STABLE AND BI OVAI LABLE COWVPCSI TI ONS OF | SOMERS OF
LYCOPENE FOR SKIN AND HAI R The present invention
WO 20080€=”0t 0 a prinmary conposition that incl udeRCHEP2007/006747

| east one |ycopene-containilng material enriched in

Z-isonmers of the |ycopene conmpound having an increased

stability and bioavailability, and process of form ng

the sane. It also relates to an oral conposition that
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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

involving release fromthe food mcrostructure matri x,
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paste is the best known food source for bioavail able

5 | pooEeyeconpeaiiian dorm dpedstaffoin a foudosyipplefeeperie @ rcosmetic
its all E configuration. Tomato extracts containing a
hPEIPHAURMET B 2 PhaBpReRItISAEPERRfAIAS al |y available in
t he fotm of oI.eoIr esin but, the bioavailability of the
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reduces its bioavailability. To date, nost

10 captakes irdoryoratian liatel chylomicpmse distrib utss 1 thel tissues, uptake by
isoneric profile quite simlar to the starting
t dwert end rersechelivrointy WLBL, which are progressively transformed into
LDOL.
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 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
20 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

25 increase in Z-isomers, whether they are derivatives (such as sauces) or
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25 increase in Z-isomers, whether they are derivatives
(such as sauces) orextracts. A nunber of treatnents,
w@200801740nst ance thermal processing, are knownP@DEP2007/006747
pronote isonerization,. Shi e al., Journal of Food
Process Engi neering 2003, 25, 485-498, showed that an
e%t%t?.a%e nufhifer %Wﬁn&?ﬂédagefq?tﬁhgim BYetfat bRécessing, are
omat 0 sauces. wever certain lycopene isoners are
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hermal | sonerisation of |'ycopene is known to | nprove
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bi oavai l'ability of individual l'ycopene 1soners has not
thBesN-E,Nuesto-gathd XRE- 15%7.f AlccdtdiRbly, tthe 'sttaﬁigﬂl Rft isomerised

assumed that bioavailability of |yCopene base

lyEoPSHis baska SleRRREL dpBRdS G theiy Hdithe rUIREr BroiE! #nd thus

and thereby can be nodul ated by technol ogi cal neans.
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nmeans and fornul ati ons for inproved bioavailibility of

| ycomdtthal Fasomeagditn VOF 203 Sbid 7% PIkAGVAES t@  improve  its
primary conposition enriched in Z-isoners, effective

bib&vailHBiRES Aok fobd ARuBidei Holever, the ereaaildbility d0hdividual
579 discloses a process for extracting |ycopene by

ly¢spenexiisemerdiqizg! hot hRdpr ARRStigated dict] AG fuit stadility, it can be
short tinme (30') so that no significant isonerization

as’ueEd thattbieavailabily btlycepere Ibaséd ?@O@@ﬂ_@ iss dependent on
desired as the final product. WO 96/1 3178 di scl oses a

theirdgespen®isdmer prefiler ad therbyséablbe mydusted by technological
concentrates: the effect of isonerization on stability
meéangot however

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 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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appreci ated and, on the contrary, the discl osed
process tries to avoid isonerization by using

wa emwperabures | ower than 500C for a few nm nut eBCT/BPP07/006747
10 minutes.EP 1 201 762 refess to a | ycopene-containg
product wherein |lycopene is in its natural all-trans

a§3r/ | ei'?zﬂ 282,118, 1l BJFpopate cRARaroBleE ARrbiP lycopene
R | . H 1s . R
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angZﬁggFr{?éth{la%tﬁgd]%@mtiBﬁyEQE. EBﬁﬁ&ﬁﬁl‘i’oﬁ)‘Wé'@ﬁi@anbut for the

IVIté S app |$ in the absence of solvents

i i ant material. No

Sh%g;da?f)ﬁgeﬁlbggﬁﬁngegﬁgh%%qigc}) I§ !Ozati on ogtrzlu?s. _ WO
PR e R it s S

o i 0 | . . O

nalfip, SiE 2R e ant B RS 1, S5 Al FRURE° spBREaTITR Fegonoe of

soﬁfe%?@rtatbt‘é'%kofheaﬁe |\GRN$ D thBaylaRe nhatehial. ONbepiolohged heating
ycopene and satistactory stability. The latter

andeid ?gcﬁ'géﬁzQ%ﬁio'&%g_r@y means of phospholipids and

glycerides present 1n the oleoresin itself. No nmention

'S’ WRee AerbsiBediseRs @ REBesd tfopnthef prepapstion afdtomato
of its |O§?uence on the st ag)i(?l ity. An hot Fiextpracti on

eﬁtr%c?@Wif‘he ig‘?l“#:ori\t@n?ﬁrﬁchdﬁérf@Whe?éiﬂ thleeextradtibri is carried out at
ycopene t Tor tinmes not longer than 1.2 hours. A

rogﬁfi{e,ﬁﬁgratt[,%@t ment is carried out on the tomatoes in
the absence of any solvent only in order to inprove

t he (pylspg s34 SEPIVEL 9PAS28P R8Ok 7H proceskifarthespreparation
the problem of increasing the cis-isoners content in

ofteﬁ{farébre&mqﬁﬁﬁhpwghmémzaﬁ lyeopéne aridasatisfactoryestability. The
alta, by thermal treatment for short period of tine.
lafYBF eOMBFe ié lubtaliedl Bgcmpans wit plosplipidsiand glycenidestpresent

of the unstable 13-cis isoner.
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.

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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EP 0 937 412 discloses a process for the preparation
of finely divided pul verous carotenoid preparations
WO p@BOdi4ny an heating step in the presence of BGI/ERIWB006747
for very short tines (5 seco#ds). US 5,858, 700
concerns a process for the isolation and purification
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exgépﬁ@rﬁiﬁtg tv?iﬁqle%ki gr gbivERt Db ROANEIYssforbstiortl timmgsn order to

n-order to prevent the |ycopene
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t ha )Y as: i N .
82? %eé,%%\%ga@pglssgﬂkgﬁé a%éé?ﬁggfaﬁﬁéggﬂ%/?lﬁdgy %rmulatlons
nf4R0SEE I Bt dgespane tan btedainonsyreclofmstalinity and the
k) |ga éont nt" of |ycopene and pre-determ ned
. . . The . .
olhi BRI s AR D ofeRe 5 P )

car 5}, 0031io0¥b4 BRI ATBORGEnIr A thrnatoodarkelivém having high
pu eparation easier. Mayer-M ebach at al., "Thernal

co?xiégﬁteﬁ?ilgg?ﬁéné:aér{]d)tp?é-détéﬂﬂm visdusityt gndnsugar content. The

neri s on with regard to antioxidant potential”
prggggs Fﬁssﬁ%ﬁéal' BhEr A8t $6aht i€l wsvd.eHeAfipgi fod S anipaites 1l is
rKi ng, , vol. 38, no. 8- 9, Cctober 2005, pages ’
chfid dut fifroyiid Bmbitied FooRIcr otmake the pytmpeparation easier.
reeze-dried carrots in function of tenperature. The

Aut haLseLRieb4Es Bbahl.ontThérmealalprotessingi bmeariogs: lycopene
st a[hqjto pro?onged heating, resulting in a decrease

st%ilﬁ)i(S'ainﬁog%ﬁreri@%tiénmm@r reafdacto, amioxidant, petantial” Food
priofr art does not provide isomerisation processes of
Rla¥§9wmtémmrdr@u,rva|s@vwmmmlsnmcm@ar ingr, §3Ri ¥ol. 38, no. 8-
sol'vents al lowing to obtain a product having high

obicRaype} 2005 tpageed1103-1108, 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, 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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stabl e isoneric conposition. Summary It has been found
that the stability of individual Z-Iycopene isoners

W@ 200808740T om one i somer to another; in parti cuPGI/EP107/006747
13-Z I ycopene was nuch | ess gtable than either the
5-Z, or the 9-Z or the all-E isoners. Consequently, a
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nation of 9-Z and 5-Z i soners

im nga n y'léqm&v% B;dgﬁv‘eéé%bl ity and bioeffi cacy

Accor is a first j ect of the present

E&'&drﬁ‘ihqg R 91 AI&iARE | 'cﬁﬂé&ft RS ipre888t Whvehtfin to provide

Ieast one 1ycopene- cont I ng naterlal enriched in a

pnrﬁ@ﬁ? cbhfpdHitidny itk aﬁéa%?%‘ﬁbsl éﬁé%ﬁ'ﬂﬁmﬂd‘%atenal enriched
YEop

ycopene-contai ni ng materi al ai ni ng by weight a

in @' %gh@ffloo‘ﬁ'i&ﬁﬂbag? 2f |S%Fnér§06?rly§8b8ﬁé94hér PBﬁe containing

grolp consisting of 5-Z, 9-Z and combi nations t her eof

maldr Eénthidg! E?"Wér hitNa &jteafd0BeEEHtagb N6f BheR®Mer selected

I nventi on provi des an ora conposli tion that cont ai ns

frortnhﬁ\e%l'dﬂad ¥oh8IEkag &f 817, -2 ah8stthbinationd ther@6tthan of 13-Z
suppl ément, in a Cosmetic preparation or in a

,soﬁﬂgrnaceutlcal preparation. |In an enbodi nent, the
present invention provides the primry conposition as

an |pdgh tdniBodimeént] @rE Prebént Mvedtioh g@vides thadiadomposition
such as in a nutritional conposition, a food

tha$ ¢RRtARSthe priaty EOAThAvItisI a faodetuTEtinca Foepaupblement, in
or a pharmaceutical preparation. In an enbodi nent, the
a cPERfRIH praperatibnorin avphgsmacestidsl preparation.

In 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 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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manuf acturing the primary conpositions or food

suppl enents, cosnetic preparations or pharmaceutica
woe@patradi ons contai ning the sane. | n anot her PCI/EP2007/006747

enbodi nent, the present invegtion provides the use of

the primary conposition as descri bed above, for the

onBETRBRACAT AmBBaf /7o BUs P, e RS Bhciovascuiar

dis%%rs%ets lc?efné QL phot oprotection of the skin or for
protecting Skin tissue agai nst aging. In an

tﬁhnéﬁ\i/%’rﬂ?ﬁgbégﬂhgpbesetﬂ?%%ﬁﬁ@ﬁ"ﬁs ?gﬁ?&iig%nc&rnﬁﬁgﬂﬁﬁ\s of Z

al
the use o conpositions

isAERA'EH I UbRIn ik AbxhfifiE B! highRl PRAIETRGE Ubiddlailability and
conposition tor preventing or eating cardi ovascul ar
biddifEASES or cancers. An advantage of the present

Inventi'on is to provide conpositions of Z isonmers of

l ycﬂ%ﬂfogtﬁ?%g%%ﬁéﬁd %ﬂgﬁﬁ%@§%§§&ﬁ%dgﬁ)§d Perein, and will be

bi oaval Il br oet _ | Teatures
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of mopﬁﬂgyi@got'ﬁ‘e%éﬁﬁrnbﬂﬂﬁtd? é’?ﬂﬁdér@' el IQ6ReRATR) 28" mg total

I
tomat o resin rich i1n 5-Z lycopene (5-Z ol eoresin)

lyﬂpeﬁ%@é%&'ﬂ%’ﬂ%‘fﬁé‘tofé el A8 1yedper)itomatd-aleoresin rich in

ol eoresi or tomato oleoresinTich in 9 and 13-Z

5-7 W&ﬁf@?ﬁe (527 &ebreding!c?abhfdtB)oleBrisH IrRth RE48LZ NdoPene (13-Z

of " the invention The present invention generally
olddtkai§Sotl AofPABOBIddreBm tritd iRr9vhAE heattiycbperéi ($- & 13-Z

More specifically, the present invention relates to
oldusresin)ci al

Detailed description of the invention

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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nutritional conpositions that can be used to inprove

skin and hair and nethods regardi ng the sanme. The
w@e@sen40i nventi on now makes avail abl e to t he POHEP20T/006747

an i nproved conposition obtahned from natural

products. The primary conposition provides |ycopene in

orPbsAAE BB TR ren £ Trventtcn
pro I d S t girﬁéb liﬂcé Opre%%r tV i Sor h‘ffr&?itie‘é" t? grimary

romthe naturall occurri

COﬁ}”R%éhﬁ”?fﬁﬁ%ﬂ!?hﬁﬁs% S50l B AT . o
AT B T8 1% 1Tl BEr 050 ity gReRPimanton
Shgkgﬂﬁégg)%@% flO%)n total |ycopene content (by HPLC). In

the present invention prOV|des a

pr| gfdr%oegmﬂﬁ':ﬁr n‘é@‘?%al' %r'é@er%b??ﬁ‘éb EQS -URY B2 I poor in

i SOMer’'s eratio [E isomers in

35% rf% @%&grrgﬁﬁﬁbfwﬂ@ﬁt Ghet %ﬁo%?%?%{ Z'éWc?@t ZQE greater than

abov ver, € conbi nati on

305/ e{o"ilgll ch;{%gﬂ rﬁ ﬁ ﬁﬂgfec’ra% ,ﬁagﬁé)‘gpﬁh ﬁ‘41)§%> mds‘? preferably

er red anou

t n t 0 0 f I
B o 0 BB O Tt

i BEEIE L%, o bt g on
Iy%cﬁ:%?met '%%ﬂ .?&tlﬂk élbzfﬁ %emcerstz BYdi 9¢Z dvhé& and/or
i sonre

speC| s and/ or decreasing the

del:l?’eJSIhéQHEr 98-2 OfsofféY3P! Ryr @xahiee 4 staplef fdrke of the primary

primary conposition that is nore bioavailable and nore

coPdﬁ%?lﬁ&?tthéltens%ﬁré"bl&ﬂﬁldlﬂé anoRinRPY Qfoeﬁé‘@tl\ﬁé(béﬁcﬁé obtained.

erivatives of the invention are stable under the
Moteddber SHHY @&ﬁa@%‘@rtd&nﬁam ap thetinveaAgolare stable under the

retro-isonerization. Under
usual storage conditions and do not undergo retro-isomerization. Under
ordinary protective conditions (absence of light and oxygen), the lycopene
total content and E isomer content remains constant. The 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
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ordinary protective conditions (absence of |ight and
oxygen), the |ycopene total content and E isoner

W@ 881140t emai ns constant. The | atter does notPCT/EP2007/006747
i ncrease, even when keeping g he extracts at room
tenperature. Such a profile (i.e. |ow anobunt of 13-Z

be hﬁﬁl%Eeafbr};%%ddlfrcgﬂgrb@nthb Aoisomé@pl e obtained by

I sonmer| ne using ca aIyS|s on a solid matrix

Suqnoﬁﬁeﬁib%’cﬁmeﬂl e &%Bbgﬂg%rhﬁﬁﬁh%tatbﬂa@ean b%an extract,

enbo ne-contal nin erial can

a (,fo‘?\rceﬂ 72! & dr otl%]@refsm"\lmlcﬁr]se&fa%%d "éxﬁ%@:?@d‘t F—zﬁh%hed or

0 eoresi n resent specifti cat | on,

purffFérdTYro?ill gcfr ‘Fac’ﬁtnor %ﬁ@t@bl@eﬁﬁ?gﬁéﬁtémﬁd@or’&%ﬁrﬁ 'd Redst or a

extract contal ni ng nmater

proHHE{ Hﬂﬁﬁln‘?&s&'l ylt"i&hﬁﬁh%ﬁ%ﬂbﬁé&é&'% d réﬁirﬁéﬁf tdjﬁﬁ:rease its Z

phosphol | pi ds,”tocopherol's, tocotrieno phyt osterol s

isoriad cBhfsht +ﬁ§§o éﬁ’@'%é CREEriEEHATRUORS - 't has been

sur prising ndt retro-isonerization of

| yqpRRE thgy cgfgﬁf %ﬂet RTRom ?I&l‘ﬂr 8figih,CRMA8yY be vlegetables

mnimze g its cont 3Z|sorrer

lea@fs ETRAPEFENFruifsheahy CBRRIIE -S4 2bhi e MBIt aln can pheferred

an ‘extract, a concentrate or an oleoresin, which is

emBBERhERT, thﬁ’%tdlﬁéé%ﬁ Iﬁé‘ﬁéﬁé‘%’ t&Makoed {i.ed WiHEIE ridtaNtomato

or veget able nmateri a a m croorganl sm a yeast or a

extPi@disrhaf flaBhMdmatd Puree,| forhatd skihhevitis BRivEEHAS the Seeds).
treatnent to increase its Z i somer content of

Sun'té’ﬁl@pﬁ%t &6 vageedbiBesomeditrates! afd@btainabie ad.g. by drying or
'ycopene is fromplant origin, it my be vegetabl es,

freé&"lﬂﬂﬁngfth@"f?é% clif Blérﬂsflﬂd/égélﬁblel%aéﬁ m@feéﬁlﬁ:mbmts fruits
In a preferred enbodi nent, the source of |ycopene is

or lse@RsoeefdofeandVited® bﬁﬂ@rﬁ@lly t@rivdingesk r gednulatingt the dried

flesh, tomato puree, tomato skin, with or w thout the

ma@?ai§)8u|&b|éah1eahebgnéf_ @btaieoed ablteactenckthe ahbevamentioned
obt ai nable e.g. by drying or freeze-drying the

plaﬁfseéhvé?létqwlﬁbm anovegiet thiel &¢. Dhe tphant espegetabée extracts can
roots, fruits or seeds thereof and then optionally
be @btaidledg for egample aby rexttautingr thedfresh-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 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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material. Suitable nmethods of obtaining extracts of
t he above-nenti oned plants or vegetables are known in

W@ b@satol The pl ant or vegetabl e extracts can BPEI/EP2007/006747
obtai ned, for exanple, by exgracting the fresh-cut or
processed plants or vegetables or the respective

ffa%tf&f}'oﬁhegljé'@c?tfaﬁ%%?@%ﬁi SR NpESganlldatt ST pflic "t "o le,
T S SO, LV B o
an'cﬂ¥§fﬁ§n‘?n e8| H%@%#g 3 aﬂéé%ﬂggt o%&@g?ﬁs from the above-

carot enoi ubl™e, “extr on W

mem{J §aeg@¥|§§ g&‘g’gghggaﬁggsé?et YRAE kWA iR fhe art. F For example,

or exanple sugars,

ole?Fés%s S Bel Sbférlﬁéc?n@fh?m{:% i?)'ﬂ' Gsing gssolbénf Rmpatible

copene- cont ar ni tal nhed fro

wﬂﬁ]tﬁ[a%roglaﬂh@'ﬁ‘gs@n%og}r@tﬂgr Qﬁ{b'hé%ta%@hheégq l@I%%resins prepared

ene may use n par I cular probi
] | 0 0
o TR ARS8 A oM o g 0 05t s
f »
by W%%C 'Plg?l‘??drﬁi{eﬁt ?Z%{Tlﬁgrr? ﬁfé tﬂﬁ‘f’ycdljf Hé |s°rusﬁaily"fﬁbher than

tha? CZf| %’r?oe n%hfhé F5f1y &R QZEF @ﬁﬁie‘i‘g ifSWp‘énl%em a selected

ers an any part

ton?étbedlaéfééfﬁ |§%’BBGE'7‘9?‘% the |ycopene-containing

terral can be an oresin. Suitable nethods for

OthIéBrFQm%' aPé eﬁ‘e‘?érr&ﬂ °§ﬂatrﬁﬁ(1; QLSRN0 Bﬁtja@irfg"ttﬁe Oprimary

vegetables are well known in the art. For exanple

corﬁbSQi‘h%ﬁ' Béc&r@hﬂg)QootWeabﬂ%érhYnl/éﬁhéh DhEHUSRE tHen cBAtdIE other
a solvent conpatible wth the food business, cosnetics

car%ferﬂﬂélénBF%ﬂtid‘a@diéntsgs%heébnVltEhﬁﬁaEedwhlbh also stabilize the
conventional methods have a content in |ycopene of

corpp8Yitiod- Ofé o a&Gifyy anai stability Nsfi thet BfidpEinedtoridound in the

I somer of |ycopene i's usually higher than that of

oledreéSiRNEARF . bet igpréved I &t iparféuldr Edusingetie ®orhgpigaeor process
in a selected torrato ol eoresin is about 7:93.

andther grdldsofakige [ afe6pédle sinathiéd nairmakyeidompdsition can also be
obtaining the primary
increased.

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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conposition according to the present invention because

they contain other carotenoids or antioxidants such as
woRa0iBOE, which al so stabilize the conpositiPCI/ERN7/006747

bi oactivity and stability ofjgt he | ycopene conpound in

the ol eoresin can be in’proveg, in particular, during

A 48§08 o e con o
R e
corﬁéﬁ{agff )?pﬁfa%)éﬁpth?%ﬁ stg%ﬁﬁa%lé'r%m on me éeg heat, light

capsant hi ne, cant axan

B M B S
Srflhgghggr{gr{p el d?:ﬁﬁ'\%ﬂ?etﬁé‘gar d[ g%t d{aﬁ@gﬁv%‘ dd&iogﬁ‘lﬁmg to the

1 on aln suc
B0 i, b SEORPRGOAG L R TBEE b hichetded fuen s

the! SSKZHT')QJ Qehgdtib8s agﬁd%{)g?% a% Jf'és)é‘ (gﬂ% uébﬁ&eﬁ‘ﬁgfé’ | or _extracts.

or basic s ays, ze

Isom)%rﬁfanlcﬁml Jf%‘ﬂraegj{ ?gf)ﬂ;f?e%@gﬂﬁ Rta |H%|‘?lé;%?§ f?gﬂ’xﬂgl%eﬁ’ndmg is
surﬁ'?irsm‘g{]fﬁ \«% W%@?ﬁg&ﬁ%ﬂ?&{&a‘ ggysﬁggdn L\)é?gfréﬂﬁ’the prior

art“o‘? ?fglgtt?ﬁgn so ?ﬁgtaldggbégﬁ%@bd catal ysts
| n| In % FC‘J) gwm%huﬁﬂﬁf%é\se |9delil\‘??tf11 ves tHdteofare %@H‘-‘a”é starting

er en ance e geonEtrlca

matSPAR! kK& I3 bbNréaRid &hitheatsuiveRinbbld i &%ﬁd&qyéoﬁéne The

erivatives according to the invention can be prepared

res‘éﬂtﬁ’i leReralct HNh O HRRSd, AR s8Iveht i9TaRRR@d| THGY rasovdBng the

skin derivatives (such as sauces and concentrates)

|Soﬁ{er¢26dgﬁttr§ct | somerization is carried out by prolonged
heating in a solvent. This finding is surprising in

Ylh enofheC BHdrahdnd eaHEMan vkirabt BRYIhivatioti isedséd B starting
e prior

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
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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art discussed in the section "Background of the
I nvention". In particular, when tomatoes or
wa@lzisoeMIves t hereof are used as starting nmat erGCEHER2007/006747
they can be treated with a sglvent able to extract
| ycopene. The resulting extract is then heated, the

1, 80 YR 3 SRV E B “anen an extract or

der aéhsoefhéﬂﬁﬁﬁgﬂﬁsr%ﬁ%?&ﬂe@%nf'aﬁ rﬁl no: Bi&llbtg,‘?age'(eBrimary

upln a sul

oo EROFHLS) 9009, BTl G P foren
coh?)%%ﬁ' it "h3s €8 BLR PytﬂE)Q&ereﬂﬁﬁ@ﬂh &?1'?1'/8( 'H??Iéﬁ&agyl §/han the

hydrocar bons, esters, et ones par

G, BN, Y R B 4 i o o
hig‘[?1|e)‘{ Qdﬁ?-giﬁ'ﬁgée&ﬁ?rh&?rﬁgbg[ddﬁ h?’fﬁ@epo&aép‘?&m is chosen. In this

cetate, acetone

A AL SR AR ot apporgr. T
pﬂ{‘f@ﬁ%&?ﬁﬂé&ﬁ ﬁ%%@o@@%%’%}d@n@iag(?ﬁ:a baRERNAd h'@rﬂ% soluble

ranges rom erably roml

forFrhen idé/ dnd BP g’?ﬁ crs?HN/@nt'sn Itf pRINERY &ry&%‘ﬂ?éhéh OgndMaving a

e i ncrea east 20:80, preferably
5, m)re preferably from30:70 to
Iovg%tt%?\g'én%g té%pcfﬁ?ggrg{r%ed enbodi nent, the (5Z+9Z)/E ratio
s ﬁpogﬁéthé}ndehﬁ%d?rﬁéntSoPa"tﬁéyprr8§@rYtedlnvatléﬁ the primary

enbodi ment, the present invention provides a primry

con‘hgﬂ?%ﬁfdr{ iRBy t?é‘ UdeR bRhY AloAe POMIErasddcittich Witl&ther active

nprising a |l ycopene conmpound whi ch has a better

comp%\ﬁ%'s' 30thi 4y Al &) QﬂﬁfﬁlﬁaEy(tbbébhbhﬂscﬁﬂaow&)tnenols)

alone. Also, the primary conposition may be in
cafdeAbRfs a(dHretdnes\atigteid] saeéﬁarwhm@oml-éwfoxarithtﬁee etc.)

powder formis chosen. In this instance, the powder is

ubRjuiRenss egy.i Co@I®! citeahinse(d.g! @pigdlRicatechifhgallate), 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
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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primary conposition also provides carotenoids in a

particularly highly soluble formin Iipids and organic
waeiosen4s] | ess prone to crystallization, and PEWEPZPOA006747

| oner tendency to aggregate.jdn another enbodi ment of

the present invention, the prinary conpositi on may be

ool S o PRI B St Kb Bovours,
S O AU AP A s,
colfelie 1 oS 555 % PRI 53, Glgor, staitzors
o B, FBBES At AR L8Rt s o g primar

ed extracts rich in proanthocyani di ns, splce
cog&?ﬁﬁgﬁi ‘(e.g. rosemary), soy extracts containing

'Szﬂri%bo ﬁ%’fﬁ\i}i’grn%@ "ﬁ“;ﬂ?‘? %gﬁf rﬁ)&?\t@ﬁ??bwdes an oral
coﬁwcd[?%?tlér? gom @rfcgam 3 rga# §ﬂ%‘h°|o%so?fb%l?l' Addve in a

ers, probio aur
|,
SR ?@&@Lgﬁw oh cosmeti

pr%%é)rra?bﬂsor ihng pﬂ%’rﬁ%‘b@uﬁ?ﬁmﬁnﬁ ?ﬁ oz 2N add| tionall y

I 'Ses one or nore o lers, stabilizers and

ot h %Wér‘{¥8%m§8&||rﬁéﬁt' %rﬁoﬁgtfmﬁf)bgiltl%ln'fBrWu%éﬁ"é@nsumptlon

field or exanpl e, phosph ecithin

caRBe ﬁﬁéﬁfelﬁ%rﬁ% lgggfénpﬁﬁwéf‘?%mﬁésﬁlbhsq'ﬁﬂ fidd composition may

nono ate tate,; nono- or trioleate; a

be"‘?&Perﬁwp?%%yrﬁﬁ idRal OBNPI¥REIdFS 281 dAiRebréd@ét, isSchilled or

known usi ness, in cosnmetics or in

shBhaét'%‘F@%é Lgeca %égp%tef\' 201iqhiP\W@INKS . a soup, a dietary
il q

col orants an ny other suitabl'e additives known in

sugB%rﬁeﬁﬂ PHEA98pladenERE EhufRicHal 'Uérfbaédméeﬂéhéﬁl % milk or
an be added. These enulsifiers, stabilizers and

a RANentd@ miteprétucddefbqfe oa dhing bhsed hovwdéralanisateraf nutrition
the primary conpositions.

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.

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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In an alternative enbodi nent, the present invention
provi des an oral conposition conprising the primary

W@ o09posiddi on descri bed above in a foodstuff, |iPCHEP®OTU006747
suppl ement, in a pet food prpyluct, in a cosnetic
preparation or in a pharmaceutical preparation. In a

méé{)%&é“ﬁ%fd’gmﬁ Sbtendr| %O%tﬁgﬁgeﬁ' E'no'édfdﬂfvé"uﬁaﬂavour or a

nsunptlon can e Suppl emen e primry

cofb‘?QHPSAté FE fo? ?oconp{?gkdr‘p? guar%’arp“‘addcut%nally comprise a

|ona a, a da

co Wﬁ?}q}ﬁ%‘ acﬁv& %oﬁ ?gsﬁéct%eme %kﬁ-P' I8 ARV %eagﬁréﬂlﬁféoaihat the

di etary suppl enent

sugﬁférpéﬁt@l @é}?ﬁg%ad? Hy‘éﬁY Eﬁ&ﬂ% s*?@fowr?bgqm)@&ts'kﬁ%‘?{% the art.

or a rnmen uct gurt

basgd RS e Eﬁ[ ah o a‘de%"ﬁcgf engHosnﬂfhé Ef)ﬁfglnlng the

formultae, an in ndtrltlo product, cer eal

prlmé}?%mﬁ?siﬁoﬁﬁrﬁﬁé%d}ﬁf laré’d‘?c?rd p‘ri:\g‘i’éétlc éﬁ‘d/or therapeutic

I Ce-Crea ate CU I ry product

tre%%'é{\?fomi\éﬂnﬁmcﬁﬁ'nt égﬁ@ pr %%r@rorsék qga?{]%ﬂlélﬂﬁ difest the

For use | corrp03| tions e prinary

syfriptbin nﬁf e aied¥e ﬁﬁg‘?% ESrﬁpﬂ%aﬂB% erATened inp8sEnt §98sification,

s so as to have a dar'ly 1 ntake between about

n Cek ajn t i
an gpntg%usrﬁt ?Sﬁauﬁ%% b&léﬁt %h grng ig.u?l@ght@g gg % t'ﬁgré(peutlcally

eﬂ‘é@i’viesdd%re@f ?\rnﬁ'@udtseé‘f‘féétﬂi@%r tHig wiltddgdrnah the severity of the

supplenent for oral admnistration may be in capsul es,

it 4Rd @I@é’%l@ﬁt af@idercrapsiaes of tiadlpatient.sugar - coat ed
tablets, pills, pastes or pastilles, guns, or

dri nkablophgfictic applieatiens!! pripnan %bhtmfsu@énsa@&orm to the
a dose 8? about 09801% to 100% of the primary i

inFEHtRASEAh o adhiisiBtared fohgpAirnit dueteptibRCtd yr withidrwise at risk
wat er or by any ot her known neans. This suppl enent nay

of 3 SartibGladdgiseasve BuiEan ansdwiti |9 definedntadd t'avprophylactic
flavour or a colorant. A supplenent for cosnetic

effeidtive@s@sseanimanid il the geneeides aarnoanty @gain adéperd on the
with respect to the skin. I't should be appr eci at ed
patieat'ststgte 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
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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suppl enents can be nmade by any met hods known by those

skilled in the art. In another enbodinent, a
w@b@siemeut i cal conpositions containing the prPCEER2007/006747

conpositions can be adm nisteged for prophylactic

and/or therapeutic treatnents, in an anount sufficient

ra e et Ungth d,635hoRR 100y BTGP hahlIfiSTUIBH 8aR % pets, the

isease and its conplica rese

lyc RHd AR ings'&angr'é{ﬁ@wgﬁmu??@gﬁwew BCfEIRId.Sh this

define erape ective dose".

Ano i ' i didi h It Wi
ST B4 1L gt RRAR A SR s own
oBRIEEL, o4 R8BI RBIN G S and LBl form to targe
thé‘%i%sécﬁ?\%uﬁﬂ 8. it S\ %‘I’?ﬁfe%%@' gt th&'skiHl,"&818h S Stomach,
at  risk of "a particul ar disease. Such®an amount 1s
kid’rf‘ééy BEfivEP fBRindiftbodbdiriithe & ft@‘btf'daﬂ?n fatior) WHibh Smay be
use, the precise anmounts again depend on the patient's
bySt .othQﬁﬁ&io"N,‘.d icHlt - applicdticH, ! epﬂ da&al administration,
enbodi nent, the prinary conpositions of the invention
S BTLY SRR Anaara ity AGERE e, ana
theénfe. of admnistration, for exanple parenteral,
I ntravenous, oral and topical (including ophthalmnc)

roujgSandi@r d@ﬁ%b@%éﬁf,%ﬂ@iﬂr@@eﬁﬁﬁn@@nﬁ@rﬁ Srevidds @ cosmetic

variety of excipients including, for exanple,

coﬁ’fk%éméﬁlébin‘iﬁ'isiﬁ?gﬁ@sp%ai‘?'&ﬂiﬁﬁsitibﬁ@é&?ibe‘ét ab6¥e. It may be

nmagnesi um stear a sodi um saccharin cel |l ul ose,

foffMGReSd UR fRIdNENaéampbesPlre SRS US hs-8brésil0after-80A creams,
may be a tablet, a capsule, a pill, a solution, a

anfil@dfgSErRams s o oirdnflnte dft ékampRy| RrafBtablg, s content of
oral supplenent. Preferably, for humans the

pripiaryTeempdsifdn CoaP dsé thatheerC - Wontand® 10% Byearsight of the
i nvention can conprise an anount of the primary

cosATgiRStMmposRnde Mdrebe@éfardlg, theodtosmdtic Icpmpositions comprise
adm nistration, so that the |ycopene anountranges from

beglgtégh ﬁ)qg% apdt 5%169 weighthelyadpenes tThieedodaidtic tompositions
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.

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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| ycopene anmpunt can range from about 0.01 ng to 100

nmg. It will be appreciated that the skilled person
wawdoB/o1dased on his own know edge, sel ect the PCI/EP2007/006747

appropriate conponents and gpdenical formto target

the active conmpound to the tissue of interest, e.g.

may Bisgnisy hE poRiad 8 Bl mailLeRtihdhel diotilg i dgsBhtly used
meftaons raBERUSE ik BR, BBRIP S e 8g8fPinvention may
oo S R iA8T, BRN129 000 mo
AT ER D ERTEY 198,00 Bptns, 1 shou
beLcﬁ%éﬁQfataozr{‘Pé%ﬂg th&"preSent §%§‘éiﬁ85ﬁ8ﬁ‘% ?@a?%ifrpfhe appending

| |]:ag| g Creans and/ or ol ntne
e, . . . . i .
oI Ber v IR bR WL B F ool B U qlippgtivge to the
altbn?atﬁ%sgﬁ{do‘ﬂiﬁ%ﬂ?é’?dédt%d NBfeinPr ef erably, the

cosfiet1 € composi tions conprise between 10-8% and 5% by

wel (0] : ﬁﬂﬁi el t .

be ?@%daf%gp%@aﬁw%%g'gﬁhgggﬁtl or!lgﬁfllgcong&r)it?gngs%? %Hr@?mmary

.l | i . g

cofufbigh", B 188, Rfeh Bl SRR o ey Fodhetylcompositr

de'gg%)gg: ?BB% %?qﬁﬁgbbemfd?\%@% tp_TB&u&Pﬁﬁ%hid‘éd to protect the

I ons O resent 1 nven i

ion can al so i nclude

tis%H&soéfhﬂe Skinf QBgﬁéﬁﬁ‘fdgﬁg'r W'daYtié‘GEairWSriiHHFb?ﬁﬁgrﬂaﬁnage to the

€ conposition I'y "conprises a structuring

skﬁ?%ﬂﬁ/@ﬁﬂq@b&m’ﬂérhg)}@ﬁes gyhﬁfhi@i’l‘iﬁgpé@ﬂfé n&§EOamd 8nhancing

agrances or opacifiers can also be added to the
th% hESisC 8fRFlalge®n féct}N!tI:nll.a e dPrthecpahfstyt Bain ion as

_r sent CO_SITEtI C_ pr oducts w contain a mxture o
dedihibeuenabbyer eﬁireréﬁarh?_@w rhakéfe iskpbssibi®etsomnhance the

ensuring a fast penetration of the objective substance

bibaN #I4BiRtySEF 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.
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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and preventing degradation thereof during storage. It

shoul d al so be understood that the concepts of the
wEe@sen4oi nvent i onmay | i kewi se be applied as aPCT/EP2007/006747

adj uvant therapy assisting ipgpresently used

nmedi cati ons. Because the primary conpounds of the

pre ' tion may easily be adm ni stered together
Wi th%%?AOIC\)A(?L\I’/TEI;?eH al, special clinical food may be

?gﬁpéom §%ﬂ£’%ﬁmyg%€tlﬁydg%gﬂg?gjgﬂyﬁ?&é&gﬁ%ma mg t he
¢ it . : . _

Cl ai® SRAAEY b RS HEbRrs Mot 2o 2RRCBELTHn on organic
sofidrt&riiin %ltéﬁ{a?égfxr%%tt o the alternative embodi ments

nmenti oned herern € present invention additionally

rel alyes, ffsthe use of the prinmary conposition, or the

oral conposition or the cosnetic conposition described
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[ ; j f I :
SIEEASRETN, S0 Ao T lnkh (30, o) £, ety Tuo
Iscﬁ?%ggglal %%i%:fig?{/]bow%? ﬁzb@yp?cg%gngyconpou%gﬁ iS# Stp ﬁ‘é‘ SboondyOf tomato

olEdYesiPirP by dReNaten@ : f9WI%) LitHetFor 4 i or T&e48™H. ter cooling at

conpositions may also be useful in the prevention or
robFERIMB&fat@fe, IRETU¥pRnsiing Weré @RAtINGeAKENS oti®yl dctitate in the

I mprovi ng skin density or firmess, for ameliorating

re€évdrelipithatfatieas réovBaDAEAstiNgtiOh UndeRireBdced pressure.
cardi ovascul ar di seases or disorders and cancers. They

haY@iﬂLWypﬁszd%%ﬁﬂu@ﬁ@e(BH?f OBnHaiN-eti\Ad#SsHroplidifine were
ani mal s, Such as an inproved hair or coat density,

frdrh bFRIKE AGL eAll sEIlents vikdlengsBLCIGesde N@sE wefe aud@d Pwithout
to prevent hair or coat |oss. The positive effects of

putrifieafbhary conposition of the present invention on
the skin of humans or pets can be neasured by using

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%



10

15

20

25

conventional nethods such as, for exanple, m nimal

eryt hemal dose (MED), colorinetry, transepidernal
wowreni1i4oss, DNA repair, neasure of interleuki PGT/BPIH07/006747

prot eogl ycans production, orjgollagenase activity,

barrier function or cell renewal or ultrasonic

(5§$?§93§§.@?¥3WL% i St)gbﬁqf;%bi%célﬁ%sét Ml thte was

copéene i'somers pene i sormers
?@ﬁ al uat ed both in an organic solvent and in a
1. o%ﬁ?ﬁﬂéxtract. Material s Lycopene-rich tomato

P} SREBPRNBRoNTEr pPBRE" G AR AATER By Tt bhage HPLC

Ita ota copene content anounte

ac&ér%/?gﬁ) dﬂglféﬁ‘/éﬂh'oﬁ aeggﬁggq goyzﬁvc\:g‘n‘?é% %trﬁgggﬁﬁ@r%‘? J., Bretzel,

respec I sonerl

wo! BRI s %ﬁn,pw,p?{ﬁ%% y @ir{éé“r? K, W\R@i(ﬁ%gp. Food.

tonmato ol'éoresin IR e atet a

cH&h. bd 959f.°?ﬁﬁ$plgs 3fti?ém%?i%ﬁnSIe%re%f?l%”\Neéeagigsolved in -

t enper at ur €, € suspensi ons were centrifuge

he&‘?'ﬂ | C%?%@El i@otggp{ CBRer Sé’;ﬁ’@ﬁméﬁ%ﬁx%ﬁn{ SPEF in an

istil n un reduced pressure.
| tyd 4 ol : :
i A SEheod L 9ok By Wbt yre immeciatey
an%?}}ié?f‘ ppec H Hmyde ?{’Qeﬂ’?r e SthsMa Rqdo seBes Hewlett-
purification. |solation of” pure l'ycopene | soners Pure

Patkérd %édeﬂé%ﬁg?ea \lﬁiluh ah llet‘é?EﬁEﬁle@ drﬁﬁba{?g%réhawdetector.

|som9r|sedt o ol eoresin um_ttedto 1_ ou
Détﬁaké@%i’mﬂl/aﬁé&ds??tdcﬁglirb@eatf 4?@Hn‘?,n§6$?ﬂﬁ,a3@6riﬁntd?ﬁi 294 nm.

correspondi ng peaks after HPLC separation (see bel ow

Sdrhig1e®X A% INEWe?é sePRdhfddisihg FealkiMetien Plthrsd Rilicleosil 300-
during two consecutive HPLC runs and the correspondi ng

5 E6REANP S MR MtERR RlameYEORYBD Aial I¥AGth, 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 65 days at room temperature in the absence of light. Total
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Amount of total |ycopene was determ ned by reverse

phase HPLC on a C 8 precolum (ODS Hypersil, 5 mm 20
woebsm4oHewl ett Packard, Geneva, Switzerl and)PEGREPAOT006747

b colum (Nova pak, 3.9 mmi.jg. x 300 nm | engt h,

MI1lipore, Volketswil, Switzerland). The separation

Iy(‘ﬁ@ﬁe hé(?ﬁ’(%?‘nt@ldrpoéﬁjé qg@&é@ﬁé”%o\ﬂﬁe{prbﬁl‘é‘ér Wdré measured at

con trons w ase consi s

VARSI e RR AR I s /o). The mobil 6 phase

flogédifis Was 1.5 nL/mn. Lycopene isomer profiles
wer e—determ ned by normal phase HPLC according to the

hi erl .
gfé?g%‘b%g\‘;d’f'/%ﬁfbéwe F‘HH’ gjc@lfﬁ%e%%ne( odly eE). ? Si]ei ner,
of I%ﬁ?ggﬁ‘{ Feoretéll tr?g?\%g ej?gqg%cf?&ed I n e;ﬂ(gﬁéﬁsstorage in
n-RERAAE HtNGory t@ﬁ\?eﬁa'g[:r@riﬂ %‘@b?én(f@’é‘f Mgt Sa‘?@ too'?te%”Table 1.

Eppendorf Lab ce uge he res |ng super nat a

AIWer%nﬁé'F%Ed!rét ein¢I e YaRsd N-F_HpisGm{ BERN petgm eometrlcal

used was a 1100 series Hewl ett- Pac m)de equi

|Sdhbhz§ﬂoH|ddrmq Stdragel SﬁHé' ?3921Wé%dtﬂ?éjfes%r é@blé‘%@rﬁb?rwhereas

Data were simi taneous y acquired at 470 nm

les th 5%l of BEZN -7 AP laRSE (lyddbéhie W@éetréﬁ%"n%te%dafter 33 day

using a combi nation of three Nucl eosi | 300- col ums

st&:‘bg@“rhﬁﬁeetm 8RBT £3-2¢|yEoP el WSQ%veNed into other isomers
Macher ey- Nagel ). The separation was achieved at room

duriPeiSperRdUSHEMd. Mebathe t@ﬁ%ﬁrﬁ@trbrvv'ptalﬂh@avwéé Qifferent for
phase consisting of n-hexane with 0. 15

théHe3-Ry lydbpeper eavparéd o tﬁboé\tﬂe@tzilélhﬁﬁeﬂs 8wHilé thB- 13-Z isomer
Lycopene Z-isoners were identified according to

wad hediatyicenveited i@ URESaIPE IsGrROENBel SIRIT] BEZ Gsomers were
cal cul at ed based on surface areas of the HPLC peaks

pringipelyt fhen st eekintd oth &Mz 496iners daringastordife M h=Hexane.
| ycopene. Therefore, the |ycopene concentration in

pr odatie 1c@tabllity of pdre dyessene 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
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Is slightly underestimated since it is recognized that
the extinction coefficients of Z-isoners are | ower

wao bas/otaet of the all-E i soner. Conditions forPCI/EP2007/006747
stability tests Stability of jhycopene isonmers was
4nvestigated bhoth in n-hexane and in a tomato

ol eoresin _i3ongeriz€8 by [4 hdtr he¢ati8&p in et hyl6 5.9
acetate. |[Fog this pyrpose, pore chomi‘zne ilsomarss were geg
stored for 33 oaysr m n-exgpe roggg re rperg&ure and. . g
in the abseree—of—t+ghts—and thc -serer-zqd—tofate

olearesim wds kept®Bor 35 d@¥s aff rothfl t enperdtlure jin 197
t%2 absemceo of ||gm Tat aldeyscopene concentratoon and 1.0
YspRmeEne [T spmefr pl‘@fel [eg wepg msasurgg at [varigus tjime

I nt er val $—dur+ng—the—stot estts—Stahtt++ty—of
| ycopene lisbnefrs in- hex aﬁ’g "Resilts Bf _tHe st@hili ty 1.5
test of pure | cop?@rﬁ?e i gomeABg duri ng1st orage i 4.3
| 7- hexang ab roomdsesnperat Wos in thezabserce Q,~f3 light 58
are repofteg Tabl e 1~ Al TSQMET$, 1 ,6. 1 fct ugen t:ie 102

| )
Al E 1 cdnny ndorvwnnt 1A npt it cnrdnri 24t
AT 1 — ToUITTeT [] urtTucTr vweTTU A L AT LIE=AA LA 2B l_uLI A Al

during storage. The 13-Z vvas the | ess stable isoner:
whereas | ess than 50% of 5-Z, 9-Z and all-E | ycopene
Wer esiab@p 0?1 yEsheté %n%é’rsd/ﬁyw%é?b%@orég?ﬁe than 80%

of 13-Z lI'ycopené was converted I nto other isoners

dur iRk Iy 6f BRS is@sbiffy tddTeof I%égené h8ofe?e$h f@h'a&;‘ oleoresin

pat hway was dlfferent for the | ycopene conpar ed

helated I?@r A8Mjurd-ih SR Foetily éﬁa F[forled th Taprep. was

mai nly converted into the all-E'isonmer, the 5-Z and

9- Z TighEer: SSeilfty Pofi ry@beehbsf.sbh%@f.ﬁn%eﬁméﬁéa Bhdto oleoresin
Z-isomers during storage in n-hexane. Table 1:

dufingPstoraye @t reometenyseRen® (Fensrs in n- hexane during
storage at roomtenperatureStability of |ycopene
i somers in tomato ol eoresin Results of the stabl li ty

gouoTC

 SPeomRon ! SPRAVEPHS, | nocldt 6 dre rborbd W Erable 252
(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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Table 2: Stability of |ycopene isoners in isonerized
tomat o ol eoresin during storage at roomtenperature (n
wWe2@B/017H0t al | ycopene content was stabl e duri NBCHEBRZIQY06747
at room tenperature. Howeverpgthe |ycopene isoner
profile markedly changed with a decrease of 13-Z

lyc tent and an increase of the all-E
ch%ﬁuﬂﬁe content of 9-Z and 5-Z | ycopene rerrai ned
st a? hdsll’élt)ﬂg{ wﬁssﬁa‘v gﬁ‘owﬁ rt'h theq%z?y?g%o ewas much less

sta I ty | ave S ne was
SRRy n@:%em«fmeaan@.esg»feenb.@r;se?%wse%{uemw. o

|so%§ﬁ%&?'t8m‘§t63) é?lle%\w‘l 'vfiy OfIBTN I%%e?okﬁ%ofqyéoﬁé‘r?é‘lsﬂould exhibit
5?6(95 Ll bili ity oavﬁ’ﬁ%%"}ﬁ?gﬁ{& Ifeormt o oleoresin with

Nncr ease j ec I've: The objective of

thegns Et "}? e dtfbrhé‘t\b hk/)gé’élﬁ Wit increased bioavailability

bloavalla vari ous copene i somers 1n

hu 1 eIu0|date the bioavailability of specific

Z-1yc pene'isoner in human, tomato ol eoresins have

beeqhen 'df thlef i h labili
e TIRNERRRe S elhReRL iianeaanLsaRre heasbuomaiy

of rda‘?f?)us”ZﬁggOJBt he eré“‘}?‘hhu%‘i?]r?é‘ew ificidatd $h blo%vaulablllty of

copene ast one rich in a mxture o -

spgﬁgf&pzw ﬁl%r’n 3% FVﬁPlﬁ‘ﬁPﬁan NahfdtoadleBresiNB & been enriched

Ject men were enrolled 1 n the study.

in U‘ﬁeu‘é?ﬁ'ﬂ?*éﬁbéﬁé 0 éré"’?é&cﬁlhﬁtabaﬁt 800}, ¥t theSBEHIht of total

be nonvegetarians and nonsnokefrs and that they have no

C res. d t N
ly dH?rflégféoi % ofle TRINRF 5- S HeBpahedaabiict ofy Pigh |ﬁn133 Miycopene and

epatic, or pancreatic disease; or ulcers.

thc,sq’é&t%{esn&ﬁﬁﬁ ohkaké BF e operfe ahBeBB hagdcapéméi o of
pl asma chol esterol to HDL cholesterol < 5.0 and pl asma

Material and Method

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.
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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triacylglycerol (TAG concentrations < 1.5 nmol /L.

Because of the | arge anmount of bl ood that was drawn
walenosfagr4dhe st udy, subjects were required to hBUBEER2007/006747

bl ood henogl obi n concentratixn > 13 g/dL. Subjects

were excluded fromthe study if they used

o ol ter . . L .
B S P LT BB o S UGB s completea tne
t -

4 pc%gg;bl?ért'\?%ﬁ]?% 3 E‘Qr%—% ggilurgéeﬁ;%b%ﬁagg%%?‘glﬁé trifhBefore the end for
in B PSRRI AR, TR hoheheht Shloes e an e
.. . ’ | .
iy, HahSeh el 8 PPeStRRLIh o o%y Aehyggasteloiere 24 &

Vo . t , i
1Y QNG BoBRTRBHE e, ReRinoaey ihed ikl (Tptr 225
0.3fl9¢/|cfrw. ng reasons: unavailability, nedical treatnent

€ ed to an eye injury, nausea related to the

CoTPHIPHIECAL vl 45, oMo o et o arscil
(Méy@\é’ti e,ogr%fccér %’utﬂ%&& Gageivéﬁeirﬁéﬁﬁaﬂe NRhBPPASKGSUNd and

e et 0 ttee of Marse Mar sei |l | e,

o ; i . ! o
deégﬁ S€ihe gﬂgdn)g‘éh% gﬁ@ vyﬁt??]h Nhgridld eBn8ént B@fqret ;()eera]rtlmpatlon.

ckgroun des 0 e study and gave wit

Thite?fv%rgeﬁe&%‘%\ﬁmdrﬁﬁf Rof MR SiudyRatamitimeiey were free

0 Wthdraw fromthe study at any tinme. Study design
Thi $1y&» gdsgpubl e-blind, random zed, 4-peri ods,
4-treatmentS cross over clinical trial with a washout

perTRE @fas3av\@8kBletbimdiUanddhledan-pefibdsgtreathents cross-
subjects arrived at the Cinical Pharmcol ogy and

oveNMiARGH! frial TWithl aCordstiouf E)éhb&'eéﬁiﬁ! YwedkdVBhERmung. After an
and consuned a standard meal consisting of 25 ng

ovENTIGRERRL | S\GSEBR afrR@d at tHe ClinRN Fhariiaddiédy whd Therapeutic
m xed vvithﬁ% g wheat senolina (cooked with 2)60 nmL tapp

Tright@énter! 6f addiviersity dhayaseiltainmd 4ébrgisumedda fargdard meal
cooked egg whites, a 125 g yoghurt containing 5

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, 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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g of white sugar and drank 330 nL of water (Aquarel,
Nestle). This standard neal provided 842 kcal (3520

waxdgosmit4n t he fol l owi ng nutrient conposition: PCDERION7/(06747
11. 7%, carbohydrates (39.3%jpand lipids (49.0%. This
meal was consuned within 15 mn. No other food was

aGE SR PIRN | nk up to a bottld vater (330 m) during
g 0 L e e e A P
AR RS L L T e X R
?Y)“n%Tfozﬁ%@{‘?%e?@%%ﬂ%%@%e P dr9s28d 13-2 Iycopene
| YCSBE o AP fs T EaHANE BRI 45 ERRER somer
préﬁqelzo#até%gﬁggﬁglg%glago arga&gtgpt s the |ycopene content as

ene’ 1 soner profile of these four

L oL @ 8ducda @%@néiag Wl by CaPE GRF Mih! of Zlycopene

al I -'E"and sum -1'ycopene I'soners 1n the four tomat
isAnBAG the 1o Rkt drBAubycopene i somers is a pool of

unknown |'ycopene 1sonmers cal cul ated fromthe

correspondi ng peak areas in the HPLC chromat ogram

Collection of blood-s —asting blgoedwas—drawn

from an |ant iAbbi tallt veP® by Veni cturle i nf¥Zan X*-z
evacuat gd (eduddeotaont ai%mofgtapol ag%iofirotdEDTA/ KB ot fomt  vag% of total
i .rrmedl at e! Yodpb@§ed| 1 iy cafenk)Ce | Wai@perBRt I anfos¥LT B Iycopene)
viUIT dl UL LU UL LLLE YA LU avrT u 11 LILILY tXpUb [ C.

ng;gtpipﬂ:?lde bl ocd: an‘pllt_eg_\ﬂér_g_u;_l_l_ecﬂfg_d_b_gf or n%i'1 e.— R0 nd

m & es |and 38-4mi nut es #®3 or e| consipti dn _of ndhe nd
staggard nealg.zas wWel | as 2h, [3h, o, 5H, 415 12.0
9-&13-Z 27.7 7.7 30.8 23.5 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 PCDEP2007/006747
separate the plasma. A cocktal of inhibitors (10
m./m.) was added (Cardin et al., Degradation of
| 4 ' - f | a5 it
[ pPer cnSuptich &1 8. rlpesl Ry MR IR thgiecules are
OB B BBk, o BRCH LB BUoAE oo, Lippprotis
¢ , T A _
o sShA RIS oo hlRGY A ARECkbiodPhasel £ B rensiy. Due
tolulqbrgaggﬁﬁji?'wa Pgd;é%éﬁoggfe%@aeﬁggggggon&%%i lel) and VLDL
. 1 g .
(1EF0% shift)y S Bt Ry SepRiely FRIRGRY (B gtier and they are
cAt B SHHGtSE 1 S R LS4 g Rl Qb bRkns (TR

HB\FVE%MCiﬁrth?j?&ét%ahh%@t&fe@tﬂ%ﬂ@E% ?’H‘P_V‘ﬁ%@fion IBntdiRs mainly

post - pran state, thi's plas raction contains

cHibRicfoR8 W eRTE LB ?Lt@gtiﬁé,owmé??ié Blg59d B8seddtheht of the

I's a good assessnent o e I ntestina
in{gS@m\é%;@gqjd"%wari gl yceride-rich lipoproteins (TRL)

contal ning main chylomicrons with little amount of

VLDl yseﬂiamr@hat@ogrb@%@t @RDY d8ritapGegt HJiNI?%tcB&fbmicrons

as follTows: 6 mL o asma were overlaid With a’0.

witig ittles ahdur AN L v é RCphedidteRdisbted by Tufratentrifugation as
32.000 rpm at 100C in a SWITI rotor (Beckman), in a

folidwy! tg amenbF i plagmd BeeteraVerldidmRithakeloyo®f tNdCl solution and
centrifugation, the TRL were aliquoted and stored at

ultr8BeAFEfOgEQT Rrrandl vhinCat 82I0D0Mrpat,I ans1090/ CPPENESW41T! rotor
anal yses were perfornmed within 1 days, and

(Beckamaf)gl viaer al  Bpal MRescedtiifige 3QBdakmaninallirhédiately after
determ nation Triglycerides were assayed by an

ceE\Imfl Ki ILOQB?EQI\E?IT g&%@ihm}@om and sisret at -80T0yefbrd 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
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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Total |ycopene and | ycopene isomer profiles were

determ ned by reverse phase and normal phase HPLC
woreaoRot40r espectively (M Richelle, K Bortli kPCBEP2007/006747

Li ardet, C. Hager, P. Lanbeles, L.A Applegate, E A

Oford, J. Nutr. (2002) 132, 404-408.). Total |ycopene

l the sumof the 5-2Z, 9-2Z,
Iyﬁ@%é?%ﬁgaéﬁm%ggagﬁ%ne i soners. Lycopene isomer
was A% i.ng the extinction coefficient of

al | -%é?lgg{:)%‘e‘%galg?)ﬁce the exact value for all

e " ! 2 .

o RSB 8 St mEBIP  rcn uner

thénﬂ)c\‘):p@H%' édﬁ%%gﬁ%ﬁohsf?ﬂeﬁ'ﬂ@ fifie ét{&@pgﬂ@@pﬁ'ﬁ%s%jrea was
In’pe at s ene

cent age. stical analysi yCco
. Labi L . :
caBER K8} (hEY0 M RoBF TR R TRE HpBbzobal Mdod (AUC(-
j | at t T i
oHifBhip Bt prRbahaE Sscalel # SEup The IFeAe fobEengion was
thérﬁvé]’ag%e?ﬁetﬂea%oﬁetéﬁtraw %@%SQ?&?'ihnﬁméWWE)eB]éé}ﬁ?lgé‘amples

was the aver age o e concentrations nmeasured int

colilBBt aﬁé’f‘éréa%h@émﬁﬂbhe‘afe%@e%@rﬁa%”%’éﬁ]t ic?ﬂééihiﬁd“ €25 mg

standard neal contarning 25 ng |ycopene from

lydSHEHE R E'lﬁ‘? fohattPRafikd] P6F &dth effjeéty @REach lycopene

t reat ment, cul ation of the AUC(0-6h) "'was perforned

tréBtmieR! Icafdulaton sF s AU ofo- ?C\ﬁaéf;?éﬂféwnéa_

concentration val ue neasured at each tine poin

badefiheaksiidhtidtion from thé ctrlceptiDnNedak! iRasufed@t each time
consi dered as zero. For each treatnent, if the

pdihispodtbabdpabnt FahRUAREERAs g ativeTRIwASKBHERIRFe@ S zero.
Kurtosis tests) with or without 1ogarithmec

tramrgroelBhi feateRbaif 398 JRSriIUTTE DXUERI.LY Wwas normal
linear m xed nodel with treatnent as fi xed effect and

(SkeRinest andrROfeEIsctéstel - with | ostwathcuti rb?armﬁlﬂiicf esnsformation,
were done with SAS software (version 8.2; SAS

comiydrisan aasCpesformied. by bisingpeliidarmix@temadel with treatment as
statistical tests was equal to 5%

fixed effect and subject as random effect.

) ISidtracting the

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

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
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Resul ts Lycopene bioavailability Because the four
tomato treatnments induced a variation of the extent in
wo reogloymer i de secretion, |ycopene bioavail abi | PCYERE®7/006747
been normalized using triglygsride absorption
(AUC(0-6h)). Normalized |ycopene bioavailability was

as”@r#&%' gﬁle‘?iéééﬂr Agh iRe4 ":‘ﬁ%‘u#eth 1Quy 104 9 Iy£6BLRE(H%0.0001)

arprisSingly, T'ycopene was bette
(F@ vallable by about tmo tlnes fron1tonato
&3t esin rich in 5-2 | ycopene than from the other

i S, T g T 74, 0 o
thc% &l%dﬂ&’gf“’(}izoénql@ Z16hdtd o?eér\é%ﬂfene (p<0.0001)

copene was simlarly bioavail able

f r°QEBg§eor Q?éste%ta& R tGhald ﬁ{)l\éb?e% %3[1% t%‘?jg 2 sfight but

sin. Lycopene prese

ggil.ﬁeém We‘?’ﬂ?dt)é’v% I%fbdﬁtg?)o%% 3PEEmPLEEY té ?&%té E@/gfe.

oavai [ abi | ared'to tomato
Con ot Ehese results indicate that the
cong-gmﬂron of the |ycopene nolecule affects
mar r h Y
gast Tork SSPIRUlceRE (18t Hlo URRERAIH ST Ebpang molecule

affektd Yﬁé’rﬁl%ﬁﬁl Wlﬁ‘é‘ttréfﬁcﬁlﬁﬁ§°6f"?¢%od?f1‘é;9ﬁﬂﬁn bt'h%aﬁ ﬂréﬁﬁ‘téétﬁﬂal tract

romtonmat extract copene 1s

an@onblc%n"sBaUehEét tHe” A HEbP IY&%@ne 'tﬂangtél?s%rbed Lycopene

'ycopene present 1n tomato extract rich in a mxtur

bld%fvagi’l'agllﬂﬁchérﬁ tomateORNECt Sclkiifi8-2r iyﬁoBbﬁ@W@'é@éﬁtedé@ble than

that present in tomato paste while tonato ol eoresin

that feém t%nlé"tozpéértéoﬂﬁeénﬁh%qy‘éép%é r&ddntYin! tBRfato extract rich in
bi oavai | abl e | ycopene. Several authors have al r eady

a rmtmeeaf ouZ dritpd 31271%Id%rp%$1%n|§95|ﬁfllazry| biearansblentcithat present in
tomat o product is associated with an increase of
tomato paste while tomato oleoresin rich in 13-Z lycopene presents a slightly
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 > 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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| ycopene bioavailability. This is the first study
denonstrating that the enhancenent of |ycopene
whewavgishabi lity is specifically related to | yRPOPEP®07/006747
configuration, i.e. 5-Z |ycopgne > 9-Z |ycopene > 13-Z
| ycopene. Exanple 3: Extraction and isonerization in
h a k re 0£%i160 I 0 :
T neopepSe s phee. % Shehr IR nRhuEPThe’ TbpiSrphase is

cc}r{;bt%g?f‘ﬁattﬁg lLrEﬂég" %ddcle‘adpfggsulr’gqsr?Bf%‘#ﬁ;%egugégﬁ&%e itﬂ 10% wiv

onmat o’ concentra extra

dry/ reli 'tthQr%EEfd%%tHé?het%eﬂtlyéfé&@r‘f@%hfent%rg [f‘% wiw and a Z

xtra I'on m Xxture I's eratu

|S(?.ﬁ1'e‘?|é§‘?ﬂeﬁ 8fd. h 9t wid TLHqg‘?'é x?t'if’er [ f?é“%‘)r ﬁnder stirring

ISt en separate romt

fof %fég béidre b ﬁgm%laﬂ\éSngﬁ ratﬁ@ﬂg%ﬁgﬁ#éﬁé&éﬁ@%s%gre

n_such to conc y using 1

of s Eggﬂof pﬁ%ﬁgﬁﬂ% %S%f{f‘i&m e wanRhsH 6f”9%pw/w and a Z

separ at he aqueous’ phase

|sbﬁ1etr|?>%'ﬁt<9hls&l35 A‘WW Srd BBtdIh88NinCp Qﬁi’%ﬁ‘l’al‘ the E isomer content

concentrated un reduce pr essure to obtain a

|S%J§P%n§/'/\9 r\’q fHe 499’2 Y¥omeF ¥oﬁ€e?it3é"€) lé%ewﬂﬁl)’ThéeﬂﬂHé profile of

has a total |ycopene content of Yo W w and

th%%{g%{ctqg%ﬁaﬂegfm Qhé?'ﬂ(?wew This nixture is refl uxed

under stirring 7 days before being

Con@*ﬁrpalﬂ ES&tr%ﬁBﬁSa‘hdJi%%ﬁ'ieﬁﬁil&\e% RéRSTeT €. 46.8 ¢

of fin extract wmth a total |ycopene content of 9%

W w g g 3onfré§l‘P"(8ﬁ1a‘f8@§ %hté’iﬁlrfq 2900 yprvy é‘ff beﬁb% chopped
in partlcular t he I somer content |334 w w and

aﬁd“ﬁoﬂr?og%rhﬁé’dmpaﬁc&fttﬁ@twét%r% lﬁ&ﬁIMdNoflehﬁié'ﬂFﬂeQdéb@fpﬂe%sure to
of the extract is reported in the Figure. Exanple 4:

obftal 2% kg bfabshdts YBRIceAtiat®whithhRXéxtPadtedkaitef1 X .5 ¢ 91 hexane.
t omat oes contai ni ng 140 ppm of |ycopene are chopped

Dafifg eafR@ennz @tk niijfureas Kept dtabem temperdture eHicddiéd from light

under reduced pressure to obtain 2.5 kg of tonato
arfP0REBE BhiFrtng YoY 2 hduis eXheasitesctvisttheAZdpdratdd hexatiee tomato

During extraction, the mxture is kept at room
cdrﬁﬁm:faaéurméf‘atﬁiviﬁcbésrdbmeldl @htbcedure is repeated once on such
tomato concentrate, totally using 25 | of solvent. The extracts are combined
and concentrated under reduced pressure to obtain a solution with 10% w/v
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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and under stirring for 2 hours. The extract is then

separated fromthe tomato concentrate. The above
waele®sioided procedure is repeated once on such POIEPI07/006747

concentrate, totally using 2971 of solvent. The

extracts are conbi ned and concentrat ed under reduced

wEfe‘? [JPatE ﬁ&?hﬁe%tgge ei?ftrépt W%HM Hhiffure is kept at room

res y resi chopene con

fe?ﬁ&e{‘fa?té"%”vss%‘?’uxe PR S T T act s
th@ﬁféﬁsp?a Qﬁéd“&oﬁ?ﬂ?é;;ﬁ@éf&eoﬁeeﬁlrréﬂée%%a%fleloﬁ%‘é‘fi‘ﬁ)@d procedure

pres Inal extract wt tota
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Obt al ne In particular I somer” cont

Tﬁ”e %grﬁb’iﬁ% Wrd S atd v?aé%u%a@ﬁﬁfodysfuﬁngl ?’r h ‘Q | of water.

I someri zati on kg o

Tﬁé’”ﬁh%&uéorﬁrﬁdé@ ng %eﬁprﬂlgf:alldéb"p%ﬁeartﬁg %@‘ﬁf’c aPHase is

honogeni zed.” Part of the water 1s dis unde

cdrﬁfé%‘ﬁ%‘ie@rt%S§Wr%sts°uﬁaéla'r€d§cé‘d H:Q,eQEUFé?n?HQ dry residue (9.8 g),

concentrate, which is extracted

wﬁfcwalﬁé% =5 fite] H RPN ¥bnRIRIGH . BW/VW%WUZQ%%’r content of

he m xture is kept at roomtenperature shielded from

0. ho%hwwnq% g0 Ended i Iglsgmﬁ oF nlbMAMoE- THE X lireaiat ké;ﬁ at 130°C
then separated fromthe tomato concentrate. The above

uritRSC "stlhﬂﬁtt; Wo@cﬂd%bﬁré SbéRPEAbBH V&diﬁ:e‘h'ﬂraiééhtd Od'i'%‘éss under
concentrate, totally using 2 1 I of sol vent.

re@gabunstbs%mé Ags Greéf YRahktidtt awRBPAT RIt&r Yyédﬁ%a‘?fﬁa' content of
with 5.3 1 of water. The aqueous phase is then

6.86%¢ ardeanaial Zasbhrer dineht oP 3BT W/ Aiecsttasic! lhopartlcular
dryness under reduced pressure. The dry residue (9.

the) E-isbinelh dwrtent iot1aB5%y agneandcon a8tZ dkomer%eamtendng 0.47%
a Z-isoner content of 0.40% ww, is suspended in 98 m

wh¥. n-butanol. The m xture is kept at 1300C under
stirring for 4 hours before being concentrated to

dr y iixampleder |somirdzation eaSuolid Catdlygtsof final extract
with a total |ycopene content of 6.35% w w and a

Z- | Matgrigient ent of 4.50% w w are obtained; in
particul ar,

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



the E-isomer content is 1.85% w w and the 13-Z i soner
content is 0.47% ww. Exanple 6 : Isonerization on
w@iosd1@at al ysts Materials Lycopene-rich tomatRCT/EP2007/006747
ol eoresin has been obtai ned bgom | ndena s.p.a. (Ml an,
Italy). Its total |ycopene content anmounted to 9.1 %

t ted
tnf arff fce) BRgonc aBBEbAT i ekplAET: " o' cUspensi on of
tomﬂ&:g{seorey nin acetyl acetate ( 1:100 ww was

nd i ncubated with 5% of solid catal yst under

c Onih/%Bbeﬁb' iSbh{dF @'&flf%) fﬂéa%'ﬂ?@& Fh %l%aftg rolggres-m fsomerised for

m xtdre was centri maxi num spee

T
5 Lycq%emg 4N I)r/éﬁb é“%lé'?ﬁero rBf?Ig alid XSﬁféSB ol%'&gesms isomerised

| ycopene iso term by Trever

S;pﬁ@ggh RAtaQsf@l phase HPLC, respectively, underthe
an ytfacal gondltl ons described in exanple 1. Results
Lycopene i soner profiles neasured in tonato ol eoresin
somerisedfor—2-h at rnnmformornfnrn usi ng soli-d

cat aP?’é'ﬁ are(reported in Tab| gomer congpptestion Lycopene

i somer profiles in tomato ol eor%sftntal is@mm®ri sed usi ng
solid catal ysts Ail-ini nowy [y CORENe TSOMeESG Lycgpene, z-

o . b
was efficirenttry Jsonmer d uunl;g 2rh—re hLIUII Iy
confr é at Y rbo imn t hpgr’r esence of*!
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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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was converted into Z-isoners. Anmong the identified
| ycopene isoners, the 5- Z was mgjoritairenent forned,
w0 odoBoYRNL by the 9-Z and the 13-Z, respecti vel BCT/EP2987/006747
concentration of the 13-Z iseoger was, thus, bel ow 10%
in the isonmerised tomato ol eoresins. CLAIMS 1. A net hod

CEAI nufacturing a stable conposition enriched in
—ci—s%copene (Z isomers) by prolonged heating in

sol vent of |ycopene containing materials. 2. The
method of claim11 in which the | ycopene cont ai ni ng

1. Tt e(1 gls tﬁ&&‘sgetrﬁaﬁufa‘cﬂ{%ﬁngeé st%%ré fﬁgﬁ O%hriched in cis-

‘derivatives t reo to extrac

f - . .
) Y B APl o
m%r gester, a C3-C8 ketone or a C1-C8 alcohol. 4. The

d of cI aim3 wherein the solvent is selected from

255 ARIRSD SR 21 el e S5 TR, per
cOHRTEIET B} Ui aRASSpaRETLF Ao flthaa0Cto fuatilss TRERRY % tomato

wherein’t |ng I'me' ranges from
e)&racts 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.



