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Process For Making A Triglyceride Composition

This invention relates to a process for making a triglyceride composition and to the
composition obtainable by the process.

Triglycerides comprise three fatty acid moieties bonded to a glycerol backbone. When
a triglyceride contains two or more different fatly acid moieties, its properties, including
its physical and chemical properties as well as physiological characteristics, may
depend on the position on the glycerol backbone at which each of the fatty acids is
attached in the molecule. Therefore, it can be desirable to control processes for
producing triglycerides such that the different fatty acid residues are selectively
attached at different positions on the glycerol backbone.

1,3-Distearoyl 2-oleoyl glyceride (also known as StOSt) is a valuable commercial
product. For example, it may be used, either alone or together with other glycerides
such as 1,3-dipalmitoyl 2-oleoyl glyceride, as a cocoa butter equivalent or substitute
(CBE).

Shea butter is used commercially as a source of StOSt. Shea butter is obtained from
the shea butter free Butyrospermum parkii. Shea stearin, the higher melting fraction
which is obtained by fractionation of shea butter, is enriched in StOSt but contains
other triglycerides such as StOO and StLSt (where L represents linoleic acid). Thus,
Shea stearin is used to produce cocoa butter equivalents (CBEs). The availability of

Shea stearin is dependent on the supply of Shea nuts.

EP-A-0882797 relates to the preparation of ABA symmetrical trigiycerides from 2-

monogiycerides using a 1, 3- selective lipase.

US 5288619 describes an enzymatic transesterification method for preparing &
margarine oil having both fow trans- acid and fow intermediate chain fatty acid content.
The method includes the steps of providing a transesterification reaction mixture
containing a stearic acid source material and an edible liquid vegetable oil,
transesterifying the stearic acid source material and the vegetable oil using a 1, 3-
positionally specific lipase, and then finally hydrogenating the fatty acid mixture to
provide a recycle stearic acid source material for a recyclic reaction with the vegetable

oil.
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US 4268527 discioses a method for producing a cocoa butter substitute (CBE) by
transesterification of fats and oils containing glycerides rich in the oleyl moiety at the 2-
position with an alcohol ester of stearic acid and/or palmitic acid in the presence of a
lipase having reaction specificity to the 1,3-position of triglycerides and not more than
0.18% by weight of water based on the total weight of the reaction mixture. A cocoa
butter substitute, rich in 1,3-distearyl-2-oleyl compound and 1-paimityl-2-oleyl-3-steary}
compound is said to be obtained.

EP-A-0245076 describes the preparation of edible fats by the reaction of high oleic
sunfiower oil with stearic acid in the presence of a lipase. The resulting compaosition,
after wet fractionation, is significantly different from shea stearin in its StOSt and StO0

contents.

Nakaya ef al, Biotechnology Techniques, vol 12, no 12, 1998, 881-884 describes the
transesterification reaction between friolein and stearic acid using an immobilised

lipase from Mucor mighei in supercritical CO,.

Seriburi et al, JAOCS, vol 75, no 4, 1998, 511-516 discloses the transesterification of

triolein and stearic acid using lipases from Rhizomucor miehei or Candida antarctica.

US 6090598 discloses an enzymatic process for interesterification of fats and oils using
distillation. There is no disclosure of an example for producing StOSt and the only
mention of the production of this triglyceride is starting from a stearic acid ester.

There remains a need for processes for the formalion of SiOSt triglycerides, in
particular compositions that are similar {o shea stearin in terms of the triglycerides that
they contain. There is also a need for processes that do not invoive the formation of

undesirable side products that need to be removed from the product.

Summa:

In one aspect, there is provided a process for preparing a triglyceride composition comprising from 50 to
80 % by weight StOSt and from 5 o 20 % weight StOO, which process comprises reacting triolein with
stearic acid at a temperature of from 65 to 80 °C in the presence of a 1,3-specific lipase from Rhizopus

oryzae to form interesterified glycerides and fractionating the interesterified triglycerides.

Accordingly, the present disclosure provides a process for preparing a triglyceride
composition comprising from 50 to 80 % by weight StOSt and from § 10 20 % by weight

$t00, which process comprises reaciing triolein with stearic acid in the presence of a
1,3- specific lipase from Rhizopus oryzae to form interesterified glycerides and

fractionating the interesterified triglycerides.



Also provided by the disclosure is a triglyceride composition comprising from 50 to 80 % by weight

StOSt and up to 20 % by weight StOSt obtainable by the process of the disclosure.

Description

it has surprisingly been found that it is possible to produce a triglyceride compaosition
that is similar to shea stearin. This effect is achieved by using the 1,3- specific lipase
from Rhizopus oryzae for the reaction of friolein with stearic acid and subsequently

ractionating the product.

The reaction between triolein and stearic acid is typically carried out at a temperature
of from 45 to 85 °C. Preferably, the step of reacling the triolein with stearic acid is
carried oui at a temperature of from 65 to 80 °C, more preferably from 65 to 75 °C,
even more preferably from 68 to 73 °C. It has unexpectedly been found that
surprisingly good results are obtained at these relatively higher reaction temperatures.
It was surprising that the lipase retains sufficient activity at these high temperatures to
catalyse the reaction effeciively. The ability to carry out the reaction at these high
temperatures permits the use of stearic acid as a starting material for the process
rather than its esters which have lower melting points. This, in turn, means that the
side products produced from the stearoy! esters during the reaction can be avoided.

The reaction of the triolein with the stearic acid is preferably carried out at atmospheric
pressure lLe., in a non-pressurised system. The reaction may be carried out in a

packed bed reactor. The reaction is preferably carried out as a continuous process.

The reaction of triolein with stearic acid is preferably carried out in the complete or
substantial absence of added organic solvents, such as alcohols and/or ketones having
from 1 1o 6 carbon atoms. Typically, aicohols andfor ketones having from 1 to 6 carbon
atoms will be absent from the reaction mixture or, if present, they will be present in an
amount of less than 1 % by weight, more preferably less than 0.5 % by weight, such as

less than 0.1 % by weight, based on the weight of the reaction mixture.

Thé lipase that is used in the invention is from Rhizopus oryzae. The lipase may be
produced in Rhizopus oryzae itsell or produced recombinantly using a different host
cell. The lipase may be modified, for example by the substitution or deletion of up to
10% of the amino acid residues in the enzyme (i.e., the lipase may have at least 90%
identity with the wild type enzyme) without loss of fipase activity, but it is preferably the
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wild type enzyme. The lipase from Rhizopus oryzae is commercially available from
Amano as Lipase D.

The lipase is preferably immobilised on a support. The support is preferably a polymer,
more preferably a microporous polymer, such as a microporous polypropylene polymer
{e.g., a homopolymer), for example as sold under the trade mark Accurel. The
preferred loading of the lipase onto the support is in the range of from 0.1 to 25 % by
weight of enzyme based on the weight of the suppert, more preferably from 0.3 to 10 %
by weight, such as from 0.5 to 5 % by weight. Theoretically (i.e., assuming the
immobilisation has no effect on the activity of the enzyme), the activity of the
immobilised enzyme (i.e., enzyme plus support) is preferably from 10,000 to
10,000,000 U/g, more preferably from 100,000 to 1,000,000 U/g. U represents lipase
units determined by the standard assay for lipase activity, such as described in the

examples below.

The immobilisation of the lipase on a support may be carried out using techniques
known in the art. A preferred method of immobilizing the lipase on a support {such as
a polymer e.q., polyprapylene) is described in Schmid ef al, “Highly selective synthesis
of 1,3-oleoyl-2-paimitoyiglycerol by lipase catalysis”, Biotechnology and
Bioengineering, 1999, vol. 64, no 6, pages 678-684.

Without wishing to be bound be theory, it is believed that the immobilisation of the
enzyme on the support may contribute to the temperature stability of the lipase.

The reaction between triolein and stearic acid may be carried out on a continuous or
batchwise basis. When the reaction is carried out batchwise, the weight ratio of
supported enzyme to oil is preferably in the range of from 1:10 to 1:2000, more
preferably from 1:20 to 1:1000.

The stearic acid that is used as a starting material for the process is in the form of a
free acid (for example, itis not an ester). The stearic acid is typically relatively pure but
less pure mixtures of fatty acids, for example having a stearic acid content of at least
70 % by weight, more preferably at least 80 % by weight, even more preferably at least
90 % by weight, may also be used.

By using stearic acid rather than stearoy! esters as a starting material for the process,
the formation of undesirable side products is avoided. For example, prior art processes
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that use esters of stearic acid, such as methyl stearate, liberate alcohols such as
methanol during the process. This methanol must be removed from the product and so
an additional step of distillation is then required. The present invention has as one of
its advantages the possibility that distillation steps can be avoided or reduced in

number.

The process of the invention is preferably free of undesirable alcohols such as
methanol i.e., their maximum level in the reaction mixture during the process is
preferably less than 1 % by weight, more preferably less than 0.5 % by weight, such as
less than 0.1 % by weight.

The triofein that is used as a starting material for the reaction may be relatively pure
triolein or may be provided as a mixture of triolein with other glycerides, preferably
comprising triolein in an amount of at least 40 % by weight, such as at least 50 % by
weight. Preferably, the triolein is provided in the form of high oleic sunflower oil. It has
been found that using this relatively inexpensive starting material provides a good
product that is close in composition to shea stearin.

The weight ratio of stearic acid to the starting material comprising triolein is preferably

in the range of from 1:1 fo 1:2.

The reaction of the triolein with the stearic acid is typically carried out for a time of from
20 to 200 hours, more preferably from 30 to 150 hours.

After the triolein has been reacted with the stearic acid, the product is fractionated.
Fractionation can be dry or wet but preferably the product is wet fractionated i.e.,
fractionated in the presence of a solvent. More preferably, the wet fractionation is

carried out using acetone,

The fractionation process can involve one fractionation step or two or more

fractionation steps at different temperatures.

Preferably, the reaction product is fractionated using acetone in a two-stage
fractionation process. The fractionation temperature used for the first stage is
preferably in the range of from 25 °C to 35 °C, more preferably from 27 °C to 30 °C.
The fractionation temperature used for the second stage is preferably in the range of
from 5 °C to 15 °C, more preferably from 8 °C to 12 °C,
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The weight ratio of oil to solvent in the wet fractionation step or steps is preferably in
the range of from 1:3 to 1.7.

The process optionally includes further steps before or after fractionation. For
example, the reaction product may be purified to some extent before fractionation.
Preferably, however, the reaction product is removed from the lipase and then directly
fractionated. After fractionation, the composition may be further fractionated, purified
and/or refined.

Preferably, the process of the invention does not include a step of distillation.

The composition that is produced in the invention comprises from 50 to 80 % by weight
StOSt and from 5 to 20 % by weight StOO. All percentages by weight of specific
glycerides (e.g., StOSt, StOO, StLSt and StStSt) that are specified for the triglyceride
composition are based on the total weight of triglycerides in the compusition.

Preferably, the composition comprises from 60 to 80 % by weight StOSt, even more
preferably from 65 to 75 % by weight StOSt.

The composition preferably comprises from 5 to 15 % by weight StOO, more preferably
from 8 to 12 % by weight StOQ.

The composition may also comprise StLSt. Preferably, the composition comprises
from 2 to 8 % by weight StLSt, such as from 3 to 5 % by weight SILSt.

Typically, the composition will comprise StStSt. The composition typically comprises
from 0.01 to 5 % by weight StStSt, more preferably less than 2 % by weight, such as
from 0.1 to 1 % by weight StStSt.

One preferred composition of the invention comprises:
(i) from 65 to 75 % by weight StOSt;
(i from 510 15 % by weight StOO;
ity  from 2 to 8 % by weight StLSt; and
(iv) from 0.01 to 5 % by weight StStSt.

Anocther preferred composition of the invention comprises:
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(i)  from 60 fo 80 % by weight StOSt;
(i) from 8to 12 % by weight StO0;
(i} from 2 to 8 % by weight StL.St; and
{iv) from 0.01 to & % by weight StStSt.

Yet another composition of the invention comprises:
(i) from 65 to 75 % by weight StOSt;
(i) from 8to 12 % by weight StO0;
(iii) from 2 1o 8 % by weight StLSt; and
(iv) from 0.01to 5 % by weight StStSt.

The compositions of the invention will typically contain triglycerides other than StOSt,
StOO, StLSt and StSiSt and these will make up the balance of the triglycerides in the
compositions fo 100%.

Compositions of the invention may contain minor amounts, typically less than 20 % by
weight of the composition, of other components such as diglycerides, monoglycerides
and free fatty acids (i.e, C12 to C24 saturated or unsaturated straight chain carboxylic
acids), The compositions of the invention preferably comprise at least 80 % by weight
triglycerides, more preferably at least 90 % by weight triglycerides, such as at least 95
% by weight friglycerides.

Preferably, the trigiyceride composition of the invention is blended with a palm mid-
fraction (PMF) to obtain a CBE (cocoa butier equivalent). Preferably, the resulting
blend is refined. The blends formed from compositions of the invention are particularly
useful as replacements for cocoa butter in view of their melting profiles, as iliustrated
by their N values. The melting profiles are similar to that of a blend of shea stearin with
PMF conventionally used as a CBE.

The blends may be used in any application in which cocoa butter is typically used. For
example, the blends may be used in chocolate or chocolate-like products. The
chocolate or chocolate-like products may be products in their own right, such as
chocolate bars or pieces, or they may form part of another product such as a coating
and/or inclusion for a confectionery or a bakery product or an ice cream. The
chocolate or chocolate-like products will usually contain other ingredients such as, for

example, one or more of cocoa powder, cocoa butter and sugar.
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The following non-limiting examples illustrate the invention and do not limit its scope in
any way. [nthe examples and throughout this specification, all percentages, parts and
ratios are by weight uniess indicated otherwise.

Examples

Assay Method for Lipase Activity

The activity of the lipase prior to immobilisation can be determined according to the
following method.

A reaction mixture containing 5 mi of McLain buffer (pH 6.0, 0.1 M), 1 g of clive oil as
substrate and 1 ml of lipase solution is incubated at 30 °C for 30 minutes with shaking
(140 times oscillation per minute in 3 cm amplitude) in the presence of 30 glass beads

of 5 mm diameter.

The reaction is stopped by the addition of 20 mi of acetone-ethano! (1:1) and the fafty
acid released is titrated with 0.1 N KOH using phenolphthalein as indicator.

One unit (U) is defined as the amount of lipase which can release one micromole

equivalent of fatty acid under the above conditions.

Examples 10 3

High oleic sunflower oil was reacted with stearic acid in the presence of a 1,3 specific
lipase. The reaction was carried out in a continuous process (packed bed reactor) in
which the acid to oil ratio used is 1.5. The reaction employed 1200 kg oil per kg of
catalyst. The reaction is performed at 70 °C and the total reaction time was 50 to 100
hours. The throughput was adjusted based on the lipase used in order to obtain the

highest conversion which is defined as follows:

Conversion (%) = {{{O00C}, ~ [O00],) + ([O00]eq ~ [OOO],)} x 100
wherein:
[OO0], = concentration of triolein in the oil at time t
[O00]), = concentration of triolein in the starting material
[O00], = concentration of friolein at equilibrium
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The following three different lipases were used:
Example Lipase
Example 1 Invention Lipase D*
Exampie 2 Comparative Lipozyme TL IM**
Example 3 Comparative Lipozyme RM IM***

* Rhizopus oryzae lipase from Amano immobitised on Accure! (for example, according
to the method described in Schmid et al, Biotechnology and Bioengineering, 1999, vol.
64, no 6, pages 678-684)

“*immobilised Thermomyces lanuginosa lipase from Novozymes A/S

10

15

“*immobilised Rhizomucor miehei lipase from Novozymes A/S

The reaction product was wet fractionated using acefone in a two-stage fractionation

process. The fractionation temperature used for the first stage was about 28.5 °C and

for the second stage 10 °C.
melting fraction) was analysed and had the foliowing composition:

The oil to solvent ratio was 1:5. The stearin (higher

Triglyceride Shea stearin | Exampie 1 Example 2 Exampie 3
StStSt 1.5 0.5 0.6 2.3

StOSt 71.9 70.9 40.7 39.5

St00 5.0 9.7 247 28.9

StLSt 6.2 4.2 2.3 2.2

Others To 100 To 100 To 100 To 100
Yield (%) 38 37 48

The results show that the composition produced according to the invention closely

resembies shea stearin.




10

WO 2010/130395

Example 4

PCT/EP2010/002865

The stearin fractions obtained in Examples 1 to 3 were blended with palm mid-fraction

(PMF) to produce a cocoa butter equivalent (CBE).
determined and the foliowing resuits were obtained:

The solid fat contents were

Solid Fat | Blend with | Example 1 Example 2 Exampie 3
Content Shea stearin

N20 68-79 72.1 1 60.9 62.9

N25 56-68 63.6 355 43.6

N30 42-53 47.0 - 20.1

N35 <5 1.6 - 2.4

N40Q <1 0 - 0.5

The N30, N35 and N40 values for the blend with Example 2 are not yet available.

The results show that the blend formed from Example 1 according to the invention
most closely resembles a blend with Shea stearin in terms of its metting profile and so
constitutes the best CBE.

10
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= Claims

i 1. Process for preparing a triglyceride composition comprising from 50 to 80 % by

' weight StOSt and from § o 20 % by weight SIOO, which process corrprises reacting

& firlolein with stearic acid at a temperature of from 68 to 80 °C in the presence of a 1,3-
specific lipase from Rhizopus oryzae to form interesterified glycerides and fractionating
the interesterified triglycerides.

2. Process as claimed in Claim 1, wherein the triclein is provided as high oleic
10 sunflower oil.

3. Process as claimed in Claim 1 or Claim 2, wherein the fractionation is carried
out by wet fractionation using acetons.

\ 15 4. Process as claimed in any one of the preceding claims, wherein the lipase is
i immohilised on a support.

|

, 5. Process as claimed in any one of the preceding claims, wherein the

! composition comprises from 60 to 80 % by weight StOSt.

: 20

8. Process as claimed in any one of the preceding claims, wherein the
composition comprises from 5 to 15 % by weight StOQ.

7. Process as claimed in any one of the preceding claims, whersin the
25 composition comprises from 2 to 8 % by weight StLSt.

8. Process as daimed in any one of the preceding claims, which further comprises
blending the triglyceride compuosition with paim mid-fraction.

3o 9. Process as claimed in Claim 8, wherein the biend is refined.,
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