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HIGH MELTING POINT SUNFLOWER FAY FOR CONFECTIONARY

FIELD OF THE INVENTION
The present invention relates to a solid fat made from high-oleate and
high-stearate sunflower ol by fractionation.

BACKGROUND OF THE INVENTION

Unlike oils thal are wusually liquid and plastic fals which display broad
melting intervais, confectionary fals have 2 sharp melting interval at
temperatures above 30°C. The fat most used for this purpose I8 cocoa butier
{CB), which displays high level of tracyiglycercls (TAG) with the general
formula SUS (70-80%), where S represents a saturated fatly acid in the an-1,3
position of the TAG and U represents unsaturated fally acid in the sn-2 position
of the TAG. The typical composition of CB is shown in Table 14, 1.3-distearoyl-
2-oleoyl-glyeerol {SI0S1), 1-paimitoyl-2-oleoyl-3-stearoyvi-givesrol (POSH and
1,3-dipaimitoyl-2-olevyl-glycerol {(POP) being the most abundant TAG species,

Table 14

Typical composition of the most abundant TAGs and TAG classes of cocoa butters
from different origins.

P = pamiic acld St =  slearde ackd, O = olele acld
5 = saturated daity acid, M = monoenoic falty acid and
0 = dienoic fatty acid, U = unsaturated falty acid
Ghana fvory Coast Brazil
Triacyiglvosrol (%}

POP 15.3 15.2 13.8

POS 40.1 38.0 33.7

StO8t 275 27.1 23.8

Triacylglyeerol tlass (%

558 0.7 0.8 Trace

SUS 84.0 B2.6 718

SUu 14.0 18.5 244

SN 1.3 1.3 4.0
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The triacylgiyeerol composition of two cocoa bulters and shes butlter and
thelr corresponding solid content between 30 and 40°C are shown in Tables 18
and 2.

Table 18
Triscyighveerol composttion of two cocoa butters (CB1 and CB2} and shea butter,
P = palmiic acokd 8 = stearc ackl O = oleic  ackl
L = lingleic acld; A = araquidic acid; B = bshenio acid
Triacviglycerol composition (%)
B oB2 Shea
BOP 13.4 18.7 8.2
POSt 38.3 4.7 4.3
PLP 1.4 1.8 .1
PO 2.3 3.0 1.7
PLE 38 3.8 1.2
POL 0.3 0.4 0.5
PLL =31 (3.1 <31
SHOLCH 318 24.0 41.3
SO0 3.8 3.8 275
S5t 2.4 1.8 57
GO0 3.3 0.2 5.2
S10L 0.5 0.4 8.2
OOk (.1 <01 1.3
SiL «f.1 <01 1.2
OLL PUN «f3.1 0.4
AOE 1.9 1.1 2.5
C0OA <{3.1 2.1 1.5
OLA <33 <{.1 ={3,1
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Table 2

Content of solids at different temperatures of two cocod butters {(CB1 and CB2) and
shea bubler.

P = palmitic acid; St = stearic acid; O = olelc acid; L = linolsic acid; A = araquidic
acid; B = behenic acid

Temperature {"CYSolid content (%)

3=C 32.5°C 35°C 37.5%C 40°C
CR1 gt1.1 43.8 26.5 13.8 5.8
CRZ 48.2 247 5.8 0.5 G.0
Shea 54.4 40.8 | 258 13.7 58

Cocoa bulter displays a complex polymarphic behavior, with six
crystalline forms that give place to five different polymorphs. Furthermore, the
meking interval of this fat is very sharp. The physical properties of this fat confer
to chocolate and confectionary products their typical characteristics involving
high solid contents and guick melting in the mouth, conferring a fresh sensation
and quickly releasing flavours.

The world production of CB is constrained by low productivity of cocoa
tree, a restricted area of production and the atftacks of pests on the crop. This
situgtion contrasied with the increasing world demand of this fat, which causes
tensions in this marke! involving frequent price raises.

The alternatives to CB for the production of confectionary fals consisted
of palmitic and lauwric fats obtained from palm, palm kemel or coconut oils or oils
hardened by hydrogenation. Former fals are rich in palmitic, lauric and myristic
fatty acids, displaying high levels of salurated fatly acids in the sn-2 position.
These fals have been demonstraled to increase the levels of blood plasma
cholesterol inducing arleriosclerosis.

The intake of hydrogenated fats Is neither recommendable for
cardiovascular health due o their content in frans-fally acids that alter
cholesterol metabolism, increasing the fraction associated o LDL proteins and
decreasing the cholesterol associated to HDL ones. Alternative sources to CB
are tropical fals rich in StOS! like shea, illipe, kokum or mango.
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These sources of fat for confectionary products are not atherogenic but
still their supply is not reguiar, provided these species are not usually crops but
their frults and seeds are harvested from the wild, moregver they are produced
in areas with a poor communication and with irregular supply. Thess fals are
usually mixed with some palm fractions rich in POP prior 1o be used in
confectionary {al formulations.

Furthermore, in the last years new alternative sources of StOBt for
confectionary have appearsd. They come from ol crops that have been
modified by genetic engineering by increasing their levels of stearic acid, such
as soybean and oilseed rape. These are plants with seeds growing in gresn
capsules or siliques, which involve the presence of linolenic acid in their oils in
important amounts, and also lingleic acid. The presence of linolenic acid is not
desired in confectionary fais due o the fact that it is unstable to oxidatlion and it
possesses a very low melting point (1120}, which decreases thelr solid fat
contents at room lemperature or higher. These fals could be also used for
plastic fats, to make spreads, shortening and margarine, displaying broad
melling intervals, Examples of all these applications with fractionated oils can
be found in WO9/573880 were high-stearic and high-oleic soybean oil is used to
produce a fat suitable for confectionary, or in WOO0/18832 were high-stearic
and high-oleic rapeseed oif was used to make similar products, but
unfortunately with some linolanic acid (18:3), and with less that 3% of solid
content at temperatures above 33.3°C. This is useful to make shortening and
spreads, but is less suitable for confectionary.

High-stearic and high-olsic sunflower olls have also been fractionated to
obtain olein fractions for frying oils (WOR2008/008587) and to produce 8 fat
suitable for structuring a liquid vegsetable oll, making a typical spreadable fat
with broad meliting point (WO01/98507).

A need remains for slternative fals for use in confectionary products.

SUMMARY OF THE INVENTION
The present invention is based on the finding that stearin fats, oblainable
by dry or solvent fractionation of sunflower high-stearic and high-oleic oils,
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optionally with seeding with tempered stearin crysials, have a high solid fat
content at temperatures higher than 30°C, even higher than cocoa butler or
other high saturated tropical fals with a similar disaturated tiacylglycerol
comtent due o the presence of disaturated triacyiglycerols rich in stearic,
arachidic and bshenic fatlty acids. These iriacylglycerols increase the melling
point of the fat incrementing the content of solids at these temperatures, which
helps o keep the properties of confectionary products, particularly when they
are ocecasionally exposed 1o moderately high temperatures.

The novel sunflower fats of the invention do not have triacyiglycerols that
contain linolenic acid. In this regard, the fat of the invention is an allemative fo
CB or trapical fats that are rich in 8108, such as shea, lllipe, kokum or mango,
for use in confectionary products,

The fat of the invention is not atherogenic, due {o its high-olsic and high-
stearic acid conitents, which does not affect the levels of blond cholesterol
Moreover, it is trans-free and possesses very low amounts of saturated fatty
acids in the sn-2 position.

The fat of the invention can be produced by physical means from high-
stearic and high-oleic sunflower oil, which ensures a regular and reliable supply
of this product. Furthermore, the fat of the invention is free {<0.5%) of linclenic
acid and contains arachidic {A)and behenic (BYally acids esterified to the sn-1,3
position of the triacyiglycerols, forming amongst others 1-arachidoyl-2-oleoyl-3-
stearoyl-glycerol {AOSY) and 1- behenoyl-2-oleayl-3-stearoyil-glycercl (BOSH)
that confer a higher amounts of solids at room lemperalure than other
confectionary fats, keeping a melting interval appropriate for confectionary.

in one embodiment, the invention provides a fat containing between at
lsast 32.5%, preferably at least 40%, more preferably at least 50%, even more
preferably at least 60%, most preferably 74.3% of the triacylglycerol StOSt, at
least 3.2%, prefersbly at least 4.5%, more preferably at least 5.5%, most
preferably 8.1% of ADSt and al least 3.3%, preferably at least 5%, more
preferably al least 8%, most preferably 10.3% of BOSt in iis triacyiglycerol
fraction, wherein the fatty acids in positions sn-1 and sn-3 of the glycerol are the
two external characters in the triacylglycerol (TAG) formula and St represents
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stearic acid, O represents oleic acid, A represents arachidic acid and B
represents behenic acid. The fat of the invention is a non-hydrogenated, non-
palmitic and non-laurde fat, # has not been transesteriiied and it is especially
suitable for confectionary products.

in one embodimeant, the invention provides a fat containing between
32.5% and 74.3%, preferably between 35 and 70%, more preferably betwsen
40 and 60%, even more preferably between 45 and 55% of the tiacylgivesrol
SHOS, between 3.2 and 8.1%, preferably belween 4 and 7%, more preferably
betwesn 4.5 and 5.5% of AQSt and between 3.3 and 10.3%, preferably
between 4.5 and 9%, mors preferably betwaen 5 and 8%, even more preferably
hetween 8 and 7% of BOSK in its triacylglvoerol fraction, wherein the fally acids
in positions sn-1 and sn-3 of the glyceral are the two external characters in the
irlacylglveeral (TAG) formula and St represents siearic acid, O represents olsic
acid, A represents arachidic acid and B represents behenic acid. The fat of the
invention is a non-hydrogenated, non-palmitic and non-lauric fat, it has not been
transesterified and it is especially suitable for confectionary products.

I one smbodiment, the fat comprises in its tlacylglycerol fraction at least
48.1% triacyiglyceral of the general formula SUS,

Particular smbodiments of the invention are fats having the following
combinations of SIO8L, AQSH, BOSt and SUS as in Table 3.

Table 3. Selected disaturated triscviglveero! content of some fals of this

invention.

Eai 108t AOSI BOSI SUS
e 55 58 85 768
SH 3 578 X3 03 678
53 371 53 55 Ty
§Hd 858 65 X 8.0
SR 5T 3 53 555
shE 578 77 50 K
EAETT 558 Y, iq 803
TV 55E 53 33 T
SAE 560 5% a4 53
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SHE 389 §.9 7.8 713
SHB 65.3 7.0 8.2 87 .4
SHY 67.3 7.4 8.3 a0.8
SH 8 74.3 7.1 6.6 95.5
SA S 42.8 5.8 58 87.2
SBAT 385 6.9 77 88.8
SAB £1.4 6.8 7.1 71.8
SAB 43.7 7.4 8.1 754
5A 10 46.9 8.1 8.4 80.5
54 11 5.7 7.4 8,1 81.3
SA 12 53.2 7.2 7.5 821

The present invention thus relates o a high meling point stearin
obtainable by solvent or dry fractionation, optionally seeding with temperad
stearin crystals or optionally cooling down the off o a temperature low enough
o induce guick formation of orystal nuclel {i.e. the nucleation temperature), of
nreviously known high-siearic high-olelc sunflower oil. The fat of the invention is
gapecially appropriate as an alternative to cocoa bulter and for the preparation
of confectionary fais. The fat is trans-free and containg very low amounis of
saturated fatty acids in the sn-2 position. This fat is rich in stearate and olsale,
which are fatly acids that do not increase the levels of blood cholesterol in
humans. Furthermore, thelr content of linolenic acid is negligible, thereby
providing high oxidative siability.

The fat of the invention containg high enough levels of TAG of the type
AOSTE and BOSE in iis composition {o increase the amouni of solids when
compared with fals having similar amounis of stearic acid. This is of special
interest for cerlain uses in confectionary and 1o avoid blooming in temperale
climates. Blooming is caused by the loss of template of chocolate caused by
high temperatures, producing undesirable whitish discoloration on the surfacs of
chocolate products. The pressnce of fafly acids with chain lengths longer than
stearic has 8 “memory” effect that helps o kesp the correct lemplate of
cordectionary.
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The fais of the invention are prepared from high-stearic high-oleic
sunfiower off that can for example be exiracted from seeds as described in
WOO0D/74470. A typicadl TAG composition of the oils disclosed in WO00/74470
includes StOSE, POSE ADSE and BOSE but in amounis that are not enough to
provide high solid fats. Therefore, those TAG have to be concentrated by dry or
solvent fractionation o produce a fat with the levels of solids adequate for
confectionary.

Dry fractionation involves cooling the ofl to a lemperature betwesn 186
and 22°C and keeping it at this temperature for up o 30 h, and subsequent
fiitration applying a pressure up to 10 bars io expel the remaining olein.

Fat fractions oblained after dry fractionation are somstimes not suitable
for use as a OB alternative in confectionary. They are however suitable for
preparing confectionary fats by further iractionation. Such fractions are for
sxample 5D, 8D2Z, 803 and 5D4 as described in the examples, Such fraction
of high-stearic high-oleic off for use as a starting product in the preparation of
some solid fat of the invention comprises in {8 triacylglycerol fraction at least
3% triacyiglyceral of the general formula SUS, between 20.8% and 74.3%
iriacylglycerol of the general formula SIOSE, between 2.8 and 8.1%
iriacyiglyceral of the general formula AOSt and betlwsen 3.1 and 10.3%
triacyiglyeerot of the general formula BOSE, whersin the fally acids in positions
sn-1 and sn-3 of the glycerol are the two sxtemal characters in the
triacylgiycerel (TAQ) formula, § rapresents a saturated faity acid, U represents
an unsaturated fatty acid, St represents stearic acid, O represents ¢leic acid, A
reprasents arachidic acid and B represents behenic acid.

Solvertt fractionation involves mixing the oll with an organic solvent
following the cooling of the resulting micelles at temperatures lower than 15%C.

improved fractionation, in particular guicker fractionation, could be
obtained by seeding oils at the beginning of fractionation with tempered stearin
crysials or by cooling the ofl to its nucleation temperaiure.

in one embodiment the sclvent fractionation is performed with hexane as
the solvent, When using high-stearic high-oleic olls or stearing from dry
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fractionation, fractionation with hexane leads {o fals that are comparable to CB
with respect of their solids content at 35°C.

The fat of the invention is fully compatible with cocoa bulter and can be
blended with it in any proportion without causing a decrease of the melling point
of the mixtures. This fat can assure a regular and confrofied supply of
confectionary fats since #§ can be produced from a temperale crop such as

sunfiowsr.

DETAILED DESCRIPTION OF THE INVENTION

The object of the present invention is 10 provide a solid fat for
confectionary that is healthy and can be produced from the commodily
sunflower in countries with a temperate climate. This is achieved by the fact that
it is prepared from high-stearic high-cleic sunfiower oil. The composition of this
fat makes it possible to have a high level of solids at room femperature and a
melting interval adequate for confectionary applications.

The fat of the invention is prepared by fractionation of the above
mentioned ol and satisfies the following requirements:

it contains between 49.1 and 85.5% of TAG with the general formula
SUS

it contains between 32.5 and 74.3% of StOS81, and betwesn 3.2 and 8.1%
of the AQSt and betwean 3.3 and 10.3% of BOSt

it contains betwesn § and 0.5% linolenic acid

it has a high solid fat content {38.9 o 94.5%;) al temperature of 30°C.

The fai of the invention is oblainable by low temperature dry fractionation
applying the following steps:

a) heating a high-stearic high-oleic oil up to 80°C and decreasing the
temparature to reach temperatures from 16 to 22°C, preferably 17 1o 19°C with
soft stiring, while optionally adding tempered crystals for seeding, and
maintaining the oll at this temperature for 20 1o 50 hours, preferably betwesan 24
fo 35 hours;

b separating the solid stearin from the olein by filtration;
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¢} pressing the siearin cake, preferably up to 8 bar, in particular up to 10
bar, even betler up {o 30 bar, 1o expel the remaining olein rapped in it

In another embodiment the fal of the invention can be prepared by

solvent fractionation in a process involving the following steps:

(832

&} mixing a high-stearic high-oleic oll with an organic solvent, in particular
acelonsa, hexane or gthyl ether;

b} decreasing the temperature of the resulting micells to -3 to 158G,
preferably between 2-10°C, with soft stirring, while optionally adding tempered

10 orystals for seeding, for up 1o 98 hours;

¢} separating the solid stearin fraction by filtration;

d} washing the solid phase with cold fresh solvent o remove the rest of
the micelles entrapped into the precipitate; and

g} rermoving the solvent, preferably by distillation at vacuum.

fort
[#]

The starting material to produce the {at of the invention ig high-stearic
high-oleic sunflower off thal can be exiracted from seeds described in
WOO0/74470 or Pleite, R. et al. {Joumal of Agricultural and Food Chemistry
20086, 54; 9383-8). This ofl can be exiracted from those seeds by conventional

20 methods involving the crushing of the seads, and the exiraction in a Sohxlst
apparatus after addition of sodium sulphate using hexane as the solvent.

The fractionation method can be improved in time and quality by seeding
with the appropriate tempered stearin crystals. These stearin crystals can be
obtained from high-stearic and high-oleic stearin fractions by tempering or pre-

25  crystalization al temperatures of around 20 to 24°C for at least 24 hours.

The content of triacylglycerols with the general formula S8US, wherein the
si-1,3 fatty acids are the two extemnal characiers and S reprasents saturated
fatly acid, U represenis unsaturated fatly acids, in the above mentioned oll is
not enough for uses in confectionary. Therefore, this ol has 1o be fractionated fo

30 produce the fat of the invention. Qi fractionation involves only physical steps
including the cocling of the ofl in the optional presence of any organic solvent,
the separation of the resulling precipitale by filiration and the removal, if
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necessary, of the solvent by distilation. The resulling fats have increased levsis
of TAG of the general formula SUS. The TAG and TAG classes composition of
initial ol and different fractions are shown In Tables 4 and &

Table 4
Triacylglveerol composition of & high-siearic high-oleic sunfiower oils (HEHO
1), compared with precipiiates oblained from the same ol by dry fractionation
(&3 1} or solvent fractionation (8H 1.
P = palmitic acid; St = stearic acid; O = olsic acid; L = lincleic acld; A =
araquidic acid; B = behenic acid
Triacyiglycerot content (%)
HSHHO 1 Sh SH 1
POR 0.4 0.4 0.8
POSL 2.7 58 11
POO 7.8 5.3 1.8
POL 1.0 0.7 {21
PLL <1 <3 <8.1
G105 4.4 20.8 525
2100 33.0 24.8 8.8
St 0.7 0.8 0.8
Q00 31.8 22.8 ’ 8.3
S10L 4.4 3.4 1.8
GOL 5.2 3.8 1.0
oLl 0.8 0.5 <}
AQSE 8.8 2.8 8.8
OOA 2.8 A 0.7
CLA <{.1 <01 «{3.1
BOSE 8.7 3.1 8.0
008 3.7 2.1 0.9

The original content of TAG with the general formula SUS was increased
by around 4 times by dry fractionation and by around 8 times by solvent
fractionation, resulting in fais appropriate for confectionary uses. Those fals
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displaved contenis of the TAGs AUSt and BOSE from 3% to 8% for each, which
increased the confent of solids in the fals. These stearing can be used for the
production of confectionary products and chooolates alone or mixed with CB or
tropical fals rich in 8108t such as shea, iilipe, kokum or mangoe or other
corfectionary fats. The fals of the invention are fully compatible with GB,
producing neither eulectics nor any decrease in the melting point of the final
mixture when mixed with CB,

Table 5
Triacviglveerol clags compuosition of a high-stearic high-oleic sunfiowsr oils
{HSHO 1), compared with pracipiiates oblained from the same oif by diy
fractionation (8D 1} or solvent fractionation (SH 1),
S = saturated fafly acid, M = moncencic fally acld and
D = disnoic fatty acid, U = unsalurated fafty acid.
Trigeylglyosrol class content {9%)
HSHO 1 S0t SH A

SME 9.0 32.8 78.0

SMM 47.2 351 12.1

SN 0.7 (3.8 0.8

SOM 5.4 4.1 1.6

SDD <i3.1 «{.1 <03

MMM 31.8 22.8 8.3

MR 5.2 38 1.0

MDD 4.8 0.5 <31

BUS 8.8 334 9.6

SUU 52.8 38.2 13.14

UL 375 27.2 7.3

The fal of the invention can be produced from any type of high-stearic
high-olele sunflowsr off, maintaining similar TAG compositions and meilting
profiles. Using oifls with higher contents of stearic acid do not changs
significantly the composition of the stearing resulting from dry or solvent
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fractionation. Therefore, Tables 8 and 7 show the TAG composition of slearing
ragulting from high-stearic high-oleic oil contalning 8 higher level of stearic acid
(HSHHO 2). This oil reached a leval of the TAG StOST of 7.5%, vielding siearing
simitar in composition to those from the il HSIHO 1.

Table §
Triacyigiyearol composition of a high-siearic high-oleic sunflower olls
{HSHO 2), compared with precipitates obtained from the same off by dry
fractionation (8D 2) or solvent fractionation {(SH 21
P o= pamiic acid 5t = sleaic acid, O = oleic acid
L = lingleic acid; A = araguidic acid; B = behenic acid.
Triacylglycerc! contert (%)
HSIHO 2 sSp2 8H 2
BOP 0.7 G.7 G.6
PO 4.7 6.8 10.7
ROO 8.2 g.4 1.2
FOL 3.8 0.7 <{3.1
PLL «0.1 0.1 <1
SHOSE 74 231 B7.8
SO0 34.4 26.2 8.5
S8t 1.1 0.8 0.4
OGo 235 168 2.8
SO0 3.5 2.8 0.5
0L 3.1 2.2 0.3
OLL {.1 0.3 <01
ADE 1.8 3.7 8.0
O0A 3.4 2.4 8.5
OLA (.1 <1 <1
BOSE 1.5 3.7 14,3
Q0B 5.1 3.8 0.7
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Table 7
Triacylghycerol class composition of & high-steario high-oleio sunfiower oils (HEIHO
2}, compared with precipliiates obtained from the same ofl by dry fractionation (80
2} or soivent fractionation (8H 2.
8§ =  satwated fatly aoid, M =  monoenolc fafty ackd  and
& = disnoic fatty acid, U = unsaturated falty acid
Triacyiglvcerol class content (%)
HSHO 2 sh2 SHZ

SME 18.8 37.8 &7.14

Shidd 521 38.8 8.9

5DS 14 0.8 3.4

50M 4.3 3.8 3.8

500D «0.1 <04 <01

HEHELY 235 16.8 2.8

RMD 31 2.2 0.3

MDD 0.1 .3 «<{.1

SUS 17.0 8.4 875

SUL 58.4 42.5 8.5

SIBIE 28.7 18.1 3.2

The high melling point stearins oblained from high-stearic high-oleic
sunflower oils by fractionation constitute the fat of this invention and are
especially appropriate for confectionary uses. This fat has higher levels of solids
than other confectionary fals having a similer contemt of disglurated
triacyigivecerols due to the high content of Bi08H, and mainly of ADSE and BOSY,
but keeping a melting interval adequate for confectionary.

Since these siearing are frans-free fatty acids, they can be used for the
production of confectionary products and chooolates alone or mixed with CB.
The fats of the invention are fully compatible with CB, producing no sutectics,
nor any decrease in the melting point of the final mixiure when mixed with CB.

The fats of the Invention are stable and do not contain linolenic, fauric or
myristic acids in perceniages highsr than 0.5%, preferably not higher than
{3.3%, more preferably not higher than 0.1%, of the tolal fatty acids.
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The invention will be further fllusirated in the Examples thal follow. In the
Examples reference is made {o the Figure 1 which shows the solid fat content of
different blends of cocoa butter and the {al SH 5 (Tables 18 and 19) at different
temperatures {520 {-B88-), 150 {~%-}, 2520
{(-C3-), 30RC (¥, 35°C (-&-) and 40°%C {-@).
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EXAMPLES

EXAMPLE 1
1. Plant Material

High-stearic and high-cleic sunflowsr seeds as described in
WOO0/T4470 or in Pleite, R. et al. {(Journal of Agricultural and Food Chemistry
2008, 54 9383-8) were used.

2. Extraction of the off

Seed ol was extracted using a continuous oil press. Batches of oil were
exiracted and then refined. Since these oils displayed a low content of
phosphate they were not degummed. Hemoval of the excess of free fally acids
was carried out by neutralization with 129 Baumé (218 M) lve at 15%C for 40
min. Soapstocks were removed by centrifugalion and the oil was then waler
washed. The next slep was oil bleaching by treatment with activated bleaching
clay (1% wiw} at 70%C for 10 min. Finally the oil was deodorized by applying 3%
steam at 200%C for 3h under vacuum,

3. Analysis of TAG

The composition of TAG molecular species was carried out by gas
chromatography of the purified TAG in an Agilent 6880 gas chromalograph
using a 30 m. Quadrex aluminum-clad bonded methyl 65% phenyl silicone
capillary column, .25 mm LD, 0.1 micron film thickness, hydrogen as the
carrier gas and FID deteclor, according to Fernandez-Mova et al. J. Agr. Food
Chem. 2000, 48, 764-788.

EXAMPLE 2
1. Dy fractionation of high-stearic high-oleic (HSIHO) sunfiower off

HSHO 1 and HEWHO 2 off (Tables 4 and 8) without the addition of any
solvent were loaded into a jacketed reactor. The oif was heated o 40°C with
continuous slow stirring (30 pm). Then the ofl was cooled to 18°C decreasing
the temperature from 40°%C using a linear ramp of 2h. Sesding was performed
by adding tempered stearin crystals obtained from previous fractionation. These
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stearin crystals were obtained from previous stearin fractions by tempering or
pre-crystaflization at temperatures of around 20 to 24°C for 24 hours.

Once at 19°C the ofl temperature was kept constant with continuous slow
stirring {10-30 rpm) for 30h. Thereaftsr, the white stearin precipitate formed was
filered at vacuum using & jacketed filtration plate and miracloth lissue
{Calbiochem) as the filtrating media. The precipitate was let to drain at vacuum
for 2 extra hours 1o remove the olein entrapped into the precipitate. The
resulting stearin displayed an incremented amount of disaturated TAG with
respect 1o the starting ol (Table 8). An equivalent increment was observed on
total disaturated classes of TAG (Table 8).
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Table 8
Trigoyiglveerot composition of a high-stearic high-oleic sunflower off (HEHO 1),
compared with a precipitate obtained from the same ofl by dry fractionation at
1820
{8D 3L
P = palmitic acid, St = stearic add, © = osic acld
L = linoleie acid; A = araguidic acid; B = behenic acid
Trinovighvesrol content (3%}
Triacyiglycerol HSHOGH S03

POR 0.4 2.5

POSt 27 §.2

POQ 7.8 4.7

POL 1.0 0.7

PLL <1 <Q.1

S05t 4.4 24.2

S0 33.0 23.0

SISt 0.7 1.0

Q00 31.8 20.8

SioL 4.4 3.5

OCL 5.2 3.3

GLL 0.8 0.4

A0St 0.8 3.3

OOA 2.8 1.8

OLA <.1 <31

BOSt 8.7 3.8

0B 3.7 2.8
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Table 8
Triacylglyoerol class composition of a high-stearic  high-olgic sunflower olig
{(HSHHO 1), compared with precipiiaies oblained from the same ofl by dry
fractionation (8% 31
3 = saturated falty acid, M = monoengic fatty acid and D = diencic fally acid, U =
unsaturated falty acid
Triaoviglycerol class condent (9%}
Triacylglycera HSHO 1 sSO3
SMS 8.9 77
Shbd 47.2 32.5
508 6.7 1.0
SO 5.4 4.2
800 «<{.1 0.1
RMM 318 208
MDD 5.2 3.3
MDD 0.8 0.4
SUS 8.8 387
SUU 52.8 36.7
UL 378 245

2. Dry fractionation of high-stearic high-oleic sunffower od in a pilot plant.

An amount of 10L of high-stearic high-oleic off was loaded in the
crystaliizer of a crystallization pilet plant from DeshMet Ballestra. The off was
heated to 40°0 and then {emperalure was ramped o 18%C for 2 h with slow
stirring (10 rpm). Once the oil reached 18°C, seeding was performed with
temperad stearin crystals oblained from previous ractionation, and was kept at
thal temperature for 30h.

Then it was fad io a press filter thermostatized al 18%0C and sndowed with
a nvion or plastid filiraling membrane by increasing the pressure inside the
crystallizer to 2 bar with pressurized air. Once the press filter was filled with
stearin crystal, the connection with the crystallizer was closed and the cake was
squeezed by increasing the pressure indo the press filter, Hrslly by applying
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pressurized air up to 8 bar and then pumping manually waler into the pilot plant
pressure circult up to 30 bar for 2h. Finally, pressure was released and the
stearin cake was collected from the filtar,

Results from fractionation are shown in tables 18 and 1. They were
similar to that found in the laboratory scale experiments, with enrichments of 4-5
times of the content of SIOST and disaturated triacylgivoerols, which makes this

fat closer to confectionary fats than the initial oil,
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Table 18
Triacyigivoero! composition of g high-sigaric high-oleic sunflower oif (HSHO
1), compared with a precipiiate obfained from the same of by dry
fractionation at 180 in a pilot plant (8D 4},
P = palmitic acld, 51 = stearde acid; O = oleic  acid
L = lingleic acid; A = araquidic acid; B = behenic acid
Triacyighyeerol content (%6}
Triaovighoerol HEHO S04
ROP 0.4 0.8
POS 2.7 £.3
PO 7.8 5.8
POL 1.0 0.8
PLL <0.1 <31
S5t 4.4 215
S 3.0 23.7
SiLE 0.7 4.8
o000 31.8 218
SHOL 4.4 3.4
0L 5.2 2.0
CLL 0.8 2.5
ADSE 4.8 3.2
QOA 2.8 24
A «.1 <31
BO5 8.7 3.3
O0OB 3.7 2.9
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Table 11
Triacvigiveerol class composition of a high-siearic high-olsie sunflower olls (HEHO
1}, compared with precipiiaies oblained from the same off by dry fractionation at
18%C in a pliot plant (80 4,
8 = saturated fally acid, M = monoenoic fally  acid  and
D = diencic fatty acid, U = unsaturated fatly acid.
Triacyighoerol class content (3%}
Triacyiglycerol HSHO 504
SME 8.8 34.8
Shb 47 2 34.2
208 0.7 0.8
SDM 54 4.2
Sbh <. 1 <1
RRARM 31.8 218
MMD 5.2 2.0
MDD 0.8 2.5
SUS 8.8 358
SUU 52.6 38.4
LU YR ag.1
EXAMPLEZ

1. Solvent fractionation of high-stearic high-oleic sunflower off

Solvent fractionation involves the mixing of high-stearic and high-oleic ol
with an organic sobvent, cooling down the resuliing micellss, growing solid
crystals and filtering the solids at vacuum. The resulting stearin cake is washed
with fresh solvent 0 remove the olein entrapped in #. Solvent fractionation can
be fulitlied with different solvents including hexane, acelone or ethyt ether. In
the present example high-stearic high-olelc ofl HBIHO 1 was dissolved in an
aqual volume of hexane. Resulling micelles werg set in a water bath at 080 and
55 for 88h, then the precipitale was filtered and washed with fresh hexane af
000 or 5°C respectively. Staaring were finally distilied to remove the solvent and
characterized,
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Tables 12 and 13 show a3 series of stearing obiained from HSHO1 oil by
fractionation with hexane at different lemperatures. Solvent fractionation
increased the content of disaturated TAG by several fold, giving place fo the fal
of the invention, which presents high levels of disaturated TAG, with contents of
ADSt and BOS! higher than 3.2 and 3.3 respectively. These fals were
appropriate for confectionary uses, displaying high levels of disaturated TAG.
They are healthy, free of linclenic acid and can be prepared from HSIHO
sunilower oil.
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Table 12

Triacyiglycerol composition of a high-stearic high-clele sunflowsr off (MHSHO1T),
compared with stearins obtained from the same ofl by solvent fractionation with
hexane at a temperature of 080 (EH 3) and 58C {(GH4).

P = paimitic acld, 8t = stearic acidi O = cleic  adiy
L = linolele acid; A » araquidic acid; B = behenic acid
Triaoyigivosrol composition (%)

HSHO SH3 SH 4

pOP 0.4 0.8 0.8
POSt 27 13.4 11.¢
POO 7.8 2.7 1.8
POL 1.0 0.2 0.1
PLL <0.1 <1 <0.1
S108T 4.4 37.1 52.5
SO0 330 153 8.9
S5t 0.7 0.8 0.8
00 31.e 10.8 8.3
StOL 4.4 1.8 1.0
0L 52 15 1.0
OLL 0.8 <0.1 <01
AOQSt 0.8 8.3 6.8
OO/ 2.9 1.1 6.7
OLA 0.1 <01 «{.1
BOSt 8.7 8.9 8.0
QOB 3.7 1.7 0.8
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Table 13

Triaoyighvosrol class composition of a high-stearic high-olsic sunflowsr  off

{H&HO1), compared with stearins oblained from the same ofl by solvent

fractionation with hexane at a temperature of 08C (SH 3) and 5%C (SH 4).

8 = sawrated fatly acld, M = moncencic acid  and

D = dienocic fatty acid, U = unsaturated falty acid

Trinoylgiveerot class composition (%6}
HBHG SH3 SH 4

SMSB 8.9 64,8 78.0
ShAM 472 20.6 12,1
SD& 8.7 <0.1 «<0.1
SOM 5.4 2.0 1.1
SRR <{1.1 <. <{.1
MMM 31.9 0.5 8.3
MMD 52 1.5 1.0
MDD 0.8 <01 <{1
SUS 8.8 84.8 79.0
Suu 52.8 228 13.2
WUy 378 12.0 7.3

EXAMPLE 4

1. Soivent fractionation of high-stearic high-oleic sunfiower ol sisaring

The fat of the invention is prepared by fractionation of HSHO sunflower

oils. Alternatively, stearins oblained by dry fractionation or solvent fractionation

can be enriched in disaturated TAG by further solvent fractionation.

A stearin oblained by dry fractionation from HStHO sunflower oil as

described in Example 2, was dissolved in 3 volumes of acetone. These fat

micelies were then cocled down 1o temperatures of 10 or 15°C, in this moment

seading with appropriated {empered stearin crysials oblained from previous

fractionations was performed and the micelles kept al this temperature for 48h.

Than, they were filtered at vacuum in filtration plates set inte a cold room using

miracioth tissue as the filiration medium. Precipitates were washed with fresh
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sohvant to remove the remaining olein entrapped within them and finally distilled
at vacuum,

The step of solvent fractionation increased the content of disalurated
TAG of the starting stearin of the example, especially S1O51, AOSt and BOSY,
making and reaching & total content of TAG with the general structure SUS up
{0 79.3% {Tables 14 and 18). This fat is appropriate for confectionary, since
presents a high level of disaturated TAG. This fat is free of linolenic acid and is
fully compatible with CB.
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Table 14
Triaoyiglyeeral composilion of g stearin prepared from  high-siearic high-olsic
sunflower {at {SD 5}, compared with stearing oblained from the same fat by sohvent
fractionalion with acetons al 10%C (84 1) and 15%C (8A 2L,
P = paimitic ackd; 51 = stearic acid; C = oleic acid; L = linoleic acld; A = araquidic acid;
B = behenic acid
Triacyvighyeero! composition (%)
805 Sa1 SAZ
POP 0.5 0.6 0.3
POST 4.1 8.1 7.7
PO 8.7 3.1 1.2
POL 0.8 0.4 0.1
PLL <11 (3.1 <31
S5t 125 377 57.8
SO0 29.5 15,7 &.8
St .8 1 3.7
OO0 28.0 12.7 5.1
S0OL 4.0 2.5 .8
0L 3.3 2.3 1.4
OLL 0.4 0.3 (3.1
ADSY 1.7 5.4 3.7
Q04 2.3 1.4 0.5
LA, i1 <31 <4
BOSY 1.8 5.3 5.8
OB 2.8 2.3 4.8
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Tabie 15
Triacylglycaral class composition of a stearin prepared from high-stearic high-oleic
sunflower fat (SD 5), compared with stearins obtained from the same {at by solvent
fractionation with acetone at 108%C (SA 1) and 15%C (8A 2).
S = saturated fatty acd, M =  monoencic faty acid and
0 = diencic fafty acid, U = unsaturated fatty acid
Triacylglycero! class composition (%}
sDs 5A 1 SAZ

IS 20.8 58.2 78.8

SMM 412 22.4 13.2

S08 0.8 1. 0.7

SDM 4.8 2.8 1.0

ShD <1 <31 «0.1

MM 28.0 127 5.1

MMD 3.9 2.3 1.4

MDD 0.4 0.3 <(3.1

SUS 21.6 §9.3 78.3

S 46.0 253 14.2

Uuu 32.3 15.3 6.5

EXAMPLE S
Fractionation of high-stearic high-oleic sunfiower oif at different ltermnperalures
The compositions of the different stearing oblained by fractionation of
high-stearic high-oleic sunflower oils are different according 1o the conditions
used in this process. Thus, it is possible 1o oblain stearins with different
characteristics and melting profiles modifying the conditions of oil fractionation,
irt the case of dry fractionation # is possible to accelerate the process by
cooling down the oif {o a lemperature low enough to induce a quick formation of
crystal nuclel {nucleation temperature), which usually ranged betwesn 210 590
below the final crystallization temperature. Afler this step of nucleation the oll
was warmad up to the final crysiallization temperature for 20 to 50 h. Then,
stearin was filtered in & jacketed Buchner funnel and entrapped olein removed
applying vacuum. The nucleation lemperalure and time affected the final
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composition and yield of the stearin, as it did the final fraclionation temperature
{Table 18).
The level of saturated falty acids in the stearins oblained al higher
temperatures increased st expenses of lower yislds of precipitate. Lower

nucleation lemperatures gave place to stearing with lower levels of disaturated
TAG although they accelerate the whole fractionation process.

Table 18

Ranges of composition of disaturated triacylglycercls and triacyiglvoers! classes in
stearing resulting from dry fractionation of HSIHO 1 off (Table 4) at different final
temperatures. The differences in stearin composition within sach temperature are due to
different nucleation conditions.

P = stearic acid; O = olsie acid;
A = graquidic acid; B = behenic acid, & = salurated {atly acld, U = unsaturated fatty acid.

palmitic  acikd, 8 =

Final crystaliization tempsraturs
Triacylglycero! content rangs {9%;)

17.0%C 17.58C 18.55C 18.0°C
8108t 8.9-12.8 8.7-18.8 8.8-23.7 12.6-24.2
S0P 3.0-4.3 3.0-5.8 3.5-6.8 4.1-8.2
ALSE 1.1-1.9 1.1-3.0 1.5-3.4 1.7-3.3
BOSt 1.2-2.1 1.1-3.3 1.5-3.4 1.8-3.5
SUS 12.8-22.0 12.2-314 16.7-38.6 20.8-38.8
SUU 51.7-48.5 51.2-41.3 50.1-38.6 46.7-368.7
UUU 35.8-31.8 36.2-27.3 33.1-24.7 32.5-21.2

in the case of solvent fractionation the final composition of stearins
change in functions of the conditions in which the crystallization is carried out. in
the case of solvent fractionation the parameters that are usually modified are
the temperature and the amount of solvent that is added to the oil,

Data corresponding 1o several fractionations with hexane are shown in
Table 17. In these fractionations, oils were mixed with different volumes of
hexane, in proporiions that varied from 25% to 75% of oil in the final micelies.
Gii-hexane mixtures were cooled down to © or 5% for 72 h and filtered in a
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Buchner al vacuum. The stearing were then washed with fresh hexane at the

fractionstion temperaiure, Finally they wers distilled o remove the solvent fo be

characterized.

Fractionation at higher temperatures yields stearing with a higher content
of disaturated TAG at expenses of yield and recovery. A similar effect was
observed at incraasing the amount of hexane in the fractionation mixture. Thus,
miceiies conlaining more hexane give place t© stearing with higher disaturated
TAG content and higher melling points than micelles with a higher concentration
of oil, Furthermore, adjusting the fractionation conditions, HBHO 1 and HSIHO
2, produced fractions with gimilar composition. Thus, the initial sigarin content of
the starting off does not substantially influence the outcome of the fractionation.
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Tabie 17

Hanges of composition of disaturated triacylglveercls and triacyigiveerol classes in
stearing resuliing from fractionation of HSHO 1 and HBIHO 2 (Tables 4 and 8) with
hexane at different lemperatures. The differences in siearin composition within each
temperature are due to different proportions of hexane in the fractionation mixture.
They varied from 25 to 75% oil in the final miceles.

P = acid; 8t =
A = araquidic acid; B = behenic acid. § = saiurated fatty acid, U = unsaturated fatly

palmitic stearic  acid; O =  qoleic  aci

acid
Disaturated triacyiglycerc! range (36}
HEHOY HEHOR
0*C S 08RG 5EC
SO 1.7 -57.5 15.7 -52.8 30.7-458 28.0-83.2
StOP 8.2~11.0 8.5~11.0 14.3 -~ 13.1 121 =8
ADSL 20~75 27889 81~74 §1~7.8
BOSt 1.89~8.8 28-~8.0 8§8-~-8.8 5.6 -105
SUS 22.4~859 28.3-78.6 59.6 ~77.4 524915
SUU 53.8-~9.8 43.3~13.2 29.9 ~17.3 338863
LU 23,7 ~ 4.4 28.0~-7.3 104583 13720
EXAMPLES

Determination of melting infervals and contents of solids by differential scanning
calorimeiry

Differential scanning calorimetry or D8C is a thermoanalytical technique
in which the difference in the amount of heal reguired o increase the
lemperature of & sample and reference are measured as a funclion of
temperature. This technique allowed determining the melting interval of different
fats and stearins. Furthermore, the content of solids of the fat at different
temperatures was calculated by integrating the heat flow signal. The melling
profiles of the fals were determined by differential scanning calorimetry (DSC) in
a Q100 scanner {TA instruments, New Castle, DE, USA)

#

Hesulls wers
processed using the TA analysis software provided by the manufacturer. This



19

WO 2011/048169 PCT/EP2010/065842

3

instrument was calibrated by using metallic Indium {melling point 158.6 G,
AH28.45 Jig) prior o use. Samples were prepared by transferring amounts of
the melted olls and fat fractions of € o 8 mg to aluminum pans and weighting
them in a precision microbalance (Santorius M2P Microbalance). Pans wers
then sealed and submilted to calorimetric balance. An emply sealed capsule
was used as the reference,

To study melting profiles, samples were kept at 808 for 10 min. fo
destroy any previous struclure; then samples were cooled to 08C for 30 min.
and kept at 52C during 24h. Finally, they were transterred to an oven at 26%C for
48h. Samples were loaded in the calorimeter at 20°C, temperalure was quickly
decreased to -40°C and then it was increased to 80%C at a 108C/min rate. Solid
fat contents (SFC) were determined by continuous integration of the DBC
melting curves using the TA universal analysis software.

Different stearing prepared by dry and solvent fractionation from different
high-stearic high-oleic oils were analyzed by DEC and compared with standard
cacoa butler. The composition of these fats is shown in Tables 18 and 18.
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Table 18

Triacylglvoerol composition of difierent stearing prepared by solvent fractionation

from high-stearic high-oleie oifs.
P = pamitie aoid; St = stearic acidh O = oleic  acid
L = linoleie acld; A » araguidic acid; B = behenic acid

Triacyighycerol composition (3%
A3 SA4 | BHE | BAS S& 2 SH8 SH7 SHE

POP 1.0 0.8 1.0 8.7 0.3 8.3 0.3 0.4
POS 13.7 8.6 13.6 12.3 7.7 6.5 7.2 74
FOG 3.8 4.3 3.0 1.1 1.2 1.2 0.7 0.2

POL 0.3 0.5 6.2 8.2 0.1 0.2 0.4 <3
S08t| 358 32.5 388 58.0 57.8 85.3 §7.3 74.3
SO0 15.8 2.1 14.4 8.2 8.8 4.7 3.7 1.5
SiL.Bt 1.0 0.9 2.0 0.5 8.7 .1 0.2 <{.1
300 13.2 17.1 .1 3.8 5.1 4.1 2.8 0.5

S0l 1.8 2.5 1.2 8.8 0.9 0.4 8.1 <@.1
Q0L 1.8 23 0.8 3.6 1.4 8.5 0.4 =0.1

QLU {1 0.2 <1 0.4 <0.1 <0.1 <1 <01
A08L 4.4 3.2 8.8 7.4 7.7 7.0 7.4 7.3
COA 1.2 1.5 1.1 8.3 8.5 8.5 0.7 3.8
BOSt 4.4 3.3 7.8 §.4 &0 g.2 8.3 8.6

0B 1.7 23 1.B 1.8 4.8 0.8 0.5 1.4
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Tabie 18

Triaoyiglveerol olasses composition of different stearins prepared by solvent

fractionation, SA is solvent acetone and SH is solvent hexane, from high-stsaric high-
oleic olls,

8 = saluraled falty ackd, M = monoenoic fally acld  and
D = disnoic falty acid, U = unsaturated fatly acid

Triacvigiycerol class composition (34}
SA3 SA 4 SHES SAS S5A2 SHE SHY SH B
SME 58.3 48.2 £88.3 84,7 78.8 87.3 9.4 985

SMb 22.4 28.3 20.3 9.4 i3.2 7.4 5.8 3.7
s0s 1.0 (.8 2.0 0.5 8.7 8.1 0.2 <{},1
SDM 2.1 3.0 1.4 0.8 1.0 0.8 0.5 <{3.1
SBD «{.1 <{}.1 <1 «{.1 <{3.1 «<{1.1 <{3.1 <1
MMM 13.2 17.1 6.1 as 5.1 4.1 2.8 .8
MMD 1.8 2.3 0.8 0.8 1.4 0.5 0.4 <{11
MDD 0.1 0.2 <01 0.4 <0.1 <{.1 <{1.1 <.

SUS 60,3 48.1 71.3 88.2 78.3 B87.4 80.8 35.5
SUL 245 31.3 21.7 0.2 14.2 8.0 8.1 3.7
UL 15.1 14.8 8.8 4.8 6.5 4.8 3.3 0.9

Confsctionary fals require a high level of disaturated TAG to achieve the

necessary propsriies involving high levels of solids, which make these fat brittie,

S and a guick melling interval. This profile i displayed typically by CB {Table 2}
as it is shown in Table 20,
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Table 20
Content of solids al different temperatures of stearine obtained by solvent
fractionation from high-stearic high-olsic sunflower, {For composition see Tables 18
and 18}
Temperature (S0)Solid content (%)
KHL® 32.5%C 3550 ar.8:% ¢ 408
SA4 38.8 25.8 10.8 2.1 0.0
SA 3 50.0 358 17.4 4.3 8.2
SHE 57.5 42.2 268.7 14.3 8.3
SA2 82.1 74.1 52.7 231 8.4
BAS 78.8 68.0 45.8 17.5 3.5
BHE 491.3 85.0 62.8 28.6 a.1
ST 86.0 795 82.0 32.8 11.0
SH 8 4.5 at.6 822 47.5 154

Fals with a lower content of total disaturated TAG digplayed similar or
something lower conlents of solids than CB at temperatures around 30°C (84 3
and SA 4}, However, these fals kept high solids contents at these temperatures,
and thelr melting behavior was similar to CB at temperatures higher than 308,
due 1o the presence of the high melling point TAG ADSE and BOSt When the
high-stearic  high-oleic  sunflowsr slearins  displayed similar conlent of
disaturated TAG than OB (8H § and SA 5} they displayed higher content of
sofids than OB provided these fats conlains TAG of a high melling point such as
ADSE and BOSL Sunflower fals with higher content of disaturated TAG
displayad a bigger percentage of solids and more slevated mealling intervals,
between 35 and 40°C, but were fully compatible with CB, so they can be used
in blends with CB fo improve the characteristics of confectionary at high
lemperatures. The content of solids at different temperatures of fractions in
Table 20 corrslated well with the SMS content.

Solvert fractionation of high-siearic high-cleic sunflower oils 8 an
sfficient way io produce high melling point sunflower fals, Amongst different
solvenis, acelone was especially appropriate because B induced a guick
precipitation of the stearin al temperatures ranging 10-15%C. Depending on the
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starting oils, the ratio oiifsolvent and temperature siearing with different TAG

composition ware oblained. All thase sitearing werg in the high range of
disaturated TAG content {67-82%, Tables 21 and 22).

Table 21
Triaoylghyosrol composition of different slearing prepared by fractionation with
acetone from HEHO 1 (Table 4, 84 6, 54 11, BA 12) and HSHO 2 (Table 6, SA 7,
SA & 8SA 8 SA 10) high-stearic bigh-clelc olls. Fractions corresponded o
fractionations at 10 and 18%C using different oifsolvent ratios.
o= paimitlc ackd;, B = stearic ackd, O = acid;
L = linolelc acid; A = araquidic acid; B = behenic acid
Triacylghyeerol composition {96}
SA B SA 7 SA S SA g SA 1D 5A 11 S&12
POR 0.7 0.8 1.0 0.8 .8 0.7 0.7
POSE 10.8 125 13.8 14.0 15.0 1.7 11.8
POG 2.5 3.0 2.7 2.3 1.8 1.5 1.4
ROL 0.2 0.3 3.2 3.2 .1 ¢ 0.1
51088 42.8 38.5 &1.4 £3.7 46.8 2.7 53.2
SO0 13.8 14.7 13.9 12.1 8.8 8.5 8.4
SiL&e 0.7 Q.7 0.8 0.7 0.8 0.3 0.8
QGO0 10.4 8.2 7.3 8.3 4.8 55 5.4
SIOL 2.0 1.4 1.4 1.1 0.8 0.8 0.8
Q0L 1.7 1.0 0.8 0.7 0.5 0.8 0.8
OGLL <01 {11 <{.1 <{.1 {1 <{.1 {1
A0S 5.8 8.9 8.8 7.4 8.1 7.4 7.2
QA 1.1 1.3 1.0 1.0 1.0 0.5 0.5
BOSt 5.8 7.7 7.1 8.1 8.4 8.1 7.5
08 1.7 2.0 1.7 1.5 1.2 1.2 1.4
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Table 22
Trisgylglyceral class composition of different stearins prepared by fractionation with
acetone from HEIHO 1 (Table 4, SA 6, SA 11, SA 12} and HEHO 2 (Table 6, SA 7,
SA B, SA 8, BA 10} high-stearic high-oleic oils. Fractions corresponded o
fractionations at 10 and 1880  using different  oiffeplvent  ratios.
8 = saturated falty acid, M = moncenoic falty acid  and
D = dienocic falty acid, U = unsaturated fatly acid
Triacylgiveerol class composition (9%}

SA 6 SAT SA S SA S SA 10 SA T SA 12
ShS 85.9 87.5 704 741 78.3 B8 80.5
SMM 18.1 21 18.3 16.8 13.8 11.7 11.4
SO8 0.7 0.7 0.8 0.7 0.8 ¢.3 0.8
SDM 2 1.4 1.4 1.1 0.8 0.8 0.8
SDo <01 <0.1 <01 <{.1 <3 <. =1
MMM 10.4 8.2 7.3 8.3 4.8 55 5.4
MMD 1.7 i 0.8 0.7 0.5 0.8 0.8
MDD {11 0.1 <{3.1 «{.1 <0.1 {1 <1
SUS §6.6 68.2 70.8 74.8 78.8 80.9 81.3
SUU 21.1 22.4 20.7 18 14.7 12.5 12.3
LU 121 8.2 8.1 7 5.3 8.4 8.2

Onee again, the higher the levels of disturated TAG, the higher the

content of solids of the corresponding fats (Table 23). All these fals displayed
conterds of solids highar than cocoa butter at femperatures higher than 3080
although some of them contained less saturated fally acids. This effect was
caused by the presence of TAG like AOSt and BOSL, which display melting
points higher than those of the disalurated TAG found in CB. These fals were
fully compatible with CB, so they can be used in blends with B to improve the

characteristics of confectionary at high temperatures.
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Table 23

Content of solids at different lemperaiures of sisaring preparsd by fractionation with
aceione from HSHG 1 {Table 4, SA 6, BA 11, SA 12} and HSIHO 2 (Table 8, A 7,
S& 8, 54 8, SA 10 high-stearic high-cleic olls. Fractions comresponded o
fractionations at 10 and 15°C using differsnt oifsolvent ratios.

Temperature (fFCYS0lid content (3%}

30EC 32580 £ 37.5%C 4080
SAT 58.3 43.2 28.2 16.7 8.1
SA 6 57.2 45.2 318 191 8.7
SA S &81.1 48.8 34.9 21.5 1.3
BA g £4.1 50.8 383 20.7 103
SA 10 70.0 8R.7 38.3 224 1.2
SA 11 718 57.6 40.0 23.5 1.8
SR 12 74.8 62.3 458 28.1 14.8

EXAMPLE7
Siudies of compatibility of the fat of the inveniion with CB

Sometlimes fals used as alternatlives to CB like lauric and hydrogenated
fats produce eutectic mixiures, in which the meliing interval of the {at blend is
fower than that displayed by both {ats separately.

To study compatibility of the fat of the invention with CB fo produce
improved confectionary fals, both fals were melted and blends of diflgrent
proportions were prepared. Thereafter, the solid content of the blends was
determined by diferential scanning calorimetry as described in example 8. The
fats used in this example were CB1 (Table 2) and SHE, which composition is
shown in Tables 18 and 19, The lines corresponding to solid {at content at
constant temperatures (Figure 1) wore paraile! and did not show the presence
of any eutectic, which means that the fat of the invention is fully compatible with
cocoa butter and # ¢an be used o be mixed with CB in any proportion to
pracduce confectionary fats with improved characteristics. These fats, unilike
other CB alternatives are healthy because they are free of medium-chained and
trans faity acids. Moreover, they have very low saturates in sn-2 position and
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can be obtained from a sunflower mutant that can also be grown in countries
with temperate climate,

EXAMPLE 8
Preparation of a chocolate bar with the fal of the invention

The fat of the invention can be used for preparation of all classes of
confectionary products. In the present example a chocolate bar was prepared
using a recipe available in lHerature (W. . Trebor “Chocolate and
confectionary”, 1850). The following ingredients wers used:

34.8 g fat SHS

21.8 g chocolate powder
43.4 g sugar

(.3 g soy lecithin

The fat was melted and kept at 50%C. Al this temperature the soy lecithin
was added and the midure was homogenate. Aflerwards chocolate powder and
sugar were addsed with continuous manual stirring. The resuiting mixture was let
o cool down to 258C, Then # was slowly heated again to 30°C with soft stirring,
and it was finally poured in a appropriate cast. The mixture was lef to cool at
room temperature overnight and chocolate bars with good palatabilily and
organcleptic characteristics were obiained.

This recipe could be made with equaily good resulis with other fals
mentioned in this patent application or blends of these {fats with cocoa butter in
any proportion,

EXAMPLE D
Preparation of a chocolate bar with a mixture of the fat of the invenfion and
palm mid fraction

The fat of the invenlion can be mixed with other fats to produce
confectionary products of appropriate properties. Thus, palm mid fractions are
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fats prepared from palm ofl by dry fractionation. These ususlly have low
contents of polyunsaturated and Wisaturated TAG and high contenis of the
disaturated TAGs POP and POSL These fals are usually mixed with tropical
fatg rich in stearic acld for the production of corfectionary fats. in the present
sxample we prepared a chocolate bar using a midiure of palm mid fraction with
one of the fals of the inveniion oblained by fractionalion with acelone.
ingredients usad were:

13.6 g palm mid fraction
20.7gtatSAZ

21.8 g chocolate powder
43.4 g sugar

0.3 g soy lecithin

The chocolale bar of the example was prepared in a similar way as
described in Exampie 8. The chocolate made with this fat mixture displayed the
expected aspect and texture, with good organoleptic properties.

EXAMPLE 10
Freparation of a chocolate bar with & mixture of the fat of the invention, palm
midd frackion and cocoa butter

Europsan laws allow the addition of a maximum of 5% of non-lauric,
frans-free {ats compatible with CB to chocolate. The claimed fat is free of lauric
and trans fatty acids and it is fully compatible with CB. In the present example a
chocolate bar was prepared using cocoa butter and a 5% of a mixture of palm
mid fraction with one of the fats of the invention oblained by fractionation with
aceions. Ingredients used wers:

32.8 g cocoa butter
104gfat SA 2
0.7 g palm mid fraction

21.8 g chocolate powder
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43.4 g sugar
(3.3 g sovy lecithin

The chocolate bar of the example was prepared in a similar way as
5 described in example 8. The chocolate made with this fat mixture displayed the
texture and organclaptic properties expectad in a standard chocolate.
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CLAIMS

1. Solid fat comprising in its triacyiglycerol fraction at least 49.1%
triacylglycerol of the general formula SUS, between 325% and 74.3%
triacylglycerol of the general formula SiOSt, between 3.2 and 8.1%
triacylglycerol of the general formula AOSt and between 3.3 and 10.3%
triacylglycerol of the general formula BOSt, wherein the fatty acids in positions
sn-1 and sn-8 of the glycerol are the iwo external characters in the
triacylglycerol formula, S represents a saturated fatty acid, U represents an
unsaturated fatty acid, St represents stearic acid, O represents oleic acid, A
represents arachidic acid and B represents behenic acid.

2. The solid fat as claimed in claim 1, comprising between 39.9 and
74.3%, preferably between 45 and 74.3%, more preferably between 50 and
74.3% of the triacylglycerol of the formula StOSt.

3. The solid fat as claimed in any one of the claims 1 and 2, comprising
between 4 and 8.1%, preferably between 4.5 and 8.1% of the triacylglycerol of
the formula AOSt.

4. The solid fat as claimed in any one of the claims 1-3, comprising
between 4.5 and 10.3%, preferably between 5 and 10.3%, more preferably
between 6 and 10.3% of the triacylglycerol of the formula BOSL.

5. The solid fat as claimed in any one of the claims 1-4, characterized in
that it has between 38.9% and 74.3% StOSt, between 4.4% and 8.1% AOSt
and between 4.4% and 10.3% BOSL.

6. A solid fat as claimed in any one of the claims 1-5, characterized in
that it has between 42.8% and 74.3% StOSt, between 5.8% and 7.4% AQSt
and between 5.8% and 8.3% BOSt.
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7. A solid fat as claimed in any one of the claims 1-8, characterized in
that the oit has a solid fat content of 38.9 to 94.5% at 30°C.

8. A solid fat as claimed in any one of the claims 1-7, characterized in
that it is obtainable from high-stearic high-oleic sunflower oil by fractionation.

9. A solid fat as claimed in claim 8, wherein the fractionation is low
temperature dry fractionation comprising the following steps:

a) heating a high-stearic high-oleic oil up o about 60°C and decreasing
the temperature 1o reach temperaiures from 16 to 22°C, preferably 17 to 19°C,
with soft stirring, while optionally adding tempered crystals for seeding, and
maintaining the oil at this temperature for 20 to 50 hours, preterably between 24
to 35 hours;

b} separating the solid stearin from the olein by filtration;

¢) pressing the stearin cake, preferably up to 5 bar, in particular up to 10
bar, even better up to 30 bar, to expel the remaining olein trapped in it.

10. A solid fat as claimed in claim 8, wherein the fractionation is solvent
fractionation comprising the following steps:

a) mixing a high-stearic high-oleic oil with an organic solvent, in particular
acetone, hexane or ethyl ether;

b) decreasing the temperature of the resulting micelle to -3 to 15°C,
preferably between 2-10°C, with soft stirring, while optionally adding tempered
crystals for seeding, and maintaining the oil at this temperature up to 96 hours;

¢) separating the solid stearin fraction by filtration;

d) washing the solid phase with cold fresh solvent to remove the rest of
the micelles entrapped into the precipitate; and

g) removing the solvent, preferably by distillation at vacuum.

11. Method for the dry fractionation of high-stearic high-oleic oil, in
particular sunflower oil, comprising the following steps:
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a} heating a high-stearic high-oleic oil up to about 60°C and decreasing
the femperature to reach temperatures from 16 to 22°C, preferably 17 to 19°C,
with soft stirring, while optionally adding tempered crystals for seeding, and
maintaining the oil at this temperature for 20 to 50 hours, preferably between 24
to 35 hours;

b} separating the solid stearin from the olein by filtration;

c) pressing the stearin cake, preferably up 1o & bar, in particular up to 10
bar, even better up to 30 bar, fo expel the remaining olein trapped in it.

12. Method for the solvent fractionation of high-stearic high-oleic oil, in particular
sunflower oil, comprising the following steps:

a) mixing a high-stearic high-oleic oil with an organic solvent, in particular
acetone, hexane or ethyl ether;

b} decreasing the temperature of the resulting micelle to -3 to 15°C,
preferably between 2-10°C, with soft stirring, while optionally adding tempered
crystais for seeding, and maintaining the oil at this temperature up to 96 hours;

¢} separating the solid stearin fraction by filtration;

d} washing the solid phase with cold fresh solvent to remove the rest of
the micelles entrapped into the precipitate; and

e) removing the solvent, preferably by distillation at vacuum.

13. Use of a solid fat as claimed in any one of the claims 1-10 in a
confectionary product.

14. Confectionary product including a solid fat as claimed in any one of
the claims 1-10.

15. Contectionary product according to claim 14, characterized in that
said confectionary product is a chocolate bar.



WO 2011/048169

111

108

PCT/EP2010/065842

e B
SRR, WS -
N, Se— S S

80 o
D

el Y O

o

e

ey

Solid fat content (%)

o [

. O
60 - g——F 3

-
NN

IS ¢

N S

40 ~
PN S
- Y VP —
20 4
] 8 L S R & Q‘*m_*___b____i
0 : ' v : :
0 20 40 60 80 100



INTERNATIONAL SEARCH REPORT

international application No

PCT/EP2010/065842
A, CLASSIFICATION OF SUBJECT MATTER
INV. A23G1/36 A23G1/38 C11B7/00
ADD.

According to International Patent Classification (IPC) or lo both national classification and IPC

B. FIELDS SEARCHED

Minimum documentalion searched (classification system followed by classification symbols)

A23G C11B

Documentation searched other than minimum documentalion 1o the extent that such documents are included in the fields searched

Electronic data base consulted during the inlernational search (name of data base and, where practical, search terms used)

EPO-Internal, FSTA, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category® | Citation of document, wilh indication, where appropriate, of the relevant passages Relevant 1o claim No.

X WO 01/96507 Al (UNILEVER NV [NLJ; UNILEVER 1-11
PLC [GB]; LEVER HINDUSTAN LTD [IN])
20 December 2001 (2001-12-20)

page 1, line 3 - line 5; claims 1-3;

example 1
X US 4 199 611 A (ITO TADASU [JP] ET AL) 1,7,
22 April 1980 (1980-04-22) 13-15

claim 1; table 1

column 1, line 6 - line 7
column 1, Tine 25 - Tine 30
column 2, line 1 - line 8
column 5, line 52 - 1ine 60
X EP 1 878 786 Al (CONSEJO SUPERIOR 12
INVESTIGACION [ES])

16 January 2008 (2008-01-16)
claims 12-14

Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents : ) . . "

"T* later document published after the internalional filing date
or priority daie and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

*A* document defining the general state of the ant which is not
considered to be of particular relevance

‘E* earlier document but published on or after the inlernational *x* document of particular relevance; the claimed invention

filing date cannol be considered novel or cannol be considered o
*L* document which may throw doubts on priority claim(s) or involve an inventive step when the documenl is taken alone
which is cited to establish the publication date of another *Y* document of particular relevance: the claimed invention

citation or other special reason (as specified) cannol be considered to involve an inventive slep when the

*0O* document referring to an oral disclosure, use, exhibilion or document is combined with one or more other such docu-
other means ments, such combination being obvious to a person skilled
*P* document published prior 10 the international filing date but in the art.
later than the priority date claimed *&" document member of the same patent family
Date of the actua! completion of the international search Dale of mailing of the intemational search repon
20 December 2010 29/12/2010
Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patenilaan 2
NL - 2280 HV Rijswiik

Tel. (+31-70) 340-2040, s A
Fax: (+31-70) 340-3016 Groh, Bjorn

Form PCT/ISA/210 (second sheet) {(April 2005)



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2010/065842

C(Continuation).. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant Lo claim No.

A

EP 1 992 231 Al (FUJI OIL EUROP [BE])

19 November 2008 (2008-11-19)

page 3, line 50 - line 53; claim 18
MATISSEK R: "PFLANZENFETTE IN SCHOKOLADE
- RECHTLICHE UND ANALYTISCHE ASPEKTE",
LEBENSMITTELCHEMIE, VCH, WEINHEIM, DE,
vol. 54, no. 2,

1 January 2000 (2000-01-01), pages 25-30,
XP001100078,

ISSN: 0937-1478

the whole document

ALVAREZ-ORTEGA R ET AL: "CHARACTERIZATION
OF POLAR AND NONPOLAR SEED LIPID CLASSES
FROM HIGHLY SATURATED FATTY ACID SUNFLOWER
MUTANTS",

LIPIDS, CHAMPAIGN, IL, US,

vol. 32, no. 8,

1 January 1997 (1997-01-01), pages
833-837, XP000951442,

ISSN: 0024-4201

the whole document

1-1%

1-15

1-15

Form PCT/ISA/210 (continuation of second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2010/065842
Patent document Publication Patent family Publication
cited in search report date member(s) date
WO 0196507 Al 20-12-2001 AT 306529 T 15-10-2005
AU 7406201 A 24-12-2001
AU 2001274062 B2 08-07-2004
BR 0111588 A 06-05-2003
CA 2412735 Al 20-12-2001
CZ 20024096 A3 16-04-2003
DE 60113993 T2 06-07-2006
DK 1290119 T3 19-12-2005
EP 1290119 Al 12-03-2003
HU 0302775 A2 28-01-2004
PL 360395 Al 06-09-2004
SK 17582002 A3 02-05-2003
US 2002018841 Al 14-02-2002
ZA 200209113 A 25-02-2004
US 4199611 A 22-04-1980 MY 46386 A 31-12-1986
EP 1878786 Al 16-01-2008 CN 101490226 A 22-07-2009
ZA 200810801 A 25-11-2009
EP 1992231 Al 19-11-2008 EP 2164336 Al 24-03-2010
WO 2008138970 Al 20-11-2008
KR 20100038300 A 14-04-2010
US 2010196544 Al 05-08-2010

Form PCT/ISA/210 (patent lamily annex) (April 2005)




	ABSTRACT
	BIBLIOGRAPHY
	CLAIMS
	DESCRIPTION
	DRAWINGS
	SEARCH_REPORT

