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OIL COMPOSITIONS OF STEARIDONIC ACID
RELATED APPLICATION

FIELD
[0002] Providcd herein arc o1l compositions comprising stearidonic acid. In certain
embodiments, the compositions provided herein are structured lipids comprising

stearidonic acid in which the stearidonic acid has improved stability. Also provided

are uses of the compostitions and methods of making such oil compositions.

BACKGROUND

[0003] Stearidonic acid (SDA, 18:4n-3) is a highly unsaturated omega-3 fatty acid.
SDA is very important in human nutrition because it is an intermediate in the
biosynthesis of omega-3-fatty acids, eicosapentanoic (EPA) and docosahexaenoic
(DHA) acids. Both of these omega-3 fatty acids are required in human dicts for cell
membrane functioning and good health (Coupland and Hebard, Stearidonic acid
containing plant-seed oils: Their potential for use in healthy foods, 93rd 4OCS
Annual meeting and Expo, May 5-8, 2002, Montreal, Qucbec, Canada.), Higher
intake of omega-3 fatty acids has been positively associated with the prevention of
cardiovascular diseases, arthritis, inflammatory diseases, and autoimmune discases in

humans (Simopoulos A.P., 1999, Essential fatty acids in health and chronic discase,

Am. J. Clin. Nutr. 70:560-569.).

[0004] Stearidonic acid is found in other Echium species (E. vulgare L.), hemp seed
(Cannabis sativa L., Cannabaceaé) (2%-3%) (Callaway et al. 1996, Occurrence of
“omega-3" stearidonic acid (cis-6,9,12,15-octadecatetraenoic acid) in hemp
(Cannabis sativa L.) seed, J. Int. Hemp Assoc. 3(2).61-63.), and blackcurrant seed
(Ribes nigrum L., Grossulariaceae) (about 2%) (Clough 1993, Sources and production
of specialty oils containing GLA and stearidonic acid, Lipid Technol. 5(3):9-12)).
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(0005] Because of the health benefits of SDA, several researchers have tried to prepare

products that incorporate SDA. There is a continuing need for stable oil products with SDA.

SUMMARY

10006] In certain embodiments, provided herein are structured lipids comprising SDA. In
certain embodiments, provided herein are oil compositions comprising the structured lipids. In
certain embodiments, the oil compositions are used in place of, or in combination with,

conventional edible oil products such as domestic oils.

10007]  The structured lipid provided herein is a product of the interesterification of an edible

domestic oil, a medium chain triglyceride, and source of SDA.

[0008] In certain embodiments, the structured lipids provided herein are combined with

phytosterol esters.

[0009] The structured lipid provided herein is a reaction product of an interesterification
reactant charge, wherein the reactant charge comprises an amount of a medium chain triglyceride
having fatty acid chains from 6 to 12 carbon atoms in length, an amount of a long chain domestic

oil having fatty acid chains of at least 16 carbon atoms in length, and an amount of a source of
SDA.

[0009a] In accordance with one embodiment of the present invention, there is provided an o1l
composition comprising an intercsteritied structured lipid component and one or more
components selected from a phytosterol ester and an additional edible oil; wherein the structured
lipid component is a reaction product of an interesterification reactant charge, the reactant charge
comprising (i) an amount of a medium chain triglyceride having fatty acid chains from C6 to C12
in length, (ii) an amount of a long chain domestic oil having fatty acid chains of at least C16 1n
length, and (iii) an amount of a source of stearidonic acid, wherein the source of stearidonic acid
is Echium oil and the amount of Echium oil is 20-40 weight percent based on total weight of the

reactant charge.
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|0010§ In certain embodiments, the oil compositions provided herein optionally comprise a

phytosterol ester component, and optionally one or more other edible otls.

j0011]  The structured lipid compositions provided herein are useful in various food systems,
especially for baking, sauteing, stir-frying and as an oil component of a dressing, a marinade or

other product that is used and/or stored at room temperature or refrigerated temperatures.

[0012] In certain embodiments, provided herein is a process for incorporating SDA in a
structured lipid. In certain embodiments, the process comprises randomized interesterification of
a medium chain triglyceride, a source of SDA and a long chain edible oil. In certain

embodiments, the source of SDA comprises Echium oil.

|0012a] In one embodiment of the present invention, there is provided a method for making an
interesterified structured lipid, comprising: providing a reactant charge comprising an amount of
medium chain triglycerides having carbon chain lengths of between C6 and C12, an amount of
domestic oil having carbon chain lengths of between C16 and C22, and an amount of a source of
stearidonic acid; and interesterifying the reactant charge to form an interesterified structured lipid,

wherein the source of stearidonic acid is Echium oil and the amount of Echium oil ts 20-40

weight percent based on total weight of the reactant charge.

2a
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[0013] In certain embodiments, the o1l compositions provided herein further comprise

a phytosterol.
DETAILED DESCRIPTION

[0014] Provided herein are compositions comprising SDA. Further provided are
methods of making the compositions and uses of the compositions. The methods and

compositions are described in detail in the sections below.
DEFINITIONS

[0015] Unless defined otherwise, all technical and scientific terms used herein have
the same meaning as 1s commonly understood by one of ordinary skill in the art. All
patents, applications, published applications and other publications are incorporated
by reference 1n their entirety. In the event that there are a plurality of definitions for a

term herein, those 1n this section prevail unless stated otherwise.

[0016] As used herein, interesterification 1s a known reaction of triacylglycerol
structures whereby individual fatty acid structures at positions of the triglyceride

being interesterified are interchanged on the glycerol moiety.

[0017] As used herein, random interesterification 1s interesterification whereby

individual fatty acid structures are interchanged randomly on the glycerol moiety.

[0018] As used herein, structured lipids are triacylglycerols that have been modified
to change the fatty acid composition and/or their positional distribution on glycerol
backbone by chemically and/or enzymatically catalyzed reactions and/or genetic
engineering. In one embodiment, structured lipids are modified triacylglycerols with

improved nutritional or functional properties.

[0019] As used herein, a reaction charge refers to reactants in the interesterification
reaction provided herein, including a medium chain triglyceride (MCT) having fatty
acid chains from C6 to C12 1n length, a long chain domestic o1l having fatty acid

chains of at least C16 1n length, and a source of SDA.
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COMPOSITIONS

[0020] In certain embodiments, provided herein are compositions comprising
structured lipids prepared by chemical interesterification of a medium chain

triglyceride, a domestic oil, and a source of SDA.

[0021] In certain embodiments, the source of SDA 1n the structured lipids provided
herein 1s Echium o1l. In certain embodiments, amount of Echium o1l used 1n the
intcresterification rcaction 1s about 20-50% bascd on total weight of the rcactants. In
ccrtain cmbodiments, amount of Echium o1l uscd 1n the intercsterification rcaction 1s
about 20%, 25%, 30%, 35% or 40% based on total weight of the reactants. In one
embodiment, amount of Echium o1l used 1n the interesterification reaction 1s about

30% based on total weight of the reactants.

[0022] The use of MCTs 1n human diet has been well documented 1n the literature.
For example, see, Traul et al., “Review Of The Toxicologic Properties Of Medium-
Chain Triglyceride”, Food and Chemical Toxicology, 38, pages 79-98 (2000) and
Ingale ez al., “Dictary Energy Value of Medium-Chain Trniglycerides”, Journal of
Food Science, Volume 64, No. 6, pages 960-963 (1999) According to Traul ez al., the
safety of MCTs 1in human dietary consumption has been indicated up to levels of 1

gram per kilogram ol body weight.

[0023] In certain embodiments, the medium chain triglycerides or “MCT” used 1n the
interesteri(ication process are produced commercially by spliting and distilling [atty
acids [rom coconut or palm kernel o1ls. In certain embodiments, production ol
medium chain triglycerides includes esterification with glycerine to form a
triglyceride having fatty acid chain lengths of from C6 to C12. The edible oils, for
cexample, coconut or palm kernel o1ls typically contain about 4 to 8 weight percent of
C8 caprylic fatty acids and between about 3 and about 7 weight percent of C10 capric
fatty acids. Minor levels, typically between about 1 and about 2 weight percent, of
cither or both of C6 caproic fatty acids and C12 lauric fatty acids can be present in

some such products.

[0024] Exemplary medium chain triglyceride products include some NEOBEE®
products such as NEOBEE® M-5 (trademark and product of Stepan Company), Aldo



CA 277897162 2017-04-24

MCT (trademark and product of Lonza Inc.), CAPTEX® 300 (trademark and product
of Abitec Corp.), and MIGLYOLO 812 (trademark and product of Clionova, Inc.).

[0025] In certain embodiments, the amount of MCT used 1n the interesterification
reaction 1s about 25-45% based on total weight of the reactants. In certain
embodiments, the amount of MCT used in the interesterification reaction is about
25%, 30%, 35%, 40% or 45% based on total weight of the reactants. In one
cmbodiment, the amount of MCT used in the interesterification reaction 1s about 35%

based on tolal weight of the rcactants.

[0026] The structured lipids provided herein further comprise domestic oils.
Domestic oils for use herein include soybean oil, corn oil, cottonseed oil, canola oil,
sattlower oil, suntflower oil, peanut oil, olive oil, oil from grain plants, and identity
prescrved oils such as identity preserved canola oil and the like. The edible oil for use
herein 1s a liquid o1l. In certain embodiments, the oil is used without Hydrogenation.,
The domestic oils used herein are also known as long chain lipids. In certain

embodiments, the chain lengths of the domestic oils 1s between C16 and C22.

[0027} In cerlain cmbodiments, the domestic oils for use herein arc substantially
unsaturated oils. In one embodiment, the domestic oils comprise soybean, corm,
cottonseed or canola oil. In certain embodiments, the domestic oils are specialty oils
including identity preserved canola oils and refined, bleached and deodorized high
stable o1ls. One such suitable oil is a low-linolenic acid soybean oil sold under the
trademark Nutrium®, available from Bunge DuPont Biotech Alliance, St. Louis,
Missouri. Further example are described in Sornyk et al., U.S. Pat, No. 5,965,755 and
Lanuza ef al., U.S. Pat. No. 6,169,190.

[0028] In certain embodiments, the amount of domestic otl used 1n the
interesterification reaction is about 25-45% based on total weight of the reactants, In
ccrtain embodiments, the amount of domestic oil used in the interesterification
reaction 1s about 25%, 30%, 35%, 40% or 45% based on total weight of the reactants.
In one embodiment, the amount of domestic oil used in the interesterification reaction

15 about 35% bascd on total weight of the reactants.

[0029] In certain embodiments, the structured lipids comprising SDA provided herein

are stable for about 1, 2, 3, 4, §, 6 weeks or more. In cerfain embodiments, the
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structured lipids comprising SDA provided herein are stable for about 1, 2, 3, 4, 5, 6,
7,8,9,10, 11, 12, 15, 20, 24, 28, 30, 36, 40, 48 months or more. The stability of the
structured lipids can be measured by using methods known to one of skill in the art.
In ccrtain cmbodiments, the stability 1s mcasurcd by analytical analyscs of frec fatty
acid, anisidine value, peroxide value, oxidative stability, color, and FAME for the
structured lipids provided herem. In certain embodiments, the structured lipids

provided herein are more stable than Echium o1l and/or a physical blend of high oleic

canola otl, MCT, and Echium o1l.
METHODS OF PREPARATION

[0030] In certain embodiments, provided herein 1s a process for preparing the
structured lipids. In certain embodiments, the process provided herein involves
charging the reactants including a source of SDA, a medium chain triglyceride and a
domestic o1l, into an interesterification reactor vessel. In certain embodiments, such
vessels have means for heating the reactants during agitation and under reduced
pressure or vacuum conditions. In one embodiment, the reaction 1s carried out in the
presence of a suitable interesterification catalyst and typically proceeds rapidly to
completion or substantial completion. In certain embodiments, the interesterilication
1s a reaction to or toward complete randomization, which would equate to a degree of

interesterification of 100% of the fatty acyl chains.

[0031] In certain embodiments, the interesterification catalysts include metal
alkoxides, alkali metals, alkali metal alloys, and metal hydroxides. In certain
embodiments, the alkoxides include alkali metal alkoxides, such as sodium
methoxide, sodium ethoxide, potassium methoxide and potassium ethoxide. In
certain embodiments, the alkali metals include sodium. In certain embodiments, the
alkali metal alloys include sodium/potassium alloy. In certain embodiments, the
metal hydroxides include alkali metal hydroxides such as sodium hydroxide and
potassium hydroxide. In one embodiment, the catalyst 1s sodium methoxide. In
certain embodiments, the catalyst 1s present in less than 1% by weight of the

interesterification mixture, 1in certain embodiments less than 0.5%., or less than 0.2%.

[0032] Once the interesterification has proceeded to form the desired structured lipid,

steps can be taken to modify the conditions away from reaction conditions. In certain
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embodiments, the modifications include nactivating the catalyst, reducing the
temperature, reducing the vacuum applied, ceasing agitation, or any combination of
these changes. Accomplishing these changes will be appreciated by those skilled in

thc art.

[0033] In ccrtain cmbodiments, the rcaction tempcerature during the mteresterification
rcaction rangcs about 85° C to about 92° C (about 185° F to about 197° F). In onc¢
embodiment, the temperature for the reaction 1s about 88°C (191°F). In certain

embodiments, the reaction 1s conducted under vacuum.

[0034] In certain embodiments, the reaction time for interesterification 1s between
about 30 minutes and about 2 hours. In one embodiment, the reaction time 1s about
30, 45, or 55 minutes. In one embodiment, the reaction time 1s about 45 minutes.

This reaction time can be controlled, for example, by timed neutralization of the
catalyst. Neutralization of a catalyst such as sodium methoxide can be accomplished
with by any method known to one of skill in the art. In one embodiment,
neutralization of sodium methoxide 1s accomplished with about 0.5 to 0.7 weight
percent of citric acid solution of about 50% strength or about 0.59 weight percent of
citric acid solution ol about 50% strength. The duration ol the neutralization phase, 1n
one embodiment, 18 about 20 minutes, although longer or shorter times may be used

depending upon the particular reactants and catalyst used.

[0035] The interesterified structured lipid can be treated to remove any residual soaps
and/or to remove all the color bodies, 1f needed. These include filter aids and silica
sources such as TRISYL® S-615 (trademark, available from W. R. Grace & Co.) used
for the refining of vegetable oil. Color removal can be with a bleaching earth or the
like. In certain embodiments, the structured lipid 18 subjected to deodorization using

approaches generally known 1n the art.

[0036] In certain embodiments, the deodorization 1s conducted by maintaining the
reaction product at a temperature of about 214°C - 226°C (417.2°F — 438.8°F) under a

vacuum of about 0.114-0.870 mbar for about 3-5 or about 4 hours.

[0037] In certain embodiments, the interesterified structured lipid can be combined
with one or more phytosterol esters to form a composition which can be used directly

as an edible o1l product, or also be combined with other components to make up the
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desired final product, as will be generally appreciated by those skilled in the art. For
example, this can include combining the composition with onc or more other edible

oils and other tood components in recipes for consumable foods and the like.

[0038] In certain embodiments, provided herein are compositions comprising the
structured lipid at levels between about 88 and about 98 weight percent, based upon
the total weight of the product; in certain embodiments, in the range of between about
90 and about 96 weight percent; and in certain cmbodiments, between about 92 and
about 94 weight percent. The phytosterol ester component can be included at levels
between about 2 and about 12 weight percent; in certain embodiments, between about
4 and about 10 weight percent; and in certain embodiments, between about 6 and
about 8 weight percent, all based on total weight of the composition. One or more

additional edible oils also can be used.

[0039] Exemplary phytosterol ester compositions can be found in U.S. Pat. Nos.
6,117,475, 6,139,897, 6,277,431, US Patent Application Publications Nos.
2002/0031595 and 2002/0045000, and International Publications Nos. WO 01/13733,
WO 01/32029 and WO 01/91587. Specific details concerning phytosterol esters and
microparticles of phytosterol esters are found in U.S. Pat. No. 6,087,353 and U.S.
Patent Application Publication No. 2002/0048606.

[0040] The phytosterol components that can be used in the compositions provided
herein encompass phylosterols and/or phytostanols or derivatives of these types of
compounds. It 1s recognized that the presence of the steral component is useful in
lowering serun cholesterol and serum triglyceride levels, as well as enhancing overall
dietary efficacy. Without being bound to any particular theory, this can be explained
by similarities between their respective chemical structures, By this explanation, the
phytosterol displaces cholesterol from the micellar phase, thereby reducing
cholesterol absorption and/or competing with receptor and/or carrier sites in the

cholesterol absorption process.

[0041] Examples of compounds which fall within a meaning of phytosterol include
sitosterol, campesterol, stigmasterol, brassicasterol, demosterol, chalinosterol,

poriferasteral, coioanasterol, and natural or synthesized forms or derivatives,
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including 1somers. Also included are compounds 1dentified by the term phytostanol,
including saturated or hydrogenated phytosterols and all natural or synthesized forms
and derivatives, including the 1somers. It will be appreciated that these components
can bc modificd, such as by adding sidc chains, and also fall within the purvicw of the

term phytosterol.

[0042] Phytostcrols arc typically obtaincd from natural sourccs, most typically from
the processing of plant oils. Sources include corn o1l, wheat germ o1l, soy extract, rice
extract, rice bran, canola o1l and sesame o1l, walnut o1l, other nut o1ls, peanut o1l, and
all vegetable source oils. Other sources can include tall o1l pitch or soap such as those

which are byproducts of the forestry industry, which are called wood sterols.

[0043] Phytosterol esters are available from public sources, including from Forbes
Medi-Tech, Inc. An example 1s the phytosterol product sold under the name
REDUCOL®, a registered trademark of Forbes Medi-Tech, Inc. Compositions are
sold under this brand name as cholesterol lowering agents. A typical such
composition 1s composed of plant sterols and stanols having 14.5% campesterol, 2.4%
campostanol, 50.9% beta-sitosterol, and 18.9% sitostanol. The REDUCOL® product
1s a [ine crystlalline waxy powder. Its particle size characteristic 1s such that greater
than 80% of the particles pass through a 0.8 mm sieve and greater than 98% of the
particles pass through a 2.0 mm sieve. PHYTROL®. phytosterol compositions
comprise from 38 to 79 weight percent sitosterol, based on the total weight of the
anhydrous composition, 4 to 25 weight percent of campesterol, 6 to 18 weight percent
sitostanol, and 0 to 14 weight percent campostanol. At least 97 weight percent of the
components are in the form of a sterol ester, and no more than 3 weight percent are
free sterols. An exemplary sterol ester in this regard 1s a phyto-S-sterol-10 ester.
Such has a softening point of between 15° C and 30° C and 1s substantially msoluble

1in water at 25° C. Such a sterol ester 1s liquid above 40° C.,

[0044] In certain embodiments, the quantity of stanol structures included in the
phytosterol component 1s minimum, 1n certain embodiments, no greater than about 20,
15, 10 or 5 weight percent, based upon the total weight of the phytosterol ester

component.
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USES OF COMPOSITIONS

[0045] The compositions provided herein can be formulated into food products to
provide stabilized SDA, and, where phytosterol esters are used, to provide adequate
levels of phytosterols delivered into the body 1 order to reduce total cholesterol
adsorption. In addition, thc MCT structurc fostcrs the o1l metabolism through the
hcpatic system rather than through the lymphatic system, Icading to reducced adiposc
tissue deposition for these o1l products when compared with products incorporating
similar quantities of other oils. The compositions also are intended to increase
components of energy expenditure and substrate oxidation. In addition, the SDA 1s
believed to provide unique health benefits. The SDA 1s stabilized when nteresterified
as described above, so that such food products will have a greater stability than those

using Echium o1l or a physical blend of high oleic canola oil, MCT, and Echium o1l.

[0046] The structured lipid compositions described herein provide excellent
compositions for edible o1l products having good clarity, physical properties for such
uses, and low trans-1somer levels. The compositions described herein provide a
healthy oil that delivers salad oil, pan frying and baking functionality while providing
health benelits directly associated with the presence ol SDA. In certain embodiment,
the structured lipids comprising SDA provided herein 1s used 1 baked goods, dairy
products, spreads, margarines, sports products, nutrition bars and infant formulas,

feed, aquaculture, neutraceutical and medicinal products.

[0047] Admuinistration of the structured lipid-based, phytosterol ester-containing oil
composition provided herein can be made at advantageous levels when included
within a monitored diet. In one embodiment, administration dose 1s at least about 0.4
orams of the o1l composition per kilogram of body weight per day. In one
embodiment, administration range 1s between about 0.8 and about 1 gram of this o1l
per kilogram of body weight per day. In an exemplary monitored diet, 40% of the
total energy (approximated by calories) in the diet originate from fat, 45% of the
cnergy from carbohydrates, and 15% of the energy from protein sources. Of the fat

source, 70% can be provided by the structured lipid composition.

[0048] The following examples present certain exemplary embodiments and are

intended by way of 1llustration and not by way of limitation. In each of the examples

10
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herein, percentages indicate weight percent of the total mixture, unless otherwise

indicated.
EXAMPLES
Examples 1-6
[0049] In cach of Examplcs 1-6, an intcresterification charge of High Olcic Canola

O1l, Mcdium Chain Triglycerides and Echium o1l was placed 1n an intcresterification
reaction chamber along with 0.125% by weight of 95% pure sodium methoxide
powder, 1n the proportions set forth in Table 1 below. The chamber was brought to a
temperature of 85°C-92°C (185°F-197°F) with a target temperature of 88°C (191°F).
The reaction was run under a vacuum (about 4-75 mmHg, or about 18-22 mmHg) for
approximately 45 minutes. The reaction mixture was then neutralized with 0.59% by
weight percent of the total reaction mixture of 50% citric acid; neutralization
continued for about 20 minutes. The neutralized reaction charge was then treated
with 0.5 weight percent Trisyl S-615 and 0.5 filter aid at 90°C-94°C (194°F-201°F),
with mixing [or about 10 minutes o remove soaps. Following the removal ol soaps,
the reaction mixture was treated with 0.5% bleaching earth and 0.5% [ilter aid, 1[
needed, to remove color bodies. The reaction mixture was then subjected to a
deodorization step by being maintained at a temperature of 214°C - 226°C (417.2°F —
438.8°F) under a vacuum of about 0.114-0.870 mbar for about 4 hours. The
deodorization temperature was lower than 1s typical for such reaction products, due to

the volatility of SDA.

Table 1
Example # | Echium O1l (gms) | MCT (gms) Canola (gms)
] 128.81 150.61 150.61
2 1050 1225 1225
3 600 700 700
1 370 1015 1015
> 660 770 770
6 495 377.5 577.5

Example 7: Stability Studies

[0050] In this experiment, the stability of the compositions prepared as described in

Examples 1-6 above was studied and compared with 1) echium o1l, and 11) a physical

11



CA 02789762 2012-08-14
WO 2011/103151 PCT/US2011/025032

blend of high oleic canola o1l, MCT, and Echium o1l, by analyzing free fatty acid,

anisidine value, peroxide value, oxidative stability, color, and FAME.

[pe51— The samples for this study were setup using 320z high density polyethylene
(HDPE) bottles that contained approximately 2 pounds of o1l blanketed with nitrogen.
Prior to the samplcs being dispensced, 200 ppm of fert butylhydroquinonc (TBHQ)
was addcd to the physical blend and interesterificd oils. The three o1l catcgorics werc
placed into three storage temperatures 70°F, 85°F, and 100°F. The pull dates for the
samples were as follows: weeks 2, 4, 6, 8, and 10. The samples were pulled from
their respectively marked bottle and were submitted for analytical analyses which

included free fatty acid, anisidine value, peroxide value, oxidative stability, color, and
Fatty Acid Methyl Ester (FAME). The FAME was run using the fish o1l method 1n
order to detect the SDA within the o1l (AOCS method # Ce 11-07).

[0052] The peroxide values for the samples are provided 1n Table 2.

12
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[0059] As seen from the data in Table 2, the physical and interesterified blends were
comparable with respect to peroxide value along the course of the study. At 70°F
interesteritied sample performed better than the pure echiun o1l and the physical
blend. At the elevated (85°F and 100°F) interesterified blends’ peroxide values were
higher than the physical blend towards the end of the study; however on average the
peroxide value was lower 1n the interesterified blends. The pure echium o1l had a
significant increase in peroxide value over the course of the study within all three

temperature environments.

[0060] As seen from the data in Table 3, on average, there were no significant
changes in FFA values between physical vs. chemically interesterified blends during
the course of the 10 week study. The pure echium o1l had higher FFA values than the
both the physical and chemically interesterified blends.

[0061] As seen [rom the data 1n Table 4, at 70°F physical blend samples displayed the
slowest decrease mm OSI values and ended up having the highest OSI values when
compared to the interesterified blend. Although the physical blend samples have
higher OSI values than the interesterified blend, the optimal storage temperature
cenvironment for both blends appears to 70°F. The data demonstrates that the physical
blends did well as compared to the iteresterified blend for OSI study. Both the
physical and interesterified blends were significantly more stable than the pure

cchium o1l across all three temperature environments during the course of the study.

[0062] As seen from the data in Table 3, the interesterified blend samples have
significantly lower anisidine values when compared to the physical blend and pure

cchium o1l samples.

|0063] As seen from the data in Table 6, the yellow color increased at a steady pace
during the duration of the study. The yellow color in the interesterified samples
started out darker that the physical which may be attributed to the processing of the
o1l. The pure echium o1l was darker over the course of the study 1n comparison to the

physical and chemically interesterified blends.

[0064] As scen from the data 1n Table 7, the red color increased at a steady pace

during the duration of the study. The red color in the interesterified samples started
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out darker than the physical which may be attributed to the processing of the o1l. The

pure echium o1l was darker than the physical and chemically interesterified blends.

[0065] As scen In the data above, 1t was observed that the SDA present within the
physical and chemically interesterified oils did not degrade over the course of the 10
wcceks. The interesterificd SDA percentages are slightly lower than the physical blend
duc to slight ovcrage whilc batching.

[0066] Bascd on the calculations of SDA content present in the cchium otil,
thcorctical content of SDA 1n intercesterificd blind 1s 3.798% SDA. The actual

interesterified values match the theoretical values.
Example 8: Expert Sensory Panel

[0067] In this study, the o1l samplcs werc tested for changes 1n flavor notes between
the physical and interesterified blends at varying temperature environments by an
Expert Sensory Panel. The temperatures used 1n the study were 70°F and 85°F. The
data from the sensory study 1s shown below 1n Tables 8 and 9. If none of the panelist

observed a flavor, then the value was zero.

[0068]

18



CA 02789762 2012-08-14

PCT/US2011/025032

WO 2011/103131

00 00 00 00 00 00 00 00 ¢ 0 0°0 00 00 WSeId
00 0 50 ¢ 0 00 50 00 00 L0 00 00 00 Ayure
10 60 30 L0 00 L0 4, 90 ¢ 0 60 [0 00 |Anqqny
¢ 1 ¢ 1 bl S'1 70 01 ] 80 90 L0 1 01 AY)Iey
00 00 00 00 [0 [0 50 0 00 01 S0 30 NTORE|
60 ¢ 0 L0 ¢ 0 60 ¢l Pl 90 90 50 | L0 ANnN
00 L0 [0 el 00 70 50 '] [0 30 90 30 puey
L0 S0 ¢0 Cl 00 01 A, 60 90 50 00 01 AYSTY
3| L'l 91 01 ¢ 1 61 9°0 30 50 61 80 vl ASSBID)
4, 90 00 00 4, L0 70 00 00 AL, 00 0 I[BIS
[ bl ¢’ 80 €1 Sl 'l L'l v'0 S'1 0T p'z | Auedg

"19)SIUT | [BOISATJ | “JISIU] | [BIISAUJ | I101S2IU] | [BOTSAYJ | 'IISAINUT | [BIISAYJ | I9)S2I)u] | edrsAyJ | CIoIsarduf | [eoisAyg | omqrpy

SHIIAM (0] SHIIAM § SHIIA O SYII M P SHIIM 019 Uil ]

SISBIIAY INYLIYIY AOAR[ [PUB] AA0SUIS 11AXH Jo0L VAS BHR( PALLIIISAAdARU *SA [BISAY]

8 919E L

19



CA 02789762 2012-08-14

PCT/US2011/025032

WO 2011/103131

00 00 00 00 00 00 00 0°0 $°0 00 0°0 00 AMSBId
4 t 0 [0 ¢l ¢ 0 00 4 70 00 4, 0°0 00 Ayured
€1 [T L0 A S0 01 v0 60 00 K [0 0'0 | A1dqqny
¢l £ [ ['] ! ['] 60 ¢ 0 60 ! [] 01 ARy
0°0 00 00 00 9°0 0°0 70 70 00 0 S0 30 Aynuyg
L0 [0 0 €0 S0 [l 0°0 6'0 70 L0 [l L0 | AnDN
70 [0 ¢0 01 90 80 60 [ t 0 70 90 80 pruey
9°0 G'¢ ¢l 61 30 L1 Gl Gl [0 90 0°0 01 AYSIY
1T G b0 'l L0 G'1 01 G'1 01 30 30 P | Assern
00 00 [0 00 0 ¢0 9°0 9°0 00 90 0°0 0 oeIS
60 £ ! 0 01 ['] 80 60 6 1 01 0°C 7' C Auedg
“12)S2I2U] 1281 mk\mﬂ—hﬁ piaiiantaiiig| |e Oﬂw\m:m piatbyantaiiiy| —@O_w\mﬂ—m “12)Sad2]U] e Odm\ﬁ_..—m piaiiantaiiig| |14 Qdm\mﬂ—m “12)Sal]U] ﬁwodm\mﬂ—m PRIl
SY2o41 01 SYoI4{ § SY2I4{ 9 SYI24{ F SYOI4 T 0427 2uil]
SASRIIAY INQLINY J0AR[] [PURJ AJ0SUAS 113dXT S8 VS RI[R(J PAJLIISAIAUJ "SA [RISAYJ

6 O1qEL

20



CA 02789762 2012-08-14
WO 2011/103151 PCT/US2011/025032

[0069] The beany flavor was observed at a more intense rating 1n the physical blend
when compared to the interesterified blend in the 70°F environments. The 85°F
environment’s interesterified blend had a higher intensity rating in comparison to the

physical blend.

[0070] The stale flavor was observed at a more intense rating in the physical blend
when compared to the interesterified blend in the 70°F environments. The 85°F
environment’s physical blend had a higher intensity rating earlier 1n the study when

compared to the interesterified blend.

[0071] The mteresterified blend on average had a lower grassy note over the course

of the study 1in comparison to the physical blend.

[0072] The fishy flavor was constantly observed in the physical blend and typically

more intense when compared to the interesterified blend.

[0073] In the 70°F environment samples, the panelist observed more intense rancid

flavors within the physical blend samples when compared to the interesterified blends.

[0074] The nutty notes observed by the panelist were present in chemically

interesterified blends more than the physical blends.

[0075] The fruity notes observed by the panelist were present in chemically

interesterified blends more than the physical blends.

[0076] The earthy notes observed by the panelist are similar in both the physical and

chemically interesterified blends.

[0077] The physical blend had more intense rubber notes than the chemically

interesterified blends.

[0078] The physical blend had more intense painty notes than the chemically

interesierified blends.

[0079] The data shows that the interesterified oil 1s less likely to develop as many
negative oll-notes over ime when compared to the physical blended o1l especially 1

regards (o [1shy, rancid, and painty notes. The panelists observed that the
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interesterified samples tended to be very clean and pleasant in contrast to the physical

blend samples often being described as fishy or rancid.
Example 9: Use in Marinates

[0080] In this study, the interesterified oil samples were used to prepare marinates
using the following formula. Duplicate batches were prepared for each marinate with

cach o1l to be tested.
[0081] White Wine Marinate

1 % cup of white wine

Ya cup of o1l

1 small onion, sliced

1 lecmon, quartcrced and squeczed
1 tablespoon dry tarragon

1 teaspoon black pepper

[0082] Lime and Chili Marmalte

1 cup lime juice

1 ¥ jalapeno pepper

4 garlic cloves

1 large onion, sliced

1 teaspoon cayenne pepper
2 teaspoon salt

Y4 cup of o1l

[0083] Approximately 16 ounces of chicken breast meat which had been cut into
strips were added to the White Wine Marinate made with interesterified oil and White
Wine Marinate made with extra virgin olive oil. Both chicken and marmate mixtures

were stored over night 1n the refrigerator.

[0084] Identical electric skillets were heated to 300 °F. One tablespoon of each oil
were added o each skillet. Chicken strips were added to the skillet and cooked until

done. Chicken strips were removed and 200 g samples were collected for analysis.

[0085] Approximately 12 ounces ol Flank Steak mean which had been cut mto strips
were added o the Lime and Chili Marinate made with interesterified o1l and Lime and
Chili Marinate made with extra virgin olive oi1l. Both steak and marinate mixtures

were stored over night in the refrigerator.
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[0086] Identical electric skillets were heated to 375°F. One tablespoon of each oil
were added to cach skillet. Flank steak strips were added to the skillet and cooked

until done. Steak strips were removed and 200 g samples were collected for analysis.

[0087] The interesterified o1l samples were compared to the control (soybean o1l).
No flavor off-notcs were obscrved from the interesterificd o1l samplcs. The
intcresterificd o1l samples had slight smokc present which 1s typical duc to the MCT's

present within the structured lipid.

Example 10: Use in Baking

10088] In this study, the interesterified o1l samples and vegetable o1l were used to

bake a cake using a Yellow Cake Mix from Duncan Hines® and to bake brownies

using a Browniec Mix from Duncan Hines®,

[0089] The test o1l and vegetable o1l produced very similar results. No difference

was observed 1n appearance or flavor.

Example 11: Use in Stri-fry

[0090] In this study, the interesterified oil sample 1s used 1n a Stir-fry. About % cup
of oil is added to an electric skillet and heated to about 325°F. Vegetable oil is used
as control. About 150 g of ¥z inch diced chicken and 300g of stir-fry vegetables are

added to the skillet and stirred for about 4 minutes.

0091] In Examples 9-11, the amount of stearidonic acid 1n the o1l samples used and
the amount of stearidonic acid migrated into the food products were analyzed using
routine analytical methods. Table 10 below provides the amounts 1n each food

product tested.

Table 10
Delta SDA Migration Chart
Sample Type % SDA % Migration
Baseline O1l 4.35 100.00
Stir-Fry Meat &
Vegetables 4.02 92.00
Brownie 2.91 67.00
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Yellow Cake 2.76 63.00
Muffins 2.35 54.00
Chicken Marinade 2.07 47.60
Beef Marinade 1.00 23.00

Example 11: Deodorizer Temperature Study

[0092] The interesterified o1l was prepared using the proportions described for
Example 4. The reaction mixture was divided in two batches. One batch was
subjected to a deodorization step by maintaining at a temperature of 214°C - 226°C
(417.2°F — 438.8°F) under a vacuum of about 0.495-0.76 mbar for about 4 hours. The
other batch was subjected to a deodorization step by maintaining at a temperature of

226.2°C — 232.2°C under a vacuum of about 0.495-0.76 mbar for about 4 hours.

[0093] SDA percentage before and after deodorization steps 1s provided in Table 11

below.
Table 11
SDA percentage
Temp. 226.2°C — 232.2°C Temp. 214°C - 226°C

Before 4.42% 4.71%
Deodorization

After 3.70% 4.37%
Deodorization

Retain Rate 83.71% 02.78%

[0094] As seen [rom the data, the lower deodorization temperature retains higher

SDA 1n the sample.

[0095] The embodiments of the claimed subject matter described above are intended
to be merely exemplary, and those skilled 1n the art will recognize, or will be able to
ascertain using no more than routine experimentation, numerous equivalents of
specific compounds, materials, and procedures. All such equivalents are considered
to be within the scope of the claimed subject matter and are encompassed by the

appended claims.
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The embodiments of the present invention for which an exclusive property or privilege 1s claimed are

defined as follows:

. An oil composition comprising an interesterified structured lipid component and one or
more components selected from a phytosterol ester and an additional edible oil; wherein the structured
lipid component is a reaction product of an interesterification reactant charge, the reactant charge
comprising (i) an amount of a medium chain triglyceride having fatty acid chains from C6 to C12 in
length, (i1) an amount of a long chain domestic oil having fatty acid chains of at least C16 in length, and
(ii1) an amount of a source of stearidonic acid, wherein the source of stearidonic acid is Echium otl and

the amount of Echium oil is 20-40 weight percent based on total weight of the reactant charge.

2. The composition of claim 1, wherein the amount of the Echium oil in the

interesterification charge is 30 weight percent.

3. The composition of claim 1 or 2, wherein the medium chain triglyceride is selected from

the group consisting of caprylic triglyceride, capric triglyceride, and combinations thereof.

4, The composition of any one of claims -3, wherein the long chain domestic oil is selected
from the group consisting of soybean oil, corn oil, cottonseed oil, canola oil, olive oil, peanut o1,

safflower oil, sunflower oil, oil from grain plants, and combinations thereof.

5. The composition of any one of claims 1-4, wherein the amount of the medium chain

triglyceride is 30 to 40 weight percent of the interesterification charge.

6. The composition of any one of claims 1-5, wherein the amount of the domestic oil is 30

to 40 weight percent of the interesterification charge.
7. The composition of any one of claims 1-6, wherein the amount of the medium chain

triglyceride is 35 weight percent and the amount of the domestic oil is 35 weight percent of the

interesterification charge.
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8. A method for making an interesterified structured lipid, comprising: providing a reactant
charge comprising an amount of medium chain triglycerides having carbon chain lengths of between C6
and C12, an amount of domestic otl having carbon chain lengths of between C16 and C22, and an amount
of a source of stearidonic acid; and interesterifying the reactant charge to form an interesterified
structured lipid, wherein the source of stearidonic acid is Echium oil and the amount of Echium oil 1s 20-

40 weight percent based on total weight of the reactant charge.

9. The method of claim 8, wherein the interesterification 1s catalyzed by a chemical catalyst.
10. The method of claim 9, wherein the catalyst compnises sodium methoxide.
11, The method of claim 8 or 9 further comprising a step of deodorization.

12. The method of claim 11, wherein the deocdorization is carried out at 214° to 226°C.
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