040CT2005 1 RECOVERY OF M NOR COVPONENTS AND REFI NI NG OF VEGETABLE O LS AND

. FATS' Technical Field of the Invention This invention relates to & p)jOT&s%

for the recovery of mnor conponents and refining of 5 vegetable oils and

fats firomcrude vegetable oils and fats, in particular, a process for the

recovery of mnor conponents and refining of vegetable oils and fats from

"seed oil, pulp oil and other vegetahle 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 oleic acid. During fractionat.i on,

fatty acid i SRECHMERY OFMBEEOR IUMAONENTSANDREFINING OF VECEPABBEM Oi |

contai ns 600- 1000 ppm of tocotrienol/toco IQherol m xture.. The tocotrienol

presence in palmoil are y- t ocot r (RS AND, @Egopherol a-tocotrienol and 8- -

tocotri enol Te@hmmgmaﬁmggnﬂogtl 0 of 5:2:2:1. Tocotrienol is also enriched

in the palm_olein during fractionation. Tocotrienol was clained to be very
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undesirabl e ﬂs‘m&&h?‘fvf Sdnfe Jréé?tal lization during fractionation. Based on

|l ong term hdmén 8§ on eedl ng of diglycerides-rich cooking oil,

di gl yceride was said to be able to reduce 20 serumtriglycerides, increased

serum hi gh i (HDL) - chol esterol and reduction in

pl asm nogendgc%?;%f'hop&gg&%g%gh 25 Crude palmoil contains about 500-700
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that a-carot gng Hul, AlkcdRiot 2ol WAl Phiid o bY Ghy GREGHD QP ENERF |t Was
15 lowering, preventing arteriosclerosis and stroke, inhibits breast cancer cells, protecting the
skin against the effects of ultraviolet radiation and as powerful antioxidant.

—s

Typical crude palm oil contains more than 4% of diglyceride. Diglyceride is considered
undesirable as it affects crystallization during fractionation. Based on long term human
study on feeding of diglycerides-rich cooking oil, diglyceride was said to be able to reduce
20 serum triglycerides, increased serum high density lipoprotein (HDL)-cholesterol and

reduction in plasminogen activator inhibitor.

Crude palm oil contains about 500-700 ppm of carotene. The main carotene components
are B-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 o.-carotene but not B-carotene inhibited liver carcinogenesis. It was



0 4 OCT 2005 2 also clained that intake of pal mcarotene inhibits skin
peroxidation induced by ultraviolet radiation. There are patents qp$9019@?9
the production of refined .red palmoil fromcrude palmoil. These inc

U S. Patent No. 5932261 and Australian Patent Application No. PI 8770/88. 5
Al these patents involved nol-ecul ar distillation of palmoil at relatively
hi gh tenperature to renove the fatty acid. There are al so patents

descri bing the production of caroteneg concentrate fromcrude palm oil

These include U S. Patent No.- 5157132, 6072092, 5019668 and U. K. Patent Noy
GB2160874A, GB2218989A and GB1515238. ain aII t hese patents_involved 10

pr et r eat nent 2o clpimed thabistakeefnplmyearqiene hlﬂ!théTé drimpereidation induged by 2l¥@viPlst | owed by
the process pliat Q?St treatment such as using adsorbents. In one enbodi nent,
this invention relates to the process of producing refined red oils and
fats, carotene concentrate, distilled fatty acid, tocotrienol and sterol
concentrat e, Vol r I i | s and fats
and has part?%?grre d[ﬁ.%ﬁ%dﬂ%ﬁg& rg&%‘%\?g%gﬁﬁ?& c{?ﬁ i %qgfr‘{ﬁgE&a%clgssl of
produci ng th@h@epmbvduUtSsPaftmNDcﬁ‘)amélpm MSUallanamtdnt Apphcaimmﬁbﬁdﬂ?ﬁw@d product s
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has many advanemgesthe fatty akh refine palmoil and palmoil fractionated
products without destroying the carotene at a | ower vacuumdistillation
tenperature since 20 the polar conponents including that of odoriferous
mat eri al s an@hére e alsatphtyntf ddsckitatipethe pxeﬂmﬂ@ﬂoftmoahcmaénuemtffoaﬁﬁhdamami or to

et i ned. bl ofilnele e HBolS: FIBT Vb BT acs Tt we G gl Ming agent

such as phosﬂmnﬁasmm dBandosodad | GBth15238a Siggini ﬁﬂcméﬁclyatérﬂnl\&{yolvedrper ature
as nost.,. of th fre tt riferol ave beep renoved.
25 Thi ¥ nveﬁ’{ sf%% r%ﬁ?%@ c@aﬁ’ﬁ@%‘ﬁ Sf‘ﬁag‘ ia%n%h’ﬁ gée e BF PTEE Stit wi t hout

pre-ester.ifi qzaﬂtmanmaﬁ suchreeesifgaidtybeasi d. It al so enabl es production of

carotene concentrate w thout the need of post- distillation treatnent such

as using adsorbent. As the polar conponents had been removed 0 4 O C T 2005
3 In one embodiment, 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
15 exclusive application to the process of producing these products from crude palm oil and
its fractionated products by first removing the polar components prior to

transesterification and therefore no post-treatment is necessary after distillation.

This invention has many advantages. It can refine palm oil and palm oil fractionated
products without déstroying the carotene at a lower vacuum distillation temperature since
20 the polar components including that of odoriferous materials and free fatty acid are
removed by alcohol extraction prior to distillation. It also can refine crude palﬁ oil or its
fractions into the refined, bleached and deodorized (R.B.D) oils without using degumming
agent such as phosphoric acid and deodorized at a significantly lower temperature as most

of the free fatty acid and odoriferous materials have been removed.

25 This invention also enables transesterification to be carried out without pre-esterification of
free fatty acid. It also enables production of carotene concentrate without the need of post-

distillation treatment such as using adsorbent. As the polar components had been removed



fromthe oil prior to transesterification, the transesterification reaction
.was carried out wthout interference fromthe unsaponi fiable matter and
carotene remained in the residue. The processes described in thequrEdeth
invention are sinpler and cost-effective as conpared to that described in,
ot her patents on carotene recovery frompalmoil. This 5 invention al so
enabl es the recovery of FFA, tocotrienol, tocopherol, sterol and diglyceride
and ot her useful minor conponents of3 palmoil. Summary of the Invention The
obj ect of the present inventionis to provi de a process for the recovery of
m nor conpgne nd refining.of .ve e al and fats from crude

veget abl e oi?qnérﬁ ]p Hergto uiaﬁse\#?ﬁgﬂ?n gl ﬁ?né?teﬁé %ﬁ{’ JresteR, WS%(‘EWIF‘? ﬁé
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. provided a process fo r‘tfaﬁq‘arecover of. m nor corrgolrgent and _refining of

vegetable o sprﬁﬁﬁsefsa eSeripRd i the PP dpvsRln aseg sinpley apd rog-effsetiveas recovery

~of nminor copppReAtts tan dedctibddth Nehed patvg 8h ARMoRNOkdcEvern GokAbm Mi. tThut -
dest royi ng naturally occurring conponents, said process conpr|5|n t he steps

of 15a) r eng0¥anten alsdemables Brfrsonent o T Aolecetienoh terapherl gareliand dighycstidngd f at s

usi ng | overynaloldt usfuf SRk coipoRdils olf?mroﬂal kyl al cohol -water m xture; b)
renoval of al cohol fromthe produc btained in step (a) by distillation; c)

addition of suitable quantity of bleaching earth to the product obtained in

step (b) atsdihiB offkEMmeien tenperature followed by filtration; and 20d)
deodouri zation of the product obtained in step (c) at a |low tenperature.
Thi s i nvent ThsroRiget ©of Hie Rrpssatr iRyentioniisris tRseah ATOApH dPletie ohoveY rdff®in@ince to the

detail ed deapbiditd M3 hhish of Mk@WS oilPREAHE HoRassd] REdNe ofls bt ptnvention

The features and_details of the invention, either as steps of the invention
or as 1025 CHifioMhIasIeRg Rapurally opcuimise comBOnenty BHpg %dwea?ta%wswd fscribed. It
w Il be understood that the particular enbodi nents of the invention are
shown by wa ustration and not as |imtations of the inventjon. The

il
principle f%%{’f’[ﬁ“kgéy dhere He Powifeth i RipeesaiPr phe ERRYSY @ PHRPT SPEPORHY &bodi nent s
Wi t hout deprfikihfgf Vegeumié bis 268 RRenRfcin AR prat¢en: | on 04 OCT 2005 4 Carotene

s non- pol af |0 VRS riberd S ST bnS kiDL L] PG 28 wad 8
without destroying naturally occurring components, said process comprising the steps of:
15 a) removal of polar components from the crude vegetable oils and fats using lower alkyl
alcohol or any lower alkyl alcohol-water mixture;
b) removal of alcohol from the product obtained in step (a) by distillation;
c) addition of suitable quantity of bleaching earth to the product obtained in step (b) at
normal bleaching temperature followed by filtration; and

20 d) deodourization of the product obtained in step (c) at a low temperature.

This invention will be clearly 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. 1t 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.



al kyl al cohol is low Natural oils and fats consist mainly of triglyceride,

 whi cH al so has |ow sol ubili ty in lower alkyl alcohol such as net Bﬁqﬁ{:} ?dﬂéj
ethanol. QO ls and fats are soluble in n-propanol, isopropanol L

| ower al kyl al cohol. Addition. of water or a 5 m xture of these | ower

al cohol water m xtures can be used to formtwo phases in the presence of
oils and fats. By using polar solvent such as | ower al kyl al cohol or |ower
al kyl al cohol -water m xture, the pol4r conponents such as FFA, tocopherol,
tocotrienol, sterol, triterpene al cohol, rmno gl yceride, di-glycerdde,

| ycolipid a hosphol i |d can & d fats,
?e?/ral ni gg th(@grr?{(gene B%PD'PO Stﬁréh?t 1s§r é%so‘f"ib? %enefOtS gﬁ ‘ﬁ‘éb]h]q?g‘ Wer
triglyceri dealkjtlEaloBﬁolZB 16360 Nherabmls aad faftﬁéonafsttxﬁmnly ofveiglyatride] whick also has
extractioncn ubj.ected to hj ng, Wi t h _wat er Resi I Ivent and/ or
wat er can be E‘ﬁ‘ﬂ]ﬁf%l‘% IeF ét‘yla%,}a"; & Hefhpe! j2apd gtheng, i %f]g out
- dest royl ng t esIGORIOpropdnel, Is@ﬁr@;ﬁaﬁlbl%a|ot}ieﬂlo%1€alla§taham| Aﬂ&i&;bﬁiﬁi w.-?ﬁeeoxm xture of
FFA gopherol togcotr enol 0ﬁ]erol tri terpene ? H}g@o gl yceri de and

_gl ycBri de™IEuR obdhege lagver gleokoh drater midpREs £3R beusgd |“? ouRhases aP teol ei n of

sarrpl e was vg@%@,ﬁlomﬁdlfatg_ed with nethanol at oil to nethanol ratios of

1:1, 1:2, 1:3 and 1:4. Table | summarizes the results Ol: MOH Car ot ene,
Wei ght of ratioExtraction stagesFFA, %pmveOH extract, g Initial4.30873 1 :

1After 1 ext nglrslln% g&@&&%&%ﬁcﬁuho%fim Aldbhol BXloWaCAlk alkoﬁmaéilﬁuﬁuré 1After 3
extraction0. 98873 8 1:1After 4 _extraction0.599041 ‘1After 5111
extracti on0. degepdpy ogmponents such as FFA, tocopherol, tocotrienol, sterol tntcrpenc alcohol,

mono-glyceride, di-glyceride, glycolipid and phospholipid can be extracted out from oils

10 and fats, remaining the non-polar components such as carotene, squalene and triglyceride.

The oil or fat after lower alkyl alcohol extraction can be subjected to washing with water.

Residual solvent and/or water can be vacuum distilled at a w: less than 100°C

without destroying tocopherol and tocotrienol in the methanol extract. The mixture of

FFA, tocopherol, tocotrienol, sterol, triterpene alcohol, mom—glyccﬁdc and di-glyceride
15 can be used for their recovery.

A 1-litte crude palm olein of sample was vigorously stired with methanol at oil to
methanol ratios of 1:1, 1:2, 1:3 and 1:4. Table 1 summarizes the resulis

Qil: MeOH | Extraction stages FFA, % Carotene, Weight of
ratio PpPm MeOH
20 extract, g
Imitial 430 873 =
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
1:1 After 67 extraction 0.21 508 7.1
1:1 After 77 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




1: 1After 6 "extraction0.219087.1 1:1After 7 extraction0.169066.9 1:1After 8
vextraction0.0978985.0 Initial4.20862 1:2After 1 extractionl.8286441.2 0 4
OCT 2005 5 5 10 15 20 25 30 1:2After 2nd extraction0.7387522.6 1:QAfICGrH»
extracti on0.3290215.2 1: 2After 4 extraction0.1789512.0 1:2After 5
extraction0.0768968.7 Initial4.26857 1:3After 1 extractionl.49896.53.6

- 1:3After 2nd extracti on0.4489632.5 1: 3After 3 extraction0.1792819.2 1: 3After
4 extraction0.05293714.2 Initial4.22895 1:4After 1 extractionl.2091834.6

1: 4After2 extraction0.3094021.4 1:4After 3 extraction0.0959409.5 The: sol vent

extraction ¢ carried out at r t was
observed t hi 1 @Tﬂﬁqacqﬂﬂcr as after ¢ \La nngéz : II;’ol ar
materials. Lt ig2 After 3" extraction 0.32 902 152
: 1:2 After 4" extraction 0.17 - 895 12.0
1.2 After 5" extraction 0.076 896 8.7
5 Initial 4.26 857
13 After I™ extraction 1.49 896 53.6
1:3 After?™ extraction 0.44 896 32.5
1:3 After 3 extraction 0.17 . 928 19.2
1:3 After 4" extraction 0.052 937 142
10 Initial 472 893
1:4 After 1™ extraction 1.20 918 34.6
1:4 After2™ extraction 0.30 940 214
14 After 3™ extraction 0.095 940 9.5

The solvent extraction can be carried out at room temﬁcraun'e (about 32°C), It was
15 observed that carotene content increases afier removal of the polar materials. It is
understood that othetr room temperatures can also be used. There is no advantage to carry
out the extraction at the methanol refluxing temperature or other temperature between
room temperature and methanol refluxing temperature. At methanol refluxing temperature,
more neutral oil (triglyceride) was extracted and the carotene content is lower than that of
20 the starting material indicating some deterioration of carotene under those conditions.
Table 2 summarizes the methanol extraction that was carried out at the methanol refluxing
. temperature.

Oil: MeOH | Extraction stages FFA, % Carotene, Weight of
ratio ppm MeOH
2 extract, g -
Initial 436 897

1.1 After 1™ extraction 2.64 864 27.0

1:1 After?™ extraction 1.66 874 25.5

1:1 After 3" extraction 0.56 861 12.6
30 g After 4™ extraction 0.6 850 10.7

11 After 5° extraction 0.34 827 8.8

1:1 After 6 extraction 0.20 823 7.5

111 After 77 extraction 0.12 815 7.2

1:1 After 8" extraction 0.083 802 6.0




understood that other roomtenperatures can al so be used. There is no
advantage to carry out the extraction at the nmethanol refluxing true or

ot her tenperature between room tenperature and methanol refIUX|ng4UE12%5
tenperature. At nethanol refluxing tenperature, nore neutral oil
(triglyceride) was extracted and the carotene content is |ower than that of
the starting material indicating sone deterioration of carotene under those
conditions. Table 2 sunmmarizes the nmethanol extraction that was carried out
at the methanol refluxing tenperatufe. Ol: MeOH Carotene, Weight of .
-rati oExtracti on st agesFFA %mevea-l ext ract g I ni t ial4.36897 1:1After 1
.extracti onz—648642+ 4
extracti on(p—968613+2- . 4+ AFHer 5
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Aiter 5™ extraction 042 860 8.6
Initial 4.26 892
1:3 After 17 E.xtraction 1.37 905 73.0
1:3 After?™ extraction 0.40 896 441
10 1:3 “After 3" extraction 013 886 31.6
1:3 After 4" extraction 0.038 380 17.0
Initial 4,18 904 :
1:4 After 1™ extraction 1.02 900 40.2
1:4 After?™ extraction 0.24 907 21.0
15 1:4 After 3™ extraction 0.071 864 12.2

It is understood that other polar solvents such as other lower a]kyl alcohols or their water
mixture can also be used as solvent to extract components such as free fatty acid,
tocopherol, tocotrienol, sterol, triterpene alcohol, mono-glyceride and di-glyceride) from
natural oils and fats.

20 For lower alkyl alcohol with three or more carbons, such as iso-propanol and n-propanocl,
addition of water is necessary to form two phases with the oil. Table 3 revealed the effect
of water content in isopropano] after the first extraction at room temperature, using the oii to
solvent ratio of 1:2. The addition of water at 5% volume to isopropanol is preferred over

the higher water content.

25 Extraction solvent FFA, % Carotene,
ppm
5% water in 150-propanol 1.25 896
10% water in iso-propanol 1.42 847
15% water in iso-propanocl 1.57 825
30 20% water in iso-propanol 1.87 835




1: 2After 4 extraction0.1288418.3 1:2After 5 extracti on0.0428608. 6
Initial4.26892 1:3After 1 extractionl.3790573.0 1:3After2 .
extraction0.4089644.1 1:3After 3 extraction0.1388631.6 1:3After 4 1.2005
extraction0.03888017.0 Initial4.18904 1:4After 1 extractionl.OZQBé&@.g

1: 4After2 extraction0.2490721.0 1:4After 3 extraction0.07186412.2 It is
under st ood that other polar solvents such as other |ower alkyl alcohols or
thew water m xture can al so be used,as solvent to extract conmponents such
as free fatty acid, tocopherol, toc%trienol, sterol, triterpene al cohol,
nono- gl yceride and di-glyceride) from natural oils and fats. 20 For |-ower
al kyl al cohol with three or nore carbons, such as iso-propanol and

N- pr opanol The @Rthé-totmighg MWRLRY th\e%mﬂﬁﬁ&%ﬁeawormufcsﬁtﬂhstawutnh%szﬁahwot h the oil.
Table 3 revealed the effect of water _content in isopropanol after the first

ext ract i onTtmsthaom) ¢8RS aPEevsH Oy vaammgdistitlation 3t a lgmpeys apt mpwgrthan B¢ 1: 2. The
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wat er cont ent Extracti on sol vent F tene, PPM5 ter in
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combination of both can be added to the red palm oil or its corresponding fractionated
products. It is also understood that anti-oxidants, either natural or synthetic in origin or a
combination of both can be added to the carotene containing oil before distillation of

methanol.

10 The subsequent carotene-containing oil can be used directly for esterification. In a _
preferred embodiment, transesterification with 6 molar volume of methanol in the presence
of 0.5% sodium hydroxide as catalyst is used. It is understood that acid-catalyzed
esterification or transesterification with other bases such as sodium methoxide or potassium
hydroxide or at other suitable amounts of methanol and/or catalyst can also be used. It is

15 also understood that small amount of vegetable oil such as sunflower oil can be added into
the carotene-containing oil prior to distillation or in the residue receiving vessels for
collecting the carotene concentrate.

Transesterification process is monitored by high- resolution gas liquid chromatography
using Restek Rtx 65TG column with hydrogen as carrier gas. Glycerol-rich layer can be
20 phased separated and drained continuously or when the reaction is toward completion. The
reaction is complete when all the trigiyceride and diglyceride peaks disappear in the

chromatogram. -

The methyl ester layer is centrifuged, with or without addition of small quantity of water to
remove small quantity of soap and methanol.

25 The methyl ester layer is then vacuum distilled. In a prefemed embodiment, the methyl
ester is degassed in a thin film evaporator, and vacuum distilled less than 3 Pa and at less
than 160°C in two stages of short path evaporator. It is understood that degassing can also

be carried with short path evaporator or other suitable vacuum distillation unit. It is also



7 5 10 15 20 25 The carotene-containing oil after the nethanol extraction
still contains about 10% methanol. The nethanol can be renoved by ¥ 3ETA005
distillation at a tenperature not nore than the 65C (boiling point of

nmet hanol ) and the product is refined red palmoil or refined red palm oi
fractions such as refined red pal msuperolein, refined red palmolein and
refined red palmstearin. It is understood that anti-oxidants, either
natural or synthetic in origin or a 8conbination of both can be added to the
red palmoil .or its corresponding fractionated products. |s also
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used directly for esterification. In a preferred enbodi nent,
transesterification with 6 nolar volunme of nethanol in the presence of 0.5%
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esterification or transesterification with other bases such as sodi um
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of vegetable 0| SUG can be a
car ot ene- coujesteh ltmag:gusing pnd wreunp duifiléating ineshprd pato pvaperatolse Ffésare digtiliedcei vi ng
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process i s noni ution gas 1 047 a usi ng
Rest ek Rt xpréfeiréd enbadimenyiFFA dneydistilige at 2bsut@adI0 Mergamunﬁfwcm mlcetnenbh | ayer can

be phased S ted and draj ne nt j nuousl ac is toward
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di gl yger i dendecaksuslos@ppear in the chromatogram The nethyl ester layer is

centrifuged, with or without addition-of small quantity of water ta renove
smal |l quantity of soap and nethanol. The nethyl ester |layer is then vacuum

di stil | ed. After methanel fmived, tBabid aftdretrthandl Retrareédigah be processed into R.B.D. oil
by treatment with 0.5% of bleaching earth at 90 to 120°C under partial vacuum, filter and
deodorized at 170 to 240°C under vacuum of 300 to 500 Pa. It is understood that higher
dosage of bleaching earth and/or higher deodorization temperature can also be carried out.

15 The oil refined using this process do not need degumming with phosphoric acid, uses less
bleaching earth and deodorized at lower temperature as the process had already removed the
fatty acid and odoriferous materials prior to refining.

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.



ester is degassed in a thin filmevaporator, and vacuumdistilled | ess than
.3 Pa and at less than 160C in two stages of short path evaporatorDLDETﬁ%S
under st ood that degassing can also be carried with short path evaporator or
ot her .suitable vacuumdistillation unit. It is also 040CTMb 8 under st ood
that distillation of methyl ester can be carried out with different nunber
of evaporator stages. Carotene concentrate is collected as residue.

Met hanol in the glycerol layer is di8tilled at |ess than 100C, preferably
under vacuum of less than 20,000 Pa. A ycerol is distilled at less than 1
60C under vacuum of 100 Pa. The 5 pethangl extract is distilled to renove

t he nmet hanol. The residual nethandPQQ%?Fgét is then subjected to degassing

and vacuunpglirshitérdadt Wab ektfhc@f Glotn PBUI cRMAPAMALHrSlein vl A0vdFMA igkp ed  first,
foll owed by tocotrienols, tocopherol and sterals, and finally diglycerides.

In a prefewt ebicasipRsAtert”e dighserder bypdding 7 &Pt methanel And b mITWESS vacuum of
.2 Pa, t0COkfegRPorouslly &€ %Hﬁfc&kerﬁtﬁfl 181 $ufhudtin lS8fathd) Bdhtame® Sudtndesr vacuum of
0.1 Pa, and diglyceride at 271 C 10 under vacuumof 0.1 Pa. 15 20 After

met hafol r eqrisphflaskt ndwe oniptugg wasr ransferednilo @il setpiéng wanel ved pllosdd8ed into

R B. D Oi | ettfWVin rt%tmg.' Phd Bwlr éi?/‘?aﬁgsc BheagRing 1hd3d 3kto 9051 Qe C under
partial vacuum filter and deodorized at 170 to 240C under vacuum of 300 to
500 Pa. |t flgsk- Thedeatheneldeyer westtranifeprrdrinto d ddegyeporion flakanil ryans ayappragfid/ or

hi gher deogqr.i ' : ' u i refined
usi ng thisggﬁ%%gég%%gkﬁgpgﬁg@ﬁfﬁ%%ﬁﬁ%@%gOgﬁﬁﬁﬁgﬁggggggggugﬁi%ﬁugg%s | ess

bl eachi ng ewsistinganfl 5Aétd dFhz d2vatof | towmmenolanreepienot endssttrble gudo2®¥s had
alreaqﬁ reg%§?gﬁﬁpe. fatty acid and odoriferous materials prior to refining.
After netha renoval , the oil after nmethanol extraction can be
fractionated or further fractionated. Since nost of the diglycerides and
unsaponi f i t _ rd Lauhibe [ $RN process,
the crystal %QQE?%ﬁﬁbgﬂgﬁﬁgﬁé?QFﬁg5§y§§g@?é%§3?gq§% %%%%%?S%R?g t he

convent i onaf méthepot ingh ey Brhesfaddad withod L of pethenol pThesecerid Piragtiop pedesEnbodi nent s
The presenty,d RUERL RHeMkibdd BEYE. DBhel Jil1§ BEReBRBE binabAkdsY248S CnkibiG J7y the
foll owi ng exanples. All parts and "percentages are by weight unless

ot herwi se 4%-8%d&d A, 1.6% tocotnenols, tocopherol and sterols and 24.6% diglycerides. '

15 The oil layer (the oil with 0.73% FFA and 875 ppm carotene) which contained about 10%
of methanol in it was further added with 2 L of methanol. The third extraction process was
repeated as described above. The yield of methanol extract was 15.2g, consisting of 26.1%
FFA, 2.0% tocotrienols, tocopherol and sterols and 36.4% diglycerides.

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.



04 OCT 1005 EXAMPLE | Polar materials were extracted from1l L of crude palm
superolein (with 4.20% FFA, 862 ppm of carotene and 5. 7% di gl yceride) by
adding 2 L of nethanol and the nmixture was stirred vigorously at ng@@qgw5
tenperature for 5 minutes in a suitable container such as 5-L 5 coni cal
flask. The m xture was transferred into a 5-L separating funnel and all owed
to settle into two phases.' The |lower oil phase was coll ected and pl aced
into a 5-L conical flask. The nethanol |ayer was transferred into a 1 -L
evaporation flask and rotary evaporadtfled at water bath tenperature of 60C
under vacuum The yield of nmethanol extract was 41.2 g, consisting of. 59. 6%

FFA, 1.2%.f tocotrien s t oco d sterpls a 9

di gl yceri d@? o Tokdy §va(5’f’ﬁateﬁ %er refitpﬁg’ &Hcﬁm{f}mg% 2‘?:49,&1:&%&’%64 ppm
car ﬁtgne) §@Iﬁl ghx;] q:@ruamdaﬁchnatma% diieri@f m&h@rp@lm istipetdleimasn fbefhhl?? added

W t L of et han The second extractiQn process repeated  as

descri bed $¥Bis¢ied t %é“{} PrdS‘B’FP teﬁ%ﬂ‘?&wréﬁg?‘g’ﬁ’t refpoye Joces 86faﬁgd‘ﬁ’§|a§‘9| ng of

48. 0% FFA, volathdmbeot ri enol s, tocopherol ‘and sterols and 24.6% di gl yceri des.
The oil layer (the oil with 0.73% FFA and 875 ppm carotene) which contai ned
about 10% of nmethanol in it was further added wwth 2 L of nethanol. The
thirdsextraction process mas repqg@gﬂpgglﬂescribed above. The yield of

nmet hanol extract was 15.2g, consisting of %, FFA, 2. 0@6tocotr|enols
t ocopher ol Pé#gnaeriaisoyee aﬁams@ Trgop, ldL@F 9@@? P?H@s"ﬂ il 201 1Pe TEAseY77 PPReToi | wi t h

0. 32% FFA @RfeR02dRP1% q?mtaﬁdesé)oy\amﬁ@zq,oat AbRasbi ahoHe Afhe Ofs EBEHanol in it

was further added with of "nmethanol. The fourth extraction process was
repeat ed ageeeudy PANIC fpoy ainufasen pisgitaleofonipenaieh|as &t panisel flagk 1Bheogq,

consi sti ngmBkyre 4»%5 Ms{%ﬁea mlo Q%Ltsgﬁa(?éﬁﬁlk mhsmdmm%@&he ARdwalRasel s and
34.6%.di gl ycerid he oil |aye 17% EFA and "895 ppm

car ot éRe) lewerc@hﬂ&rsmw C&B@md @@chéfmtﬁétﬁnhﬁwcaﬂ Aaskt Theagethapel lagyr added
with 2 L ofadehbend mmTaheL E\»ab&bumﬁsﬁ m%mﬁmp%&edqnwaﬁmﬁéép%ﬁr repeat ed

as described above. The yield met hanol extract was 8.7g, consisting of
5. 3% FFA, af 8 rwdet vacwmp| She welédﬁweqﬂ@polma%t‘@ﬁ aP3 .mepsgm%% #-Hoyceri des.

. 0 4 O CT 7888 1.2% of tocotriencls, tocophero! and sterols and 21.5% diglycerides.

The oil layer (the oil with 1.09% FFA and 599 ppm carotene) which contained about 10%

15 of methapol in it was further added with 2 L of methanol. The second extraction process
was repeated as described above. The vield of methanol extract 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, tocophero! 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 Tepeated as described above. The yield of methanol extract was 9.4g, consisting of

25 9.3% FFA, 1.3% tocotrienols, tocopherol and sterols and 34.8% diglycerides.



10 5 10 15 The oil layer was rotary evaporated. The red pal m superol ein
cont ai ned 0.076% FFA and 896 ppm of carotene and 2. 8% di gl yceri di a'E.FUr,?d
pal m superol ein can be further 'subjected to thin filmor short p [h 100
evaporator to further renove traces of fatty acid and volatile matter.
EXAMPLE || Polar materials were extracted from1 L of crude palmoil (with
2. 71% FFA, 577 ppm of carotene and 4.1%di gl yceride) by adding 2 L of

met hanol and the mixture was stirredl vigorously at 40C for 5 ninutes in a
sui tabl e contai ner such as 5-L conical flask. The. m xture was transferred

0100 @ 5 LrReRALALIY ofiNRT ogPe LMot QuSBRLAbRah R B RGE | The

| ower oil ase pllaceé The
met hanol | afymethamhm it man Sfrder eded m&oz & df- nhztlfamaipd]‘hat&fthranﬂ Ifiaslkexarextion ot ar y

evaporated_at water ba era u 60 er..vacuu The yield of

net hanol eRPF4EE tVRIEPH %Hsasg é%vfng{jb‘f Cig %g ? {%%%als %(%%ot rienols,
t ocopher ol c@gﬂmfgt@‘rscﬁwﬁmdl @Ax&%q%ogﬂhw@hbﬁem stefets mdl35[9a@/mg#ye¢ﬁmhoi | | with
1. 09% FFA 599 m car ot en ich c i ne % thanol in it
was futrthe ea‘%lblé&er a Fpiagy E"aBT’rager% %Eﬁ?ﬂp 80%%%33)5{&'%8: T‘géﬂgm Bcess  was
repeated agf &ﬂﬁ&felabaed 7%3&g19cerﬂ@ﬂ"hytdﬂ'ﬂﬂlnﬁ’fﬂeﬂ&hﬁlﬁd’lﬂhh@)sﬁlﬁja&éd t0/al%En aﬁan 29,

consi sting of 5% FFA, 1.6% tocotri enoI S, tﬁc \g&% and sterols and

33. 8% di gl 9%%?%‘8@@“%@06?"1@4‘1&9&@0(%%3%? ifayjai eHRA®End 599 ppm
carotene) which contained about 10% of nethanol in it was further added
with 2 L of nmethanol. The third eﬁmﬂeﬂ} process was 20 repeated as
descri bed above. The yield of net lact was 15. 1g, consisting of

go. ;3% FFS\Pollr Iﬂﬁfblﬁi@@@’&ﬂé eRifdted ,ﬁohpsze beértde ;ﬁmdaxﬁat:@reﬁi @vitnch 7%1?1%% 804 )

I glycerides e 0ol e % FFA rot ene
WP ch ont Brhabcsngn s GEDRELAHALIPR | L iopiol HieS Kok Won 2 1 b
met hanol . $heatboard ihe e:&itﬁﬁcwasqﬂnaf GgatSly W&Sorﬁ Wﬁi&ﬁ‘e &5 Upamrds hed above.
The yield of. t hapo rac, S 9.4 nsi.stin . 3% FFA, 1.3%
"t ocot ri enoF¥2oF 58 8Ir 8‘1‘ aaﬁdggtcg?’ﬁéagﬂd%gﬁ‘%w&‘g”f 112’8%‘5“3‘034;: 2005 11
separating funnel and allowed to settle into two phases. The lower oil phase was collected
and placed into a 5-L conical flask. The isopropanol-water layer was transferred into a 1-L

15 evaporation flask and rotary 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 repeated 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 isopropanc] 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, tocophero! and sterols and
7.2% diglycerides.



The oil layer (the oil with 0.09% FFA and 609 ppm carotene) which contai ned
. about 10% of nmethanol in it was further added with 2 L of met han(ﬂ[’g%ﬁmf‘
fifth and final extraction process was repeated as described above. e

yi el d. 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
was rotary evaporated. The red palmoil contained 0.043% FFA and 604 ppm of
carotene and 1.7%di gl yceride. The rBd pal molein can be further subjected
to thin film or short path evaporator to further renove traces of -fatty

acid and vgl atjle tter. Eéﬁbp | L | ar terigls r.e.extr ed from
539g of cr et 13’(%@%%‘ ‘rN(IJqI i °(ﬂ\%|§tefluld1}9§€%%g\(? © {)‘Zﬁmlf)&\%a edc?‘)fgoué g‘%t ene and
4. 6% di gl yefisdptehndiiwasetl i navat filrthef addabwpitio p dndlisopthga] wddel wao 50 (wWy)) of wat er
and the m xture S. stirred.vigorously at roomte rature.for, inutes in
a suitabl ‘@atﬁbnt‘ﬁg?rf% Bl %—"?_E’S?:Méeaqeatﬁ)ﬁ%lg.escgﬁeg °§'<T’§PE V\’éﬂg ctrlﬂr ansferred
into a 5-LisoseRasiadxad watl ARes, candktiag bOVSH HFa, 88 bevtieabl, fovsphebpaas. The

| ower oil phase ¥v§1§o collected and placed into a 5-L conical flask. The

i sopr SpanotterRlieas 47 BABYRHESt  ansferred into a |-L 15 evaporation flask and
rotary evaporated at water bath tenperature of 70C under vacuum The yield
of isopropanol_ extract, wa 74603% consi sting of iO.,S% FFA, 0.7% .

t ocot ri enolt&e oil ke e &t 31th Arid 7ty Hdd | 3epm graieney vBich eunaiggd 2bow 40%5 The o |

l'ayer (theoPisbpriiahdliwitet 304t bhaé igthdr £4Aéd Wi CAdrQiopRPInoINE BYCQRh alped about
10% of |s%géopanollwat er init was further added with | L_of isopropanol

added wi t hTBoffh/aps fingh egtraction, progess oy epeptrd @t i96Hrprdothovs Thesyieldpdat ed as

descri bed g ollBradtives 410f, cohSARBE GPABRAI FFAX DN eClocothoibSioddpheiePirai Sting of
9.9% FEA, 0.5%°t go;rl,gelnol_ , tocopherol and sterols and 11.3%di gl yceri des.
The oill | ajieiolsenhé- 141 $8l¥Ferifesn. 949% FFA and 981 ppm carot ene) which cont ai ned
about 10% of isopropanol in it was further added with 1 L of isopr-opanol
added with 5% (v/v) water. The.third extractiaqn process e ted as
escri bed ABbULIYRESTET vapiado PR SRR hc e V7Y ATFA S0, ot ng of
4, 1% FFA, @pR%f taaaeie dné 0Gsdiglyation MRieqtd i sipemici] Gnda duthér shtfectediloycer i des.
-040CT %gr(x)g]n}grshonpathcvaporaiortoﬁrthcrmnovchmofﬁ:ﬂyaciﬂandvoiaﬁlemancr.

EXAMPLE IV
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 11 of 95% ethanol and the mixture was
stirred vigorously at room temperature for 5 minutes in a suitable container such as S-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

of 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.



The oil layer (the oil with 0.39% FFA and 1064 ppm carotene) which ﬁ&nt@s ned
..about 10% of isopropanol/water in it was further added with I L b

i sopropanol added with 5% (v/v) water. The fourth extraction process was
repeat.ed as descri bed above. The yield of isopropanol extract was 43. 2g,
consi sting of 1.3% FFA, 0.2%tocotrienols, tocopherol and 5 sterols and

4. 7% di gl ycerides. The oil layer (the oil with 0.12% FFA and 1138 ppm
carotene) which contained about 10% j9f isopropanol/water in it was further
added with I L of isopropanol with 5% (v/v) water. The fifth and f.inal
extraction _Héoc_:ess was repeated as described above. The yield of

i sopr opanolThexilrlaxet (thiaei! #ith b§3% F&Agind 8hppmo targleB)svih comaineh abedl¥s enol s,

tocopher of AuflanelG #her ks 8l 3sd 116 HoBlokasEh 98 skl bater wias rotary

evapor at ed. ere m super ol el n cont ai ne _ ppm of
car ot ene arrepedted%s deggtihedeabd e Th ineldr dctthpad! rextran avad P @ ncopsistingeof fdBYeher

subj ected t t, ki il r. short h r .further renove trays of
fatty acid 1f’?lcrﬁkd li%ﬂaoﬁt'{lgoﬁﬁ? %BE%IOII%E%@WEE\STB 1"2A %glygér?ld%%t erials were extracted
from 492g of dude pal m superolein (wth -4.66% FFA, 820 ppm of carotene and

4. 7% digl ycer.i by, addi I 95%.e1 hanol__an he m xt ur ., Stirred
vi gor olisl y © O(ligélfﬁr %,tg?r%l ‘r"g}?&P %a%ﬁ%f‘ agd/%giﬂ?%garfﬁﬁneg wtghciﬁtcg t?“éééc%ﬁ‘\f@i%r@er such as
5-L coni calf etaaslkin ithira fudhet added witk 1tlr efigSHeethandl. The fouah Sxttacs@pavats ng f unnel

and allowed to settle, intp.two.phases. The, | r ok} phas | I ected
and pl aced Vht& A eé?ﬁ_deéc PERPVE I@%?ag?ﬂ%th%l eé‘ﬁ?v:cgr‘i“ ‘b%ﬁ%nrsm\g/\%éﬁ?? é%"sf erred
into a | - LFRAa88t mtetoenols| tasiphaoldnd stralsindViaPpodiglyeetidat wat er bat h
tenperature of 70C under vacuum The yield of ethanol extract was 22.9qg,
consisting of 68.9% FFA, 1.2% of tocotrienols, tocopherol and sterols and
17. 7% di gl yEerdildeger (theail sith 038%eFA( 4nd 888 ppm warbiened whixdochitfinaihaboB5R%ppm
- caroteng) i 6h _contain about 9 N f rther ded with 1
L0 5350 ot HeianSith BeDBA R0 8 i §10° 3 Boontl e DR heloh BREP " 0t e
above. The ppaated asfdegribainalovee dihe gld ofaghahl ektyact o@n Jilgt congistofg f698% FFA,

1. 7%t ocot ry I QQQE I %4l gl ycerides. 0 4 COCT
206 13 Theﬁgpﬁ'ﬂll'i/%o%@ﬁ%{gﬁg{o%lrpfl Wit E‘%@%@@%ﬁgﬁéﬁg ‘ppm car ot ene) whi ch
cont ai ned about 10% of ethanol in it was further added with 1 L of 95%

et hanol . Th?héd?iﬂa?cr%%@%h@ﬂ?ﬂrﬁ%e&%%@?gm%%&@é)%&%o%ﬁ&ii%ﬁdm@@we- The
yield of ethanol extract was 9.2g, consiSting of 42. 3%
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 6.12% FFA and 871 ppm carotene) which contained about 10%

of ethanol 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 of 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.



FFA, 1.7%tocotrienols, tocopherol and sterols and 28. 7% di gl ycerides. 5 The
~.oil "Tayer (the oil vmth 0. 65% FFA and 867 ppm carotene) which contgy rm%q:l_mﬂy}
about 10% of ethanol in it was further added with I L of 95% et hanol
fourth extraction process was repeated as descri bed above. The yield of

et hanol extract was 7.0g, consisting of 29.3% FFA, 1.8%tocotrienols,

t ocopherol and sterols and 31.0%di gl ycerides. The oil layer (the oil with
0. 30% FFA and 888 ppm carotene) whi ch4contai ned about 10% 10 of ethanol in
it was further added with I L of 95 %ethanol. The fifth extraction process
was repeated as descri bed above. The .)gi ellgl of ethanol extract was 7. 3g,
consisting of 19.0% FFA, 1.7%toc i , tocopherol and sterols and

35. 8% di gl YERIiIGS: finhSt@tlon! VY fed (drMBnRitkrif¥atidh redt703M2Ry aNGuRkGAIPPM
carotene) which contained about 10% of ethanol in it was further added with

| L of 95%&pealeig| (caryigee somianh 70 APp) sdiesed sigdlan & Exgmwlt bd Adisr destndl bed
above- The éﬁ'tr@c!tﬂn%e Bl Q@ae%ac@&%ﬂqtr,%&eémﬁﬁlm ﬁﬁ']ﬁés&kb RE19kg B¢ 906mean 1. 4%

tocotrienol s, toco%lero and sterols and 34.0 i'glycerides. The oil |ayer
(the ofl wilMroaideo chwdomaqsmmheaqibmé%)ermm ehmetbaohfon 88 mibwer 10% of

ethanol in gl é@@&naﬁdg%ﬂ?rreﬁﬁg&ﬁo Yadelog! iy &fnd%{% baanR! ingit SeAcal h and

final extraction ess was repeated descrl ed above. ield of
et hanol extieastien wa%ccmnphjed CBNSWS@CW@S wfwdmﬁs%iﬂmmcalib%m&@ eénol s,

tocopherol - @ndyst 91;}%' gly§8013f{9éi’ WeHs Yt ihdadGs - (Bg% clmtlalmﬁg aA)\Q@tSSJ opt ary

evapor at ed. ere erolern contal ned O Yo FFA ppm of
car ot ene anweietRanglp Hieglpperetm estgihjayer ads pashed oo piares with ane lube of Weisher

. subj ectjgd t I 0 I traces of
Farty agia e ha STk RS Ol TR Qo S T ST L fer

final extraction was used for transesterification directly. 3.52kg of crude
pal m superol ein (carotene contentgxGmip¥yy extracted simlar to Exanple I.

After the final extraction, the oil was reacted with 1. L of nethanol in
the presenct k of parosge-gintaipag MANE SRyHCH LR’ 63 TRE) Manfd ﬂ%%KPé@korppﬁhe at the

reflux t eW@JaE&rHExeat%{e rQEEBP@@% pek Bdur g AHeP B 198 Pa, 196, SRHQPIR! ReSRREYa: ' €Veal ed

no trace of triglyceride or yceride, 1ndicating that the reacti on was
conpl et ed. Q‘ﬁéa,riﬁﬁﬁnmgomdmﬂéﬁced’aﬁh?@d alcﬁychS@DwmﬂeCﬂﬁld@s kesidwe al | owed

to settise. &Rgs] o) g afid La6leRd chiid¥fth tﬁ:\’\@é élh@éu!&e& Rdlive (O9832K8 GRMLEI NI Ng

about 54% net haho The upper ester layer was was ed ten tinmes with
one vol ume eMmtepgt-26%).

EXAMPLE VI
170.5g of carotene-containing methyl ester (carotene 1.56%) was fed into KDLS5 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.



10 The yield of nmethyl ester was 3.49kg (99.1%yield). The carotene ester
. was*also 763 ppm 15 20 25 EXAMPLE VI 24 kg of carotene-containiqg HEL§%$
ester (carotene 763 ppm  was fed into KD6 short path evaporator %

of 4.8kg per hour, degasser at 100 Pa, 120C, short path evaporator at O.
Pa, 130C, internal condenser at 12C. Fatty acid nethyl ester was coll ected
as residue (95.8%yield) and carotene concentrate was col |l ected as residue
(4.3%yield, carotene content 1.56%%. EXAMPLE VII 170.5g of
carotene-containing nmethyl ester (carotene 1.56% was fed into KDL5 short
path evaporator at the rate of 602g per_hour, short path evaporator at 6
Pa, 155C, Thadegapmail me&m@eﬁ@é?wwagm?sﬁ ipte K5 shartipathegvaRdratersat ghe rgtasf col | ect ed

as residu % Vi r q d s residue
(Lo, v yi oo Ter 8oy Wk b hor o5t PRS0 R URRE hibeififns 30'C, AL HRED |

extract (ablietedrotiatiNata@pryddld)on of net hanol) was degassed using a KDL5
short path evaporator at the rate of 973 g per hour with evaporator at 110C
11700 Pa, internal condenser at 15C and liquid nitrogen cold trap. The

yi el d of vinkadsidue (3108% kield) oad fid bgaapinweathe RDBYshoeigpati evbgongoralt thegitbanol and
water,. 3.7%of distil]ate, consisting_ of Irocar bgns and f at aci ds were
al so dbt aigﬁégj.Peblhﬁurﬂ Sk@“TPitbo%"aﬁa"?f Too'iéj@gg‘gg’ T‘Hémge?j’& Qg ﬁe%%gnol ext r act
was agai n foesphertl, Godtiienols Befol aRPdiRlyEiae Werk! @lleddd dshistillate §105% g per hour,
short path evaporator at 2 Pa, 195C, internal condenser at 50C. FFA was

col | ect ed The epmpopitipry 0 kaqgisgﬂgti,iv@red)x_-tocopherol 1.26%, o-tocotrienol 0.92%, y-
tocotrienol 2.27% and &-tocotrienol 1.46%, campesterol 1.46%, stigmasterol 1.34% and B-

sitosterol 4.80%, diglycenide 61.8%.

ate
8

10 The residue (89.5% yield) cclmsists of diglyceride 61.72% and the balance were triglyceride,
was fed again into the KIDLS short path evaporator at the rate of 633g per hour, short path
evaporator at 0.1 Pa, 271°C, intemnal 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
1kg 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 133.35mum (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 equivalents 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.



The residue (51.8%yield) was fed again into the KDL5 short path evaporator
. at the rate of 955¢g per hour, short path evaporator at 0.1 Pa, 2 %
i nternal condenser at 55C. Tocopherol, tocotrienol, sterol and d g §l§
were collected as distillate (10.5%yield). The conposition of the
distillate were a-tocopherol 1.26% a-tocotrienol 0.92% vy- tocotrienol
2.27% and S-tocotrienol 1.46% canpesterol 1.46% stigmasterol 1.34% and ! 3-
sitosterol 4.80% diglyceride 61.8@%6The resi due (89.5%yield) consists of
di gl yceride .61. 72% and- t he bal ance were triglyceride, was fed again into
t he KDL5 short path evaporator at the rate of 633g per hour, short path
evaporator at 0.1 Pa, 271 C, internal condenser at 60C. D glycerlde was
col l ected |st|IIate 0 5% vyield)- The conpo n of .the dlstlllate
e i i yARirGRTRe RO ent Jedans B s 1 Ay PREIHEE EXAMDLE | X
| kg of reﬁlbdalaﬁate&ﬂ,mmﬁ,@{y%aefgbﬁcal ned simlar to Exanple I was divided
into 3 equal portions. 0, 0.3 and 0.5% of bl eaching earth (Pure-Fl o M5/ 20)
were added into the three portions respectively. The sanples were bl eached
~at 105C for 15 minutes under nitrogen blanket, filtered through What man No.
1 filter paper, and steamdistilled at 240C for 60 mnutes at 500 Pa
vacuum The refined pal msuperolein were determ ned 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 nerely a
detail ed description of certain preferred enbodinents. It therefore should
be apparent to those skilled in the art that various nodifications and
equi val ents can be made wi thout departing fromthe spirit and ‘'scope of the
invention. It is intended to enconpass all such nodifications within the
scope of the appended clains. 040CT2005 16 All references, patents and
patent publications that are recited in this application are incorporated
intheir entirety by reference. 0 4 OC T 2005 17 CLAIMS: 1) A process for
the recovery of mnor conponents from crude vegetable oils and fats



wi t hout destroying naturally occurring conponents, said process conprising
the steps of a) renoval of polar conponents fromthe crude vegetable oils
and fats using lower alkyl alcohol or any |ower alkyl alcohol -wa ®0CT 2003

m xture, wherein | ower al kyl neans alkyl groups having | to 5 carbon atons;
b) removal of al cohol fromthe pr oduct? obtai ned in step (a) by distillation;
c) addition of suitable quantity of bleaching earth to the product obtained
i n stepCLBAIMSat normal bl eaching tenperature of 90 - 120C fol | owed by
filtration; and d) deodourization of the product obtained in step (c) at a

| ow tenperature of 170 - 240C. 2) A process for the recovery of m nor
conponeh} s f Aoprocassider the gedoatbityeofominer amdpdnatits fesn coildai vepetatiln odb andnfdts wher ei n
t he renmpy,

| .qf palar copponents is _achieyed by using.any suitgble polar
ot vent Wi Bhsa8ingpai TP ST bl 2 brilles ISPl A e S AP © POLEL e
recovery of m) nor rentuvplosigrlas chmpenents ichen the gaidalvkgetabld cilsaand fitausingowec| ai med

in claim1l wherein,t etable oiJ .and fat is.seed oil.. 4 ocess for
the racovery of - melSrReolE RN cSer APl s GRS whlrih WM QPLRERES
claimed in clai m 3ikyhaogishatigel scedchrimnlatans; sel ected from the group
consi sting of, soybean ot t seed unfl) ower. see anyt. rapeseed, palm
ker nel , cocoﬁht, f‘?rﬁos‘féleog,aicgggmtgﬁ?@g‘gt gdétélﬁ?({msggﬂ’?"’p(?&@fmg%tg’ﬂz cocoa, corn,
gl ive kﬁr nel ]:;) lbabﬁ&ﬁﬁont Banimﬁnkqlahﬂi%\bfbllehdhp@)emmwml ab(ddhdt:opﬁ)nngtew(b) rice
ran, shea, fulwah, oat, in, eat ger n nd, .evening
prinrose, mango ﬁ&?‘}ﬁ"@f‘l,bl%gﬁqg%}?a‘l’%ﬂ'ﬁﬁﬁfgﬁyﬁ%«%@%"%&@ﬁ"%& #covery of
m nor conpon@nts fdeaidutiaticke of/ the @iaaidbicobiided imsidp (Glat adow tehpriatae of R7Ctai m 1
wherein the veget ?g@ oil and fat is pulp oil. 6) A process for the recovery
r

of m nor conponen om crude vegetable oils and fats as clained in claim
5 wherein the pulp oil is selected fromthe group consisting of palm olive

d do., 7) A f h ' ts . f il
xtract & 1 Anpoets BT PE FarPh of Mipcr rOmpotss oGy PR NEASTPIR P BEHROF ng
conpone riagmedsiai othifr 0@k &in clefetriosalng polae caiysmento fis adhicded By usihl) nyl Shitahle r enoval

of polar_gconponents from extracted oil using |ower alkyl alcohol or any
| oner alPRV SR EYRY -MT@W‘%WMM&H al kyl “neans al kyl groups

havi ng

3 A process for the recovery of minor components from crude vegetable oils and fats as
claimed in claim 1 wherein the vegetable oil and fat is seed oil.

4) A process for the recovery of minor components from crude vegetable oils and fats as
claimed in claim 3 wherein the seed oil is selected from the group consisting of soybean, cotton
seed, sunflower seed, peanut, rapeseed, palm kemnel, coconut, linseed, sesame, grape seed,
safflower seed, cocoa, corn, olive kernel, babassu, Bomeo tallow(illipe), mowrah(illipe), walnut,
rice bran, shea, fulwah, oat, pumpkin, wheatgerm, hazelnut, almond, evening primrose, mango

kernel, sal and kokum.

5) A process for the recovery of minor components from crude vegetable oils and fats as

claimed in claim 1 wherein the vegetable oil and fat is pulp oil.

6) A process for the recovery of minor components from crude vegetable oils and fats as
claimed in claim 5 wherein the pulp oil is selected from the group consisting of palm, olive and

avocado.

7 A process for the recovery of minor components from oil extracted from vegetable matter

without destroying naturally occurring components, said process comprising the steps of:



1 to 5 carbon atons; b) renpval of alcohol fromthe product obtained in step
(a) by distillation; c) addition of suitable quantity of bl eaching bﬁhto
the product obtained in step (b) at normal bl eaching terrperaturﬂfrez Q)ﬁa@
-120C followed by filtration; and d) deodourization of the product obtained
in step (c) at a low tenperature of 1¥ - 240C. 8) A process for the
recovery of mnor conponents fromoil extracted fromvegetable natter as
claimed in clapi m Tenhvel i poldr kemponats frommgaoaatt oil ssingdpwereatiey]l aRphobopanycess f or

the recovery of mynor components fr.om oj xtracted from tabl e. natter
as claimed in cl ail%‘%f a%?'{%orﬁ e"r"%ffﬁ“ 1? ﬁ}ee’ Vg%rgl té(f:) e aﬁ%p?%arn > ?ﬁsé’%%g‘?ugsé{me“dl % rom t he
group consi sting dfto5adryaregtorogr rot and tomato. 10) A process for the

recovery of RAlty aghth LaNEhodloitvhe GRMET SurifbdiRSkRle BLALBREE
concentrate from crude vegetable orr's and fatrs, “sal rocess conprising the
steps of. a) cj enpwildigorpat saitabdoqaotitg of bledchmgebritetodhampteduce giabiadd e s@pl(ly and

fats using a lower, alkyl al.cohol or a. | kyl al.cohol -wat er m xture,
wherein | ower al kﬂnonné%% ea%té‘?%(%f“pgﬁ%ﬁepog 9@3@??{% Héy?“ée%g’ygﬁ?aﬁl(?ﬂ’ aél(f? ons; b)
transesterify)ng tdealopriatioe bithepraluamblaimed i stbp &) hoavkiw @ivppriatued €failTol- t 0 gi ve
fatty acid | ower gb,, yl esters, glycerol and carotene, wherein |ower alkyl
means al kyl grou aving 1 to 5 carbon atons; c) phasing out and
separating glycerol fromthe fatty acid | ower al kyl esters and carotene,

wherein | ower, al kyl ans al ky roups havi | ..to 5 bon atgns: and d)

G St 111 iShg- o' PSR (7 BEomeaF miioR iroessis SO0 il SRR R vsgP et Fot on and
car ot enas claned i ¢lae? whdréih BRiAG cofporeftSs chi@enerher ei n | ower al kyl neans

al kyl groups having 1 to 5 carbon atons, 11) A process for the production
of carotene concentrate as clainmed in claim10 wherein the vegetable oil is

sel ect ed)f r om prdeesgfop U rec@Rély HF hit@r OSmRALIR Rorh oil @Atrdcid fein vegt@bBhatel | or
any other Ot s S SR A AT IS Ble et ARl Sie omIhS arods consisting of

algae, carrot and tomato.

10) A process for the recovery of fatty acid lower alkyl esters, glycerol and carotene
concentrate from crude vegetable oils and fats, said process comprising the steps of:

a) removing polar components from the crude vegetable oils and fats using a lower
alkyl alcohol or a lower alkyl alcohol-water mixture, wherein lower alkyl means
alkyl groups having 1 to 5 carbon atoms;

b) transesterifying the products of step (a) with a lower alkyl alcohol to give fatty
acid lower alkyl esters, glycerol and carotene, wherein lower alkyl means alkyl
groups having 1 to 5 carbon atoms;

c) phasing out and separating glycerol from the fatty acid lower alkyl esters and
carotene, wherein lower alkyl means alky] groups having 1 to 5 carbon atoms; and

d) distilling off fatty acid lower alkyl esters by short path distillation and carotene
concentrate obtained as the residue, wherein lower alkyl means alkyl groups

having 1 to 5 carbon atoms,

11) A process for the production of carotene concentrate as claimed in claim 10 wherein the
vegetable oil is selected from the group consisting of palm oil, carrot oil, tomato oil or any other

carotene-containing natural vegetable oil and fat.



