1 A PROCESS FOR PRODUCING NANO-CAPSULES AND NANO-BEADLETS CONTAINING
PHYTONUTRIENTS DERIVED FROM PALM OIL FIELD OF INVENTION 5The present invention relates
to a process for producing nano-capsules and nano-"beadlets containing phytonutrients derived from
palm oil. BACKGROUND OF THE INVENTION Palm phytonutrients such as tocotrienols, carotenes and

coenzyme Q afermaithE 49 sORitrOPYaHIE NN STORGSIUrE DA RNDANAN D-BRADEMPSTature, these
phytonutrients get oxidized bgl}air and thus, their half time is normal%ver%ﬂshort. In addition, these
|

phytonutrients are BN ESHNBPR @%%%%E%IEM@BE@,\{E«RJ ﬁ& & falfE& |bioavailability in

vivo. In order to make up for the reduced bioavailability, larger dosage of these phytonutrients needs to be
consumed thus, incurring extra cost. 15 Therefore there is a need for encapsulation of these
phytonutrients which will ensure stability,'ﬂ'éﬂt@ Qﬁg'é\'\éﬁémlfglgnd bioavailability of the phytonutrients to

reap its full benefitsTiRUNARMVEItidir ol ENT Kpdcie Foemoesenigmepotiapaieiendmanprocess for
producing nano-capsules_contajning phytonutrients derived from palm oil. The process includes the steps
of: i) dissoIv??‘u‘i‘jaﬁﬁ‘?-:I Q@Wdﬂﬂe?}féﬁl‘?%ﬁt B RV ED AR AA AdIng of at least one shell material and at
least one additive into the solution obtained from step (i) to form a mixture; 250btaining stable oil in water

emulsion by introducing the mixture obtained from step ﬂ)Eto a buffer solution; iv) removing the solvent
from the mixture in step (ii): BACKGROUND OF THE INVENTION

Palm phytonutrients such as tocotrienols, carotenes and coenzyme Q are highly

10 sensitive towards lights, temperature, pH and air. In room temperature, these
phytonutrients get oxidized by air and thus, their half time is normally very short. In
addition, these phytonutrients are also destroyed at extreme acidic conditions, resulting in

a reduced bioavailability in vivo. In order to make up for the reduced bioavailability,
larger dosage of these phytonutrients needs to be consumed thus, incurring extra cost.

15  Therefore there is a need for encapsulation of these phytonutrients which will ensure
stability, hence longer shelf life and bioavailability of the phytonutrients to reap its full

benefits.

SUMMARY OF THE INVENTION
20 The present invention relates to a process for producing nano-capsules containing
phytonutrients derived from palm oil. The process includes the steps of:
)] dissolving the phytonutrients in a non-polar solvent;
i) adding of at least one shell material and at least one additive into the solution
obtained from step (i) to form a mixture;
25 iii) obtaining stable oil in water emulsion by introducing the mixture obtained
from step (ii) to a buffer solution;
iv) removing the solvent from the mixture in step (iii);
V) homogenizing the mixture obtained from step (iv) under pressure of more than
50 bar and/or by using ultrasound;

30 vi) drying the mixture obtained from step (v).



v) homogenizing the mixture obtained from step (iv) under pressure of more than 50 bar and/or by using
ultrasound; 30vi)drying the mixture obtained from step (v). 2 The phytonutrients derived from palm oil is
such as tocotrienols, carotenes, coenzyme Q, y-tocofrienol, a-tocotrienol, 5- tocotrienol, lycopene and
13-carotene. The present invention also relates to a process for producing nano-beadlets

Scontaining phyteRpBIRRASTiR doFoRAYAMIbIT ReDERCRIBIDEILAEE, tber siaRs, Wodhgjpsewing the
phytonutrients in a non-polar solvent; ii) adding of at least one shell material and at least one additive into
the solution SBeSRTEENPbH-LRERIISRB! FrmPaHIREG e! MRPPRAP BRR ATERIGERE mixture obtained from step (H)
under pressure of more than 1050 bar or by way of sonication; iv) precipitating the phytonutrients from the
mixture obtained from step (iii) to form insoluble nano-beadlets; and v) drying the insoluble nano-beadlets.

The phytonutrients 1$'preEspzidavEPERMiAE IR UIR BbRIRTESSHEMh BIEAUGH IntRRe1BRase D Iution by
using an; atopaiz@inime AR R I8emP A FRAMGHERHER MTRRGHSELES rllateethEhepsegess for producing

nano-beadlets containing phytonutrients derived from palm oil further includes the steps of:

20i)introducing the insEISEBEEARRNAR HTipHA iR atBFRINbSBlYeNt

i) adding of at least one shell material and at least one additive into the solution
obtained from step (i) to form a mixture;
iii) homogenizing the mixture obtained from step (ii) under pressure of more than
10 50 bar or by way of sonication;
iv) precipitating the phytonutrients from the mixture obtained from step (iii) to
form insoluble nano-beadlets; and
V) drying the insoluble nano-beadlets.
The phytonutrients is precipitated by adding the mixture obtained from step (iii) into a
15  salt solution by using an atomizer. The salt solution is methanolic solution of calcium

chloride.

The process for producing nano-beadlets containing phytonutrients derived from palm oil
further includes the steps of:
20 ) introducing the insoluble beadlets into a shell material solution;
i) adding at least one additive into the mixture obtained in step (i);
iii)  stirring the mixture in step (ii);
iv) filtering nano-beadlets obtained from step (iii); and
V) drying the nano-beadlets.
25  The phytonutrients derived from palm oil is such as tocols, coenzyme Qio, tocotrienol, o-
tocotrienol, y-tocotrienol, &-tocotrienol and carotenes. The phytonutrients within the

nano-beadlets are slowly released over period of 4 — 6 hours.

The present invention also relates to a process for producing nano-capsules
30  containing phytonutrients derived from palm oil, the process includes the steps of:

1) mixing phytonutrients with a mixture of gum and coating material in water;



ijadding at least one additive into the mixture obtained in step (O; Hi)stirring the mixture in step (ii); iv)
filtering nano-beadlets obtained from step (HO; and v) drying the nano-beadlets. 25The phytonutrients
derived from palm oil is such as tocols, coenzyme QIi0, tocotrienol, a- tocotrienol, y-tocotrienol,
6-tocotrienol and carotenes. The phytonutrients within the nano-beadlets are slowly released over period

of 4 - 6 hours. ji) hohfigy@HESRGEIRVENHOFABRIRIAIADAP AP AFLRRIEP hRIQUHCBDMERAIERPSYIES
30containing phytonutrients derived from palm oil, the process includes the steps of: i) mixing

phytonutrients with BRRA%R8BY §LRedA¥I98ating material in water: 3 ii) homogenizing the mixture

obtained from sigp diyinper easaurasi opemdbarohOstyy @;by way of sonication; iii) drying of the
emulsion obtained from step (ii); iv) coatjng. of insoluble sglids optained from step (iii) with shell

S teriel e ey SRR e SR BRI T Sk G M s BACHRI Eoorved from palm

oil is sugh as togytrigyply eRiRieNesparlecotanel ffod ytépqamienol, coenzyme Qio The gum is such as
arabic gum and acacia gum. The coat}ﬁ%gq%lerial IS su%ﬁr such as lactose. 10The non-polar solvent used

for the proce53e@ SRS MU LSRYCR AR FBFSHHE R a iy RiSRASIAGRTPIHERELE. The shell

material useghtpr thR RFRERISESMSMOTRT atPRVEUIR ROV ASHERIC M Aha&ambinatipRethereof. The
at least one additive for the processes mentioned above is polymeric. The nano-capsules or

nanobeadleteC8Hbs Maaisiighi%Aeoah e Relagifed process having size of 20nm - 500nm. 15

10 The non-polar solvent used for the processes mentioned above is hexane, heptane,
chloroform or any combination thereof. The shell material used for the processes
mentioned above is polymer, sugar, gum or any combination thereof. The at least one
additive for the processes mentioned above is polymeric. The nano-capsules or nano-
beadlets obtained from the above mentioned process having size of 20nm — 500nm.

15

DETAILED DESCRIPTION OF THE INVENTION
The present invention relates to a process for producing nano-capsules and nano-
beadlets containing phytonutrients derived from palm oil. The phytonutrients are such as
tocols, tocotrienols, a-tocotrienols, y-tocotrienols, d-tocotrienol, coenzyme Q, B-carotene

20 and carotenes. In the present invention, the phytonutrients are encapsulated by three
different methods. It should be understood, however, that the disclosed preferred
embodiments are merely exemplary of the invention, which may be embodied in various
forms. Therefore, the details disclosed herein are not to be interpreted as limiting, but
merely as the basis for the claims and for teaching one skilled in the art of the invention.

25

The first method called for the use of a shell material to encapsulate the
phytonutrients derived from palm oil. The shell material may not be of plant origin. The
shell material can be of polymer, sugar, gum or any combination thereof. Preferred shell
materials include polymer of carbohydrates and phospholipids. Encapsulation of

30  phytonutrients is carried out by way of dissolving the phytonutrients first in a solvent,

preferably non-polar solvent. The non-polar solvent is hexane, heptane, chloroform or



DETAILED DESCRIPTION OF THE INVENTION The present invention relates to a process for
producing nano-capsules and nanobeadlets containing phytonutrients derived from palm oil. The
phytonutrients are such as tocols, tocotrienols, a-tocdotrienols, y-tocotrienols, 5-tocotrienol, coenzyme Q,
13-carotene 20 and carotenes. In the present invention, the phytonutrients are encapsulated by three

different metigdeoriihatitd Berodersigogidinyavrasiitctbreisfiasnd aiaferiesiesnbodimants are

merely exemplary of the invention, which may be embodied in various forms. Therefore, the details

disclosed hetdh B B HeLeRiHarer 8B &is iSO RfPARI LS i RIXRSHE- thateRiffil dRd for
teaching oneyvakélleshinlthvnaid atihine/daventigiopdling théelficsveatpactealierties theasegabeushell

material to encapsulate the Ehytonu_trien_ts derived from Palm oil. The shell material may not be of plant

origin. The sHEHUARHEFal R HEOS YT e RERENGRAT A aFP WS B i® AUHETE GBI AYTRY shell

materiaks incfydespplyies ahearkohyeiates andinhespPhliridsabngapsuipion afaperiisanfeents is

carried out by w f dissolving the tonutrients first jn a solvent, preferably non-polar solvent. The
mon-polar SO ABAE AL B0 DR GHFS s by BOTA AN SR AR HEPSRi Mgt feast one

shell materiarpidyaiderstypsie aaslitdierntd theynitereabidneizabare. theigideast ariecaddive is
polymeric. Stable oi] in water emulsion.is achieved by dispersing the djssolved phytonutrients in an
Pbeous SR B A SOERFS S PREIRED of Bk b DATHALE S A% BER. 5 The
solvent is thesr reoapsethiiyrdigtibadiny andetamituover tiiash Bvapetgikitaaitepwiehtigikagenization
under higqh p.reﬁ%ure i.e. more than 50par and/or uItFd oun employed to yield emulsion of very fine

particlel ize!¥ @HL@B%‘?&Q?H W Qﬂ%ﬁ@?ﬁﬁt% ngf{ﬁ?f@nts is thus obtained. The encapsulated

phytonutrients are tested for encapsulation efficiency and stability over time. The encapsulated
phytonutrients are 10 in form of nano-capsules with.nano range af 20nm-500nm. The second method
of encapsulation in%@ﬁ?ﬂ%ﬁm?ﬁgﬂoﬁo@%@%wm W};@Ygénﬁ@io??r%%eﬁfs ?FRPAR/(QH inorming the
stable oil in water @mutsoon File sapsanasvieifirkirmeiiact aableotlanethaibeveuldibe amsisivar is then
homogenized ypder high .15 pressure, i.e, more than 50bar or using ultrasound. The hompgenized
emuision o el Ay P AR 2 RN 6H AR TR Rl 5" ARG 28 SR e solution
can belsf a salissoletting. Meelubée Babargadiplg idthssuiainEd hibeapnizteadielsierahteng nano size
of 20nm-500nm. Zgﬂ%e thirfﬁnethﬁd irmolveis forlmatiorm)f encapsulation of the alghéjhé/tonutrients using
a combination Y ShE AAERHAIRN PHEE %@0 ISR EH TOFMY Y SRR A A WL SRS 18H0£re similar as
the first metlan be of@rgidnssaipoyelnsbkislkelbntabeddlste dntist atrmed. codinecbtheadlegagrand gum.
High pressute, i..e. more thanf?gjbﬁ_ qjjlé[rasonic homogenization resulted in an emulsion of fine particle
€

size. The e %‘i%%%ﬁ% P IQulting in solid encapsulants. The solid encapsulants are having
nano size of 20nm-500nm. Nano-capsules with slow release property over period of 4-6 hours are

A LA S L A B o b 2omeree
using a combination of shell materials. The steps involved forming the stable oil in water
emulsion are similar as the first method as mentioned above. The shell materials consist
but not confined to a sugar and gum. High pressure, i.e. more than 50bar or ultrasonic
homogenization resulted in an emulsion of fine particle size. The emulsion was then
25  dried, resulting in solid encapsulants. The solid encapsulants are having nano size of

20nm-500nm.

Nano-capsules with slow release property over period of 4-6 hours are prepared
by mixing or coating the beadlets or solid encapsulants with another polymeric shell
30  material. The polymeric material is thus chosen from edible, food grade materials. The

beadlets or solid encapsulants are introduced / dissolved in a shell material solution.



beadlets or solid encapsulants are introduced / dissolved in a shell material solution. 5 Thereafter at least
one additive is added into the mixture obtained above and stirred. The beadlets or solid encapsulants are
filtered from the mixture and dried. The beadlets or solid encapsulants are having nano size of
20nm-500nm. Releasing property of the resultant capsules were studied and recorded. 5 The invention

will be furtherhenelgeie@deH@ariaadannwiRdanast|iRtiad xmame st itiobelahl bidpa mixiure of
tocotrienols is dissolved in 2mL dichloromethane at 50C. To this mixture, 0._8% phos%holi ids, 0.15¢g

cholesterol &¥588%Y Porplidrsacarsyants AiedHieremk Hamune i rire et edetd Bosadbts Phate buffer
solution (pH éeiiapstaisifshiorasd mivkiehahdizeErroomABUonRaNetbRAsIAg rprogaey by ehistillation

under vacuum. 3.2mL distilled water is then added to the mixture after removal of excess 15
dichlorometHEHE A8 GRS VR G siidregiapd i&erifiethd stirred. The mixture is then subjected to

homogemization using a probe ultra sonicator for 4 minutes in an ice bath. The mixture is then dried using

a spray dryer. Average size of the resultant nano-capsules produced is ca.. 30nm. 20 EXAMPLE 2
E enp oo E AP0 B8 Lk L BE A ARB G TO SO YRR BT B SEmole 1. 1250

mixture of carotenes is used in place of tocotrienols. Average size of the resultant nano-capsules
produced is ca, 30nm. 25 EXAMPLE 3 1.25g mixture of coenzyme Qio is dissolved in 2mL
dichlorometteMifse 110 this mixture, 0.125g phospholipids, 0.015g cholesterol and 0.06g polysorbate
20 are added. 30 The mixture is then injected into 20mL 0 01M phosphate buffer solution (pH7.4) and

Agitate g o M iRiure of Tocoriancts 1 a0 ine i HieH ot omethanc ar 0t o this
mixture, 0.89 phospholipids, 0.15g cholesterol and 0.6g polysorbate 20 are added. The

mixture is then injected into 0.01M phosphate buffer solution (pH7.4) and stirred for 30

minutes at 50°C. Excess dichloromethane is removed by distillation under vacuum.

3.2mL distilled water is then added to the mixture after removal of excess

15 dichloromethane (tocotrienols in water dispersion) and stirred. The mixture is then
subjected to homogenization using a probe ultra sonicator for 4 minutes in an ice bath.

The mixture is then dried using a spray dryer. Average size of the resultant nano-

capsules produced is ca. 30nm.
20 EXAMPLE 2

Encapsulation of mixture of carotenes is carried out in similar way as described in
Example 1. 1.25g mixture of carotenes is used in place of tocotrienols. Average size of
the resultant nano-capsules produced is ca. 30nm.

25
EXAMPLE 3

1.25g mixture of coenzyme Qi is dissolved in 2mL dichloromethane at 55°C. To this
mixture, 0.125g phospholipids, 0.015g cholesterol and 0.06g polysorbate 20 are added.
30  The mixture is then injected into 10mL 0.01M phosphate buffer solution (pH7.4) and

agitated for 30 minutes at 50°C. Excess dichloromethane is removed by distillation under



vacuum. The mixture is then subjected to homogenization using a probe ultra sonicator for 4 minutes in
an ice bath. The mixture is then dried using a spray dryer. Average size of the resultant nano-capsules
produced is ca. 30nm. S EXAMPLE 4 0.125g y-tocotrienol is dissolved in 0.2mL hexane at 50C. To this
mixture, 0.08g phospholipids, 0.015g cholesterol and 0.06g polysorbate 20 are added. The mixture is

then injected, L the Hvxplresehnia bubjestealtiapriobenizhans sifigd (1688 difkamisi@soat S0C.

Excess hexane is removed by distillation under vacuum 0 3mL distilled water is then added to the mixture

after removalObeREESEHBAM NPT ot S BIUR IR G HERY ST SR SOfme YRR e AVSIRHER §28hen

subjected todfanea@aiiaatinandstapsal B @Redulisa Rogicatnfor 2 minutes in an ice bath. The mixture is
then dried using a spray dryer. Average size of the resultant nano-capsules produced is ca. 30nm.

Encapsulation 15efficiency is 55%. EXAMPLE 5 0.13g a-tocotrienol is dissolved in 0.2mL chloroform at
50C. TosthispodmneLEQBg 20 phospholipids, 0.015g cholesterol and 0.06g polysorbate 800 are added.
The mixture is then injected into ImL 0.01M phosphate buffer solution (pH7.4) and stirred for 30 minutes
at 50C. Excess chloroform is removed by distillation under vacuum. 0 3mL distilled water is then added to

the mixture aftersemaved@icAstasstioradorin (@eotrienahn wasedispersing)randustirredsghe mixture
is then subjected o 25 homagenization using a probe ultra sonicator for 2 minutes in an ice bath. The
mixture 1 thEPOAR B o S TR Gl LA GRS B R A LRl BYUER ot oo
30nm. Encagssratigecedicietacy is 60%1M bXdsMtEHfremsalpsiolati @M pi-teeotirnel ifoeanied out in
similar way as.in Example 5 where by 5- tqcotrienol is used. in place of a-tocotriengl. Average size of the
osuitall A Gl o TS DGR SO OBy M B RO AR R EX AT
Encapsulatiavag ljcopensglis¢asrine mitirsumiaramayyason dxsess pexanwiptedoyritAbloapeaers used in
place of a-tocotrienol. Aver%?e sjze %f the resulfant nancg.caps Ieshgroduced is ca. 30nm. E%capsulation
T ected to e

efficiency is KSPEriQN Bsh | e e mixture Is then su mogenization using a pro
ultra sonicator for 2 minutes in an ice bath. The mixture is then dried using a spray dryer.

Average size of the resultant nano-capsules produced is ca. 30nm. Encapsulation
15  efficiency is 55%.

EXAMPLE 5

0.13g a-tocotrienol is dissolved in 0.2mL chloroform at 50°C. To this mixture, 0.08g
20  phospholipids, 0.015g cholesterol and 0.06g polysorbate 800 are added. The mixture is
then injected into ImL 0.01M phosphate buffer solution (pH7.4) and stirred for 30
minutes at 50°C. Excess chloroform is removed by distillation under vacuum.  0.3mL
distilled water is then added to the mixture after removal of excess chloroform (a-
tocotrienol in water dispersion) and stirred. The mixture is then subjected to
25  homogenization using a probe ultra sonicator for 2 minutes in an ice bath. The mixture is
then dried using a spray dryer. Average size of the resultant nano-capsules produced is

ca. 30nm. Encapsulation efficiency is 60%.



15Encapsulation of 13-carotene is carried out in similar way as in Example 5 where by 13- carotene is
used in place of a-tocotrienol. Average size of the reiultant nano-capsules produced is ca. 30nm.
Encapsulation efficiency is 55%. EXAMPLE 9 20 Ig mixture of tocols is dissolved in 5mL chloroform. This
solution is then added into 4% aqueous sodium alginate with 2% polysorbate 80. The mixture is then
subjected tosRARAHPIEWYSING a probe ultra sonicator for 3 minutes in an ice bath. The average size of
tocols and sodium alginate (particles) in emulsion at this point is ca.300nm. The 25 homogenized mixture
is then added into a methanolic solution of calcium chloride with an atomizer. The resultant beadlets is

then washec-witpnRIGNBF B iachdiceRsIdatinn RIianawiay 8%n BENHMBLMAR piacapsulation

of 0.5g coenzyme Qio is carried out in similar way as described in Example 9. Average size of emulsion

after ultrasofPE MBI en1ssdoR Rl 20NN p DIRNRIF SHEeiehELiEeSIaNENAANMEAPSUES 0.1 a

-tocotrienol wpelaeans e SGNE ITRESRBRESIESRIRatNEs@RPle 9. Average size 100f emulsion after
ultrasonic homogenization is ca. 200nm. Encapsulation efficiency is 50%. EXAMPLE 12 150.1g

y-tocotrienol underwent the same process as described in Example 9. Average size of emulsion after
ultrasonic hqmogengation is ca. 200nm. Encapsulation efficiency is 50%. EXAMPLE 13

Encapsulation of lycopene is carried out in similar way as in Example 5 where by
10  lycopene is used in place of a-tocotrienol. Average size of the resultant nano-capsules

produced is ca. 30nm. Encapsulation efficiency is 55%.
EXAMPLE 8

15  Encapsulation of B-carotene is carried out in similar way as in Example 5 where by [3-
carotene is used in place of a-tocotrienol. Average size of the resultant nano-capsules
produced is ca. 30nm. Encapsulation efficiency is 55%.

EXAMPLE 9
20
1g mixture of tocols is dissolved in 5SmL chloroform. This solution is then added into 4%
aqueous sodium alginate with 2% polysorbate 80. The mixture is then subjected to
sonication using a probe ultra sonicator for 3 minutes in an ice bath. The average size of
tocols and sodium alginate (particles) in emulsion at this point is ca.300nm. The
25  homogenized mixture is then added into a methanolic solution of calcium chloride with
an atomizer. The resultant beadlets is then washed with methanol and dried.

Encapsulation efficiency is 70%.



20 The tocol beadlets prepared in similar way as in Example 9 are added into a solution of 0.5%
hydroxypropyl methyl cellulose in water. 40% wi/w trigthyl citrate purum is then added into this mixture.
The mixture is then stirred for 30 minutes and coated beadlets are then filtered from the mixture, washed
with water and dried. In vitro tests showed that the 25tocotrienols within the coated beadlets are slowly
released ovarmeonqdofg@ hours. EXAMPLE 14 4g of the tocol beadlets obtained in Example 9 are
added into a solution of 0.2g chitosan 30in water. 0.8g triethyl citrate purum and ImL acetic acid are then
added into this mixture. The mixture is then stirred for 30 minutes and the coated beadlets is then 9

filtered, waskedapithatatebarslsdiedeayiieo testsssbaved hiat thesiagririensisayithschiegopted beadlets
are slowly released over a period of 3 hours. EXAMPLE 15 5 The coenzyme Qio headlets prepared in
similar way &A1 EarhplEYE'a98 {28100 AMHE QR ABGH A EASUUE BRI ERLRTbIS £2:498B/zyme Qio
within thee beasiigtsimavesrigiersas sosr a period of 3 hours. 10 EXAMPLE 16 The Qio beadlets
prepared in similar way as in Example 10 are added into a solution of 0.5% hydroxylpropyl methyl
cellulose in water. 40% wi/w triethyl citrate purum is then added into this mixture. The mixture is then
stirred for 30aRinNEs_gnththe coated beadlets 15is then filtered, washed with water and dried. In vitro
tests showed that the coenzyme Qio within the coated beadlets is slowly released over a period of 4
hours.

0.1g o -tocotrienol underwent the same process as described in Example 9. Average size
10  of emulsion after ultrasonic homogenization is ca. 200nm. Encapsulation efficiency is
50%.

EXAMPLE 12

15  0.1g y-tocotrienol underwent the same process as described in Example 9. Average size
of emulsion after ultrasonic homogenization is ca. 200nm. Encapsulation efficiency is
50%.

EXAMPLE 13

20
The tocol beadlets prepared in similar way as in Example 9 are added into a solution of
0.5% hydroxypropyl methyl cellulose in water. 40% w/w triethyl citrate purum is then
added into this mixture. The mixture is then stirred for 30 minutes and coated beadlets are
then filtered from the mixture, washed with water and dried. In vitro tests showed that the

25  tocotrienols within the coated beadlets are slowly released over a period of 4 hours.
EXAMPLE 14
4q of the tocol beadlets obtained in Example 9 are added into a solution of 0.2g chitosan

30 in water. 0.8g triethyl citrate purum and 1mL acetic acid are then added into this

mixture. The mixture is then stirred for 30 minutes and the coated beadlets is then



EXAMPLE 17 20y-tocotrienol beadlets prepared in similar way as in Example 12 are treated in similar
way as in Example 13. y-tocotrienol within the beadlegs is slowly released over a period of 4 hours.

EXAMPLE 18 25 y-tocotrienol beadlets prepared in similar way as in Example 12 are treated in similar
way as in Example 14. y-tocotrienol within the beadlets is slowly released over a period of 3 hours. 10

EXAMPLE 1fiereaidivished waatienéisie dissa!vedyitrs mistsRissmiarihal e seduiiasnitdhharded into

4% aqueous sodium alginate with 2% polysorbate 80. To this mixture, 5 hydroxypropyl methyl cellulose
is added. Ra16 SRAEERFAIBIE a6 SlyHReEieapes aves HRKELAL 95 3L to dissolve for two hours 0 8mL
triethyl citrate purum is added and the mixture is stirred for another 2 hours. The mixture is then subjected
to homogenisation using a probe ultra sonicator for 3 minutes in an ice bath. The average size of the
particles in it AdAR L this point is ca.300nm. The homogenized mixture is then added 10 into a
methanglic solution of calcium chloride with an atomizer The resultant beadlets is then washed with
methanol and dried. Encapsul&tion efficiency is. 70%. Tocotrienals within the beadlets are slowly released

over a period 8 S950aYSEQRMBARES PREPASE SRR WY StothidnBiomiad UREN Rt 11

dichloromethan® aidPes desthiseaniiuEampie NRosweliRidse Wlogwiihplesierobanctd s polporbate 20
are added. Tﬁh@ggeiéture is then mcétﬁ% into 0.01M phosphate buffer solution (pH7.4) and stirred for 30
AR t

minutes at 6 RYCHAHREE Yiien added to the oil in water dispersion and 20 stirred. The
mixture is then subjected to homogenisation using a probe ultra sonicator for 4 minutes in an ice bath.
The mixture is then subjected to centrifugation at 3000rpm for 10 minutes. Tocotrienols nanocapsules are
recovetdd fr&%wgbﬁe}ﬁatant. The average size of the resultant nanocapsules produced is ca. 30nm.
25 EXAMPLE 21 2.2g arabic gum is mixed with 1.3g lactose in 9mL water. To this mixture, 0.9g mixture
of tocotrienols is thus added. The mixture is then agitated before subjected tq . .

JIs‘he (510 %ead(ljets prepared In similar waygas in Example % Are ad%eg into a solution of

0.5% hydroxylpropyl methyl cellulose in water. 40% wi/w triethyl citrate purum is then

added into this mixture. The mixture is then stirred for 30 minutes and the coated beadlets

15 s then filtered, washed with water and dried. In vitro tests showed that the coenzyme Q1o

within the coated beadlets is slowly released over a period of 4 hours.
EXAMPLE 17

20  y-tocotrienol beadlets prepared in similar way as in Example 12 are treated in similar way
as in Example 13. y-tocotrienol within the beadlets is slowly released over a period of 4

hours.

EXAMPLE 18

25
y-tocotrienol beadlets prepared in similar way as in Example 12 are treated in similar way
as in Example 14. y-tocotrienol within the beadlets is slowly released over a period of 3

hours.

30



homogenization using a probe ultrasonic homogenizer for 4 minutes. Particle size of the 30emulsion
obtained from the homogenization at this point is ca. 300nm. The resultant emulsion is then dried to yield
dry powder. The resultant dry powder is then Washeg:l ith 11 hexane and insoluble solids are then
filtered and dried. The dried solids are then added into a solution of 0.5% hydroxypropyl methyl cellulose
in water. The=xiurg is stirred with a rotating pad at room temperature for 1 hour. Coated solids, i.e.
tocotrienols nano-capsules, are then filtered from the mixture and dried. The encapsulation efficiency of
5the Arabic gum is 80% while in vitro test revealed that the tocotrienols within the nano- capsules are

slowly releagedrfivélire bptscotrE AR Higkd Red asditnesordtoraowrigleasiatioRe then Sifg@cacia gum

is prepared using method similar to Example 21 with the exception that 2.0g acacia gum is used in place

of Arabic gufRerHE 2RSSR UL ARV i Ut aeia RANYSS'88%: While il Qi esTi&lESied that the
tocotriemols wjdrskifgopsnenctnswiasfie Skoudieelerses oveicothenss &bpoKMéPisE 33 Cagnzyme Qio

with slow release property using arabic_gum is prepared usin thod similar tg Example 21 with the

excoption LSS CoRLEMIE G0N B LCEINO R o EE lEREN FHe AR ARy was 80%

while in vitronigaiurevie atpdeth#é itha dReogmeyime @ie Withtorthe Fmosastias s endyeratagasad over 5

hours. EXAMPLE 24 Cgrot nes with S|O\%{ release propert usins%éh?bi%%tém is prepared }Js'ng method
se e

similar 25 td'BRAAPNECE Witk (FROEEL I RIS Lhreloe RETEYT dofielils. The

encapsulatigseftiiencymsi&d % whilgamvitredssorenedfad Hoaidhentcawianasrwithineihedtano-capsules
are sIonIy released over .hou[s.. . : . i :
0” into a methanolic solution of calcium chloride with an atomizer. The resultant beadlets is

then washed with methanol and dried. Encapsulation efficiency is 70%. Tocotrienols

within the beadlets are slowly released over a period of 3 hours.

EXAMPLE 20
15
1.25g mixture of tocotrienols was dissolved in 2mL dichloromethane at 50°C. To this
mixture, 0.8g phospholipids, 0.15g cholesterol and 0.6g polysorbate 20 are added. The
mixture is then injected into 0.01M phosphate buffer solution (pH7.4) and stirred for 30
minutes at 60°C. 3.2mL distilled water is then added to the oil in water dispersion and
20  stirred. The mixture is then subjected to homogenisation using a probe ultra sonicator for
4 minutes in an ice bath. The mixture is then subjected to centrifugation at 3000rpm for
10 minutes. Tocotrienols nanocapsules are recovered from the supernatant. The average

size of the resultant nanocapsules produced is ca. 30nm.
25 EXAMPLE 21

2.2g arabic gum is mixed with 1.3g lactose in 9mL water. To this mixture, 0.9g mixture
of tocotrienols is thus added. The mixture is then agitated before subjected to
homogenization using a probe ultrasonic homogenizer for 4 minutes. Particle size of the
30  emulsion obtained from the homogenization at this point is ca. 300nm. The resultant

emulsion is then dried to yield dry powder. The resultant dry powder is then washed with



12 EXAMPLE 25 a-tocotrienol with slow release property using arabic gum is prepared using method
similar to Example 21 with the exception that 0.2g a-tﬁcotrienol is used in place of 5mixture of

tocotrienols.The encapsulation efficiency was 80% v@ ile in vitro test revealed that the a-tocotrienol within

the nano-capsules is slowly released over 5 hours. EXAMPLE 26 10 7- tocotrienol with slow release

property usimgfirbi; @ WBoRIPrERSas ArsifieemATRectisiAl 2 ik Exampieed sulith the axeemig that 0.2g
a-tocotrienol is used in place of mixture of tocotrienols. The encapsulation_efficiency was 80% while in

vitro test revEiRed SRR o b edrvcEPvBiaP Y R LS el Bl are d Rnaifily TRfENEE SIS FRflirs. 15 13

CLAIMS 1. Avipfpgesitigias deing masemsapshicoeatisiinodatedeplitiients trdueshbiemapslm oil, the
process includes the steps of; _iﬁdissolving the phytonutrients in a_non-polar solvent; 5ii)adding of at least

one shell ma4f&n @5 RS TIBRES ART LB S RAIGH Bhtai N SRSARLHEH QN EENEIEACY Rixture: iif)
obtaining stahleArbbicvyatarie Bodsianiky itntnauaingédeanixtise wotaioediérm airpifihomkiffer solution;

capsules are slowly released over 5 hours.
EXAMPLE 22

10  Tocotrienols with slow release property using acacia gum is prepared using method
similar to Example 21 with the exception that 2.0g acacia gum is used in place of Arabic
gum. The encapsulation efficiency of the acacia gum is 80% while in vitro test revealed

that the tocotrienols within the nano-capsules are slowly released over 5 hours.
15 EXAMPLE 23

Coenzyme Q1o with slow release property using arabic gum is prepared using method
similar to Example 21 with the exception that 0.5g coenzyme Qi is used in place of
tocotrienols. The encapsulation efficiency was 80% while in vitro test revealed that the

20  coenzyme Qo within the nanocapsules is slowly released over 5 hours.
EXAMPLE 24

Carotenes with slow release property using arabic gum is prepared using method similar
25 to Example 21 with the exception that 0.5g carotenes is used in place of tocotrienols.
The encapsulation efficiency was 80% while in vitro test revealed that the carotenes

within the nano-capsules are slowly released over 5 hours.



iv) removing the solvent from the mixture in step (iii); 10v)homogenizing the mixture obtained from step
(iv) under pressure of more than 50 bar and/or by us]!Eg ultrasound; vi)drying the mixture obtained from
step(v). 2. 15 3. 20 4. 25 5.

EXAMPLE 25

a-tocotrienol with slow release property using arabic gum is prepared using method
similar to Example 21 with the exception that 0.2g «-tocotrienol is used in place of
5 mixture of tocotrienols.  The encapsulation efficiency was 80% while in vitro test

revealed that the a-tocotrienol within the nano-capsules is slowly released over 5 hours.
EXAMPLE 26

10  y- tocotrienol with slow release property using arabic gum is prepared using method
similar to Example 21 with the exception that 0.2g a-tocotrienol is used in place of
mixture of tocotrienols.  The encapsulation efficiency was 80% while in vitro test

revealed that the y-tocotrienol within the nano-capsules is slowly released over 5 hours.

15



30 6. The process for producing nano-capsules containing phytonutrients oil derived from palm oil as
claimed in claim 1 wherein the phytonutrients is such as tocotrienols, carotenes, coenzyme Q,
y-tocotrienol, a-tocotrienol, 5- tocotrienol, lycopene ard 13-carotene. The process for producing
nano-capsules containing phytonutrients derived from palm oil as claimed in claim 1 wherein the
nano-capsules gy size of 20nm - 500nm. The process for producing nano-capsules containing
phytonutrients derived from palm oil as claimed in claim 1 wherein the non-polar solvent is hexane,

heptane, chloroforr T8RP IATHRTARITH NALHME- CAREY S CO8LA1BING: BAYIIAYHEMS - e el E @Bhtaining

phytonutrients deriyaehirein talpicedasiinigeedhis stiaivft Wherein the at least one shell material is
polymer, sugar, gum or any combination thereof. The process for producing nano-capsules containing

phytonutrients dérived Hi ARG PRY ORISR R ANAMARIRE RN SAE at least one additive is polymeric.

14 7. Thee procefy for peRfivgioDan gt eReHes frdAN agdedt ks birMaIeVY afidrom Lilipglaimed in
claim 1 wherein the na&cé-agﬁ%ﬁles havirzﬁ size of 20nm 500nm. 5 8. A process for producing

nano-beadlets contain FRITAEHAAJBEHO BRI oil, the process includes the steps of: i)

dissolving the phiytonubigaitsing ataisle-pellan sohtentnidisibwing ahabRash@nreshaktoratenaliger at least
one additive into the s%l[ution 1C;(o§tained rom i) to form a mixture; iii) homogenizing the mixture

te
obtained from step (i) [RAEFAPALL PR RS EMLATS0 bar or by way of sonication:
iv) removing the solvent from the mixture in step (iii);

10 V) homogenizing the mixture obtained from step (iv) under pressure of more than
50 bar and/or by using ultrasound,
vi) drying the mixture obtained from step (v).

2. The process for producing nano-capsules containing phytonutrients oil derived
15 from palm oil as claimed in claim 1 wherein the phytonutrients is such as
tocotrienols, carotenes, coenzyme Q, y-tocotrienol, a-tocotrienol, 3- tocotrienol,

lycopene and B-carotene.

3. The process for producing nano-capsules containing phytonutrients derived from
20 palm oil as claimed in claim 1 wherein the nano-capsules having size of 20nm —
500nm.

4. The process for producing nano-capsules containing phytonutrients derived from
palm oil as claimed in claim 1 wherein the non-polar solvent is hexane, heptane,

25 chloroform or any combination thereof.

5. The process for producing nano-capsules containing phytonutrients derived from
palm oil as claimed in claim 1 wherein the at least one shell material is polymer,
sugar, gum or any combination thereof.

30
6. The process for producing nano-capsules containing phytonutrients derived from

palm oil as claimed in claim 1 wherein the at least one additive is polymeric.



iv) precipitating the phytonutrients from the mixture obtained from step (iii) to form insoluble

nano-beadlets; and 15v)drying the insoluble nano-biﬁdlets. 9. The process for producing nano-beadlets

containing phytonutrients derived from palm oil as claimed in claim 8 wherein the phytonutrients is such

as tocols, coenzyme Qio, tocotrienol, a-tocotrienol, y-tocotrienol, 6-tocotrienol and 20carotenes. 10.

The process for producing nano-beadlets containing phytonutrients derived from palm oil as claimed in

claim 8 wherein theg_%hytonutrients is precipitated by adding the mixture obtajned from step (iii) into
[

a salt solution by-usiig RIQSESa M RAHYSINY A85aRS 8 CARGINEIE PRYABUSH SRR EE YRR ARY

phytonutrients derivgd f5061aRakn o afptRiMechitGiihelRantieEpiu the salimplsitiondis poaiianolic solution
of calcium chloride._ 15 12. The process for producing nano-beadlets containing phytonutrients derived

from palm oil as cladii¥claim 8 wherein the process further includes the steps of: i) introducing the
insolublg beadlets into a shell material solution; ii) adding at least one additive into the mixture obtained in

step (O; 5iii)stirring the mixture in step (ij); iv) filtering, nano-bead]ets gbtained from step (iii); and v) drying
tho naro boadidis. A PSS Tar LR BRSGHERE Rt AR SR G R s cerived
from 10oil as claimedlin ciRitheShrdbeseindhed3ane Jagadiets having size of 20nm - 500nm. 14. The
process for producing aano-bea lets containj%ghytonutrie ts derived from palm oil as claimed in claim 8

wherein the norJpolar SSRAUMITE FERINLOHEHERITER RYSTBRA SP YR teombination thereof.

i) adding of at least one shell material and at least one additive into the solution
10 obtained from step (i) to form a mixture;
iii) homogenizing the mixture obtained from step (ii) under pressure of more than
50 bar or by way of sonication;
iv) precipitating the phytonutrients from the mixture obtained from step (iii) to
form insoluble nano-beadlets; and

15 V) drying the insoluble nano-beadlets.

9. The process for producing nano-beadlets containing phytonutrients derived from
palm oil as claimed in claim 8 wherein the phytonutrients is such as tocols,
coenzyme Qip, tocotrienol, a-tocotrienol, y-tocotrienol, &-tocotrienol and

20 carotenes.

10. The process for producing nano-beadlets containing phytonutrients derived from
palm oil as claimed in claim 8 wherein the phytonutrients is precipitated by
adding the mixture obtained from step (iii) into a salt solution by using an

25 atomizer.

11. The process for producing nano-beadlets containing phytonutrients derived from
palm oil as claimed in claim 10 wherein the salt solution is methanolic solution of
calcium chloride.

30



15 15. The process for producing nano-beadlets containing phytonutrients derived from palm oil as
claimed in claims 8 and 12 wherein the shell materiaéés polymer, sugar, gum or any combination thereof.
2016. The process for producing nano-beadlets containing phytonutrients derived from palm oil as
claimed in claims 8 and 12 wherein the at least one additive is polymeric. 17. The process for producing

nano-beadlets contaiingdRey ok sieaterrivah hent RepedmtaHing paimectiRmaweR¥haen the

phytonutrients within the nano- beadlets are slowly released over period of 4 - 6 hours. 18. A process for

producing nano-capelleQi LEHEAHRRY SIRIBAUNIE BRI PERCRSFHFARN BAIUPRS H1eSBES Mciudes the steps

of: 30i)mixing pliytonutreais ek tenhdotie Rf giam antherating Imaierial saNvaéer: ihomogenizing the
mixture obtained from step 83 under pressure of more than 50 bar or by way of sonication; 16 iii) drying of

the emulsion obt3ined A ?ééea?};%? egating Sitm e vt s RRIYBediH S8R step (i) with shell

materials and v)iglyying s nagehe amsiles ialianad from step (iv). 519. The process for producing
nano-capsules containj hytonutrients derived from palm oil as claimed in claim 18 wherein the
phytonutrients id'duch ﬁ?‘%@ﬂéﬁ%he@ﬂ%ﬁ%ﬂ @f%‘f&%@ﬂié‘i‘ml,& a?i'oaQ ocotrienol , coenzyme Qio 20.

The process fongrodugingnganewapsbéaglegntaining phytonutrients derived from 10palm oil as claimed in
claim 18 wherein the gum is arabic gum.
13. The process for producing nano-beadlets containing phytonutrients derived from

10 oil as claimed in claim 8 wherein the nano-beadlets having size of 20nm — 500nm.

14. The process for producing nano-beadlets containing phytonutrients derived from
palm oil as claimed in claim 8 wherein the non-polar solvent is hexane, heptane,
chloroform or any combination thereof.

15

15. The process for producing nano-beadlets containing phytonutrients derived from

palm oil as claimed in claims 8 and 12 wherein the shell material is polymer,

sugar, gum or any combination thereof.

20 16. The process for producing nano-beadlets containing phytonutrients derived from
palm oil as claimed in claims 8 and 12 wherein the at least one additive is

polymeric.

17. The process for producing nano-beadlets containing phytonutrients derived from
25 palm oil as claimed in claim 8 wherein the phytonutrients within the nano-
beadlets are slowly released over period of 4 — 6 hours.

18. A process for producing nano-capsules containing phytonutrients derived from
palm oil, the process includes the steps of:
30 )] mixing phytonutrients with a mixture of gum and coating material in water;
i) homogenizing the mixture obtained from step (i) under pressure of more than
50 bar or by way of sonication;



21. The process for producing nano-capsules containing phytonutrients derived from palm oil as claimed
in claim 18 wherein the gum is acacia gum. 1522. The process for producing nano-capsules containing
phytonutrients derived from palm oil as claimed in cl 18 wherein the coating material is sugar such as
lactose. 23. The process for producing nano-capsules containing phytonutrients derived from 20palm

oil is claimed in jgipim pyiiesetndkenshedropteriatisrewlxmeiigd. The process for producing
nano-capsules containing phytonutrients derived from palm oil is claimed in claim 18 wherein the
nano-capsules I‘l‘ék/ing <At NF oo luBlsosplidsebtained from step (i) with shell material; and

V) drying of nano-capsules obtained from step (iv).

5 19. The process for producing nano-capsules containing phytonutrients derived from
palm oil as claimed in claim 18 wherein the phytonutrients is such as tocotrienol,

carotenes, a-tocotrienol, and y-tocotrienol , coenzyme Q1o

20. The process for producing nano-capsules containing phytonutrients derived from

10 palm oil as claimed in claim 18 wherein the gum is arabic gum.

21. The process for producing nano-capsules containing phytonutrients derived from

palm oil as claimed in claim 18 wherein the gum is acacia gum.

15 22. The process for producing nano-capsules containing phytonutrients derived from
palm oil as claimed in claim 18 wherein the coating material is sugar such as

lactose.

23. The process for producing nano-capsules containing phytonutrients derived from

20 palm oil is claimed in claim 18 wherein the shell material is polymer.

24. The process for producing nano-capsules containing phytonutrients derived from
palm oil is claimed in claim 18 wherein the nano-capsules having size of 20nm —
500nm.

25



