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PHYTOSTEROL ESTERIFICATION PRODUCT
AND METHOD OF MAKE SAME

[0001] This invention relates to a class of phytosterol
esters that are useful as ingredients in food products. More
particularly, this invention relates to a class of phytosterol
esters that are useful as ingredients in the preparation of
specialty shortening products with nutritional and functional
benefits, and that are substantially solid at ambient tempera-
tures, and to methods of their manufacture.

BACKGROUND OF THE INVENTION

[0002] The term “phytosterols” as used herein covers both
plant sterols, plant stanols, wood sterols, and wood stanols.
Plant sterols are naturally occurring substances that are
components of edible vegetable oils. Plant stanols, occurring
in nature at a lower level, are saturated fatty acid compounds
of the respective plant sterols. Wood sterols and wood
stanols are also naturally occurring substances that are
present in whole or in part from tall oil, a product derived
during the processing of paper from wood. Commercial
quantities of plant stanols are derived from the process of
catalytic hydrogenation.

[0003] The use of phytosterols and phytosterol esters as
cholesterol lowering adjuncts in a variety of food products
has been well documented. As reported by the Institute of
Food Science and Technology, sterols dissolved in edible fat
products have been found to be more effective at reducing
blood cholesterol levels than sterols in crystalline form. It is
difficult to incorporate free sterols into edible fats or oils
because of their insolubility, whereas sterols esterified to
fatty acids are more fat soluble. The enrichment of foods
such as margarines with phytosterols is one of the recent
developments in functional foods to enhance the cholesterol-
lowering ability of traditional food products.

[0004] While phytosterols possess desirable qualities in
terms of potential for lowering cholesterol, they can pose
challenges in the manufacture of food products for consumer
use. While conventional fatty acids tend to form round
crystal structures that promote spreadability and ease of
handling, phytosterols tend to form sharp needle-like crys-
tals at ambient temperatures that result in a brittle product.
Such a product can be difficult for a manufacturer to work
with, and can be less desirable to a consumer when used in
products such as spreads

[0005] Typically, phytosterol esters are created by esteri-
fying a phytosterol material with relatively high levels of
mono- and polyunsaturated fatty acids, and with the fatty
acids of long-chain triglycerides. Such products will be very
viscous at 40° F., but can range from viscous to liquid at
ambient temperature. These products are well suited for use
in dressings and similar products, but may not be suitable for
use in those applications in which the ingredient should be
substantially solid at ambient temperature, such as marga-
rine-type products and bakery shortenings, where hardness
at room temperature can make them undesirable.

[0006] U.S. Pat. No. 6,106,886 discloses a process for the
preparation of stanol fatty acid esters having any desired
fatty acid groups, the preparation comprising the interest-
erification of stanol fatty acid esters with a source for one or
more fatty acid moieties of a desired composition. Such
sources for fatty acid moieties preferably contain high
amounts of polyunsaturated fatty acid moieties.
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[0007] U.S. Pat. No. 6,117,475 discloses fat based food
products having an optimal ratio of free and esterified
sterols, such products not showing instability and/or crystal
formation.

[0008] U.S. Pat. No. 6,531,463 discloses a method of
making a homogeneous and stable paste by mixing f3-sito-
sterol and a food grade oil, heating until all the solids are
dissolved in the oil, cooling the mixture, and adding water
to disperse it.

[0009] U.S. Pat. No. 6,753,032 discloses a “plant sterol-
containing fat composition . . . comprising a plant sterol fatty
acid ester(A); and from 10 to 70% by weight of a partial
glyceride(B).” The composition can be made by “effecting
the esterification reaction of a plant sterol, and a partial
glyceride and/or triglyceride under solventless conditions by
using a lipase or an alkali as a catalyst.” (Col. 2, lines 32-42)

[0010] U.S. Pat. No. 6,800,317 discloses sterol and/or
stanol fatty acid ester compositions, in which more than 50%
of the fatty acid moieties comprises polyunsaturated fatty
acids, and less than 7% comprises saturated fatty acids, and
the composition shows no texturizing properties.

[0011] US 2004/0219277 discloses a fat blend including a
reduced level of a conventional hardstock rich in absorbable
saturated or a trans-unsaturated fat, wherein the solid fat
component is composed of either fully a phytosterol ester or
ester blend, defined as a texturizing agent, or of a blend of
the texturizing agent and conventional hardstock.

[0012] US 2005/0038270 discloses a process for preparing
sterol and stanol esters using a base-catalyzed transesterifi-
cation of the free sterols with fatty acid glycerides coupled
to removal of the produced glycerol under vacuum.

[0013] WO 98/06405 discloses a stanol composition con-
taining sitostanol and a substantial amount of at least 10%
campestanol; the composition can be esterified to provide a
substance that can be used in fat-containing foods.

[0014] WO 01/91587 A2 discloses an oil composition
comprising triglycerides bearing short and medium chain
fatty acid residues derived from fatty acids having from 4 to
14 carbon atoms and long chain fatty acid residues derived
from fatty acids having from 15 to 22 carbon atoms.

[0015] Bailey’s Industrial Qils and Fat Products, vol. 2, 4™
ed., edited by Daniel Swem, at pp. 113-124 discloses the
background of esterification and a general process for car-
rying out esterification reactions.

[0016] It is thus an object of the invention to provide a
phytosterol based product that is substantially solid at room
temperature, so as to be suitable for use in margarine and/or
bakery shortenings.

[0017] Tt is another object of the invention to provide a
phytosterol-based product that is substantially solid at room
temperature, and that provides greater cholesterol-lowering
potential than standard saturated fats that are solid at room
temperature.

[0018] It is still another object of the invention to provide
a phytosterol based product that is substantially solid at
room temperature, and yet is spreadable at room tempera-
ture. so as to be useful in spreads and other food products
desirable to consumers.
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[0019] Tt is another object of the invention to provide a
method for making such a phytosterol product.

SUMMARY OF THE INVENTION

[0020] The present invention relates to a composition
suitable for use as an ingredient for a food product, the
composition comprising the esterification product of a phy-
tosterol material and at least one saturated fatty acid, the
esterification product being substantially solid at ambient
temperature. The esterification can be carried out in the
presence or absence of a catalyst. The esterification prefer-
ably is conducted under vacuum to remove the moisture
evolved during the esterification reaction. The product can
be filtered one or more times to remove residual catalyst.
The product is suitable for use in the production of short-
ening and bakery margarines with enhanced health benefits
to the consumer, while having a crystal morphology that
provides for a product that can be spreadable at room
temperature.

[0021] The present invention further relates to a method
for making such a composition. In accordance with the
invention, the method comprises: providing a quantity of a
phytosterol material, a quantity of at least one saturated fatty
acid, and a source of hydroxyl moieties, and forming a
mixture thereof; heating the mixture to a temperature of
about 230-250° C.; maintaining the temperature of the
mixture for a time sufficient for esterification to take place;
neutralizing the mixture; filtering the mixture; and cooling
the mixture to ambient, such that the composition becomes
substantially solid. The esterification can be carried out in
the presence of a catalyst, and preferably is conducted under
vacuum to remove the moisture evolved during the esteri-
fication reaction. The process can be carried out using a
concentrated approach, in which the reaction mixture com-
prises about 60-75% of phytosterol and about 20-30% of
saturated fatty acid, or the reaction can be carried out using
a dilute approach, in which the mixture comprises about
50-59% of phytosterol and about 40-47% saturated fatty
acid.

DESCRIPTION OF THE FIGURES

[0022] FIGS. 1-5 are differential scanning calorimetry
curves for the products of Examples 3, 4a, 6, 7, and 8,
respectively.

DETAILED DESCRIPTION OF THE
INVENTION

[0023] In the description below, all values stated as a
percent are in terms of weight percent unless indicated
otherwise.

[0024] The present invention relates to a composition
suitable for use as an ingredient for a food product, the
composition comprising the esterification product of a phy-
tosterol material and at least one saturated fatty acid, the
esterification product being substantially solid at ambient
temperature. Depending on the desired purpose, the product
can be provided in the form of a block or slab of material,
or the product can be comminuted into flakes, beads, or a
powder.

[0025] The phytosterol material used in the present inven-
tion can be derived from either a vegetable product or a
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wood product. Vegetable oils that yield phytosterols include
soy, canola, sunflower, cottonseed, corn, safflower, and other
vegetable oils. The phytosterol materials used in the present
invention can be one or more of the oils themselves, or they
can be one or more phytosterol materials that are derived
from these vegetable oils, and may include varying quanti-
ties of sitosterol, camposterol, stigmasterol, brassicasterol,
stimasterol, and ergosterol. Any of these components can be
present in any proportion in the phytosterol materials useful
in the present invention. The phytosterol materials used in
the present invention also may be derived in whole or in part
from tall oil, a product derived from paper processing from
wood. It is to be understood that when referring to phy-
tosterols, the corresponding phytostanols also are intended
to be included within the scope of the invention.

[0026] In accordance with the invention, the phytosterol
material is esterified with at least one saturated fatty acid.
The preferred saturated fatty acids for use in the present
invention will be those having between 2 and 24 carbon
atoms. The saturated fatty acids can be linear molecules with
acid moieties on one or both ends. Alternatively, the fatty
acids can be non-linear, with one or more branches or side
chains. The most preferred acids include acetic, butyric,
caproic, caprylic capric, lauric, mysteric, palmitic, and
stearic, arachidic, henicosanoic, behenic, and lignoceric,
although other acids can be used. The acids can be short
chain, medium chain, or long chain. Also, a mixture of
saturated fatty acids may be used, such as are found natu-
rally occurring in certain vegetable oil products. The oils can
be derived from either domestic sources, or from off shore
sources typically referred to as tropical sources. Such natural
sources of saturated fatty acids include fractions of palm oil,
palm kernel oil, cottonseed oil, soybean oil, coconut oil,
corn oil, canola oil, high oleic canola oil, low linoleic soy
oil, medium chain triglycerides, and other vegetable and
animal source edible oils. The “oil” as described herein may
be present in either the liquid or the solid form. If present in
the solid form, it is desirable to work with the material in a
subdivided form, such as flakes. Palm stearin flakes have
been found to be particularly useful for this purpose.

[0027] In a preferred embodiment of the invention, the
method comprises: providing a quantity of a phytosterol
material, a quantity of at least one saturated fatty acid, and
glycerin as a source of hydroxyl moieties, and forming a
mixture thereof. These materials are charged to a reaction
chamber. In a preferred embodiment of the invention, an
amount of high oleic canola oil (“HOC”) also is added to the
esterification reaction chamber. The purpose of the HOC is
to provide additional stable fatty acids, and to enhance
fluidity of the reaction mixture during the esterification
process, particularly at the relatively higher temperatures
found most useful in the practice of the present invention.

[0028] The esterification can be carried out in the presence
of a catalyst. The most preferred catalyst is stannous chlo-
ride. Other suitable esterification catalysts include the plati-
num titanates and sodium methoxides. If a catalyst is used,
the mixture in the reaction chamber is brought to a tem-
perature of about 150-170° C., preferably about 160° C. and
the catalyst is then added to the reactor chamber. The
catalyst can be added in an amount of about 0.1% of the total
reaction mixture.

[0029] The mixture is then heated to a temperature of
about 180-250° C., preferably about 230-240° C., and the
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temperature of the mixture is maintained for a period of time
sufficient for esterification to take place. The duration of the
reaction will depend on the particular phytosterol material
used, the particular fatty acid material used, the quantities of
the materials, and whether or not a catalyst is present.
Typical esterification reaction times are about 2.5-5, prefer-
ably about 3-4 hours, and most preferably about 3.5 hours
when the reaction is conducted in the presence of a catalyst;
the reaction time can be up to seven hours or longer if a
catalyst is omitted.

[0030] The esterification preferably is conducted under
vacuum to remove the moisture evolved during the esteri-
fication reaction. Preferred vacuum pressures are in the
range of about 2.5 mbars or less. The vacuum pressure will
be sufficient to remove evolved moisture such that the
moisture remaining in the product at the end of the full
process is less than about 4000 ppm, preferably less than
about 3000 ppm, and most preferably less than about 2000

[0031] The degree of esterification will depend on the
reaction temperature, the use of a catalyst, and the duration
of the reaction. It has been found that with the method of the
present invention, the degree of esterification can be
increased form about 45% with prior art methods to about
70-88% with the method as described above. This provides
much greater efficiency in the manufacturing process.

[0032] When esterification is complete, the temperature of
the reaction mixture is reduced to about 125-135° C.,
preferably 130° C. If a catalyst has been used during the
esterification process, then the catalyst can be neutralized
with a known neutralizing agent such as citric acid. The
neutralizing agent may typically contain about 42% citric
acid. The neutralizing agent may be added in an amount of
about 0.7-1.5%, and preferably about 1% of the total mix-
ture. Suitable neutralizing agents include those compounds
that will form chelates with the catalyst to stop the catalytic
action. Besides citric acid, other suitable neutralizers include
ascorbic acid, and very dilute mineral acids such as hydro-
chloric acid, phosphoric acid, and sulfuric acid. The neu-
tralization step is allowed to continue for a period of time
sufficient to effectively neutralize the catalyst. Typically, the
neutralization step will continue for about 20-40 minutes,
preferably about 30 minutes. It will be appreciated that if
less neutralizer is used, the neutralization step will proceed
for a longer time. If no catalyst was used, the neutralization
step can be omitted.

[0033] When the catalyst has been neutralized, the reac-
tion mixture is treated with a silica-based adsorbent to
adsorb unwanted alkaline materials that may persist in the
mixture. Micronized silica beads hydrated with 60% H,O
are suitable for this purpose; one such adsorbent is sold
under the trade name Trisyl S-615 by W.R. Grace & Co. It
is also helpful to add a small quantity of a diatomaceous
earth product to remove residual fatty acids. The diatoma-
ceous earth product prevents formation a gel with the silica
of the adsorbent, and aids in the filtration process. One
suitable diatomaceous earth (Filter Aid) product is sold
under the trade name Hi Flo Supercel by Celite Corp. The
adsorbent and diatomaceous earth are added to the mixture
and mixed for about 10 minutes, the mixture is then filtered
to remove any residual catalyst and remaining moisture,
along with the adsorbent and the diatomaceous earth. Pref-
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erably, the filtered material then is treated with bleaching
clay and with more Filter Aid for about another 10 minutes,
and then filtered again. The two filtering steps are desirable
to remove traces of the stannous chloride catalyst. In the
final product, the residual catalyst is preferably less than
about 10 ppm, more preferably less than about 5 ppm, and
most preferably less than about 1 ppm, measured as tin.

[0034] Following filtration, the material is subjected to a
deodorization process of the type well known in the edible
oil processing arts. In a preferred embodiment, the deodor-
ization step is carried out at a temperature of about 230-240°
C., under a vacuum of about 0.2-2.5 mbars, with steam
introduced at 0.4% (w/w) per hour. The deodorization step
is carried out for about 4-5 hours. The deodorization step
removes any remaining free fatty acids, peroxides, and color
bodies. When this step is completed, the mixture is cooled,
resulting in a substantially solid product.

[0035] The resulting product is suitable for use in the
production of shortening and bakery margarines with
enhanced health benefits to the consumer, while providing
seed crystals for plasticity. Without being bound be theory,
it is presently believed that the esterified saturated fatty acids
have lower bio-availability in a food product than free
saturated fatty acids;. i.e., they will not be absorbed by the
digestive system as readily as the free fatty acids. Yet when
present in esterified form in the products of the present
invention, the saturated fatty acids still provide the func-
tional properties to the products that makes them suitable for
use as specialty shortenings for a variety of different food
applications. Specifically, the products have more spread-
ability at room temperature than standard phytosterol prod-
ucts, due to the nature of their crystal morphology. This
spreadability makes it easier for the manufacturer to work
with the product, both in the manufacture of the product
itself and in the manufacture of food products made from the
phytosterol product. This spreadability also makes food
products made from the phytosterol product of the invention
more desirable to consumers. A spread product that remains
hard even at room temperature will not be enjoyed by most
consumers, but food products using the phytosterol products
of the present invention can be more spreadable and thus
preferred by consumers.

[0036] In one embodiment of the inventive method, the
phytopowder constituent is more concentrated in the reac-
tion mixture. In this embodiment, in terms of the esterifi-
cation reaction mixture, the phytosterol material makes up
about 60-75%, the fatty acid material makes up about
20-30%, the hydroxyl source makes up about 2-5%, and the
high oleic canola makes up 0-15%. In another embodiment
of the inventive method, the phytopowder constituent is less
concentrated in the reaction mixture. In this embodiment, in
terms of the esterification reaction mixture, the phytosterol
material makes up about 50-59%, the fatty acid material
makes up about 40-47%, the hydroxyl source makes up
about 2-5%, and the high oleic canola makes up 0-10%.

[0037] Operating at more dilute levels rather than more
concentrated levels of phytosterol may provide certain pro-
cess advantages A higher concentration of phytosterols
would make the product more brittle, while in the dilute
approach a lower concnetration of phytosterols makes the
product softer and easier to work with.

[0038] Operating at different concentration levels and dif-
ferent reaction parameters also can offer the manufacturer
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the opportunity to pre-select certain properties in the final
product, such as color and melt profile. Specifically,
although the end products of the inventive process will be
substantially solid at ambient temperatures, they can be
relatively softer or harder, and soften at different tempera-
tures. Such differing functional product properties can find
utility in different end uses, such as all-purpose shortenings,
cake and icing shortenings, confectionery coatings, and the
like. Melting curves and cooling curves can be obtained
through differential scanning calorimetry to demonstrate the
different properties of the different esterification products of
the present invention over a range of temperatures. Phy-
tosterol ester products made with the present inventive
method have a melting point in the range of about 115-135°
C.

[0039] The method of the invention is set forth in the
following examples, which are intended to illustrate various
embodiments of the invention. It will be understood that the
invention is not, however, limited to the particular illustrated
embodiments. In each of the following examples, the phy-
tosterol used was in the form of a phytopowder commer-
cially available from Procter & Gamble Food Ingredients
and sold under the trade name Nutraphyl™ Phytosterols. For
those examples for which differential scanning calorimetry
curves and data are presented, the curves were obtained on
a Perkin-Elmer Model Pyris 1DSC differential scanning
calorimeter, on a sample of about 6-8 milligrams, over a
temperature range of —60-160 C. The sample was held for
10.0 minutes at 150 C, then cooled form 150 C to —-60 C at
10 C per minute. The samples were then held at -60 C for
30 minutes, and heated from -60 C to 150 C at 5 C per
minute. In each figure, the horizontal axis is a range of
temperatures, and the vertical axis is heat flow, measured in
milliwatts.

EXAMPLE 1

[0040] A mixture of 60% phytopowder, 38% palm flakes
and 2% glycerin was charged to a reaction flask with a
nitrogen sparge, an agitator, and a stainless steel temperature
probe. This same reaction flask with nitrogen sparge, agita-
tor, and temperature probe was used in each of the following
examples. The mixture was brought to a temperature of
about 160° C., and stannous chloride catalyst was added.
The temperature was brought to about 180-210° C., and the
esterification reaction was allowed to proceed for about 2.5
hours under vacuum. Difficulties were noted with effective
removal of evolved steam during the esterification reaction.
The reaction mixture then was treated with 0.7% citric acid
neutralizing agent for about 10 minutes. The neutralized
material was treated with Filter Aid and Bleaching clay for
about 10 minutes, and then filtered. It was determined that
the esterification reaction was 44.6% complete. The final
product had 8.35 ppm tin as residual catalyst, and 0.3%
moisture.

EXAMPLE 2

[0041] A mixture of 75% phytopowder, 20% palm flakes
and 5% glycerin was charged to the reaction flask. The
mixture was brought to a temperature of about 160° C., and
stannous chloride catalyst was added. The method was
carried out as described above, except that the temperature
of the esterification reaction was in the range of about
180-230° C., and steam was more effectively removed by
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use of two cold fingers. It was determined that the esterifi-
cation reaction was 48.3% complete. The final product had
34.90 ppm tin as residual catalyst.

EXAMPLE 3

[0042] A mixture of 60% phytopowder, 20% palm flakes,
15% high oleic canola oil and 5% glycerin was charged to
the reaction flask. The mixture was brought to a temperature
of'about 160° C., and stannous chloride catalyst was added.
The method was carried out as described above, except that
the temperature of the esterification reaction was in the
range of about 180-225° C., and the neutralization reaction
time was increased to about 20 minutes. It was determined
that the esterification reaction was only 6.9% complete. The
final product had 1.01 ppm tin as residual catalyst.

[0043] A differential scanning calorimetry analysis for this
product is shown in FIG. 1. It may be seen that the melting
curve show a first peak at about 26 C, followed by a second
peak at about 34 C, and a final peak at about 110 C. The
cooling curve shows a first peak at about 95 C, a second peak
at about 89 C, followed by a third peak at abut 14.5 C. It may
be seen that the peaks are relatively broad, indicating more
gradual transitions between substantially liquid and substan-
tially solid states.

EXAMPLE 4

[0044] A mixture of 51% phytopowder, 47% palm flakes,
and 2% glycerin were charged to the reaction flask. The
mixture was brought to a temperature of about 160° C., and
stannous chloride catalyst was added. The mixture was
brought to a temperature of about 225-243° C., and the
esterification reaction was allowed to continue for about 3.5
hours. In other respects the esterification process was the
same. Upon completion of the esterification reaction, the
mixture was neutralized with about 1% citric acid for about
30 minutes. The neutralized mixture was treated with 0.25%
Trisyl S-615, 0.5% Filter Aid, and 0.5% Bleaching clay, and
then filtered. It was determined that this reaction went to
54.5% completion. The resulting product contained 18.7
ppm residual stannous chloride catalyst, and 1.74% mois-
ture.

EXAMPLE 4 A-D

[0045] Example 4 above was repeated four additional
times, but with different post-esterification treatments to
reduce the amount of residual stannous chloride in the final
product to acceptable levels. The four post-esterification
treatments were as follows

[0046] Example 4A: Mix neutralized esterification reac-
tion product with 0.25% Trisyl S-615, 0.5% Filter Aid, and
0.5% bleaching clay for fifteen minutes, then filter. The end
product was 79.9% esterified with 11.40 ppm tin as residual
catalyst and 0.02% moisture.

[0047] Example 4B: Mix neutralized esterification reac-
tion product with 0.25% Trisyl S-615, 0.5% Filter Aid, and
1.0% bleaching clay for fifteen minutes, then filter. The end
product was 87.8% esterified with 4.610 ppm tin as residual
catalyst and 0.04% moisture.

[0048] Example 4C: Mix neutralized esterification reac-
tion product with 0.25% Trisyl S-615 and 0.5% Filter Aid for
fifteen minutes, then filter. Then add 0.5% Filter Aid and
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1.0% Bleaching clay to filtered product, mix for fifteen
minutes, then filter again. The end product was 77.4%
esterified with 0.80 ppm tin as residual catalyst and 0.06%
moisture.

[0049] Example 4D: Mix neutralized esterification reac-
tion product with 1.0% Trisyl S-615and 0.5% Filter Aid for
ten minutes, then filter. Then add 0.5% Filter Aid and 0.5%
Bleaching clay to filtered product, mix for fifteen minutes,
then filter again. The end product was 72.5% esterified with
<0.50 ppm tin as residual catalyst and 0.02% moisture.

[0050] A sample from example 4A was subjected to dif-
ferential scanning calorimetry analysis as for Example 3
above. The resulting curves are shown in FIG. 2. The
melting curve has only one peak at about 75 C. The cooling
curve has a very sharp peak at about 43 C, and another
smaller peak at about 28 C. The sharp peak in the cooling
curve is consistent with a greater degree of esterification.
Also, the substantially lower melting point of the product of
this example is consistent with the crystal structure more
similar to that of fatty acids, and therefore more spreadable
and desirable to a consumer.

EXAMPLE 5

[0051] A mixture of 55% phytopowder, 40% palm flakes,
3% high oleic canola oil, and 2% glycerin was reacted as in
Examples 1-4, at a temperature of about 180-225° C., for a
period of about 2.5 hours. Following esterification, the
mixture was neutralized with 0.7% citric acid for about 20
minutes. The neutralized esterification reaction product was
treated with 0.5% Filter Aid and 0.5% Bleaching clay for
about 10 minutes. The end product was 55.5% esterified,
with 4.32 ppm tin as residual catalyst and no detectable
moisture.

EXAMPLE 6

[0052] A mixture of 51% phytopowder, 47% cottenseed
flakes, and 2% glycerin were charged to the reaction flask.
The mixture was brought to a temperature of about 160° C.,
and stannous chloride catalyst was added. The mixture was
brought to a temperature of about 225-243° C., and the
esterification reaction was allowed to continue for about 3.5
hours. In other respects the esterification process was the
same. Upon completion of the esterification reaction, the
mixture was neutralized with about 1% citric acid for about
30 minutes. The neutralized mixture was treated with 0.25%
Trisyl S-615, 0.5% Filter Aid, and 0.5% Bleaching Earth,
and then filtered. It was determined that the esterification
reaction went to 88.3% completion. The resulting product
contained 1.63 ppm tin as residual catalyst, and had no
detectable moisture.

[0053] A sample of the product made by this procedure
was analyzed by differential scanning calorimetry. The
resulting curves are shown in FIG. 3. The melting curve
showed a first peak at about 47 C, and a second peak at about
81.5 C. The cooling curve showed a very sharp peak at about
51.8 C, and another peak at about 41 C. These lower melting
temperatures and narrower peaks are consistent with a
higher degree of esterification and a more spreadable prod-
uct.

EXAMPLE 7

[0054] A mixture of 51% phytopowder, 47% Soya flakes,
and 2% glycerin were charged to the reaction flask. The
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mixture was brought to a temperature of about 160° C., and
stannous chloride catalyst was added. The mixture was
brought to a temperature of about 225-243° C., and the
esterification reaction was allowed to continue for about 3.5
hours. In other respects the esterification process was the
same. Upon completion of the esterification reaction, the
mixture was neutralized with about 1% citric acid for about
30 minutes. The neutralized mixture was treated with 0.25%
Trisyl S-615, 0.5% Filter Aid, and 0.5% Bleaching Earth,
and then filtered. It was determined that the esterification
reaction went to 90.95% completion. The resulting product
contained 1.58 ppm tin as residual catalyst, and had no
detectable moisture.

[0055] A sample of the product made by this procedure
was analyzed by differential scanning calorimetry. The
resulting curves are shown in FIG. 4. The melting curve
showed a first peak at about 47.6 C, a second curve at about
49.8 C, and a third peak at about 86.5 C. The cooling curve
showed a very sharp peak at about 58.5 C, and another peak
at about 43 C.

EXAMPLE 8

[0056] The procedure of Example 2 was followed identi-
cally, except that the palm oil was replaced with cottonseed
oil, and the product was subjected to a second filtration step
as in

[0057] Exaple 4. It was determined that the esterification
reaction went to 84.35% completion. The product contained
<0.5 ppm, tin as residual catalyst. Cottonseed oil has longer
chains than palm oil. This product was softer and more
spreadable than the product of Example 2.

[0058] A sample of the product made by this procedure
was analyzed by differential scanning calorimetry. The
resulting curves are shown in FIG. 5. The melting curve
showed a single peak at about 77.8 C. The cooling curve
showed a peak at about 48.4 C, and another peak at about
4233 C.

[0059] There has been disclosed an improved phytosterol
esterification product that is substantially solid at ambient
temperature, and thus is particularly well-suited for use as an
ingredient in the manufacture of margarines, bakery short-
enings, and the like. As presently understood, it is believed
that the presence of the saturated fatty acids in the product
poses no theat to health, because the saturated fatty acids are
bound to the phytosterol component, which is not readily
absorbed by the human digestive system. The use of satu-
rated fatty acids thus provides a product with the desired
physical properties, but without the adverse health effects
commonly believed to be associated with the use of satu-
rated fatty acids.

[0060] The foregoing description of a preferred embodi-
ment of the invention and the method of its manufacture is
by way of illustration and by way of limitation. Upon
reviewing the foregoing specification, those skilled in the art
will appreciate how to modify or adapt the method disclosed
herein, such as by adjustments of ingredients, proportions,
reaction temperatures, reaction duration, and post-reaction
treatments; all such modifications and adaptations and their
equivalents are within the scope of the present invention, as
set forth in the claims appended hereto.
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1. A composition suitable for use as an ingredient for a
food product comprising the esterification product of a
phytosterol material and at least one saturated fatty acid, the
esterification product being substantially solid at ambient
temperature.

2. The composition of claim 1 wherein said saturated fatty
acid has between 2 and 24 carbon atoms.

3. The composition of claim 1 wherein the esterification
is conducted in the absence of a catalyst, such that the
composition is catalyst-free.

4. The composition of claim 1 wherein said esterification
is conducted with a catalyst, and the amount residual catalyst
remaining in the ingredient is less than 10 ppm.

5. The composition of claim 4 wherein the amount of
residual catalyst remaining in the ingredient is less than 5
ppm.

6. The composition of claim 4 wherein the amount of
residual catalyst remaining in the ingredient is less than 1
ppm.

7. The composition of claim 1 wherein the moisture
content is less than 3000 ppm.

8. The composition of claim 7 wherein the moisture
content is less than 2000 ppm.

9. The composition of claim 1 wherein said phytosterol
material is derived from a wood product.

10. The composition of claim 1 wherein said phytosterol
is derived from a vegetable oil product.

11. The composition of claim 1 wherein said at least one
saturated fatty acid is present as one or more of the group
consisting of palm oil, palm kernel oil, cottonseed oil,
soybean oil, coconut oil, corn oil, canola oil, high oleic
canola oil, low linoleic soy oil, medium chain triglycerides,
and edible animal source oil.

12. The composition of claim 1 having a melting point in
the range of about 115-135° C.

13. A shortening product for use as a food ingredient, the
shortening product comprising the composition of claim 1.

14. A method of making a composition for use as an
ingredient in a food product, the method comprising
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A. providing a quantity of a phytosterol material, a
quantity of at least one saturated fatty acid, and glyc-
erin, and forming a mixture thereof,

B. heating the mixture to a temperature of about 230-250°
C.,

C. maintaining the temperature of the mixture for a time
sufficient for esterification to take place,

D. neutralizing the mixture,
E. filtering the mixture, and

F. cooling the mixture to ambient, such that the compo-

sition becomes substantially solid.

15. The method of claim 14 wherein said esterification
step takes place at a reduced pressure sufficient to remove at
least some moisture that evolves during the esterification
step.

16. The method of claim 14 wherein said esterification
occurs in the presence of a catalyst.

17. The method of claim 14 wherein said esterification
step is carried out for a duration of at least about three hours.

18. The method of claim 14 wherein said saturated fatty
acid has between two and twenty four carbon atoms.

19. The method of claim 14 wherein the extent of esteri-
fication is greater than about 55%.

20. The method of claim 14 further including a second
filtration step.

21. The method of claim 14 wherein said phytosterol
material is in the range of about 60-75% of the reaction
mixture and said saturated fatty acid mixture is in the range
of about 20-30% of the reaction mixture.

22. The method of claim 13 wherein said phytosterol
material is in the range of about 50-60% of the mixture and
said saturated fatty acid is in the range of about 40-50% of
the reaction mixture.

23. The method of claim 13 wherein said esterification
step is conducted in the presence of a high oleic canola oil.
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