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- SEPARATI ON TECHNOLOGY TECHNI CAL FIELD 5 This invention relates to _
separation technol ogy. A process, which enploys a near-criti ca% 50T £506 or
extracting |ipophilic conmpounds from urea-containing solutions is provided.
The process is garti cularly useful for extracting polyunsaturated fatty =~
aci ds, or PR308958% 1 i vat i ves, fromtheg filtrate obtai ned ?%@W“Wﬁzt he urea
fractionation of a mxture of fatty acids or their derivatives. 10

BACKGROUND Al ' i i strates

t he benefi ci M@@@ﬁ§%ﬁm§%@%0%ﬂ%@(m@on nption in
the prevention and/or treatnment of a 15 variety of diseases including

cardi ovascul ar conditions, inflanmmtory di seases and sone tunours [1, 2].
Therefore there is a demand for Eﬁl‘fﬁﬁ&lt mnyderivatives for use as, or
in, dietary supplenents and pharﬁgceu Ica is?ﬁt%%par ation of unsaturated fats
and fat derivatives fromsaturated fats and fat derivatives is 20 difficult

because the_unsat urated conponents are, susgeptible tgo thernmal and.pxjdative
degr adatsi onf EAHIVERICH gelates {9 SPWF%‘&PIOW'OM?W% “@&?‘rﬁ‘iﬁ‘éﬂsfaf@ﬁf'?m@ t hose
of the sat uyjal e FOAPRARMRbohilicLomPilRdS FOGE Meh b sdiifony s Btdidhed
conponents 1 n'the form of "parent riglycerides 1s nore difficult, because
the fatty ddiedgroesse is padiowlasly axefah fedextractinge polginsstaratéd Baiykdsidse oofthahe
triglycerideg.. . Therefare t parent oil.is usually,converted i 25 free
it by aci gk, dom e dyaie P B Gloutespd S ReontlicP P St 40h8h Tt o
pol yunsat urgfied: aes dsiasiked ed fractions is carried out. The use of urea
conpl exes to separate saturated and nonounsaturated fatty acids from

pol yunséxurated fatty acids has been known since the 1950's [3]. The
stability of the 30 conplexes f HRDE rea and FFA is highly
dependent on the degree of unsatlg |(#1i§| n t’%gff atty acids, with saturated
fatty acids form ng the nost stable conplexes and PUFA form ng the | east
stabl e. The_technique has, been applied to. the concentratign of_high_ value

al | cis-5, sihere 148 sybsiangial bobnoh ssserrel 3dich dempnsimgics ie pangficial effects” of

polyunsaturated fatty acid (PUFA) consumption in the prevention and/or treatment of a

15  variety of diseases including cardiovascular conditions, inflammatory diseases and some
tumours [1,2]. Therefore there is a demand for PUFA and their derivatives for use as, or

in, dietary supplements and pharmaceuticals.

Separation of unsaturated fats and fat derivatives from saturated fats and fat derivatives is

20  difficult because the unsaturated components are susceptible to thermal and oxidative
degradation and because their physical properties do not differ from those of the saturated
components [3]. The concentration of the unsaturated components in the form of parent
triglycerides is more difficult, becanse the fatty acids are randomly arranged on the
glycerol backbone of the triglyceride.[3]. ‘Therefore the parent ol is usually converted into

25 free faity acids (FFA) or fatty acid ethyl esters (FAEE) before separation into
polyunsaturated and saturated fractions is carried out,

The use of urea complexes to separate saturaied and monounsaturated fatty acids from
polyunsaturated fatty acids has been known since the 1950’s [3]. The stability of the
30  complexes formed between urea and FFA is highly dependent on the degree of
unsaturation in the fatty acids, with saturated fatly acids forming the most stable
complexes and PUFA forming the least stable. The technique has been applied to the
concentration of high value all ¢is-5,8,11,14,17-eicosapentaenoic acid (20:5®3 or EPA)
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cis-4,7,10, 13, 16, 19- docosahexaenoi ¢ aci d (22: 6co3 or DHA) 2f5 Q6T 2866 oi | s
[3], and to the extraction of yy-linolenic acid fromseed oils [4]. The
separation procedure is typically performed by dissolving a m xture of FFA
(or fatty WOO0ae§93deri vatives) in a hot aqueous al cohol %&mewﬂﬁ%at
contains the appropriate anount of ar da. Wen the solution is cool ed, the

area preferentjal |y l.i d _conpl exes .wid, S ed fatt ci and
these are B 8;5-4&7{@41?@;%1%%_5&% ﬂ%&&&%w-g‘i’%ﬁ%ﬁﬁﬁ"ﬂ em%é%rﬁo%ison,
whi ch i s eng ilehkegadtion dhediholedit actd ki dedsilsd8]. al so contains urea. Therefore
the fatty acids are recovered fromthe filtrate by solvent extraction with
a non-polar organic 10 solvent, such as hexane or isooctane, in which the
urea i s insgl : ' vent s
such as he@ﬁg%agantoﬁgﬂ %%%?‘?rgg{ }ygﬁgﬂ%ﬁ&gﬁgé\@gfdlggeﬁq% tgi i%@?ﬁ%ﬁﬁ f;bé% ltrate
obt ai ned f akidaeringives)da a hovbaueasaldohel solutian that odrtuies thé apifrdprimte fnadunyofaci d

derivatives is desjrabl e, particularly re.the. product is,15 intended
or Uoe s weg; D Jhe S foolef bt uh RASPLRA RYS SOLL FORIPTeA gHime
reduction Qhinfe fMHLEHSRRQ he3 l¢CRInoYEE bl GfPatibh. rﬁﬁt&@k&fsyaléo%phﬁrate

Supercritical tluids are selective solvents that have Tound application in
vari ous extspkution,ovhiclpisoaeishesisin unsatunpted dativt 4cidyl, alsd gontaimssrea. ddwisiarg the

conpar abl e that of a |iguid whi.le 0 exhi bi ti the diffusion properties
of B gas. - AR reeByart bt e s B e Tih iR R A A BB O vy
be varigd WhkBntP§RE S5 hdkafdeh ibRIFRNAE, 38 Whikh tHeAlrBOB itolblgle is widely used as a

supercritical fluid as its critical tenperature and pressure (31C, 74 bar)
are attained relatively easily. Furthernore, C02 is inert, non-toxic, cheap

and readi l ' I i i | ] L. fish oil
such as FFﬁhei \éﬁ){/ﬁ%&ﬁadé%f‘ éP@é&%ﬁ@%ﬁg&& n%ﬁ%g%slc e;%%(e %ﬁgé]%f&)?g%grnyl et hers
are sol ubl eftprURA cerdediivatvex tadih the fibtpe obtalded cfollowing 93 frackoeiatibie ooy €,

their solubility jncreases af. fixed tenperature and presiure when et hanol is

added to sdpErEs ok Fitder &ty qouh deriypipvgs isundestipote. Pauelenly whets tapredudt % i cal
C2 andysCanybitied YoP hge 'af)'gi[ &bGH WpBBaRh208Ys SO POPR AP Bedul Griflf aPdM xed

Wi th supercritica
reduction of the hydrocarbon solvent residues to regulatory levels.

Supercritical fluids are selective solvents that have found application in various extraction
processes. A supercritical fluid has a density comparable to that of a liquid while
20 exhibiting the diffusion properties of a gas. Thus, supercritical fluids have good solvent
properties, which may be varied with pressure and temperature. Carbon dioxide is widely
used as a supercritical fluid as its critical temperature and pressure (31°C, 74 bar) are
attained relatively easily. Furthermore, CO, is inert, non-toxic, cheap and readily
available,
25
Lipophilic compounds typically found in fish oil such as FFA, fatty acid esters, squalene,
triglycerides, and glycerylethers are soluble to a certain extent in supercritical CO; [5].
Furthermore, their solubility increases at fixed temperature and pressure when ethanol is
added to supereritical CO, [S]. Urea is almost insoluble in supercritical CO; and can be
30  precipitated from ethanol solutions when they are admixed with supercritical CO, [6].

Known methods for employing supercritical fluids in combination with urea to separate

PUFA or their derivatives from mixfures with other fatty acids or derivatives are batch-



Known net hods for enploying supercritical fluids in conbination with urea to
separate PUPA or their derivatives frommxtures with other fatty acids or
derivatives are batch 25 OCT 2Q06 WO 03/089399 PCT1N20310006b5305W@§5
processes, wth consequent |ow production rates. The use of supercritical
fluid extWaeP¥%fter conventional urea fractionation tPSTé‘Eﬁg?QQ??e PUFA
fromother fatty acids requires the use of organic solvents. 5 W01/ 10809

descri bes a.batch-w se .process in which pol yunsatyrated fatty.acid ethyl
esters can "B PRESHS: XAWr FRTALGHS 9We 'I“&?Esm%?' tr#B‘?e‘Ee I@,Klﬁ‘:*pﬂ'ﬁ‘a“‘i# g'é“dus'i ng
supercriti Glractioaftat cdhivartioRBlegsd! freGioaMehn 8! sBhdrite IPUFN #bm! RNRIEER IS, W th
the extent of recovery increasing with increasing tenperature [7]. No

appl i cat i oneqyires e gsqefoeganic sobvepisqui d  f eedst ocks is described, and the
applicants note that the use of co-solvents confers little or 10 no
advantage in the extraction of the esters. However, the specification does

descri bg t HEOOU$6800f destitas @l badch-@ise Prevassvianihielh pelyundangasd fatyl ycid etyised urea
systens, , neat FFA

to precipitate in the valves of_ the_ equipnent. |n other
or fatty acFigrsganbewepvaerd fiom selidemmlesgs Prﬁmgtﬁ%#\@ﬁ and Ugga usthg sapRicritical ¢ he

m xture co C i é‘hfﬁgl he.: r ids or
derivati vesIﬁ (ﬁ[ %te@glgiptr eé c?g%gél?ﬁébg?ﬁ g[hﬁgﬁ@%@ ;ﬁjéésf ?Pﬁggéu%i&gdg f%%%)?@;ci ds is
qui ckl y r eanhexing awith tilvecasingatemperatird €71c hNogmglidrtibore thisepoutss éb limpidposi ti on
of the extract in.the ocess_ becqnes the me as.the.original fatty acid
et al - ArdappE e BRh R 8 Sr s bris duf B Sfiptoomopent Yorteith 2 cal
Q02 ar gpm Xm%cﬁd%&é%c% 12l ebtirh@n OF He'BRrs THRFNEN Rle/spedifitatiBRAo RSreee 20
described. Sone of the esters are absorbed by the solution and forma solid
conpl ex wi tuse ofltianol F4v eo-golvant sdichawndasitably, cawserdigap it precipidate gyibe valsed ong
crystalli sa&;iﬂjs%n t nes, [3,9]. Fatty acid esters have been fractionated in
packed col $ ¢ PB’I%duce PUFA concentrates using supercritical CO2 after

conventional urea crystallisation [10,11]. However, this 25 nethod of
processi ng does not elimnate the need for organic hE/‘dr ocar bon_sol vents or

ensure t hatl Rihgr etsmBoreatBY 4 on fatly asid dgd wetivatarp dised sl i@sepsreriticabb@eand ¢ | s
theref ofe i :&%tﬁﬂ@%ctéd‘ﬁdtﬂrs%@g&?h{w%ib%% SuRERY A5 a%idgg)?%@ﬁéaﬁb f

extracting a po I C conpoun roma solutron con urea, ich
goes sone \[ag,% .ok eipacity of the solid for saturated fatty acids is quickly reached, and the urea

must be changed before the outlet composition of the extract in the process becomes the
same as the original fatty acid material. An alternative method in which esters dissolved
in supercritical CO, are mixed with a solution of urea in ethanol/water has also been
20 described. Some of the esters are absorbed by the solution and form a solid complex with

urea. This process has a low throughput, and requires long crystallisation times [3,9].

Fatty acid esters have been fractionated in packed columns to produce PUFA concentrates
using supercritical CQ, after conventional urea crystallisation [10,11]. However, this
25 method of processing does not eliminate the need for organic hydrocarbon solvents or

ensure that hydrocarbon solvent residues can be completely removed.

It is therefore an object of the present invention to provide a process for extracting a
lipophilic compound from a solution containing urea, which goes some way towards

30 overcoming the above disadvantages, or at least provides the public with a useful choice.



30 overcom ng the above di sadvantages, or at |east provides the public with
a useful choice. 2 5 OCT 2005 WD 03/ 089399 PCTI NZ03/ 00062 4 JHNNFRYIEF THE
INVENTION I'n a first aspect, the present invention provides a process for
extracti ng ali gﬂgﬁ‘gl lic conpound froma solution includi ncqq/ | east said

| i pophi licW and urea, which 5 process includes RCWRZP30he st eps
of . (a) contactlng the solution with a%near-critical fluid to produce a urea
containing precipitate and ase containing the

| i pophilic conmpound; (Db) semﬁtﬁi‘w’ﬁ@ﬂ fluid phase fromthe
urea containing precipitate; and (c) reducing the pressure of the

near-critical fluid phase to recover the |ipophilic_ 10 conpound. Lipophilic
conpounds  dfigh &5t @spastcile reseoMIVERFion pPBidessa Repeesh&bri srb@ptingon lipaphilide, but

are not |i v, such
as: fatty ?c%n?gﬁc?g?%ig Isc}altl@é%] %ﬁm £ alrt Il&%t #ﬂéi %?gﬁn%n%ﬁﬁam d a hﬁ%lgh fatty
aci d iadeesproalbmxlyﬁd:S%mma@dmeﬁm(rjcﬁ’ anﬂ 15 fatty fil gf)hol s. In addition, I
non-gl yceride |i pophijli ounds, such as, sol u vi t am ns, stero s,
wax esters, (dlzar SPA &‘ﬁ S?Br‘@'&lérab‘ﬁﬁ%“{t&‘&ﬁhll’@n@ PHOgHCeeg ARG ERtainiBE o) so
anenabl e to ext rp@ééiﬂﬁfés@ia%e&r &ﬁfcﬁﬁﬂlﬁépﬁéﬁ@cddﬂﬁﬂ%'ﬂ%tphg@ﬁfz%xﬁ%%d the fatty

acid or derivative’'includes a chain of  carbon at Is (s or 20
| onger. Par(}cu Isaratqtungrthef waar-exdtidal ﬂu@hﬁhw&mﬂmm@sniﬁhﬁgﬂ&mﬁt@z embat ur at ed

d h is-58 14, 17: t 3
By Al P 4 TingigEibe TuSieae oobbeBHC AR oseed bF by
6,9, 12- gct adecatcbmgg@idg acid (y-linolenic acid, or 25 GA);

9, 12, 15-octadecatrienoic acid (a-linolenic acid or ALA);
9, 11- oct adecadi enoic acid (conjugated linoleic acid or CLA); squal ene;

vitam ns A, b t nt hi n,
a- carotene ]aﬁcP hﬁlyl/ccc&%g% d er%ﬁfgﬁpi%é?&%%ﬁ g’fea rng(gt%ys Sﬁﬁllg n?&?xﬁ?n 161%%? rElCI -4
al cohol condgr@hdtilingitedab Ltteln@mweb/bf@;gmcaicesaﬁﬂ MycerdlethedOsusl hsi thhtfrucids; @y et hanol
containing splution. Optionally, the solution_ is, an aqueous al cohol

cont ai ni ng &#l Gt‘pbﬂc‘é’fﬁﬂ CFtRiE: @F“é%@@ﬁmﬁsnﬁﬂ%am amides; alkoxyglycerol ethers; and
15  fatty alcohols. In addition, non—glycende lipophilic compounds such as fat soluble

b

vitamins, sterols, wax esters, carotenoids and hydrocarbons (squalene, for example) are

also amenable to extraction by a process of the invention.

Preferably, the fatty acid or derivative includes a chain of carbon atoms that is Cyg or

20 longer.

Particularly preferred lipophilic compounds include polyunsaturated compounds such as:
all c¢is-5,8,11,14,17-eicosapentaenoic acid (20:503 or EPA); all cis-4,7,10,13,16,19- |
docosahexaenoic acid (22:6@3 or DHA); 6,9,12-octadecatiienoic acid (y-linolenic acid, or
25  GLA); 9,12,15-octadecatriencic acid (o-linolenic acid or ALA); 9,11-octadecadienoic
acid (conjugated linoleic acid or CLA); squalene; vitamins A, D, and E and the esters

thereof; and carotenoids (astaxanthin, -carotene and lycopene, for example).

Preferably, the solution is a Cy~C4 alcohol containing solution. More preferably, the

30 solution is an ethanol containing solution.

Optionally, the solution is an aqueous alcohol containing solution and the urea containing

precipitate is obtained as an aqueous solution.



precipitate is obtained as an aqueous solution. 2aCCTrflfl6 5 Preferably,
the solutionis a filtrate obtained fromthe urea fractionation of a :
plurality of |ipophilic conpounds. Preferably, the near-critizcal(8T dl8his
supercritical carbon dioxide. 5 The pressure of the near-critical fluid may
be reduced in a single step but is preferably reduced in two or nore steps
to provide two or nore fractions containing lipophilic conpounds. 10 The
ext r act i onPrefemblyi theldojutivaris b ddirgeatobtisned fvom ttheusa sraptioméss oflbgiwrhtytdfe ar ea
} containi ﬁﬁéci@&tat ~and near-critical fluid phase are continuously
removed fr © CHRPIEEEi on vessel without reducing the pressure of said
vessel. In a farther aspect, the present invention provides a process for
extracting at |east one 15 fatty acid froma lipid hydrosylate sol ution,

whi ch pr oc®ssfeiahlyl tdewantritiebBuidtihsuprapisabfarbor dipxidenbi ni ng t he hydrosyl ate
solution with area to produce a solid urea conplex; (b) separating the
solid canplex fromthe solution; (c) contacting the solution fromstep (b)

Wi th a nearphghjrdds@rdlofftha!hehrlBitBAIGUHE Ay BE &auce“d)ﬁ_t@giﬁ%@gneg;mIiﬁ)pf&éﬁb@nd a
near-critical fluid phase containing the fatty acid; 20 (d) separating the
near-criti ceducéd in dwpraseorer siepst ioepravisie oo fraptiensi intaniag lipoghilice)
reduci ng the pressure of the near-critical fluid phase to recover the fatty
acid. In aﬁmgg? ative enbodi nent, the process of the invention is used to
extract fatty acid esters fromthe solution obtained follow ng the
trans-esterification of a lipid with a 25 suitable alcohol. In a yet

f ur t herloas Jdet gxtraktioprie sisniratilnveamiddonupresvd destinnous aeressss fwhereint thectieag a
nen- gl yceride. conponent, fram an o..l L. utjon, said.oil .solution.conprising
an)oi I di sSBRGREE POt 4ndiiear eBicpl T phass 48 o miopdy emRAL OB Btess
includes algxkgadh vehiel ﬁ&tﬁmraiuc,lﬁ% thepres QP bRk vEQg. oi | solution with urea

to produce a solid ureal/lipophilic conmpound conplex; (b) separating the
solid conplex fromthe sol ution;

In a further aspect, the present invention provides a process for extracting at least one
15  fatty acid from a lipid hydrosylate solution, which process includes at least the steps of:
(a)  combining the hiydrosylate solution with urea to produce a solid urea complex;
(b)  separating the solid complex from the solution;
(c)  contacting the solution from step (b) with a near-critical fluid to produce a urea
containing precipitate and a near-critical fluid phase containing the fatty acid;
20 (d) | separating the near-critical fluid phase from the urea containing precipitate; and

()  reducing the pressure of the near-critical fluid phase to recover the fatty acid.

In an alternative embodiment, the process of the invention is used to extract fatty acid -
esters from the solution obtained following the trans-esterification of a lipid with a
25  suitable alcohol.

In a yet further aspect, the present invention provides a process for extracting a non-
glfce_ride component from an oil solution, said oil solution comprising an oil dissolved
in a suitable solvent or solvent mixture, which process includes at least the steps of:
30 (a)  combining the oil solution with urea to produce a solid urea/lipophilic compound
complex;

(b}  separating the solid complex from the solution;



25 OCT 206 6 (c) contacting the solution fromstep (b) with a
near-critical fluid to produce a urea containing precipitate and a
near-critical fluid phase containing the non-glyceride conpongn%;g[g-fj)znus
separating the near-critical fluid phase fromthe area contai nn
precipitate; and 5 (e) reducing the pressure of the near-critical fluid
phase to recover the non-glyceride conponent. The solid urea conplex nay be
di ssolved in an appropriate solvent m xture and the resulting solution

subj ect ed t(0) a prowesrg bk sohwionrfvemstepr(b) withxa neascriticddifidte progubels ureal 0
Advant ageously, the.urea obtained from t’thellet ﬁlCti on af. tqg ur ea, conpl ex
may be recycl e BRINEBEPEACARSA T PR M5 RS B RHg e PoP-glY5eiitess of
the invention. IRnpofiddt] | further aspect the present invention provides a
process further conprising extracting a |ipophilic conmpound which process

i ncl udes at{d) easteparhigngsthe psaredriticabilyifl pheiedboan thayea bentaivinggrenipizats;iapdphi | i ¢
conmpound conpl ex in.a suitable | vent or. olvent mxture to forma.

sol Ut o (8] candukits (e Pretans of e et T Efise 7 ot e mraebbitooduce
a urea containi ngmpph&fi pitate and a near-critical fluid phase containing at
| east one lipophilic conpound; 20 (h) separating the near-critical fluid
phase fromthe urea containing precipitate; and (i) reducing the pressure
of the nearzcritical fluid phase to recaover the |lipophilic. conpound.. In
Shot her et Sidattss sotalex RaR T Saroryed s SapBERoNeE: EERBRAN B
plurality %sult%?g LbiRaeh 'shibj@ct@@ 79 QUBAR e N XY &R0t ob¥xifhcP A6 888y Qkidkhe

i nvention. Although the present invention is broadly as defined above, those
per sonstoskiAdeatagaoushe thanreavpbtaingg frauithe extrciiont dfe thenuea taoopléxs maytbe

[imted to it t.hat. fhe inpventij.on.al.so . includes e di.nent.s of which the
For ) ot ng_decuitimidRegia et BYER: 80 DY Greetsinncesve B9/080H50
PCT/ Nz03/ 00062 7

In a still further aspect the present invention provides a process further comprising
extracting a lipophilic compound which proceés includes at least the steps of:
15 dissolving the solid urea/lipophilic compound complex in a suitable solvent or
solvent mixture to form a solution; |
(g)  contacting the solution with a near-critical fluid to produce a urea containing
precipitate and a near-critical fluid phase containing at least one lipophilic
compound;
20 ()  separating the near-critical fiuid phase from the urea containing precipitate; and
] reducing the pressure of the near-critical fluid phase to recover the lipophilic

g ) compouhd.

In another aspect the present invention provides a 'lipophilic compound or plurality of

25  lipophilic compounds when extracted by a process of the invention.

Although the present invention is broadly as defined above, those persons skilled in the
art will appreciate that the invention is not lLimited to it and that the invention also

includes embodiments of which the following description gives examples.



DESCRI PTI ON OF THE DRAWNGS Figure 1 is a sinple flow di agram showi ng a
process for the extraction of polyunsaturated fatty acids (PUFA&@&M%]&{]
oil; and 5 Figure 2 is a schematic diagram of an extraction appa 20V a
capacity of 10 litres, which is suitable for use in performng an

extracti onWBORYE? of the invention. DETAI LED DESCRI PTI ¢ 962 NVENTI ON
|0 The present invention is broadly di fected to the separation of m xtures

of lipophilic conpounds. i vl ir ect, the present
i nvention provides a pr oce@gmbﬁg‘bﬁﬂmémwgophi lic conmpound from a
solution including at |east said |lipophilic conpound and urea, which

process includes at |east the steps of: (a) contacting the solution with a
near - criti ¢a8urg | if asimpledlayydiegram shewing edmgsnionthe spiragiopiof aelsunsaigraded
near-criti qgl i i hisng the |ipophilic conpound; (b) separating
the near-cri i%gg(ﬁpﬁggﬁ%ﬁgggtoﬁ’r%%the urea containing precipitate; and 20
(c) redycing the pressure of the near-critical fluid phase to recover the

| i pophilic ,congqund. The, term "cgntact” ,as used herein generafl | y. means
admi xi ng t K& d¢ porhamatiy dijggam o pn extractipg gpparatys with R waireintd Odiisar at us

connect ed : Qs i 5 0 4 YeSa&lnBg.eci pitation
chanber astvglr“gh\slve Pb%nfgﬁn&e%b%}ﬁdgmg%ta.ﬁ)& ﬁiﬁﬁgﬁg’cgﬁ’gr at ugél{uﬁ%l udes, but is
not limted to: a static mxer; a nozzle; a mxing val ve; packing
(structured or random.; t i QJ N and concentric

pi pes. Preferably, th?%%mﬁ#@ﬁﬁi‘ﬁﬂﬁﬁbﬁfmwﬁmb% contacted using
a statig mxer. 30 The term "separate" as used herein generally neans
renmoving the stream conprising the near-critical fluid phase and the

di ssol ved [Thpapesehi tveatinpoisneroadly wiretied & e separstiontnf| mixtusss bl Hponhiliche

preci pitat %glml%u%adsfromthe stream 2 5 O CT 2006 WO 03/089399 PCT/ NZ03/ 00062

Accordingly, in a first aspect, the present invention provides a process for extracting a
15 lipophilic compound from a solution including at least said lipophilic compound and urea,
which process includes at least the steps of:
(8)  contacting the solution with a near-critical fluid to produce a urea containing
precipitate and a near-critical fluid phase containing the lipophilic compound;
(b)  separating the near-critical fluid phase from the urea containing precipitate; and
20 (¢) reducing the pressure of the near-critical fluid phase to recover the lipophilic

compound.

The term “contact” as used herein generally means admixing the solution with the near-
critical fluid in suitable apparatus commected to or contained within an extraction
25  vessel/precipitation chamber as are well known in the arf. Suitable apparatus includes,
but is not limited to: a static mixer; a nozzle; a mixing valve; packing (structured or

random); a tee-joint; membrane contactor, and concentric pipes.

Preferably, the solution and near—criﬁcal fluid are contacted using a static mixer.

30 | '
The term “separate” as used herein generally means removing the stream comprising the
near-critical fluid phase and the dissolved lipophilic compound from the apparatus, while
excluding the precipitated urea from the stream.



8 The term"near-critical fluid" as used herein nmeans a fluid that is close
toits critical point and thus includes both subcritical andzgyggr[cgfmﬁi cal
fluids. Near-critical includes the reduced tenperature range <T, <
1.25 (where Tr is the tenperature divided by the critical tenperature, T of
the fluid) WAKHE pressure ranges P > P' (where P, is t RET/BZAB4)805a r
pressure) for T < T and P > P (where P8 s the crltlcal pressure) for T > T.

Preferably he near I, t ,qu used is s al .. ne .
supercriticy Q‘FFE{/ a'lﬁ hﬁ‘?mtlﬂﬁan\sia%f“r“g&@ ‘§8f°lﬁ? Foﬁzﬁi’?‘cg PRUY; 1 ed
pressure (”an‘éISth!aarlﬁcladh@ mﬁlsﬁ@@iﬁcﬁmﬂr AlgéfcPitical TS INdarClitica) ibatadat myel v,
liquid CO2 can be used (T < 31. pressure %eater than 1D t he vapour

9

pressure ofre@@dé@nﬂgfaﬁ@fa@%%‘éﬁ ﬁé'érS BP9 (whaae Toisstbs tamperature dividesy tha t he
art such a I p e ape r ed

C2- C3 hydr o‘?:lg}c O%gﬁ'agr ﬁ%wcﬁﬁﬁf@ﬁ‘&r gﬁgth(e I?&ﬁll Zﬁg%ﬁs %Iuo % gﬁénﬁgm trous
oxi de; ssl fwpolnepradshadfor des T, shidfet Ryfwhehelis parctitied] byesane) ffnuT by .f 1 uori nat ed
anal ogues of dinmethylether; and m xtures of any two or nore of the above
gases. 15 Preferably, the tenperature is in the range 273-353 K, and the
pressure isp e feat- b t Ct'h%h

conmpound. | nl%%fréﬂaﬁtl cuea%rg??/(ﬁpﬁgf gl'ﬁre(%ﬂ%elﬁ il%férledri]?z g‘térglﬁ‘li% |bt| ca? FI uid is
supercriti cadmtﬁéﬂzmthﬁeﬁlﬁ&esdu@@rsatamemadqnmsml@?ﬁ bary endBBBSbBmpSatmand t he

i 150- 500 th
Phe range. 1562350 Bhy ANGHTEER DN AeR 8 B0t dS S» SR L B are
50l ubl €19 48RRI ATOS hi)or Shefidhr oAl Bbes i drdkithia B (B akthe

near-critical and one or nore Cl-C4 al cohol's. 25 Lipophilic conpounds
amenabl e t osushtasaghinsh eﬁwleae,mromﬁas,spropylmce biriapes rﬂucmtaieda ﬂzt@ehydmmrhoame not

limted to, ti of cero fatty
acids; fat t?/me%‘%?r F‘%ﬂ }L@ﬁq gnﬂef% '{”g é 1113:{5#@101&%; °d

am des; al kgnetykart;Qartiiliyend ﬁnlgzrmmriha&a unaaégﬁﬂbef&metuyle@% dnkl i tures of
non-gl yceride |ipophilic conmpounds such as fat soluble 30 vitam ns, sterols,

wax esters, WW@PEWFW@%PONS‘/&?%M bons (squal ene, for exanple) are also
anenabl g to extraction by a process of the invention. 5 OCT 2C, Va

Preferably, the temperature is in the range 273-353 X, and the pressure is sufficient to

ensure complete extraction of the lipophilic compound,

In a particularly preferred embodiment, the near-critical fluid is supercritical CO;, the
20  temperature is in the range 308-353 K, and the pressure is in the range 150-500 bar. More
preferably, the pressure is in the range 150-300 bar.

Suitable lipophilic compounds are those which are soluble in the near-critical fluid, or are
soluble in a mixture of the near-critical fluid and one or more C;-C4 alcohols.
23
Lipophilic compounds amenable to extraction by 2 process of the invention include, but
arve not limited to, derivatives of triglycerides and glycerol ethers such as: fatty acids; fatty
acid C;-Cy alcohol esters; fatty acid amines; fatty acid amides; alkoxyglycerol ethers; and
fatty alcohols. In addition, non-glyceride lipophilic compounds such as fat soluble
30 vitamins, sterols, wax esters, carotenoids and hydrocarbons (squalene, for example) are

also amenable to extraction by a process of the invention.



WO 03/ 089399 PCT/ NZ03100062 9 It will be appreciated that any l|ipophilic
conpounds that are not soluble in the near- critical fluid (hydrol K:Z%d - f,.
phosphol i pid derivatives, for exanple) will co-precipitate with th uB6d. 255
In addition, other conpounds that are not soluble in the near-critical

fluid, sucWB8BRY orophyl| derivatives, will co-precipi tBEFENZPBOIE he urea
Therefore, the process of the inventi on may be applied to at | east

partially C urise ] i lic.compounds. Pr r abl t fatty acid or
o vat i ve 0] BacbhSeiel thet s GispRRS 4P Bhaonh el 4 i sonfle if the nifrr

Par ti cul ar loyitigdl gfuet (& trolysed pl?ésgh&;j BRDMANS, FarCxgplep by Yo prbpiab Sdih
conpounds such as: all cis-5,8,11, 14, 17-ei cosapentaenoic acid (20:5co03 or
EPA); all. tkgwex 7 10,13, 16, 19- docosahexaenoic acid (22: 6co3 or DHA);

6,9, 12- oct adecatienoic acid (y-linolenic acid, or 15 G.A);

9,12, 15-octadecatrienoic acid (a-linolenic acid or ALA);

9, 11- octsadén adiition| ctheacorpdond jthag akre dol solobleiin the ingdarooritichlAJuids quedl &ne;
vitam ns A, hg nd E.and the esters ., thereof; and_carogtenoi ds (astaxanthin,
(i - car ot en&RISFRPRYY, dgrheatives. mall caspssripitale vish Shecirad| heretore. b popess of hea c1- 4
al cohol co i I pgiztﬁ,j ; iQNn is an et hanol
cont ai ni ngq%%uﬁ?ri{%%fgéd%{pih%g%a&t he slgIHﬁf'l'ialb%ﬁnm‘i3 is]ﬁogr?ﬂ%qcég{ggéﬂﬁbl ution, and
the urea co-precipitates with water to forma |liquid phase. Advantageously,

said |iqui ase e cont i nuousl! noved. fromthe extract.i vessel
under pr es%ﬁ%gr?‘gli"s{gg%%tﬁ’e?cé‘gPﬂ/f‘el}vﬁﬁv%%’?ﬁfﬁ'So%&?aén 8{1033%6% 8 g‘HEf%T“s?ﬁ ution
and is @ filddgente obtained fromthe wurea fractionation of a plurality of

| i pophilic conpounds. As discussed above, urea preferentially fornms solid
conplexes with saturated |ipophilic 30 conmpounds, for exanple free fatty

acids (FFA), .: r ' | r [ e I ' t by
2ddi ng o mEaAEeY pREGAARE baRnRluR eI, b AERHEN st S WL, 2
al cohol usetl tis-3gsierdal Fglcavepdntaendic cacice (2ol dIUEPAY albtcid-4,Tild,e3116,09r et 0.
Upon 25 %Ecozsgﬁ')e?{agr\gicogf:/ido (%.836%0% o?gwgﬂl%?o%?a%ecatﬁcnoic acid (y-linolenic acid, or

15 GLA); 9,12,15-octadecatriencic acid (o-linolenic acid or ALA); 9,11-octadecadienocic

acid (conjugated linoleic acid or CLA); squalene; vitamins A, D, and E and the esters

thereof, and carotenoids (astaxanthin, B-carotene and lycopene, for example).

Preferably, the solution is a C;-C4 aleohol containing solution. More preferably, ihe

20 solution is an ethanol containing solution.

Optionally, the solution is an aqueous solution, and the urea co-precipitates with water to-
form a liquid phase. Advantageously, said liquid phase may be continuously removed
from the extraction vessel under pressure.

25
Preferably, the solution is an aqueous alcohol solution and is a filtrate obtained from the

urea fractionation of a plurality of lipophilic compounds.

As discussed above, urea preferentially forms solid complexes with saturated lipophilic
30 compounds, for example free fatty acids (FFA). The urea fractionation process is
generally carried out by adding a mixture of FFA to a hot aqueous alcohol solution of

urea, The alcohol used is generally methanol or ethano! but is not limited thereto. Upon



10 cooling, solid urea conplexes formand these may be filtered to give a..
filtrate enriched in wunsaturated fatty acids. The rel ative cgniemffaztﬂbé)ns
of al cohol and water influence the degree to which FFA or 5 thei :
derivati VeS03sBso pl exed by urea. The ratio of urea to %Fcéng%uowe final
tenperature to i'ch the solution is ggoled, also affect "the degree of -
conplexation [3,4,12]. The effects of: water content (relative

concent r at i,gf)g 0dolig W QxS RiRARE khés@mh‘é’?‘%@ﬁ)téred 1PgivE Hirfhed! [ L O
FFA ratio; and urea to sol'vent ratio on the separatl%ln of FFA have een
quant i fi ed ubsaiurstgdfatigriacigs.. [ 4, 12]. Increasing the water content of the

sol vent above 10 % by nass causes a sharp reduction in the renoval of
saturated fatty acids and nonounsaturated fatty acid by conplex formation

wWith urea [rhe thtivel dime@rstiog: sfhacokel &id waeNinfikncsubs dagibd & Witich Fduces t he
solubility of fatty and esters, and to a_ | esser extent, FFA 15 However, an

i ncreasé i mheithderiyatives asnewpplexsfay apaqnTha satier of apar i FBA. 6pd b figilea and
FFA after dJ i.at. o |, t ' e water
content i g‘%“?@ agéelg éf’ h%h@%l%%%F@ﬁégpéfé%@%débﬁ%n%@%g[%%hg%%?%%g%{}g%% reached
to bal ance[3hg2].nverse solubilities of FFA and area. 20 The ratio of urea

to FFA determ nes the | oss of high value polyunsaturated fatty acids
(PUFA). At high urea to FFA ratios, the conplex formation process becones

i ndi scri m AL a0 de! BEHEEIrRGS BRlal E’&ﬂéégntﬁgs;igrﬁf a&\s&{b@w m{ahoﬁ@twét es and

nost nonounsaturates are al so conpl exe the ratio decredses, the
pr ocesslobe tammesatumpurea s& FEAt e #drrdai to solvyntaatic omtlessepantibrt SfEFFA have

nonounsat urates [4 AL | ow .0S, only 25 saturates_are conplexed, and
[he_br ocesornbar by Batesd” fabG I Hrasioink doy @i titsat SpBeSpREmRLoR o
separ ati on. oSy alaby carlsBE al QURCIAAMOR BIthMVRERIvA M8 ShRtaEHdySRAEAOMd akes

pl ace i nfluences the extent of = conplexation of saturated fafty acids (SFA),

nmonounsat umzmeshshiatatgd fagl dsid(bivigpmiplex Posmatios eithnuasa 1412hr &wesasing thekwatsyl ycer yl
th AGE fatty. al cahols. The.l the,t t he | th
col ubi 1ty oottty 806 Tue BT T A0 bR R oot REeniH A of

conpl exat i evRberabh ifdréhss RE tHeRatér3dontedt Snabled ad @akier separation of the urea and
FFA after dissociation of the complex by heating [13]. Increasing the water conient

increases the solubility of urea, and so an optimum may be reached to balance the inverse
solubilities of FFA and urea.

20  The ratio of urea to FFA determines the loss of high value polyunsaturated fatty acids
(PUFA). At high urea to FFA ratios, the complex formation process becomes
indiscriminate, and large losses of PUFA occur, although all saturates and most
monounsaturates are also complexed [4,12]. As the ratic decreases, the process becomes
more selective for firstly saturates, and then monounsaturates [4,12]. At low ratios, only

25  saturates are complexed, and the process must be repeated many times to achieve the

desired level of separation.

Similarly, the temperature at which the crystallisation takes place influences the extent of
complexation of saturated fatty acids (SFA), monounsaturated fatty acids (MUFA), PUFA

30  and, if present, alkoxyglyceryl ethers (AGE) or fatty alcohols. The lower the temperature,
the lower the solubility of urea in the solvent solution, and the higher the degree of
complexation of all FFA species [3].



WO 031089399 PCT/ NZ03/00062 11 |In an alternative enbodi nent, the urea
fractionation process is carried out by passing an al cohol, or aqueous

al cohol, solution of FFA or fatty acid derivatives through a p? % ?g@oor
colum of finely ground solid urea. The al cohol used is generall'y "net

or ethanoly ?ldgmdg oot limted thereto. CGenerally, the process is performed -
at a tenperature Wnere SFA or derlvaltlves forma solid E6RPEZANME% h t he
urea. Preferably, the process is perf drmed at a t enper at ure where MJFA or
derivative LiRAatRR ar at ed
fromthe so %‘g mat er | a Og&gér%atl%ﬁéﬁbﬁaﬁlﬁ@aﬁ%%ﬂé#ﬁ %gﬂg%f e
means, to @lcebolaof adueowst dcwﬂml chluntiombAFRA cﬂlfsﬁsjohmédemm(mﬂnbugh aqrmkaﬂhed I n

u'nsaturate att ac 0 The,optj mum or the se atjon of
PURA. 1 om etk et dhancly st Hid e, SRR sHES God DL tEHY B HBEL T e
t hrough rO‘éEHaﬁkﬁ 1R REAM TRARY! h88to. | RerRRiEly SID YRR » feff&%é&raﬁfa%&m}:&fmﬁehe

I nvention is used to extract FFA from an aqueous 5 et hanol ution

obt ai ned f otheranblvy Ot desivatiecs fbmatscluhmmldw with gheirga. uPrefayibly e progess & abl y,

t he concentr [ tween % and 3
v urer vt o o Hab St WBRE 3OFA i Rvieep Pt Bt OBk B ) 1 o o
by vol umered0 The sammaxh iﬁeﬁﬂhﬂe&ﬁoﬁ@@%ﬁm&teﬁﬂ%yﬁfeﬂﬁ%%noﬁhrhﬁtﬂl @@t ion is

used to extract fatty acid esters iap@AE) from an ueous et hanol sol ution
obt ai ned f &hifablg mja!tlasnéw%afﬁlé@teu Whigh | eontaings dlascm t wiee a9l isApiched ¥ scussed
above, FAEu?Huer@ ¥l €ss soluble in ethanol/water mixtures than are
PFA. The determ na 15 the appropriate ethanol/water ratio for use 25 in

such a jprocess is W|th|n the ability of those persons skilled in the art.

Preferably, the concentrati f water solution is b tvveen .5 % and
20 % by thar?@tlmww 3%?49 SGH*’JF@OE&Eé’Q%ﬁ BPmoh IEFULS “Wiifeen 5 %

and 10 % b 14@’]@ ﬁ:%d oﬁé(]xer ﬂténo?la” | cuI arly suited
to the extractlono FA or tatt agfrd rlvafe&% romtheflltrate

obt ai ned followi ng the urea fractlonatlon of oils or fats obtained from
ani mal or p ant SEMESER; 1R titte driniiTeriBh 3 1T Y LiracP ¥haFch A0Lquebll 80 tO:

15 ethanol solution obtained following the urea fractionation of a mixture of FFA.

Preferably, the concentration of water in said solution is between 5 % and 30 % by
volume. More preferably, the concentration of water is between 10 % and 20 % by
volume,
20

In an alternative embodiment the process of the invention is used to extract fatty acid
esters (FAE) from an aqueous ethanol solution obtained following the urea fractionation
of a mixture of FAE. As discussed above, FAE are generally less soluble in ethanol/water
mixtures than are FFA. The determination of the appropriate ethanol/water ratio for use

25  in such a process is within the ability of those persons skilled in the art.

Preferably, the concentration of water in said solution is between 5 % and 20 % by

volume. More preferably, the concentration of water is between 5 % and 10 % by vohume

30 The process of the invention is particularly suited to the exiraction of FFA or fatty acid
derivatives from the filtrate obfained following the urea fractionation of oils or fats
obtained from animal or plant sources. Such oils and fats include, but are not limited to:

oils obtained from marine organisms (especially fish, shellfish and seaweed); animal fats



oils obtained frommarine organi sns (especially fish, shellfish and
seaweed); aninmal fats 2 5 OCT 2006 WO 031089399 PCTI NZ03/ 00062 12 such as

butter, lanolin or lard; vegetable oils (including oils deriv f
purifi catl on_of veget able oil's such as olive oil deodoriser 32& ﬁﬁppazﬁand

soya oil dety BV “di stil | at e); conplex lipids (especi aPCYNBIIpi3ol i pi ds
and sphi ngohpi ds); seed oil s (especi alle borage, evening prinrose,

bl ackcurrant ,, Ech um nar saw in and
Biota ori er‘f‘Plélf?cgtﬁ %A%P" Zﬁf‘i veg ﬁ%@’é@d] °4£€eqvﬁ@§ﬂﬁ%%p%gé§%ci ally
suited to tdreregivlasid ﬂmmf; okl Hédaahsdr dllstibate and seAedil ddoabriser distilié); seed
oils, and to the extraction of conjugated PUFA fromanimal fats. |0

Accor di ngl yomplexdimédsdpmseiniiepospalipidsand sphiagolipids);iseed dilsreweeially bosags. an
extraction el‘(zsrﬁﬁ ln% AEEL RELL tﬁ&:ﬁﬂ”%ﬁr{gﬁ%hqﬂéﬁho‘%{o%r Al fpo i doon

obt ai ned f urea TtracétTonaton o suita bre p cessed ol
or fat. sPr qﬁm’rpkbﬂemdﬁzdﬂaowebe‘aw) drdtout il i sh oil or seed oil. 15 Suitable
pre-processing generally neans that the oil, conplex lipid or fat has been

processed to renmove protein residues. In addition prior to undergoing urea

fractionat 'ﬂi% £t0&5§eoﬁhé mv&‘ﬁ&fHﬂ'u?ésplehB ﬁﬁsﬁlg&d {Athe bRt RG0S bAPUFA RGN RiVGRI tO

yi el d FFA, ns-esterified give FAEE, or converted' to

ot her deri \&helﬂﬁehsllslamtmé ets, ahd)tndhe QémabﬁlomwﬂdonjugatathUE&fatnemmhmtsm S

al ready enriched in FFA (such as olive oil deodoriser distillate, soya oil
deodoriser distillate, and saw palnetto oil) nmay be subjected to urea

fracti opat l@&owlﬁgllsohﬁ oY Sh Y ddér, suFéx@ﬁ@&EC@E isf h&aducedin®s a Mo Riksel 0 Ot her
derivatives. Accordingly, such oi undergo urea fractionation directly

af ter di ssdbgathesnwith the 28uesus telinel sﬁitrvfensolmors oibiained fellowing:  the ugha as
et hanol h neously reduces the pH of the
filtrate sﬁ%ﬁ ﬁgngﬁﬁg‘g%ﬂlyéjﬁgm%e% t{Fta fatty acid derivatives, and nost

of the ethanol. Ethanol acts as a co-solvent, which greatly increases the
solubility of the FFA. Urea and water are precipitated into the extraction

30 vessel , Prplgraslynthseilosfatiniihed) of seebilied as a 1iquid solution of urea in

wat er . 15

Suitable pre-processing generally means that the oil, complex lipid or fat has been
processed to remove protein residues. In addition, prior to undergoing urea fractionation,
the oil, complex lipid or fat is generally hydrolysed to yield FFA, trans-esterified with
ethanol to give FAEE, or converted to other derivatives discussed above.
20

It will be appreciated that oils already eariched in FFA (such as olive oil deodoriser
distillate, soya oil deodoriser distillate, and saw palmetio oil) may be subjected to urea
fractionation without hydrolysis, transesterification or conversion to other derivatives.
Accordingly, such oils may undergo urea fractionation directly after dissolution in a

25  suitable solvent or solvent mixture, such as ethanol or aqueous ethanol.

The CO; simultaneously reduces the pH of the filtrate solution, and extracts the FFA or
fatty acid derivatives, and most of the ethanol. Ethanol acts as a co-solvent, which greatly
increases the solubility of the FFA. Urea and water are precipitated into the extraction

30 vessel, and can be continuously removed as a liquid solution of urea in water.



2 5 OCT 200u WD 031089399 PCTI NZ03/00062 13 The CO2 sol ution of FFA or
fatty acid derivatives is transferred to a suitable vessel where the
pressure is reduced to the point where ethanol and FFA are pre@ @iﬂ@f ﬁﬁ'i‘ nto
the vessel as a liquid stream 5 The pressure reduction can be carf but
in one stegvgrosfﬁ’gﬁgt}i ple steps, to give nore than one fraction of FFA. FFA
may then be recovered fromthe liquid gtrean(s) by evapoPaliNgA/WP62et hanol .
Generally, as the pressure is reduced, "those fatty acids or derivatives that

are | east I ol [ =Gl kol fluid will precipitate,first. The
most. sor ubi® F2b fopulih bR S AR baf el et AR EMA S el or o 1
wi || be appieqgtssireds tethided go the poinewhére 2thanslahd ORACKe péipRitedingt theveseél t he
fatty acids 0{, dgri vatives from one another may be achi eved. The

fracti onat POhITEe FE8Hed to nol ecul ar mass and to a nuch | esser extent
degree of 15 unsaturation, as high nolecular mass, highly unsaturated fatty
acids or derivatives are generally less soluble than are | ower nol ecul ar
mass cofpodhe presfurgeghitioncan berpatiedisut inbnsitep bomultiplestaps.ao givessorb than

different polarity s as and FFA or FAEE al,so,. he fract|qnated
accor di ng 8 g‘?@h‘é 1"? g& cele% e éﬁ‘l’“@’? rﬁ‘fpvﬁeﬁgﬁﬁlﬁt h\?‘e‘lwg ﬁFe‘i“ﬁgsjag’éﬁ tion to
fractionat LppoR¥iod beRhiose pressure reduction, the FFA may be further
fractionated'in a packed col um. Advantageously, the FFA and et hanol
solutions resulting fromthe separation steps(s) nay be subjected to an
additional urea.fragtionation step,.w thout.having t.o e or at h 25

et hanol , tgéf‘?{%l]yég% etpﬁeg%}rg I’Sarteﬁ\llcgg’lj&%s& BT d{"ﬁﬁtﬂgﬁsa%%e %a%isé)]ﬁl-glﬁr essure
wat er was h ik Wear-drisicalluid d4IC etcipithte Firdth A'he Xidsneslitdd fubly @pids anderivagidr e the

pressure reduction steps, to renpve _urea that i s extracted by near-critical
Co2 and etdlhduteipitelg lost s Therefore il will be upppepiptediiby @idpgree of 6ERAAUISAOTOf  PUFA

ethyl st kol fhofrdl PRI Yoifd GAALAAL Hoh Ve rNANAIR AR e 11 trate

fromurea fractionation cause, a I scusse ove, the solubility of area
increases with increasing ethanol concentration. Simlarly, an additional

wat er stream nay, be injected, al on ith the filtrat t the pojnt of
contact wi tHe EEstqationgy Ef‘\t]@ed( Ffbmﬁ?%ﬁf%maé% %CL%F @B fesser exteft degree of

15 unsaturation, as high molecular mass, highly unsaturated fatty acids or derivatives are

generally less soluble than are lower molecular mass compounds. Lipophilic compounds
of similar molecular mass but different polarity such as AGE and FFA or FAEE may also

be fractionated according to the difference in polarity.

20  Alternatively, or in addition to fractionation by step-wise pressure reduction, the FFA may

be further fractionated in a packed column,

Advantageously, the FFA and ethano! solutions resulting from the separation steps(s) may
be subjected to an additional urea fractionation step, without having to evaporate the

25  ethanol, to increase the relative PUFA content.

Optionally, a Iﬁgh—preséure wéte; wash column is introduced after the extraction step, and
before the pressure reduction stelps, to rémove'urea =tl:liat is extracted by near-critical CO,
and ethanol. This is particulaﬂy useful when dilute solutions of PUFA. ¢thyl esters in a
30  mostly ethanol solution are obtained as the filtrate from urea fractionation because, as
discussed above, the solubility of urea increases with increasing ethanol concentration.
Similarly, an additional water stream may be injected along with the filtrate at the point of

contact with CO, to improve the precipitation of urea.



2 5 OCCT 2006 14 In a further aspect, the present invention provides a
process for extracting at |least one fatty acid froma |ipid hy, roaﬁl_rate
sol ution, which process includes at |east the steps of: (a) c i ilmgZ806e
hydr osyl ate solution with urea to produce a solid urea/lipophilic conpound
conplex; 5 (b) separating the solid con‘p‘l ex fromthe solution; (c)
contacting the solution fromstep (b) with a near-critical f|UId to produce
a urea corhaifoither sp;pea; ﬂiet;&e@nandzeﬁti@eprovmebtai gratest |fout élxttﬂ&ﬁﬁ@aﬁiﬁﬂkt%ﬁbi ng
the fatty aci t he near-c ical fluid p sefromth urea
cont ai ni ng% e%ql‘é)g’ 11’19 Y @f‘mrsé‘ﬁﬁ [’{Cﬁié’f?ﬁeé%@ﬁ]i“ge%?t ¢aFEIRSES 6Fi ti cal
fluid phasgaf o LEegBUER o HE%}fd%sthat@%IQnon HathTiea W ﬁﬁodﬁ@aa%hém eﬁ@ﬁﬂﬁe

i pid hydrosyl ate sol ution as &a solid. However, is may requir
hydr osyl at e sol gompoutskéangples| d above anbi ent terrper ature in order to

di ssolve the urea, which re de L dat| on of PUFA. Accordingly,
t he hdeos}F)ate %ﬁ%tﬁ%sﬁ%onﬁ 1%3?]1[}9 %Ihbl ned with a solution of
urea, 15 Ingc@n %bﬁtﬁditﬂ%t 1h¥ @oRitibA didi® Blep (bﬁﬁqthlapmeirhﬁﬂémw@t@pﬁﬂhw hQReal S
added to finely solid urea which is_in the formof a columm or

packed bed. Gen@%wg Erﬁ@pﬁat@@eé g npa-crijicak dpidgaspcontaiipg thefetly acidher e SFA

d t
'S port or miy at "G Pedfe b SHEHHb e 0 HlolBeq c B R PRbigl D Bafl 475
conpl ex wi t(&) thereducaﬁg thetpeedsiupiod theymtaosyitied Eluibphase Grretsvep dsesfatty hbidough t he

colum or bed to give a filtrate which is separated fromthe solid materi al
by perclcglation filtration, or other suitable neans. It will be appreciated

that the sofhedirsl ﬁ\aﬁ%mﬁh@&w/\m& lipRE RRIradyIMe REuBBE kS BRBLH.N HRAER A madS
fajty acids while the filtrate will generally be enriched in unsaturafed

fatty aci dgequitgdhe hﬁh@ﬁy&ﬁ@lwg@mdw@@l@ ey apihignt @@ry@rﬁmmyn bﬁlebtﬁ dpsobu by
ther eof - a0tonttoRiey Snafyeebple M ABRio o SN Phecqilty, M ay st 'y
to being camnﬂwgéﬁbmﬂp‘&: corf[Hnﬁemyz(thassyluﬂbﬂ ofatedtion is cooled to a
t enper altsur e in the range between -20C and 10C,
In an alternative embodiment, the lipid hydrosylate solution is added to finely ground
solid urea which is in the form of a column or packed bed. Generally, the process is
performed at a temperature where SFA or derivatives form a solid complex with the nrea.
Preferably, the process is performed at a temperature where MUFA or derivatives form a
20  solid complex with the urea. The lipid hydrosylate solution is passed through the
column or bed to give a filtrate which is separated from the solid material by percolation,

filtration, or other suitable means.

It will be appreciated that the solid urea complex will generally be enriched in saturated
25  faity acids while the filtrate will generally be enriched in unsaturated fatty acids.

The lipid hydrosylate solution will generally be obtained by the alkaline hydrolysis of a
suitable fat, complex lipid, oil, or mixture thereof.

30  Optionally, the lipid hydrosylate solution is winterised prior to being combined with urea.
The hydrosylate solution is cooled to a temperature in the range between -20°C and 10°C,
precipitating some components of the lipid hydrosylate solution, for example SFA,



precipitating sone conponents of the lipid hydrosylate solution, for exanple
SFA, 2 5 OCT 2006 WO 03/089399 RCT/ Nz03100062 15 sterolzﬁ ?mgd fat .
sol ubl e vitam ns. Advantageously, the precipitated materi \;m/‘( renoved
fromthe l%})i d [h%drosyl ate solution by filtration or other suitable neans.
In one enbd@BRERE? the Iipid hydrosylate solution i s obt BGTAHNET t he
hydrol ysis of fish, 5 animal or pl ant® oi | cont ai ni ng both triglycerides and

t T f i IS .. enbodi t i pid. hyd | | uti
Sont i ne. FiskrRa et ot tf eyl RS AP e, op BrePu i BB RL R B3 e "
|'i pi d hydr agybeddefrdnthd tipthydsosolateiongitn by GRatibe or tiielsaitatsad megtds, f 1 sh oi

containing bath triglycerides and diacyl glyceryl ethers, and io optionally
squal ene. Therefore, in this enbodinent, the |ipid hydrosylate sol ution

contains F g : I+ q%qj} a
particul ar ﬁ@%‘?e %@%@%gﬁﬁ}?ﬁ@ﬁ%ﬁ@gﬁ&o %{r}%ﬁit@ 0 ﬁ?sl%b%ﬂiﬁkg ’

obt ai ned f ranimdlher pllgtdeibleyaiamingf béth sthiglytdrideo nihd ivsnegstdrs.i diheesfored@s thig ch in
DHA and BPA. Therefare, .i hi 15 enbodi pent., t | i pi ydrosyl at e

sol uti on SWEW@EIWV’E%MPﬁke ,Ons“SPFémé\‘q %Mpgﬁatiysa?cogpﬁ and DHA. In
anot her preferred enbodi nent, the |lipid hydrosylate solution is obtained

fromthe hydrolysis of seed oil containing triglycerides rich in GLA and
opt i onal | y TAlsAfurth@OpiEfeancd feprbodinent,t the dipEnipoldisylatet sohutiva isigbtadnddyflerostd at e
solution substantially.conprises FEFA .sanme of which is.GA d optjonally
AA L pi d Rty Pt B aniidng, ot gBalFaes SRS argm Ahdnat oo
cont ai Nyl YspaoRAllyagtflaledd. Kalhersialel Sn B MISSYiIAMEN HROlipid BRfos i sHBligFt 1O a
process of the invention using near-critical C02, glycerol will also

pr eci pi t at econtains F'end glkesyalyacrd rthetsaand optienally|squad¢neal i car bonat es t hat
formdue to reaction with CO2. Advantageously, the pH of the solution is
reduced such that FFA are extracted into the near-critical fluid and the

subst ant i allny pagi¢tlatl$ prefetiddniodiniag ehalinid beirosany sdutiars obwined frymfthiom t he

extraction vessel w thout reducing . the, K pressure of the extractiqQn vessel.
hydrolysis of fish oil containing triglycerides rich in DHA and EPA. Therefore, in this

15  embodiment, the lipid hydrosylate solution substantially comprises FFA, some of which is
EPA and DHA.

In another preferred ej:nbodiment, the lipid hydrosylate solution is obtained from the
hydrolysis of seed oil containing triglycerides rich in GLA and optionally ALA.

20 Therefore, in this embodiment, the lipid hydrosylate solution substantially comprises
FFA, some of which is GLA, and optionally ALA.

Lipid hydrosylate solutions will generally have a high pH and also contain glycerol and
alkali salts.
25
When such solutions are subject to a process of the invention using near-critical CO,,
glycerol will also precipitate into the aqueous rich phase, as will alkali carbonates that
form due to reaction with CO,. Advantageously, the pH of the solution is reduced such
that FFA are extracted into the near-critical ﬂm:d and the substantially aqueous liquid
30 phase may be removed continuously from the extraction vessel without reducing the

pressure of the extraction vessel.



2 5 OCT 2096 16 In an alternative enbodi nent, the process of the invention
is used to extract fatty acid esters fromthe solution obtained follow ng
the trans-esterification of a lipid with a suitable al cohol. 23 @r@qgg ol y,
the lipidis trans-esterified with a Cl-C4 al cohol, nore preferabl anol .
It wll be appreciated that the process 18f the invention may al so be applied
to the extraction of non-glyceride conponents fromthe sol ution obtained
fo: | owi ng ﬁlhalll aﬁéma@drméﬂnbasdiﬂafenamh@pﬂocedsrtlﬁaﬂg/ ifvieafion lhs ded tb mx&aalrfgﬂ%bbid

sol vent or solvent mxture. 10 Accordingly, in an alternative enbodi nent,
the presentStERVENR; HR SBrWPd@%Wﬁe‘%rfMgf%? trapgeptgrificaiipnaohs dingd ywgh ide

conmponent {r.omyan.aih solution, said oil solution conprising an oil

di ssolved in a suitabl e solvent or solvent m xture, which process includes
at least the steps of: 15 (a) conmbining the oil solution with urea to
produce a soljd ureal| i_(g_ophi l'ic conpound _ conpl ex; (b) separating the solid

conpl exS f r Srtenblystedipidls; rapgpstegiedhwith A ithealehiolpers prefgrabbt@hbanohy with a

near-critical fluid to produce a urea containing precipitate and a
near-critical fluid phase containing the non-glyceride 20 conmponent; (d)

separ at i ng it kel eadppedcidied dhat fthelipdog@ba s the dimchtion uh@a akoricahppiizg to the
precipitate; and (e) reducing the pressure of the near-critical fluid phase

to recover SKERCLABNORYRECEEde ComRonents  fram theeselption wbtaipd doltewingclbei de
t i . - . ar i ot.i . . it . E:
ond” car ot e FEESELES T AR RicH O HPAIR AR OGP or SBT3

of . oliive oil deodoriser distillate; soya oil deodoriser distillate; and
saw pal nmetto oil. 30 Preferably, the oil solution is an ethanol or agueous

ethanol solAsePiginely, dpen ghamplve embodimrent therpresenivnyeation pvisiss 8mEodses

conbi ned We%@acllﬁrr@% non-glyceride component from an oil solution, said oil solution comprising
an oil dissolved in a suitable solvent or solvent mixture, which process includes at least
the steps of: |
15 . (@)  combining the oil solution with urea to produce a solid ureaflipophﬂic compound
complex;
(b)  separating the solid complex from the solution;
(¢)  contacting the solution from step (b) with a near-critical fluid to produce a urea
containing precipitate and a near-critical fluid phase containing the non-glyceride
20 component;
(d)  separating the near-critical fluid phase from the urea containing precipitate; and
~-> {e)  reducing the pressure of the near-critical fluid phase to recover the non-glyceride

component.

25  Preferably, the non-glycenide component is selected from the group consisting of:

squalene; vitamin E; and carotenoids.

Preferably the oil is selected from the group consisting of: olive oil deodoriser distillate;
soya oil deodoriser distillate; and saw palmetio oil. '
30

Preferably, the oil solution is an ethanol or aqueous ethanol solution.

Optionally, the solution is winterised before being combined with urea.



2 5 OCT 21 WD 03/089399 PCTI NZ03100062 17 The process of the invention is

al so applicable to the extraction of |ipophilic conpounds, for exanple SFA,
MJUFA (especially oleic acid), and al koxyglycerylethers, from@Q Be(ewl 35 urea
conpl ex ob%@zg gﬁri ng area fractionation. If the urea conplex Is dissolved
in suitable $5PYEAt mixture at a sufficiently high t enpePQE/NZB/000¢e conpl ex
wi |l dissociate. 5 The sol vent i xturé may then be contacted with a

near-critical fluid in a proc of t.h Lnyentjion to.preci-pitate the urea
ond r ecover ot AroBRRErS Bk amdieihle ih 4 Hetioh R FPSHIR liebridia: od
two or nor efoféapmhle FENAMUTGS@sRLMITy bloR stidiantalkobarlveedsbasdroanthe sélised i n
a subsequent fractionation process. 10 Accordingly, in one enpodinent the

.

process of W%WW%PP@W‘* R& ureaotiaptipuation o i F%Fﬁeﬁgon’é’lﬂxiiﬁcﬁ&??]lv?%iltonpound
sal d I ocesaukdle sl dnhurd 882 bufliitoy BRE i@hnerkint, HoBRplGill Aol
ureal | i pophilic conpound conplex In strtabl e sol vent or solvent m xture
to forma sHieuolent mPiireanayt thed ba gorttinéedswiiiu & inpar-onitichl fnid &ar poocedsi afahe f | ui d
to produce ,a ur.ea, cont.alni 15 precipi e and a near-crjtical fluid phase
contai ni ng YCHBAL PETEAH HgHeA T8 SRt HRREDLf)cOmBR . 'Hgh o maY
near-criti ol ddiidhdled 1PEF0 b BYd fepsUT £dvakBPRI] he ELHEP bE Acdverddend | )
reducing the pressure of the near-critical fluid phase to recover the
| i pophi |'i ¢ reesfpousibsequenidrastionatiph procgsie sol vent or sol vent mi xture contains
a Cl-C4 alcohol. More preferably, the solvent or solvent m xture contains
et hanol. Preferably, the solvent or solvent m xture is aqueous al cohol. 25
In a preferagdr )dh BB Embdiembnit plenttbdesCofaberinRentibnifartitd @bmpiek extrattite
i nvention may be better understood with reference to Figure 1, which is a
si npl e f 1 ovit iRephiie spmpeiswsalg piogspoeiuding ptdeast e steps #fact i on of
pol yunsat uraf ed § L AdSt; ) . ' bl s Whi g tes the
I nventi on. (?)ﬁ] t r?fé@ﬁ)lﬁ%@g@% %ﬁlééb rla%ags:e '? étgﬂﬁmtﬁ]%fd;uhi&gggégmmv‘%ﬁ&l’fhblenﬁn%eﬁf’ o

solvent mixture to form a solution;

(g) contacting the solution with a near-critical fluid to produce a urea containing
15 precipitate and a near-critical fluid phase containing at least one lipophilic
compound;
(h)  separaiing the near-critical fluid phase from the urea containing precipitate; and

)] reducing the pressure of the near-critical fluid phase to recover the lipophilic

compound.
20
Preferably, the solvent or solvent mixture contains a C;-Cy alcohol. More preferably, the
solvent or solvent mixture contains ethanol.
Preferably, the solvent or solvent mixture is aqueous alcohol.
25.

In a preferred embodiment the lipophilic compound is oleic acid.

The invention may be better understood with reference to Figure 1, which is a simple flow
diagram showing a process, for the extraction of polyunsaturated fatty acids (PUFA) from

30 fish oil, which incorporates the invention. In the process represented in this diagram, an
aqueous ethanolic solution of fish oil is hydrolysed to give a lipid hydrosylate solution
which contains FFA. The hydrosylate solution is optionally neutralised to a pH between
about 5 and about 7 by the addition of acid.



aqueous ethanolic solution of fish oil is hydrolysed to give a lipid

hydr osyl ate sol ution which contains FFA The hydrosylate solution is
optionally neutralised to a pH between about 5 and about 7 by the addition
of acid. 2 5 OCT 20U6 WO 031089399 PCTI Nz03/ 00062 18 A pr Qc@s@[j‘pfgﬂggle

i nvention i Bﬂfsﬁsﬁppl ied in which: (1) the hydrosylate solution 1s conbi ned
with urea; ‘?3) € resulting mxture ig filtered to give ECTNAYHI@

contai ning PUFA and a solid conprising urea, SFA and MJFA; 5 (3) the
filtrate i s M = Gr fluid to give a product stream
which is gnﬁg%%%ﬁggo I{ijtﬁng?\ﬂ%?%aﬁ%gg%ﬁc%nd urea and a near-critical fluid
phase conpKl)si nthe hipibdylata doletidrain obmbibdd withereapar -critical fluid phase is

ted f h l.utd.on; d (5 t .
onr - or i ti CAI P A BRI EEH oyt 5 tbele REFRBREUER 4G Wifeam
which i's an et hagfhristngSfbd)SFANMAMERAA. Steps (3) to (5) are what is neant

by "EXTRACT". The ethanolic solution of PUFA may be subjected to another
urea fréct iBnat therilewiel iyreatacted svithys nae-gritie] fvid te give daredist stevam wiipteis
be

_ ( gt v te give aared
cvaporated o ghyAtERE BitaR o Rk b St s il B R Bl S

MUFA i s di ssol veUFAmndgthansls et hanol and a process of the invention applied
in which: 20 (1) the solution is contact with a near-cgritical fluid to

gi ve a prodtkt Lhemsgrﬁrm iq ghasg ssafa@tefgogahwuaws(&fﬂua%én nd a

near-criti gg) il sleRRSGr GOHRALSIRA FRA phaddfcAeaREa 7 ottef brddi&
near-criti g%: fl ui%}ephase ?Is separ at ed frpom t Seeaqueouls%wségéfngﬁeo%; gnd (3)
the pressure of sttdam wisiah iscmicthiapelic solwiiod opREEA. i s reduced to gi ve anot her
product 25 streamwhich is an ethanolic solution of SPA and MJFA. It w |
be appreciated that the term"EXTRACT" nmay al so be applied to Steps (1) to

(3). Evap(sﬁ?gi(gmo@&M@Eﬂmk@«m@gTet hanol i c sol ution of SFA and MJFA
gi ves SFA an

oD

The ethanolic solution of PUFA may be subjected to another urea fractionation and near-
15 critical fluid extraction to further increase the concentration of PUFA. Alternatively, the
ethanol may be evaporated to give the PUFA. |

The urea containing solid enriched in SFA and MUFA is dissolved in aqueous ethanol
and a process of the invention applied in which:
20 (1)  tihe solution is contacted with a near-critical fluid to give a product stream which is
an aqueous solution of urea and a near-critical fluid phase comprising SFA,
MUFA and ethanol;
(2)  the near-critical fluid phaée is separated from the aqueous solution; and
(3)  the pressure of the near-critical fluid phase is reduced to give another product
25 stream which is an ethanolic solution of SFA and MUFA.

It will be appreciated that the térm “]élXTRACT” may also be applied to Steps (1) to (3).

Evaporation of the ethaﬁoi from the éthanolic solution of SFA and MUFA gives SFA and
30 MUFA.

Thus the fatty acids; PUFA, MUFA and SFA; may be exiracted from the fish oil without

using any hydrocarbon solvents.



30 MJUFA. Thus the fatty acids; PUFA, MJFA and SFA;, may be extracted fromthe
fish oil wi thout wusing any hydrocarbon solvents. 25CCT2U WO %ﬁgﬁ?ﬁ%ﬁ

PCT/ Nz03100062 19 1In a further aspect the present invention i &

| i pophilic C‘Q'ﬁf?%%ﬂ or plurality of [|ipophilic conpounds when extracted by
a process of PiPent i on. Usi ng a process of the inventi E&TMNIEPGOFOphI | ic
conpounds nay be obtained free of non- ¥ food grade sol vent residues. Such

| i pophilic Go ds are.therefore suitabl.e for use. in or as diet.ar
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EXPERI MENTAllipoglflidapajoahdswinpairhedbya pretas 6Bthe ilBdntii. i n the pilot scale
10 litre apparatus shown in Figure 2. General procedure and nethods for 10
litre apparatus experinents 15 The 10 litre apparatus is shown in, and
descri bed wi Iis =cridi.cal, sol vent)
was supplie Sﬁhgfﬁrgzj%ggg;ﬁaeﬁﬁg&ggifﬁeq |0 ﬁ%gp@?@%?ﬁ‘ g&?@ﬁ ﬂégn n& L2. The
CX2 t hen spadesabgrde olght wsidned. | athliptghilic campodds aa dheraforrdamiisde fambe ol er

FI XI before bei conBrleSSed to tﬁhé oper. at |tng reslﬁzure b¥ a %)sitive 20

di spl acemsnt"rﬂ‘h‘iﬂ‘g‘a‘Wstl.13 THER Shprasony T ?l‘%i?ﬁ% Sals e 8??5{2? B eheat er heat
exchanger HX2, and then into the extraction vessel EXX1 via a vertical
downconer tube, or downconer tube and static m xer. Simultaneously,

sol ution containing urea and fat JBEXPERIMENTAKci ds or ethyl esters), water
25 and ethanol was withdrawn froma supply tank LTI nmounted on a bal ance B1,
and was then conpressed to the operating pressure by piston punp LP1l. The
hi gh pregsurgppassuyiti on was then mxed with the CO2 in a tee joint just
prior to the J]ovvncomar tubel static m xer that passed into M Urea and water
was precipitated, and recovered at regular tine intervals fromthe base of

vas prec p d recovered at er val s :
dor i vat i ves ARG BORRER el SAl AR SRR o] e 2

General procedure and methods for 10 litre apparatus experiments

15
The 10 litre apparatus is shown in, and described with reference to, Figure 2. CO, (or
other near-critical solvent) was supplied to the apparatus by liquid supply cylinders CYLI
and CYL2. The CO, then passed through a chilled water trap WT1 and
condenser/subcooler HX1 before being compressed to the operating pressure by a positive
20  displacement pump MP1. The compressed CO; then passed through preheater heat
exchanger HX2, and then into the extraction vessel EX1 via a vertical downcomer tube,

or downcomer tube and static mixer.

Simultaneously, solution containing urea and fat derivatives (acids or ethyl esters), water
25  and ethanol was withdrawn from a supply tank L. T1 mounted on a balance Bl, and was
then compressed to the operating pressure by piston pump LP1. The high pressure ‘
solution was then mixed with the CO; in a tee joint just prior to the downcomer
tube/static mixer that passed into EX1. Urea and water was precipitated, and recovered at
regular time hltefvals from t"he' base of EX1 via valve EXV1 without reducing the
30  pressure in EX1. The fat derivative; and ethanol were dissolved in the CO,, and left the

extraction vessel via an outlet near the top of the vessel.



extraction vessel via an outlet near the top of the vessel. 2 5 OCT 2306 WD
03/ 089399 PCT/ NzZ03100062 20 The conbined COX2 rich sol Utiogxé/gf@ gﬁaﬁed
t hrough val ve EXV4 (to bypass vessel EX2, valves EXV3 and .F U8hut), a
pressure reducti on valve CVI, where the pressure was reduced to 90-120 bar,
and then i WOP3%83%%t ed separation vessel SVI. Part of thdCIAEPEWPZ and a

smal | anmount of ethanol were preci pita’loed into this vessel. This extract was

5 recovered,at requ ti i nt epval s further risatio rough
val ve ERe. e somfRed Ble ol Rolb B ingS pdbert bt e BB A U et ko g
val ve WA4. vEvBAREN3WaE FXUP\iedshut); @ frdskife exdut@si vale EVAPahat tRNpldadey
vacuum The resultant PUFA was washed with hot water tq renove

co- ext r act &ipsaediged 1o 9d20 bas gnd ithey intogiasketedsysparatior vessd Y haRan %gﬁeso bar
ted ' |.ef: i ca2
and extr ac Qi AL P BGHE of b@adbl el ot Buo i vedddF il byl bl °F

regul at ar BRBvercdviieregulhinidmp irtasals &y figther defuesedrisatiorc thirdugt omlve (Hisiator  ( 50- 60
bar), before entering the sec separati_on vessel 2_Vvi a heat exchanger
i3 The. r GRUPRILFISHateT B R S0 0E SHLVER HaRuEt VRS B o Fienal B RO h s
vessel . Thiggmlhe eXidcRbY cVEBraAiBH ANRE Gebudtn, 199 W ltar PR A RASHNRLS Wit nbur t her
depressurisation through valve EV5 to 30 bar into vessel SVS, and then

t hr ough valwaterW/ismoke haghod-exiastedereeved from the extract by evaporation

under vacuum The resultant PUFA was washed with hot water to renove any
co-extracted urea. 20 Q02 resulting fromflashing of the ethanol at 30 bar

was venfed ¢, &M%ﬂ&ﬁm&lﬁiﬁg ¥F the dliRhbledk 30y ¢afVantedHeth dinkosBherd bR L2002

exited the top of 2 and then passed through a coriolis nmass flow neter

FM, cool ercliggaalveRYHaniderbullbef the£oh andeitng axited tedep oK1 ard theppasieda t he

wat er trap \WI The a t re v 2 e [,
Exanpl es 7 tgﬂﬂg}gg%éﬂg%\r/eﬁg&% ﬁ%@?ﬁqiérdﬁ?lf{fft‘gﬂ\%%gh % ? %\%\?%%)eatﬁﬁs 6%%\%&;?10 gg}in(ragct I on
vessel EX pagshrs 96b0a), berelentdfiigiissctofiddeparstiontiéyse]l BRL eiipaneichaganbl e CO2
flow through vessels EXI and EX2 sequentially, and  valve EXV4 was closed. A

hi gh pressudfe pdhprauminder 9 e eaack ad sthapol wassoraeipipted i s vewslerint o
vessel f5X2.oxhg MRSt Rkd Wichdir tifie HBFLE DY fRlthoY dbfiefiuliSAton 'dhoid™ iR On and
EV5 to 30 bar into vessel SV5, and then through valve VV5. Ethandl was removed from
the extract by evaporation under vacuum, The resultant PUFA was washed with hot

water to remove any co-extracted urea,

20 €O, resulting from flashing of the ethanol at 30 bar was vented to the atmosphere via
relief valve RVS5, The bulk of the CO, exited the top of SV2 and then passed through a
coriolis mass flow meter FM1, cooler heat exchanger HX4 before Eeing recycled back to
MP1 via the water trap WT1.

25  The additional water-wash vessel EX2 was used for Examples 7 and 8, EX2 was inserted
into the flow path between extractibn vessel EX1 and separator SV1. Valves EXV3 and
EXV7 were open to enable CO; flow through vessels EX1 and EX2 sequentially, and
valve EXV4 was closed. A high pressure pump LP2, identical to LP1, was used to pump
water into vessel EX2, The wash column EX2 is substantially identical in dimension and

30  operation to extraction vessel EXI. The high pressure solution (CO; and dissolved
extract) from EX1 was mixed with the water from pump LP2 in a tee joint just prior to the
downcomer tube/static mixer that passed into EX2. Co-extracted urea from EX1 and

water from LP2 was precipitaied, and recovered at regular time intervals from the base of



30 operation to extraction vessel EXI. The high pressure solution (CO2 and
di ssolved extract) fromEX1 was m xed with the water from pug Lﬁﬁm A tee
joint just prior to the downconer tube/static m xer that pas % (8.
Co-extracted urea fromEX1 and water from LP2 was precipitated, and
recovered HOPAPAr tine intervals fromthe base of 2 5 REINZBHPNO

03/ 089399 PCT/ NZ03/ 00062 21 EX2 via & valve EXV2 (as described above for

EXI). The f derivati nd so et hangl iped,.dissolved in the C02,
and i ef -t HOCeXPr YT SO B e ot o ey Throlat ENPY Gl e
vessel . ThegasbieRRthe® st irS Bk L0,08nd RANLP 8REREL REQHNIBX P VRSHUNRlet
reduction valve CV 1 as descri bed above for standard operation. Ethanol was

renpved 5 freghthesaprefdbe eirgl dbe eombinebgOs righsabutiondhen saggedfrongh prsssns on

under vacu e L Aanat o1 LT hing..w t er_as_all,urea
had been r g%u&gyf%l%?glmgﬁ %%s&t%@sar?og{‘gog .Sﬁﬁgﬁérolp %ﬁgg%ng ﬂ%@{’ Y srem%ed

| ndust risal fggnedetdct gathples alithinad Goax e and S VIUINdviapctatiyn BEXGr (A eThand)

Ltd. Ling and dogfish liver ojls were supplied_by MacCure Seafoods Ltd

(Nel son, Ne@mplear f.requ?dﬁ%smgam%wafaféawéar%ég depipremoyehin hetfegEhem Nz
Ltd. Al othef &P_em’ cals used in the synthesis of fatty acids or ethyl
esters were aBo atory grade. 15 Production of free fatty acids fromfish
oil Free fatty acids (FFA) were prepared by reacting 1 kg of fish oil with 5
Lof 1 MKQH (in 9 ]&)%tganol) overni ght at roomtenperature under nitrogen
in the dar efﬁlsd’é'%t gthody) stirring. Urea fractionation of fish oil FFA The
sol utiopy of hydrolysed fish oil in ethanol was neutralised by the slow

addition of 6 N 25 14Cl (typically approximately 450 nL of acid was
required) . Itytustrial grade Righidweasban dioxHe mas supplied byBC &New Zesland) Ttd. d3@ in a 20

Sl owry to g Sapl s il Bite Sivanele MeSCup SRERH R ol P Refe

Industrial grade urea was supplied by Petrochem NZ Litd. All other chemicals used in the

synthesis of fatty acids or ethyl esters were laboratory grade.
15

Production of free fatty acids from fish il

Free fatty acids (FFA) were prepared by reacting 1 kg of fish oil with 5 L of 1 M KOH (in
90 % ethanol) overnight at room temperature under nitrogen in the dark with gentle
20  stirring,

Urea fractionation of fish oil FFA

The solution of hydrolysed fish oil in ethanol was neutralised by the slow addition of 6 N
25  HCI (typically approximately 450 mL of acid was required). Urea (1.5 kg) was dissolved
in 90 % ethanol (5 L) at 65°C in a 20 L glass vessel. The fish oil FFA solution (preheated
to 60°C) was added slowly to the urea solution, and the mixture left at room temperature
for 1 hr. The mixture was then cooled to 4°C or -20°C and left overnight after which the
mixiure was vacuum filtered through Whatman #1 filter paper.
30
A second fractionation of hydrolysed fish oil (Ling and Spiny Dogfish) was conducted on
FFA/ethanol mixtures obtained from the Examples. The mixtures measured
approximately 4 L of which 350 g was FFA (Ling) and approximately 7.5 L of which 550



for 1 hr. The m xture was then cooled to 4C or 20C and left ov rfnldgl;'t ﬁ
which the mxture was vacuum filtered through Whatman #1 filt r?
second fractionation of hydrolysed fish oil (Ling and Spiny Dogfish) was
conducted_on FFA/ et hanol m xtures obtained fromthe Exapples. The m xtures
neasured Y4pPYB3fately 4 L of which 350 g was FFA. (Li ng&fﬁm W%Ar oxi mat el y
7.5 L of which 550 25ncT2000 WO 03/089399 PCT/ NZ03/ 00062 22 g was FFA and
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For each fractionation, a sanp a@f (10 ni,)) of the tof?l coII cted filtrate
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of the |iggy 9k f the
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chr omat ogr r.ta.determne the rcen e of atur ted (SFA),
nonounsat u&%ﬁ‘é@g Pi?\@%;ﬁm“@ tf’{ﬁrﬁtéﬁl tQdetyele ﬁ‘ﬁ’('f in the
10 extractg deBﬁﬂﬂHﬂIe'Fm\.Q’;d A@Etcwn@ﬁmtﬁémld %&&Vcﬁﬁﬁ&ﬁﬁ@eaﬂlﬂ §Edey5g|as oi | FREE
were prepared by reacting 1 kg of fish oil with 1.33 L of 0.5 Msodium 15

et hoxi de/ edremasdgra@tyu(6n inoprdr htguﬂgeimme dbfmnemp’@gattvfr @a’ﬁlmtfér ($HAX% ogen in
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separ ated dddbs.t wo phases. The |ower layer containing gI ycerol and salts
was discarded. The upper |ayer was washed with distilled water (500 nl) and
the | ower |ayer again discarded. The upper |ayer containing fatty acid 20
ethyl estep [ ' c&jyl ethers was then

col | ect ed. ﬁg&gaonn{ofﬁéﬂggaggn é?éstklgiﬂgﬁﬁf?rgﬁgig%(ﬁ% riglycerides into FAEE was
confirmed by thin | ayer chromatography (TLC). Urea fractionation of fish
oi | FAEE

FAEE were prepared by reacting 1 kg of fish oil with 1.33 L of 0.5 M sodium
15 ethoxide/ethano! solution for 3 hours at room temperature under nitrogen in the dark with

gentle stirring {14]. Distilled water (250 ml) was added to quench the reaction. Dilute

HCI (2N, 125 ml) was added and the mixture separated into two phases. The lower layer
containing glycerol and salts was discarded. The upper layer was washed with distilled
water (500 ml) and the lower layer again discarded. The upper layer containing fatty acid

20  ethyl esters and, for dogfish oil samples, glyceryl ethers was then collected. The complete
conversion. of fish oil triglycerides into FAEFE was confirmed by thin layer
chromatography (TLC). |

Urea fractionation of fish oil FAEE
25
Urea (1.5 kg) was dissolved in 90 % ethanol (6 L} at 65°C in a 10 L screwtop boitle.
FAEE (500 g) dissolved in ethano! (500 ml) and preheated to 60°C were added slowly to
the urea solution. Crystals formed instantly and the mixture was removed from the water
bath and placed at room temperature for 1 hour. The mixture was then refrigerated (4°C)
30 or left at room temperature overnight after which the mixture was vacuum filtered through
Whatman #1 filter paper. A sample (10 mi) of the total collected filirate (6.5 L) was
extracted into petroleum ether to determine the FAEE content of the liguid (151 g). A
sample (10 g) of the total crystals (1.9 kg) was also extracted into petroleum ether to



25 Urea (1.5 kg) was dissolved in 90 % ethanol (6 L) at 65Cin a 10 L
screwtop bottle. FAEE (500 g) dissolved in ethanol (500 m) a m@p%g&d
to 60C were added slowly to the urea solution. Crystals forne nstantly
and the m xture was renoved fromthe water bath and placed at room

t enper at ur ¥XBOB%hour. The nmixture was then refrigerat ed®{(UREBYHr | eft at
roomtenperature overnight after whi chthe nixture was vacuum filtered

t hr ough tman #1 .f.il.ter . le (1 of , 1 tot.al collected
[ rate (aaeane & Faus ChPheh: b MR Sotdth Bele Aot Q0T nE% ReFare
content of déteenihé G iparcédidge E)SFAAMUBAREPRA ighe @kirddie total crystals (1.9
kg) was al so extracted into petroleumether to 2 5 OCT 2006 WD 03/089399

PCTI NZ03/ 00062 23 deternine the FAEE content of the solid. These extracts

wer e anal ya«;‘qyg% o%t%&éﬁ?f@%&éﬁ,%ﬁe&l@ﬁw&%e per cent age of SFA, MJFA and

PUFA in the exXtracts.” ‘Anafys acl ds, ethyl esters, glyceryl ethers
5 TLC ahRalysis of lipid classes Lipid sanples were dissolved in petrol eum

et her (30- 40.Grapialys)s ofilipid plasseed onto silica gel plates (Merck, 60 F254).
Non-pol ar lipid classes were anal ysed by running the plates 10 with a
petrol eum et her.-diethyl ether:acetic acid (80:20:1) solvent m xture. The

pl at es wer @il @ampledPRe”t dissoBred @h Phtrddéun® bthet{IOLU0 @ghadl) dnd f6ted oftfoginal ) and
t he spots devel oped b charring'with a heat gun. GC analysis of fatty acid
conposi ti ogel piﬁesrﬂ\éerriéﬁﬁ%ﬁzsﬂa dengiofas ligig dassesrivase eaalysed by apaningthe dlaiest hy |
esters (FA f (S | .: ) IS edy.l ane
(0.5 m 1,() con a%)ﬁ%tﬁoé&ﬁ%gleﬁgjﬁgﬁ{a%é%%ﬁcg&aéﬁlé%99'%?'Q %@?engtnzl%g%%{dﬁhgg% rgadded to
1% H2S04 i wverethbradighed i asohgioh eflsilfusit atit (2% id ShadodBdndtibdbspotadaselppeddyd in a
wat er bath at ,50C, ov%r ni ght. Hexane (2 m) and 5% sodi um chl ori de 20
sol ution (Sh3fine With & 1s@@8™ to the nixture and the organic |ayer (which
contained the FAME) was renoved. The organic |ayer was then washed with 2%
sodi um bi car bonat e

GC analysis of fatty acid composifion

15
The FFA or fish oils were converied to fatty acid methyl esters (FAME) before analysis
[15]. Oil (20 mg) was dissolved in hexane (0.5 mt, containing 1 mg nonadecanoic acid
internal standard) and added to 1% H;S04 in methanol in a sealed test tube. The test tube
was placed in a water bath ai 50°C overnight. Hexane (2 ml) and 5% sodium chloride

20  solution (2 ml) were added to the mixture and the organic layer (which contained the
FAME) was removed. The organic layer was then washed with 2% sodium bicarbonate
soluiion {2 ml). |

Glyceryl ethers were derivatised for GC analysis by acetonation [16]. Hydrolysed dogfish
25 oil (20 mg) was added to acetone (5 ml) and 2 drops of perchloric acid and allowed to

stand for 30 min. Waier (3ml) was added to quench the reaction, and mixture basified by

the addition of ethanolic KOH (1 M, 1 ml). The isopropylidene derivatives of glyceryl

ethers were extracted into peu:oleuin ether (2 x 3ml) and analysed by GC. The aqueous

phase was then acidified (1 mL of 21:\1 HC) and the FFA extracted into petroleum ether (2
30  x3ml) and converted to FAME for GC analysis.

FAEE were simply dissolved in petroleum ether (10 mg/ml) for analysis.



solution (2 m). dyceryl ethers were derivatised for GC anal ysis by
acetonation [16]. Hydrol ysed dogfish 25 oil (20 ng) was added tQ@%rzggs'S
m) and 2 drops of perchloric acid and allowed to stand for 30 mn. t
(3m) was added to quench the reaction, and m xture basified by the
addi ti on of W@PHEA¥Pic KOH (1 M 1 nl). The isopropyli denePEENZRMRPGes of
glyceryl ethers were extracted into péroleumether (2 x 3nml) and anal ysed

extract ed 1 GoEE BRGRH A Pon Mo i ator G Rawebut e oF B o
anal ysis. - FARRechRidRui (00l x8i 250040625 o Olth Oh 841E0 LK of 1P/ THoovb
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10 Separation of urea, glycerol, salts and FPA This exanpl e denonstrates the
process for_recovering FFA fromthe conversion of fish oil triglycerides to
FFA fol | ondeXaMIEE Ly by urea conplexation. 15 Ling liver oil (1 kg)

contai njng 10.8 % DHA and 24.0 % PUFA was hydrol ysed in ethanol/water

(90: 10 nass rati o) using potassium hydroxi de. The pH of the final solution
was appr oxiSepheltionbf nréa, ghicerohisells andEFAol uti on was prepared by mxing 1 kg
of urea into 3 L of 90 % by mass et hanol /water and then heating to 60C
This solution was then 20 m xed with the fatty acid hydrosyl ate sol ution and

al | owed t o i oW apfORimondtiRed tBE Blocess for recovering FFA. from the conversion of fish oil
triglycerides to FFA followed directly by urea complexation.

13
Ling liver oil (1 kg) containing 10.8 % DHA and 24.0 % PUFA was hydrolysed in
ethanol/water (90:10 mass ratio) using potassium hydroxide. The pH of the final solution
was approximately 14. A saturated urea solution was prepared by mixing 1 kg of urea
tnto 3 L of 90 % by mass ethanol/water and then heating to 60°C. This soluiion was then
20 mixed with the fatty acid hydrosylate solution and allowed to slowly cool. The total
solution was then placed in a freezer overnight, and then removed the next day and
filtered under gravity to separate the solid urea complex from the filtrate. 6.74 kg of the
filtrate was then pumped at 200 bar, at an average mass flow rate of 1.80 kg per hour.
The filtrate was mixed with supercritical CO; at 200 bar and 40°C before entering the
25  precipitation chamber. The supercritical carbon dioxide was pumped at the rate of
approximately 12.3 kg per hour. A precipitate of mainly water, urea, glycerol and
phospholipid derivatives was obtained from the bottom of the precipitation chamber at a
rate of approximately 0.61 kg per hour. The supercritical carbon dioxide and dissolved
ethancl and FFA passed through two separation stages by sequential pressure reduction.
30  The separators were held at approximately 110 bar and 60 bar respectively.

The first separation stage yielded an extract containing mainly Ci5-Cy2 MUFA and PUFA,
and some ethanol at an average rate of 0.15 kg per hour. A total of 70 g of FFA were



solution was then placed in a freezer overnight, and then renoved the next
day and filtered under gravity to separate the solid urea co%mj?g@the
filtrate. 6.74 kg of the filtrate was then punped at 200 bar; n er age
mass flow rate of 1,80 kg per hour. The filtrate was m xed with
supercriti¥aP3 %t 200 bar and 40C before entering thePSENZPHEIIE t ati on
chanber. The supercritical carbon di o%? de was punped at the rate of

i t el 12..3 . h . A i pi.tat i nl.y wat
Yool amioverL B e o S eymoRios bl hedl i 4 A HEILERIER of ¢ e
preci pi t at jQsHRRRAGK adid (DHA)bRe@lof AR AT RPUBAY bl ofdd.DhbyRus .  The

supercritical carbon dioxide and dissol ved ethanol and PEA passed through
two separation stages by sequential pressure reduction. 30 The separators

were held [ B . n ect | . fikst
Separatio n%é? g%gﬁé;?éé’ gFCEtggﬂ étﬁb%%egg% £ %c on ? %f‘ﬁl&;t\ gﬁs&%@nf@%\(@ég & gﬁsﬁBﬁA@én d PUFA,
and song eMUFndEPUBA, avietlags! 4 ah evadgeQatd of BY7 ke pehlivit. AAotabéfo3 @fof70 g of
FFA were 2_5 OCT 2006 WO 031089399 PCTI NZ03/ 00062, 25 recovered in this
fracti on aFfarwas\ehifsnesk frem ts SepliondaRerrypporgiiamotythg ethapgldrom 2 spyplepfi6, 109-
docosanexagiahfual, ditRt BliACRRENr 1012 A2 BT 206 ElEA:£89) 6Phagl T 8 % DY
mass. The secon eparafion stage yielted a second exfract fraction

cont ai ni ngtatad s¢doyerjof FEA2was §d fofahel fePidss andbtatiraeddy lekarmrexaagivagd rat e of
0. 97 kg per ur. Atotal of 293 g of FFA was obtained fromthis fraction
(after evaﬂ“ﬁr & of the ethanol froma sanple of known mass), with a DHA
contentgof 19.2 % and PUFA content of 35.8 % by nmass. The total recovery
of FFA was 86 % of the feed mass as determ ned by hexane extraction of the
filtrate. EXAMPBMBIZE 2 Recovery of FFA. fromurea filtrates after two
crystallisations t5 This exanpl e denonstrates the two-stage concentration of
PUFA by sequential urea conplexation and supercritical extraction, wthout

i nt er medi aRReAYAPSHI LA BonpPlireattNanrk afthy W0 drp@afiibfionthe FFA obtained fromthe
first separation stage in Exanple I were added to the

15 This example demonstrates the two-stage concentration of PUFA by sequential urea
complexation and supercritical extraction, without intermediate evaporation of ethanol
from the FFA. ‘

The FFA obtained from the first separation stage in Example 1 were added to the
20 ethanol/FFA solution obtained as the second separation stage product (minus a small
amount used to determine the FFA content and profile). This solution was then mixed
with a saturated urea solution as described in Example 1, with a urea to FFA mass ratio of
approximately 1;1. The solution, after cooling and then chilling in the freezer overnight,
was filtered. 6.35 kg of the filtrate was then pumped at 200 bar, at an average mass flow
25 rate of 1.69 kg per hour. The filirate was mixed with supercritical CO, at 200 bar and
40°C before entering the preéipitation chamber. The supercritical carbon dioxide was
puinped at the rate of approximately 12.8 kg per hour. A precipitate of mainly ethanol,
water, and urea was obtained from the bottom of the precipiiation chamber at a rate of
approximately 0.15 kg per hour. The supercritical carbon dioxide and dissolved ethanol
30 and FFA passed through two separation stages by sequential pressure reduction as

described in Example 1.



20 et hanol / FFA sol ution obtai ned as the second separation stage product
(mnus a small anount used to determ ne the FFA content and pgSlQ@ Eﬂqi S
solution was then mxed wth a saturated urea solution as des be i@}@
Exanple 1, with a urea to FFA nmass ratio of approximately 1:1. The

sol ution, MNYBf8P8Y|ing and then chilling in the freezer HRNHIEMEZ was
filtered. 6.35 kg of the filtrate was ¥hen punped at 200 bar, at an average

mass fl ow rate of 1.69 kg.per, hour. The filtrat ' with
supercriti E@‘F ﬁgﬁfe@fat%ﬁ?%ﬁg”egcﬁf} 2n fRpEaq] CPYpInIng fpas yn(\ézwg't g}’ gfgcm FEi on
chamber. TheaRdREhE bvdragedhte GRORS kg FeP Kb AVREal 0P UHRRA FEIA W8 rdoBéRedin
approximately 12.8 kg per hour. A preci gi tate of nmainly ethanol wat er, and

urea was obhidfiaetipnrattemeyansradiontof theoethaned witee DHA sontenf ohine b PUEAr at e of
appr oxi mat i 9 our. The supercritical carbon dioxide and

di ssol ved 3%%3%3?5% 5§§ A passed through two separation stages by
sequentisal pressure reduction as described in Exanple 1. 25 OCT 2 WO
031089399 PCTI NZ03/ 00062 26 The first separatiqn stage, yiel ded an extract
cont ai ni ng ThaiseRopd egpraten spge Klelded ¢ ssend exgpfidfrstionponipminganoste Giate of 0. 25

kg per hour E I dai hE o | [ after
evaporati orllj"gj?‘ %ﬁ&gﬁgﬁ%% vi?ﬁgﬁ rgtéﬁm'zgé{ﬁﬁ%gt‘ﬂsﬁ %2‘&‘% H;%gg BB@&A ‘g%nt ent of
96. 3 % by mhmined Frofihéhis dieothzh Gdpapedpbmiios bidge §thalol dobna asempledofkiomact
fraction containjn tl 15-C22 EA and et l,, at _an average rate of
1.26 kg pelmaﬁgu‘?“.th gﬁﬁ? tg:%ogﬁslc‘é, ﬂfﬁﬁé\%ﬁﬂt&%?ﬁﬁﬁ@ﬁy 88 this fraction
(after ;gvaporation of the ethanol froma sanple of known mass), with a DHA
content of 59 % and PUFA content of 89.4 /a by mass. 10 The total recovery
of FFA was Ti8 toslotcovihe ofdEd wasst %of thetfesdrnms ds Botemainedhby hotancomtiagtion of t he
filtrate. %@Pﬁrgﬁg 15 Recovery of urea and EPA from solids

EXAMPLE 3
15 |
Recovery of urea and ¥FFA from solids

This example demonstrates the recovery of FFA from urea complexes, and the generation
of a dissolved urea fraction that could be recycled for further use. It also demonstrates the
20  separation of AGE from FFA by sequential pressure reduction.

Urea/FFA complex {1210 g) containing spiny dogfish FFA and AGE at a concentration of
23 % by mass was dissolved in a mixture containing 2400 g of et_hanol and 1600 g of
water, The mixture was heated to 40°C and stirred gently until all of the solid had
25  dissolved. The homogenous liquid phase was then pumped ai 200 bar, at a mass flow rate
of approximately 1.52 kg per hour, and mixed with supercritical carbon dioxide at 200 bar
and 40°C before entering the precipitation chamber. The supercritical carbon dioxide was
pumped at the rate of approximately 12 kg per hour. A precipitate of mainly water and
urea was obtained from the bottom of the precipitation chamber at a rate of approximately
30 0.88 kg per hour. The supercritical carbon dioxide and dissolved ethanol and FFA/AGE

passed through two separation stages by sequential pressure reduction as per Example 1.



Thi s exanpl e denonstrates the recovery of FFA from urea conpl exes, and the
generation of a dissolved urea fraction that could be recycl e?é L%Upger
use. It also denpbnstrates the 20 separation of AGE from FFA b (e)g% I
pressure reduction. UrealFFA conplex (1210 g) containing spiny dogfish FFA
and AGE at WO&H¥PREWtrati on of 23 % by mass was di ssol ved PCHNZOH042r e

cont ai ni ng 2400 g of ethanol and 1600 & of water. The mixture was heated to

40C and stiffre ently until al] of the solid had 25 dissolv The
nomogenous. [1HG AR SHHEET flge PRl B S STBE RO, ST ACE Sl e of
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per hour. A@re(ﬁi pitate of mainly water and urea was obtained fromthe
bott om of tR z”I]br'eci pitation chanber at a rate of approximately 30 0.88 kg

per hours The supercritical carbon dioxide and di ssol ved et hanol and FFA/ AGE
passed through two_ separati on sfages by sequentjal pressure reduction as per

Exanpl e 1. 2h&seend sggetionsiagayighiod g geqondt exprart faotiwpcgmainipg moptly £44-Cis
e . e ) |
oo A Lo SFARATIAC g et Gh £GALE Kk ¥ PATRE peP RO SN AR AR, 8

kg per hour recéverédinathisdtacti@n. A ¢dtal ACHE 94 1gcbTHFA was obsteined fomdthisrfractiorsafieract i on
after evaporation of t&;he et hanol. 5 The second separation stage yielded a
second ext r S¥APORtigR pf F\e'@?ﬁ‘fﬁ'ai ning nostly Cl4-CJ3 SPA and MJFA and et hanol
at an aygrage rate of 0.48 kg per hour. No AGE was recovered in this
fraction. Atotal of 194 g of FFA was obtained fromthis fraction after
evapor at i onTbé¢ tatd] eccovérsod FFA bod AGE wos 96 %7 ofdbs ey noks &FdetamineAGE hexme 96 % of
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EXAMPLE 4
I3
Liquid CO; recovery of FAEE from urea filtrate

This example describes the recovery of FAEE from a filtrate solution containing ethanol,
water, urea and FAEE of Ling liver oil containing 9.3 % DHA and 22.5 % PUFA.
20
The filtrate was prepared by dissolving 1.5 kg of urea in ethanol/water (6 L, 90% ethanol)
at 65°C. 500 g of FAEE dissolved in ethanol (500 ml) and preheated to 60°C were added
slowly to the urea solution. The mixture was slowly cooled to 4°C and then vacuum
filtered to obtain 6.5 L of filtrate. 151 g of FAEE was retained in the filtrate, and 322 g in
25  the urea solids. 1.206 kg of the filtrate solution was pumped into the apparatus at a rate of
1.2 kg per hour and mixed with liquid CO, at 298 K and 70 bar. The CO; was pumped at
a rate of 13 kg per hour. |

44 ¢ of FAEE were recovered at 97 % yield in a singie separator operating at 55 bar and
30 313 K. The FAFE contained 29 % DHA, and 50 % PUFA.



Liquid C2 recovery of FAEE fromurea filtrate This exanpl e describes the
recovery of FAEE froma filtrate solution containing ethanol Mv@-grgpﬁ%rea
and FARE of Ling liver oil containing 9.3 % DHA and 22.5 % PUFA.

filtrate was prepared by dissolving 1.5 kg of urea in ethanol/water (6 L,
90% et hanoWP B4893¢5C. 500 g of FAEE dissol ved in ethanol REGFIAY6HN0d
preheated to 60C were added slowy t #8t he urea solution. The mi xture was
slow y cool Mﬁ%and then vacuum filtered to obtain 6.5 L of filtrate.
151 g of FAE g‘ tained in the filtrate, and 322 gin. 25 the urea solids.
1.206 kg of the filtrate solution was punped into the apparatus at a rate of
1.2 kg per _hour and mxed with liquid CO2 at 298 K and 70 bar. The CO2 was
punped at Idquidisopmmengeqseryed FABE fromnreg frafeaEE were recovered at 97 %
yield in a single separator operating at 55 bar and 30 313 K. The FAEE
contai ned 29 % DHA, and 50 % PUFA. 250CT2006 WO 03/ 089399 PCTI NZ03100062 28
EXAMPLE 5S [Thipuéxchmpico feseebeseihe veroyergf of FAEE fivanther samef filbtieadobitibn Thedsinexanpl e
descri bes e recovery of FARE fromthe sane filtrate solution used in
Exanpl e 4. ?’&?E’f‘qu of the filtrate solution was punped into the apparatus,
and m xed with subcritical propane at a pressure of 40 bar and tenperature
of 313 K 10 81 g of FAEE at 98 % yield was recovered froma single
separator @pdRakg nd the fBluplcesedution we$ pomiped imtndtheecaperasitsyeed ahix@l 3vith  The
FAEE cont ai hed. 25 % DHA and 47 %fP{J'JFA' EXA_VP%E&G guper critical CO2
recovery of- 065118%@1'%9}3\8?‘9%65(?}1@6\’# fiyand e )?5%‘3% *describes the
recoverjyy of FFA froma filtrate solution containing ethanol, water, urea

and FFA of borage oil ‘containing 22.4 % gama-|inolenic acid (GA), and
81 g of FAEE at 98 % yield was recovered from a single separator operating at a pressure

of 9 bar and temperatore of 313 K, The FAEE contained 25 % DHA and 47 % PUFA.,

EXAMPLE 6
13
Supercritical CO; recovery of borage FFA from urea filtrate

This example describes the recovery of FFA from a filtrate solution confaining ethanol,
water, urea and FFA of borage oil containing 22.4 % gamma-linolenic acid (GLA), and

20 60.4 % PUFA, The borage oi! was obtained by supercritical extraction of borage seed.

Borage oil (401.1 g) was hydrolysed in ethanol/water (1800 ml ethanol, 200 m! water)
containing KOH (101.8 g). The mixture was stirred overnight to ensure complete
reaction. The solution of hydrolysed borage oil was then neutralised with 6N HCL, The
25 two resultant phases were allowed to separate, and the bottom phase was discarded. A
solution of urea was prepared by dissolving 600 g of urea in ethanol/water (2 L, 90%
ethanol) at 65°C. The top phase of the hydrolysate solution (preheated to 60°C) was
added to the urea solution, and the mixiure cooled to room temperature. The mixture was
placed in a freezer overnight at --20°C, and then vacuum filtered fo give approximately
30 4.3 L of filtrate. 238 g of FFA was retained in the filtrate and 144.3 g in the urea solids.
3.629 kg of the filtrate solution was pumped into the s;pparatus at a rate of 1.1 kg per hour
and mixed with supercritical CO; at 313 K and 200 bar. The CO, was pumped at a rate of



20 60.4 % PUFA. The borage oil was obtained by supercritical extraction of
borage seed. Borage oil (401.1 g) was hydrol ysed in ethanol/water (1800 m
ethanol, 200 m water) containing KOH (101.8 g). The nixture GO 20k
overnight to ensure conplete reaction. The solution of hydrol ysed borage
oi | was th&P BO81¥4 i sed with 6N HCL, The 25 two resul t anRCTHNEBO&IGer o

all owed to separate, and the bottom ph%?se was di scarded. A solution of urea

was prepar di ssol vi,ng. 600 of urea jn ethanol/water (2 L, 90%
ot hanot ) g por it e asteefor vk G Al S oo FRLR 1 o
60C) was aRkiRebves dffiFe BFLaA sol ution, and the mxture cooled to room

tenperature. The m xture was placed in a freezer overnight at -20C, and
then vacuum filtered to give approximately 30 4.3 L of filtrate. 238 g of

FFA was retajn i Efﬁi trate.an %ﬁ@ L.t he ur soldds. 3.629 kg of
the filtr at‘gérse%fiﬁotklg%%\&]vvas a:tt)eu‘;’rr%e{gm}“r’\egb %aag%%}%t%sto ﬁ%ﬁ()pﬁg;'e of 1.1 kg per
hour and m xed with supercritical CO2 at 313 K and 200 bar. The C02 was

punped at a _rate of 2 5 OCT 206 VO 03/ 089399 PCT/ NZ03100062_ 29 = 23.2 kg per
hour. The flfad Plobidicontaimang 3ap %0 -4 ard &P Onet RIGFA tigse rysouared) frothedifslct i on

for ther E]&}éa%y tih coloured raffinate was obtai ned, which
was attri b‘éte trOOPg{]al oggtp@ﬁarélgz?% g of FFA containing 35.5 % GLA and
89.0 % PUFA were recovered in the first separator operating at 100 bar and

323 K. 32 of FFA containing 36.8 % n .5 % PUFA wer.e recovered in

t he secondgzlg)og}é@%rcﬁ{l@”%%‘gﬁtﬁl? é‘%@%@ga&j Pﬁ’%& B8 %OV%NPE}E speond

Super cript | GalarfSLopeRERY 8 A8 1Rk at¥ Pi38E) Sed borage FFA fromurea filtrate with
an 15 additlonal "wat ef wash step This exanpl e descri bes the recovery of FFA
froma filtrate solution containing ethanol, water, urea and FFA of borage
oil initial jning 23.0 % GLA, and 60.8 % PUFA in the fatty acid
fraction. Mﬁﬁ}

Supercritical CO; recovery of winterised borage FFA from urea filtrate with an

15  additional water wash step

This example describes the recovery of FFA from a filtrate solution containing ethanol,
water, urea and FFA of borage oil initially containing 23.0 % GLA, and 60.8 % PUFA in
the fatty acid fraction.
20
The FFA solution was winterised prior to the urea step, to increase the initial GLA
content. Two-stage urea fractionation was then carried out, before the supercrifical
extraction. A high pressure water-wash step was included after the supercritical
extraction, and before the first separafor, to remove any co-extracted urea before the
25  recovery of the fatty acids. The borage oil was obtained as a waste fraction (minor
extract) from the extraction of borage seed with supercritical CO;. The oil contained
triglycerides, free fatty acids, and some waxes.

Borage oil (1003.5 g) was hydrolysed in ethanol/water (4500 m! ethanol, 500 ml water)
30 containing KOH (250 g). The mixture was stirred overnight to ensure complete reaction,
The solution of hydrolysed borage oil was then neutralised with 6N HCL. The two
resultant phases were allowed to separate, and the bottom phase was discarded. The top

phase was placed in a freezer ovenight, at ~20°C. The solution was filtered and the



The FFA solution was winterised prior to the urea step, to increase the
initial GLA content. Two-stage urea fractionation was then cag}ém th%ﬂ
before the supercritical extraction. A high pressure water-wa -g s
included after the supercritical extraction, and before the first

separ at or , WOP308¥ e any co-extracted urea before the 25 REOAPIPYDHf t he
fatty acids. The borage oil was obtai m@d as a waste fraction (ninor

tract) f .th ract | f ith itical ...The oil
cont ai ned | EPIcp TR conaRed 4ok 3P aRFS iy sinBeh i widh gty | ©
(1003.5 0) #emrddddrAOLIhRA df il WaHRbpaYRtST didsdRAMY 115 kelohaRelin cthHel/Whateyat er)

30 contai ni ng[tu KOH (250 g The m xture was stirred overnight to ensure
C

conpl et e r e@c:i o ethanpd) *)st&ﬁSﬁQ 9RO & of KFdy epnjainiag B6ria’GeChi1and 8.6t fedFA
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03/089399 PCTINZ, 03/ 00062 30 precipltate, Wg_l ch contai ned 44 of solids
(waxes, sat#A3E e obiginapprowiraately §d- eifilitpte. The diligate wigs reheated. gpd Ugd ea was

prepared by, gi i r ] %-at:hanol )
at 65C. 7ooad‘(gélle‘g?cP H@Aé] e n]’:t"g‘.’é}‘f.&ﬁ‘g‘;“z% tﬁgos/é%e_%’gﬁ %ﬁ@t&‘f&‘tﬁ%‘*’&?@%@ %5 in the
t op phase fsohitioat way appledxo r08C yovérdight cavd fher heatwd filker&D@ WeE eoagided 5

slowy to the urea solution. The m xtur S S Y, C to 4C, ..t hen
vacuum fi | taé’PE‘H‘maatFﬁ’A%lﬂt %fo%‘ftéqnncmﬁﬁ@ﬁé 9lr %WEAO]: gglggﬂga‘% he L i | trate
was rehegat eﬁiutﬁsﬂ%ﬁs%ﬁn‘i}%ﬁ iHicCile a .ﬁ%ﬁs Eioa?s{té Qg IPdBngg:ﬁé}%%}%@dnﬁibdtﬂitﬁ he sane
| evel as the first urea fractionation. This solution was cooled to 20C

over ni ght agvgerctibenl bt i3 K et 200 bar. 48@e (GO givasepumnsg rab & irete 08 £¢.6 &gl peo
solution containing 140.0 g of PUFA. 6.683 kg of the filtrate 10 sol ution
was punped %0 the apparatus at a rate of 1.68 kg per hour and m xed with
supercritical CO2 at 313 K and 200 bar. The CO2 was punped at a rate of 24.6
kg per hour. A green coloured raffinate streamwas obtained fromthe first

extraction 4 |colapired riffingte sweam wagotiaingdyfrgre therfirstextraptioncessel dwiraliof and
extract od f@if &)gg;gérﬁotuﬁ.amsgﬁegd@ St g#ﬂ bl Sty 2@??@3@%@ ‘r’kﬁeei Sedol®

sol uti on was™ m _ r 61mp ara
extraction vessel where the solution was mixed with water putnped at a rate of 0.91 kg per

hour. A second raffinate stream was obtained from this extraction vessel at an average
rate of 1.20 kg per hour. The fractionation was carried out with two-stage pressure
reduction for the recovery of the FFA.

20
74 g of FFA containing 71.7 % GLA and 94 % PUFA were recovered in the first
separator operating at 100 bar and 323 K.

57 g of FFA containing 75.6 % GLA and 96 % PUFA were recovered in the second
25  separator operating at 48 bar and 313 K.

EXAMPLE 8

Supercritical CO, recovery of FAEE from urea filtrate with an additional water-

30  wash step

This example describes the recovery of FAEE from a filtrate solution containing ethanol,
water, urea and FAEE of Ling liver oil containing 11.6 % DHA, and 21.0 % PUFA. A



hour. A second raffwate stream was obtained fromthis extraction vessel at
an average rate of 1.20 kg per hour. The fractionation was CarrZIEBCUE)IJtQE%th
t wo- stage pressure reduction for the recovery of the FFA. 20 74 g of FFA”
containing 71.7 % GLA and 94 % PUFA were recovered in the first separator
operating AYO&§¥Ar and 323 K. 57 g of FFA contai ni ng 75F@I/YF@A53nd 96 %
PUFA were recovered in the second 25 ¥eparator operating at 48 bar and 313
K. EXAMPLE 8. Supercritical recovery.of. VASE f.romurea filtrate with an
ddi 11 onal HERAPSE WilcERask S 1iF Selickn dher YoeehialeiHon aod bRl B Face
froma filt fak eemedist] iOfen@Btady RbRYTAidionel. FANE bRl pitpRad atwdrdiifl @k Li ng
liver oil containing 11.6 % DHA, and 21.0 % PUFA Ag 5 OCT 2606 WO

03/ 089399 PEFirEDdEIFdADSE. hi gh pressure water-wash step was i ncl uded
after supercritical extraction, and before the first separator, to renove

any co-extracted urea. FAEE were prepared according to the nethods
descri besl abosedutioh ofiusealwisipoepacekl byrdissolvitg hf &paf erkabiy ettisced twatdr (6 L1 9®46kg of

urea in ethapol /water ( 909 t. hanol ), at. 65C,_ 500 f FAEE di | ved in
et hanol (5oet%ﬂ491) H2Gr b e S ARE gheo V‘%ﬁ’)e‘ﬁee%&]]e@(}gl‘%u\g?/‘? PEshe 7;9@38

sol ution. TRRUMEEEWHAS the Bk ¥oIGRA. Shel Rixthire WY stoRB cootdCH UPT fahd likhed to
obtain 6.2 L of filtrate. 214 g of FAEE was retained’in the filtrate, and

234 g in t hzacanedileoiditdobtal 26 df diltofte.t 2l § ol EARKE was mtaimddon theefdtrgragpdd i nt o
t he appar at at to a rat f 73 er. hout and m xed.w Lh supercritical
o at 315 BhAln bEsRa R Roo0 kst (i et Sitor e HRinbES iVt b sBRERERL hour
A raffmabe qhiedm W8 ke REBMET R nhikQiRvith %lgédrérﬁicale@m AC3 11500 aM& 3§E®baralTIRN
average rate of 0.20 Kg per hour. The , ethanol and extracted FAEE
passed to aC&edwngueridaetsteont pkeper hpgr.where the sol ution was nixed with
wat er punped at a rate of 0.99 kg per hour. A second raffinate stream was
obtained fromthis extraction vessel at an average rate of 1.34 kg per

A raffinate stream was recovered from the first extraction vessel at an average rate of 0.20

kg per hour. The CQ,, ethanol and extracted FAEE passed to a second extraction vessel
15  where the solution was mixed with water pumped at a rate of 0.99 kg per hour. A second
raffinate stream was obtained from this extraction vessel at an average rate of 1.34 kg per
hour. The fractionation was carried out with two-stage pressure reduction for the

recovery of FAEE.

20 71 g of FAEE containing 31.1 % DHA and 54.9 % PUFA were recovered in the first
separator operating at 100 bar and 323 K.

122 g of FAEE containing 23.1 % DHA and 42,46 % PUFA were recovered in the second
separator operating at 50 bar and 313 K.

25
Lower molecular mass FAEE were concentrated in the second separator. The extracts
from both separators were free from urea.
INDUSTRIAL APPLICATION
30

Tt will be appreciated from the discussion above .that, in use, the present invention
provides a process for extracting polyunsaturated fatty acids, or their derivatives, from

crude fats or oils obtained from animal or vegetable sowrces. The solvents used in the



hour. The fractionation was carried out with two-stage pressure reduction
for the recovery of FAEE. 20 71 g of FAEE containing 31.1 %ngraﬂ@ 54.9 %
PUFA were recovered in the first separator operating at 100 b& Va T K.
122 g of FAEE containing 23.1 % DVA and 42.46 % PUFA were recovered in the
second sepd BP9 perating at 50 bar and 313 K. 25 LowerP¢HNEBHPME mass
FAEE were concentrated in the second ssgpar ator. The extracts fromboth

separators were free fromurea. LNDUSTRI AL APPLI| CATI 30 It wi|l he
apbr ol at sdPEPORTTEH g dredale B R A hrF s S byl okt i on
provides a g Qa@mfvdsOireetlitable! fof s UsYHBES! Mippleffdnfsabl ¥h Fed Srmubkioh el 1
derivatives, from crude fats or oils obtained fromaninmal or vegetable

sour ces. Thehasepceuligals apdeasmeticshe 2 a OCT 20% WO 031089399 PCTI NZ03100062
32 process nmay be food grade organic solvents and, therefore, the

pol yunsaturated fatty acids or derivatives are suitable for use as dietary
suppl ement STRY protess evaftiviiady atitadto dhe expbaioiind pulyneahgatad e asit®irb@FishS The
process is particularly suited to the extractiqn of polyunsaturated fatty
aci ds fr om Pilsfherely ingretsyeg e yalpe ef iy tagredhis valpe@odicta | ow to nedi um val ue
product. Those persons skilled in the art will further appreciate that the
present description is provided by way of exanple only and that the scope
of the invefihiserpetsenmeltilléd in thedart ovill thurtheo aiffleEReNGRESthe IpresShiafdsdiiption. is" Mar i ne

Nutraceutical s’ form_ 13, 2002, 57-62 a s 2. Stanshby, .M E. ."“Nutritional
Properties WVﬁFé%’WXO#WéﬂfV@%M SeeRP Ofﬁgﬂ'éﬁ?méﬂé%‘?‘g'%“mﬁd@f&pter 2 of
Fish Gkg in Nutrition, ed. M E. Stansby, Van Nostrand Reinhold, New York,
1990
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5 OCT 2001y, B3dplobdsNBr edtracfinp rOBSSFhillOEom¥dUnaCkdi S @olﬁﬂicﬁpﬁi&mcﬁ% goppaund
froma solution including at [eas sai d |ipophilic conpound and urea, which
process i ncl usied lipophibasomptimdsmd peeagwhidh fragess etusles pirlgadt the steswdi on with a

near-critical fluid to produce a urea containing.preci.pitate and a

near - cr%ti cal fl uk"g pﬁ‘gg‘%c%@@n&lﬁi ?ﬂlflhtbont H‘@& fillbegﬁﬁ'iqﬁlﬁ?aé filgﬁp uﬁ_%ﬂd?“(:eb)a urea
separating the near - Crbithiidle hlebipttaRha&E af h@MckHfiGalUAtRA pRACAEHEA ing the
precipitate; and 10 (c) reducing the pressure of the near-critical fluid
phase to recover the lip¢polhédmpouadnpound. 2. A process according to Claim1

wherein the |ipophilic compound is selected from the group consisting of:
derivatives of tr Iyﬁeé’Ffag'Bs ﬁ’r?dnﬁﬁ%'g}cé @Wﬂe?@afeaﬁﬂmnéﬁq WE2 of e
l'i pophi l'ic conpounds. s2cipfiaff eSS according to Caiml or 2 wherein the
| i pophilic conmpound is sélected fromthe group consisting of fatty acids;

fatty deid d-C4 &)cormluciogtibe qredsaret pf dled dearemiticels fluidaphyseatsi tecavdrdis;
al koxygl ycerol ether Siipgpqglif atty al.cohols. 20 :

D

¢ compound.

2. A process according to Claim 1 wherein the lipophilic compound is selected from
the group consisting of: derivatives of triglycerides and glycero! ethers; and non-

15 glyceride lipophilic compounds.

3. A process according to Claim 1 or 2 wherein the lipophilic compound is selected
from the group consisting of: fatty acids; fatty acid C,-C4 alcohol esters; fatty acid
amines; fatty acid amides; alkoxyglycerol ethers; and fatty alcohols.

20
4. A process according to any one of Claims 1 to 3 wherein the lipophilic compound
D is a fatty acid or derivative thereof.
5. A process according to Claim 4 wherein the fatty acid or derivative thereof includes
25 a chain of carbon atoms that is Cjz or longer.

6. A process according to Claim 4 or 5 wherein the fatty acid or derivative thereof is

unsaturated.

30 7. A process according to Claim 6 wherein the unsaturated fatty acid or derivative

thereof 1s polyunsaturated.



4. A process according to any one of Clains 1 to 3 wherein the |ipophilic
conpound is a fatty acid or derivative thereof. 5. A process according to
Claim4 wherein the fatty acid or derivative thereof includes Zﬁ]ﬁfﬁ Zhe}pf
carbon atons that is C18 or longer. 6. A process according to C @
wherein the fatty acid or derivative thepeof is unsaturated. 30 7. A
process according to Claim®6 wherein the unsaturated fatty acid or
derivative thereof is polyunsaturated. 25 OCT 20,09 35 8. A process
accordi ng t& Charoes ashenduigior@laim Gl whmeiathe mlﬁmwmratyd ﬁiﬁ}’cﬁC& orglrivatirs ve

t hereof is sel cte fro oup onsistin al |

elcosapentaeno s&hex3bn - -
el HGHh 68" B Deleb s hedbnit o L E o 10

oct adecatri en%@osa;%nehen&cl%,cﬂeﬁ @.ﬁt %@Le¢atlnl1gm® B-@6dofiheRachbicd CAdgie cadilgnoi ¢

acid; and 5 derivatives thereof. 9. A process according to C aim 1 or 2

wherein the | m@qﬁhwﬁl@lmmgwéﬂ ﬂ@-og@ﬂ@c@trmmacain%ﬁeo@a@mpdl@msua@ﬂs pegl of
fat sol ybl e vi amtns ste wax esters; carotenoids; and hydrocarbons.
10 10. proc E%éceg to Claim9 wherein the |Ip0phI|IC conmpound is a
fat soluble vitam n. 11. A process according to Claim9 or 10 wherein the
vitamn is selected fromthe 15 group consisti ngI of vitamn A, vitamn D
vitamn E %ndApheccssacsosingér €bdim 1or waﬁl@ae‘sh@ ampbﬂjdiqmglm@nd]wasa}@qtecbr 2

wherein the |i | i c_conmpaund i noid. 2 rocess accordi ng
Ho Craim 12 wHEPEIY ERubEaRgs Bieop Sl so BB oR PRERS siifion B RoBRo G RBALRY | ng
of ast axant hi nind@dkREPoRNE; and | ycopene. J 14. A process according to
Claiml or 2 wherein the |ipophilic conmpound is a hydrocarbon.

10
) | 10. A process according to Claim 9 wherein the lipophilic compound is a fat soluble
vitamin,
11. A process according to Claim 9 or 19 wherein the vitamin is selected from the
15 group consisting of vitamin A; vitamin D; vitamin E; and the esters thereof.

12. A process according io Claim 1 or 2 wherein the lipophilic compound is a

carotenoid.

20 13, A process according to Claim 12 wherein the carotenoid is selected from the

group consisting of: astaxanthin; f-carotene; and lycopene.

14. A process according to Claim .1 or 2 wherein the lipophilic compound is a

hydrocarbon.
25
15. A process according to Claim 14 wherein the hydrocarbon is squalene.
16. A process according to any one of Claims 1 to 15 wherein the solution is a Ct-Cq4
alcohol containing solution.
30

17. A process according to Claim 16 wherein the alcohol is ethanol.



25 15. A process according to Caim 14 wherein the hydrocarbon is squal ene.

16. A process according to any one of Clains 1 to 15 wherein the solution is
a Q@QC4 alcohol containing solution. 30 17. A process accordi ng25 @Caimg%G
wherein the al cohol is ethanol. 2 5 OCT 200=0 WO 03/089399 PCT/ Nz03/ 000

36 18. A R PEaRssfCCOr ding to any one of Clains | to 17 %@8@8@96

solution is an aqueous al cohol cont a'?ﬂi ng sol ution. 19. accordi ng
to any one of Clains 1 to 18 wherein e solution is a filtrate 5 obtained

fromthe urea 1§l AGHrb&RA bRIiAE 1@ aly Yh bl Yaifs 1 td AP Ritjekdin GRITRAMDASIs 280. A
process according to any one of Clains 16 to 18 wherein the solution is

prepared by di ss#ugpwdi¢olel eppiainingsadiicdonpl ex obtai ned fromthe urea
fractionation of a plurality of l|ipophilic conmpounds. 10 21. A process
according to C aim 20 wherein the Ipophilic conmpound is selected fromthe
group consi st i¥8gAqiocessadcoswingdo bay dne cfdlainis ImorBunixadit et sottibatd y/flaaieds;

and al koxygl yceryl ethers. 15 22. A process, according to Caim21 wherein
the |ipophilic c@iips 01F1§h"o‘lu'§?@a%F@°“£SP1WW%&@h%€8PBP Sto any one
of Claims 1 to 8 wherein the solution is obtained follow ng the
trans-esterification of one or nore lipids with a suitable alcohol. 20 24. A
process accor dilng proceSt aicenr@idg vibh emgi auet dfeChiino 6| toi 8 evlisermmithe 8Butioh j3r ocess

according to any one ai s to.24 wherein .the ar-critical,. fluidis
T et eu s omt el Rt e Sufured ater ot Bed BN b fiftiopsion
et hane; et hyl engsa flo@R ,ﬁpgﬁmpyémungggt ane; fluorinated C2-C3

hydr ocar bons; nitrous 25 oxide; sul fur hexafl uoride; dinethylether;
partial Il and fully fluorinated anal ogues of dinethylether; and m xtures of

any two or nor. f _these es. . racess . .acecording. to LM 25 wherein
the near-crit i@ag RrPfﬁ%%i af:(g)%czing lt':l)J glﬁsluﬁlﬁgg gﬂwrem tl% ﬁfopﬂhi% compo%da 15 se%ecte\gn
from the group consisting of: saturated fatty acids; monounsaturated fatiy acids;

and alkoxyglyceryl ethers.
15 22, A process according to Claim 21 wherein the lipophilic compound is oleic acid.

23. A process according to any one of Claims 1 to 8 wherein the solution is obtained

following the trans-esterification of one or more lipids with a suitable alcohol.
20 24, A process according to Claim 23 wherein the alcohol is ethanol.

25. A process according to any one of Claims 1 to 24 wherein the near-critical fluid is
selected from the group consisting of: supercritical COy; liquid CO,; ethane;
ethylene; propane; propylene; butane; fluorinated Cp-C; hydrocarbons; nitrous

25 oxide; sulfur hexafluoride; dimethylether; partialty and fully fluorinated analogues

of dimethylether; and mixtures of any two or more of these gases.

26. A process according to Claim 25 wherein the near—criticai fluid is a fluorinated
C2-Cs hydrocarbon., _
30
27.A process according to Claim 25 or 26 wherein the fluorinated C;-Cs

hydrocarbon is 1,1,1,2-tetrafluoroethane.



C2- C3 hydrocarbon. 30 27. A process according to Caim25 or 26 wherein the
fluorinated C2-C3 hydrocarbon is 1,1, 1,2-tetrafluoroethane. 25 ; %@J §M
WO 03/ 089399 PCTI NZ03100062 37 28. A process according to d ai mg M- R
the near-critical fluid is supercritical CO or liquid CQ2. 29. A process
accordi ng ™8 %81 28 wherein the near-critical fluid is B{RRFBOM6ZIcal 5
CO2. 30. A process according to d ai nT29 wherein the solution i s contacted
With supercriyi . at it nge . = 35 nd.a
pressure in tf%tg”g a%"ggz ér%ﬁjbng?“ml%r%&é‘rgﬂ %?8%%2%% a%%%?%%‘lﬁf lgﬁ'gjgaéi m 30
wherein the presGOserligid 80t.he range 150-300 bar. 32. A process according
to any one of Clains 1 to 31 wherein the solution and near- critical fluid
are contacted using a static mxer. 15 33. A process according to any one of
Caims | to 339whesslts bASdHELR R IAGinRhERtRIERES Afld BLAERRAAS an
aqueous solution. "34. A process according to any one of Clains™1 to 33
wherein §he ureaC@pntaining 20 precipitate further contains a col oured
conmpound. 35. A process according to Claim 34 wherein the col oured conpound
is a chlorophyll derivative. 25 36. A process according to any one of
Caims 1 to 330\WHepRkdsst MRoRuDS 8/ [Clafh 39 heRBAthE Isblulie! isf ¢datBte@hagR 1S
reduced in two or nore steps to recover_two or nore fractions containing a
| i pophi | i e conpotipercriiql Gt ecewperateondhatpnge 383 bKe avd & oressws imtheo 36
wherein the extraction dpgarried 30 out as a continuous process wherein
t he urea cont ai ni precipitate and the near-

10

31. A process according to Claim 30 wherein the pressure is in the range 150-300 bar.

32, A process according to any one of Claims 1 to 31 wherein the solution and near-
critical fluid are contacted using a static mixer.
15
33. A process according to any one of Claims 1 to 32 wherein the urea confaining

precipitate is obtained as an aqueous solution.

34. A process according to any one of Claims 1 to 33 wherein the urea containing

20 precipitate further contains a coloured compound.

35. A process according to Claim 34 wherein the coloured compound is a chlorophyll

dertvative.

25 36. A process according to any one of Claims 1 to 35 wherein the pressure of the
near-critical fluid phase is reduced in two or more steps to recover two or more

fractions containing a lipophilic compound.

37. A process according to any one of Claims 1 te 36 wherein the extraction is carried
30 out as a continuous process wherein the urea containing precipitate and the near-
critical fluid phase are continuously removed from an extraction vessel without

reducing the pressure of the vessel.



critical fluid phase are continuously renoved froman extraction vessel

W t hout reducing the pressure of the vessel. 2 5 ocr 205 38 3% éé)rocessu
according to any one of Clains 1 to 37 further including the st p5 T 2088
washi ng the near-critical fluid phase ing,a high-pressure water wash col um
before reducing the pressure of the near-critical fluid phase to recover
the lipophilic conpound. 5 39. A lipophiiic congound when extracted by a
process ac@8r di prpcess agpprding iohny CngjofsClrims 138, 3% durther pndudivg therstep o

extracting at | east one fatt. i.d kroma Lipid hydrosyl ate sol ut 10
whi ch process "‘(aﬁ@‘flﬁdg n%?“ﬁnélégﬁﬁ?lﬁé’hﬁeeﬁlsa h'}é%(' S%lbe & fr‘ivgaselfl ﬁgiuﬁnfdg%g% ate
sol ution w th rgtiiRenot EhePpRASIGE F Be! her-cHigR/ fluigopdist 116 RBHRPUME suphtiRx; (Db)
separating the solid conplex fromthe solution; (c) contacting the solution
fromstep (b) cpiophuRtl.near-critical fluid to produce 15 a urea contai ning
preci pi tsate and a near-critical fluid phase containing the fatty acid; (d)
separating the near-critical fluid phase fromthe urea containing

preci pi t at g9, 2ndigophilic CEiShIMEd t WBerP ELSSUEE b9 a tiGcce AbcHlinkl GAkn¥ |oskdofPhase
to recover the fatt 20 acid. 41. A process according to Caim40 wherein
the |ipid hydddeipheat &0 3%l ution is obtained fromthe hydrolysis of fish,
animal or plant oil. 25 42. A process according to Caim4l wherein the oil
is fish oil. 43. A process according to Caim4l wherein the oil is seed
oi |. 44. A0l OC@sscedC iR dtirAgtite0atTeadt Bnd Fatth QLRI forh NETipRIERy Rbdy1dte soREiBR! ed
fromthe group 30 consisting of borage; blackcurrant; evening prinrose,
Echi um0Lunar iwhish pieeesd ovdladesat ast thastepstalo; punpkin; and Mow orientalis.

’ j (a) combining the hydrosylate solution with urea to produce a solid

urea/lipophilic compound complex;

(b) separating the solid complex from the solution;

(¢) contacting the solution from step (b) with a near-critical fluid to prbduce

15 a urea containing precipitate and a near-critical {fluid phase containing

the fatty acid; |

(d) separating the near-critical fluid phase from the urea containing
precipitate; and |

(e} reducing the pressure of the near-critical fluid phase to recover the fatty

20 acid.

) 41. A process according to Claim 40 wherein the lipid hydrosylate ’solution is
obtained from the hydrolysis of fish, animal or plant oil. '

25 42. A process according to Claim 41 wherein the oil 1s fish oil.
43. A process according to Claim 41 wherein the oil is seed oil.
44. A process according to Claim 43 wherein the seed o1l is selected from the group

30 consisting of: borage; blackewrant, evening primrose; FEchium; Lunarium;

meadowfoam; saw palmetto; pumpkin; and Biota orientalis.



25 0CT 2 39 45. A process according to any one of Clainms 40 to 44 further
conprising the step of wnterising the |ipid hydrosylate solution prior to
conmbining the hydrosylate solution with urea. 5 46. A process acE@erqg?ah;q :
any one of Claims 40 to 45 wherein the hydrosylate solutions conbined wth
solid urea. 47. A process according to any one of Clains 40 to 45 wherein

t he hydrosylate solution is conbined with a solution of urea. 10 48. A
process accr dh tepoess Weardingie ayeons of €ladms 48 4o < frthemcomprigng hgedwpsof

eheroin tho 1ot byriae e REACEEE ER, MR 3ol RinBind B bbby’

49 wherei n t hgolifigatwdthairegl fatty acid is pol yunsaturated. 20 51. A process
according to C aim50 wherein the pol yunsaturated fatty acid is sel ected
fromthe group consisting of all cis-5,8,11,14,17- eicosapentaenoic aci d;

all cis+ 4,4, 1D, 16,.19- osah noi Gid; 0.9, J2- t cat ki | C
“aci d: 9,512,43‘.55-‘9 S et IREORC A e 05?18%‘,“% 408 42 e BRR IR WHSIRLE
A process accgpiitivgistcomdmedavich @fidargd. s 40 to 51 wherein the lipid
hydrosyl ate solution is a Cl-C4 al cohol containing solution. 53. A process

according to Claimb52 wherein the alcohol is ethanol. 30 54. A process

according t y..0n f Clai 40 to 5 erei pthe dipid.hydresyl at :
sol ution isﬁaﬁ££5?1%eo %C% rg%ﬁgﬁ) %%toglﬁ nolefn AT u 3%.4% “@'%@%%@&Oﬁﬁ%&. A

process for exbhaiohinenebin@hwithvestutide ofaggonent froman oil solution, said
oil solution conprising an oil dissolved in a suitable solvent or solvent
m xture® which process includes at |east the steps of.

) 48. A process according to Claim 47 wherein the urea solution is an agqueous ethanol

solution.

49. A process according to any one of Claims 40 to 48 wherein the fatty acid is
15 unsaturated.

50. A process according to Claim 49 wherein the unsaturated fatty acid is
polyunsaturated.

20 51. A process according to Claim 50 wherein the polyunsaturated fatty acid is selected
from the group consisting of: all c¢is-5,8,11,14,17- eicosapentaenoic acid; all cis-
) ' 4,7,10,13,16,19-docosahexaencic acid; 6,9,12- octadecatrienoic acid; 9,12,15-

octadecatrienoic acid; and 9,1 1-octadecadienoic acid.

25  52. A process according to any one of Claims 40 to 51 wherein the lipid hydrosylate

solution is a C,;-C; alcohol containing solution.
53. A process according to Claim 52 wherein the alcohol is ethanol.

30 54. A process according to any one of Claims 40 to 53 wherein the lipid hydrosylate

solution 1s an aqueous alcohol containing solution.



(a) conmbining the oil solution with urea to produce a solid ureal/lipophilic
5 conpound conpl ex; (b) separating the solid conplex fromthe sol?lsi apT gm
contacting the solution fromstep (b) with a near-critical fluid T0 produce
a urea containing precipitate and a near4-0cri tical fluid phase containing

t he non-gl yceride conponent; 10 (d) separating the near-critical fluid phase
fromthe urea containing precipitate; and (e) reducing the pressure of the
near-criti &8 4 pricgsplvasatredinger pyeglychade pempeylept &pidan od wnt said Bilse. A
process accordjing to Clai.m 55 rein.t.he non-glyceride conponent is.

sel ect ed fror‘??]t“%gnﬁ%'ipS%%ﬁgioiﬁ}ﬁﬁaivgfl.mgcflaﬂg%«g,gw%ttoérﬁogveg?mgﬁ e, Which
carot enoi ds. Pfocess REMEESH IGBEBEGiepgof:0 C ai m 55 or 56 wherein the sol vent
or solvent mxture is ethanol or aque_ous.et hanol 20 58. A process according
to any one of O ai(e Ssmbwnimeythgal eglntiehsvithi yres & peidues adolid awga/lippphilic

t he. groyp consisting of . ol idve 0i,l _deodoriser distillate; soya oil

deodori 8er distillat &BRY s%pé%’netto oil. 25 59. A process according to
any one of Clainspp & a‘;ﬁir%fmé&ilmddﬁqﬂ@}ﬁoﬁqhygd}gﬁbﬂ;s wi nterised before
bei ng conbi ned w t(hﬁurgja. 60. A process according to any one of Clainms 40 to
59 wherein the nede) ccputacialg the eelution Fopeitercibe avithraomaareatiopl dlupd tropredienei ng of
supercritical C02; liquid CO2:. et hane'.tat30 t hyl ene;. ﬁr ne:; propylene;

but ane; fluorinated -5 18'@&%8‘%}2% hidt Su ea&s?PH&, @ﬁafﬂeﬂﬁﬁﬁ% ride;
di mret hyl et her; parti alﬂhyn@pgyédﬂdewoﬁiﬁgﬁéﬂtpat ed anal ogues of dinethylether;
and m xtures of any two or nore of these gases. 2 5 OCT 2000 WO 03/089399
PCTI NZ08/ 00062 41 (d)p1 separgingc das ngecontdiahgfivid ghasemiem vher wiea cémsaining

he)ar-cri tical fluid i %r&:iﬂij(a%]e?%{'at ed C2-C3 hydrocarbon.

=

(e) reducing the pressure of the near-critical fluid phase to recover the

non-glyceride component.

15  56. A process according to Claim 55 wherein the non-glyceride component is selected

from the group consisting of: squalene; vitamin E; and carotenoids.

57. A process according to Claim 55 or 56 wherein the solvent or solvent mixture is
ethanol or aqueous ethanol.
20
58. A process according to any one of Claims 55 to 57 wherein the oil is selected from
=_ _> the the group consisting of: olive oil deodoriser distillate; soya oil deodoriser

distillate; and saw palmetto oil.

25 59, A process according to any one of Claims 55 to 58 wherein the oil solution is

winterised before being combined with urea.

60. A process according to any one of Claims 40 to 59 wherein the near-critical fluid
is selected from the group comsisting of supercritical COs; liguid COy; ethane;
30 ethylene; propane; propylene; butane; fluorinated C,-C; hydrocarbons; nitrous
oxide; sulfur hexafluoride; dimethylether; partially and fully fluornated analogues
of dimethylether; and mixtures of any two or more of these gases.



62. A process according to Claim60 or 61 wherein the fluorinated Cz-C3 5
hydrocarbon is 1,1,1,2-tetrafl uoroethane. 63. A process accordi ng%tscé%gtrag@g
60 wherein the near-critical fluid is supercritical CO2 or |iqui .

64. A process according to Caim®63 wherein the near-critical fluidis
supercriti W03 65 A process according to O ai m64 HEATHVR filtrate
solution is contacted with supercrit‘f'cal CO2 at a tenperature in the range

308-353 K and 8. BIEss mﬁccbﬂjﬁ% Clafim '@ ORrdir Ui Rr RAfical FRid R PHRERSRA

according to ereln the pressure is 1n the range 150-300 bar. 67.
A process accor déngs hplregagboone of Clains 40 to 66 wherein the solution and
near- 20 critical fluid are contacted using a static m xer. 68. A process
according to any one of Clainms 40 to 67 wherein the urea containing

precipitate i %208t piceed ascoRiing G eOUSmS GhUbt 061 ARrdd®- thd AL@ERERE egcyr di ng
to any one of Clains 40 to 68 wherein the urea containing precipitate
further &ont ai nshylrecarbenivhldSntpdafigroetigne.A process according to C ai m 69
wherein the col oured conmpound is a chlorophyll derivative. 30 71. A process
according to any one of Clainms 40 to 70 wherein the pressure of the

near-critical 68| Aigogiassotding ROCHAE S0nwhaveinahe fodrarisicaAPBuid O superviticalt Wwo or
nore fractions contajning a fatty acid. 2 O OCT 2006 WD 031089399

PCT/ NZ03/ 00062 4902 gpliquid 5Ppcess accor di ng to any one of Clains 40 to 71
wherein the extraction is carried out as a continuous process wherein the
urea containing precipitate and the near-critical fluid phase are

conti nuaasly rednAvedcesy actoriingict Chdini Ghwhasinehe heaidritioalt fluié duimipagritited
pressure of the ésssel. 73. A process according to any one of Clains 40 to
72 further includrhg the step of

65, A process according to Claim 64 wherein the filtrate solution is contacted with
supercritical CO; at a temperature in the range 308-353 X and a pressure in the
15 range 150-500 bar, |

66. A process according to Claim 65 wherein the pressure is in the range 150-300 bar,

67. A process according to any one of Claims 40 to 66 wherein the solution and near-

20 critical fluid are contacied using a static mixer.

68. A process according to any one of Claims 40 to 67 wherein the urea containing

precipitate is obtained as an aqueous solution.

25 69. A process according to any one of Claims 40 to 68 wherein the urea containing

precipitate further contains a coloured compound.

70. A process according to Claim 69 wherein the coloured compound is a chlorophyll
derivative.
30
71. A process according to any one of Claims 40 to 70 wherein the pressure of the
near-critical fluid phase is reduced in two or more steps to recover two or more

fractions containing a fatty acid.



washi ng the near-critical fluid phase in a high-pressure water wash col um
before reducing the pressure of the near-critical fluid phase2tk® ek Q086
the fatty acid. 10 74. A process according to any one of Cains 40 to 73 -
further c | sing extracting a |ipophilic conpound, said process including
at | east Sﬂ‘gw’é@gﬁ of . (f) dissolving,the solid urea/li pBSTfﬁF‘?:’@“%rrpound
conplex in a suitable solvent or solvent m xture to forma solution; Is (g)
contacting the solution with a near-critical fluid to produce a urea
containing precipitate and a near-critical fluid phase containing the

| i pophi|ic cdApdunecesy ageosking faamhane we Claias 49 for ?ka‘fhetenmtba PHagwnfisom t he

urea containin L. Pi : ' . ' Iag R : e
near-critical %ﬁ%@%%é@tﬁ:ﬁmp@% \l/.éc(rgss{‘h})éer&'ﬁﬁ%gg%??oﬁic coé‘rg%glﬁ%&e%dﬁlg process
accordi ng to Cmarremidcalvitiic iphagehare solnthenuizsler remobatk fifonian t axtrectantasads a
Cl-C4 al cohol . 25 76. prqcess according to Caim?75 wherein the al cohol is
et hanol ? 77. AWE@?@%&E&‘WWPBP@HW fle of Clainms 74 to 76 wherein the
solvent m xture is aqueous alcohol. 30 78. A process according to any one
of Cainms 74 to 77 wherein the lipophilic conpound is selected fromthe
group consi st73ng ppfcessaconditgetd ahpiony ofClaims 40 to 78 findber dnchudiag thatstep ofici ds;
and al koxygl yceryl.ethers. 2.5 066, WD .03/ 089399 PCT 3/00062 43 79.
A process accorﬂ%srli‘ﬁlg_ttge gm-cgﬁgalgﬁrd@ W_%@'BIGWW@F]E ﬁslhthfZ?@"qu)e Bhi i c
conpound i s ol ejeguched ifle pResfiie ofthd ﬁéal‘—)tr;g@a!l duidRRseqy tdcaedrakk fayy aidr ocess

according to any one of Clains 40 to
10

74. A process according to any one of Claims 40 to 73 further comprising extracting a
lipophilic compound, said process including at least the steps of:
® dissolving the solid wurea/lipophilic compound complex in a suitable
solvent or solvent mixture to form a solution;

15 (g)  contacting the solution with a near-critical fluid to produce a urea
containing precipitate and a near-critical fivid phase containing the
lipophilic compound,;

(h)  separating the near-critical fluid phase from the urea containing
precipitate; and

20 (i) reducing the pressure of the near-critical fluid phase to recover the

lipophilic compound.

75. A process according to Claim 74 wherein the solvent or solvent mixture contains
a C;-C4 alcohol.

25
76. A process according to Claim 75 wherein the alcohol is ethanol.
77. A process according to any one of Claims 74 to 76 wherein the solvent mixture is
aqueous alcohol,
30

78. A process according to any one of Claims 74 to 77 wherein the lipophilic
compound is selected from the group comsisting of: saturated fatty acids;
monounsaturated fatty acids; and alkoxyglyceryl ethers,



81. A non-glyceride conponent when extracted by a process according to any
one of Cains 55 to 79 10 82. A lipophilic conpound when extraﬂt&acﬂ!m’yzgﬂg
process according to any one of Clains 74 to 79.

W0 03/089399 PCT/NZ03/00062
43 :

79. A process according to any one of Claims 74 te 78 wherein the lipophilic

compound is oleic acid.
5 80, A fatty acid when extracted by a process according to any one of Claims 40 to 79.

81. A non-glyceride component when extracted by a process according to any one of
Claims 55 to 79 |

10 82. A lipophilic compound when extracted by a process according to any one of
Claims 74 to 79.



