&ﬂﬂkor

gossypol from t hgykeRi HlQepRated Obr Prhoved ﬁle%ﬂdexldaS,ﬁx%Pe%séieiﬁ&rch@&uaﬁeﬁQﬁess

i nvol ving extraction of hydrocarbon solvent oil mscella w th aqueous

met hanol or et hancitriedkils s dhincambé aobievwst by tnsestemifigation or solvent extraction.
Other minor components have to be removed in order to enrich further on the

tocotrienol concentration.

15 There are patents describing the production of tocotrienols from vegetable oils
and fats. Most of these patents involved transesterification of the oil or fat prior
to recovery of tocotrienols, followed by vacuum distillation and post-distillation
treatment such as using adsorbents. These include U.S. Patent No. 5157132,
6072092, 5190618, European Patent No. 0333472A2, UK. Patent No.

C ; 20 GB2218989A, GB2160874A and GB1515238.

There were many examples of using solvent extraction to remove impurities or
undesired components from oil seeds and solvent oil miscella. Examples of the
applications include U.S. Patent No. 4359417 described a process using aqueous
methanol for removing aflatoxin and/or gossypol from the residue meal of oil
25 seed. IL58842 described a process involving extraction of hydrocarbon solvent
oil miscella with aqueous methanol or ethanol. These inventions were not aimed

at the recovery of components of interest of this invention.



at the recovery of conmponents of interest of this invention. 5 There were
parents @describing the production of tocotrienols fromvegetable oils and
fats by an al cohol extraction followed by short path distillation. These
include U K -Patent No. GB2387390 and U.S. Patent No. 6649781. The main

di sadvant ages of these patents include | owstocotrienol concentration
obtained and 5 relatively |arge volune of solvent was used during the
extraction. Fatty acids and diacylglycerols were the nain conponents in the

al cohol extract Hivie wetepatestsdessibing the puodictos off tdoatrichols frbaavegstablevsiRk
base. Solubility of urea in thanol is 35 g per 100 nmL at_ 40C.. Urea can
react with free angtfals by ans alcghgloexiractipn Jollowed by sshogapath fHistiliatipa; y Thessw and

10 not signifi C%Hélu&%‘i‘;ﬁg. PhRnCRRIGHRR735Y aﬁd‘b‘?s.ilfﬁfé‘ﬂ%tﬁ&%mﬁbﬁf.e The main

characteristics enabled urea solution 1'n nethanol to be uséd for

l'iquid-1iquid exdisslvintages ofithdse pgtentsihcludd low tpetrieholgconpaitration lobtatned and
extraction can still  be

sem-solid, not a truye liquid, b ffective .
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addi tion, urea [ UZi.0 : Y. r%%ﬁ y
acids, fatty acicg%%lgiﬁqagsﬁersﬁiaeng]%%%ﬁ%}%mc%rohg&ﬁ@a I nc tij”lll(:i_’o‘fr\'é}rEe

conpound for nat iremovedt by vaoaimd distdtdtionque for concentrating certain fatty
acids. The selective urea inclusion conpound is based on the principle that
certain categories of fatty acids fornmed urea inclusion conmpound in

preference to otm%a;sawbaﬁ. %mwmy@f&&@ﬂf&%@gﬁm&r%s?%fmbmmﬁ:wth

cyclic ring do not formurea 20 1nclusion conp nvention rel ates
to the process dfrepcanireactwith free fattyeavds to dome saltsdioe tHis meaction isvegnslowvand and
has parti

B )2 A 0 TR O i DS
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fats. This inventrialy bpeskingnypahuveihtiagesemielidi hotatt eue jiguid, abutr effectizt of
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droplets. In addition, urea forms urea inclusion compounds with hydrocarbons,

15 fatty acids, fatty acid methyl esters and monoacyiglycerols. Urea inclusion

compound formation is a useful technique for concentrating certain fatty acids.

The selective urea inclusion compound is based on the principle that certain

categories of fatty acids formed urea inclusion compound in preference to other

fatty acids, while branched chain and fatty acids with cyclic ring do not form urea

20 inclusion complex.

This invention relates to the process of producing tocotrienol concentrate from

oils and fats and has particular but not exclusive application to the process

producing tocotrienol concentrate, free fatty acids, monoacylglycerols and

diacylglycerols from crude palm oil and its fractionated products without
25 destroying the oils and fats and improving the quality of crude oils and fats.

This invention has many advantages. The oil after partial removal of tocols,
~ sterols, free fatty acids, monoacylglycerols, diacylglycerols, phospholipids,
glycolipids and other impurities including odoriferous materials can be easier to
refine as compared to the original oil or fat. Therefore the oil or fat can be refined



glycolipids.and other inmpurities including odoriferous materials can be
easier ro refine as conpared to the original oil or fat. Therefore the oi

or fat can be refined 6 using less stringent conditions and still be used
for edible application. Although a portion of tocols have been renoved, the
less stringent refining conditions shall frevent much |arger quantity of
tocol s bei ng adsorbed into bleaching earths, degraded by higher tenperature
and bei ng downgraded in the non-food paln1fatty 5 acid distillates in a palm

oi | refinery. U iindlebeatingint cadiltiérbandsdll Ye Ssed o edible Apliciistd 7Althslgher i bed
a process of refiniing vegetable oils and fats using |ower . bl eaching earth
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significant capita 4) t savin cuum di stillation _)oll ants such as short
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conponents are r ﬂﬁﬁ‘ﬁiﬁ;

conponent s suchetgé ?@??gh &?ﬂg%&%%ggﬁ %I acylg ﬂ)%]ycero Rﬁné ﬁ&g%ul Kk
of free fatty achleshingoreankydgsage candl mikier cinditioins after remowingdthbse polar
fractionation process of urea inclusion conpound fornation,

crystallizati on/SH¥OPPM-ation and filtration. Free fatty acids and
nonoacyl gl ycerol s, especially the saturated ones, forned urea inclusion
conpounds whereas the rest of the undesired conponents are 20
crystallized/ pr ebhipinvantish mﬁlamlsabézd Iing‘c(ﬁﬂdehtratedm"ahighcoh&mnm (more

un-sol i di f in al oljc solutio However shoul d ot ed that
tocotrieno % ég%‘kpé(%)mof 1@ VAgHun Sfcyasupmd AM Shave

the present of fFostrarypeiene aanéaé‘ﬁé‘é%‘fﬁfy’gﬂéi%“?“%“‘%ﬁﬁ%ﬁh ling" o2
interfere with casysicalini zhasullmnn Phamte suchnps shottspath edibiiliption  pladissareederyn raw
"vent on, t he 5PEBR: cogcalycibe g fogponth 4% SHeCisttn A ARADRIGBERd as
seeding materi a's%lution and non-tocols components such as residual triacylglycerols,

15 diacylglycerols, the bulk of free fatty acids, monoacylglycerols and sterols are
removed by a fractionation process of urea inclusion compound formation,
crystallization/precipitation and filtration. Free fatty acids and
monoacylglycerols, especially the saturated ones, formed wurea inclusion
compounds whereas the rest of the undesired components are

20 crystallized/precipitated and separated by filtration. Tocols remain un-solidified

(, in alcoholic solutions. However, it should be noted that tocotrienols, especiaily
the more polar and more acidic 8-tocotrienol have high affinity to adhere to the
crystallized solids.

In the absent of urea, the present of free fatty acids and diacylglycerols are known
25 to interfere with crystallization. These components are highly undesired in raw
material for fractionation in the palm oil industry. In the present invention, the
presence of urea and urea inclusion compounds have acted as seeding materials,

induced crystal formation/precipitation and crystal growth. The efficient removal



induced crystal formation/precipitation and crystal growh. The efficient

v eyroval rof undesired conponents via urea inclusion conplex and
crystallization/precipitation with subsequent filtration enable high
‘concentration (nmore than 30% of tocols to be obtained prior to short path
distillation. As there was no transesterififcati on step involved, residual
fatty acid nethyl esters 5 in tocotrienol concentrate are not of concerned.
Fatty acid nethyl ester when ingested can be hydrolyzed into fatty acid and
met hanol , subseqefent ipdesiredancbmponeddol ivian | mwveal vemchsioner scemplert 0 and

formal dehyde and faorm c.acid .by hepatic .al cohoL. apnd al dehyde dehydr ogenase
respectively in %MMBM@M&@bWEM@ gg@dtge i‘l‘é‘ EonsERtation o
and toxic to hurgi e 3096) oFtbcold RVRbtRReEHit'tE ShdrPpdth distiflatdén. di stil I ed at
relatively very 1ow terrpe?@ture (at 135C) and the tocols arg not subj ected
to higher tenperature than 150C at all tinmes. There is no need for further
processi ng (such, a ost-distillation. fractiaonation.,a r adsorption

chr omat ogr aphy) %%&Vﬁ%ﬁ%ﬁ?ﬁeﬂﬁ qnosﬁepslpgglveé,ﬁpﬁﬂuaﬁg/ QG RsHiy! esters
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t he production of tocotrienol concentrate with better”™ conposi'tion than that

in the original iog¢stedaean beahydrolyzedinto ity acid end methanph snbiequentlyi methbueli ned
by the present invention.is,about 8:..1 as, c a o t reported .ratio of
23" or Ppat m of 1TRORDYSH RS by it Jhtcc RERRIdE e pid Tarbie B ch, Pt <
desired in view fdohohand aaeﬁydehehwﬁg@iﬂsa&sgaﬁﬁarth%ahmw Pdrdlibhie et

al, 20 Annals of Internal Medicine online 10 Novenber 2004) that re-analysis
of previous 19 andifemeicapigiare vadesisable and toxigtorhungmdbodyd 2004 by

net a- anal ysis indicated that high dose a-tocopherol supplenents may
iﬁcrease risk of dying for old patients, majority had pre-existing

condi ti onsjguch Bis iehtiorémbRS st beddistilieda 2elafivily 98rydbwaeinpeanhe (4!
attenuated the ability of tocotrienols in chol esterol” 25°| oweri hg actions .

(Qureshi et al, 136%¢) angl theytoeols aresnotzwbiestyd)to highep deynperatirsl than d361C atald
about 19%in the, tocot4l enol n trate l.s al ignpficantly hi. r. than
t hat presence i ?SUdef%%?rﬁsoﬁ) [F%QOEQ? Mgr g%%gglggr {sélﬁlglasl ?Xﬁhcg&ﬂgagfms
Bpt ent ht ocot ri efBictohdtioaNdrd/d"gisoftion SihtorhAtogiaphy) afdr vlcuum OdistilldfiodSsép. .

i ot ech.

High tocotrienol concentrations (50% minimum) are achievable.

15 This invention also enables the production of tocotrienol concentrate with better
composiﬁon than that in the original oils and fats. Tocotrienols to a-tocopherol
ratio obtained by the present invention is about 8:1 as compared to the reported
ratio of 7:3 for palm oil. A low a-tocopherol content in tocotrienol concentrate is

C. ' desired in view of the recent John Hdpkins researchers reported (Miller et al,

20 Annals of Internal Medicine online 10 November 2004) that re-analysis of
previous 19 trials that took place between 1993 and 2004 by meta-analysis
indicated that high dose a-tocopherol supplements may increase risk of dying for
old patients, majority had pre-existing conditions such as heart disease and high
concentration of a-tocopherol attenuated the ability of tocotrienols in cholesterol

25 lowering actions (Qureshi et al, 1996, J. Nutr. 126: 389-394). 8-Tocotrienol
constituted about 19% in the tocotrienol concentrate is also significantly higher
than that presence in crude palm oil (about 12%). 8-Tocotrienol is the most



Bi ochem, 67, 1623-1627) and in inducing apoptosis (Chao et al, 2002, J.
Nutfr. Sci. Vitamnol. 48: 332-337). Besides the tocols, the other ngjor
conponent of tocotrienol concentrate is 5 nonoacylglycerol, mainly in the
form of nonool ein. Monoacyl gl ycerol are natural food emulsifier and it is
haturally produced during the digestion of gdietary fat in our body. Thus
nonoacyl gl ycerol s can avoid the problem of poor absorption due to
insufficient dietary fat to stinulate the secretion of bile and 1ipases as
monoacy! gl ycer ol potenetdchegiepolsdn cnti-dngiogetesisadholarhi ef ak)i2003,aBidséii, (Biereh. C 10

Summary of the lpvention_The pri.gary.object, of the present ipventign is to
provi de a proces¥of -tg%- P@éb@ﬁ?#@@ﬂ@&‘“ﬂﬁ?ﬁ"&@i( : Fb@gl 02, J. Nutr.

nonoacyl gl ycerol&iqﬁﬁmﬁh&cyg%#gﬁ s from crude vegetable oils and fats
wi t hout destroying the naturally oCcurring conponents in the crude

vegetable oils and fats and inproving the quality of the 15 original oils
' e and ot her objects of

and fats after the. recovery .of mngr conponents. The
the present invetfStGH @Fe‘og%lé’ow& P&%dﬂﬂg& ﬁP@PPWg?fSIQCBF’SE@sgoW‘@P“Ptﬁels
recovery toc | flash1y ahSthel foR@UbF SeoHobRY. N I
occurri ngoiomoﬁgﬁ?i&ﬂgl%}g?’m I's %nd fats angfl rrprol\%ﬁngq}dhg@%%%#;&o# t he
oils and fats, smiutalgioodesmlsifierpmidst isgatunallyspregucedfduring tie) digestion df Idiegaryd
extraction of oitjs.and fg\g wi.l.h urea sokgjtior] i n_nmet hanol or eth%nol or a
met hanol - et hanol Tkt et <’3§ sﬁB}seﬂ"PﬂﬁW ¥eenpls (57m) Ayoid e Jproblem AT RRpr;
step (a) to te etevagsuflci efa@ 't 16) | 3 lids and
| i qui d obt ai negm?r%&??élg b)t by fi(lnflstg‘?ti on; %Sﬁd; coﬁ%?ﬂ% r@g(%rie‘frl{%grI Pﬁgﬁ?i tgr ate
obt ai ned i n st efdipasds dsymgueacylglycerolsmrathegirodurts/fonthe aediomscfibilg aad hipdsescar bon
solvent to the contents obtained in step (d), and separating the solids
tained fromthe hydrocarbon-nethanol |ayers by filtration or decanting; 9

f) separatjgng t RuoimdiPeffifedavedticy Py draining away the | ower nethanol
ayer. The primary object of the present invention is to provide a process for the
recovery of free fatty acids, tocols, monoacylglycerols and diacylglycerols from
crude vegetable oils and fats without destroying the naturally occurring
components in the crude vegetable oils and fats and improving the quality of the

15 original oils and fats after the recovery of minor components.
These and other objects of the present invention are accomplished by providing,

A process for the recovery of tocols from oils and fats without destroying the
C _ naturally occurring components in the oils and fats and improving the quality of
the oils and fats, said process comprising the steps of:
20 a) liquid-liquid extraction of oils and fats with urea solution in methanol or
ethanol or a methanol-ethanol mixture;
b) subjecting the alcoholic extract obtained in step (a) to temperature between 0
and —25°C;
c) separating of the solids and liquid obtained in step (b) by filtration;
25 d) concentrating the filtrate obtained in step (c) by partial removal of solvent;
¢) adding a hydrocarbon solvent to the contents obtained in step (d), and
separating the solids obtained from the hydrocarbon-methanol layers by
filtration or decanting;



washi ng the hydrocarbon | ayer with water, and further separating the

hydr ocarbon sol vent | ayer by draining away the water |ayer; g) solvent
renoval of the hydrocarbon |ayer obtained in step (fO by | ow vacuum 5
distillation; h) distilling the contents obtained in step (g) at 90-100C,
0.1 Pato renove free fatty acids as distpllate; i) distilling the residue
obtained in step (h) at 135C, 0.1 Pa to obtain tocotrienol concentrate as
distillate; 10 j) washing thoroughly the residue obtained in step (c) with
met hanol or et haholsepamtingthedvydtocatbionrdayer by xiraining dway<hé lkewdr methanocdlayef, t he

al coholic solution obtained in,step (j): 1) .dissolvin he contents opt ai ned
in step (k) in hydr%@&%&%é‘ﬁ@?ﬁ?&{m@%d‘" i o!"d’?‘i E‘H%W‘tﬁmg,&ﬁnd
separating the hydriggasdasionselvéRiTaydrairaifing avaydhewatertaydyiay the water

|l ayer; n) solvent rénoval of the hydrocarbon [ayer obtained in step (1) by

| ow vacuum di stg)| |selveshremovabipfcthe hydnogarbom layenelsained ibstep (Bdyi lawstaepuram)  at
90-100C, 0.1 Pa to | .e free fatty acids as distillate; and 20 o)
distilli ngsthe resi‘{iﬁgﬁﬁﬁf”ai ned in step (n) at 135C, 0.1 Pa to obtain
tocotrienol conggntdigilEngthe@ostehts obtLnedinthted (@) @ESH-$00°0), 011NBa toeeMovE Yrelf
fatty acids, nonoacyl glycerol s _and diacylglycerols fromoils and fats

wi t hout destroyi ng fateadids axdistillatesccurri ng conponents in the 25 oils anf
fats and i nprovi.ng .quality.of Qkls d fats,.sal bQC onpri,si.ng
the steps of: a)lj]ad%?qﬁ{jnq%qh?d%%g%er lgg»jﬁngegiln%ﬁeq (@fﬁ%%ﬁdgﬁsg& g?n@zalpn
step (j) of O ai m koccrfighdl cobicRhirite ak ARtingsul ting sol ution; 10 b) sol vent

renoval of the contents soluble in hydrocarbon sol vent obtained in
10 j) washing thoroughly the residue obtained in step (c) with methanol or ethanol

C ) or methanol-ethanol mixture;
k) solvent removal of the alcoholic solution obtained in step (j);
1) dissolving the contents obtained in step (k) in hydrocarbon solvent, washing
the solution with water, and separating the hydrocarbon solvent layer by

15 draining away the water layer;
m) solvent removal of the hydrocarbon layer obtained in step (1) by low vacuum
distillation;
n) distilling the contents obtained in step (m) at 90-100°C, 0.1 Pa to remove free
fatty acids as distillate; and
20 o) distilling the residue obtained in step (n) at 135°C, 0.1 Pa to obtain

tocotrienol concentrate as distillate.

and

A process for the recovery of fatty acids, monoacylglycerols and diacylglycerols |
from oils and fats without destroying the naturally occurring components in the
25 oils anf fats and improving the quality of oils and fats, said process comprising
the steps of:
a) adding a hydrocarbon solvent to the residue obtained in step (j) of Claim I
and filtering the resulting solution;



step (a) by low vacuumdistillation to obtain a m xture of fatty acids,
norioacyl'gl ycerol s, diacyl glycerols and sterols; c) distilling the m xture
obtained in step (b) at 85-100C, 0.1 Pa to renove free 5 fatty acids as
distillate; d) distilling the residue obtained in step (c) at 135C, 0.1 Pa
to obtain nonoacyl glycerols concentrate ad0distillate; and e) distilling
the residue obtained in step (d) at 175C, 0.1 Pa to obtain diacylglycerols
concentrate as distillate. 10 This invention will be clearly understood and
apparent with rebersoheant remevad of dbe ghntents sebibld i hydrogdrbarhsdlvent mbtaingteinai | ed

o ther as st aps. of T (hb¥niethyechith SRR, 6° bl 5 il of fif, adits,
i nvention will now llgan@@?@yd@ﬁﬂs, didcylidlyderdls and Stetblgier st ood that the
0

particul ar enbodinments orf the invention are shown by V\% of illustration and

not as |imtatiois &itillipg th ctbtaingtbingitemd) 9t 8541081 0ek Pato ramove free

I nvention y be e ' l.ous enbodi nents w thout departing fromthe
i r@%gg%ﬁﬂﬁ gé‘%&ﬁﬁéu?

scope of t i nvent’i olar ‘'and non-pol ar conponents of crude oils and

fats are separatdyd distilling bt fesicluk Osbtilined inr stap Sh) Uiti O35°CH 1Bt PR6! othin
ethanol. Ols and fats and_ al coholic urea solution formtwo phases. The
non- pol ar conponentBOBAEH. erely epnserizate axdigillatgandnd ot her hydr ocar bons

1
preferentially r '-Q‘ﬁﬂ ' el \g@igg t I onen uch as
free fatty aci dsesnarrdﬁnoac ﬁ&f’%se@%‘% so, |eglgy g ce?@l g{ 19%0@‘2,?§tt§r§$@,ﬂ
gl ycol i pi ds, phosphdikéybglsiceralsdoneentiaieed distillatel al s are preferentially 25

partitioned into the polar urea solution. Conveniently, counter current
|l iquid-liquid extractor can be used for extraction of polar conmponents from

pice paLg: B4 e PSS, SEASREPHR S, o % e
: in?gi d-1iquid exetalet descriptien athickhfollows.ur ea sol uti on i s continuously punped
Detailed Description of the Invention
The features and details of the invention, either as steps of the invention or as
combinations of parts of the invention will now be described. It will be
15 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.

C : The polar and non-polar components of crude oils and fats are separated by
20 extraction with urea solution in methanol or ethanol. Oils and fats and alcoholic
urea solution form two phases. The non-polar components such as carotenes,
squalene and other hydrocarbons preferentially remained in the oil whereas the
polar components such as free fatty acids, monoacylglycerols, diacylglycerols,
tocols, sterols, glycolipids, phospholipids and oxidized materials are preferentially
25 partitioned into the polar urea solution.

Conveniently, counter current liquid-liquid extractor can be used for extraction of
polar components from crude palm oil. Qils and fats such as crude palm oil is
pumped and dispersed into small droplets from the top of the counter current



the extractor fromthe bottom The punping rates of crude palmoil and urea
sol'ution are controll ed i ndependently by netering punps. The di spersion and
m xing are performed by agitator action throughout the | ength of the
‘extractor 5 colum equipped with a series of inpellers with flat bl ade

di scs. After each rotating disc, there isla settling zone. The settling
zones are separated fromthe mxing zones by a vertical baffle running
through the entire extracting colum. The denser crude palmoil travel ed

fromthe top of liquid-diquidsextractor.r dihe alcohiblic uriasobrtivads sontinwusly gumpediintol t
reached the bottomof the.extpactor. The raffinate is.10 discharged.into a
col l ecting vesse i t%go.gbhegl?ﬂ%gf.vgicﬂyglql% ﬂggmélfft tmpf’?%\\%‘faed.
conti nuously upvhfonustei dontrblléd arfepeh b9PmeteMfg pusipgd THY Qispersiofl drACt | NG
vessel. The raffinate can be recycled and fed into the extractor repeatedly

if it is prefer raiking arexperformed i pgitataroactipn thepughess dhe dgngti of ithe pxtragtor
tse 15 The res; .cohal _.in the raffinpatg i d '

v ough o YacuurOruP) ancisPRa SBCH derd of afie. ifl Bl Bag ASEE, Al B8

with water and tiafatingQRdciditre 144 SéttlEgz0RE. THIFRRTING Yoridsaié béganited from the

polishing and vacuumdrying as per standard practice in a palmoil mll.
The crude pal m gnixinggengesbyca versigalk baffle runting, threughs thefenbiee extracting|dofymn.han

the original cruge a0 e r 0 cifications,.. The
standard qual i tﬁa@% glfdgei%u{)%%lgggﬁ?éc@gngtﬁﬁg C Ot TPEPEGRs ¢ or
crude pal moil adispetdedant 3ttki¢d aatilit eeichedithe (Hottofo oTakié Sxttdctor. MHesrhffirgiteridd

I mpurities (0.25% nmaxi mun) content and DOBI (2.3 mnimum. _The recovered

crude pal nibi| tdisshatged yntgacolleching vessgl drom, thebgttomnyalys. Theless densg extrastds,
r ved al nost e.l 1 I O v ly 25
0((5 units aft er%vgﬁeﬁgfgﬂ{%gégl*%%i cufdlYg’%?érﬂégt B(?r?{oc?f aé#u e ?)d;I 00|XI .
There is no di fdoHeethge vessell heThepraffitate aanbe récyoRdvagh féd éntoethevextpdtcnd
original crude palm oil, The inpprqoved quality crude palmoil can be easily
refined in the pgapeaestly if fteis; prefegred toextragt do1 betigr ageavery f tthe polar
subj ected to Iovgohﬁ,gﬂgﬂtgture (0 to -25C) treatnent.

15 The residual alcohol in the raffinate is removed by passing through a vacuum
dryer. The residual urea in crude palm oil can be washed with water and the
residual water can be removed by clarification, polishing and vacuum drying as
per standard practice in a palm oil mill. The crude palm oil recovered from the
raffinate is of better quality than the original crude palm oil in terms of the trade

20 specifications. The standard quality parameters in current contractual trade

(' : specifications for crude palm oil are free fatty acid content (5.0% maximum),
moisture and impurities (0.25% maximum) content and DOBI (2.3 minimum).
The recovered crude palm oil typically has almost half the content of free fatty
acids, removed almost all the impurities and improved the DOBI value by nearly

25 0.5 units afler a single pass liquid-liquid extraction of crude palm oil. There is no
difference in the moisture content between the recovered and original crude palm
oil. The improved quality crude palm oil can be easily refined in the palm oil
refinery.



.Urea inclusion conpounds, crystallization and precipitation of high nelting
codiponent s took place. The | ow tenperature reduced the solubility of

residual tiacylglycerols in the alcoholic solution, causing phasing out of
residual 5 tiacylglycerols and fornmed a solid |layer at the bottom For other
‘conponents, urea inclusion conmpounds are pgReferentially formed first. This
I s denonstrated by using | ow urea concentration (1% wv) in nmethanol as the
extracting soIv nt |n this case, very little solids were formed and

i nsi gni fi cant P° holicryreaexteact i subierted to lay drraparaiitecrtg|-35°6) dreatment.
di | gl I . 5%
lacyl gl ycero S tﬁfeau 1fbn' Bord e&ﬁidﬁt bé%tﬂlxbﬂ%gﬂok&cﬁﬁtgﬁ%‘c&“hféﬁggra oY

ww in the extract after reno vent chro GO
reveal ed that medoniponeits tealt plaat.e The dowtemperdtiranaiused theadodubility of residual

nonoacyl.gl ycerol s, were repoved, At higher urea concentrat.ion (10% w V), nore
sol i ds” were forrfﬂacquP@'PrD An the Flaﬁt)loqlgnad%%eﬁ@w ing oWt of; esidual

e e 8 2 HECABHYELY MOl @ DA U 1 bOtfbrk Fo? Stk GorRfieliS

achi eved. concentration t al ned out
esterification amresmohsich compioandsre prdf&'emunllyffatmecbﬁisanhm&dimntbnsp‘ateﬁ by

distillation is upiqgue in this |nven nd ha t been reported before
GLC reveal ed tﬂﬁtnsglpawe SPPSFRgRYOTY (156 %) e FBato] s i s &s@rfemr _
fatty acids, y;Hy Ve IS sBfdk \%Ex‘érﬁhﬁecﬁéxﬁi SRR on

conpounds, 20 cr yst allrzation or precipitation. unct1 ons 01; nolic
urea solution i mtdsemnewﬂglymolsmnddnacalgiydm;mmeku}nngtm mlatmﬂwmw tucols

oo 600 Bt e SRS e Bl PRSP o O B
aﬁLd; educi ng theldhrcﬁﬁétH%‘ahi fGLCPreW@ﬂedrﬁfafhiélﬂl?%H delvditel Tatfy YSHShA] Slrafid 25

or precipitation and Imnating the formation of euthetic mxtures with

free fatty aci dsonnadylglyzesolswereaembyed. The crystal lization inhibiting effect
of free fatty acids and diacyl gl ycerols have to be overcone first in the
case where free fatty acids and diacyl glycerols are the nmajor conponents in

the matrix. The gHibhdrXardaconbéitfafior (V%% W), aitire SblidsSSte Ténedl A fier filtration

and solvent removal by vacuum distillation, a relatively high tocols concentration
15 (30-35%) can be achieved. This high tocols concentration obtained without

undergoing esterification or saponification of oils and fats prior to short path
distillation is unique in this invention and had not been reported before. GLC
revealed that practically all diacylglycerols and the bulk of free fatty acids,
monoacylglycerols and sterols are removed by urea inclusion compounds,

20 crystallization or precipitation.

The functions of methanolic urea solution in the present invention are beyond just
as medium for extraction and urea inclusion compound but very importantly,
removed the other non-tocols components such as diacylglycerols and sterols
presumably by reducing their solubility in the matrix resulting in crystallization

25 and/or precipitation and eliminating the formation of euthetic mixtures with free
fatty acids and diacylglycerols.

-The crystallization inhibiting effect of free fatty acids and diacylglycerols have to
be overcome first in the case where free fatty acids and diacylglycerols are the
major components in the matrix. The ability to induce crystallization requires



5 10 solute concentration sufficient for nucleation to occur and conti nues
at.” contentrati on beneath the nucleation threshold. The follow ng
denonstrating the ineffectiveness to concentrate tocols in the cases where
1ow urea concentrations were used: Urea in nethanol a-T a-T3 J3-T3 'Y-T3 %
B8-T3 % Total tocols % w v% w W w W w ww/ W8/ woo w w 0%9. 10. 20. 020. 30. 10. 7
199. 20. 40. 020. 70. 31.5 2.5%). 40. 70. 051. 20. 62. 9 5% 0. 51. 10. 081. 70. 94. 2

10%t. 59. 40. 814. 65, 935. 2 T denotes_tocopherol whereas T3 denotes tocotrienols
n- Hexane is addéelut® eonsentsation sufficient fore nyeleationo| towgeeirngnd Feentinugs t gt

acids, nonoacyl | I 1 stey ol s, . ak vered [.n the
n- hexane 15 | ayec(rahéfﬁ%{aar%ﬁ gerr%é\?gﬁﬁggl hgﬁgﬁog{o%%ﬁ@dbyféea}g’%m é%% 1S '%beUr ea
is recovered as ihéffectiversdssl e cordeitriteaoddls antiradabésaiwherd 16arurbe comehtasas by
short path distillation. The feed for distillationis fed into a rotating
di stributor di scv&eushing the wiper basket by a netering punp. The

mat eri al s di ' eated -shel - by the rotating 20 disc and

wi ped int @ t hi rj Yreardngyethano] (E_rél"ﬁtta@‘h'&d ¢ B-The| Wilpde |Babadbt|. Totakiooplpdr

basket was set fat 3%“;/ vol uf I%JWWE %_W%QWdehgt e*r% coz%gz r
tenperature was controlled dsing g circul ation|f warm yater pu ui pped
wi th tenperaturfe 0% 0.1 0.2 0.02 0.3 0.1 0.7
1% 0.2 0.4 0.02 0.7 0.3 1.5
2.5% 04 0.7 0.05 1.2 0.6 29
10 5% 0.5 1.1 0.08 1.7 0.9 42
( 10% 45 [ 94 | 08 | 146 | 59 35.2

T denotes tocopherol whereas T3 denotes tocotrienols

n-Hexane is added to the residue after the methanol washing. Free fatty acids,
monoacylglycerols, diacylglycerols and sterols are recovered in the n-hexane
15 layer after removal of the solvent by vacuum distillation. Urea is recovered as the

residue.

The tocols concentration can be increased by short ﬁath distillation. The feed for
distillation is fed into a rotating distributor disc attaching the wiper basket by a
(" _ metering pump. The material was distributed onto the heated shell by the rotating
20 disc and wiped into thin film by rollers attached to the wiper basket. The wiper
basket was set at 300 revolutions per minute. The internal condenser temperature
was controlled using a circulation warm water pump equipped with temperature
controller (set at 60°C). Distillation temperature is controlled by a hot oil heater
equipped with a temperature controller and pump for circulation hot oil to the
25 jacketed shell of the short path evaporator. A cold finger set at -90°C was used as
the cold trap. Vacuum (0.1 Pa) was achieved by a combination of rotary vane

pump and oil diffusion pump.



controller (set at 60C). Distillation tenperature is controlled by a hot oil
hedter ,'equi pped with a tenperature controller and punp for circulation hot
oil to the 25 jacketed shell of the short path evaporator. A cold finger set
at -90C was used as the cold trap. Vacuum (0.1 Pa) was achieved by a

conmbi nation of rotary vane punp and oil dii#f usion punp. 14 Short path
distillation at 90C, 0.1 Pa at a low feed rate of 50 g/hour can distill off
the free fatty acids without distilling the tocols. Distillation under these
condi ti ons can bShartipathdibtitlation atf8€ 011 Paiaha idwe feed rate@f 50iglicar ean distiiroff pat h

t i | cal, | {he fr tt [ , d, T |
are'S disti]ed e fBe dotncapiash siinout ignsie’ e obolf  elefion s besor;
in the feed ”at&fﬂdﬁionspéanlﬁéganﬁdlotﬁarep%&ﬂ?iﬁaﬂekﬂé of NBfFEreRC ¥hdH b ol

remai ned in the residue, th_e di s_tillate Is tocols concentrate. In the case
wher e di acyl gl ycevapbmtar(sd untib peastically alhahd fred fattly acids laet removednpEocnlsiare can

i sti Plati Sn v ersned pclegsHah 1C oL 0EE P 4L Gisphlelvierls pinDiedetign dhe feed
distillate to regh@Hg | PG ©BASES0.3"Ph, YraiRANLY Qﬂloﬂlﬁf‘tﬁb!éylél?ﬁrapﬁnﬁ‘d{ﬁéd e ter

distillation of the tocols, diacylgl'ycerols” can be di's ed and collected
as distillate abwsidud,tbedistillate dstocDlssaoncentiaten Inf thecesecwherd diaeylglyoeeols sreThe

Pt ™ e A0 A B e 5 RS

ot herwi se st at edprefaXdd’bélot 15080] dak M%kﬁldﬁﬁnﬁﬁﬁtﬂeﬁ@mwaﬁe RAAErAhERENE Yeed

punpi ng 8.5 L/hour of 10%urea in methanol solution as the lighter phase
and 4.5 kglhour mteudthepratin of | distillate tbaresidueavicteasesntandt highes shrongiiut visl ue

2.30), pre-heated,at A5C ,as i.he. heavi hase.,.20, The i tator,. set, at
900 r evol uti ons BV ﬁut‘%ﬁ“ﬁgﬁhﬁp i?ﬁ@%%"é’?ﬁ’é‘é@é’ M@qgf’%ﬁ?ﬁ df‘%ﬁef}rﬂ“gl n
17% (W w) of ureplieakdbs SitillAb bBsve BB MppPhhe entrenched urea solution by
rotary evaporation to recover the nethanol, washing and rotary evaporation

again, 9.0 kg of crude palmoil was obtained. Free fatty acid content
Description of Preferred Embodiments
The present invention will now be further specifically described by the following
15 examples. All parts and percentages are by weight unless otherwise stated.

EXAMPLE 1
Liquid-liquid extraction was performed by pumping 8.5 L/hour of 10% urea in
methanol solution as the lighter phase and 4.5 kg/hour crude palm oil (free fatty
acid content 3.65%, DOBI value 2.30), pre-heated at 45°C, as the heavier phase.
(’ _ 20 The agitator was set at 900 revolutions per minute. The raffinate collected was
. found to contain 17% (w/w) of urea solution. Afler removing the entrenched urea
solution by rotary evaporation to recover the methanol, washing and rotary
evaporation again, 9.0 kg of crude palm oil was obtained. Free fatty acid content
1.93%, DOBI value 2.78. 15L alcoholic urea extract was obtained. 6L of the
25 alcoholic extract was allowed to crystallize at -15°C for 40 hours.

The contents were rapidly filtered by vacuum suction to obtain a filtrate (F1) and
a residue (R1). F1 was rotary evaporated uatil solids started to form. The
concentrated filtrate was transferred to a beaker. Two volumes (300 mL) of n-
hexane were added. Urea precipitated out (27.8g) and the clear n-Hexane and



1.93% DOBI value 2.78. 15L al coholic urea extract was obtained. 6L of the
25 alcoholic extract was allowed to crystallize at -15C for 40 hours. The
contents were rapidly filtered by vacuum suction to obtain a filtrate (F 1)
-and a residue (R). F1 was rotary evaporated until solids started to form
‘The concentrated filtrate was transferreqsto a beaker. Two vol unmes (300 i)
of n- hexane were added. Urea precipitated out (27.8g) and the clear

- n-Hexane and 15 nethanol are separated in a separating funnel. The n-hexane

| ayer was was hentethanolhareseparated ap arsaparekinghfinnell aThe avhepanealager was ehashedss.
1.259g of oily paste was obtajned with total .tocols co nt r.at,i on of 32.4%
The ' ndi vi dual " PBEGTS st P Ty FYBRRRIEH 46 Y BE3.06 Oy A Was . 6
13.3 and 6. 2% (Yhtuthed OWith fotdl OeRI8CEGlcenthnioRCof '9204%! . Th3- LAl SRRbis

y-tocotrienol and 8-tocotrienol respectively. The relative conposition of
a-t ocopherol , aedreentratioandstermir@d by dFRILC wereo3.2, %11 G603 am 6. 2%d(vW6w) darat-r i enol

in the tocols were calculated to b 9, .28.1, 1.9, .41.0 and _19.1%
respectively. GOEoRIERIy| eo“'?q?c?%‘?ﬂggnjiéw&memlacw el and,, §-tocotrienol
triacyl glycer ol gspdctiflyl atthe élafive: R0 §iﬁ6@%f8a7t%cfphéfbl,”0'&O@EUﬁ'iGﬁM?EB-O! S

constituted 6.2% 13-sitosterol constituted 7.1% RI" was washed twice with
one vol une (150togetrienelcrtesotrienoland:3-teootricnolringhe tacols wiere calcalatadete beR &r y

“evaporated unti ol ds arted.,t o, form The co trated iltrate
transferred to %S'E’ee}léejr.ﬁ’tpv\ﬂn OF% % TP Bf)twrﬁ%') -W@Q@ﬁ% rgbseﬁ‘éed\é%.s Ur ea
preci pi tated oudiaéyifi§elroRN hntih arisdyiycdiolsX aRfeed TattyTEAAAN ebnstit@ed S8 FORAT at ed
in a separating funnel. The n-hexane | ayer was washed with water, separated
and r ot ar ¥0 evapwcaeasylglysethly eenstitutexl®. 2%, Bisitesterat caristituieshi.&ni ng 0. 78% of

‘t,\gcol S was obtained. The individual tocols concentration determ ned by HPLC
re 0.07, 0.21, 0.01, 0.32 and 0.15% (ww) for a-tocopherol, a-tocotrienol,

3- tocotrienol , Ry wGRishb® BRiceawith 8né 96Riie @50 mLEERACH S YnetHiBL" At i ve

conposition 20 of a-tocopherol, a-tocotrienol, li-tocotrienol, y tocotrienol

and 8-t ocot r i enfBltraten(F2) was retay evapetatedotti selidsetarted todomn.g The Porcentratpd 41. 5
and 19 6% r eSDefikCls nShferk PUeRhE N b VonBld ol B} GORSASA ™" ©
added. Urea precipitated out (564g) and the clear n-Hexane and methanol are

15 separated in a separating funnel. The n-hexane layer was washed with water,
separated and rotary evaporated to dryness. 26.2g of clear oil containing 0.78%
of tocols was obtained. The individual tocols concentration determined by HPLC
were 0.07, 0.21, 0.01, 0.32 and 0.15% (w/w) for a-tocopherol, a-tocotrienol, p-
tocotrienol, y-tocotrienol and d-tocotrienol respectively. The relative composition

20 of a-tocopherol, o-tocotrienol, B-tocotrienol, y-tocotrienol and d-tocotrienol in
the tocols were calculated to be 9.8, 27.4, 1.7, 41.5 and 19.6% respectively. GLC
revealed that the other main components were free fatty acids, monoacylglycerols
and diacylglycerols.

EXAMPLE 11 _
25 73.9 g of feed materials containing 1.1% tocols was distilled using short path

evaporator at 50 g/hour feed rate (diaphragm pump setting at 30% stroke length at
10 dosing pulses per minute), roller basket at 300 revolution per minute, internal

condenser at 50°C, short path evaporator temperature at 100°C, vacuum 0.1 Pa,



and di acyl gl ycerols. EXAMPLE H 25 73.9 g of feed materials containing 1.1%
tocols was distilled using short path evaporator at 50 g/ hour feed rate

(di aphragm punp setting at 30% stroke length at 10 dosing pul ses per
mnute), roller basket at 300 revolution per mnute, internal condenser at
50C, short path evaporator tenperature at 380C, vacuum 0.1 Pa, | 16 cold
trap at -90C. The tocols concentration increased to 2.2% G.C reveal ed that
free fatty acids were distilled but tocotrienols were not detected in the
distillate. The coldtdpeti-80°Ce- The todolsecbneenteation lincreaned te @Yt iGIE reveabydt t he
short path 5 evaporator te rature, 5C, residual free fatty acids,
monoacyl gl ycerol'g,gt ﬁ@ﬁofg‘gy&‘f SsW@’F"oM@‘fi“Eé‘P‘f O Xt met edj iy the g c
reveal ed that thggggth@cyl gl ycerols were not distilled at 135C, 0.1 Pa. The
tocol s concentration obtained was 12. 0% When the short path evaporat or
tenperature was increased to 160C, diacylglycerols was distilled over
together with regidual,free fait. cids, ,10 nonoacyl.gl ycerols, tqcols
(187895 and st er D Tide foss-arstties Fdeen iF 6ATBB ACOORY Sxcent bR oTOR Beth

under st oods t hat &RgoRf?GeRpEEnis aFaBS4Q, fbsﬁﬁﬁlaﬁbg‘?at%ﬁﬁaﬂ&,pﬁlbﬂ&c9fgll(y'&%1§aa! n

preferred enbodi nehts. It therefore should be apparéent to those sKilled in
the art that vartocels anddsteralaitwerescadlectedcasi thel distilatean (deC mederled tthasuthe

d ti 15 f th ifit d f i ti . |t js intended t
enconpacs all s upestuEHrelscuer e it et R c, BiicPar “flisebosplscranbeBEn
Al references, QaiiRe was 8 oPRt When RO RESAR Boadol@br Riefre v ihfrehddis

application are incorporated in their entirety by reference. | 17 Cains:
1) A process f ortotl68°C, aliaytglycendls was distilled overdogethearvdthf msiduali freedatty acids,

aestroying g e  bonoacylglycerols, tocols (15.8%) and sterols. The residue contained 0.06%

tocols.

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 equivalents can be made without departing
15 from the spirit and scope of the invention. It is intended to encompass all such

modifications within the scope of the appended claims.

All references, patents and patent publications that are recited in this application
are incorporated in their entirety by reference.



.naturally occurring conponents in the oils and fats and inproving the
quality" of the oils and fats, said process conprising of the steps of. a)
liquid-liquid extraction of oils and fats with urea solution in nethanol or
‘5 et hanol or nethanol -ethanol m xture; b) subjecting the al coholic extract
obtained in step (a) to tenperature betwegqn 0 and -25C, c) separating of
the solids and liquid obtained in step (b) by filtration; d) concentrating
the filtrate obtained in step (c) by partial renoval of solvent; 10 e)
addi ng a hydrocarbon solvent to the contents obtained in step (d), and
separating the s e‘gllds obtai ned fromthe hydrocarbon-net hanol |ayers by
filtration or d Fﬂg f) separating the hydrocarbon |ayer by draining

away t he | ower ’rf%ﬁéﬂ" E(ﬁ?ﬁ% w
and further sepa at fS t ydr ocar on soﬁent ayer‘l"@M (}ral nin avvay

the water |ayer; hamndllyeoucunmgmmiponénts lire theyodls cand rflats and amerovixyd thiereelityn
step (f) by Ilow va md|S|IIatJon di stilli the cgntents obtained in
step (g) at 90- 1006 HEOPSPQ fas, F@M%c“fs$ %PIF%IEWP'%EFEBS&‘ distillate; 20 i)

distilling the res e‘gﬁﬁaPu
tocotri enol concentk:1 &)‘ha Stl a‘ti'Iesf)m?J1 washi ng thoro%oglﬁ?()&%h%g{rhgg@d%re
obtai ned is step (c) athmiolnnmbﬁnnd»l-ethanobmm; or met hanol - et hanol m xture;

k) sol vent renoval he .al cohol.i qutlon bLai ed in step (]
di ssol ving the conp}e c5HiRg,; %oalf‘ﬁ‘ ABCHED JA) d8 teg;gerahne

washi ng the sol ution g, Wd%@@d separ at| ng the hydrocarbon sol vent
| ayer by draining away t wat er | ayer; n) solvent renoval of the

hydr ocar bon | ayer o})tsapam’dng qfﬁbs@dshhdbiguidnbtained:imaﬁeﬂ&bytﬁﬂmﬁm; I 1
(’ ~ d) concentrating the filtrate obtained in step (c) by partial removal of solvent;
10 e) adding a hydrocarbon solvent to the contents obtained in step (d), and
separating the solids obtained from the hydrocarbon-methanol layers by
filtration or decanting;
f) separating the hydrocarbon layer by draining away the lower methanol
layer, washing the hydrocarbon layer with water, and further separating
15 the hydrocarbon solvent layer by draining away the water layer;
g) solvent removal of the hydrocarbon layer obtained in step (f) by low
vacuum distillation;
h) distilling the contents obtained in step (g) at 90-100°C, 0.1 Pa to remove
free fatty acids as distillate;
C . 20 i) distilling the residue obtained in step (h) at 135°C, 0.1 Pa to obtain
tocotrienol concentrate as distillate;
j) washing thoroughly the residue obtained in step (c) with methanol or
ethanol or methanol-ethanol mixture;
k) solvent removal of the alcoholic solution obtained in step (j);

25 ) dissolving the contents obtained in step (k) in hydrocarbon solvent,
washing the solution with water, and separating the hydrocarbon solvent
layer by draining away the water layer;

m) solvent removal of the hydrocarbon layer obtained in step (I) by low

vacuum distillation;



18 n) distilling the contents obtained in step (n) at 90-100C, 0.1 Pa to
remove ~free fatty acids as distillate; and o) distilling the residue
obtained in step (n) at 135C, 0.1 Pa to obtain tocotrienol concentrate as
distillate. 5 2) The process for the recovery of tocols fromoils and fats
W t hout destroying the naturally occurringgconponents in the oils and fats
and inproving the quality of oils and fats as clainmed in Claiml, wherein
met hanol or ethanol or nethanol -ethanol m xture was used for liquid-liquid
extraction and ur ea) i distiling shegeontenits/obteided int step Km) at 2:H00°C5 0t I Ba to rébiove) The

process for the recovgry. of tqcols fromoils and fats w thout destroying
the naturally occurriﬁ@@%ﬁ‘ﬂéﬁ?é‘sﬁl#@’ﬁé‘dpi I's and fats and inproving the
quality of ofl's ang)@lmyiap d ik bBtafedl # dep!(af at BSSE! 0,11 P 1B bitait
fats is palmoil, tice bran oil, palmkernel oll,” coconut” oil, cocoa

butter, oil extractedocdtriemol zonentratetas distillateheat gerns, oats, barley and

rye. 15 4) A process for the recovery of fatty acids, nonoacyl gl ycerols and
di acyl glycerols fromoils and fats wi thout destroying the naturally

occurring s COMPeEFhe phdbebd for th moayf@ttsca@ﬁomg?ﬂggw% pﬁ%eﬁefm@g oi l's

and fats, said rocegs conprising of "the steps rbon
sol vent to the restisgusatatailyiocedrring comagenénts infth€loalisrand fagOamhimpriovingr theg t he

resul ting solution; sal yent noval. of, .t .contents soluble in

hyar ocar bon_ sol veniuahy 8 i bTaime i 0Tt f ke et ok fharohas
obtain a mxture Ofclthblethfiol nixniFoRARCKeA! 1 Holliqull 2R KbOHCHP Lieg R
sterols; c) distilling the mxture obtained in step ?b) at 85-100C, 0.1 Pa
to remove 25 freesdhsequently addeddo thi alcohdl axtegctd) distilling the residue

obtained in step (c) at 135C, 0.1 Pa to obtain nonoacyl glycerols
oncentrate as distillate; and e) distilling the residue obtained in step

(d) at 175@ 0. ByPené BrrBisfoR thelteebvdrd!of 166k EofPHEEMA Bt wathodt dstrbyinke-
the naturally occurring components in the oils and fats and improving the
quality of oils and fats as claimed in Claim 1 or 2, wherein the oils and fats is
palm oil, rice bran oil, palm kernel oil, coconut oil, cocoa butter, oil extracted
from annatto beans, wheat germs, oats, barley and rye.

15 4) A process for the recovery of fatty acids, monoacylglycerols and
diacylglycerols from oils and fats without destroying the naturally occurring
components in the oils and fats and improving the quality of oils and fats, said
process comprising of the steps of:

(_, : a) adding a hydrocarbon solvent to the residue obtained in step (j) of Claim 1

20 and filtering the resulting solution;

b) solvent removal of the contents soluble in hydrocarbon solvent obtained in
step (a) by low vacuum distillation to obtain a mixture of fatty acids,
monoacylglycerols, diacylglycerols and sterols;

¢) distilling the mixture obtained in step (b) at 85-100°C, 0.1 Pa to remove

25 free fatty acids as distillate;

d) distilling the residue obtained in step (c¢) at 135°C, 0.1 Pa to obtain
monoacylglycerols concentrate as distillate; and

e) distilling the residue obtained in step (d) at 175°C, 0.1 Pa to obtain
diacylglycerols concentrate as distillate. -



19 5. Use of the process as clained in any one of Clains 1 to 3 to obtain
tocotri,enol concentrate fromoil and fat. 6. Use of the process as clained
in Claim4 to obtain nonoacyl gl ycerols fromoil and fat. 5 7. Use of the
process as clainmed in Caim4 to obtain diacylglycerols fromoil and fat.
8. Use of the process as clainmed in Oaimjgor 2 to obtain inproved quality
crude oil and fat. 9. The process for the recovery of tocols fromoils and
fats without destroying 10 the naturally occurring conponents in the oils
and fats and i npg.0UsBof tHeepracess as slaidieddinlagy o€ of Slaima$ t6 Bab 6bid tcawnsine of
Clains 1 to 3, wherein the  process _does not involved saponification,
esterification or corpestatedrompdand 84 step. 10. The process for the
recovery of tocols fromoils and fats wi thout destroying 15 the naturally
occurring conponents in the oils and fats and inproving the quality of oils

and fats as cl aigreUsk of te\prodess &y cléinfeidrin Olaiir04 & 6tisin Snonoheylglyberolsffom oil
tocotrienol concentrate obtained contains naturally occurring

nonoacyl gl ycerol s apdifaby di acyl gl ycerols as naturally occurring enulsifier
and di spersion agent. |

5 7. Use of the process as claimed in Claim 4 to obtain diacylglycerols from oil
and fat.

8. Use of the process as claimed in Claim 1 or 2 to obtain improved quality
C : crude oil and fat.
9. The process for the recovery of tocols from oils and fats without destroying
10 the naturally occurring components in the oils and fats and improving the
quality of oils and fats as claimed in any one of Claims 1 to 3, wherein the
process does not involved saponification, esterification or transesterification

step.

10. The process for the recovery of tocols from oils and fats without destroying
15 the naturally occurring components in the oils and fats and improving the
quality of oils and fats as claimed in any one of Claims 1 to 3 and 9, wherein
C the tocotrienol concentrate obtained contains naturally occurring
monoacylglycerols and/or diacylglycerols as naturally occurring emulsifier
and dispersion agent.



