WD 2008/ 017401 PCT/ EP2007/ 006747 1 STABLE AND
Bl OVAI LABLE COWPCOSI TI ONS OF | SOVERS OF LYCOPENE FOR

WERIBIOANDI HAI R The present invention rel ates tBCHEP2007/006747

primary conposition that irdcludes at |east one

| ycopene-containing material enriched in Z-isoners of
the | ycopene conpound having an increased stability
and bioavailability, and process of formng the sane.
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the 5 primary conposition in a foodstuff, in a food
supplenent, in a cosnetic preparation or in a

phar maceuti cal preparation. Technol ogi cal background
Absorption of carotenoids is a conplex process

i nvol v{ng Feesleﬁ?f‘n%efnqigmrefa?ees {09 %rimﬁ(f{/ %ﬁHp%%{t%rnethat ncludes at
matri x, dfssolution rntdo m xed celfes, rntestina

LR8Ot G L ST s o o hespne

I eofPeURE iHving ke iMbidasedhdtabiliBr 8nd g eslablie), Yand process of
transfornmed into LDL. Lycopene absorption from food
sfarnieg the santel i alsec uskatéedo anlLyad pomeposition that contains the
bi oavailability is quite | ow fromfoods such as

t orisasye scamepsitiomtn a feodsiufie in 13 foed rsomplenserit dn pasiasmetic
is the best known food source for, bioavail abl e

| PERRAEARKON @b Ra? BhaBRRERHicabBERaratialno, of | ycopene in

its al conf.iguration. . Tomato extracts containing a

hi gh aJFr%‘EErmo? 1 gﬁoeu"gre commercially available in

the f OABQ&EtiﬁJ\ SPcERtEnOHS id 'aechf?ﬁn@teg %in]f)@égsl ihb¥vilg fdiGase from

| ycopene | umans 1's rather romthese

SEHE G86d rhitrESRFRINe MAFx,2QidsBMAbA RS 'MBed, midaIRRENRtestinal
is mainly present in crystalline form which has been

Supgke! éritorporation itoodhyldraicporisyaistrib@idgrotosthieniéssues, uptake by
reduces its bioavailability. To date, nost
c iverz pod aletsecaetion dgbeViRbopbinh staupcegredsivplyatyansformed into
isaoneric profile quite simlar to the starting
t &84t oes or show onl y a slight 25 increase in
Z-isongers, whether the re(%;er'vatives such as
SaucashVEPelil, ABBTRIER B RFED 6l Midgh documented.
Lycopene bioavailability is quite low from foods such as tomatoes and tomato
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 Ilycopene are
commercially available in the form of oleoresin but the bioavailability of the
lycopene in humans is rather limited from these sources. In concentrated
tomato extracts, lycopene is mainly present in crystalline form, which has
been suggested to be one of the primary factors that reduces its
bioavailability.
To date, most commercially _available lycopene sources display an
isomeric profile quite similar to the starting tomatoes or show only a slight

increase in Z-isomers, whether they are derivatives (such as sauces) or
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extracts. A nunber of treatnents, as for instance

thermal processing, are known to pronote
w0 s@amtidanti on,. Shi et al., Journal of Food PPOLER®07/006747

Engi neeri ng 2003, 25, 485-498 showed that an increase

in Z isomers could be obtained by heating tomato

S r c | ;

AR A, TR of HSRbrd PRRTRF, MSRIRIC @i PRéogssing, are
rid¥én |1 LSt he stastAabl gakh
k pr edofrcr’it %@Mtgcé%enﬂgn?égér@’f sgrol ‘thmaga gﬁaﬁ?ﬂJg FE)%fj Process

Erﬁdlﬁegriﬁg 22}%:?,*@5,1385-49%9 N tat ARenSleale! intY r;Qg)rrners could

I'soner | ycopene based products depends on t

be YHIRRARE b?or??étlrr@; Pbinato %Je@yqﬂoﬁ@@ﬁp%e%ﬁﬂlﬁfﬂ%%é’ isomers

technol ogical p essings affecting this pro

argh%tr%%gge\slgﬁ?gigléﬁéiter}e?rfo-ispmidrﬁ ARDMindCtd Y t eature, 5--

its ity from trices. However,

Z Qﬁé%b@?%iéﬁlé_%ohgdfh\@ BEsdomIn4rRR§ESpe §€ T8 MePs Jollowed by

not been investigated yet. As for stability, It can be
the@saEediidad- iy ahb ahslz t neebrdivgRPemMe Rasliflity of isomerised

products is dependent on their |yCopene isoner

|y¢%5[§éﬁé ®adBd proauely d%?@nag o théiplpsbpbhd Remer pebfMal and thus
15 nea

ns. There are already patents that propose

cdrEsé Med ddiafed bVQéBﬁn@l@)@icél%rﬁéé@éih@@%ffé&'tin%ﬁi@ﬁ%*ile.

bioavailibility of |ycopene. For exanple,

2005/HurhinlS> iBbRIErfRITIoR POF MY ooeHEP0% t ikdwai! it6 Naghprbve its
Z-isomers, effective to increase the bioavailability

bi€availARgNBom S rhaliftes MoWevel OfRS blodVARMHRY 6F individual
extracting |ycopene by refluxing ethanol: the process

ly¢Speifd lisGfiefdithadsOhos hden trivastigdfed ye. MBaforn&tability, it can be
significant isomerization occurs. Actually, the

assaimedthat Ibiodvailgmgnef iIgcolsend dshsarl Phéduétsni® dependent on
product. WO 96/ 1317?3@& sc?oses a proce?sa for the

theirdpespén® isorhes padfile ad thyebyeten denmeduldtedsby téehnological
effect of isonerization on stability is not however

meapseci ated and, on the contrary, the disclosed
process tries to avoid isonerization by using
t enidteabunes algadyt paterfi QHatr peopaese rteshhekbgicalgmeans and

10 m nutes. WO 2008/ 017401 PCT/ EP2007/ 006747 3
formulations for improved bioavailibility of lycopene. For example, WO
2005/075575 provides a primary composition enriched in Z-isomers, effective
to increase the bioavailability of lycopene.

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
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.
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EP 1 201 762 refers to a |ycopene-containg product

wherein |ycopene is inits natural all-trans form No
war@abfideant isonerisation takes place since BEHEPBAT006747

treatment (dissolution and cgncentration) is carried

(r)]ut for the shortest possible time (less than 1

ou O fQR6 ' 1 RghproRRicR WHteR |

I ycEt’eﬁ?dngggc%ﬁ%%eéggr{géla‘%&é%?rngﬂsg? ant F: oxi dgnt yeopene
. achlLV [ i hi iSOPS i i
s Bl dlirqi G YERe P} FYANPAREISMERSRIT takes place since

ang’éﬁSé{ ﬂ%ﬁ'&{%%%ﬁ%ﬁgohe?hhn%néé‘r%é‘l‘i’oﬁ)s%‘”eéériiétji eat for the

curs. I scloses a process for the

shBh‘éﬁ%%éiﬁfb @h\eefr@ﬂ?é?ha&q Kamacts with high content

opene I'n the extraCction is carried out at

r OOEFE 088" ddEs2 d%%(l)c?sﬁﬁ\e?%ile@é}@tiwﬁ 74 ffcbpene-zinc complex

di scl 0Se "a process e preparation of an

haggqeqoilfcgje saavéﬁ%ﬁi@&ht‘:%ﬁ\gw.l Abtihycarappliéddn the absence of

ctory s rty. T atter feature is

soffdris riﬁdtl%\élkgﬁﬁléeﬁfwﬁﬁ‘é’%?ﬁﬁbi Maff niarial yNer pesienged heating

presen e oleoresin itself. No nention is nade

an?jﬁ,?#ﬁsgrhgrigéﬁgﬁbiceupsonpositi on of [|ycopene and of its

uence on the stability. An hot extraction is

car fijred &VG?Q?%%E@[OS%% ERProtsss tfoe ﬁ‘ieekﬂle'ﬁaration of tomato
| ycopene but for times not longer than 1.2 ours. A

exieRts Wit higPREomeht i IEdrRdwheteinnthichextractidroascamied out at
the absencé o any solvent only in order to inprove

robﬁ\etépﬁbgﬁra‘{@fé!m separation. 20 WD 2005/ 075575 addresses
the problemof increasing the cis-isoners content in

t oNgyQ ESPINA Afd WEOIEI4828Yi diBclosecdbaocest faritherpreparation
alia, by thermal treatnment for short period of tine.

of Mif BRWEsINnt MEviaGtRgRBNRE Moty copehaiarsl satisfactdry stability. The
anount of the unstable 13-cis isoner. EP 0 937 412

laflEE Fo MBS 9 dUtarrRIS bl anehhs ofr pespitolipidefanid ghicgrides present
di vided 25 pul verous carotenoid preparations

initA6! sldbRssiaitseaNo theritem ismiakie abestetheeisonierio compasition of
for very short tines (5 seconds). US 5, 858, 700

lyEGpERE BmdeoP e defiserics onhihiel stalbility oAnaimat extraétiemais carried out
of' lycopene crystals characterised by the hydrolysis

ianﬁrd'e'mbfmbb(Bﬁis%UtH”e gie|i\ih 29068p&1F 40t fBCTINERD 0®1/I00gey 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.

WO 2005/075575 addresses the problem of increasing the cis-isomers
content in tomato oleoresins: isomerization is obtained, inter 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
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
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gl yceri des and phosphonates. The hydrolysis is carri
_ : I ed

out at high tenperature but for times )s/horter than 2
wheowss174opt i onal Iy preceded by an extracti on BCEPPUOTGN6747

refluxing solvents, but always for short time in order

Ejlos }ogeventtthe | ycopene degradation. 5 US 6, 235, 315

ses r urggt

o EriRas: N B R o emee e o

stal lin 3 ycag'e%ne has "a certain degree of
0
bt b oo 2opeul oy pvceded b on

ex&ﬂa esq%étvg@ﬁmrgﬂ JV589ehtsbutcaniaya forf sthortdredn order to

|sc:03|ty and sugar content. The

pr?\ﬁ'ﬁfﬁéﬁﬁ%ﬁgg@}g@é tigid no solvent is used. Heating

IS carried out on round tomatoes in

o dgfs Rﬁgg@cﬁé h&lﬁ%\’ééésseeﬁébﬁi i pivergient. lycopene formulations

Thermal processing of carrots:

chgi{& BHBEd r{f\tgﬁ | % %ﬁﬁ@ HaOBBEéAEN 88gHéd lof rargstadlinity and the

Food Research |International,

Fl se | GB, |
ofgicpSipiEaons Sy 19,0, 10, 7 ™ °

| SO §}q9‘655‘2tf dlekfaRangohfentraeazmiaicedernaatives hianing hi h
fun(w ﬁ enperature. The Authors concl ude that 9

COE\S% BPQy@ﬁeﬂeﬁéaﬁﬁi isyeldstetmirfddvistdsitypant osugar content The

sulting in a decrease of cis-isoners. As

prgﬁéégdsoﬁ%\é&él’ ahaehéfgéleent he umedar Heatindofes thed mlnutes Il is
soneri sati on processes of |ycopene

ca‘iﬂEHrdLﬁ'd}gr&J QrRaass Meadderdoimake tiyaputp sepaeatien easier.

OW ng to obtain a product having high

bi oﬂﬁgéﬁr?ﬁuéhwha%ﬂ ab! abfeernsalmprocessingosift icefrots:  lycopene
t has been found that the stability of

sthBﬁfrtT%' dal idomesRBeRA iweNErsgab toaramtioXidant opetential” Food
r to another; in particular the 13-Z chggene was

R?E&Qrc{rfﬁﬁeﬁ{aawngltm@vmrtmmnemcferme _®arking, 938, vek. 38, no. 8-
E I soners Consequently, a primry

C@B?Sﬁért *zeosa%ye@ ng08el 108 studyethie laamﬁmaﬁpmtlycopene in
have | evel of 13-Z isoner as | ow as possible to
fr%%%lﬂrtecpléb'rr@% it fdvictiohy of temperaie/ 8hmé\ythors conclude that

EP2007/ 006747 5
only the all-trans isomer is stable to prolonged heating, resulting in a
decrease of cis-isomers.

As a matter of fact, therefore, the prior art does not provide
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
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
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has al so been shown that sonme Z isoners (such as 5-Z

and 9-Z, for exanple) of |ycopene enhance the
whe@avei4babi | ity of the conposition containi NRBCT/EP2007/006747

| ycopene. The primary conposstion nust therefore

contain mainly the 5-Z isoner, or a conbination of

- =7 i t y d 5d
nas s PhOIPENe SoBI¢ 2 Bors B 3652 and 92, for
e . h . . . N
exéprbf)%gr S/quc gﬁépocp;é!r}e% Oﬁgﬂé\ﬂﬁ?ﬁhg?é ngcggt\)églﬁgﬁlﬁypro‘?v'tﬁig composition
coH&Xﬁﬁﬁ§2§%@$‘£ﬁ£ Srﬁ‘@%ﬁ{ g@gggﬁgl&?ﬁgjst'tﬂe?eféPe?‘éthéin mainly
thel P PEBRIOBRLNEBRbiNENGH | 6 9S2NAfd 529 i@dm}é?é 4Bt pfovide an
greater pe_fce_nt age of an isomer sel ect ed 10 romtRe
im@ﬁg%gotgg?gé@mli Md Eicfefﬁgagy.and conbi nati ons t hereof

oner. | n an ‘enbodi nent, the present

i n"ﬁ@édrﬁfhggflp‘ﬁ 4$Sa HrsPrGHjeELBIOKE ip‘?@serﬁthq’ﬁvc?rg%rﬁitﬁsprovide

the primary” conposition in a foodstuff, in a
i iti C k G b QR nRAiniy thateri iched
priRAEPEERRSHIAfS YA RFIBRELor §E9ReNS ROy faterp enie

o i ovent ot o ¢ . S o

m 51 ShaBind PURICECO[ 2 s B eopeny, e pespsheraRaiin

mafetfdl 8Snidinifg BYiweignal greatdopeidetitagd 60af isomer selected
suppl enent, a pet fdod product, a cosnetic

frof¥ BRAGAS P RoRListinBGr BT, e0UZ 6Al d¥rfBRYadion8nther@ofthan of 13-Z
enbodi'nment, the present invention provides a nmethod of

isoRfermanuf acturing the primary conpositions or food
suppl enents, cosnetic preparations or pharnmaceuti cal

Pr eiposRtdrabsdipeenitaithe et B8Rt FR@Ationnpvedéwan oral composition
enbodi nent, the present invention provides the use of

that k@ ntdihi TRAEY riABBP &b i pdsitisn deapfobagmfﬁhavaafoé@subrmement, in
preparation of an oral, cosnetic or pharmaceutica

a COSHIAR preparatibeoied & pharmaceoticy prspardtiad.th, 25 in
particul ar for photoprotection of the skin or for
pr dinecan Ngnsdddindants uthe ag@isesit awergion npavides the primary
alternative enbodi nent, the present invention provides
cormpesitidt agfant Ae¢ditivenary foodgtaffi for @ral ddministration, such as in a

preparation of an oral, cosnetic or WD 2008/ 017401
nutfitiohBP20Tp eXifidr,” abfood supplement, a pet food product, a cosmetic
preparation or a pharmaceutical preparation. |

In an embodiment, the present invention provides a method of
manufacturing the primary compositions or food supplements, 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,
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
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phar maceuti cal conposition for preventing or treating
cardi ovascul ar di seases or cancers. An advant age of

WO b@sfotE8ent i nvention is to provide conpositiBCEERI00Z006747
i somers of |ycopene that exhgbit a higher stability,
bi oavail ability and 5 bioefficacy. Additional

o AR TG e ABRE 1, o RETE o Bhlng? U Hiasculr
dl%%%ﬁﬁ%‘? &fiy,g. Brief description of the figure

| ea under the curve (AUC) of plasm
ycaprena/, 1 bl i d . f ' t .
o1 RSP SRl e SN PR Smpopone of 2
. e it A [ = . .
oG2S AT 861, SATBIC SRl ablati RERlBiy anc
bi fﬁéé)(g}ato ol eoresin rich in 13-Z | ycopene (13-Z

ol'eoresin) or tonmato oleoresin rich in 9 and 13-Z

! ycﬂaﬁﬂﬁrﬁa?'feétlgréézan@la%‘?[aﬁé s ate d&i@ideherein, and will be

descrlp on o e I nvention e present 1 nvention

soBEROKL. 54 kB O00RES SoAmIdT i e

e present 1 nvention

rel gt dtegghﬁgsflir?gitﬁé figgféri tional conpositions that

can be use rove In and hair and methods

r egpf(gg'?@E.tRPeiﬁﬂﬁer % ThpvP(RBE) of ﬁlg@ﬁﬁ RieopeneltRigRicerides

aval e to the consuner an | mproved conposition

of TREFSRAVihE ARNES AL HhpBHADBICA StarldsrdPie@chntaining 25 mg total
P

conposition provides [ycopene in a particularly highly

ch?#%@&?ﬁr&ﬁbéiﬁw nito Pastef(BRAE Iy pete)or! tBnvatBr SEBFEAA rich in

I ment, the I nvention DTOVIdeS tomato extracts or

5-2 %y &8dnea 5 7e 818t foriohihtd blbsRIBIA rick ind1diZ fyigpine (13-Z

fromthe naturally oCcurring one in products to date

oleédtasiMbbE- tohfatBabldsresa (ridthani 9vanti aB-Z elyabpeneo(9- & 13-Z
extracts or derivatives with an E isomer content not
olddrgbmy). than 60% on total |ycopene content, preferably
with an E i soner content not higher than 40% WO

2009/ebdiléd HeBErptibR &F the devention

The present invention generally relates to compositions that provide
health benefits. More specifically, the present invention relates to beneficial
nutritional compositions that can be used to improve skin and hair and
methods regarding the same.

The present invention now makes available to the consumer an
improved composition obtained from natural products. The primary
composition provides lycopene in a particularly highly bioavailable and/or
bioeffective form.

In a preferred embodiment, the invention provides tomato extracts or
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%
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on total Iycopene content (by HPLC). In an enbodi nent,
the present invention provides a primary conposition
w@oBaldng a speci fic conbinati on of Z i somerBCT/EP2007/006747
Preferably, the ratio of Z/E isoners in the primry
conpositions of the present invention 5 should be

oAby b 1 T
AT L s o 90 AR R
AN RSPV T,

L TR e e
Shggaéggb%v%1soners and/or decreasing the 13-Z

for ‘exanple, a stable formof the primry

b| o qciJ b8P th@aéorjg o‘?‘t |k§e:%%‘l’€r"§oﬂph‘éh‘md5 d 9-Z and poor in

ctrve can reover extrac

130% H\eﬁaﬁ{r%tféﬁga %bbggn{eﬂf’%h'é)@ogh?o?tﬁaﬁl d‘@dzrstd}%ater than

orage con I ons not undergo

30959 dtéplﬁﬁgéﬁé'&ﬁtewqﬁéﬁ ﬂ) dB?ééieP&!?’éﬁWO%emost rcézferably

condI sence 0 oxygen the 1yco
0 n € i C 0
orbie| UFRLI00%, ol hE0TRIoATLE LIRS 14 R A on ot

Iy%n%gt%rfe?érgrb%?%éymﬁhas o§F?TePeerﬂf s (thazﬁ 3%0Wn total

i sonmer of t ene) nay be

ly SoRA NBY i P)Sdééém?rth@ %eb}fﬁo?ﬁzeaHé' 9% isomers and/or

catalysis on a so rix such as clays, or by

de@f‘é’éé?ﬁﬁffﬁeh%tz n&on‘né‘rsanfd?"'@QQh’{B?@t .a ktible form of the primary

I"'ycopenhe-containing naterial can be, for exanple, in

frﬂfoiﬁér’m‘?ﬁt BMmB¥é biGavaifatie RN Diesffégtive 8anasd Bbtained.

present specification, the term "ol eoresin”

M(?t'é%%?' e entaicsd Rddéhvamass af 2Re!inReAtieN tarecttatiie aunder the
ycopene -containing material, which includes possibly

usfbl&tordd BoHitigdns and glyCABE datdergbosetnelisdinesization. Under
tocopherols, tocotrienols, phytosterols and other

orbi‘h%fiy Sﬂrﬂfécftl\/éaﬁbnéﬁmuw&edde badight eihd Wxygen) ntHe/ lycopene
found that retro-isonerization of l'ycopene in

toﬂ@a%g%gg%nggg%s;mge@mm eamnai(s 2008({dht740He latter does not
increase, even when keeping the extracts at room temperature.

Such a profile (i.e. low amount of 13-Z isomer of the lycopene) may be
for example obtained by isomerizing lycopene using catalysis on a solid
matrix such as clays, or by prolonged heating.

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
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



10

15

20

25

be m nimzed by reducing its content in 13-Z isoner.

I n an enbodi nent, the |ycopene-containing material can
wheooaMi1Eat ract, a concentrate or an ol eor esi nPCIEP29A7/006747

i s obtained, extracted, enrighed or purified froma

pl ant or vegetable material, a m croorganism a yeast

. 3 .5 pr [ | 04 41 A\ s further

be %%mg?gﬁ%qgcﬁ%g?nﬁte%h L%]fze{asg)éﬁ%fs Z isomer

co [ . 4

of T A sBibIHTRAF e SECHEREIGAREINATY Rilbteial L3R 594 tract,

S e OWWRY: £ L d a

a HRENERG o o Rigoesi. CWRich i Hbldindd Rted Ehfched or

purfifed ¥&We{‘?%r§‘t05?{%?%?§?l(ei nfaterid A ‘?nft:?&@t‘g%’niirﬁ!‘%t \?Meté%t or a

extract, omat o puree, tomato sKin,

proBlct'bf ?HHﬁalt iﬁ.eﬁqgfurthérghgﬁig&e@gég%tréétﬁiéﬂ?foamc?ease its Z

concentrates are obtal nab yi ng or

isorfn'é‘?%ﬁté’ﬁt.‘/éﬂggégéné,f§§ esHfibBH HHIGWOr Vvegetabl es or

the respecti oots, fruits or seeds thereof and

theppetdAet! of BidopenBisofroph HIFhEbIigth, tifemEy! 88! vegetables,
. o oS o &

mat er 1 al urtab tho tal ni Ng extracts of

Iea?é@, W ErSTERLIiRNEeShd S o Sarl®s  BEIBiEADbRMtar ; kgoWteferred

n'the art. The plant or vegetable extracts can be
emBBRhERT ’éhé Yo RE8IBY I9cop¥nE XS tembatdds (N, WIRsIB-teriate! tomato

processed plants or “vegetabl es or the respective

extfRA! fomh{d Fl8hOtorh8ES purde! RMhattd SKin\aifti oPwithdut thenseeds).
or nore food grade solvents or with a m xture of water

Suitdle OpRIN®! oMt etdiNadc o dsiftratevarns obtineiots abhy byt ldeying or
extracts and concentrates according to 20 the present

freéZBLARJIhGthERYedtRclt Bi4Hits dvetftapkes: oBRfAkssective roots, fruits
carot'enoids are |iposoluble, extraction with water

or Welelds! e@NDfUBHENtIREH COPBOhAINENrindiRgt odr granulating the dried
wat er - sol ubl e such as, for exanple, sugars, am no

mafetidlS SHEBIE! mahedsi 6F obdaiding extesits cohthdsabblelrhentioned
| ycopene-containing material is obtained from

plafitscopvegeraibies ar@ known ini thiecant gihe plah ot vegetdbleextracts can
| ycopene nay be used, in particular probiotic

be Wbtainetdgdor examipld) by exterctiegathel freshanitiar pricgssed plants or
bacterium Al so, the product of animal origin my be
vedetablesf or thex asspectiveatoats, frelitsi opseeds ithéremf with water or with

extract or a mlk fraction. In the present
one peghbiec fddddgradérgsotvemis ‘oriwith \AOM>X08¢ @f sdter and one or more

PCT/ EP2007/ 006747 9
food grade solvents. Preferably, the extracts and concentrates according to
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,

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
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fraction" should be understood to nmean any part of the
mlk. In an alternative enbodi nent, the

WO y@8f€net cont ai ni ng material can be an ol eor BGI/AP2007/006747
Sui table nethods for obtainigg ol eoresins fromthe
above- nentioned plants or vegetables are well known

robfot v ThoBERER S S TR 7%

] RSB SR Db BB Pk e can be
an OBy o HIE B AL PR BER e above
o188 A 25keacioh 9 i gy U8 %, ol ool
otehfed ] 5558 19 RS B S 314608t compari

witﬁctﬁgrfyo'agmgintegg ‘&Bs?r?éik | gy ?ﬂ%*ﬁ%c@ﬁﬁ@é’@? él‘é%esins prepared

contain other -~ carotenol ds of antiOXxidants such as

o AR B 30 B PR B o s
: ) ) S0 -

by Bﬁéﬁgﬁg fh@??ﬁit@n?%’ﬁ AIRE! Rt I&dbﬁe&iii‘&g?gll%fhlgngr than

I soneri zatl1 on process "an

thalg dfyf-qggﬁ’l%r%qﬂ gt.gf‘.)e/tﬂg I 585 Yo 2P ASbHIeRS &taﬂ/c"é'p%ﬂe?ﬁw ablsglected

ncr eased. copene-cont al ni ng mat er 1"al prerera

torﬁéiS'dI?SFes‘?ﬁrigtaBBEiS??é‘:ﬁ xant hophyl'| s such as, for
exanpl e,

zeaxant hi ne, ‘ast axant hi ne, 20

betGrdr¥Binex ané r‘é,feﬁéﬂséﬁtrﬁﬁ?‘ema@éﬁ‘élhf’dﬂ'aﬁbmmmgorthe primary

|utein and derli}g\tlves t hereof such as esters,

corRp8SmbA- aE&@rdiH\?Q@@t‘F\% pRESEHINATeRAYE haRiuses e \eebAthin other
to a treatment to increase the Z i soner fraction in

carbténdifis "BF Yantis}igasist iseeh b8 Vitdafint B, oRhalhn As6 hstabilize the
i somer profile, the |ycopene-containing 25 nateri al

comPBbsHions THe Wicadtivity ahdastadrity astt thed lywpesit Eakfpouind in the
an oleoresin, is subjected to an isonerization by

oleBfddia E@vtdelimpr6véd CirPpdrasilar saliigctiedistiherizéBod. process
cl ays, zeolites, nolecular sieves, ion exchangers) to

an®rtadugreldi oft ez Iyebpehe dh #He prithasy cbmepositionf can also be
solid catalysts to enrich the |Iycopene in WO

incPs¥sy 17401 PCT/ EP2007/ 006747 10

The lycopene-containing material preferably includes carotenes and
xanthophylls such as, for example, zeaxanthine, astaxanthine,
beta-cryptoxanthin, capsanthine, canthaxanthine, lutein and derivatives
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
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
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Z-isomers is not polluting and harnful to the food
since the catal ysts can be conveniently renoved by

wa@eploer4bi | trati on or centrifugation. Al so, PCT/EP2007/006747
conbi nations of solid catalygts with other conmmon
nmeans (e.g. heat, light and radical initiators) can

2Pl BRDBRTRUbG SREBERTY S8, eSREL Gk A ooabbs can e

cofiffehng siad s, o §%““e"§%afﬁﬂggﬁsﬁéﬁ‘*@;%ﬁ“ﬂf&dt@?‘-

corﬂ raffinsY 6F sOTdCEatd ;@Q%ﬁﬁ &ﬂgr grﬁé‘asﬂs? . heat, light
out y prolo |9 ede

racts Isoner Izatlon IS carH

on R3PS By IR P o
L DeP BhBfhert 8nfiddif] %‘fUﬁ&f%gt{é&éeorsashggﬁvéé%fé&rrmdto the

I'on eh ‘par
invgﬁﬂbx% | V[Zé ?éé%gjswrﬁﬂgzﬁggﬁée a I e %%ZE ragégés (such as

the ﬁ"‘l@@ﬁnﬁen VBfved e?ﬂcﬁ]n& eghid éﬁthGHc@ﬁ@é%) b'?eextracts

I's renove uS reécoveri ng [ sonmerized

15 (0.
i Ay MRt e
su@%ﬁ&oﬁpvi% DY taEﬁlrﬁ/sx\Fva gét i\{eﬁtg%m the prior

en t e sol*vent Is renove

artro‘?§&)’s%r§:'d“ﬁn ﬁm@%é&ﬂﬂ?“l%é&%r%h&%tthe |SobNESS whi ch can

for the 1soneri Ion step are h rocar bons,

hi
e
maé@r'n% @ﬁé)‘?‘ézﬁﬁobé%éétedcﬁn@aeédl%ﬁt’ abft {8 extRic®NgSopérie. The

al coho nore particularly hexane, carbon
restuﬁﬁ@‘é'ih‘é"ct W€ the®HadteC A LBIVERt §§ ?BMVRd, RHUSTBkovering the

I'somerization in solvents is carried out at

isohfdfpRiPbxirast.r anging from 50 to 150C, preferably at
tenperatures ranging from60 to 130C. |somnerization

ti nenr iioethdr REhG, Whett@nhextael oF Adrivativens dSed g starting
180 h. The Z/E isoner ratio in the primary conposition

maﬁ'@bialt RBs Retaket epshfl a YBIviedtathd edisturélisBAeated for a suitable
pref erably between 20:80 and 95:5, nore preferably

time!, aReROthE0 sbive?®: it Orerhdvéd pifreesh aririp dhaeisbmerhxed extract.

(5Z+9Z)/E ratio i s above WD 2008/ 017401
SoReMERYRIRR/ 886 Mg usked for the isomerization step are hydrocarbons,

chlorinated hydrocarbons, esters, ketones, alcohols; particularly C3-C10
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
10 to 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 (5Z+9Z)/E ratio is above
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1, and the 13Z is partly renoved. In an enbodi nent,
the present invention provides a primary conposition,

WO woshr46or m of a powder, |iquid or gel, conprRGIi/RRROAT/006747
| ycopene conpound which hasjja better bioavailability
and/ or bioefficacy than the 5 conpound al one. Al so,

1, ?F‘Zﬁﬁéi\% %ﬁ%@@i’@i\g‘%”ﬁ%ﬁs: Lion i1 the powder
e AT T = o
copr Irogﬁ[:(ﬁ] g?'m]%ﬁ %ﬂrqﬁ;bfgéf@%\ﬁagﬂ'flo pEPf‘%rﬂgrigfﬁgaa lycopene
cor?{g%ﬁwdcvﬁﬁé%eﬁ l?éﬁ P'éB4 é‘Patﬁﬁ taﬂd/blz%bé’ﬁrca%gdthan the
ng a ovver &nd Y3

n enc 0 aggregate. In ano

co ?&?ﬂ'd Unef Al tWe nXSﬁ?o%ﬂloﬁ rPﬁa 'Bd8hYthe form of a
np I

OSI I on rray e US her one or assocl ation

hq‘iﬂl;{h QtteiFEfl ;?é(;r% ﬁecrzcgrlﬂ@ ‘?15 iPYRE FSw ?ﬂag "1‘8?rﬂ i$ chosen, In this

t ocot fi'eno car ot enoi ds
ms@ﬁé? ﬁr&e qw&ﬁﬁ%ﬁ&g&?@éﬁ]é%ﬁv&t@?gtgc Inrﬁs)(xfé'l'hgéfhe(ure. The
prlﬁﬁ gqjheno |ﬁSH s@%rbfﬁd@s c&rd %r?cﬁds ‘?Pftarmﬁéétﬁ:u@@ry AigHIPSoluble

di t er penes

forﬁ?[neﬁbﬂ's)ancfé?%ér%ssdﬂleﬁ@' ¥ Yp rdﬁé“f‘cﬂ@g@}%lﬂ?ﬁtlon and having a

racts, grape or grape Seed ' extract

|ovpérol%|%iégg¥qgl dgéﬂa&pl ce extracts (e.g. rosemary), soy

extracts cont g I'sofl avones and rel ated

PhyfiPeahbift&ENSeMBBIFhBRE 8P %I?é”‘i)?és@rﬁt flh‘?f\éﬁﬂ@hgstwét'bnmary

ant | oxl gant activity, fatty acids

coRfpotition PRYY A5 RIS eithefAI8hE Cof 'ubeés%odi?étﬂﬁi it other active

m croor gani sns, taurine, resveratrol, am noaci ds,

coﬁﬁio@h‘d%%ﬁﬂﬂ BE SFtHRM T Olvitahiih aEh(t@:E’s@ hefolB' 8h&i tsotrienols),
such as, for exanple, whey proteins. The primary

caﬁﬂeﬁ@mst I @éréﬁéheﬁsddlmtémal F¥aganibines esbotaeciptordrethitfe, etc.)
25 emul sifiers, stabilizers and other additives.

ublglihenés gesg. CQWO)bI@teahhbe goéplﬁf]alﬁidétéélﬁm talate), coffee
exanpl e, phosphol i pi ds, IeC|t yoxyet hyl ene

exﬁ@b@t@éhtaimﬁg pﬁlyplﬁeﬁélgaraﬂcﬁornﬂﬂeimﬁ@ e(e.g. kawheol and
monopal m tate, nono- or trioleate; a mono- or

cai@r;s%l?(cé&trﬁets BRYCHiIYOS, 06 blilobgrextradts] grapever grape seed
e food WO 2008/ 017401 PCI/ EP2007/ 006747 12
extracts rich in proanthocyanidins, spice extracts (e.g. rosemary), soy
extracts containing isoflavones and related phytoestrogens and other
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
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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busi ness, in cosnetics or in pharnmaceuticals can be
added. Also, flavours, colorants and any ot her

wa mosabl4el addi ti ves known in the food busi nessPCI/RP2007/006747
cosnetics or in pharmaceuticpls can be added. These
enul sifiers, stabilizers and additives can be added

B BT i, o, o
oA AT RASE SRS g ppos.
coBmgalggdsrtlﬁiﬁigaﬂgg%f%qtfi%qs %Hﬂ%ee Akd. "I'ﬂegep&%ufs‘?l‘i’éjrs stabilizers

prepar a |on or

I
ol R 5 PSR ot LN s 5 g s
t th
co gMyiiEE creried, b, e, i ey compos o T

g? gﬁ+ grﬁgftgfr{ﬂﬂ\% etk I’Rr %’éﬁ}resé‘nf’ m\)én?g) oEr(ovﬁBSUan oral

rage, amne Wwat e iquid

coﬁﬁ)[ ’|tt|cﬁwoﬁgﬁ?ﬁ1%rr¥ln§ Confﬂ@e@ﬂégnz?éfﬁﬁbsft%ﬂ(m@%d Hbove in a
fod &tIRNtRI mfb%dp%ﬂgﬁfétmeﬁt YRIY tpe taf§'6<ll KpRAHiRA, RRVECcosmetic

an entera roduct, n I ntant fornu1ae an

préerr%g:pp%wégﬂ?%aetegﬂesg% ta‘?&ﬁ@ﬁ" product or  a

cer base an |1 ce-cream a

Choﬁ?%gﬁr%fer? &fe‘?ﬁbo&lm&r\’tl 'anl%"o)d JﬁEHQ"tloﬁ%? hman consumptlon

mayonn OﬁHtO puree or salad dressings or a pet

caﬁ%@suﬁﬁleﬁ?ént\éﬁ e X dgﬁﬂ'lé?grﬁﬂ?ﬁbbél%ﬁ Thitefdyd osition may

composi t1on can e above-nenti oned foods

0 ' 0] ; k b .
beoff%rg%kg@@, aarﬁJthPoP?}égge rg@éofﬁrmgdsldgﬁﬁﬁeg??% ?i‘;&hllled or
sh%ﬁ”?@ﬁilé' edad Imiddthpkeatel, abaytid. drfhkzoa NEbWEr a dietary

ay I's pre eragl Y envi saged. The nutritional

su?é@h@ﬁ?rﬂ el r@FPAceﬁ‘ﬁé‘hP ShufiticHal B Eecdﬁfe@ﬁ@ﬁél#ye&‘a milk or
gelatin capsule soft capsul es, table

a fRYSRNtE MR piadi @t a. d{%dr& Sa rﬁnﬂ&b%e@rpovﬂ@ért idrl eateral nutrition
guns or drinkable solutions or enul sions, syrups or

pré@L&, an infat fo¥RRRaEf aﬁhﬁfdnt%lﬁ%%’mbpgﬂdm%tpb ¢dreal product or
primary conposition, which can then e taken directly

a \géartnli‘em%ﬁebeﬁéalbbagéu efétﬁjct!(fmvmc@%a@ém,mi éhocolate, coffee, a
ppl ement WD 2008/ 017401 PCT/ EP2007/ 006747 13

culinary product such as mayonnaise, tomato puree or salad dressings or a

pet food.

For use in food compositions, 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,
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
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may al so include a sweetener, a stabilizer, an
additive, a flavour or a colorant. A supplenent for

W@ o®a®1i4e1 pur poses can additionally conprise aPCT/EP2007/006747
conpound active with respectjjo the skin. It should be
appreci ated that the supplenments can be nmade by any

m ng{lggsin%m@d z?ysv% i <id ls?Qb{liEeF,h%na%Hditﬁﬁ,na flavour or a

er e i men a pnarnmaceu I-cal conposi ons

LB ARSI ARIPDYGR8E S Bty comr
coHé)g)g{HEf)QEﬁlv% Mﬁtﬁl?eéﬁ@ n{%gﬁ’é fss'slfﬁr‘lpel'i‘tshto%g&t!{]e:agf)ré’éiated that the

_ ar _y arres tons O e sease
SoB eI ARIERY 9hP OB BYAGLbE SR o art
L hei@%ﬁg&%&f{e%oﬁ%gﬁg% h‘é?n%%%ﬁiicaﬁg?%itfé&fse%htﬁning the

for epen e severity sease

. t i, . i .
prlgrﬁ‘%ghélﬁ'gig?éﬁ%s B8 HlrAinisteRd & 161 p%&/&f’r{tkﬁé‘ﬁd/o‘r Rherapeutic

IC applications, primary c I ons

tre3GRRhEY NG LR E?rfcmﬂt%@ﬁi‘iﬁé}ﬁ Eog'&u!P@ i rlbﬁﬁle'bg?tiéalﬂ/ &rrest the

patient suscep e to or ot rmse at ris

i cu i q i i ", .
e )
ang%ﬁﬁdg{ﬁt ﬁﬂgﬁg'é?e agaLBcoRpRaA st 3 defirbdedt’ Sa Sther&peutically

weight. In'an alternative enbodi nent,

efﬂg Bve'ddE"Y ATROTPS! dff@dvePTort tHis Wil\Pd it ofidthebSeverity of the

m ni stered wth a pharnmaceutical acceptable carrier,

diddie 834 the wighD8n8 Yerierhl Sialté oF itig pattieht.t he node of
adm ni stration, for exanple 20 parenteral,

i nt yay la@icalappliéati®ns C Printaryc coeipusitiemé hedddrding to the
routes. Thé desired fornulation can be nmade using a

inveHticH ¥aRbecs@himigtired toch Wttt suscepEBRY Or otherwise at risk
pharmaceuti cal grades of mannitol, |actose, starch,

of RAHLURr Giseasa! SudhP@dnuansaasthy idefieed! td are'a prophylactic
magnesi um car bonate. The pharmaceutical conpositions

efféRiveedaséabl®tthia Wt Sthe, preciid lameusty wgaim, deped on the
suspensi on, a syrup, a dried oral supplenent, a wet

patieal’s state) enesaith Bhafwerghity, for hunmans the
phar maceuti cal conpositions according to the present

| nvémt man dligtnatver essbedimeniyntheof ptitmaryr coampositions  of the
conposition as described above, for a daily
invshtion sandié admisistéleat witheal plranpeace wioalr@cceptable carrier, the
2008/ 017401 PCT/ EP2007/ 006747 14
nature of the carrier differing with the mode of administration, for example
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
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 composition as

described above, for a daily administration, so that the lycopene amount
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ranges from about 0.01 ng to 100 ng. Wien adm ni stered
daily to pets, the |ycopene anount can range from
wW@bwmen13001 ng to 100 ng. It will be appreci at BAI/EPBD7/006747
the skilled person will, basggl on his own know edge,
sel ect the appropriate conponents and gal enical form
t t e u [
rahfed Hetf abous 0'6 3Rk, 871 GG TRE Wherf abiffinist &R aly to pets, the
' i ' f i stration
|y<§,d9:é?{1e ?mﬁ@ﬁy Qg%agry}%@,ggcggm?weom %g o‘%i 10(29j Mg

I nj ection,
<Polt 63 1 hPEANE o B A BGon i, s n i own
he. L .
o SUE89E, SHEF e Sorkte chporOhoRagica frm fo troe

I nvent’ion provid
ikl i I j tol

i SRIB| 4 RBRHET b ¢ oFAHEN, APERY . lon. stomach
GTEE S5y ERIE B S RIATNE 1oB14 8 £ L8R which may be

Pr ablky,: ~gontent ~af i co (444N i ;
v S AR OBl BRI, oA 688 Seation.
= HAABBY BRI ok Aot ySABTRL fplgse pysioms. and
th@fikkycopene. The cosnetic conpositions that can be

used topically can additionally conprise a fat or an

oi | 1phhshthernemBBdifgHt, | the $TEBEAE SnvétstiortSproviles a cosmetic

exanpl e, those nentioned in the CTFA work, Cosnetic

cohfpB 66§ HotnpiadIA ﬁﬁl@pl’%éh}i/ RhPbsiHEON T cPibRAbSve. It may be

conposi tions of e present invention can also include

fodAylatdnsh Ritidn%@'ﬁwé?ﬁ?ﬁ@&! GrbhdhsaCury8cteuiL dbftBF-Sun creams,
The conposition additionally conprises a structuring

anfigggihgatréanis emd/6i birtmer®s hidr exxibRi. ePicTeratsly Ot icdntent of
fragrances or opacifiers can also be added to the

prieRaiye cotnpudiies | ¢arprise Bétwddn 10e109ppared | PO%A biyhaleigihe of the
present cosnetic 25 products will contain a m xture of

codhidtiey esvhpbBiiopdi Mdre rederably, thkecsdmmetie donpssitivns comprise
ensuring a fast penetration of the objective substance

betweent t@e%kand B%dbprweryhti ofglydependatThen cobaretiecf compositions
during storage. It should al so be understood that the

thatocare piesusdd tdysically cant additionallpcoprisO 8/ fat 64@hn oil which can
PCT/ EP2007/ 006747 15

be used in cosmetics such as, for example, those mentioned in the CTFA

work, Cosmetic Ingredients Handbook, Washington.

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
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 |ikew se be applied as an adjuvant therapy

assisting in presently used nedications. Because the
weeiosmtoconpounds of the present invention naRCT/ERRDT/G06747

be adm ni stered together wtysfood material, special

clinical food may be applied containing a high anount

S R RTE Larald RRBH) S Ely uee
RIS S50 Tk ) KRS 6 ABAEFERchton may
o534 B i, B Bl RO Mo oo may
R e
oA Pk RSB Ebcd Eahbssigan iU Bponcin

ol 430088 HefSo LY 4R TGN Y61 o BMAIER! lprnatives to the
altsPhd R erdiRiMRAL ndrtoridd RBfafnCOMPOST ti on as
eﬁcrl éd above, Tor exanple, nakes it possible to
en e 5: Ri-0avai kel A I ;
oSSR, RIS Tl ky ezt or e primary

col}rﬂﬁ%ﬁﬁbﬂ' SPe tRE! gAY Eeﬁ?%ﬁifibﬁn%rnﬁﬁefilkﬁ?%rﬁgtiésQfle'\position

prévention or tredtnment of sensi ry or

de][slﬁﬁ%idvﬁbé E%r thle E%pé@fﬂbf‘% ﬁz!f&ﬂcfjﬁﬂ%in@édofo protect the

mmess, ftor aneliorating skin photoprotection, for

tisghsgﬁgfiﬂégsfern égﬁﬁ'@t@gigg[ %}g}‘?ﬁ‘ﬁ&&'ia@rfogiiﬁﬁmg Qamage to the

I'sorders and cancers. ave al so particul ar

skﬁ?%ﬁfd%lsnﬁ];bldlﬁé mEBr&9es Y inkibiting E8ilSgefasds and @Rhancing

I mpr oved r or coat density, fibre diameter, colour,
thg'oég{?ﬁﬁésis Bf QMRS 1ANFhGE, RS Ruded o rtAKEPFinttyr cOMmposition as

0ss. The positive effects of the prinary

deseribesi taboveS fore dNARpR, rhaKest iionpessibie $&i krmiance the
humans or pets can be neasured by using 25

biGaVRifBiligNat tﬁ@um%fe@@bnwourﬁ@ﬁn exemId3: andrtonglow down the
eryt hemaﬁndose (MED), colorinmetry, transd:jpi der nal

agiRd e6f kRs SskifNAFHeE tirharyRRTHpEsitionsi Mgy lAski be wswful in the
prot eogl ycans production, or coll agenase activity,

prEa&htieh orf HBaIMERt F seridiblecyadr adlivig 8kimsi, ©r for improving
echography. WO 2008/ 017401 PCT/ EP2007/ 006747 16

skin density or firmness, for ameliorating skin photoprotection, for

preventing or treating cardiovascular diseases or disorders and cancers.

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
conventional methods such as, for example, 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 Exanple 1: Study of the stability of |ycopene
i soners The stability of |ycopene isoners was
wer@aBosai4ed both in an organic solvent and i n BCT/BPBDT006747
extract. 5 Materials Lycopenggrich tomato ol eoresin
has been obtained fromlIndena s.p.a. (Mlan, Italy).
Its liygopene content anpunted to 9.1% of which
t he é)g'ls‘ﬂ-Pé'%%d the 5-Z isoners represented 93. 5% and

6 & . . : :
o e P ROF: SRl or eCstebTRYRS Iy&ibele foRag o' ©

| L t. : i . .
or T st 3PP yod5e €ombr Wil Wy atited ORI iff gh organic

SOMEHISTIR NS t8fiafo St f uged and ethyl acetate in the

recovered supernatants was renoved by distillation
und rafe?%‘v‘{fd pressure. Di-t-butyl-hydroxy-tol uene
(B et hyl di i sopropyl ami ne were from Fl uka AG

an
Al .L??éé@ﬂ&%ﬁé’?fé%rpé‘f&@l&é%@ﬁw ARd NP oEsiflel! f"r@ﬁu“@ljireé% s.p.a.

pur i tion 1 on of pure |lycopene | SoOners

(MPafh, |9z|§@e. di‘té't%tér%c;ﬁdér{% 'db%?%;ﬂ”ugn‘{&ﬁfrﬁghsf?i & €6 f 5P Which the

I soner tomat o eoresin mtted to 1 hour

allbE3nd Ghe By FIheM ir?‘?reetrs'éﬁﬁ%& 59D andCBHR! '?éﬁ;g?%t\ﬁ}v%ly. Two

correspondi ng peaks a C separation (see

isdrR8ri28d CSRVrESRY! Fer& Opigdreash ﬁgaglgﬁ% ‘r’]&er%s‘i)‘é'nls?dﬂ &t tomato

uring two consecutive HPLC runs

oléSYesHt RPBHY Gcktate! (1996 W%%im'fsﬂﬂ H-%F $HeAS radterSésoling at
Amount of total |ycopene s determ ned by reverse

roBRPEMpErtu ) the iy W@Fe%@ﬁﬁiﬂﬂ?%réﬂ!d eti®yl. dbBtate in the
20 x 4 nmm Hew ett Packard, Ceneva, 5 Switzerland)

re red@iberahtaRts VY PedledbyPdiREINYiox uder Feuliesdiphessure.
MI11lipore, Volketswl, Switzerland). The separation

vas gty gy RHyadfoxyoRiieh & MBHAY UBARd UNIBEhyI8RsEpYobylamine were
conditionS with a nobile phase consisting of

A A A R L0 e weracasat cuihou
purification.

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
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 um, 20 x 4 mm; Hewlett Packard, Geneva,
Switzerland) and a Cig column (Nova pak, 3.9 gm 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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(533.5:193.6:53.7:28, wt/w/wt/wt). The nobile phase

flowrate was 1.5 nL/mn. Lycopene isoner profiles
wowes/otrder m ned by normal phase HPLC accor di hgI/ER20011606747

met hod described by Schierlejget al. (Schierle, J.,

Bretzel, 5 W, Buhler, |., Faccin, N, Hess, D.,

hu 9 F 9: 9)

(5§§% Fgé 60 |7s§§n‘er| zec}my%r ez:?hnes m‘%‘ld z’ éedﬂé@ rate was
1 g‘?ﬁ pcont ai ning 50 ppm BHT and spun at maxi num speed

Tn an Eppendorf Lab centrifuge. The resulting

SLPLRSRBRL e PR oRRIASH B A Blfse weLc

ac®Br&h eﬂ)”il’?{‘?ﬁefﬂogagagcﬁﬂr)éﬂ ﬁcﬂﬁeﬁ’é %'tbéle EER e‘?ﬁg O.Sde Bretzel,

array det

w4 78RS ‘i"GAF in 36, P@s@n%z%em@r (,)?S qgree Nucl '12997). Food.

ere sepat at usi ng a conbi nat’| on

S Pﬁ; 164 Rriz8uBRifbsihs 3 Hissolved in -
he&%neoﬁ@nﬁﬁﬁggdeaﬁﬁrépstlﬁgl'ﬁo% akbn CQF%?B(BHE@L;%J& in an

a nobi con f n hexane W

Ed}%/e?@% el é}?o@érﬂm’ué’é“ e JEEQ ‘é‘?ﬁa%rﬁs “We'i’é Nimmediately

L | SONEBrs were | ccor In

ana'l*ﬁf%ﬁﬂ_aéaJWLga%é gﬁggfsé%‘aeyaiﬁo'ﬁe']' Oge'?sgngs Hewlett-

d based on sur

Péb?('a'i‘@ rﬁ@@elsédempﬁéﬂ'vﬂ% 'a?i'lltIﬁ‘é@fcfléﬁ\z%fﬁlegﬁ}&thalo@é affay ditector.

|'ycopene ore ycopene concentration in

DRAAME Sins@B R UM abquire@ ®Y 70 Sing) 468y, 346 nm and 294 nm.
underestimted since it is recogni Zed that' the

Sahipledc1ioofL) %?é iSepapaicd G§ing 4 eBMYIRaA6R deHﬁafe N‘u%ﬂeosn 300-
that of the all-E isonmer. Conditions for stabil

5 é@lﬁhﬁwsﬁ(&l@hﬂn‘ inYe®fal |dl§|‘h|%@é‘rex'2$mﬁ’frﬁ Iéﬁ?tﬁ,rMﬁéhéE@]-Rl‘égel). The
both in n-hexane and in 25 a tonato oleoresin

sePéﬂﬂﬁiﬂ s Behieveauat I“&ﬁh't@@npé}aﬁﬁr*éybnééﬁisiﬂc@atlEQ!ondltlon with
his purpose, pure |ycopene isoners were stored for

a mdbilayphase toneicting af nLkexand T 0f 5MmeNagtyldiisopopylamine.
absence of light, and the isonerized tomato ol eoresin

Flowsrakeptas 018 PILMaNSs Lycopens 2-4esa1aes Wetelidehtifed according to
absence of light. Total WD 2008/017401

litdreTureR2&xa// 006747 18

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 65 days at room temperature in the absence of light. Total
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| ycopene concentration and | ycopene isoner profiles
were neasured at various tinme intervals during the
wet@BAaYEN Results Stability of |ycopene i SonePGI/EP2007/006747
n- hexane 5 Results of the staility test of pure
| ycopene isoners during storage in n-hexane at room
I re £eRo
ny‘:@;S@r?c—FA aéé‘rf(?eritfht?&f%ﬁﬁ&? She ?S%Eﬂearflp_?%ﬁlf%goweeﬁg Flured at

| soners ded

1%%%?6,95%@*("5@ r| zation during storage.

was t e |sorrer whereas |ess
tharR f 5-Z, 9-Z and aI | -E | ycopene were
tr ansﬁé—agﬂ?'rééd after 33 day 10 storage, nore than 80% of

13- Zs%gﬂpgjﬁo}(&?er@;}ﬁ;’é%d n AR ehaer isonmers during

this perio the transformati on pat hway

was mbd Iy 60thd Qfava]ﬁ(&ete%ﬁ Jﬁéﬁ%%’@%f@%@%ﬂhﬁpha%torage in

ot her Z-1soners

n-RERARE LR KooRd Qeﬁfb%réfdrfzﬁn'ﬁl%”% eﬁ&l@g?‘hﬁh?%%%e?orted Table 1.

I Somers were pnnmpalytrans or me 0 oth

AIE- isopfgrsS dir i m@idded agfe | Ade heoagr, LRdEARbBAt 1a geé)metrlcal

Stability of pure |ycopene isoners in n-hexane dur

|S§ﬁ1@h§§ﬁon AurirP StdraBBe el 8-2 WS AR §t%tHIé"°bomer whereas
(days) (% of total i'soners) all E 13-Z 9-Z 5-Z

|e§é. lthﬁn S0% -t 5-74 Nz5% kY E'auoEll c%dmwm]tﬁﬁsf%rﬁa%dlaf%e%s day
152 78.4°15 0 11 2.6 '3 319.6 2.2

stér-ake Ho@tﬁar’l%o% ?of01 §—Z4lgéo§en§3w§§ cz)n]v%ftzad?’uﬁo ]&hér isomers

' ycopene 1

dtmrg ttﬁé p%rfb@ 5f tu?he2 A(IISB the 't‘ra‘i"rsfc?r@n&h@r@ ?%th\ﬁaf*-v?a@ d‘i’fferent for

n.d. 68.4 27. 12 5.6 1.7 0.7 65.

the 13-Z lycopene compared to the other Z-lsomers: 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.
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 14 0.5 0.5 0.1
lycopene 1 86.0 10.1 1.2 1.2 1.5
2 78.4 15.0 1.1 26 3.0
5 69.3 19.6 22 3.8 5.1
12 67.8 18.2 2.0 6.4 5.6
33 58.7 15.7 3.8 134 8.4
5z 0 1.1 n.d. n.d. 95.5 34
lycopene 1 2.2 n.d. n.d. 84.3 13.5
24 n.d. n.d. 76.9 20.6
3.9 n.d. n.d. 68.4 27.7
12 5.6 1.7 0.7 65.3 26.7
33 10.7 28 23 53.5 30.7
9-Z lycopene 0 4.4 0.6 93.3 1.8 0
1 5.8 23 87.1 21 28




10

33 10.7 2.8 2.3 53.5 30.7 9-Z lycopene 0 4.4 0.6 93.3

1.8 0 15.82.387.12.12.8 W 2008/017401
weFQnsAPA007/ 006747 19 2 6.0 3.1 83.5 11.6 5. 9pCBHEB2067/006747

5.2 79.2 1.58.6 12 7.0 8.2166.5 2.3 15.9 33 9.8

10,5 56.0 4 1 19 7 13-7 02 4906 6 001 Q lycopene 1

42.6 57.0 024 0 0 62 59./8 3817 0|0 18% 5 |68. 91.€3. 4 5.9

1.51.9 4.35 12 655k 20./8 256 5.3 5.%.2 33|57.0516.9 8.6

4.2 11. 710,27 TSt ap Tty of ?yco enesdsso IS i2r33 TONMAr 0, -

ol eoresi I ts—o+—thg mw:! fy—test Hyreapene

i somers iin % tormt 880l edrest®®  héat e¥6G or 48 Wours |in 197

438yl acetate jare peportled d66 Tall e 20 5 Tabl eo2: 1.0

ftovehd ity of 1 yCOpgRe 1 JoMBR% 1 N|1 SORRT | zgd togato

ol eor esi m—durfinog—sStorage—at—roomtenperatiore—{—2)

St or age tu rr?: tgl Ia\/rnr ene®73-710-7 41| - & 76 \/)Q\ 1.5

(mg/g) %9 %% % 0 €3.955. 6 23@ 17]4 054 3;.7 1@.7 18, 74.3

.6 12.0| 024 3 56560. 8 [12.43. 1 31 4063 25. 60.53 5.8

7. U l = O \J = T R

11593085201294003650115001 17
0.1 0.93.3 0.429.0 0.4 38.9 0.415.4 0.4 20

58. %ta@//gy%ﬁ cc%e%ez/%o%elg-fi’? 1“39/75?0 é'/egr n2 0.6 34
51.3 7. 2. .1 30.0 0.1 . 14.1 1.0

Results of the stability test of chopene isomers in a tomato oleoresin

I\J-I>

0
éS 00.715‘ bﬁa %73? n?r Rlé 30, ggb dLn 1{})7/10/11.4. 002
0.
6

heated for 48 hours in ethyl acetate are reported in Table 2.
Table 2: Stability of lycopene isomers in isomerized tomato oleoresin

during storage at room temperature (n = 2).

Storage time Total lycopene 132 9-Z all-E 527
(days) (mg/g) % % % %
0 055.6+3.0 174104 32.7+0.7 18.7 £ 0.6 120+ 04
3 56.6£0.8 124 0.1 314103 256+0.5 13.010.1
5 58.7+04 9.510.0 30.6+0.5 30.6 £ 0.6 14.0+04
7 59.210.1 7.310.2 30.9+0.7 329+0.3 14.4+0.2
1 59.3+0.8 52101 29.410.0 36.5+0.1 15.0 £ 0.1
17 60.1£0.9 33+04 29.0+04 389+04 154104
20 58.8+0.9 29403 292104 399+1.3 15.2+ 0.6
34 513177 22101 30.0+0.1 40.1 £ 0.7 14.1+1.0
47 53.9+%1.2 19+0.6 30.0+0.3 414107 14.6+1.3

Total lycopene content was stable during storage at room temperature.
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

9-Z and 5-Z lycopene remained stable during the storage period.
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47 53.9 1.2 1.9 0.6 30.0 0.3 41.4 0.7 14.6 1.3
Total |ycopene content was stable during storage at
wo oasioi &per ature. 10 However, the |ycopene i BOIVEP2007/006747
profile markedly changed wi typa decrease of 13-Z
| ycopene content and an increase of the all-E

I e - -

vceRgdl conLers o 5.7 ond 5.2 ycorens

200 1 o 7 7 '

stabd ﬂtségﬁ"e@&f%gvme & SRR A the M2 IpORENE Was, much tess
t ' . ;

s £2 P Aol e I bl Ctclopuy, o

|sogb(§ﬁ%:&? ith\‘@é& 180l ek 'vﬁ}ff %yIBng ﬂal'\%/%ago}‘ i/’l%quggo;?%rgér‘réﬂould exhibit

good st abi cope

a 5?6(95 bl $hilifF*F TR &ﬁ%ggh?ﬁ%ﬁ*%gﬁg@ | to oleoresin with

ncr eased”’bi oav ¢ ‘ve: The objective of

th o, - BT e
bi 353%?‘?@%.%Y‘??h‘%*?%ﬁaﬁ’%ﬂtﬁ’e‘?bi‘%%ﬁw increased bioavailability

hu ectT\%'e' uci date the bioavailability of 10
specitrc Z-1ycopene isonmer in hunan, tonato ol eoresins

hav een: j i i to, Zx | ' r o Lap

"2 HRSRSENLE ol el SR Y AR RE oavaiiabity
I\ aBiny QN2 iy~ . , e -

of ygPiguR 2 cGpedd iSorhels i RERTan 70 Hlicialte the bibavailabilty of

sp%g%gh%ﬁg&%&é‘%rﬁﬁr fn 'hhﬁ%}ﬁﬁ%m%t&bb?ésliﬁg%d\@ ngn enriched

ct Thirt ealthy men were enrolled in th

in ﬁﬁ@%nt@-ﬁécﬂféd@iiéﬁhﬁl‘é r8aE/ng"8hSut BBY, IdTetheUBbREENt of total
S onv

oul d be egetari ans and nonsnokers and that they

lyd¥DER e Pe TBRERRN i SUZSRICOPEReS HABtHRS shélkighth 13-Z lycopene and

ypertension; renal, “hepatic, or pancreatic disease;

th&ﬁ'laéi'd}% fich R @Epktaredf ©-2%dBPdid 4RAN1B-ZI |%@ep&9e.t hey
ad a ratio of plasnma cholesterol to HDL chol esterol <

5. O Meterigh apdaMethddcy! gl ycerol (TAG concentrations <
1. 5—mmot 7. Because of the |arge anmount of bl ood that

was gijbjeet during the study, subjects were required to
have a bl ood henogl obi n concentration > 13 g/dL.

SubiTegity H&dlthyexsen'd@ste 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.
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
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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fromthe study if they used cholesterol-altering

medi cation or hypolidemc 25 treatnent or vitamn and
WorRess#l40s uppl enent s from 3 nont hs before t he BEHEP200G606747

the study until the conpletixgn of the study or had had

mej or gastrointestinal surgery; exercised

P YRl T8 PRV 0 B G it
4 polsi' ﬁ%ﬁ&%l tgoﬁ’ﬁ@é%%té’% 564083k o@?ﬂﬁ?ﬂg?ﬂeﬁ@%e end for

uor seven

thev?+l\’cﬂ§/‘?1§r ?e& P ehﬁ% {1 ﬁ/l pr?n%& ore %ﬁ}éeﬁeﬁzé%tea—htroﬁgn eye

rs a andone al

mu‘;rgr g%gggg refated o th‘énegﬁéurﬂ ki htdf falfy egis lﬂﬂbﬂ?é“@vere 24 +

0 an eye Injury, hausea re

t] fudi
1R SBaRud Bl B TRRR S iEbay s e o 225
03&@% of 22.5 0. 3_ kg/ cn2. The prot ocol was approved
e ethical commttee of Marseille (Marseille,

" ot
15 g g, T e, f et
(M?Fge‘?ﬁémﬁr e@ul?%f:&*? PalkuCintdirh&tion ér@tﬁ@eﬁa&‘l?ér%und and

reetovvl Faw fromt estudya any tine.

degﬁﬁ' N sfud\Pand &9\‘/@'@1@%:‘1 WHforﬁfBE)dEHhééﬁt béfd-’r%Ir b@ﬂﬁ)lpatlon

4-treatnments cross- over clinical trial wth a washout

TthWéi'@ fPée o WREHHTaW ﬁ‘bﬁ‘Pfﬁe &luldgratedhy gy ni ght fast,

bjects arrived at the O nical Phar macol ogy and
The Hesi Trial Center of University of Marseille
and consuned a standard nmeal consisting of 25 ny

| yc?ﬁ%nﬁ/a'snﬁoﬂﬁ%létl?%d Nr AP i RN Y- E@hbdbhaﬁ-tré@&nents cross-
mxed wth 70 g wheat senmplina (cooked with 200 ni

ovélaR:hWa?ri)naI' withddi Wahout Ne¥rio€ 0HE BReediks Inlieat. Aiter an
g cooked egg whites, a 125 g yoghurt contalnlng 5 g

ov@rfm ﬁa%tsé,mﬁécwﬂérrﬂfeaﬁét F0CHhicH PairAtad, meld, Therapeutic
le). This standard 20 neal provided 842 kcal (3520

TrllélJ)Cé\htTelﬂ bheUhpiroity Nef Warsetiid aradpesidurmed apstdredard meal
(11. 7%, carbohydrates (39.3% and |ipids (49.0%.

coﬂ’é‘ibﬁn?&ﬁ 5VAsg lysopeneEihcorpdiated Sn Miong péarmithsit tHatodas mixed
wed over the subsequent 6 h, but subjects

wﬂQﬁI(I@ r%lnltrﬁ\gt%drﬂolﬂia isodiked avith ROt dn&dta\wamrtev()SBrﬁ) 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, Nestlé). This standard
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 bottled water (330 ml) during the
last 3h post-absorption (Aquarel, Nestié).

Lycopene supplements

Four different tomato products were tested providing each one 25 mg

of total lycopene. They consisted of:

e Tomato paste (Thomy, Switzerland) containing lycopene mostly in
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| ast 3h post-absorption (Aquarel, Nestle). 25 Lycopene

suppl enments Four different tomato products were tested
w@e@siodisng each one 25 ng of total |ycopene. AEEEP2007/006747

consisted of: . Tomato pastepgThorny, Switzerl and)

cont ai ning | ycopene nostly in W 2008/ 017401

a"EﬂC’&EE@@%@fﬁ? "ched in 5.2 Iycopene. Tomto o eoresin
ot s P Bmpith Biddetit $RPRABE TR GeabERE EL T, BOr L ched
P oo OIS ISR BofigRBEkitF 3 28 Iycdiiertd!® 1YEoPERE
2 | SRR AP A S e e
S o g Ao S S i oo
préﬁ% @@Tﬂ%gsﬁgpﬁggﬁ%gﬁ)@%@f?zg 37.6 0.6 415 12.0
Pyoaable 23 Total 1feoells feis \well: &s I-E WHd ] bF Tz tycopene

: ondi ng peak areas in the
'S@@E%}Lrﬁ{rtgéjngd;%gpyréls @PPS@& on of EI ood sanpl es
Fasting bl ood was drawn from an anticubital vein by
veni puncture into t-ed-tube cgntaining
pot assi ym EBHE K3 t hat SWas i di%fely | 15 ptéced| in X<
an i ce-JWat @sofl@iith ancs etxetar eq Wistdntosah gl underof tata f pi 1(% of total

to avoi g .l |5,g3|‘3gnee;xp s%gp’?ng)as [ ng;opéngpgl Sa!mbﬁe%e)Allerge lycopene)

-

(I} 4 -
corIectga PDEr gre 1 Crmytes—ano o [ NMTNULES DETOr €
Temale RAsIEli on %8 t hel st azrlar d :E:egﬂ '}f‘g welll ac%71h’ 3h, nd

4h 5-5h, 33.4 65.3 1.3 nd nd
13- 29.3 7.6 9.6 415 12.0
9-&13Z 27.7 7.7 30.8 235 10.2

* 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/Kz that was immediately
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 5
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
separate the plasma. A cocktail of inhibitors (10 pL/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)
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6h post-absorption. The tube containing the bl ood was

protected fromlight, stored at 4C and then
w@emwsoifoged within 2h (10 min, 4C, 2. 800 r pm PCDERD07/006747

separate the plasma. A cocktal of inhibitors (10

pL/m.) was added (Cardin et al., Degradation of
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t'he 1 ntesti ne, 'S a good assessnent” of
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| popr ot el ns cont ai ni ng mai nly chyl om crons
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wNWWi&I@éﬁfd@it%f"WlIﬂ)L@v&egﬂﬁﬂé@ﬁatégj idbltBd@Vultracentrifugation as
ultracentrifuged for 28 mn at 3Z.000 rpm™ at 10C in"a

foldTle ratobf HIBSAidBWere idveRidid With' aC@% fNEEI solution and
(Beckman). Inmmediately after 15 centrifugation, the

ulttBten@ifegéd | forored ndind att 82 D AtrpnB0Gt PEAT ein a SW41TI rotor
anal ytical determ nations. Lycopene anal yses were

(Beekhranyed i t i nL20 dagcernfligd I i(Bexk@larger dmmediately  after
anal yses within 30 days. Analytical determ nation

cehtiifiigation, dee TRL avéresaligotey] and gttt c8@TCl before analytical
colorimetric method 20 using a comrercial kit (Kit

deteamiviatiopisx) Lycopietle |aripses werk |parfurensd i wither 10 days, and
profiles were determ ned by reverse phase and nor nal
trinbylgtyddrbCanaiybed witldaBtaysl y (M R chell e,

Analytical determination

Triglycerides were assayed by an enzymatic and colorimetric method
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
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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K. Bortlik, S. Liardet, C Hager, P. Lanbelet, L.A
Appl egate, E.A Oford, J. Nutr. (2002) 132,
waems4080) . Total |ycopene content was cal cul aR€HER®07/006747
the 25 sumof the 5-Z, 9-Z, 3%-Z, x-Z and
al | -E-1ycopene isoners. Lycopene isoner was

Iy%ﬁé Bk&%slé%'dqﬂiﬁé}geﬁfg cti on coeffici ent of all -E

pene”since ‘'val ue for all individual

Z- ly%%ﬂsa/ﬁ/{ac‘/i/b)s unknown. Profile of |ycopene

i somers 1s mned by the ratio of individual

S5 B e ARBES 4 sp e e
thge[}gc%yeﬁ%e (ioﬁ'i:@hir%ilbﬁalm afgl Ys'tlﬁwé-y&ﬂQEnSAUhCe). This area was
v ar ea

[ abi was assessed by nmeasurin

cafffod 36 HE U RHPISH Yl Fesdof e (o
6h§f.rl‘)9§a ‘é?é Eﬁté& %@eﬁggﬁ}la]i-_r%ﬁ\/gaseé%ﬂe@in@h&ncéﬁ}ﬁlon was

e pr esen as nean I ne concentration

th&’aéve ?Y et'h%g %oﬁfzeﬁﬂ? iGAS Cr?l%ta‘sgl"éd’r]ﬁ ff?é"?t%eglé%i?é hgamples

sma sanpl es ed before consunpti

co‘il@@te?)t pekaré EBﬁéuﬁlg ﬁ' fn%@5s@1 aryc e coh®inide 25 mg

tomato matri x. For subj ect each ycopene 1

Iy%cgfﬁﬁ{m 617 Cwnﬁ‘ét'oorﬂnéfmé hPonAL(g(QT Gfubjees hRf feﬁi’c’l‘iﬁfllycopene

cting the baseline concentratlonfromt e

treHER] rc:@idtﬂé‘tﬂﬁ'dfetﬂﬂeaﬁy@@-% \ﬁ§§rpéﬁf6'i‘?netﬂ’%)f‘tsubtractmg the
post -absorption. 1f this val ue was negative, it

bas@Nfk A RE st ﬁonF Phe LRfeent@UorERluel lfnetaléﬁred at each time

di stributionof the AUC(o-6h) was normal (Skewness and

pdf¥ pOstLabdsptidh. Wthls @alud WA Hedabi9a! ittWds €onsidered as zero.
transformation, 15 conparison was performed by using

a Ilmaéaﬁhxa@atm@ﬂt ¥ the t de&iB®RIBnGES thd | KBE £ evls normal
and subj ect as random effect. Al statistical anal yses

(Skewdedengnad KDrtesis m%&mnh(dﬁWﬁtmﬁb@armﬁlc transformation,
Institute, Cary, rejection level in

codptpdrisdn aals p@ﬁbﬁnbﬁsb)e%i:‘dg woif®ar mbasl MsdelQrith treatment as
Lycopene bi oavailability Because the four tonmato

fixedesffegdrad sobjecedsaandonatifest.of the extent in
triglyceride secretion, |ycopene bioavailability has
beeinstatisticakdnalyseg were done with SAS software (version 8.2; SAS
Institute, Cary, NC). The rejection level in statistical tests was equal to 5%.
Results
Lycopene bioavailability
Because the four tomato treatments induced a variation of the extent in
triglyceride secretion, lycopene bioavailability has been normalized using
triglyceride absorption (AUC 0-6n)).
Normalized lycopene bioavailability was markedly different between
the four tomato treatments (Figure).
Surprisingly, lycopene was better bioavailable, 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



10

15

20

25

triglyceride absorption (AUC(0-6h)). Normalized
| ycopene bioavailability was markedly different
whetosperi01 25 the four tomato treatnents (Fi gurBQT/EP2007/006747
Surprisingly, |lycopene was bg§ter bioavail able, by
about two tines, fromtonmato oleoresinrichin 5-Z
as! %W%}%ngletd?ggmf Fleﬁnlhhg Riie BFH%G% éﬁ@?—?’;@fzagehee(gw.omﬂ
toffato oledresin rich in 13- ycopen
(F @5 é“f WD 2008/ 017401 PCT/ EP2007/ 006747 25 as tomato
I"'edfesin rich in a mxture of 13-Z and 9-Z | ycopene

br oV Blgopered We) sinfian? £l aRARER: HismitdMoty biste ps from
o SR AT MR e

mat 0 Ol eoresrn ex a slight but

AR SRR TSR R o
SR 400 S poapesh et anar i

gastrdH N&shi nal tract 10 and in consequence the
copene that is absorbed. Lycopene

b' oghasbaRishltsYinfl ﬁg?%rﬁéa%hflﬁﬁfat drf Bf e E_F¥<.70pene molecule

| ycopene i's about romto

affleEtsC?r‘i‘érrkéﬁﬂ tﬁdqpﬁﬁ%ﬁinﬁ :Fg)ﬂizo;?éhé WIHiR thet Qﬂﬁ'ofn'téihnal tract

a mxture of 9 ycopene is s

anB' RA\NsBBLBNES fHRAnibGste Bt W?bpér?é"ﬁhﬁt ﬁésél?sd}'ﬁ'ehe Lycopene

tomato ol eoresin rich in 13-Z [ycopene presents a
blosé\)éﬂ'&b'im%]f5or’net%$né’(b°é‘9(t%étahbl$ |h>’5129%8{)e§8\4§ré’60ut double than

aut hors have already poi nted out that presence of

that fro ORISR0 paste! MTBbAtrASEAYEdpérFe ﬁéé@r\tahftén*{étbfb)@i‘hct rich in
I ncrease of ~ |ycopene bioavailability. This is the

a rhi)&ﬁfe of od¥ ARIMPBA NRlopedel iBaSindilRely sibBeaRsHRMo Biat present in

| ycopene bioavailabi'lity is specifically related to

tor¥4f® paste whdlef totivktatdleBredin GichbmZ1 B%?ﬂﬂgné Prebents a shghtly
| ycopene > 13-Z | ycopene. 20 Exanple 3: traction and

ledsskidRNadableOlycbpeft hBevarsltaithol? hige Airdddsspointedbae shat the
cont ai ning 100 ppm of |ycopene are chopped and

présuergeof Zagcopané ivfa tomeatap &ducs isliaskotiated afith andrcrease of
reduced pressure to
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 > 9-Z lycopene > 13-Z lycopene.
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
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.
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obtain 18 kg of tomato concentrate. This is extracted

wth 36 | of watersaturated ethyl acetate; during
weasacudon, the mxture is kept at room 25 t ePQBEERI00T/@6747

shielded fromlight and undepgstirring for 2 hours.

The extract is then separated fromthe tomato

Tﬁé’nggpééﬁ%wphg%% 3oy eﬂes&%bgled%dor%ﬂgurtﬁet oc?rglaln)i/c phase is

repe ce on suc 0 concentrate
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n a separa unne
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isGALT S t8he O E%A)bﬁmﬁ Gﬁﬁs %ﬁ(‘f’&f‘ér fs I’&!l&@dﬂ '7’6‘%6) under stirring

suspensi on vv|t residue;

fof 3adys Bbftre BEiAG %g?‘&%&}wféﬁ tQHnthdss bite .?ésbq’reﬂz‘&’es ure.
(76Ge 8 th%’f final % {38t wathf §" o?alqgé’dotpél'? ebRtHt! &9 ‘V w/w and az

concent ted to ryness un pressure.

|s§;§1vc\e/frmlt% ff 5“5'9%"'&/@ 8rd Bbﬁilné%C@P@é‘ﬁlcﬁ%}t e F_ofso?r/é content

I somer content of W w ar e obt al ne

isitagwgog@ﬁ%rﬂ{ the ‘?Q-Euéoﬁﬁa%gﬁfag{t%fo 16 v“w\ﬁlT ‘é"l”llg‘lf.@“ﬁroflle of

i sonmer content 1Is % W' W. e HPLC pr

th%fe J?R.ﬂéﬁ@ﬁéd § the @'jr%d in the Figure. 10 Exanple

traction an i soneri zation in hexane 10 kg of

freshyd Aﬁ[ﬂ% @esxﬁaehahradw'sbﬁ%m&f in HERAFEE are

choppe honogeni zed. Part of the water is

di st4d k?dopfréswﬁgﬁfatéég%ﬁ@alﬁfr&ﬁﬁ|409p;§r9| oP%@EBn% a'ﬁ'ekghopped

of tomato concentrate, whi is extracted Wt

ard hbmoyEhizePUP ARG IENRE WEEdras disfifedTolftiider rediRRd @fessure to
room tenperature shielded fromlight 15 and under

otﬁblrf PigRg fd¥tomdte Woncehbr@teXWhith is! SxtrdctedseiRRI1. 84 of hexane.
fromthe tomato concentrate. The above descri bed

DBfiRg [tz tioh, (I8P AfikRFed8t@ Rt T86M tdrApBifture shielded from light
concentrate, totally using 25 | of solvent. The

aftkUhaer stiprifg $OMRiHtads. TRE SarEansithbacaptated due tite tomato
pressure to obtain a solution with 10%w v dry

corReinditae. (Te diboveesdabegibeals protedate liy Crapatedooheédton such
of 9.1%ww and a Z 20 i soner content of 0.46% w w.

tolidte dcondanteates tatafly ey (XP Cof wotkasnts Mher eéxigactsoareScombined
days before being concentrated to dryness under

ancdopednpatsbunder rédued préssuneato ebtaincd solutiort withl 10% w/v
| ycopene content of 9.1% w w and Z i soner
dry residue; the dry residue has a total lycopene content of 9.1% w/w and a Z
isomer content of 0.46% w/w. This mixture is refluxed (69°C) under stirring
for 6 days before being concentrated to dryness under reduced pressure.
16.5 g of final extract with total lycopene content of 9.1% w/w and Z isomer
content of 5.62% w/w are obtained; in particular, the E isomer content is
3.38% w/w and the 13-Z isomer content is 0.18% w/w.
Example 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
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content of 5.62% w w are obtained; in particular, the

E isomer content is 3.38%ww and the 13-Z isoner
we@oemwsen40i s 0. 18% w w. 25 Exanple 5: |soneri zaPCDRP10N7/006747

but anol 10 kg of fresh tomatg@gs containing 90 ppm of

| ycopene are chopped and honogeni zed. Part of the
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di scarded while the organic phase is concentr

cd?‘fdé'h@l%‘ie&'%earyr%'écﬁﬁdéf ?8dUEEd prBSsaFe/ Tﬁé'?&gerésﬁdée (9.8 g),
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of n-butanol. The m xture is kept at 130C 10

0. uo%ewmt i 5USBeA@Ed n BBUS OPALBERINRE e t‘rﬁ&@@ﬂét rsaké}ﬂ at 130°C
dryness under reduced pressure. 9.8 g of final

urﬁ:)@rr aifrinng Lfora4t poars | NeRENBelif (cettratéd SRV0 d¥yess under

and a Z-isoner content of 4.50% w w are obtained; “in

redatéd Cptedsure ! 1968 By i GOfRAI ExbiaRptwith & &eab wd@sgm@ idoptent of
13-Z isomer content is 0.47% ww. 15 Exanpl'e

6.B5%wzand @nZdagod@ri sbritahBby 3t 50 %M@ rdral dbtained; in particular,
Lycopene-rich tomato ol eoresin has been obtai ned from

thenBdsemer pcentent M 11985% Walwy and! the HBt2lisbirepedittent is 0.47%
content anmpbunted to 9.1% of which the all-E and the

whv.Z i sonmers represented 93.5% and 6.5% respectively.
20 Methods A suspension of tonato ol eoresin in acetyl
acettample 80Bomarization ohiSdlrt Cdtalysts ncubated with

5% of solid catal yst under constant stirring at

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.

Methods

A suspension of tomato oleoresin 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
N2 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
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re-suspended in n-hexane/ BHTpgLycopene anal ysi s Amount

of total Iycopene and |ycopene isoner profiles were
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28 t lytical cond| tions described in exanple 1.
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efficiently isonerised during 2 h reaction in ethyl
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* 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.
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CLAIMS 1. A nethod of manufacturing a stable

conposition enriched in cis- |lycopene (Z isoners) by
w@e@Borged heating in solvent of |ycopene contBCTEPZYO7/6)6747

materials. 2. The nmethod of @baim 1 in which the

| ycopene-containing material consists of tomatoes,

CEﬂ[M§ of tomatoes, derivatives thereof or tomato

cts in solvents. 3. The nmethod of claim 1l wherein
the solvent is a C3-Cl10 aliphatic 10 hydrocarbon, a
Cl1-C3 chlorinated solvent, a C3-C6 ester, a C3-C8

?i‘?m%'iho@ gl'n%nafa%?u%%cééstg fe ”&g{ﬂ gsﬂfondez?'nir[?g%d in cis-

1_ket
wherein the solvent IS se d from heXxane, car

VESHERE (b s DY R a1 Mo Bbonne Bivaring

mA& from 15 50 to 150C. 6. The nmethod of clains 1
w%g%g?n the heating time ranges from4 to 240 h.

2. The method of claim 1 in which the lycopene-containing material
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.

4. The method of claim 3 wherein the solvent is selected from hexane,

carbon tetrachloride, ethyl acetate, acetone, butanol.

5. The method of claims 1 wherein the heating temperature ranges from
50 to 150°C.
6. The method of claims 1 wherein the heating time ranges from 4 to

240 h.



