WO 2008/017401PCT/EP2007/006747 1 STABLE AND BIOVAILABLE COMPOSITIONS OF
ISOMERS OF LYCOPENE FOR SKIN AND HAIR The present invention relates to a primary
composition that includes at least one lycopene-containing material enriched in Z-isomers of the
lycopene compeandopavimg an increased stability and bioavallability, and processeof/iesming the same.
It also relates to an oral composition that contains the Sprimary composition in a foodstuff, in a food
supplement, in a cosmetic preparation or in a pharmaceutical preparation. Technological background
Absorption of carotenoids is a complex process involving release from the food microstructure matrix,
dissolution into mixed micelles, intestinal 10 uptake, incorporation into chylomicrons, distribution to the
tissues, uptake By fver And re-aaeretioh o 5E,merﬁ%wg?eoﬁréﬁ%ggﬁfeIf/oﬁa?fgf%r?ﬁgoﬁﬁﬁb LDL.
Lycopene absorption from food sources is widely documented. Lycopene bioavailability is quite low
from foods such as tomatoes and tomato 15 juice. Up to now, tomato paste is the best known food
source for bioavailable lycopene. Tomato contains about > 90% of lycopene in its all E configuration.

Tomato extracts containMgeaphégBramaentioh Iysiapene arereesynsieipdyitvaipbiensdbesfarm of
oleoresin but the bioavailability of the lycopene in humans is rather limited from these sources. In

concentrated 20 tHASES B IEARE NERRIFENBS AR prasEmMSd Ehaishme AhtheHIKeRR e been
suggested to be orgALHIRPIHAARG ARGRe e duasfis RO BBILBIity, and PRARKSRPST

commercially available lycopene sources display an isomeric profile quite Similar to the staffing
tomatoes or show By iagshghtszBecréasisonrziadesriorsindrathesripopition dbel adréai(subl as sauces)

or WO 2008/05’L7401PCT/EP2007/PO67.47 ZFxtr cts. A nurpbeJ of treatments, as for instance thermal
S N ik Zadgsts &B%Q'P%caescsogﬂaﬁeering

processing, aré kn%(fv"ﬁ%’p?gm%?e iSomeriZation, . Shi et &, '38ar 4Ps

2003, 25, 485-498pshowvenbtnat rnd pereaseciudciagnpsamnd be obtained by heating tomato sauces.
However certain lycopene isomers 5 are not stable and prone to retro-isomerisation. According to the
literature, 5- Z is the most &taBRCFRBHEAHG I b minant lycopene isomers followed by the all-E, the

9-Z and the 13-Z. Accordipgbrotih SpBHi e drametiseshyraprsr haspd Al atkdepsids on their

lycopene isomer profile and thus can be modulated by technological processings affecting this profile.
10 Thermal isome#satitedf Kicoprirucisrrnowtrito idignelutiots ittavaikalilioyi¢adiesiomdestimmices.
However, thelkef)oa '@2@'% og |nd|vldual I\gcogﬁne isomers, myestgsated et. As for

o rporation.|nfo microns IQ%gU %tnbteet% 1SS upiake :
stability, it can be assumé AP bidavaila |Iffy of lycopene Base proauch 15 d’epenaé ol?'}/thelr

lycopene isomer ptivile antl tbeyeirgtean ibeomadilatenidy ieshnolpgissaldmeasormed hitte are
already patents that propose technological means and formulations for improved bioavailibility of
lycopene. For exa BDILE WO 2005/075575 provides a primary composition enriched in Z-isomers,

effective to increase the bigayilRbilgy & BrAPeRsm2054y 1sHiRce49 RISCARas addQrrssiar extracting

lycopene by refluxing ethanol: the process is carried out for short time (30) so that no significant
isomerization occukyCARANAIy ofen tafeilit) ialnuteylovpisers foatssieehass thaeties produomato

15 juice. Up to now, tomato paste is the best known food source for bioavailable

lycopene. Tomato contains about > 90% of lycopene in its all E configuration.

Tomato extracts containing a high amount of lycopene are

commercially available in the form of oleoresin but the bicavailability of the

lycopene in humans is rather limited from these sources. in concentrated

20 tomato extracts, lycopene is mainly present in crystalline form, which has

been suggested to be one of the primary factors that reduces its
bioavallability.

To date, most commercially avaiéable lycopene sources display an

isomeric profile quite similar to the starting tomatoes or show only a slight

25 increase in Z-isomers, whether they are derivatives (such as sauces) or



WO 96/13178 discloses a process for the preparation of stable 25 lycopene concentrates: the effect of
isomerization on stability is not however appreciated and, on the contrary, the disclosed process tries
to avoid isomerization by using temperatures lower than 50C for a few minutes, e.g. 10 minutes. WO
2008/017401PWUB®20087/006747 3 EP 1 201 762 refers to a lycopererdimtaimigqirdduct wherein
lycopene is in its natural all-trans form. No significant 2somerisation takes place since any heat
treatment (dissolution and concentration) is carried out for the shortest possible time (less than 1
hour). 5KR 2008X0@64592Ai816HEs the prsiBretitn 65alficbpdaBcanth eonldX eerssBicRsgsed

anti-oxidant actjvity. Hating is applied in the, absence Qf .solvents tq break th Il walls of the plant
material. No préﬁ?)%/vagﬁ? %ﬁﬁgp 5| ﬁ%cmé?ﬁg?ibn%&'cﬁg.a[" 39\‘7‘5‘6 189 ‘i%chi ciB&&E% process

e

for the preparatiqiyfdemai 2408 XBactaauiadug 8 RANRNHAWPRRIE JYBere i 186 RXIacion S carried
out at room temperature. US 5,837,311 and WO 97/48287 disclose a process for the preparation

of an oleoresin bavitdeingld donteeatndydopeie ands=tistaciory atatslityinl hetattardeaturests obtained
by means of phospholipids and glycerides present 15 in the oleoresin itself. No mention is made about

the ?somerié coﬂ{ﬁc_ﬁﬁﬁ@ﬁaﬁ?yeaﬁe_m@‘&?l(ﬁ%feff&ﬁﬁﬁ'éﬁé@%%e%‘i%fw.%ﬁ o di@ratuem i8-carried
out n order to raiTyse e Vel tcope0 fu er imes.not (anaer thanch2 Rowts, & beal,
in th A er to improve the

pre-treatment is carried out on the tomatoe absence of any'solvent only in or

pulp-serum sepakatigin 200 00MAESHTS addresseedh@minblantokiasirgsing tBerpisrisemers
content in tomato oleoresins: isomerization is obtained, inter alia, by thermal treatment for short period

of time. MoreoJ¥eopRnebbsised productToerandae hiffiednsimmafeHeametapiefis-aiddbmer.

EP 0937 412 discloses a process for the preparation of finely divided 25pulverous carotenoid
preparations in&ﬁ'&%@ %\?ﬁé%fﬁ‘ﬁ%s%i?ﬁgEf?f%&é@ﬂ&%%ﬁé&ﬂé&ﬁé%&iﬂ\}Sr ?nBFPﬁ es (5 seconds).
US 5,858 700 concernsapracessdipietiSatnoiatian a[yé ticatian gfyGepeRs ciiskaly ehajacterised
by the hydrolysis of impurities such as WO 2008/01 4(%CT/EP2007/006747 4 glycerides and

phosphonates. Gibavaitioilsisiismaftied ouaaiceighHempeeaiutiesbbidav ditaedishartenthiai@diours,
optionally preceded by an extraction step with refluxing solvents, but always for short time in order to

prevent the lycoleREREGIERTEEEH. NF8 §23Besrs aneriigiadapit, ARvial RO bpEneadrRfulations

assumed that bioavailability of lycopene based products is dependent on
their lycopene isomer profile and thereby can be modulated by technological

15  means.

There are already patents that propose technological means and
formulations for improved bioavailibility of lycopene. For example, WO
2005/075575 provides a primary composition enriched in Z-isomers, effective
to increase the bicavailability of lycopene.

20 EP 1 103 579 discloses a process for extracting lycopene by refluxing
ethanol: the process is carried out for short time (30’) so that no significant
isomerization occurs. Actually, the natural all- Z lycopene is desired as the
final product.

WO 96/13178 discloses a process for the preparation of stable

25 lycopene concentrates: the effect of isomerization on stability is not however
appreciated and, on the contrary, the disclosed process tries to avoid
isomerization by using temperatures lower than 50°C for a few minutes, e.g.

10 minutes.



characterised in that lycopene has a certain degree of crystallinity and the lowest possible degree of
isomerization. WO 03/090554 discloses concentrated tomato derivatives having high content of
lycopene and pre-determined viscosity and sugar content. The 10process is physical and no solvent is
used. Heating Yo 1*8fiittlites 11 is carried out on round tomatoes in order ¥ ME&XHE G separation
easier. Mayer-Miebach at al., "Thermal processir?g of carrots: lycopene stability and isomerisation
with regard to antioxidant potential" Food Research International, Elsevier }%gyed- cience, Barking,

|

GB, vol. 38, no. 8- 158, DelbhéP2065 5alged MPREABE A FBIREWEIEH oY KRBpEhe in
freeze-dried carrgrs,n LUnclian f iRmesial tu AP EAMLIEIRA eiludhaalktgRedsomer is

stable to prolonged heafing, resulting in a decrease of cis-isomers. As a matter of fact, therefore, the

prior art does Rt Pradde26ABRIIEGHEDIDIREESRS Chlycopratiaryiprisingedpmibnigedtheating in
organic solvents allowing to obtain a product having high bioavailability and stable isomeric
composition. Surarteslypohsidlecimddigss tearnte ability of individual Z-lycopene isomers 25varies

from one isomer to another; in particular the 13-Z lycopene was mpch less stable t ither the 5-7,
or the 9-7,50r the al|-é%&%@?s&@ﬁ?geat?éﬁ%‘?ﬁ%@%ﬁfﬁi’é&#‘ﬁ@sﬂ&q 888%?%92{8%%3 I|§‘rkélsgexnt
invention musthaye ajleval.af13-7.is lowr\ 3 PResiRlg e pphiiPminRe sialipedt VO
20118/01740F§§W&§%eééf§oe§i73§‘ g%%?sg %@) bem,hown tﬁat s?r%}?a Z isomers (such as 5-Z and 9-Z,
for example) oflieepenecephaiicehihe biomaitabilityh ef gt onapesiioNooptalnirgely dupiirg The

primary composition must therefore contain mainly the 5-Z isomer, or a combination of 9-7 and 5-7
isomers to proditié Bp ISPREvEd Bickkaifbility and bioefficacy. Accordingly, it is a first object of

the present invention\}\?onr8§’(i/69%i_‘pga@/i Sc&g%%%sigo%%/g HALGASHEANE YGRS COn A dnaterial

enriched in a specific mixture of Zisomers of lycopene, the lycopene-containing material containing by

weight a greatehperaeniagerniRtisaaarsalpssdid omrdie grouxcaosisting aiifidd @ and
combinations thereof than of 13-Z isomer. In an embodiment, the present invention provides an

oral compositiondhatemp@iatitke primary composition in a foodstuff, in a food supplement, in a

cosmetic preparation&rsig’% %%qrqzcr%l%gl 8%&3&%@&%!03&3 a process for the preparation
of an oleoresin having high content of lycopene and satisfactory stability. The
latter feature is obtained by means of phospholipids and glycerides present

15 in the oleoresin itself. No mention is made about the isomeric composition of
lycopene and of its influence on the stability. An hot extraction is carried out
in order to maximise the yield in lycopene but for times not longer than 1.2
hours. A heat pre-treatment is carried out on the tomatoes in the absence of
any solvent only in order to improve the pulp-serum separation.

20 WO 2005/075575 addresses the problem of increasing the cis-isomers
content in tomato oleoresins: isomerization is obtained, infer alia, by thermal
treatment for short period of time. Moreover, the obtained product contains
an high amount of the unstable 13-cis isomer.

EP 0 937 412 discloses a process for the preparation of finely divided

25 pulverous carotenoid preparations including an heating step in the presence
of solvents for very short times (5 seconds).

US 5,858,700 concerns a process for the isolation and purification of

lycopene crystals characterised by the hydrolysis of impurities such as




15In an embodiment, the present invention provides the primary composition as an additive in a
foodstuff for oral administration, such as in a nutritional composition, a food supplement, a pet food
product, a cosmetic preparation or a pharmaceutical preparation. In an embodiment, the present
invention provigs280pEHeld of 20manufacturing the primary compositionsPeT feRR0SepEements,
cosmetic preparations or pharmaceutical preparatiorfs containing the same. In another
embodiment, the present invention provides the use of the primary compositijon ag daetscgli%%d above,

for the preparafipeesities oealdcosnostitonptesrmabeutiB¥H KT siforttERtedtor improving skin

health, 25in particular for photoprotection of the skin or for eclipgsHdn isside aasinst,aging. In
an alternative &ABSIRHER, RHE B’r%é%??rﬁgﬁﬁ%ﬁ lErc‘%‘\%dge)shﬁgeﬁt}[jslgagif'the gri%rﬁn%ry compgsitions for the

preparation of an orcekllbcog{gst%m_ %ggg%gy&@g%@EWMGW&WMM&UG@MQI

composition fo?)fnfgvenﬂng or treating cardiovascular diseases or cancers. An advantage of the
present inventigh,{s M6 ik FeRPAstiRRIBtOE isomers of lycopene that exhibit a higher stability,

bioavailability and 5bioefficacy. Additional features and advantages are des reia, and will
be appareht from, th&/BlIGWA3G BtiRietheseFipaiaPlshd RHY %@ﬁ@. S}(%?%%%cricg(lt}?o%q}(l)%ﬁhe figure

FIGURE. Area under the curve (AUC) of plas C g@é(ber idesl&-pfthRhifollamdngiéhe
consumption of’ﬁ%?éﬂﬁﬂ?&%gbl({%gﬁlgﬁﬁﬁg 'ﬁgﬁnégg tgt%%g%ene fgom eithgg’ toma:tg paste (all-E

lycopene) or tom?ggp Sei @%}g@g |¥eanane{fod. oleoresin) or tomato oleoresin rich in 13-Z
lycopene (13-Z oleoresin) or tomato oleoresin rich in 9 and 13-Z lycopene (9- & 1 -Z.ole(%re in).

15Detailed descriptiond &/ 0aEERbdisclobes prrsaitiaiehiomgihaelivaliat ?(ylggmb%ﬁsmons that

provide health benefits. More specifically, the gresent inventio tes to figi fautritiomal
compositions tHENtaRtbel UYEAREHhHB e@ﬁ?ﬁﬁiﬁ'ﬂéﬂ? %né’%%%ﬁ%g r:‘égar ing the same. 20The

present invention now mak j tgﬁ othesensimer @ekin naR\eth gofapasitiomiobtamdd om
natural pré@uctg.r%ees%)rfr%ﬁr@fcs\({)%gosiéon provides lycopene in a particularly highly bioavailable

and/or bioeffectivg farbuna pErfed esheatbeslimendethtoimakeitie i IREPRIARS ERTEs or 25

derivatives thereof with an isomer ratio different from the naturall occurrgn% gggt'@ pgpgdggéﬁéo date
available. In particulaividneembiintiaahete@to extPRTOr BAAGERETES with an E isomer content not

higher than 60% on fotal lycopens camebPrelRIRPR ydra ARE irmbgidesntepbrtighdtdban 40%
Research International, Eisevier Applied Science, Barking, GB, vol. 38, no. 8-
15 9, October 2005, pages 1103-1108, study the isomerisation of lycopene in
freeze-dried carrots in function of temperature. The Authors conclude that
only the all-trans isomer is stable to prolonged heating, résu!t'mg in a
decrease of cis-isomers.
As a matter of fact, therefore, the prior art does not provide
20 isomerisation processes of lycopene comprising a prolonged heating in
organic solvents allowing to obtain a product having high bioavailability and

stable isomeric composition.

Summary

It has been found that the stability of individual Z-lycopene isomers

25  varies from one isomer to another; in particular the 13-Z lycopene was much
less stable than either the 5-Z, or the 9-Z, or the all-E isomers.
Consequently, a primary composition according to the present invention must

have a level of 13-Z isomer as low as possible to exhibit optimal stability. It




WO 2008/017401PCT/EP2007/006747 7 on total lycopene content (by HPLC),  In an embodiment,
the present invention provides a primary composition containing a specific combination of Z isomers.
Preferably, the ratio of Z/E isomers in the primary compositions of the present invention 5should be
above 1. MBeP1THE combination is preferably rich in 5-Z and 9-Z afeirgdesianoea. In a
preferred embodiment, the amount of 5-Z and 9-Z isSgreater than 30% on total lycopene content,
preferably greater than 40%, most preferably greater than 50%. Also, the amount of 13-Z is less than
10% on total h@sycwpenbepreferaniy IdbsttheerBys Zmisonpedefabihleas thah 3ndorPtétallffcopene
content. By increasin%the specific 5-Z and 9-Z isomers, and/or decreasing the 13-Z isor%ers, for

| or d g
example, a stESRTBIR oPthdYSiTRERS cSMY o HFat RIGAYRLAR g\‘;aié?blé SndPORBI6ective can
be obtained. MgHeoKH U SXERCSIRABHIIYESI J3StdHF RHAL AR RIRSHE HBelAedinysual
storage conditions anddo not undergo retro-isomerization. Under ordinary protective conditions
(absence of light ahd oxges), the bycopebintitahconténl amthE SsHniesmented renoaids canstant. The

latter does not increase, even when keeping the extracts at room temperature. Such a profile
(i.e. low amouRtRICYSZhiRavaliaitie ARbperfieagy be 20for example obtained by isomerizing

lycopene using catalysis on a solid matrix such as_clay. y_prol ing. Iln odiment,
the chopene-contair%i(r(fgor%&;l\?eqr%ﬂ (C%{aﬁ&bea, ffzrrsgx%%r)ﬁ%?g IO?I’ t(ﬁwgeeb fﬁé@ﬁg\?& fﬁa?(}: ﬂ atéor%ér\ﬁ%ie or an

oleoresin. In theimarpPiesARbSRRFIECATIAN et Bheolpasasing SBpMiHAURdessI0sHimaan a 25lipid
extract of a lycopene -containing material, which includes possibly other .

carotenoids, triglyeesdesifihospkiolipids| tat dphereis, tof oy mmsis ephijte stgcop et asthtaingrs significant
compounds. It has been surprisingly found that retro-isomerizatjon of?l}/co ene in isorqeriée tomato
e lﬂﬁ &

oleoresin can WS PSR TP CY 71966 A0S sRRLGRHAH etftllifG ftE'ESHtént in 13-z
isomer. 1 '“%&WQ@%&%@W@%%%@@iaams{éﬁﬁsﬂar@tﬂer@mﬁgmomgeﬁtrate or an

oleoresin, which is obta , extracted, enriched or purified from a plant or vegetable material, a
microorganisnis@ry@ast or a Sproduct of animal origin. It is further subjected to a treatment to increase
its Z isomer content of lycopene, as described below. lithe source of lycopene is from plant origin,

it may be vegetabledHVEE) BRABIZN e RTESSNeIYEREST AIOYIRER. 77 LRERATERPEMHBBdIment,
the source of %cc%pgonn i§n%o atO(?ﬁn i.re., whole stR{?r?t?T gopag&%f'l%%eﬁrgqogan%%?gﬁlg nte%ato puree,
e ablé concentrates are

tomato skin, WITR oF WIthOU the Seads). STrabl plant or vege obtainable e.g. by

drying or freez&ggy}ﬁgt;@%ﬁé@gﬂ&%{)mﬁ; SpvResiabiLs ealtpreiRaRER e roots, fruits or seeds

thereof and then optionally grinding or granulating the dried material. Suitable methods of obtaining

extracts bf the abovammerntiopgtbodiment, the present invention provides the primary
composition as an additive in a foodstuff for oral administration, such as in a
nutritional composition, a food supplement, a pet food product, a cosmetic
preparation or a pharmaceutical preparation. |

In an embodiment, the present invention provides a method of

20  manufacturing the primary compositions or food suppiements, cosmetic
preparations or pharmaceutical preparations containing the same.

In another embodiment, the present invention provides the use of the
primary composition as described above, for the preparation of an oral,
cosmetic or pharmaceutical composition intended for improving skin health,

25 in particular for photoprotection of the skin or for protecting skin tissue
against aging.

In an alternative embodiment, the present invention provides the use

of the primary compositions for the preparation of an oral, cosmetic or




15 plants or vegetables are known in the art. The plant or vegetable extracts can be obtained, for
example, by extracting the fresh-cut or processed plants or vegetables or the respective roots, fruits or
seeds thereof with water or with one or more food grade solvents or with a mixture of water and one or
more food gradels¥ifélid0Preferably, the extracts and concentrates accoRfiRg-Ra0 2 & present
invention may be lipidic or aqueous. Because carotefioids are liposoluble, extraction with water will
remove unwanted constituents that are water-soluble such as, for example, sugars, amino acids,
soluble proteirghanmasasricalic eefmpokitian lyéobepecreAtiiAing® mating oRalH Ly assHlar
microorganism, 25 any microorganism that produces lycopene may be used, in particular probiotic
microorganisn#ﬁf&?%%ﬁo?%%%ﬁ%le, lactic acid bacterium. Also, the product of animal origin may be
from, for example, saipam, g oWHé’B?e@éWt EXVAHN BdRtRapERe Rieagnirspecification,
the term "milk WO 2008/017401PCIAP2007/006747 9 fraction" should be understood to mean any
part of the milksomelrs anfaltpcoative ethlavdiemaittitthe [YogipenestaitdiningiomteilEbitan Badn
oleoresin. Suitable methods for obtaining oleoresins from the above-mentioned plants or vegetables
are well kRowrPiRaHEagy-For example, 5 oleoresins can be obtained by lipidic extraction using a
solvent compatible w'ta1 he food business, cosmeti I? 'c%gs resi 4 ed by
conventional methodéf Cg%na&\l%%%?iunrﬁn @/%%pgea:vea é%ga?%%ﬁ gégé%%%tlé}% A%%%ﬁ‘a’ig%&T%gi%éontent of
all-E isomer ofdygapemesisHstaddiehesdhast Hxaliob ésisomiens 2@ tierrfinef Z/E isomers of
lycopene in a selected 10tomato oleoresin is about 7:93. Oleoresins are preferred starting material
for obtaining the prinfrigicdessosition atdwedigyn® the present invention because they contain other

carotenoids or antioxidants such as Vitamin E, which stabiljze the composition. The.hioactivity
and stability of the I;ﬁ%&i&%dﬁﬁﬁﬁﬁ{b&ﬂ t&'@ %%gdéﬁﬁ)cﬁp&%sﬁiwg ?meztéﬁfgﬁlearﬂ, Gtring the
isomerizaion piosess ANE IR b Radduerpens BidhaadmasaceBnariion ssmalse e
increased. The lycopene-containing material preferably includes carotenes and xanthophylls such
as, for exampleyaeasrnthone sisiaxanthite phsta-taypoantiemegapsantiites Erdmraithiire, lutein
and derivatives thereof such as esters, for example. The lycopene compounds have been subjected to

a treatment to fiére¥ERPANE A Ss@rRle & EIHNAH B HARIR) ESNpShiBh.1Fr oryePREBB A uch an
isomer profile, é*c‘eeqt')lye%‘?@e”?‘?"‘t%%%%”8188:@& er}?éﬁ”'m%'Sa'HJh%PZ”\fgoadbﬁétf?gL g Cpgogntrate or
an oleoresin, is subjected to an Isomerization by using neutral, acidic of basic solid catalysts (e.g.
clays, zeolites,gp@le@itar sieves, ion exchangers) to produce mixtures with high Z/E ratio. The use of
solid catalysts to enrich the lycopene in WO 200810 1.7401PCTIE P2001/006747 10 Z-isomers is not
polluting &hd harmfulBetitetbdassrivéiencot dbayisreslinme conveniently removed by simple filtration
or centrifugation. AlsQ, combinations of solid catalysts with other common mean%e g heaé, light and
ﬁ%%ﬁ 3 af ide

radical initiators) can l}}ﬁhg?eeﬁ?ﬁgn@é{?ﬂ '%fécﬂﬁg Vids %erf’z floROBR? %{HSPhSer emb%r i\fnent, the
extracts or deriyatiyasceaidingindhe BYRRHAY, o R JYERRIRAHATIN G e BiaRs darts of

tomatoes (such as the skin), derivatives (such as sauces and concentrates) or extracts. Isomerization
is carried out byyiridlonged tregtrsitiona sthlaentahisfindmd iwsimpisivg) iskitevard domitraaydeachings
which may be derived from the prior 10art discussed in the section "Background of the Invention".

In particular, WS BA%IBE_" I LR GF R qhereof are used as staffing materials, they can be treated

with a solygnt able 10Glraglycapent HIRAe NG EHIACts Map beqiedthecepluits rgmoved,

thus recovering the isomerized extract. and, when an extract or derivative is used as

starting materign phtsvisdtaksimi it a0k mixtire indteated foodseisabld isneptivaarthe solvent
is removed, thus recovering the isomerized extract. Solvents which can be used for the isomerization
step are hydro6@mbens;tiloRrRIidERy HeRRFHENY) cteRtiktiaA¥s NigEbh Mo pertialisr 3 TEoc 10

bioeffective form.
In a preferred embodiment, the invention provides tomato extracts or
25 derivatives thereof with an isomer ratio different from the naturally occurring
one in products to date available. In particular, the invention relates to
extracts or derivatives with an E isomer content not higher than 60% on total

lycopene content, preferably with an E isomer content not higher than 40%




20 aliphatic hydrocarbons, C1-C3 chlorinated solvents, 03-C6 esters, C3-C8 ketones and C1-C8
alcohols; more particularly hexane, carbon tetrachloride, ethyl acetate, acetone and butanol.
Isomerization in solvents is carried out at temperatures ranging from 50 to 150C, preferably at
temperatures r&fits/ G160 to 130C. Isomerization time ranges from 4 t8CZAPHIPEsEtably from
2510 to 180 h. The Z/E isomer ratio in the primafly composition may then be increased up to at
least 20:80, preferably between 20:80 and 95:5, more preferably from 30:70 to 90:10. In a preferred
embodiment, the (6t 9@dBentcEtMOWHB 20D8/017401PCT/EP2007/006747 11 1, and the 13Z is
partly removed. In an embodiment, the present inventionﬁ)rovides a @géy compaosition, in the

e

. A ri
form of a powder, liqifid dgefBBRFIMGRG a )€opRIFS RBMPBYRAURRICH R Betfer BIdR AN ability
and/or bioeffic S SR SeniBfRIBIADE GORBARIIEN ErdYehaYly thedorm of a
highly water-d%?ggﬁygﬁngposnmwi]lgtr?eago{/vaer form is chosen. In this instance, thg powder is
dispersible in watry at aybigsirieimperaties . primapyincary mmsijzostion tiso pessdés veeot@mids in a
particularly highly soluble form in lipids and organic solvents, less prone to crystallization, and having a
10lower tehdestyptddalgg@lpie. 1.  In another embodiment of the present invention, the primary
composition may be ysed either, alone or.in association with other acti C vitamin
C, vitamin E (tocophﬁ&%egﬁﬁrtéggtﬁg%t@s? RIbtRhoids rc%? of’ezr?‘egcﬁj\giﬁfngega%%t %?r?)e%m i
beta-cryptoxanihine, @iG) jhardpigiiBanssuimenC el Bineatrcbins feahepigaibentrntintpatiate),
coffee extracts containing polyphenols and/or diterpenes (e.g. kawheol and cafestol), extracts of
chicory, Ginkg@bioba éxtahtysograye amjeapersetat aixlyagieatieh thasrddlithdopahipirieghibe extracts
(e.g. rosemary), soy extracts containing isoflavones and rel?{jzc; fhytoest ﬁ%ﬁn? d oth%r t9 sources
of flavonoids witFeaHIoHht 3 tvitd 92ty BEIRTEY % it Fdéfsﬁhj erot<® pPEbitii&'ibers,
probiotic micrograanisms. faud In 358inoRCIdS pSEteRiyTy 3BdPERSHISOrS ghotutathione, or
proteins srfl}ich %gﬁ%‘%ﬁ%ﬁ,&v@ﬁg&%ﬁﬁ%ﬂ b T?lﬁegpgrt?ngary coanr%osition can additionally comprises

one or more of |eBusiiiersostabilizes andaibrraddiivgs: dioukifeendo®iatidenzrsharfdder field are,
for example, phospholipids, lecithin, polyoxyethylene sorbitan mono- or tristearate, monolaurate,

monopalmitate damsaes Bctitedd:- 2 teemerer difly ader any2rsibit stabmz&f B8 RTURERN in the
food WO 2008/017401PCT/EP2007/006747 1 siness, in co } r icals can be
added. Also, fIEBUPS SRSt *ﬁ?é %?n@%hey%ﬁﬁa&as't??él%lgnadma\‘;%esgLgr%ﬂv(vér% tﬁ]’%&éga)%gg ?@Sﬁ%%? in
cosmetics or inpharsiRce uisalx Fapiberrdaa kese @mMuisifirienstabitizerstapbadalitbrethean be
added according to the final uses of the primary 5compositions. In an alternative embodiment, the

present inentiosprb\stesge aahdbioppsiivh compasingdeegsrireify depmedariPtesensgf above in
a foodstuff, in a food supplement, in a pet food product, in a cqosmetic preparation or.in a
fa ‘%8 6%1 'ﬁ’f&?%dﬁ?gﬁ%‘gﬁsumption

pharmaceuticafiparatiIRtagiKe HBRIHMPIABBRNARMR! 4608 LE
can be supplemepied fydNe BHMayicoMBPYAt N2 egdcomnasiion May BReforssamide a

nutritional complete formula, a dairy product, a chilled or shelf stable beverage, a mineral water, a
liquid drink, a spupeagdictayrsupriekeat sgnielaapiate memnto m natrifierstiibar, a confectionery, a
milk or 15 a fermented milk product, a yogurt, a milk bas%gugowder, an enteral nutrition proguct, an

infant formulae, an infaHERRRION:E é%@du%‘f{ AP B t'ﬁ?@?é.r?rﬁéﬁf’ea’ CEPERSIABEY Bfoduct, an
e cream, s chpcolie, ol oy podic s R gRYONORE sBEASS o s

dressings‘or a p or use 1n food compositi primary composition can be added to the
above-mentiongg fiends @hHINKR$S, &7 oy rvton gadihisakg between about 0.001 and 50 mg of

lycopene contained in the primary composition. A daily intake of about 5 to 20 mg per day is preferably
envisaged. In an embodiment, the lycopene-containing material can be, for
example, in the form of an extract, a concentrate or an oleoresin. in the
present specification, the term "oleoresin" should be understood to mean a
25 lipid extract of a lycopene -containing material, which includes possibly other
carotenoids,  triglycerides, phospholipids, tocopherols, tocotrienols,

phytosterols and other less significant compounds. It has been surprisingly

found that retro-isomerization of lycopene in isomerized tomato oleoresin can




The nutritional supplement for oral administration may be in capsules, 25 gelatin capsules, soft
capsules, tablets, sugar-coated tablets, pills, pastes or pastilles, gums, or drinkable solutions or
emulsions, syrups or gels, with a dose of about 0.001% to 100% of the primary composition, which can
then be taken Bt/ WitHivater or by any other known means. This suppREFRERRNTE6747
2008/017401PCDEP2007/006747 13 may also inclide a sweetener, a stabilizer, an additive, a flavour
or a colorant. A supplement for cosmetic purposes can additionally comprise a compound active with
respect to thebskminirsiked dpecshisiasisegantanhislipgldpenes.can be made by any methods
known by those skilled in the art. 5 In another embodimeﬁ]t aé)harn%a eFticaI gorgRosirtiroan& containing

the primary composif?o?uré EEYPPB@E’%‘inFE‘t%HXS%??}%%@ 3‘&‘ LA ?ﬁﬁe%ﬁ‘euﬁc tre%{fmenfs, in an
amount sufficient {n cure Qe ableast RastialyiATeatitie RyBiameof badiseaseanttssomplications.

In the present specification, an amount adequate to accomplish this is defined as "a therapeutically
10effective dgaeifidsnronts ffestive fovehistablled eprtad ain thenseverniaofdine disgeast amdahe weight
and general state of the patient. In prophylactic applications, primary compositions according to the

invention Tan O durhipt A8HER Lo Aaatik e Sudhepmypigsisddmaniraimeniito ingieppa it dfar disease.
Such an amount is g%fé%?gnttook?? 'éaogr%%h%ﬁcéi a%ﬁgg%cgg%\g’ose". In this use, the precise amounts
alth an [

again depend'%%"tlﬁe patient's state e weight. In an alternative embodiment, the primary

compositions of the jpypBtign a8 be adabRsterediith alRRarsIREeUICAMAcasptablf:easiiar, the nature
of the carrier differing with the mode of administration, for example 20 parenteral, intravenous, oral and
topical (includiegveshtHitmisrotedsTrandesiteg foradiation clrebedlantie Using apaffiteof

excipients including, for example, pharmaceutical grades of mannitol, lactose, starch, magnesium
stearate, sodifif UM Qb%ﬁB@@%%%?ﬁggﬁﬁq%é?b@ﬁ%&% ‘ﬁhaﬁgi%iﬂ&?té’o&%’p”ag fons may
be a tablgy, a caRsIUe 1BARLAHRAHIEARPSHRRENRIAME® SKHP vittdriSd\AtALRHRA BESsR wet oral

supplement. Preferably, for humans the pharmaceutical compositions according to the present
invention can gaityisiee Haranmount gé thislerionanectapssition abtdastiibed.gbdwe, doriagdaity
administration, so that the lycopene amount WO 2008/017401PCT/EP20071006747 14 ranges from
about 0.01 mdrepzecRAheriraahiridRlarta sl RPS4E! #8 ok Lop ERePaHb T eals Ayl from

about 0.01 m to ?1%) drsngfheregfwgln%e @_p&re%isgg%%%ﬂgte tﬁﬁ%%ﬁgoﬁoe@%ﬁ%w@s%o%h&own

knowledge, select the appropriate componen the active compound to

the tissue of inigrRSae. B iRaHkiInyRAKIY Stemaeaidiie\eeirives, tiking intbacsoumfioesadute of
administration which may be by way of injection, topical application, intranasal administration,

administtationbgritaplanese taties sde ki@veu dtaine i feld A6ePigBlcrh ¥ Sas RIS IREraBm @@ other
compositon dBECHRAFASVE! AR (BpaTLrag S0 Lo SR G0 Ereara A s,
after-sun creas, Aatliaging HEaBS,ARUR AlIeniftdUrexeRIenBreteranly Waesastentof primary
composition can be between 10-10% and 10% by weight of the
one or more food grade solvents or with a mixture of water and one or more
food grade solvents. Preferably, the extracts and concentrates according to
20 the present invention may be lipidic or aqueous. Because carotenoids are
liposoluble, extraction with water will remove unwanted constituents that are
water-soluble such as, for example, sugars, amino acids, soluble proteins
and/or organic acids.
If the lycopene-containing material is obtained from microorganism,
25 any microorganism that produces lycopene may be used, in particular
probiotic microorganism such as, for example, lactic acid bacterium. Also, the

product of animal origin may be from, for example, salmon, shrimps, krill or a

liver extract or a milk fraction. In the present specification, the term "milk




15 cosmetic compositions. More preferably, the cosmetic compositions comprise between 10-5% and
5% by weight of lycopene. The cosmetic compositions that can be used topically can additionally
comprise a fat or an oil which can be used in cosmetics such as, for example, those mentioned in the
CTFA work, Cosmame/snguedients Handbook, Washington. 20The cosmetiecauerpogitions’ of the
present invention can also include any other suitablegcosmetically active ingredients. The composition
additionally comprises a structuring agent and an emulsifier. Other excipients, colorants, fragrances or
opacifiers canfedstide' athdedtto shencessietid compasitaoyspitrivilf beeappkeciated that the present
cosmetic products will contain a mixture of different ingredients known to the skilled person, ensuring a

fast penetration of thé GH)eiRativeBMROMIBIAL Hh KERPSRR/SRIE OG- RGO thaRBRduring
storage. It should aJsg be .understaad that.the copce f P inyent) )
2008/017401%%%%&6‘”0%"}‘3&1% %“S@F‘lﬂ?egw%é t%?%%%ﬁ? i Jévg'tr!l)ct}{ghéﬁlé%?%%\é?sting in
presently useq{aRAiGAIPNSIaRACAISGdh8tAEBENM LOMRAURHEWH the RReSeRt. ifeniama easily be
administered together with food material, special clinical food may be applied containing a high
amount ofithe pidnTasitompoditonbidirstb iy Hiidiclextrartion veiiling swvsriseamptization
together with the appending claims the skilled person will envisa?e a vaéift of different altzjnatives to
[

the alternative WHbDni@REs PHSHRS Se FRBFARIICS OFrRBASFRRERETIRAR GRIBRMPRALTES to the
use of the primy GARRRREN LG 0L COBRASION: G5 e costReUE soBRaRiien 10 daseribed
above for the preparation of a product intended to protect the tissues of the skin against aging, in
particular for injyibiisigictarmage teoifte skiof a1t risonceusivenupeme ddysuailbitinggbellaheanases and
enhancing the synthesis of collagen. In fact, the use of the primary composition as described above,
for example, n{BRESTt BosSHIE R dhfiathe fidtia PhigH aRAmRIBoPTY SARIEN & 'cniSiaf&h the body
and to sl%\/ down of the s in.tt}jsfrimary compositions may also be useful in the prevention

the agin 2li<
or treatment of%@ﬁg?n%%g%%? reactive skins, or for improving skin density or firmness, for

ameliorating skin phetgesptastions o peeriinsairtiegtingergiossgugiisisgagrs prifigpyders and
cancers. 20 They have also particular benefits on hair and coat of pet animals, such as an improved

hair or coat degeinpdiitodiasrsedinsplisutheilnesss tfosyieriierahe cabe togyramiatartbetoat loss.
The positive effects of the primary composition of the present invention on the skin of humans or pets
can be measuFRIBGUREY 95 @dﬁ(ﬁgﬂﬁgﬂgﬁ rﬁ@ﬁ(ib(?sc’ s%féﬁ@é’?f 'e%ﬁ‘rﬁ:ﬁ\e? ﬂ]iﬁ#gpg@%@ﬁ%l dose
(MED), colorimein, 4aSRPIFREMRIYBLRAPShd AR ib MRasyEs phwieciarinnhpigeoglycans

production, or collagenase activity, barrierfunction or cell renewal or ultrasonic echography. WO
2008/01 7401 P§ld dreR R0 @140 Oty 4ih i A NP pla BiEidamplerin G tindy isbine ritabidity pfdgespene
isomers The stability of cI?/copene iIsomers was evaluated both in an organic solvent and in a
tomato extract28fidtgiane!d of Jhspénd.FeRaBifo R PESIRHASHRRL BIYRANEE T GF hd&na spa.
(Milan, Italy). Its total I¥ opene content amounted to 9.1%, of which the all-E and the 5-Z isomers
represented Qé%.g‘%%lsndg 6.5%, respectively. Two isomerized oleoresins were prepared by heating a

suspension of tomatarh@ gleeiiesiela@ibhacetatatrid0 praie eiBigr ieciddeer darct8iesA@ricooling at
room temperature, the suspensions were centrifuged and ethyl acetate in the recovered supernatants

was removed bprlistidtidls undecheduged prgssurexamppi-t-baAHaRg-tol RFHaXBHTN&Nd

N-ethyidisppropyaming were fom ke AR 4! SOGSRIRHE L AT AR WEIR Mg o

thereof such as esters, for example. The lycopene compounds have been

subjected to a treatment to increase the Z isomer fraction in the primary
composition.

In order to obtain such an isomer profile, the lycopene-containing

25 material which is in the form of an extract, a concentrate or an oleoresin, is

subjected to an isomerization by using neutral, acidic or basic solid catalysts

(e.g. clays, zeolites, molecular sieves, ion exchangers) to produce mixtures

with high Z/E ratio. The use of solid catalysts to enrich the lycopene in



15purification. Isolation of pure lycopene isomers Pure 5-Z, 9-Z, 13-Z and all-E lycopene were
isolated from isomerised tomato oleoresin (submitted to 1 hour heating), by collecting the fractions
containing the corresponding peaks after HPLC separation (see below the 20experimental conditions).
Peaks were coftécitt$/bitiitig two consecutive HPLC runs and the corresp@&dilig2fieléwomns were pooled.
Lycopene analysis Amount of total lycopene wa$ determined by reverse phase HPLC on a Cis
precolumn (ODS Hypersil, 5 pm, 20 x 4 mm; Hewlett Packard, Geneva, 25 Switzerland) and a Cie
column (NovaZigorBedpia hdt » G0 ingrakadarMiiporheVioiretsiniteshirzeafatitptsTeRNseparation
was achieved at room temperature under isocratic con itiogs with a mobile phase consjsting of

acetonitrile/tet?gwam?u /ﬂgfﬁgﬁgﬁamt?ﬁonﬂmgget f'érf 5 WA 20801 A9 BT IEP ;006747
17 (533.5:193 & ih AR ¥V W Wi c Ja6, Biebilaphase MevriAs VAt A Mk/Riheat, lyFoPEne

isomer profiles were determined by normal phase HPLC according to the method described by
Schierle et al, {B6¢himdlealinBiegtral), SaWiuRhblesnhgritacitie, déoiets;dD isStearerationSchuep, W.
(1997). Food. Chem. 59: 459). Samples of isomerized oleoresins were dissolved in lI-hexane

containing 50 ppm BRTAARENSH PR PHERBAGN P B REEh BpHeRYatvMes 2ESRFHRE 19 HB%esulting
supernatants were immediately analyze HPLC. The HRPLC system was.a 1100 series
Fiewiet 10 PP Sa Lo e Ao s R R e vere

simultaneouslyhacaiigr addiPafibA64 06R, IO RELBRS 28dNBeSehiigR£10 oil)axercaeparated
using a combination of three Nucleosil 300- 5 columns (4 mm internal diameter x 250 mm length,

Macherey-NagdgednEheaiapaiatiainessadhiovet iingetinheatipariuresohtiitisbiiadedmaition with 15

a mobile phase consisting of n-hexane with 0.15% N-ethyl|djisopropylamine. Flow rate was 0.8 mL/min.
Lycoptl-:'ne Z-is%‘r‘ﬁ%rrg'v@érg’ i?ﬂ@r’fﬁﬁé{a‘:&l}ggﬁmﬁ% (iﬂ-:gratWré%{afH?y 5 fl;%ﬂ’rﬁ{z?ixlv%% E(i-,\\lr\{?(-ﬁ‘?gomers |

were calwlate:gﬁb@i%%ggééqﬁfqﬁg éé%ﬂﬁﬁf‘%kﬂ?b&e%‘%@mm%ﬁ@me extinction coefficient as
I )

the all-E 20 lycopene. Therefore, the lycopene concentration in products containing Z-isomers is

slightly underestimatiedpzintteuitis vecegnizadited thelextintiies tdoeféiofemts 0 Zdisenstastaug lower
than that of the all-E isomer. Conditions for stability tests Stabilitéof lycopene isomers was

investigated bBtARTAIAcKaRk &R PP2BaRIBMAIBbRTRNANSGM ri%@w%hmwﬁngﬁheethw
acetate. For tW%sﬁ&r‘]dr{ﬁgS%@gé? i'é’fﬁ%”ﬁe'%%f%frtﬁe\!v‘és‘?v%trﬂfd%doffﬁ%%%ed&yﬁw%”ﬁé‘@&%ﬁ@t frem

temperature an sence of light, and the iIsomerize 0 oleoresin was or 55 days at
room temperatggenrihesabaease of light. Total WO 2008/017401PCI/EP2007/006747 18 lycopene

concentration and lycopene isomer profiles were measured at various time intervals during the
storage. 15 On the other hand, when an extract or derivative is used as starting

material, this is taken up in a solvent, the mixture is heated for a suitable
time, then the solvent is removed, thus recovering the isomerized extract.
‘Solvents which can be used for the isomerization step are hydrocarbons,
chlorinated hydrocarbons, esters, ketones, alcohols; particularly C3-C10
20  aliphatic hydrocarbons, C1-C3 chlorinated solvents, C3-C6 esters, C3-C8
ketones and C1-C8 alcohols; more particularly hexane, carbon tetrachloride,
ethyl acetate, acetone and butanol. Isomerization in solvents is carried out at
temperatures ranging from 50 to 150°C, preferably at temperatures ranging
from 60 to 130°C. Isomerization time ranges from 4 to 240 h, preferably from

25 10to 180 h.
The Z/E isomer ratio in the primary composition may then be increased
up to at least 20:80, preferably between 20:80 and 95:5, more preferably
from 30:70 to 90:10. In a preferred embodiment, the (62+92Z)/E ratio is above




Results Stability of lycopene isomers in n-hexane 5Results of the stability test of pure lycopene
iIsomers during storage in n-hexane at room temperature in the absence of light are reported Table 1.
All isomers, Le. included the all-E isomer, underwent a geometrical isomerization during storage. The
13-Z was the |&¥8 Balerisomer: whereas less than 50% of 5-Z, 9-Z and alcE/Broofiereere
transformed after 33 day 10 storage, more than 80%]of 13-Z lycopene was converted into other
isomers during this period of time. Also, the transformation pathway was different for the 13-Z
lycopene comparatitthiine Shisrpaitpmarowekile the 13-Z isomer was mainly converted into the all-E
isomer, the 5-Z and 9-Z isomers were principally transformed into other Z-isomers during storage in

n-hexane. 15Table 1st@§ilitE BHAHERRbpRE isBFFERMN KERHAB dBFMY48Srade ATIDERY
temperature (g (days) RORSSRALHI (4 o WTdERTRIBl: B BLP SRR ey Al pene O

compound which has a better bioavailability and/or bioefficacy than the

5 compound alone. Also, the primary composition may be in the form of a

highly water-dispersible composition, if the powder form is chosen. In this

instance, the powder is dispersible in water at ambient temperature. The

primary composition also provides carotenoids in a particularly highly soluble

form in lipids and organic solvents, less prone to crystallization, and having a

10 lower tendency to aggregate.

In another embodiment of the present invention, the primary
composition may be used either alone or in association with other active
compounds such as vitamin C, vitamin E (tocopherols and tocotrienols),
carotenoids (carotenes, lutein, zeaxanthine, beta-cryptoxanthine, etc.)

15  ubiquinones (e.g. CoQ10), catechins (e.g. epigaliocatechin gallate), coffee
extracts containing polyphenols and/or diterpenes (e.g. kawheol and
cafestol), extracts of chicory, Ginkgo biloba extracts, grape or grape seed
extracts rich in proanthocyanidins, spice extracts (e.g. rosemary), soy
extracts containing isoflavones and related phytoestrogens and other

20 sources of flavonoids with antioxidant activity, fatty acids (e.g. n-3 fatty
acids), phytosterols, prebiotic fibers, probiotic microorganisms, taurine,
resveratrol, aminoacids, selenium and precursors of glutathione, or proteins
such as, for example, whey proteins.

The primary composition can additionally comprises one or more of

25  emulsifiers, stabilizers and other additives. Emulsifiers compatible in the food
field are, for example, phospholipids, lecithin, polyoxyethylene sorbitan
mono- or tristearate, monolaurate, monopalmitate, mono- or trioleate; a

mono- or diglyceride. Any type of stabilizer that is known in the food
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business, in cosmetics or in pharmaceuticals can be added. Also, flavours,

colorants and any other suitable additives known in the food business, in

cosmetics or in pharmaceuticals can be added. These emuisifiers, stabilizers

and additives can be added according to the final uses of the primary
5  compositions.

[n an alternative embodiment, the present invention provides an oral
composition comprising the primary composition described above in a
foodstuff, in a food supplement, in a pet food product, in a cosmetic
preparation orin a pharmaceutical preparation.

10 In a preferred embodiment, a food composition for human consumption
can be supplemented by the primary composition. This food composition may
be, for example, a nutritional complete formula, a dairy product, a chilled or
shelf stable beverage, a mineral water, a liquid drink, a soup, a dietary
supplement, a meal replacement, a nutritional bar, a confectionery, a milk or

15 a fermented milk product, a yogurt, a milk based powder, an enteral nutrition
product, an infant formulae, an infant nutritional product, a cereal product or
a fermented cereal based product, an ice-cream, a chocolate, coffee, a
culinary product such as mayonnaise, tomato puree or salad dressings or a
pet food.

20 For use in food compasitions, the primary composition can be added to
the above-mentioned foods or drinks so as to have a daily intake between
about 0.001 and 50 mg of lycopene contained in the primary composition. A
daily intake of about 5 to 20 mg per day is preferably envisaged.

The nutritional supplement for oral administration may be in capsules,

25 gelatin capsules, soft capsules, tablets, sugar-coated tablets, pills, pastes or
pastilles, gums, or drinkable solutions or emulsions, syrups or gels, with a
dose of about 0.001% to 100% of the primary composition, which can then

be taken directly with water or by any other known means. This supplement




3358.715.73,813.46.4 5-Z lycopene 01.1n.d. n.d. 95534 12.2n.d.n.d. 84.3135 224
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may also include a sweetener, a stabilizer, an additive, a flavour or a
colorant. A supplement for cosmetic purposes can additionally comprise a
compound active with respect to the skin. It should be appreciated that the
supplements can be made by any methods known by those skilled in the art.

5 in another embodiment, a pharmaceutical compositions containing the
primary compositions can be administered for prophylactic and/or therapeutic
treatments, in an amount sufficient to cure or at least partially arrest the
symptoms of the disease and its complications. In the present specification,
an amount adequate to accomplish this is defined as "a therapeutically

10 effective dose". Amounts effective for this will depend on the severity of the
disease and the weight and general state of the patient.

In prophylactic applications, primary compositions according to the
invention can be administered to a patient susceptible to or otherwise at risk
of a particular disease. Such an amount is defined to be "a prophylactic

15 effective dose". In this use, the precise amounts again depend on the
patient’s state of health and weight.

In an alternative embodiment, the primary compositions of the
invention can be administered with a pharmaceutical acceptable carrier, the
nature of the carrier differing with the mode of administration, for example

20 parenteral, intravenous, oral and topical (including ophthalmic) routes. The
desired formulation can be made using a variety of excipients including, for
example, pharmaceutical grades of mannitol, lactose, starch, magnesium
stearate, sodium saccharin cellulose, magnesium carbonate. The
pharmaceutical compositions may be a tablet, a capsule, a pill, a solution, a

25  suspension, a syrup, a dried oral supplement, a wet oral supplement.

Preferably, for humans the pharmaceutical compositions according to
the present invention can comprise an amount of the primary compaosition as

described above, for a daily administration, so that the lycopene amount




n.d. 76.9 20.6 53.9n.d.n.d. 68.427.7 125.6 1.7 0.7 65,3 26.7 33 10.7 2.8 2.3 53.5 30.7 9-Z
lycopene
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ranges from about 0.01 mg to 100 mg. When administered daily to pets, the
lycopene amount can range from about 0.01 mg to 100 mg.

It will be appreciated that the skilled person will, based on his own
knowledge, select the appropriate components and galenical form to target

5 the active compound to the tissue of interest, e.g. the skin, colon, stomach,
kidney or liver, taking into account the route of administration which may be
by way of injection, ftopical application, intranasal administration,
administration by implanted or transdermal sustained release systems, and
the like.

10 In another embodiment, the present invention provides a cosmetic
composition comprising the primary composition described above. It may be
formulated in lotions, shampoos, creams, sun-screens, after-sun creams,
anti-aging creams and/or ointments, for example. Preferably, the content of
primary composition can be between 10-1%% and 10% by weight of the

15 cosmetic compositions. More preferably, the cosmetic compositions comprise
between 108% and 5% by weight of lycopene. The cosmetic compositions
that can be used topically can additionally comprise a fat or an oil which can
be used in cosmetics such as, for example, those mentioned in the CTFA
work, Cosmetic Ingredients Handbook, Washington.

20 The cosmetic compositions of the present invention can also include
any other suitable cosmetically active ingredients. The composition
additionally comprises a structuring agent and an emulsifier. Other
excipients, colorants, fragrances or opacifiers can also be added to the
cosmetic compositions. It will be appreciated that the present cosmetic

25 products will contain a mixture of different ingredients known to the skilled
person, ensuring a fast penetration of the objective substance into the skin
and preventing degradation thereof during storage.

It should also be understood that the concepts of the present invention
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may likewise be applied as an adjuvant therapy assisting in presently used

medications. Because the primary compounds of the present invention may

easily be administered together with food material, special clinical food may

be applied containing a high amount of the primary compositions. It should

5  be clear that on reading the present specification together with the appending

claims the skilled person will envisage a variety of different alternatives to the

alternative embodiments mentioned herein.

The present invention additionally relates to the use of the primary

composition, or the oral composition or the cosmetic composition

10 described above for the preparation of a product intended to protect the

tissues of the skin against aging, in particular for inhibiting damage to the

skin and/or mucous membranes by inhibiting colilagenases and enhancing

the synthesis of collagen. In fact, the use of the primary composition as

described above, for example, makes it possible to enhance the

15 bioavailability of the lycopene compound in the body and to slow down the

aging of the skin. The primary compositions may also be useful in the

prevention or treatment of sensible, dry or reactive skins, or for improving

skin density or firmness, for ameliorating skin photoprotection, for

preventing or treating cardiovascular diseases or disorders and cancers.

20 They have also particular benefits on hair and coat of pet animals, such as

an improved hair or coat density, fibre diameter, colour, oilness,
glossiness and a help to prevent hair or coat loss.

The positive effects of the primary composition of the present

invention on the skin of humans or pets can be measured by using

25 conventional methods such as, for exampie, minimal erythemal dose

(MED), colorimetry, transepidermal water loss, DNA repair, measure of

interleukins and proteoglycans production, or collagenase activity, barrier

function or cell renewal or ultrasonic echography.
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EXAMPLES
Example 1: Study of the stability of iycopene isomers
The stability of lycopene isomers was evaluated both in an organic
solvent and in a tomato extract.
5 Materials
Lycopene-rich tomato oleoresin has been obtained from Indena s.p.a.
(Milan, ltaly). Its total lycopene content amounted to 9.1%, of which the
all-E and the 5-Z isomers represented 93.5% and 6.5%, respectively. Two
isomerized oleoresins were prepared by heating a suspension of tomato
10 oleoresin in ethyl acetate (1:10 w/w) either for 1 h or for 48 h. After cooling at
room temperature, the suspensions were centrifuged and ethyl acetate in the
recovered supernatants was removed by distillation under reduced pressure.
Di-t-butyl-hydroxy-toluene (BHT) and N-ethyldiisopropylamine were
from Fluka AG. All solvents were HPLC grade and were used without
15  purification.
Isolation of pure [ycopene isomers
Pure 5-Z, 9-Z, 13-Z and all-E lycopene were isolated from isomerised
tomato oleoresin (submitted to 1 hour heating), by collecting the fractions
containing the corresponding peaks after HPLC separation (see below the
20 experimental conditions). Peaks were collected during two consecutive HPLC
runs and the corresponding fractions were pooled.
Lycopene analysis
Amount of total lycopene was determined by reverse phase HPLC on a
C1s precolumn (ODS Hypersil, 5 ym, 20 x 4 mm; Hewlett Packard, Geneva,
25  Switzerland) and a Cis column (Nova pak, 3.9 um i.d. x 300 mm length,
Millipore, Volketswil, Switzerland). The separation was achieved at room
temperature under isocratic conditions with a mobile phase consisting of

acetonitrile/tetrahydrofuran/methanol/ammonium acetate 1%
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(633.5:193.6:53.7:28, wt/wt/wt/wt). The mobile phase flow rate was
1.5 mbL/min.

Lycopene isomer profiles were determined by normal phase HPLC
according to the method described by Schierle et al. (Schierle, J., Bretzel,
W., Buhler, L., Faccin, N., Hess, D., Steiner, K., Schuep, W. (1997). Food.
Chem. 59: 459). Samples of isomerized oleoresins were dissolved in -
hexane containing 50 ppm BHT and spun at maximum speed in an
Eppendorf Lab centrifuge. The resulting supernatants were immediately
analyzed by HPLC. The HPLC system used was a 1100 series Hewlett-
Packard model equipped with an ultraviolet-visible photodiode array detector.
Data were simultaneously acquired at 470 nm, 464 nm, 346 nm and 294 nm,
Samples (10 pL) were separated using a combination of three Nucleosil 300-
5 columns (4 mm internal diameter x 250 mm length, Macherey-Nagel). The
separation was achieved at room temperature under isocratic condition with
a mobile phase consisting of n-hexane with 0.15% N-ethyldiisopropylamine.
Flow rate was 0.8 mL/min. Lycopene Z-isomers were identified according to
literature data.

Amounts of lycopene isomers were calculated based on surface areas
of the HPLC peaks using the same extinction coefficient as the all-E
lycopene. Therefore, the lycopene concentration in products containing Z-
isomers is slightly underestimated since it is recognized that the extinction
coefficients of Z-isomers are lower than that of the all-E isomer.

Conditions for stability tests

Stability of lycopene isomers was investigated both in n-hexane and in
a tomato oleoresin isomerized by 4 hour heating in ethyl acetate. For this
purpose, pure lycopene isomers were stored for 33 days in n-hexane at room
temperature and in the absence of light, and the isomerized tomato oleoresin

was kept for 55 days at room temperature in the absence of light. Total
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Results of the stability test of lycopene isomers in a tomato oleoresin heated for 48 hours in ethyl
acetate are reported in Table 2. 5Table 2: Stability of lycopene isomers in isomerized tomato oleoresin
during storage¥&® A96¥ ¥&fHperature (n = 2). Storage tigne (days) Total lycdls&neP1820¢pitg) 9-Z all-E
5-20 1

lycopene concentration and lycopene isomer profiles were measured at
various time intervals during the storage.
Results
Slability of lycopene isomers in n-hexane
5 Results of the stability test of pure lycopene isomers during storage in
n-hexane at room temperature in the absence of light are reported Table 1.
All isomers, /ie. included the all-E isomer, underwent a geometrical
isomerization during storage. The 13-Z was the less stabie isomer: whereas
less than 50% of 5-Z, 9-Z and all-E lycopene were transformed after 33 day
10 storage, more than 80% of 13-Z lycopene was converted into other isomers
during this period of time. Also, the transformation pathway was different for
the 13-Z lycopene compared to the other Z-isomers: while the 13-Z isomer
was mainly converted into the all-E isomer, the 5-Z and 9-Z isomers were
principally transformed into other Z-isomers during storage in n-hexane.
15 Table 1: Stability of pure lycopene isomers in n-hexane during storage

at room temperature

time concentration
(days) (% of total isomers)
allE 13-Z 9-Z 5-Z X-Z
all-E 0 97.6 1.4 05 0.5 0.1
lycopene 1 86.0 10.1 1.2 1.2 1.5
2 78.4 15.0 1.1 2.6 3.0
5 69.3 19.6 2.2 3.8 5.1
12 67.8 18.2 2.0 6.4 5.6
33 58.7 18.7 3.8 13.4 8.4
5Z 0 1.1 n.d. n.d. 95.5 3.4
lycopene 1 2.2 n.d. n.d. 84.3 13.5
24 n.d. n.d. 76.9 20.6
5 3.9 n.d. n.d. 68.4 27.7
12 5.6 1.7 0.7 65.3 26.7
33 10.7 2.8 2.3 53.5 30.7
g-Z lycopene 0 4.4 0.6 93.3 1.8 0
1 5.8 2.3 87.1 2.1 2.8
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2 6.0 3.1 83.5 11.8 5.9
5.6 5.2 79.2 1.5 8.6
12 7.0 8.2 66.5 2.3 15.9
33 9.8 10.5 56.0 4.1 19.7
13-Z o 2.4 96.6 0 1.0
lycopene 1 42.6 57.0 0.4 0
2 59.8 38.7 0 1.5
5 68.9 234 1.5 1.9 4.3
12 655 20.8 2.6 5.3 5.8
33 57.0 16.9 4.2 11.7 10.2

Stability of lycopene isomers in fomato oleoresin
Results of the stability test of lycopene isomers in a tomato oleoresin
heated for 48 hours in ethyl acetate are reported in Table 2.
5 Table 2; Stability of lycopene isomers in isomerized tomato oleoresin

during storage at room temperature (n = 2).

Storage time Total lycopene 13-Z 8-z all-E 52
(days) (mg/g) % % % %
0 0556+£3.0 174 £04 327107 18.7+ 0.6 120+ 0.4
3 56.6 £ 0.8 12.4 £ 0.1 31403 256+05 13.0£ 0.1
5 58.7+04 8.5+0.0 306105 30606 14.0+ 0.4
7 502+ 0.1 73102 - 30907 328+03 14.4 £ 0.2
11 59.3+0.8 52+01 294 £0.0 36.5+0.1 15.0 £ 0.1
17 60.1£0.9 33+04 23.0%£04 389:x04 154 £ 0.4
20 58.8+09 28+03 282404 399+13 156.2+0.86
34 513+7.7 22 0.1 30,004 401 £0.7 141+ 1.0
47 539+ 1.2 19+0.6 30.0+0.3 414 £07 146£13

Total lycopene content was stable during storage at room temperature.
10 However, the lycopene isomer profile markedly changed with a decrease of
13-Z lycopene content and an increase of the all-E lycopene. The content of

8-Z and 5-Z lycopene remained stable during the storage period.
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Conclusion
Both stability tests have shown that the 13-Z lycopene was much iess
stable than either the 5-Z, or the 9-Z, or the all-E isomers. Consequently, an
isomerized tomato oleoresin with a low level of 13-Z lycopene should exhibit
5 agood stability of its lycopene isomer profile.
Example 2: Isomerized tomato oleoresin with increased bioavailability
Objective:
The objective of the present work was to investigate the bioavailability
of various Z-lycopene isomers in humans. To elucidate the bicavailability of
10 specific Z-lycopene isomer in human, tomato oleoresins have been enriched
in different Z-lycopene isomers reaching about 60% of the content of total
lycopene i.e. one rich in 5-Z lycopene, another one rich in 13-Z lycopene and
the last one rich in a mixture o_f 9-Z lycopene and 13-Z lycopene.

Material and Method

15 Subject
Thirty healthy men were enrolled in the study. The inclusion criteria
were that the subjects should be nonvegetarians and nonsmokers and that
they have no metabolic disorders such as diabete; hypertension; renal,
hepatic, or pancreatic disease; or ulcers. Subjects were normolipidemic, i.e.
20  they had a ratio of plasma cholesterol to HDL cholesterol < 5.0 and plasma
triacylglycerol (TAG) concentrations < 1.5 mmol/L. Because of the large
amount of blood that was drawn during the study, subjects were required to
have a blood hemoglobin concentration > 13 g/dL. Subjects were excluded
from the study if they used cholesterol-altering medication or hypolidemic
25 treatment or vitamin and mineral supplements from 3 months before the start
of the study until the completion of the study or had had major
gastrointestinal surgery; exercised intensively, such as running marathons;

and consumed daily > 2 glasses of wine (3 dL), > 2 beers (3 dL), or > 1 glass
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such as diabete; rﬂy ertension; renal, hepatic, or pancreatic disease; or ulcers. Subjects were
normolipidemic;’1.e Hey had a ratio of plasma cholesterol to HDL cholesterol < 5.0 and plasma

triacylglycerol (TAGhgNGaRifaeoNsvas - agprookl. Bocavsesthits lamammernbef igeeihat was
drawn during the study, subjects were required to have a blood hemoglobin concentration > 13 g/dL.
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treatment or vitamin and mineral supplements from 3 n}onths before the start of th stuo{}/ until the
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completed the 4 postspratpdidlsigsts. Three volunteers abandoned the trial before the end for the
following reasons: unavailability, medical treatment related to an eye injury, nausea related to the

consumption of fatty hiés¥asuBj&tas erelipg, sander igas LRRRargight BF 30N aNkyy SHRFPody mass

index (BMI) O]cozv%ér5 cir:?ici;(g(cmgl with a washout period of 3 weeks minimum. After an

overnight fast, subjects arrived at the Clinical Pharmacology and Therapeutic
15 Trial Center of University of Marseille and consumed a standard meal
consisting of 25 mg lycopene incorporated in 40 g peanut oil that was mixed
with 70 g wheat semolina (cooked with 200 mL tap water). In addition, they
consumed 40 g bread, 60 g cooked egg whites, a 125 g yoghurt containing 5
g of white sugar and drank 330 mL of water (Aquarel, Nestié). This standard
20 meal provided 842 kcal (3520 kJ) with the following nutrient composition:
protein (11.7%), carbohydrates (39.3%) and lipids (49.0%). This meal was
consumed within 15 min. No other food was allowed over the subsequent 6
h, but subjects were allowed to drink up to a bottied water (330 ml) during the
last 3h post-absorption (Aquarel, Nestlé).
25 Lycopene supplements
Four different tomato products were tested providing each one 25 mg
of total iycopene. They consisted of:

e« Tomato paste (Thomy, Switzerland) containing lycopene mostly in




The protocol was approved by the ethical committee of Marseille (Marseille, France). Subjects
received information on the background and  design of the study and gave written informed consent
before participation. 10They were free to withdraw from the study at any time. Study design This
was a double-BNeopafitiemized, 4-periods, 4-treatments crossover clinicab€TatrReut/eoswashout period
of 3 weeks minimum. After an overnight fast, subjectg2arrived at the Clinical Pharmacology and
Therapeutic 15 Trial Center of University of Marseille and consumed a standard meal consisting of 25
mg lycopene inaibparandig inadidg peanut oil that was mixed with 70 g wheat semolina (cooked with
200 mL tap water). In addition, they consumed 40 g bread, 60 g cooked egg whites, a 125 g yoghurt
containing 5 g of whit® sUGPARLHAMSE3eNHEGA R AHRR_MNestle). This standard 20 meal
provided 842 kcal (3520 519 mgoﬁ%lgqxvmi%g&e .ttﬁp%pgﬁé;%eq{gtein (11.7%), carbohydrates
min.

(39.3%) and lipids (49.0%). This meal was consumed within 1 No other food was allowed over
the subsequent 6 h, b sideir6eoresm alleNee SN winiw e ketderl avalerd3BQ capehwing the last 3h
post-absorption (Aquarel, Nestle). 25Lycopene supplements Four different tomato products were
tested providing eachTenige28 pigssintitdhlydopepenaientesnsisiue bias henuto RRREcISTRGY,
Switzerland) contajning. lycopene mostly.in WO 2008/01740PCTTP2007/006747 22 all-E
configuration 3ils] é{?o%lgrb?é%iﬁoggkﬁ‘ (ﬁolrﬁ":‘;)- %:‘Opene Tomato oleoresin enriched with 13-Z
lycopene Tomato oleqrgsip enriehies Wit anxtue of $hZand ik Zdxeorene BFaple dsyssents the
lycopene content as well as the lycopene isomer profile of these four tomato products. Table 3:
Total lycopene iaswetkds #leHanmdeustobZshygoigene isomers in the four tomato products All-E (To of
total lycopene) 5-7

All-E 5-Z 8-Z 13-Z Xz
(% of total (% of total (% of total {% of total (% of total
lycopene) lycopene) lycopene) lycopene) lycopene)
Tomato paste 94.9 4.1 nd 0.1 nd
5-Z 33.4 65.3 1.3 nd nd
13-Z 28.3 7.6 9.6 41.5 12.0
8- & 13-Z2 27.7 7.7 30.8 23.5 10.2
10 * unidentified lycopene isomers is a pool of unknown lycopene isomers

calculated from the corresponding peak areas in the HPLC chromatogram.
Collection of blood samples
Fasting blood was drawn from an anticubital vein by venipuncture into
an evacuated tube containing potassium EDTA/Ks that was immediately
15 placed in an ice-water bath and covered with an aluminium foil to avoid light
exposure. Fasting blood samples were collected before i.e. 20 minutes and §
minutes before consumption of the standard meal as well as 2h, 3h, 4h, 5h,
6h post-absorption. The tube containing the blood was protected from light,
stored at 4°C and then centrifuged within 2h (10 min, 4°C, 2.800 rpm) to
20  separate the plasma. A cocktail of inhibitors (10 yL/mL) was added (Cardin et
al.,, Degradation of apolipoprotein B-100 of human plasma low density
lipoproteins by tissue and plasma kallikreins, Biol Chem 1984; 259:8522-8.).

Isolation of plasma triglyceride-rich lipoproteins (TRL)



(To of total lycopene) 9-Z (To of total lycopene) 13-7 (% of total lycopene) xicz (% of total lycopene)
[Tomato paste 94.9 4.1 nd 0.1 nd 5-7 33.4 65.3 1.3 nd rid 13-Z 29.3

WO 2008/017401 PCT/EP2007/006747
23

After consumption of a fatty meal, dietary lipophilic molecules are
incorporated into chylomicrons, which are secreted into blood. Lipoproteins
are separated by ultracentrifugation methodology based on their density. Due
to the quite similar density of chylomicrons (0.95 g/ml) and VLDL

5  (1.006 g/ml), it is not possible to separate one from the other and they are
collected altogether in a fraction called triglyceride-rich lipoproteins (TRL).
However, in the post-prandial state, this plasma TRL fraction contains mainly
chylomicrons secreted from the intestine, which is a good assessment of the
intestinal bioavailability.

10 Triglyceride-rich lipoproteins (TRL) containing mainly chylomicrons
with little amount of VLDL were immediately isolated by ultracentrifugation as
follows: 6 mL of plasma were overlaid with a 0.9% NaCl solution and
ultracentrifuged for 28 min at 32.000 rpm, at 10°C in a SW41TIl rotor
(Beckman), in a L7 ultracentrifuge (Beckman). Immediately after

15 centrifugation, the TRL were aliquoted and stored at -80°C before analytical
determinations. Lycopene analyses were performed within 10 days, and
triacylglycerol analyses within 30 days.

Analytical determination

Triglycerides were assayed by an enzymatic and colorimetric method

20 using a commercial kit (Kit Bio-Mérieux).

Total lycopene and lycopene isomer profiles were determined by
reverse phase and normal phase HPLC method, respectively (M. Richelle,
K. Bortlik, S. Liardet, C. Hager, P. Lambelet, L.A. Applegate, E.A. Offord,
J. Nutr. (2002) 132, 404-408.). Total lycopene content was calculated as the

25 sum of the 5-Z, 9-Z, 13-Z, x-Z and all-E-lycopene isomers. Lycopene isomer
was quantified using the extinction coefficient of all-E lycopene since the
exact value for all individual Z-lycopene is still unknown. Profile of lycopene

isomers is determined by the ratio of individual lycopene isomer to total
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baseline concentration from the concentration value measured at each time
point post-absorption. If this value was negative, it was considered as zero.

For each treatment, if the distributionof the AUC(o.eny was normal

(Skewness and Kurtosis tests) with or without logarithmic transformation,

15 comparison was performed by using a linear mixed model with treatment as
fixed effect and subject as random effect.

All statistical analyses were done with SAS software (version 8.2; SAS

Institute, Cary, NC). The rejection level in statistical tests was equal to 5%.

Results

20 Lycopene bioavailability
Because the four tomato treatments induced a variation of the extent in
triglyceride secretion, lycopene bioavailability has been normalized using
triglyceride absorption (AUC0-6n)).
Normalized lycopene bioavailability was markedly different between
25 the four tomato treatments (Figure).
Surprisingly, lycopene was better bicavailable, by about two times,
from tomato oleoresin rich in 5-Z lycopene than from the other three

treatments, i.e tomato paste, tomato oleoresin rich in 13-Z lycopene as well




Triglycerides were assayed by an enzymatic and colorimetric method 20using a commercial kit (Kit
Bio-Merieux). Total lycopene and lycopene isomer profiles were determined by reverse phase and
normal phase HPLC method, respectively (M. Richelle, K. Bortlik, S. Liardet, C. Hager, P. Lambelet,
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bioavailabyity has ,been normalized using triglyceride absorption (AUC(0Q,.61-)). N alized
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lycopene bioavailabllﬂtywas a y e our tomato treatments (Figure).

Surprisingly, lyseRengiaanpetteh hinaualablaaky a9 uh e tias diMdoinaia eleamsitmeeh in 5-Z
lycopene than from the other three treatments, i.e tomato paste, tomato oleoresin rich in 13-Z

lycopene as wémat/\i@rz0081@1@7;21@9_011/5@2%(1@6@&%;&93@ntai;ot@mateﬁmtmﬁtiﬁ'ca\ rifixture of
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oleoresin exhiRiigehg.sfigbidPiwhite tomato oleoresin rich in 13-Z lycopene presents a slightly
15 less bioavailable lycopene. Several authors have already pointed out that the
presence of Z-lycopene in a tomato product is associated with an increase of
lycopene bioavailability. This is the first study demonstrating that the -
enhancement of lycopene bioavailability is specifically related to lycopene
configuration, i.e. 5-Z lycopene > 8-Z lycopene > 13-Z lycopene.
20 Example 3: Extraction and isomerization in ethyl acetate
52 kg of fresh tomatoes containing 100 ppm of lycopene are chopped
and homogenized. Part of the water is distilled off under reduced pressure to
obtain 18 kg of tomato concentrate. This is extracted with 36 | of
watersaturated ethyl acetate; during extraction, the mixture is kept at room
25 temperature shielded from light and under stirring for 2 hours. The extract is
then separated from the tomato concentrate. The above described procedure
is repeated twice on such tomato concentrate, totally using 108 | of solvent.

The combined extracts are washed in a separatory funnel with 27 | of water.




significant lower bioavailability (p4103) compared to tomato paste. Conclusion These results
indicate that the configuration of the lycopene molecule affects markedly the trafficking of lycopene
within the gastrointestinal tract 10 and in consequence the amount of lycopene that is absorbed.
Lycopene bioawailzisiiey7#m tomato extract rich in 5-7 lycopene is about @ouise2epzenéret from tomato
paste. In contrast, lycopene present in tomato extracéich in a mixture of 9-Z and 13-Z lycopene is
similarly bioavailable to that present in tomato paste while tomato oleoresin rich in 13-Z lycopene
presents a sligfihe 1 Zalpssobivavdikdsie igcoibene. Fevardedutndribehalle algayigoimtegseutithat the
presence of Z-I%/copene in a tomato product is associated wijth an increase of choﬁene bioavailability.
[

This is the first SHHIF RSP HIARE BRFRIEENB R RN CARURPHBROAIABHy (578 picifically
related to lycop er&&'&%%ﬁ"iﬂ@&%fgs?&ﬂ&ﬁQ?%“%%ﬁé o RBritent 6 LPDE R 2kgpple 3:

Extraction and isomerization in ethyl acetate g tomatoes containing 100 ppm of

lycopene are chapnet esttdienngeaggdwhart aiithenwates is distile@ of{ 1670 vedeceasiptegsure to
obtain 18 kg of tomato concentrate. This is extracted with 36 | of watersaturated ethyl acetate; during

extraction, the fAKTUERYS lesfee Bsong Zoneipeatadrto SHiengss HoRendreEdAaLIRERTSS/ing for 2
hours. The extract is t separated from the.tomatg concentrate. The apo escribed progedure is
repeated twice on sué{‘nge t%rﬁaggi%%*c%%r%? ,“fggaﬁ)%é}séing 708896t ggR/%Ht? %%%ovr\?\gi fed exfracts are
washed in a SeRAFAIESHRNIA! It 2704 QfiWatRS o MYRRRROHO3 ZARURS T{RE RORBIABE 247 A The
agueous phase is then discarded while the organic phase is concentrated under reduced pressure to
obtain a suspeiisidd Withad @%awd \thdry! fegidsmmidrecanteasidgue MB% avvtalllieddhe quientaf 9.1%
w/w and a Z isomer content of 0.46% w/w. This mixture is refluxed (76C) under stirring 5 for 7 days

before being coRBHHEREH IS BRATERS A8 B iBed pressure.  46.8 g of final extract with a total
lycopene ¢gntent of 92 %ﬁ n | 5,099 tained; in particular, the E
isomer coﬁ?ent is 3.41% w. Igar%%h%@%- ﬁs%@é%%bﬁ%ﬁﬁ?i%%v&%%ﬁgme HPLC profile of the
extract is reported in the kdgordrddiExanmitsed: doxitaiction and ispmesizgicopdndexanchoppad kg of
fresh tomatoes containing 140 ppm of ch%gne are chopped and homogenized. Part of the water is
distilled off undep feloEE phézedy & estaltng VetrRaidIsH e ednerAtatedwprchRiessER (8 with

12.5 | of hexane, During_extraction, the mixture is kept at. room temperatu ielded from light 15 and
under stirring fo(%b%%%(’gg %}8 egﬂﬁ%ﬁsc%%cr? g%ép%?atetﬂl |%r'rs1 Xett(af 0#1% owcli)ﬁnzgfﬁrié. & gg'ove
described procegigdSsaPRAIEH, ANBSAREHCISIRBAAICRIMRTEAIBeFtANY YRS FohsdyRNt. The
extracts are combined and concentrated under reduced pressure to obtain a solution with 10% w/v dry
residue; thé dryaresidueehagiaitdidy Copenes cohteeixbi@!1% tvin ardar 2t isyméredonaaicof 0.46%
w/w. This mixture is refluxed (rGQC) under stirrin‘%for 6 days before being concentrated to dryness

under reduced PPESEIER s 5§ HPRY BxHERETRRHREPfRYPEN &S SRRSFHAE A0 A85EN IR a Y Z isomer
content of 5.62¢4 i aéswrg%t@m@a ARG 158 FIPAURERONAN I 38 uin Aifdied 3 2

isomer content Is 0.18% . 25Example’5: Isomerization in butano 10 kg of fresh tomatoes
containing 90 pant aidyicepeecsareicioppeduaed hoswsgeairedRairn af sutuliatewishdisdtiedvolf under
reduced pressure to obtain 3.4 kg of tomato concentrate, which is extracted with 7 | of WO

2008/017401PCWEESI07/0D8 7Y sifaren3stariaial W%@tﬁfﬁ!@v}r%%%%wﬁwﬂﬁean%xture is
kept at ro te?ﬁ]BerS‘Fuéensz'net'do?d f.rz?ég/i'r%«%a% ynder %%'gée' i ‘F8h§g%%“ Rol8e Sé%Sfts'ﬁrﬁhe

separatedfrom the tomato concentrate. The above desc procedure is repeated twice orT such
tomato concentygies tatally Bsige? béipigsebiessnbdiae cemitpeskextiaghs awdweshestézausgparatory

funnel with 5.3 | of water. The aqueous phase is then discarded while the organic phase is
concentrated tol@rynessf dinde renddacewithelsdatdy qoreds eesitné (3.8 .gfowkohaiss 4 eear@fcopene

tent of 7.8% wiw and a Z-j tent of 0.40% wiw, is. din 98 ml of n-butanol. Th
ture % Kept BETRIL. 56 ArtUoPatin or A0IO IR e orb Ul Bor Ceniral oA TS PR Lt

reduced pressuges o8 g,qf gl BERSIERALPEL NERPRNG. §BBReRKPS 6-35% wiw and a Z-isomer
content of 4.50% w/w are obtained; in particular, the E-isomer content is 1.65% w/w and the 13-Z
isomer copfent is 0.4 7Exavhple 5: Isomerization in butanol
10 kg of fresh tomatoes containing 90 ppm of lycopene are chopped
and homogenized. Part of the water is distilled off under reduced pressure to

obtain 3.4 kg of tomato concentrate, which is extracted with 7 | of




15Example 6: Isomerization on Solid Catalysts Materials Lycopene-rich tomato oleoresin has
been obtained from Indena s.p.a. (Milan, Italy). Its total lycopene content amounted to 9.1%, of which
the all-E and the 5-Z isomers represented 93.5% and 6.5%, respectively. 20Methods A
suspension of Whzeelégresin in acetyl acetate (1:100 w/w) was filtered aad/FrRabaEteer4vith 5% of
solid catalyst under constant stirring at room temperatire for 2h. The mixture was centrifuged at
maximum speed in an Eppendorf Lab centrifuge and an aliquot of supernatant evaporated under 25N2
and re-suspendéatfi-saiuieied/ BHY! Bredplendanalystxtractiamadinet ofixdae e dgghahneolycopene

i fil determined hy reverse. phase and | phase HPLC, tively, under WO
2008/017401P B0 008 F49 S0 REoy LI SHE e Alob AP Sl KRGS s
Lycopene isomex i afigs measiisd {RdABIAMPIRMESISRMeHSeh AR 8LBRE SeguRaiaure using

solid catalysts are reported in Table 4. Table 4. Lycopene isomer profiles in tomato oleoresins
isomerised using sejid atatilistseCatalysthstonertcarmecdratie (Yol iotasisgraars)oAldivastZ 9-Z 5-Z

Xz controls The combined extracts are washed in a separatory funnel with 5.3 | of water.
The aqueous phase is then discarded while the organic phase is
concentrated to dryness under reduced pressure. The dry residue (9.8 g),
which has a total lycopene content of 7.8% w/w and a Z-isomer content of
0.40% w/w, is suspended in 98 ml of n-butanol. The mixture is kept at 130°C
10 under stirring for 4 hours before being concentrated to dryness under
reduced pressure. 9.8 g of final extract with a total lycopene content of
6.35% w/w and a Z-isomer content of 4.50% w/w are obtained; in particular,
the E-isomer content is 1.85% w/w and the 13-Z isomer content is 0.47%
wiw.
15 Example 6: Isomerization on Solid Catalysts
Materials
Lycopene-rich tomato oleoresin has been obtained from indena s.p.a.
(Milan, ltaly). Its total lycopene content amounted to 9.1%, of which the
all-E and the 5-Z isomers represented 83.5% and 6.5%, respectively.
20 Methods
A suspension of tomato cleoresin in acetyl acetate (1:100 w/w) was
filtered and incubated with 5% of solid catalyst under constant stirring at
room temperature for 2h. The mixture was centrifuged at maximum speed in
an Eppendorf Lab centrifuge and an aliquot of supernatant evaporated under
25 Nz and re-suspended in n-hexane/BHT.
Lycopene analysis
Amount of total lycopene and lycopene isomer profiles were

determined by reverse phase and normal phase HPLC, respectively, under



83.33.00,9 8,6 4.1 Tonsil Optimum 31.3 7.0 13.4 23.8 24.5 Amberlyst 15 34.54.8 11.2 19.4 30.1 *
unknown lycopene isomers Lycopene was efficiently isomerised during 2 h reaction in ethyl 10 acetate
at room temperature in the presence of either Tonsil Optimum or Amberlyst 15. With both catalysts a
large fraction oViyeasene@ll-E isomer was converted into Z-isomers. AmorgitRe2ig@ntifiet lycopene
isomers, the 5- Z was majoritairement formed, follow28l by the 9-Z and the 13-Z, respectively; thus,

concentration of the 13-Z isomer was, thus, below 10% in 15the isomerised tomato oleoresins.
MCS8L.LP 29 the analytical conditions described in example 1.

Resulis
Lycopene isomer profiles measured in tomato oleoresin isomerised for
2 h at room temperature using solid catalysts are reported in Table 4.

5 Table 4. Lycopene isomer profiles in tomato oleoresins isomerised

using solid catalysts

Catalyst isomer concentration

(% of total isomers)
All-E 13-2 9-Z 5-2 x-Z*
control 83.3 3.0 0.9 8.6 4.1
Tonsil Optimum 31.3 7.0 13.4 23.8 24.5
Amberlyst 15 34.5 4.8 11.2 19.4 301

* unknown lycopene isomers
Lycopene was efficiently isomerised during 2 h reaction in ethyl
10 acetate at room temperature in the presence of either Tonsil Optimum or
Amberlyst 15. With both catalysts a large fraction of lycopene all-E isomer
was converted into Z-isomers. Among the identified lycopene isomers, the 5-
Z was majoritairement formed, followed by the 9-Z and the 13-Z,
respectively; thus, concentration of the 13-Z isomer was, thus, below 10% in

15 the isomerised tomato oleoresins.



CLAIMS 1. A method of manufacturing a stable composition comprising lycopene, wherein at least
20% of said lycopene is cis-lycopene (Z 5isomers), by prolonged heating in a solvent of a M{CSi11
lycopene-containing material,whereintheheatingtemperaturerangesfrom 50to150Candtheheating
timeranges from4 to 240 h. 2. The method of claim 1 in which the lycopene-containing material
10consists of tomatoes, parts of tomatoes, derivatives t% eof or tomato extracts in solvents. 3. The
method of claim 1 wherein the solvent is a C3-010 aliph Pt?rc hydrocarbon, a C1-C3 chlorinated solvent,
a 03-06 ester, a ;23&18 ketone or a C1-C8 alcohol. 154.The method of claim 3 wherein the solvent is
selected from =~carbon tetrachloride, ethyl acetate, acetone, butanol.

1. A method of manufacturing a stable composition comprising
lycopene, wherein at least 20% of said lycopene is cis-lycopene (Z
5 isomers), by prolonged heating in a solvent of a lycopene-containing
material, wherein the heating temperature ranges from
50 to 150°C and the heating time ranges from 4 to
240 h.
2. The method of claim 1 in which the lycopene-containing material
10  consists of tomatoes, parts of tomatoes, derivatives thereof or tomato
extracts in solvents.
3. The method of claim 1 wherein the solvent is a C3-C10 aliphatic
hydrocarbon, a C1-C3 chlorinated solvent, a C3-C6 ester, a C3-C8 ketone
or a C1-C8 alcohol.
15 4. The method of claim 3 wherein the solvent is selected from hexane,

carbon tetrachloride, ethyl acetate, acetone, butanol.



