WD 2012/ 161562PCT/ MY2012/ 000106 1 A PROCESS FOR PRODUCI NG NANO- CAPSULES AND
NANO- BEADLETS CONTAI NI NG PHYTONUTRI ENTS DERI VED FROM PALM O L FlI ELD OF

| NVENTI ONBBhe/ppi2ent i nvention relates to a process fecTmMymunomge

nano- capsul es and nano- beadl ets containing phytonutrients derived from
pal moil. BACKGROUND OF THE | NVENTI ON Pal m phytonutrients such as
tocotrienols, carotenes and coenzyne Q are highly 10 sensitive towards
lights, tenperature, pH and air. In roomtenperature, these phytonutrients
get oxidize j [ 1|y plok [ ] short. In
addition, t ﬁ%‘é‘%"%? Fofk RBUCINE NANE EA&’%QF?%&ZN?‘ QARBAANERYS 1O

condi tions, resGONTAGNING EHYAONERIENISRERIVED FROM PAMMVQIL | n order to
make up for the reduced bioavailability, |arger dosage of these
phytonutrients needs to be consuned thus, incurring extra cost. 15
Therefore there is a need for FEHIAPEINYENIEONf t hese phytonutrients which
wi Il ensure stafielgrdstt ill8M68 rdlRAAE R prli&k fforlgrcfd%ci%ﬁlanglc ¥ied dAllhd-ty of the
phytonutrients to reap its full benefits. SUMVA OF THE | NVENTI ON 20The
present i nEAtSISEANtpiRINg plydonupsients deryedam pgm ol oduci ng nano- capsul es
contai ni ng phytonutrients derived frompalmoil. The process includes the

steps of: i) dissolving t (1.enLS. n- pol ar solvent; ii)
addi ng of at |east one shgﬁWRﬂéégﬁﬁéﬁ}é igkﬁwigﬁﬁ one additive into the
sol uti on obt ai nextinfphyponusieap sqdh) asttacotriznaty, amicxistane cosdayrhd okt Bighly ng st abl e
oil in IWat ?énsi%gyltgévgr{i]s qgéht's,nggrr%%%ﬁllrer,]gplgl hz?ndma%.t Y5 erogrgt ?elmrﬁgrgture, 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 phyfonutrients 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:
1) dissolving the phytonutrients in a non-polar solvent;
ii) adding of at least .one shell material and at least one additive into the solution
obtained from step (i) to form a mixture;
25 ii1) obtaining stable oil in water emulsion by introducing the mixture obtained
from step (ii) to a buffer solution;
,1v) 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).



fromstep (ii) to a buffer solution; iv) renoving the solvent fromthe

m xture in step (iii); v) honopgenizing the mxture obtained fromstep (iv)
under preseune/wiseaore than 50 bar and/or by using ultrasoomeko180widedr yi ng
the m xture obtained fromstep (v). WD 2012/ 161562PCT/ MY2012/ 000106 2 The

phytonutrients derived frompalmoil is such as tocotrienols, carotenes,
coenzyne Q y-tocotrienol, a-tocotriénol, 5- tocotrienol, |ycopene and
13- car ot ene. The present invention also relates to a process for

produci ng &a@%gpﬁgtggﬁ% ﬁmfégoomn@bﬁwa fia any, omeﬁ&g %ﬁr@{%B%V&)gnJym@epa' moil.

The process e steps o |sso ving 't tonutrieénts in a
non- pol ar §tdcvigianol, ortpotripaieli frgocofricnal, lyeraerte aph-cabietd materi al and at | east
one additive into the solution obtained fromstep (i) to forma m xture;
iii1) honogenizing the m xture obtained fromstep (ii) under pressure of
nmore than 1050 Tharpresenthipventign @fo geipfeT &t i amecepsy for preduripg mard-prgdiethe

PhyE onus i €tinihd OftchiSerH otk WtroADSh BECHE HRRSS 1eRdlukd dept o1 For m T nsol bl e

nano- beadlets and v) drying the insolubl e nano-beadl ets. The
phytonut ri ents i sUBPRERHICPRYERMERFSABUP WPt ur e obt ai ned from step
(iii) into aj adding of at least one shell material and at least one additive into the solution

obtained from step (i) to form a mixture;
iti) homogenizing the mixture obtained from step (ii) under pressure of more than
10 50 bar or by way of sonication;
iv) preéipitating 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 e introducing the insoluble beadlets into a shell material solution;
ii) 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 Qo, tocotrienol, a-
tocotrienol, y-tocotrienol, d-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:

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



15salt solution by using an atom zer. The salt solution is methanolic
solution of calciumchloride. The process for produci ng nano-beadl ets

cont ai ni yophyteniseri ents derived from pal moil further PCHOMYZdeH0MWhEs St eps
of : 20i)introducing the insoluble beadlets into a shell material solution;
1) adding at |east one additive into the m xture obtained in step (i);
iii) stirring the mixture in step (iid; iv) filtering nano-beadlets
obtained fromstep (iii); and v) drying the nano-beadl ets. 25The

hytonutri ent; i f hda 4 ) Afer! o
phyt onut ri entl§_fg)§{8 kol EOMRAL Behdd fhein g{gbc@) Lﬁlﬁercp%mré"f ‘ﬁ&g%}{% oo

tocotrienol, otrienol, y-tocotrienol’, 5-tocotrieno car ot enes.
The phyt onut ri nf & Wxivtapiichsopisationano- beadl ets are slow y rel eased over period

of 4 - 6 houf®) drying of the emulsioh¥BtaRe§&ERLeh AeNtion al so rel ates to a process
for produci ng nano-capsul es 30contai ning phytonutrients derived frompalm

I
oi |, the prodBs@aingof [Rerdeblg yoldssabiied pm step (i withthelhppetHiAfi ents with a
m xturesof gum &nde &9akd-OYsulBbehingd frdMst@Ewr; 3 ii) honogeni zi ng the
m xture ob_trgi rhed fromste él% ﬂnder, ressure of nore than 50 bar or by way
of soni cat i ONPYPYeRf %“Hgd 9 PHE Wi PUsh GhiosBEERh SYOERS i QEURenC ) ;
I v) coat i ngndf-tokditdolb&zamd QASTHIA B 8ekhl 4 QRbRT @ 4rdi dedciaiund) THBE! |

material; and .
coating material is sugar such as lactose.

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 ZOnm ~ 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, 8-tocotrienol, coenzyme Q, f-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 embbdied 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 cah 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



5v) drying of nano-capsul es obtained fromstep (iv). The phytonutrients
derived frompalmoil is such as tocotrienol, carotenes, a-tocotrienol, and
y-tocot riwoab12/eosazyne QLO. The gumis such as arabi c gomMymbize®meiéa gum
The coating material is sugar such as |l actose. 10The non-pol ar sol vent used
for the processes nentioned above is hexane, heptane, chloroformor any
conbi nation thereof. The shell materidal used for the processes nentioned
above is polyner, sugar, gumor any conbination thereof. The at |east one
addi tive fgr?y conl%mgtr RHES ?SFhNI?QL{dLEQ?%aS?Qne s%el r%atgnal YL Ileast Theddﬂla\lzg 0- CapSU| es
or nanobeadl’et’s obt ai nea |oned process having size of
20nm - 500mta the 5niREFEAlbLaiERd I@E@@RF@WGMS@T%‘EHEUW\NENW@& Stable oifHe present

i nvention r ul e anobeadl et s
ont ai ni g e R b e ar e
such as t otdN®r Grobvfiferiselpiin in Ye presrsen ofi aarrmiudsifiey or pewstact eqtise agent.

8-tocot ki empd solfe EZM&prervé@b}Calrst(ﬂtaﬁ&? undf v%gmcﬁrfﬁrsl?@%oraﬂl& e present
i nvention, the phytonutrients are encapsul ate ree di fferent nethods.

It should B@Cw@é}ogﬁt%w Mgl PrepsHist 14 H%Orﬂff@mSé@é&n%?re‘f“é%SP@tﬂ‘ i&bodi nent s

are ner el yeapeysl tary{elmfentuneml STV I ifi@8, pawalecmeme RewBMa0di @ddiand vari ous
forms. Therefore Ey detail s di cloa ? here| not to be mé}erpreted as
liniting, BUFEPSHR(ed pOYiqpuTieps igfhus obiang nﬁqpé If“'l’tblf'mi varhg one
skilled i nfdrlaecapsutanmf efﬁhalclymﬂdaﬂﬁbllﬂyl ove25me The ena'dpﬁxléftd:d wytonetibdareal | ed for

t he usg of etJ mterl esm tngnoerglncagﬁ%g the phytonutrients derived from
pal m oi P Sher o Rt er en prPant origin. The shell materi al
can be of poI yner, sugar, gum or any corrbl nation thereof. Preferred shell
materi al s incl f capsul ati on
of 30phytonutrr@gtsg&}%m@%ﬁl%%ﬁ%gﬁﬁ%gﬁ\;\%/nglsvg % %ﬁ@ﬁg“?ﬁéb &Fonutrlents
first in awselamution. biecsteps mpdlyedrin frrpok e stable ¢8 it wateFlgaulsion aggsimilar sol vent i s
hexane, hep! @bt Mbth & REBLRE abdhe 2 %e CRMOLI RihAholBEMELd undkhfiBy 2ddi ng at

| east one shell material and at | east one additive into the mXture

obt ai ndd aB§¥Ere: iThanost thpp ahar enwsingddiraspupd: The hewlogenissef emulsioa Beni | i n wat er

emul si on |&r@@@ln%/zﬁﬂlulﬂyn@Mﬁh&lc%lciuhﬁ:h%hﬁ@@ WA al ABEOBUTRd RMiSn | N an
aqueous sol ution solutlon? he presence of an emulsifier or

a surface SEEWE2 gﬂbﬁ‘?{u“on SI“fiﬂ‘ébl%?ﬂnﬁ?@Fﬂd eitss'S fW%FP”P%EU%&‘mB?e?ﬂ‘PéSﬂrTI ation
under vacubdvingmaid selof B0napsooami on aft er whi ch, honogeni zati on under high
pressure, i.e. nore than 50bar and/or ultrasound is enployed to yield

enul sion of very fine particle size. The emulsion is dried and encapsul at ed
phytondfri ent s Ths ttifdusetiodtimiolvedforidtion ehowgsulhtamed tphylopiytanientts are tested

for encapsylal] Qi E)dn o'fﬁ@ﬁ%a%g Sfrt%% Yol d%mﬁﬁ he stéEheeoxﬁﬁ%{%?“' at ed

phytonutri ents are nano- a sul'es w tth hano range of
20nm 500nnemulsion are Fifylasasdlemidrstrmetingchs @‘femeqwbﬂ@w dihe ehrellimpjesials egnsist r st

formation gf st &lﬂlﬁﬁedQBlas{lélr WAL i, eﬁ”gh §}e9§ﬁre 106003 GRS 500V & MEHodid fOf m ng
the stable oil in water enmulsion are simlar as the first nethod as

nment i oned BpeRsenizating respied dn @ emalsion o fipp ABtEh Fize d TRmeraisipn yas 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.



15 pressure, i.e. nore than 50bar or using ultrasound. The honogeni zed

emul sion is then sprayed into a solution of nethanolic calciumchloride by
usi ng an woanizwis62The sol uti on can be of a salt sol uti eocT/MY™0l/ioles

nano- beadl ets is thus fornmed. The nano-beadl ets are having nano size of
20nm 500nm 20The third method involves formation of encapsul ati on of the
pal m phytonutrients using a conbi nation of shell materials. The steps
involved formng the stable oil in water enulsion are simlar as the first
met hod as gﬁ&&dﬂgpﬁ%aﬁ%% Cadititl §s KRGS ll\tomrg&{ ﬁe‘ &ta&%@%&fe anJ%nn@éi’trhSO”f ined to
a sugar an ressure, 1|.e ar or trasonic
honngenlzabﬁ@h“ﬂé§dﬁt@&Nﬁnbﬁha@ﬁﬂk§ﬁéwnbmeﬂvﬁEﬁpm@ﬂn%ﬂéh@b?@kahe enul si on
was then %alddédcsféularﬁ@%fél ﬁalvmg daﬁ'o %al: lofl 2614306 aiedsing! BRpaB! bdmencapsul ants
are having nano size of 20 Nano- capsules W t'h sl ow rel ease
property oﬂﬁwmﬁﬁﬁﬁﬁ&sUﬁf4méwﬁ8Wﬂ§m§ké prepared by mixing or coating the
beadl etg or solid encapsulants wi th anot her polyneric shell 30material. The
polymeric material is thus chosen fromedi ble, food grade materials. The
beadl et s th%’BV‘?“&‘“éWEIaﬁ§‘H fhgrngersiped frofp wsaﬁlewgmml@%feﬂ%ap fn a shel |
material solution. 5 Thereafter at |east one additive is added into ,the

m xture ob%gkﬁﬁﬂgggfve and stirred. The beadl ets or solid encapsul ants are
filtered f i xture and dried. The beadlets or solid encapsul ants are
havi ng nano size of 20nm 500nm Rel easing property of the resultant

capsul i e her
undersﬁ?ogqgg% %ﬁ%(?tﬁﬁgﬁﬁﬁg%hgﬁm‘@él gﬁLéQ%&”%ma %ﬁAbE quégl 259

m xt ure of rrtlmlfgt(?$$ﬂ’f®l§®0hmd8dpéég)thp®@ltemham6gipﬁhb®a©r2@tairamecaﬂh5oc To this
m xture, O I rhate 20 are
added. Thenﬁ?y?ﬁﬁ%&ﬂﬂkh<£ﬁ§rﬁﬁh@ﬁ&g&?ﬁﬁ%ﬁ%@%%ﬁgg osp ate g£¥§29950|ut|0n
(pH7. 4) andimtdsrat 68 G o EXQep dicerpmethape i5@amovEyk b slistiligtion vodes iaeane i s

removed by3dingt llsliddal QRwekNgethel 3AEAM0 In Thix@ieS takikd eVt @F dx3est hen added
to the mxture after renoval of excess 15 dichl oronethane (tocotrienols in

wat er dPspéictlPgrthatstecpiriepalyin vafer dispersigng and stifdn  Sifpoédtreds then
honpgeni zatibpated $d mgno%erpia@b.eumguaos@mr@a&watof & 44mikhiBdines iddbal) | Ce bath.
The nixtur |s t hen qgled si.n a dryer. Average size of the
resul tant NShGVEYHdUfER Bﬂ GSP@ er. 3@ RPE Y e IV SAER s ul ati on of
m xture ofcqﬁummpmma&ﬂngaﬁammted out in simlar way as described in Exanple
1. 1.25g mxture of carotenes is used in place of tocotrienols. Average
size of the resultant nano-capsul es produced is ca. 30nm 25

200 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 Qg 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



EXAMPLE 3 1.25g m xture of coenzyne Qo is dissolved in 2nL dichl oronet hane
at 55C. To this mxture, 0.125g phospholipids, 0.015g chol esterol and 0. 06g
pol ysor baWe 200/1at¥2added. 30The m xture is then injecte@CIrMB01D9A01@. 01M
phosphat e buffer solution (pH7.4) and agitated for 30 m nutes at 50C
Excess dichl oronmethane is renoved by distillation under 6 vacuum The

m xture is then subjected to honogenifzation using a probe ultra sonicator
for 4 mnutes in an ice bath. The m xture is then dried using a spray
dryer. Ave S ul.es ca. 30nm 5
EXAVPLE 4 8&%;’3 Irﬁe-e’tng‘gué% Eﬁ%eﬁ’gﬁﬁj%’ctée%g%’ B agER Uyrioa PropS ‘% go“‘“ta“’éoc To this
m xt ure, OfC(Dngmh@swmiICﬁ: pritle sSThe@nigraB ds herodried ueinmi Sp@aydirﬁmﬁgermlsysorbate 20
are added. offiereMiethehhd- eaﬁsuie';'s{adﬁaaae%%‘énwo I'mL 0. 01M phosphat e buffer
solution (pH7.4) and stirred for 30 10 mnutes at 50C. Excess hexane is
removed by distillation under vacuum O0.3nL distilled water is then added
to the g xexner@fg §r renoval of excess hexane (y-tocotrienol in water

di spersion) and stirred. The m xture is then subjected to honobgeni zation
using a probe ultra'sonicator for 2 mnutes in an ice bath. The m xture is
then dri edousigngtodotEgionys disyoBicd nf\\l)@’nﬂgﬁexiﬁezﬁt si°ct e thie smikiu@N0.08@Nn0- capsul es

roduced i s, C sul t| ffl y is 55% EXAVPLE 5 0.13g
2 tocotri ey qsﬁlogplgﬁ ?SOA%/C}H’P o2 O%gn‘? 8tF %Bélfe g’(‘jﬁf’s 40']“8 KPS i xt ur e,

0.08g 20 pthelspxbedtddpmubslmlo.Omlﬁgplmhﬂiaesméﬁeolsolanﬂ (@H@@galﬁbktyﬁzﬂrfbﬁt%@ 800 are
aorted 28" mlyteh W sod Sk S Rey M € b fed W lThon AR MR TPAT: Gyef | o7

sol ution ( and stirre mPnut € Eceds c oformis
renoved bywdksit tHeh added o tbﬂdleqturva‘cﬁm tEmov . o:Bm_cedllsmnb hetdcmmnelrm m&tet hen added

to the m xalgl}se@s,c% Exﬁfst&r@(ﬁm’f@el anfure%%’eﬁ%u\ﬁ& egrtemgége&%@ﬁq&iﬁgzggﬁk in wat er

di spersion) ‘and stirred m xture i s then onpgeni zation
using a prb‘HéSQPPOPWafOS%ﬁP@%@Tam@ﬁbaQI rhhe o dge Srﬁheaﬁnﬁbélnlgatsmay Jiyer. m xture is

then driedaushdddsiz SPHRYre MR mand VL ARSI RE & . %nﬁ)esﬂhéa%ian@@no capsul es

produced is _ca. 30nm Encapsulation efficiency is %
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 1mL 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 (o-
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%.



7 EXAMPLE 6 Encapsul ati on of 5-tocotrienol is carried out in simlar way
as in Exanple 5 where by .5- tocotrienol is used in place of a-tocotrienol.
Aver age swoeonfietse resul t ant nano-capsul es 5produced | CETMYBD20N0106
Encapsul ation efficiency is 60% EXAMPLE 7 Encapsul ati on of |ycopene is
carried out in simlar way as in Exanple 5 where by 10l ycopene is used in
pl ace of a-tocotrienol. Average size of the resultant nano-capsul es
produced is ca. 30nm Encapsul ation efficiency is 55% EXAMPLE 8

15Encapsul gixkisppPk ¢0-carotene is carried out in simlar way as in Exanple 5
where by 3- carotene is used in place of a-tocotrienol. Average size of the
resul tant nano-capsul es produced is ca. 30nm Encapsul ation efficiency is

55% EXANP@Ecags@aQioA O SMokdiHERl RfcartiOf Qe S éiﬁl&giv@w% }ﬁeé!(ahlgle%%&;uﬂ oform This

solution is then added into 4% aqueous sodi unt al gi nat Yo pol ysor bat e
80. The mi Xacefriend & wetbin Pabpiccioeniiang!. Soisiagasitael thpsieswjant nprogtapsulpst r a

soni cat @r LRkudd HARWORS. ERcaPlliaiGEcRaLMRy isldde, aver age size of tocols and
sodium al ginate (particles) in enmulsion at this point is ca.300nm The 25

honogeni zed mi xture is then added into a nmethanolic solution of calcium

chl ori de wexAMwLEYOmM zer. The resultant beadlets is then washed with

nmet hanol and dried. Encapsul ation efficiency is 70% 8 EXAMPLE 10
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 §

15  Encapsulation of B-carotene is carried out in similar way as in Example 5 where by 8-
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 SmL 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%.



Encapsul ati on of 0.5g coenzyme Qo is carried out in simlar way as
described in Exanple 9. Average size of enulsion after ultrasonic

honogeni 2MPi28R/56&562a. 200nm 5Encapsul ati on effici ency i SCEON20EXIUE 11
0.1g a -tocotrienol underwent the sane process as described in Exanple 9.
Aver age size 10of enulsion after ultrasonic honobgenization is ca. 200nm
Encapsul ation efficiency is 50% EXAMPLE 12 150.1g y-tocotrienol underwent
t he sane process as described in Exanple 9. Average size of enulsion after
ul trasonic gation is ca. 200nm Encapsul ation efficiency is 50%
EXAMPLE 13 The tocol beadl ets prepared in simlar way as in Exanple 9
are added |nto a solution of 0.5% hydroxypropyl nethyl cellulose in water.

40% W W t I iEgtaBitharieh tof Rt wéﬁﬁme'@o i eRiaf d&dinl Bfart PiyS adThest g in ThE M xture
is then stirred for 30 m nutés and coated beadl ets are then filtered from

the mixt ur EXamps AedA ViFagh Sigatod cmEkIAN ftPredirasppic iompgenizatiansis SHAAWEN t hat t he
25t ocot Bi emadapsuMibREMicibh® icwas ed beadl ets are slowly rel eased over a period
of 4 hours. EXAMPLE 14 4g of the tocol beadlets obtained in Exanple 9
are added into a solution of 0.2g chitosan 30in water. 0.8g triethyl
citrate puEXAMPLE Il acetic acid are then added into this m xture. The
m xture is then stirred for 30 mnutes and the coated beadlets is then
0.1g a -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 beadl4ets are
then filtered from the mixture, washed with water and dried. Irn vitro tests showed that the

25  tocotrienols within the coated beadlets are slowly released over a period of 4 hours.
EXAMPLE 14
4g 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



WO 2012/ 161562PCT/ MY2012/ 000106 9 filtered, washed with water and dried. In
vitro tests showed that the tocotrienols within the coated beadl ets are

sl ow y reWvea8vdiosvdr a period of 3 hours. EXAMPLE 15 5 PREMBWAZYWRESQ o
beadl ets prepared in simlar way as in Exanple 10 are treated in the sane
way as described in Exanple 14. Coenzyne QLO within the beadlets is slowy
rel eased over a period of 3 hours. 1 EXAMPLE 16 The Q o beadl ets prepared
insimlar way as in Exanple 10 are added into a solution of 0.5%

nydr oxy! Pr @Rk, VLI wifh S laRP Grida 1 Lloses SR/t b I EbBhuELIARL € PUrUM s

then added I nto thi's mxture. e mxture is then stirr m nut es
and the coﬁleé@at@é&éﬂlféi%fe115W1§rql¢?éfrdcfv?ﬂat¥§f1@<ﬂqf3\/b&§4qed with water and dried. In
vitro tests showed that the coenzyme Qo within the coated beadlets is
slowy rel eased over a period of 4 hours. EXAMPLE 17 20y-tocotri enol

beadl ets pESAMBETH sinilar way as in Exanple 12 are treated in sinilar
way as kn Exanple 13. y-tocotrienol wthin the beadlets is slowmy released

over a per d of 4 Qou EXAMPLE 18 y-tocotrienol beadl ets prepared in
simlar wa %%Oellﬁ' ﬁ{%ﬁa@e%?rea?fé {rsimitas yay s @i Exapple 1Rage tgated jp tEﬁ‘(arrpl e 14.
y-tocotri esde whyt i desdribed BeBingleS14. SCsdn@yhey Ql elithas ad teNRdts & ey od of 3

hours. released over a period of 3 hours.

10 EXAMPLE 16

The Qo beadlets prepared in similar way as in Example 10 are added into a solution of
0.5% hydroxylpropy! 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 the coated beadlets
15 is then filtered, washed with water and dried. In vitro tests showed that the coenzyme Qg

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-tocotrieno! within the beadlets is slowly released over a period of 3

hours.

30



10 EXAMPLE 19 1 g m xture of tocotrienols is dissolved in 5nL chloroform
This solution is then added into 4% aqueous sodi um al ginate with 2%

pol ysor bawe 280/161%2t hi s m xture, 5 hydroxypropyl nethylPCEaIY20lne®1065
added. Ratio of tocotrienols to polynmer is 1:9. The mxture is stirred to
di ssolve for two hours. 0.8nL triethyl citrate purumis added and the

m xture is stirred for another 2 houd®. The m xture is then subjected to
honogeni sation using a probe ultra sonicator for 3 mnutes in an ice bath.
The aver agg§| Plothe particles in emlsion at this point is ca.300nm
The honopgeni zed m Xture is then added 10 into a nethanolic solution of
calciumchloride with an atom zer. The resultant beadlets is then washed
w th nethap n % i enol s

W thi n the bosdteptcbitercfo I ARRNLELL 30 BLERE" Ths s plf SRl L pLe
20 15 1. 25¢Mi4% wadecoss sediedt plgiape| Bithede diobserbare Bl n Paithigl mkives onet hane at
50C. Tost hb?dréﬂyﬁoﬂﬁl@met]@l 89uRROS RARL] RhGSof thoarégolgnP;Lo‘iﬁﬁeﬁsoﬂ 9.aRge 0. 69

pol ysorbat e’ 20 "are ad The m xture is then injected into 0.01M phosphat e
buf fer sol TR ISCHIA ta)ilsa%tf f%rtti”Pl“%‘Hsf(bff*m]S@leW‘rﬁ}faé"sP%m paddedandthe distill ed
water is tR@ueadaeed frbihed hoirfl TR Aixn6d SPRLSUHE AN hodéheitdtioh ed. The

m xture is then subjected to eni satian gsing a robe ult soni cat or
for 4 m nubR | AR GBS, PTRGTRISS frid P iher T B BER utF phie

centri f ugapartdlesah eB0IGION prehib Poinlid carB00ine The Rat@kiib@ntkardiames apkdl es are

nanocantul 8 Drae iR b kymeb ol AR EnSE Bt TplBRiGTR i s m xed
with 1.3g Hactveshed mith $wiband et driedo Edaa;sulamontdﬁﬁl@qncﬁ)xs%%n Toeotrenah
tocotr ¢ enolinh el HEGHy TEMLUEabfurafigm, 201 Lated before subj ect ed

t o honogeni zati on using doni c honogeni zer for 4 m nutes.
Particle size of the 30erru| SI on obt al ned fromthe honbgenization at this
point is caxa3p8EMe The resultant enulsion is then dried to yield dry
powder. The resultant dry powder is then washed with 11 hexane and

i nsol ulfe solids are then filtered and dried. The dried solids are then

added i nt o1as5smlxdiré @mtoaa‘m&oﬁ%abmfmxm oY bichBEométhaficelt|solcos goithis Wat er . The
m xture is stirred with a rotating pad at roomtenperature for 1 hour.

Coat ed sol Mgurei0%8 PhP%PéB‘fH“i‘Seﬂ65?%0‘}95&801:%%?%%"1”3@@‘6 CRErf ¢t dPed from the

m Xt ur e anehixdire @dhenlibjecten@apsaiMapioophaefbuifed seayn @H7.4) 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 subjécted 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 supematant. 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 tocotricnols 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



5the Arabic gumis 80%while in vitro test reveal ed that the tocotrienols
within the nano- capsules are slowy rel eased over 5 hours. EXAVMPLE 22 10
Tocot ri emwb0mwitsses! ow r el ease property using acaci a gumrcirsmyoepemnesd usi ng
met hod simlar to Exanple 21 with the exception that 2.0g acacia gumis
used in place of Arabic gum The encapsul ation efficiency of the acacia gum
is 80%while in vitro test reveal ed that the tocotrienols within the

nano- capsul es are slowy rel eased over 5 hours. 15 EXAMPLE 23 Coenzyne Qo

with sl ow rel ease .property, usi rahi c. qum i repar.ed usgin t hod
simlar toi‘%?‘éen%‘gépsﬁl%g\ﬁds?%staﬁe&g’igﬁ i@ %g”f“ﬁ]atﬁﬁagﬁ&@&%ha&ﬁ’é“ %*dggl s used in
pl ace of t owws sdheinolof 0.5%yderpapsuinahyl@slluddst ircwaeac yThaasxt@e% e e i n vitro

test revealge t th coenzyme Q o, wthin the nanocapsules is slowy
rel eased 0\L7 g? a%&%gﬁ P %‘?até%&'ﬂ/%fﬁgrﬂreggrr 10%{\(%' i leE',~:°a§/e\/|£1 £ (ﬁldé’llﬁv\tlo? GIEZEBASE oper ty
usi ng ar abrapsyesnare shepfidprad Edmuks migtunedrideldied i bk ancapRBtiproefExiamploé 21 wi t h

th ti : - 0t j ' 0c [ l's. Th
© excﬁp ihgrlxrgﬁf?c?éunprs%g%%ﬁlgtuggﬁ/? ﬁ?re%%ﬁﬁ' tHaPthQ'to%;&tgg@ﬁs &191919{11%3%9 S €

encapsul ation e cl ency was iITe1nvitro revea that the
car ot enes ®iPPH¢sirashwvinegivascd gpsabews.are slow y rel eased over 5 hours. 12
EXAMPLE 25 a-tocotrienol with slow rel ease property using arabic gumis
prepared using nethod simlar to Exanple 21 with the exception that 0.2g
a-tocotri eﬁgl“g’FPsI‘%%d in place of 5m xture of tocotrienols. The

encapsul ation efficiency was 80% while in vitro test

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

20  coenzyme Q)¢ 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.



reveal ed that the a-tocotrienol within the nano-capsules is slowy rel eased
over 5 hours. EXAMPLE 26 10 y- tocotrienol with slow rel ease property using
ar abi ¢ guW0i28126k6¢5%ar ed usi ng nethod simlar to Exanpl e 2CTMYWI1/HW106
exception that 0.2g a-tocotrienol is used in place of m xture of
tocotrienols. The encapsul ation efficiency was 80% while in vitro test
reveal ed that the y-tocotrienol wthith the nano-capsules is slowy rel eased
over 5 hours. 15 13 CLAIMS 1. A process for produci ng nano-capsul es

cont ai ni ngWﬁlfJg gients derived frompalmoil, the process includes the
steps of: di ssolving the phytonutrients in a non pol ar sol vent;

Sii)adding of at |east one shell material and at |east one addi t| ve into
the sol uti gnoQRteabingich fib® %1@43@&49% biSnd QLI Fuf X LiWpEed Iuglh% nfliodi Ni ng
stable oil in water enulsion by introducing tthe m xture obtained fromstep
(ii) to a boflpeio Eemgleidnvith thy ckeeptinni thy Glee csobateenpl fsreed inh@acriokt ure in
step (iki); ) in r i I oM under
pressurg of " gr%‘t%}r!e&?ﬁgg%%g%zba?hé Q%?lmﬂ)é %/h %g?%%‘lﬂasfsggounéﬂ Lf'grtg%[ng t he

m Xt ur e obrexpaslghdt the e te¢atipenphmithinzhe Mh@cw'deseséowlmrelfpﬁﬁ@dumﬁf@umano capsul es
cont ai ni ng phytonutri ents oil derived 15 frompalmoil as clainmed in claim
1 wherein the tonutr| ents is such as tocotrienols, carotenes, coenzyne
Q y-tocot EP‘éﬁB‘T E2 tocotrienol, 8- tocotrienol, |ycopene and 0-carotene.

10 v- -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
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



3. The process for producing nano-capsul es containing phytonutrients
derived from20palmoil as clained in claim1l wherein the nano-capsul es
havi ng siWe 2812/130%A - 500nm 4. The process for prodRETMYWIHYOEWpsUI es
cont ai ni ng phytonutrients derived frompalmoil as claimed in claim1
wherei n the non-pol ar solvent is hexane, heptane, 25chloroformor any

combi nation thereof. 5. The process fldr produci ng nano-capsul es contai ni ng
phytonutrients derived frompalmoil as clained in claim1l wherein the at

| east one ghaljpsmaterial is polynmer, sugar, gumor any conbination thereof.
30 6. The ms for produci ng nano-capsul es contai ni ng phytonutrients
derived fromlpah Prases fetsprequgingedng-¢ppeulesi cantainipg dhgtppptiiants derividefie® one

additive is polpimesil, glepréhéss?ndu'ﬁathg@ggﬁs for produci ng nano-capsul es
cont ai ni ng ph tonutrl ents derived fromoil as clainmed in claim1l wherein

t he nano- capll esUFaVimgdrePhyanbrensomafon-eiesiens 8. A process for produci ng
nano- beadl et Sl)Conidalngloﬂglwgtydneﬁwlrrha@dﬂffaﬁandafleNs@dnefd'd@lm/@ﬂ{oﬁh@idlutloﬁ he process

i ncl udes the step it o %n Zéo fV| ng the phytonutrients in a non-polar
solvent; ii) addl f g Lo 187y g’ﬁé?? material and at |east one
addi tive i nt aiit h60b$zﬁnh1ng stable b obwvaien edulfinw by Sit@Puding) thé enifterebained Xt ure; i)

honogeni zi ng t he X bta ned romstep (ii) under pressure of nore
t han 50 bar or bymm%gt%(f?) Oabu rsomt, ‘iv) precipitating the phytonutrients
fromthe m xtivre @mb‘anm@dsq‘l‘reonfrtsm thp mixtwre o step (fiigr m i nsol ubl e nano- beadl et s;

and 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, 8- tocotrienol,

lycopene and f-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.



15v)drying the insol uble nano-beadlets. 9. The process for producing

nano- beadl ets contai ni ng phytonutrients derived frompalmoil as clained in
claim 8 vWORBINN61¥2 phytonutrients is -such as tocols, C€OEMYINE2/QOH6
tocotrienol, a-tocotrienol, i-tocotrienol, 6-tocotrienol and 20car ot enes.
10. The process for produci ng nano-beadl ets containing phytonutrients
derived frompalmoil as clained in éfairm 8 wherein the phytonutrients is
precipitated by adding the m xture obtained fromstep (iii) into a salt
solution by using an 25atom zer. 11. The process for producing

nano- beadl ets contai ni ng phytonutrients derived frompalmoil as clainmed in
cl ai m 10 wher’ei Hhetpresess dprt pradyring pae-capsulee eqnsaiong rhyontientoderiged Gehci um

chloride. 30 1 d2claitl@ iPcRHE S Swiddin MMOlE I RRuIBa R deasd &t SongPDt @i ni ng
phytonutrients derived frompalmoil as clained claim@8 wherein the process

further incl ude¥%he steps of: i) introducing the insoluble beadlets into a
shell mgterial solution; ii) adding at |east one additive into the m xture

obtained in ste i); Siii)stirring the mxture in ste ii); iv) filtering
nano- beadl et zg o‘gtpgchfécfoﬁ P’ C%‘@é“ﬁ“‘(?‘?aplf‘;s arenrE pBW‘?%“Rh‘%”H“é’n%QIBeadI ets.

13. The pr ocesspafmsil, pegaiceds g ludestbe dipadi: et s cont ai ni ng phytonutrients
derived from.lOoi AR i erein the nano-beadl ets having

. i Cl}?éi tgn Itrri]engslirzla‘!arrlnn8 OY\élltl ol ng.
size of 20nm’ 500RM" €4 Prhe process Yo p?o‘éfu i ng nano- beadl ets

cont ai ni ng phyt onadding @fdtdeadiemt vied! nfiatapied gualamesit bneaglditiv@intveble sotioh ai m 8
wher ei nyt he non- p@{zﬁ‘r‘[eﬁr%h"s?egt(i) tosfogggm%re;hept ane, chloroformor any

conbi nation thereo
iii) homogenizing the mixture obtained from step (it} 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 Qio, tocotrienol, a-tocotrienol, y-tocotrienol, 6-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. The process for produci ng nano-beadl ets containing phytonutrients
derived frompalmoil as clained in clains 8 and 12 wherein the shell

mat eri al WO 2pB¥Mh¥2, sugar, gum or any conbi nation ther @T/MPW1BI00Tlée
process for produci ng nano-beadl ets containing phytonutrients derived from
palmoil as clained in clains 8 and 12 wherein the at | east one additive is
pol yneri c. 17. The process for prad8uci ng nano-beadl ets contai ning
phytonutrients derived from25palmoil as clainmed in claim@8 wherein the

oyt onutr1 ent;s, Wit 0aR; nBRALALS AL SN el eassd gusr period of

4 - 6 hours. rocess ¢Ing nano-capsul €s cont ai ni ng
phytonutrients mpwwlaﬁm@wmwmwtn thqmecepﬁrfg@l@sglciumlthpd@gs ethe steps of:

30i ) m xi ng phyt OnM&Sdu‘éxﬂ% fhe Wsbidbi@ bRl Wes o Kol JURANGIGRAL I Ng material in
wat er; ii)honpgenizing the mxture obtained fromstep (i) under pressure of

more than 50 Bar idingyt gy onsRALbYe i@ thiegmxture pBtainpd ip sigpfiing of the enul sion
obt ai neg frornl)st eﬁmq,{gltmanﬂxm}elﬁ@@ mg of insoluble solids obtained fromstep
(iii) with shell pateri al of _nano- capsul es obt ai ned from
step (iv). 519. TﬂlémﬁgB?P@%’%adﬁeésr"bfﬁ"l?ﬂ%f(i?’ﬁﬁpH%Bn%apsul es cont ai ni ng
phytonutrientyg dedrymgtheihdbepadtn oi | as clainmed in claim 18 wherein the
phytonutrients is such as tocotrienol, carotenes, a-tocotrienol, and
y-tocotrienol , coenzynme QLO. 20. The process for producing

nano- capsul ed3c®nt @babsnfgr phyucmgubno-teadlets cantdini ggpHytroanaridpddrivedirdm as ¢l ai nmed

in clai 13 18 Vme()qleatls @lamneg xrgéfy}nISS\vh%Fe?hbthg a6 Bhadlets 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 i) 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 produci ng nano-capsul es containing phytonutrients

derived frompalmoil as clained in claim18 wherein the gumis acacia gum

1522. Thewproresssékor produci ng nano-capsul es cont ai ni n@CPMY29M2000i@Nt S

derived frompalmoil as clained in claim18 wherein the coating materi al

i s sugar such as | actose. 23. The process for producing

nano- capsul es contai ni ng phytonutrieiés derived from 20palmoil is clained

in claim18 wherein the shell material is polymer. 24. The process for
roduci ng nang- capsul es. cont.ai ni.n toputrients derived frompalmoil is

(F:)I ai ned ign cll% m r§m§/ﬁ€tpee?“r‘1“1?‘%“e°bﬁag"ﬁg?%Xé‘psgeﬁlt(‘gs havi ng size of 20nm - 500nm

25 iv) coating of insoluble solids obtained from step (iii) 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 Q.

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



