1 SUNFLONER O L WTH H GH HEAT STABILITY Field of the Art The invention is
conprised in the agricultural sector, 5 in the food sector, and in the
industrial sector. The sunflower oil object of the present invention has a
hi gh heat stability, much greater than that of other sunflower oils
currently existing. The high heat stability of the oil nmakes it suitable
for donestic and industrial processes requiring or 10 causing high
tenperatures, both in the food sector (fried foods) and in the industrial
sector (biolubricants, biofuels). Stat et of the Art The use of veget abl e
oils in processes requiring or causing high tenperatures demands that the
oi I s have high heat 15 singhbker YI1orwihenoeh sdaabstAdytITSUbj ecting the oil
to high tenperature conditions typical of food preparation processes
(frying, baking) or friction processes (lubrication of nmotors and

machi nery) caBsesi afsetid @stof oil degr adi ng processes, such as oxidation,
pol ymeri zati on, hy. ronS|s ccl and 20. isqneri zati _whi ch result in
the formati on of pfnodu Ventl r?”/l "Easant el aaqﬁ:dci*?%’?l‘%/loa\r@s1 THA°W t h
negative propertites f@@in tSIaetmtrlamioriall po# ntindhsviiew (Bastdmda amd Sanchez
Muni z, Ther I dat i I . i bot h
oils dur| ng Fg??f;l)gé”?gc%%{]lo%rjggg efd%r@%t Ff:%gr?lyl gwgénotg&% gg ?e@eg)rﬁlt m?oods Food
Sci ence and TeeHndliégy MHEkr Aaedeval thany: EIBIZPf 200E)r. e loeeur peéhte of
these oi | degradidig),PEOLASSES S | QWer heéadsmqmw@ftﬂ?e usgf flbife of
the oil is greater, the greater its heat stability. The heat stablllty of
veget abl e oi | &t ivab e yfo%doﬂ%itétcrrii%dnﬁys‘ﬂtlsﬂdé@?%%sS(?I’S tRgHtingt on and by

the presence ciherg migh suhstancessW tHRraNthoxihdantodar opefibi-es . rWu ch
protect the oil duri ng heating and delay the occurrence of degrading

pEocesses. ThePYegr 889 g GHEa’t‘tPrUéttrb?ll &FCF‘PFe GrPiPRTIEEtar by its fatty
yd profile. sEaid yrachdsirdre norée 35 susceptible to oxidation as the degree

of unsaturation OrTheI use of vegetable oils in processes requiring or

causing high temperatures demands that the oils have high heat

15 stability or thermal stability. Subjecting the o0il to high
temperature conditions typical of food preparation processes

(frying, baking) or friction processes (lubrication of motors

and machinery) causes a series of o0il degrading processes,

such as oxidation, polymerization, hydrolysis, cycling, and

20 isomerization, which result in the formation of products with
unpleasant smells and flavors and with negative properties

from the nutritional point of view (Bastida and Sanchez Mufiiz,

Thermal oxidation of olive o0il, sunflower oil and a mix of

e both oils during forty discontinuous domestic fryings of

different foods. Food Science and Technology International,

[}
[l

7:15-21, 2001). The occurrence of these o0il  degrading
processes 1is lower, and therefore the useful life of the oil

is greater, the greater its heat stability.
The heat stapility of vegetable oils is mainly
30 determined by its degree of unsaturation and by the presence
therein of substances with antioxidant properties, which
protect the o0il during heating and‘delay the occurrence of
degrading processes. The degree of unsaturation of the oil 1is

determined by its fatty acid profile. Fatty acids are more

w
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susceptible to oxidation as the degree of unsaturation or




2 nunber of double bonds in its hydrocarbon chain increases. Anong the
nost comon fatty acids in vegetable oils, linolenic acid (polyunsaturated,
t hree doubl e bonds) is the nost susceptible to oxidation, followed by
linoleic acid 5 (pol yunsaturated, two doubl e bonds), oleic acid
(monounsat ur at ed, one doubl e bond), and stearic and palmtic acids
(saturated, w thout double bonds) (F.B. Padley et al., 1994; Cccurrence and
characteristics of oils and fats. The 5pid Handbook, ed. F.D. Gunstone, J.
L. Harwood and F. B. 10 Padl ey, London; “Chapman & Hall, pp. 47-223). G|
seeds natural ly produce substances with antioxidant (r) properties, anong
whi ch tocophenomsest@mddmunle'E@mdphenthSahQUranrecmlesaCmnshsmkmgsof a
chromanol gro hytyl side ha n.. There are four .different naturaIIy
occurring for%@ 0 qf@ ﬁo%bpoero §htcaVV”€SaP] eget%b{e Ollgan%a ﬁ'and del t a-

t ocopherol , datf@rlnylﬁumﬂﬁwmetanothereby<th@lﬂumhewsandlspo@wil@nsof met hyl

(Me) groups i manal r] 9. 1),,,F re structure of
t ocopherol s IE %gﬁ%it?% 0(%%gﬁ§§kg; R%JNEMQ& ﬁé tggggﬂg?él EEFQN@;
R2=H: > Bet a- toé@@héﬁ@ﬁtuﬂmﬁﬁ R2 = Ga#w@i?ocoﬁﬁéﬁél RleMeiR2=Hacid

Del t a- t ocopher@lns 22a8LAgR h%xeaa@udﬂep%%vbl SBuhshancesnq thartiecopherol s
present in oil seeds pass to the oil during t he extractlon process. Here

t hey have a déatdantieoxFgeift aCtreR CoheoHd, (Pt Rey PRV 9%, Witro

action, i.e., ithey @sQi:@ehod Nend®i bnaQcand: dthespredustis Geat aipkng rkhem
(prepared foods) or derived fromit (biofuels, biolubricants) from

oxi dation durFAgi3 Hxtdhrage &hd Ude. ORSENE otthert haﬁﬁwoPﬁcébﬁeFoIE are
bi oactive compalnds Loexer:t CRgpm iknport app. i47-2byp. anti oxi dant effect,
P.e., wthin the léi’l‘ n&e%%l lnat;lrrha!lﬁyl Brgclllycoe asﬂ Isga(r{cdeasn with antioxidant
':D properties, among which tocopherols stand out. Tocopherols are
molecules consisting of a chromanol group and a phytyl side -
chain. There are four different naturally occurring forms of
15 V tocopherols, called alpha-, beta-, gamma-, and delta-
tocophercol, differing from one ancther by the number and

position of methyl (Me) groups in the chromancol ring (Fig. 1).

Figure 1. Chemical structure of tocopherols
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R1=Me; R2=Me: Alpha~tocopherol
R1=Me; R2=H: Beta-tocopherol
R1=H; RZ=Me: Gamma-tocopherol
R1=H; R2=H: Delta-tocopherol

Since they are liposcluble substances, the tocopherols
present 1n o0il seeds pass to the oil during the extraction
process. Here they have a dual antioxidant acticn. On one
hand, they have in. vitro action, i.e., they protect the oil

30 and the products containing them (prepared foods) or derived

from it (biofuels, Dbiolubricants) from oxidation during




activity is known as vitamn E activity (G Pongracz et al., 5 Tocopherole,
Anti oxi dantien der Natur. Fat Science and Technology 97: 90-104, 1995).
There are enornous differences anong the four types of tocopherols in
relation to their in vitro and in vivo antioxidant activity. Therefore,

al pha- tocopherol is characterized by having maxi num efficacy as - an 10 in
vivo antioxidant or vitamn E, but its in vitro activity is lowin
conparison with the other tocopherols. By taking 100% (r) anti oxi dant
activity for al pha-tocopherol as a reference, Pongracz at al. (1995 work
menti oned above) determned relative efficiency as in vivo antioxidants of
50% f or bet a-STFa98cdithetssl, O25% GrRgammash obYREESP LS atieP FUreeri‘Gel t a
tocopher ol . | figoUkEAStoxdhens ehatingd reffi Cieneyoasnt Noyidare cantdoxi dant s
was 182% for Det a- toco herol, 194% for delta- t ocopher.ol, and 285% f or
game- t ocophet -/ Stif’ BweFioi LR Ur &PFY hdS18 fHE t yI5RI FERSFFTET 20
consi sting ofapakatyi s agicdn( 4s8% mithe h@\ilazlltfyat(tsy Biqds)rz eStEBJ’I c acid
(2-6% of thei}ota fa]tct md% oIelca 20 45(Votf t etotal tty

aci ds) and |inoi°6r'e" adid ?E% 926f * The trot Fr¥atty Hei d$)'e ﬁe‘? ative
proportion of Teojh@lo@o@mdﬂ r)90-inol eiwsh at tyeacids |esovmm:abdu€fandncgfseat |y
depends on th 5 t i vel| op eed

(Fernandez- rtlénetglgg?gu wplge %r ?Tg.%o 1% g?nela?-{%%gé%cgﬁl gﬁe dml ow

ol ei ¢ aci d hybrtings afd sunf vower anGraap dset encei @3y - 1188re168s, 4998). A wi de
range of sunflowgheldnes, wibh. ondiLEeds! alddingaghdiRhoiddeesa iavs hen

devel oped by neans of genetic 3i npr ovenent e maln l'ines devel oped and
thei¥0 fatty abi oivprofiloesdarte oshoirrtiin Tablue 1ts Teblvet1e danitatity acid

conposi tion (£8, qf BgpoHlshr Qm hee %%%Qr Oéoéo@%w@w W%ra@hn@rmd@duced
flower nutants conpared to the standard oil (taken from

r nandez- Mard1iez 14t ta) act 85 tNpj hifa MRS teedidad! dels gir aSSEre" e or a
Cenetics de igrglrackt edFl a4, (1995, work mentioned above) determined

relative efficiency as in vivo antioxidants of 50% for beta-

15 tocopherol, 25% for gamma-tocopherol, and 1% for delta-

tocopherol. In contrast, the relative efficiency as in vitro

antioxidants was 182% for beta-tocopherol, 194% for delta-
tocopherol, and 285% for gamma-tocopherol.

Sunflower o0il naturally has a fatty acid profile

20 consisting of palmitic acid (4-8% of the total fatty acids),

stearic acid (2-6% of the total fatty acids), oleic acid (20-

45% of the total fatty acids) and linoleic acid (45-70% of the

total fatty acids). The relative proportion of oleic and

c linoleic fatty acids is variable and greatly depends on the

25 temperature during the development of the seed (Fernandez-
Martinez et al., Performance of near-isogenic high and 1low
oleic acid hybrids of sunflower. Crop Science 33: 1158-1163,
1993). A wide range of sunflower lines with modified fatty
acid profiles have been developed by means of genetic

improvement. The main lines developed and their fatty acid

(o8} )
-]

profiles are shown in Table 1.

Table 1. Mean fatty acid composition (%) of the oil from the
seed of the main natural or induced sunflower mutants compared
to the standard oil (taken from Fernandez-Martinez et al.,

35 Mejora de la calidad del girasol. Mejora Genética de la




Calidad en Plantas. Editors: G Llacer, NJ. Diez, JJM Carrillo, and N. L.
Badenes. Universidad Politecnica de Valencia, pp. 449-471, 2006) Muitant
Fatty acid conposition (s)' or line 16:0 16;1 18:0 18:1 18:2 Standard 2 5.7
---- 5.8 20.764.5 6.5 ---- 3.0 40.9 49.6 Low saturated fatty acid content
LS-1 5.6 0.04.120.267.4 LS-2860.02.010.875.0 LP-14.70.05.4
23.8 63.7 RS1 3.9 0.0 2.6 40.1 51.8 PS2 4.4 0.0 3.2 42.9 47.7 high
palmtic acid content 275HP 25.1 6.9 1.7 10 555.8 CAS-5 25.2 3.7 3.5 11.4
55.1 CAS-12 30.7 7.6 2.1 56.0 3.1 HP lihe 23.9 3.4 2.0 20.4 50.7 CAS- 37
29.5 12.3 1.4 5,4 38.7 H gh stearic acid content CAS-3 5.1 0.0 26.0 13.8
55.1 O%JﬂS@&&ﬂhB3%&&3%&%&8&8£M&99@@46&£ @ﬁ1484

0.0 37.3 12.4 3B.Q.,CAS-19 6. 15. 3 21. S- 20 7,7 35.9
50.5 High oIe?c Hdita coHF%nﬁ?ﬁérvené%n --EvaerSldag--g %f?? ﬁc% Wi 4229
3.4 ---- 4.1 86lkn3i9, . .3067-8119 2006) 5.2 54.6 33.9 Hgh iinoleic acid
content (r) F6 Sel, ---- --=n —woe —oee 77.3 2698-1 -c-n —en —non —-2- 78.0

5 "16:0=palmtic acid; 18:0=stearic acid; 16:1=palmitoleic acid 18:1
=ol ei ¢ acid; 184&Z=hitnol eic acid. Fatty acid composition (%)’

or line 16:0 16:1 18:0 18:1 18:2
Standard® 5.7 - 5.8 20.7 64.5
6.5 -———- 3.0 40.9 49.6
Low saturated fatty acid content
LS-1 5.6 0.0 4.1 20.2 67.4
LS-2 8.6 0.0 2.0 10.8 75.0
Lp-1 4.7 0.0 5.4 23.8 63.7
RS1 3.9 0.0 2.6 40.1 51.8
RS2 4.4 0.0 3.2 42.9 47,7
c High palmitic acid content
275HP 25.1 6.9 1.7 10.5 55.8
CAS-5 25.2 3.7 3.5 11.4 55.1
CAS-12 30.7 7.6 2.1 56.0 3.1
HP line 23.9 3.4 2.0 20.4 50.7
CAS-37" 29.5 12.3 1.4 5.4 38.7
High stearic acid content
CAS-3 5.1 0.0 26,0 13.8 55,1
CAS-14 5.4 0.0 11.3 34.6 48.0
CAS-8 5.8 G.0 9.9 20.14 63.8
CAS-14 8.4 0.0 37.3 12.4 38.90
CAS-19 6.8 0.0 15.3 21.5 56.4
CAS-20 5.7 0.0 7.7 35.9 50.5
High oleic acid content
Pervenets ———= ———— ——— 79.3 14.8
M-4229 3.4 ——— 4.1 g8o.1 3.9
M-3067 3.9 - 5.2 54.6 33.9

HAigh linoleic acid content

e re sel, ———- ———- ———- -——= 77.3

2698-1 ———- - ——— -——- 78.0

5
“16:0=palmitic acid; 18:0=stearic acid; 16:l=palmitoleic acid
18:1 =oleic acid; 18:2=linoleic acid.
-Data of standard crops obtained in cold and warm
environments, respectively.

10 ‘Data not provided by the authors

Sunflower 01l 1is characterized by naturally having a
tocopherol profile mainly consisting of alpha-tocopherol,
representing more than 90% of the total tocopherols; the
proportions of beta-, gamma-, and delta tocopherol being less

15 than 5% of the total tocopherols (Demurin et al., Genetic




-Data of standard crops obtained in cold and warm environnents,
respectively. 10 Data not provided by the authors Sunflower oil is
characterized by naturally having a tocopherol profile mainly consisting of
al pha-tocopherol, representing nore than 90% of the total tocopherols, the
proportions of beta-, gamma-, and delta tocopherol being |l ess 15 than 5% of
the total tocopherols (Demurin et al., Genetic 5 wvariability of tocopherol
conposition in sunflower seeds as a basi;s of breeding for inproved oi
quality. Plant Breeding 115: 33-36, 1996). Sunflower lines with a high
bet a-t ocopherol content (nmore than 50% of the total tocopherols), a high 5
ganma- tocopheﬂﬁﬁlééh%@htOénﬁ?@ﬁﬁﬁéﬁlggwwﬁﬁlthélﬂ@tapnfhbﬁﬁpﬁé?@$§¥ aand a

hi gh del t a-t ogopher al QQ@E@H&; ﬂygeu&ﬂgged6§g@0&u§ﬁﬁytohﬂgnEo%QQQ%m%lS) have
been devel oped by neans etic inprovenent (Fernandez-Martinez at al.

2006, work meniti oﬁ%@%bé%? f@némﬂqrowe%uwrléhvﬁmga Pot degpeee i

unsaturation, dmicBhy (6ensi shamgs0f sat unhat edchat kycaeidds 165t earigiqaci d and
palmtlc I' M aci d saturated fatty %fcalds oIelgamd) ha\éﬁ greater
Wi r 4eyr et

é tz::md rmnogn
heat stability¥Han" S AAGard st Eher Bi4S hi gh
unsaturation (Rco&@n&&\at aalt. 2 Hgh c&tlabl—ﬁ)cojsﬁemegectc&hleetm inSre WR9/ 64546)

Li kew se, ro 0|I |nwh| h_al ph toohero artl IIy
substituted WI ?ﬁ ocop het %emisﬂh%ﬁ |Cb dieﬁew Gb z‘a’n?l aor§<3| ((JDant

power, mainly geganmha- 1and0\daeiet1a t@eorph@te@I-Madtavxezgreeatﬂ hemo&tamrlkl ty than
standard sunf Iﬂ%\p{ggog ,ab%g)h a high al pha-tocopherol content 20 (L. Vel asco
and J. M Fernan rtinez, Sunflower Seeds with Hi gh Delta-tocopherol

Cont et . WD2004/ 08@@68}0%1\000\1/@@@{1&@ é launfeboseroimatnent afatilge, sewids vof whi ch

produce an oil Jpst Be 8y lews Qﬁ&fa%gdOjfat‘wsé‘éwsat(EQ&m@e%@I&“J}%d leaulé' gh

s rated and rmnounsaturate fatty acid content, and wth a [ ow al pha-
opher ol comt“éft i3nd t §ororopherdiedpr 3 1ve ﬁasd%eéﬁled%v@i%ﬁéd e 1 now.

Descri ption ofythBect NMEM | Ofbbility than standard sunflower oil, with a

higher degree of unsaturation (R. Garcés et al., High stable

15 vegetable oils. W099/64546). Likewise, sunflower oils in which

alpha-tocopherol has been partially substituted with other

tocopherols with a higher in vitro antioxidant power, mainly

gamma- and delta-tocopherol, have greater heat stability than

standard sunflower o©il, with a high alpha-tocopherol content

20 (L. Velasco and J. M. Fernandez-Martinez, Sunflower Seeds with

High Delta-tocopherol Content. W02004/089068). No vegetable

sunflower material the seeds éf which produce an oil with a

low degree of unsaturation, determined by a high saturated and

o monounsaturated fatty acid content, and with a low alpha-

25 tocopherol content in its tocopherol profile has been
developed until now.

Description of the Invention

Brief Description

The present invention relates to a sunflower oil

30 extracted from sunflower seeds having a series of properties
in its fatty acid profile and in 1its tocopherol profile
conferring it with greater heat stability compared to any

other sunflower oil developed up until now. The sunflower oil

object of this invention is characterized by a saturated fatty

35 acid (palmitic acid and stearic acid) content between 15% and




Brief Description The present invention relates to a sunflower oil 30
extracted from sunfl ower seeds having a series of properties inits fatty
acid profile and in its tocopherol profile conferring it with greater heat
"stability conpared to any other sunflower oil devel oped up until now. The
sunflower oil object of this invention is characterized by a saturated
fatty 35 acid (palmtic acid and stearic acid) content between 15% and 6
45% of the total fatty acids present in the oil, an oleic acid content
bet ween 45% and 75% of the total fatty acids. This oil can also have a
palmtoleic acid content greater than 5%of the total fatty acids, minly
when the preddi*nahtt¥attarat ehtSyf atidp aEsEnitsipalhd viié, avi @leTheadidnol ei ¢
aci d content igkess pdhabn10% aphefar abl yhd @ssat han 5% ofad heptotal fatty
acids present in the oil, Likew se, the sumof gamma- and delta- tocopherol
represents nore@’t FAf°85988 of RNELLetIC FeeBpRet IS J5resent thal tXe o6i |, t he
al pha-t ocopherole ceptentahsi @glbgssnall(algharﬁbrli‘i@eofprtea@m{tr@tnal sta@@&mé@r ol s,
and the total focopherol content of this ail is ween per kg of
oi | and nore %ar)tytﬁ{élﬁj f?S@a%tﬁéra%& ?h%ﬂmof?l §Céﬂ 6‘?rllt%tt kS alel*?l gh heat
st abi lity, itsheinl 108t abtéfetxyabwdexsi measured din deRanteatatbdedcisd3
appar at us 15D(|\/§trohmA r| saLf Swntzerl and}n after an |ndCLljcg1 Qn_ peri od
of 10 hours at 'a Fenpera ure o 6& of 't hd Suntéf idhed? 0|?) bei ng bet ween 35"
hours and nor edchaned20 depuesentFheope eseatt GiShvenit toa abtso relcapesrdle t he
sunf | ower t al nj n oil a ti.CS 20
and the sunfl??dﬁe 89Pa%![] sh\?\%i%&, uggna%g?gng%sgﬁ?% ert%nﬁggg B%ﬁ)ddﬁceésgseeds
wi t h t%he nent itdned 1éha@éctb¢i§@ﬁads LoThelrarodp e al@dur*rfeentﬁwtaﬁo toupPhower seeds
produci ng an Qig, wht h,4 %lscevplfgata&wegf phapgcterisfigs in the fatty acid
Q t ocopherol profiles such as the one achieved in the seeds 25 object of
present i riveént o1 ™heeude 6f QIHe oil for human and ani mal foods, and

for the production.of; i ghubyiicants andnbiefueks is alisoc@notber o1
stability index (measured in a Rancimat model 743 apparatus
15 (Metrohm AG, Herisau, Switzerland) after an induction period
of 10 hours at a temperature of 110°C on the unrefined oil)

being between 35 hours and more than 120 hours.
The present invention also relates to the sunflower
seeds containing an oil with the mentioned characteristics,
20 and the sunflower plants which, upon being self-fertilized,
produce seeds with the mentioned characteristics. There are
currently no sunflower seeds producing an oil with the
combination of characteristics in the fatty acid and

o tocopherol profiles such as the one achieved 1n the seeds

N
on

object of the present invention.

‘The use of the oil for human and animal foods, and for
the production of biolubricants and biofuels is also another
object of the present invention.

Detailed Description

30 The present invention relates to a sunflower oil
extracted from seeds produced by plants of the Helianthus
annuus L. species which produce a special oil type with
characteristics of 1its fatty acid profile and tocopherol

profile conferring it with exceptional heat stability.

(Ve
U

The mentioned o0il 1s characterized by a high saturated




object of the present invention. Detail ed Description 30 The present
invention relates to a sunflower oil extracted from seeds produced by

pl ahts of the Helianthus annuus L. species which produce a special oil type
‘"With characteristics of its fatty acid profile and tocopherol profile
conferring it with exceptional heat stability. 35 The nentioned oil is
characterized by a high saturated 7 fatty acid, palmtic acid and stearic
acid, content (15-45%of the total fatty acids in the oil), a high oleic
acid content (45-75%of the total fatty acids), and a high gamma- and

del ta-tocopherol sum content (greater than B5%of the total 5 tocopherols
present in théabky)3cidTheaoibrnaticoAndfsthese 2aikr eeoprvperit e cohfers to
the oil high heat t§£@blﬂalttt¥ adfss i@i kneadiial sq haye adal akigl &lteaci d

cont ent greater than 5% of the total fatty acids, nmainly when the

predoni nant sat'dr ated°f atb§ éeFﬁlléaﬁéﬂn¥PPé acild ﬁnﬂﬁgé G RRokafc aci d

content |ess tdaaaaél&%bpp&ﬂlersaﬁd Yohesst t !bag@aée% ofiat hesd ofal cHeaatdoysaci ds
present in the oil % $art|cular enmbodi nrent of the invention, the

pal ni tol ei ¢ a§|8°%%ﬂiéﬁtFV§S§ eat®r "Phaf10% 68 t ARG o7 f &ft "&Fds i n
the oil. 15 Thersaximmperoids sbabidd ty afe the widn hsatcofaerinedy by the
saturated fatty ac%ds @gwever a, ver hlgh cont ent of thege fattxtaC|ds in
the oil determ nes a.?OM/énD e p%lﬁi PRVY riced”® Y6003 “ARd & Pow BT
nutritional valeeteThehal €iic @i theconftels fatoyt heidd,l Iheawely oihknstabi ity
than the saturabedfahty Ackds..20-huy adhaner smpke, polptqand;a, higher

nutritional el ta- "t ocopherol's con%er to the ol l "an oi
st abitPity greé@é@lq%awcﬂﬁaﬁo@@ﬁﬁeﬂﬁéﬁ Yyerbéta- arsfealepha- l¢ocopher 6ks. The

al pha-t ocophergl  cont.gent fgmﬁhgcﬂkJp9£$&hﬁlhnM§D%hQn 25 is less than 15% of

t total tocopherols present he otl. The total tocopherol content can
al%o range betmeenIBOGingﬁﬁéFC“kﬁfoﬁmQWWﬁﬁﬁé ndf e tfan 11250t pefhkg of
oil. palmitoleic acid content is greater than 10% of the total

fatty acids in the oil.

15 The maximum oil stability of the o0il is conferred by the
saturated fatty acids. However, a very high content of these
fatty acids in the o0il determines a low smoke point in fried
foods and a low o0il nutritional value. The oleic acid confers
to the o1l lower oil stability than the saturated fatty acids,

20 but a higher smoke point and a higher nutritional value.
Gamma- and delta- tocopherols confer to the o0il an oil

stability greater than that conferred by beta- and alpha-

tocopherols.
o The alpha-tocopherol content of the oil of the invention
25 is less than 15% of the total tocopherols present in the oil.

The total tocopherol content can also range between 500 mg per
kg of 0il and more than 1250 mg per kg of oil.
This o0il was obtained by recombining the following

individual characters, already previously developed 1in

(98]
-]

sunflower:

a) High saturated fatty acid content. There are several
sunflower lines having between 15% and 45% of the fatty aclids
in the oil of their seeds in the form of saturated fatty
acids, both in the form of palmitic acid (16:0) and in the

35 form of stearic acid (18:0). Two types of lines were used: 1)




This oil was obtained by reconbining the following is individual
characters, already previously devel oped in 30 sunflower: a) H gh saturated
fatty acid content. There are several sunflower |ines having between 15%
and 45% of the fatty acids in the oil of their seeds in the form of
saturated fatty acids, both in the formof palmtic acid (16:0) and in the
35 formof stearic acid (18:0). Two types of lines were used: 1) 8 high
stearic, the stearic acid content of which is between 15% and 45% of the
total fatty acids in the oil of the seeds® and 2) high palmtic, the
pal mtic acid content of which is between 15% and 45% of the total fatty
acids in the ohlgiofsttcheid, seedsteandct hei pabntéal eircwacttd icontenden( 163 1) of
which is betvvee %a d 5‘V f the total fatt aci ds i
seeds. b) High 0$6I c a?gl %O%chm ??tfé/ PR su%f?glwerfnl F’neseefjrsef %P‘% ed to
as "high oleic?) ushadhhawembetwveenheBS%aamrtl%%cafd d@tehe fattyhagi dssin the
oil of their s the i Th L,pol ei ¢ _aci opf ent
(18:2) is bet ngg&ioo and al%&n c%Ihgt o?taél(i ga%tt %émdgs In t(%tehe oi i Q? their
seeds. °c) Hi ghbgadﬁmam®celp¢1epelmlandedel dakd ommleret:ol lsum ebntwwenth This
character |s PLes@lln isd SEYOIAl osURld QL) |1 N8S, acd® Tin WHECH: e sy of
both tocopherols represents nore than 85% of the total tocopherols present
in the seeds. T#®Atypes of |ines were used: 1) high gamma-tocopherol, in
whi ch the gamma- togophelolo1eent 8Rtq repesent ss.nmr e thban, §5%6.f tihge4 ot al
tocopherols in the seeds, being able to reach a value of up to 20 99% of the
total tocopher®FEiHEdt he &edsionande®y” HGR BaYe & tisebphet And iPAwhf ch t he
del t ait ocopher @he cmttgngcfﬁprleserm $11n®r enkhansH2% of drhe rhohadr losopherol s
in the seeds and. ganma ocopher ol cont efgz represents nopre th @ 20% of
tbmiot al  tocdph roTIh§ FRRITRS sE6US, CTHENSui 02 deft &5t 8tdbiter 6"Ca

t ocopher of tied ngtgr eatrey ddiarz 85%ref ot heoit ahalr deeeiepherol s in the
seeds bei ng abl e to reglgl;] a val ue of

gamma- t0eopheg% and delta-tocopherol sum

content. This character 1s present in several sunflower lines,

15 in which the sum of both tocopherols represents more than 85%
of the total tocophercls present in the seeds. Two types of

lines were used: 1) high gamma-tocopherol, in which the gamma-
tocopherol content represents more than 85% of the total
tocopherols in the seeds, being able to reach a value of up to

20 99% of the total tocopherols in the seeds, and 2) high delta-
tocopherol, in which the delta-tocopherol content represents

more than 653% of the total tocopherols in the seeds and the
gamma-tocopherol content represents more than 20% of the total

‘:} tocopherols in the seeds, the sum of delta-tocopherol and

SN
o

gamma-tocopherol being greater than 85% of the total
tocopherols in the seeds, being able to reach a value of up to
99% of the total tocopherols in the seeds. The seeds of both
types of lines result in an oil the total tocopherol content
of which is between 500 and 1500 mg per kg of o¢1il, with the
30 tocopherol profiles aforementioned.

Since these are characters with high genetic complexity,
the recombination was performed in two steps which are
described below:

1) Recombination of the “high saturated fatty acid

35 content” and “high oleic acid content” characters,




99% of the total tocopherols in the seeds. The seeds of both types of lines

result in an oil the total tocopherol content of which is between 500 and

1500 ng per kg of oil, with the 30 tocopherol profiles aforenentioned.
Since these are characters with high genetic conplexity, the reconbination
was performed in two steps which are described below 1) Reconbination of
the "high saturated fatty acid 35 content” and "high oleic acid content”
characters, 9 Controlled crossbreedi ngsqwere perforned between the |ines
with high saturated fatty acid (palmtic acid and stearic acid) content and
the line with high oleic acid content, and the F hybrid seed was obtai ned.
This seed 5 gerni nEtedoahed t F60eTrHeEs posfdi HEr Dl RREECTRGe SeFfesrer £49ized to

obtain the F seed; whighnshewed segregatian for;bothaicharaciers. ai nce each
of the individual characters is controlled by 1-3 genes, npst of them
recessive, it Wl lhetes¥ar PG AndYze g nﬁﬁﬁ OYL@DOhFQ%eQH%l%fa%E%h of the
10 crossbr eedtﬂ@@er{t() oAa{oal ama seedybay ngeddhewgonionat h@n ofnidesedd)
characters sou h saturated fatty acid content and . high oleic
acid tontent.? ﬁ%”‘la(g\?\ﬁf P%‘au Ty O CORTUPFENRRA DTS "EEEIS “WhT tFF 'Conbihed t he
two charactersonadeait neecessaryed o wanal yzieowad aserragetodn 2f000bseeds of
each of the 15 cro%sbreeq!n%s to (gptaln gﬁsuffEC|e t Jnunber. o f seeds with
the two conbified ChaFacterse | Brder for t HE9Eht |nat|onro “fodi 1 ed
characters of cothmlflatit yovacl-B pgoids], e naptbeofconmer crab¢ysivsef ult, the
characters nu her i d y be expressed i ndependent | y
of the enV|roﬁ%%%%§f9cg%d%$?%§§ %hn%gﬁ ﬁ@UEBO §1é%%3§a§§ §§Pt|§gtgﬁ For

t hi sl¢ eason, arseleeriibreprecessainnas seohduycted W clombedationf ioXi hee t he

char acters angh&%ct\é?é'iaﬂg‘ﬂg ti‘eel r §Icﬁp's|a't£¥atlé@d?5twffc%%‘&né’e‘?%' Lopment al c

ditions. To that end, the selected F seeds were sown and 25 the genetic
bility of flh‘éh COMFBICnEd 1 & hapEctér s Thais L ebnftedkercy byt neEs rercanal yzi ng

the F, seeds ged@d naticRgchhometihensedfo characters made it necessary to
analyze an average of 2,000 seeds of each of the
15 crossbreedings to obtain a sufficient number of seeds with the

two combined characters.

In/order for the combination of modified characters of
the fatty acid profile to be commercially useful, the
characters must be inheritable and they must be expressed

20 independently of the environmental conditions in which the
plants are cultivated. For this reason, a selection process
was conducted which led to fixing the characters and to
verifying their stability under different environmental

c conditions. To that end, the selected P seeds were sown and

25 the genetic stability of the combined characters was confirmed
by means of analyzing the F; seeds originating from the self-
fertilization of each of the F. plants, and of F; seeds
originating from a high number of Fy plants cultivated in
several environments.

30 As a result of this first step, plants were obtained the
seeds‘of which contain a high saturated fatty acid content,
between 15% and 45% of the total fatty acids present in the
0il, a high oleic acid content, between 45% and 75% of the
total fatty acids, and a low linoleic acid content, less than

35 10% of the total fatty acids.




fertilization of each of the F plants, and of F, seeds originating froma
hi gh nunber of F, plants cultivated in several environnents. 30 As a result
of this first step, plants were obtained the seeds of which contain a high
saturated fatty acid content, between 15% and 45% of the total fatty acids
present in the oil, a high oleic acid content, between 45% and 75% of the
total fatty acids, and a low linoleic acid content, less than 35 10% of the
total fatty acids. Li 10 2) Reconbinatign of the new "high saturated fatty
acid content and high oleic acid content”™ character with the "high gama-
and del ta-tocopherol sumcontent” character. In this second step, plants
obtai ned in the previfegs™roadtiep ¢ WeT erarsedighi ehtyederbitaeta #igh

saturated fattynhagk danfaNlg@nt1415-2c42% G chbe tiohalctatfyacihds prgsent in
the oil) and high oleic acid content (45-75%of the total fatty acids

present in t h&BEN) 2NASSWER T LESPPF ENt SURI $H T8 RT g éJaRRRL - t ocopher ol and
del t a-t ocopherol sum ARt eficonADLEep hapl 2% ofbralled hent @hal recopherol s
present in the seedsg. Af t er Berfor mng contro|led cr ossb({]eedi ngs bet ween
the 1ines wittPa hi g yainivd- "ard® dEFPRScOphEtbIs 3SR coht et Y Wit F,
plants with acdrtghtsatan atsedof atitey tachd fmanyendiandrbsgit ol ehe acl)d

content, the F brid, seed was obtained. This _seed 15 germ nated and the
correspondi ngarbq gyﬁtgé TRt e saevlv?- FRFS gg% o Oofbt%gue n%(fthagl I1tr‘gstééd‘,3Cl ¥i ch
showed segregatdsentfon tthe vhiee acherldcter slebpectiofi theipecoabiarati on,

i.e., high satur fatt | 1 L Cl ear i Cj nt ent,
i gh' ol oic aiibenterte Seath shPokma. Sufd BeRls. T REAAT b e 00
cont¥ht. Sinced hetsbugitbrhatdly acésenpr of idhe ssedontroll ed by 4-6 genes,

and the sought toggpber gErP&QJﬂnbe c:oﬁtP&Q%BO'c'rSQS?LVefg%ﬁés 98DESecgengral |y

g essive, it was necessary to analyze a nean o seeds of each of the
c™bssbr eedi ngblee ©btaicn Pagh seEdahaiiichget te teeapl rstli 6HM ofortHse t sight
characters, irep1ag8s high satunat edefatdy astd, canteniontbhghaeh eigracid
content, oleic acid content, the F. hybfid seed was obtained. This seed
15 germinated and the corresponding plants were self-fertilized
to obtain the F. seed, which showed segregation for the three
characters object of the recombination, i.e., high saturated
fatty acid (palmitic acid and stearic acid) content, nigh
oleic acid content, and high gamma- and delta-tocopherol sum
20 content. Since the sought fatty acid profile is controlled by
4-6 genes, and the sought tocophercl profile is controlled by
1-3 genes, generally recessive, it was necessary to analyze a
mean of 400 F- seeds of each of the crossbreedings to obtain a
e seed having the combination of the sought characters, 1i.e.,
25 high saturated fatty acid content, high oleic acid content,
and high gamma- and delta-tocopherol sum content. The low
fregquency of occurrence of seeds' which combined the two
characters made 1t necessary to analyze an average of 5,000
seeds of each of the crossbreedings to obtain a sufficient
30 number of seeds with the two combined characters.

In order for the combination of modified characters of
the fatty acid profile to be commercially useful, they must be
inheritable and they must be expreésed independently of the
environmental conditions in which the plants are cultivated,

35 For this reason, a selection process was conducted which led




and high gamma- and del ta-tocopherol sumcontent. The |ow frequency of
occurrence of seeds which conbined the two characters nade it necessary to
anal yze an average of 5,000 seeds of each of the crossbhreedings to obtain a
sufficient 30 nunber of seeds with the two conbined characters. In order
for the conbination of nodified characters of the fatty acid profile to be
comercially useful, they nust be inheritable and they nust be expressed

i ndependently of the environnental condii{ions in which the plants are
cultivated. 35 For this reason, a selection process was conducted which |ed
L 11 to fixing the characters and to verifying their stability under

di fferent enviTonhenitdl dEndierenser STEhatC etk fyhBd SePéEt 842K Siddds were

sown and the geneti Gistahidd tahfobidhcaCOnBhASM £RAT AGL &k (WasaGOMdier med by
means of analyzing the F:, 5 seeds of each of the F : plants, and of F.

seeds origi natiH§=t% ofn a?eﬁijﬁhw‘?ﬁ?nﬁéi"” of "F, th51 gﬁP%tlcTh%tsaé) pEantY videe

cultivated i ncidfified Eﬁliareﬂt/éﬂ’somien&&tl\i\Mé&fbysaéyﬁd df0 aganfi iy tchata,t he

si mul t aneous eépre55|on of nb ted fatty §C|d content, .high oleic
o Coeopherd

aci d content, And°hPgh®ga P7%nd “48i P4 fo TBESpHeral "sumMcont ent
is the resultshhmaafhx@ﬁramﬁest@bhe pgﬁnetlmhemheﬂahaacemmhmmhtt@nempressed

i ndependent [y of fihe. o tixation canditians, of, Lhe plagts., A5 4 result of

this second step, plant's were obtal néd e see £ Wi ch Cont ai na hi gh
saturated fattyimactanedld eantemvionbet weah $5%:@tdd4596of adid tordntfatty

aci ds present it B Al lacid BhAAO! CLey aald coptenteohelnaen 453 and 75% of
the total fatty acids, a gai ma- tocophero el ta-tocopherol sum content

great’dr than 85%roheidte 1t alontecbphervls msasene! Bn ftthedoprld Wi et he

source of satuAked.f @tteyrl%ghgé was-ra ;20 e]x!p@@sé’!d: hlr@eﬁbg@eml mdd ¢racid
tent (15-45% of the total fatty acids in the oil), the presence of a

P mtol ei c aci'dtiEdntEnfoRtiddrar thafes0 et sthe total fatty acids in the
oil was al so obsenved. rEakingof Nt ACLEYAL th& r gngecisnwkhe batdneaci d

the seeds of which contain a high saturated fatty acid

15 content, between 15% and 45% of the total fatty acids present
in the o0il, a high oc¢leic acid content, between 45% and 75% of
the total fatty acids, a gamma-tocopherol and delta-tocopherol
sum content greater than 85% of the total tocopherols present
in the oil. When the socurce of saturated fatty acids was a

20 line with a high palmitic acid content (15-45% of the total
fatty acids in the o0il), the presence of a palmitoleic acid
content greater than 5% of the total fatty acids in the oil
was also observed.

c Taking 1into account the range in the fatty acid

N
[82]

(palmitic, stearic and oleic acid) and tocopherol content of
the sunflower lines used in the different recombination steps,
the particular embodiments of the invention obtained include
oils with a stearic acid content greater than 15%, greater
than 25% and greater than 35% of the total fatty acids present
30 in the o0il. Other particular embodiments of the invention have
a palmitic acid content greater than 15%, greater than 25% and
greater than 35% of the total fatty acids present in the oil.
In two other: particular embodiments of the invention,
the o0il of the 1invention has a gamma-tocopherol content

35 greater than 85% and greater than 95% of the total tocopherols




25 (palmtic, stearic and oleic acid) and tocopherol content of the

sunflower Tines used in the different reconbination steps, the particular
_enbodi nents of the invention obtained include oils with a stearic acid
content greater than 15% greater than 25% and greater than 35% of the

total fatty acids present 30 in the oil. Qther particular enbodi nents of the
invention have a palmtic acid content greater than 15% greater than 25%
and greater than 35%of the total fatty acids present in the oil. In two

ot her particul ar enbodi nents of the invention, the oil of the invention has
a gamma-tocopherol content 35 greater than 85% and greater than 95% of the
total tocopherols 12 present in the oil. In other particular enbodi nents of
the invention, the oil has a delta-tocopherol content greater than 25%
greater than 5596 and greater than 75% of the total tocopherols present 5
inthe oil. Due to the fatty acid profile with a | ow unsaturation Level,
which is the rf%fieﬁe%%dé‘etg? %/lhle oxi dation and | ow heat stability of the
veget abl e oils, andntothbe peesiencerofmsodiimghts ppopanti anveftitcacopher ol s
with a strong protective action 10 against oxidation and the effect of the
hi gh tenperat ur'e, fhe ?‘?% oi P “&xtTact &8 17 om’t he Seeds 'producédd by "t he

pl ants descri bedn abowedhascapecepbaroiak deathestatn ll itbyopmichi sgpeatear t han
that .of any ciqxn\gﬁ?tgqnal sunflower oil, and al so greater than that of any
ot her “sunflower oIl Wwhich only has the fatty acid 15 profile or the

t ocopherol profil eDlapdifi éde Thecyoidcidt abpfitey viiddex (168 )urgRteheionl obj ect
of the present LoveptiQn.sMeasSW e i-Aud RanGhaaty mdslon7434appanalys
(Metrohm AG Herisau, Switzerland) after an induction period of 10 hours at
a tenperature BRPIIDC 64 the “BArFeffite@i b1 and0te dife s Bet WA 3% HFE 120
hours, The thefapoexighatéyvecdeggradats onief an irbnks evakuatwed adyiost udying
the degradation of the t oco(gﬁr;er ol s _present i{] sai % oi|l and the occurrence
of polar conpdGRARS arfk H6F Yy er R Ydbrt ny fehkatt g THE" of T EBERTS of "Ehe

present inventdiQnekRaSactetlN€F$M the seeds produced by the plants described
above has exceptional heat stability, much greater than that
of any conventional sunflower oil, and also greater than that
of any other sunflower o1l which only has the fatty acid
15 profile or the tocopherol profile modified.

The oil stability index (0SI) of the o0il object of the
present invention, measured in a Rancimat model 743 apparatus
(Metrohm AG, Herisau, Switzerland) after an induction period
of 10 hours at a temperature of 110°C on the unrefined oil

20 ranges between 35 and 120 hours.,

The thermo-oxidative degradation of an oil is evaluated
by studying the degradation of the tocophercls present in said
0il and the occurrence of polar compounds and polymers during

':> heating. The 0il object of the present invention has a thermo-
25 oxidative degradation less than that of the oil obtained from
the seeds used as parent seeds, having a lower percentage

(half) of the formation of polymers and polar compounds.

Given these technical characteristics of the oil of the

invention, Rwith a high oil stability and high resistance

30 against thermo-oxidative degradation, this oil can suitably be
used 1in human and/or animal foods. The oil of the invention
can also be used in the production of biolubricants and/or
biofuels.

In a particular embodiment of the invention, the oil of

35 the invention 1is obtainable from the extraction from sunflower




25 oxi dative degradation |less than that of the oil obtained from the seeds
used as parent seeds, having a | ower percentage (half) of the formation of
pol ymers and pol ar conpounds. G ven these technical characteristics of the
oil of the invention, with a high oil stability and high resistance 30
agai nst therno-oxidative degradation, this oil can suitably be used in human
and/ or animal foods. The oil of the invention can also be used. in the
production of biolubricants and/or biofuels. In a particular enbodi nent of
the invention, the oil of 35 the invention3s obtainable fromthe
extraction fromsunflower 13 seeds of the seed line |IAS- 265, deposited on

20 march 2003 inse@@?CNCkNg%%QNaﬁkgg%hsc@éﬁﬁth@BOQﬁEBPQHSEJh@hchwﬁﬂﬁngnand
Food Bacteria) Ltd., Aberdeen, Scotland, wth accession number
NCl MB- 41477. The thf x¥Utes (9Pt 71158 E€6htHitiPAgot e oo t KB A% emtd R %are

al so art object ef-the.present inventien, sas:weldl- @scd heccddqur obtakned as
the residue of the extraction Process or extracting the oil tromthe

sunfl ower seeds. VARGt el "dbj ect of the present invention is the sunfl ower

| ei seeds containing ae @likcwdh drheicharaetenist ites of1 tdwe t0k: 1 0fentqbe
invention. They are seeds resulting_i | ants whjch, after their

gerni nation, contafnti tHei ]§éédg§ gﬁ%ﬁ”ﬁé?ﬁb YR PRr 1§ 112 Led® 4R%oi
with the charactetvst i @sca0hetihesothe ofedillee bnvem | e racndepepdersalsy rot t he

t he 1gr¥%§ﬁ%swﬂkqogep%;tlcular enbodi nent the

crr’ _t-vation COQQ%%&S&%<OIG:O ) e
seeds of the invehtion "eri'yi mat. UHt T ower”Fi'ne LAS- 1265, deposited

on 2C March 2007 irratdweseed]dankfofhdNGrvReLt dinveAbesdeen, chEcetrtlarer with
can be uled for OBCEl NTRGLRE LA BT (RS B0 PHOGHLTGA “Tre CastT oWer ol ants
(Hel ant hus annuaae Ligjvewhiieh, Thgenardeiends selsiliifenti bizeds vproducetseeds
cont@hni ng the oij.; of 1he L nyentign.are; al se.anathar, oppect ,of, f he present
I nvent - on. ECFhOHInEn%S
fertilized, an o0il with the characteristics of the oill of the
invention, independently of the cultivation conditions of the
15 plants. In a particular embodiment the seeds of the invention
criginate from sunflower line IAS-1265, deposited on 20 March
2007 in the seed bank of NCIMB Ltd., Aberdeen, Scotland, with
the accession number NCIMB-41477. The seeds object of the
present invention can be used for obtaining the oil of the
20 invention.
The sunflower plants (Helianthus annuus L.) which, upon
being self-fertilized, produce seeds containing the o1l of the
invention are also ancther object of the present invention,
O Empodiments
25 Obtaining the Seeds
5.1. Recombination of the “high saturated fatty acid content”
and “high oleic acid content” characters
Forty~-eight seeds of each of the sunflower lines NP-40,
with high palmitic acid content in the o1l (greater than 15%
30 of the total fatty acids), developed by means of chemical
mutagenesis, and BSD-2-423, with a high oleic acid content in
the 0il (greater than 85% of the total fatty acids; were taken
randomly and the acid composition or profile in the oil of

each of the individual seeds was anhalyzed. Since the analysis

35 of the seeds cannot be destructive, because after the analysis



o
25 Cbt a|n| ng the Seeds 3. 1. Reconbination of the "h| gh saturat ed fatty acid

each of the sunflovver am nes NP-40, with hi gh palmtic acid content in the
(greater than ill 3C of the total fatty acids), devel oped by neans of

chem cal mitagenesis, and BSD-2-423, with a high oleic acid content in the
oil (greater- than 55t of the total fatty acids( were taken randomy and
the acid conposition or profile in the oil O each of the individual seeds
was anal yzed. Since the analysis 35 cf 'thw seeds cannot he destructi ve,
because after the analysis the seeds nust be able to germ nate, the anal ysis

was conducted hy Means; of &%@ @glf eeedt I’O(:e%ﬁ?]nat%al d Qrocaensas_LH gonsi sts of
e t

cutting a small portl on of 't seed distal to énbryo, Such’that “the cat
does not affect ®heugerdm rat ferys5 efcapac-ial fofseekle tgeenss Théatdt pporetsison i s

then analyzed for,iis: s tatty.acd aprshtu eo%&?a&s c% 9§§d9ﬂ o ag:ls pcgrt%ehy of

the nethyl esters of the fatty acids (P. Garces and I\/ancha One-step
| i pid extracti of™8Ad°f aft§" akhar rr"éteny“?u‘:esct%rss nosr eagféteétﬂl o ef r6abestingpl ant

ti ssuess Anal yticghcBiyncheme 13:2117439119%,-:3993)s and the Jest sof the seed
containing the enbryo is stored in optinmal conditions in order for its

germination to ofchy dEpRnéFrAg Oh Pheamal yei cafsr SuPTSLoWORERY t RE t'afty

acid p-of-le of \eagh ofsthe sged&emagtt)cOM|gsne(d saird:segds germinaked and
the corresponaing plants 5 were cultivated in_ a greenhouse and controlied
cr ossbr eedi ngs @gﬁm%%erP NP6 pl Hfit's “arfd' BSEF 2- §F2t3”pl ants Ve Ypertoried.

These crossbreediragsroarsi stoofr reenmyiang t he sbamna or chBl @ ocorgansof the
flowers_at dawn,,  be he herso nto reiease the pollen,. in Iants
whi ch zre goi ng ¢ ‘Lge)J Eisléd &g% ‘aéjr%l “paraht s, gb Io‘:ﬁeid B F e Fl ci al
pol Eatl on usi rgbrpol Len woforthe ipl anttsmahi chnat e goe- nm’s bodbe used ias nalLe

par s. In this exanrgt:l%h %o eoch§D'gé %19' arx‘tt \eAealt’nealu lca Sresuhﬁ femal e
parent and the NE- 40 ants” . ,€ere u as’ the mate arén t ough t he
sane result is obtai ﬁeele usmmgfttttei p?e;nentasof?_& i 9t térecloppositice sense.was

confirmed, said seeds germinated and the corresponding plants
15 were cultivated in a greenhouse and controlled crossbreedings
between NP-40 plants and BSD~2-423 plants were performed.
These crossbreedings consist of removing the stamina or male
organs of the flowers at dawn, before the anthers open to
release the pcllen, in plants which are going to be used as
20 female parents, fecllowed by the artificial pollination using
pollen of the plants which are going to be used as male
parents. In this example, the BSD-2-423 plants were used as
the female parent and the ﬁP—4O plants were used as the male

‘:D parent, &lthough the same result i1s obtained using the parents

o

jaN)

1n the opposite sense.

The hybrid seeds resulting from the crossbreedings,
referred to as F seeds, were analyzed for their fatty acid
profile by means of the half seed process explained above. The

mean palmitic acid content in the F, seeds was 7.3% of the

{99
<

total fatty acids in the o1l, compared to 30.0% in the seeds
of the NP-40 plants and 3.5% in the seeds of the BSD-2-423
plants. The mean oleic acid content of the F  seeds was 69.8%
of the total fatty acids in the oil, compared to 8.0% 1in the

NP-40 seeds and 89.6% in the BSD-2-423 seeds.

(%)

5 150 F, seeds germinated and the corresponding plants were



The hybrid seeds resulting fromr_he crossbreedings, referred to as F
seeds, were analyzed for -heir fatty acrd profile by neans of the half seed
process expi ai nec, above. The <can palmt_c acid content in the F, seeds was
".3%of the 3total tatty acids in trio oil, conmpared to 3G 0% in the seeds
of the NP-1C plants and 3.5. in the seeds of the BSD 2-423 plants. The nean
oleic acid content of the F seeds was 69.8% of the "total fatty acids jr
the oil, conpared to 8.0'i. in the NP-IC seeds and 89.6%%in the BsD 2-423
seeds. 35 150 5. seeds germinated and the dérrespondi ng plants were 15
self-fertilized to obtain the F. seeds, which were analyzed for their fatty

acid profile. 2,346 F..se6ds wor %b@Q?rlJ yzed, r, %%Qégga%%h tod-d Nepalm tic

acid and oleic acre: contents heing observed. palmtic acid content in
the F. seeds rafged-Fetwdén 8. 2¥ % aﬁ*Fd’f3768(V803‘48t We E6EaF Vtt y2recivdsdin t he
oil . The oleic agjdqsgontentor _Rntheabn:seeds shawed @ Mariaticon. apge

between 6.9 v and 92. 2e of the total fatty acids in the oil. Qut of the
2,348 anal yzed se&ed¥ darfyzed, 1ba sfltiem SSABWEE RS Combl naf Forf - of e REgh

pal mtic, aci a cordmepk, pgteatrer;.0sthan 3i5sofod heet O&@ell fratty a€ids.inangk hi gh
oleic acid conteqt reater than 45% oC the. t _tal atsto{{O acids in the oil.
t

Ost of these 104°keed8® THHC 684 SHTRA"G H GHEphl APETT “G9 Eofitiention

presented a pal nidige &@tde@onﬁt ent a0f 324%98.66 aiﬁTeOtlcﬁ;lcQ ract@d contsent ofe 55, .
of the total fatt

y, ac ds thah er Ie| aci d
content had a pa?%%tldc aC| ﬁztg%%] ar‘?ﬂe% D¢ gci éoﬁ%eﬁ?e%f 73%
of the total fa$?tcyweacladS:omHShEatSl@lne@tEedllEh S@Brdsm/eraelswnmteartd tcheagenet i c

stabi:i of th or,hbin racters conflrned h ns of. an i ng
20 the L(y . see s%of gacﬁqof h}% 9 pI ag\éialtSC The “anal yd>s/| sll%} 3% ?H’%
3,7 F, seeds rewsuletéd greadetattan dckdotomposditdlonatof adiels @nlthﬁf ot he

se consi sting,of & nean. cont ety of c%ZJ]éLe w?’:té} a(rUPg%%z pStandard. ;4
devi ation) palnmtic acid, 712% 1. 7% ~J palmtoleic acid, 1.4% 0.3% stearic

acid, oleic acient&nd Bfwﬂtteﬁ 8% 4lmiolei ¥cigcicantent of 24% and an oleic

acid content of 55% of the total fatty acids, whereas that
15 seed witn a higher oleic acid content had a palmitic acid
content of 18% and an oleic acid content of 73% of the total
fatty acids.
The selected F- seeds were sown and the genetic stability
of the combined characters was confirmed by means of analyzing
20 the F. seeds of each of the F. plants. The analysis of a total
of 3,744 F, seeds resulted in a fatty acid composition of the
01l of the seeds consisting of a mean content of 27.7% + 3.4%
{mean * standard deviation) palmitic acid, 7.2% + 1.7%

6 palmitoleic acid, 1.4% + 0.3% stearic acid, 59.8% * 4.9% oleic

)
Bzl

acid, and 3.9% + 1.0% linoleic acid.

5.2. Recomplnation of the “high saturated fatty acid content
and high oleic acid content” characters with the “high gamma-
and delta-tocopherol sum content” character

Forty-eight F, seeds obtained in the previous step were

-]

taken, which seeds combined a high palmitic acid content

[o%)

(greater than 15%) and a high oleic acid content (greater than
45%), and 48 seeds of the T2100 line, with high gamma-
tocopherol content (greater than 85%), and for each seed both
the acid compesition or profile in the oil and the tocopherol

35 composition or profile of each of the individual seeds was



[

5.2. Feconbi _ration of the "tigh saturated fatty acid content and high
oleic acid content" characters with the "high gamma- and del t a-t ocopher ol
sum content” character Forty-eight F, seeds obtained in the previous step
were 30 taken, which- seeds conbined a high palmtic acid content.
(greater than 15949 and a high oleic acid content (greater than 403), and
48 seeds of the T2100 line, wth high ganrma- t.ccopherol content (greater
than 95%, and for each seed both t.ce acid conposition or profile _n the
oil and the coccpherel 35 conposition or priéfile of each of the iridividual
seeds was 16 analyzed. This analysis was conducted by nmeans of the hail
seed process desgrjhed.aboves The fut RAL!I-OR.0f: 4he, seed was s diwi dgdsinto
two halves and the fatty acid profile was analyzed in one half by neans of
gas chromat ogr apRyeofPhESS et HyPe@sters - ofna K& tf BPE Y cicds LR S56r 685 arc
M Mancha, 19934;words mepntd ongd ahove) and the. tocaopheroh preriie was
analyzed in the other half by neans of high performance liquid

chr omat ogr aphy - MPLEECF.INCOFFnaAL &t PAi Meartudtt 478t Ve et e att on df
tocoph(,srols ingsingl e:seedsef crapesesd,aci@sErassaga-fapus: Ly, kethilipid
101: 142- 145, 1999%. Once the fatt%%aci d and Locopherol profile of each of
the seeds was confiTmet ‘sdidi"d8BTS &1 . imat "éd dnd Phe’ ©lcdtiesponding

pLants were cul obvatedd Dnaigr eenhouse r and ne@nt ro=lhedncpossofeedt ngsubet ween

plants originating fromP ,h 15 se cand, T210 | ants were performed,
sinmlarly to that % eagc??.f%%%i/ in sggf% on&S. gi'?toffﬁig F.ff%se%l{j's mé?%n%ln@éltﬁ%d f or
their fatty aci deanainhecopner6dl tprofidress The neanepalswiti cofactrdbeseont ent

in the F, seeds S.6.8%o0of the total, . fatty aci _i@ .oil, conpared to
d P RBLat bt s S0 WAd S It h e sebte

in the deeds of ant $ % in the Seeds of the T2i 00
pl ants, The ol ei ¢ aci®hceconteentatoy bhed Rrseedsonasrd2. B 10F the sbobabffatty

o un o roabiy YL Le 0,000 e B0 A 423 sepe 200 2 1 0
the total tocophepvisspoedipar @datos 0¥09% i rulthetNP- 40" apd BSG2°0423 seeds
used as Control_co§¥y$lggdz%@g§%breedings between plants originating from Fy
15 seeds and T2100 plants were performed similarly to that
described in section 5.1. The F, seeds were analyzed for their
fatty acid and tocopherol profiles. The mean palmitic acid
content in the F, seeds was 6.8% of the total fatty acids in
the oil, compared to 28.9% in the seeds of the NP-40 plants
29 and 3.2% in the seeds of the T2100 plants. The olelic acid
content of the F- seeds was 72.6.8% of the total fatty acids
in the oil, compared to 90.3% in the BSD-2-423 seeds and 12.1%
in the seeds of T2100. The gamma-tocophercl content of the F,

o seeds was 1.2% of the total tocopherols, compared to 0.0% in

2

5 the NP-40 and BSD-2-423 seeds used as control, and 98.2% in
the TZ2100 seeds.

100 F, seeds germinated and the corresponding plants were
self-fertilized to obtain the F- seeds, which were analyzed
for their fatty acid profile. 8,952 F. seeds wesre analyzed,

30 segregation for the palmitic acid, oleic acid and gamma-
tocopherol contents being observed. The palmitic acid content
in the F. seeds ranged between 2.2% and 37.6% of the total
fatty acids in the oil. The oleic acid content in the F. seeds
showed a varilatlon range between 5.8% and 94.2% of the total

35 fatty acids in the oil. The gamma-tocephercl content showed a



the 12100 seeds. ]OF) F, seeds germ nated and the correspcndi no plants were
self-ferti ized to obtain the F- seeds, which were analyzed for their fatty
acid profile. 8,952 F- seeds were anal yzed, 310 segregation for the palmtic
acid, c:eic acid and ganma- tocopherol contents being observed. The
palenit_c acid content in the F, coeds ranged between 2.2% and 37.6; of

"he total fatty acids is the oil. The oleic acid content to the E, seeds
showed a variation range between 5,8% and 94.2= of tole total 35 fatty acids
inthe oi.:., The ganma -*_ocon:“erol cohtent showed a 17 variation between

0,0% and 99.6% of the total tocopherols in the seeds. Qut of the 8,952

seeds anal yzed,arbdt 0ofn themshaned aadcwbsisn@tfi @Re of ot 1gh cpabRAAd16 agi d
cont ent, great r tha 15% i

of the total cid i oleic acid
content, greater 5°%tan H%‘V@%f”‘tehé ?%Zt aree 3t%/’§?6}éfé? S %ﬂ;{} &"BT 1314/ hi gh
gamma- t ocopher @bmnnmte‘nh ogrieathepathian c858hdfconhent otaleatecopter abs i n the

seed. The sel ect F _seeds re so dthe enet | stalllty of the
conbi ned char agt gt?’se v‘f/éjg ECjOI’]V\?HT'e lbs’ o]fegianzfl yZi ncém Ta)tth%reléterseeds of

each &6f the Ftpkants: cFhehanadtegi §a0tfy_ achdﬁ aln (the ofl 3,204 hkFgh seeds-resul t ed
D aanatly acld comoss ChRtdl g, Al Lngh dhieseehs consi stiog.ah.a tean

content of % 3.3% (nean tan evi atlon) palmtic ac °773% 1.1%
pal m tol ei c adindthd.6%4.0. 5% stearic acid, 52.5% 3.9%oleic 15 acid, and

4.2% 0.7%1inolei %h@%e@ec@@&j A CONogLLd %'EBWFPfaM“%het copher of . fnaction
consisting of 2.8% 1.3% al pha- tocopherol, 96.6% 1.8% ganma-tocopherol,

and 0.6% 0.2%f #e} t@MPoReHHERPERCT Rt wa%tqoaﬁlﬁfeet ke BFEDS 20 ANBEtFRIof 150 g-

of Fiseeds washusedsteqexds agtnthe okl r. Yshng peheobesmsather { heicking poi nt
40-60C) and a Soxhl et extraction system follow ng the process of the

ﬁﬁl acidn ESpanof® de Roival®satish 1 Spatf < gté%a‘acii@oiéﬂ‘ﬂh Crfhe
ciation) (ECatat oge dect®rdmsi Nmg Madgimbanl90d)ent BHe201l s 23 .vaS

anal yzed for H%ga£ap}y anen%nddégfgeggrokagomROSIEEEQ’ 7.3% 0+ 1.1%

| palmitoleic acid, 1.6% £ 0.5% stearic acid, 52.5% * 3.9% ocleic

15 acid, and 4.2% + 0.7% linolelic acid, and a composition of the

tocopherol fraction <consisting of 2.8% + 1.3% alpha-

tocopherol, 96.6% t 1.8% gamma-tocopherol, and 0.6% 1t 0.2%

delta-tocopherol.

Extraction of the oil

20 A batch of 150 g of Fy seeds was used to extract the oil
using petroleum ether (boiling point 40-60°C) and a Soxhlet
extraction system, following the précess of the Asociacion
Espafola de Normalizacidn (Spanish Standardization

e Association) (Catdlogo de normas UNE. Madrid, 1991). The oil

~N
83}

was analyzed for its fatty acid and tocophercl composition,
resulting in a fatty acid composition consisting of 29.2%
palmitic acid, 7.5% palmitoleic acid, 1.7% stearic acid, 52.4%
oleic acid, and 4.2% linoleic acid, and a composition of the
tocopherol fraction consisting of 2.4% alpha-tocopherol, 96.4%
30 gamma-tocophercl, and 1.2% delta-tocopherol.

Technical Characteristics of the 01l obtained

a) Study of the oil stability index (OSI) in different types
of sunflower oils
The o0ill stability index (0SI) was measured after heating

35 at 110°C for 10 hours following the standard protocol of the
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resulting in a fatty acid conposition consisting of 29.2% palmtic acid,
7.5% palmtoleic acid, 1.7% stearic acid, 52.4% oleic acid, and 4.2%
linoleic acid, and a conposition of the tocopherol fraction consisting of
2. 4% al pha-t ocopherol, 96.4% 30 gamm-tocopherol, and 1.2%

dei t a-tocopherol . Technical Characteristics of the Ol obtained a) Study of
the oil stability index (0SlI) in different types of sunflower oils The oil
stability index (OSI) was neasured after Eleati ng 35 at 110C for 10 hours
foll owi ng the standard protocol of the 18% Anerican O Chenists' Soci ety
(O ficial Methods and Recommended Practices of the Anerican Ol Chem sts’
Society, 4'" mditicen, AOCCS, cﬁhamlai'gn SObtetyU. S (ﬁfflC1994) Mebhddre 4l | ow ng
types of sunfl i1 sunf | ower ( t.an ard fatty acid
and tocopher o‘?v(%gn(r)ﬂ? %ies) ngci)lfesz rl1 Wi %rlhcanh%g e?%e%b %ﬁf:entt ‘and
standard tocopheralitppofi |FCO | Glan@eigmi t thl gh pal-m t1e4aci dncoriteent
high oleic 10:aqig; gonteat, Ogrgqmﬁg,{%qcar tht ocopherol profile Ol 4: Ol

obj ect of the present invention pal mtic acid content, high

ol ei ¢ %cid content 0idnd : m5dppdad StU@éb?m?ér @Illpr(éifi*‘w@r@hlf@ﬁtgaﬁ%@téo“@opher ol
content). The {&totpxeggl ¢,3rgd; focopherol conposition of the four 15 types of
sunflower oil, as well as the OSI after heating at 110C for 10 hours, are
shown in Table 2: TFaBl & 2.0 Fattifhadiiah afdetQctpiter AN tEHRPESHt iS6AEHAE t hei r
CSI  val ues aft&fopheasi r@goaglelloc for 10 hours of four types of 20
sunflower oil: Fatt aci ds%% " Tocopherols(o)' O 16:0 16:1 18:0 18:1 18:2
ATBTGTDT osI¥H) *1%!9"b0 598 8319 188, 2%@ eoR-erto. BB 0°USF 2 4.3
0.(D3&1 90.4 i 98n8er& 12Rd Gst2a0dfrd TocdpBo2 Frdrille7 56.9 2.1 99.9 0.1 0.0
0.0 17.1 C

0il 4: 0Oil object of the present invention, with high

e palmitic acid content, high oleic acid content, and modified
tocopherol profile (high gamma-tocopherol content).

The fatty acid and tocopherol composition of the four

15 types of sunflower oil, as well as the OSI after heating at

110°C for 10 hours, are shown in Table 2:

Table 2. Fatty acid and tocopherol composition and their 0SI

values after heating at 110°C for 10 hours of four types of

20 sunflower oil:
Fatty acids(%)” Tocopherols (%)"

0il|16:0}16:1 18:0|18:1|18:2 | A-T B-T G-T D-T | 0ST(h)
1 6.9 0.0 5.8 34.1153,2199.9]0.1 0.0 0.0 1.2
2 4.3 0.0 3.1 90.4 2.2 99.9 (0.1 0.0 0.0 1.5

o 3 |28.2|7.8 |1.7 |56.9/2.1 [99.9]0.1 [0.0 |0.0 |17.1
4 29.217.5 1.7 52.4 14,2 2.4 0.0 96.4]1.2 49,5
‘16:0=palmitic acid; 18:0=stearic acid; 18:1=0leic acid;
18:2=1linoleic acid; 16:1 palmitoleic acid
"A-T=alpha-tocopherol; B-T=beta-tocopherol; G-T=gamma-

25 tocophercl; D-T=delta-tocopherol

b) Study of the degradation of tocophercls and the occurrence
of polar compounds and polymers during heating
To study the synergistic effect of the modification of
30 the tocopherol profile of already modified fatty acid profiles

in the o01l, o0ils 3 and 4 described in section a) were




4 29.2 7.5 1.752.44.22.40.0096.9 1.2 099.5 6:0=palmtic acid;
18: O=stearic acid; 18:1=oleic acid; 18:2=linoleic acid; 16:1 palmtoleic
acid ' A-T=al pha-tocopherol; B-T=beta-tocopherol; G T=gamma- 25 tocopherol;
D T=del t a-t ocopherol b) Study of the degradation of tocopherols and the
occurrence of polar conpounds and polynmers during heating To study the
synergistic effect of the nodification of 30 the tocopherol profile of
already nodified fatty acid profiles in the oil, oils 3 and 4 described in
section a) were 19 subjected to a highlfenperature (180C) for a prol onged
time period 25 hoursand the follow ng paraneters directly related to the
t her no- oxi dat kv degradat b on ¢ hge Qidurver esogasyred: s Fot@Hqehoeopher ol
content, said tocopherols expressed as total ng of tocopherols per kg of
oi |, measur edPaEEY divy "PB T he 8FAndaFd fvet AddCof PEFEGTSESr (fHtR6RR  Uni on
of Pure and Appldead tChemksthyrid-URAG « iSkandarshamihods frae the avad ysis of
Dills, fats and derivatives. 1st supplenent to /th edition. 10 Pergar.on
Press, Oxford™thi8d Ki ngdom ?2992). Formation of polar conpounds,
expressed as the of Tdéte twicaphawilghtonoént hesaid ,careasered acgordssty to the
nmet hod descrgg)edotba)i M beDgggrp%%rrlgi ateral . gg« %lhl p%rfgr ggdncegcqsi e
excl usi on chroma ograb“ﬁy of 15ar - eot ounég ’'n feat ed *and” hon L5 heht ed
fats, Fat Sciencecandafechnoktogyd 90: th80B:t3khat 1988) Unioforiraturenawf
pol ymers, exp - she % e i i lv-.,..0easured
according to %ﬁ%%ggagg%ﬁ' %rrn%t ﬁ{c)ugtp‘@bféﬁngglr%tﬁgr%ﬁg?% oﬁ% t%%‘-g%alnlyg °P€€e and
Appl i ed Cheni stry f{AUIPACA 1BI2vaworek - neéati oneel dlsove;te 20-THaslitésui ts are
showpy i n Tabl 6. 3,apfabb e 3, d0taly t 0copRekOh ANt esdoy(r-. g kg ), polar
conpound content (6% and polyner content (0) of two types of oil after (r)
‘gneating at 180C T of° % Chelir 8f FOCOpHEFEPSTIU' exPTEEdtthe? Dl 2 Pol &

yners (nMyckg-tot@@MPOUNAS 0£53hdldi1; Tndds9&Eh according to the method

described by M,C. Dobarganes et al. (High-performance size

exclusion chromatography of polar compounds in heated and non-
15 heated fats, Fat Science and Technology 90: 308-311, 1988).
- Formation of polymers, expressed as the % of the total
welght of the o0il, measured according to the standard method
of the International Union of Pure and BApplied Chemistry

(IUPAC, 1992, work mentioned above).

20 The results are shown in Table 3.
Table 3. Total tocopherol content (mg kg "), polar compound
content (%) and polymer content (%) of two types of oil after
o heating at 180°C for 25 hours.
f_ | Tocopherols (%) Tocopherols | Polar | Polymers
(mg kg ) compounds (%)
(%)
0il |A-T [B~T |G-T [D-T [0" T25° 0 25 0 25
3 9.9 10.1 [0.0 0.0 | 826 0 3.0 21.0 | 0.0 18.7
4 2.4 0.0 196.4,1.2 | 808 135 3.2 10.7 | 0.0 [ 4.0
25
'‘A-T=alpha-tocopherol; B-T=beta-tocopherol; G-T=gamma-

tocopherol; D-T=delta-tocopherol
“Indicate the initial levels {(0) and those obtained after 25

hours of heating (2%) in the conditions indicated abcve



0.0 9.0 A-T=al pha-tocopherol; 3-T=beta-tocopherol; C T=garnna- t.ocopherol;
D' T=del ta-tocophero' "Ind' _cate the initial Level3 (C) and those obtained
a=ter 25 boors of heating (25) in the conditions indicated above 20 CLAI M5
.- Sunflower seed oil with high heat stability with a saturated fatty acid
(palmtic acid and stearic acid) content 3 between 15% and 45% of the total
fatty acids present in the oil, an oleic acid content between 45% an.i 73 of
the total fatty acids present in the oi and a ganma-tocooherol and ’
del t a-t ocopherol sum content greater than 85% of the total tocopherols
present in the oil. 10 The sunflower aced oil with high heat stability
accordinc to claimcharacterized in th&LAIM®E al pha- tccopherol content is

| ess than 15% of the rota] tocophercis present in the oil 3,- The sunfl ower
seed oil with high heat stability 15 according to claim 1, characterized in
that the stearic aci-d SeBht@ftr is§e@reat erlththangiissof tveitotal vidt tay aci ds

present in the:Qurhce® tarry adhe @amfnmvwaﬁ@egn@lslte\énrw high heatestability
according to claim1, characterized that the stearic acid 20 content is

greater than 2BU'6E"t het t tld Farly t5%|H§3ﬂré§éﬁ¥ ag¥ds (H&st . 155, LheThe

sunfl ower seedoioi,l ai thehd g@clme&tont&ttabieltmayn accoldi NGst @rclak mdsal
characterized [n that. the stearlc a id ry content is greater than 35@6of

the total fattVy ¢ dS B e8ERTC T15T HEhe& *oi PRI 57 . IHHBY SITPPBRET s8&d oi °
with hich heatmﬁtabté¢dgheracceﬁdlngm&ﬂmckaﬁatd: chafaaiermﬂedhentémﬁl t he
palmtic acid  cont [eater han 5% of the total fatty acids present
inthe oil, 3¢ ThE suc%ﬁéﬁ%?eﬁ%ea %l? m%th hi gh heat stability according to
claima, char act eri2zed T thiatt loher pat#d t pcl agith high heat stability

according to claim 1, characterized in that the alpha-
e tocophercl content is less than 15% of the total tocopherols
present in the oil

3.- The sunflower seed o0il with high heat stability

15 according to claim 1, characterized in that the stearic acid
content 1s greater than 15% of the total fatty acilids present
in the oil.

4.~ The sunflower seed o1l with high heat stability
according to claim 1, characterized in that the stearic acid

20 content is greater than 25% of the total fatty acids present
in the o1il.

5.- The sunflower seed oil with high heat stability
according to claim 1, characterized in that the stearic acid

o content 1s greater than 35% of the total fatty acids presant

25 in the oil.

6.- The sunflower seed oil with high heat stability
according to claim 1, characterized in that the palmitic acid
content 1is greater than 15% of the total fatty acids present
in the oil.

30 7.- The sunflower seed oil with high heat stability
according to claim 1, characterized in that the palmitic acid
content is greater than 25% of the total fatty acids present
in the oil. |

8.~ The sunflower seed 01l with high heat stability

35 according to claim 1, characterized in that the palmitic acid




content is greater than 25 of the total fatty acids present in the oil. 8.-
The sunfl ower seed oil with high heat stability according to claiml,
characterized in that the palmt-c acid 21 content is greater than 3h% of
the total fatty acids present in the oil. 9,- The sunflower seed oil with
hi gh heat stability according to claim1l, characterized in that the gamma-
5 tocopherci content is greater than 85% of the total toccpherols present
in the oil. 10.- The sunflower seen oil with high heat stability according
to claim1, characterized in that the ga%ﬁa- t ocopherol content is greater
than 95% of the total 10 cocopherols present in the oil. (r) -1.- The
sunfl ower seedcitknwi th Higheheatarstabi biet yne acgandicAge § GaGladi Brdsent
characterized in %hat the delta- tocopherol content is greater than 25c o
t he total tocophe?o?s ‘present in the oi_. .5 12.- The sunfl ower seed oi

wi th hi gh heat stawlklﬂym ancoh divag Bee¢|a1h1m;tmhaﬁanteebzedtbniliwﬂ t he

delta tocOphe;c0loeONt QAL LB G eft elor0al 233,87 Enhheﬁggﬁ] cheCOGORACT O} S

present in t he o The sunfl ower seed host ility 20
accordi ng to claicmdrolcharoaceeri zed igveehat Uﬁ@ndewﬁé pécoph@rot@@ﬁntent is

greater than E§%b8ﬁekﬂ% bggggm tQcopherol s present in the oil. 14.- The
sunfl ower- seed oil wth high heat stability according to claim- ,

characterized in tH&t" tﬁéepéPﬁf%UFé|§QEd il &érd @éﬁﬁeﬁﬁaerééﬁékhﬁhan 5% of

the total fattyachds; presepizi the Qizkacddizedhesupthowar,csegdugi-l Wth
hi gh heat stabllltg% according to c aim1, characterized in that the

palmitoleic a&<Gr ﬁﬁenﬂx¥§e©?eai%r(¥ﬁéﬁe7 0%%f t'Ré t8fal “Fatt{P@dids 3n
present in thedbbhedf.s pFTasrguntl overiseed oil with high heat stability

11.- The sunflower seed o0il with high heat stability
o according to claim 1, <characterized 1n that the delta-
tocopherol content i1s greater than 25% of the total

tocopherols present in the oil.

15 12.- The sunflower seed oil with high heat stability
according to claim 1, characterized in that the delta-
tocopherol content is greater than 55% o©f the total
tocopherols present in the ¢il.

13.- The sunflower seed oil with high heat stability

20 according to <claim 1, characterized in that the delta-
tocopherol content is greater than 75% ¢f the total
tocopherols present in the oil.

14.- The sunflower seed c¢il with high heat stability

o according to claim 1, characterized in that the palmitoleic

o
n

acid content 1is greater than 5% of the total fatty acids
present in the oil.

15.~ The sunflower seed 01l with high heat stability
according to claim 1, characterized in that the palmitoleic
acid content 1s greater than 10% of the total fatty acids
30 present in the oil.

16.- The sunflower seed oil with high heat stability
according to claim 1, characterized in that the linoleic écid
content is less than 10% of the total fatty acids present in
the oitl, preferably less than 5% of the total fatty acids

35 present in the oil.




according to claim1, characterized in that the lincleic acid content is

| ess than 10 of the total fatty acids present in the oil, preferably |ess
than 5% of the total fatty acids 35 present in the oil. 22 The sunfl ower
seed oil with high heat stability according to any of clainms 1 to 16,
characterized in that the total tocoo:zerol content is greater than 500 na
per kg of oil, preferably greater than 750 ng per kg o _ oil and nore 5
preferably greater than 1250 ng per :<g ?zf oil, 18.- The sunfl ower seed oil
wi th high heat stability according to any of clains 1 to 17, characterized
inthat the oil stability index measure(, in a Ranci mat -nodel 743
apparatus (Metroha? AG THer ksatl,ow8Bwi tszed | and) wafit eni@n haduction lpeyi od 10
of 10 hours at nper_at . n._the-u fi Qjl, i e r than.
35 hours, pr efaecr@%%ﬁ/mgrtgat% ﬁé{%;g% ﬂoﬁ%s?%'nggh%rrrﬁgg&pl?g erlgbfrgertg?tggt er than
75 hours. 19. toThe wipebhewrr coskentoills GFtdiehi ghe&t 3¢ alsitdl kgyof @ééording to
any of claims plekorsbly WoEIRLD thenoi 158t abI Ijelky kdSolendex measuredein a
Ranci mat nodel 743 apparatus (Metronm AG risau, Switzerland) after an

i nducti on per P68 ®FePLY RbtA S raf "2 APt &€tr & St 21DC on the unrefined oil
is greater than 100 houks, sprefeeablyegreat en:thanidR0nbour staQ.ity The
sunflower seed oil ~,,irh high neat stability 20 according to any of clains
| to 19, char &668F'7¢d Pnthat” i“s*'Ubt'aitRabl e TFPORT t e XXt ?acwaotn fFcra
sunfl ower seeds1of:saedrylimexl ASs12656, idepaesitied conpd20 NBCOPPACGALE in the
NCI MB ; Nati onal | lection of industrial, rine and Food Bacteri.a) (r)
e, Aber deaf™ S35t Mina PR TH aCHeSeT SR AUnB BT NN S 7 7 5% 2 |

M xt ufes of oidfsl¢onteisnenga acswrt hower osee @i bn deeorrdiefignt®.oianys of
claim 1to 20,22, Hlqun-obtalned ascthe residue, ofbhe, extractinn
pgxcesses for “extracting sunfl ower seed col’ accordi ng to any of claims | to
20% 30 23.- Sunftawerfegeeds sccharacti@pized tbyreontaining an oil with the

fatty acid and. teggpherpl characgterissthcs;desefi bgdyy neat stability

according to any of claims 1 to 17, wherein the oil stability

index measured in a Rancimat model 743 apparatus (Metrohm AG,

.
N

Herisau, Switzerland) after an induction period of 10 hours at
a temperature of 110°C on the unrefined o0il 1is greater than
100 hours, preferably greater than 120 hours.
20.~ The sunflower seed oil with high heat stability
20 according to any of claims 1 to 19, characterized in that 1is
obtainable from the extraction from sunflower seeds of seed
line IAS-1265, depocsited on 20 March 2007 in the NCIMB
(National Collection of Industrial, Marine and Food Bacteria)
o Ltd., Aberdeen, Scotland, wilith accession number NCIMB-41477.
25 21.- Mixtures of oils containing a sunflower seed oil
according to any of claims 1 to 20.
22.- Flour obtained as the residue of the extraction
processes for extracting sunflower seed o©il according to any
of claims 1 to 20.
30 23.- Sunflower seeds characterized by containing an oil
with the fatty acid and tccepherol characteristics described
in claims 1 to 20,
24.- The sunflower seeds according to claim 23,
characterized in that the plants they result in after their

35 germination contain in their seeds, upon being self-

[



inclains 1 to 20. 21.- The sunflower seeds according to claim 23,
characterized in that the plants they result in after their 35 germ nation
contain in their seeds, upon being self 23 fertilized, an oil with the
fatty acid and tocopheroll characteristics described in clains 1 to 20:
i ndependently of the cultivation conditions of the plants. 25.- The
sunfl ower seeds according to claim?23, 5 characterized in that the line
they originate fromis the sunflower line | AS-1265, deposited on 20 March
2007 in the seed hank of NCIMB Ltd., Ab&rdeen, Scotland, with accession
nunber NCI MB-41477. 25.- Sunfl ower plants (Helianthus annuus L.) which, upon
10 being sel f-thertiildezed, aprodyce, seedspeontaiyi ngca Qe WiebhopHehgifatty
acid and tocopherol characteristics described in mins 1 to 20. 27.- Use of
sunfl ower seed§2aRTEdPAYCT GeCFai iR 28 £62 S 1f 6O obt aiicRg i 1gi PE
described in chai @Bl thvt0id0.cod8iciddseopfrra sumfdower oil according to clains
1 to 20 for human gnd ani mal_ foods. 29.- Use of sunflower ojl acggrding to-
: AT & |

9.
claims 7 to 20 fof’tne ot 8?8?%br?%§ﬁ%é”%ndt%iC?UEF%.

5 characterized 1in that the line they originate from is the
sunflower line IAS-1265, deposited on 20 March 2007 in the
seed bank of NCIMB Ltd., Aberdeen, Scotland, with accession
number NCIMB-41477.

26.- Sunflower plants (Helianthus annuus L.) which, upon
10 being self-fertilized, produce seeds containing an oill with
the fatty acid and tocopherol characteristics described in
e claims 1 to 20.
27.- Use of sunflower seeds according to claims 23 to 25
for obtaining the o0il described in claims 1 to 20.
15 28.- Use of a sunflower o0il according to claims 1 to 20
for human and animal foods.
29.- Use of sunflower oll according td claims 1 te 20

for the production of biolubricants and biofuels.






