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

i ndustrial 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 donmestic and industrial processes redquiring or 10 causing high
tenperatures, both in the food sector (fried foods) and in the industrial
sector (biolubricants, Qbﬂi‘%ﬁ 'oxLGWﬂ-ﬁ‘t}E f ER'F @h:ﬁfﬁi‘%yuse of vegetabl e
oils in processes requirrﬁg—er——eausrﬁg—hrééigkﬁﬁﬁaﬁirures—denands that the
oils have high heat 15 stability or thermal stability. Subjecting the oi

to high tenpggg(yQﬁf%%gd'££ons typi cal of food preparation processes
(frying, bakrﬁg;ﬁef—%%rebfen processes (lubrication of notors and

machi nery) causesTihe sénves:igh did degradengipr ctessesiculuctnlassaxicdati on,
pol yneri zati on, dr is, . cyclin and 2Q.isonerizatiaon, which result in
the¥?ornatioﬁnoftﬁ?ogh%gs W %m”un%P%asﬁhtqgﬁelf%wgﬂﬂnﬁlavg?gk%ﬂd aﬁ€h
negati ve propenfi®sr foidnebhecnuif ittheopakspoi ntnwhticewhéBast high ardtSanchez
Muni z, Ther nal idation of olive ojl, sunflower qil and m x_of . both

oil s during gg‘?kf@f(l&iyscorﬁ%ﬁhnu%ﬂ%atae(fne#éﬁnc ???ﬁ n\gg o%hfg d?lf[*afelrogﬁtr °9dds. Food
Sci ence and Techsollggexistengat Tionatigh Heb%- 21ab200ty . o Thehoceilr menee of
these oil de gadiQ%blprgces es %s Iomgrchnqrth refore the useful |ife of
the oil is 8 edter " The hr eqtEr 1"t 8" Redt St abF T i ¥V e *héat st dbl 9ty of
veget abl e oi bsussngmahindly t8fipdeiwrmasnecdday: | irs degr geocof amsatrur atriied and by
the presence, therein o

f bsit W th antioxidant . t] i,ch
QoLeet e 61 Gurtty he P RRa i S TRE GRbl THRE b/ BEGrAdhG

ocesses. Theadegrteehef Aunsaturation of the oil is determned by its fatty

acid profile. Fat%g acids are nore 35 susceptible to oxidation as the degree
of unsaturation or 2 g p q g

causing high temperatures demands that the oils have high heat

15 stability or thermal! stability. Subjecting the o0il to high
temperature cenditions typical c¢f food preparation processes
(frying, baking) or friction processes {(lubrication of motors
and machinery) causes a series of oil degrading processes,
such as oxidation, polymerization, hydrolysis, c¢ycling, and
20 isomerization, which result in the formation of products with
unpleasant smells and flavors and with negative properties
from the nutriticnal peoint of view (Bastida and Sanchez Mufiiz,

Thermal oxidation cof olive o©il, sunflower ¢il and a mix of

e both oils during forty discontinuous domestic fryings of
25 different foods. Food Science and Technology International,
7:15-21, 2001). The occurrence of these o0il degrading

processes is lower, and therefore the useful life of the coil
is greater, the greater 1ts heat stability.
The  heat stability o©f vegetable oils is mainly
30 determined by its degree of unsaturation and by the presencs
therein of substances with antioxidant properties, which
protect the o¢il during heating and delay the occurrence of
degrading processes. The degree of unsaturation of the oil is
determined by its fatty acid profile. Fatty acids are more

35 susceptible to oxidation as the degree of unsaturation or



nunber of double bonds in its hydrocarbon chain increases. Anong the nost
common 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. Radley at al., 1994; Cccurrence and
characteristics of oils and fats. The Lipid Handbook, ed. F.D. Gunstone, J.
L. Harwood a B I ondon: I - 1840:223), Ol
seeds natura?ﬁ?g%?oaﬁcégggggtgﬁggg ﬁﬂtEtgg?ﬁgg?ggﬁ%$ﬁp%8%£$tﬁgéf anﬁﬁg whi ch
t ocopherol s stmand QW mokbcopherolisitareacimd eculvesetonst stiilsg ofnalaticomanol
group and a yl . si i Ther e di fferent natu |y curring
forms of 15 $g¥%ph8$%3§?5%gﬁkggﬂglpﬁ%F?ébe é&ghzaﬁﬁﬁgg}an QdeF@%_rm%&

t ocopherol, dibfteringef r one onexadet hrer, by fohkowadrbebyand irpdsiiti omafd net hyl

(Me)- groups i r | ri (Fig .. Fi 1. Chenical st ture of
tocébherols é?oi§ﬁﬁéﬁ}uﬁgggﬁi4r g%?) Itdo@ﬁ%ﬁ' ~.g§%§§)1w' p%?b?@o Zd&ggghk;
R2=Me: Al pha<{rocopirrolratfi=Mene Rl Bdiad) ocopHestkar Ri=kd R2=NBitic

camme- tocopherol, RISH. fR2att Dehidr tagopheralq.25 Bl acesddey are oy
| i posol ubl e substances, the'tocopherols preseni in oil see §’pass to the
oi | during theSéxtPactimmceprovksshadatert heychave aidealanantiagei. dafite

action. On O%ﬁigaﬂgfzdéé‘&){ have i n vitro agLi Opa g-.e-wa&g‘éé{. Bkgt gCt L he oi |
30 and the products contai'ning them (prepared roods) or derive fromit
(bilsf uel s, bPetildy.i damteh: f Clornrexi datiabh dur.i AG-323) .
0il seeds naturally produce substances with antioxidant
o properties, among which tccophercls stand out. Tocophercls are
molecules consisting of a chromanol group and a phytyl side
chain. There are four different naturally occurring forms of
15 tocophercls, called alpha-, beta-, gamma-, and delta-

tocogherol, differing from one another by the number and

position of methyl (Me) groups in the chromancl ring (Fig. 1},

Figure 1. Chemical structure of tocopherols
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R1=Me; R2=Me: Alpha~tocophercl
R1=Me; R2=H: Beta-tocopherol
R1=H; RZ=Me: Gamma-tocopherocl
R1=H; RZ=H: Delta-tocopherol
25
Since they are liposcoluble substances, the tocopherols
present in o0il seeds pass to the ¢il during the extraction
process. Here they have a dual antioxidant action. On one
hand, they have in vifro action, 1i.e., they protect the oil
30 and the products containing them (prepared foods) or derived

from 1t (biofuels, Dbiclubricants) from oxidation during



storage and use. On the other hand, tocopherols are bioactive conpounds,

exerting an inportant in vivo antioxidant effect, i.e., within the |iving
cell. This in vivo antioxidant activity is known as vitamn E activity (G
Pongracz et al., 5 Tocopherole, Antioxidantien der Natur. Fat Science and

Technol ogy 97: 90-104, 1995). There are enornous differences anong the four
types of tocopherols in relation to thei# in vitro and in vivo antioxi dant
activity. Therefore, al pha- tocopherol is characterized by having maxi num

efficacy as Da.P:LJa I i ¥eeand i oxjdant, o ,vidam L En Ryt i L5, 1y M LEQ
activity is ow%ien ggma?ison Wit flOQt he gt er tddq:gggﬁero S. eBy tAKi 596100%
(c) anti oxi degitrcaedsvi eyef binal phainmwodpher oh agva pefepehnteit Rddgracz et

al . (1995, rk mentipned oV er m+ned ative gtficiency, n vivo
ant i oxi dant \é\Pb%(' ’50%#’%? bettar%- %v?g op el?dl ,Tég‘%’/o ffgr é/gmgra-%rg%op lgira(%'[, and
1% f or del t aattocdslyerisl knbrncoant vasanin e acgliattve(ef fPeiwmrecy & ied.vitro

ant £ oxi dant Sy yg; h%%%%?éf OrAJ?g%c%ﬁa%%QE?QST Olie 191@%?41“ del a‘séi%%%Bhe%%’ and

285% f or gama-t ocophéf ol . ower oil "naturally has a fatty acid profile
20 consi sti ngedfngdakbm Pi'’e 6rd0{4-BIOf. tThereoktak Pattyowtidsifierestearic

acid (2-6%o t f at cids i ci.g, (20- % -fotal fatty
aci ds) and I%r?]%{bgi%h%agéo r( 4té%$ %ng )Ef)ﬁglgﬁétrg%lgsl at%gaég?ésggfo %Egl%elagti ve
proportion ofitpiei enandn(cyitd neheigxifdanty adiidstys VidrEratbbeeand lgheat |y
depends on t r | e opnent . of e
(Fer nandez- %%@%gg?g{?ga?E?F%%%%rz%gn%g 8?9%12 rrf?%%%uéﬂniecftfﬁi%aﬁﬁaga Fow
ol éPc acid hybriids efitsomidaowerr CropriSciFentet 33:s 1158-111633¢ctid93) 1s A wi de
range of sun i WLEh i fie t i rofi n

evel oped byiérvg\;\ﬁ{s %%gzﬁ\éﬁ?%cwgggi%er govtfeh%wtsrn%{:.oc%iégﬂcgllsn' |E§Yﬁ2tsah‘§\é§e?§§éd and
heir fatty aciidxigeofi|lasianeyshiown ebhpHabicobheTabl exsl. aMefdranty, aci d

cunf | over i e Zonghr ot {0 PRY’ staidar BB A Ak ek opr b oo e A CEE
Fer nandez- Mard¢liatéreefdlic}e8% Mg ora wed ancabk téahdelofgirigsdlor Mejtera
GE@gtiCS de éé%é%herol, 25% for gamma-tocopherol, and 1% for delta-
tocepherol. In contrast, the relative efficiency as in vitro
antioxidants was 182% for beta-tocophercl, 194% for delta-
tocopherol, and 285% for gamma-tocopherol.
Sunflower o©il  naturally has a fatty acid profile
20 consisting of palmitic acid (4-8% of the total fatty acids),
stearic acld (2-6% of the total fatty acids), oleic acid (20-
45% of the total fatty acids} and lincleic acid (45-70% of the
total fatty acids). The relative proportion of o¢leic and
e linoleic fatty acids 1is variable and greatly depends on the
25 temperature during the development o¢f the seed (Fernandez-
Martinez et al., Performance c¢f near-iscgenic high and low
oleic acid hybrids of sunflower. Crop Science 33: 1158-1163,
1993). A wide range of sunflower lines with modified fatty
acid profiles have keen developed by means of genetic
30 improvement. The main lines developed and their fatty acid
protiles 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 Ferndndez-Martinez et al.,

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



Calidad en Plantas. Editors: G Llacer, MJ. Diez, JJM Carrillo, and M L.
Badenes. Universidad Politecnica de Valencia, pp. 449-471, 2006) Muitant
Fatty acid conposition 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-28.60.02.010.875.0 LP-14.70.05.423.8
63.7 RS1 3.9 0.0 2.6 40.1 51.8 RS2 4.44.0 3.2 42.9 47.7 High palm’tic
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 2. 1 HP I|n 23. 9 3 4 0 20. 0. 7.. CAS- 29.5
12.3 1.4 5.4%’3.1%&% ? 3 it aC| gc():ontent CIA%CfIS. 16050 206166 13§§§5
CAS-4 5.4 0. G?aIIiBlGA 6a17ﬂt$ M. ICAS- B den8s0. 0U91i ©= 2034 d63.P811CAS 1<k 8. ¢ 0. 0

37.3 12.4 38. 6. 5. 556.4 CAS-20 5.7 0.0 7.7 35.9 50.5
H| gh oleic aé]%éi con?erﬁp Pgrq\g;e%l)Te’ Z%O%jr ---- ----79.314.8 M4229 3.4 ----

18.13.9 M3067 3.9 ---- 5.2 54.6 33.9 Hi gh linoleic acid content (r)
F6 sel . ---- <= 77326081 ~—F810—5—

©16: 0- palmtlc

ko) } éaei;l 16 : : : :
acid; 18:2= lljgcf'aﬁc'ié'r T 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 3.7
RS1 3.9 0.0 2.0 40.1 51.8
R32 4.4 0.0 3.2 42.9 47.7
o High palmitic acid content
275HP 25.1 6.9 1.7 10.5 55.8
CA3Z-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-4 5.4 0.0 11.3 34.6 48.0
CAS-8 5.8 0.0 5.9 20.14 63.8
CAS-14 g.4 0.0 37.3 12.4 38.0
CRS5-19 6.8 0.0 15.3 21.5 56.4
CAS-Z20 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 86.1 3.9
M-3067 3.9 -———= 5.2 54.6 33.9
High linoleic acid content
e F6 sel. ——— ———- -——- - 77.3
2698-1 ———- ——— -———- -——— 78.0
5
“16:0=palmitic acid; 18:0=stearic acid; 16:l=palmitoleic acid
18:1 =cleic acid; 18:2=linoleic acid.
“Data of standard <crops obtained in cold and warm
environments, respectively.
10 ‘Data not provided by the authors

Sunflower o©il 1s 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 tctal 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 (Denmurin et al., Genetic 5 wvariability of tocopherol
conposition in sunflower seeds as a basis of breeding for irrproved oi |
quality. Plan in 1 1 . Sunflovver Ilnes vvi a, hi gh
bet a- tocophertgfﬁgkggfl tﬁtc'f( #Srcgg%?f& %)%g%l e tot aﬁuntfc%%% % S) “a hi gh 5
ganmma- t ocophérel s cont entefiimg e fohanm@0et of bhle noaaltytoed)@zhemlre@dna;nd a
hi gh delta-t ph c t e t ha 5%. the t.ot aI er ol s) have
been devel opq?i9 §£0§a6 qgkgpge%ue l S r%)r\lleesneﬁgk(ﬁer n% 57 Ma?f Ir)}:hee; %t al.
2006, work wentemmedmabeve:)xanlmc&ntbfowee gidts 1wl tdrcghleowl degr ee fofgh
unsat urati on, %Qgﬁstlcgg of . sak rat ed a%ttygoam ds, (steearitcot%(ii d and
palmtic acd @ nounsatura%ed fa y acids (olelc aC| d) "have ~greater
heat stabili ttycmhtamrcsltsandalmd sunfilbbwele loattoaitlieral hbghent degree dfan
unsaturation (R JLarces, talal bol—hegrh St algll e.13. Y, gc?etvaeQIO% 8I Ey mé/‘l)ggl 6f4546)
Li kewi se, sunfl ower 0|Is wﬁ S pha-tocop ©r o Been par |alﬂ
substituted wehbatot hemprfbmmphem}rsrmntdhzammr@hmz i ac viatir o a?rﬂ%oxnda:m
power, nai nl%gl Lfamma: ove el ta-tocopherol, have greater heat stability than
standard sunffower ol h a high al pha- tocopherol content 20 (L. Vel asco
andw. M Fernands;anﬁzacvvtarn@zlsSumtﬂioa/velrouSeietchew vh UHEQ:I‘[IJJ?%E-D&rt@Ebﬁ-NGI’O'
Cont ent . V\02004/ 089066 No, ye dat%l sunfcjso er g}a{erlal g ianglsthiocf whi ch
ﬁioduce an of "W ih & row aegree of' uﬁsa(f Urat'ion: deter ST A igh

turated andc1m)ncmrdsannunaueﬂatha:tatt:ydacfedttcpntaemtis anholt anict haalhbwk&lv@ha 25
t ocopher ol cont ent 'He' tsstcok():olohcer WP o%‘tlaln%ar}%s e @Owggv%ll ped d.unt ial NOW.
Description SfSThe" | Avent o

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

15 vegetable oils. W099/64546). Likewise, sunflower ¢lils in which
alpha-tcocophercl has been partially substituted with other
tocopherols with a higher in vitro antioxidant power, mainly
gamma- and delta-tocophercol, have greater heat stability than
standard sunflower oil, with a high alpha-tocopherol content

20 {L. Velasco and J. M. Fernandez-Martinez, Sunflower Seeds with
High Delta-tocopherol Content. WO02004/089068). No vegetable
sunflower material the seeds of which produce an oil with a
low degree of unsaturaticn, determined by a high saturated and

° monounsaturated fatty acid content, and with a leow alpha-

25 tocopherol content in its tocopherol profile has been

developed until now.

Descripticn of the Invention

Brief Description

The ©present 1invention relates to a sunflower o1l

30 extracted from sunflower sszeds having & series of properties
in its fatty acid profile and in its tocophercl profile
conferring it with greater heat stability compared to any

other sunflower o1l developed up until now. The sunflower cil

object of this invention 1s 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 (palnmtic acid and stearic @cid) content between 15% and 6
45% of the total fatty acids present in the oil, an oleic acid content

between 45% and £3%0f Lhe tetal, fally 3 !aggnt Th %h%'%) %Cac—(h 4139 hQXﬁ%?m

pal mitol eic acid content greafer”than 5% the total ‘fatty acid
when the predomteant bgatasratied SndaﬂryOQCKHelquaﬂ metrg %mudﬁ Thesl enbl ei ¢

acid content nth & 1833 Lhan Q%lmEngee{ﬁte%%’lu %ten%mr;gw?(g%%rtl{'ﬁ?%ﬁ ofal fatty

acids prese inthe ol ew se and de t ocopher ol
represents nore mmanl85&&of BheiLoU&hnﬂ@cwpherohs ppeegentantn sahereteqd the

al pha.  ocophes gl cONLENt heng L eos. 10 than, 156l Lhe t obdlooqanherol s,

and e total ero con is ol 15 between er kg of
oi | and nore thag) wﬁanEmZSGrﬂglpeﬁek@ omam|5° bt itbeancorl ﬁﬁthyaahL@h heat

stability, its Qi ahi ity in su ely 3
appar at us 1§HFN§#FOEEIA&, l%Fsgﬁﬁegnggzeﬁ na?m ngggan |n§ggt|o%t%erlod
of 10 hours ammapbenpbra@mwaﬁamt51mcceonh@meSM%rQﬁ|tmﬁitnﬂ@l dreiopgebet sveen 35

hours and more. Lhan 120 Rours, The bresenl, inysation also-relaies to.the

sunfl ower séeds contai ning an’oil i'Gfied “Char act er i tics,

andlg he sunfl&h&m‘q@lamﬁs1Mh1dhma&pancbghﬂgﬂselﬁutbﬁﬂwiHz&@l nmmﬂpber@beds

with the nentlonegt grﬁgteré |l%sbe Qgée 9@ curre tIy no . unflomer seeds

‘szodUC|ng an Gi1-oW t R i'mation of racteri st |cs N tﬁe fa?%y aci d
d (c) tocopfremoll2pe ofg lres sychf astit.he one achleved in the seeds 25 object

of the present I nw ntion._The f the .0 RL. hu n d ani mal_ f oods, and

for the productloﬁlofsb|61u8r?caﬁﬁé andqﬁ%ﬁue S |n%aPsg dﬁotﬁ% OP

stability index (measured in a Rancimat model 743 apparatus

15 {(Metrohm AG, Herisau, Switzerland) after an induction pericd
of 10 hours at a temperature of 110°C on the unrefined oil)
being between 35 hours and more than 120 hours.

The present 1invention alsc relates to the sunflower
seeds containing an o©il with the menticned 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 o©il with the
combination of characteristics in the fatty acid and

o tocopherol profiles such as the one achieved in the seeds

25 object of the present invention.

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

Detailed Description

30 The present 1invention relates to a sunflower cil
extracted from seeds produced by plants of the Helianthus
annuus L. species which preoduce a special oil type with
characteristics of 1its fatty acid preofile and tocoepherol
profile conferring it with excepticonal heat stability.

35 The mentioned oil is 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 ants 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 4 5% 0 thet t y_aci ds and

delt a- tocopherQ gs"iljcrﬁ&eorﬁjtaé nt %gr%a a% hsé.ﬁ 7)of: ?heg? ft[egtt g%m%her ol s
present in théeoicb}yal ﬂ'elmetycoardmdrsatmornhefoth)e,sea ftiyree lpriopertdesoconfters to
the oil hlgh at . st |I|t ThIS can ohav aI toIelc aC|

cont ent greapgr%%h %?5(% ’?éftt%‘a?(f idrda}s rrarm rl];Iwh%n A

pr edom nant siatluaatceccbrfh@b:by ammd cbstpat m(@r@t&o:i d-,ha\m tEhSoa A0 tInenotceuad acid

content | ess than 10‘V prefer bl s th 5% of the taI ty, acids
present in the© 8?? rc( S) Sen%ar |cuﬁ (’i od|40r?ent N e i loﬂv@ﬁfil%}h % he

pal m tol ei ¢ atirde cmmttlres goead ey tbhalnre 0% @ﬁghhbeatat:alablﬂatyy acr ds in
the oil. 15 The m%%(lr mum olrl stabﬁ i tyhof the orI o onf erarcetg_li bg ntent
saturated fatty aci dg. wever, a very Ar gh cc?ntent of "thése” f3a tyacids in

the oil detenmeaesr ath@mrv §|%Dloé poienttdtralf rfeed y faoods,and iallyowheinl the
nutritional valg eiolsae%é:r crd anfers, otheglt{gwgr grl Stcﬁ lity
than the sat BFSE&d 14T y° 2 u ighet Snoke poi it “ahd “a hi gher
nut¥d ti onal \lahUEechmmm ccanendeIIEas tlmmoplrte%-r olp&e(femfaetytbewtettmd &n oil

stability great ey atn it er%{;conf erred bg%#)e]’trﬁ-thgnd f\l pha- tocopherols. (c)

@e al pha- t ocophé erott cont ént” of “tthe “6F nvention 25 is |ess than

% of the total ttecophepslsiqriesentmbndimentoi lof The tohaknt dcophertad
content can alse, range betueen 200, my; per, kg of oil apg nyrethan 1250 my
per kg of oi P

fatty acids in the oil.

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

20 but a higher smoke point and a higher nutriticnal value.

Gamma- and delta- tocopherols confer to the oil an oil

stability greater than that conferred by beta- and alpha-

tocopherols.
o The alpha-toccophercl content of the oil of the inventicn
25 1s less than 15% of the total toccophercls present in the oil.

The total tocopherol content can also range between 500 mg per
kg of ¢il and more than 1250 mg per kg of oil.

This il was obtained by recombining the following
individuail characters, already previously developed 1in

30 sunflower:

a) High saturated fatty acid cecntent. There are several
sunflower lines having between 15% and 45% cf the fatty acids
in the o0il 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 follow ng individual characters,

al ready previously developed in 30 sunflower: a) Hi 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 formof saturated fatty
acids, both in the formof palmtic acid (16:0) and in the 35 form of
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 t he total fatty
acids in the f seeds,._.,and.  2) .high :

content of V\/ntrg)ltjn %é:eg L Wet'gﬂe f%@aéh% %1%09:) %fm?%] ft hlf: tt‘ga%%:gr“}(fs?%r 2gfhe oi |
of the 5 seedsndandi ké patnitiodleifataei dcr';cmttle"nttheléll)ot)ftlvmiﬁedrss ahet ween
5% and 15% of , f he , g;f-?t atfm%tt'i%! agl ds éc{‘tnh*t%co'!tc of Ehﬁteétee%% D) 4 g ol ei ¢
aci d content %18 1 e sunfiower lines Treferred gh ol el c**used
have between 85%cand195%of 45EOOtEhEh¢ a:tcttyalacfadrswa'mtdhelor th@fmtlhewrfr tseeds in
the form of 0] ¢ acr The noI acrd ont en ) etvve n 2% and
10%E(r) of t C!t:otarf fatl?ypac?lﬁréorenlcthe o1 1° rt?ctnﬁ: szl J'b eh

gama- tocophetra)jweamdwlehna tocaphehel tewm TontyeatidIhis tdtmrcadt erf I:Be
present in seyeral sunflower lines, 15 in which the sumof both tocopherois
represents nore than 85% of the total tocopherois present in the seeds. Two
types of Ilines We:re luised: o )i chisghi dgarmaet ocopheriol , Then whifdhwihe lgasma-

t ocopherol cont represent, r than 85% tot al £0CQ herois.in the
seeds, being aebﬁe &6 rQeac aﬁt/ uoglo uusteo gﬁv%gka/e BFEThe ot aﬁ ?écop eroi s
in tlhe seeds, tlend a2y yhagiridelrt ahet@i:bpj"fertme;.rlmm dh the felt arft odopher ol

cont ent represendt]s el tlltan 653@ COtnr%en ococg eroI S | .the segds and
d;e ganma- t oceophieror ¢ontent© represents rm % ot Ph *t 604l

copherol s iat ttl’me seeds, faty sumdmflrdetlhEaetDC@ﬁ)hetealr aaeidQS
gamma-t ocopher ol |ng eater th n 85% oflth I opherols in the
seeds, bei ng abl et o reach a’ VAl ue °5PFY pct A)og *tHs Q[toco ﬁ focopﬁerol s in

t he seeds. Thargeeds mmlixﬁﬂmracter is present in several sunflower lines,
15 in which the sum of both tocopherols represents more than 85%
of the total teccophercls present in the seeds. Two types of
lines were used: 1) high gamma-toccpherol, in which the gamma-
tocopherol c¢ontent represents more than §5% of the total
toceopherols 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-
tocophercl, in which the delta-tocoepherol content represents
more than 65% of the total tocophercls in the seeds and the
gamma-tocopherol content represents more than 20% of the total
o tocopherols in the seeds, the sum of delta-toceopherol and
25 gamma-tocopherol being greater than 85% of the total
tocophercls in the seeds, being able to reach a value of up to
99% of the total tccophercls in the seeds. The seeds of both
types of lines result in an oil the total tocopherol content
of which 1is between 500 and 1500 mg per kg of o0il, with the

30 tocophercl profiles aforementioned.

Since these are characters with high genstic 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.



types of lines result in an oil the total tocopherol content of which is
bet ween 500 and 1500 ng per kg of oil, wth the 30 tocopherol profiles

af orenenti oned. Since these are characters with high genetic conplexity,

t he reconbination was perforned in two steps which are described bel ow 1)
Reconbi nati on of the "high saturated fatty acid 35 content” and "high oleic
acid content" characters. 9 Controlled érossbreedi ngs were perforned
between the lines with high saturated fatty acid (palmtic acid and stearic
acid) content and.the_line with_ high oleic acid content nd the F, hybrid
seed was obtained"° ﬁf%llseéjedcéosgseh‘?r%ﬁeﬁéf‘%a and th ejéo?]?néesdpoﬁﬁigﬁ%erbl ants wer e
self-fertilizédest ovialt ahivh heakEprsestl, fwhigh showedrsegitegat boid f amdbot h
characters. Since. each,gf the individual, characters,is, contholled by 1-3
genes, nost O them recessiVe, 't s necessa?y"’fo anajr?/ze a mean of 100 F_
seeds of eachoofeithe t0dcrussbFeediyngsdt aeebt aias ackeedndavi Mgitheseced

conhi nation qf the )..characters sought, i.e., high satyrated fatty acid
corrr'%ent and gﬁlrr&hnaoﬁeg canéjlg?t Ot EREPCThE opv&afnrtgqﬁ'%ﬁgy 5 ﬁféggﬁtrlrl:lnzc% of
seeds whi ch contibtednt hend WO chasact enschmdeovbdnecessaeyido famalpsre an

average of 2,000 seeds of .each of the 15 crossbreedjngs to obtain a.
sufficient niftbe?” ot Sseeds™ift F1He OtfwotE‘Snbf?l%ld“cdr‘fzfaaclcg?g‘?c?erfsord@r for
t he conbi nat bont of1 Inmdi By ed -Ghagacicr smeft blie fradnt yracdéesipregf i be twasbe
comercially usefulf the characters nust_ b Oi theritgbI e .and %he% st be
expressed 20°FhaepEndent | b Fhé i ohment’al " c SREFET 6hs S Wi he

pl ant s are cuktsyateediinger ttholstaieasoneced Belaed 0 proacesstiwasecamduct ed

which led to fixi the characters and to  verifying thei,r, stability under
A r P Ebndl 1 onBoo o 1 HEE BHAE S UHe Sedrect LT SDEds ver e

(fferent enVi'fbh
wn and 25hifie geastiscist abditeny . offhkheceorbkgesn chas act et sr wasecoif i r med

by reans of analyzing he E, seeds, origl nating fromshe, el Lz, fer i lization

analyze an average of 2,000 seeds of each of the

15 crossbreedings to obtain a sufficient number of seeds with the
two compined characters.

In order for the combination of meodified characters of
the fatty acid prefile to be commercially wuseful, the
characters must be 1inheritable 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

e conditions. To that end, the selected F  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 o¢f 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 cbtained 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 aclilds, and a low linoleic acid content, less than

35 10% of the total fatty acids.



originating froma high 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,
bet ween 45% and 75% of the total fatty acids, and a low linoleic acid
content, less than 35 10%of the total flatty acids. 10 2) Reconbi nation of
the new "high saturated fatty acid content and high oleic acid content”

character with the "high. .gamma- and _delta-tqcopherol symcontent” .
character. In thig) se%%onméjlgltaéﬁ?ingnf:geoB?"é'ti ngﬁl&? ns?%%ra%regvi%t}gy 5%fep 1)

wer e used whichcarecembi héga bdigh satidr abeterd@dt tohaaeicder contlenthe 1% g45% of

the total fatt acid§1 B%f in.the. oil adthiq:h ol eic acid content
fa

%a a- ap égﬂgoqﬁgherol suﬂ conren q racger.
(45-75% of the tota y acl present 1'n the oi a) s well as plants

wi th a high gammaint obopherobnandcdel t @itocopberelnsumicontentp{emivest han

85%.0f 10 the tatal tocopherols present.in the seeds). Afte erfaormng
con(';‘c)rol | ed c?%espéglr)eg&irﬁgggﬁ‘gt‘ahelecn trﬁé:omf)llrﬁeesavm]t% ésaﬁllléﬁ@eg%n%aat&yaﬁﬁlw
del t a-t ocophesradersumléent Bat ofM e thrapl aatsy widikisaphegénsaturiateedifiatty

acid content_and high. oleic.gcid content, -the E-__hybrid s was_ .qbt ai ned.
This seed 15alb€(rjnn;i%kgtoel *&nd “the“¢d erneq:sp@ﬁt’dﬁ% BFaﬁ?% g%%%l s]g%:fdt-yf &t Fi zed
to obtain therdserseeid; whd chishowes sepr egat poanfor wihe threeh chamaet ers

obj ect of the reconbinati.o i.e., high saturate fatty acid (palmtic acid
ol st eari ¢ BAGT SR8k BRE Dk ToBPaRE ah L ORRGREE M Dy o dime T and
delita- t ocophettoltsum 20ccgidrents. p&e pee tihetsougiddsatty acid profile is
controlled by 4- enes nd .t he sought tocopherol profile is controlled by
-3 genes, gener a%t%rr e%ée’%%r\%?gi tco\f\l/ggoiﬁ]eec sggﬁft{r&eﬁlﬁﬁﬁz%eéwe%a%%f 400 F
eeds of eachirofs Whehcaossdir epdinagsat® @htai-nceopiseed bawi agntdre eambi nati on
ed fatt cid cont hi gh

ol ei ¢ aci d_cBnEanr S S8 hrg GAma. “ERE el {0 GEoRherer Bum Contart. The
| ow frequeneleiagf saddursenee: oftheeedhiyirichseadbiaredvtthénté@o This seed
15 germinated and the corresponding plants were self-fertilized
to obtain the F. seed, which showed segregation for the three
characters cobject of the recombination, i.e., high saturated
fatty acid (palmitic acid and stearic acid) content, high
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 tocophercol 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 seaed having the combination of the scught characters, 1i.e.,
25 high saturated fatty acid content, high oleic acid content,
and high gamma- and delta-tocophercl sum content. The low
frequency of occurrence o¢f seeds which comkbined the two
characters made it necessary tco analyze an average of 5,000
seeds of each of the crossbreedings to obtain a sufficient

30 number of seeds with the two ccmbined characters.

In order for the combination of modified characters of
the fatty acid prcfile te be commercially useful, they must be
inheritable and they must be expressed independently of the
environmental conditiens in which the plants are cultivated.

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



characters made it necessary to analyze an average of 5,000 seeds of each
of the crossbreedings to obtain a sufficient 30 nunber of seeds with the
two conbi ned characters. In order for the conbination of nodified characters
of the fatty acid profile to be commercially useful, they nust be

i nheritable and they nust be expressed i ndependently of the environnental
conditions in which the plants are cultivated. 35 For this reason, a

sel ection process was conducted which led 11 to fixing the characters and
to verifying ei.r bi|Lty nder _different enviropnental. conditiops. To
that cend. neo sorsiiba bt HuadRt it ShEn e e B gt Ay T ¢ he
conbi ned charascteer sdivas: reanf iemvedobyemedanscaidianahygzi Ny t heatF, ebd seeds of
each of the F; plants, and of F, seeds ori.gipating  from.a.hi.gh n r of F-
pl ant s. These$ep eé:%teg \K/ér e~ cul t"i’évraet ed "™ fA'di Fgeer%%]?etelncvisftoa%’r%gﬁ?g, Omggﬁ
served t o confénmnehathihestesisnubbtaneolisrexipbesstars aff hinghysatyrated-.fatty
acid.content,__hjgh oleic¢c acid.conten nd hi gh _ga -t ocopheral _and delta
10 t%copherolseseu% coofﬁteeanct% iosflt & Pftésﬁ}lfmg?’ aali‘“igxce)g gggs%? asol%rlgglerlﬁgtlfl%

i nheritance whiah a siiegxpnessed ¢ndependetrdt | yitefset héancsul véxmatdonicenditi ons
of the plants, As g result of this second step, plants were, obiaiped,  the
seeds of which' cohtain a hi gh-saturat’e atty adrd “1s contéft , 'bet ween 15%
and 45% of t heintdttahebas t yx@cisdd opr esenigh nsdtheraokl, facty givicl eicnitact d

content, between 45%and 75%oof _the total fatty acids, a gamma-tocopherol
and del ta-to\é%lﬁ?eroglelCsﬁ%l%o%?netnetntgr gﬁgegl?Iha%a"é?%%?)fm?}ﬁ%“?lotaé’l tdggggher ol's
present in ttewhkroWWhennmt hensewr cés othsatusattedef att yiaeddanvwastab2 |i ne

with a high palmtic .a idfontent (]hS-.45%of t he to.t%le eggt%éwagigfs?hn t he
00

i1), the preSdiddCor A palmitol Bt Tactd “HHteTe gresrsrdt the

otal fatty acildsvinibhecwiditiwas af stveobsenved. (c) Taking into account the
range in the fattyAacid 25 1tic, stearic and Cﬁ{?eitc aci_d)

t ocopherol cont ent™f® f%seu%%ﬁ(f’a%o Fo 1 PreE UsEd i n RS i fwfeé[reeﬁ:?br%gmed
recombi nat i on:tst epsedst hef pahiticula@ntembod manys ofattthetedvefditgn ebiai ned
inchgde 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, & gamma-tocopherol and delta-tocophercl
sum content greater than 85% of the total tocopherols present
in the o¢il. When the source of saturated fatty acids was a
20 line with a high palmitic acid content (15-45% of the total
fatty acids in the ¢i1l), the presence of a palmitoleic acid
content greater than 5% of the total fatty acids in the oil
was also observed.
c Taking inte account the range in the fatty acid
25 (palmitic, stearic and oleic acid} and tocopherol centent of
the sunflower lines used in the different recombination steps,
the particular embodiments of the invention c¢btained include
vils with a stearic acid content greater than 15%, greater
than 25% and greater than 35% of the total fatty acilds 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 oll of the invention has a gamma-tocophercl content

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



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. Qher
particul ar 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 tw other particular enbodi nents of the
invention, the oil of the invention hasiza gamma-tocopherol content 35
greater than 85% and greater than 95% of the total tocopherols 12 present
inthe oil. In other p%\%tic.uf ar enbodi rents of the invention, the oil has a
del t a- t ocoph®foi“‘conflent® gteater than 25% greater than 55% and greater
than 75% of the toiabttecopherohd spr eseniiinbnts the woiel .iMweattiont hentatty
acid profile wth alo nsaturatio | evel , which is the in cause of the
oxi dat i on an%lﬂ oW%eaatg\é]lslttaé iOFPSE}e%?q 498 GEGePABT e5bi FE™" antf 't ¢ THESPr esence
of a high ptioporiszoanefgte@oephenahs’ tdf anst tongl proebeatryes gotdsent 10
agai_nst oxidatign and the effect of the high tenperature, the oil extracted
from the seet$ tg}eoéi’d ed by the plants described above has exceptional heat
stability, nmuch greates thanchhat ao0fid apyotiarventdronal 1suntheserraaiibn and
al so greater than that of ot her sunfl oil .which only has the fatty
acid 15 protiYe/or Ve Cocofhelor piufi & nolr! PELSTHE oi1Y SCHBIFREY | ndex
(OSl) of thesoidilchjyeect oie tthgecpresentl d, nweat tOmhaeasyeedeidr & Rapsi mat
nodel 743 appar at us (I\/gttrohm AG, Heris.a;t%,1 S\Mtzerla[lﬁc:% after an i nduction
b 0

period of 10" H5i'd 8t RPREATOrE of-'110e GitPRE UHrefiched®oi° 198 ranges
bettween 35 amghiki2@ hautstidbheartchemnepedXédatdve rdegrigdat bope oftiafe, oichei S

eval uated by, studying the degradati on of the tocopherols present .in said

T andt he DU RACEBE SHOT e SIS aana5 Sy P s SdRP T ha Gy Hhast | ng.
he oil objegicwf Hdwe Prcepedbnd NViIeNdd Gtahasiay | heddw- g2 @ dadahvehat
degradation |l ess than that of the Qil obtained from the seeds used as

parent seeds®! HHV rfémé(e%%\%?alpesru@éﬁf’ﬁﬁﬁ Y hal¥Y Gf SPhBrForHrats of%pol yners

and pol ar cofpodAds.other sunflower oil which only has the fatty acid
15 profile or the tccophercl profile modified.

The o0il stability index (0SI}) of the o0ill 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 c¢il is evaluated
by studying the degradation of the tocophercls present in said
0il and the occurrence of peclar compounds and polymers during

o heating. The 01l object of the present invention has a thermo-
25 oxldative degradation less than that of the oil cbtained 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, with a high oil stability and high resistance
30 against thermo-oxidative degradation, this ¢il can suitably be
used in human and/or animal foods. The oil of the invention
can also be used in the production of bic¢lubricants and/or
biofuels.
In a particular embocdiment of the invention, the oil of

35 the invention is cbtainable from the extraction from sunflower



G.ven these technical characteristics of the oil of the invention, with a
high oil stability and high resistance 30 against thernop-oxidative
degradation, this oil can suitably be used in human and/or ani mal foods. The
oil of the invention can also be used in the production of biolubricants
and/or biofuels. In a particular enbodi mrent of the invention, the oil of
35 the invention is obtainable fromthe éxtraction fromsunflower 13 seeds
of the seed |ine | AS-1265, deposited on 20 March 2007 in the NC MB
(National ColJ [ I strjal,,MrLine = i .

Aber deen, chfgg%d?PW?%%E%%gegg%%h”ﬁh E?’ %%?ﬁ%?§%495é&%%#ﬁg%nkégarﬁg of
oi | s containithg tHéMbI [Nofidnké Cnvesttiom odr éndhsor gl .ojaegdneofind heogt esent
invention, a - t fl ai he r.esid t he tion
process for §%¥§%£%$?nékﬁhé oi Iﬁggﬁitﬁgggﬁﬁ Pbmé&ﬁzbeggéQ%%%?hegé@%%gct of
the present iNGJHAt#oh/1.s the sunflower 10 seeds containing an oil with the

characteristics of,Lhg. oLl Af o BEILINENLI Qo ThEY &1 € SeadR esLhiing in
pl ants which, after (c) their germ nation, CORtain in their seeds, upon
being sel f- feertiallszedn ahioct wf t hhe herairatacreenstéets of thel oid oie the
| nvention, independept]y.pf.ghe,culllvall an qondidqns. of . theodo.plant s, |
a particul ar enbodi nent the seeds of the invention origlinate from sunfl ower
i ne | AS- 126%xtdeposid ediconi20fiar cire 2007Ldwert keedeed bank of NCI MB Ltd.
Aber deen, Scotl an 1 he..,accessj o er. - 41477, T obj ect
of the present i%@gﬁkégﬁﬁ%gﬁibégugg% ?%gg% téFE%%%?%%éé%fWGOEEFﬁggﬂ%b
i nvEhti on. Theesanféowemnipbaat se{Heliitantheiscramaggs rLsyiwhiagh thapohl dfei ng
self-fertili - ce s t.ai.ni.n Qi | .of [ ti e al so
ot her obj ot ot RS B seaneTi uoriran, =8 ErmSdiieht &5 "l i hg | he
eds 5.1. Retembi patrinomaofort.hexdittiagh sat whatedsfatity apdd bemtentdif-and

“high oleic a¢id; cOMLent, GHArAGLLT Bhe characteristics of the oil of the

invention, independently of the cultivation conditions of the
15 pilants. In a particular embodiment the seeds of the invention

originate from sunflower line IAS-1265, deposited on 20 March

2007 1in 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 o0il of the
invention are also another object of the present invention.

c Embodiments
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 oil (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 oil (greater than E5% of the total fatty acids) were taken
randomly and the acid composition or profile in the oil of
each of the individual seeds was analyzed. Since the analysis

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



Foerty-ei ght seeds of each of the sunflower lines NP-40, wth high palmtic
acid content in the oil (greater than 15% 30 of the total fatty acids),
devel oped by nmeans of chemi cal mnutagenesis, and BSD-2-423, with a high oleic
acid content in the oil (greater than 85%of the total fatty acids) were
taken randomy and the acid conposition or profile in the oil of each of
the individual seeds was anal yzed. Sincel4 he analysis 35 of the seeds cannot
be destructive, because after the analysis 14 the seeds nust be able to

erm nate, the analysis wa conduct ed by neans of the half seed process.
%ai d pr ocesstg% Seeyctsss WSEut?‘? n@ggesnﬁ?ygﬁ5ﬁﬁ’%e’of e §8§§y%ﬁ%ltoé€’lasto t he

onsi’s
enbryo, suchcthatcidie icpt mdoes not wakf ectl rt heeegerpi dratsisng & icapacideysof t he

seed. The cut _portion ds en_anal d for.its fatty acid, profile by nmeans
of gas chrondf Sglrsézp%fflofcu%géng n%tﬂ%}Izﬁeg%géorbfoﬁ He 5 5tef3§ gt? L (R *&rces
and M Manchapbrgne- st@p khpt dtext rract idorsandf aitfeaci chareybyhirestiens
preparation fromifres ant tjssues. Analytical Biochemstr 0 .
211%139- 143, “19Y3)-Y é)r%d%%es?eei't sng ?‘ﬁ@ psoe%dogoh? atrrh?rhémtaﬁ'iézg? célorer}ﬁfyo i's
stored in opthtey eondi tdromsléen ber defarfsorof t gasgemronat b@najgioy 0O6€Uthe

depending on the analytical_results. Once the fat acid praofile of each of
the seeds wa$® FTPEd, i eseé%l%tyge‘?*(?ﬁcf'?at & arth The E6r ﬂ{e‘spbg%hﬁg pl ant's

15 were cul t bxvatedp n lapgieenhotse iand anat roddwd crassbheedy ngse hret-ween
NP-40 pl ants_and BSD- 2-423 plants re perfornmeq.  Thes rosshr eedi ngs
Consist of rRRUVITRY Ehe - SThn TA 0P URBY crL Gt Gana bt L M1 GReF SRS hn,
beflare t he antherm-apen t693f el easechderpod | €h, the pbant Sowddichnarehgoi ng to
be used as 20 fenunle partents, f ol | owed Py thg.artifici al | I'i pation using
@I len of th&™pi%nt &3 whi SH&r e“boioﬁgﬁfl% b& UL 4¥ mal'e “ParentSE Misthis
anpl e, thegBSHiat423 pbandwekeetseth as thheadeinlieaparentland t he NP-40
pl ants were used as the male C parent a%].tlhou%: th sage gesult i S obtained
beghss “hybrid $

usi ng the parents " ¥5 A"t ha“bhpdttie 8dSePE8U"Fng from
t he crossbr eedhngsned, r ehedr eded® @ inaseedsnd werte @rakypeddior pgheits fatty

aCH% 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 pollen, in plants which are going to be used as

20 female parents, fcllowed by the artificial pollinaticon using

pollen of the plants which are going tc be used as male

parents. In this example, the BSD-2-~423 plants were used as

the female parent and the NP-40 plants were used as the male

‘:: parent, although the same result is obtained using the parents
25 in 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

30 total fatty acids in the o0il, compared to 30.0% in the seeds
of the NP-40 plants and 3.5% in the seeds c¢f the BSD-2-423
plants. The mean oileic acid content of the F. seeds was €9.8%
of the total fatty acids in the o0il, compared toc 8.0% in the
NP-40 seeds and 89.6% in the BSD-2-423 seeds.

35 150 Fy seeds germinated and the corresponding plants were



profile by means of the half seed process expl ai ned above. The nean
palmtic acid content in the F1 seeds was 7.3% of the 30 total fatty acids
inthe oil, conpared to 30.0%in the seeds of the NP-40 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 in the oil, conpared to 8.0%in
the NP-40 seeds and 89.6% in the BSD 2-423 seeds. 35 150 F, seeds

germ nated and the corresponding plants were 15 self-fertilized to obtain
the F, seeds, vYnfl% el lezea(pal zgg for heltr fat Ly %%1 hperfrlelena% él% F
seeds were anaEi yze8 segregati on 1i]rhe pal i1 |é acid and “6l &i'¢ "aéi
contents beifgy ofisenvetht tTheicpal rprblfa:lam B, soht Entsdenist heerlé %@dgzédr anged
bet ween 3. 1%aéd 37,.8% of thgtot aI %tltcy aa(':%.lddsarltcg hm C The % tc aci d
content in the §eeﬁs shovve v%rl ati o range ef'weeh 6 é Jo aitd 92. 2% of
the total fatiteirgci@ssdnvetihe Thei Ipal®1tt10f dchie 2;348nanalryzeide seedscadal yzed,

104 of them sho d 13+ G0, t.i Qn 40 hi, g l.mti cid content reater 10
thang)lS% of tlhangt ot alet‘f’a? yﬁglm ghdé ﬁakoee:;cccf(%aj(?:l %jatt( teﬁt gﬁlgreater
t han 45% of tdie .t 6hal ciatd padi dsntemti h@ cuihle F- @setedef shh\esce alOihrseedsr;l t hat
seed W|thah| her pImt| cid ntent . | mt acid_content
of 34% and an B & %g%?% go%‘t et 09% 5% of e ?oat %p%tyty é@l‘c’ds her eas

that 15 seed ailt.h Guthighethol 2j & 8aca?rchlqza|atier$tEehad aaapatmtl to4acobtl toent ent

of 18% and an h0| ei.c aC| d con ent og 730 he tota fatt% CI ds The
ad comblna %n ﬁ t ld C % ater
selected F_ seeds “wer e Sown " and’ t ege cs abi 19 he b hed

chatacters washacontb® ned byhereansaof faartatlyyzmug:ls, Oaltldi]e hFighse@lj&cofaea@h of
the F, pl ants, 'Ehe analé/5| s (%Fm %]é)ot aI L 3,744 Ffat%ee esuI tt%d |n a fatty

e total
cid conp05|t|on OF the e see S consi'sting O? a nean con?ent of

7.7% 3.4% Qureat tSEaﬂdafﬁfﬁ ghevisat tba) paddnutite achdghdr 2% Lnli.ti% acid
S0% 1. 0% | RAIETE BEva e BRRBTB et oh ol the “hi G SAFurdt B ThLLy
acid content acnrd ch:irghn(ol eifc ¢ d fcornteentdtachafraactyerss iwist h wihkeed fii ghagama-

15 seed with a higher oleic¢ acid cecntent 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
0il of the seeds consisting of & mean content cof 27.7% + 3.4%
fmean * standard deviation) palmitic acid, 7.2% + 1.7%

c palmitoleic acid, 1.4% + 0.3% stearic acid, 59.8% t 4.9% oleic
25 acid, and 3.9% £ 1.0% lincleic acid.
5.2. Recombination 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
30 taken, which seeds combined a high palmitic acid content
(greater than 15%) and a high oleic acid content (greater than
45%y, and 48 seeds of the T2100 1line, with high gamma-
tocopherol content (greater than 85%), and for each seed both
the acid composition or profile in the o©il and the tocopherol

35 composition or profile of each of the individual seeds was



and delta-tocopherol sumcontent” character Forty-eight F. seeds obtained in
the previous step were 30 taken, which seeds conbined a high palmtic acid
content (greater than 15% and a high oleic acid content (greater than
45% , and 48 seeds of the T2100 line, with high ganma- tocopherol content
(greater than 85%, and for each seed both the acid conposition or profile
in the oil and the tocopherol 35 conpositliton or profile of each of the
i ndi vi dual seeds was 16 anal yzed. This anal ysis was conducted by neans of
the halt seed,pracess gescrihed aboye. The, | 0.l Lbe sged yas
divided into two }ﬁzfael ves and trﬁegfgatty amg g#lcf)g%vasgaana{jyzg i n“one hal f
by means of gasetimoraregraphyiioi whevs. n‘éiumydutesltoercs'oofth@lef atsey aeeds (R
Garces and M 4 v int99 ti.ope o] nd, t. er ol
profile was na yzedlpngt ﬁ:ew ot hg%‘p%ﬂl ydtrrlgegn\sfg%};ehidag%ﬁgewg?%}ncg i qui d
chr omat ogr aphynalmdc i(rF. or@)fbﬁenﬂefn Bt Ia¢ans @liéncuéi:t athyanatgetreprhy nati dheof
tocopherol s i gl ds ap S a tt/Lipid
101: 142- 145, @%@%1 %%%&ce t Hee f%‘tscs( eiaccl%l(g t?(‘:ao%f)a“k(?gro%lptwof|i‘f:(?1 he f'each
of the seedsl@¥as comfli rned; igwidd Seads g?@:dmtﬁwt edcamdetrtheé gofiéspondi ng
plants were cylti ed i gneenhqus 0 assbr eedi
bet ween pl ant%ll%)r}?/%ltdng{ll ghéf r(?m F, 915e%€qﬁan§ng%fgil%g%e%§nt S V\(/geregl%gr%?or med
simlarly to @lhmmat@@ml@hfbed*l Miéct ildn 5G4ffe Bt s@éds werentataltyzed for
their fatty acid and.togopherol.pratihes.; The tice agifs.cqnt ent
in the F, seeds was 6t8% 01% the total Fatt ac%ﬁaepngg&ﬂge oi | , r?ffared to
28.9% i n t he Beetsiwf nthes ,407€[§Itéh11@16200éné148-}2@,%,l i °Cheé - seeds of the T2100
plants. The ol eic geid ycontent, of the. ugs F256;8200f Lhetotal

tty acids in th(grgoeldlt corrparyed %o 90. dﬁfoeceo%%ﬁe Bséﬁ lgB see% e %

n the seeds bifie TZEBOs Thes garpmditoedpheradld contént wfrtihetfd, arsﬂeedﬁewas

L 2%of the total. Lagapher alisncconpared.to 0, A% nlgSJh%rQEHﬁ&gﬂendand

. 1%

BSD- 2- 423 seeds us trol 99.2% 1 n the T2100 "see 100 F, seeds
germ nat ed angenteldedr @péﬁareﬁgﬂlmg&ntb@t\vwéﬁ@ plants originating from F,
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 prefiles. The mean palmitic acid
content in the F; seeds was ©6.8% of the total fatty acids in
the o0il, compared tc 28.%9% in the seeds of the NP-40 plants

20 and 3.2% in the seeds of the T2100 plants. The oleic acid
coentent of the F- seeds was 72.6.8% c¢f the total fatty acids
in the ©il, 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.

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

25 the NP-40 and BSD-2-423 seeds used as control, and 99.2% in
the TZ2100 seeds.

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

30 segregation for the palmitic acid, oleic acid and gamma-
tocophercl contents being observed. The palmitic acid content
in the F-. seeds ranged between 2.2% and 37.8% of the total
fatty acids in the o0il. The oleic acld content in the F- seeds
showed a variation range between 5.8% and 94.2% of the total

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



self-fertilized to obtain the F seeds, which were analyzed for their fatty
acid profile. 8,952 F;, seeds were anal yzed, 30 segregation for the palmtic
acid, oleic acid and ganma- tocopherol contents being observed. The palnmtic
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
vari ation range between 5.8% and 94. 2% of/ the total 35 fatty acids in the
oil. The gamma-tocopherol content showed a 17 variation between 0.0% and

99. 6% of the tal. to ls in _t ed e 952 d

anal yzed, 51%?1%113%1 g%gggé g' é:bn%r}dqnggtgis'gﬁ %F %{%hgég‘%?n %?%Opg“&%%go%lem,

great er thantis%eeofs.t Rett of athd &t 2ackdds drigglyzeldei €1 acf dtivontswtvedgr eat er

5 than 45%of ¢ 1 |..fatty. aci i;n.the ojl hi - .t ocgpher ol

contont . "o eat 8y nan 8Bl b AL kP bofe b o n e ey Tt

sel ected F sekdshoetretsbwhaangd thedgeneidic sty ladyd ofntdre, canisianed

characters conf.ir y n f a i 0 the E;  seeds of each of

the5F, pl an;’\g&anl'hde% °ar?gfggigst§)%aiasftaottgl Q%@%%f% gggdsg?%sﬁjl ed M a fatty

aci d conposi téarprefrotthecnbett ,ofgreheeseeldsn cirisicgt ithg obtal nearrmentént of

28.9% 3.3%.( rgj%n e%%{andard deviation) palmtic acid, 7.3% 1.1%

palmtol eic acid, T°6% 0.5% stearic aci d, 52.5% 3.9%ooleic 15 acid, and

4.2% 0.7% i nol €l aildctandr.aseenposins cnwof atdiechet geopher oitdtriddctivon

consisting o % o0 al - I . %,..1. 8%.ga -1 her ol ,

oo 6o S0 e e|Ct°é?t§rc{%%p‘ﬁ!e]°‘r%8|ct.t8%9%3%%08392?66{#8; SR g SRR O g

of 1F3 seeds Wes Hisedetdd aixtgeadt othehoil. plusitg [Jéter ehelns et her & boitking

poi nt 40-60C), an 0X K, i y§ f.oll aw 1 pr.gc of the
roi aci dn spdgzooﬁa%eg%\ﬁsrra i ;%gfg&on%?sian‘%tg[? §tcand§}r§45§§5éjt‘"{1%ﬁl g) TAe

soci at i on)o{ICatfaltdgo sdednorores sSONEY Madr inkanl @9LyenThet 014 .2%28 was?

anal yzed for | fatt I n ro ositign, resulting ip a

fatty acid c&%%si £ o%t%gd}é:lagt gﬁé%&%. ZAagrgg?lncist iaccqgéi d, % 5% pgl' Irln'°t oleic

acid, 1.7% speariteclacirdacBR. 4u%£% £ 0.5% stearic acid, 52.5% £ 3.9% oleic

15 acid, and 4.2% £ 0.7% lincleic acid, and a composition of the
tccopherol fraction «consisting of 2.8% £ 1.3% alpha-
tocophercl, 96.6% t+ 1.8% gamma-tocopherol, and 0.6% + 0.2%
delta-tocopherol.

Extraction of the oil

20 A batch of 150 g ¢f Fy; seeds was used to extract the o¢il
using petroleum ether (boiling peint 40-60°C) and a Soxhlet
extraction system, following the process of the Asociacidn
Espafiola de Normalizacion {Spanish Standardization

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

25 was analyzed for its fatty acid and tocopherol 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-tocopherol, and 1.2% delta-tocopherol.

Technical Characteristics of the 0il obtained

a) Study of the oil stability index (03I} in different types
of sunflower olls
The oil stability index (08I} was measured after heating

35 at 110°C for 10 hours following the standard protocol of the



oleic acid, and 4.2%linoleic acid, and a conmposition of the tocopherol
fraction consisting of 2.4% al pha-tocopherol, 96.4% 30 gama-tocopherol,
and 1. 2% del ta-tocopherol. Technical Characteristics of the Q| obtained a)
Study of the oil stability index (OSI) in different types of sunflower oils
The oil stability index (OSI) was nmeasured after heating 35 at 110C for 10
hours following the standard protocol of tthe 18 American O | Chenists'
Society (O ficial Methods and Recomended Practices of the Arerican Ol
Chem sts' Soci&tV,. 4" iti QGS, qg U. S Avs 9 pqt he
foll ow ng types &fcagunf(%omer@ﬁc}?m 5 Ol g#andar (liﬁgu?l owg}: o(?? (St andard
fatty acid an%lecqm@éiéhérﬁlfa@‘?mqa es) Qe PQfser@CﬁnthLh ﬁhgfhl@tlf’éi ccadiedyeont ent
and standard j,tocopherol prefile Q | wi thohisgh pal pdj.c E_IL(E]I d gontent,
high oleic 10 acid content and saénﬁga?{?’tocopher ol p?ofl{r%e al - Q

obj ect of thefprlesany metqfoﬁunﬂ@vﬁﬁmlogh palmitic acid content, hi gh

ol ei ¢ acid contenty: and mpdified Jagopher ob: Pr olid il gh .gamu; foggpher ol
content). The fatty acid and tocopherol conposition of the four 15 types of
sunflower oil5owPhrePl Bsofhesosl after heating at 110C for 10 hours, are
shown in Table 2: %-aib|§ 20&%&%%'gha%qefigc%l%hgr Qo nQAPOSI a%gr&he' r
OGSl values after heating at 110C for 10 hours of four types of 20

sunfl ower oi |l todatheyodcPus{©d' Tocopherols(%' G 16:0 16:1 18:0 18:1 18:2
ATBTGT DT O8N 106 9,010 A8 3adiBd 2.9% 90,010 1,2,:2 4.3
0.0 5.1 90.4 2.2 560 5 5 050 HE WbiPh Zagft dohrend: D il ¥t 5o
0.01%87.1 4 2@321¢05t&n?f52Kﬂ54a2dir@‘@%@p96¥@l]pnpﬁ49?5 16: 0= paln1t|c aci d;

18: g =stearic acid;o:18: 1=0h¢f Copplds A8 gl fRol&ic Afidi i Lf; 1.pakmytgleic
‘BPI palmitic acid content, high oleic agcid content, and modified
tocopherol profile (high gamma-tocopherol content).
The fatty acid and tcocophercol compesition of the four
15 types of sunflower oil, as well as the 03I after heating at

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

Table 2. Fatty acid and tocopherol composition and their OSI

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

20 sunflower oil:
Fatty acids(%)" Tocopherols ($)°

0il|16:0116:1|18:0 |18:1|18:2  A-T B-T | G-T D-T | OSI(h)
1 6.9 0.0 5.8 34,1 | 53.2195.9]0.1 0.0 0.0 1.2
2 4.3 0.0 3.1 20.4 ] 2.2 99.9 ] 0.1 0.0 0.0 1.5

C 3 |28.207.8 [1.7 [56.9/2.1 199.9]0.1 0.0 [0.0 |i7.1
4 29.217.5 1.7 52.414.2 2.4 0.0 96.4 | 1.2 49.5
“16:0=palmitic acid; 18:0=stearic acid; 18:1=0leic acid;
18:2=1inoleic acid; 1lé:1 palmitoleic acid
"A-T=alpha-tocophercl; B-T=beta-tccopherol; G-T=gamma-

25 tocophercl; D-T=delta-tocopherol

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

in the o1l, o0ils 3 and 4 described 1in section a) were



"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 pol ynmers 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 high t®nperature (180C) for a prol onged
time period (25 hours), and the foll ow ng paranmeters directly related to
the ther mo- ox|,datdyg, degrady betha.ol| e, BRESY' ede: Boged L,

t ocopherol cont said toc ero S expresse as total tocopherol s
per kg of oi bernraasu%d aceor) d| ngndt o-hehefstlandand p'entdnmj:ecrrs t ferectly

| nternational. Uy o 4‘ 9£ FHé eFﬁgﬂno /RRLLed, Che rsatcféél%lqup‘%c’th%t andar thods
for the analysis o s and derivativ 1st supplenent to 7th

edi tion. 10m§’@15‘glaﬂ‘—bn Press Oxford, Unlted Ki ngdom 1992) (c) - For mation
of pol ar conpounds, e X% t a| o] Il
mea%ured accordi ng tt?éfgg %%%gﬁﬁl%rg descﬂrtl né:d tbg%lgﬁ‘/l CB@ﬁ%‘?‘g%%eéX%pe ﬁ%

(Hi gh-perfor ﬁrancetsl zeg @&cﬁmmnrehﬁommolg;aquidf, podaar re 0 npotedsi rign
heated and ng@ he f.a t I.en Technol 9

1988). - Format %@% ?gnglglryngrég?gchopf?géshgeg%tgpg%tl @Qﬂ Uﬂ éntg%a?&%v%l%éht of
the oi |, neasppetedictemndengyt olUHAe staadirm methods ﬁfr tthe Bnéeéymat icdnal

oo o 51203 APk S BT S | EAC, A3y o o opec shove) . 20
kg-lO), pol ar Peoppound regont @nfoqd,) Vantepdiiywermecohieht. (o) of two types of
ooty s (e on, BB L8 ol gpiagoRheale( g Togopher o sibolr
.9 0.1 0.0tBe0c82Bl 3 cOt2dI0tlDe O0i8.,7 measured according to the method
described by M.C. Dobarganes et al. (High-performance size
exclusion chromatography of polar compeounds in heated and non-
15 heated fats, Fat Science and Technology 920: 308-311, 1988).
- Formation of polymers, expressed as the % of the total
welght ¢f the oil, measured according to the standard method

of the International Union of Pure and Applied 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 o1l after

e heating at 180°C for 25 hours.
Tocopherols (%)° Tocopherols Polar Polymers
{mg kg ) compounds (%)
(%)

0il |A-T [B-T |[G-T [D-T [o0O" 25° 0 25 0 25

3 99.9]0.1 0.0 0.0 | 826 0 3.0 21.0 | 0.0 18.7

4 2.4 0.0 | 96.4 1.2 |80C8 135 3.2 10.7 0.0 [ 4.6G
25

‘A-T=algha-tocopherol; B-T=beta-tocopherol; G-T=gamma-

tocophercl; D-T=delta-tocopherol
"Indicate the initial levels (0} and those obtained after 25

hours of heating (25) in the conditions indicated above



4-2.4 0.0 96.4 1.2 808 135 3.2 10.7 0.0 4.0 25 'A-T=al pha-tocopherol;

B- T=bet a-t ocopherol ; G T=ganma- tocopherol; D T=delta-tocopherol "Indicate
the initial levels (0) and those obtained after 25 hours of heating (25) in
the conditions indicated above 20 CLAIMS |.- Sunflower seed oil wth high

heat stability with a saturated fatty acid (palmtic acid and stearic acid)
content 5 between 15% and 4S% of the tot£&l fatty acids present in the oil,
an oleic acid content between 45% and 75% of the total fatty acids present
in the oil, and a gamma-tocopherol andqpdelda-tocopherol sum content greater
than 85% of the total tocopherols presemt—n the oil. 10 2.- The sunflower
seed oil with high heat stability (r) according to claiml1, characterized

in that the al pha- tocSlelQ Lol Cgé;g@en 18,1885, ;,han L2%.Qf P&Dﬁp}]»ﬁ B 4 eat

t ocopherol s present in t e oil e 'sunflover seed oi
stability 15adecetdd nfpitiy clcadmitaloharacteri zed spedhiat adiel) steateem:t acid

content s gneater,(han 1% ol the LoLalofAlly.acl deiRbeset., i nth ol |

4. - The sunflower seed ol eat stalllty acc ing to claim1,
characterizediiln tahatolehe gtie%\r P@n%fmtd be2@egontent and gheatér thhaho289% of

the total fatftaXt?C'a@%dBr%%gQEnt' 0t RELOlly  S4a1qThe SHnf %’%Egﬁ@?& Ol Wi th

hi gh heat stability according to claiml, characte i zed at the stearic
acid (c) com@nt-Fecqrieadr IUtarc3BRof Arieettot ahahatdty ati dshoresent 25

in the oil. qﬁcogggrgwf J%\Q/ggts%gq Qi l,;yth high heat stability according
o

to claim1, cteriz in that t epafmtlc acid content is greater than
15%®f the total flattyligci dsnpresent se¢dh phé oillth 309 - hdde suablbwer seed

oi | with hig%c%%?&iﬁéanJi%Maim 1, <c¢haracterized in that the alpha-

e tocophercl content is less than 15% of the total tocopherocls
present in the oil

3.- The sunflower seed o0il with high heat stability

15 according teo claim 1, characterized in that the stearic acid
content 1s greater than 153% of the total fatty acids present
in the oil.

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

20 content 1s greater than 25% of the total fatty acids present
in the oil.

5.- The sunflower seed 0il with high heat stability
according to claim 1, characterized in that the stearic acid

o content 1s greater than 35% of the total fatty &cids present

25 in the o1il.

6.- The sunflower seed o0il with high heat stability
according to c¢laim 1, characterized in that the palmitic acid
content 1s greater than 15% of the tctal fatty acids present
in the oil.

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

8.~ The sunflower seed oil with high heat stability

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



according to claim1, characterized in that the palmtic 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 35 according to claiml1,
characterized in that the palmtic acid 21 content is greater than 35% of
the total fatty acids present in the oil. 9.- The sunflower seed oil wth
hi gh heat stability according to claima] characterized in that the gamma-
5 tocopherol content is greater than 85% of the total tocopherols present

in the oil. 18;.The s %Jdéa%’%r t%%ﬁdﬁg’* o {ﬁ‘e N gh heat stability, . aggording

to claim1, characteriz In that t t ocopherol “content 1 s greater
t han 95% of tihetk®tall. 10 t ocopherol s present in the oil. (r) 11.- The

sunfl ower seed oil, w th hi %ﬁ%%ters'f id i&%’l acerrding to. 4l ai %Illt§5% of

characterized in that t ta- tocopherol content i's great er
the total tecophe¥mw s tpr eséatminl, theh@i:ehctexﬁzgz - iThet unf Itower gseed oi |

wi th high heab stabidi tYeoacgerding Lol charact erd zed, n thay, the

del ta- tocopherol content Is greater 50 of the tota ocopherol s
present in thecopherdld. pr@hentswn“fltd)\ﬁeplSeed oil with high heat stability 20

according to clar 1, %hgr %ﬁo%&d S@e&h%tllthpltqlel - ht}qg&phgt%llc tent S
4

greater than 75% the tota t ocopher ol s present t he
sunfl ower seedcoiding t hohi ghaheatl, st abatétherizep amortdlartg toecl qﬂmﬂmar

h t t itol tent 5% of
characterized, ig/g%%gt%t he pal m tql erhglregf lacrgt1 ont &y fcffogr,e&t er, Jl{’l” o]

the total fatt present in-t he sun wer see ol with
hi gi¥ heat st abrbphgrolaceordemy iro tékabim 1, char acterized in that the

é’?"eg"etnf' |einct hgc'odﬁ?cont enL 1S, @n8aLer Lhan 19%af it he hotal.fatty, acids 30
according to claim 1, characterized in that the delta-
tocopherol content 1s greater than 25% of the total
tocopherels present in the oil.

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

13.- The sunflower seed o0il with high heat stability

20 according to «¢laim 1, characterized 1in that the delta-
tocopherol content 1s greater than 75% o©of the total
tocopherols present in the oil.

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

e according to claim 1, characterized in that the palmitolelic

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

15.- The sunflower seed o0il with high heat stability
according to claim 1, characterized in that the palmitoleic
acid content is greater than 10% of the total fatty acids

30 present in the oil.

16.- The sunflcwer seed o¢il with high heat stability
according to claim 1, characterized in that the linocleic acld
content is less than 10% of the total fatty acids present in
the o01il, preferably less than 5% of the total fatty acids

35 present in the oil.



16.- The sunflower seed oil with high heat stability according to claiml1,
characterized in that the linoleic acid content is |less 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 17.- The sunflower seed oil with
hi gh heat stability according to any of clains 1 to 16, characterized in
that the total tocopherol content is greater than 500 ng per kg of oil,
preferably greater than 750 ng per kg of oil and nore 5 preferably greater

than 1250 ng per kg of -Qil. Q= e fl r.seed Qi w L gh. -heat
stability accord?ng tg%gnjﬂ%glg %?négggt58¥$fwgﬁhggb}Er¥%%% ?%g$ﬂgs%the
oi | stabilitypcrndéxargasanedof ncha Renci et lhpdeha 743 cgppadat usthgtvEthreohm AG
Heri sau, Sw | and)., af.ter inducti ' 0: 9f u -

t enperature %?%%100 5ﬁ%F g u%&ée?ﬁéggogﬁﬁﬁgh]g?gét%§ fﬁgﬁﬂgs&ﬁoﬁﬁégl'
preferably greaferaliivangs0atour $hand 7ror egprieder &bl yo§r edtler apflamot® hour s.

19. -. The sun i i hi t stabhi]likty., according to any of
claf%B lto %%?¥§%§§§?%r§hge%1$n§%ég?PpﬁéFm SQQnégf%#éasured in a Ranci mat
nodel 743 appar at 4§. { MdheohmnAGowiler issad, oSW twzdalnl anid)h afieer ahalhnduot i on

period of 10 : a r I f. 11 o] e r.ef.i.ne il.1.s .greater
than 100 hoapg?£%ﬁe gfhﬁ%gng?eg%%¥g%ﬁaﬁ%lgg’hgﬁégyﬂ%%}?g$hggsﬂ%%i5&5r seed
oi | with highiheatasitlabivl itgex 2 aacceordimg tFenanpadfnalaai Mg 31appang,us

characterized,] tads t.ai na t he acti , r
seeds of seegMéPfﬁﬂéﬁX%-f%%gfggépgg?%%g gﬁdgoa%é%ghggogngEPgﬁg%%%F%%e
(Neltt onal CobEet?iloricf dindusempeatatuvier iode LaRTC Food-Bacterfayed Laid. s
Aber deen, Scgtland, %\HJ‘ %Cﬁaﬁﬁgi#}%%%bi\p %’ge‘aﬂée@”tha% Zl poMeXtyres of

j | s containing a su ower see accordi to any of clainms 1 to 20.
.- Fl our obvtatnedt:a@grabhe yesitduetbint he hextrsacti on processes for

extracting sunfloyer. seed ol Accor dlngat . an,. «of Al Mo 10:201 39 23.-
Sunfl ower seeds chaiacterized y contalning an oi
according tc any of claims 1 to 17, wherein the oil stability
15 index measured in a Rancimat model 743 apparatus (Metrohm AG,
Herisau, Switzerland) after an induction pericd 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 o0il with high heat stability
20 according to any of claims 1 to 19, characterized in that is
obtainable from the extraction from sunflower seeds of seed
line IAS-1265, deposited on 20 March 2007 in the NCIMB
(National Collection of Industrial, Marine and Food Bacteria)
e Ltd., Aberdeen, Scotland, with accession number NCIMB-41477.
25 21.- Mixtures of oils containing a sunflower seed oil
according to any of claims 1 to 20.

22.- Flour cbtained as the residue of the extraction
processes for extracting sunflower seed oil according to any
of claims 1 to Z0.

30 23.- Sunflower seeds characterized by containing an oil
with the fatty acid and tccophercl characteristics described
in claims 1 to 20.

24.- The sunflcwer seeds according to claim 23,

characterized in that the plants they result in after their

35 germination contain in  their seeds, upon being self-



with the fatty acid and tocopherol characteristics described in clains 1 to
20. 24.- The sunfl ower seeds according to claim23, characterized in that
the plants they result in after their 35 germnation contain in their
seeds, upon being self 23 fertilized, an oil with the fatty acid and

t ocopherol characteristics described in clains 1 to 20, independently of
the cultivation conditions of the plants3 25.- The sunfl ower seeds according
to claim23, 5 characterized in that the |line they originate fromis the

sunflower lin ré@e -,1265, agepggitqgt(pln 20 Mapgh 20Q.7,ijn Tagg §g§%h%%;

NCl MB Lt d. en, Scotl W th accession nunber | MB-41
Sunf | ower pI amlsac(tﬁefllﬁam@hu@em@ﬁgl o) cwhireh,l o0, 10nBepagdently of

sel f-fertilizgd, . praduce,sesds;¢ont.ai ni ng.a lglllJC with the fatty acid and
t ocopher ol char act etrl StI?CéS desclrlgbed (‘F%n cl gl ms 1 to 20. 27.- Use of

sunflower seeds aéeor di Hege t oswlfdiomsr23se8d25 aferrdibai riong alwemoi 123,
desgri bed '”cﬁé?alcf’{%rleQ 30Q. t"f%tzsthe U??né)f tﬁegf“@ﬂ&i"@%teo' brggcordipg to

claine 1 to 20 for human and ani nal sunfl ower oil
accordi ng toser@iawerl ltldleZOTASr—é%’éhedpla@‘@iUcﬂd om of0 bMakabr 2ednt snamde

bi of uel s. seed bank of NCIMB Ltd., Aberdeen, Scotland, with accession
number NCIMB-41477.
26.- Sunflower plants (Hellianthus annuus L.} which, upon
10 being self-fertilized, produce seeds containing an oil with
the fatty acid and tocopherol characteristics described in
o claims 1 to 20.
27.- Use of sunflcwer seeds according tc claims 23 to 25
for obtaining the ¢il described in claims 1 to 20.
15 28.- Use of a sunflower o0il according to c¢laims 1 to 20
for human and animal foods.
2%.- Use ¢f sunflower oil according to claims 1 to 20

for the production of bicolubricants and biofuels.



