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WD 2008/ 026909 1 PCT/ MY2007/ 000025 PRODUCTI ON OF
ACYLGLYCERCOL ESTERS The present invention relates to

w0 b@sfpeeducti on of fats and OL cont ai ni ng acyprPgl/ynen@i000025
e

esters. More particularly, present invention

relates to apPRODUCTION OF AXIGI) CEROL ESTERS/cer ol and
triacylglycerol at a high yield and low cost in a

short period of time. BACKGROUND TO THE | NVENTI ON
TGeyméiemlt inveh@suletatéy vihe @Eocmbl‘c&ﬁofs‘éf%%dfdurcoﬁw'fbrhg’lécfmlycerol

att ids to nake ester roduct s n .
Slare. Udte Pafelgie P stat Shentigl gl o, Tietid oF producing
diddyRpyb@ ¥eeirlcfglyo@rlat aigh giblacyit gdvy 665t ® & sBdreperiod of time.
partial glycerol esters that are being increasingly
used as enulsifiers in both foods and

phar maceut i cal s.BABKGROUND TOIHE INVEATYORW ng need to
make tri- and diacyl glycerols that contain specific
nutritionally inportant fatty acids at specified

C%lj_iksérbli rﬂ?i&c@él plfr(hﬁidéshth%rd ﬂreeﬁ@reebrgcbmra@wﬂh faa;te &biafeao mikke ester
C cero alre w de I N a. valrl e
s Bl bt i psREs ey alastiiganeerols, mono-

ahljaﬁbéym;zljytqercﬂé abe |p§rt@ngly5@’bs estgﬁs wat lareaﬁgalﬁlglnl?érea@ﬂ%dlyé us&d as

00 n as S mater|al for the

9 i hoGHEad and Plartge diaR° GuiEnElhiedp B orotig need to

mm@aar ad ouacmlyc‘auclb tichtaonta sfreeme hatritiovally \ieporant fatty acids at
fication re%e on of cerol With 20 its

L.
e Pl et on e Bt BronSed RS Edet or ohange
reaction of glycerol with oil or fat, or the liKke,
Iﬁg%cyéquqeboéu%?e %dqﬂéxglaqij( Ellrp(éx \(/:aarx:t g\/ éé@bm%gg?pn S rrg aagi%\r/]es for
imptoaiIng adtiaisy drasis r?ﬂﬁa?]tﬁﬁﬁ wléll beedible qis @f &iéa‘bb@irﬁbﬂm @nd as
a co t he chemni cal, reaction proces rom
o hess  BRuEh e e ChBRtel doraamateRl (JUST "Bk Gy, the
pdépmratlogl Qf@ﬁbl@b&cﬂghyfzmgnmﬁﬂi/eam eﬁtremgahcma*eem of glycerol with
t hi.s n rue i eni. c
R Seng Ry e Yo el bikeiinge Mt ot SReabfREH oP6r et
dnitigdh liker, @dtbtth@ msé efrfpe ratkdal rcetaemd qmraeasauyme sliap @8askpase, or the
Pat.ent { [ 1989
i s 2 SRR shbis S Bhep irtgd e T uferatyaghgioe. =
caniparealr tot ﬂne d:hdnﬁcalsreac&@otmdceﬂst frol Yheevielpaintstdfethe yield and
SUTES BlaBrerdiad bl SRR, O A & on
tspst temchémlcebrte@cﬁbraprdcmyé glake @se bf adnveniignay aikbitcatalgst, high
; ¥ tu CF , Aglﬁl ication No. WD 99/09119 by Kao
%ﬁ"ﬁa HIR YR &?%’E SIS process for producing

hi gh-purity diacylglycerols at a | ow cost and nore
efficiengtly than conventi terification

Gronsdpolyet NPT 48 { AB3H of ficlased ThaPt rfiiged reaction
pieyabisedsyia iwtgchadn fadily laciarorftied likefio Fdapts@idvith glycerol in the presence of a

1,3-position selective lipase while removing water formed by the reaction outside the

system, to obtain a diacylglycerol at high yield and purity. PCT Patent Application No.
WO 99/09119 by Kao Corporation discloses a process for producing high-purity
diacylglycerols at a low cost and more efficiently than conventional esterification and
glycerolysis processes, which comprisesi partially hydrolysing an oil or fat, followed
by esterifying the resultant product with glycerol. Japanese Patent Application No.
234391/1998 discloses processes in which a mixture of a fatty acid or the like and

glycerol or the like is reacted in a flow tube type reactor filled with a lipase while
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35 by esterifying the resultant product wth glycerol.
Japanese Patent Application No. 234391/1998 di scl oses
w@e@ses®es in which a m xture of a fatty aci d BCT/M¥2007/000025

like and glycerol or the ke is react d|n l
t? s 8\65 cm/s.

cqnifigling Jise SYRSHRGR vefocity @fdthﬁn ”P‘l‘f‘”?a? N pase?
JQ&Q@%@@&%Q@A&IB&HM@%@Q%Wdls@lﬁﬁslmbéés%s inhghich glycerol
erficial velocity of the xtutr in the reactor P
SoA0aPE B PrOPQATBI SMOUpaOs oat B SRGpe, 1At gie Fagcion s
stgg%?edg\%ﬁ%@gﬁe gbﬁ&lnﬂiéﬁ%ﬁl o QQﬂi{ﬁlgﬁlcél‘bl was Cﬂéeglfarmgm@ld iirfsoluble
ui ol ar ano
diyeereleifc peParaEdr é‘ﬁetlhﬁnreﬁgtyor']’slsgéﬁg%'[ \?&?f?au‘%ﬁ%a‘m“)é §6iyrating,
th%%?%%l!h@&lhiﬂ@ &ch@lﬁél@l?é(ﬂ Fhiyh @s&infub&’tﬁanb@%xoﬁnbt%rlfyeldmprovmg
i nsol ub ﬁcero i s separ (cél g the reacti
desorapb isEiciansndotesSIAY BSBRH S0 hIE0 diRcloggs, & process for
pRYBGHE S alaeggl%él‘ébﬂcgnlmtﬁﬁfng' adl ez a/h’legﬂibdkéﬂ etbivki @ainbfsing an
reaction ra nprovi n deh tl on efftm enc

inuripasgd dpAsasRrePATEEAT, CREYIN oA eitgple pesto rbbeél'%%éé ) an
aby? "grouBrcﬁfPl@F Lsé‘l@c:l%}cl GHoAE HeWrGe l:@lsustfhgfﬁ?ral f‘éttjﬂ @cid@aa lower alcohol

acked t d
o PbaTeRt AOR & TR RGP ANGIR) S S DIV PO Bl atEFom the
glb%b\@%ﬁélsnrlglaf @cetsl, Q%ldnogéﬁgl?cdiéln@hd %\thiﬁlr@@hé‘récﬁmd bitain a
group _consi sti ng of a fatty aci d, wer al coh
reagtiqsy flyig drogpsaid aﬁﬁl&yfaell??%lf%’y fQWl?ﬁéP%llﬁ“Q arYlsa"?rz‘ionéﬁl‘t KL lower

aﬂ{)l%l’ léoﬁ‘l‘éﬁﬁﬁts%ld ﬁe@bﬁﬁlﬁﬁ’d fah@subbeyued! OURIC AStIag, regsicliating
ycerol, a nonoacy %y% ycerol, and m.xt ure. ther

of ; )
RGN (118 0 B TR TANRY fith LAetPIn AapRid G g of said
rdRUE FiuiERUSAiA Gorgty W lpREketD Riuitis Or20asd cones oralassoholobtam a

cont ent d t fluid;
o aluarel, Whetkin SR04 Gaves HRRTTRIe ot df clop Bor&Riocpaic
rERENTRUIP ACeeliPyRBId r@é@foﬂ'ﬂﬂld&hbl@’l sepag nbrfe, ink ctiaay«ll"atlon
reaction fluid in s ”ﬁ g'[) r.is
lsosm ey St Peteat ABRIERTNo LAt g S pispBsdira methpd for

pflLEng edurbineyigl 6636“ S&IS fﬁ@ﬁylﬂiﬁllgn@em denairisiabolrhigingg the
said reaction fluid sai d reaction

trtqqnglgﬁergl §9Ft§w% oid \@th g cgrog aqg dg anqr%qgenﬁp% ézgggucal ca%lyst
cbiRblishsh St akan mi2adl et o IRl é‘aﬁt!hl rﬁ@taNﬁalt FR0Bb6MAARC acid or a

cSPorY o S| GreeriarreoE e S Koy HEor 8 13

dlaE:lrlQlWér@ldllngEddu@@dlt ai ni ng oi | with glycerol and a
honbgenous cheni cal catal yst conprising an al kal i
rret al salt or alkali earth netal salt of a

?ﬁﬂ@?ﬁg?i—ggaﬁitbgd gprﬁlaess@scafomm i theatdotiniqoe disclosed in
e Anersol Lo e £uEsBblEeEELY Sy el 8. wo
93{@21?3% ggggﬂé%ed H@l@g gi\pglscandswmauerz34nbe/w@&hnaqmse Patent
Fpplicgtien g9 3@{@& afﬂdr%aégg:l t%:\rﬁtl\llq/\% é\él 980, make use of
expensive lipases as catalyst for the reaction, and therefore, are difficult to produce
diacylglycerol at a low cost; the technique disclosed in Japanese Patent Application
No. 330289/1992 involves technical difficulties such as the necessity of stopping the
reaction at a specific time when the concentration of diacylglycerol reaches a peak;
the technique disclosed in Japanese Patent Application No. 234391/1998 could not
obtain sufficient purity of diacyliglycerol; the technique disclosed in United States
Patent Application No. 2003/0104109 requires an immediate removal of the
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99/ 09119, Japanese Patent Application No. 234391/ 1998,
Japanese Patent Application No. 330289/1992 and

wopioBezhIBt at es Pat ent No. 6, 361, 980, make use PET/BIY2007/000025

expensi ve |ipases as catalyst for the reaction, and

M\ﬁb@‘n@ﬁ@ch&hi@alddaﬁé% lzh\‘tér th@ rwcﬂémsﬁme@hgavhaltbé@%t@h ®@hich is
a low cost; the tec di scl osed i n Japanese Pat ent

DY AR I GRsirate ghan g@eéfelg'/‘&@éﬂnqi m%ﬂf%?é%mtd@@m'.sly@awol oil loss.
difficulties such as the necessity of stopping the
eaction at _a specific tinme when the concentration of
éP%%Vl'alayw@%m%&fe%@ dsgaequhat ig adqspeasdi i afiuent nations and
R o5 e rige idaRBIBSIAg RaliRAEs. AR IHER FIfRd NS many diseases such
2343 1/ 1998 could not 35 qgbtain sufficient purlt 0
@BP 1§y BhesipemigenyReaRRsiQ @ndiiedbenicfesrh d @ﬁ*ﬁﬁ%’iﬂ One of the

r@b@ér%sof tR@tthbt Mésﬁ@mé@fh Ne. ex209sDiheki O féﬁﬂxud)Jreo%lly diet,
g i mredi ate renoval of the WO 2008/ 026909

fAPo bRy bemseﬂaﬁw@%tw Ehedy @hl cat aI yst after
the reaction by nmeans of neutralization, which is not
easy tqo operate at an industrial |evel and my lead to
gi ‘élé‘ﬂ‘/l%fl Sf/‘geF'Blat'B'i‘rl NYrperus éﬁfe§‘i‘tt3§‘“ﬁ"%3 ar Jr-ralrfiRfpts have been

ddverRpby k@ réfisRasEretificy theSuswi A RERVAENAI '?at@f leJ(é%ﬁﬂSlEs of such fats
on the rise in developin

t dl
Bl e, B3 Ry Lohessany o Sekdublsten dak
cﬂ!ﬁeﬂztjagﬁﬂn6@nat@}’@ﬁéﬂsﬂe@%®xyl@iél@%1ﬁc@% laRA IGHYCEHaFCAHRINGNGrt-chain

S

P art ases reasons of the onset of
st

Ffedrigoyiolygerols, cHOWENRE: iSVFAKBtHrdg goti salily important

dﬂ@l’écyer%tl@ sucHl\Gé ﬁbtnh@@él'sbﬁzty r@ie&ﬁ’éblé Bﬁ?ﬁ@? @foperty, heat stability,
acc Hrru ation.o

this
A frRHpn3! ﬁﬁl’f@n@u%’yef Gtcal X F (¥l B acsRpiEBIROpY gonsumers,
I‘ﬁ@dlﬁmtbﬁéﬁh Q&El&)ngiﬂ:ﬂéﬂﬂ'f@gac@ Qnéc@@ly%@@l@ﬁa\feegé&ﬁsﬁdm &'ﬁ@atlsfy

ntional fat rrg such fats include
éu%r %@ ¥¢ ©C/teqa; andelor lawer %‘fykw a@?%ﬂ%"iqﬂ‘e af‘gttt‘?/ PERdugtion is
theleyrs tiegimblgdi al kyl  di hexadecyl nol onate, esterified
propoxyl ated gl ycerol and I ong-chain and short-chain
fatty acids of triacylglycerols. However, such fats do

lmﬂtedﬁéﬁesf%témd@dﬂon]ﬁo o BE08a/0a 0} 391 GiScissNa ?ﬂﬁase catalysed
nutritional safet hysi cal operty

) | r abl e
Behlon frogets BMTE aposibl Bl SroBt i rarseslaanGy (F 4sidoped with
rﬁétguf%ahofﬁh? a@?i@;t&{-’rt rﬁbhlarghihaﬁﬂféﬂr RIS tnabﬁ@i aHFHIC |Tﬁ||s Mbrocess
a chal n acCl ri ero ave een
RSP0 SRparbive Ipabes o Catke oDE racpay an RRERETS. 1 ciffcul
tb py&iuch afdyidnathals aHadnatohain, fat?ﬂé’cxd%a@ﬂ@%&#&l'a@% 16 cost.

therefore desirable. 20 Unit St at es Pat ent
Application No. US2004/0191391 di scl oses a

Hurpese- Patent ysgilicationaslol (P 1840955 Hiddbsebi £ s- a@gédpr’@b@ss for
is transesterifi or aci dolysed with

oil or f e
Hﬁ%‘%ﬂriﬁ‘ﬁw*&@hPH”Wa%ywmf‘éE? driagy 'gfv@am!ﬁﬁ%ﬂ%ﬂﬁlﬂq gt Mpdiypr-ehain fatty
dcldsag hal ateesmB podifibris #HAERBE-chain fatty acid at sn-2 position in which,

(1) a medium-chain fatty acid triacylglycerol is randomly transesterified with a long-
chain fatty acid triacylglycerol in the presence of an enzyme or a chemical catalyst to
obtain a reaction product containing a triacylglycerol comprising a medium-chain fatty
acid and a long-chain fatty acid, (2) reaction product from (1) is transesterified with
an alcohol monoester of a medium-chain fatty acid in the presence of a 1,3-position
specific enzyme, and (3) separating the alcohol monoester of the medium-chain fatty
acid and the alcohol monoester of the long-chain fatty acid monoester to obtain the

symmetrical triacylglycerol composing of medium-chain fatty acids at the sn-1 and
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makes use of expensive |lipases as catalyst for the
reaction, and therefore, is difficult 25 to produce

woredBoP®ehai n and | ong-chain-fatty acids PCT/MY2007/000025

triacylglycerol at a |ow cost. Eur opean Pat ent

@P@' Bdsioh®Rnbioa &PJ&@%%%;, ddcﬁicétoﬁ%ssrﬁz $oskiBRETRE WERSs also
preparing high purity symretrical

mk@ﬁ:%@w@mﬁl\@ lheRpT S FagySRNEEoNM Bergastera et yredium-chain

fa‘ﬁ%/ %%ld@tasérgw %&Qﬂa@ 'Fbr?th@ fahdesRific A r@aét@l(q garﬁ‘chﬁ\bFéfore makes

aci sSn-2 position in which

W@dummaﬁﬁawuﬂ&tt tip asp@oer inerdjumgichaiar @ndi éomgxﬁlmmn {atty acid
¥rfaé}ﬂ§l9€é ﬁl'é'ai!a%%%éth a long- chain fatty acid
tria ycerol in the presence of an enzyme or a
chem cal catalyst to ‘obtain a reaction product
gﬂﬁgda'g?étggdﬁatér{ ' ﬂﬁ%ﬂ‘cg iotf W00|U§2‘Umrd1$ Wy RS GRRESs for
atty aci ong-chain fatty acid, (2) reaction
piogdeing mediwm¢chpin §n€|r'9ﬂg'él§4"érf|afty easiduitiacylahieeral cestprising of
Y.
Hl@[]gﬁ?&%fm %fttyaacfﬂzéd%% Sf%E?JI) e‘; @l‘ie ﬁ]zan?@rgénds hgs@%% P56 Series
s@wmsaturatgd tdng- diactfatw aad hewsy 48 oofnor¢1 carben atomscérad Zor more
P%}nb%é/ Ad h ?cﬂ é gge}l nog%r[gg@q?%ﬁwg%t%‘lpaft%é féﬁté/ acid, esterified to
Hhemeet? | m&itlohr |oacy1egltyaxaﬁglyceuxbnpm>Ecu@ oby meeaosm cfhanaymatic

el Padbmetnt i BN ¥ 2RO 3haH 87 B2 sqapino pt east one

paiyinsaacatdd &dttyt dudd shth2 qbosemerdnned' hips, psiog eesmaiobmzed lipase.
ﬁfﬁﬁ% e’é’? fs grfgggs)r(?g rs]ﬁ' r\tlv%h/lels RRe ﬁg‘? o e‘i@ér%l VeS| Spa%gg a"é1 c%?JE% and

arn
tmetmneainsrebses theeverdinsedicton ¢ost af mediumectetin emg lompahain fatty
(g efo E{ rc)Skes the process difficult to produce
8 8 n-and | ong-chain fatty acid 5

tri acyl glycerols at a low cost. United States Patent

ﬁf W, %9 ﬁ'& %ﬁggclio l.lltnl'\- ?ﬁ\gﬁlon#gge]og% ?i')égrogldgél nﬁg’tﬁ&g ?f Brrogﬁcgrcfgc' faftsognd oil

tasqtanmggbwt@ymrolc mstars siThg miethcmsdmcwid chal dles‘irabley to produce

BRSPS Py =

hlghgmyd 380 ow owat én eahbdrpeabd):ristlraadwmclmmampptent:aloamll@tlons in
3 ' I

Ron gr'm g%s c%%{ e %iﬁ éﬂ&?ﬂ;ﬂgq of d%?}rﬂblg(gesr&?i %ﬁé}gffﬂtt{i’%@}gﬁféerols

havnna:pmbglhye@mﬁ ammbloeg-ghain fdity aqmsmi ingilisiginizigyat i c

transesterification of nmediumchain fatty acids and an
oil or fat containing at | east one pol yunsaturated

fatty acid of the SHIMARYDF dHEdNVENEIONSIi ng an

i mobilized lipase. 15 Simlarly, this process al so
i nvol ves the use of expensive |ipases as catal yst, and
The objeot &, the ressas és/entian liaseinahe poocadtion pbfateasd odfcontaining

PRI gieotets Brichiof AR AR By Bh¥ asBbhPeriga prme.

advant ageous to provide a nmethod of producing fats and

ﬁwi Iorder to attain the above object,” the present inventors have found that
diacylglycerols and/or triacylglycerols having medium-chain and long-chain fatty
acids can be produced in a method using a chemical catalyst, which prevents
degradation of oil quality, such as discolouration, less expensive than enzymatic

method, and less complex than known chemical methods.
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20 containing acyl glycerol esters. This nmethod woul d
be desirable to produce diacylglycerols and/or

wore@sozvehai n and | ong-chaingfatty acid tri acyptysBrRei780002s

at a high yield and low cost in a short period of .
Nckoringhihelprésst poéretiohibabadipprovides & prisiuction matod of an oil and

contj nyous mmer.ci al  proeduct i. ' S
Py SaBgVR s DR 0 e L) Hegf o anc
|d£ngwemh@émy fald yrisngdigeeralt cormatisstgr estbrificatien reazforsbhgRy an

THE | NVENTI ON The obj ect of . '
oAt P Ay oAb EEfsfl Gl P8k MAAE v
sa6shBl Y Rerddhy@stier sarat ab leasth oye ebepazationl ovetoest wWharelp the
short period. of. tinme. .30.1n order {o t ai o) ;
eéiﬁ”fé?ﬁt',ontrﬁ@gﬁ“e@e‘?ﬂ?‘g\lﬁ@‘gﬁ? El?es pﬁea\?rééef gﬁ%dﬁtﬁgpgﬁe&g eHemical
c@iagﬁ‘s!vbcﬂis}é@iﬁ@ of sn pRdxoarigeirasiy brippctionl s havi ng

medi um chai n and | ong-chain fatty acids can be

produced in a nethod using a chem cal catal yst, which
IREMeRied slespdatantti ainh@frasieht ipuertiony thesaiéshpragided a method of

di scol oyration, .| ess expensive than enzymatic 35
qﬁ%q%w’dlfaacdlglxcgg, ‘@Bﬁjp EPHAn known cheni cal met hods.

WO 2008/ 026909 5 PCT/ My2007/ 000025 Accordingly, the
present invention broadl rOVi | Redcied
of &n GNPUGg any GRISESH Ozﬁ/ 5%% tgo\ﬁatges\?’%%ygﬁe%o %gg%?‘cg%tr e
i ncl udirdy tHé @eaupgtonsating sf arftbeoiattyrediduandc draianylagvaup acceptor

| ong chain tty,acids tri. V.C c | Si

est eri ?E??"ccé‘?c; BAm/aagiq R ncoﬂglgg\/\ﬁ%f £ Wéa{%ly?r@édg% Bﬂglg‘%%r?l, and 2
and anma@yrt GEroR mctepporsehce albtaiheteogermysi eenicalj eptalyst
that is further 5 subje . tjio : ;
| east HEPSUBRPR PR RErRG Ao R, o BoRlaFoacton fuid
est er i WhieAtd rhemateigneidehyraiihncibaeducs waier ganairgscigerein to

of a heterogeneoys em cal catal yst consisting of an
i on- ex@Hal Crl"g%fliﬁc@$¥%eéplati on. In a preferred

enbodi nent of the present invention, there is provided

a method of . 10 .produci ng .di . Y.C ' £ id -
conp | SR@rang r‘é%ﬁ‘é%@&‘:%@gé%eee@ye%' ﬁa?gd?r{ngrr\] rgﬁg@tc Pon o sa
bet weesruas daeylglygerolipy Wayofa seflaegticsdnethedidnthe gr oup
consisting of a free fatty acid and an acyl group

acceptor selected fromthe group consisting of a i

gl yair séparatingodieadylyaiol demolresiduall triacyBlyiersel gpd other undesired
thereof, in t rese f Si~CheFCAlN ah-puri
cat al yg?mp‘&%%g?’vﬁﬁ Og%%f){o?]ﬁ[ g’%c gﬁ%ng&r%g%ild ntopékggg?ithilggnpumy
t o obt aiadylglycearcti on fluid, which is further

under gone dehydration to reduce water contained

therein to :

In another preferred embodiment of the present invention, there is provided a method

of producing medium-chain and long chain fatty acids triacyglycerol, which .

comprises:

i) conducting an esterification reaction between an acyl group donor
selected from the group consisting of a free fatty acid and an acyl group
acceptor selected from the group consisting of a glycerol, a
monoacylglycerol, a diacylglycerol, and a mixiure thereof, in the presence
of a heterogenous chemical catalyst comprising an jon-exchange resin
preparation to obtain a reaction fluid, which is further undergone
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obtain a crude diacylglycerol; 20 ii) separating
resi dual glycerol, free fatty acids and

woreisazephyl ycer ol from sai d & ude di acyl gl ycer@I/M»2007/000025

way of a separation nmethod; and iii) separating

di acyl gnljéf\@@Fa‘ﬂbn fd EHHUE@WaE&#%bntfarrieactb{érginyteejbtdm anudat thedium-

undesi red onpounds, b ﬁ ot h r separation

met hod Qf@"bmdalpﬂg'ﬁh?fpﬁt-ypﬂﬁ’ frigey QBECSG? acyl gl ycerol. In

?Eot her prefer(rjed enbodi nent of the present invention,
ere is provided a nethod duci medi um- chai

anl) | on¥preriing Fequp! 2BYG! r eﬁciﬁg yy@%'ﬂgl m%;?ragﬂgclycelrgl and

conpr i Sl%édlu%ocHa)n fé‘&?@ldi@tdlétgrlgw&eﬂﬁfrﬁml sfahdiahdemwddﬂmbham and
bet ween an acyl g, oup donor | ected from p
consi st PAgrcBain gt r@é‘P F"QPX’SJY%?' YARY AR SgEgE ‘8'? H%ﬁmd’ and

acceptor selected fromthe group consisting of a

gl ycerol | di
m %i ur esqqqagat@g?ggg@r/r{—%@%}gg@g elﬂ%q;:c@%n g%/tt)g ﬁé? %‘g%@ﬁ%ﬂg‘aﬁcm

chem caleskbAl |}5§%cﬁﬁﬁ'plfét{§rl iR nrib§glpeedlarge  loésdr N undesired
preparation to obtain a reaction fluid

f urt her CURRRMNGBRY VY 2’6@8‘?“@%9@@3@'%@?%d@ﬁ%@@z@ed'um'

dehydr agi Q0 ab®10hGIUER MBI Kid GRBJIQYERE. therein to
obtain a crude nedium chain and [ong-chain fatty acid

triacylglycerol; ii) separating residual glycerol,

ér:?(tﬁjsf g@%ﬂé o%&étg SteallPE¥0ASY hibnaaat @ija&m@;es of el Ipwﬁeﬁhmwdmtlon

Iacyl glycerol fromsaid cr dj
vahcbe mrﬁgfL&lMaanprefoaaW asgcihg %%"?eagﬁ?%“%ﬁcg?‘gq n@# lvjﬁran?i’%ﬁ o the
ﬁ@&étgﬁbd'@éseﬁ?ﬂnonaﬂ ¢hd prifen@e Ratbatiniegit®idhe mvehiuinn
I'ong-chain fatty acid triacyl glycerol from

reS|duaI | ong-chain fatty acid triacyl gl ycerol and

ot her undesggERiPTION CFP9E IFGRE FRRRELY ERNIBGDINIENTS
separation nethod to obtain a nedium chain and

| ong-chain fatty acid triacylglycerol. Various other

A @&érﬁmaﬁ&%ﬁ&ﬁo‘h idpebiabblgRdadictarivand pgsened oﬂd‘lleeterogenous
present 1nvention wll be nore fullyeﬁng?rem at ed

HiseTe relahEL GRS B EIEF AGINIBrYEB A ATONPLHEN0E £5SIn, Preferably
é Q rb@éﬁﬂl %ldﬂ?&ﬁldne&cﬂﬁﬁ@é’ rdadink. OPreRRialld @xpmplesrthe@of include ion-
nts of the invention, DESCRI
PRERERFEDENBOTINENT SYTRILS SSIraP R0 FH T ANE Gl RoYmers.
PreflrehI8 RArpRN EH e dlinchlorldN @ réle SR ireiohiexaharejeerasie molusies a

strong acid group, such as, for example, sulfonic acid. Commercially available

strongly acidic cation exchange resins include “Purolite CT” range of resins (Purolite
International Ltd.), “Amberlyst” and “Amberlite” range of resins (Rohm and Haas Co.),
“Diaion” range of resins (Mitsubishi Chemical Co.) and “Dowex" range of resins (The
Dow Chemical Co.). The ion-exchange resin can be freely mobilized in an agitation
tank or packed into a column or tower. Examples of suitable equipment for the
esterification reaction include an agitation tank, a fixed bed, and a fluidized tank as -
well as combinations of these. The reactions can be conducted in a batch-wise,
continuous, or semi-continuous manner. No particular limitation is imposed on the

form, size and type of strongly acidic cation exchange resins.

The esterification reaction is preferably conducted at a temperature in which
degradation of the performance of the ion-exchange resin catalyst and reaction

substrates and products are minimal. The reaction temperature in the present
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20 chem cal catalyst having an ester activity, such as
an i on-exchange resin, preferably a strongly acidic
waeatsomoexchange resin. Preferable exanpl es theeHdY2007/000025

i ncl ude ion- exchange resins derived fromstyrenic,
ilieMiidhy Refara meecaer 380°C, arterpbig fiadm 6010 lty 260%C, more preferably
Pref erabl e exarrpl e of the functional group of the
fioBhl¥RERaAYE G esin includes a strong acid group, such
as, for exanple, sulfonic acid. Comrercially available

25 strongly acidic cation _exchan .ud
Thpdpesin Gmern (haPGESaMBEhE GPRRATLEE 1 IRAG e Bsspture
Tl(hbgﬁanc])tlgg gm%by fednge &dFh 1(5\mﬂﬁfté§ foes’ hdLﬁtélgﬂbvﬂﬁfvel‘ eRies economic

reavops, L?oregﬁtrordf@ws')ém %faﬁg%\ﬁﬁf fong&gﬂnutF%EPg@ “Blfrsﬂse%ﬁef?éfed
(The Dow Chem cal The i on-exchange resin can be
freely nobilized in

The ORI {Eken T 3*2%% e o By cenplded wnie
W RPmestsr irld ¢addtion léet@ﬁ'foklécﬂ] Emhmde cﬁr\sL&tgblbaéqlesmant for

ceBvisHi PHGe of St heton s FehbsHer dsiider dEhaiPagd et
deRydratist %hcdﬂdﬁﬁted i1§ Qg réﬁdzﬁcbh; tarﬁkrltsﬁﬁmﬁlﬁmmthanmgus use another

manner . t t
o dsyardian Wls Bie CrpdRs PR R 15 delefatiopdank
Mt@mgﬂsetly g&h-{]hfétltﬁﬁtc@hlélsdibé IcOhUL\rlc\;hmlCEby treding qgeeréamt@blf;md to a
conduct e a a e rature In
BT BN SREEE o Rebery naze iy e 8814 Rl Bh aurace
dr@ﬁé’ctdlé}ﬁeteﬁblmtrﬁ@t Ssmi@N chopy Prdecatsly air @ost mmn’aIDeh'ﬂjnatlon of the

reaction te ture e 008/.02690
rereriomPsIsios ng ggismg HFF%%OQSLP&&% %éuggd é%w%c% tfe water
r@fn@fé&f albéryfr%rho_lfhﬁmdr@eQQMg ar Entepn&rf eoadsnger for oan external
to e rea n.tine in the
9°A %’Wfo%’ grabﬁ'eptgﬁds?ﬁtfe”bcﬁt'?rhere?%t'ogt % C%E‘ g?r(ggé a8t i bolling
tﬁmﬁ&%tdr@@CWatm dri ighemdyr a @ivge fressurel So at wwader flounai from the
oyrs. wever, due to econom c reasons, a reaction
r??%@”\ﬁﬁ%ﬁ?ﬁa?'%repgﬁ%' of from30 nminutes to 6 hours is
preferred. The esterification reaction in the present
nye i fe n i ’ f
%ﬁ%/elrzﬂ)iy H-hgﬁ? rJeﬁéﬁi%{}%nd Ptéx eg%{lﬁ%tlgﬁ %&:C{:ible l%rag% fluid,
@ﬂtbqqumtmé@ it 4 Gedleky dredsuienori umlbuwla;:uarrd Nwmfmulammltatlon is

tank or | ecul ar ISt i s
'@Bﬂ?ﬁf‘?ﬂ ﬁl\gﬁg{r@ si. cg?%raf)(%rno?t Eydrétggttlglglgg ﬁél‘é?gglte @?l?llators.
A(ﬁeﬁ'ﬂii(umuélyhayﬁlydgatton mssebarpetfbrmed Is;epmtatsekrwwwmeﬁtokigﬁn art, for
tan In this, case ther c t

%Wgﬁ" at5°of déynlpen’ APYer uesf% [ {’/#e y}ecg%ﬁ rati @% L%gnOfthemmal
mpmndmwbemémybs‘medtur@ the reaction fluid to a
dehydration tank by neans of a spray nozzle and

adjusted so as to give an average 15 dropl et dianeter

THe @épammh & dimnylgivoem!, prsewell ab medinm-elisin apd fang-chain fatty acid

trlac%; yrcgltoll oa%cordmgh?o the present invention is conducted by a separation

method, such as a distillation method. Preferably, the distillation method is a
molecular distillation method or also known as a short-path distillation method. No

particular limitation is imposed on the form, size and number of short-path distillators.

In the diacylglycerol production, non-diacylglycerol components contained in the

reaction product that include glycerol, free fatty acids and monoacylglycerol, having
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reaction fluid conducted using the dehydration tank is
conducted in which the water renoved therefromis

weonnden®ed using an internal gondenser or an eRCEMY2D07/000025

condenser. Preferably, the esterification reaction is
e IEeTdesh einsb thamit carespendindfisciglyeaielerampe separated
titén&ﬂt@hor{ PathadiStiMfsh BF @8SkhGorsMy kRdhn V&?lﬁéatlfoﬁ rﬂ@lﬂf)éé' Bﬂbdfble

reaction can be easily renoved
WE‘« HM 8 Stgamny disHliation. 67 theanediyrechaincand dWQJ@hﬂ!hud@ﬁy acid
friaylgly&aait br‘éﬂud‘:ﬂow %therc&ﬂn@ﬁueﬁf%r fRERe @ch@rof el‘#é’épqgtty acids,

I%I‘GSSUI‘G or under vacu No artl cularI'imtatio

RiRASEGIVERML, r?é‘dfféj?fmlglm% oAl FRatiRT p@ﬂuaelwmgatalaiwely lower
ﬂa%ﬁkﬁomts Rdie City %rr@éé&ddtﬂgatnq’éo%m-%ﬁalﬁ\' bR nl%ﬁ{;\éﬁgl}ﬁ fat acid

deh dratlon can be- per ormed by various known

’i”ﬁc lycerglgan beysepprated yelad élﬁor&Pﬁihl%%'F@t'O@a%’ é‘@nV%@n@W known

piesidnahethb®VE cAMb bikSsueh a8 RREhF@btilafoiTPOUNds t hat
absorbs noi sture. The separation of diacylglycerol, as

wel | as nmediumchain and I ong-chain fatty acid 30

Ihrthaqyﬁiy}glﬁbﬂil pﬁl&ﬂlﬂ@h N@céinghe PEeFesnt liMMERNbH O8cdrdmically,
nmet hod, such as a

SRR bEEal o o aersn e arauied. o xasine: it peig short-path

distiibesh ethdd, f@b@%@ldaéltt@r%bf)z:aﬂa?ty @ﬁbl@?@é’!ﬁ%t@btt@r%@mponents
ation met hod

) hor t th disti
%Eﬁ?%&%‘s e @il irasriarty aFifp 8% AopRa Y GeE BreRdrated digan the
r@hﬂfbﬁrpr@ducti bar be pedybledi tick bk déattants R ulsé’ it Qlﬁbsequent reactions.

oductlon non- di acyl gl ycer ol
ﬂt?n‘p%’ﬂg @ﬁ?' I gtemppergiure f@fac%qpaf?%ﬁe odifct Nqmdigeyiglycerol
donploriiets ghmaﬁ Qllycerf)r &@eﬁél%ab‘lzog?g/dﬁn&f@@cylglyceml according to the

| , h
BRSO O 00098 5 dpafitiel pralaely TImSIOn AP pah more
préferabBf r&1 PBackh My oot afid gtkc)ﬁiﬁétH|dtst|ﬁ§d?9nb(@m%@%%{r@tfgrds%aratmg

usi ng short-path distillation or convention
g%lcé%@ iagePreeg He die giressdi iventian Issfran ci20ate %ﬂ(l?é}mpreferably
d chai n fa
TR e S et
omplnets.gbyaeasl triadyigheefatand aodeded 5:oloured compounds, having

DR ey FRE P ol ] B ol P e SR e o

re@dweesayﬁen@hng pﬁé‘d|dl$trllaitmal of tred dlaoyiglycéral, narfcmttteyefﬁcé,dcan be

LR YO R0 B RSARET L A R e o

anearieguseduted grdsserecdr wacsumh sach et tom phrtld;uldirl @nhprund() to be

d'ié?illécf‘@ar%@&% |I%|dyo‘ftee{t%e i(/glﬁjté%qe?éturgc?ﬁé géé}? otjred1 %Pressure
on, econom cal'ly, gly S

present inven hronoac
ot aAcusEn siserh fertthel shord-pptiv dislilletion frothe eprasait enveb’yonuﬂa ingthe fine

v%&ﬂfrﬁ T hfor gkﬁﬂ)l!& J?Hnl\ 98 't.Bet(%mrqbart grepeera&g lfrg)met (} th 10 mbar.

separa "y “or nt o
Al ternatively, the glycerol, free fatty aci ds and

CPRRAGHELHYRET A t‘ﬁesp?rBaﬂ(ﬁiBﬁdoffﬁtgmrmﬂain and long chain fatty acid
triacyglycerol, economically, monoacylglycerols and diacylglycerols can be separated
and purified, for example, by using short-path distillation method, to be sold either
separately or blended into other components. Alternatively, the glycerol, free fatty
acids, monoacyiglycerols and diacylglycerols separated from the reaction product
can be recycled back as reactants for use in subsequent reactions. The short-path

distillation temperature for separating the components, such as glycerol, free fatty
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reaction product can be recycled back as reactants for

use in subsequent reactions. 15 The short-path
waele@siotdoed i on tenperature fay separati-ng the PCI/MY2007/000025

non-di acyl gl ycerol conponents such as gl ycerol, free
acfda} fpnedyidsycared and mnmiuyhghw datbi aC‘@@@@V'Slyﬁﬁf ofsp i1t e prosent

present in f
ot 6 8080 Bt gy ey BnPo  PRor T FoR pierritom
15§ herdoorat ihélishbitbhit dusnmatmmmmarame fonrsepeigtingsym-chain
di acyl gl ycerol according to t S ent

i R 6y Boiddreqaby Bkl e Bep RN ETa gy FebL2 b Soo-c.
pr%%ﬁa% ﬁc% QB?‘EH Yo bomo?@&e¥&ab3)5@6}n 200he p70°C. Components, such
iacyl gl ycero mponent's,

o e g ey e B s R Eowg L BIpgunds. having
re@g\‘/é@% F;;cl)'lr of lrdLh é%ln’(s maglhi@sr ccf)r{fe%%Bndlﬂg mhedidrhi-@naiint and long-chain

ft il iaoylghgerohdh SVAT a1 wACHP 156 WA B or te

ef.ape e fath/€
m clﬂgrgy % @ggo“’”ﬁ%ﬁgmeﬁ% Eaﬁeﬁlaf:)ﬂ@mdrble and therefore, can be

rctiond P e nacireroA0 AadSiercrsen By P Ry Preferably:
thB shom- Bﬁﬁ(cﬁ tlllt’e{tg&H@'Ebn&&éH étfbadertbhﬁeﬂmddl pired;saure or vacuum, such

thtahéhegpaélﬁu érﬁgg]%gygq? Lg)s’ttclarlrplge%gé‘%ge Pe a IJe dofPfd: 1fE given

pressure
teﬂ{pe}’aqgrléuﬂ“hlést%%réé%f H&ﬁlcé@@l’féss@@t o dacsiuin Ugﬁd v the shhé-path
sent invention is in ne vacuum raf A
dxewanm i the peasenbnvertign 1%)“‘5“‘?1‘&%& Vacb'P@erP%%lf ‘fg‘%mrﬁ'e%“’g‘ 1o
ﬁ)ﬂrgba g%raggfr% {dPa0qbh@dbaRand, in the production
medi ( ain and long chain fatty acid
triacyglycerol, economcally, nonoacyl glycerols and

Cgl)?g%l ol M?p%ﬁggtlsfra]@l@ﬂ pf’tﬂe%arbwh@gladustqnﬁfhg diacyiglyderofsoas well as
shor
rodsoppieisbrdons Qe ehgt diyEEreR PRBYCE] B inb drosont

k8 RNedy syl rdfb@blb\d%ldy Discbieugtiyic of thle, dibeyiglydesels produced

acl ds, nonoacyl gl |
pmolivd Fyon G HParPEEDH e 5 oea ety L8 Ty RERRE Bhethioed
uéﬁgcat Mﬁhg%mlﬁfﬁle?e}tél%/ﬁmﬁﬁ@ﬁQf@taSSEJHCBCQiﬁE Thaaliscolouration of
| STI atl o

d@e}q:glglygg@@n dRediumGhiai g nnglr%hag‘al‘t" eaé § rtn%%%@ $roduced
f%ﬁ'ﬂ%‘;?%@@rqgn Q:oﬁ’@-rdd\ﬁmﬁ@é@ﬁBﬁBBWhan thmreactants and ion-exchange
e LR LA o
Jﬁ?f\gl%é?g%rle%ffs g:‘nl@é)kibé)cfaé@m tha@ Gntenitia? Geactendndasrieert atmosphere in
thle gqqctqraw%ozh pfeéﬁ’ff@rcgt GB%B The )%E%Fﬁley 8 mert gases are COy,

nedi um<chai n
NG| RRI+HEhaina fhat ike. aiheah tanlnam*ylggb ys:e,tseﬂ folh prayéiding the inert

pr esent invention f
i e R
RINANSBIsS a HUEHs foa%ohdmgﬁg:thm maét@htw\dacm@rt atmosphere. Almost

r}rgr;dggéggr:a q():qeurw%{?ecp ey 31 ]E)gtgg 8!1 %F\? rﬁ:WJI:W‘F& exemplifying

orn
F&s%%%ﬂﬁﬁré‘@eﬁ@ﬂhl»lmhelmarn’nplanmdtmugwchal n fatty acid
triacylgl'ycerol will remain as residue after

short-path distillation of the
The acyl group donor, which is a raw material for the reaction used in the present

invention, includes a free fatty acid. Preferably, the free fatty acid is obtained from

crude, refined or partially refined oil and fat, or mixtures thereof. Partially refined oil
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medi um chain and | ong-chain fatty acid
triacylglycerol, and therefore, can be 10 renoved from

wo b@sieddum chain and | ong-chgjn fatty acid  PCI/MY2007/000025

triacylglycerol. Preferably, " the short-path
ghdstat Hésatibedini thisdovedtion e@dans the alemddatobtaided &dm the process of

h h i
BRSSP Ui SRt B BRGNS ot ¢ o
the given tegp]f:raturhe. Ehe degree of reduced pressure
r ot - h i sti.lati i
Cor BRI BB br ieop e B e PRk C o1kt £k o thiL tha
areangtlally f coomprisBd lin dis bo fa18; Snaidling, thwsef efr &1Gs, faaburated or

10"3 to =4 nhar. l.our . i mpor.t . f or. . i.pn. . .
ottt Bt o or, P thef AR ofs, B 85 hrgbfpio aci
mgtyricnadd walerttadoid, aadrdioacgd cérainthid atid,ycapeylid acid, pelargonic acid,

K S RS BRI i,
phlaityikigl agtte zodrsanir axl céehri2 Gacfd; olictanids elainie atidopetiagslinic acid,

observed, to,.be l.esser th .n ' i - :
BRIl | GaPRene Rk, el catt 25aRfE (i qrgoniaic acia,
g-@bmﬁi?m a&ﬁtﬁ‘lt agajmeg@e aJHCSCOdqu’ﬁgt :a&iﬂ,ofdhihomo-y-linolenic acid,
i ac cerols, i.um chai n . and., - i.n fatt .
SHEPEPRHARETF GOl APBPNC A5t S 3P o ANEAICSaTith, LS gReNtaenoic
sl do&lﬁaﬁé@bﬁbiae&id,UhémlﬁlﬁicV\dtﬁﬂ] érhen (rjiecaﬁér&mtfsmanldereof; those
i on-exchange, ,resin catal yst e it ' t ..
e o wbeipe and eBRDPIS s Blcro L o B oo o
vdriol0bit, dotens wll ecoril fodl, potmessd off, palme oil npamt kevnelradiapéanut oil,
e SErePSRIER by ABGok 4 B4 BB S1EHE o
IR .bofiige d\leevéﬂﬁndg amdrdﬁb&)_ill fldv@eed\bibrgrape sawat dil, diaseddsoil, argania
rovi din e i

SEEfa. Aary Sedel HpucdtHeina) B RAEREE, Ao o1 hapbab oil
bleeiwuaBhiSseed oil,\fx(ﬁjreziumticﬂ,t radctsa saetli:eiam:anﬁltﬁa odji)migltbil,r‘c@shew nut
the r fi. er jnert .atmsphere, . .
o 6o A etttisied BE Sy e Flsgersn o o leg seed ot
mbiomfsefedrﬂilewig?rﬁd;é:éd%/cbif]?ea@uﬁ_foslasil, parilla alr pistahid aif, tpoppynseed
1. e .na W, e ) ,

bLuFIRIPIER T Bimi o Bk PETeR of BB o Ened Sl i
binwh';ljt to';h,wheuap@miesil, ekt teliow, dartlyfishaildandPmefiee allltygsetdintained

a acid i a , :
BrpSfelt, BF el o P anRai e BedBefibls iSb i fftatin, or

%d?m'&latityn,rfea‘cﬁmmﬁooj HistMatian Okt GREBAY thdse obtained by process of
CT/ \MW2007/ 00002 d f [ [ i S i '
FETALAE HRARERS 3 Mhe ABRSH Aok oyl o' A

" theepofimi ng, cheni cal and/ or physical refining, and

bl eachi ng. For di acyglycerol production, preferred
exanples of free fatty acids include those that 5 are
Rait urealiuny-cicamparids éehgiamaimi Fatyoacid dtiacyldlyveral dpmdudtivos greferred

B 2 A 58 s R A B 3 s pr
including those of Ce-Coy saturated or unsaturated fatty acids or mixtures thereof,
such as caproic acid, enanthic acid, caprylic acid, pelargonic acid, capric acid,
undecanoic acid, lauric acid, myristic acid, myristoleic acid, palmitic acid, palmitoleic
acid, zoomaric acid, stearic acid, oleic acid, elaidic acid, petroselinic acid, linoleic
acid, o-linolenic acid, y-linolenic acid, stearidonic acid, arachidic acid, arachidonic

acid, gadoleic acid, arachic acid, dihomo-y-linolenic acid, eicosapentaenoic acid,
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butyric acid, valeric acid, caproic acid, enanthic
acid, caprylic acid, pelargonic acid, capric acid,
wandeo200 ¢ acid, lauric acigy nyristic acid, PCT/MY2007/000025
nmyristol eic aC|d pal mtic aC|d palmtolelc aci d,
balesni@atid, anict, asd,eadremcaamcﬂ doobmp(en’wnqw mmcmcgsamxaenmc
trosel.inic acid, c I\
o515 hripah e 2f s BRI Yoog Bt AN, feoBhfe and
aaihadt blldonfats ﬁedecded gamtdhmgoouamomlsmga@ﬂﬂaao@cmu coconut oil, corn
|,.d [ t ae i ;
ofesibiisage i P ol BBl SRR P fiBe8F Lf: saffower o,
sdﬁmaamesma‘m@n almedqn doe beamheik @ero benagi, dorageraipsvening

f
POyt B skpeofiel of TSRl o, Ao, BF Rl ffbnd
SQEGDDHD apoctikstriehgil, @K/O@lommﬂwsw oil, b@@'@@ﬁw@lt bsickcuriegi peed oil,
bgilell nuf & ql aﬁgszge%do il, ¢a fhka{%lp'cgwotfﬁﬂl @sh et mP'hEzelH@@ﬂult]emp

ean ol
seeabl, ¢<warseed bil, mahaadem thyt oil mengﬂwd@lll me@@ﬁﬁe@p&mlger seed

87 8%%0910[( 1I p?rﬁl\ée&f Q#Hlmoﬁsgo;%g] seéq ﬁsﬁﬁq?lghlseed oil,
rahbutao sseda@nowdseh!amh eeﬂanh@eﬁlhélheélsleed ol dd: welnut glll wheat

g%?rR ao‘ﬁSHeé}'tgHowF %’J&gﬁsr%i'l 'a g%?ﬂ%‘:b‘if r’(I%‘&S’ste S88Fe@ibl processing of
coa see , camellia oll, carrot

ails | pr clathewariening0 idrogematien, nirenesasterifipaliy, s 8k dagfpmisation,

e f%na%gr?,dd|9f|l|at|oﬁafé@%?mﬁg nMBSfTQ'obtalr{&n&E p?@(fégs Qif'hydroly&s by

seed each kernel oil

mesmis|of anzylrmatlcmyéltoa@hﬂ @ stsiam hmws o6 dnixtyras thefgabki n

seed oil, ranbutan seed oil, rosehip oil, sesane 0|I

shea seed oil, tall oil, wal nut oil. wheat germ oi

Teeicyt giblpagcaptardwhieh istanether rammatasiel preddn the prsed ivertion,

|ﬁ§\§]@ésnae§l %@r}ﬂ Errﬂ&%ﬁylg?c&& 8F b $niturd ﬁbﬁeof hds damitmer limitation
oge I oh, transedferification, or

is ampl@ﬁmds@n iaomixingr w@die | 5riag iaev, 9ras dPNerao; @ﬁ agyhgroup acceptor.

ﬁcR/!/évfeFt %ﬂ&?pa RliDELrdMNbIP pRERASWRIn tm%rn@bwawemmo

menso mat'i ¢ hydrol ysi s” or steam hydr ol r]
molxparrres! ot hegisonyl cFap AeHieLsREREIUR BGsePIobrl %ﬁa@ﬁcy'g ycerol
grgélfc:}t’l?ﬁcén@ Wi ;H.@mé' rgllr%'é:&f AlieRF PBURIFRA mdP 61‘35 gfyb@@l gr3p of the

es of ee acids include those that are
arat mr@upl \ACERDT ifee dhe Hneslyrg-chain e “long- Ry YiReEdycerol
&Ed&@br@zd’ saturated or unsaturated fatty aci ds or
mxtures thereof, such as caproic acid, enanthic
aC|d caprylic acid, pelargonic acid, capric acid,
ﬂ §césl %ayj %Hrécfdeactodthe”}?f AtSfel 6f &¢d Gaw materials in the
rlsto erc acid ga mtic acid ypalm

rzro@tmpn of slisculglyserohhile f mgnoggighicergt |888}°é|d50>ﬂ'%’0%"8l gay be
Qﬁeﬁ%e(hé Mhi%tuRE ij the 100 hikdiaRoinakb Cbroéﬂxdtlbtﬁl@f efddiuraehsin and

I nol enic acid, stearidonic acid, arachi

lgﬂgr@h&ild Jﬁﬁycamda@a@ylglww th;se@@idalon%ﬁg‘ﬁﬂcg ttéec§<al?b Illty of glycerol

|
DB e 0 B e P R e At o Bracre o

fed thity adideptiase derames bighJipe Hiedbial #agr pPithe reaction, so that the
AR ABRYE SRRk ced.

When the reaction is completed, the ion-exchange resin catalyst is separated from
the reaction products. The separated ion-exchange resin can be repeatedly used for
the reaction. After prolonged usage of the resin, performance of the resin may

decrease. Regeneration and bleaching of the ion-exchange resin can be carried out
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acid, nervonic acid, or an isoneric formthereof;

those derived fromvegetable and animal oils or fats
waedogoe@a f rom the group congj sting of canol a BPCT/MY2007/000025

coconut oil, corn oil, cottonseed oil, palmoil, palm
bk etibiettingi the rpeartuta sirong aagpesEbdaifor, exeati¢,ovdtriojapid. Biter

Fe@sggr% nrh%“oﬁblﬁac gbv\éelron %%J:haé\gk Y& 84 be FduSEd m’r% Rbktion.

éning prinrose oil
fl axseed oil, grape seed oil, Ii nseed oil, ar gam a oil

aI g/%la{j%uc :%s h%lgg ’sg l}argel ?rdpegrlol unﬁmay%% tlf%; ulrn(r:{g% reaction of
th‘é&ﬁﬁjl grolip dorhxrramthl tha @cylgréyp acseptar gg@@dng to th@;m@qqnt ivention.
Hggg}ﬁerg?rre eortﬁk?lgm no suc S%R/‘élnﬂgtadg%d In B%? dquhle'hg/droRBBPIt lsdalso

pmférrednthbbno et otbhmér than geter se@tdmm l@ihe res@a&,f ﬁpfkféF?fbﬁnd raw

s i fcih s BNk Hetollion BBRY, CCCT D ol

sesame oil, shea seed oil; tall oil, walnut oil, vvheat
N&ﬁborgg Qf8r hebees?%'lftcgi énogf"ggé%rgerﬂ{r)r?ﬂé@ t@ 'tHSe fg?é] ‘Fiatﬁmé’dld] RitRidlyicerol

ubed diethmgreshlytdm@gﬁwat aremot tpeatrw[@glyévmﬁeﬁc%ﬁ iq@g agpt least one
dr@%plgﬁ/{%r%?t l? yor &7 ?(%:ats'to 'rﬂleuﬂ'c‘ﬁtalnl 'a%' Rhg-Eriin fatty acid

ose obtain process of drol ysis
triEsyiglyaers| ofane ey nhtallrtedhwftfv i dher e%t?’éféaﬁ# Wdrre@Ptﬁﬁ é:an be
p%qgra%ﬁel#oﬁ'ﬁeé t&ﬁﬁleé)‘:jrac? B@cé?'eb’ﬂ)ur@}? QF'Qt RaSERINis rédthéd), and a

used 1 n present i nvention o
nienirordeain ang llgrgeehsin fagty mﬁda@gyig@roytcé cempogfiorpoiatieast éo %o is

A8k Soblacly% 8}3@ otl ';ﬁ}eﬂllt}ﬁrwhlbﬁnlﬁ athisO Mvehton! @@éfﬁ%doﬁsaa ratlo of

mXxin group donor to the acyl gr oup
dm&@lywro] w206 md@oﬂglycwﬁbwwy’r tigylglycamh . %)sx 100,71s used to

nﬁ’éﬁ%ﬁ%ﬁﬂ@ ldYEiC@fgﬁéngq c%éelﬂ{r?n&r@ tﬁ@@lﬁe@ﬁll 3F fét @8&boditidh used in

ceryl group of the acy
tisis me/ph’mn fAsconding tQﬁél@ym\@nm riAcylgpyeaidl eprl% ﬁ)f %Qr(t’dgr higher can

b‘é" Egt'aﬂefih?hé %Qlﬂ}aﬂf ddc??r?aty 3158 B priBErof®|snedll oportlon of

yceryl grou group acceptor for %
trmyigmeml@ﬂ ﬁwmth@dgar@h&lﬁﬁeﬁlawgp@fivg f@?%‘HBP pin and fong-
RERAME a%?j tnééyl@ vORBOREGY laloy Efhstse TR mBR pRélstrtbr 6f foRg-chain
m Xt ur aw materials in the production of
dicytgplcgry).cerol , while a nonoacyl gl ycerol and/ or

di acyl gl ycerol may be added to the mixture of the raw
materials in the production of nedi um

Trenépllowimonpoxidey acnaret dqtalled| grRafien © ﬁﬁ%s'ev%{g'af‘t?yoﬁ"éy of

%B RGee HbRBvarO e rbadry lrﬂlfentﬂiny@@lbpilmlM folthédecestangses, as those
y aci d phase. Wien added, however, lggg'ﬁ sol ubi | i

aff olinpeerskill iim thaeartf Wlleracaghize 8¢ drelt BebeEEn HirgReure
tgl[ng@ram}é ane'tlHeaEnét\ﬁgﬁth@gubaﬁcé SrGiHE@By tiOprebé@it dise®sure, will

ction rate 1s enhance When the reacti

foalpk éa eptimiz@ éhg @'@cgsgcpﬁm@@tefse@r Raitigylay ?gyta??gs and variations of
HERVREGAWRIRTUndue experimentation.

EXAMPLE 1

Production of Diacylglycerol Esters

600 g of free fatty acids derived from canola oil, 195 g of glycerol and 79.5 g of dry

Purolite CT276DR strongly acidic cation exchange resin were vigorously mixed in a 2
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35 the reaction products. The separated ion-exchange
resin can be repeatedly used for the reaction. After
w@e@Bonged usage of the resi{l per f ormance of PE¢EMYR817/000025
may decrease. Regeneration %nd bl eachi ng of the

Lan S eatCar /18268HHct the
B e T S A J%tf{’p?#g“%h‘épﬂégftﬁ Lo
e§ttaf ﬁm@oramadtlors Ttk reastioh avas spaiget! @ith HifTFoeRidas ey 3.5 hours of
el : B@& the oil

6l '8 {PEASh THAEEe FRP PRERTRLT a6 phoduy ChRate:
phssdfeoratie ionekeramgeresiwt r ol eum nay al so be used in the
reaction of 5 the acyl group donor with the acyl

group acceptor according to the present inventio

Thio berso prefsebjabley, to sbogneth dgillatar i SepaiRie @IVCPHg), free fatly
der ,to inhi

b o
aflﬂatanﬂ om%c{agylglglt:ﬁ@% ﬁﬁg%ﬁ%’@?hdn tehDeftd® wis Sbest fboC. Feed

er contained In the resin
fioweRRrNBas oat armmraWh Tl giyc@nols frteerfattm@clrﬂsea@d meRopaylglycerols
added to. the re t t “ i
Bt arpriiet PorOaiE s I Plonlodfet of CepidRiod 3 e residue
(ResidueM )t h gl ycer ol used in the present invention are
not particularly limted as long as at |east one
di acyl gl ycerol, and/or at |east one nediumchain an
Hesfigechabs shajtpd do |SU0rt1paihadJ§'tl“gilC3fb@r sApagain the d@sy'a'wﬁ%a' oil.

 EEASRB, TRSr TR,k 0 TP, SR RS 250 L

Tak URagblyEeHeh os W&ﬁcﬂmdcate&h@saDmﬁlla@cﬁ ufrfiadyiglycesgigand other

| ong-chain fatty aCldtrI ME

upgesiedsGompanents TeMAINEH & tﬁl&D?{acy ;( f/’gc}lglr%? purlieyb/@&v\ﬂlgcsﬁown

ih MabBi1S invention is defined as a ratio of

di acyi gl ycerol w.%to diacylglycerol w.%+

triacylglycerol wt.% x 100, is used to neasure the

chrasatbgley@nalle toncentration of the refined oil or fat

conposition used in this invention. According to this

i nvention, diacylglycerol purity of 80% or higher can

em) bef Glob it deid isriveds Gbtaganoy 65 enpf chicgep! and 79.5 g of
riSgyek r §inaz2l

eime Gt DN e L ARALEE Bhsc WelebussanRe
r@fﬁﬁ*di boitarh sk atl‘d:ihéare‘cgto atamnrrerétaltetqf 888 do conduct the esterification

triacyl cerol may
r@pct’%\naﬁ%ﬁeﬁc{t‘uon ds{agcgﬂage@c\%ﬁl {rbieg\ Qan rl@le} PW&Q%SSHeQ&lon the
REEIUNdARKiLe WRE e:odleti aefzd itavasl entifiged tofseparatd ihearitihgae from

RUOIoaA e e oLk Bl a2 frose of "or i nary |

skill in the art will recognize the relationship
etween ‘f essqr, tenperature and tinme, and, with the
LSRRI proWaéd by the present disclosure, will be

' € t.° optim ze the process parameters for particular
%(béjua Iég%ﬁg?,laﬂ%%%a” ahlc%%aor?sfed BRoLRR, 15y §YigRReM BRPYIS g of

potassium acetate were vigorously mixed in a 2 L round bottom flask and heated to a
temperature of 220°C to conduct the glycerolysis reaction. The reaction was sparged
with carbon dioxide gas. After 2 hours of reaction, the reaction mixture was cooled
before it was centrifuged to separate the oil phase from the potassium acetate. The

results are shown in Table 1.
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EXAMPLE 1 Production of Diacylglycerol Esters 35 600

g of free fatty acids derived fromcanola oil, 195 g
w@booghyower ol and 79.5 g of dry Purolite CT27 6BIR/MY2007/000025

strongly acidic cation exchange resin were vigorously

PetremlnatipnaofXraaCaf( @8id) 28H08cyIBy dee/ W@O@Vddbﬂ(mﬂﬁtnatylglycerol

t f ture o
MRS BT AL PR AR, AR Gt BR S it e fieront
ueing & levilgad Tihtometdr weog perfayarsd. Afet resulB. Be lsbowrs inoTable 1.
reaction, the reaction m xture was cool ed before it
was filtered to separate the oil phase fromthe
Iable Bxchange resin. 5 The.oil phase was subjected.to
short-path distillation to separate glycerol, free
fatty acids and nonoacyl glycerols. The distillation

tenperature was set at Pré0Ct ofFg e&rodijbmf/ I aPeduatsofs et Refined
at 250 nL/h. The gl yclero r eq t .
IEx. f %% By & i st d‘? rﬁlr}g( f T(%%nola oil

nmonoacvl gl vcerols ware Separ at at 2]

Fcatfa@yldgla;ndamerob(%) rerrai P60 as thé22rf£55| due 1.60 0.01

at

%‘F@%FY‘ 'g?(lé.rgrn t bls;;;r at ev%tbgr%ugjl ;;;/ %celmuugiqﬁm IThe 0.13

Riasydlydeat!s ()%)tenper at ur e54/xa(<z set aﬁZSIILOC FelecBO‘I ON 0.55

sieaiég?'g?&a?ﬁé Di sfldlul :au ”&3 dr}'fd:;/%)s?g'eﬁﬁc' u%édot he 099'31

m&y@ymmlmedtyq%*yponents 8RB ned ﬁﬁ?ne res@dtﬂ? 0.55

l+ o Arn chan hla 1

VR Vo clanpr e 1 50 G50 gor e arty O as| 03

Gt&dsum?@ﬁioxﬂ/rom canola qgil, 4985 g|of glycerol aeBd 79.p g 3.9

\ln-/\/rmc\ Hoebidi-sed i pase-er
LA~ TTOX o

ARy —<

pA
vigorously mxed in a 2 L round bottom fl ask and
Gwaseidoh of Rrocesgeer at ure of 60C to conduct the

esterification reaction. The reaction was sparged

with nitrogen gas. After 5 hours of reaction, the
IneAdihben proséss of wasylghebel rhafutddturtt ushas rfb(é%gfu:nf ugedte as
tp separate the oi se fram 25, inmo se [

AT Bt ErOleaR i, PetaBP B cRi SARNS 68 ERiampECerde
réveg§ion tpaafngrtefd dmﬂeasbllﬁatabﬁldlyaérdl @L&Dﬂornlc%de aatRkdglycerol in

ot el TS LSyt eRa WS el GRHA g ftration,

ddsarpkiorg nehdierademtiiftigatian steps, were suggested to sufﬂcnently remove the

potassium acetate catalyst. These tedious processing steps will definitely increase
the cost of the final product. In the present invention, the heterogenous form of the
ion-exchange resin catalyst allows the catalyst to be easily and completely removed
from the products of the reaction simply by filtration, hence, eliminating the problem

of glyceride reversion.

Cost is one of the important factors of an industrial process. Generally, it is desirable
to keep the process cost as low as possible. Table 2 shows a comparison of the
estimated process cost of this invention between that of an enzymatic process and a

chemical process for the production of diacylglycerol.



tenperature of 220C to conduct the glycerolysis

reaction. The reaction was sparged wth carbon
waelr@siziwogas. After 2 hours q% reaction, the rBEDMY2N7/000025

m xture was cool ed before was centrifuged to

SeRag ate the oil phase fromthe potassium acetate. The

Tesults are shown in Table 1. 35 WO 2008/ 026909 14

PCT/ MY2007/ 000025 Deternination of free fatty acid,

nDnoaCyl gl x&/ﬁ\ﬁa&%rials di ac}é@ IIQL!‘M&"Ier ol Eﬁﬂ?gatlg Esiteﬁfﬁéﬁi)rg y@h@nﬁi@‘ Glycerolysis

content usgrng Nrgn-pgrlormaneg 11 od&a% chr epat :)gngsggy Cost

329,\09[\99 J ,@&Slﬂ{r n?lﬂlts/toxlsj LG | LMk oq (ugb/{]o,n J (ﬁi&@l) (USD/t ol

et C— Pt O retr reoul o dl ©]S1TTOWI I'abl
Cratte 1 Product of| Product| of Pfoduct of Refihed Ex.
lp-exchpge B 1 8¢m  |Ex.'°%9 canod ¢il  Fattly acids and
Eyweer ol (99 6%k 60 22. 35 7. 50 001 %%bndac¥l gl ycerol s
q4P08. 90 16. 3¢:942./190 0.13 | Diacyl gl ycerdls (% 5&%80 |
52.50 41.80 0.55 |(friacylglycerols (% 23.20 8.85 7.80
989 reliding Di acyl gl ycerol purity (% 89.26 85.57 84.27
@s5 Col quroRed 0.5 65 0L 739. 5 Caéour| Y&t | ow 4%3 7
Bhadnin@eath 3.|9 oBegTpdri soq of | Proocesse®o 10 || noa knovike 1.5
@icee@ss ofl ditagyl gl ycewgol pranuf act uke usli n@ pot asigsd um; 1.5
acetate ag catalyst, inconplete renoval{ of the
Rl.assi umlacet at e |cat al yst| can g¢ause gl ylceri de
HENEY si on |l eaghving [t 0 1&wdecr egse |i nseinacy|l glaycer odowvand | 35
an,i ncreage j)_@,k%rl acyioe YCereb ijn sbige fii ned proeogt . 3
%Y%? Aog@AProaches, which | nypl ve neut ra‘l i gation, 05
I'tratior, adsorjption, apd/or {centrifugation steps,
h

%ﬁm mngggestﬁd to iﬁfficiegtly rrenove the 15 potassi un
ta ege tedi qus-|progessiing st e¢ps

%@WP%??%Iy |né% easie %ﬁe cas% of th% final produéi. I'n

?ﬂ@apresent i nventji on, the| heterlogenous [form ¢f the

i on- exchange resin catalyst allqws the catafy<t to be

Naipianange and conpl etely renoyed flromt he produ s of

Weeowpreact i [GAPOYTERT IP-00995 T 1t r BE% ROOKarRRE|] ¥ nf WY Mg %2

=

0.42

Repairs pr obl em &5 gl yceride re¥®rgion.' 20 | %4 ! 0.45
Cost (USD/t of oil) 27.82 387.82 29.69
EXAMPLE 2

Production of Medium-chain and Long-chain Fatty Acid Triacyglycerol Esters

96 g of caprylic acid, 376 g of oleic acid, 46 g of glycerol and 47.2 g of dry Purolite
CT276DR strongly acidic cation exchange resin were vigorously mixedina 1L round
bottom flask and heated to a temperature of 110°C to conduct the esterification
reaction. The reaction was sparged with nitrogen gas. After 5 hours of reaction, the’
reaction mixture was cooled before it was filtered to separate the oil phase from the

ion-exchange resin.

The oil phase was subjected to short-path distillation to separate glycerol, free fatty

acids, monoacylglycerols and medium-chain fatty acid diacylglycerol. The distillation
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Cost is one of the inportant factors of an industrial
process. Cenerally, it is desirable to keep the

wWEe@sex®ITost as | ow as possgkgl e. Table 2 showBCEMY2007/000025

conmparison of the estinmated process cost of this
tempenture wabseva@00tClcHeedffloamanays st aC250 OCAS FhégHcérol, free

em cal roce for the, product di acy| gl ycerol .
G BB 0T GaE I e oY) BT bO0 oSy Al tbiggiol were
slk!bé rafddahss D'Ehlllae HnVea MediunEoEsN@hY Gorfgsdreiin fattp @EidQﬂacylglycerol

G cerol (? 1C;ost Dosage Cost Dosage Cost
rﬁﬂglgaéa&&qrem(j%ﬁ TS M Units/t oil) (USDIt oil
(Units/t oil) USDIt oil) Units/t oil USD't oil
Cat al yst | on- exchan Resin 80/ kg 100kg 19.9 Enzyne
FestiuRg wek @ubs%%e@%%m@am L@gstlﬂzet@n do i@oara‘f@sthe merdwm Alggin and

16Ad- cHaﬂﬁﬁatQ ol d<%a'églg g@er@l 5]% @istﬁlam%ﬂperﬁhﬁéﬁ%é ns%} at 260°C.

t d
eart foworede @/aikfgf Bt 250 Uf‘ll-/hi T ﬁ%@@t&@ph@rléfaﬁ%nwmmgﬁy acid
tﬂa@?ﬂ&céro@ §/a§ ié%ar@te%%é@*é%t@Z SLonsl&RM i%tt? %&%Qngtg)&gycgrcﬁ and

Water, air, nitrogen
Oémmneﬂ%ﬁ!t %mrmnéa@rrﬁﬁ@lr@ér%th@ @awiq@(msgdt@ 2k dghe resuts are
Bodrin BAPgsal Mai ntenance Manpower 40000/ man yr
0. 00005 man yr 1.82 0.00005 man yr 1.82 0.00005 man yr
1.82 Repairs 0.45 1 0.45 1 0.45 1 0.45 Cost (USD't
Imdrdtve EdafdledB7. 82 29. 69 5 EXAMPLE 2 Production of
Medi um chain and Long-chain Fatty Acid Triacygl ycerol
Esters

96 g of capryllic acid, 376 g of oleic acid, 769 of glycerol and 47.2 g of Lipozyme RM

IM (Novozymes) immobilised lipase were vigorously mixed in a 1 L round bottom
flask and heated to a temperature of 60°C to conduct the esterification reaction. The
reaction was sparged with nitrogen gas. After 12 hours of reaction, the reaction
mixture was cooled before it was centrifuged to separate the oil phase from

immobilised lipase. The results are shown in Table 3.

Determination of free fatty acid, monoacylglycerol, diécylglycerol and triacyliglycerol
content using gas liquid chromatography and colour measurement using a Lovibond

Tintometer were performed. The results are shown in Table 3.

Table 3

Product of Ex. | Product of Com. | Refined Canola

2 Ex. 2 oil

Fatty acids and glycerol (%) 20.4 13.9 0.01
Monoacylglycerols (%) 5.9 6.3 0.13
Diacylglycerols (%) 14.3 12.5 0.55
Medium-chain and long-chain 50.2 58.8 0.00
fatty acid triacylglycerols (%)
Long-chain fatty acid 9.2 8.5 99.3
triacylglycerol (%)
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0.2
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Environmental

Bleaching earth 0.14/kg Okg 0 Okg

disposal

Maintenance
1.82

0.45

40000/man yr
0.45

0.00005 man yr 1.82 0.00005 man yr
1 0.45 ) 1

Manpower
Repairs

Cost (USD/t of oil) 27.82 387.82

Having now fully described the present invention, it will be understood by those of

ordinary skill in the art that this invention can be performed within a wide and
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25 Tabl e 3 Product of Ex. Product of Com Refined

Canola 2 Ex. 2 oil Fatty acids and glycerol (% 20.4
wa008/02:904 Monoacyl gl ycer ol S (%9 5.9 6.3 0.13PCT/MY2007/000025
Di acyl gl ycerols (% 14.3 12. § .55 Mediumchain and

éc@ﬂ;@l‘eﬁh?’é eS8k Gondfiofs Ofoﬂﬁjlaﬁcﬁlist yn@qjafhnha“teracwitlgjuyceé‘ecﬂr@ the
Long-chaj n fatt¥v%fld 9.2 8.5 99.3

%CPP%EVP@W@@MI ag 37t TR0 P8I81 026909 17

PCT/ MY2007/ 000025 Col our Red 0.5 0.5 0.5 Col our
Yellow 4.3 4.5 3.9 Conparison of Processes Cost is
one of the inportant factors of an industrial process.
Generally, it is desirable 5 to keep the process cost
as |l ow as possible. Table 4 shows a conparison of the
esti mated process cost of this invention between that
of an enzymatic process for the production of

medi um chain and | ong-chain fatty acid
triacylglycerol. Table 4 10 Raw Materials This

I nvention Enzymatic Esterification Cost Dosage Cost
Dosage Cost (USD/unit) (Units/t oil (USD't oil)
(Units/t oil) USDIt oil) Catalyst |on-exchange Resin
80/ kg 100kg 19.9 Enzynme 600/ kg 80kg 381 Post refining
Ol loss 0.7/kg 5kg 3.5 5kg 3.5 Bleaching earth
0.5/kg Okg 0 Okg O Gitric acid 1.5/ kg Okg 0 Okg O
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Utilities Electricity 0.07/kwWh 15kWh 1.05 5kwh 0. 35
Steam 0. 02/ kg 30kg 0.6 10kg 0.2 Water, air, nitrogen
w©®2®8024909 Envi r onnment al Bl ea%]i ng earth 0. 14/ kpCDky2007/000025
Okg O disposal Maintenance ™ Manpower 40000/ man yr
0. 00005 man yr 1.82 0.000@bAm® yr 1.82 Repairs 0.45
10.451 0.45 Cost (USD't of oil) 27.82 387.82 Having
now fully described the present invention, it will be
jundepsre@ettibl ndiasEofdn oib&ict fadtontaikinglacyiglyclel asterstihatding

this invention can be perforned within wi de ,apd

ClsgHa DGO B PRGN G sne-HiR A1 neoh aRfeGieerol
c@n? fdihd @BRrifibAIbadtionBiwedNgn paylagreteisnov aritbah acyl group
st s rost§SR B8 e PR35 BBl y ateas
oHQFéwgﬂ?ﬁf@%@;%. CLAI MS 1. I A production nethod of an

oil a at._cont [ acyi erol esters . ' .

i acylgrseerel & dnel BF- SR CHAT LT Sha R in tre
pfalehye ath thetgrbgenygliy clesmiksl cafalgsdpnsistinggpf an ion-exchange resin
esterjfication reaction between an acyl group donor

PEERE iRNacyl group acceptor to obtain a reaction fluid
that is further subjected to dehydration and at | east

one separation nmethod; characterized in that the said

esterification reaction is conducted in the
2. A method according to Claim 1, characterized in that said ion-exchange resin

is a strongly acidic cation exchange resin.

3. A method according to Claim 2, characterized in that said strongly acidic

cation exchange resin comprises a sulfonic acid functional group.

4, A method according to Claim 1, characterized in that said ion-exchange resin

can be regenerated and/or bleached for reuse by subjecting to a strong acid.

5. A method according to Claim 1, characterized in that said esterification
reaction is conducted at 60°C to 200°C.

6. A method according to Claim 5, characterized in that said esterification
reaction is conducted at 100°C to 150°C.

7. A method according to Claim 1, characterized in that said esterification

reaction is conducted at a pressure between 0 and 500 psi.
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presence of a heterogeneous chem cal catal yst
consi sting of an ion-exchange resin 10 preparation.

w@2008/0mdhod according to O ajm 1, characteri zBdr/MY2007/000025

t hat said ion-exchange resi s a strongly acidic

gati on rexBeR@eorRY > Clbm31, fhdraétBesbdase el £y te@’cenflca’uon
Claim2, characten zed in that said strongly acid

rEagtion s eanchisie FeAsan6RBt fr5 B8 ABRAPNEIR ¢ aci d

functional group. 20 4. A nethod according to Caiml,
characterized in that said ion-exchange resin can be
regener ated and/ or bl eached for reuse by subjecting to

@ st rAOl‘m@tI’iwled:coraﬁwgao Chaiffet, ke drageeigsdinntBatt Ridhéyi Bbrbr is a free

cha erize t sadesterlflcatl reaction is
BreriE ek o4 b gBiakigd 000 61ouR GrTAIGRTSE B TRgeeT partaly

ranwdmnganshmg,aaﬁdeﬁume& therebhat sai d esterification 30

reaction is conducted at 100C to 150C. 7. A nethod

according to Claim1l, characterized in that said
esterification reaction is conduct ed at a pressure

B BB wROsaRNS B Ol AAeaed I e B LRy solecec
foharsatiated z@dunsatdrbietl faty dcrist iRdvirfd caol o caﬂﬁﬂcbtoﬁ& rcﬁr the
cte presence of .an inert at

SROHENbG! AAEYiERE B350 @ oM A o D MRUTHEE Haky acids

l'&aind 6&0)2!4 cii@himf atbmsaorf the eroduatidnyofanédiurhftBainGmad 16®)-chain fatty
dtt ’:i rom t he group conprising of crude, refined

a5 B%‘fytgygﬁmyes Pefined oils and fats, and mixtures

thereof. 10 10. A nethod according to Claim?9,

characterized in that said group is selected from

saturated or unsaturated fatty acids having 2 to 24

1dar ban nattioots atardihheo @laiod UGt icharaoferizkdadry lilgHt ysadd @hturated or
est.er nd fr sat u aturated fatty acids .

o S AR 2ot oot BRE, PR B Slprpie. Seetc

au:ei;ilpmpmhralaudabdtyh@agldpmmb beitlt yapreiciatid, renacthipl yuidr @lprylic

acc

R Hrads oo T e SRR, B0 M, it oo
rivaistojei@acid spaaitic rgid2 palmit@éiccaich acoradrnacidyesyednie, acfdpbleic acid,
e‘lea)fglgp flacﬁd, %%ﬁ%lse(iinic acid, linoleic acid, a-linolenic acid, v-linolenic acid,
stearidonic acid, arachidic acid, arachidonic acid, gadoleic acid, arachic acid,
dihomo-y-linolenic acid, eicosapentaenoic acid, behenic acid, erucic acid, adrenic
acid, docosapentaenoic acid, docosahexaenoic acid, nervonic acid, or an isomeric
form thereof; fatty acids derived from vegetable and animal oils or fats selected from
the group consisting of canola oil, coconut oil, corn oil, cottonseed oil, palm oil, palm
kernel oil, peanut oil, rapeseed oil, saffiower oil, soybean oil, sunflower oil, olive oil,
rice bran oil, corn bran oil, borage oil, evening primrose oil, flaxseed oil, grape seed
oil, linseed oil, argania oil alfalfa oil, almond seed oil, apricot kernel oil, avocado oil,
babassu oil, baobab oil, blackcurrant seed oil, brazil nut oil, cocoa seed oil, camellia
oil, carrot oil, cashew nut oil, hazelnut oil, hemp seed oll, kiwi seed oil, macadamia
nut oil, mango seed oil, melon seed oil, niger seed oil, peach kernel oil, perifla oil,
pistachio oil, poppy seed oil, pumpkin seed oil, rambutan seed oil, rosehip oil,
sesame oil, shea seed olil, tall oil, walnut oil and wheat germ oil, beef tallow, lard, fish

oil, and marine oil; those obtained by processing of oils or fats, hardening,
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acid, propionic acid, butyric acid, valeric acid,
caproic acid, enanthic acid, caprylic 20 acid,

w@edoanygom ¢ aci d, capric aci d undecanoi ¢ aci dPCTlmmmﬂ/oooozs

acid, nyristic acid, nyrlst%}elc acid, palmtic acid,

yﬁirﬁgér@hém Ctraﬁ$&ierm©@clm“cﬁ r%ﬁbl@imsﬁﬁ&ﬁrﬂré‘ct@ﬁétﬁ)n Qilﬁi'llé‘tlon fat
pet rosel inic acid, linolelc acid

el ai
3B figo 6 & by | ProceeoPdMAEclyris BY Means &F paHmatic hydrolysis
acstdam ayaolyisit endeixuregthaeddirdoni ¢ aci d, gadol ei ¢ aci d,
arachic acid, dihono-y-linolenic acid,
ei cosapent aenoi ¢ aci d, behenic acid, erucic acid,
adrenic 25 acid, docosapentaen0|c aci d,

cosahex oi C nervonj c acid, . or an isoneri
B o BB OE cpaiing to. KM GBS B erisap JBgbraaRg sarated or
amnaltmhtedlﬂaﬁy 9md§ axtasmgel ﬁ@@@brﬁb@ﬁtorﬂidﬁuag fb@u Iﬁbr example caproic
gontse'&%é %ac(jﬁs |capra§t1: ﬁ?lg,l qelar%cgrlgr@ch eqa:ng: a‘é'fji und&ggrpmq acid, lauric
adidl,, myrasplesamj rajristolsiaf dcidy warmiae lacids @elpaIei®iatid, zoomaric acid,

il bran oil, corn bran
%F?”C o t&é%c gFig., e'@\?écrﬁcefg Pﬁwﬁﬁ‘f’f&@@cwp finoleit a¢ideadingenic acid, -
ot seidd sBéhriRlohic héials ar@hidid acia!l GrdthioRid adif ?afié!evc acid,
oi | aInDnd seed oil, apricot kernel oil, avocado oil

YapE 459 dihorpersiingienis |acidy eigorarantagioics agid. behenigpgidi ferucic

a9, rdnic @@i@oé‘oéiﬁgﬁérﬁéénomcm |ddc§sah%k£eno‘r‘@%&9t n&dnic acid, or
cashew nut ojl, hazelnut oil, h enp seed kKiw see

¥ [soMpHE sAihgTeqkuiBttviprids dafivrs keBregeirbleraidornimekeils or fats

@léotemfr@}ﬂfthé ﬁﬁijiOhSlsW&rbaKSFaQ@I' c&ohut &?rch @I Qbitonseed oil,
P oi |, punpkin seed oil

i stachi o oi
&%{H‘tﬂﬂt pAimdseme! 8!'4 peaf‘%‘é'h raﬁeﬁwd OIB saidewarnail, spybeas pibesunflower

Gieeveodil, ricé dtdn @i, lorWrbR B, BrhgPBil VERAY pgr%FdQeCBlll ﬂaxseed oil,
and marine oil

beef ta | ar fis oi |

%B?%?ﬁ%%o'gyna?%@%ﬁrﬂ@'%f)" 8ifai& @il araend S?ﬁ&r%@pﬁ@ot kwnel oil,
R/008403i6 DABastl MCHAMIERASIT bR ANt é'éé‘érd?l‘f?l 8R21 h@Deil, cocoa seed
transeﬁterlflc tion, or r?ﬁgon1sat|on racti onati on,

SEMP %lofl GRIT é){l c%s'gpwtqu qz,a,@g%onbmegmqw bcg)l kiwi seed oil,

paceesta Afit ¢y dmby%b@d I@y MBlBRSesd off Ay ohyﬁéééhxk%h%l oil,
or. st eam hydro| ysi s; m xtures thereof.

RESlA Gl Rigte %Pﬁgﬂqpayéﬁ%\ o P@m%wa%egét%riai%ﬂarhsqq%&" rosehip

sllabekapid oif, dheslsesd oill rr@pdnuwahaﬂoﬁ and Mh@é’c'g@ﬁn'ﬁﬂVbé@ ot lard,
., caproic acid

b npl e
Bl 78 maliee oLLBRyP oty B FEbsega, of als oy Fenplardering,

I@ﬂrd@en@ﬂwﬁqmb,@te&ﬁ‘daﬂon' aulrafdond&dtidn, Métticdtien 2@istiation, fat
amt(%am aImtoIelc acid,

ristoleic ac
%@H&r ES%SP%'”G%V REHF O Q&‘i’r&%sﬁltéf wegns of engvaalis bydrolysis
actedm petrolgsis] dndi rmixaedsthekebnol ei ¢ acid, a-1inolenic
acid, y- linolenic acid, stearidonic acid, arachidic
acid, arachidonic acid, gadoleic acid, arachic acid,
di hormo-y-Ilinol enic acid, elcosapentaen0|c aci d,
adreni c, aci

oo ook GeRPaSrerERS §19ae sadREEArn dhatsaid acybgroumpeosptor

igseldcte®from the group consisting of a glycerol, a monoacylglycerol and a mixture
thereof, for the production diacylglycerol esters.

14. A method according to Claim 1, characterized in that said acyl group

acceptor is selected from the group consisting of a glycerol, a monoacylglycerol, a
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an isoneric formthereof; fatty acids derived from
vegetable and aninmal oils or fats 15 selected fromthe

w@emap2eonsi sti ng of canol a %' |, coconut oil, POI/NMY2D17/000025

cottonseed oi | pal moil, palmkernel oil, peanut
%gl)fcéﬂﬁ%ﬁ@da ﬁii)&turestaélfebpmfthelﬂroduzﬁgrbeamamUm -chain and long-

sunfl ower olive oil, rice bran oil, corn bran

Han fa%\be%%gla@yglyceégle%q@ prinrose oil, flaxseed oil

grape seed oil, linseed oil, argania oil alfalfa oil,

al nrond seed oi I , apricot ker nel oil, avocado oil,

babassu oil, baobab oil, blackcurrant seed oil, brazil

Mt A Imetific accos@ing t2Tlainl 1, tamed i acturbctedzedr ot thal $3id acyl

cashew nut oil, .hazel nut

o Soneh g 130 S Pige 0B TG gt 8eor

@blip ofMi=@Bsicys g@Upeicteptpeach kernel oil, perilla oil,

pi stachio oil, poppy seed oil, punpkin seed oil,
ranbut an seed oil, rosehip 0|I sesane oil, shea seed
oil, tall oil vval nut oil and vvheat ger m oi I , beef

al | ow, rn.';. SE.;

{ﬁot al’?ﬁéaetg9gpar°88@éq gcb Ggim, 0|q1 rsTﬁ o'lra C% I?éSA '«%glﬁ]%e%l"%g?ﬂeigcanon

fayetiongie rtatrriemnoutt in &hs @sdsencd bt atmaomacyglycemdomiteapiasiugtion of
ra tIlon |to distillation, fat splitting; those
BVIENREP 55h ocess of hydrolysis by means of

enzymatic hydrolysis or steam hydrol ysis; and

m xtures thereof. 30 13. A nethod according to Claim

1, characterized in that said acyl group acceptor is

sel eCAedeihbd)mctchdlr@g dupClaiondi shargteszed iglthelepaid, eserification

l%%gtgq?q% %ﬁpé gyr' %F%cer%éég% gr}ogtoggféﬁgcgerolfawd 4 8 E%gylglycerol for

e posdiiction dion@iiammhain ardorgechein faéy acid ttummlyger otegery!
group acceptor is selected fromthe group consisting
of a glycerol, a nonoacyl gl ycerol, a WO 2008/ 026909 22
PCT/ My2007/ 000025 di acyl gl ycerol and a m xture
ere n isBicedih Hx‘éﬂ&w hich
et b abetfRl REEEHD 12 B T SR RN, o
mdooassjwagert corGrati im daid Irgactied fuid, ishearded @uf AYdWRK th h\tﬁcuum
BrfEPEEHhpdASI Ng
PSS B b fRoGRn sbs®, B BT 00q & Ao RaPUmhnaD:
said acyl group acceptor. 10 16. A nethod according to
Claim1l, characterized in that said esterification
reaction is carried out in the presence of a _
Bnoadyhgihpd excobrdingr tor Gleinprlo gheterigrizast in Hiek sy e Reegustion of
Ny tRpSlafhdrdsidual glycerol, free
GRkPaReertl s, id RapASLE FRER Ry Bphiathdrisidual oycercl
taanyraceis amdtmmnvapﬂglyp@f@ls!e steamotisillafighengleghpcdistlatighgnd the
a,di € f o8R0 UTealyferol and
Sena ?tg T e tesd far %e%ﬂirarathp ARG RIS OforR re 2eglyEerol a

ain d trlacY% ycerol esters.
other undesired compounds is molecular distillation or short-path distillation.

20. A method according to Claim 1, characterized in that for the production of
medium-chain and long-chain fatty acid triacyglycerol esters, the separation method
for separating residual glycerol, free fatty acids, monoacyiglycerol and medium-chain
fatty acid diacylglycerol is steam distillation or molecular distillation; and the

separation method for separating medium-chain and long-chain fatty acid
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20 18. A nmethod according to Claim1, characterized in
that said dehydration, which reduces water content in

waalod/ozaection fluid, is carried out by way of PUBBDZNT/000025

mol ecul ar distillation, noleCular sieve, dry inert gas
ofacglyieearobirora sagiousi dsng-Gainl ity Acietribodlpatdr ahdngthéoundesired

Caim .char act er.i in that for, roducti on of

G e PR TeE D afiBion ResreBpal eR®aBt hod 1 or
separating residual glycerol, free fatty acids and
nonoacyl gl ycerol is steamdistillation or nol ecul ar
distillation; and the 'separation nethod for

gépar At iavglgtycany kgley detwaling @ aiacylgbiceobbnd/or a medium-chain and

ri 1.l ol . r _undesi red ounds.
b2 SR ] Brogli Sy KB mEREE B FTniTo amyone of
#@.préceiptgwammaccording to Caim 1, characterized in
that for the production of nediumchain and

| ong-chain fatty acid triacyglycerol esters, the
separation method for separating residual glycerol,
free fatty acids, nonoacyl gl ycerol and nedi um chain 35
fatty acid diacylglycerol is steamdistillation or

nol ecul ar distillation; and the separation nethod for
separating nmediumchain and |ong-chain fatty acid WO
2008/ 026909 23 PCT/ My2007/ 000025 triacyl glycerol from
residual |ong-chain fatty acid triacylglycerol and
ot her undesired conpounds is nolecular distillation
or short-path distillation. 5 21. An acyl glycero
ester including a diacyiglycerol and/or a nmedi umchain
and long-chain fatty acid triacylglycerol produced by
t he met hod according to any one of the preceding
claims. 10 15 20 25 30 35



